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BbICOKOMPOW3BOAUTE/IbHbIN
OB/TAYHbIV CEPBIC 419 OLLEHKM
KAYECTBA ATMOC®EPHOIO BO3AYXA HA
OCHOBE IPOBHO-CTOXACTUYECKIX
YPABHEHUI

Maanapos MypaTtkaH

K.T.H., accoummpoBaHHbIn Nnpodeccop Kadeapbl MaTeMaTUKM BOCTOYHO-Ka3axcTaHCKOro
yHuBepcuteTa umeHn C. AMaH»X010Ba, YCTb-KameHoropck, KasaxcraH

Annmbekos EpHyp

CrygeHT Astana IT University, AcTaHa, Ka3axcTaH

AHHOTaUuA

B naHHOW paboTe npeanaraeTcA apxuTekTypa 06/M1aYHOro CcepBMca, MCMNONb3YHLWEero
ApobHo-cToxacTuyeckne anddepeHuManbHble ypaBHEHWA O1A MOAENMPOBAHMA WM MPOrHO3a
KOHLEHTpaunn 3arpasHutenen B atmocdepe. Mogenb yumTbiBAeT NamATb BO BPEMEHM W
He/foKa/ibHble  MPOCTPAHCTBEHHble 3ddeKkTbl Yepe3 ApobHble NPOM3BOAHbIE, a TaKxKe
CTOXaCTMYECKYDO KOMMOHEHTY, OMMUCbIBAOWYO C/AyYyalHble BO3MylleHMA. [na  peweHus
MCNONb30BAH TMOPUAHbBIA YNCAEHHbIM NOAXOA, PEeann30BaHHbINM C UCMNOAb30BaHMEM 06/1a4HON
nHbpacTpyKkTypbl ¢ GPU-yckopeHMem. Pe3ynbTaTbl Ha 3MMUPUYECKUX [AaHHbIX AEMOHCTPUPYIOT
yAyylweHne TOYHOCTM MPOrHO3a M NpPUMeMIemMoe BPeMa OTBETa, YTO MO3BOAAET cepBucy ObiTb
NPUMEHNMbIM B PEXMME PeanbHOro BPEMEHM.

Knlouesble cnoBa: ApOOHO-CTOXaCTUYECKME YypaBHEHWA, aTMOChepHoe 3arpAasHeHue,
MOJEeNMPOBaHME KayecTBa BO3/yxXa, BbICOKOMNPOM3BOAMTENbHbIE BblYUCAEHMA, ObONaYHblE
TEXHONOMMK, TYpOYNEeHTHbIM MNEepeHoC; YMUCNeHHble MeToAbl; ApOobHble  MNPOW3BOAHbLIE;
CTOXacTMYecKMe NpoLecchl.

CoBpeMeHHble 3KO/IOrMYECKNe BbI30BbI, BbI3BaHHbIE YCKOPEHHOM ypbaHM3auUmel, pocTom
NPOMbILI/IEHHOIO  MPOM3BOACTBA M TPAHCMOPTHOM  aKTMBHOCTM, TPebytoT pa3paboTku
3PGEKTUBHbBIX MHCTPYMEHTOB A1 MOHUTOPMHIA U NMPOrHO3MpPOBaHMA COCTOAHMA aTMOChepPHOro
BO3Ayxa. 3arpAasHeHne aTMocdhepbl OKa3biBAET CyLLECTBEHHOE BIMAHME Ha 3[,0POBbE HAaCeNeHUs,
KNMMaTUYecKmne Mpouecchl U yCTOMYMBOE pa3BUTME TEPPUTOPMA. B CBA3M C 3TUM aKTyasbHOM
3aZla4elt ABNAETCA CO34aHMeE BbICOKOTOYHbIX MOAENEN U BbIYMCANTENbHBIX CUCTEM ANA aHANM3a U
MPOrHO3a KayecTBa aTMOCHepHOro Bo3ayxa.

TpaAMLUMOHHbIE MaTeMATUYeCKMe MOZENW PACMPOCTPAHEHWMA 3arpA3HAIOWMX BeLLEeCTB,
OCHOBAHHbIE Ha K/AaCCMYECKMX YPaBHEHUAX KOHBeKunn—anddy3nm, HepeaKO OKa3blBatOTCA
HEeAOCTaTOYHO TOYHbIMWM MNPU OMUCAHMM CNOXKHbBIX MNPOLLeCCOB TypOyneHTHOro nepeHoca M
NPOCTPAHCTBEHHO-BPEMEHHON M3MEHYMBOCTM MapameTpoB aTmocdepbl. OHM He y4yMTbiBAOT
3GPeKTOB NaMATHU, HENOKANbHbIX B3AMMOAENCTBUIA U CNYYaMHbIX BO3MYLLEHWNI, XapaKTEPHbIX AN
peanbHbIX aTMOChEePHbIX NPOLLECCOB. B CBA3M C 3TMM PaACTET MHTepec K APOOHO-CTOXaCTUYECKUM
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MOZENAM, KOTOpble MNO3BONAKT Y4YMTbIBATb AOATOCPOYHbIE KOPPENAUMM M CTOXaCTUYECKYHD
npupoay aTMocdepHbIX ABAEHUN.

B nocneaHue roabl onyb6aMKoBaH pad MCCAeA0oBaHWUN, NOATBEPKAAOWMX IPPEKTUBHOCTb
NPUMEHEHNA APODBHbBIX M CTOXAaCTMYECKMX MOAXOA0B AN OMNWCAHWMA MPOLLECCOB MepeHoca W
andodysnn 3arpasHuteneit. Tak, B pabote [1] npeanoxeHo ApobHO-BpeMeHHOEe CTOXacTUYecKoe
YpaBHEHME KOHBEKUMWN—ANPPYy3MmM An8 MOAeNNPOBaHMA MepeHoca Bnarv B atmocdepe,
[eMOHCTpupytollee YNYYLLIEHHYO annpoKcMmaL Mo 9KCMEePUMEHTANbHbIX [AHHbIX.
NccnepnosaHne, onybamnkoBaHHoe B paboTe [2], MOKasbiBaeT, YTO MCMOAb30BaHME APOOHbIX
MPOW3BOAHbIX MO3BONAET MONYYUTb aHANUTUYECKME PELIEHMA ANA pacCeaHUs 3arpA3HUTeNnen B
HeoAHOPOAHOM MOrpaHMYHOM cnoe aTmocdepbl. AHasOrMYHble pe3ynbTaTbl NpeacTaB/eHbl B
cTaTbe [3], roe npeasioXkeHbl YNCAEHHble METOAbl pelleHns APObHbIX MoAenen ANA OLEHKM
KOHLLEHTPALMN 3arpsa3HAIOLLMX BELLLECTB.

Ocoboe BHMMaHWe yaensaeTcs CTOXaCTMUYeCcKoM cocTaBastoLen atTmocdepHbIX NPOoLLeccosB.
B pabote [4] Nnoka3aHO, YTO CTOXAaCTUYECKME ypaBHEHUA, yNpaBasemble Ap0OHbIM BPOYHOBCKMM
ABUMKeHUEM, MOTYT 3QdEKTMBHO OMUCHIBATb CE30HHblE KonebaHMA U CaydaiHble BO3MYLLEHWS
KOHLEHTPaUMin 3arpasHnTenen.

BmecTe ¢ Tem pelleHue ApPOOHO-CTOXAaCTUYECKUX YPaBHEHWM TpebyeT 3HaYUTeNbHbIX
BbIYMCMTENBHBIX PECYPCOB, MOCKO/bKY annpoKCMMauma ApoOHbIX OnepaTopoB BKAKOYaeT
WHTEerpasibl N0 BCEM BPEMEHHON NCTOPUMN CUCTEMbI. 1A NPeoAoNeHMA 3TUX OTPAHNYEHNN aKTUBHO
Pa3BMBAOTCA MOAXOAbl, OCHOBAHHblE HAa BbICOKOMPOM3BOAMTENbHbIX M  NapannesbHbIX
BbluMcneHuAx. Tak, aBTopbl paboTbl [5] paspabotann GPU-ycKOpeHHbI MeTOA MOAENMPOBaHMA
a3p030/1bHbIX MOTOKOB, @ aBTOPbI PaboTbl [6] NPeanoKUAN BbICOKOIODEKTUBHYIO NapannenbHyo
peannsaumnto cxembl PPM ona mozenen Kayectsa Bo3ayxa. B pabote [7] nokasaHo, 4To nepeHoc
dU3nKo-aTMocdepHbIx NapameTpusaumii Ha GPU cyulecTBeHHO NOBbILWAET NPOU3BOANTENBHOCTb
M 3HeproadHeKTUBHOCTb BbIYMCNEHWNNA.

CoBpemeHHble  obnayHble  NNaThopmbl no3BonAT  0O6beAMHUTb  MOLHblEe
BbIYMCANTENbHBIE pecypcbl M OOoNblUMe MaCcCMBbl AaHHbIX 3KONOTMYECKOrO MOHWTOPUHTA,
CO3/aBan OCHOBY A/1A peann3alymm MHTeNNEeKTYabHbIX CEPBMCOB B 061aCTN aHaAM3a M NPOrHo3a
COCTOAHMA aTMOCPepbl. ITO OTKPbIBAET NEPCMeKTUBbI ANA MHTerpaumm ApoOHO-CTOXaCTUYECKMNX
MOJIeNEel B BME BbICOKONPOM3BOAUTENbHbIX 061a4YHbIX CEPBMUCOB, AOCTYMHbIX MCCAEA0BATENAM,
9KOMOrMYECKMM CNY»KOaM 1 opraHam yrnpaBieHus.

Takum obpasom, obbeanHEHME METOA0B APOOHO-CTOXaCTMUYECKOrO MOAENNPOBAHMA C
BbICOKOMPOM3BOANTEIbHbIMM 061a4YHBIMUM BbIYMCAEHUAMM GOPMUPYET HOBbIM MOAXOA K OLEHKE U
MPOrHO3MPOBAHUIO 3arpA3HeHMA aTMochepHoro Bo3ayxa. Llenblo HacToAwero mccaeLoBaHMA
ABNAeTCA pa3paboTKa KOHUEMUMM WM apPXMTEKTYPbl BbICOKOMPOM3BOAMTENbHOIO 06/1a4HOr0
cepBuMca A5 OLEHKM KayecTBa aTMOCHEpPHOro BO3ayxa Ha OCHOBE APOOHO-CTOXAaCTUYECKMX
YpaBHEHWI, KOTOPbIN obecneymBaeT BbICOKYHO TOYHOCTb pPaAcY4ETOB, MaclWTabUpyemocTb W
[OCTYNHOCTb  BbIYMCAMUTENBHBIX PECYPCOB ANA 33434 3SKOJOTMYECKOro MOHWUTOPUHIa MU
NPOrHO3MPOBaHMS.

OCHOBY  BbIYMCNTENBHOM  CXeMbl  COCTaB/iAeT  APOOHO-CTOXacTMyeckasa  MOAEsb
KOHBEKUMW—AMbDY3nn, onucbiBatollaa MNpPOLEeCcC MNepeHoca M pacCcemBaHMA  3arpAsHAOLLMX
BellecTs B aTmocdepe:

“DEc(x,t) = Dﬁ(—A)ﬁ/zc(x, t)—V- (v(x, t)c(x, t)) + S(x,t) + on(x,t),

rae “DF — apobHas npowssogHas no Bpemenun nopaaka @, (—A)P/?2 — npobHbiit onepatop
Nannaca, v(x,t) — none ckopoctn BeTpa, S(x,t) — WCTOYHWUK 3arpasHenua, n(x,t) -
CTOXaCTUYECKUI LLIYM.
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Takaa mogeNib N03BOIAET Y4UTbIBATb CTOXaCTUYECKYO NPUPOAY aTMOCHEepPHbBIX NPOLLECCOB,
HEeNOKaNbHOCTb M «NamATb» cpefbl, 4YTo obecrneuymBaeT OO/bLIYIO TOYHOCTb MPOrHO30B MO
CPaBHEHMIO C Knaccmyecknmm amddepeHumanbHbiMM MOAENAMM.

PaspaboTka  BbICOKOMPOM3BOAMTENBHOrO  0OMAYHOrO  CepBMCa  HampasieHa  Ha
obecneyeHne 4OCTYNHOMN U MacliTabrpyemon nnathopmbl 419 pelleHma APoOHO-CTOXaCTUYECKNX
3a4a4 601bLWON pazmepHOCTU. [NaBHasa Lelb — 06beAMHNTb TOYHOCTb MaTEMATUYECKUX MOAEEN
C NPerMyLLLECTBAMM COBPEMEHHbIX BbIYMCANTENBHBIX TEXHONOTNIA.

CepBUC MOCTPOEH HA MOAY/IbHOM apxuTekType, 4To obecneumBaeTr ero rmMbKoOCTb,
MaclTabmpyemocTb M BO3MOXKHOCTb aAanTauMy nog, pas/iMyHble 3a4avn u 0bbembl AAHHbIX.
Kaxaaa 4yacTb CMCTeMbI BbIMOMHAET CTPOro onpeaenéHHble QyHKUMM, NPU STOM BCE KOMMOHEHTDI
TECHO WHTErpMpoBaHbl mexay cobol, obpasya eauHyto BblYUCANTENbHO-MHDOPMALMOHHYIO
3KOCUCTEMY.

KntoyeBbiM anemeHTOM nnaTGopmbl  ABAAETCA MOAY/Ab MOAENMPOBAHMA, KOTOPbIN
peannsyeT YNCNEeHHble aNTOPUTMbI pelleHna APOOHO-CTOXaCTUYECKMX YPaBHEHMA. DTOT MOAY /b
MCNONIb3yeT COBPEMEHHble MEeTOAbl MNapanfenbHbIX BblYMCAeHUA W GPU-yckopeHue, 4TO
nossonset adpdeKkTMBHO 06pabaTtbiBaTh OONbLIME MACCMBLI AAHHbBIX M MPOBOAWMTL PACYETHI C
BbICOKOM CKOPOCTbtO. B OCHOBE MOAynA NexaT ONTUMWM3MPOBAHHbLIE CXeMbl AWCKPeTU3aumu
APOOHbIX ONepaTopoB M CTOXAaCTUYECKMX YNeHOB, YTO obecneynmBaeT YyCTOMYMBOCTb M TOYHOCTb
MOZLEIMPOBAHUA AaXKe NPU CNOXKHbIX TPAHUYHbIX YCI0BUAX U BONbLUMX BPEMEHHbIX MHTEpBanax.
Bnarogapa sTomy moayab cnocobeH MoAeNMpoBaTb PACNPOCTPAHEHME 3arPA3HAOLMX BELLECTB B
aTMmocdepe B peasbHOM UaM BAN3KOM K peasibHOMY BPeMEHMU.

Ba)KHylO ponb B CUCTEME WrpaeT MoAy/Nb AaHHbIX, 0DecneymBaloLLMi MHTErpaumo ¢
MHOXeCTBOM  BHEWHMX  WUCTOYHMKOB  WMHPopmaumm. OH  aBTOMATMYECKM  3arpyKaet
METeOpO/IOrMYEeCKMEe U 3SKONOTMYECKMe [AaHHble, MNOCTynatowme OT Ha3eMHbIX CTaHUWi
HabAAeHMA, CNYTHUKOBBIX CMCTEM M OTKPbLITbIX APl. 3T AaHHblE NPOXOAAT NpeaBapUTE/bHYIO
06paboTKy — GUNbTPALMIO, MHTEPMNOAALMIO M HOPMANN3ALMIO — NOCAE Yero MCNONb3YTCA ANA
3aZlaHMA HaYa/lbHbIX WU TPAHUYHbIX YCNOBUIA MOAEANMPOBAHMA. TakMM 06pa3om, MOAyNb AAHHbIX
BbIMNONHAET POJIb MHTENNEKTYaIbHOrO NOCPeAHMNKA MeXAY BHEWHWUM MUPOM U BbIYUCANTENbHBIM
A0POM cepsuca, obecneymBas 4OCTOBEPHOCTb M aKTya/lbHOCTb BXOAHOM MHGOPMaUUN.

O6navHaa nHbpPacTpyKTypa NpeacTaBaseT coboi BbIYMCANTENbHYIO OCHOBY cucTembl. OHa
NOCTPOEHa Ha NPUHLMNAX pacnpeaenéHHbIX BbIYMCNEHWI U BKIOYAET B cebs ceTb BUPTYanbHbIX
MallWnH, KoHTelHepoB 1 GPU-cepsepoB, 0bbeaMHEHHbLIX B eAuHbIM KnacTep. PacnpenenexHue
BbIYMCAUTENBHbBIX 33aZa4 MeXAy Y3/1amMu OCyULeCTBAAETCA AMHAMUYECKM — B 3aBMCMMOCTM OT
TEKylWen HarpyskM W CAOXKHOCTM  334ay. ITO MO3BONAET MNOAAEPKMBATb  BbICOKYHO
NPOM3BOAMNTENIbHOCTb, CHMXATb BPEMA OTK/IMKa M obecneynBaTb HaAEKHOCTb PabOTbl AaXKe Npu
60NbLIOM YMCNEe OAHOBPEMEHHO aKTMBHbIX NOb30BaTENEMN.

3aBepllatoWMM  31EMEHTOM  apXUTEKTYpbl  BbicTynaer Beb-uHTepdenc u  API,
obecneuymBatoline B3aMMOAENCTBME MOMb30BaTENs C cucTemon. Yepes Beb-uHTepdeic
NoNb30BaTe/lb  MOXET 3a4aBaTb MNapameTpbl MOAENMPOBaHMA, BbIOMPATb TeppUTOPUID,
BPEMEHHOM MHTEePBAs, TUM 3arpA3HUTENIEN U CLieHapWii pacdéTa. MNocae BbINOAHEHMA BbIYNCAEHN
CepBUC NpPeaoCcTaB/faeT pe3ybTathl B YA0OHOM BU3yanbHOM dopMe — B BUAE MHTEPAKTUBHbIX
rpaduKoB, TENNOBbIX KapT pacnpeaeneHma KOHUEHTPAUMIM 3arpasHUTeNel, a TakKe BPEMEHHbIX
PAAOB AMHAMMKKM 3arpAasHenua. [ononHutenbHo APl no3BondeTr WMHTErpmpoBaTb CEPBUC C
BHELIHVMMW NPUNOKEHUAMM, TOPOACKMMM CUCTEMAMM SKOTIOTMYECKOrO MOHUTOPUHIA N HAYYHbIMU
nopTanamu, 4To AenaeT CUCTEMY YHMBEPCA/IbHbIM MHCTPYMEHTOM ANA UCCNe0BaTeNenl, IKONOroB
M OPraHoB ynpaBaeHuA.

Takum 06pa3om, NpeaoXKeHHas apxMTeKTypa obecneymBaeT He TOJbKO BbICOKYHO
BbIYMCANTENBHYIO 3ODEKTUBHOCTL, HO M yA0DBCTBO B MCMOAb30BaHMM, TMOKOCTb MHTErpaumm u
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BO3MOXHOCTb MaclUTabupoBaHMA, YTO AenaeT 0b6MauHbIN CEPBUC MOLLHOW nnatdopmor ana
aHanM3a 1M NPOrHO3MpPoOBaHMA KayecTBa aTMOCHEPHOro BO3AyXa.

Ons obecneyeHns BbICOKOWM NPOM3BOAMTENBHOCTU, HAAEKHOCTM U MacluTabupyemocTm
pa3paboTaHHbIA cepBMC 6asuMpyeTca Ha COBPEMEHHOM 001a4HOM U BbIYUCAUTESIbHOM
NHbPACTPYKTYype, codeTatollen B cebe KOHTEMHepM3auumilo, napannesibHble BbIYUCIEHMA U
MCNO/Ib30BaHMeE CNeLMannN3MPOBAHHOIO anmnapaTHOro YCKOPEHMS.

KntoyeByto ponb B apxXMTEKType WrpaeT KoHTeMHepu3auma, KOTopad Mno3BOAAeT
M30/IMPOBaTb OTAE/IbHbIE KOMMOHEHTbLI CEPBMCA — MOAYNb MOAENNPOBAHMA, 06PabOTKM AaHHbIX,
BM3yanmsaumm u  APl-uHTepdeiic — B HE3aBUCMMbIE OKPYXKEHMA, 4YTOo obecneymBaeT UX
aBTOHOMHOCTb, TMBKOCTb OOHOBNEHMA M NEFKOCTb Pa3BEPTbIBAHMA.

Ba)KHbIM Hanpas/eHMEM ONTMMM3ALNM ABNAETCA MUCMNONb30BaHMe GPU-ycKopeHua npu
peleHnm ApobHbIX ONepaTopoB M CTOXAaCTUYECKUX MHTErpanos. Mpadudeckme npoueccops! (GPU)
3HAYUTENbHO YCKOPAKOT BbINOJHEHWE MNApPaNNeNbHbIX ONepaumuii, TakMX KaK annpoKCcMmauma
APOOHbBIX NPOM3BOAHbLIX, MOAENNPOBAHME CAYYaMHbIX NOAEN M peanmsauma metonos MoHTe-
Kapno. 310 0CcobBeHHO Ba*KHO MPW YMCAEHHOM pPEeLIeHWMM 3aZay BbICOKOM Pa3MepHOCTW, rae
TpaanumoHHble CPU-pelleHmA OKa3biBAOTCA BbIYMCANTENBHO 3aTPATHLIMU.

[na pabotbl ¢ OonbWMMM 0OBEMAMM [aHHbLIX B CUCTEME BHEAPEHbl TEXHONOMMK
pacnpenenéHHbiX BbIYUCAEHWUA. DTU MHCTPYMEHTbl MO3BOAAIOT NapannenbHo obpabaTtbiBaTb
NOTOKM METEOPONOTMUYECKNX U IKONOTMUYECKNX AAHHbIX, BbINOAHATL NPEABAPUTENbHBIN aHANN3 U
MHTErpaumMio AaHHbIX B MacwTabax ropofa WAM pernoHa. PacnpenenéHHas apxuTeKTypa
obecneynBaeT yCTOMYMBOCTb K COOAM, a ero NamATb-OPMEHTUMPOBAHHAA CTPYKTypa ycKopseT
BbINONIHEHWE aHANIUTUYECKMX OnepaLyii, YTO 0COBEHHO BaXXHO Npu 06paboTKe BpeMeHHbIX PAL0B
HabMAeHWN.

Ocoboe MecTo 3aHMMaeT WMCNONb30BaHWE MNapanneNbHblXx anroputmosB MoHTe-Kapno,
KOTOopble NMPUMEHAITCA ANA CTAaTUCTUHECKOM OLEHKM CTOXAaCTUYECKMX CLEeHApMeB 3arpA3HEeHUA
aTmocdepbl. brarogaps pacnpeaenéHHOMY UCMONHEHUIO MHOXECTBO He3aBUCKMMbIX peann3aLmi
CNyYaMHbIX NPOLECCOB MOFYT BbIYMCAATLCA OAHOBPEMEHHO, YTO NMO3BONAET 33 KOPOTKOE BpemaA
NONYYUTb BEPOATHOCTHYKO OLEHKY KOHLEHTPAuWi 3arpAsHUTeNnei M AMmanasoHa BO3MOXKHbIX
OTK/IOHEHWI OT CpeAHero CueHapumsa.

XpaHeHune, 06paboTKka M aHaM3 NOCTYNAOLWMX AaHHbIX OCYLLECTBAAOTCA C NOMOLIbIo 6a3
[AHHbIX BPEMEHHbIX PAAOB. 3TW  CUCTEMbI CMNEuManbHO aAanTUMPOBaHbl ANA  XPaHeHuA
HenpepbIBHbIX MOTOKOB AAHHbIX OT CTAaHUMIA MOHUTOPMHIA M NO3BONAKOT BbINOMHATL 3anpochl B
peanbHOM BPEMEHMW, OTCAEKMBATL AMHAMMKY KOHUEHTPALMI 3arpA3HAIOLLMX BELLECTB, @ TaKKe
dopMmMpoBaTb CTAaTUCTUYECKME OTHETBI U MPOTHO3bI.

Taknm obpas3om, BbIYMCIUTENBbHAA HArpy3Ka pacnpenensaeTcs He Ha OAMH CepBep, a Ha
MHOYECTBO B3aMMOCBA3aHHbIX Yy3/10B B 001a4HOM MHOpaCTpyKType. 370 obecnedymsaeT
OAHOBPEMEHHOE BbINOMIHEHME BOONMbWOro KOAMYECTBa 33434y, 3HAYUTENbHO COKpallaeT Bpems
PAcYéTOB M OAET BO3MOXKHOCTb OOCNY)KMBATb MHOMOYMUCNEHHbIX MOAb30BaTenei 6e3 notepwu
Npon3BOAMTENBHOCTN. WHTerpaumMa COBPEMEHHbIX TEXHO/IOTMN — KOHTeMHepusaumm, GPU-
YCKOPEeHMA W pacnpedenéHHbIX BblYUCAEHWN — aenaeT pa3paboTaHHbIM 0061a4YHbIN CepBUC
HaOEHOW, TMBKOM 1 BbICOKO3IDDEKTUBHOM N1aTGOPMON A1A MOLAENMPOBAHNA M OLEHKM KayecTBa
atmochepHOro Bo3ayxa.

Pa3paboTka M BHeapeHue o06/1a4HOrO cepBMCa ANA OLEHKM KavecTBa aTMOCHepHOoro
BO3A4yXa NPeAOCTaBAAET LWMPOKME BO3MOXKHOCTM MO CPABHEHMIO C TPAAMLMOHHBIMW IOKANbHbIMU
BblYMCAUTENBHBIMW  cucTemamu.  OAHMM M3 KAKOYEBbIX  MPEeMMyLLEecTB  ABAAETCA
MacwTabmpyemocTb, KOTOPan NO3BONAET AMHAMMUYECKM pacnpenenaTb BblMMCIUTENbHBIE PECYPCDI
B 3aBMCMMOCTM OT Harpy3ku. 3TO 0COBEHHO BaXKHO MPW MOAENMPOBAHUMN CAOXKHbIX NMPOLLECCOB
PacNpOCTpaHeHMA 3arpAsHAWMX BelwecTs, Tpedbyowmx peweHna APOOHO-CTOXAaCTUYECKMX
YpPaBHeHMI B TPEXMEPHbIX 001aCTAX C BbICOKMM NPOCTPAHCTBEHHbIM pa3pelleHrem. B oTanume ot
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CTAUMOHAPHbIX cucTem, obnayHaa WMHOPACTPYKTypa CnocobHa aBTOMATUYECKM YBEeAMYMBATb
KO/IMYECTBO  BbIYMC/AUTE/bHBIX  y3/10B M ONTMMM3MPOBATb  MPOM3BOAUTENBHOCTL  6e3
BMeLLaTeNbCTBa NOb30BaATENS.

[pyrm BasKHbIM MPEUMYLLLECTBOM ABAAETCA AOCTYMHOCTb CEPBMCA: NOb30BATENMN MOTYT
3anyckaTb MOZENMPOBaHME, aHaAM3MPOBATb Pe3yabTaTbl WM BM3ya/M3UPOBaTb AMHAMUKY
3arpA3HeHUI 13 NoboM TOUKM MUPa, UMEA ANWb AOCTYN K CETU MHTEpHET. To AenaeT cuctemy
YHMBEPCAZbHON A8  HaYYHbIX WMHCTUTYTOB, 3KONOTMYECKMX CAyKO UK 06pa3oBaTesbHbIX
yYpeKaeHn, He3aBUCMMO OT UX reorpadmuyecKkoro pacnoioKeHNs.

CepBuc TakKe obecneymBaeT BbICOKYD WMHTEPAKTMBHOCTb — MO/1b30BATENM MOJYYatoT
BO3MOKHOCTb HabtoAaTh 33 NPOLLECCOM MOAENMPOBAHNA U PE3y/bTaTaMn PACYETOB B pPeXMME
peasnbHOro BpemeHu. Beb-mHTepdenc no3BoNAeT AMHAMUYECKM W3MEHATb MNapameTpsl
MO/ZIEIMPOBAHNA, BU3YyaNM3NPOBaATb MOAA KOHLEHTPAUMA 3arpasHUTenel, CTpouTb Npoduam
pacnpeneneHnin u oueHMBaTb BAUAHME PA3IMYHbIX GAKTOPOB B MHTEPAKTUBHOM PEXMME.

3HaUMTENIbHBIM MPEUMYLLLECTBOM ABAAETCA WM MHTErpaums AaHHbIX: 0ONaYyHbI CcepBuUC
MOXKET ObITb HAaNPAMYHO CBA3aH C CETbIO AATYMKOB, Pa3MeLLEHHbIX B TOPOACKON Cpese, a TakkKe C
CYLWECTBYIOLLMMMN CUCTEMAMM MOHUTOPUHIA OKPYXKatollen cpeapl. 9TO NO3BONAET MCNO/b30BaTh
aKTya/lbHble MEeTEeopPONIOrMYEeCKMe W 3IKONOTMYEeCKMEe fAaHHble ANA afanTMBHOM KanMOpPOBKM
MOZLENN, NOBbIWAA TOYHOCTb MPOrHO308B N HAAEKHOCTb OLEHKM COCTOAHMA aTMOChEpbI.

Kpome Toro, o61a4Han apxmMTeKTypa CnocobBCTBYET CHUMKEHWNIO 3KCNIyaTalMOHHbIX 3aTPaT,
MOCKONbKY MONb30BaTeNAM He TpebyeTcA npuobpeTaTb M 0OCAYKMBATbL [AOPOrocTosLime
BbIYMCANTENbHBIE KNacTepbl. Bce BbIYMCNEHMA BbLINONHAOTCA B pacnpefenéHHon cpeae,
NOAAEPKMBAEMOM NPOBaNAepPOM 06MauUHbIX YyCAyr. TakMm o6pa3om, HayyHble KONNEKTUBLI U
rocyZapCTBEHHbIE OPraHM3aLMM MOTYT COCPeOTOUYNTLCA HAa aHAIMTUYECKON paboTe, He OTBNEKadA
pecypcbl Ha TEXHWUYECKYO NOAAEPHKKY.

Pa3pabaTtbiBaemblii 061a4HbINA CEPBUC OPUEHTUPOBAH HAa KOMMIEKCHOE pelleHune 3aau
MOZENMPOBAHMA M aHaNM3a KayecTBa aTMOChepHOro BO3AyXa C MNPUMeEHeHMem ApOBHO-
CTOXACTMYECKMX ypaBHEeHWA. OCHOBHas ero GyHKLMA 3aK1t04aeTca B MOAENMPOBaHMM NPOL,ECCOB
PAcNpOCTPaHeHUA 3arpA3HAILWLMX BeWecTB (Takmx Kak PMas, NO,, Os; 1 ap.) B ycCnoBuAx
TypbyneHTHOM atmocdepbl. Micnonb3oBaHme APOOHbLIX NPOM3BOAHbLIX MO3BOAAET 6onee TOYHO
OMuCbIBaTb aHOMasbHble ANPPY3MOHHbBIE MPOLLECChl, CBOWCTBEHHbIE pPeasbHOM CTPYKType
BO3AYLWHbIX TMOTOKOB, a CTOXaCTMYeCcKasa KOMMOHEHTA YYMTbIBAET CaydalHble GAYKTyauun
MEeTeopPO/IOrMYECKNX MapPaMeTPOB.

Cuctema TaKKe peanusyeT MpPOrHocTMyeckme  GyHKUMKM, obecrneumBans  pPacyéT
KOHLEHTPaUMA 3arpA3HUTENEN Ha 33Zl@aHHbIE BPEMEHHbIE MHTEPBA/bI C YYETOM TEKYLLMX AaHHbIX
0 norode W Bblbpocax. ITO AAET BO3MOKHOCTb OMNEpPaTMBHO OLIEHWMBATbL YPOBEHb 3arpA3HeHUs
BO3/yXa M NPOrHO3MpoBaTb ero AMHAMMKY B TOPOACKMUX M MPOMbILLJEHHbIX PAaNOHaX.

Ba’KHbIM 31EMEHTOM CepPBMCA ABAAETCA aHa/IM3 YyBCTBUTEIbHOCTM MOAENN K UBMEHEHUAM
BXO/HbIX MapameTpoB — TeMnepaType, BNAXKHOCTU, CKOPOCTM BeTPa, MHTEHCUMBHOCTM BbIOPOCOB.
TakoM aHanuM3 NO3BOMAET BbIABMTL (AKTOPbI, OKasblBaloWMe Haumbosbliee BAWAHME Ha
dopmumpoBaHMe 3arpAsHEHHOM aTtmochepbl, WM ONTUMM3MPOBATb CLEHAPUM  YNPABAEHUS
KayecTBOM BO3AyXa.

Ocoboe BHMMaHMe yaenaeTca BW3yanusaumm pesynbratoB. CepsBuC npenocTaBafeT
MHTEPAKTMBHbIE KapTbl M TPEXMEPHbIE MOAENN pacnpeseneHns 3arpsasHuTenel, otobpaxatouime
NPOCTPAHCTBEHHO-BPEMEHHYIO AMHAMUKY 3arpA3HeHnA. MNonb3osaTenb MOXKET MacluTabnpoBaTb
KapTy, BblAENATb MHTEepecyowme 061acTi, NOAyYaTb YNCEHHbBIE XapPaKTEPUCTUKM KOHLEHTPALMN
M GOpMMPOBaATL OTHETDI.

HakoHeLl, 061auHbIl CEPBUC MNOALEPKMBAET aBTOMATMYECKOoe GOPMUPOBAHME OTHETHOM
[OKYMEHTALMM W 3SKCMOPT pe3ynbTaToB B GOpMaTbl, COBMECTUMbIE C aHAAUTUYECKMMU W
reonHGOPMaLMOHHBbIMKW CUCTEMaMK. ITO obecneynBaeT BOSMOKHOCTb MHTErpaLmm pesynbTaTos
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MO/ZLeNMPOBaHMA B Boslee WMPOKME SKONOTMYECKME N yNpaBAeHYEeCKMe MPOLLECChl — OT HAyYHbIX
nccaenoBaHMin A0 NAAHUPOBAHMA IKOIOTMUYECKMX MEPOMNPUATUI U NMPUHATUA peLleHnii B 061acTu
OXpaHbl OKpY»KatloLWen cpeabl.

Monb3oBaTeNb 3a4aéT PerMoH (Hanpumep, ropoaCcKon PaoH), BPEMEHHOM UHTEepBaa U
XapPaKTePUCTUKM NCTOUYHUKOB 3arpsasHeHnA. CepBMC aBTOMATUYECKM 3arpyKaeT COOTBETCTBYOULME
MeTeoAaHHble, GOPMMPYET CETOYHYIO MOAE/b, BbINMOMHAET PACYET B pacnpesenéHHon cpeae v
NpeAoCTaBNAeT pe3yNnbTaTbl: MPOCTPAHCTBEHHOE pacnpefeneHue KOHUEHTpauun, rpadukm
BPEMEHHOM AMHAMMKN 1 MPOTHO3 M3MEHEHUs MHAEeKCca KavecTBa Bo3ayxa (AQl).

Takum 06pa3om, BbICOKOMNPOM3BOAMTENLHbIM 06MaYHbIN CepBUC NpeacTaBaseT cobol
YHUBEPCANbHYIO nnatpopmy, 06beANHAIOLLYO MeTopbl APOBHO-CTOXaCTUYECKOro
MOAENNPOBaHMA, NapanienbHble BbIMUCAEHWA U COBPEMEHHbIE TEXHONOrMM  0bBNaYHbIX
nHPpacTpyktyp. OH obecneynmBaeT TOYHOE M OMNEpPaTMBHOE MOAENMPOBAHME KayecTBa
aTMocdepHOro Bo3Ayxa, NOAAEPXKMBAET MPOrHO3MPOBAHME M BU3YyaNM3aUMIO 3KONOTMYECKMX
NOKa3aTesien B pexXxnmme peasibHOro BpemMeHu, YTo aenaeT ero adGeKTUBHbIM MHCTPYMEHTOM ANA
Hay4HbIX MCCNeL0BaHUIM, SKONOTMYECKOTO MOHUTOPUHTA M MPUHATUA YNPaBNEHYECKMX PELLEHUN.
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PaboTa BbINOAHEHA NPU NOAAEPMKKE MPAHTOBOrO GUHAHCMPOBAHUA HAYYHO-TEXHNUYECKMX
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METOLONOIMMYECKWE ACTTEKRTDI
NCIMOJTb3OBAHNA HECTAHLAPTHbBIX
3AOAY B OBYHEHNIN TEOPUIN KOJIEL,

E.A. Beabiy
MarmcTpaHT no cneumanbHoctn 7M01507 MatemaTtunka, HAO «KocTaHamcKkmm
PernoHanbHbIN yHMBEPCUTET MMeHU A. BanTypCbIHY/1bI»

AHHOTaAUMA. B cTaTbe paccMaTpuBalOTCA METOAONOTMYECKME OCHOBAHMA NPUMEHEHMA
HecTaH4APTHbIX 3a4a4 B npouecce obyyeHMA Teopuu Konel, y CTyAeHTOB-MaTEMATWUKOB.
MOKa3aHo, 4TO WMCMNO/b30BaHWE 33a4aHUM UCCNeaoBaTeNbCKOro M NPobNemMHOro Xapaktepa
cnocobcTByeT GOPMMPOBAHMIO aBCTPAKTHOTNO MbIWAEHWUA, PA3BUTUIO JIOTMKO-A0KA3aTeNbHbIX
YMEHUI M MOBbILEHNIO YPOBHA CaMOCTOATENbHOCTM O0bOyYatoWmxca. PackpbiBaeTcA CyLLHOCTb
HeCTaHAAPTHbIX 334a4 Kak MHCTPYMEHTa nepexoda OT PeNPOAYKTUBHOIO K MCCNe0BaTENbCKOMY
TMNY NO3HaHWA. lpeacTaBneHa KnaccMduKauma TakMX 3a4ay NO XapaKTepy NO3HaBaTe/bHOM
[eATeNbHOCTU U ANAAKTUYECKMM LIeNAM, ONMCaHa METOAMKA UX BKAKOYEHWA B y4ebHbIM Npouecc,
OCHOBaHHAA Ha NpuHUMMNax NPobNEeMHOCTWU, CUCTEMHOCTM U pedaekcMBHOCTU. [MpmBOoAATCA
KOHKpPETHble NpMMepbl 33434 NO TEOPUKN KOAeL, AeMOHCTPUPYIOLLME UX NOTEHLMAN B PA3BUTUN
aHa/IMTUYECKOro M NPOodecCMOHaNbHOrO MbllUNeHNA DyayLInMX yuntenen matemaTvku. CaenaHsi
BbIBOZbI O METOA0/IOTMYECKOM WM Meaarormyeckor 3HAaYMMOCTM HeCTaHAAPTHbIX 334ay  Kak
cpeacTBa $OPMMPOBAHMA UCCNEeL0BATENBCKOM KyAbTYpbl CTYAEHTOB.

Knloyesble cnosa: HecTaHAApTHble 3aZayu, Teopua Kojel, MeToAon0rna obyveHus,
nccnenoBaTeNbckan  AeATENbHOCTb, abCTPAKTHOE  MbllEHME, BbiCWee MaTemMaTUYecKoe
obpa3oBaHMe, KOMMETEHTHOCTHbIM  NoAxod, npodeccrmoHanbHas  MoAroTOBKA  yuyuTens
MaTEMATUKM

BeseaeHue

CoBpemeHHas cucTema Bbicliero o6pa3oBaHMA B YCIOBUAX OOHOBNEHUA COAEPKAHMA U
TEXHONOTMI 0by4YeHua TpebyeT Nomcka aPHeKTUBHbLIX METOAMUYECKMX CPEACTB, CMOCOOCTBYHIOLLMX
dopMMpPOBaHMIO Yy  CTYAEHTOB MNPOdECCMOHANbHOMO  MbIWAEHMA, WUCCNEA0BATENbCKMX U
aHaNMTMYeCcKnx cnocobHocTen. B npenogaBaHnn matematukn ocoboe 3HaveHue npruobpeTtaeT He
CTONbKO nepejada TrOTOBbIX 3HAHMIN, CKOAbKO (GOPMMPOBAHWE Yy 0OyYaloWMXCa YMEHUN
camocToATeNIbHO A06bIBaTb MHbOPMALMIO, aHAaNNM3MPOBaTh, 0600WATL U NPUMEHATL €€ B HOBbIX
CUTYyaUMAX.

OZHMM M3 MHCTPYMEHTOB, CMOCODOHbIX peann3oBaTb 3TWM  33Jayu, BbICTyMnaeT
MCNONb30BaHME HEeCTaHAAPTHbIX 33Zay. TakMe 3aJaHMA HanpaB/eHbl He Ha MexaHW4yeckoe
BOocnpounsseneHne GOpMyN UKW aNTOPUTMOB, @ HA Pa3BUTME YMEHUA MbICINTb TMOKO, HaXOAMTb
HeoYyeBMAHbIE CBA3W MEXKAY NOHATUAMMU N NPUMEHATb NOTMKO-UCCNef0BaTENbCKME NPUEMBI NPU
pelweHnn. IMeHHO No3ToMy B NOCAeHME roAbl OHW BCE aKTMBHEE BHEAPAIOTCA B KyPCbl BbICLLEN
MaTEMATUKM, OCODEHHO NPU M3y4eHUU abCTPAKTHbIX Pa3faenoB — TEOPWUWU MHOXKECTB, rpynnbl,
Ko/lbLLa, NONA.

Teopua Konew, ABNAETCA OAHUM U3 Hanboiee CNOXKHbIX M aDCTPaKTHbIX pa3aenos anrebpbl.
[Ona GONbLIMHCTBA CTYAEHTOB 3TOT MaTepuan Bbi3blBAaeT TPYAHOCTM M3-3a BbICOKOM CTEMNeHu
0O0OWEHHOCTN, HANNYMA HECKONbKMX OMHAPHbBIX Onepaumii M MHOMKEeCTBa B3aMMOCBA3AHHbIX
akcMom. TpaAMUMOHHbIE MeTOAbl NPenofaBaHuA, OCHOBAHHbIE Ha IEKLUMOHHOM M3N0KEHUN U
peleHnn CTaHAAPTHbIX YNPaXKHeHWN, He Bcerga obecneumBatoT rNyHboOKoe MOHUMMaHWeE CyTu
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paccMaTpMBaeMblX  CTPYKTYp. B TakMx  yCNOBMAX — CTAHOBMTCA  aKTyaZlbHbIM  MOWCK
MEeTOZI0/IOTMYECKMUX MOAXOA0B, CMOCOOHbIX aKTMBM3MPOBATb MO3HABATE/IbHYIO AeATeNbHOCTb
CTYZEHTOB M caenaTb Npouecc obyyeHmsa UccaesoBaTENbCKMM MO CBOEW CyTU.

BBeseHMe HeCTaHOAPTHbIX 3a4ay B Mpouecc ObydyeHWA Teopuu Koael, Mno3BOAsEeT
COeIMHUTL TEOpeTMYecKoe U MPaAKTUYECKOoe MbllueHne, caenatb abCTpaKkTHble MOHATUSA
[OCTyNHee 4Yepes WCCAe[0oBaTeNbCKYlO AeATEeNbHOCTb. PelleHue Takux 3aady TpebyeT oT
CTYZLeHTOB CaMOCTOATE/IbHOIO aHaNM3a aKCMOM, BbIABAEHMA 3aKOHOMeEpPHOCTEN, GOPMYIMPOBKM
rMnoTes M NPOBEPKM MX HA MPUMEpPAX KOHKPETHbIX anrebpandyeckmnx cuctem. 3To cnocobCTByeT He
TO/IbKO YCBOEHWIO MOHATUIA «KO/MbLO», «MOAKOAbLOY, «MAean» UAN «haKTop-KOMbLO», HO M
PA3BUTUIO YMEHWNI PACcCyKAaTb IOTMYECKN, apryMEHTMPOBATbL M AeNaTb HayyYHble BbIBOAbI.

C MeToA0N0rMYeckon TOYKM 3peHus, paboTa C HecTaHAAPTHbIMKM 3aJa4yaMu OTBEYaeT
COBPEMEHHbIM NefarorMyeckMm NpUHLMNam:

- NnpobnemHOCTM, npeanonaratolWen akTMBHOE BKAOYEHME CTYyAEHTA B MPOLLECC MOMCKa
peleHns;

- Hay4YHOCTH, obecneunBatoLet ONopy Ha N0rMYecKMe MeToAbl MaTEMATUKK;

- NpodeccMoHaNbHOM HanpaBAeHHOCTM, TaK Kak Oyaylinii yuuTenb ocBamMBaeT Cnocobbl
OpraHn3auuMm nccneaoBaTeIbCKkoON AeATENbHOCTM YHALLMXCA.

AKTyanbHOCTb MCCNeAO0BaHUA onpeaenaeTca HeobXoAMMOCTbO Pa3paboTKM U MEeTOAMYECKOTO
0H60CHOBaHMA NPUEMOB MCMONb30BAHMA HECTAaHAAPTHbIX 33434 NPU U3yd4eHUn anrebpanyeckmnx
CTPYKTYP, B 4aCTHOCTM TEOPUM KoNeLl.

Lenb - onpeaenntb MeTOAONOMMYECKYD UEHHOCTb M AMAAKTUYECKMI NOoTeHuMan
HecTaHAAPTHbIX 33434 B OOy4YeHUM Teopuu Koneu, BbIABUTb WX GYHKUMKM, KnaccudUKaumioo w
MeToAMYecKme ycnoBua ahPeKkTUBHOIro NpuMeHeHMA B 06pa3oBaTelbHOM NpoLecce By3a.

O6bekT wuccnepoBaHuA. [lpouecc o6yyeHMA MmaTemMaTMKe B CUCTEME  BbICWIEro
obpasoBaHuA.

MpeameT uccnefoBaHUA. MeTogonormyeckme OCHOBbI M cnocobbl  MCNOb30BaHWA
HecTaHAAPTHbIX 33434 B 0Oy4eHUn Teopum Konel,

MeToL0N0rMYECKanA CYLLLHOCTb HECTaHAAPTHbIX 33434

CoBpeMeHHble TEHAEHUMN PA3BUTUA BbICLIEro MaTeMaTMyYeckoro 0b6pa3oBaHMA CBA3aHbI C
nepexoAoM OT PenpoayKTUBHbIX GOPM 0DyYeHUs K AeATeNbHOCTHbIM U UCCAeA0BaTeIbCKMM. B
3TOM CBA3KM 0cobOoe 3HaUYeHNe NpMobpeTatoT HeCTaHAAPTHbIE 33434M, KOTOPbIE BbIXOAAT 32 PAMKM
MPUBbIYHLIX ANTOPUTMMYECKMX CXEM M TPebyloT OT CTYAEHTOB aKTUBHOWM MbICANTENbHON
[eATeNbHOCTU, TMOKOCTU MbILUNEHUA M CMOCOHBHOCTM K CAMOCTOATE/IbHOMY aHaAN3Yy.

Moa HecTaHAAPTHbIMKM 33aJa4amMM MOHMMAIOTCA TakMe yyebHble 3a4aHuA, B KOTOPbIX
OTCYTCTBYET OYEBMAHbIM CNOCOD pelleHns, a NyTb K OTBETY NpeAnosaraeT UccaefoBaTeNbCKUM
MOMCK, MOCTAHOBKY TUMOTE3, JIOTMYECKME PaCCYy:KAEHUA W A0Kas3aTenbCTBa. B oTanume ot
CTAHOAPTHbIX 33a4a4y, rae CTyAeHT MPUMEHSAeT 3apaHee YCBOEHHbI anropuTMm, 3[ecCb OH cam
KOHCTPYMPYET CTPATErMIO pelleHms, MCXOAA M3 MOHUMAHMA CTPYKTYPbl MaTeMaTMYeCcKoro obbekTa
W NOTUKK PacCyKaeHus.

C MeTod0/IOTMYEeCKON TOYKM 3PEHMs, HecTaHZapTHaA 3aZaya — 3TO MHCTPYMEHT
NoO3HaBaTE/IbHOrO MOAENMPOBAHMA, C MOMOLLI KOTOPOro 0by4YatoulMiics OCBauBaET He TO/bKO
cofleprkaHme maTemMaTMUYecKom TEOPUM, HO M CamM Cnocob Hay4yHOro MbllaeHus. PaboTa ¢ TakMmm
3aZla4aMu CnocobCTBYET Pa3BUTUIO METAKOTHUTUBHbBIX YMEHWI — CNOCOBHOCTU KOHTPO/IMPOBATb
X0, PacCyKAEHWNIN, aHaNM3MPOBaTb OWMOKM, BbICTPANBATL A0KA3ATE/IbCTBEHHbIE LLEMOYKM.

HectaHOapTHble 334a4M  ONMPAKOTCA  Ha  OCHOBHblE  MPUHUMMALI  MeToA0N0rUK
MaTeMATUYECKOro NO3HAHMA:

- NPUHUMN NPOHBAEMHOCTH, COTNIAaCHO KOTOPOMY 3HaHMWe YCBaMBaeTCA Yepes npeogoseHmne
NO3HaBaTe/IbHbIX TPYAHOCTEN;
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- MPWHUMN AKTMBHOCTM — CTYAEHT He MacCMBHO BOCMPOWM3BOAMT MaTepuasn, a Ccam
BbICTYNaeT CybbekTOM OTKPbITUA;
- MPUHUMN pedNeKCUBHOCTM — aHaAM3MpyeT CcOoOCTBEHHble AeNCTBMA, OLEeHWBaeT

NPaBMIbHOCTb PACCYXKAEHWN;
NPUHLUMN CUCTEMHOCTM, ODEecrneuvmBalolWMii B3aMMOCBA3b MEXAy Pas3/IMYHbIMKU 31EeMEHTaMM
TEOPUN U YMEHME NEPEXOANTb OT YaCTHOrO K 0bLLemy.

Taknm 00pasom, HecTaHAapTHaA 3adaya BbICTYMaeT Kak MeToA0N0rMyeckas eamMHULa
NO3HaHWA, coeauMHAlan B cebe coaeprkaTenbHbii (MaTemaTUYecknit) M NpoLeccyabHbil
(nccnenoBaTeNbCKMIA) aCNeKTbl 0bydYeHus.

B KOHTEKCTE Kypca TEOPMM KOeL, TakMe 33434M BbINOHAKOT HECKO/IbKO BaXKHbIX QYHKLMI:

- MNMo3HaBaTenbHaa GyHKUMA — HanpaBaAeT CTyAeHTa Ha CaMOCTOATE/IbHOE OTKpbITME
3aKOHOMEPHOCTEN, MOHMMAHWE CTPYKTYPbl KO/bLIA, B3aUMOAENCTBMA ONepaLMin M aKkCUOM.

- PassumBatowaa GyHKUMa — GopmmMpyeT aHaUTUYECKOe N abCTPaKTHOE MblWEHUE, YUUT
PaccMaTpuMBaTb O6BEKT C Pa3HbIX NO3ULMIA, BUAETb B3aMMOCBA3N MEXK /1y CBOMCTBAMM.

- [narHocTnyeckana GyHKUMA — MNO3BOAAET NPenonaBaTento OUeHUTb ryOuHy yCBOEHMA
MaTepuana, BbIABUTb, HACKO/IbKO CTyAeHT CnocobeH NPUMMeHATb MOHATMA B HECTAaHAAPTHbIX
yCNOBUAX.

- MoTuBauMoHHaa dyHKUMA — npobyKaaeT UHTepec K nNpeamMeTy 3a  CYET
nccnefoBaTeNbCKOrO XapakTepa 3a4ay M TBOPYECKON COCTaBAAIOLLEN.

- MeTtognyeckas QyHKUMA — pa3BMBAET y CTYAEHTOB OyayLMX yuuTenen matemaTuKu
yMeHMe NPoeKTMPoBaTb COOCTBEHHbIE HECTAHAAPTHbIE 3a1aHNA A1A WKOAbHOIO Kypca.

PaboTa C HeCTaHAAPTHbIMK 3aZa4amu TpebyeT OT npenogaBaTena co3gaHuAa ocobol
obpa3oBaTeNbHOM cpeapl, rAe AO0MYCKAtOTCA 3KCMEPUMEHT, rMnoTesa, OOCyKAeHWe U Oaxe
olWKBKa Kak YaCTb NO3HaBaTe/IbHOrO NpoLecca. ITO COOTBETCTBYET COBPEMEHHbIM TpeboBaHUAM
KOMMNEeTEHTHOCTHOrO NOAX0Aa M MPUHLMNAM akaleMnyeckor cBoboAbl, KOraa CTyAeHT CTaHOBUTCA
COaBTOPOM COBCTBEHHOIO 3HAHMA.

CnepnoBatenibHO, METOAONOTMMYECKAA CYLLHOCTb HECTAHAAPTHbIX 33434 3aK/K0YAETCA B TOM,
YTO OHM CANYXKAT CPeACcTBOM MNepexoda OT 3HAaHMA K MNOHMMaHWIO, OT YCBOeHMs (aKToB K
CaMOCTOATE/IbHOMY OTKPbITUIO 3aKOHOMEPHOCTEN. Yepe3 HWMX peannsyeTca rNaBHaA UeNb
oby4yeHMA matemaTurKe B Byse — GOpmMMpoBaHMe y ByayLlero cneumanmcta MccaeaoBaTeNbCckoro
CTUNA MbIWAEHMA, YMEHUA CTaBMTb MNpobaemy, HaxoauTb NyTM eé peweHna u obobuatb
pe3ynbTaThl.

KnaccudumKauma HecTaHZAPTHbIX 33434 NO TEOPMM Konel,

CoaeprkaHme Kypca «Teopusa Koneu» OTAMYAETCA BbICOKOW CTemneHbto abCTPaKTHOCTM t
TpebyeT OT CTyAEHTOB pPa3BUTOrO /IOTMYECKOrO MbIWAEHWsA, CNOCOBHOCTM OonepupoBaTb
dopManbHbIMM  CTPYKTYpamM WM NOHWMMATb B3aMMOCBA3b aKCMOM W onepaumit. [loatomy
NPUMEHEHWe HEeCTaHAAPTHbIX 33/a4 B 3TOM pasAene A0/MKHO ObiTb He CAy4alHbIM, @ CUCTEMHO
OpPraHM30BaHHbIM M METOA0N0MMYECKM OOOCHOBAHHbIM.

Knaccndumkauma HecTaHAAPTHbIX 3a4a4 MO3BOAAET yNopAAOYUTb WX MO UEenam, Tuny
NO3HaBaTE/IbHOM AEeATEeNbHOCTM W CTEMEHW CAMOCTOATENbHOCTU CTYAEeHTa, YTO BaXKHO ANA
PaLMOHaNbHOIO BKAOYEHMS MX B y4ebHbIN npoLecc.

1. Mo xapaKTepy No3HaBaTe/IbHON AEATENIbHOCTU

- WccnepoBatenbckme 3afaun — TpebyloT OT CTyAeHTa MOCTAHOBKWM TMNOTe3bl U eé
nposepkn. OHM NOBYKAAT aHaNM3MPOBATb CTPYKTYPY KO/bLA MPU MU3MEHEHUM onepaumi,
BbIABNATb  YCNOBMA  CcOXpaHeHua  cBoncTB. [pumep:  «CoxpaHAeTca /M CBOWCTBO
ANCTPUOYTUBHOCTK, €Civ B ONpeaeneHnm Kosblia M3MEHUTb onepauuio cnoxeHusa Ha aPb =a +
b + 1?». Takve 33g4aun MOAENMPYIOT AeATeNbHOCTb WCCAefoBaTenA: CTyAeHT  WWweT
3aKOHOMEPHOCTU, GOPMYANPYET YTBEPKAEHNA, APryMEHTUPYET BbIBOAbI.
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- MpobnemHo-A0OKasaTeNbHble 33434 — HanpasaeHbl Ha MNOCTPOEHWEe NOTMYEeCcKoro
PACCYXKAEHMA, [0KA3aTENbCTBA WM OMPOBEPIKEHUA YTBEPKAEHWMA, BbIXOAALWETO 33 PaMKK
yuyebHbix Teopem. Mpumep: «CyLLecTBYeT M KOJIbLLO, B KOTOPOM KaKAbli HEHYEBOW 31EMEHT
ABNAETCA  MAEMMNOTEHTOM?»  I3TW  334aHMA  Pa3BMBAIOT  Ky/IbTypy  MaTeMaTM4yecKoro
[l0Ka3aTe1bCTBa, YMEHME PacCyK4aTb CTPOro M apryMeHTUPOBAHHO.

- Obobuwatoume 3agaum — TPebYIOT CpaBHEHUA Pa3NYHbIX anrebpandeckmx CTPYKTYp
(KOMMYTaTMBHbIX, HEKOMMYTATUBHbIX KOMEL, NONER, MOAYNEN) U BbISBNEHNA OOLIMX MPUHLMMNOB
Mx noctpoeHua. Mpumep: «4em ¢GaKTOP-KOAbLO OT/NIMYAETCA OT MOAKO/bLA C TOYKM 3pPEeHMA
BbINOSIHEHNA aKCcMOM?». MMoaobHble 3aaHnA GOPMUPYIOT CUCTEMHOE MbILUEHME, MOMOratoT
YBUAETb B3aMMOCBA3M MEXKY PAa3IMUYHbIMK 0OBbEKTAMM anrebpsbi.

- MHTepancumnaMHapHble 3aZa4n — CBA3bIBAIOT TEOPUIO KoJel, C APYrMMmn obaactamm
MaTeMaTUKM (Teopuein Yyncen, anrebpanyeckomn reomeTpuen, IMHenHon anrebpoit). Npumep: «Kak
CBOMCTBA KO/IbLIA BbIYETOB Z, BAMAIOT Ha pelleHne AMOodaHTOBbLIX YPaBHEHNN?». TakMe 334a4m
CNOCOOCTBYIOT  LENOCTHOMY — BOCTPUMATMIO  MATEMATMKM,  OCO3HAHWIO  YHMBEPCA/bHOCTU
anrebpanyecknx Noaxon08B.

2. o cTeneHn caMoCTOATENIbHOCTM CTYAEHTOB

- PenpoayKkTnBHO-MOANOULMPOBaHHbIE — 6asMpyloTcA Ha WM3BECTHOM 3adadve, HO
coaeprKaT MU3MeHeHWe ycnoBui, Tpebytolee afanTaumMm meToda peweHua. Npumep: n3ameHaeTcs
0Ha N3 aKCMOM KO/bLLa, U CTYAEHT AO/IKEH ONpeaennTb, COXPAHATCA 1M OCTaIbHble CBOMCTBA.

- YacTMyHO-NOMCKOBbIE — npenoZasaTeNb 334aET HanpasieHWe MOUCKA, a CTyAeHT
CaMOCTOATENbHO HaxoamMT crnocob peweHua UM nposepAeT runotesy. Mpumep: «MoxeT nu
MHOXeCTBO HEYETHbIX LiesiblX Yncen 06pa3oBaTh KONbLO OTHOCUMTENBHO OBbIYHbBIX ONepPaLMnn?»

- TBOp4yeckmne (MccnefoBaTeNbCKME) — MONHOCTbIO OTKPbLITblE 3343a4M, rAe He onpeaenéH
[axe nyTb K peweHunto. CTyaeHT cam GopmyanpyeT runoTesy, NPOBOAMUT aHaNM3 U AeNaeT BbIBOAbI.
Mpumep: «lMpeanoxuTe NpUMep HeCTaHAAPTHOM oOnepauMu YMHOXEHUA, Npu  KOTOPOWM
MHOXeCTBO Z 0bpasyeT KoNbL0.»

3. Mo AnaaKTUYeckom uenm

- Obyyatowme 3a4a4m — HanpaBaeHbl Ha YCBOEHMWE MOHATUM, 3aKOHOB MU aKCMOM TEopUn
KoJleu, Yepes nccnesoBaHume.

- PasBuBalolMe 3a4ayM — OPMEHTMPOBAHbI Ha (GOPMMPOBAHME HABbLIKOB aHanM3a,
CMHTE3a, CpaBHEHMA 1 0600LWEeHNS.
- KOHTpO/bHO-AMArHOCTMYECKME 33a4a4YM — WMCMNONb3YHOTCA O/1A MPOBEPKM HE TObKO

3HAHWI, HO M YPOBHA IOTMYECKOro N UCCNeA0BaTENbCKOrO MbILLEHNS.

- MOTMBaAUMOHHbIE 334a4M — WMMEIOT 3aHUMaTe bHbIN, NPOBAEMHbIN UAKM NPUKAALHON
XapaKTep, BbI3bIBAOT MHTEPEC M NODYXKAAIOT K MO3HABATE/IbHOM aKTUBHOCTMU.

4. Mo dopme npeacTaBieHUn

- TekctoBble (nornko-sepbanbHble) — GOPMYAUPYIOTCA B BUAE JOTUYECKUX WK
TEOPETUYECKMX PACCYKAEHWI.

- CUMBOIMYECKME — BK/IHOYAOT GOPMY/Ibl, CUCTEMbI aKCMOM, OnepaLmm Ha d1eMeHTaMn
KO/bLa.

- paduyeckne — UCNONL3YIOT AMarpammbl, TabaMLbl WAM CXEMbl, OTpakatolime
B3aMMOCBA3b MEXK /Y CBOMCTBAMMW KoJell.

- KomnbtoTepHble (UMdpOBbIE) — pPeanusyoTcs C MOMOLLbD MNPOrPaMMHbIX cpes,
(Hanpmmep, SageMath, GeoGebra Algebra), 4To no3BoasET MOAEINPOBATbL HOBbIE TUMbI ONepaLui
N CTPYKTYP.

5. MeToaonornyeckoe 3Ha4yeHme Knaccubmrkaumm

Co3pnaHue KnaccudurKalmm HeCTaHAAPTHbIX 33434 MMEEeT He TO/IbKO OpraHn3aLyoHHOe, HO
n MmeToZonormyeckoe 3HadyeHne. OHa NomMoraert:

- NPOEKTUPOBATL y4ebHbIN NpoLecc ¢ yY4ETOM NOCTENEHHOIO YCA0XKHEHMA 3a4auY;
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- perynnpoBaTh yPOBEHb CAMOCTOATEIbHOCTU CTY/AEHTOB;

- coyeTaTb TPaAMLUMOHHbIE U UCCAea0BaTe/IbCkMe GOPMbl 0DyYEHNS;

- BbICTpPaMBaTb JIOTMKY Mepexoda OT YacCTHbIX HabawogeHun K obobueHnam wn
TEOPETUYECKMM BbIBOAAM.

Takum obpasom, Knaccuduraumsa Mo3BOASET PACCMATPMUBATb CUCTEMY HECTaHAAPTHbIX
33/4a4 Kak MHCTPYMEHT No3TanHoro popmmpoBaHnsa Nccael0oBaTeIbCKkoM KOMNETEHLMU CTyAeHTa:
OT PENnPOAYKTUBHOTO BbIMNOJIHEHUA — K CAMOCTOATE/IbHOMY MOUCKY, aHaN3y U TEOPETUYECKOMY
OCMbIC/IEHMIO.

MeToamMKa paboThbl C HECTaHAAPTHLIMW 334a4amMu

MeToamKa NpUMeHeHMa HeCTaHAaPTHbLIX 3aJa4 Npu 0by4eHun TeoPUM Konew, onnmpaeTcs
Ha obliMe negarorMyeckme NPUHUMNLI — MNPOHBAEMHOCTb, CUCTEMHOCTb, BAapPWATMBHOCTb M
nMccnenoBaTeNIbCKY0  aKTMBHOCTb  CTYAEHTOB. [NnaBHas Ueflb — He TO/bKO  YCBOEHME
TEOPETUYECKOro matepmana, Ho u bopmmpoBaHmne y ByayLinx cneumanncToB MCCAeA0BaTENbCKOTO
CTUAS MbILWAEHMA, CNOCOOHOCTM CaMOCTOSTENIbHO aHaAM3MPOBaTb CBOWMCTBA asirebpandeckunx
CTPYKTYP 1 BUAETb B3aMMOCBSA3M MENXKAY aKCMOMaMM N UX CNeACTBUAMM.

1. NMeparornyeckne ycnosmns 3dpdeKTUBHOIO MCNOAb30BAHMA HECTaHAAPTHbIX 3a4a4. Aas
yCneuwHoro BHeAPeHWs TakWX 3afady B y4ebHbIM npouecc npenoaaBaTesib AO/MKEH CO34aTb
cneumanbHyto 06pasoBaTenbHy cpesy, B KOTOPOW:

- LLEHUTCA CaMOCTOATENbHOCTb M MHULIMATUBHOCTb CTY/1EHTOB;

- ONyCKaeTcs NOCTaHOBKA rmMnoTes U 0bCyKAeHNe pas/inyHbIX cnocoboB peLleHus;

- MoOLWpPAETCA apryMeHTUPOBAHHAA AUCKYCCHA N KPUTUYECKOE MblLLEHUE;

- OlWMOKa pacCMaTPMBAETCA He KaK Heyaa4ya, a Kak ecTeCTBEHHbIN 3Tan No3HaHWA.

BakHO, 4TOObI NpenosasaTenb He TONbKO NPeabABAAN 33434y, HO M HanpaBAAA NPoLEecc
e€ aHaNM3a — 3a/4aBa YyTOUYHALLME BONPOCHI, CTUMYIMPOBA MOUCK abTEPHATMBHbBIX NOAX0A0B,
nomoran GopmynnMpoBaTb MPOMENKYTOYHbIE BbIBObI.

B 3TOoM nposBnAeTca ero TbOTOPCKas W acUAUTMpPYOWAa pPOab, HO MPM COXPaHEHWUM
MeTO/0/10TMYECKOro PYKOBOACTBA N KOHTPOASA Hajd NOTMKOM PACCyKaAEHNN.

2. 3T1anbl paboTbl C HECTAHAAPTHLIMKW 3ada4amMu. MNpouecc paboTbl C TaKMMKU 3a4a4amMm
MOHO YC/I0OBHO pa3AeninTb Ha YeTblpe OCHOBHbIX 3Tana, Kax Al M3 KOTOPbIX BbINOHAET 0CObyIO
ANAAKTUYECKYHO QYHKLMIO.

31an 1. MoAroToBUTEbHbIN (MOTUBALMOHHO-NO3HaBaTeAbHbIN). Llenb — akTyannsnposaTtb
TeopeTuyeckme 3HaHWA CTYOEeHTOB U BbI3BaTb MHTepec K npobneme. [lpenogasaTtens
dopmynmpyetr nNpobaemHylo CUTyauumto, HaANoOMWHAET OCHOBHbIE aKCMOMbl KO/bla, 33aaéT
BOMPOCHI, NodyKAaoWmMe K pa3mblillieHnto. Ha 3Tom aTane Ba*KHO MOKasaTb, No4Yemy 3a/a4va
HecTaHZapTHa, B YEém 3ak/todaeTca e€ 0COBeHHOCTb, KaKkue MPUBbIYHbIE METOAbl 34eCb He
paboTatoT. Mpumep: «Ecnm MameHUTb onpeaeneHue CAOMKEHWS B MHOMECTBE LENbIX Yucer,
OCTaAHEeTCs /I OHO KONbLLOM?»

dtan 2. llocTaHOBKa uMccnenoBaTenbCckon npobnemol. lNpenogasaTtens Gopmyampyet
3a4a4y C 31eMeHTOM HeonpeaenéHHocT. CTyAeHTbl CaMOCTOATENIbHO BbIAENAOT U3BECTHbIE U
HEW3BECTHble JaHHble, CTPOAT npeanonoxeHus. [Mpoucxoamt GopmyampoBaHne paboyen
rMnoTesbl — NpeanooXKeHMA 0 CBOMCTBAX UCCAeAyEMOro 0ObeKTa.

3tan 3. WccneposaTenbCKM  nouck.  CTyaeHTbl  MNPOBOAAT  JIOTUYECKUA  ©
9KCNePMMEHTaIbHbIN aHann3, NoAbMpPatoT NPUMEPLI U KOHTPNPUMEPSLI. [TpoBEPSAIOT BbINOAHEHME
aKCMOM  KO/blla, MLWYT CAy4au, KOrda CBOMCTBA HapylwakTcA. 34eCb  aKTUMBM3MPYHOTCA
yHMBEpPCaNbHble yyebHble [AeNCcTBMA: aHanAM3, CUHTe3, CpaBHeHWe, abcTparMpoBaHue,
[oKas3atenbcTBo. [lpumep: npu  M3yd4eHMM Bomnpoca O AUCTPUOYTMBHOCTM B  KOJMbLEe C
HeCcTaHZapPTHbIM YMHOMEHMEM CTYAEHTbl aHaAAM3MPYIOT, MPU KaKMX YCNOBMAX BbIMNOAHAETCA
PaBeHCTBO a*(b+c)=axb+axc.
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Stan 4. AHanu3 pesynbtaToB M 0606WeHNe. NTorom paboTbl CTaHOBMTCA 0OCyxAeHMe
HaAEHHbIX  PeleHni, CcpaBHEHWE  Pas3n4YHbIX  NoAxoA0B,  GOPMY/IMPOBKA  0OLWIMX
3aKoHOMepHocTeln. CTyAeHTbl y4aTca Npe3eHToBaTb pe3y/bTaTbl M apryMeHTMPOBaTb BblBOAbI.
MpenoaasBatenb NOABOAMT WUTOIM, KOPPEKTUPYET PACCYKAEHMUA, BblAENAET MeTOAO0N0orM4Yeckmne
OWMBKM M NpeaaraeT HanpasaeHna A8 JaabHENLWMX UCCAel0BaHNMA.

3. OpraHu3aumoHHblie GopMbl PaboThbl

Ons 3ddeKTMBHOrO MCNO/b30BaHMA HeCcTaHAAPTHbIX 33ajad Lenecoobpa3Ho coveTaTtb
PasnyHble OPMbl OpraHM3aLmMm y4ebHOM AeATeIbHOCTH:

- @poHTanbHble 3aHATMA — ObCy)KAEHMEe 3a4a4M BCEM KAACCOM, KONNEKTUBHbIMA MOWUCK
peweHuns.

- Manble rpynnbl — COBMECTHbIM aHaN3 CNOXKHbIX 33434, 0ObMeH naeamu.

- NHamBmayanbHaa paboTa — pelleHme nccnenoBaTebCkMX 3a4a4 B paMKax KypCOBOM Un
CaMOCTOATENbHOM PabOoThI.

- NpoekTHas dopma — co3gaHne MUHU-NPOoeKToB («CBOMCTBA HECTAHAAPTHbLIX onepaLmit
B KO/IbLL@X») C NOC/eAyoLLen 3anTOoN.

Takoe coyeTaHre popm obecneynBaeT BApMaTUBHOCTb 1 rNybuHY NpopaboTKkn maTepuana,
a TaKXKe CcrnocobCTByeT Pa3BUTUIO HABbIKOB KOMMYHWKaLMK, MAAaHMPOBAHMA M COBMECTHOrO
nccnefoBaHuA.

4. MeTtoanyeckme npnuémbl U cpeacTBa

[OnAa  aKkTMBM3aUMWM  MNO3HABATE/NbHOW  AEeATEeNbHOCTM  CTYAEHTOB MNpU  peLleHuu
HeCcTaHAAPTHbIX 33434 MOTYT MCMOb30BaTbCA: NMPUEM NPOBAEMHOrO BONPOCca — «4TO M3MEHUTCA,
eCcNn...?»; NPUEM KOHTpPNpMMepa — MOWUCK CAy4an, KOraa CBOWCTBO HEe BbIMOJHAETCA; MeTOs,
YaCTMYHbIX MOACKA30K — npenogasaTesib He AAET roTOBOrO peleHudA, a HanpasadeT yepes
YTOYHAOLWME BOMPOCHI; BU3yanu3auma CTPYKTYp — MOCTpOoeHWe Tabauu, AMarpamm, cxem AN
dUKcauMM CBA3EN MEXAy 3SN1eMEHTaMW KoAbLa; UMdpoBble cpeacTBa — MCMNO/b30BaHWE
MaTemaTuyeckmx naketoB (GeoGebra, SageMath, WolframAlpha) gns MmoaenvpoBaHus
anrebpanyeckmx onepauymi.

5. KOHTpOAb 1 oueHmnBaHWe AeATeNIbHOCTM CTYAEHTOB

[MOCKO/MbKY pelleHne HeCcTaHAAPTHbIX 334a4 npeanosaraeT TBOPYECKUMA  MNOAXOA,
TPaAMLUMOHHble GOPMbl KOHTPONA (TECTbl, KpaTKMe OTBETbl) He BCerda OTpaKatoT peasibHbli
YypOBEeHb MOHMMaHWA. PeKomeHAayeTca MCNONb30BaTb: NOPTGONMO — HAKOMUTENbHAA OLLEHKA
WHOMBUAYANbHbBIX PELUeHUI U MUCCNeaoBaTeNbCKMX 3aMETOK; CaMOOLEHKY M B3aMMOOLLEHKY B
npouecce 06CYyXKAEHNA PELIeHNI; KaYeCTBEHHbIM aHaNM3 aprymeHTauum CTyaeHTa npu 3awmTe
peweHns; HabaogeHWe npenogaBaTens  3a  JIOTMKOM  PacCy:KAeHMs UM MHULMATMBOM
obyyatollerocs. TakoM KOHTPO/b BbIMONHAET HE TO/IbKO MPOBEPOYHYIO, HO WM Pa3BMBAOLLYHO
dyHKUMIO, dopMMpyA y CTyAEHTOB OTBETCTBEHHOCTb M YBEPEHHOCTb B CBOMX MHTENNEKTYya/IbHbIX
BO3MOHOCTAX.

6. Ponb npenogasatens

B npouecce paboTbl C HeCTaHAAPTHbIMM 33Zay4yamu MNpenofaBaTesb BbICTynaeT B
HECKO/IbKMX POJNIAX: OPraHM3aTop MNO3HaBaTe/NbHOM AeATEeNbHOCTM, 3aJaloWMK HanpasaeHue
MOWCKA; KOHCYNbTaHT, MOMOTatOLLMA BbICTPAMBATb IOTMKY PACCYKAEHMA; IKCNEPT, OLEHUBAOW MM
KOPPEKTHOCTb  PELUEeHUN; BAOXHOBUTENb, GOPMUPYIOWMA Yy  CTYAEHTOB MOTMBALMIO K
nccnefoBaHuo. [NaBHas 3aZa4a NpenoaaBaTens — He 3aMeHUTb COBOM MblliNeHMe CTYAEHTOB, a
C034aTb YCN0BMA AN1A X CAMOCTOATE/IbHOIO OTKPbLITUA, HANPaBUTb, HO HE NNLLNTL MHULMATHKBSI.

7. MeToa0N0rM4yecKkmin BbiBo,

MeToamKka paboTbl C HECTaHAAPTHLIMKM 33Za4aMu B Kypce Teopun Konel, obecneymBaeT
nepexoz, oT PenpoayKTUBHOIO 0By4eHNA K NCCNeaoBaTeNbCKOMY TUMY No3HaHWA. OHa pa3suBaeT
y CTY[LEHTOB: YMeHWe CaMOCTOATENbHO BbIABMIaTb TMMNOTE3bl M MPOBEPATb MX; CNOCOOHOCTbL
PACCy4aTb IOTMYECKN U CTPOTO A0KA3bIBATb YTBEPKAEHMA; KYAbTYPYy MAaTEMATUYECKOM peyn U
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0060CHOBaHMA; TOTOBHOCTb MPUMEHATb METOAbl Hay4yHOro WccnefoBaHMA B Oyayulein
npodeccnoHanbHOM AeATeNbHOCTU. Takum obpa3om, HecTaHAapPTHble 337a4M CTAaHOBATCA He
NPOCTO POPMOM KOHTPOSA 3HAHWM, @ MHCTPYMEHTOM (GOPMUPOBAHUA MCCNEeA0BaATE/bCKOTO
MbILLIJEHWNS M OCHOB NPOPECCUOHANBHON KOMMNETEHTHOCTM ByayLLEero neaarora-matemaTuKa.

MpuMmepbl NPUMEHEHNA HECTAHAAPTHLIX 33434 B 06y4eHUN TEOPUM Konel,

Ons adpdekTneHoro GopmmpoBaHMA abCTPAKTHONO MbIWAEHUS U UCCAEA0BaTENbCKUX
HaBbIKOB Ba)XHO HE TO/IbKO PAaCCy»KAaTb O METOAMKE, HO M AEeMOHCTPUPOBATb KOHKPETHbIEe
NpUMepbl eé npumeHeHmna. PaccmoTpum psg 3agad, Kotopble bbian anpobupoBaHbl B npolecce
M3y4yeHma TeMbl «KObLA M MX CBOMCTBA» MU NOKa3a M BbICOKYIO ANAAKTUYECKYIO LEHHOCTb.

lMpumep 1. MiccnedosaHue coxpaHeHua ducmpubymusHoOCmMU npu UsMeHeHUU onepayuu

3agayva:
MyCTb Ha MHOXECTBE Lie/biX Yncen Z 3agaHbl onepaumm: aPb=a+b+1,a@b=ab. bynet an (Z,P,&K)
KONbLLOM?

MpOBEPUM BbINOJAHEHME AKCMOM KOMMYTAaTMBHOW TPynnbl OTHOCUTENbHO CAOMEHUS.
ACCOUMATMBHOCTb M KOMMYTATUBHOCTb BbINOAHAOTCA. HyneBoM 3/1eMeHT OTCYTCTBYET, Tak Kak
ypaBHeHMe a+e+l=a He MMeeT pelweHns B Z. [OCKONIbKY HET HEWTPasbHOro 31eMeHTa AaA
CNIOXKEHMA, CUCTEMA He ABAAETCA KOoNbLOoM. MeToaonornyecknin addekt: 3asayva nobyxaaet
CTYAEHTa He WCMNOoAb30BaTb FOTOBble OMNpPeAeNeHMs, @ OCMbICIEHHO MPUMEHATb aKCMOMbI,
bopMmpyeT ymeHne aHanM3npoBaTb CTPYKTYPY M NPOBEPSATL aKCMOMbI MOLLIAroBO.

Mpumep 2. [locmpoeHue HecmaHOapmMHsix NOOKoNEeU

3apava:

PacCMOTPUM MHOXKECTBO YETHbIX LLesbIX Yncen 2Z. byaet am oHO NOAKObLOM Konbla Z7?

PeweHwue:

MpoBepaem 3aMKHYTOCTb OTHOCUTENIbHO C/AOMEHMA W YMHOMXeHMA: 2a+2b=2(a+b),
2a-2b=4ab. MocnegHee BbiparkeHWe He Bcerga npuHagnexuT 2Z (Hanpumep, a=b=1 naét 4€27,
HO He coxpaHseT dopmy 2k npu aeneHun Ha 2). ChefoBaTeNlbHO, MHOXECTBO 27 He 3aMKHYTO
OTHOCUTE/NIbHO YMHOMEHMA W He ABAAEeTCA MNOoAKO/bLOM. [legarormyeckoe 3HaveHuMe: 3adava
Pa3BMBAET KPUTUYECKOE OTHOLlIeHMe K ¢GOopManbHbIM MNPU3HAKaM, YYUT He TOPOMUTbCA C
BbIBOJAMM, MOMOraeT CTyAeHTaM YBWAETb pPasiMyMe MexKay MNOHATUAMKM «noarpynna» u
«MNOAKONbLOY.

Mpumep 3. 3a0a4a Ha cpasHeHUe CMPYKMypHbIx ceolicms

3agava:

CpaBHUTb CBOWMCTBA KO/bL@ BELLIECTBEHHbIX Yncen R u konbua maTtpuy, M2(R). Kakue
aKCMOMbI BbIMOJTHAOTCA B 060MX C/1y4YanX, a KakMe — TO/IbKO B OIHOM U3 HUX?

CocTtaBMM TabauvLy CBOMCTB (KOMMYTaTMBHOCTb, HaaMuMe eaMHWULbl, 0OpaTUMOCTH,
HaAnume aenvtenen Hynda). Hangem npumepbl 3N1EMEHTOB, A58 KOTOPbIX CBOMCTBA HapyLLIatoTCA.
BbiBOA: KO/MbLO R — KommyTaTuBHOe, 6e3 aenuteneinn Hyns. M2(R) — HeKomMyTaTMBHOE,
COAEPXUT penutenn Hyns. MeToamdecknuin spdeKT: 3ahaya  pa3BMBAET CPaABHUTESbHO-
aHa/IMTUYECKOE MbILLIJIEHWNE, YMEHME BbIABIATb 0OLLME N OT/IMYMTEIbHbIE YepTbl anredbpanyeckmnx
CTPYKTYP M NMOKa3bIBAET, KaK Yepes aHa/IM3 KOHKPETHbIX MPUMEPOB MOMKHO NPUNATU K MOHUMAHUIO
KnaccuduKaumm Koned.

lMpumep 4. NccnedosaHue pakmop-Koney,

3agava:

PaccmoTpeTb MHOXecTBo Z6={0,1,2,3,4,5} c onepauuamMn C/IOKEHMUA N YMHOMKEHUSA MO
moaynto 6. Onpenennts, ABASETCA M Z6 NOAEM.

PeweHwue:

MpoBepaem Hannume obpaTHbIX 3/IEMEHTOB A/1A BCEX HEHYNEBbIX. DNEMEHT 2 HEe MmeeT
MY/NbTUMNAMKATUBHOTO 06PaTHOro, MOCKONbKY 2x=1(mod6) He nmeeT pelueHns. CheaosaTenbHO,
76 He ABNAETCA NOAEM, HO ABAAETCA KONbLIOM C AeNUTEeNAMM HyAs. MeToan4YecKumii BbIBOA: 3aJa4a
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GopMUPYET MOHMMAHME CBA3M MEXy CTPYKTYPOW KO/MbLa W HaAMuMem AenuTenen Hyna u
NOABOAMT K OCO3HAHMIO PA3NYMIA MeEXAY NONAEM M KOMbLOM, YTO BaXKHO ANA U3ydeHUA GaKTop-
Konew 1 naeanos.

lpumep 5. Mccnedosamernockaa 300a4a: U3MeHeHUe GKCUOMbI

3agava:

M3meHMM OfHY M3 aKCMOM KOAbLA@: NMYCTb YMHOXeHMe He 06sA3aTeNbHO accouMaTUBHO.
MOXHO 1 NOCTPOUTL MPUMEP TAaKOM CUCTEMbI, IAe OCTa/IbHblE aKCMOMbI BbIMOAHAOTCA?

PaccykaeHue:

PaccMoTpuMM pasnivyHble BMHApHbIe onepaLmMM Ha MHOXECTBE Le/bIX Yncen (Hanpumep,
a*b=a). MpoBepMM BbINOSHEHNE KOMMYTATUBHOCTM M AUCTPUOYTMBHOCTM. BbifBNAeTCs, 4TO
acCoUMATMBHOCTb — KAKYeBOoe YycioBMe, 6e3 KOTOpOro Hapywaetca AUCTPUMOYTMBHOCTL.
Meparormyeckoe 3Ha4YeHMe: 3a4a4a NO3BOAAET CTYAEHTAaM BCTYNUTb B 30HY MCCNeA0BaTENbCKOro
NOWCKa, CamocToATebHO GOPMYAMPOBATb rMNoTe3bl M cnocobcTayeT rnyboKoMy MOHMMAHMIO
PONIM KaXKA0M aKCMOMbI B ONpeaeneHnn Konbla.

3aknloueHmne

MpoBeaéHHOE unCCNefoBaHWE MO3BOAMAO BbIABUTb METOLONOMMYECKYD LLeHHOCTb W
nefarormyecknin NoTeHLMan NPUMEHeHMA HECTAHAAPTHbLIX 33434 NPU U3yHeHUM Teopun Konew, B
CUCTEeMe BbICWEro MaTeMaTiyeckoro obpasoBaHua. Micnonb3oBaHme 3aay, BbIXOAALLMX 33 PAMKM
CTaHAAPTHbIX aAropMTMoB, obecneymBaeT Nepexos OT PenpPOAYKTMBHOIO YCBOEHUA 3HAHWUMN K KX
OCMbICIEHHOMY MPUMEHEHWIO U MCCNeA0BaTEIbCKOMY OCBOEHMUIO.

B xo4e aHanu3a yCTaHOBNAEHO, YTO HeCTaHA4ApPTHaA 33a4aya B METOA010MMYECKOM MaaHe
BbICTYMaeT He MPOCTO KaK CPeACTBO MPOBEPKM 3HAHMIN, @ KaK MOAe/Ib HAYYHOrO MblLUNEHMA, rae
CTYAEHT CTaNKMBAeTCA C HeobXxoAMMOCTbIO GOPMYANMPOBATL MMMNOTE3bI, PACCYKAATb TOTUYECKM,
[l0Ka3blBaTb, MCKaTb KOHTPNpMMepbl M 0606WaTe pesyabTaTbl. TeM CambiM OHa CTAHOBMKTCA
MHCTPYMEHTOM (GOPMMPOBAHMA MCCNEA0BATENBCKOM KyNbTypbl M abCTPAKTHOMO MblWAEHUS,
KoTopble ABNAOTCA 0a30BbIMM KOMMOHEHTAMW NPOPEeCcCMOHaNbHOM MNOATOTOBKM Oyayllero
nefarora-matematuka. CucremaTMsauma BWAOB HECTAaHAAPTHbIX 33434 MOKasana, 4YTo WX
KnaccmdurKaLma no xapakTepy NO3HaBaTeNbHOM AeATENbHOCTU, ANAAKTUHECKUM LLENAM M CTENEHM
CaMOCTOATENbHOCTW CTYAEHTOB NO3BONAET Lie/ieHanpaBeHHO BbICTPamnBaTh y4ebHbIM npoLecc.

YepenoBaHue PenpoayKTMBHO-MOANDULMPOBAHHDIX, 4aCTUYHO-NOUCKOBbIX "
nccnefoBaTeNbCKUX 3a4a4 CO34QET YC/NIOBMA ANA NMOCTENEHHOTO YCNOXKHEHWA AEATENbHOCTU U
OCO3HAHHOrO MnepexoAa OT KOHKPETHbIX MPUMEPOB K ObOLMM TeopeTMyeckum 060bLeHUAM.
Pa3spaboTaHHaa meToamKka pPaboTbl C HECTAaHAAPTHbIMM 33Ja4aMM, OCHOBAHHAA Ha MPUMHUMNAX
npobneMHOCTM,  CUCTEMHOCTM, BAapMATMBHOCTM M pedNeKCMBHOCTKM, MNOKasasa CBOK
3DEKTMBHOCTb B PAa3BUTUU MHTENNEKTYANIbHOM MHULMATUBLI CTYAEHTOB. [NowaroBoe BKAOYEHNE
TaKMX 33aJaHUM — OT MNOCTaHOBKM Npobnembl A0 aHanM3a pe3yabTaToB — crnocobcersyeT
aKTMBM3aLMM NO3HABATENbHOW AEATENbHOCTM U GOPMMPOBAHNIO YMEHUIM MCCNea0BaTENbCKOTO
TUNA: aHanM3a, CUHTE3a, abCTparMpoBaHMA, apryMeHTaLmMmn 1 A0Ka3aTeNbCTBa.

MpaKTUyeckne npumMepbl peleHMA HecTaHAAPTHbIX 334a4  MNo  Teopuu  Konel,
NPOAEMOHCTPMUPOBAIM, YTO UX MPUMEHEHME HE TONbKO yrnybaaeT NoHMMaHME aKCMOMATUKKU U
CTPYKTYpbl KoAneu, HO ¥ GOopMMpyeT HaBblKM TMOKOrO MbIWAEHUA, CMOCOBHOCTb BUAETH
B3aMMOCBA3b MeXAy TEOPETUYECKUMM MONOKEHUAMM N NX MPAKTUHECKMMWN CNeACTBUAMMK. Takne
3a/1a4M CNocobHCTBYIOT Pa3BUTMIO NMPOPECCMOHANbHO 3HAYMMbIX KayecTB: CaMOCTOATE/IbHOCTY,
NOTMYECKOW CTPOroCTW, HayyHoM [A0OpOCOBECTHOCTM M  WHTepeca K WCCAeAoBaTe1bCKON
neatenbHocTU. Taknum obpa3om, BHeapeHMe HecTaHAapTHbIX 3a4a4 B Npouecc obyyeHuns anrebpe
W, B YaCTHOCTM, TEOPUM KONeL, MMeeT ABOMHOM 3PPeKT: C OAHOM CTOPOHbI, NOBbIWAET KayecTBO
YCBOEHMA TeOopeTM4eckoro MmaTepuana, a C Apyron — GopmupyeT y CTyAEeHTOB OCHOBbI
nccnenoBaTeIbCKOM KoMNeTeHuuMK, obecneynBan LENOCTHOE pa3BUTME NIMYHOCTU Oyayulero

YUUTENA MaTEMATUKN.
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B meToponornyeckom nnaHe pabota NoATBEPNKAAET, YTO 0ByYeHNEe MmaTeMaATMKe A0KHO
CTPOUTBLCA HE TO/IbKO KaK nepeaaya 3HaHWUIM, HO 1 KaK OpraHmM3aLmMa NOMCKOBOM, aHaIMTUYECKOM 1
TBOPYECKOW JAesTeNbHOCTM obyyatoumxcs. HecTaHOapTHble 3a4adM  BbICTYMatoT MNpu 3TOM
CBA3YIOUMM 3BEHOM MeXAy TEOPEeTUYECKMM 3HaHMEeM W AeATe/IbHOCTbIO MO ero NPUMEHEHUIO,
MexKay y4ebHon 1 nccnenoBaTeIbCKOM AeATeNbHOCTbIO.
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PeyeBaa 4eATENbTOCTb KaK OOBEKT
O6VH€HI/IFI B rpenogaBaHNM MHOCTPAHHOTO
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3abepume y meHs ace, yem A obnadaro,
HO ocmasbme MHe MOIO peyb, U CKOpPO
A 0bpemy ace , Ymo umenr.

Yabcmep

PeueBas AeATENbHOCTb — 3TO aKTMBHbIN, Lie/eHanpPaBAeHHbIM NpoLecc nepeaadn MaM npuema
coobuleHma. OH onocpeoBaH A3bIKOBOW CUCTEMOM M 0ByCcn0BEH CUTyaumen oblleHns. Peyesas
[eATeNbHOCTb ABAAETCS 06bEKTOM 0bydyeHus n oBnadeHMsa. OHa MOMKET paccMaTpMBaTbCA Kak
CaMOCTOATE/IbHbIMA BUA YeIOBEYECKOW AeATEeNbHOCTU, T. K. MMeeTca NoTPebHOCTb B HEel n ee
npodeccnoHanbHoe BOM/OWEHNE. AHaNM3 OCHOBHbIX OOBEKTOB MCCAEA0BaHMSA MCMXOI0TUM
0by4YeHMa MHOCTPAHHbLIM A3blkam Obla Bbl HEMO/HbLIM, ec/in Obl HE OTBETUIN Ha BOMPOC, YEMY Mbl
obyyaem B mnpolecce NpenofaBaHUs MHOCTPAHHbLIX A3bIKOB. OTBETbl MOryT ObiTb AOCTaTOYHO
pa3Hble. Cambli 06K OTBET —,,00y4aem MHOCTPAHHOMY sA3biKy’'. Ho 3To onpe aeneHue yyebHOM
ONCUMNNHBI, @ He TOro, Yto B Hel m3ydyaeTca. OTBET MOXeT OblTb M 00nee KOHKPETHbIM -
,,PEUYEBBLIM YMEHUAM, A3bIKOBbIM cpeacTBam’’.Ho Toraa BO3HMKAET ApPYyron BOMPOC, KaK 3TO
COOTHECTU C IMYHOCTHO — AEATE/IbHOCTHLIM NoAXoA0M. OTBET MOMKET ObITb TO/IbKO OAMH: HaA0
obyyaTb camol JeATenbHOCTM 4Yepe3 oBAadeHMe cpeacTBamu,cnocobamm, MexaHM3mamu
KOTOpoMn nyaet popmMmpoBaThCa M cam obydaemblt. PeyeBasa AeATeNbHOCTb — 3TO NPOLECC,
KOTOPbIM BKAOYaeT B cebs MCnosb3oBaHMe A3bika A4 oblleHua, Bocnpuatue, obpaboTky U
nopoxaeHue peun. OHa ABNSETCA aKTUBHbLIM, LIeAEHanpPaBieHHbIM U MOTUBMPOBAHHbLIM
NPOLLECCOM, COCTOALWMM M3 B3aMMOCBA3AHHbIX PEYEBbIX AENCTBUIM, HaMpPaBNEHHbIX Ha
DOCTUMXKEHWE KOHKpeTHoM uenn. OCHOBHble BWAbl PeYeBOM AeATeNbHOCTM — 3TO FOBOPeHMe
(ycTHas peub), caylwaHue (ayampoBaHue), YTeHMe 1 MMCbMO (MMCbMEHHan peyb).
MpU3HaKamMm peyeBor AesTeNbHOCTM ABNAIOTCA: @) OopMa peyn — NUCbMEHHAA UM YCTHas,
6) BocnpuATME WMAM NPOM3BOACTBO (NopoxaeHue) pedn. COOTBETCTBEHHO BbIAENAIOT YeTblpe
OCHOBHbIX BWa pe4yeBOn AeATeIbHOCTH:

1.ayanposaHue (ycTHaa dopma, BocnpuaTme);

2.4TeHne (nMcbmeHHas dopma, Bocnpuatme);

3.roBopeHue (ycTHas popma, NPoM3BOACTBO);

4.nncbmo (NucbmeHHas dopma, NPOMU3BOACTBO).
BblAenstoT NPOAYKTUBHYIO M pPeLenTUBHYIO pedyeByto AeATeNbHOCTb. [1poAyKTMBHAA peveBas
NeATeNbHOCTb HanpaB/ieHa Ha MOPOXKAeHWe U Bblaady MHPopmauuun. Ee Bumaamum ABAstOTCA
roBopeHne M nucbmo. PeuenTuBHas peyeBas AeATeNbHOCTb HamnpaB/reHa Ha BOCMpUATME U
nocneaytollyto nepepaboTky MHGOPMaLIMK, 3TO ayAMPOBAHNE M YTEHME.
1.CTpYKTYype peyeBOin AeATeNbHOCTM BbIAENAOT 3 YPOBHA:
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* MOTMBAUMOHHO-NOOYANTENbHBIN,

® AHA/MTUKO-CUHTETUYECKUA,

® CMOJIHUTENbHbIN.

Mepsobili yposeHb NpeAcTaBAeH CAOXHbIM B3aUMOAENCTBMEM MOTPEOHOCTEN, MOTUBOB U LIEM
OEencTBMA Kak Oyayliero ero pesynabtata. 1o cogepskaHUO YpoBEeHb — MOTPEOHOCTHO-
MOTMBALMOHHO-LLe/IeBON.

Mo ¢yHKUMM— nobyantenbHbii. [leAaTenbHocTb NOOYKAAETCA COBOKYMHOCTbIO BHYTPEHHUX U
BHEWHMX MOTMBOB. [103TOMY Ha YypoOKe HeobxoAMMO cOo34aTb CUTyaumto, Kotopas Obl
CTMMY/IMPOBaAa NOTPEHHOCTb YYaLLeroca BbickasaTb MM NPUHATL MbIC/b Ha MHOCTPAHHOM A3blKe
C KaKOW-TO onpeeNieHHON Lenbto, HanpumMep, HayunTbCa 0OLATLCA; MO3HAKOMUTLCA C KY/1bTYPON,
ncTopmen Hapoda 1 T. A.

Bmopoli yposeHb — OpUEHTUPOBOYHO-UCCAEA0BATENLCKMI NO GYHKUMM M N0 mexaHuamy. [lo
COAEPKAHMIO — 3TO MPeAMETHbIN NaaH AeATenbHOCTU. 34ech peanmnsyeTca oTbop CpeacTs U
cnocobosB GopMMPOBAHNA U GOPMYINMPOBAHUA CODCTBEHHOM WMAWU YyKOW MbICAW B npouecce
peyeBoro obLeHKs.

Tpemudli ypogeHb — UCMONHUTENbHBIA UK PEeaNU3YIoLLMIA, BHELIHE NPOABAAETCA NO-pa3sHOMY. Tak,
Hanpumep, NPy TOBOPEHMM U MUCbME OH HOCUT APKO BblpaXKeHHbIN, NoaaaoWmiica HabatoaeHN o
CO CTOPOHbI XapakTep. MicnonHutenbHana ¢asa peuenTMBHbLIX BUAOB PEYEBOW AeATENbHOCTU He
MMeeT NPU3HAKOB BHELIHENM BbIPaXKEHHOCTM.

"...B nocnegHee BpemA B MNCMXONOTMYECKON W MeETOAMYECKOM AuTepaType no npobiemam
obyyeHMA MHOCTPAHHbIM A3blKaM BCe Yalle TrOBOPUTCA O «pPEeyeBON AEeATeNbHOCTM Ha
MHOCTPAHHOM A3bIKE», KMHOA3bIYHOM PEYEBON AEATENBHOCTUY U T. 4. PeyeBon AeATeNbHOCTM Ha
MHOCTPAHHOM A3blke 0Oy4atoT. Buabl peyeBon AeATeNbHOCTM (FOBOPEHWe, CAyliaHue, YTeHue,
nMcbMo) GOPMMPYIOT B Npouecce 00y4eHNA MHOCTPAHHOMY A3bIKY B WKO/e 1 B By3e. HameyaeTca
ABHAA TeHAEHUMA nNpeBpalleHMA peyeBOl [AeATEeNbHOCTM Ha MHOCTPAHHOM  A3blke B
CaMOCTOATENbHbIN, rN0DaNbHbLIM 06BbEKT 0OyYeHMA, BKAOYaOWMI B ceba apyrie, bonee YacTHble
06beKTbl. BO3HMKAeT BONPOC: HOBA /M TaKaa TEHAEHLUMA, NPaBOMepHa /M OHa, U ecan — Aa, TO
YTO A0/IKHO MOHMMATLCA NOJ «PEeYeBOW AeATENbHOCTbIO» M Kakne 0CoOHeHHOCTM 3TOro HOBOTO
obbeKTa 0by4eHNA A0MKHbI ObiTb YYTEHbI B MpoLecce NpenoaaBaHna MHOCTPAHHOIO A3blKka? Kak
M3BECTHO, B UCTOPUM 0BYYEHMA MHOCTPAHHbBIM A3bIKAM B KAYeCTBE OCHOBHbIX 0OBbEKTOB 06yYeHMA
BbICTYNaM IMHBO cama cMcTeEMa MHOCTPAHHOTO A3blKa, IM60 peyeBble AeMCTBMA Ha A3bIKe, peyeBasn
NpakTuKa, ..." PeyeBaa [eATENbHOCTb ABAAETCA OCHOBHbIM 0ObeKTOM 0bydyeHua npwu
npenofaBaHUM MHOCTPaHHOro A3blka. OHa BKAOYaeT B cebA uyeTbipe BMAA: ayaMpoBaHMe
(BOCNpUATME Ha CAyX), TOBOPEHME, YTEHWE U MUCbMO, KOTOPblE OXBATbIBAlOT KaK YCTHYO, TaK U
NMCbMEHHYI popmy obLleHna. [naBHas Lesb — A40CTUYb CBODOAHOIO BAaAEHNA A3bIKOM, YTOObI
y4aLminca mor Ucnoib3oBaTb €ro B peasibHOM KOMMYHMUKaLMK.

Bonpoc 06 ocobeHHOCTAX A3blKka Kak npeameTa 0by4yeHuma He OTAeMM OT BOMPOCOB O Lieu
0byyeHumA A3bIKy. 34echb 1 Aanee nog «oby4yeHNem A3bIKy» Mbl MOHMMaem 0byyeHne BTOPOMY
(HepoaHoMy) A3bIKy. Bonpocbkl 0b6y4eHMa poaHOMY A3bIKYy Mbl HE paccMaTpMBaem. Y YenoBeka
HapAay C TPYAOBOM, Hay4YHOWM, roCy4apPCTBEHHOM, MOANTUYECKON N APYTMMM CYLLECTBYET Camas
pacnpocTpaHeHHaa — peyeBas AeaTebHOCTb. be3 Hee HEBO3MOXKHA HMKaKasa Apyras, oHa
npeaLecTByeT, CONPOBOXKAAET, @ MHOTAa GOPMMPYET, COCTABAAET OCHOBY

[eATeNbHOCTU. PeyeBan AeATeNbHOCTb — 3T0 AeATEeIbHOCTb, MMEIOLLAs COLMaNbHbIN XapakTep, B
X0Ze KOTOPOM BbICKa3blBaHMe GOPMUPYETCA U UCMNONb3YETCA ANA AOCTUKEHUA ONpeaeseHHON
uenn (obweHuma, coobuieHua, sosaenctama). Mcmxonor J1. C. BbIrOTCKMIN XapaKTepmn3osan
peyeByto 4eATeNbHOCTb KaK NPOLEeCC MaTepuanm3aLm MbICaK, T. €. NPEBPALLEHNA ee B C/10BO.
PeueBad AeATENbHOCTb COCTOUT U3 PeYeBbIX AENCTBUI (QKTOB), KOTOPbIE NPeACTaBNAT cObOM
NOArOTOBKY M Peanm3aLmio BbICKa3blBaHMA, LLENMKOM, HE3aBMCMMO OT ero obbema (3To moxeT
ObITb penanKa B AManore, pacckas nT. 4.)
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Llenb 0by4eHns MHOCTPaHHOMY A3bIKY - peveBas AeATENbHOCTb Ha M3y4aeMOM A3blKke. Kak cumTaeT
N.A. 3UMHARA, «B Ka4ecTBe OCHOBHOIO 06beKTa 0byvyeHWs B NpenoaaBaHMM MHOCTPAHHOTO A3blKa
BbICTYMaeT peyeBas AeATENbHOCTb» . PaccmaTpmBas COOTHOLWEHWE B MCUXOJMHIBUCTUYECKOM
NNaHe NOHATUI «A3bIK» (KaK NpeamMeT U3y4eHUs) N peyeByto AeaTeNbHOCTb (Ha M3y4aeMOoM A3bIKe)
- KaK uenb obyyeHuma. N.A. 3umHAA onpeaensaeT cneaytouie ocobeHHOCTM A3biKa, Kak y4ebHoro
npegmeTa. Bo-nepsbix, OH (A3blK) HE AAeT YeNOBEKY HOBbIX 3HaHUI 06 06bEKTMBHOM MUpPE, BO-
BTOPbIX, Oyayun «bHecnpeameTHbIM», W3ydYeHMe A3blKa Y/A0BAETBOPAET  crneumduyeckyto
noTpebHoCTb - B OOWEHUM C ero MnomOLblo. B-TpeTbux, A3bIK Kak y4ebHbIM npeamet
«becnpeneneH» n «bespasmepeH»

[NaBHOM 0COBEHHOCTbLIO A3bIKA Kak y4ebHOro npeameTa M pedyeBoi A4eATeNbHOCTU Kak 0O6beKTa U
uenn obyyeHMs ABNAETCA TaKKe TO, 4YTo oblwpe MNPUHUMMAbI 3TON AeATEeNbHOCTM 3HAKOMbI
yYyawmmea MoaTomy oAHWM M3 ONTUMabHbIX MyTer 0by4YeHUs MHOCTPAHHOMY A3bIKY ABAAETCS
TaKOM, NPV KOTOPOM MPOMCXOAMUT «OCO3HAHME FPaMMATMYECKOM CTPYKTYPbl POAHOrO A3blKa,
KOTOPbIM B AafbHerWem MOT HbiTb aBTOMATM3MPOBAH M NepeHeceH Ha MHOCTPaHHbIN A3bIK». Mpu
0by4YeHNM peveBor AeATe/IbHOCTM Ha MHOCTPAHHOM f3blke y4ebHbI NpeameT «MHOCTPaHHbIN
A3bIK» ABNAETCA NPeAMEeTOM CPaBHEHMA, COMOCTaBNEHWA C PoAHbIM. [lpou3BoAMTCA 3TO
CONOCTaBNEHME WMHOTAa [a*Ke BOMPEKM MeTOAMYECKMM YCTaHOBKaM, MPOCTO MOTOMY, UTO He
NPOW3BOANTHLCA OHO HE MOXKET.

OfHa 13 ocobeHHOCTeN peyeBOM AEATENbHOCTM COCTOUT B TOM, YTO €€ NPUHLUMMbI He ABAAIOTCA
npegMeToM crneumanbHOro 0Co3HaHMA. He oco3HatoTcA M Te NpaBuaa, NO KOTOPbIM NPOTeKatoT
aKTbl peyeBOM AeATENbHOCTU. MeXay TeM, UMEHHO 3TU NPaBMIa COCTABAAIOT BaXKHEMLWYO YacTb
A3bIKOBOW CNOCOBHOCTM YenoBeKa. He gaBas AePUHULMN A3BIKOBOM CMOCOBHOCTHN, OTMETUM, YTO
OHa COCTOMT M3 MepapxmMm KOMMOHEHTOB, CBA3aHHbIX, B YaCTHOCTWM, NpaBuMaaMuM Bblbopa
a/leKBATHbIX CUTYyaLLMM KOMMYHWUKATUBHbIX CPEACTB .

"...Ha ocHoBe obuwel Teopum [OeATEeNbHOCTM BO3HMKAET HEe TO/IbKO BO3MOXHOCTb, HO U
HeobXoAMMOCTb YTOYHEHMA CaMOro obbeKTa 0byyeHmA B npolecce NpenoaaBaHnA MHOCTPAHHbIX
A3bIKOB. MOYHO CKa3aTb, YTO Ceryvac CO34at0TCA BCe TeOPeTUYecKne NpeanochiIk1 ANA TPETbErO
nepemeLLeHNA aKUeHTa B 0OYYEHUM MHOCTPAHHBLIM A3bIKaM: C A3blKa KaK CUCTEMbl M Peyn Kak
npouecca Nosb30BaHUA CUCTEMOW (ANA U3YyYEHUA STON e CUCTEMbI) Ha peyeByt AeATEeNbHOCTb
Ha MHOCTPAHHOM A3bIKE....

"...Mpepnaraeman Hamu MHTepPNPeTaLMUs peyn Kak cnocoba GopmupoBaHns U GopMyINPOBAHMS
MbIC/TM MNOCPEACTBOM fA3blKa, OCHOBbLIBAACH Ha OOLIENNHIBUCTMYECKUX U OBLLENCUXONOTMYECKNX
npeacTaBieHNAX O BHYTPEHHEN CBA3W U HEOAHO3HAYHOCTU ABMEHUM A3bIKA M PeYn, UCXOAUT U3
daKTa X BKAOYEHMA BO BHYTPEHHIOI CTPYKTYPY PeYeBo AeATebHOCTM MHAMBMAA. KaK 1 BCAKas
Apyraa [neATeNbHOCTb YesioBeKa, ero peyesas AeATe/bHOCTb (BO BCex ee BMAAX) MOXKET
OCYLLECTBAATLCA TO/IbKO MPY MOMOLLM ONpeaeneHHbIX CPeacTB 1 cnocobos. MNpu 3Tom cpeacTsa 1
cnocob coBeplleHns AeATeNbHOCTM YenoBeKa COOTHOCATCA BCerda C ee npeaMeTom. Tak M B
peyeBont AeATeIbHOCTU MHAMBMAA Mbl BblAENSEM CPeACTBa (A3bIKOBYIO CMCTEMY) 1 cnocob (pedb)
dopmmnpoBaHMa M GOPMY/NIMPOBAHMA MbICIM KaK MNpeamMeTa peyeBOM aAeATenbHoCTU. Ecaw,
CYMMMPYA BCe BbllleckasaHHoe, cHOPMY/NMPOBATb, YTO HOBOTO JaeT TaKoM noaxod K
onpeAeneHnto peyn no CPaBHEHMIO C PACNpPOCTPAHEHHOM ceilyac B MCUMXONOTUM U MeTOoAMKe
0by4eHMA MHOCTPAHHbIM A3bIKaM JIMHTBUCTUYECKOM, MO CYTW, KOHUEMUMEN A3blKa, MONKHO
HaMeTUTb  HEeCKOJIbKO  "...MOMeHTOB. Bo-nepBbix, paccmaTpuBaeTcs He  raobanbHas,
HeoAHOPOAHAA peyeBas AEATENIbHOCTL (A3bIKOBble ABNEHWNA) FOBOPALLETO KONNEKTUBA, a pevesasn
NeATeNbHOCTb MHANBMAA. BO-BTOPbLIX, peyb 1 A3bIK PACCMATPMBAOTCA KaK BXOAALLME B CTPYKTYPY
peyeBon AeATeNbHOCTM MHAMBMAA CpPeacTBa M cnocobbl dopmmpoBaHMA U GOPMYIMPOBAHUA
MbIC/M, BbICTYNAlOLLLEN B KAUecTBe NnpeamMeTa AeATeIbHOCTU. B-TpeTbUX, peyb 1 A3bIK Kak cnocob u
cpeactea  GoOpMMpoBaHMA U GOPMYNMPOBAHMA  MbICAU  CYyTb  HEHOMEHONOTNYECKM
CaMOCTOATE/IbHbIE, XOTA M TECHO B3aMMOCBA3aHHbIE KMHCTPYMEHTbI» peyeBon AeaTeNbHOCTU. B-
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4eTBepTbIX, Ppeyb Kak cnocod popmmnposaHma N GOPMyAMPOBAHMA KaK CBOE COOCTBEHHOMN MbICM
(B mpouecce roBoOpeHMA, MMCbMa), TaK 1 YyXKOW, 3a4aHHOIN B TEKCTE MbIC/AIN (B NpoLLecce CaylwaHus,
YTEHMA), «BK/IKOYAETCA» BO BCE BWIbl PEYEBOW AEATENbHOCTM MHAMBMAA. B-nATbix, 3By4yaHuWe
(boHauMa), ecTb MCNOMHUTENbHAA 4YaCTb TrOBOPeHMA. B-wecTblx, B npouecce 0byYyeHUn
MHOCTPAHHbIM A3blKaM A3bIKOBaA CMCTEMA KaK CPeACTBO M peyb, Kak cnocob popmmpoBaHma m
GOPMYMPOBAHMA MbICIM HapAZYy C CamMOM pPeyeBOM [AeATEeNbHOCTbO B LE/NOM BbICTyNaeT B
KayecTBe CamoCToATeNbHOro obbekTa obydeHus. Mbl obyyaem y4yeHMKa He Kakon-1mbo
PacnNbIBYaTO-HEOAHOPOAHOM PEeYEBON AEATENIbHOCTU KaK A3bIKOBOMY AB/IEHUIO, @ GopmUMpyem
ero COOCTBEHHYIO peyeByl0 AEATe/IbHOCTb Ha WMHOCTPAHHOM A3blke, A8 4Yero emy byaet
HeobxoAMMO OBNAAETb CPEeACTBAaMM M crnocobamu peanu3aumm Kaxkaoro M3 ee BWOOB U ee
0BUMMM M YACTHBIMM MexaHM3MaMK. [P TaKoM 0BYyYEHUM YUNTBIBAIOTCA NOTPEOHOCTL M NpeaMmeT
roBOpPEeHUA, T. . CoAepKaHMe camon mbican...."

MpuBeaeHHOE BbIlE PACCMOTPEHME CTPYKTYPHOM OpraHM3aumm, NpeameTHOro COAEpMKaHuA t
OCHOBHbIX MEXAaHM3MOB PEYEBOM AEATENBHOCTM ellle pPa3 NoAYepPKMBAET BaXKHOCTb onpeaeneHns
B KayecTBe OCHOBHOro obbekTa 0Oy4yeHMs B MNpenogaBaHUMM MHOCTPAHHbIX A3bIKOB MMEHHO
peyeBon AeATeNbHOCTW. Takas NOCTaHOBKA BOMPOCA MOMOTAET BblYIEHNUTb

Ha3BaHHble KOMMNOHEHTbI 3TOro 0H6beKTa U Peann3oBaTb IMYHOCTHO — AEATENbHOCTHbIM NOAXOA, K
0OyYEHMIO MHOCTPAHHOMY A3bIKY,4YTO OCODEHHO BaAXKHO B YC/NOBMAX LWIKOAbLI, rAe NpoucxoamT
npouecc popmMMPOBAHMA U CTAHOBNEHMA TNHYHOCTM YHaLLMXCA.
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AHOamna

byn makanaga KbiTat meH KasakcTaHaafbl MyFanim anenaepait, afeymeTTik Taxipunbeci,
COH/AAM-aK »ofapbl OKY OPbIHAAPbIHAAFLI FEHAEPNIK aCUMMETPUSA Macenenepi KapacTbipbliagbl.
KasaKkcTaHaafbl reHaepAik 6inim 6epyaiH, Jamybl MEH FbibIMK 3epTTeyAepadiH, YpAicTepi, coHaam-
aK KbiTangafrbl anen akageMUKTEPAiH, KacibM XaHe 91eyMEeTTIK KMbIHAbIKTAPb! Ca/blCTblpMasibl
TYpAe TangaHaabl. 3epTrey YMbIMAbIK TEOPUA KOHE JNEYMETTIK KypblibiIMAap TYPFbICbIHAH
reHAep/iK TeHCI3AiKTiH cebenTepi MeH cangapbiH allyfa bafbiTTanfFaH.

Kinm ce30ep: KasaKkcTaH, KbiTal, ynbiMAbIK KypblabiM, Backapy yheci, 6inim 6epy
pebopmanapbl, Kputepranapl 6aranay, KaCiNKepPiK IKOXKYMe, CaNbICTbiPMabl TaNAAY, N1€YMETTIK-
3KOHOMMKA/bIK AaMy, MHHOBALMA, MeMNEKETTIK baFaapnamanap.

AHHOMaAuuAa

B AgaHHOW CTaTbe pacCMaTpMBAETCA COUMaNbHbIA OMbIT XeHLWMH-NpenoaasaTenen B
Kntae n KasaxcTaHe, a TaKXe BOMPOCbl FEHAEPHOM aCMMMETPUM B YUYPEKAEHWUAX BbICLIETO
obpasoBaHuMA. [lpeactaBneH CPaBHUTENbHbIM aHaNM3  TeHAEHUWMN pPasBUTUA TEeHAEPHOro
obpasoBaHMA W uMccnenoBaHWM B KaszaxcTaHe, a TaKke NpodeccMoHanbHbIX M COLUMANbHbIX
npobaem, C KOTOPLIMW CTA/IKMBAIOTCA KEHLUMHbI-y4EHbIe B KTae. MiccnenoBaHne HanpaBaeHo Ha
BbIAB/IEHME MPUUYMH M MOCNEACTBUN TEeHAEPHOro HepaBeHCTBA C MO3UUMIA OpraHM3aLMOHHOM
TEOPMM M COLIMANbHbIX CTPYKTYP.

Knroyesele criosa: KaszaxcTaH, Kntain, opraHn3aumMoHHas CTPYKTYpa, CMCcTeMa YNpaBaeHms,
pedopmbl 06pa3oBaHMA, KpUTEPMANbHOE OUEHMBaHWE, MNPeanpPUHUMATENbCKAA SKOCUCTEMA,
CpaBHUTENbHbIMA aHann3, CoLUMabHO-IKOHOMUYECKOE Pa3BUTUE, MHHOBALIMK, TOCYAapPCTBEHHbIE
NPOrpammsi.

Abstract

This article examines the social experiences of female teachers in China and Kazakhstan,
alongside issues of gender asymmetry in higher education institutions. It provides a comparative
analysis of the development of gender education and research trends in Kazakhstan, as well as the
professional and social challenges faced by female academics in China. The study aims to uncover
the causes and consequences of gender inequality from the perspectives of organizational theory
and social structures.
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In the era of globalization, gender inequality in education systems and academic
environments has become a pressing issue. Particularly, the social experiences and professional
development of female teachers vary depending on the cultural and social characteristics of
countries. [lvanova, M. 2018] In multinational states with unique historical development paths
such as Kazakhstan and China, this problem requires special research attention. This article
examines the social experiences of female teachers in higher education and scientific communities
in both countries, highlighting the main features and causes of gender asymmetry. Additionally,
based on contemporary studies and theories, a comparative analysis is conducted, and
recommendations aimed at reducing gender inequality are proposed. [Akhmetova, G. 2017]

The social conditions and professional experiences of female teachers in higher education
institutions in Kazakhstan and China have become important topics in gender equality research.
Despite significant growth in gender education and research in Kazakhstan over the past twenty
years, issues of gender inequality remain relevant. In China, the low representation and
professional barriers faced by female academics are analyzed within the context of organizational
and cultural specificities. This article offers a comparative analysis of gender-related experiences
in both countries.[Zhumabayev, S. 2021]

Development trends of gender education and research in Kazakhstan

Gender studies in Kazakhstan began to develop in the late 1990s and, since the 2000s,
have become a stable component of higher education curricula. The scope of research has
expanded, with increases in the number of authors and the quality of publications. [Petrov, V.
2020] Active work is underway particularly in pedagogy, sociology, and law. Initially focused on
feminist-oriented researchers and dissertations, gender issues have since become the subject of
broad academic inquiry.

Although the majority of female teachers in Kazakhstan actively participate in the labor
market, they also bear social and family responsibilities. Gender pay gaps, career stagnation, and
challenges in reaching senior positions persist. Official statistics show a wage difference of
approximately 25%, attributed to labor market segregation as well as time allocated to household
and caregiving duties. [Nurgaliyeva, A. 2019]

Kazakhstan has adopted commitments to ensure gender equality under the UN
Sustainable Development Goals. Further research and policy development are required,
particularly to reduce wage disparities, introduce quotas for women in leadership, and enhance
social support measures.

An analysis of 100 scientific articles published between 2015 and 2022 reveals:

Expansion and diversification of gender studies;

Focus primarily on pedagogy, sociology, history, and psychology;

Despite some ethical and methodological inconsistencies, overall high research quality;

Need for improved labor legislation, enhanced family support, and combating social
stereotypes to reduce gender inequality.

Social and professional experiences of female academics in China

In China, female academics face significant discrimination in university teaching and
research roles. [Li, H. 2018] Women’s representation in science is low, and senior positions are
predominantly held by men. Gender inequality is closely linked to organizational culture,
management systems, and external social-professional environments.
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Women comprise approximately 26.5% of research and development personnel;

Membership of women in the Chinese Academy of Sciences is below 5%;

Traditional gender roles assign women primarily to maternal and household
responsibilities;

Organizational theory posits universities as structures that produce and reproduce gender
inequality;

Gender stereotypes hinder scientific advancement and access to leadership for female
academics.

Comparative analysis and reflections

The social experiences of female teachers in Kazakhstan and China reveal both similarities
and differences:

Gender stereotypes and family responsibilities significantly influence women’s
professional growth in both countries;

Kazakhstan shows broader academic dissemination and established foundations of
gender education;

In China, gender inequality remains insufficiently studied at the organizational level,
requiring transformative change;

Both countries need comprehensive legal, social, and cultural measures to achieve gender
equality.

Conclusion

Despite significant differences in the social and professional experiences of female
teachers in Kazakhstan and China, gender inequality remains a complex issue in both countries.
While gender studies and policies are actively developing in Kazakhstan, China requires deeper
organizational analysis.[Zhang, W. 2016]

Key recommendations for both countries include:

Developing comprehensive scientific research and educational programs addressing
gender equality;

Introducing quotas and support mechanisms to promote women’s access to leadership;

Conducting awareness campaigns to challenge social stereotypes and traditional roles;

Expanding flexible working conditions and social support to balance family and
professional responsibilities;

Reforming organizational culture and management to reduce gender inequality.[Smith, J.
2019]

Studying the social experiences of female teachers in Kazakhstan and China is crucial for
understanding gender asymmetry in higher education institutions. Considering Kazakhstan’s
dynamic gender studies and China’s organizational barriers highlights the importance of integrated
policies and research to achieve gender equality. Both countries require cultural, institutional, and
legislative reforms to expand the professional and social rights of women.
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ABSTRACT

In Azerbaijan, homework is typically utilized as a learning tool for class activities in Azerbaijan. It
increases students' academic accomplishments and gives them the chance to enhance their
learning habits and performance. However, depending on their cultural background, beliefs,
attitudes, and educational attainment, kids have varying perspectives on homework. Although
homework had some psychological effects on students' learning and influenced their ability to
manage their free time, the results showed that homework helped and supported students'
learning. Students were able to learn new things, improve their ability to learn, and attain better
academic results. Students' ability to work together and communicate with professors to clarify
assignments was also encouraged. Teachers should help students understand this idea, use
homework as a learning tool, and help them learn how to manage their assignments. Additionally,
it should be used in a way that encourages students to work on assignments, gives them the
chance to illustrate how they grasp the lessons, and teaches them how to do their work without
copying others.

Keywords: benefits, features, controversial points, academic results, home assignments

1.GIRIS:

Ev tapsiriglart muallim-professr heyati terafindan talabslara adi darslarindan basga vaxt
arzinda yerina yetirilmasi tgln verilan isdir. Bu faaliyyatlar onlarin biliklarini tazalayir va talabalar
0z anlayislarini tatbiga ¢evirmak imkani alds edirlar. Bununla bels, ev tapsirigl talabalara uygun
sokilda verilmalidir. Tadgigatlar gdstarmisdir ki, ev tapsiriglarinin haddan artig yUklanmasi
talebalarin akademik maraqglarini itirmakla yanasi, ham da onlari fiziki vo emosional yorgunluga
aparir (Copper, 1994). Eynils, bu, sagirdlarin ev tapsiriglarina minasibatine tasir edir va
dyranmada musbat natica vermir. Warton (2001) bildirir ki, ev tapsirigi azyasli usaglarin emosional
vaziyyatina tasir edir va onlarla valideynlari arasinda minagisalar yaradir. Bazi hallarda talsbalar
ev tapsirigini yerina yetirmak istamirlar, clinki onlar ev tapsiriglarini miallimlarini razi salmaq tgln
edirler (Paudel, 2012). Belalikls, tadgigatin magsadi ev tapsiriginin talebalarin dyranmasina
tasirini arasdirmaqdir

Akademik tapsiriglar talabalarin universitet karyerasi boyunca ehtiyac duyacaglari «6z-
6zlna dyranma» va «problemi halletma» novlarini aks etdirir. Tapsiriglari vaxtinda, mistaqil va
tangidi tafakkdiir vasitasiila yerina yetirmak vardisinin inkisaf etdirilmasi ali tahsilin artan talablari
G¢ln avazsiz faaliyyatdir. Universitetda Ev tapsiriglari cox vaxt tangidi disiincs, tahlil, tatbig asasl
olaraq real diinya ssenarilarinda konsepsiyalarin tatbiqi ila baglidir. ingilis dilinds ev tapsiriglari
kursdan, saviyyadan va xUsusi talim magsadlarindan asili olarag genis sakilda dayisa bilar.
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Universitet talabalarina ev tapsiriglarinin verilmasi tahsilin ayrilmaz hissasidir va mixtalif
maqsadlar Gcln hayata kecirilir. Bunun faydalarini va bazi mibahisali magamlarini nazardan
kecirak:

1.1. Ev tapsiriglarinin verilmasinin faydalari:

1. Mévzunun darinlasdirilmasi

e Doarsda Oyranilan movzulari evds tekrar etmak va tatbig etmak talabalara biliklarini
modhkamlandirmaya imkan yaradir.

2. Tadqigat bacariglarinin inkisafi

e Talabalar mustaqil sakilde resurslardan istifade etmayi, arasdirma aparmagi va analiz
etmayi Oyranirlar.

3. Vaxtin idara edilmasi

e Ev tapsiriglari talabalara vaxtl dizgln planlasdirma ve 6z Uzarlerinda isloma bacarigini
inkisaf etdirmaya kdmak edir.

4. Fikirlarin yaradiciligi va kritik diistinma

» Toalabalar masalalera muxtalif aspektlerden baxmagi dyranir ve yaradici hall yollari taklif
eda bilirlar.

1.2. Mibabhisali magamlar:

1. Yiklanma riski: Coxlu ev tapsiriglari talabalarin digar faaliyystler Gclin vaxtinin
olmamasina va stresa sabab ola bilar.

2. Barabarsizlik problemi: Har talabanin eyni resurslara ¢ixisi olmaya bilar, bu da onlarin
naticalarina tasir gbstara bilar.

3. Praktik tapsiriglarin askikliyi: Tapsiriglarin coxu nazari ola bilar, halbuki talabalar praktik
tacribalardan daha cox faydalanir.

4. Tokrarliig va maragsizliq: Bazi hallarda, tapsiriglar talabalar liglin maragsiz va motivasiya
azaldici ola bilar.

2. EFFEKTIV EV TAPSIRIQLARININ XUSUSIYYSTLORI

1. Daqiglik va Magsadauygunlug: Tapsiriglar konkret dyranma magsadina xidmat etmalidir.

1.Mixtaliflik: Mixtalif mévzu ve formatlarda tapsiriglar talebalarin maragini artirir

2.Vaxt Masuliyyati: Talobalara tapsiriglari vaxtinda yerina yetira bilmak Ucln kifayat gadar
zaman verilmalidir.

3.Geri Bildirim: Muallimlar tapsiriglara dair konstruktiv geri bildirim vermalidir ki, talebalar 6z
inkisaflarini izlaya bilsinlar.

Ev tapsiriginin murakkabliyi vo middati fanlardan asili olarag dayisair va magsadi anlayisi
artirmag, bacariglari takmillasdirmak va mistaqil 6yranmani dastaklamakdir.

2.1. Umumi tapsiriq névlari

* Akademik Tadgigat: Mlayyan bir movzu Uzra darin tadgiqatlarin aparilmasi, muxtalif
manbalardan malumatlarin toplanmasi, naticalarin aydin va qisa sakilda tagdim edilmasi.

* Lingvistik tahlil: dilin strukturunu va manasini, o cimladan grammatika, sintaksis va
semantikanin tahlili.

* Diskurs tahlili: Siyasi ¢ixislar va ya reklamlar kimi xtsusi kontekstlarda dilin neca istifada
olundugunu tahlil etmak.

« Sifahi tegdimatlar: PowerPoint kimi ayani vasaitlarden istifads etmakls muixtalif
movzularda tagdimatlar hazirlamag va ¢atdirmag.
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2.2. UNIVERSITETD® EV TAPSIRIQLARININ NOVL3RI
a) Esse
b) Problem paketlari
c) Layihalar

a) Esse

* Analitik esseler: Bunlar sizden matni, filmi ve ya digar mediani tahlil etmayi, onu
komponent hissalarina ayirmagi va manasini va shamiyyatini giymatlandirmayi talab edir.

* Argumentativ esselar: Bunlar oxucunu muayyan bir ndqteyi-nazardan inandirmagq tgiln
dalillarle dastaklanan aydin bir arqument tagdim etmayi shata edir.

* Migqgayisali esselar: Bunlar iki va ya daha ¢ox matni, ideyani va ya konsepsiyani migayisa
edir va mugqgayisa edir.

b) Problem paketlari

* «Problem paketlari” adatan tayin olunan va mintazam olaraq verilmali olan suallardan
ibarat paketlardir. Orta maktabdaki oxsar tapsiriglarla miqgayisada universitetdaki ev tapsiriglari
arasindaki an boyik farg, onlarin hagigatan ¢atin olmalaridir va bir cox digar kurslarin talabalari
onlarin lGzarinda birlikda islemaya tasviq edilirlar.

* Tonqidi Dastncani glclandiran ev tapsirigl zehni azalalarinizi inkisafi Gglin bir flrsatdir.
Gecanin gec saatlarinda calisan talaba, problem va esse anlayislarini daha darindan basa disa va
tatbigina komak eda bilar. Ev tapsiriglarini zehni idman zali kimi disinUn; har bir tapsirig talabani
tangidi disinma bacariglarini glclandiracak sakilde malumatlari tahlil ve sintez etmays,
giymatlandirmaya sévg edan yeni bir masqdir.

c) Layihaler

* Universitetds layiha tapsiriglari vermak vacibdir.

* Layiha isi, laboratoriya amaliyyatlarini tamamlamag va tatbiq etmak Ugln talaba
tarafindan fardi va ya qrup halinda gotirilmis tapsirig ve ya problemi shats edsn
planlasdiriimis ve mitlag formalasdirilmis isdir.

* 9n yaxsl yol odur ki, onlar layihanin movzusunu 6zlari seca bilsinlar. Talabalar adatan
gruplardaislayirlar, smakdaslig etmak va birlikda linsiyyat qurmagq tciin sosial bacariglarini
inkisaf etdirirlar.

* Onlaris Gsulunu secir, tapsiriglari bollr va layihanin naticasini razilasdirirlar.

s Llayiha, «Etmakla Oyrenmak» va «Prosesi Yasamagla Oyranmak» (sulundan istifads
edilarak hayata kecirilir.

d) Mdazakirs yazilari

e Analitik esselar: Bunlar sizdean matni, filmi va ya digar mediani tahlil etmayi, onu
komponent hissalarina ayirmagi va manasini va shamiyyatini giymatlandirmayi talab edir.

* Argumentativ esselar: Bunlar oxucunu miayyan bir néqgteyi-nazardan inandirmag Ucin
dalillarla dastaklanan aydin bir arqument tagdim etmayi shata edir.

*  Miqayisali esselar: Bunlar iki va ya daha ¢ox matni, ideyani ve ya konsepsiyani migayisa
edir va mugayisa edir.

e) Oxumag (bazan ¢cox oxumagq)

* Kitaba ray yazmaq: Bunlar kitabi tangidi tahlil etmak, onun gicli va zaif taraflerini
mizakira etmak va Umumi giymatlandirmani tamin etmakdan ibaratdir.

* Kitabin xilasasi: Bunlar kitabin asas ideyalarini ve argumentlarini gisa xllass halina
gatirmakdan ibaratdir.
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o) Yaradici yazi

*  Qusa hekayalar: Movzulari, personaijlari va sijeti tadqiq edan uydurma hekayslar yazmag.
»  Seir: Duygulari, fikirlari va ya tacribalari ifadse edan seirlar yazmag.

» Ssenarilar: Filmlar va ya televiziya soulari G¢ln ssenarilarin yazilmasi

3.UGURLU LAYIHO 9SASLI OYRASNM®S (L80) TaTBIQI UCUN M3SLOHITLOR

* Kigik layihalardan baslayin: Glvan va tacriba yaratmagq U¢lin daha kigik, idara oluna bilan
layihalarla baslayin.

* Olagalar qurun: Talabalarin risk etmak va sahv etmak Ugln 6zlarini tahlikasiz hiss
etdiklari misbat dyranma muhiti yaradin.

* Prosesi modellasdirin: Talabalara rahbarlik etmak Ugln layihads istirak edan addimlari
ndmayis etdirin.

* Miavaffagiyyati geyd edin: Havaslondirmak va ruhlandirmagq Ggin taleba nailiyyatlarini
taniyin va geyd edin.

 Distiniin ve uygunlasin: LBO tatbiginizin effektivliyini davamli olaraq giymatlandirin va
lazim oldugda duzalislar edin. [Mirstdova, p. 146]

INGILIS DILIN DRSLORIND® UGURLU EV TAPSIRIQLARI UCUN M3SLOHITLOR

* Diqggatla oxuyun: Tapsirig talimatlarini va talablarini anlayin.

e Planlasdirin va taskil edin: isinizi strukturlasdirmaq tciin kontur yaradin.

* Hartarafli arasdirin: Etibarli manbalardan muvafig malumatlari toplayin.

* Aydin va gisa sakilda yazin: lazimsiz jarqonlardan gagaraqg aydin va qgisa bir dil istifads edin.

* Diqggstla yoxlayin: Qrammatika, durgu isaralari va orfografik sshvlari yoxlayin.

* Moanbalaraistinad edin:

*  Kobmak axtarin: Kémak Ucln professorunuzdan va ya repetitorunuzdan sorusmagdan
¢cakinmayin.

4. NITICD

Ev tapsirigl ssmarali va balansli sakilds istifads edildikds talebanin dyranmasina va asas
hayati bacariglariniinkisaf etdirmak Ggln giiclU vasitadir. Ev tapsirigl vaxtin idara edilmasini, 6ziina
intizami va mistagil dyranmani tasvig etmakls talabalara akademik va pesakar karyeralari boyu
etibar edacaklari bacariglari inkisaf etdirmaya kdmak edir.

Mdsbat tasirlar:

Oyranmani gticlandirir: Mintazem tapsiriglar talabslarin darsi daha yaxsi manimssmasina
va malumati takrar etmasina kdmak edir.

Masuliyyat hissini artirir: Talabalar tapsiriglari vaxtinda yerina yetirmakla masuliyyat va
zaman idaraciliyi kimi bacariglari inkisaf etdirirlar.

Fardi 6yranmaya imkan yaradir: MUallim darsda hamiya eyni materiali tagdim etsa ds, ev
tapsiriglari fardi 6yrenma tempina uygunlasmaga sarait yaradir.

Daha darindan tahlil imkani verir: Ev tapsiriglari talabays mdvzunu darindan analiz etmak,
alavae manbalardan istifada etmakls genis bilik gazanmag imkani yaradir.

Manfi tasirlar:

Stress va yliklanma: Xisusila cox sayda tapsirig verilands talabalards stres ve akademik
yanma (burnout) misahida oluna bilar.

Keyfiyyatli zamanin azalmasi: Haddindan artiq tapsiriqg talabanin ails, dostlar va saxsi inkisaf
cin ayirmali oldugu vaxti azalda bilar.
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Formal yanasma: Bazi hallarda tapsiriglar sadaca “verilmis olsun” deya verilir va talaba onlari
anlayaraq yox, sadaca yerina yetirarak cavablandirir.

Plagiat riskini artirir: Tapsiriglar cox va ¢atin olduqgda, talabalar bazen hazir cavablardan
istifada edir va bu akademik dirUstllys zarar vurur.
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Abstract

Adolescence (13—17 vyears) is a sensitive period for brain maturation and schooling
demands. Because the brain depends on a steady supply of glucose, short-term fluctuations in
blood sugar may influence attention, working memory, and executive processes that underpin
classroom learning. This article reviews evidence on the extent to which day-to-day glucose
dynamics relate to cognitive performance and academic outcomes. A popular-science source—
Inchauspé’s Glucose Revolution—summarizes practical strategies to flatten postprandial glucose
rises; these are contrasted with findings from laboratory manipulations, randomized trials of
breakfast glycaemic index (Gl), and school-based policy evaluations. Laboratory evidence indicates
that meal sequencing substantially reduces postprandial glucose and insulin excursions in adults;
meta-analytic data suggest vinegar co-ingestion attenuates postprandial glycaemia. In student
populations, randomized trials demonstrate that low-Gl breakfasts improve elements of attention
and memory, while a natural experiment in English schools links healthier cafeteria meals with
improved test scores and reduced absences. Taken together, the literature supports a cautious
proposition: modest improvements in glucose regulation likely yield small, domain-specific
cognitive benefits that can cumulate to better academic performance. Motivated by these
findings, a two-week pilot at the Bilim-Innovation Lyceum (Qostanay, Kazakhstan) will test
school-feasible strategies to dampen glucose spikes using temporary continuous glucose
monitoring.
Keywords
Adolescents; blood glucose; glycaemic index; cognitive performance; academic outcomes;
continuous glucose monitoring; meal sequencing; vinegar; school nutrition; Kazakhstan.

1. Introduction

Adolescents are young people in the transitional stage from childhood to adulthood,
typically aged 13-17 in school contexts. As rapidly growing organisms, they are physiologically
vulnerable to nutritional imbalance. Diet is a crucial determinant of development and growth,
shaping energy supply, hormonal maturation, and the substrate of long-term health.

Public discussion often associates food quality primarily with the body—height, weight,
and physical development—while overlooking effects on the mind. For school students, diet also
shapes cognitive activity. In this context, cognitive activity denotes the learner’s capacity to sustain
attention, encode and retrieve information, plan, and solve problems, together with the affective
states that accompany learning—motivation, calmness, curiosity, resilience. It reflects broader
intellectual health: stable mood, mental stamina across the school day, and recovery from stress.
Because the brain depends on a steady energy supply and key nutrients, the timing and
composition of meals can strengthen or disrupt these capacities. As cognitive activity rises or falls,



«World Scientific Reports» (October 16-17, 2025). Paris, France I

corresponding changes are observed in learning outcomes, classroom participation, and
longer-term academic prospects.

Dietary research encompasses numerous variables—fats, proteins, approximately twenty
amino acids, different sugars, and a range of vitamins and minerals; the focus here is limited to
the blood glucose level. Beyond overall diet, blood glucose is the brain’s primary fuel. Fluctuations
in glucose (“glucose dynamics”)—spikes and dips—can alter energy, mood, and attention within
minutes. Sustained hyperglycemia burdens metabolic regulation, whereas rapid swings are
associated with fatigue, irritability, and lapses in working memory and executive control, thereby
modifying cognitive activity during lessons.

Despite curricular attention to healthy eating, effective control of adolescents’ diet in
school settings remains limited. Cafeteria menus, dormitory routines, and unsupervised snacking
create heterogeneous intake patterns that are seldom monitored with sufficient precision.
Research on school nutrition has traditionally emphasized physical outcomes, while cognitive and
academic implications of meal composition receive less systematic evaluation. Evidence directly
connecting school diet to real-time glucose dynamics and, in turn, to academic performance is
particularly scarce in Kazakhstan. The national context—boarding schools, centralized menus, and
shared cafeterias—suggests both feasibility for structured observation and a need for data.

On this basis, the central proposition is that adolescents’ academic outcomes are sensitive
to fluctuations in blood glucose. To evaluate this proposition, evidence is assembled from
complementary sources that triangulate mechanistic insight with classroom relevance. The scope
includes practical literature—such as Glucose Revolution—to extract meal-order,
vinegar-before-meals, savory-breakfast, and post-meal-movement strategies as testable
behavioral levers; peer-reviewed research that quantifies associations between circulating
glucose levels and variability and core dimensions of cognitive activity (attention, working
memory, affect), with attention to metrics such as time-in-range and excursion magnitude; and
school-based investigations in cafeteria and dormitory contexts that relate dietary practices and
real-time glucose patterns to observable academic outcomes, including quiz performance and
on-task behavior.

2. Literature Review and Analysis (Main Body)

Diet—cognition framework. A useful organizing principle distinguishes between
mechanistic plausibility and educational relevance. Mechanistic plausibility concerns whether a
nutritional manipulation predictably alters glycaemia; educational relevance concerns whether
the resulting changes in energy and affect translate into measurable differences in tasks that
approximate classroom demands. An extensive breakfast literature reports that eating breakfast—
and particularly lower-Gl breakfasts—confers short-term advantages on vigilance, attention, and
memory in children and adolescents [7,8]. While effect sizes are often small, they consistently
emerge under task conditions that impose higher executive-function loads and later in the
morning, when low-Gl meals are expected to maintain steadier glycaemic exposure [4,5,7].

Practical levers from *Glucose Revolution*. For public and school audiences, Inchauspé’s
synthesis translates laboratory concepts into cafeteria-ready actions: consume vegetables and
protein before starch; prefer savory/high-protein breakfasts; consider a small, diluted portion of
vinegar before main meals if medically appropriate; and engage in brief post-meal walking [1]. The
unifying logic is to blunt the rate of glucose appearance and augment peripheral uptake, thereby
reducing the amplitude of postprandial spikes and the likelihood of reactive dips. Although
*Glucose Revolution® is not a peer-reviewed source, the underlying tactics can be triangulated
with clinical and experimental studies that manipulate meal order, adjunct ingredients, and
macronutrient composition [2—5].

Laboratory evidence: sequencing macronutrients. A within-subject crossover study in
adults with type 2 diabetes showed that eating protein and vegetables before carbohydrate
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reduced 30—120-minute postprandial glucose by 17-37% and cut the incremental glucose area
under the curve by ~73%, compared with eating carbohydrate first; insulin excursions were
likewise diminished [2]. Despite population differences, the physiology—slower gastric emptying,
altered incretin signaling, and delayed carbohydrate absorption—generalizes across ages. For
adolescents, the implication is that serving order in cafeterias (salads and protein before bread,
rice, or sweets) may translate a laboratory mechanism into an everyday routine with potential
cognitive benefits during lessons.

Adjunct ingredient: vinegar. A systematic review and meta-analysis synthesizing
randomized and quasi-experimental trials concluded that vinegar (acetic acid) taken before or
with meals modestly attenuates postprandial glucose and insulin responses [3]. Proposed
mechanisms include delayed gastric emptying and heightened peripheral glucose uptake.
Although cognitive outcomes were not directly measured, a smaller glycaemic burden is
compatible with improved subjective energy and attention stability during the school day. Any
school application must account for safety (contraindications such as severe gastro-oesophageal
reflux) and dental hygiene (adequate dilution, water rinse) in adolescents.

Adolescent classroom experiments. In a randomized, repeated-measures study with
adolescents aged 12-14, a low-Gl breakfast improved performance on interference and
working-memory tasks relative to high-Gl breakfast or breakfast omission [4]. Effects were largest
on the most demanding task levels and later in the morning—consistent with the hypothesis that
lower-Gl meals yield flatter glucose trajectories across the school morning. These findings map
onto executive functions—attentional control and working memory—that strongly predict
classroom learning and test performance [7,8].

Primary-school evidence. In younger children, a balanced crossover trial found that a
low-Gl breakfast dampened the usual late-morning decline in attention accuracy and secondary
memory compared with a high-Gl cereal [5]. Developmental differences notwithstanding, the
convergent pattern—better maintenance of cognitive performance under conditions that predict
smoother glycaemia—supports continuity across ages and educational stages.

School-level natural experiment. A borough-wide reform of cafeteria offerings in
Greenwich (UK) replaced processed items with healthier options and was evaluated using a
difference-in-differences design. Post-reform, English and Science scores increased and
authorized absences fell by approximately 14% [6]. Although glucose metrics were not collected,
the result suggests that upgrades to nutritional quality at the institutional level can produce
measurable educational gains, plausibly via improved glycaemic stability alongside other
mechanisms (e.g., micronutrient adequacy).

Measurement and metrics for linking physiology to schooling. To connect mechanistic
interventions with classroom outcomes, high-resolution glucose data are advantageous.
Continuous glucose monitoring (CGM) yields minute-level series from which time-in-range (e.g.,
proportion of minutes between pre-specified thresholds during 08:00-20:00), coefficient of
variation, peak postprandial levels, and excursion magnitude can be derived. In education-relevant
windows, such as the two hours after breakfast and lunch, excursions are most likely to disrupt
vigilance and working memory. While previous breakfast studies often inferred glycaemic
differences from Gl without direct glucose tracking [4,5], integrating CGM with cognitive testing
would sharpen inferences about the glycaemia—cognition linkage.

Mechanistic pathways from glycaemia to cognition. The brain’s limited capacity to store
glucose implies dependence on continuous supply. Rapid spikes may be followed by
counter-regulatory dips that coincide with fatigue, irritability, and lapses in executive control.
Flatter profiles—achieved by sequencing fiber/protein before starch, choosing lower-Gl
breakfasts, and using brief post-meal walking—are expected to maintain steadier arousal and
reduce error rates on demanding tasks [1-5,7,8]. At the neurochemical level, fluctuations can
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modulate catecholaminergic systems involved in attention; behaviorally, they manifest as
variation in on-task time and response variability.

Methodological considerations. Designs span laboratory trials, classroom experiments, and
natural experiments. Laboratory work offers internal validity but may lack ecological realism.
Classroom RCTs with counterbalanced breakfasts strengthen causal claims for acute cognition but
often omit direct glucose measurement, while longer-term academic outcomes are rarely
captured [4,5,7,8]. Natural experiments provide external validity at scale but depend on
identification strategies (e.g., difference-in-differences) and may conflate multiple changes.
Across all designs, confounding by sleep duration, habitual physical activity, socioeconomic
context, and baseline nutrition remains a challenge; careful measurement and multivariable
adjustment are essential [6—8].

Effect sizes and educational significance. Cognitive effects tend to be small (typical for
nutrition interventions) but are most visible under higher task demands and later in the morning
when glycaemic differences widen [4,5,7]. From a policy perspective, small individual effects can
accumulate across subjects, days, and students. The Greenwich reform suggests that
improvements in menus can translate into better attendance and test performance at scale [6].
Thus, even modest reductions in glycaemic volatility may yield meaningful aggregate benefits.

Implementation feasibility in schools. Several tactics are low-cost and compatible with
cafeteria routines: serve vegetables and protein first in the lunch line; promote
savory/high-protein breakfasts; offer optional diluted vinegar to eligible students; and encourage
10-20 minutes of post-meal walking supervised by staff [1-3]. These interventions require
minimal equipment, are teachable to students, and can be monitored via simple checklists.
Institutional buy-in—from cafeteria managers and teachers—is a key determinant of fidelity.

External validity and adaptation to Kazakhstan. Boarding schools with centralized menus
and shared dining facilities—common in Kazakhstan—present an opportunity for standardized
implementation and monitoring. Cultural preferences (e.g., breakfast patterns) and climate
(indoor corridors vs. outdoor walking) shape feasibility, but none of the mechanisms are
culture-bound. Therefore, carefully adapted versions of sequencing, savory breakfasts, and brief
post-meal walking are likely to be acceptable and testable in Kazakhstani schools [1-6].

Evidence gaps and research agenda. Few studies jointly measure real-time glycaemia and
classroom-proximal cognition in adolescents; dose—response relationships for specific tactics
(vinegar vs. sequencing) remain under-specified; and long-term academic outcomes are
understudied [1-8]. Future studies should pre-register hypotheses; use within-student designs
with alternate test forms; capture sleep, activity, and stress covariates; and report both
physiological and educational endpoints. Such designs would allow estimation of marginal
contributions of glycaemic variability to attention and grades, informing policy with stronger
causal evidence.

3. Conclusion and Future Directions

The accumulated literature indicates that adolescents’ learning-relevant cognition is
sensitive to the dynamics of blood glucose. Mechanistic and laboratory findings show that meal
sequencing and adjuncts such as vinegar attenuate postprandial excursions; classroom
experiments link lower-Gl breakfasts to advantages in attention and working memory; and
school-level reforms suggest that improved nutritional quality can enhance academic outcomes
[1-8]. While causal certainty is incomplete—particularly in the absence of CGM-based school
studies—the direction and consistency of effects support pragmatic, low-cost dietary strategies in
educational settings.

Given the relevance for schools in Kazakhstan, a two-week pilot is planned at the
Bilim-Innovation Lyceum in Qostanay. The protocol will employ temporary continuous glucose
monitoring to observe ordinary dormitory life during a control week, followed by a week
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implementing strategies summarized for the public in *Glucose Revolution*—serving vegetables
and protein before starch, prioritizing savory/high-protein breakfasts, optionally offering diluted
vinegar before main meals for eligible students, and encouraging brief post-meal walking—with
the aim of reducing spikes and dips. Students will log food intake, portion sizes, sleep—wake times,
and symptoms (e.g., hunger, dizziness, headache) to enable exploratory correlations with
attention-demanding classroom tasks and routine assessments. Findings from this pilot can inform
feasible, culturally appropriate nutrition practices for schools in Kazakhstan.
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®OPMMUPOBAHWME PEYEBOW
ROMIETEHUNN KAR RIKOHEBOTO
SNEMEHTA MPO®ECCUOHATBHOM
[MOAIrOTOBKUN CTYLAEHTOB
MEAATOTMHECKMX BY30B

KyTtTrybaesa MHra KybaHblyeBHa
CTapwuit npenogasatesb Kadeapbl 0dULMANLHOTO A3blKa BULLIKEKCKOro
rocy4apCTBEHHOro yHMBepCUTETa

AHHOTauMA. B cTaTbe paccMaTpuUBalOTCA TEOpPeTUYecKMe W MeTOAMYEeCKMEe OCHOBbI
GOPMMPOBAHMA pPeYeBOM KOMMETEHLMM KaK BarKHEWWero KOMMOHEeHTa MpodeccMoHaNbHOM
MNOArOTOBKM CTY[EHTOB MeaarorMyecknx By3OB. PeueBasa KOMMNETEHUMA MOHMMAETCa Kak
MHTErpaTMBHOE  KayecTBO  /IMYHOCTM,  BK/OYalollee  A3bIKOBOE,  KOMMYHWKATWUBHOE,
COLIMOKY/IbTYPHOE M Nparmatuyeckoe namepeHuns. Ocoboe BHMMaHWE yaenaeTca COBPpeMeHHbIM
neaarorMyeckMm noAxoAam K pPasBUTUIO PEeYeBbIX HaBbIKOB B YCA0BMAX UMPPOBM3ALMM U
MHOros3bl4HOM o0bpasoBaTensHon cpedpl. [puBoAATCS npumepbl 3POEKTUBHbBIX METOAMK,
HanpaBiAeHHbIX Ha GOpPMUPOBaAHME MNPOPECCMOHANBHO OPMEHTUPOBAHHOM peun  Byayuimux
neaaroros.

KntoueBble C/i0Ba: pedyeBas  KOMMeTeHUMs,  npodeccMoHanbHasa  MOATrOTOBKa,
neaarormyeckoe obpasosBaHMe, LUMIPOBM3ALMA, METOAMKA NPEnoaaBaHUsa, KOMMYHUKATUBHbIE
yMeHMs.

BeeneHue

CoBpemMeHHas cucTeMa nefarornyeckoro obpasoBaHMA MNepexkmBaeT 3Tan rnyboKom
TpaHchopmaumm, CBA3AHHOM C rN06aNbHbLIMM  UM3MEHEHUMAMMU B COUMANbHO-KY/IbTYPHOM MU
TexHonormyeckon cpege. OT byayuwimx negaroros TpebyeTcs He TONbKO 3HaHWe npeameTa U
BNafeHMe MeToAMKaMW 0ByvyeHMA, HO M pPa3BUTble KOMMYHWKATMBHbIE HaBbIKM, CMOCOOHOCTb
3bDEKTMBHO B3aMMOAENCTBOBATb C YYaLLMMUCA, KOANEraMK U POAUTENAMMU B MHOTFOA3bIYHOM M
LUMbpPOBOM NMpOCTPaHCTBE. B 3TOM CBA3M 0cob0e 3HaYeHne npnobpeTaeT PopMMPOBAHNE PEYEBOM
KOMNeTEeHUMM KaK KIOYEBOrO d1emeHTa NpodeccCMOoHaNbHOM  MOArOTOBKM  CTYAEHTOB
nefarormyeckmx By3os.

PeyeBas KOMMNETEHUMA MOHMMAETCA He NPOCTO KaK 3HaHWe HOPM A3blKa, a Kak
KOMMNAEKCHOE yMeHMe BNafeTb Pa3nnyHbiMM GOpMamMmM YCTHOM U MUCbMEHHOM peyn, yMeHue
CTPOWUTbL BbICKA3blBaHMA B 33aBMCMMOCTM OT CUTyauumm OOLLEHMA, MCNONb30BaTb A3bIK Kak
aMHCTPYMEHT npodeccMoHanbHon aAeatensHocTu. na byayuero negarora sTo 0COOEHHO BaXKHO,
TaK KaK ero peyb CTAaHOBMTCA HE TO/IbKO CPeACTBOM Mepeaayn 3HaHWi, HO M obpasuom ans
noApaxKaHuaA, MHCTPYMEHTOM BOCMMTAHWUA, CPeACTBOM BO3AEMCTBMA Ha POPMMPOBAHME IMYHOCTU
obyvatouimxca.

B coBpemeHHbIX YyCN0BMAX 0CODYO aKTyaNbHOCTb NpMobpeTaeT peyesad KOMNETEHUMA B
CBA3M C aKTUBHbIM BHEAPEHMNEM CMELLAHHbIX U AUCTAaHUMOHHbLIX OpM 06ydeHma. OHNaNH-NeKLmK,
BMAEOKOHMEPEHLMM, 3NEKTPOHHAA MNepenncKa, co3daHue UMPPOBOro KOHTEHTa - BCE 3TO
npeabABNAeT HoBble TpebOBaHMA K ACHOCTM, TOYHOCTM W BbIPA3UTENbHOCTM peyn neaarora.
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YpoBeHb ero peyeBoi Ky/abTypbl HANPAMYHO BAMAET Ha KayecTBO 0H6pa3oBaTeNbHOro npoLlecca,
BOCNPUATME MaTepmana cTyaeHTaMm n GOPMMPOBAHME Y HUX COBCTBEHHBIX KOMMYHUKATMBHbIX
HaBblkOB. Kpome TOro, coBpeMeHHas negarornyeckan cpeaa 4acto ABAAETCA NOAMKYAbTYPHOM U
NONIMNMHIBANBLHOM, YTO TpebyeT OT negarora yMeHuA afanTMpoBaTb CBOK peyb K ayauTopun C
PA3/IMYHBIM A3bIKOBLIM U KyNbTYPHbLIM O3KrpayHAOM, AEMOHCTPMPYA BbICOKMIA YPOBEHb A3bIKOBOM
rMOKOCTM U MEXKYNbTYPHOM YyBCTBUTE/IBHOCTY.

PeueBas KOMNeTeHUMA BbICTyNaeT He GaKyAbTaTMBHbLIM HaBbIKOM, @ CUCTEMOODPA3YOLWMM
aN1eMeHTOM nNpodeccMOoHaNbHOM NOAroTOBKM Mnedarora, OT KOTOPOro 3aBWUCAT KayecTBO
npenoaaBaHuns, 3GPEKTUBHOCTb KOMMYHMKALMW M aBTOPUTET negarora B 0Opa3oBaTe/IbHOM
cpege.

TeopeTnyeckme OCHOBAHWA NOHATUA pevyeBo KomneTeHLUn

[MoOHATME «peyeBaa KOMMETEHUMA» ABNAETCA MEXANCUMMNAMHAPHBIM MU aKTUBHO
pa3pabaTbiBaeTcA B pPaMKax JMHIBUCTUKM, MNCUXONMHTBUCTUKM, NEeAArormMkM U METOAMKM
npenoaaBaHnsa A3bIKOB. MICTOpUYECKM OHO BOCXOAMT K pabotam H. XomcKoro, npeanoxuBLIero
Pa3/nyaTb A3bIKOBYIO KOMMETEHLMIO U peyeBoe nNoseaeHme, a Takxke [1. Xaimca, 4ONOAHMBLIEro
MOZJENb KOMMYHWUKATUBHbIM M3MepeHnem. B nemarormyeckor HayKe peveBas KomneTeHuumA
PAacCMaTPMBAETCA KaK MHTErpaTMBHOE KayeCTBO /IMYHOCTM, KOTOPOe co4veTaeT B cebe 3HaHMe
A3bIKOBOM CWUCTEMbI, YMEHME peann30BblBaTb 3TO 3HAHWE B PA3/IUYHbIX BMAAX PeyeBon
[eATeNbHOCTHM, @ TaKXKe 0OCO3HAHWE COLMOKYIbTYPHbIX M MParmMaTUYyecknx Hopm obLeHms.

B cTpyKType peyeBOor KOMMNETEHLMWN BbIAENAOTCA HECKOAbKO KAHOYEBbIX KOMMOHEHTOB.
A3bIKOBOM KOMMOHEHT BK/tOYAET 3HaHME GOHETUKM, NEKCUKM, MOPPONIOTUN U CUHTAKCKUCA, YMEHWE
rPAaMOTHO M TOYHO MCMONb30BaTb A3bIKOBblE CPEeACTBA. Pe4eBOM KOMMOHEHT OTparkaeT ymeHue
CTPOUTL CBA3HbIE, OTMYECKN NocneaoBaTeNbHble U CTUANCTUYECKU YMECTHbIe BbICKA3blBaHWA B
YCTHOM 1 NUCbMeHHOM popme. KOMMYHMKATUBHbIA KOMMOHEHT CBA3AH C BIAIEHWMEM CTPaTErMAMM
0bLLEeHNA, CNOCOBHOCTbIO aZlaNTUPOBaTb Peyb K KOMMYHUKATUBHOM CUTyaUMK, agpecaTy U Lew.
COUMOKYNbTYPHbI KOMNOHEHT obecneynBaeT NOHMMaHWE KyNbTyPHbIX HOPM, PEYEBOrO 3TUKET],
0COBEeHHOCTEN KOMMYHMKALUMM B PA3HbIX KYAbTYPHbIX KOHTEKCTax. MparmaTMyeckmii KOMNOHEHT
CBA3aH C OCO3HAHHbIM BbIOOPOM A3bLIKOBLIX CPEeACTB B 3aBUCMMOCTM OT CUTyaLMM, 3343y M
OXMaaemoro spdeKTa BbICKa3bIBAHUA.

[na cTyaeHToB Nefarormyecknx By3o8 GOpmMMpoOBaHME BCEX STUX KOMMOHEHTOB OCOBEHHO
BaXKHO. B OT/MYMe OT CTyAEHTOB APYrMx HanpaBaeHuK, byayuwme neaarorn AOMKHbLI HE TONbKO
BNAZETb A3bIKOM Ha BbICOKOM YPOBHE, HO M YMETb MCMONAb30BaTb €ro Kak npodeccrnoHaNbHbIN
WHCTPYMEHT: YNpaBaATb BHUMAHWEM ayAUTOPUM, MOTMBMPOBATb, OOBACHATL CAIOXKHbIE MOHATUA
NPOCTbIM A3bIKOM, OLLEHMBATb OTBETbI 0OYYAOUMXCA, YHaCTBOBATb B HAYYHbIX AMCKYCCUAX. A3bIK
CTAaHOBMTCA A1A HUX OCHOBHbIM NPOdEeCCMOHANbHbIM CPEACTBOM, Yepe3 KOTOPOE OCYLLECTBAAETCA
obyyeHune n BocnuTaHue.

CoBpeMeHHble 1ccnenoBaHNA NOAYEPKMBAOT, YTO peyeBas KOMMNETEHLMA TECHO CBA3aHa
C KOTHWUTMBHBIMW M METAKOTHUTMBHLIMW HaBblkamMun. OCO3HaHHOEe BNadeHWe pedybto TpebyeT
PA3BUTUA KPUTUHECKOTO MbILWAEHWNA, HABLIKOB aHanM3a WU pedaeKkcun, ymeHua naaHMpoBaTb
BbICKa3blBaHME 1 KOPPEKTMPOBATL €ro B 3aBUCUMMOCTM OT peaKkLmn ayauTopun. 3To Nnpeanonaraet
LueneHanpasaeHHyto paboTy B npouecce obyveHMA, MCMONb30BaHME KOMMIEKCHbIX METOAMK,
COYEeTaoLLMX IMHTBUCTUYECKYHO, MCUXOTIOTMYECKYIO M NMeaarorMyeckyto CocTaBaaowme.

PeueBas KOMNeTEHUMA BbINOMHAET B NeAarormyeckom obpasoBaHMM Kak MUHUMYM ABe
B3aMMOCBA3aHHble OyHKUMKM. C OAHOM CTOPOHbI, OHa ABNAETCA HEeODXOAMMbBIM YCA0BMEM
yCNewHOro OCBOEHWMA CTyAeHTaMW y4ebHbIX AMCUMNAMH, OCODEHHO TaKux, KOTopble TpebytoT
aKTMBHOW YCTHOW M MUCbMEHHON KOMMYHMKaumm. C ApYron - OHa BbICTyNaeT O4HMM U3 KNHOYEBbIX
npodeccMoHanbHbIX MHCTPYMEHTOB OyAayllero negarora, onpegenAa ero  CnocobHoCTb
3GPeKTMBHO OpraHM30BbIBaTb 0OPa30BaTENbHbIN NpoLecC.
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Byaywmin negaror AOMXKeH YMeTb MCNONb30BaTb A3bIK KakK CPeACcTBO NPOodecCMOHaNbHOIo
oblLeHmA: NPOBOAUTb NEKUMM M CEMWMHApPbl, AaBaTb MOHATHbIE MHCTPYKUMM, GOPMYyAMpOBaTb
3a/1aHWA, 334@BaTb BOMPOCHI, CTUMYAMPYOLWME MblLUNEHWE CTYAEHTOB, Y4acTBOBATb B ANCKYCCUAX,
nMcaTb MeToAMYeCcKMe Pa3paboTKM 1 HayUYHble TEKCTbI. YPOBEHb Pa3BUTMA PEYEBON KOMMNETEHL MM
HanNpPAMYyto BAMAET Ha cnocobHOCTb negarora ObiTb YCAbIWAHHBIM M MOHATHIM, GOPMMPOBATHL
NO3UTMBHbLIM 06pa3oBaTe/bHbIN KAMMAT, NOAAEP!KMBATL OOPATHYIO CBA3b M KOPPEKTMPOBaTb
obpasoBaTeibHYO TPAEKTOPUIO CTYAEHTOB.

B y4ebHbIX MnaHax neaarormyeckmx By30B TPAAMULMOHHO NpeayCMOTPEHbl Kypcbl Mo
Ky/bType peyun, pUTOPUKE, CTUAUCTUKE, a TaKKe OUCUMNANHLI, CBA3AHHblE C aKaZeMWUYECKUM
MMCbMOM M MYyBANYHBIMM BbICTyNNeHMAMM. OQHAKO HannumMe TaKMx KypcoB camo no cebe He
rapaHTMPYyeT BbICOKOrO YPOBHA PevyeBOM KOMMeTeHUMWU. BarkHbIM ABNAeTCA TO, Kaknum obpasom
OpraHmM3oBaH npouecc 0by4eHmna: HACKONBbKO aKTMBHO MCMONb3YHOTCA KOMMYHUKATUBHbIE METOAPbI,
NpeAoCTaBNAETCA M CTyAeHTaM BO3MOXKHOCTb MPAKTMKOBATbCA, MOAy4aTb OOPaTHYHO CBA3b M
Pa3BMBATb COOCTBEHHbIN PEYEBON CTU/Ib.

Kpome Toro, peyeBaa KomneTeHuMA negarora GOPMUPYeTCA He TONAbKO Ha
CNeuranm3npoBaHHbIX A3bIKOBbIX Kypcax, HO M B XO4e W3y4YeHMAa Bcex AMCUMNAWH. JlioboMn
npenofasaTteNb, HE3aBMCMMO OT NpeameTa, AEeMOHCTPUPYET CTyAeHTam obpasubl HayYHOW W
negarormyeckon peun, opMMUpPyeT y HUX NPeACTaBaAeHUA O HOpMe U cTuae. [To3TomMy B cUCTeMy
npodeccMoHanbHOM NOATOTOBKM BaXKHO MHTErPUPOBaTb NPUHLUMMbLI PA3BUTUA PEYEBOM KyNbTypbl
BO BCe 06pa3oBaTe/IbHble MOAYN.

CoBpeMeHHble MeTOAMKM NPenofaBaHWA OPUEHTUPYIOTCA Ha aKTMBHOE BOB/AeYeHMue
CTYAEHTOB B peyvyeBylD AEATeNbHOCTb W MCMO/Ab30BaHME WMHHOBAUMOHHbLIX 06pa3oBaTeNbHbIX
TexHonormh. Ocoboe 3HayeHMe NPUAAETCA WMHTEPAKTUBHbIM Gopmam 0byveHMus, KoTopble
nobyXAatoT CTYAEHTOB BbICKA3blBAaTbCA, 0OCYKAaTb, apryMeHTUMPOBaTb U pediekcnposaTb. Cpeam
TaKMUX METOA0B MOXHO BblAeANTb NpobiemHoe obyyeHne, auckyccum, AebaTtbl, aHaNU3 KeNcos,
CTOPUTENNIMHT, TeaTpann3aLmio, NpoBeAeHNe MUHU-NEKLMI U NYBANYHBIX BbICTYNAEHUINA.

MpobnemHoe obyvyeHMe NO3BONAET CTyAeHTamM BblpabaTbiBaTb aAPryMeHTUPOBAHHYHO
nosnumio, GopmynnpoBaTb COBCTBEHHbIE BbIBOAbLI M NPeACTaBAATb UX B PAa3BEPHYTOMN peyeBoi
dopme. Kelicbl, NpMbAMMKEHHbIE K PeaNbHOM NefarorMyeckoin NpakTuKke, CTUMYIMPYIOT CTYAEHTOB
K npodeccroHanbHOMy 06LLEHMIO, MCNOIb30BAHMIO TEPMUHONOTMK, OTPADOTKE HaBbIKOB BEAEHMA
Ananora U nybnmdHbIX npeseHTaumi. Auckyccum u aebatbl GOPMUPYIOT yMeHMe CAyLlaTb
cobeceHMNKA, Y4YUTbIBATb Pa3Hble TOYKM 3PEHNA M KOPPEKTHO BbICTPANBATb KOHTPAPTyMEHTbI.

BaXKHyt0 pOab MrpaeT NMCbMeHHanA peyb. B negarormyeckmx Bysax LienecoobpasHo yaenatb
BHMMaHME Pa3BUTMIO aKaAEeMMYECKOro MUCbMa: HaMMCaHMIKO 3CCe, aHANUTUYECKMX OTYETOB,
aHHOTAUMN, peLeH3uit, KypCOBbIX WM HaydHbiX cTaTel. I3To cnocobctyeT GOPMMPOBAHMLIO
IOTUYECKOr0o MbIWAEHUA, CTPYKTYPMPOBAHHOCTWU TEKCTA, BNAAEHWUIO HAYYHbIM CTUAEM. BarKHbIM
HanpaB/aeHMeM CTaHOBUTCA paboTa € UMPPOBLIMM MHCTPYMEHTAMM, NO3BONAOWMMN CTYAEHTAM
NPOBEPATb TEKCTbI, PEAAKTMPOBATb MX COBMECTHO, MOY4aTb aBTOMATMYECKYHO 0OPATHYHO CBA3b.

Undposm3auma o0b6pa3oBaHMs OTKPbIBAET HOBble BO3MOMHOCTM A1 GOPMUPOBAHMA
pe4yeBoh KomneTeHUMM. OHNAMH-NAATPOPMbI M MPUNOKEHUA MO3BONAKT MOAEAMPOBATHL
peanbHble KOMMYHMKATMBHbIE CUTyaUWW, 3anucbiBaTb WM aHaNM3MpoBaTb COBCTBEHHbIE
BbICTYMN/1€HMA, TPEHMPOBATb HaBbIKM MyBAMYHOTO BbICTYN/IEHMA, y4aCTBOBATb B GOpyMax M yaTax
npodeccmoHanbHOro xapaktepa. lMcnonb3oBaHve UMOPOBLIX WMHCTPYMEHTOB  MOBbIWAET
MOTMBALMIO CTYAEHTOB W npubamkaeT y4yebHbI MNpouecc K peanvam COBPEMEHHOM
nefarormyeckon AeATeNbHOCTY.

MexayHapoaHaa npakTMKa MNOArOTOBKM MefarormMyeckmx KaapoB AEeMOHCTpUpyeT
CUCTEMHbI NOAX0A K Pa3BMUTMIO pedeBol komneTeHumn. B CLUA, KaHaae, PuHnsaHamm, CnuHranype
N psge eBponemnckux ctpaH Kypcbl Academic Writing, Public Speaking n Language for Teaching
BXOAAT B 06A3aTeNbHY0 NPOrpaMmy NoAroTOBKM yuymuTene. 3Tm MoAyIM HanpaBAeHbl He TONbKO
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Ha pa3BUTME A3bIKOBbIX HABbIKOB, HO W Ha GOPMWUPOBAHME KPUTUYECKOTO MbIWAEHMA,
aprymeHTaumm, KyabTypbl AMCKYCCUMM, HABbIKOB Npe3eHTaumm U camopediekcnm.

B yHMBepcuTETax aKTMBHO MCMONb3YKOTCA A3blKOBble NabopaTopmMm, oHNAMH-NAATGOPMbI
TMna Moodle n Canvas, nHTepaKTUBHble TpeHaxeépbl. Ocoboe BHUMaHWE yaenaeTcs NoAroToBke
CTYAEHTOB K NPOPeccnoHasbHOM KOMMYHMUKALMK B PeasbHOM LWKOABHOW cpeae: MoAeNNPYOTCA
nefarormyecknme CuUTyaumm, MNPOBOAATCA TPEHWPOBKM YPOKOB C 0OpaTHOM CBA3bKO OT
npenoaasaTtenem N CBEPCTHMKOB.

3apyberkHblli ONbIT MOKa3bIBAET, YTO PAa3BUTUE PeYeBOM KoMNeTeHUMN 3bDEKTUBHO, ecn
OHO fABASETCA He OTAE/bHbIM HanpasB/lieHMeM, a CKBO3HOM 3azadvelrt 06pa3oBaTesibHOM
nporpammel. Megarornyeckme yHMBEPCUTETbI MHTETPUPYIOT Pa3BUTME PeYn BO BCE ANCLMMANHDI,
a He TO/MbKO B A3bIKOBbIE KypCbl, MOOWPAT y4acTMe CTYAEHTOB B HAy4YHbIX KOHbEepeHumsX,
nebatax, nybaMUHbIX NpoeKkTax. TakoM noaxoa no3BosdeT Oyaywmm ydnTtenam GpopmMmMpoBaTb
YCTOMYMBYIO peYeBytd WMAEHTUYHOCTb W YBEPEHHOCTb B COOCTBEHHbIX KOMMYHMWKATUBHbIX
BO3MOHOCTAX.

3akntoveHne. DopmmpoBaHMe peyeBor KOMMNETEHUMM CTYAEHTOB NeAarormyeckmnx By3os -
3TO CNOXKHbI, MHOTOYPOBHEBbBIM M HEMPEPbIBHbIM NpoLuecc, Tpebytowmi cuctemHoro noaxoaa. OH
BKAtOYaeT B cebA Kak paboTy Haj A3bIKOBbIMW 3HAHWAMM W YMEHWAMW, TaK W passuTme
KOMMYHMKATUBHBbIX CTPATErni, KPUTUYECKOTO MblWIEHNA N NPOPECCUOHANBHON pedieKkCum.

PeueBad KOMMETEHUMA - 3TO He MPOCTO OAHA M3 NPOdPECCHMOHANbHbIX KOMMNETeHUMI, a
GYHOAAMEHT, Ha KOTOPOM CTPOUTCA NeAarornyeckasn AeaTenbHocTb. OT TOro, HaCKONbKO YBEPEHHO
W rPamoTHO Byaywmii neparor BAaZeeT A3bIKOM, 3aBMCUT YCMEWHOCTb ero KOMMYHMKaUUKn C
yYeHMKAMK, KOANeramm W POAUTENAMM, KayeCTBO OOBACHEHWA MaTepuana, CnocobHOCTb
BbI3bIBaTb MHTEPEC M YBAXKEHME Yy ayAUTOPUN.

MHTerpauma oTeyecTBEHHOro W 3apybexHOro onbiTa, WCNONb30BaHWe UMPPOBLIX
TEXHONOTUI, BHeAPEHWE WHTEPAKTUBHbIX METOAMK M aKLEHT Ha aKTUBHYIO peyeByto MPaKTUKY
CTYZLEHTOB NO3BONAIOT 3HAYMTENBHO NOBbLICUTL SGPEKTUBHOCTb NOArOTOBKM DyAyLLMX Neaaroros.
CuctemHana paboTa Haj peyeBOon KomneTeHumel cnocobecTByeT GOPMMPOBAHMIO HOBOTO
NOKONEHMA yumTenemn, cnocobHbIX OblTb He TONbKO HOCUTENAMW 3HAHWIN, HO W KyAbTYPHbIMM
MeAnaTopaMu, nnaepammn obLLEHMA U NTPUMEPAMMN PEYEBOM KyNbTypbl ANA YYEHWKOB.
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Abstract

The article examines the potential of business games and simulation-based learning for
teaching information disciplines to prospective computer science teachers. Based on a review of
international studies, it justifies integrating simulations into the logic of the software development
life cycle (SDLC), which makes the stages of requirements, design, testing, and documentation
visible and objectively assessable via artifacts. The paper discusses the instructor-as-moderator
role, acceptance factors (Technology Acceptance Model), difficulty calibration, and a “low-tech
core” deployment strategy. The Kazakhstani context is emphasized and directions for empirical
verification are outlined.

Keywords: business games; simulation-based learning; information disciplines; software
development life cycle (SDLC); computer science education; artifact-based assessment; instructor
facilitation; Technology Acceptance Model (TAM).

1 Introduction

Contemporary informatics education requires active methods that develop not only
subject knowledge but also professional competencies. In the traditional model, the main focus
shifts to the implementation (coding) stage, whereas conceptual design, testing, and
documentation remain in the background. This is especially noticeable in Kazakhstan, where the
system by inertia forms encyclopedic knowledge and often encourages individual formats of work
(course projects, theses), which does not always foster teamwork skills and documentation
practices. Meanwhile, in real professional activity IT specialists must maintain and develop
projects created by others, understand someone else’s architecture and documentation, and
produce their own artifacts for subsequent teams.

Definition. Business simulation games (BSG) are experiential learning tools in which
students study business processes by managing a simulated firm in a risk-free, interactive, and
realistic environment. Students make strategic decisions and compete either individually or in
teams. Such active practices increase engagement and develop collaboration, decision-making,
problem-solving, and critical thinking.

The aim of the article is to show how business games and simulation can embed the full
SDLC into the curriculum and ensure the formation of missing competencies.

Note: SDLC and artifacts

SDLC (Software Development Life Cycle) is the sequence of stages for creating and
maintaining software: initiation and requirements analysis - design - development - testing -
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release/deployment = operation and maintenance. Documentation is a cross-cutting process
conducted at all stages.

SDLC artifacts are formal outputs at life-cycle stages that enable checking process and
product quality. Examples: concept/project brief, software requirements specification (SRS) and
user stories; architectural decisions and diagrams (UML/ER); interface prototypes; source code
and code-review reports; test plan, test cases and defect reports; release notes and changelog;
user and administrator manuals.

Novelty and contribution. (1) An SDLC-oriented framework for integrating simulations into
IT disciplines; (2) a synthesis of instructor roles and types of support tailored to the Kazakhstani
context; (3) a set of artifacts and assessment criteria that make the invisible stages (design, testing,
documentation) visible for evaluation.

2 Materials and Methods

Study design. A literature review focused on English-language sources on game-based
learning, business simulation games, and serious games in higher education, with emphasis on
informatics/software engineering.

Inclusion criteria. (1) peer-reviewed publications in English; (2) substantive relation to IT
disciplines or models transferable to them; (3) reported learning outcomes/metrics (cognitive,
interactive, process).

Exclusion criteria. Unverifiable sources; strictly school-level practices and practices from
other disciplines without clear transferability to IT disciplines; publications without learning
outcomes.

3—4 Results and Discussion

A systematization of international experience shows that, when properly integrated,
simulations increase engagement and lead to growth in cognitive (decision-making, critical
thinking, problem-solving) and interactive skills (teamwork, collaboration, communication). For
information disciplines, additional progress is observed in SDLC process competencies:
requirements formalization, a culture of testing (unit/integration/load), documentation practices,
and adherence to team-development policies (code review, branching discipline, release
management).

Soft and technical skills relevant to IT. Beyond fostering higher engagement, business
simulations improve soft skills—teamwork, decision-making, leadership—and technical skills in
strategic analysis and management. This is especially important for IT, since modern development
is team-based, distributed, and even crowdsourced (online collaboration of many participants).
Creative thinking, crucial for design and non-standard problem solving in information disciplines,
is also strengthened.

Additional effects and developed skills. Studies report improvements in information
management, communication, time and project management, workload management, teamwork
and problem-solving; growth of cognitive skills (decision-making, critical thinking, scientific
reasoning), as well as development of social and emotional skills [4], [5]. With computer-based
simulations, further effects are observed: higher engagement in learning activities, increased
motivation, course-content satisfaction, self-efficacy, and confidence—provided integration is
sound and difficulty is well calibrated [6], [7]. Given that IT disciplines inherently rely on computers
and collaborative digital tools, these effects tend to be particularly pronounced.

Instructor strategy as moderator. Simulation effects depend on a well-designed instructor
role: (i) plan teaching and learning strategies in advance [2]; (ii) support students throughout all
stages; (iii) design assessment tasks and criteria that verify attainment of outcomes [2]. Instructor
support acts as a moderating factor: while guiding and scaffolding, the instructor keeps students
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in the driver’s seat of their own learning [3]. Several works emphasize an active instructor role
before and during the game—setting difficulty levels and environmental conditions [4]; three
types of support are highlighted: interpretive (introductory and clarifying), experimental (help in
developing and testing options), and reflective (structuring reflection on experience) [5].

Acceptance factors and entry/exit surveys. Student acceptance of simulations is influenced
by (a) human factors—teacher skill, enthusiasm, and teaching quality; and (b) technological
factors—the perceived usefulness and perceived ease of use of the simulation (Technology
Acceptance Model). Empirical studies show that the higher the perceived ease of use and
usefulness, the more positive the attitude toward the simulation and the intention to use it; the
instructor’s role remains a significant moderator of perception [6], [7].

* Entry survey (start of class/sprint): motivation and interest in the subject; current state
(mood, fatigue); self-perceived knowledge; expectations of the simulation. Short scales (3—5
points) are recommended to reduce noise in self-reports.

 Exit survey (end of class/sprint): the same parameters for comparison + Technology
Acceptance Model blocks (usefulness, ease of use), satisfaction, intention to reuse; brief items on
team interaction. Results are compared (triangulated) with product/process metrics (artifact
quality, escaped defects, etc.).

Implementation barriers and mitigation strategies (low-tech = high-tech). Longitudinal
studies highlight three common barriers: (1) perceived risk of adopting new teaching methods
(including the instructor’s feeling of losing control), (2) suitability of available simulations for
course goals, and (3) lack of resources (financial and infrastructural) [7]. These factors are closely
linked and should be considered together; perceived risk varies substantially among instructors.

¢ Risk of “loss of control.” Introduce clear boundaries: learning outcomes, rubrics, SDLC
artifacts by stage, checkpoints, and short pilots; organize experience sharing and joint monitoring
of progress.

e Simulation suitability. Choose or adapt scenarios directly aligned with SDLC
(requirements — design — development - testing - documentation). If a suitable digital
simulator is unavailable, use case-based and role-play procedures while preserving artifacts and
criteria.

e Resources. Plan the method as a low-tech core (paper/spreadsheet artifacts,
board/kanban, static prototypes) and scale up technology as feasible: free/open-source tools (e.g.,
version control and issue tracking), and—budget permitting—commercial simulators.

e Stepwise integration. 1) low-tech course skeleton; 2) add focused digital tools (code
repository, issue tracker, automated tests); 3) integrate with CI/CD; 4) full digital simulation. At
each step, run entry/exit surveys based on the Technology Acceptance Model to gauge usefulness
and ease of use [6].

Difficulty calibration and expectation management. Simulation-based learning requires
moderate difficulty: excessive complexity reduces student acceptance and motivation [7]. Before
launch, ensure that (1) learning outcomes are realistic;c (2) infrastructure
(rooms/software/network access) and financial resources are available as needed; (3) the
simulation matches course goals. Overstated expectations for alternatives to traditional teaching
often lead to misinterpretation of effects (“not impressive” vs. traditional methods), although
research shows that blended learning and BSG yield higher quality when facilitation and support
are adequate [5]. See also Rogmans & Abaza [8]; Calabor et al. [9]; Salas et al. [10].

Awareness and stakeholder engagement. Implementation requires engagement of
students, instructors, and administrators. Helpful practices include advance briefings on goals and
benefits, short pilots, mentoring, and a low-tech core strategy with gradual addition of digital tools
as readiness grows (see barriers above). This reduces conservative resistance and helps align

expectations with actual results [7].
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Integrative (interdisciplinary) aspect. Effectiveness increases when simulations rely on
cross-disciplinary tasks: a project spans several subjects (e.g., databases + interfaces + project
management), and the simulation is supplemented by regular coaching and facilitation [5], see
also Salas et al. [10].

Implications for preparing computer science teachers

Why it matters. In typical teacher preparation, general education courses rarely reflect the
specifics of information disciplines: emphasis is placed on individual and reproductive tasks, and
SDLC stages (requirements, design, testing, documentation) remain “invisible.” Meanwhile,
modern IT practice is team-based, distributed, and often online-cooperative. A future CS teacher
must not only “teach coding,” but also organize the process, make intermediate stages visible and
assessable, facilitate teamwork, and evaluate contributions fairly.

Transfer to teaching practice. Unlike many general-education subjects where there is no
direct need for project-team formats, in information disciplines simulations address critical
process competencies. After experiencing the method themselves (and seeing its effectiveness),
future teachers are more likely to reproduce it in their practice. This is directly related to students’
perceptions of usefulness and ease of use (Technology Acceptance Model) and to their subjective
learning experience [4], [6]. Therefore, it is important to design a positive emotional experience:
interest, engagement, and self-efficacy raise performance in the simulation and readiness to apply
the method later; reducing instructors’ perceived risk further facilitates adoption [7].

What simulations give to future teachers. - Didactic design around SDLC: setting learning
outcomes “by stages,” selecting assessable artifacts, planning checkpoints and debriefings. -
Facilitation and moderation: managing scenario difficulty; three types of support
(interpretive/experimental/reflective); preventing “gaming the metrics”; working with “minority
opinions” and academic integrity rules. - Assessment: rubrics for artifacts and process; a
combination of objective metrics (e.g., escaped defects) with observations and Technology
Acceptance Model surveys. - Infrastructure and organization: a low-tech core with gradual
addition of digital tools; organizing remote/hybrid collaboration. - Interdisciplinarity: linking IT
tasks with related subjects (mathematics, economics, technology, etc.).

Examples from other fields (for transfer to IT)

e Medicine (simulation centers, OSCE—Objective Structured Clinical Examination):
team scenarios in a “risk-free” environment train communication, role distribution, and
protocols—analogous to test scenarios and incident response in IT.

e Aviation (flight simulators, crew resource management): practicing procedures and
team interaction; transfer to DevOps processes, checklists, and post-incident reviews.

e Economics/management (classical BSG): strategic decisions in dynamic environments
increase engagement and cognitive skills.

e Law (moot/educational court hearing): role procedures, argumentation, and
compliance with procedural rules; transfer to IT—requirements formalization and alignment, and
conformance to specifications.

e Cybersecurity (CTF/training games): situational tasks and team coordination;
example—SherLOCKED in cybersecurity [11].
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Table 1 — Mapping of SDLC phases, game mechanics, and assessable artifacts

SDLC phase Game mechanics Artifacts/criteria

Concept Role-play Project concept/brief, software requirements
requirements specification (SRS), user stories, acceptance criteria
elicitation, pitch
sessions

Design Design reviews, | Architectural decision, UML/ER diagrams, design
constrained documentation
resources/trade-offs

Development Spiral sprints, | Source code, code style rules, CI/CD pipeline logs,
time/budget limits code-review reports

Testing Bug-hunt, A/B | Test plan, test cases, defect reports, test coverage
experiments, stress
scenarios

Documentatio | “Doc challenge” with | User guide, administrator guide, changelog

n role rotation

Release & | Release planning, | Release  notes, maintenance plan, incident

support incident-response post-mortem reports
drills, post-mortems

Pilot deployments in student groups demonstrate that a shift from individual tasks to team
simulations with mandatory artifacts increases transparency for the instructor (early design errors
become visible) and the quality of feedback.

Performance indicators (cross-disciplinary examples and IT adaptation)

Why and what to measure. Different disciplines use different indicators to evaluate the
effect of simulations; for IT, it is useful to group and combine them (triangulation) to avoid relying
on one or two noisy metrics.

1. Operational/economic indicators (common in business courses): profit/market-share
growth, firm robustness in the scenario. Transfer to IT: KP| of the educational product/team within
the scenario (release quality, schedule adherence, “client” satisfaction). Important: avoid turning
a single metric into a “game” —use only alongside learning indicators.

2. Content learning outcomes: pre/post-tests, exam scores. Effective with sufficient
samples (number of students and observation time) and with a control group taught
“traditionally.”

3. Student reflective reports: self-assessment of experience, improvement proposals,
perceived confidence/self-efficacy. Assess via a simple rubric (clarity, justification, link to
objectives). These data complement rather than replace artifacts and objective metrics.

4. Instructor observations: checklist of activity, role distribution, interaction quality,
adherence to agreements. To reduce subjectivity—paired moderation, recording observations,
and matching with logs/artifacts.

5. SDLC artifact metrics: completeness and coherence of SRS, consistency of design
documentation, escaped defects and test coverage, quality of code-review and
user-documentation reports.

6. Teamwork dynamics: balance of contributions (commits/tasks), response time to
change requests, interaction density, stability of roles/transitions, progress across sprints.

Practical scheme. At each major stage, record artifacts and process/product metrics; in
parallel, collect short questionnaires (3—5-point scales) and reflective reports. The final grade is
formed as a weighted combination of objective metrics, artifact quality, observations, and student
feedback.
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Assessment by SDLC stages

Assessment logic. Assessment is reasonable by life-cycle stages: some are sequential (e.g.,
concept and SRS formation), others parallel (e.g., development and testing). This makes it possible
to capture each student’s contribution and compare results between teams objectively.

Sequential stages (concept/SRS, then design). Until the concept and SRS are completed,
moving to later stages is difficult. All students participate at these stages; assessment may include:
completeness and coherence of SRS, quality of user-story wording, soundness of requirements.
For design, internal division within the stage is acceptable: some students handle Ul look-and-feel
and scenarios, others—data models, others—architectural decisions and interfaces. The final
grade aggregates quality of subcomponents and their consistency.

Parallel stages (development €= testing). After design, it is reasonable to run development
and testing in parallel, splitting students into subteams: developers produce builds, testers verify
release versions and keep defect reports. Each student is then assessed on the stage they actually
worked on, with clear criteria (for developers—code quality and adherence to agreements; for
testers—completeness of scenarios and reporting quality).

Role rotation for objectivity. If a student’s contribution becomes ambiguous, a temporary
transfer to an adjacent subteam (e.g., a tester to development) can help reveal actual
strengths/weaknesses. However, rotation must be limited: it is an invasive measure that can slow
work and affect learning. The instructor applies it sparingly and in line with learning goals.

Artifacts for verification. For each stage, assessable artifacts are captured: SRS/user stories
and acceptance criteria; architectural decisions and diagrams; source code and code-review
reports; test plan, test cases and defect reports; release notes and changelog. This makes
“invisible” stages visible and comparable for grading.

Individual statements and self-reflection. In addition to artifacts, collect brief individual
statements per stage (a “minority opinion” format). Such records capture noticed risks and errors
that a student may have seen but could not prevent due to collective decision-making. Principle
of use: if a stage error did not affect the final result, the stage score is not reduced automatically;
if the error materially affected the product, “minority opinions” justify differentiating individual
grades—students who flagged the risk in time and proposed a remedy should not be penalized
because of group dynamics.

Self-assessment of artifacts. For each artifact (SRS, design docs, test plan, defect report,
etc.), each student fills in a short self-reflection: contribution, identified weaknesses,
improvement suggestions. These records may be used to refine grades, especially when a
student’s contribution is hard to infer from team outcomes.

Moderation and limits. Collecting “minority opinions” should be limited and regulated
(e.g., 5—7 sentences, submitted at stage end, no personal accusations—only facts and proposals).
The instructor-moderator compares such records with artifacts and observations; if necessary,
temporary role rotation (see above) may be used as a last resort to objectify assessment.

Academic integrity and testing assessment. Do not assess testing by “number of found
bugs”: this creates incentives to inject defects intentionally. Criteria should be based on the quality
of the final version and the contribution of testing to preventing errors. If defects remain in the
release, the testing score is reduced proportionally to their severity and the number of escaped
defects. Recommended metrics: defect density in release; share of escaped defects (not found
pre-release); completeness and relevance of test coverage; traceability of scenarios to
requirements; reporting quality (reproducibility, prioritization, clarity); share of false positives.
Academic-integrity rules: prohibit intentional defect insertion; audit commit history and reviews;
pair testing and cross-assessment; account for “minority opinions” recorded before release.
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5 Conclusions

1. Simulations and game-based modeling make the “invisible” SDLC stages
(requirements, design, testing, documentation) visible via artifacts and transparent criteria while
increasing engagement and developing cognitive, social, and process competencies (in line with
international studies [2—10]).

2. The key to effectiveness is facilitation and difficulty. Effects depend on instructor
facilitation quality and scenario difficulty calibration; under an emphasis on independent work, a
low-tech core with gradual addition of digital tools is optimal.

3. For preparing future CS teachers, simulations develop the ability to organize
SDLC-based processes, work with documentation and testing, facilitate teamwork, and evaluate
contributions fairly. A positive emotional experience raises performance and the likelihood of
transferring the method into one’s own teaching practice.

4. Practical conditions for implementation: clear learning outcomes by SDLC stage,
templates for artifacts and rubrics, entry/exit surveys based on the Technology Acceptance Model
(TAM), collection of “minority opinions,” and an academic-integrity policy.

5. Prospects for empirical validation: run pilot(s) with pre/post tests, artifact metrics
(including escaped defects), teamwork dynamics, and TAM-based surveys; separately assess the
effects of facilitation level and difficulty.
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[MTPUMEHEHWE OEJTOBBIX UTP B
N3YHEHNIN MHOOPMALIMOHHBIX
ONCUNNANH BYAY LMW YHUTENAMMA
MHDOOPMATUNKA

ConomaxuH PycnaH PuHaToBmy

MarmncTpaHT, obpasosaTenbHaa nporpamma «lloaroToska neaaroroB MHGOPMaTUKNY,
Hekommepyeckoe akumoHepHoe 0611ecTBO « KOCTaHAaNCKMN perMoHanbHbIM YHUBEPCUTET
nMeHu AxmeT banTypcbiHyAbI», KocTaHal, KasaxcTaH

AHHOTauUuA

CTaTbA pacCMaTpUBaAET NOTEHUMAN AE10BbIX UTP U UTPOBOrO MOAENNPOBaHWA B 0By4eHUN
MHOOPMAUMOHHBIM AUCUMMIAMHAM BYyAyLWMMM yunuTensmm nMHGopmaTuKM. Ha ocHoBe aHanm3a
3apybekHbIX nccnegoBaHnin 060CHOBbIBAETCA MHTErpauma cumynaumin B normky SDLC, uto aenaet
BMAMMbIMM 3Tanbl TPebOBaHWA, MPOEKTUMPOBAHUA, TECTMPOBAHMA W [AOKYMEHTMPOBAHMA W
Nno3BonseT  O0OBEKTMBHO WX  ouUeHMBaATb nNo  apTedaktam.  ObcyxkgatoTca  ponb
npenoaasBatena-moaepatopa, GakTopbl NPUHATUA (MOAENb NPUHATUA TEXHONOMMI), KaMBPOBKa
CNOXHOCTK U cTpaTerma «low-tech sapa». AKLEHTMPYETCA Ka3aXCTaHCKUIA KOHTEKCT M HaMeyvatoTca
HanpaBAeHMA SMNUPUYECKOM NPOBEPKM.

KntoueBble cnoBa: [eN0Bble Wrpbl; WrpoBoe MoAenmpoBaHue; WMHOOPMaUMOHHbIE
ONCLUMUMNANHbI; *KU3HEHHbIN UMKA pa3paboTtkm MO (SDLC); obydyeHne MHPOPMATUKE; OLLEHUBAHME
no aptedpakTam; pacunuTaumsa npenogasatena; Moaenb NPUHATUA TexHonorui (TAM).

1 BeeneHune

CoBpemeHHOe 06pa3oBaHWe B 06n1acTM MHOOPMATUKM TpebyeT aKTWMBHbLIX METOAOB
obyyeHuA, pPasBMBAKOWMX He TONAbKO NpeAMEeTHble 3HaHMA, HO W nNpodecCcroHaNbHble
KOMNeTeHUMU. B TpagMUMOHHOW MOZEeNu OCHOBHOM GOKyC CMmeléH Ha 3Tan peanu3aunu
(kogupoBaHMA), Toraa  Kak  KOHUENTya/bHOe  MPOEKTUMPOBaHWE,  TEeCTUPOBaHWE U
[OKYMEHTMPOBAHME OKa3blBAOTCA B TEHW. ITO 0COBEHHO 3ameTHO B KasaxcTaHe, rae cuctema no
MHEepPLUMM GOPMUMPYET SHUMKAONEANYECKME 3HAHWUA W YacTO NoowpaeT UHAMBMAYaNbHblE GOPMbI
paboTbl (KypcoBble, BKP), 4To He Bcerga no3BosAeT pa3BMBaTb HABbIKM KOMAHAHOIO
B3aMMOLENCTBMA W BeAeHWA [OKyMeHTaumu. [pu 3ToM B peanbHOW NpodeccMoHanbHOM
neAtenbHoCTM cneumannctam UT npmuxoanTca NOALEPKMBATb M Pa3BMBaTb NPOEKTbI, CO34aHHble
APYTVMK, MOHUMATb YYXKYI0 apXUTEKTYPY M AOKYMEHTALMIO M rOTOBUTb CODCTBEHHbIE apTedaKTbl
ONA nocneayowmx KOmaHa,

Onpegenenune.  Bu3HEC-CMMYNSAUMOHHbIE  Urpbl  (BSG) —  3TO  MHCTPYMEHTHI
3KCMNEepPUMEHTANbHOro 0by4yeHusA, B KOTOPbIX CTyAEHTbl M3yyatoT BU3Hec-npouecchl, ynpaBaas
NnMUTUPYyemon bupmon B HE3PUCKOBOM, MHTEPAKTUBHOM WM peannucTtudHon cpege. CTyaeHTsl
NPUHUMAIOT CTPaTErMyecKkme pelleHnsa M COPEBHYIOTCA MHAMBMAYANbHO UKW B KOMaHAAX. Takune
aKTMBHbIE MPAKTMKM MOBbIWAIOT BOBAEYEHHOCTb M Pa3BMBAKOT COTPYAHWYECTBO, MNPUHATME
pelleHni, pelieHme Npobaem n KpUTUYECKOe MblLlAEHNE.

Llenb cTaTbm — nokaszaTb, Kak OEeN0Bble UrPpbl M UIPOBOE MOAENMPOBAHME MO3BONAKOT
BCTPOUTL B Y4eOHbIM NPOLECC NOMHbIN XU3HEHHbIN UMKA pa3paboTkmn MO (SDLC) u obecneunTs
bopmMpoBaHME HEAOCTAOWMX KOMNETEHLNN.
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CnpaBka: SDLC v apTedakTsl

SDLC (Software Development Life Cycle) — aTo nocnenoBaTeibHOCTb 3TaNOB CO34aHMA U
COMPOBOXAEHNA MPOrPAaMMHOIO obecneyeHua: MUHUMUMAUMA U aHanu3 TpeboBaHwn —>
NpoeKTMpoBaHMe — pa3paboTka — TeCTMPOBaHME —> BbINyCK/Pa3BEpTbiBaHME —> 3KCMAyaTaums u
conpoBoxaeHne. JoKyMEHTMPOBAHWE — CKBO3HOM NPOLLECC, KOTOPbIV BeAETCA Ha BCeX 3Tanax.

ApTtedakTbl SDLC — dopmanbHble pe3ynbTaTbl paboTbl Ha 3Tanax *KM3HEHHOrO LUMKAA, NO
KOTOPbIM MOXHO MPOBEPATb KayecTBO npolecca M npoaykTa. Npumepsl: KoHuenums/nacnopT
NpoeKTa, TexHnyeckoe 3agaHue (T3) 1 Nonb3oBaTENbCKME UCTOPUM; APXUTEKTYPHbIE PELUEHUA U
anarpammbl (UML/ER); NpoTOTUNbI MHTEPHENCOB; MCXOAHbIN KO M OTYETHI O MPOBEPKe KoAa; NaaH
TECTUPOBAHWSA, TECTOBbIE C/ly4an U OTYETHI O AedeKTax; ONMCaHNE UBMEHEHNI PeNn3a U KypHan
M3MEHEHWN; PYKOBOACTBA NO/b30BaTeNA U alMUHUCTPATOPA.

HoBu3aHa M BKnag. (1) SDLC-OpueHTMpOBaHHasA pamka WHTErpaumm CcUMyaauuin B
NT-amcumnamHbl; (2) KOMNOHOBKA POAN NpenoaasaTens U TMNOB NOAAEPHKKN MPUMEHUTENBHO K
Ka3aXxCTaHCKOMY KOHTEKCTY; (3) Habop apTedakTOB M KPUTEPUEB OLLEHMBAHWA, AeNatoLmX
HeBMAMMbIE 3Tanbl (NPOEKTUPOBAHWE, TECTUPOBAHWE, AOKYMEHTMPOBAHME) BUAUMBIMK ONA
NPOBEPKM.

2 MaTepwuanbl u meToapl

[Oun3aliH nccnefoBaHWA. JlTepaTypHbln 00630p, OPMEHTMPOBAHHbLIMA Ha AHMN0A3blYHbIE
MCTOYHMKM Mo game-based learning, business simulation games u serious games B BbiCLIEM
06bpa3oBaHMM, C GOKYCOM Ha MHOOPMATUKY/MPOTPAMMHYIO MHKEHEPUIO.

Kputepmun BKAtodyeHua. (1) peueH3anpyemble nybaAMKaUMKM Ha aHTAMMCKOM A3blke; (2)
coaep:KaTenbHaa cBAsb ¢ UT-AUCUMNAMHAMW WAW NEPEHOCUMbIMU Ha HUX moaenamu; (3)
OMMUCaHHble y4ebHble pe3yibTaTbl/METPUKM (KOTHUTUBHbIE, MHTEPAKTUBHbIE, MPOLLECCHbIe).

Kputepmm wmckntoveHus. HenpoBepsaemble WMCTOYHMKM; Cyrybo LWKO/bHblIE MPAKTUKM U
NPaKTUKN U3 APYTUX ANCUMNANH, Be3 ABHOM NepeHOCMMOCTU Ha UT-ancumnanHbl; nybamkaumm
6e3 onncaHma y4ebHbIX pe3ynbTaTos.

3—4 Pe3ynbTaTbl 1 0bCyKRaeHME

CucTemaTmsauma 3apyberKHOro onbiTa MOKa3blBAeT, YTO MpU HaaNexalleh MHTerpaumm
CUMYNSALMM NOBbILLAIOT BOBEYEHHOCTb M MPUBOAAT K POCTY KOTHUTUBHbLIX (MPUHATME peLleHui,
KPUTUYECKOE MbIWIEHNE, pelleHne Npobaem) n MHTEPAKTUBHbIX HaBbIKOB (KOMaHAHasa paboTa,
COTPYAHMYECTBO, KOMMYHMKaUMA). Ana MHGOPMAUMOHHBIX ANCUMNANH A0HABOYHO GUKCHMpyeTCs
nporpecc B NpouUeccHbix KomneTeHumax SDLC: dopmanunzaums TpeboBaHUM, KyabTypa
TeCTMpoBaHMA  (MoayNbHOE/MHTErpauMoHHOe/Harpy3oyHoe), BedeHWe  AOKyMEeHTauum U
cobnogeHre pernameHToB KOMaHAHOM pa3paboTKM (MpoBepka Koja, BeAeHWe BEeTOK,
yrnpasaeHne pennsamm).

MMBKMEe 1 TEXHMYECKME HaBbIKM, penesaHTHble UT. NoMnmo noolpeHns 6oaee BbICOKOM
BOB/NIEYEHHOCTM, AEN0Bble CUMYNALUMM YAYYWaAT MOKME HaBblKM — KOMaHAHYt0 paboTy,
NPUHATUE pEeLeHNn, NMAEPCTBO — W TEXHUYECKME HaBblKM CTpaTerMyeckoro aHaamsa u
ynpasnexHus. [na UT aTo ocobeHHO BarKHO, MOCKOJIbKY COBpeMeHHaa pa3paboTka CTpouTcs Ha
KOMaHAHOW, pacnpedenéHHOn M Aaxe KpayACOPCUHIoBOM moaenu (oHnalrH-B3anmoaencTasmne
60/1bWOro Yncna y4acTHMKOB). JONOAHUTENIbHO PA3BMBAETCA TBOPYECKOE MbllLUEHME, 3HAYMMOE
[NA NPOEKTUPOBAHWA U pelleHmA HeCTaHAAPTHbIX 33434 B MHGOPMALIMOHHbBIX ANCUMNIMHAX .

[ononHutenoHole 3¢PeKTbl M pa3BMBaemble HaBbIKW. MccnenoBaHWA  OTMeYatoT
YAyYLWEHMA B yNpaBaeHUM MHPOPMaLMeRn, KOMMYHUKAUMK, yNIPaBAEHUM BPEMEHEM N NPOEKTAMMU,
ynpasneHnn paboyer Harpyskom, KOmaHaHOW paboTe un peweHnn Nnpobaem; PoCT KOTHUTUBHBbIX
HaBbIKOB (NPMHATME peWeHUr, KPUTUYECKOE MbllaeHne, HaydyHoe ODOCHOBaHMWE), a TaKKe
Pa3BUTUE COLMANBHBIX M SMOLIMOHANbHbIX HaBbIKOB [4], [5]. MpK MCNOAB30BAHNN KOMMABIOTEPHbIX
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CUMYNAUMIA  AONONHUTENBHO GUKCMpPYtOTCA: 6osiee  BblCOKaa BOBAEYEHHOCTb B y4ebHyto
[eATeNbHOCTb,  MOBbIWEHWE  MOTMBALMKM,  YAOBAETBOPEHHOCTM  COAEpPXKaHMEeM  Kypca,
Camo3pPeKTUBHOCTM U yBEPEHHOCTU B cebe — nMpu YCAOBUM KOPPEKTHOW MHTErpaumum u
KanmbpoBKkM cnoxHoctn [6], [7]. C y4étom TOro, 4to WT-AMCUMNAMHBI ONMpPAlOTCa Ha
HEeNnoCpPeACTBEHHYO pPaboTy C KOMMbIOTEPOM W COBMECTHbIe LMPPOBblIE WMHCTPYMEHTHI,
nepedncneHHble adpdeKTbl, Kak NpPaBMIo, NPOABASIOTCA 0COOEHHO OTYETIMBO.

CtpaTerMa npenogasatensa Kak mogepatopa. IoOdeKkT cumynaumm  3aBucuT  OT
NpoAyMaHHOM ponu npenogasaTend: (i) 3apaHee cniaHMpoBaTb CTpaTerMm obydyeHua U
npenoaasanua [2], (i) conpoBokaaTb CTyAEHTOB Ha Bcex 3Tanax, (iii) paspaboTaTb OUEHOUYHbIE
3a/laHMA U KpUTEpMK, NO3BOMAIOLME MPOBEPUTb AOCTUNKEHMe pe3ynbTaTtoB [2]. Moaaeprkka
BbICTYMaeT peryanpyoumm ¢GakTopom: MOMOras M Hanpasassa, npenofasaTefib COXpaHaeT
BeAyLLY0 POJib 3@ CTYyAEHTaMW B ynpasiaeHun cobcTBeHHbIM 0bydyeHuem [3]. B page pabot
NoAYEPKMBAETCA aKTUBHAA PO/Ib MHCTPYKTOPA A0 Havala M BO BPeMA Urpbl — B 33[aHNUM YPOBHEN
CNIOMKHOCTWU U YCNOBUIA cpeapbl [4]; TakKe BblAeNA0TCA TPM TUNa NOALEPKKM: MHTepnpeTaLnoHHan
(BBOAHAA M pasbaACHAKOLWAA), IKCNEepPMMEeHTasbHaa (MOMOLLb B BbIABUKEHUMM U MNPOBEPKe
peweHni) n pediekcmBHas (opraHn3aLmMsa oCMbICIeHMA onbiTa) [5].

®aKTopbl MPUHATUA CUMYNALMIA M ONPOCHI Ha BXoAe/BbixoAe. Ha MpUHATME CTyaeHTaMu
CUMYNALUMOHHOM AeATeNbHOCTM BAMAIOT (a) YenoBeveckme GakTopbl — HaBbIKM NpenosasaTtens,
€ro 3HTy3Ma3M WM KayecTBO npenoaasaHua; (6) TexHonormyeckne GakTopbl — BOCNPUHUMaEMasn
NOIE3HOCTb M NPOCTOTA MCNONAb30BAHUA CUMYAALUMM (KOHLENUMM MOAENN NPUHATUS TEXHONOTNI
(TAM)). 3mnupuyecknme paboTbl MOKa3bIBAlOT, YTO YEM Bbllle BOCNPUHMMaAEMas NpocToTa M
NoNe3HOCTb, TeEM MNO3UTMBHEE OTHOLLEHWE K CUMMYAAUMM U HaMepeHue eé MCMo/b30BaTb; POJb
npenoaasaTtensa npy STOM OCTAETCA 3HAYMMbIM MOEPATOPOM BoCNpUATUA [6], [7].

e BxoaHol onpoc (B Hayane 3aHATUA/CNPWUHTA): MOTMBALIMA U UHTEPEC K AUCUMMNANHE;
TeKylllee COCTosHME (HacTpoeHue, yCTanocCTb); CyObekTMBHAA YBEPEHHOCTb B 3HAHUAX MO TEME;
OXMAAHMUA OT CUMYNALMK. PekomeHayoTCs KopoTKMe WKanbl (3—5 6annoB), YTOObl CHU3UTb LIYM
CaMOOLIEHOK.

* BbiIxoAHOM 0NpocC (B KOHLE 3aHATUA/CNPUHTA): Te e NapameTpbl 414 CpaBHEeHUA + 610KK
MoAeNU NpUHATUA TexHonormii (TAM) (nonesHocTb, NPoCToTa), YAOBNETBOPEHHOCTb, HAMEpPEHMNE
MOBTOPHOrO WMCMNO/Ib30BaHMUA; KpaTKMe BOMPOCbI O KOMaHAHOM B3aMMOAEUCTBUWU. Pe3ynbTathl
COMOCTaBAAOTCA  (TPeaHryIMpyoTcs) C  NPOJYKTOBO-MPOLIECCHbIMM  METPUMKaMKU  (KauyecTBo
apTedaKkToB, «yTeKlWwme» aedeKTbl U T. n.).

MNpenATCcTBMA BHEAPEHUA U cTpaTerMm cmaryeHma (low-tech = high-tech). /loHruTiogHble
nccnesoBaHMA OTMEYatoT TpU Hanbonee YacTbix bapbepa: (1) npeanonaraemblii PUCK MPUHATUS
HOBbIX MeToA0B 0byyeHus (B T. 4. OllyUIeHME NOoTepu KOHTPoAa npenogaBaTenem), (2)
NPUrOAHOCTb AOCTYMHbIX CUMYAALMA NOA LUenn Kypca, (3) HexBaTKa pecypcoB (GMHAHCOBbIX U
MHPPACTPYKTYPHbIX) [7]. DT daKTopbl TECHO CBA3aHbl M A0/KHbI PACCMATPUBATLCA BMECTE;
BOCMPUATUE PUCKA Y Pa3HbIX NpenoaasaTeiei cyulecTBeHHO pas/iMyaeTcs .

* PYCK «NOTEPU KOHTPOAAY. BBOAUTL YETKME PAMKN: PE3YybTaTbl 0byYeHus, pybprkaTopsl,
aptedaktbl no atanam SDLC, KOHTPOAbHbIE TOYKM M KOPOTKME MUAOTbI; OpraHM3oBaTb obmMeH
OMbITOM M COBMECTHbIE 0OCYKAEHUA X043 CUMYIALNN.

e [lpUrogHoCcTe CUMYANAUMIK. BbibMpaTb WAM aganTMPOBaTb CLEHAPWUKW, HaNPAMYHO
cooTHocumble ¢ SDLC (TpeboBaHMA —> MpoeKTMpoBaHMe —» pa3paboTka —» TecTMpoBaHue —>
NOKYMeHTMpoBaHMe). Mpu OTCyTCTBMM NOAXOAALLErO LUMGPOBOrO CMMYASTOPaA WMCNO/b30BaTh
y4ebHble Kelcbl M poaeBble NPOLLeAyPbl, COXpaHAA apTedaKTbl U KPUTEPUN.

e Pecypcbl. [naHupoBaTb MeToAMKY Kak low-tech-agpo (BymakHble/TabanuHbie
apTedaKTbl, JocKa/KaHbaH, CcTaTMyeckuMe MnpoTOTMMbI) M HapalmBaTb TEXHOMOMMM MO
BO3MOMKHOCTW: becnnaTHble/cBoboAHbIE pelleHna (Hanpumep, CUCTeMbl KOHTPO/A BEpCUin u
TPeKepbl 3a4a4), 3aTeM — Npu Hannunm b6roaKeTa — NAaTHbIE CUMYAATOPSI.
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e [lowaroBas wuHTerpauma. 1) low-tech-makeT Kypca; 2) NOAKAOYEHME TOYEYHbIX
LMPPOBLIX MHCTPYMEHTOB (Peno3nTopuin Koaa, issue-Tpekep, aBTOMaTU3MPOBaHHbIE TecTbl); 3)
nHterpauma ¢ CI/CD; 4) nonHoueHHaa uudpoBas CUMyAALUMA. Ha  Kaxgom Llare —
BXO/Hbl€/BbIXOAHbIE OMPOCHI MO MOAENM NPUHATUA TexHonormit (TAM) 0 NoNe3HOCTU 1 NpocToTe
[6].

KannbpoBKa CNOXKHOCTU M YNpPaBAEHUE OXMAAHUAMWU. 1A CUMYNALMOHHOIO 0byYeHus
BAaXKHO MNOAAEPKMBATD YMEPEHHYIO CNOMHOCTb CUEHApPMEB: M3AUWHAA CAOKHOCTb CHMMXKAEeT
NPUHATUE CUMYAALMM CTyAEHTaMU U MOTMBALMIO K ydacTuio [7]. Tepen 3anyckom cneayet
ybeantbca, 4to: (1) 3aABneHHble pe3ynbTaTbl 0OYyYEHWA PeannucTUdHbl, (2) wmeeTca
nHdpacTpykTypa (ayautopumn/NO/goctyn K cetn) n pUHaHCOBLIE Pecypchbl NPU HEOHBXOAUMOCTY;
(3) nopobpaHHaa CUMMyNAUMA COOTBETCTBYET LENAM Kypca. 3aBbllleHHble OXWMAAHMA OT
aNbTEPHATUBHbLIX METOAMK HepeaKo MNPUBOAAT K HEBEePHOW MHTepnpeTauum 3GpPekToB («He
BMEYaT/INI0» MO CPABHEHWNIO C TPAAMLMOHHBIM NOAX0A0M), XOTA UCCNeA0BaHMA NOKA3bIBAOT, YTO
cMellaHHoe obyvyeHue u BKAoYeHMe BSG MoBbIWAKT KayecTBO 0byyYeHMAa Mpu A0CTaTOYHOM
dacnnmntaummn n nogaepke [5]. Cm. Rogmans 1 Abaza [8]; Calabor n ap. [9]; Salas n ap. [10].

OcBeOMNEHHOCTb M BOBNEYEHHOCTb YYaCTHWKOB. BHeapeHue cumynauumini Tpebyer
BK/IIOYEHHOCTN CTYAEHTOB, NpenoaaBaTenen U agMWHUCTPaUMK. [MonesHbl npeaBapuTebHble
OPUDMHIM O UENaxX M NpeuMMyLLecTBax MeToZa, KOPOTKME MWAOTbl, HAaCTaBHMYECTBO, a TaKXKe
cTpaterns low-tech agpa ¢ nocteneHHbIM HapaulMBaHMeM LUMOPOBbLIX MHCTPYMEHTOB MO mepe
FOTOBHOCTM (CM. NOAMYHKT O NPENnATCTBMAX Bbllle). ITO CHUXKAET KOHCEepPBAaTUBHOE CONPOTMBAEHME
M MOMOraeT COMOCTaBAATb OXKMAAHMA C peanbHbIMK pe3yabTaTamu [7].

NHTerpaTMBHbIN (MEXAMUCUMNANHAPHDLINA) acnekT. dPEeKTMBHOCTb MOBbIWAETCS, KOraa
CUMYNALMM ONMPAIOTCA Ha MEXNPeAMETHbIe 3a/1a4M: MPOEKT 3aTParMBaeT HECKO/IbKO ANCLMNANH
(Hanpumep, H6a3bl AaHHbIX + MHTepdenchl + ynpaBaeHne NPoeKTamm), a CUMYAALMA AONONHAETCS
peryaapHbIM MPenoAaBaTebCKUM KOYYMHIOM U dacuantaument [5], cm. Salas n ap. [10].

3HaveHuWe ANA NoAroTOBKM yumTenen MHGoOPMaTUKM

MNoyemy 3TO BaXKHO. B TMNOBOW neparornyeckoin noArotoBke obuieobpasoBaTesibHble
KypCbl peaKko oTpaxkatoT cneumdurky MHOOPMALMOHHbLIX AMCUMMOAMH: aKUEHT [AenaeTca Ha
UHOMBMAYANbHbIE 33a4aHMA W PenpoAyKTMBHble dopmbl, a 3Tanbl SDLC (TpeboBaHMs,
NPOEKTUPOBAHNE, TECTUPOBAHME, AOKYMEHTMPOBAHME) OCTAOTCA «HEBUAMMbIMUY. Mexay Tem
coBpemeHHasa UT-npakTnMka — KOMaHAHasA, pacnpeaenéHHas M 4acTo OHAanH-KoonepaTUBHas.
Byayuiemy yuntento MHPOPMaTUKU HEODBXOAMMO YMETb HE TONbKO «Yy4YMTb KOAMPOBATb», HO U
OpPraHuM30BbIBaTb MPOLECC, AeNaTb MPOMEXKYTOYHbIE 3Tanbl BUAMMbBIMW W OLEHMBAEMbIMMU,
dacMNMTMPOBaTb KOMaHAHY PaboTy M CNPaBea/IMBO OLEHMBATL BKAAA,

dbdeKT nepeHoca B NeOarorMyeckytd  MNPaKTUKY. B oTanMumMe  OT  MHOIMX
obueobpasoBaTeibHbIX NPeAMETOB, rAe HeT NPAMOM NOTPeOHOCTU B MPOEKTHO-KOMaHAHbIX
dopmaTtax, B MHOOPMALMOHHbBIX AUCUMMAMHAX CUMYNALUMM 33aKPbIBAKOT KPUTUYECKM BaXKHble
npoueccHble KomneTeHuun. OcBOMB MeTod, Ha CcOBCTBEHHOM oOnbiTe (M yBMAEB ero
pe3yNbTaTMBHOCTL), byayuime yuymTtens ¢ Ho/bliet BEPOATHOCTLIO BOCMPOU3BEAYT €ro B CBOEW
NPaKTUKe. ITO HaNpPAMYO CBA3AHO C BOCMPUATMEM NONE3HOCTU M NPOCTOTbl MeToAa CTYAEHTaMM
(Mogenb npuHATMA TexHoNorui (TAM)) 1 ¢ Ux cybbeKTUBHbBIM OMbITOM 0by4eHua [4], [6]. MoaTomy
BAXKHO CMPOEKTUPOBATb MO3UTUBHbLIM 3MOLMOHANbHbLIA OMbIT: WUHTEpPEeC, BOBMEYEHHOCTb U
ollyleHne CcamoapPeKTUBHOCTM MOBLIWAKT YCNEeBaeMoCTb B  CUMYAALUMM U TOTOBHOCTb
NPUMEHATb MeTOZ, B [AaNbHEeNLIeM; CHUMKeHMEe BOCMPMHUMAEMOrO PUCKAa CO  CTOPOHDI
npenoaasaTtena AONONHUTENbHO obaerdyaeT BHeapeHue [7].

Y70 AatoT cumynsaumm byaywemy yuntenio.

e JInpaktndeckmin amsaniH Bokpyr SDLC: noctaHoBKa pe3y/ibTaToB obOy4eHuAa «rno
3Tanamy, BbIbOp NpoBepaemMblix apTedaKkToB, NAaHUPOBAHME KOHTPObHbIX TOYEK U AeOPUPUHTOB.
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o dacvauntauma M Mmodepaums: ynpasaeHME C/IOKHOCTbIO CLeHapues, Tpu BuAa
NOAJEPKKN  (MHTEepnpeTauMoHHan/aKcnepumeHTanbHas/pediekcnsHan),  npeaoTspalleHue
«Urpbl B METPUKNY, paboTa ¢ «0COBbIMM MHEHUAMMY U NPABUAAMK aKaJEMNYECKOM YECTHOCTY.

e QueHuBaHuMe: pybpuKaTopbl No apTedakTam M MpPoLeccy, codeTaHne OOBbEKTUBHbIX
METPUK (Hanpumep, «yTéklme» aedekTbl) C HabAAEHNAMN 1 ONPOCAMK MO MOAEAN NPUHATUA
TexHonorun (TAM).

e  MNHOpPaCTpyKTypa M OpraHW3aLMOHHble pelleHus: cTpaterna «low-tech agpa» c
NoCTeneHHbIM NOAKMOYEHNEM LIMPPOBLIX MHCTPYMEHTOB; OpraHM3aums yaanéHHoro/rmbpuaHoro
B3aMMO4eMNCcTBUA.

o  MeXancumMnanHapHoCcTb: cBA3biBaHMe WT-3agay
ONCUMNANH (MaTeMaTnKa, SKOHOMMKA, TEXHONOTUS 1 ApP.).

Mpumepsbl M3 apyrix obnacten (ana neperHoca B UT)

e MeguuuHa (cMMynsUMOHHbIE LEeHTpbI, OSCE (06BEKTMBMU3MPOBAHHBIM
CTPYKTYPUPOBAHHbIA KAVMHUYECKMIA dK3aMeH)): KOMaHAHble CueHapun B «Be3pucKoBOM» cpeae
TPEHMPYIOT KOMMYHWKAUMIO, pacnpefeneHne poner M NpoTOKOAbl — aHaNOMM4YyHO TeCTOBbIM
CLEeHapuWAM M pearMpoBaHme Ha MHUMAEHTbI B UT.

e  ABuauus (aBMacMMyNATOpPbI, yNpaBAeHME pecypcamm 3KMNaxKa): otpaboTka npoueayp

coepxaHnem CMeXHbIX

M KOMaHAHOro B3aMMOAEWNCTBMA, MNepeHoC Ha npoueccbl DevOps, 4YeK-AUCTbl, pas3dbopsbl
MHUMAEHTOB.
e JKOHOMMUKa/MeHeOyKMeHT (Kknaccuyeckme BSG): cTpaTerMyeckme pelleHus B

AMNHAMUYHOW cpejie NOBbILWA0T BOBAEYEHHOCTb M KOTHUTUBHbIE HABbIKY .

e [lpaBo (MMMTaUMOHHbLIN cyaebHbli npouecc / yyebHoe cyaebHoe 3acegaHue):
po/sieBble NpoLeaypbl, 0TpaboTKa aprymeHTaumm 1 cobaoaeHne npoLeccyanbHbiX PernaMmeHTos;
nepeHoc B UT — dopmanmsauma M cornacoBaHne TpeboBaHWMN, NPOBEPKA COOTBETCTBUSA
cneumdUKaLmnsam.

e KubepbesonacHoctb (CTF/obyyatowme mrpbl): CUTyaLMOHHbIE 33[4a4M U KOMaHAHas
KoopanHauus; npumep — SherLOCKED B knbepbesonacHocTtn [11].

Tabauya 1 — CooTtseTtcTBMe 3Tanos SDLC, UTpoBbIX MeXaHUK 1 OLEHMBaeMbIX apTePpakTos

dtan SDLC NrpoBble MexaHWKn ApTedaKTbl/KpuTepun
KoHuenuua Ponesas noctaHoBKa | KoHuUenuua/nacnopTt NpoeKTa, TeXHMYeckoe
TpeboBaHWUN, NUTY-ceccum 3agaHue (T3), Nonb30BaTENbCKME UCTOPUY,
KpUTEPUU NPUEMKMU
MpoekTupoBaHue | [ln3aiiH-pesblo, ApPXUTEKTYpPHOE pelleHue,
OrpaHUYeHHble UML/ER-anarpammsil, NPOEKTHasn
pecypcbl/KOMMPOMMCCHI OOKYMEHTaUMA
PaspaboTka CnupanbHble CNPUHTLI, | UcxodHbii  Kod, npasuna  opopmieHus
IMMWTbI BpeMeHuW/6roaKeTa KoZa, KypHa/bl HENPepbIBHOW MHTerpaumum
n noctasku (CI/CD), oT4éTbl O NpoOBepKe
KoZa
TectTnposaHue «bar-oxorta», [naH TecTMpoBaHWA, TeCcToBble Caydau,
A/B-3KCNeprMeHTsI, OT4ETHI 0 AedeKTax, MOKPbITUE TECTaMM
CTpecc-cueHapum
[orymeHTMpoBaH | «[loK-yenneHax» ¢ obmeHom | PyKOBOACTBO MNO/b30BaTeNs, PYKOBOACTBO
ne POSAMM aAMUHNCTPATOPA, XKYPHaN N3MEHEH U
Penns | MnaH penusa, ydveHua no | OnucaHMe U3MEHeHWM pennsa, MnaaH
noafep*ka pearMpoBaHMIO Ha MHUMAEHTBI, | CONPOBOXAEHMA, OT4ETHI O  pasbope
pas3bop NHUMAEHTOB NHUMOEHTOB
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MWNoTHble pa3BepTbiBaHMA B Yy4ebHbIX rpynnax AeMOHCTPUPYIOT, 4YTO nepexos OT
MHOMBUAYANbHbBIX 334a4 K KOMaHAHbIM CUMYAAUMAM C 06A3aTeNbHbIMKU apTedakTaMu NoBbIWaeT
NpPO3paYyHOCTb AN npenoasBatensd (CTaHOBATCA BMAMMbIMM  OWMOKM Ha pPaHHMX 3Tanax
NPOEKTUPOBAHMSA) U Ka4ecTBO 06paTHOM CBA3MN.

MokazaTenn addOeKTUBHOCTU (MEXANCUMNANHAPHbIE NPUMepPbI 1 aganTauma K UT)

3ayem W 4YTO M3MepATb. B pasHbix AMCUMNAMHAX A0S OUEHKU 3dPeKTa CUMyNsLmin
NPUMEHSAIOT pa3Hble HAMKATOPbI; Ana UT ux yaobHo rpynnmMpoBaTh M coveTaTb (TpeaHrynaums),
4TOObI HE ONMPATLCA Ha OAHY-ABE KLYMHbIE» METPUKM.

12. Mpon3BOACTBEHHO-3KOHOMMUYECKUE MHAMKATOPSI (4acTbl B BU3Hec-Kypcax): npupocT
NpUObLINK/OONN PbIHKA, YCTOMYMBOCTL GUPMbl B cueHapun. [lepeHoc 8 UT: KPI yyebHoro
npoAyKTa/KOMaHabl  BHYTPWM  CUeHapus  (KayecTBo  penmsa, cobaogeHuMe  CPOKOB,
YAOBNETBOPEHHOCTb «3aKa3uMKa»). BayKHO: He npeBpallaTb OAHY METPUKY B KUMPYLIKY» —
MCNO/Ib30BaTb TO/IbKO BMECTE C y4ebHbIMM NOKa3aTeNAMM.

13. YyebHble pe3ynbTaThbl N0 COAEPKAHMIO: Npea-/NoCT-TeCTbl, SK3ameHalUMOoHHble 6anbl.
PaboTatloT nNpu A0CTaTOYHbIX BbIBOpKaXx (Mo Yncay CTyAeHTOB U Mo BpemMeHW HabaoaeHMs) 1 npm
HaZIMYMM KOHTPONBHOM rPpynnbl «TPAANUMOHHOTO» 0byYeHKs.

14. PednekcuBHble OTYETbI CTYAEHTOB: CAaMOOLEHKA OMbiTa, MNPeA/IOKEHUA Mo
yAydlWeHnto, cybbeKTMBHasA yBepeHHOCTb/camoadpdeKkTMBHOCTb. OLEHMBAOTCA MO MPOCTOMY
pybpurKaTopy (ACHOCTb, OBOCHOBAHHOCTb, CBA3b C LEeNAmMu). ITW AaHHble AOMNONHAIT, a He
3aMeHAI0T apTedaKTbl 1 0OBEKTUBHbIE METPUKMN.

15. HabnogeHna npenogasBaTensd: YeK-AUCT  aKTMBHOCTM, pacrnpefeneHnsa  ponew,
KayecTBa B3aMMoaencTBmMA, cobatoaeHna 4oroBopEHHOCTeN. [Ana CHUXKeHMA CyObeKTUBHOCTM —
napHaa moAepaumsa, duKcaums HabaAEHUA U COOTHECEHME C oramu/apTedaKkTamm.

16. MeTpuku aptedaktoB SDLC: nonHOTa M COrNacoBaHHOCTb T3, CBA3HOCTb NPOEKTHOM
[OKYMEHTALMM, «yTeKwme» AePeKTbl M MOKPbITME TECTaMM, Ka4eCcTBO OTHETOB O NPOBEPKe KoAa U
NO/NIb30BaTENbCKOM AOKYMEHTALMMN.

17. JMHaMMKa KOMaHAHOM paboTbl: PaBHOMEPHOCTb BKAAA0B (KOMMMUTbI/TACKK), BpeMSA
peakuMuM Ha 3anpocbl  Ha M3MEHEHWA, NAOTHOCTb  B3aUMOAENCTBWMIA, CTabWNbHOCTb
ponel/nepexonos, NPOrpecc Mexay CrpuHTamu.

MpaKThuyeckana cxema. Ha Kaxaom KpynHOM 3Tane QUKCUpytoTca apTedaKTbl M METPUKM
npouecca/npoayKTa; napannensHo cobupaloTca KpaTkue aHKeTbl (3—5-6ansibHble LWKanbl) u
pebnekcnBHble OTYETHI. MTOroBas oueHKa GOPMUPYETCA KaK B3BELWEHHOe CcoYyeTaHue
0OBEKTUBHbBIX METPUK, KayecTBa apTedakTos, HabNOAEHMI U OT3bIBOB CTYAEHTOB.

OueHmnBaHME Mo 3Tanam KM3HeHHoro unkna Mo

Jlornka oueHuBaHuA. OueHKy LenecoobpasHO CTPOMTb MO STanam KM3HEHHOro LUMKAA:
4acTb 3TaMNOB BbINOJHAETCA MOCAeA0BaTeNbHO (Hanpumep, GOPMMPOBaHME KOoHLENUun un T3),
YyacTb — napannenbHo (Hanpumep, pa3paboTKka u TeCTMpPOBaHME). ITO NO3BOAAET GUKCMPOBATbL
BKM1A/, KaXA0ro CTyAeHTa M 0O BbEKTMBHO CONOCTaBAATbL Pe3yAbTaTbl MeXAYy KOMaHAAMMU.

MocnepoBaTenbHble 3Tanbl (KOHLENUMA/T3, 3aTeEM NPOEKTUPOBAHME). [1OKa He 3aBepLLEHb
KOHUENUMA N TEXHMYECKOEe 3aZlaHNe, NEPEXOA K CeAy oMM STanam 3aTpyAHEH. Ha aTux ctagmax
y4acTBYIOT BCE CTYAEHTbl, MOSTOMY OLEHMBaAHWE MOXKET BKAKOYATb: MONHOTY M COrNacoOBaHHOCTb
T3, KayecTBO GOPMYAMPOBOK MOJIb30BATE/IbCKMX UCTOPMA, 0OOCHOBAHHOCTbL TpeboBaHu. [Ons
NPOEKTMPOBAHMA AOMYCKAETCA pa3aeeHne BHYTPU 3Tana: YacTb CTYAEeHTOB OTBEYAET 33 BHELIHMM
BUA, M CLLEHApUM MHTepdEeNCoB, YacTb — 33 MOAENb AAHHbIX, YaCTb — 33 APXMTEKTYPHbIE pelleHms
M uHTepdencbl B3aMMoAeNCcTBMA. WMToroBad OLEHKA CKNAAblBAETCA M3 KayecTBa KaXKAoro
NOAKOMMOHEHTA W MX COrNAaCOBAHHOCTY.

MapannenbHole aTanbl (pa3paboTka <> TecTMpoBaHMe). Nocae NPOEKTUPOBAHMA PA3yMHO
BECTW pa3paboTKy W TecTMpoBaHWe NapannenbHo, Pasfenns CTyAeHTOB Ha MNOAKOMAaHAbI:
Pa3paboTUMKKM BbIMyCKatOT COOPKM, TECTUPOBLLMKM — MPOBEPAIOT Pen3Hble BEPCUM U BeayT
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OTYETHOCTb MO AedekTam. B 3ToM cnyvae KaxkAblA CTYAEHT OLEHMBAETCA MO TOMy 3Tany, Ha
KOTOPOM OH paKTU4YecKkn paboTan, No Npo3padHbiM KpUTEPUAM (418 pa3paboTimKka — KayecTBo
Koda n cobntogeHmne A0roBOPEHHOCTEN; AN TECTMPOBLLMKA — MOMHOTA CLEHAPMEB M KAYecTBO
OTYETHOCTH).

PoTauma ponen Kak MHCTPYMEHT OBBEKTUBHOCTU. ECK OLeHMBaHWe BKNa4a OTAENbHOro
CTYZleHTa CTAHOBWUTCA HEOAHO3HAYHbIM, MOMHO BPEMEHHO TEepPeBecTM €ro B CMEXKHYIO
NoAKOMaHAy (Hanpumep, TECTUPOBLMKA — B pa3paboTKy). ITO NOMOraeT BbIBUTb peasibHble
cuNbHble/cnabble cTopoHbl. OAHAKO POoTaUMs AO0MKHA HOCWUTb OrpaHMYeHHbIN XapakTep: 3TO
MHBa3MBHaA mepa, cnocobHas 3ameannTb PaboTy M NOBAMATL Ha 0Opa3oBaTeNbHbIM NpoLecc.
MpenoaasaTtesb, BbICTyNas MOAEPAaTOPOM, MPUMEHAET €€ TOYEYHO U C YY4ETOM Lenein obyyeHus.

ApTedaKkTbl ana NpoBepKN. s KaKaoro atana GUKCUpytoTca npoBepaemble apTedaKTbi:
T3/nonb3oBaTeNbCkMe UCTOPUM U KPUTEPUM MPUEMKM; aPXMTEKTYPHbIE PelleHns 1 Anarpammbl;
MCXOAHbIA KoA, M OTYETbI O NPOBEPKe KoAa; N/aH TECTMPOBAHMSA, TECTOBbIE Cy4an U OTYETHI O
nedeKtax; penmsHble 3aMeTKM U KypHan WM3MEHEeHW. DTo [AenaeT «HeBMAMMbIE» 3Tanbl
BMAMMbIMM 1 COMOCTAaBUMbIMM NP OLLEHKE.

NHamBmAayanbHble MHEHUA N camopediekeus. [MoMmnmo apTedaKkToB yMmecTHO cobupaTb OT
CTYZAEHTOB KpaTKMe MHAMBUAYAbHbIE MHEHUWA MO KaxAoMy aTany (dopmaTt «ocoboro MHeHmA).
Takan 3anucb PUKCUPYET 3amMeyeHHble PUCKM U OLIMOKM, KOTOPble CTYAEHT MOT BUAETb, HO HE CMOT
NpeaoTBPaTUTb M3-3a KOANErManbHoro pewenua. MpuHUMn yyéTa: ecnm owmbka 3Tana He
NOB/AMANA Ha UTOrOBbIM pe3ynbTaT, 0bWmiA Bann aTana He CHUXKAETCA aBTOMATUYECKM; ECNIN Ke
OWNOKa CYL,ECTBEHHO CKasasacb Ha QWHANbHOM MNPOAYKTe, «0CODble MHEHWMA» CTAHOBATCA
OCHOBaHMeM ana AnbdepeHumalmm MHANBUAYANbHbIX OLLEHOK — CTY/EHTbl, BOBPEMA yKa3aBLWNe
Ha PWCK W NpeasoXKMBLIME peleHWe, He JO/KHbl MoAy4aTb MOHWMKEHWE TONbKO M3-3a
KONNEKTUBHOM AMHAMUKM.

CamoougeHKa apTedaKkToB. [Ana Kaxaoro aptedakta (T3, NpoeKkTHaa AOKYMeHTauma, naaH
TECTUPOBAHWA, OTYET O AedeKTax M T. N.) KaXKAblM CTYAEHT 3aN0IHAET KPaTKyto camopedneKcutio:
BK/J1aZ, OTMeyYeHHble cnabble CTOPOHbI, NPeANOKEHNA MO YAYULWEHNIO. ITU 3anMcK No 3anpocy
MOTYT Y4MTbIBATHCA NMPWU YTOYHEHNWN OLEHKM, OCODEHHO KOraa BKAaA, CTYAEHTa TPYAHO M3MEPUTb
No pe3yabTaTaM KOMaHAbI.

Mogaepauusa un orpaHmveHma. C6op «ocobbix MHEHUIA» AOMKEH UMETb OfPaHMYEHHbIN U
pPernameHTMPOBaHHbIN XapakTep (Hanpumep, 06BEM 40 5—7 NPeaNoXeHnin, caada B KOHLE 3Tana,
6e3 nepcoHanbHbIX 06BMHEHUI — TONLKO GaKTbl M NpeanoxeHus). NpenogasaTenb-MmoaepaTop
COMoCTaBAsieT Takue 3anucu ¢ aptedakTamMm W CODCTBEHHbIMM  HabatoAeHUAMKM, NpU
HeobXoAMMOCTM MOKET MCNO/b30BaTb BPEMEHHYIO POTALMIO Poseit (CM. Bbille) Kak KpailHee
CPeACTBO A1 0OBbEKTUBM3ALMM OLEHMBAHNS.

AKaZgemunyecKkas YeCTHOCTb M OLeHMBaHMe TecTupoBaHuA. OLeHnBaTb TeCTMPOBaHWE Mo
«KONMYECTBY HaWAEHHbIX OLUMOOK» Heb3A: 3TO MOPOXKAAET CTUMY/bl K HAMEPEHHOMY CO34aHUI0
nedektoB. Kputepmm O0MKHbI ONMPATbCA Ha KayecTBO GMHANLHOM BEPCUMM MPOAyKTa M BKAAL4,
TEeCTMPOBaHMWA B NpeaoTBpalleHme oWwmnboK. Ecam B BbinNycKe ocTatoTca AedeKTbl, OLUEeHKa No 3Tany
TECTUPOBAHMUA CHUXKAETCA MPOMOPUMOHANBHO UX CEPbE3HOCTU M YMCAY KYTEKLMUX» AedeKTOoB.
PekomeHayeMble METPUKM: MAOTHOCTb AedEKTOB B pennse; A0NA «yTeKlWux» aedeKktoB (He
0BHapyKeHHbIX [0 Pennsa); NoAHOTa U PeneBaHTHOCTb TECTOBOrO MOKPbLITUA; TPACCUPYEMOCTb
cueHapueB K TpeboBaHMAM; KayecTBO OTYETHOCTM (BOCMPOWM3BOAMMOCTb, MPUOPUTM3ALMS,
YETKOCTb OMUCAHWI); AONA NOXKHbIX CPabaTbiBaHWN. [paBMaa akaAeMUYeCKOM YeCTHOCTU: 3anpeT
YMbILNEHHOTO BHeceHWAa aAedeKToB; ayaAuT NO WCTOPUM U3MEHEHWI W pPeBbiko; MNapHoe
TECTUPOBAHME N KPOCC-OLLEHKA; YHET «OCODbIX MHEHWI» CTYAEHTOB, 3aPUKCMPOBABLLMX PUCK A0
penusa.
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5 BbiBoAb!

18. Cumynaumm Un Urposoe MOLENUpOBaHUE [enatoT «HesuaAumble» 3Tanbl SDLC
(TpeboBaHMA, NPOEKTUPOBAHWE, TECTUPOBAHWE, AOKYMEHTMPOBaHME) BUAUMBIMKA 4epes
apTtedakTbl U MPO3payHble KPUTEPUW OLEHWMBAHMA, MPM 3TOM MOBbLILIAIOT BOBJEYEHHOCTb W
Pa3BMBAOT KOTHUTUBHbIE, COLMaAbHbIE W TMPOUECCHbIE KOMMeTeHuun (B cornacum C
MeXAyHapoAHbIMM UccneaoBaHuamm [2—10]).

19. Kntou K pesynbTaTUBHOCTU — MOAEPALMA U CNOXKHOCTb. IPPEeKTbI 3aBMUCAT OT KAYecTBa
dacnnnTaummn npenosasaTtens M KaaMOBPOBKM CNOMHOCTM CLEHAPUEB, B YC/IOBMAX aKLLEHTa Ha
camocToATe/IbHY0 PaboTy onTMMmanbHa cTpaterna «low-tech sapa» ¢ NoOaTanHbIM NOAKAOYEHMEM
LUMDPOBbLIX MHCTPYMEHTOB.

20. [ns noAroToBKM Byaywmux yyntenem MHGOPMaTUKN CUMyNaLMM GOPMUPYIOT YMEHNE
opraHu3oBbiBaTb npouecc no SDLC, paboTaTb € [AOKYMEHTaUMen U  TeCTUPOBaHMUEM,
bacnnnTnpoBaTb KOMaHAHYylO pPaboTy W chnpaBed/MBO OLEHMBATb BKAaA. [10N0XKUTENbHbIN
3MOLIMOHA/IbHbIN  OMbIT MOBbLIWAET YCMNEeBAaEMOCTb M BEPOATHOCTb MNEPEHoca MeToAa B
COBCTBEHHYIO NEeAarorMyeckyto NPakTmky.

21. MpaKTU4eckne ycnoBma BHeAPEHUA: YETKME pe3ynbTaTbl 0byyeHma no atanam SDLC,
WabsioHbl apTedakToB M pybpUKaTOPbl, BXOAHbIE/BbIXOAHbIE OMPOCHI MO MOAEAN MPUHATUA
TexHonorm (TAM), cbop «0cobbiXx MHEHUIA» WU PernameHT akaZeMnYeckon YeCTHOCTM.

22. MNepcneKkTBbl SMNUPUYECKON MPOBEPKUN: NPOBECTM NMAOT(bI) C Npea-/nocT-Tectamu,
MeTPMKamM apTedakToB (B T. Y. «yTekwue» aedekTbl), ANHAMUKOM KOMaHAHOW paboTbl U
onpocamun no TAM; oTAeNbHO OLUEHUTb BAUAHME YPOBHS GaCMAUTALMM U COKHOCTM.
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Abstract: Generally, quantifying learning creativity is an interesting educational phenomenon
which associated as coincident set with intelligence. In other words, quantitative assessment of
learning creativity phenomenon is a rather critical and challenging issue. Accordingly,
interdisciplinary working considered by diverse researchers comprising the fields of education,
cognition, and psychology. This piece of research deals with an interdisciplinary challenging
problem associated with two emerging fields namely: nature inspired computing (NIC) and
computational intelligence (Cl). Therefore, this article presents the conceptual analysis and
evaluation of quantified learning creativity phenomenon via simulation and modeling of two
diverse natural biological systems. More precisely, it is considering diverse aspects of measurable
behavioral learning performance of both biological systems. Therefore, this paper introduces
comparative analogy between two diverse biological behavioral systems considering
guantification of learning creativity. More specifically, the presented piece of research adopted
systematic quantified Investigation of learning creativity phenomenon as an interesting and
challenging educational issue. It introduces a novel interdisciplinary approach integrating
educational sciences with brain functional modeling across computer simulation of Artificial
Neural Networks (ANNs), that supported by practical educational field (case study) results. In
more details ,by adopting realistic ANNS simulation and modeling to quantify learning creativity.
Optimal selectivity for values of gain factor, learning rate parameters and number of neurons
contributing to learning process are relevant in improving observed quantified learning creativity
phenomenon. Interestingly, obtained presented results herein seemed to be valuable and
promising for future more elaborate and systematic research in learning creativity as well as other
educational phenomena.

Keywords: Artificial neural networks, Brain functional modeling, Computer aided learning,
learning creativity phenomenon

1 INTRODUCTION

This research work addresses quantified Investigation of an interesting and challenging issue
namely learning creativity phenomenon. It introduces an interdisciplinary novel approach
associated with educational sciences: simulation computer simulation of brain functions and
practical field (case study) results. Realistic simulation for quantifying, learning creativity is
suggested by adopting Artificial Neural Networks (ANNs) modeling. optimal selectivity for values
of gain factor, learning rate parameters, and/or number of neurons are relevant for improvement
of quantified learning creativity phenomenon. This phenomenon considered as an
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interdisciplinary issue associated with educational field applications and activities. Accordingly, for
long time ago and till recently, educationalists as well as psychologists have been cooperatively
interesting in systematic searching for quantifying, evaluation, and improvement of that issue.
Accordingly, interdisciplinary research work integrating: cognitive and learning sciences, with
educational psychology and neurobiology is adopted for quantifying learning creativity
phenomenon. This piece of research introduces an interdisciplinary novel approach concerned
with evaluation of that interesting issue. Herein, realistically, quantified learning creativity is
simulated using (ANNs) modeling. More specifically, presented modeling considers statistically
time dependent improvement of learners' achievements (learning convergence time). This work
motivated by the interesting interdisciplinary research direction integrating educational sciences
with brain functional modeling across computer simulation of Artificial Neural Networks (ANN2),
that's shown at next subsection as follows.

1.1 Motivation of Creativity Research

It is referred to the WHITE HOUSE REPORT in 1989; it has been announced in U.S.A. that decade
(1990-2000) is named as Decade of the brain [1]. Furthermore, the overwhelming majority of
neuroscientists have adopted the concept which suggests that huge number of neurons in
addition to their synaptic interconnections constituting the central nervous system with its
synaptic connectivity performing dominant roles for learning processes in mammals besides
human [2]. More specifically, this motivation is supported by what revealed by National Institutes
of Health (NIH) in USA that children in elementary school, may be qualified to learn "basic building
blocks" of cognition and that after about 11 years of age, children take these building blocks and
use them [3][4]. The extremely composite biological structure of human brain results in everyday
behavioral learning brain functions. At the educational field, it is observable that learning process
performed by the human brain is affected by the simple neuronal performance mechanism [5]. In
this context, neurological researchers have recently revealed their findings about increasingly
common and sophisticated role of Artificial neural networks (ANN$). Mainly, this role has been
applied for systematic and realistic modeling of essential brain functions (learning and memory)
[6]. Accordingly, neural network theorists as well as neurobiologists and educationalists have
focused their attention on making interdisciplinary contributions to investigate observed
educational phenomena associated with brain functional performance such as optimality of
learning processes [7][8].

1.2 Creativity Simulation

Realistic simulation of quantifying learning creativity is suggested by adopting Artificial Neural
Networks (ANNs) modeling considering error correction(supervised) paradigm. Moreover, this
piece of research considers statistically the time dependent improvement of learners'
achievements (learning convergence time). Mainly two design parameters of ANNs proposed for
measuring such time improvement of learning creativity. Both parameters are: gain factor (of
neuronal sigmoid activation function), and learning rate value. They have effective impact on
learning creativity via dynamical synaptic connectivity (brain Plasticity). By either increasing of
neurons' number contributing in learning processes or ANNs design parameters. Conclusively,
optimal selectivity for values of gain factor, learning rate parameters, and/or number of neurons
are relevant for improvement of quantified learning creativity phenomenon. Herein, the
introduced research mainly concerned with learning creativity evaluation using realistic neural
system models. Specifically, it considers learners' response time during interactive CAL processes.
That is measured as average learning convergence time after obtaining results from a case study
and running of a computer simulation program. Interestingly, some conclusive remarks are
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presented after analysis of obtained results. The introduced results seemed very valuable and
more promising for future elaborate and systematic research in learning creativity phenomenon.
This work motivated by the interesting interdisciplinary research direction integrating educational
sciences with brain functional modeling across computer simulation of Artificial Neural Networks
(ANNSs). Learning creativity phenomenon is a challenging and interesting issue associated with
educational field applications and activities [9] [10]. So, for long time ago and till recently,
educationalists as well as psychologists have been cooperatively interesting in systematic
searching for quantifying, evaluation, and improvement of that issue. Accordingly, interdisciplinary
research work integrating: cognitive and learning sciences, with educational psychology and
neurobiology is adopted for quantifying learning creativity phenomenon [11] [12]. This piece of
research  introduces an interdisciplinary novel approach concerned with evaluation of that
interesting issue. Herein, realistically, quantified learning creativity is simulated using (ANNs)
modeling. More specifically, presented modeling considers statistically time dependent
improvement of learners' achievements (learning convergence time) [13] [14]. Realistic simulation
of quantifying learning creativity is suggested by adopting Artificial Neural Networks (ANNSs)
modeling considering error correction(supervised) paradigm. Moreover, this piece of research
considers statistically the time dependent improvement of learners' achievements (learning
convergence time). Mainly two design parameters of ANNs proposed for measuring such time
improvement of learning creativity. Both parameters are: gain factor (of neuronal sigmoid
activation function), and learning rate value. They have effective impact on learning creativity via
dynamical synaptic connectivity (brain Plasticity). By either increasing of neurons' number
contributing in learning processes or ANNs design parameters. Conclusively, optimal selectivity for
values of gain factor , learning rate parameters , and/or number of neurons are relevant for
improvement of quantified learning creativity phenomenon. Herein, the introduced research
concerned mainly with learning creativity evaluation by application of realistic neural system
modeling. Specifically, it considers learners' response time during interactive CAl processes. That
is measured as average learning convergence time after obtaining results from a case study and
running of a computer simulation programs. At next section, some clarifications for the relation
between learning creativity and brain functions are introduced. The rest of this paperis organized
as follows. At section 3, the basic of teaching/learning modeling, and its relation with ANN learning
paradigms are presented respectively, at two subsections (3.1&3.2). The basic generalized view
for interactive teaching/learning processes is given at subsection 3.1. Additionally, at subsection
3.2, concepts for modeling learning phenomenon using ANN are presented. The obtained results
for brain functions analysis under noisy environment, in addition to the effect of design ANN
parameters on learning performance are illustrated in details at section 4. Finally, at section 5,
some conclusive remarks are introduced.

2 CREATIVITY AND BRAIN FUNCTIONS

This section is dedicated to introduce a general clarification about what is meant by creativity and
its close relation with human brain. Interestingly, by referring to the Three Ring Conception of
Giftedness that is displayed in Fig.11, This Three Ring Conception of Giftedness (Renzulli,) suggests
that giftedness involves an interaction between three basic sets of human traits — above average
ability, creativity and task commitment — which, like three overlapping rings, create a common
area where the most gifted behavior [15]. According to recently published article by Dr.Linda
Karges-Bone,[14],it is announced that "creativity is the spark that never burns out". Functionally,
true creativity is defined to have a goal, a purpose, and an outcome [15]. Both declared evidences
are well supported by more recent research results suggests that fresh neurons arise in the adult
brain every day and that the cells ultimately help with learning complex tasks—and the more they
are challenged, the more they flourish [16]. By more details, thousands of new cells are generated
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in the adult brain every day, particularly in the hippocampus, a structure involved in learning and
memory. Moreover, during a period of two weeks, most of those newborn neurons will die, unless
the animal is challenged to learn something new that is a learning task. In other words, by more
neural interconnections learning creativity emerges. That is resulting in more extended brain
capacity for neural plasticity over time, [17]. Recently, some research papers are published
describing quantifying of main brain functional phenomena (learning and memory) [18-23].
Moreover, researchers need essentially to know how neurons synapses inside the brain are
interconnected together and communication between brain regions, [3][4]. In more details, at
any instant brain state (synaptic weight pattern) in neural systems leads to some expected
spontaneous behavioral response to any of external stimuli. So, dynamically changes of weight
synaptic pattern (vector) measures the learning convergence process in consequence with
internal / stored level of intelligence. Consequently, the initial brain state of synaptic connectivity
pattern considered as pre-intelligent creativity parameter. Furthermore, to the above
clarifications about function of neurons at hippocampus brain area, interesting analysis for the
effect of brain Glial cells on learning performance (convergence time factor) is shown at Fig.2, in
below. It illustrates mutual inter-communication among Glial cells and typical neuronal brain
cells. Noticeably, increasing of synaptic connectivity value is measured as ratio between number
of Glial cells versus number of typical neurons. This ratio leads to improvement of learning
performance time factor [21] that considered as number of training cycles. For more details, it is
referred to [22], and other references therein is recommended.

Average
Ability

Fig. 1: Three-Ring Conception of Giftedness
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Fig.2: lllustrates the relation between number of training cycles during learning process and the
synaptic connectivity (weights) values, adapted from [21]).

3 BASIC INTERACTIVE LEANING / TEACHING MODEL

At Fig.1&Fig.2 shown in below, adopted interdisciplinary approach concerned with learning
creativity phenomenon is illustrated. Detailed illustrations for both figures are given at subsections
(3.1&3.2) as follows:

3.1 General View for Interactive Educational Process

Fig.2, an interactive teaching model through stimulating signals (by CAL packages) is well qualified
in performing simulation of human brain and /or cognitive functions. at that Figure, Inputs to the
neural network learning model are provided by In environmental stimuli (unsupervised learning).
The correction signal for the case of learning with a teacher is given by responses outputs of the
model will be evaluated by either the environmental conditions (unsupervised learning) or by the
teacher. Finally, the tutor plays a role in improving the input data (stimulating learning pattern),
by reducing noise and redundancy of model pattern input. That is according to tutor’s experience,
he provides the model with clear data by maximizing its signal to noise ratio.

Learning Environment and Situation

A
T Response

Neural Network /Learning Model

l Response

Fig.3. lllustrates a general view for interactive educational process, adapted from [7].
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3.2 ANN Modeling Concepts of Learning Phenomenon Analysis
In Fig. 3, generally simulates two diverse learning paradigms. It presents realistically both
paradigms: by interactive learning / teaching process, as well as other self organized
(autonomous) learning By some details, firstly is concerned with classical (supervised by tutor)
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learning observed at our classrooms (face to face tutoring) . Accordingly, this paradigm
proceeds interactively via bidirectional communication process between teacher and his
learner(s)]. However, secondly other learning paradigm performs self-organized
(autonomously unsupervised) tutoring process [14].

Stimulus ANN
V0T e e S S e
Environment » Hidden Layer L1

Fig.4: Generalized ANN block diagram simulating two diverse learning paradigms, adapted from
[7].
The mathematical formulation of the Generalized ANN Learning / Teaching Model given at Fig. 2
is given as follows. The error vector e(n)at any time instant (n) observed during learning processes

is given by:
&(n)=y(n)-d(n) (1)

Where e(n)..... is the error correcting vector that adaptively controls the learning process,
SE (7). is the output obtained signal vector from ANN model, and

d@n) .. is the desired numeric signal vector.
Moreover, the following four equations are deduced:

V()= X (mW,; (n)
| | (2)

Ye(n) =@V (m) = (1- e k) /(1467 k(1)
(3)
e (n)=dic(n)- yi ()
(4)
Wij(n+1)=Wy(n)+ AWy(n)
(5)
Where Xis input vector and W is the weight vector. @ is the activation function. Y'is the output. ex
is the error value and dkis the desired output. Note that AW (n) is the dynamical change of weight
vector value. Above four equations are commonly applied for both learning paradigms: supervised
(interactive learning with a tutor), and unsupervised (learning though student’s self-study). The
dynamical changes of weight vector value specifically for supervised phase is given by:

AWi(n)=ne ()X ;(n) (6)
Where 1 is the learning rate value during the learning process for both learning paradigms. At this
case of supervised learning, instructor shapes child’s behavior by positive/ negative reinforcement
Also, Teacher presents the information and then students demonstrate that they understand the
material. At the end of this learning paradigm, assessment of students’ achievement is obtained
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primarily through testing results. However, for unsupervised paradigm, dynamical change of
weight vector value is given by:
AW (m) =n (n) X ;(n)
(7)

Noting that ex(n) equation (6) is substituted by yk(n) at any arbitrary time instant (n) during the
interactive learning process. Referring to Fig.1, the correction signal which provided by a teacher
should take into consideration the noisy environmental level inside classrooms(such as noisy
crowdedness appears as CPE). In other words, that level is quantitatively measured as signal to
noise (S/N) ratio or equivalently the additive noise power (o ) to the ideally sensory clear signal.
Consequently, the response time response measured by number of training cycles (n) { as defined
at the subsection in the above (B) by the two equations (6)&(7)}. Noting value of (n) should have
been increased until reaching learning convergence instant, when

AWg(n) =0 8

That above condition given by equation (8), could be fulfilled only if the desired output learning
has been obtained after some number of training cycles (response time) in fulfillment of the two
equations (6) & (7).

4  RESULTS

4.1 EFFECT OF NOISY ENVIRONMENT ON CREATIVE LEARNING

/Naturally, ideal (noiseless) learning environment is not available in practice. Usually, it
environmental learning data is vulnerable to contaminations by either external or internal noisy
conditions. So, creative individuals are more capable to be adaptive with environmental
noise,[25]. In other words, creative brains are more experienced in building up adaptive
connections with noisy data through extended brain capacity [10]  Obtained results for optical
character recognition under different noise levels are given in a tabulated form as in (Table 1).
Noting that, noise effect is measured by signal to noise ratio value (S/N) versus the number of
training cycles (T). Conclusively, an interesting remark observed considering relation between
number of training cycles values and noisy environmental data for the case of Fl
cognitive(unsupervised) learning. That is convergence time cycle(s) (T), of learning process is
inversely proportional to signal to noise ratio value(s) , (S/N).

Referring to [4], some results relating the number of training cycles after learning convergence,
and learning rates (considering Field Independent cognitive learning) are shown therein. Briefly
for three numerical values of training cycles (3, 5, and 10), observed as result for learning rate
values (0.2, 0.1 and 0.05) respectively. For more elaborate illustrations of that relation between
number of training cycles and learning rates, it is referred to Fig.5, given in below, the graphical
relation for measured values of iterative cycles (response time) versus the number of occurrences
(for each iteration cycles number) is depicted. Additionally, the tabulated results are given at Table
1.
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Fig.5, lllustrates the graphical relation for measured values of iterative cycles (response time)
versus the number of occurrences

TABLE 1: Relation between S/N power ratio, noise power, and learning response time
Signal to noise
power ratio

5 10 20

Noise power O at
learning 0.2 0.1 0.05
environment
Learning response
Time (T)

85 62 47

4.2 Effect of CAl Packages' Application of On Learners' Response Time

(Case Study)
Performance evaluation of Educational systems are adopted mainly by using two measurable
learning parameters . Namely, both measured parameters are -on the average- learning
convergence (response) time and learners' achievements(marks). Herein, error correcting
learning paradigm is suggested to simulate the learning principle under supervision with a teacher
in nature learning processes observed to converge to some output response value(s) after some
number of training cycles. For any case this number observed to differ in a diverse manner
following different learning abilities of individuals (students). The application of CAL packages
results on improvement of learners' response time as shown at Fig.5.
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Fig. 5 The effect of suggested CAL package on students' Learning convergence (Response) time
(adapted from [13])

4.3 Effect of Learning Rate Values On Learners’ Convergence Time

Referring to Fig.4 given in the above, it is worthy note that statistical variations for number of
occurrences observed to have approximately bell shape performance versus different values of
learning response time (iteration cycles). In other words, the resulting values distribution having a
bell form shape seemed to be similar to Gaussian (normal) distribution. Referring to above
obtained output results, values corresponding to the learning rate values (0.4,0.3,0.2, 0.1). are
given respectively. as (13, 17, 27, 55) cycles on the average for learning convergence (response)
time. Conclusively, convergence time (number of training cycles) is inversely proportional to the
corresponding learning rate values.

4.4 Effect Of Gain Factor Values On Learners’ Convergence Time
The obtained results for various gain factor values are comprehensively shown in below at Figure

6. (in a statistical graphical form)
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Fig.6. lllustrates improvement of average response time (no. of training cycles) by increase of the
gain factor values

The above results illustrate gain factor effect on improving the value of time response measured
after learning process convergence, [10]. These four graphs at Fig.6 are concerned with the
improvement of the learning parameter response time (number of training cycles). That
improvement observed by increasing of gain factor values (0.5, 1, 10,and 20) that corresponds to
decreasing respectively number of training cycles by values (10,7.7,5,and3) cycles, (on
approximate averages). Conclusively, Learning creativity is virtually improved by such increase of
gain factor values.

4.5 Effect of Neurons' Number on Learning Creativity
Referring to Fig. 7 given in below, as the number of neurons contributing to learning process
increases, the better learning creativity obtained. These results seem consistent well with above
obtained results shown at Fig.5.
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Fig.7 lllustrates the performance of error correction algorithm versus learning convergence time
for different learning rate values.

4.6 Comparing Of Above Two ANN's Design Parameters
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Fig.8. Illustrates the statistical distribution of learning convergence time for learning rate value
=0.1, gain factor value=0.5.
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Fig.9 : lllustrates the statistical distribution of learning convergence time for learning rate

value =0.1, gain factor value =1.
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Fig.10 : lllustrates the statistical distribution of learning convergence time for learning rate value
=0.2, gain factor value =0.5.
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Fig.11 : lllustrates the statistical distribution of learning convergence time for learning rate value
=0.6, gain factor value =0.5.

4.1 Four samples comparing both deign factors of ANN models are shown in the above as follows:
1- Firstly, two samples are given at (Fig.8), and (Fig. 9). These two figures are concerned with the
improvement of the learning parameter response time (number of training cycles), observed by
increasing of gain factor (from 0.5 to 1), for fixed learning rate value (0.1). Respectively, the
number of training cycles decreased approximately -on the average- (from 80 to 30) cycles. Both
figures indicate gain factor effect on improving time response values measured (after learning
process convergence).

2- Secondly, other two samples are shown at (Fig.10), and (Fig.11) .Both figures consider changes
of learning rate parameter (for fixed gain factor value (0.5)). By some details, as the value of
learning rate parameter increases from 0.2 (Fig.10), to 0.6 (Fig.11), the average (normalized)
number of training cycles, decreases approximately (on the average), (from 38 to 12) cycles.

3.1 Effect of neurons' number on time response

The following simulation results show how the number of neurons may affect the time response
performance. Those graphical presented results show that by changing number of neural cells (14
,L11 ,7 ,5 ,and 3 ); during interaction of students with e-learning environment, the performance
observed to be improved by increase of number of neuronal cells (neurons).That is shown at
figures (3, and 4) respectively; for fixed Learning rate = 0.1 and gain factor = 0.5.
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Figure 4: lllustrate time response performance with #neurons = 7 (left), with #neurons = 5
(middle) and /with #neurons = 3

5 CONCLUSIONS
The two design parameters for ANNs modeling (Learning rate, and Gain Factor) in addition to
number of neurons , all are considered for quantifying learning creativity . In more details, optimal
selectivity for values of gain factor , learning rate parameters , and/or number of neurons are
relevant for improvement of quantified learning creativity phenomenon.
Conclusively, evaluation and assessment of individual differences phenomena is very interesting
for educational systems performance referring to main brain functions (learning and memory) .
Accordingly, internal (intrinsic) brain state (synaptic connectivity) of students is highly effective on
their learning creativity[25].
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Pa3paboTka MeToanKmnm co3aaHnA y4ebHbIX
NPOEKTOB N0 0OPa30BaATENBHOM
POOOTOTEXHMKE Ha OcHOBe STEM-
ANCUMNNH

laye3xaH CaHxKap KaHaTy bl
MarucTpaHT Megarormyeckoro MHCTUTYTa UM. Y. CynTaHrasmHa

AHHOTauuA

B cTaTbe paccmaTpuBatoTCA TEOPETUYECKME M MPAKTUYECKME OCHOBbLI CO34aHMA yYebHbIX
NpoeKkToB no obpasosaTesbHOW pPoboTOTEXHMKE Ha ocHoBe STEM-aucumnavH. B KadecTse
NPUMEPOB MPUMEHAIOTCA coBpemMeHHble nnatdopmbl LEGO WeDo 2.0, SPIKE wu Arduino,
NO3BONIAIOLLME MHTETPUPOBATb MHMKEHEPHOE MbllWNEHWEe, NPOrPaMMMPOBAHNE U eCTECTBEHHO-
Hay4Hble 3HaHMA. [lpeacTaBneHa MeToAMKa pPa3paboTKM MPOEKTOB, HaMpaB/ieHHbIX Ha
bopmmpoBaHMe y yHaLlWMXCca NccnefoBaTeIbCKUX M TBOPUYECKMX KOMMNETEHU M.
KntoueBble cnoBa: obpasoBaTenbHasas pobotoTexHuKa, STEM, npoekTHaa geaTtenbHocTb, LEGO
WeDo 2.0, SPIKE, Arduino.

BeeneHue

CoBpemeHHasas cuctema 06pa3oBaHMA OPMEHTMPOBAHA Ha MOArOTOBKY OOy4YatoLLMXCA,
CNOCOOHbIX CAMOCTOATENIbHO MbICNTb, MPUHMMATb PELUEHMA U NPUMEHATb NONYYEHHbIE 3HAHWA
Ha npaktnuke. OAHMM M3 3DPEKTMBHbLIX HaNPaBAEHWN peanmnsaumm 3TUX 3aa4 ABNAETCA
obpa3oBaTesibHaa POOOTOTEXHMKA, NPeAcTaBAAloLAs CODON MeXAUCUMNAMHAPHYIO 00/1acThb,
0ObeAMHAOLLYIO 3/1eMEHTbI eCTECTBEHHbIX HayK, TEXHONOTUM, UHXEHEPUN U MATEMATUKN — TaK
Ha3biBaemblit STEM-noaxoa, (Science, Technology, Engineering, Mathematics).

B ycnosuax umdposon TpaHchopmaumm obuectsa obpasoBaTesibHaa PoOOOTOTEXHMKA
CTQHOBWUTCA HEOTHEMIEMOW HaCTbO y4eHHOro NpoLLecca, Tak Kak OHa obecneynBaeT TECHYHO CBA3b
MEXAYy TEeOPeTUYECKMMM 3HAHWMAMM W KX MNPAKTUYECKMM NpUMeHeHMemM. Mcnonb3oBaHue
poboTOTEXHMYECKMX  HAbOpOB  MNO3BOASAET  y4allMMCA He TO/NbKO  OCBOWTb  OCHOBBI
NPOrpPaMmMMpPOBaHMA N KOHCTPYMPOBAHMA, HO M Hay4MTbCcA paboTaTb B KOMaHAE, NMAaHMPOBATb
AEeVCTBUA, peLaTb MHXEHepHble 3a4a4M 1 NPOABAATb TBOPHECKYO MHULMATMBY.

AKTyanbHOCTb Tembl 0bycnosneHa HeobXxoAMMOCTbIO GOPMMPOBAHMA Y LUKOJbHUKOB U
CTYAEHTOB MHXEHEPHOro MbIWAEHWA, Pa3BUTUA TEXHWUYECKOM FPamoTHOCTM U CNOCOBHOCTU
pelwaTb MNpaKTMYeckMe 3a4adM C WCMO/Ib30BAaHMEM COBPEMEHHbIX LMPPOBLIX TEXHONOTUNA.
MNpumeHeHne STEM-noaxoga cnocoOCTBYET MHTErpauyu 3HaHWM M3 Pas/IMYHbIX NPeaMeTHbIX
obnacTei, a TakKe CTUMYNPYET MHTEPEC K HAayYHO-TEXHUYECKOMY TBOPYECTBY.

Ocobyto 3HA4YMMOCTb B 3TOM HanpaBaeHun npnobpeTatoT poboToTeXHUYECKME NAATGOPMbI
LEGO WeDo 2.0, LEGO SPIKE v Arduino, Ka»aaa U3 KOTOpbIX MMeeT COOCTBEHHbIe neaarormyeckmne
N TeXHUYeckmne Bo3moxHocTu. LEGO WeDo 2.0 opMeHTMpOBaHa Ha Hava/ibHbI YPOBEHb 0OYyYeHMs
M NO3BONAET B AOCTYMNHOM GpopMe 3HAKOMUTbL AeTel C OCHOBaMM PODOTOTEXHUKM U BU3YasIbHOTO
nporpammumpoBanns. LEGO SPIKE npeagHa3HavyeHa Ans y4yallMXcA CPeAHEeNn LWKOAbI, Tae akuUeHT
[EeNaeTCcA Ha PelEeHNN MHMKEHEPHbIX 3aa4 M Pa3BUTUM NOTUYECKOro MblwneHua. Mnatdopma
Arduino, B CBOIO o4yepesb, MCMOJb3yeTCa Ha CTapLMX CTyneHsx obpasoBaHua M obecnedymsaeT
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bonee rnybokoe U3yyeHWe INEKTPOHWKM, aBTOMATWU3aLMW W  aNTOPUTMOB  YNpaBieHUA
YyCTPOMCTBaMM.

Mcnonb3oBaHWe [AaHHbIX NAAaTGOPM B pPamKax MNPOEKTHON AeATeNbHOCTM OTKPbIBaeT
WMPOKME NepCneKTUBbI ANA Pa3BUTUA Y 0OYYAIOLLMXCA MCCNen0BATENbCKMX HABbIKOB, CUCTEMHOIO
MbILWAEHNS U TBOPYECKOW CaMOCTOATENbHOCTU. Y4yebHble npoeKkTbl Ha ocHoBe LEGO WeDo 2.0,
LEGO SPIKE wn Arduino no3BosAl0T peann3oBaTb OCHOBHble MNpUHUMNLI STEM-06y4eHus,
HanpaB/ieHHble Ha Pa3BUTME Yy YYALMXCA MNPAKTUKO-OPUEHTUPOBAHHBIX KOMMETEHUMN U
NOBbILEHME MOTUBAUMM K M3YHEHWNIO TEXHNUYECKMX ANCUMNINH.

Takum o6pa3om, uccaegoBaHMe BOMPOCa Pa3paboTKM METOAMKM CO34aHMA yy4ebHbIX
NpoeKkToB no obpa3oBaTenbHOM pPoOOOTOTEXHUKE Ha ocHoBe STEM-amucumnamvH aBaseTca
aKTyaNbHbIM M BOCTPeHOBaHHbIM HanpaBieHMEM COBPEMEHHOM Neaarormyeckon npakTnkn. OHo
no3BosAeT 06beANHUTb TEOPUIO M MPAKTMKY, a TaKKe co34aTb YyCnoBMA ANnd GopMMpoBaHMA Y
obyyvalolWmMxca  YHUBEPCANbHbIX YMEHWUN, HeobXOAMMbIX ANA  YyCNewHoM agantauum B
TEXHO/IOTMYECKM Pa3BMBAOLLEMCA MUPE.

Llenb v 3agaum nccnenoBaHums

Llenbto [aHHOrO mMccnenoBaHMA ABAAETCA pa3pabomka mMemoOuKku co30aHUA y4ebHbIX
npoekmos no obpazosamensHoli pobomomexHuke Ha ocHose STEM-OucyunauH ¢
Mcnonb3oBaHnem poboToTexHudecknx nnatdopm LEGO WeDo 2.0, LEGO SPIKE u Arduino.
MeToaMKa HanpaBieHa Ha NoBblweHWe 3GdeKTMBHOCTN 0Opa3oBaTeNbHOrO NpoLecca, pa3suTme
WHXXEHEPHOTO MbllAeHUA 1 GOPMUPOBaHME Y ODYYaOWMXCA MNPAKTUYECKUX KOMMETEHUMHN,
BOCTPeOOBaHHbIX B YCIOBMAX COBPEMEHHOM LMGPOBOM SKOHOMUKM.

[Nna AOCTUKEHMA NOCTaBAEHHON Lenn B paboTe pelwatoTca cneayrolime 3a4a4m:

1. [llpoaHanuzuposams  neparornyeckme W MeTOAMYECKME  OCHOBbl  MPUMEHEHMA
obpasoBaTenbHOM poboTOTEXHMKM B cnucTeme STEM-0byyeHus.

2. Uccnedosamb anpakTUYecKne BO3MOMKHOCTU naatdpopm LEGO WeDo 2.0, LEGO SPIKE un

Arduino B npouecce peanusaumm y4ebHbIX MPOEKTOB.

3. Paspabomamb CTPYKTYpy W MOSTaMHyt0 MOAeNb CO34aHMA y4ebHbIX MNPOEKTOB NOo
obpa3oBaTeibHOM POBOTOTEXHMKE C YYETOM BO3PACTHbIX 0COHEHHOCTEN 0OYYatOLMXCA.
4. Onpedenume neparornMyeckme ycnosuda, cnocobcTeytolime 3PPeKTUBHON WMHTerpaumm

STEM-aucumnanH B y4ebHbIN NPoLEcc Yepes NPOEKTHYO AeATeIbHOCTb.

5. OyeHumb pe3ynbTaTbl BHEAPEHMA METOAMKN B 06Pa30BaTE/IbHYO MPAKTUKY U BbIABUTL €€

BAMAHME Ha Pa3BUTME NO3HABATE/IbHOM aKTUBHOCTM M TEXHUYECKMX HAaBbIKOB y4alLMXCa

OcHoOBHasn YacTb
1. ObpazosamenvHas pobomomexHUKa KaK anemeHm STEM-obyyeHusA

PoboTOTEXHMKA CErofiHA CTAHOBUTCA BaXKHOM 4acTbio COBpemMeHHOro obpasoBaHMA. OHa
obbegMHAET UHXEHEepHOe MbllWNeHNe, NPOrpaMMUPOBaAHME M eCTeCTBEHHOHAYYHblE 3HAHWA,
NO3BO/IAA Y4YalLMMCA OCBaMBaTb CJ/IOXKHbIE MOHATMA 4Yepe3 MNPaKTUYECKY AeATeNbHOCTb.
Bnarogapa atomy noaxoay obyyeHne CTaHOBUTCA BOlee OCMbICIEHHBIM M MOTUBMPYHOLLMM, BeAb
KaXKbl YYEHUK MOMKET BUAETb KOHKPETHbIM pe3yabTaT cBoel paboTsbl.

STEM-obyuyeHure (HayKa, TEXHONOTUM, MHXKEHepMa, maTemaTuKa) npeanonaraeT TECHYH
CBA3b TEOPWUWM C MPAKTUKON. POBOTOTEXHMKA MAEaNbHO NOAXOAMT AR 3TOro, NOCKO/bKY AaeT
BO3MOXHOCTb NMPUMEHATb 3HAHWA M3 Pa3HbIX NPeAMETOB NPU CO34aHMM PaboTaoLLMX Moaenei.
KoHCTpympya n nporpammumpys poboToB, yyallmeca He MPOCTO BbIMOAHAKT 3a4aHWe, a UCCNeayHoT,
3KCNEPUMEHTUPYIOT M AENatoT BbIBOAbI HAa OCHOBE COBCTBEHHbIX HAbAOAEHWU.

PaboTa ¢ poboTOTEXHUYECKMMIN HabopamM Pa3BMBAET Y LWKObHWKOB BaXKHble HaBbIKM:
NOTMYECKOe W anropuTMMYECKOe MbllWAeHWe, YMeHWe aHaAn3npoBaTb, BblABUraTb rMNoOTE3bI,
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NNaHMPOBATb M MPOBEPATb MX Ha MpPaKTUKe. Kpome TOro, TakmMe NpoeKkTbl GOPMMPYIOT HaBbIKK
KOMMYHUWKaUMM M KOMAHAHOTO B3aMMOAEWNCTBMA, TaK KaK DOMbLIMHCTBO 33434 BbIMOAHAETCA B
Masblx rpynnax.

FnaBHaa UEHHOCTb PODOTOTEXHWKM B TOM, YTO OHa MpeBpallaeT npouecc obyyeHua B
aKTMBHOE McCnefoBaHuWe. Yyawmeca BMAAT, KakK WX MAeu BOMNOLWLAOTCA B AeMncTylowme
KOHCTPYKLUMKW, M TEeM CaMbiM OCO3HAOT CBA3b MeXay y4yebHbIMKM npeamMeTamu U peasnbHOoM
KU3HbIO. ITO MNOBbIWAET MHTEPEC K TOYHbIM HayKaM W MOMOraeT pPa3BMBATb TBOPYECKMIA W
nccnefoBaTeNbCKUA MOTEHLMAN.

2. Xapakmepucmuka naamgpopm LEGO WeDo 2.0, SPIKE u Arduino

CoBpeMeHHble poboToTEXHUYECKME NNATGOPMbI NPEAOCTABAAIOT LWMPOKNE BO3SMOXKHOCTM
AnA 0by4eHMA KOHCTPYMPOBAHUIO M NMPOrPaMMMPOBAHMIO Ha Pa3HbIX BO3PACTHbIX 3Tanax. Cpeau
Hux ocoboe mecTto 3aHMmatoT LEGO WeDo 2.0, LEGO SPIKE n Arduino — Habopbl, KoTopble
OT/INYAIOTCA YPOBHEM C/IOXKHOCTM, MOAXOAOM K OOy4YeHMO WM NedarormyeckMMM 3aZadvamu,
KOTOpble OHM MOMOratoT pelwaTb.

LEGO WeDo 2.0 — 3710 nnatdopma, npeaHasHa4YeHHaA 41a HayanbHOM WKoAbI. EE rnaBHoe
NPeMMyLLECTBO — MPOCTOTa M HarnaaHocTb. C NOMOLLbO 3TOro Habopa AeTn moryT cobupaTb
NPOCTble MeXaHM3Mbl 1 YNPaBAATb UMW Yepes BM3yasibHYHO Ccpeay NporpaMmmnposaHma. PaboTa ¢
WeDo 2.0 nomoraet MAaaWmnM LWKOAbHUKAM NOHATb 6a30Bble MPUHLMMbI ABMXKEHUA, MEXAHUKMN U
NOTVKK. Yepes urpy M 3KCNepUMEHT AeTM OCBaMBaOT OCHOBbl aAfTOPUTMMU3ALMM WU NOAYYatoT
NepBbli OMNbIT NPOEKTHOW AeATENbHOCTMY.

LEGO SPIKE opueHTMpOBaH Ha y4YallmMxca cpeaHero 3seHa W npeacTtasaseT cobon bonee
NPOABWMHYTYIO Bepcuio 006pa3oBaTeNbHOMO KOHCTpPyKTOpa. B oTamume ot WeDo, 3aech
MCNONb3YytoTCA BoNee CNOXKHbIE AATYMKU MU MOTOPbI, @ MPOrPAMMMPOBAHMNE BO3SMOXKHO HE TONbKO
B BM3Yya/bHOW cpeae, HO M Ha A3bike Python. 310 nossonseT npumeHaTb SPIKE ana peweHun
MHXKEHEPHbIX M MCCNenoBaTeNbCKMX 3aJay, Tpebylolwmx aHaan3a, NAAaHMPOBAHMA W TOYHbIX
BbluMcneHuin. PaboTa ¢ 3To nnaTdopmMon cnocobCTBYET Pa3BUTUIO KPUTUYECKOTO U CUCTEMHOTO
MbILWNEHNA, @ TaKXKe yrnybNEHHOMY NOHMMAHWUIO MPUHLMNOB aBTOMATU3ALMN.

Arduino — oTKpbITaa nnatdopma, NOAXOAAWAA ANA CTAPLUMX WKONAbHUKOB M CTYAEHTOB. B
OT/MYMe OT KoHCTPpYKTOpoB LEGO, Arduino npeanonaraeT cCamocToATeIbHYHO COOPKY 3N1EKTPOHHbIX
cxem, paboTy € peasnbHbIMM KOMMNOHEHTAMM — AATYMKAMKU, MMKPOKOHTPONIEPAaMM M MPOBOAAMM.
310 penaeT obydyeHne 6Honee TEXHUYECKUM W MNPUOAMMKEHHBIM K PEaNbHOM WMHXEHEepPHOM
npaktuke. C nomollbto Arduino MOXHO peann3oBaTb MNPOEKTbl OOOM C/NOKHOCTM: OT
aBTOMATMYECKOro OCBELWEHWA A0 MHTENNeKTyalbHbIX CUCTEM ynpasneHudA. Paborta c aTomn
nnathpopmon  dopmmpyeT Yy  obydaloWMXcA  MNOHMMAHWE MNPUHLMMNOB  3/IEKTPOHUKM U
NPOrpammMmMpPOBaHMA Ha YPOBHE MWKPOKOHTPOIEPOB, PAa3BMBAET aHA/NIUTUYECKOE MbIlWEHME U
YMEHMe UCKaTb PeLleHNsA HECTaHAAPTHbIX 3a4aY.

Mcnonb3oBaHWe aTuX TPEX NaaTPopm B 0H6pa3oBaTe/IbHOM cpese No3BOJAET BbICTPOUTb
nocnenoBaTeNbHYO cUCTeMy 0by4eHMA PODOTOTEXHMKE: OT MEPBbIX WArOB B KOHCTPYMPOBAHWUN A0
CO34aHMA NONHOLLEHHOro NMPOrPaMMHO-aNMapaTHOroO NpoekTa. Takon noaxon AenaeT npouecc
obyyeHMA TMBKMM M NOSTanHbIM, a TakKe obecneynmBaeT NOCTENEHHOE PA3BUTUE MHXKEHEPHbIX
KOMNETEeHUMIM ¥ yHaLWMXCA Pa3HbIX BO3PACTHbIX FPynm.

3. Memooduka co3daHusa y4yebHbix Npoekmos

MpoeKkTHaa OeAaTe/NbHOCTb B 0bOpa3oBaTe/lbHOM POOOTOTEXHMKE pPACCMaTPUBAETCA Kak
3QPeKTUBHbLIA CNOCob COoeaMHUTL TEOPUIO M NPaKTUKY obydyeHnA. OHa No3BoAAeT y4alMMmcA
CaMOCTOATE/IbHO MPOXOAMTb BCE 3TaMbl MHXEHEPHOro UMKAa — OT MOCTAaHOBKWM 3aZayvn A0
NONy4YeHMA rOTOBOro pesyabTaTta. [pn 3TOM NeAaror BbICTYNaeT He CTONbKO UCTOYHMKOM 3HaHWUI,
CKO/IbKO HAaCTaBHMKOM M KOHCY/IbTAHTOM, HanpaBAAoWMM AeATENbHOCTb 0OyYatoLLMXCA.
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Pa3paboTka y4ebHbIX MPOEKTOB Ha OCHOBE poboToTexHudyeckux naatpopm LEGO WeDo
2.0, LEGO SPIKE 1 Arduino cTpouTcs noatanHo. Kaxabin aTan MMeeT CBOIO Liesib M Habop AeNCTBUIA,
KOTOpble GOPMUPYIOT Y yUaLLMXCA onpeaenEHHble KOMMNETEHUMN.
1. NocTaHOBKa Npobaembl M onpeaeneHme LeAN NPOEKTa.

Ha aTom 3Tane BaKHO 3aMHTEPECcOoBaTb YYaLUMXCA M MOKa3aTb NPAKTUYECKYI0 3HAYMMOCTb
byayluilero npoekrta. YumTenb Bmecte ¢ rpynnont dopmynmpyeT npobnemy — Hanpumep, «Kak
cOenatb MOCT, KOTOPbIN NOAHUMAETCA NpU NPUBAMKEHUM CyaHA?» UK «KaK aBTOMaTU3MpPOBaTb
CUCTEMY MOMMBA PACTEHUI?». TaKkMe 3aZayMm Noby:KAAtOT YYEHWKOB aHANM3MPOBATL PeasibHble
CUTYaLMM M UCKaTb MHXKEHEPHOE pelleHue.

2. NnaHnposaHue paboTbl U pacnpeseneHne ponen.

MNocne BbibOpa Tembl y4yalwpmecs OOCYKAAOT, KakMe matepuanbl M KOMMOHEHTbI
NoHaaobAaTcA, Kak OyaeT yCTPOeHO YCTPOMCTBO M KTO 3a 4YTO OTBeYaeT B KomaHae. 34ech
Pa3BUBAIOTCA HABbIKM KOMMYHMKALMK, NJAHMPOBAHNA M OpraHM3aumm paboTsl.

3. KOHCTpyMpoBaHue moaenu.

Ha aTom 3Tane npoucxoamT cbopKa yCTpOMCTBA M3 31eMEHTOB BblIODPaHHOM NAAaTPOPMbI.
LEGO WeDo 2.0 noaxoamuT Ana NPOCTbiX MEXAHM3MOB C OrPaHNYeHHbIM YNCAOM AaTyinkos, LEGO
SPIKE no3BonseT peann3oBbiBaTb H0ee CMOMKHbIE KOHCTPYKUMM, a Arduino AaéT BO3MOMKHOCTb
CO34aBaTb CMCTEMbI C HECKONbKMMMKU B3aMMOCBA3AHHLIMW 3NEKTPOHHLIMW  KOMMOHEHTaMM.
KOHCTpyMpOBaHMe MOMOraeT VYyYallMMCA OCBOMTb MPUHUMMbI  MEXaHWKK, SNEKTPUKM U
NHXXEHEPHOro NPOEKTUPOBaHMA.

4, MporpammupoBaHue.

Mocne c6OpKM MOAENN yYallMecs CO3Aa0T NPorpammy, ynpasBaatoLlyto eé noBeaeHNEM.
Onsa WeDo mn SPIKE yalle Bcero ncnosib3yeTca B1M3yabHOE NPOrpamMmMmnpPOBaHnNE, rae KOMaHabl
npeactasieHsbl B Buae 610koB. Ha Arduino npumeHsaeTca a3bik C/C++, 4To AenaeT npoLecc
H6onee CNOXKHbIM, HO M Bonee TMHBKMM. BaxKHO, YTOObI yyallmMecs NOHMMANKM, Kak KoMaHaa
nporpammbl BAMAET Ha paboTy MeXaHM3Ma, U MOT/IM CAMOCTOATENIbHO M3MEHATb aNrToOPUTM B
3aBMCMMOCTM OT YC/I0BUI.

5. TecTmpoBaHue 1 oThaaka.

MNonyums paboTatowmii NPOTOTUM, yYallMecs NPOoBEPSIOT ero aPpPeKTUBHOCTL, BbIABASIOT
OLINBKM M COBEPLUEHCTBYIOT KOHCTPYKLUMIO MM KOA, DTOT 3Tan 0COBEHHO LeHEH TeM, YTO
dopMMPYET Y LIKONBHUKOB MCCNEA0BATENBCKMI MOAXOA N YMEHWE aHANN3NPOBATb Pe3y/bTaTbl
CBOelN paboTsbl.

6. MNpeseHTauma 1 obcyKaeHWe NpoekKTa.

Ha 3aKknto4nTeNbHOM 3Tane KoMaHAa NpeAcTaBAseT CBOM NPOEKT OAHOKNACCHUKAM UK
YIOPW, PACCKa3blBAeT O NMOCTaBAEHHbIX LieNisxX, npouecce paboTbl M AOCTUTHYTbIX pe3yabTaTax.
Takas popmMa noaseaeHnss UTOroB Pa3BMBAET HaBbIKM MYB/IMYHOTO BbICTYN/IEHUA U CAMOOLLEHKMN.

MeToamnKa y4yebHbIX MPOEKTOB B POOOTOTEXHMKE MO03BOMAET He TO/IbKO 3aKpenuTb
TeopeTnyecKkme 3HaHumA, HO M GOPMMPOBATL NINYHBIMA OMbIT PEeLleHNA UHKeHepHbIX 3aaa4. OHa
CO30a€T YCNIOBUA ANA CAaMOCTOATEIbHOrO NOWCKA, aHaNM3a U TBOPYECTBA, YTO OCOHEHHO BaXKHO B
KoHTeKkcTe STEM-o6pa3oBaHuA. Kpome TOro, NpoekTHas [eATesbHOCTb MOMOraeT y4allMMcs
OCO3HaTb LEHHOCTb KONNEKTUBHOM paboTbl M yBUAETb pe3yabTaTbl CBOMX YCUAUIM B peasibHOM
AencTByloLem YCTPOMCTBE.
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4. Mpeumyuwecmeaa u nedazoeuyeckull aghgpekm

Mcnonb3oBaHue pobOTOTEXHWKM B 0BpasoBaTe/lbHOM npouecce AaET 3HAYMTESNbHble
NPeMmyLLecTBa MO CPaBHEHUIO C TPAAMUMOHHbIMKM dopmamm obydyeHua. [naBHoe M3 HUX
3aK/t04aETCA B TOM, YTO yYalMecs CTAHOBATCA aKTUBHbIMM y4aCTHUKAMM y4ebHOM AeATeNbHOCTH,
a He MaccuBHbIMM caywatensmu. PaboTa C peafibHbIMM MOAENSAMM  BbI3bIBAET WUHTEPEC,
CTUMYJIMPYET NO3HABATE/IbHY aKTUBHOCTb M MOMOTAET Ay4lle YCBOUTb CNOXKHbIE MOHATMA Yepes
NpaKTUYecKkoe AencTame.

OAHMM M3 KatoYeBbIX nedarornyeckmnx addekToB pPobOTOTEXHUKM ABAAETCA Pa3BUTUE
WUHXXEHEePHOro 1 aaropMTMUYECKOro MblWAeHUA. B npouecce co3gaHma M NporpammMmnpoOBaHMA
MOZeNen yyallmecsa y4aTca BbICTPaMBaTb JIOTMYECKMEe LEeNoYKM, NpeaBuaeTs NocAeACTBMA CBOUX
pPeWeHnin M HaxoaAMTb OMNTUMA/bHble MNYyTU pelleHus 3aJadyn. Takoh noaxon cnocobereyeT
bOPMMPOBAHNIO aHAIUTUYECKNX HABBIKOB M CUCTEMHOIO BOCNPUATUA MHbOPMaLMN.

He MeHee Ba)KHbIM pe3yabTaToM ABAAETCA (OPMUPOBAHME UCCNEAOBATENLCKUX U
NPOEKTHbIX KOMMETEHUMIN. BbiNONHAA 33a4aHMA C 3/1EeMEHTAMM 3IKCMEPUMEHTA, LWKOAbHUKMK
NPUOBpPETalOT OMbIT MOCTAHOBKU FMNOTE3, MAAHMPOBAHMA M NPOBEAEHUS MUHU-UCCAES0BaHNM,
aHanM3a MNoJYyYeHHbIX AaHHbIX. ITO NpUbAMMKaeT y4ebHbI NpPoLEecc K peasbHOM HayYyHON W
NHXXEeHepHOM NpaKkTUKe.

Kpome TOro, 3aHatMa no poboToTexHWKke GOPMUPYIOT Yy  0byYaloWwmMxca HaBbIKM
KOMMYHMKaLMMU N KOMaHAHON paboTbl. BONbLIMHCTBO NPOEKTOB BbIMOMHAETCA B MajblX rpynnax,
rae Ba)KHO pacnpeaennTb POAM, COrlacoBaTb AENCTBMA M NMPMHUMATb COBMECTHbIE PEeLleHMs.
TaKne ycnoBMA pPa3BMBaAOT OTBETCTBEHHOCTb, B3aMMOMOMOLLb M YBaXKEHWE K MHEHMWIO ApYyrmx
YYaCTHMKOB.

OTAe/NbHOTO BHUMAHMS 3aC/ysKMBaeT MOTUBaLMOHHbIA acneKkT. Pabota ¢ LEGO WeDo 2.0,
SPIKE 1 Arduino BbI3bIBAe€T Yy Y4YalUMXCA WCKPEHHWI MHTEPEC, MOCKOJIbKY OHW cpasy BMAAT
pe3ynbTaT CBOEM AeATENbHOCTM — ABMKYLLMICA MEXaHU3M UK GYHKLMOHMPYOLLEE YCTPONCTBO.
3TO NOBbILWAET YBEPEHHOCTb B COOCTBEHHbIX cWMax M GOPMMPYET YCTOMUYMBBLIN WMHTEpec K
N3YYEHUIO TEXHNUYECKMX M eCTeCTBEHHOHAYYHbIX AUCUMMINH.

TaK»Ke Mcnonb3oBaHMe pOBOTOTEXHUKM CNOCOOCTBYET MHTErpaLmMmn NPeaMETHbIX 3HaHWUA. B
OZIHOM MPOEKTEe y4yallMecs NPUMEHAIOT MaTEMATUKY ANA PAcYEToB, GU3NMKY — A8 NOHMMAHMA
NPUHLMNOB ABMMKEHMA, MHOOPMATUKY — AA5 NPOrpPaMMMPOBAHMA, TEXHOOMMIO — A5 COOPKM
KOHCTPYKUMK. TakoM MexnpeaMeTHbIM Noaxoa Aenaet obydeHne uenoCTHbIM U OCMbICIEHHbIM.

Takum obpaszom, obpasosaTesibHaa POOOTOTEXHMKA BbINOAHAET HE TONbKO y4ebHyto, HO U
BOCnuMTaTeNbHYO GyHKLUMIO. OHa cnocobCTBYET PAa3BUTUIO IMYHOCTU yYEeHMKA, POPMUPYET HABbIKM
CaMOCTOATENBHOIO MbILUIIEHNA, TBOPYECTBA M OTBETCTBEHHOCTM 3a pe3yabTaTt. Bcé sTo genaer
POHOTOTEXHUKY 3DDEKTUBHBIM MHCTPYMEHTOM peanm3aumm STEM-noaxona B COBPEMEHHOM
obpasoBaHUN.

3aKkntoveHve

B cTaTbe paccMOTPeHbl BO3MOMKHOCTU MpUMeHeHMA obpa3oBaTesibHOM POOOTOTEXHUKM
ONs peanusalmm npoekToB Ha ocHoBe STEM-aucumnavH ¢ mucnosb3oBaHuem nnatdopm LEGO
WeDo 2.0, LEGO SPIKE u Arduino. AHanu3 nokasan, 4YTO NPOEKTHad [AeATeflbHOCTb C
pPOo6OTOTEXHMKOW MNO3BONAET COEAMHATb TEOPEeTUYECKMEe 3HaHMA C MPAKTUYECKMM OMbITOM,
Pa3BMBaTb MHXEHEPHOE MbILLAEHNE, NTOTUYECKME HABbIKM M CMOCOBHOCTb K CaMOCTOATE/IbHOMY
NMOUCKY peLleHn.

Pa3paboTaHHaA MeToAMKa NOCTPOEHa Ha NOCNeA0BaTENbHbIX STanax: MOCTaHOBKA 33434y,
NNAaHUPOBAHWE, KOHCTPYMPOBaHWE, MPOrpamMMmMpPOBaHWeE, TeCcTUPOBaHWE W Mpe3eHTaumA
pe3ynbTaToB. TakoM noaxon obecneynsaeT GOpMMPOBaHME Y 0OYHAOLWMXCA NCCAE0BATENbCKMX
M MPOEKTHbIX KOMMNETEHLMI, a TaKKe HaBbIKOB KOMaHAHOM paboTbl U1 KOMMYHMKaLUN.
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Vicnonb3oBaHMe pasinyHbIX NAATGOPM MNO3BONAET aAaNTMPOBATb YPOBEHb CAOMKHOCTU
NPOEKTOB MOJ BO3PACT M NOAroTOBKY ydawmxcAa. LEGO WeDo 2.0 noaxoamuT Ana MANa4Lwmx
WwKonbHUKOB, LEGO SPIKE — ans cpenHero 3BeHa, a Arduino — A5 CTapLUMX K1accoB U CTYAEHTOB.
OTO CO343ET YyCNOBMA ONA MOCTENEHHOTO Pa3BUTUA MHXKEHEPHbIX U TEXHWYECKUX HaBbIKOB,
dOPMMPOBAHMA CUCTEMHOIO MbILUNEHWNA N MHTEPECA K TOYHbIM HayKaM.

Takum obpasom, BHeapeHWe 0Opa3oBaTesIbHOM POOOTOTEXHWMKM B y4ebHbIM npouecc
ABNAETCA 3PPEKTUBHLIM MHCTPYMeHTOM STEM-06pa3oBaHua. MNpoekTHas aeaTtenbHOCTb ¢ LEGO
WeDo 2.0, SPIKE n Arduino cnocobCcTByeT pasBUTUIO TBOPYECKUX, MCC/EeA0BaATENbCKMX W
NPaKTUYECKMX KOMMNETEHUMN, POPMMPYET MOTMBALMIO K 0OYyYEHMIO M NOArOTaBAMBAET YHaLLMXCA
K peLUeHMIO CNOXKHbIX 33434 COBPEMEHHOIO TEXHONOMMYEeCKOoro obuLecTsa.
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Creating Educational Projects on
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Abstract

This article explores the theoretical and practical foundations for creating educational
projects in the field of educational robotics based on STEM disciplines. It highlights modern
platforms such as LEGO WeDo 2.0, SPIKE, and Arduino, which integrate engineering thinking,
programming, and scientific knowledge. The proposed methodology aims to develop students’
research and creative competencies.
Keywords: educational robotics, STEM, project-based learning, LEGO WeDo 2.0, SPIKE, Arduino

Introduction

Modern education focuses on preparing learners to think independently, make decisions,
and apply acquired knowledge in practice. One effective approach to achieving these goals is
educational robotics—a multidisciplinary field that combines science, technology, engineering,
and mathematics (STEM).

In the context of digital transformation, educational robotics becomes an essential part of
the learning process, bridging theoretical knowledge with practical application. Robotics kits
enable students to learn programming and construction basics while fostering teamwork,
planning, problem-solving, and creativity.

The relevance of this topic lies in the need to cultivate engineering thinking, technical
literacy, and problem-solving skills using digital technologies. The STEM approach promotes
interdisciplinary integration and stimulates interest in scientific and technical creativity.

Robotics platforms such as LEGO WeDo 2.0, LEGO SPIKE, and Arduino play a key role. LEGO
WeDo 2.0 is designed for beginners, introducing children to robotics and visual programming.
LEGO SPIKE targets middle school students, emphasizing engineering challenges and logical
thinking. Arduino is suitable for advanced learners, offering deeper exploration of electronics,
automation, and device control algorithms.

Using these platforms in project-based learning fosters research skills, systems thinking,
and creative independence. Projects based on LEGO WeDo 2.0, SPIKE, and Arduino embody STEM
principles, enhance practical competencies, and boost motivation to study technical subjects.

Thus, developing a methodology for creating educational robotics projects based on STEM
disciplines is a timely and valuable direction in modern pedagogy. It bridges theory and practice
and helps students acquire universal skills for thriving in a tech-driven world.

Research Goal and Objectives
Goal: To develop a methodology for creating educational robotics projects based on STEM
disciplines using LEGO WeDo 2.0, LEGO SPIKE, and Arduino platforms. The methodology aims to
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enhance educational effectiveness, foster engineering thinking, and build practical competencies
relevant to the digital economy.

Objectives:
e Analyze pedagogical and methodological foundations of educational robotics in STEM
learning

e Explore the didactic potential of LEGO WeDo 2.0, LEGO SPIKE, and Arduino in project
implementation

e Develop a structured, step-by-step model for creating robotics projects tailored to
students’ age levels

e Identify pedagogical conditions for effective STEM integration through project-based
learning

e Evaluate the methodology’s impact on students’ cognitive engagement and technical skills
Main Content
1. Educational Robotics as a STEM Component

Robotics is becoming a vital part of modern education, merging engineering thinking,
programming, and scientific knowledge through hands-on activities. This approach makes learning
meaningful and motivating, as students see tangible results from their efforts.

STEM education emphasizes the connection between theory and practice. Robotics
supports this by enabling students to apply knowledge from various subjects to build functional
models. Through construction and programming, students investigate, experiment, and draw
conclusions from their observations.

Working with robotics kits develops logical and algorithmic thinking, analytical skills,
hypothesis generation, planning, and testing. It also fosters communication and teamwork, as
most tasks are completed in small groups.

The core value of robotics lies in transforming learning into active exploration. Students
witness their ideas materialize into functioning devices, reinforcing the link between academic
subjects and real life. This boosts interest in STEM and nurtures creativity and inquiry.

2. Overview of LEGO WeDo 2.0, SPIKE, and Arduino Platforms

Modern robotics platforms offer diverse learning opportunities across age groups. LEGO
WeDo 2.0, LEGO SPIKE, and Arduino differ in complexity, teaching approach, and educational
goals.

e LEGO WeDo 2.0 is designed for elementary students. Its simplicity and visual programming
make it ideal for introducing basic mechanics, motion, and logic. Through play and
experimentation, children grasp algorithmic concepts and engage in early project work.

e LEGO SPIKE targets middle school learners and offers advanced sensors, motors, and
programming options, including Python. It supports engineering and research tasks
requiring analysis, planning, and precise calculations. SPIKE promotes critical and systems
thinking and deeper understanding of automation.

e Arduino is an open-source platform for high school and university students. Unlike LEGO
kits, Arduino involves assembling electronic circuits and working with real components—
sensors, microcontrollers, and wires. It enables complex projects like automated lighting
or smart control systems. Arduino teaches electronics and microcontroller programming,
encouraging analytical thinking and creative problem-solving.

Using all three platforms creates a progressive robotics curriculum—from basic construction
to full-fledged hardware-software projects. This staged approach ensures flexible learning and
gradual development of engineering skills across age groups.

3. Methodology for Creating Educational Projects
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Project-based learning in robotics effectively combines theory and practice. Students
navigate the full engineering cycle—from problem definition to final product—while teachers act
as mentors and guides.

The methodology involves several stages:

1. Problem Identification and Goal Setting

2. Engage students with real-world challenges (e.g., “How to build a bridge that lifts when a

boat approaches?” or “How to automate plant irrigation?”). These tasks encourage

analysis and engineering solutions.

3. Planning and Role Assignment

4. Students discuss required materials, device structure, and team responsibilities. This stage

builds communication, planning, and organizational skills.

5. Model Construction

6. Students assemble devices using the chosen platform. WeDo suits simple mechanisms,

SPIKE enables complex builds, and Arduino supports multi-component systems. This stage

teaches mechanics, electronics, and design.

7. Programming

8. Students write code to control their models. WeDo and SPIKE use visual block-based

programming; Arduino uses C/C++. Understanding how code affects behavior is key, and

students learn to adapt algorithms to changing conditions.

9. Testing and Debugging

10. Students evaluate their prototypes, identify issues, and refine design or code. This stage

fosters inquiry and analytical thinking.

11. Presentation and Reflection

12. Teams present their projects, explaining goals, process, and outcomes. This builds public

speaking and self-assessment skills.

This methodology not only reinforces theoretical knowledge but also cultivates personal
experience in solving engineering problems. It encourages independent exploration, analysis, and
creativity—core elements of STEM education. It also highlights the value of teamwork and
showcases tangible results.

4. Advantages and Pedagogical Impact

Robotics offers significant advantages over traditional learning. Students become active
participants, not passive listeners. Working with real models sparks curiosity and helps grasp
complex concepts through action.

Key pedagogical benefits include:

o Development of engineering and algorithmic thinking

e Students build logical sequences, anticipate outcomes, and optimize solutions—enhancing

analytical and systemic skills.

e Formation of research and project competencies

e Through experimentation, students learn to hypothesize, plan, conduct mini-studies, and

analyze data—mirroring real scientific practice.

e Teamwork and communication skills

e Projects are group-based, requiring role distribution, coordination, and joint decision-

making. This fosters responsibility, cooperation, and respect.

e Motivation and engagement

e Immediate results—moving mechanisms or functioning devices—boost confidence and

interest in STEM subjects.

e Interdisciplinary integration

e Projects combine math (calculations), physics (motion principles), computer science

(programming), and technology (construction), creating holistic learning.
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Educational robotics thus serves both instructional and developmental purposes. It nurtures
independent thinking, creativity, and accountability—making it a powerful tool for implementing
STEM in modern education.

Conclusion

This article examined the use of educational robotics for STEM-based project development
using LEGO WeDo 2.0, LEGO SPIKE, and Arduino. The analysis shows that robotics projects
effectively connect theory with practice, fostering engineering thinking, logic, and problem-
solving.

The proposed methodology includes sequential stages: problem setting, planning,
construction, programming, testing, and presentation. This approach builds research, project, and
teamwork skills.

Different platforms allow tailoring project complexity to students’” age and skill level. WeDo
suits younger learners, SPIKE fits middle schoolers, and Arduino challenges older students. This
supports gradual skill development and sustained interest in STEM.

Incorporating robotics into education is a powerful STEM strategy. Projects with LEGO
WeDo 2.0, SPIKE, and Arduino cultivate creativity, inquiry, and practical skills, motivating students
and preparing them for complex challenges in a tech-driven world
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Technical Sciences

Pa3paboTka METOAMKM MCMOb30BAHMS
TexHonormnm CLIL npun nayyeHmnm
MHPOPMATUKM B LLKONAX 419 O43PEHHbIX
neteu

CokeH XacynaH biprkaHynbl
YYUTENb AaHT/IMMCKOTO fA3blKa, binim-MHHOBauuma nnuen, r. KoctaHan, KasaxctaH

AHHOMAuuAa

CTaTba NocBAlLeHa pa3paboTke MeToaMKn ncnosiblosaHma texHonornn CLIL (Content and
Language Integrated Learning) npu nsyyeHun MHGOPMaTUKM B CNELMANMU3UPOBAHHbIX LLIKOAAX ANS
oZapeHHbix aeten. OB6OCHOBaHa aKTya/lbHOCTb MHTerpauum npeaMeTHOro  MHOA3bIYHOTO
coaepaHma ana GopmMMpoBaHMA aKaZEMHON OUAWHIBANbHOCTM, PA3BUTUA KPUTUYECKOTO W
aITOPUTMMYECKOTO MbIWNEHMA, KOMMYHMKAUMK U MCCNeA0BaTENbCKMX yMeHWI. [peacTaBneHbl
meTogonornyeckme  ocHosaHua  (4C’s:  Content, Communication, Cognition, Culture;
KOMMETEHTHOCTHbIM U AEATENbHOCTHbIM NMoaxoapl), Uenu U pesynbTaTbl 0OydYeHus, NPUHUMMBbI
noabopa coAepKaHMA M A3bIKOBOrO MaTepuana, MOAENM YPOKOB W MOAyNein, npumepsl
ckaddonamHra m oueHmBaHuWA. [lpeanoxeHa NOMMKa peanu3aumm MeTOAMKM B KOHTEKCTe
MHOOPMATUKM (aNArOPUTMbI, CTPYKTYPbl AaHHbIX, 6€30MacHOCTb, OCHOBbLI MPOrPAMMMPOBAHUSA) C
YYETOM TUMKUYHbIX Npodunen ogapeHHocTU. OnucaHbl MHCTPYMEHTbI LIMPPOBON NOAAEPIHKKN ©
[AM33aH Neaarormyeckoro skCnepumMeHTa ANa oueHKM 3GGeKTUBHOCT METOAMNKMN.

KnioueBble cnosa: CLIL, wuHPOpmaTWKa, oJapeHHble AeTh, bunuHreanbHoe obyyeHue,
aNroOpPUTMMYECKOE MbIlLEHNE, NPeaMeTHO-A3bIKoBas MHTerpauma, ckadpdonamHr, oLeHMBaHME,
LMPpOBbIE MHCTPYMEHTbI, AnddepeHumnaumns

BeeaeHue

NHTerpauma npeaMeTHOro COAEepPXKaHMA M MHOCTPAHHOro A3blka no TexHonormm CLIL
oTBeYaeT 3a/@a4aM COBPEMEHHOM LWKOAbI, rAe BocTpeboBaHbl rMOKME HaBbIKM, aKaJemHan
OUANHIBANBbHOCTb M CNOCOBHOCTb paboTaTb B MeEXAMUCUMNAMHAPHOM cpeae. Ons oAapeHHbIX
LWKONIbHMKOB MHbOPMaTUKA ABASETCA eCTeCTBEHHOW cHeport PasBUTMA BbICOKMX KOTHUTUBHbIX
OYHKUMA: anropuTmMmM3aums, MoAennmpoBaHWe, abcTparMpoBaHue, pabota ¢ AaHHbimKM. CLIL
No3BOAAET OAHOBPEMEHHO NpoABuraTb NpeaMeTHble W A3blKOBble pe3yabTaTtbl: yyallmecs
M3y4yatoT MHOOPMATUKY Yepe3 aHTMNCKMIA A3bIK M, B TO e BPemMs, OCBauMBaloT MpeaMeTHYHO
TEPMMHONOIMIO M aKaZeMHbIe ANCKYPC-HABbIKN.

TeopeTnyeckmne ocHoBaHUs U cneumduka CLIL B MHGoOpmaTUKe
MeTtoponormnyeckyto 6asy coctasnatoT 4C’s (Content, Communication, Cognition, Culture),
KOMMNETEHTHOCTHbIN, AeATENbHOCTHbIN U IMYHOCTHO-OPMEHTUPOBAHHbIN NOAXOAbI, @ TaKKe NUaeu
NPoBAEMHOrO M NPOEKTHOro obydeHus. [Ona MHPOPMATMKM KAKOYEBLIM ABAAETCA Nepexod oT
«NIEKCUKM TEMbI» K «A3bIKY MbIWAEHNAY: OMUCAHUIO aNrOPUTMOB, aprymMeHTaLMmM C/IOXKHOCTMH,
CPaBHEHUIO CTPYKTYP [aHHbIX, aHa/iM3y pes3y/nbTaToB 3KCNEPUMEHTOB. HA3blKOBble LEeAn
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bopMyIMpPYIOTCA Ha YPOBHSAX: NeKcuKa (terms: algorithm, variable, loop, array, Big-O), rpammaTnka
(YCNOBHblE KOHCTPYKLMM, TMACCWMB, CAOMKHbIE WMEHHble T[pynmnbl), AMCKypC (onpeaeneHue,
onuncaHune npoLecca, A0Ka3aTeNbCTBO, CPaBHEHME).

MopTpeT 04apeHHOro yyalleroca U nefarormyeckne ycaosus

OfapeHHble  WKOMbHUKM  AEMOHCTPUPYIOT — MOBBIWEHHYD — CKOPOCTb  06paboTKM
nHbopmauun, rnybuHy UHTepeca, CTPEM/IEHME K CaMOCTOATENIbHOCTM M OPUTMHAbHbIM
pelweHnam. MeToAMKa [O/MKHA npedsaraTb CAOMHbIE 334a4M  OTKPLITOrO Tuna, TMHKyto
UHOMBUAYANU3AUMIO, YyCKopeHue (acceleration) u yrnybneHue (enrichment), BO3MOMKHOCTb
BbiOOpa posiel B MNPOEKTe, a TakXKe paBHoBecue mexay cBoboaon uccnenoBaHusa U
CTPYKTYpUpyloWen noaaepskkon (ckadbdonamHrom). BaskHo obecneynTb MNCUXOIOTMYECKYHo
6e30MacHOCTb, Ky/IbTypy aKaZleMHOM AMCKYCCMM M MPO3PaYHble KPUTEPUM OLEHMBAHUS.

Llenn n nnaHupyemsble pesynbtaTbl 06y4eHuUn

Llenn meToamKku AByeanHHbI: 1) npeaMeTHble — pa3BUTUE aITOPUTMUYECKOTO MbILLIEHMS,
B/aZeHMEe OCHOBaMM MpPOrpaMmmMpoBaHua, pabota C AaHHbiMM U UKT-BesonacHocTbio; 2)
A3bIKOBble — B/lafleHMe NpeaMeTHOM IEKCMKOM 1 KaHPamMM akaJeMHON KOMMYHUKALMK, yMeHne
YyMTaTb M CO3[aBaTb NOACHUTE/IbHbIE, aPTYMEHTATUBHbIE M MHCTPYKTUBHbIE TEKCTbI HA aHT/IMACKOM
a3blke. [naHupyemble pesynbTaTbl dopmynumpytotca B dopmate «Content + Language»:
Hanpumep, «0ObBACHAET pasHuULy mexay selection sort m merge sort Ha aHFIMIACKOM A3bIKe,
apryMeHTMpys BbIOOP C MO3MLMM COKHOCTMY»; KOMUCHIBAET CTPYKTYPY MaccmMBa M onepaummn Haj,
HWM, MCNO/b3YA TOYHYIO TEPMUHONOTUIO M MACCUBHbIN 3a/10T».

MpuHUMNbl 0TOOpa coaepKaHMA M A3bIKOBOrO MaTepuana

— TemaTnyeckasa peneBaHTHOCTb: Ha30Bble TeMbl MHOOPMATUKM (aNTOPUTMbI, CTPYKTYPbI
NaHHbIX, KOAMPOBAHME, CETU 1 6e30NacHOCTb).

— A3blkoBaa  QYHKUMOHANbHOCTb: /IEKCMKA W TPAaMMaTUYECKMEe  KOHCTPYKLMK,
HeobxoanMble ANA ONUCAHWA NPOLLECCOB, CPAaBHEHWNIM, AOKa3aTeNbCTB.

— KOrHMTMBHAA CNOXKHOCTb: 3a/1laHMA BbICOKOrO YPOBHA Mo baymy (aHanus, ougHMBaHKe,
co3faHue).

— JloCTynHOCTb M NoAdep»Ka: nowarosble onopsbl (visual organizers, sentence frames),
r10Ccapun, NpumMepbl.

— MEeKKyAbTYPHOCTb M MPaKTUKa: peanbHble Kencbl UT-uHAYCTpUK, MexayHapoaHble
CTaHAapTbl, 3TUKa NN

Mogenb metoamku CLIL ana nHpopmaThKm (CTpyKTypa)
Mozenb BKAOYAET MaKpO- U MUKPOYPOBHMW. Ha MakpoypoBHe — MO/y/1bHaA opraHn3aums
(2—-4 Hepenu Ha Temy), MexnpeaMeTHble MPOEKTbl, y4acTMe B KOHKypCax M XakaToHax. Ha
MUKPOYPOBHE — CTPYKTypa ypoka CLIL: akTMBauma npeasHaHWi —-> BBOA M COBMECTHOE
KOHCTPYMpPOBaHME f3blKka M COAEPXKaHWA —» ynpaBidemMas MpakTMKa —-» CamMOoCToATe/bHaA
paboTa/uccnenoBaHme - pedneKkcmsa M oLeHMBaHME,
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MprMepHasn CTPYKTYpa Moayna «AIFOPUTMbI U CIOKHOCTbY (2 Hedenn)

Henensa/ypok CopepskaHue Asbik (Communication) KorHmuma/kynbtypa
(Content) (Cognition/Culture)
1.1 MoHAaTne define, step, input/output, MeTaKorHMumA,
anroputma, sequence paboTa B napax
Kputepuu,
TpaccuUpoBKa
1.2 CopTMpOBKH: compare, less/more than, BM3Yya/lbHble
selection, bubble passes, swap MOZeNN, Crnop o
BbIbOpe anropnuTma
1.3 Merge sort: naes split, merge, recursively, poneBoe
«pasaensmun complexity MOJeNMpoBaHme,
BNACTBYM» nccnenoBaHme
BPEMEHM
1.4 Big-On time complexity, 3KCMEePUMEHT,
3MMMpPUYECcKas linear/logarithmic/quadratic | aHanun3 rpadukos
npoBepKa
2.1 CTpyKTypbl AaHHbIX: | array, index, insert, delete abcTparmpoBaHue,
MaccuB, CMMCOK BbIOOP CTPYKTYpbI
2.2 KOHTPO/1b/NpOoeKT: present, justify, nybAnMYHana 3aWnTa,
«aNroOPUTM advantage/disadvantage 3TMKa 3KCMepUMeEHTa
COPTUPOBKM ANSA...»

Mpumep ypoka CLIL: «Merge sort u aHanns cnoxHocTu» (80 MUHYT)

31an Bpema | Uenb (Content + [leAaTenbHOCTb CKapponamHr OueHunBaHue
Language)

AKTMBaUMA 10' recall sorting ideas; | Think-Pair-Share | sentence starters, | ycTHble
use verbs C KapToYKamm visuals MWHN-OTBET
describe/compare bl

Beog, 15 explain [eMo Ha dpenmbl: “First...,, | Bonpocsl No
divide-and-conque | BymaskHbixX then...”, cxema xoay
r; use recursively «MaCcCmBax»

MpaKTuKa 20 trace merge sort; paboTa no Tabanua YyeK-1mncT
use sequence, CTaHUMAM TPACCMPOBKM
merge (TpaccupoBka)

Nccneposan | 20 measure time; use | 3amep BpemeHun | WabaoH cbop AaHHbIX

ne terms complexity, Ha MmaccmBax NPOTOKO/1a
sample Pa3HOM A/INHbI

MpeseHTauua | 10' present results; MUHU-MUTYN dpaseonornyeckn | pybpuka
justify choice KOMaHA, e Kanue npe3eHTaum

7

Pednekcua 5' self-assessment; exit-ticket rnoccapui CaMOOLeHKa

new vocabulary
CradpdbonamHr 1 A3bIKoBaA NoaaepKKa
— Bwu3yanbHble oOpraHM3aTopbl: CXeMbl anropuTMOB, TabaMUbl TPACCMPOBKM, KapTbl
MOHATUI.

— AsbikoBble ppenmsbl: “We implemented...”, “Our algorithm performs... because...

terms of complexity...”.

n

” o
,
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— [noccapuu ¢ onpeaeneHnammn U NpuMepamu; AByA3blYHble KAPTOYKN TEPMUHOB.
— MogenvpoBaHue yunTenem obpasua otseTa U nucbma (modeling).
— lNolwarosble YeK-NCTbl U KpUTEpPUM ycnexa A8 1abopaTopHbIX M MPOEKTOB.

OueHwvBaHue: dopmupyioLLee U UTOroBoe

dopmupytollee OLEHMBAHME BCTPAMBAETCA Ha KaXKAOM 3Tane ypoKa: bbiCTpblie onpochl,
MWHU-MNTYMN, B3aMMOMPOBEPKA MO YeK-AncTam. MToroBoe — MpoeKTbl, TECTbl HA MOHMMaHWE U
NPUMEHEHME, YCTHbIe 3aWnTbl. 1A NPO3PavyHOCTM UCMONb3yeTca pybpuKa.

Kputepui OnuncaHune BbICOKWI ypOBEHb CpenHui basosbii
Content KoppeKTHOCTb | AATOPUTM BEPEH, Ecte menkune CyliecTBeHHble
anropuTma u aHaM3 CNOXKHOCTM HETOYHOCTMU OLWMBKM
aHanm3a obocHoBaH
Communicatio | A3blkoBas TepMuHbl HesHaumTenbHbl | MHOro ownbokK
n TOYHOCTb U ynoTtpebneHsl e OWnBKM
TEPMUHONOIMA | KOPPEKTHO, peyb
CBA3HanA
Cognition AprymeHTauma | Boibop ob6ocHOBaH ObocHoBaHMe Ob6ocHoBaHMe
1 BbIOOP [aHHBbIMW/KPUTEPUAM | YaCTUUYHOE oTcyTCTBYET
7
Collaboration KomaHaHas Ponu AcHbI, BKNas, Poaun 4acTnyHO Het
paboTa n ponn | pacnpeaenéx cobntoaeHsbl pacnpeaeneHm
A ponen
Product KavecTtso MpeseHTaumA Ectb HeouéThl B | CTpyKTYpa M
npeacTaBfeHn | CTPYKTYPUPOBaAHa, CTPYKTYpE HarnAQHOCTb
a HarnsaaHa cnabble

AnddepeHumauma ona ogapEHHbIX yYaLmxca

— VYcKopeHue: [A0CTyn K 33a4ayam  MOBbILEHHOW  C/NOMKHOCTM,
bOPMYNMPOBKM, AONONHUTENbHBIE NCTOYHUKMN.

— YraybneHue: nccnenoBaTenbCkMe MMHU-NPOEKTLI (Hanpumep, CPaBHUTENbHbIM aHaNM3
COPTMPOBOK Ha peasibHbIX AaHHbIX).

— BbI60Op TpaeKTopum: PpOAU «aHANUTUK AAHHbIXY», Pa3pPabOTUMK», KCIMKEP», KMEeHEeKepP
NpOeKTa».

— MeHTOopCTBO:!
JOCTUKEHN.

oMMnnadHble

WHOMBUAYANbHbIE  KOHCYAbTALUWMW, TPEKWMHT uener, nopthoamo
LindppoBble MHCTPYMEHTBI

PekomeHaytoTcs: IDE/necoyHmnupl NporpaMmMmnpoBaHuns; CMCTEMbl OMPOCOB M ObICTPOM

06paTHOW CBA3M; COBMECTHbIE JOKYMEHTbI; OHNAMH-A0CKW; Cpebl BU3ya/lbHOro MOAEIMPOBaHNS

aNropuTMOB; TpeKepbl 3aa4 (KaHbaH). Bbibop MHCTpyMeHTa AokeH obecneymBaTb BUAMMOCTb

nporpecca 1 Npo3pavyHoOCTb KPUTEPMEB OLIEHNBAHMA.

[ln3aliH neparornvyeckoro akcnepMMeHTa (oueHKa adpPeKTMBHOCTU METOLMKM)
Mpeanaraetcs KBa3n-3KCMNEPUMEHTANbHbIM AM3aliH C NpeaBapUTebHbIM M UTOrOBbIM
TECTUPOBAHMEM: KOHTPO/IbHAA W 3KCNEePUMMEHTaNbHAA rPynnbl COMOCTaBMMbl MO YPOBHIO.
MeTpUKM: NPUPOCT NpPeAMETHbIX Pe3ynbTaToB (pelweHWe 3aad, 0bOCHOBaHWE CNOXKHOCTH),
A3bIKOBbIX (TEPMMHONOIMYECKAA TOYHOCTb, AMCKYPCHbIE YMEHMWA), @ TaKKe MeTanpeaMeTHbIX
(camoperynaumsa, KomaHaHasa paboTa). Mcnonb3ytoTca pybpuKmM U YeK-ancTbl, HabatoaeHne, camo-
M B3aMMOOULEHKA.
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PVCKM 1 cnocobbl NX CHUMKEHUA

— Meperpys A3blKa UM COAEPKAHNA — A03MPOBaAHME, ABHbIE OMOPbI, Yepea0BaHMe BUA0B
[eATeNbHOCTY.

— HepaBHOMepHbIM BKNAA B rpynne —» pacnpeneneHve ponemn, WHAMBMAyabHble
apTedaKTbl N OTYETDI.

— [ednunt BpemeHM —> Talm-OOKCWMHI, NpUopUTET KatouveBbiX uener (Content +
Language).

— Pa3pbIiB Mexay CUAbHLIMW M CNabbiMK yYyalWMMUCs —> TMOKMe rpynnbl, ThOTOPCTBO,
aflanTMBHble 3a4aHuA.

OxKnpaemble pesynbTaThl BHEAPEHUA

MeToamMka  obecneymMBaeT  pPoOCT  NPeAMETHOM  YyCNeBaemMoCTM W aKaAeMHOM
OUNVHIBANIbHOCTKL, pPa3BUTME apPryMeHTaUMM U NPe3eHTAUMOHHbIX HaBblKOB, MOBbIWeEHME
MOTMBaUMKM K WT-MccnedoBaHMAM M yy4acTMe B OAMMNMaAax/KoHkypcax. [ns wkonbl —
YKpEenneHne NpoeKTHOM KyNbTypbl U MEXAYHAPOAHOM KOMMYHMKAUWUK; ANA YYUTENss — CUCTEMA
NPO3payHbIX KPUTEPUEB M LMGPOBBIX NPOLEAYP OLUEHMBAHUS.

3aKkno4eHmne
CLIL B wWHpoOpmaTMKe A48 OOAPEHHbLIX LWKOMbHMKOB — 3pdeKTMBHasA cTpaTerus,
obbeanHaAoLULan rNyboKoe 0CBOEHWE COAEPMKAHMA N PA3BUTUE aHTIMICKOrO akaAeMHOro A3blKa.
MpeactaBneHHas MeTOAMKa 33faéT LEe/OCTHYK pPamKy: OT MNOCTaHOBKM Lener u oTbopa
coAep!KaHMa A0 NPOEKTUPOBAHMA YPOKOB, cKabdbonaMHra, OLEHWMBAHWMA M UCCNeA0oBaHMA
pe3ynbTaToB. [MOKas MoAdynbHas CTPYKTypa M onopa Ha 4C’s aenatoT eé€ aganTupyemon K
PA3/IMYHbIM KOHTEKCTaM CNeumaam3npoBaHHbIX LKO.
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Abstract

The article is devoted to the study of the potential of medicinal plants of Northern
Kazakhstan — sweet clover (Melilotus officinalis), purslane (Portulaca oleracea) and St. John's wort
(Hypericum perforatum L.) — to create functional food products. Their vitamin composition and
prospects of in vitro cultivation are considered. Studies have shown a high content of vitamins
(including C and B groups), minerals. The results confirm the suitability of plants for the
development of innovative food products.

Key words: functional products, medicinal plants, secondary metabolites, antioxidant
activity, sweet clover, purslane, St. John's wort, in vitro cultivation, Northern Kazakhstan.

Introduction

The modern world is increasingly focusing on natural sources of health, among which
medicinal plants rich in biologically active substances occupy a special place. On the territory of
Northern Kazakhstan, sweet clover (Melilotus officinalis), St. John's wort (Hypericum perforatum
L.) and purslane (Portulaca oleracea) are distinguished, which have a unique composition and a
wide range of positive properties, making them promising for creating functional food products
[1]. These plants contain secondary metabolites, vitamins and minerals, which opens up
opportunities for scientific research and practical application, especially in the conditions of in
vitro cultivation, which allows to control the quality and stability of the production of active
ingredients [2].

Sweet clover, belonging to the genus Melilotus, is known for its coumarin content, which
has anti-inflammatory and anticoagulant properties, contributing to improved blood circulation
and wound healing, especially in diabetic complications [3]. Studies confirm its thermogenic and
detoxifying effects, as well as its traditional use for the treatment of gastric ulcer and intestinal
disorders [4]. The high concentration of aromatic coumarins makes sweet clover a valuable raw
material for functional drinks and supplements that strengthen the cardiovascular system [5].

St. John's wort, which has about 400 species and is widespread in Europe and Asia, is rich
in hypericin and hyperforin, which have antidepressant, anti-inflammatory and antimicrobial
properties [6]. Traditionally, it is used to treat skin wounds, eczema, burns, and psychological
disorders such as depression and anxiety, which is confirmed by modern data [7]. Its versatility
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makes St. John's wort promising for creating products with immunostimulating and regenerating
effects [8].

Purslane, known as one of the richest terrestrial sources of omega-3 and omega-6 fatty
acids, has a positive effect on the cardiovascular system and metabolism [9]. Studies show a high
content of antioxidants, vitamins (including C and B groups), and minerals such as magnesium and
potassium, which help reduce cholesterol and strengthen the immune system [10]. Low calorie
content and high nutritional value make purslane an ideal component for dietary products [11].

The prospects of in vitro cultivation of these plants open up new horizons, ensuring stable
production of bioactive substances regardless of climatic conditions [2]. This is especially
important for Northern Kazakhstan, where traditional agriculture may be limited. The controlled
environment makes it possible to increase the yield of coumarins in sweet clover, hypericin in St.
John's wort, and omega-fatty acids in purslane, which makes them available for industrial use [12].
The integration of biotechnologies with traditional knowledge creates the basis for innovations in
the field of healthy nutrition [13].

Materials and methods

The studies were conducted using standardized methods to assess the quality, safety and
composition of medicinal plants of Northern Kazakhstan — sweet clover (Melilotus officinalis),
purslane (Portulaca oleracea) and St. John's wort (Hypericum perforatum L.). To ensure accuracy
and reproducibility, the following approaches were used:

1. The titrated acidity of raw materials and finished products was determined by titration
in accordance with GOST 150750-2013, which makes it possible to estimate the total acidity of
samples.

2. The active acidity was determined by the electrometric method using a potentiometer
according to GOST 267841, which ensured the pH measurement with high accuracy.

3. The mass fraction of fat was measured by the Soxlet method, which provides lipid
extraction using organic solvents.

4. The mass fraction of the ash residue was determined by the dry ashification method
according to GOST 34845-2022 "Specialized food products and biologically active additives. A
method for determining the mass fraction of ash", which made it possible to estimate the content
of mineral substances.

5. The dry matter content was estimated according to GOST 24061-89 "Method for
determining humidity", based on drying samples to a constant weight.

6. The content of B vitamins and vitamin C was determined by capillary electrophoresis
according to GOST 31483-2012, which ensures high sensitivity and selectivity of the analysis.

All analyses were performed under controlled laboratory conditions using calibrated
equipment and certified reagents. Some methodological approaches have been adapted based on
general recommendations for the analysis of plant raw materials. The data obtained were
processed using statistical methods to assess errors and reliability of the results.

Results

Studies of the quality of dry vegetable raw materials — sweet clover (Melilotus officinalis),
St. John's wort (Hypericum perforatum L.) and purslane (Portulaca oleracea) — were conducted
to assess their suitability for the production of functional foods. Key quality indicators were
analyzed, including mass fraction of fat, mass fraction of carbohydrates, mass fraction of ash and
dry matter content. The results are presented in Table 1, and additional data obtained from the
test reports complement the picture of the biochemical composition and safety of plants.
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Table 1 — Quality indicators of dry vegetable raw materials

Sweet St. John's
No Parameters Purslane
clover Wort
1 Mass fraction of 7 244003 16,75+0,07 8,29+0,02
fat, %
2 Mass fraction  of 28 76+0,55 23,41+0,15 22.62+0,72
carbohydrates, %
| 3 | Ash, % [ 6,05:0,05 | 6,1240,05 | 25,75+0,05|
| 4 | Dry matters, % || 93,04+0,02)| 91,74+0,02)| 91,0140,02)|

Table 1 shows that the mass fraction of fat varies: in sweet clover it is 7.24+0.03%, in St.
John's wort — 16.75+0.07%, and in purslane — 8.2940.02%. The high fat content of St. John's wort
may be due to the accumulation of lipids in its tissues, which requires further study to optimize
processing. The mass fraction of carbohydrates shows the following values: sweet clover —
28.76+0.55%, St. John's wort — 23.41+0.15%, purslane — 22.62+0.72%. The highest carbohydrate
content of sweet clover indicates its potential as an energy source, while the main part of
carbohydrates is represented by fiber (sweet clover — 14.79+ 0.48%, purslane — 13.21+ 0.20%,
St. John's wort — 10.06+ 0.15%), which helps to improve digestion.

The mass fraction of ash, reflecting the mineral content, varies significantly: in sweet clover
itis 6.05 + 0.05%, in St. John's wort — 6.12+ 0.05%, and in purslane it reaches 25.75+ 0.05%. The
high value of purslane is confirmed by the data of its mineral composition, where the content of
calcium (13.51+2.69 mg/100g), potassium (13.20+0.198 mg/100g) and magnesium (17.43+0.261
mg/100g) emphasizes its role as a source of micro- and macronutrients. The dry matter content
of all three plants exceeds 90%: sweet clover — 93.04+ 0.02%, St. John's wort — 91.74+ 0.02%,
purslane — 91.01% 0.02%, which indicates low humidity and good preservation of active
ingredients, preventing microbial growth during storage.

The vitamin composition in herbal extracts is shown in Table 2.

Table 2 — Vitamin composition in herbal extracts

Sweet St.  John's
No Parameters Purslane
clover Wort

1 vitamin €, 2,640+0,481 1,344+0,470 1,375+0,693
mg/100g

5 Vitamin - B1, 0,056£0,011 nd 0,034£0,007
mg/100g

3 Vitamin - B2, 0,202+0,085 0,124+0,022 0,202+0,008
mg/100g

Vitamin composition data shows that vitamin content also varies. Vitamin C is present in
the following concentrations: sweet clover — 2,640+ 0.481 mg/ 100g, purslane — 1,375+0.693
mg/100g, St. John's wort — 1,344+ 0.470 mg/100g. Vitamin B1 is found in sweet clover
(0.056+0.011 mg/100g) and purslane (0.034+0.007 mg/100g), but is absent in St. John's wort,
while vitamin B2 is present in all: sweet clover — 0.202+0.085 mg/100g, purslane — 0.202+0.008
mg/100g, St. John's wort — 0.124+ 0.022 mg/100g. The toxic elements (Pb, Cd, As, Hg) and
radionuclides (potassium-40, caesium-137) in the samples do not exceed the permissible
standards according to GOST, which confirms the safety of plants for food use.
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The results obtained highlight the unique composition of each plant, which makes them
promising for the development of functional products. The high proportion of minerals in
purslane, the vitamin content of sweet clover and St. John's wort, as well as the low humidity of
all samples create the basis for further research within the framework of the IRN AR23489321
project.

Disscusion

The results of studies on the quality of dry plant raw materials — sweet clover (Melilotus
officinalis), St. John's wort (Hypericum perforatum L.) and purslane (Portulaca oleracea) — provide
important data on their potential for the production of functional foods [14]. The analysis of
physico-chemical parameters and data from the protocols dated 09/15/2025 and 10/01/2025
allows us to assess their composition and advantages, taking into account modern safety and
nutrition standards [15].

The data in Table 1 show differences in the mass fraction of fat: St. John's wort
(16.75+0.07%) has a high content, which may be due to biological characteristics or growth
conditions [16], while sweet clover (7.24+0.03%) and purslane (8.29+0.02%) show lower values
[17]. This requires further study of lipid accumulation factors, especially in St. John's wort, to
improve processing [18]. The mass fraction of carbohydrates in sweet clover (28.76+0.55%)
emphasizes its energy value, with a high fiber content (14.79+0.48%), which supports digestion
[14], whereasin purslane (22.62+0.72%) and St. John's wort (23.41+0.15%) it is lower, with a lower
fiber content (13.21+0.20% and 10.06+0.15%) [10].

The mass fraction of ash in purslane (25.75+0.05%) is significantly higher than in sweet
clover (6.05+0.05%) and St. John's wort (6.12+0.05%), which is confirmed by the content of
calcium (13.51+2.69 mg/100g), potassium (13.20+£0.198 mg/100g) and magnesium (17.43+0.261
mg/100g) [19]. The high ash content may be due to the soil conditions of Northern Kazakhstan
[12]. The dry matter content (sweet clover — 93.04+0.02%, St. John's wort — 91.74+0.02%,
purslane — 91.01+0.02%) indicates a low humidity favorable for storage [6], which corresponds
to the recommendations for processing plant raw materials [2].

The datain Table 2 confirm the diversity of the vitamin profile: sweet clover is distinguished
by vitamin C (2,640£0.481 mg/100g) and B2 (0.202+0.085 mg/100g), which confirms its
antioxidant properties [8], while purslane (1,375+0.693 mg/100g) and St. John's wort
(1,344+0.470 mg/100g) have a lower content [11]. The lack of vitamin B1 in St. John's wort and
the low content of purslane (0.034+0.007 mg/100g) require fortification of products [9]. High
calcium in St. John's wort (49.58+0.743 mg/100g) supplements the nutritional value [11].

Conclusion

Studies of the quality and composition of dry vegetable raw materials — sweet clover
(Melilotus officinalis), St. John's wort (Hypericum perforatum L.) and purslane (Portulaca oleracea)
— conducted on the basis of data from 09/15/2025 and 10/01/2025, confirmed their high
potential for use in the production of functional foods. The analysis of the physico-chemical
parameters presented in Table 1 revealed significant differences in the mass fraction of fat (sweet
clover — 7.2440.03%, St. John's wort — 16.75+0.07%, purslane — 8.29+0.02%), carbohydrates
(sweet clover — 28.76+0.55%, St. John's wort — 23.41+0.15%, purslane — 22.62+ 0.72%), ash
(sweet clover — 6.05+ 0.05%, St. John's wort — 6.12+ 0.05%, purslane — 25.75% 0.05%) and dry
substances (sweet clover — 93.04+ 0.02%, St. John's wort — 91.74+0.02%, purslane —
91.01+0.02%), which emphasizes the unique properties of each plant. Additional data from Table
2 showed a variety of vitamin profiles, including a high content of vitamin C in sweet clover
(2,640+0.481 mg/100g) and vitamin B2 in all three plants, as well as a significant presence of
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minerals such as calcium in St. John's wort (49.58+0.743 mg/100g) and purslane (13.51+2.69
mg/100g).

The safety of plants is confirmed by the absence of excess of permissible standards of toxic
elements (Pb, Cd, As, Hg) and radionuclides (potassium-40, caesium-137) according to GOST,
which makes them suitable for food use, despite trace amounts of lead and cadmium in purslane,
requiring control of growing conditions. The high proportion of minerals in purslane, the vitamin
content of sweet clover and St. John's wort, as well as the low humidity of all samples create a
solid foundation for their use in functional products.

The discussion of the results highlights that the traditional properties of plants, such as the
anti-inflammatory and antioxidant effects of sweet clover and St. John's wort, as well as the
nutritional value of purslane, are supported by modern data. The prospects of in vitro cultivation,
which allows stable production of bioactive substances, are especially relevant for Northern
Kazakhstan, where natural conditions may limit traditional agriculture. These findings open up
opportunities for the development of innovative technologies within the framework of the IRN
AR23489321 project aimed at creating functional dairy products using secondary metabolites of
plant raw materials. Further research should focus on optimizing processing and expanding the
range of products to meet the needs of the healthy food market.

Funding: The authors are grateful to the Ministry of Science and Higher Education (MSHE,
Republic of Kazakhstan) for grant financing of the project AP23489321 “Development of
technology for functional dairy products obtained using secondary metabolites of plant raw
materials cultivated in vitro”.
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Abstract. In recent years, the idea of smart cities has become an important part of sustainable
urban development. This paper focuses on creating an intelligent data-driven model that can help
improve how cities are managed. The proposed approach uses machine learning and data
analytics to support better decision-making in areas such as transportation, energy, and public
services. In this study, different datasets were analyzed, including survey responses from citizens
and publicly available urban indicators. The model was tested using correlation and regression
analysis to find relationships between people’s awareness of smart technologies and their
satisfaction with city infrastructure. The results showed a positive connection, meaning that the
more citizens understand smart city concepts, the more satisfied they are with local services. The
project demonstrates how artificial intelligence can be applied to make cities more efficient,
sustainable, and comfortable for residents.
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Introduction

In today’s world, cities face growing challenges related to population growth, traffic
congestion, energy consumption, and environmental sustainability. As urban areas continue to
expand, traditional management systems often become inefficient in addressing these complex
problems. This has led to the rise of the Smart City concept, where technology and data are used
to improve the quality of urban life and make city management more effective. Smart City
initiatives are becoming especially relevant for developing countries like Kazakhstan, where the
government aims to implement digital transformation strategies in major cities such as Astana
and Almaty [1].

Machine learning (ML) and artificial intelligence (Al) are now key technologies that can help
analyze large volumes of city data and support decision-making processes. Through predictive
models, city administrators can forecast traffic patterns, detect energy waste, or respond to
environmental issues faster and more accurately. However, one of the main challenges is how to
combine different types of data — from loT sensors, public surveys, and open databases — into
one reliable analytical system. The purpose of this research is to design an intelligent data-driven
model that integrates these data sources and supports evidence-based management of Smart
City systems.

This study also explores how citizens perceive Smart City technologies and how their
awareness relates to satisfaction with urban services. A total of 165 respondents participated in
the survey, which included questions about technology usage, access to digital services, and
attitudes toward urban innovation. The collected data were analyzed using regression and
correlation methods to identify key relationships and patterns. The findings indicate a positive
link between people’s understanding of smart technologies and their level of satisfaction with
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infrastructure and city services [2].

The proposed model combines both technical and social dimensions of Smart City
management. On the one hand, it applies data analytics and ML algorithms to process large
datasets and detect useful patterns. On the other hand, it considers citizens’ feedback as an
important factor in evaluating city performance. Such a hybrid approach helps make the system
more adaptive and human-centered, ensuring that smart technologies truly respond to the needs
of residents rather than just collecting data.

Overall, this paper contributes to the field of data-driven urban governance by presenting a
model that can help local authorities use artificial intelligence for better planning and
management. The study emphasizes that technology alone cannot create a smart city — it must
go hand in hand with public awareness, participation, and ethical data use. The results of this
work can be applied in urban development projects, energy management systems, and smart
infrastructure planning across Kazakhstan [3].

As shown in Figure 1, traditional data management systems often struggle to capture the
complex and dynamic patterns of urban environments. This highlights the need for an intelligent,
hybrid solution that combines the strengths of both conventional statistical analysis and modern
machine learning approaches. By integrating these methods, the proposed data-driven model
aims to improve the accuracy of urban predictions and provide more adaptive tools for Smart
City management [4].

Distribution of Smart City Focus Areas

Safety

Digital Services

15.0%
10.0%

Environment
20.0%

Transportation

25.0%

Energy

Figure 1 — Conceptual framework of the proposed intelligent data-driven model for Smart
City management.

Methodology

The research methodology for developing the intelligent data-driven model for Smart City
management was based on a combination of quantitative data collection, statistical analysis, and
machine learning implementation. The approach follows a structured workflow inspired by
standard data science practices — data acquisition, preprocessing, modeling, and evaluation —
which together form the backbone of the proposed framework.

A. Dataset

The dataset for this research was created using a structured online survey that collected
responses from 165 participants across major cities of Kazakhstan. The survey aimed to assess
public awareness of Smart City technologies, satisfaction with urban infrastructure, and readiness
to adopt digital innovations. Respondents represented different demographic groups by age,
education, and occupation, ensuring diversity of opinions [5].

In addition to survey responses, open urban datasets such as population density,
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transportation accessibility, and digital service usage were reviewed to complement the
perception data. These combined inputs were used to model how technology awareness and
infrastructure efficiency affect citizens’ satisfaction.

Demographic Categories (share %)
Parameter
Gender Female — 56%, Male — 44%
Age Group 18-25y—39%, 26-35y—32%, 36+y—29%
Education Bachelor’s or higher — 71%, Secondary/College —
Level 29%
Occupation Students — 34%, Employees — 49%, Others — 17%
Cl.ty of Astana — 37%, Almaty —30%, Others —33%
Residence

Table 1 - Summary of survey participants’ demographics.

To ensure that the collected data represented a broad spectrum of perspectives, respondents
were grouped according to several key demographic parameters. Table 1 provides a concise
overview of the main characteristics of the participants, illustrating a balanced distribution in
terms of gender, age, education, occupation, and city of residence. This diversity strengthens the
reliability of the analysis and allows the developed model to better reflect real urban population
patterns in Kazakhstan [6].

B. Data Preprocessing

Before conducting the analytical and modeling stages, the collected data underwent a series
of preprocessing steps to ensure quality, consistency, and suitability for further machine learning
analysis. The process followed standard data science practices and was implemented in Python
using the Pandas, NumPy, and scikit-learn libraries.

The raw dataset included 165 responses from citizens in various Kazakhstani cities. During the
initial review, several records contained incomplete or inconsistent answers. Missing values in
numerical fields (such as satisfaction scores or awareness levels) were replaced with the mean
value of the respective columns, while missing categorical responses (such as education or
occupation) were filled using mode imputation [7].

Outliers were detected using z-score analysis. Observations with absolute z-scores greater
than 3 were considered anomalies and excluded from the dataset to prevent bias in the
regression model.

Categorical variables such as education level, occupation type, and city of residence were
transformed into numerical format using Label Encoding and One-Hot Encoding, depending on
the variable’s characteristics. For example, education was encoded on a scale from 1
(“Secondary”) to 3 (“master’s or higher”), while city categories were transformed into binary
dummy variables [8].

To prepare the dataset for modeling, four key features were identified from the survey data
and urban indicators:

e Technological Awareness (Xi): respondents’ understanding of Smart City concepts and
technologies.

e Infrastructure Accessibility (Xz): perceived quality and availability of digital infrastructure
(Wi-Fi, transport systems, e-services).

e Technology Usage Frequency (Xs): how often citizens use digital platforms or smart
applications.

e Demographics (X4): combined factors such as education and age.

The dependent variable (Y) represented citizens’ satisfaction with Smart City services.



«World Scientific Reports» (October 16-17, 2025). Paris, France

Feature relevance was examined using correlation matrix visualization and Variance Inflation
Factor (VIF) to check for multicollinearity. Variables with high correlation (>0.7) were carefully
reviewed and adjusted to preserve model interpretability [10].

To prepare for model training, all features were normalized to a 0—1 scale using MinMaxScaler.
This ensured that no single variable dominated the analysis due to scale differences.
The cleaned and processed dataset was then divided into training (80%) and testing (20%)
subsets using the train_test_split() function from scikit-learn, ensuring reproducibility by setting
a fixed random state (random_state=42) [9].
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Figure 2 — Correlation Heatmap of Smart City Variables.

C. Feature Extraction

Feature extraction was one of the most important stages of the study, as it determined which
factors would be included in the machine learning model. The goal of this step was to identify
the variables that best represent citizens” engagement with Smart City technologies and their
satisfaction with urban services [11].

The selection of features was guided by theoretical frameworks from Smart City studies and
the results of previous exploration data analysis. The variables were categorized into
technological, infrastructural, and demographic dimensions [12].

Feature Name Description Type
Xi1: Technological Awareness Understanding .Of. Smart City Ordinal (1-5)
concepts and digital systems
%o: Infrastructure Perceived availability and
2. . . .. .
Accessibility guallty of public digital Ordinal (1-5)
infrastructure
Xs: Technol U F f using Smart
3: Technology Usage requency 0 usmg mar Ordinal (1-5)
Frequency City apps or e-services
Age, education, and
X4: Demographics occupation combined into Categorical
categorical codes
O Il satisfacti ith
Y: Satisfaction Level vera §a > ac. onwi Ordinal (1-5)
Smart City services

Table 2 - Extracted features used in the model
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After selection, all numerical features were scaled to a 0—1 range using MinMaxScaler from
the scikit-learn library to ensure equal contribution to the model. This step prevented any
variable (for example, “Infrastructure Accessibility”) from dominating due to its numeric scale.
For demographic variables encoded as categories (e.g., education level or occupation), One-Hot
Encoding was applied to create dummy variables compatible with regression algorithms.

To verify the statistical relationships among features, a correlation matrix was computed. The
results showed that Technological Awareness had the strongest positive correlation with
Satisfaction Level (Spearman’s r = 0.48), while Technology Usage Frequency demonstrated a
moderate correlation (r = 0.41). These findings indicate that awareness and active participation
in Smart City platforms significantly influence how citizens evaluate city services. The analysis was
visualized through a heatmap, where color intensity reflected the strength of the relationships
between variables.

Each extracted feature was analyzed for its potential contribution to the intelligent model.
Technological Awareness and Usage Frequency were treated as direct behavioral indicators,
while Infrastructure Accessibility acted as a contextual factor influencing satisfaction indirectly
[13].

D. Model Training and Implementation

After the preprocessing and feature extraction stages, the next step was to train and
implement the machine learning models for predicting citizens’ satisfaction with Smart City
services. Two models were selected for comparison — Linear Regression and Decision Tree
Regressor — due to their interpretability and suitability for small to medium-sized datasets. The
goal was to evaluate whether citizens’ technological awareness, infrastructure accessibility, and
digital engagement could statistically predict satisfaction with urban management systems [14].

The baseline model applied was Multiple Linear Regression, which estimates the dependent
variable as a linear combination of several independent predictors. This can be expressed as:

Y = Bo+ PiXy+ BoXy + BsXs + €
(1)

where Yis the predicted satisfaction score, X;,X,, X3 are awareness, infrastructure, and
technology usage variables, respectively, and erepresents the random error. The model achieved
a coefficient of determination R? = 0.044, indicating that around 4.4% of the variation in
satisfaction can be explained by the predictors. While modest, this result is expected for social
datasets, where human factors often add unpredictability [15].

To assess the model’s prediction accuracy, the Mean Absolute Error (MAE) was calculated
using the formula:

1 ~
MAE = -3, 1yi = 3
(2)

The model achieved an average MAE value of 0.23, meaning that the typical prediction error
was about 0.23 points on the 5-point satisfaction scale. To explore nonlinear relationships, a
Decision Tree model was also tested, improving the accuracy slightly (MAE = 0.21, R? = 0.087).
This comparison suggests that combining both linear interpretability and tree-based flexibility
may yield the most robust hybrid architecture for Smart City analytics [18].

The visual comparison of model performance is shown in Figure 2, where the Decision Tree
demonstrates marginally higher predictive accuracy. Despite this, the Linear Regression model
was retained as the core analytical tool because it provides transparent and interpretable
relationships between awareness, infrastructure, and satisfaction — essential for policy
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recommendations and urban governance decisions [17].
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Figure 3 — Line graph comparison of model performance (R? and MAE) for Linear Regression
and Decision Tree models.

Results

The trained machine learning models were evaluated to determine their predictive
performance and interpret how technological factors influence citizens’ satisfaction with Smart
City initiatives. Both Linear Regression and Decision Tree Regressor models were tested on the
same dataset of 165 survey responses. The results showed that all three independent variables
— Technological Awareness, Infrastructure Accessibility, and Technology Usage Frequency —
had positive effects on satisfaction scores, confirming the study’s main hypothesis [16].

The final linear regression model can be expressed as follows:

¥ = 2314 0.21X, + 0.15X, + 0.19X;,
(3)

The final regression model predicts citizens’ satisfaction (¥) as a function of technological
awareness (X;), infrastructure accessibility (X,), and technology usage frequency (X3). All
coefficients in the model are positive, indicating that individuals with higher awareness and more
active use of digital services tend to report greater satisfaction with Smart City management. The
model explains 4.4% of the total variance (R? = 0.044), which, although modest, is considered
statistically meaningful for perception-based social data and confirms the positive association
between digital engagement and urban satisfaction [20].

The comparative results of both models are summarized in Table 3. The Decision Tree
Regressor achieved slightly higher accuracy (R? = 0.087, MAE = 0.21) than the Linear
Regression model (R? = 0.044, MAE = 0.23). These findings suggest that nonlinear approaches
can better capture complex human-centered patterns, but linear models remain more
interpretable for policy-related applications.
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Model R2 Score MAE Key Observations
Moderate linear
Linear Regression 0.044 0.23 trend between
awareness and
satisfaction
. Captures nonlinear
Decision Tree 0.087 0.21 effects, slightly
Regressor
better accuracy

Table 3 - Comparison of model performance metrics

The correlation analysis revealed a moderate positive association between public support for
government spending on smart city modernization and the belief in its ability to improve quality
of life (Spearman’s p = 0.48, p < 0.05; Pearson’s r = 0.37).

The correlation analysis further demonstrated that citizens who actively use digital platforms
and possess higher technological awareness tend to evaluate Smart City initiatives more
positively. Spearman’s correlation coefficient (p 0.48) confirmed a moderate positive
relationship between awareness and satisfaction, suggesting that individuals who are familiar
with digital services are more confident in the city’s technological development. This finding
supports the hypothesis that public engagement and digital literacy play a central role in the
effectiveness of Smart City programs. The result also indicates that enhancing citizens’ access to
digital education and transparent data systems could significantly improve trust and satisfaction
with urban management processes.

Overall, the results indicate that while machine learning can partially explain the variation in
satisfaction levels, awareness and engagement remain the dominant predictors. The modest
R?values highlight that citizen satisfaction depends not only on technology and infrastructure
but also on broader social and cultural factors. Nevertheless, the developed model provides a
valuable framework for data-driven decision-making and can be further improved with larger
datasets and additional behavioral features.

Conclusion

This study developed and tested an intelligent, data-driven model for Smart City management
using machine learning techniques. The results demonstrated that citizens’ technological
awareness, access to digital infrastructure, and frequency of technology use positively influence
their satisfaction with urban services. Although the predictive accuracy of the models was
moderate (R? = 0.087), the findings confirm the potential of applying Al and data analytics in
public administration. The proposed framework provides a foundation for further research on
integrating real-time 10T data and larger citizen datasets to enhance evidence-based decision-
making and promote sustainable, human-centered Smart Cities in Kazakhstan.
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Canmm T. T.
FoinbiMmu XeTekKLi: KyaTtbaesa A. A.

JEPEKTEPIE HEM3AENTEH AKbINAbl KA/TAHbI BACKAPYAbIH UHTEANEKTYA/1Abl MOAENI

AHpaaTna. CoHFbl »Kbl1AApPbl «aKblAAbl Kana» TYXKbIPbIMAAMAChl TYPaKTbl KananblK AaMydblH,
MaHbI3abl BeniriHe anHandbl. byn »KymbicTa KanaHbl Gackapydbl KeTingipyre OarbiTTasfaH
AepeKTepre HerisaenreH nHTenneKkTyanabl moaenoi a3ipney Kapactblpbliadbl. ¥YCbIHbIIFAH TICIN
wewim Kabblngayabl KOAAay YWiH MalMHAMEH OKbITY XaHe AepeKkTepai Tangay o4icTepiH
KonaaHaabl. 3epTTey bapbicbiHAa a3amaTTapiaH ajblHFaH cayasiHama HaTUKenepi MeH allblK
KanafblK KePCeTKIWTepAi KAMTUTbIH 9PTYPAI AEPEKTEP KUbIHTbIFbI TaNAaHabl. Moaenb «akblaabl
TEXHONOTMANAP» Typasbl XaNblKTblH, Xxabapaap/ablebl MeH 0N1apAblH, Kanaablk MHGPaAKYpblabIMFa
KaHafaTTaHybl apacbiHAafbl OANNaHbICTbl aHbIKTAY VILIH KOPPENAUUAbIK KoHe perpeccusanbik
Tannay apKblibl CbiHanabl. HaTuxKenep azamaTtrapbiH xabapaap/bifbl apPTKaH calbliH KananblK,
KbI3METTEpPAiH canacbiHa AereH KaHaraTTaHYLWbl/IbIK Ta *OfapblaalTbiHbIH KepceTTi. by 3epTTey
acaHabl WHTENNEKTIHI Kananblk opTaHbl TWiIMAI, TypaKTbl »KaHE KaWlabl €Ty MaKcaTblHAa
KONAaHYyOblH MYMKIHAIKTEPIH KepceTeai.

TyliH ce3gep: akblNAbl Kana, MallMHAMEH OKbITY, KacaH/bl MHTENNEKT, AepeKTepai Tanaay,
Kananblk backapy, TypaKTbl amy, a3amaTtTapblH, Kabblnaaybl.

Canum T. T.
HayuHbih pykoBoauTens: Kyatbaesa A. A.

UHTENNEKTYA/IbHAA MOAE/b YNPAB/IEHUA YMHbBIM TOPOAOM HA OCHOBE
OAHHbIX

AHHOTaumMA. B nocneaHue rofibl KOHLENUMA YMHbIX TFOPOZOB CTana BaXKHOM 4YacTbto
YCTOMYMBOrO TOPO/CKOrO pa3BuTMAa. B gaHHOM paboTe paccmaTpuBaeTcs  co3daHue
WHTEeNNeKTyalbHOW  MOJENM, OCHOBAHHOM Ha [JaHHbIX, KOTOpas MOMOraeT MoOBbICUTb
3bPEKTMBHOCTb yNpaBaeHMA ropoAaoM. Npeanaraembiii NoAxoa UCNoNb3yeT MeToAbl MaMHHOTO
oby4yeHMA M aHanAM3a AaHHbIX O1A NOAAEPMKKM MPUHATUA PEeLIeHUn B Takux chepax, Kak
TPAHCMOPT, SHEepreTMka U ropoAcKkue cepsuchbl. B mnccnemoBaHum Oblav NpoOaHaAM3NMPOBaHDI
pa3/nyHble Habopbl AaHHbIX, BKAOYAsA pe3y/abTaTbl ONPOCOB rParkaaH M OTKPbITbIe TOPOACKME
nokasatenn. Mogenb Oblna NpPOTEeCTMPOBaAHAa C  WCMO/b30BaHMEM KOPPENALUMOHHOIO U
PErpeccMoHHOro aHanan3a A1a BbIABNEHUA B3aMMOCBA3EN MeXay YPOBHEM OCBEAOMNEHHOCTU
HaceNeHMA O KYMHbIX» TEXHONOTUAX N UX YAOBNETBOPEHHOCTbIO FOPOACKON MHPPACTPYKTYPOMN.
MoNyyYeHHble  pe3ynbTaTbl  MOKas3anW  MOMOMKUTENIbHYIO  3aBMCMMOCTb:  Yem  Bbllle
0OCBEZIOMNEHHOCTb TPpaXkaaH, TeM Bbille MX YA0BNETBOPEHHOCTb Ka4eCTBOM TFOPOACKUX YCAYT.
PaboTa AEMOHCTPUPYET, KaK UCKYCCTBEHHbIMA MHTENNEKT MOXET NPUMEHATLCS A4 NMOBbILWLEHNS
3 EKTMBHOCTH, YCTOMUYMBOCTHN U KOMOPTA FOPOACKON cpeap!.

KntoueBble CNOBa: YMHbIM ropod, mMalnHHOe obyd4eHne, NCKYCCTBEHHbIN UHTENNIEKT, aHaIn3
[aHHbIX, TOPOCKOE ynpaB/ieHne, yCTOMYMBOE Pa3BUTME, BOCNIPUATIE TparkaaH.
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YnpaBaeHune puckamm MHPOPMaLMOHHOM
6e30MacHOCTM B OpraHM3aLmaAx

Dulat Kabytayev
Cyber Security Specialist

AHHOTaUMA. B cTaTbe paccmaTpuBaloTCA TeOpeTMYecKMe W MNpaKTUYecKMe acnekTbl
ynpaBieHns puUckamm MHGOPMaLMOHHOM 6e30MacHOCTM B COBPEMEHHbIX OpraHuM3aumax.
loKkasaHo, YTO B YyC/N0OBMAX LUMPPOBOMN TpaHchopmaumm MHOOPMALIMA CTAHOBUTCA K/OYEBbLIM
CTpaTermyeckMm pecypcom, a obecrnedyeHne eé 3alpTbl - HEOTbEM/IEMbIM 3/1EMEHTOM
KOpPNopaTMBHOro ynpasseHua. [MpoBeaéH UCTOPUYECKMA aHaniM3 CTaHOB/EHMA MOAXOAO0B K
MHbOpPMaLMOHHON ©e30MacHOCTN, HayMHasA C MepBbIX CTaHAAPTOB 3aLUMTbI BbIYUCAUTENbHbIX
CUCTEM M 3aKaH4YMBaA COBPEMEHHbIMU MEXAYHAPOAHbIMM  METOA0NOTMAMM  YNPaABAEHNS
PUCKaMW.

Ocoboe BHMMaHMWE yaeneHo KnaccUdUKauMm M aHanm3y MeTOZO0B OLEHKM PUCKOB,
BK/IOYAA KO/IMYECTBEHHbIE, Ka4YecTBEHHble U KOMOWHMpPOBaAHHblEe noaxoabl. PaccmoTpeHsl
OCHOBHble CTpaTerMM MMHUMM3ALUMM PUCKOB - NMPUHATUE, M3beraHme, NepeHoc U CHUKeEHWE, a
TaK!Ke NpPaKTUYecKMe acnekTbl BHeAPEHNS CUCTEM YNPABAEHNSA PUCKAMK Ha YPOBHE OpraHn3aLmnn.

B paboTe aHanM3MpyoTCA NPaBOBble OCHOBbI M MeXAyHapoAHble CTaHAapTbl B 061acTy
MHPopmaumoHHom besonacHocTn (ISO/IEC 27001, ISO/IEC 27005, GDPR, NIST), pacKkpbliBatoTcs
COBPEMEHHbIE TEeHAEHUMM - MepPexos, K PUCK-OPUEHTMPOBAHHOMY YMPaBAEHUIO, BHeApPeEHUe
MCKYCCTBEHHOrO MHTENNEKTA, Pa3BUTMe KoHLenuuin Zero Trust n security by design. OTaenbHoe
BHMMaHME YyaeNeHO KaZpoBbIM W OPraHM3auUMOHHbIM acrnekTam, GOPMMPOBAHUIO KyNbTypbl
6e30MacHOCTM M poan YenoBeyeckoro GakTopa.

CaenaH BbIBOA, O TOM, 4YTO 3DPEKTMBHOe ynpaBieHWMe pUCKamm WHOOPMALMOHHOM
6e30MacHOCTM ABNAETCA BaXKHEMLNM YCI0BMEM YCTOMUYMBOrO GYHKLMOHMPOBAHMA OpraHmM3aLmi
N TpebyeT KOMMNNEKCHOro, MHTEerpMpoBaHHOMO M aaanTMBHOMO NOAX0Aa, OPUEHTUPOBAHHOMO Ha
NOCTOAHHOE COBEpPLUEHCTBOBAHME M NPeABOCXMLIEHME YIPO3.

Kniouesble cnoBa: MHboOpMalLMoHHas He3onacHocTb, MHbOpMaLMOHHaA He30MacHOCTb,
ISO/IEC 27001, oueHKa pUCKOB, UMPpoBasa TpaHchopmalmsa, Knbepyrposbl, KyabTypa
H6e3onacHocTy.

HayuyHasa HoBM3HA. HayyHaa HOBM3Ha PaboTbl 3aK/1HO4aETCA B KOMMIEKCHOM 00606LLEHNN U
cMcTemMaTM3aLMKM NOAXOA0B K YNPABAEHUIO PUCKAMN MHPOPMALIMOHHOM 6e30MacHOCTU C y4ETOM
COBPEMEHHbIX TEHAEHLUMI UMbPOBM3ALIMM, MHTETPALMM UCKYCCTBEHHOTO MHTENNEKTA U Pa3BUTUS
KOHLLENUMN PUCK-OPUEHTUPOBAHHOTO yNpaBaeHusa. B oTanume oT TpaaAnLMOHHbIX MCCAe10BaHWNA,
COCPeA0TOYEHHbIX MPEUMYLLECTBEHHO Ha TEXHUYECKMX acrneKkTax 3alimTbl MHGOpMaLMKM, AaHHaS
paboTa packpblBaeT B3aMMOCBA3b MEXAYy CTpaTernMyeckMm yrnpasBiaeHMem opraHusaumen,
KOPNopaTUBHOM Ky/NbTypol M NpoLeccamm MUHUMU3ALUMMN PUCKOB.

Brnepsble 060CHOBAHO 3HauYyeHWe nepexoAa OT PEeakTUBHOM MOAENAN PearvpoBaHMA Ha
MHUMOEHTbl K MPOAKTMBHOM MOAENM MPEeAMKTUBHOTO YNpPaBieHWs PUCKamMM, OCHOBAHHOM Ha
aHanm3e 60/bWNX AAaHHbIX M MPOrHO3MPOBAHUK Yrpo3. MpPeanosKeH KOHUEeNTyanbHbI NoAX0,
MNPy KOTOPOM yMpaBieHMe pPUCKaMM  PaAcCMaATPMBAETCA KaK  AMHAMWYECKas CUCTeMa,
MHTErpupyloLLan MpaBoOBble, OPraHU3aLMOHHbIE W TEXHONOTMYECKME MEXaHW3Mbl B eAMHYI0
YNpPaB/NIEHYECKYIO CTPYKTYPY.

HoBM3Ha MCCNeA0BaHUA MPOABASETCA TaKKe B YTOYHEHUM KnacCupukaumm MeToa0B
OLUEHKM PUCKOB C MO3ULMN UX NMPUMEHUMOCTM B YCAOBUAX rMBpUaHOM UT-MHPPACTPYKTYPbl U
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pacnpenenéHHbIX KOpnopaTMBHbIX Cpes. PacKkpbiTa poab YenoBeYeCKoro GakTopa Kak KI4eBoro
aNemMeHTa  ynpasneHua  6e30MacHOCTbIO M NPeANoXeHbl  HanpaBAEHWA  MNOBblEHWA
3ddEKTUBHOCTN cUCTEM NMYTEM GOPMUPOBAHUA KyNbTYypPbl MHPOPMALMOHHOM OTBETCTBEHHOCTMU
cpeay coTpyAHMKOB.

Taknm 06pa3om, Hay4yHaa HOBM3HA CTaTbM COCTOUT B Pa3paboTKe UEeNOCTHOro Noaxoaa K
ynpaBAeHUo puckamm MHOOPMaLMOHHOM 6He30MacHOCTM, OCHOBAHHOIO Ha WHTerpaumm
CTpaTerm4yecKkmx, TEXHONOTMYECKUX M NOBeAeHYECKMX GaKTOpPOB, YTO obecneymBaeT NoBbllEHNE
YCTOMUYMBOCTM M KOHKYPEHTOCMOCOOHOCTU OpraHmn3aLmin B yCA0BUAX UMOPOBOIM SKOHOMUKM.

Uenb wvccnepoBaHuA. Llenbio unccnepoBaHua sBnsetca pas3paboTka u obocHoBaHMe
KOMMJ/IEKCHOrO Mnoaxoda K YNpaB/ieHUo puUCKamu  MHPopMaLMoHHOM 6e3onacHOCTM B
OpraHuM3aumax, HamnpaBJeHHOro Ha MoOBblWEHWE YCTOMUYMBOCTM MHOOPMALIMOHHBIX CUCTEM,
obecneyeHre HenpepbIBHOCTM OU3HEC-NMPOLECCOB M CHUMKEHME BEPOATHOCTM peannsaumm
Knbepyrpos B ycnosuax undpoBoin TpaHchbopmaumun. MccnenoBaHue HanpasB/ieHO Ha aHanAu3
3BOJIOLMN TEOPETUYECKMX M MPAKTUYECKMX NOAXOAOB K YNPABAEHUIO PUCKAaMK, CUCTEMATM3ALLMIO
METOA0B WX OLEHKM U MUHUMM3ALMK, BbIABAEHWE B3aMMOCBA3M MENKAY OPraHM3aLMOHHbLIMM,
NPaBOBbIMW N TEXHONIOTMYECKMMM acneKkTammn obecneyeHma 6€30MacHOCTK, a TaKKe onpeaeneHmne
PONN KOPMNOPATMBHOM Ky/AbTypbl WM YenoBevyeckoro ¢aktopa B GOPMMPOBAHUK 3POEKTUBHON
CUCTEMbI 3aLLMTbI MHOOPMaLMK. B paboTe TakKe CTaBUTCA 3aZaya onpeaeneHua HanpasaeHuM
COBEPLUIEHCTBOBAHNA  MEXaHWM3MOB  yMNpaBAeHMA  pUCKamMM C  Y4ETOM  COBPEMEHHbIX
MEXAYHAPOAHbIX CTAaHAAPTOB W TeHAEHUMIA pa3BuTUA Knbepbe3onacHOCTW, YTO NO3BOAAET
chopmMMpPOBaTL  LLENOCTHYO  MOAENb  YNPABNEHWA,  MHTErpupyloLLyto  CTpaTerMyeckue,
TEXHONOTMYeCKMe M MOBEAEHYECKME 3NeMEeHTbl B  eAMHYyK  cucTemy  obecneyeHuma
MHOOPMALMOHHOW YCTOMYMBOCTN OpraHM3aLLmK.

BeegeHne. CoBpemeHHOe 06LWeCTBO NepexmBaeT nepuog, raybokon umdposom
TpaHchopmaL MK, B Xo4e KOTOPON MHPOPMALLMA M TEXHONOTUM CTAHOBATCA OCHOBHbIMM PECYPCaMu
Pa3BUTUA SKOHOMMWKMK, HayKM, 0DBpa3oBaHMA M roCcyAapCTBEHHOrO ynpaBneHWs. BospacTatowan
3aBMCMMOCTb OPraH13aumMin oT MHGOPMALMOHHBIX CUCTEM M CceTel AenaeT npobaemy obecneveHns
nx 6e30MacHOCTM OAHOM M3 KNOYEBbIX 33434 CTPATErMYeCcKoro ynpaBneHus.

VicTopunyeckn dopmmnpoBaHMe MOAXOA0B K YNPaBAEHUID PUCKaMW MHPOPMALLMOHHOM
6e30MacHOCTM NPOXOAMNAO0 HECKONBbKO 3TanoB. Ha paHHMX CTagmax pa3BUTUA BbIMMCAUTENbHOM
TEXHWKK, B cepeamnHe XX BeKa, BOMPOCHI 3alMTbl AAHHbIX HOCUMAW GparMeHTapHbIN XapakTep U
CBOAMANCH MPEUMYLLECTBEHHO K OU3MYECKOMY KOHTPOMKO A0CTyNa K MalMHAM M HOCUTENSAM
nHdopmaumm. C pasBUTMEM CETEBbLIX TexHOJ/ornn, ocobeHHo B 1980-1990-e roabl, Koraa
KOMNblOTEPbl Hayanu o0b6beauMHATbCA B KOpMopaTMBHble M rnobanbHble CeTM, BO3HWMKAA
HeobHX0AMMOCTb B CUCTEMHOM NoAxXo/e K obecrnedyeHnto 6e30nacHOCTU MHPOPMALNN.

MNepBble CcTaHOAPTbl B 06/1aCTU yNpaBAeHUS PUCKAaMKM MNOABUANCL B KOHLE XX Beka.
3HauYMTENbHOE BAUSHWE OKa3anu AoKyMeHTbl MuHuctepcTtea obopoHsbl CLUA, Takme Kak «Orange
Book» (Trusted Computer System Evaluation Criteria), onpeaennsline OCHOBHblE MPUHUMMbI
OLEHKM 3alUMLLEHHOCTM MHOOPMALMOHHBIX cucTem. [lo3gHee 3TM maenm Oblan pPasBuUTbl B
MeKayHapoaHbIX cTaHaapTax cepum ISO/IEC 27000, roe snepsble Obina CUCTEMATU3MPOBAHA
MeTOA0N0MMA YyNpaBAeHUA PUCKaMU U BHeApeHMA CPeacTB 3aWmuTbl MHGOPMaLMM B paMKax
obLLero uyKa ynpaBaeHma KayecTBOM.

B Poccum cTaHOBAEHME CUCTEMbI YMNpaBaeHMa MHPOPMALMOHHON ©e30MnacHOCTbIo
Hayanock B 1990-e roabl, Koraa H6bian NPUHATLI NePBble HOPMATUBHbIE AOKYMeHTbl PesepanbHOM
CNYKObl MO TEXHMYECKOMY M 3KCMOPTHOMY KOHTpont (PCTIK) n PepepanbHoM cayKbbl
6e3onacHoctn (PCB), perynupytolime NopAAOK 3alMTbl FOCYAAPCTBEHHbIX MHPOPMALMOHHbBIX
cuctem. B XXI Beke 3TV npoueccbl NOAYYMAM HOBOE pPas3BUTME B CBA3W C UMPPOBM3aLMeEN
rocyZapCTBEHHOrO ynpasaeHma n busHeca.
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CoBpeMeHHble BbI30BbI, TakKMe Kak KMOepLINMOHaXK, YyTeYKU NEePCOHANbHbIX AAHHbIX, aTakK
C MCNONb30BaHMEM MCKYCCTBEHHOTO MHTENNEKTA, TPEOYIOT He TONbKO TEXHUYECKUX MEp 3aLLMTbI,
HO M KOMMIEKCHOrO ynpaBieHNA PUCKaMKM, BKAKOYAOLWLErO OLEHKY BEPOATHOCTM Yyrpo3, aHanm3
yA3BMMOCTEN, BbIPabOTKy CTpaTermim pearmpoBaHMa M NOCTOAHHOE COBEPLUEHCTBOBAHME CUCTEM
3aLUNTDI.

TeopeTnyeckme OCHOBblI YNpPaBAeHUA pPUCKaMM  MHPOPMaLMOHHON BHesonacHOCTH.
YnpaBneHne puckamm nHbOpMaLMOHHOM Be30nacHOCTU npeacTaBaseT coboin HemnpepbiBHbIN
NPOLLECC BbIABNEHMA, aHAAM3a, OLEHKM M MUHUMM3ALUMKM BO3MONKHbBIX Yrpo3, CMNOCOOHbIX
HeraTMBHO NOBAMATb HA MHPOPMALMOHHbBIE PECYPCbl OpraHM3auUmMn. STOT NPOLLECC OXBaATbIBAET BCE
YPOBHMW - OT CTPATErM4yeckoro naaHMpoBaHMA A0 ONepauyoHHOro ynpasaeHna. OCHOBHaA Leb
yrnpaBAeHWA pPUCKaMW 3aKNOYAEeTCA He B MOJHOM YCTPAHEHWW Yrpo3, 4YTO MpPaKTUYECKM
HEBO3MOXXHO, @ B AOCTMXKEHMM ONTMMaNnbHOro 6anaHca Mexay ypoBHem 6He30MacHOCTU U
3aTpaTaMn Ha eé obecneyeHune. TakKe, B OCHOBbI MOAEPHM3AUMM MHOOPMALLMOHHbBIX CUCTEM
HeoHXOAMMO BAOKNTb NAAHMPOBAHME TEXHOIOTUN PENHKUHUPUHTA [1].

B Hay4HOM nuTepaType PMUCK PAaCCMATPMBAETCA Kak COYeTaHMe BEPOATHOCTM peanm3aumm
Yrpo3bl U TAXKECTWN e€ NocneacTBMiA. TakMm 06pa3om, ynpasaeHne pUCcKaMm OCHOBbIBAETCA Ha ABYX
K/NIOYEBbIX KOMMOHEHTaX: BEPOATHOCTHOM OLEeHKe cobbiTil 1 aHanunse yuiepba. CoBpemeHHble
MEeTOAMKM  NpeasaratdT  WMCNO/b30BaTb  KOAMYECTBEHHbIE W KavyeCTBEHHble  NOAXOAbl.
KonnyectBeHHble MeTOZbl BKKOYAKOT MCNO/1b30BaHNE MAaTEMATUYECKMX MOAENEN, CTaTUCTUYECKMX
OAHHBIX W aHANUTUYECKMX WHCTPYMEHTOB A4 ONpefeneHWA YPOBHA pPUCKA B YUC/IOBOM
BblpaxkeHun. KayecTBeHHble MeToabl Ha3MpyroTCA Ha 3KCNEPTHbIX OLEHKax, aHKeTMpPOBaHWMK,
CPaBHUTEIbHOM aHaNM3e onbiTa 60NbLIMHCTBA OPraHN3aUMI U CLLEHAPHOM MOAENMPOBAHNN [2].

YnpasneHune puckamu MHGOPMaUMOHHOM He30MacHOCTM ONMPAETCA Ha MeXAyHapoAHble
CTaHAapTbl, Cpean KoTopbix ocoboe mecto 3aHMmatoT ISO/IEC 27005, ISO 31000 1 NIST SP 800-30.
OTN AOKYMEHTbI ONPeAenatoT CTPYKTYPYy NpoLeccoB, TEPMUHONOTMIO, METOAMYECKME NOAXOAb! U
Kputepuun oueHKn. COornacHo 3TMm CTaHZapTam, MNPOLECcC YNpaBAeHMA PUCKaMW BKIKOYaeT
HECKO/IbKO OCHOBHbIX 3TaNoB: MAEHTUPUKALMIO aKTUBOB, ONpeaeneHne yrpos u yasBMMOCTeMN,
OUEHKY BEPOATHOCTM peanu3aumm pPUCKOB, OnpeaeneHne NOCNeACTBUI, pa3paboTKy Mep
pearMpoBaHmA U KOHTPOAb UX 3PEKTUBHOCTM.

BaXHOM 0COHEHHOCTbIO COBPEMEHHOrO 3Tana Pa3BMTMA YNPaABAEHUA PUCKaMKU ABNAETCA
nepexoz, OT PeaKTMBHON MOAENN, OPUEHTUPOBAHHOM Ha yCTPaHeHMe NOCAeACTBUN MHUMAEHTOB,
K MPOAKTMBHOW MOAENN, B KOTOPOM NPUOPUTET OTAAETCA NPeaynpexAeHUIO Yyrpo3 U CHUKEHUIO
BEPOATHOCTM MX BO3HWKHOBEHMA. ITO 0CODEHHO aKTyasbHO B YCNOBMAX ObICTPOro pocTa Ymcna
KnbepaTtak, aBTOMaTM3aUMM BPEAOHOCHbLIX BO3AEWUCTBUM U YCAONKHEHUS WHDPACTPYKTYPSI
opraHusauui [3].

3ddeKTMBHOE yNpaBAeHNe pUCKamMM HEBO3MOXKHO 6e3 GopMMPOBaAHMA KOPMOPaTUBHOMN
KynbTypbl 6e3onacHocTn [4]. OHa BKAtOYAET OCBEAOMAEHHOCTb COTPYAHMKOB O BO3MOMKHbIX
yrpo3ax, WX OTBETCTBEHHOCTb 3a COXPAHHOCTb WHPOpMaumm u cobnroaeHne NOAUTUK
besonacHocTn. B cTpykType Kmbepatak HambonblWMM  HanadeHUAM  MOJBEPraloTcs
MeayuYpeKaAeHUA, TFOCYyYperKAeHMA, NPOMbIWAEHHOCTM W Tak Jdanee [5]. WccneposaHua
MOKa3bIBalOT, YTO YenoBeyveckuit GaKTop OCTaeTcs OAHOM M3 [NaBHbIX MPUUYUH MHUMAEHTOB,
CBA3AHHbIX C YTEYKON MAM NoTepel AaHHbIX. [MoaTomy obyyeHune n perynapHoe TeCTMPOBaHME
nepcoHana ABNAATCA HEOTbEMAEMbIMUM S1EMEHTAMM CUCTEMbI YNPABAEHMA PUCKAMM.

MeToabl OLEHKM pUcKoB MHOpMauUmoHHON 6e3onacHocTn. CoBpeMeHHble MEeTOAMKM
OUEHKM PUCKOB MHOOPMALMOHHOM He30MacHOCTM MOXHO Pa3ae/iuTb Ha TPU OCHOBHble rpynmbi:
KO/IMYECTBEHHbIE, KA4yeCTBEHHble U KOMOWHMPOBAHHblE. Kaxpada W3 HWUX WMMeeT CBOWU
NpemmyLLecTBa M OrpaHuYeHuns, BblbOp noaxoda 3aBWUCUMT OT CneumMduKM OpraHusaumm,
AOCTYMHOCTWU AaHHbIX M YPOBHA 3PE€10CTU CUCTEMbI yNpaBaeHuna [6].
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KonnyectBeHHble MeTOZbl OCHOBaHbl Ha WMCMO/b30BAaHWM YMCOBbIX MOKasaTenen ana
onpeaeneHna BepoATHOCTU peanu3aumm yrpo3 U BeNUYMHbI BO3MOMKHOTO yulepba. OHu
NO3BO/IAIOT MNOYy4YaTb OOBEKTUBHbIE M BOCMPON3BOANMbIE PE3Y/bTaTbl, YTO OCODEHHO BaXKHO NMpU
NAaHMpPOBaHMM  BoaXKeTa Ha MeponpuatMa  no  3aumTe  MHPopmaumn. K Haumbonee
PACNPOCTPAHEHHbBIM KOMMYECTBEHHbIM METOJaM OTHOCATCA aHa/n3 OXWAAemoro roAoBoro
yuiepba (Annual Loss Expectancy), momenuposaHue MoHTe-Kapno, 6alecoBcKMii aHanmM3 wu
MeTOoAbl CTAaTUCTMYECKOro MPOrHO3MpoBaHMA. [PEeMMYLLEeCcTBO KOMIMYECTBEHHOro noaxoa
3aK/1H04AEeTCA B €r0 TOYHOCTUN, OAHAKO OH TpebyeT 3HaYMTEeIbHOro 06 bEMA J0CTOBEPHbIX MCXOAHbIX
[aHHbIX M BbICOKOTO YPOBHSA aHaNUTUYECKON NOATOTOBKM CMeLmanucTos.

KauecTBeHHble MeToZbl 4alle TMNPUMEHATCS B OpraHM3auusx, rae OoTCyTCTByeT
[0CTaToYyHas cTaTUcTMYeckan 6asa UK OLEeHKa PUCKOB HOCUT NpeaBapUTe/bHbIN XapakTep. B mx
OCHOBE /Ie}KUT IKCNEepPTHaA OLEHKa BEpPOATHOCTU peanm3almmn yrpos M ypoBHA UX BO3AEUCTBUA.
Takne meToapbl BKAOYAIOT NMOCTPOEHNE MaTPWL, PUCKOB, aHaN3 CLEHApMEB, MO3rOBOM LLTYPM,
aHKeTnpoBaHue cneunanmctos M SWOT-aHann3. OCHOBHOE AOCTOMHCTBO Ka4eCTBEHHOIO NoAX04a
- TMBKOCTb M MNPOCTOTa NPUMEHEHMSA, OHAKO €ro Pe3y/bTaTbl 3aBUCAT OT CYObEKTUBHbLIX MHEHNI
3KCMEepPTOB M MOTYT OT/IMYATLCA NPU NOBTOPHbIX M3MEPEHUSX.

KombuHMpoBaHHble MeToZbl CTPeMATcA O06beAMHUTb TOYHOCTb  KOAMYECTBEHHbIX
NoAX0A0B C TMOKOCTbIO KayecTBEHHbIX. OHM MPUMEHAIOTCA B KPYMHbIX OPraHn3aumax, rae BaKHo
YYUTbIBATb HE TONbKO YMCNOBble MOKa3aTeNu, HO M CTpaTernyeckne @akTopbl, TakMe Kak
penyTauMoHHbIE PUCKM UM 3aBUCMMOCTb OT BHELLIHMX MapTHEPOB. [prmepom ABASETCA MeTOAMKA
FAIR (Factor Analysis of Information Risk), KoTopasi co4yeTaeT BepPOATHOCTHble PACYETbI U
3KCMepTHble OLLEHKM ANA NOCTPOEHMA KOMMAEKCHOW MOAENN PUCKa.

dddeKTnBHAA OLLEHKA PMCKOB HEBO3MOXKHA 6e3 TulaTenbHOM MAeHTUOUKALMKU aKTUBOB,
Yyrpo3 1 ya3BMMOCTEN. AKTMBAMM CUYMTAIOTCA BCE 3NEMEHTbI, NpeAcTaBAAllWMe LUEHHOCTb ANA
opraHmMsauuu: AaHHble, nNporpammHoe obecneyeHune, obopyaoBaHMe, penyTauma U Oaxke
nepcoHan. Yrposbl MoryT ObiTb KakK BHYTPeHHMMM (OWMOKM nonb3oBaTenen, MHcamaepckue
NEeNCcTBMA, TexHMYeckme cbom), TaK M BHEWHUMU (XaKepCKMe aTaku, BUPYCbl, OULLIMHT,
KnbepwnmoHax). YAa3BMMOCTM - 3TO c/labble MecTa CUCTEMbI, KOTOPble MOTYT BbITb MCMO/b30BaHbI
ONA peannsaumm yrpossi.

Mocne aeHTUGUKaLMM PUCKOB NPOBOANTCA MX OLEHKA MO ABYM OCHOBHbIM KPUTEPUAM -
BEPOATHOCTM BO3HMKHOBEHWUA W YPOBHIO MOCNAEACTBUMA. Pe3ynbTaTbl GUKCUMPYIOTCA B perncrpax
PUCKOB, TAE KaKAOMY PWUCKY MPUCBAMBAETCA KaTeropus: BbICOKWUWA, CPEAHWM UAM HU3KMK. Ha
OCHOBAHMM 3TON MHGOPMALIMM MPUHUMAIOTCA PELLEHNS O MPUOPUTETAX PearMpoBaHus.

MeToabl MWHUMMU3AUMWN PUCKOB. [locne TOro Kak pPUCKM onpeaeneHbl M OLEHEeHb,
opraHusauusa paspabaTbiBaeT Mepbl MO WX CHUMXeHWto. COrnacHO MeKAYyHapOAHON MPaKTUKe,
CYLLECTBYET YeTblpe OCHOBHbIX CTPATErMnN YNpaBAeHUA PUCKaMK: NPUHATUE, n3beraHne, nepeHoc
N CHUXKeHue [7].

.MpUHATUE pUCKa NpeanonaraeT 0CO3HAHHOE COrnacke OpraHM3aumMmM C BO3MOMKHOCTbIO
HacTynneHnsa HebnaronpuATHOro cobbITUA NPU YCIOBUK, YTO 3aTpaTbl Ha €ro nNpeaoTBpaLleHmne
NPEeBbILWAT NOTEeHUMANbHbIN yulep6. Takaa cTpaTerns NpMMEHAETCs B C/Iy4anX, Koraa puck umeet
HU3KYI0 BEPOATHOCTb UM HEe3HAYUTE IbHble NOCAeACTBUS.

M3beraHne puCKa 3akao4aeTca B MOJAHOM OTKase OT AesTeNIbHOCTM, CBA3AaHHOW C
NOTEHUMANbHOW Yrpo3oi. Hanpumep, opraHuMsaumsa MOMKET O0TKas3aTbCsA OT MCMOb30BaHMUSA
onpenenéHHbIX TeXHONOTUIA UAM CEePBMCOB, €C/IM OHM HEeCyT BbICOKMIM ypPOBEHb YA3BMMOCTMU.
OAHaKo  TakoM  noaxoZ,  4acTo  OrpaHMYMBaeT  pas3BuMTME  OM3Heca M CHUXKaeT
KOHKYpPEHTOCNOCOBHOCTb.

MepeHOC puCcKa peannsyeTca uYepe3 CTPaxoBaHWe, ayTCOPCUHI WAM  3aKatoYeHue
KOHTPAKTOB, B KOTOPbIX OTBETCTBEHHOCTb 33 6€30MacHOCTb YaCTMYHO BO3/1araeTca Ha CTOPOHHME
opraHmsauuu. B nocneaHue roabl 3TOT noaxon HabupaeT nonynspHocTb 6aarogapa pPasBUTUIO
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PblHKA KMOepCcTpaxoBaHWMA, KOTOPbLI MNO3BOASAET KOMMEHCMPOBaTb (UHAHCOBble MNOTepu OT
MHUMOEHTOB.

CHUMKeHMe pucka - Haubonee pacnpocTpaHEHHas cTpaTervs, npeanosaratollan
BHEApPEeHME OPraHN3aLMOHHbIX M TEXHUYECKMX Mep, HanpaBieHHbIX Ha YMeHbLUEHWE BEPOATHOCTH
peannsaumm yrpo3 Uam CHUKEHWE MX NOCNEeACTBUN. K TaKMM Mepam OTHOCATCS MCMO/b30BaHMe
aHTUBMPYCHbIX MPOrpamm, cMcTeM OBHaPYKEHWUA BTOPXKEHUN, WNPOBAHME AaHHbIX, pe3epBHOe
KOMMpOBaHWe, MHOTOGaKTOpHaA ayTEHTUOMKALMSA, KOHTPOAb AOCTyNa W PerynspHbie ayauTbl

e3sonacHoCTy.

Tabnuua 1 - KnaccuduKaums pUCKOB MHPOPMALMOHHOM 6e30macHOCTM M Mepbl UX

ynpaBsneHus

Twun pucka

OCHOBHble Mepbl ynpaBaeHus

TexHMn4Yeckme pnuckm

Mcnonb3oBaHume aHTUBMPYCHBIX cucTem,
MEKCETEBbIX 3KPAHOB, CUCTEM OOHapy*KeHuA
BTOPXKEHWUM, WndpoBaHNE AaHHbIX, Pe3epBHOE
KOMMpoBaHWe W OBHOBAEHME MNPOrPAMMHOIO
obecneyeHms.

OpraHn3aunMOoHHbIE PUCKK

PaspaboTka 7z BHeApeHue NONUTUKM
MHbOPMaLMOHHON be3onacHocTy,
pacnpeneneHne ponel WM OTBETCTBEHHOCTH,
KOHTPO/Ib cobatofeHns npoueayp, perynapHble
ayauTbl.

[MpaBoBble PUCKK

CobntoaeHne 3akoHodaTeNbCcTBA O  3awmTe
NnepcoHasbHbIX [aHHbIX, BbINONHEHWE
TpeboBaHWI HOPMATMBHbIX aKTOB, NMPOBeAEHME
OPUANYECKMX IKCMEPTU3 U KOHCYbTALLMN.

PenyTauMOHHbIE PUCKN

MNpo3pa4yHOCTb AENUCTBUM MNPU  MHUMAEHTAX,
NHOOPMUMpPOBAHME  KAMEHTOB,  pa3paboTka
nnaHa  aHTUKPWU3UCHbIX  KOMMYHWKaUMN U
CTpaTerMm BOCCTaHOBNEHWUA AOBEPUA.

Yenoseyeckunit hpakTop

Oby4yeHKne nepcoHana, NpoBeaeHNe TPEHUHIOB
M OGUWNHT-TecToB, GOPMMPOBAHME KY/bTYpPbI
6e30MacHOCTM, KOHTPO/Ib OCTYMNa U MOTUBALMA
K cCOBNt0AEeHNIO NpaBu.

PUHAHCOBbIE PUCKN

CTpaxoBaHMe KMOEPPUCKOB, OLEHKA 3aTpaT Ha
WHUMAOEHTbI, NAaHWPOBaHWe OroaxKeTa Ha
MHDOPMALMOHHYO 6e30nacHoCTb,
ansepcMdMKaLmMa NOCTaBLUMKOB N CEPBUCOB.

MpeacrasneHHble B Tabanle AaHHble AEMOHCTPUPYIOT KOMM/IEKCHbIM XapaKTep CUCTEMbI

ynpaBieHus  puckamm  MHOOPMaLMOHHOM

6e30MacHOCTK,  BK/IOYAOWEN  TexXHUYeckue,

OpraHW3alLMOHHbIe, MPaBOBbIE, PEMYTALMOHHbIE, YenoBeyeckme n GMHaHCOBbIe acneKTbl. Kaxaas
KaTeropma pMCKOB TpebyeT NpMMeHEHUs cneunduyecknx Mep, HanpasBaeHHbIX Ha MUHUMU3AUMIO
BEPOATHOCTM WMHUWMAEHTOB M CMArYeHME WX MOCNeacTBMiA. Takoe pacnpeleneHne nossosseT
BbICTPamMBaTb LLE/IOCTHYIO CTPATEeruio 3aluTbl, B KOTOPOW TEXHWYECKME pelleHMA COYeTarTCA C
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YyNPaBNEHYECKMMMN U KYAbTYPHbIMM  MexaHM3mamun obecneveHna 6e3onacHoCcTU. AHanu3
B3aMMOCBA3N PA3/INYHbIX TUMOB PUCKOB NOATBEPKAAET HEODXOAMMOCTb CUCTEMHOIO NOAX0Aa U
MHTErpaumMm Mep 3allMTbl Ha BCEX YPOBHAX GYHKLMOHUPOBAHNA OpraHmn3aumm.

MpaKTUYecKMe acnekTbl BHeAPeHUA CUCTEMBI YNIPaBAEHUA PUCKaMuU

BHeapeHWe cuCTeMbl ynpaBneHUA puUCKamn  MHOOPMALMOHHON 6He3onacHocTM B
opraHm3saumm TpebyeT KOMNNEKCHOTO NOAXoAa. Ha MpaKkTMKe 3TOT NpoLLece BKAOYaeT pa3paboTky
NoONUTMKM 6e30MacHOCTK, pacnpeaeneHne ponen M OTBETCTBEHHOCTM, BHeApeHWe npoueayp
MOHWUTOPWMHTA, @ TaKXKe NOCTOAHHOE COBEPLIEHCTBOBAHME MEXaHU3MOB 3aLnTbI [8].

PucyHok 1 — [loBbllWeHMEe YCTOMYMBOCTM WM 3PENOCTU CUCTEMbI MHOOPMALMOHHOM
6esonacHocTu.

WneHTudukauus
M aHann3 pUCKoB

Plan

MoBblWeHne
YyCTOMYUBOCTHU Peanusauus
KoppeKT“pog- “ 3pe.|'|OCTV| CMCTeMbl

W o ynpaBieHus
MH(OPMaLNOHHOU pucKamm
6e3onacHoOCTU Do

yny4weHune

MoHuTOPUHT 1 ayauT

3thpeKTMBHOCTM

Check

Ha pucyHKe npeactaBneHa MoAenb LMKNA yNpaBaeHUA PUCKaMM MHOOPMALMOHHOM
6e30MacHOCTM, OCHOBaHHAA Ha NpuHUMNe HenpepbiBHOro ynydwexHuna PDCA (Plan—Do—Check—
Act). lnarpamma oTparkaeT B3aMMOCBA3b 1 NOC/Ne0BaTENbHOCTb OCHOBHbIX 3TAMOB NpoLLecca: Ha
cTaamm Plan ocyulectBnaeTca MAEHTUOMKAUMA M aHANM3 PUCKOB, BK/KOYAKOLWIME BbIABNEHWE
aKTMBOB, Yrpo3 M YA3BMMOCTEM, a TaKKe OLLeHKY BEPOATHOCTM M BO3MONKHbIX NOCNEACTBUIA MUX
peanunsaumm; Ha stane Do peanmnsytoTcA OpraHM3alUMOHHbIE, TEXHUYECKME M MPaBOBble Mepb
YyNPaBAEHNA PUCKAMM, HAaNPaBNEHHbIE Ha CHUMMKEHME BEPOATHOCTM MHUMAEHTOB; cTaama Check
npeaycMaTpuBaeT MOHUTOPUHT M ayauT 3PPEKTUBHOCTM MPUHATbIX Mep, aHanum3 cobbiTui
6€30MacHOCTU M OUEHKY MX Pe3yNbTaTUBHOCTM; 3aKAOUMTENbHbIM 3Tan Act OpMeHTMpOBaH Ha
KOPPEKTUPOBKY M y/AydllEeHMEe CUCTeMbl 3alWuTbl, O0BHOBAEHWE noAUTMK 6e30nacHOCTM u
afanTauMIo OpraHn3aLmm K U3MeHALWMMCA YCNoBMAM Knbepcpeabl. B ueHTpe uymkna obosHaveHa
KAtoyeBan Lenb NpoLuecca — noBblWeHWe YCTOMYMBOCTU U 3PENOCTM CUCTEMbI MHDOPMALMOHHOM
6€30MacHOCTH, YTO NOAYEPKMBAET €€ ANHAMMYECKMIA U HENPEPBIBHbIN XapaKTep.

OOHUM M3 KNKOYEBBIX 3/1EMEHTOB ABNAETCA CO34aHWe pabouel rpynnbl NO ynpaBaeHUto
PUCKaMKM, B KOTOPYtD BXOAAT npeacTasutenn WT-cny»bbl, topnanyeckoro otaena, Cayxobl
BHYTPEHHEro KOHTPOASA M PYKOBOACTBA. TaKad MeXAMCUMNAMHAPHAA CTPYKTypa No3Bonset
pPaccmMaTpuBaTb PUCKM HE TOJIbKO C TEXHMYECKOM, HO M C OpPraHM3aLMOHHOWM, MPaBOBOM U
dUHAHCOBOM TOYEK 3pEHMA.

[na nosblweHns 3GOEKTUBHOCTM CUCTEMbI YNPABNEHMA PUCKAMM MPUMEHAETCA NOAXOA,
«HenpepbIBHOro yayylieHma» (Continuous Improvement), ocHoBaHHbIM Ha Lmkne PDCA (Plan—Do—
Check—Act). CornacHo aTomy NPUHUMMY, OpraHM3auma NAaHUPYeT MeponpUATUA MO CHUXEHUIO

109



Proceedings of the 11th International Scientific Conference

PUCKOB, peanusyeT KX, OLEHWBAET pe3y/nbTaTbl U KOPPEKTMPYEeT CBOM AEWCTBMA Ha OCHOBe
aHanM3a NHUMAEHTOB M HOBbIX YrPO3.

Ha npaKTuKe BaXKHYHO PO/ib UIPatOT MHCTPYMEHTbI aBTOMATM3aLLMM YNPABAEHMA PUCKAMMU,
Takne Kak GRC-cuctembl (Governance, Risk and Compliance), KoTopble MNO3BOAAOT
LEHTPA/NM30BAaHHO XPaHUTb MHDOPMALMIO O PUCKAX, OTCAEXKMBATb WX AMHAMUKY U
KOHTPO/NMPOBATb BbIMNOJAHEHWE MEPONPUATUIA. ITU  CUCTEMbI MHTErpUPYOTCA C  APYrMmM
KOpnopaTMBHbIMM NNaTGOPMaMM, BKAKOYAA ynpaBieHWe WMHUMAEHTAMW, MOHWTOPWHI CETEBOM
aKTMBHOCTM M KOHTPO/Ib AOCTYNa.

Kpome TOro, [AnA MNOBbIWEHWA  YCTOMYMBOCTM  OpraHM3aumMm K  MHUMAEHTaAM
MHPOPMaLMOHHOM 6e30NacHOCTN CO3A4at0TCA LLeHTPbI ynpasaeHua 6esonacHocTbio (SOC - Security
Operations Center). OHM 06ecneynBatoT KPYr10CyTOYHbIN MOHUTOPUHT MHOPACTPYKTYPbI, aHaAn3
cobbITNiM 6e30MacHOCTM 1 ONepaTMBHOE pearnpoBaHMe Ha yrpos3sbi.

MpaBoBble acneKTbl yNpaBAeHUA puckamm MHGOPMALIMOHHOW 6e30NacHOCTH

MpaBoBOe perynnpoBaHme B chepe MHPOPMALIMOHHOM HE30NaCHOCTU UIPAET KAOYEBYHO
ponb B GOPMUPOBAHMM eAMHOM CUCTEMbI ynpaBfieHua puckamu [9]. 3akoHodaTesnbHble U
HOPMaTMBHbIE aKTbl 334aK0T PaMKM, B Npeaenax KOTOopbIX opraHM3aumm obAasaHbl obecneymnsaTb
3aWmMTy MHbOOPMaUMKM, ONpPeaenAtoT OTBETCTBEHHOCTb 33 HAPYLEeHWA W yCTaHaBAMBAOT
TpeboBaHMA K Npoueccam 06paboTKM 1 XPaHEHMA AaHHbIX.

B Poccum ocHOBY MpaBOBOro PeryampoBaHMA COCTaBAAIOT deaepasnbHble 3aKoHbl «O
NepCcoHaNbHbIX AaHHbIX», «O6 MHPOPMaALMM, MHOOPMALMOHHBIX TEXHONOTMAX WM O 3awuTe
MHOOPMaUMMY, a TaKKe [AOKYMEHTbl, peryavpyloume AeATeNbHOCTb KPUTUYECKM BaXKHbIX
06beKTOB MHPOPMALMOHHON MHOPACTPYKTYPbI. KpOMe TOro, BaXKHY PO/b UrpatoT NOA3aKOHHbIe
aKkTbl M npukasbl OCTIK u OCHB, KoTopble ycTaHaBAMBalOT TpeboBaHMA K KaaccudUKaumm
MHOOPMAUMOHHBIX CUCTEM, MOPAAKY NPOBEAEHWMA OLEHKM 3aLUMWEHHOCTM W cepTUdUKaumn
CPeACTB 3aWmTbl MHGOPMaLMK.

OfHMM 13 Hanbonee 3HaYMMbIX JOKYMEHTOB ABNAETCA HALMOHaNbHbIN cTaHaapT FOCT P
NCO/M3K 27001, KOTOPbIN rapMOHU3NPOBAH C MeXAYHapoAHbIM aHasnorom ISO/IEC 27001 u
pernameHTUpyeT NOCTPOEHME CUCTEMbI MEHEAXKMEHTa MHPOPMaLMOHHOM Be3zonacHocTn (CMIB).
3TOT CcTaHAApPT 3a4aeT obuyto CTPYKTYpY NPOLECCOB, BKAOYAA OLLEHKY M yNpaBaeHWe pUCKamMM,
KOHTPONb [A0CTyna, YynpaBieHMe WHUMAEHTaMW, ayaMT W HenpepbiBHOE yayduweHue. Ero
NPMMEHEeHWe NO3BONAET OpPraHM3auUMAM He TONbKO MOBbICUTb YPOBEHb 3aLUMTbl, HO U
NPOAEMOHCTPMPOBATL COOTBETCTBME MEXAYHAPOAHbIM TpeboBaHMAM, YUTO 0COHEHHO BaXKHO NpU
paboTe C MHOCTPAHHbLIMW MAPTHEPAMMU.

C TOYKM 3pEHMA MEeXAYHAPOAHOro NpaBsa, KAtOYEBbIMM HOPMATUBHbBIMKW aKTaMM ABNAIOTCA
PernameHT EBponelickoro Coto3a 0 3aluTe nepcoHanbHbiX AaHHbIX (GDPR), amepuKaHCKMI 3aKOH
Sarbanes—Oxley Act, a Takxe cTtaHgapTel n pykoBoactea NIST. ITM AOKYMEHTbl OKa3blBatOT
BAMAHME Ha TrN00aNbHYO MNPAKTUMKY YNpaBAeHMA PUCKAMM, 334aBad BbICOKME CTaHAAPTHI
NPO3PaYHOCTM, OTHETHOCTM M 3aWMUTbl MHPOPMauyumn. OpraHM3aumm, Beayline AeATeNbHOCTb Ha
MeXAYHaPOAHbIX PblHKaX, 06A3aHbl y4nUTbIBATb AaHHble TpeboBaHMA Npu GOPMMUPOBAHNMN CBOMX
NoANTUK Be3onacHoCTMK.

Ocoboe BHMMaHWe yaendeTca BOMPOCAM ayamMTa WM OTBETCTBEHHOCTWU. [1poBepKM co
CTOPOHbI PENYNIATOPOB M HE33ABMCUMMbIX ayAMTOPOB NMO3BONAIOT BbIABAATL HAPYLIEHWA, OLLEHNBATb
3PEKTMBHOCTb CUCTEMbBI 3aLUMUTLI M MPUHMMATb Mepbl MO YCTPAHEHMIO HeaoCTaTKoB. B cayvae
MHUMOEHTOB, CBA3AHHbIX C YTEYKOW AaHHbIX, OpraHM3auum o06A3aHbl yBEAOMAATH HAA30pHbIE
OpraHbl M NOCTPaAABLWNX L, B YCTAHOBNEHHbIE CPOKKU. HecobatoaeHre 3Tux TpeboBaHNN MOKET
noBneyb 3a CO60M cepbEsHble PUHAHCOBbLIE M PenyTaLMOHHbIE NOTEPY.

CoBpemMeHHble TEHAEHLMM B YNPABAEHMUM PUCKaMK MHPOPMaLMOHHOM He3onacHoCTH

Pa3BuUTME TEXHOIOTMI U POCT KMBEPYrpo3 MOCTOAHHO M3MEHAIOT KOHTEKCT ynpaBieHus
puckamn. OAHOW M3 KNOYEBbIX TEHAEHUMIM ABAAETCA NEepexos K PUCK-OPUEHTUPOBAHHOMY
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yNpaBAeHWUto, NpuM KOTOPOM HEe30MacHOCTb PAaCCMATPUBAETCA KaK 31eMeHT obliei cTpaterum
6u3Heca, a He Kak M30/MpoBaHHas GyHKUMA. Takon noaxo npeanonaraer, YTo pPelleHus B
obnactm uHbopmauMoHHOM 6e30MacHOCTM MPUHMMAIOTCA C YY4EeTOM BAMAHMA Ha Ou3Hec-
npoueccsl, GMHAHCOBbIE pe3y/abTaTbl M KOPNOPaTUBHYO penyTaumto [10].

Bonbwoe 3HavyeHre npuobpeTaeT WMCNONb30BAHME WCKYCCTBEHHOIO WHTENNEKTa U
MalUMHHOro obyyeHWa ANA NPOrHO3MpPOBaHMA Yrpo3 M aBTOMaTWM3aLMM aHANM3a MHUMAEHTOB.
CoBpeMeHHble CUCTeMbl CNOCOBHbI BbIABAATL aHOManAMM B ceTeBOM TpaduKe, obHapyKMBaTb
NPU3HaKK BTOPXKEHNIM 1 GOPMMPOBATL PEKOMEHAALMMN NO PEarMpoBaHMIO B PEXMME peanbHOro
BpemeHU. NpMMeHeHe TaKMX TEXHONOTMIN 3HAYUTENbHO NOBbIWAET 3PGEKTUBHOCTL YNPaABAEHNA
PUCKaMM, CHMXKAA Harpy3Ky Ha CneLmaancToB no 6e3onacHoCTu.

Ewé oaHoM TeHAeHUMEN sBASETCA MHTerpauusa Knbepbe3onacHOCTM B MPOLECCH
pa3paboTKM NporpamMmHoro obecnedyeHmsa - KoHUenums «security by design». B pamkax 3Toro
noaxoAa BOMPOCHI 3aWMTbl MHOOPMALMM YYMTLIBAKOTCA YXKe Ha 3STanax MNpPOeKTMPOBaHMA U
TECTMPOBAHMA CUCTEM, YTO MO3BONAET NPenoTBpallaTb MOABAEHME YA3BMMOCTEM U CHUXKATb
CTOMMOCTb YCTPaHEHMA OLWMBOK.

B nocnegHwe roapl akTMBHO pasBMBaeTcA KoHuenuma Zero Trust, npeanonaratollan, YTo
[oBepue BHYTPWU KOPNOPATUBHOM CETWU OTCYTCTBYET MO YMOJYAHMIO, U KaApblM 3anpoc AOCTyna
[ONKeH BblTb NpOBEPEH HE3aBMCMMO OT ero UCTOYHMKA. ITOT NOAXOA CyLW,EeCTBEHHO MOBbIWaET
YCTOMYMBOCTb OpraHW3auui K BHYTPEHHWM Yrpo3am M HECaHKLMOHMPOBAHHbLIM AEeNCTBUAM
noNb3oBaTenen.

Kpome Toro, pacTér 3HayeHue obnayHoi 6HesonacHocTu. Bcé Gonblue opraHM3aumi
NepeHOCAT CBOM AaHHble M CepBUCbl B 06Ma4Hble MHOPACTPYKTYpbl, YTO TpebyeT nepecmoTpa
Mmoaenen ynpasneHna puckamu. OCHOBHbIMM  33Zl@a4amMu  CTAHOBATCA  pacnpefeneHue
OTBETCTBEHHOCTM Mexay MOCTaBLLMKOM M KIMEHTOM, obecneyeHne Npo3payHoOCTM NPOLLECCOB U
3alLMTa AaHHbIX NPU Nepefaye MexXay CUCTEMaMM.

KagpoBble ¥ oOpraHuM3auMoOHHblE acnekTbl. JPPeKTUBHOe ynpaBieHWMEe PUCKaMM
HEBO3MOXHO 6e3 KBaMPUUMPOBAHHbLIX CNeLmanmcTos, obnafatolimx 3HAHMAMKW He TO/NbKO B
061acTM MHOOPMALMOHHBIX TEXHOMOTUI, HO U B Cchepe ynpasaeHMA, NpaBa M MCUXONOTUM.
Mostomy BCé OonblWee BHMMaHWE YyAeNAeTcA MOAroTOBKe W cepTUdMKaLMM  Kagpos.
MexayHapodHble cepTuduraumm, Takme Kak CISSP, CISM wn CRISC, cTaHOBATCA BaXKHbIM
KpuTepmnem npodeccMoHaibHOM KOMNETEHTHOCTMU.

OpraHM3auMOHHO 3HAYMMbIM  HanpaBneHMem ABnAeTcA  GOpPMMpPOBaAHME  Ky/AbTypbl
nHbopmaumoHHon BesonacHocT. OHa nNpeanosiaraeT, YTO KaxbliM COTPYAHUK OCO3HAET CBOIO
poNb B obecneyeHmn 3aWwmnTbl MHGOPMALMN U CneayeT YyCTaHOBAEHHbIM Npasuaam. [nda sToro 8
OopraHmM3aumax NPOBOAATCA pPerynspHble TPEHWHIM, MMUTALUMOHHbIE GUILIMHIOBbIE KamMaHWMu,
TeCTbl Ha BHUMATENbHOCTb M BHYTPEHHME ayamnTbl. Takaa paboTa N03BONAET CyLLECTBEHHO CHM3UTb
BEPOATHOCTb MHUMAEHTOB, BbI3BAHHbIX Ye/10BEYECKMM GaKTOPOM.

Mpobnembl M NepcnekTMBblI PasBUTMA CUCTEMBI YNPABAEHWA PUCKaMKU. HecmoTpa Ha
3HaYMTENbHbIM MPOrpPecc, CUcTeMa yrnpasaeHUA pUCKamu MHbOPMaUMOHHOM 6He30nacHoCTH
CTaNIKMBaeTca ¢ pAgom npobaem. Cpeamn HUX - HEXBATKA AOCTOBEPHbIX CTaTUCTUYECKMX AAHHbIX,
OrpaHMYeHHOCTb Bt0AKETOB, CNOMKHOCTb OLEHKM HeMATepManbHbIX MOTEPb, a TakKe ObicTpoe
M3MEHEHWEe TEexXHONOrMYecKom cpedbl. [LONONHUTENbHYIO CNOXKHOCTb CO343ET rnobanmsaums
Knbepyrpos M WMCNONb30BaHME QAHOHMMHbIX CETEBbIX TEXHONOMMIA, KOTOpble 3aTPyAHAOT
MAEHTUOMKAUMIO 310YMbILINEHHUKOB.

B nepcnekTvBe pasBuTME yNpaBAeHMA PUCKamK OyaeT CBA3AHO C  YCUIEHMEM
MEXAYHApPOAHOTO COTPYAHMYECTBa, co3daHneM obwmx nnatpopm obmeHa mHdopmaumen ob
MHUMAEHTaX, Pa3BUTMEM HOPMATMBHOW Ba3bl M BHEAPEHMEM aaNTUBHbIX CMCTEM He30MacHOCTH.
Ocoboe BHMMaHWe ByaeT yaeneHo NPUMEHEHUIO MCKYCCTBEHHOTO MHTENNEKTa, NPeAnKTUBHOM
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aHAMMTUKN N TexHoNorni 6aokyerHa ana obecnevyeHns NPO3pPaYHOCTU MPOLLECCOB M KOHTPONA
NOA/IMHHOCTM Z@HHbIX.

3aknloveHue. YnpasneHme puckamm MHGOPMALMOHHOM 6e30MacHOCTM B COBPEMEHHbIX
opraHmM3aumsax ABAAETCA  HEOTbeM/IEMOM  YacTblo  CTpaTernyeckoro ynpasneHus. OHO
obecneynBaeT YCTOMYMBOCTb OM3HEC-MPOLLECCOB, 3aWMUTY [AAHHbIX M COXPaHEeHMe A0Bepus
KAMEHTOB W NapTHEPOB. IJPPeKTMBHaA cucCTeMa YhpaBAeHUs PUCKAMK  OO0/KHA  ObiTb
KOMM/IEKCHOM, MHTErPMPOBAHHON BO BCE YPOBHW YNpPaBAeHUs WU CNOCOOHOM afanTMpOoBaThCsa K
MeHsoLencsa cpeae yrpos.

cTopmyeckoe pas3BuTMe NOAXOAO0B K YNPaBAEHUIO PUCKAMM MOKas3ano, YTo YCnellHble
opraHmM3auyum paccMaTpmBaloT HE30MNacHOCTb He KaK M30IMPOBaHHYI0 3aaa4y UT-cayxbbl, a Kak
9N1EMEHT KOPMOPaTMBHOM Ky/bTypbl M GaKTOp KOHKYPEHTHOro npeumylliectsa. B ycnosuax
CTPEMUTENIbHOIO POCTa LMGMPOBON SKOHOMMUKN YPaBAEHNE PUCKAMM CTAaHOBUTCSA MHCTPYMEHTOM,
obecneymBatoLLMM He TONbKO 3aWmnTy MHGOPMaLMM, HO M YCTONYMBOE pPa3BUTUE BU3Heca.
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AHHOTauuA

B paboTe paccMOTpeHO NPUMEHEHNE aNtoMOCUIMKATHbIX Nosbix Mukpocdhep (ACMM) B cocTaBe
NErkmnx 6eToHoB. M3ydeHbl GU3MKO-XMMUUYECKME CBOMCTBA MUKPOCHEpP, MX FPaHYIOMETPUYECKNI
COCTaB M TENIOTEXHMYECKME XapaKTePUCTMKK. [MOKa3aHO, YTO BBeAeHMEe MUKpocdhep B COCTaB
LEMEHTHbIX KOMMO3MUMI yAyylaeT TennoM30NALUMOHHbBIE WM 3BYKOM3OAMPYHOLLME CBOMCTBA
6eToHa, NOBbIWAET ero A0/ITOBEYHOCTb, CHUMKAET Maccy M yaydlaeT 06pabaTbiBaeMOCTb CMECH.
Mony4yeHHble pe3yabTaTbl NOATBEPKAAOT 3PGEKTUBHOCTL UCNONb30BaHWA ACIMTM B Npon3BOACTBE
KOHCTPYKLUMOHHbBIX M OTAEN0YHbIX MATEPMANOB, a TaKXKe OTKPbIBAOT NEepcnekTUBbl ANA
pacwunpeHmnsa obnacten UX NpUMeHeHuA.

Knioyesble cnosa:

a/lOMOCUAINKATHbIE  MoAble  MUKpochepbl, NETKMIA  OETOH, LEeMEHTHble  KOMMO3MLUK,
TENNI0M30NALMA, CTPOUTEIbHbIE MaTepuansl.

BeeneHue

B cOBpemeHHbIX YCN0BMAX Pa3BUTMA CTPOUTEIbHOM OTpac/in ocoboe BHMMaHME yaAenaeTcs
Co3AaHMI0 3HepProaddeKTMBHbIX, [0/ITOBEYHbIX M 3KONOTMYECKM 6e30MacHbIX CTPOUTENbHbIX
MaTepuanos. OAHMM M3 HanpaBAeHWI ABAseTCcA pa3paboTKa NErkmx HBETOHOB C yAy4YlleHHbIMM
TEeNA0M30NALUNOHHbBIMMN XapaKTePUCTUKAMM.

MpMMeHeHWe NOAbIX aNtOMOCUAMKATHBIX MUKpocdep (ACTIM), nonydaembix Npu nepepaboTtke
30/10W/1aKOBbIX OTXOA0B TEMOBbIX 3NEKTPOCTAHLMM, ABNAETCA WMHHOBALMOHHbLIM peLlleHneM,
NO3BOAIOLLMM OAHOBPEMEHHO YTUAN3MPOBATb TEXHOTEHHbIE OTXO/bl M CO34aBaTb CTPOUTE/IbHbIE
MaTepuanbl C HOBbIMW CBOMCTBAMM.

MeTtogonorua

B kKauyectBe Moauduumpytoller 06aBKM  MCMNONb30BAMCh  AaNOMOCWUIMKATHbIE  NOJble
MUKpochepbl mapku ACMM-500, npomussogmmble TOO «MeTtannoramma» (r. Taenoagap,
KasaxcTaH).

OcHoBHble xapaKTepuctmkm ACIMM-500:

- HacbINHaA NAOTHOCTb — 447 Kr/m3;

- TennonposoaHocTb — 0,14 BT/(m-K);

- MaccoBad A0NA OKCMAa KpeMHma — 62,8%;

- MaccoBad 404 oKcMAaa atoMUHMA — 33%;

- chepuyeckan popma vacTuu, ¢ anameTpom oT 5 g0 500 MKMm.
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MuKpocdepbl BBOAMANCE B LLEMEHTHYO CMECb B Pa3/IMyHbIX KOHLeHTpaumax (ot 1 no 30% no
Macce). na oueHKN BAUAHMA 106aBOK NPOBOANANCH UCMbITAHUA MO OnNpeaeneHNto NNOTHOCTY,
MNPOYHOCTM, TENNONPOBOAHOCTM 1 BOAONOrN0OUEHNA 06pa3LoB 6eToHa.

Pe3ynbTathl M 0bcyxaeHue

1. BavAHMe Ha NNOTHOCTb

BeeaeHne mMukpochep NPUBOAUT K CHUMKEHWUIO MNOTHOCTM NETrKMX HETOHOB 33 CYET MX HU3KOM
HacbIMHOM Mmaccbl. [pu copepanmm o 10% ACMM no macce HabnwaaeTcad ymeHblweHue
NAOTHOCTM cmecun Ha 15—20%.

2. Tennou3onALMOHHbIE CBOMCTBA

BeToHbl ¢ ACIMTM nmetoT KOIPPUUMEHT TennonpoBoAHOCTN HMKe Ha 20—-30% no cpasBHeHWto ¢
KOHTPOAbHbIMK 06pa3uamun. 3To noaTeep:KaAaeT 3dPEKTUBHOCTL MCNONb30BaHUA MUKpPOChep Npu
NPOM3BOACTBE TEMNON30NALUMOHHbBIX KOHCTPYKLMOHHbBIX MaTeEPMANOB.

3. MpOYHOCTHbIE XapaKTEePUCTUKM

HecmoTpA Ha CHWMKeHMe NNOTHOCTM, MPOYHOCTb OeToHa npu ONTMMA/IbHOM COAEPMKAHMM
MuKpocoep (5—10%) ocTaétca Ha ypoBHE TPAAMLUMOHHbIX CMecei. ITO CBA3aHO C WapoobpasHo
dopmoit YacTuL, cnocobCTBYIOLLEN NyYLWeMy YNAOTHEHMIO U CHUMKEHMIO YCAAKMW.

4. O6pabaTbiBaEMOCTb U LO/NTOBEYHOCTb

Jobasnenne ACMM  nosblwaeT yaoboyknagbiBaemMocTb cmecu  b6narogapa  addekTty
«lWapuKonoAWwmnHMKa». Kpome Toro, B3anmoaenctame MMKpochep € NPoAyKTamMu rmapaTtaumm
LLleMEeHTa MOBbILLAET AaPOMNPOYHOCTb 1 AOATOBEYHOCTb MaTepmana, 4To MO3BOAAET MCNO/1b30BaAThb
Takue 6eToHbl Npu Temnepatypax 4o 1200 °C.

3akntoueHme

ccnepgoBaHme Nokasano, YTo BBEAEHME aTOMOCUANKATHBIX MOJbIX MUKPOCHEP B COCTaB NErKMX
H6eTOHOB NO3BONAET:

- CHW3UTb Maccy 1 NAOTHOCTb MATEPUaAnNa;

- YNYYLWNTb TENIOM30NALMOHHbIE U 3BYKON30AALMOHHbIE CBOUCTBA;

- NOBbICUTb 06pPabaTbiBaEMOCTb U AONTOBEYHOCTb CMECEN;

- COXPaHWUTb AOCTATOYHbIM YPOBEHb MPOYHOCTU NPU ONTUMANIbHOM COZEPMKAHUN A06aBKM.

Takum obpaszom, ACMM sBAAKOTCA NEPCNeKTUBHLIM  HamnoAHUTeNem A1a NErknx OHeTOHOB,
obecneymBatoWMM NOBbILIEHME SKCNAYATALUMOHHbIX XapPaKTEPUCTUK CTPOUTENbHBIX MaTePMaNoB U
CNocobCTBYIOLMM PELLEHNIO 334341 YTUAN3ALMM 3010LLNaKOBbIX 0TX040B TIC.
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B nocnegHune roabl HabnoaaeTcA YCTOMYMBBINA POCT MHTEpeca K MCMONb30BaHUIO BTOPUYHbIX
MWHepPanbHbIX PECYypPCOB B CTPOUTENbHOM MHAYCTPMK. B YacTHOCTM, NepepaboTKa 3010WNaKOBbIX
OTXOZ0B TEMNOBbIX 3N1EKTPOCTAHUMMN MNO3BONAET He TOJIbKO pelaTb 33a4a4M 3SKOMOTUKM W
PaLMOHANbHOTO NPUPOAONONAL30BaHMA, HO M GOPMMPOBATL YCTOMYMBYIO CbipbeByto 6asy AnA
NPOW3BOACTBA MHHOBALUMOHHbIX MaTepmanos. MpumeHerHne ACIM B KavecTBe mMoamdULMpYyOLLEN
N06aBKM OTKPbIBAaET HOBble BO3MOMKHOCTWU ANA CO3A4aHWA KOHCTPYKLMOHHbIX MaTepuanos C
KOMNAEKCOM  yNYYLWEHHbIX XapaKTepPUCTUK, BKAKOYAA KAPOCTOMKOCTb, 3BYKOWU3OMALMIO U
CHUXeHMe TenaonpoBOAHOCTU. MccnefoBaHMA MNOCAeAHUX NeT MOKa3blBatoT, 4YTO BBeAeHWe
MUKpOoCchep B LEMEHTHble KOMMO3WULUMM MONOXKMUTENBHO BAMAET HE TONbKO Ha O U3MKO-
MeXaHWYeCKmne, HO U Ha 3KCM/lyaTalMOHHble CBOMCTBA HETOHOB.
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MeToauKa MCCNefoBaHMA BKAKOYaNa NPUIroToBNEHWe cepun obpasuoB OeToHa C PasIMyHbIM
coaepkaHmem ACMM (1%, 5%, 10%, 20% un 30% OT maccbl LUemeHTa). [na cpaBHeHua bbian
M3roTOBAEHbI KOHTPO/IbHbIE 06pa3ubl 6e3 gobasieHMa MUKpocdep. Kaxkaaa cepua npoxoamna
MCMNbITAHWA NO ONpeAeneHnto NIOTHOCTHU, Npeaena NPOYHOCTM NPU CXKATUM, BOAOMOI/IOLEHNA U
TENA0NPOBOAHOCTM. McnbiTaHMA NPOBOANANCL B COOTBETCTBUM ¢ TpeboBaHuammn FOCT 10180-
2012 1 FOCT 12730.1-78. [ina aHan13a MUKPOCTPYKTYPbl BETOHA MCMO/1b30Baacb 3N1EKTPOHHAN
MWKPOCKOMNMA, MNO3BONAKOWAA HabntoAaTb PaBHOMEPHOCTb pacnpefeneHua Mukpochep B
LLEMEHTHOM KaMHEe M XapaKTep MX B3aMMOAENCTBMA C NPOAYKTaMM rMapaTaLmm.

5. MMKPOCTPYKTYpPHbI aHanus

MUKPOCTPYKTYPHblE McCneaoBaHMA Mokasanu, 4to ACIM paBHOMEPHO pacnpeenAlTca B
0b6bEME LLEMEHTHOTO KaMHs. Ha noBepxHOCTN MuKpocdep HabnoaaeTca obpazoBaHme rMapaTHbIX
da3 uemeHTa, YTO NOATBEPKAAET MX MNYLLONAHOBYIO aKTUBHOCTb. JaHHbIn addeKT cnocobeTayeT
bopMMpPOBAHNIO NAOTHOM M OAHOPOAHON CTPYKTYPbI BETOHA, CHMMKAA PUCK 06pa3oBaHMA TPELWH
n yBEINYMBAA AONTOBEYHOCTb MaTepmana.

6. JKOHOMMYECKMI U IKONOTUYECKUI 3DPEKT

MpumeHeHne ACTTM nmeeT BaxkHOE 3KOHOMMYECKOE 1 3KON0rnYecKoe 3HadyeHne. icnosb3oBaHne
30/10WW/1aKOBbIX OTXOAOB TEM/0BbIX 3MEKTPOCTAHUMM B KavecTBe CbipbA 414 NOJAydYeHuA
MMKpOCchep CHMXKAET 06BEM NPOMbILLNEHHbIX OTXOA0B M HAarpy3Ky Ha OKpyKatouyto cpeay. Kpome
TOro, nérkme 6eToHbl C MUKpochepamm TpebyrT MeHbWero Ko/AM4yecTBa LeMeHTa M Apyrux
KOMMOHEHTOB, YTO NO3BO/IAET CHM3UTb CEOECTOMMOCTb CTPOUTENbHBIX MaTEPMANOB. DKOHOMMA Ha
NPOW3BOACTBE B COYETAHUW C YNYYLIEHHbIMW XapaKTEPUCTMKaMK aenaeT Takne OeTOoHbI
KOHKYPEHTOCNOCOOHbIMM Ha CTPOUTENBHOM PbIHKE.

CnefyeT OTMETUTb, YTO Aa/ibHelLMe nccnefoBanna 8 obnactn npumerHeHna ACINM gonkHbl BbITe
Hanpas/ieHbl Ha onpefesieHne ONTUMA/bHbIX COCTAaBOB ANA PA3/IMYHbIX BUAOB CTPOUTENbHbIX
MaTepPManoB, a TaK¥Ke Ha W3y4YeHuWe [AO0NTOBPEMEHHON MPOYHOCTM WM CTOMKOCTM OETOHOB C
MUKpOChepamm B yCNOBMAX arpeccmMBHbix cped. KOMMAeKCcHbIM noaxos No3BOAMT PacluMpuTb
obnactn npumeHerHma ACIM He TONbKO B CTPOUTENbCTBE, HO M B CMEXHbIX OTpacnax
MPOMBILLIEHHOCTMU.

Tabnuua 1. TexHMYECKNE XapaKTEPUCTUKM a/IlOMOCUAMKATHbIX NoAbIX MUKpocdep (ACMM-500)

lNoka3saTtenb 3Ha4yeHme
HacbinHaa nAoTHOCTb, Kr/m3 447
TennonposoaHOCTb, BT/(m-K) 0,14
MaccoBas gons SiO2, % 62,8
MaccoBasa gons Al203, % 33
MaccoBas gona Fe203, % 2,2
MaccoBas gons CaO, % 2,1
pH BoAHOrO pacTBopa 5,2
MaccoBas gonsa snaru, % 0,2
YoenoHaa aKTMBHOCTb pPaAMOHYKANAOB, 72
BK/Kr

O630p nAnTEpPaTYpLI

Bonpocbl MCnonb3oBaHMA MUKPOChEP B CTPOUTENbHLIX MaTepmranax OCBEeLLEHbl B PAAe Hay4HbIX
nccnenoBaHuin.  Tak, OTeyecTBEHHble U 3apybeskHble Yy4YéHble OTMEeYaloT, 4YTO Mofible
a/tOMOCUAMKATHbIE  MUKpOCPEpbl  CMOCODHbI  3aMeHATb  TPAAMLMOHHbIE  HAMOJAHUTENN,
obecneunsasn yaydlleHHble TeNI0U30ASLUMOHHbIE M MPOYHOCTHbIE XapPaKTEPUCTUKM KOMMNO3UTOB. B
paboTax 3apyberkHbIX nccneaoBaTene yKasbiBaeTca Ha BO3MOXHOCTb MPUMEHEeHUA MUKpocdhep B
BbICOKOMPOYHbIX HETOHaX AN CTPOUTENbCTBA CMELMasbHbIX COOPYMKEHWN, BKAtOYan O0OBEKTHI,
NoZiBepraloliMecs BbICOKMM TemnepaTypHbIM  Harpyskam. Kpome Toro, psg  aBTOPOB
NOAYEPKMBAET  MONONKUTENbHOE  BAWAHME  MMKpocdep  Ha  MOPO3OCTOMKOCTb MU
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BOAOHENPOHNL,AEMOCTb BETOHOB, YTO AeNaEeT UX NEPCNEKTUBHbIMM ANA SKCMAyaTalL MM B CYPOBbIX
KAMMaTUYECKMUX YC/TOBUAX.

JKcnepumMeHTanbHble nccaeaosaHun

Ons npoBeaeHns aKCNepMMEHTOB BblM M3roTOBAEHbI 0Bpa3Lbl KybMYeckon GopMbl pazMmepamm
100x100x100 mm. Obpasupbl NnoaBepraancb UCNbITAHUAM Ha CKaTue B Bo3pacTe 7, 14 n 28 cyTok.
OnpepeneHne NAOTHOCTM  MNPOBOAMAOCH  METOAOM  TMAPOCTAaTMYECKOro  B3BELUMBAHMA.
TennonpoBOAHOCTb MCCAeA0Banack Npu nomolum npubopa UTM-Mr4, a BogonoraoweHne — no
FOCT 12730.3—-78. [OONOAHUTENbHO OLEHMBaNaCb MOPO30OCTOMKOCTbL HETOHOB MO  meTody
MOBTOPHbIX LIMKIOB 3aMOpa*kmMBaHMA W OTTamBaHuA. Bcero 6bino wmsrotosneHo 6onee 50
06pasLLoB, YTO NO3BOANAO MNONYHUTb CTAaTUCTUYECKM AOCTOBEPHbIE PE3YbTaTbl.

MonyyeHHble AaHHble CBMAETENLCTBYIOT O TOM, YTO OMTMMA/NbHOE COAEP)KaHWe MuKpocdep
coctasnsaeT 5-10% oT macchl uemeHTa. [py meHblweM coaepRaHnm sGPEeKT CHUKEHNA NAOTHOCTH
M TENNONPOBOAHOCTW BblparkeH c¢nabo, a npu bonbliem HabaoaaeTca CyWEeCcTBEHHOe NaagHue
npoyHoctTM. TakuMm 06pa3om, MCMosib3oBaHMe MUKpocdhep TpebyeT noadopa ONTUMAsIbHOM
[O3MPOBKM, KOTOPas 3aBUCUT OT TpebyemblX ISKCMAYaTALMOHHbLIX XapaKTEPUCTUK KOHEYHOro
MaTepuana. BakHO OTMeTUTb, YTO BBeAEHWE MUKPOCHEP HE OKa3biBAET OTPMULATENBHOMO BANAHMA
Ha CPOKM CXBaTblBaHMA LEMEHTHOro TecTa, 4YTo obneryaet ux BHeApeHMe B MNPAKTUKY
CTPOUTENIbHOTO NPOM3BOLCTBA.

MepcneKkTnebl NPpUMeHeH!s

MpumeHeHne ACIMM B CTPOMTENbCTBE HE OrpaHMumMBaeTcas AMWb Nérkmmmn betoHamu. Ha
COBpeMeHHOM 3Tane BeAyTcA paboTbl NO  CO34AHMIO  KOMMO3WTHbIX MaTepuanoB C
MCNonb3oBaHMEM MUKpOcdep AR aBTOMOOUIBHOM U aBUALMOHHOM NMPOMbILLINEHHOCTH, @ TaKKe
ANA  NPOW3BOACTBA TEMIOM30NALMOHHBIX MOKPLITUIA MNPOMbIWAEHHOTO 0bopyaoBaHuA. B
CTPOUTENBbHOM OTPACAN 0CObbIN MHTEpPeC NpeACTaBAsET UCMONb30BaHNE MUKpPocdep B COCTaBe
CYXMX CMeCeW, AeKOPATUBHBIX LUTYKATYPOK M KaeeBblx COCTaBOB. Pa3BuTMeE TEXHONOTUIN rNyOOKOoM
nepepaboTKM 30710WNAKOBbLIX OTXOAOB NO3BOIUT 3HAYNTEIbHO YBEANUYNTb 06 BEMbI MPON3BOACTBA
ACITM 1 pacliMpuUTb CNEKTP UX NPUMEHEHMA.

Tabnnua 2. PeaynbTaTthbl MCnbiTaHMin 06pa3uoB 6eToHa ¢ pasiMyHbIM cogepaHnem ACMM

CopepaHune MAoTHOCTb, Kr/m3 [MpoYHOCTb Ha TennonpoBOAHOCTb,
ACMM, % cxKatue, Mra Bt/(m-K)

0 2200 32 0,23

5 1900 30 0,19

10 1750 27 0,17

20 1600 20 0,15

30 1450 15 0,14

MoaBoAs WTOT, MOMHO YTBEpPXAaTb, 4YTO BHEAPEHWe a/tOMOCUAMKATHLIX MUKpochep B
TEXHO/IOTMI0 MPOM3BOACTBA OETOHOB MO3BOMSET HE TONbKO MOBbLICUTb 3KCM/yaTaUMOHHbIE
XapPaKTePUCTUKM CTPOUTE/IbHbIX MATepUasioB, HO U BHECTWM BKAAA B PELIEHUE IKONOTUYECKMX
npobiem, CBA3aHHbIX C YTUAM3ALMEN 30/10WNaKOBbIX OTXOA0B. [anbHellme nccneaoBaHns B
naHHoM ob6nacTn A0/XKHbI ObITb Hanpas/ieHbl Ha M3ydeHMe nosedeHMa HeToHoB ¢ ACIMM B
YCNOBUAX ANUTENbHOW 3KCMAyaTalMmM, BKAOYAsA BO3AENCTBME arPecCMBHbIX Cpel, ANHAMNYECKMX
Harpy3sok 1 nepenazos TemnepaTyp.
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Investigation of the effect of aluminosilicate hollow microspheres on the performance
characteristics of light concrete.

Annotation

The paper considers the use of aluminosilicate hollow microspheres (AHM) in the composition of
lightweight concretes. The physicochemical properties of microspheres, their granulometric
composition, and thermal engineering characteristics have been studied. It is shown that the
introduction of microspheres into the composition of cement compositions improves the thermal
insulation and soundproofing properties of concrete, increases its durability, reduces weight and
improves the workability of the mixture. The results obtained confirm the effectiveness of using
AHM in the production of structural and finishing materials, and also open up prospects for
expanding their applications.

Keywords: aluminosilicate hollow microspheres, lightweight concrete, cement compositions,
thermal insulation, building materials.

Introduction

In modern conditions of development of the construction industry, special attention is paid to the
creation of energy-efficient, durable and environmentally friendly building materials. One of the
directions is the development of lightweight concretes with improved thermal insulation
characteristics. The use of hollow aluminosilicate microspheres (ASPMS) obtained during the
processing of ash and slag waste from thermal power plants is an innovative solution that allows
for the simultaneous disposal of man-made waste and the creation of building materials with new
properties.

Methodology

Alumosilicate hollow microspheres of the AHM-500 brand, manufactured by Metallogamma LLP
(Pavlodar, Kazakhstan), were used as a modifying additive.

Main characteristics of AHM-500:

- bulk density — 447 kg/m3;

- thermal conductivity — 0.14 W/(m-K);

- the mass fraction of silicon oxide is 62.8%;

- the mass fraction of aluminum oxide is 33%;

- spherical shape of particles with a diameter from 5 to 500 microns.

Microspheres were introduced into the cement mixture in various concentrations (from 1 to 30%
by weight). To assess the effect of additives, tests were carried out to determine the density,
strength, thermal conductivity and water absorption of concrete samples.

Results and discussion

1. Effect on density

The introduction of microspheres leads to a decrease in the density of light concretes due to their
low bulk weight. With a content of up to 10% ASPM by weight, a decrease in the density of the
mixture by 15-20% is observed.

2. Thermal insulation properties

Concretes with AHM have a thermal conductivity coefficient lower by 20-30% compared to control
samples. This confirms the effectiveness of using microspheres in the production of thermal
insulation structural materials.

3. Strength characteristics
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Despite the decrease in density, the strength of concrete with an optimal content of microspheres
(5-10%) remains at the level of traditional mixtures. This is due to the spherical shape of the
particles, which contributes to better sealing and reduced shrinkage.

4. Machinability and durability

The addition of AHM increases the workability of the mixture due to the "ball bearing" effect. In
addition, the interaction of microspheres with cement hydration products increases the heat
resistance and durability of the material, which makes it possible to use such concretes at
temperatures up to 1200 ° C.

Conclusion

The study showed that the introduction of aluminosilicate hollow microspheres into the
composition of lightweight concretes makes it possible to:

- reduce the mass and density of the material;

- improve thermal insulation and sound insulation properties;

- improve the workability and durability of mixtures;

- maintain a sufficient level of strength with an optimal additive content.

Thus, AHM is a promising filler for lightweight concretes, providing improved performance of
building materials and contributing to the task of recycling ash and slag waste from thermal power
plants.
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In recent years, there has been a steady increase in interest in the use of recycled mineral
resources in the construction industry. In particular, the processing of ash and slag waste from
thermal power plants makes it possible not only to solve environmental and environmental
management problems, but also to form a sustainable raw material base for the production of
innovative materials. The use of AHM as a modifying additive opens up new possibilities for
creating structural materials with a range of improved characteristics, including heat resistance,
sound insulation and reduced thermal conductivity. Recent studies show that the introduction of
microspheres into cement compositions has a positive effect not only on the physical and
mechanical, but also on the performance properties of concrete.

The research methodology included the preparation of a series of concrete samples with different
AHM content (1%, 5%, 10%, 20% and 30% of the cement weight). For comparison, control samples
were produced without the addition of microspheres. Each series was tested to determine density,
compressive strength, water absorption and thermal conductivity. The tests were carried out in
accordance with the requirements of GOST 10180-2012 and GOST 12730.1-78. Electron
microscopy was used to analyze the microstructure of concrete, which makes it possible to
observe the uniformity of the distribution of microspheres in cement stone and the nature of their
interaction with hydration products.

5. Microstructural analysis

Microstructural studies have shown that AHM are evenly distributed in the volume of cement
stone. The formation of cement hydrate phases is observed on the surface of microspheres, which
confirms their pozzolan activity. This effect contributes to the formation of a dense and uniform
concrete structure, reducing the risk of cracking and increasing the durability of the material.
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6. Economic and environmental impact

The use of AHM is of great economic and environmental importance. The use of ash and slag waste
from thermal power plants as a raw material for the production of microspheres reduces the
amount of industrial waste and the burden on the environment. In addition, lightweight concretes
with microspheres require less cement and other components, which reduces the cost of building
materials. Production savings combined with improved performance makes such concretes
competitive in the construction market.

It should be noted that further research in the field of AHM applications should be aimed at
determining the optimal compositions for various types of building materials, as well as at studying
the long-term strength and durability of concretes with microspheres in aggressive environments.
An integrated approach will expand the scope of AHM applications not only in construction, but
also in related industries.

Table 1. Technical characteristics of aluminosilicate hollow microspheres (AHM-500)

Indicator Value

Bulk density, kg/m3 447

Thermal conductivity, W/(m-K) 0.14

Mass fraction of Si02, 62.8 %

Mass fraction of Al203, % 33

Mass fraction of Fe203, % 2.2

Mass fraction of Ca0, % 2.1

pH of aqueous solution 5.2

Mass fraction of moisture, 0.2%

Specific activity of radionuclides, Bqg/kg 72

Literature review

The use of microspheres in building materials has been highlighted in a number of scientific
studies. Thus, domestic and foreign scientists note that hollow aluminosilicate microspheres are
able to replace traditional fillers, providing improved thermal insulation and strength
characteristics of composites. The works of foreign researchers indicate the possibility of using
microspheres in high-strength concretes for the construction of special structures, including
facilities subjected to high temperature loads. In addition, a number of authors emphasize the
positive effect of microspheres on the frost resistance and water resistance of concrete, which
makes them promising for use in harsh climatic conditions.

Experimental studies

For the experiments, cubic samples with dimensions of 100x100x100 mm were made. The
samples were subjected to compression tests at the ages of 7, 14, and 28 days. The density was
determined by hydrostatic weighing. Thermal conductivity was studied using the ITP-MG4 device,
and water absorption was studied according to GOST 12730.3-78. Additionally, the frost
resistance of concrete was evaluated using the method of repeated cycles of freezing and thawing.
In total, more than 50 samples were produced, which allowed us to obtain statistically reliable
results.

The data obtained indicate that the optimal content of microspheres is 5-10% of the cement
weight. With a lower content, the effect of reducing density and thermal conductivity is poorly
expressed, and with a higher one, a significant decrease in strength is observed. Thus, the use of
microspheres requires the selection of the optimal dosage, which depends on the required
performance characteristics of the final material. It is important to note that the introduction of
microspheres does not adversely affect the setting time of the cement dough, which facilitates
their introduction into the practice of construction production.
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Application prospects

The use of AHM in construction is not limited to light concrete. At the present stage, work is
underway to create composite materials using microspheres for the automotive and aviation
industries, as well as for the production of thermal insulation coatings for industrial equipment. In
the construction industry, the use of microspheres in dry mixes, decorative plasters and adhesives
is of particular interest. The development of technologies for deep processing of ash and slag
waste will significantly increase the production of AHM and expand the range of their applications.
Table 2. Test results of concrete samples with different AHM content

AHM content, % Density, kg/m3 Compressive strength, MPa Thermal conductivity, W/(m-K)

0 2200 32 0,23

5 1900 30 0,19

10 1750 27 0,17

20 1600 20 0,15

30 1450 15 0,14

To summarize, it can be argued that the introduction of aluminosilicate microspheres into
concrete production technology allows not only to improve the performance of building materials,
but also to contribute to solving environmental problems associated with the disposal of ash and
slag waste. Further research in this area should be aimed at studying the behavior of concrete
with AHM in long-term operation, including exposure to aggressive environments, dynamic loads
and temperature fluctuations.
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ABSTRACT

In the era of digital transformation, the recognition of data as a strategic resource has
fundamentally reshaped decision-making processes. Compared to traditional methods, data
analytics enables more accurate forecasting, risk reduction, and agile management. This study
explores the role of data analytics as a new stage of decision-making in the digital environment
and examines its impact on organizational efficiency, innovation, and competitive advantage. The
implementation of analytical tools allows real-time data processing and the development of result-
oriented strategies. Additionally, it has been identified that factors such as data quality,
technological infrastructure, and human resources play a critical role in this process. In conclusion,
data analytics is not merely a technological trend but an essential component of modern
management and serves as a key direction for the future development of organizations.

Keywords: Big Data, Data Analytics, Decision-Making Process, Strategic Decision-Making,

Business Intelligence, Predictive Analytics, Descriptive Analytics, Diagnostic Analytics, Artificial
Intelligence (Al), Machine Learning, Data-Driven Culture, Data-Driven Decisions, Performance
Optimization, Competitive Advantage, Innovative Management, Data Integration, Data
Visualization, Data Security, Privacy and Ethical Issues, Analytical Models, Empirical Evaluation,
Systematic Literature Review (SLR) .

Introduction

Data analytics refers to the collection, examination, modeling, and interpretation of data. Its
primary objective is to generate new knowledge, support decision-making, and guide relevant
strategic actions using available information. This field encompasses various methods and types,
such as descriptive analytics, diagnostic analytics, and predictive analytics. Contemporary
approaches increasingly employ artificial intelligence and machine learning technologies, enabling
deeper and more automated data analysis.

Main Body

Big Data and Decision-Making

In recent years, research in the field of Big Data has grown significantly. However, a
comprehensive classification of this concept and its real impact remains unclear, necessitating
further scholarly investigation. The existing literature highlights the absence of a unified
definition of large-scale data, the lack of an established theoretical framework in management,
and the highly interdisciplinary nature of this topic. The first systematic approach to massive
datasets was introduced using a model based on speed, volume, and variety. Over time, these
characteristics have been expanded and enriched with additional dimensions.

Big Data is often perceived as a large, complex dataset. These data are collected in real time
from diverse sources and may be structured or unstructured. Sources include social networks,
websites, commercial transactions, media files, clinical records, sensor outputs, and other smart
technologies. Furthermore, some researchers regard Big Data not only as a technological
phenomenon but also as a cultural and academic one, considering it the outcome of interactions
between technology and analytics. This perspective reflects both the tools and processes that
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convert data into value and the societal belief that “big data provides superior knowledge and
objectivity.”

When considering the influence of extensive data resources on management processes, two
additional concepts—accuracy and value—emerge prominently in the literature. Accuracy refers
to the reliability and precision of data, whereas inadequate processing using appropriate analytical
tools can create challenges. Value emphasizes Big Data’s potential to support decision-making,
shape business models, enhance performance, and foster innovation. Nevertheless, many
organizations have yet to utilize high-volume information effectively to transform their business
functions. Although additional ontological characteristics of Big Data have been proposed over
time, these are predominantly linked to technological contexts.

From an organizational and strategic perspective, the factors and processes influencing the
application of vast amounts of data and Big Data Analytics remain widely debated.Enormous data
volumes provides a broad spectrum of social and economic knowledge, highlighting the
importance of predictive and analytical models in supporting business decisions. Strategic
decision-making involves choosing among alternatives under varying degrees of uncertainty, and
information gaps exacerbate this uncertainty. Big Data can mitigate these gaps by providing
extensive datasets and minimizing cognitive biases. However, managers must acquire new skills
to interpret, analyze, and leverage this information effectively in strategic decision-making.

The true value of huge-scale dataset emerges through Big Data Analytics. As a component of
Business Intelligence,Data analysis comprises technologies, analytical processes, and
architectures designed to process large-scale data. This approach enables organizations to
develop innovative management strategies and decision-making mechanisms, ultimately
enhancing organizational performance. Although Big Data and Analytical approaches are distinct
concepts, they are closely interconnected. It is widely believed that Big Data applications offer
significant organizational benefits, including operational efficiency, innovation, and competitive
advantage. Nonetheless, the ways in which multidimensional data structures can improve
strategic decision-making warrant further investigation, allowing for empirical evaluation of its
potential and analysis of the factors that influence its effective use in decision-making processes.

The literature indicates that Massive datasets contributes to the automation of operational
and strategic decision-making processes. However, these processes are not entirely automated
and still require human judgment. Managerial behavior significantly influences these processes.
Some authors caution that managers may sometimes use data merely to justify prior decisions or
confirm assumptions, creating a risk known as confirmation bias. Historically, scholarly attention
focused on technological issues, but more recently, research has shifted toward the value-creation
processes that represent the core benefits of Big Data and Big Data Analytics [1].

Investigating the Role of Big Data Analytics in Corporate Decision-Making through SLR

A Systematic Literature Review (SLR) is a methodological approach used to identify, evaluate,
and interpret relevant research concerning a specific research question, topic, or phenomenon of
interest. This approach ensures reliable and accurate results and facilitates the audit of the
research. Conducting an SLR serves multiple purposes: summarizing existing evidence, identifying
gaps in current studies and suggesting new research directions, providing a theoretical framework
to contextualize new research, and assessing the extent to which empirical data support or
contradict theoretical hypotheses.

In this paper, we investigate the role of Data-driven analysis in corporate decision-making
based on the SLR methodology. Our study is structured around the following research questions:

1. How are the outcomes of Big Data Analytics applied by management in corporate decision-
making? This question is crucial for understanding the function of Big Data in decision processes
and its practical utilization within organizations.
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2. Inwhich business areas, such as marketing, finance, production, and project management,
are Data processing results utilized? This question helps identify the organizational functions
benefiting from Big Data Analytics and explore other potential applications.

3. Which aspects of the decision-making process can Analytical methods influence? The
decision-making process comprises multiple elements, including accountability, evaluation of
outcomes, the number of participants involved, and the quality of analysis. Additionally, factors
such as available information, decision-making authority, the consequences of decisions, and their
implementation effects also play a role. Hence, this question examines which elements of the
decision-making process are affected by the application of Big Data Analytics.

4. What barriers exist to the use of Big Data Analytics in corporate decision-making? This
guestion aims to identify challenges in implementing Predictive analytics and address obstacles,
potentially driving the development of new technologies and business processes [2].

As is well known, data analytics can be applied across numerous domains, and the following
examples illustrate its potential applications:

Healthcare

Machine learning, a branch of artificial intelligence, aims to train algorithms using data,
enabling them to make predictions or decisions without explicit programming. In healthcare, this
technology has the potential to fundamentally transform processes such as diagnosis, treatment,
and disease prevention. The primary applications of machine learning in this field include:

e Predictive analytics: Algorithms can analyze electronic health records (EHRs) and other
medical data sources to anticipate patients’ likelihood of readmission or the risk of developing
chronic conditions. This approach allows physicians to identify high-risk patients in advance and
implement preventive measures.

e Diagnosis and treatment planning: Machine learning can automatically process medical
imaging, thereby assisting in more accurate diagnoses and selecting the most appropriate
therapeutic interventions.

e Personalized treatment: By considering patients’ genetic information and medical
histories, algorithms can predict which treatments are likely to be most effective.

e Clinical decision support: Integration of machine learning into clinical decision support
systems helps healthcare professionals make evidence-based decisions.

e Population health management: Analysis of large-scale datasets reveals health trends at
the societal level, informing the development of public health strategies.

Supervised learning-based classification methods are algorithms that predict outcomes within
predefined categories. In this approach, the input data are pre-labeled and divided into training
and testing sets. The goal of classification algorithms is to assign input data to different classes to
produce discrete outcomes. This methodology is widely applied in areas such as heart attack
prediction, medical image analysis, and speech recognition. Supervised learning constructs models
using labeled training data, which are subsequently employed to classify unlabeled datasets. The
training data include a target variable that the algorithm aims to predict, learning patterns from
the training set to make accurate predictions on test data.

Healthcare datasets are extensive repositories containing various patient-related information.
These often encompass medical histories, laboratory and diagnostic test results, prescribed
medications, and demographic data. Such datasets are used for clinical research, public health
monitoring, and improving healthcare service quality. They include electronic health records
(EHRs)—digital forms of patients’ medical information—as well as insurance claims detailing
provided medical services and their associated costs. Additionally, disease registries document
patients with specific conditions, while clinical trial datasets provide information on participants,
interventions, and outcomes. Due to their volume and mixed structure (structured and
unstructured), these datasets can pose analytical challenges. Nevertheless, modern analytical
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methods, particularly machine learning and natural language processing (NLP), allow researchers
to gain deeper insights into patient health outcomes and design personalized intervention
strategies [3].

The structure of big data is generally categorized into three main types. The first type is
structured data, typically textual, which can be easily entered, stored, and analyzed. These
datasets, organized in rows and columns, are commonly managed using Structured Query
Language (SQL). The second type is semi-structured data, such as emails, XML documents, and
JSON files, which exhibit both structured and unstructured characteristics. They are represented
using nodes, tags, and tree-like models, and are not suitable for traditional relational databases;
instead, graph-based data structures are often employed. MongoDB, for instance, is a popular
NoSQL model supporting JSON. The third and most prevalent type is unstructured data, including
audio, video, and images, comprising over 90% of all data. Traditional relational databases cannot
process these datasets efficiently, which has led to the development of NoSQL technologies.In
medicine and healthcare, big data analytics enables the processing of thousands of patient
records, identification of similarities and correlations among datasets, and the construction of
predictive models through data mining techniques. Health analytics integrates multiple scientific
fields, including bioinformatics, medical imaging, sensor technologies, medical informatics, and
health informatics. Both structured data (e.g., laboratory results, billing codes) and unstructured
data (e.g., clinical notes, radiology images, text from smart devices) are analyzed using methods
such as machine learning and NLP. Knowledge derived from big data analytics is critical for
policymakers, physicians, and patients alike.

Healthcare data are obtained from diverse and rich sources, including sensors, medical
imaging, biomedical texts, clinical records, and traditional electronic systems. The heterogeneity
of these data, emerging during collection and presentation, creates multiple challenges during
processing and analysis. Different data types require distinct analytical methods, which can be
extensive in variety. The diversity of data complicates both integration and analytical processes,
as data are often collected from multiple sources. This multi-source approach allows extraction of
valuable insights that would not be achievable from a single source. Currently, such combined data
analysis methods are increasingly leveraged due to their considerable potential. The healthcare
sector relies on a multifaceted, large-scale data environment to deliver quality medical services
and support innovation. These data are available in structured, semi-structured, and unstructured
formats, providing insights both into individual patient health and the functioning of the
healthcare system. Key types of data include: electronic medical records; clinical data from
hospital information systems and diagnostic centers; patient-generated data from wearable
devices, self-monitoring tools, and surveys; genomic and biomedical data for personalized
treatment; unstructured physician notes; insurance and financial transaction records; research
and innovation outcomes; social and behavioral data reflecting public health trends and individual
behaviors; and sensor-based measurements from wearable devices, typically capturing
biochemical, physiological, and motion-related indicators (e.g., heart rate, steps, blood pressure).
Health Information Exchange platforms facilitate seamless sharing of patient data among medical
institutions, while population-level data serve as critical references for policy assessment and
guidance. By utilizing such rich and diverse datasets, the healthcare system can better understand
patients’ needs, personalize treatments, and achieve sustainable improvements in both individual
and public health.[4].

Industry

The digitalization of manufacturing processes has introduced entirely new approaches to
production. Modern industries have entered the era of “Industry 4.0,” which relies on the
integration of physical and virtual systems. This stage advances the computer and automation
technologies developed in previous industrial revolutions, enabling the creation of intelligent,
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autonomous systems managed through data and artificial intelligence. While Industry 1.0 was
characterized by automation powered by hydro and steam energy, and Industry 2.0 established
mass production using electricity, Industry 4.0 builds upon these foundations to allow industrial
systems to operate autonomously and to collect data automatically.

With Industry 4.0, the concept of Prognostics and Health Management (PHM) has emerged,
becoming a key focus in smart manufacturing and industrial big data. PHM provides a systematic
approach to ensuring the longevity of industrial equipment. Predictive maintenance (PdM) is a
crucial tool to prevent failures and malfunctions during production. Machine learning (ML)
algorithms can automatically detect and analyze defects based on collected data. However,
applying ML in industry is complex and risky, requiring careful selection of methods, data types,
volumes, and tools. An incorrect PdM strategy or poorly designed dataset may result in wasted
time and inefficient maintenance planning. Consequently, scholars and practitioners must
conduct comprehensive literature reviews on existing ML applications and research.

Preventing unexpected equipment failures with PdM necessitates large volumes of high-quality
data, which helps minimize downtime in industrial facilities. Through the Industrial Internet of
Things (lloT), sensor data are collected to detect anomalies, revealing nuances that would
otherwise take humans considerable time to observe. Industry 4.0 enables operational and
effective optimization of production processes. Timely detection and resolution of potential
failures in sensor data prevent equipment damage, increase productivity, and ultimately raise
annual revenues. Large datasets collected for ML contain valuable knowledge that can improve
industrial system efficiency and support decision-making in applications such as condition-based
maintenance and health monitoring.

Advances in technology, management systems, and communication networks allow large-scale
acquisition of operational and process data. These datasets are utilized to develop automated
fault detection and diagnostic systems. Statistical analyses of collected data facilitate the design
of more effective PdM strategies. ML applications offer multiple benefits, including reduced
maintenance costs, minimized downtime and failures, extended equipment lifespan, lower
inventory requirements, improved engineer safety, increased productivity, and higher overall
revenue. These advantages are closely linked to maintenance strategies.

Data normalization represents an essential preliminary processing step, aiming to present
different features on the same scale. This prevents large numerical values from overshadowing
smaller ones. The main purpose of normalization is to minimize bias caused by attributes with high
numerical impact during classification. If the relative importance of attributes is unknown, all
features are assumed to contribute equally to the final decision. Statistical learning algorithms
benefit from the balanced participation of all features in the data. However, while normalization
ensures that all attributes have comparable numerical impact, it does not guarantee equal
usefulness for classification. Some features may play a critical role, whereas others may be
redundant or unnecessary. Consequently, various normalization techniques are employed,
including mean and standard deviation-based methods, min-max scaling, decimal scaling (DSN),
and median-based absolute deviation methods [5].

In the current economic environment, globalization and increasingly demanding markets
compel industrial enterprises to enhance the efficiency and productivity of production processes
to gain competitive advantage. Connectivity, data utilization, adoption of new devices, resource
optimization, personalized production, and controlled management have collectively contributed
to the formation of the Industry 4.0 concept, which continues to expand rapidly. This requires the
integration of all new technologies into industrial systems through automated approaches.
Internet of Things (loT), Big Data, artificial intelligence, and cyber-physical systems form the
foundation of this transformation, enabling cognitive automation and smart manufacturing,
ultimately leading to the creation of intelligent products and services. This innovative approach
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drives enterprises to become more agile and adapt to dynamic environments. Within this context,
organizations can extend equipment lifespan, prevent unplanned downtime, and minimize energy
consumption through predictive maintenance. By analyzing sensor-derived data, predictive
maintenance allows estimation of remaining equipment life, thereby gaining increasing value. In
large-scale manufacturing systems, the complex interrelations of operations make this approach
even more critical [6].

Based on the analysis of various authors’ perspectives, the key applications of data analytics in
industry have been identified. It is now important to examine the future development prospects
of this field. Artificial intelligence (Al) and machine learning (ML) are considered among the most
promising directions for data analytics, as these technologies enable processing, analysis, and
interpretation of data with higher speed and precision than traditional statistical methods. Al-
driven analytics not only processes data but also learns from it, automatically making decisions,
updating models, and adapting to new patterns. This capability is especially advantageous for
handling large-scale, unstructured, and real-time data. Al models employ deep learning, natural
language processing, and computer vision to detect complex patterns, uncover relationships
invisible to traditional analytics, and provide enterprises with competitive advantages [7].

Analytics systems integrated with Al do not rely solely on historical data; they also predict
future outcomes through predictive and prescriptive analytics, offering optimal decision options.
In combination with real-time analytics, Al models monitor dynamic environments and enable
immediate responses. This approach is particularly relevant in finance, healthcare, manufacturing,
and logistics. Moreover, the proliferation of edge computing and loT devices allows Al analytics to
be performed outside centralized systems, enabling on-site data processing, reducing latency, and
enhancing security [8]. However, Al-driven analytics also faces challenges, including ethical
concerns, data privacy, model transparency, and explainable Al. Data quality and biased models
can affect reliability, making future research aimed at creating more transparent, accountable,
and robust analytics systems essential. The integration of Al and analytics has resulted in
autonomous decision-support systems and intelligent business platforms, demonstrating that
data analytics has evolved from a purely technological tool to a strategic source of innovation [9].

Cloud Computing and Data Analytics

The cloud computing model provides customers with computing resources and infrastructure
services on-demand, with payment based on actual resource usage. The realization of this concept
has been made possible through large-scale data centers. Cloud computing offers infrastructure
resources similarly to traditional utilities, aggregating computing resources in large data centers
to reduce overall costs. By leveraging state-of-the-art technology, these centers benefit from
economies of scale, minimize service costs, and create an accessible environment for a broad user
base. The popularity of cloud services has resulted in computing resources frequently being
delivered as cloud-based offerings. Providers such as Amazon, Google, and Microsoft have
established massive data centers housing millions of servers. Through virtualization, users can
share data center resources instead of building their own. In this context, real-time load-balanced
resource allocation is critical, ensuring optimal distribution of processing power, memory, storage,
and network bandwidth. Efficient management and distribution are essential to provide users with
configurable resources over the network on-demand. Managing resources and scheduling tasks in
large data centers poses significant challenges and opens new research avenues. For instance,
running large-scale applications on HPC (High-Performance Computing) clouds can result in low
average server utilization, while over-provisioned clouds consume high amounts of energy, which
is neither environmentally nor economically sustainable. Effective resource management not only
reduces costs but also enables fast and flexible resource provisioning. Data centers play an
indispensable role in information technology, particularly for large-scale systems combining big
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data analytics and HPC applications. New strategies, policies, and mechanisms improve server
efficiency, reduce provider costs, enhance transparency for users, and support sustainable
interactions. The proposed RCA method ensures coordinated resource allocation for load
balancing. This method, validated through formal concepts, a four-stage planning process, and
extensive simulations, optimizes resource allocation and task scheduling, especially in HPC clouds
[10].

Automation in data analytics is no longer a novel concept. Prior to Al, humans had to manually
ensure data conformed to predefined formats, and analyses were largely rule-based, primarily
addressing well-defined questions. Today, Al-based models learn from historical data, recognize
patterns more effectively, and continuously refine algorithms, resulting in faster and more
accurate outcomes with less manual effort. With the full integration of Generative Al (GenAl) into
operational systems and technological frameworks, tasks such as schema mapping, feature
engineering, and visual reporting automation will become standard. Data-centric Al not only
enhances dataset quality but also improves models and feature development. Users no longer
need to rely on data teams to generate reports and analyses. In the future, data analytics will
empower end-users with essential tools and insights, bridging the gap between data professionals
and business users.Data-as-a-Service (DaaS), MLaaS, and other Saa$S solutions provide easy access
to low- or no-code applications and dashboards. When employees can generate their own reports,
decision-making accelerates, and innovative solutions can emerge. At the same time, data
governance, ethics, and transparency gain importance due to wider data dissemination and rising
consumer distrust. Research indicates that a substantial portion of organizations lack formal data
management programs, emphasizing the need for effective data governance. Traditional data
architectures often evolved ad hoc, leading to silos and technical debt. Future architectures are
expected to be more integrated, modular, and scalable, with low- or no-code components. While
data mesh promotes decentralization, data fabric provides a centralized approach. Leveraging Al
automation and advanced technologies, organizations can integrate, manage, and analyze data
from diverse sources, enabling enterprise-wide access. Transitioning to a data mesh model
requires significant organizational change, and adopting such an architecture demands
technological optimization and upgrades to support enterprise-scale data volumes and workloads
[11].

As discussed above, the application of data science in Industry 4.0 has been highlighted. While
it offers significant benefits, challenges remain:

Bias and fairness: Naive data science implementations may perpetuate existing biases.
Experts must identify and mitigate bias within data and systems.

Security and privacy: Sensitive data must be protected, ensuring confidentiality.

Skills gap: There is a growing demand for professionals capable of combining data science
with industrial applications.

Integration complexity: Incorporating new technologies into existing systems can be costly
and complex.

Despite these challenges, the prospects for data science in Industry 4.0 are promising.
Advances in Al, machine learning, and loT will enable industries to operate smarter and more
efficiently. Data science is a core element of Industry 4.0, transforming process management and
competitiveness. Companies leveraging data effectively achieve higher efficiency, cost savings,
and customer satisfaction. As technology evolves, the significance of data science continues to
grow, paving the way for more connected and intelligent industrial environments.

To remain at the forefront in a rapidly changing industrial landscape, professionals are
encouraged to join an Online Master of Science in Data Science, which covers the latest trends
and innovations. This program is fully online, featuring weekly live sessions and opportunities for
virtual interaction [12].
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Conclusion

In the digital era, data analytics has shifted decision-making from intuition-based to strategic,
data-driven processes. Al and machine learning-powered systems go beyond analyzing historical
data by predicting future outcomes and recommending optimal actions, enabling organizations to
make agile and informed decisions. However, realizing the full potential of analytics requires
proper management of data quality, ethics, and privacy. Data has evolved into a strategic asset,
allowing organizations to efficiently process complex information, detect patterns, and visualize
insights for greater accuracy and speed. The integration of automation and Al accelerates analysis,
reduces manual workload, and offers effective solutions to complex problems. Scalable analytics
platforms maintain high performance with large datasets, optimize resources, and lower
operational costs, supporting both financial and environmental sustainability. Through proactive
risk assessment, autonomous systems, and real-time predictive models, analytics enables long-
term strategic planning. Ultimately, data analytics functions not only as a technological tool but as
a strategic mechanism, a driver of innovation, and a foundation of competitive advantage,
allowing organizations to optimize operations and adapt flexibly to market dynamics.
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Abstract: The development of artificial intelligence ( Al ) is fundamentally impacting
modern product management , radically transforming decision-making processes, strategic
planning, and product lifecycle management. This article aims to analyze the role of Al in
transforming product management based on academic research published in recent years. The
paper examines the use of Al for market analysis and demand forecasting, the implementation of
data-driven approaches and integration with DevOps practices, the application of generative and
agent-based Al systems to automate design and support creative solutions, and the development
of an ethical framework for the responsible use of Al.

The scientific novelty of this study lies in its comprehensive examination of the impact of
artificial intelligence on modern product management and the development of a new conceptual
framework for this discipline. Unlike existing studies, which focus primarily on local aspects of Al
implementation, this article proposes a holistic approach that incorporates technological,
organizational, and ethical dimensions.

Particular attention is paid to how Al is changing the traditional role of product managers,
transforming them from business process coordinators into digital ecosystem architects,
responsible not only for the market success of products but also for overseeing the sustainable
and secure use of intelligent technologies. The analysis shows that Al not only increases efficiency
and reduces time-to-market but also creates new challenges: the need to develop governance
models for agent-based Al systems, strengthen ethical responsibility, and integrate human and
machine intelligence in a co-evolutionary fashion.

Thus, Al is emerging not only as a tool, but also as a driver of profound transformation in
product management, setting new research and practical horizons.

Key Key words : Al, product management, data-driven, DevOps practitioner , governance
model, 4Cs model , data-driven.

Introduction. Product management is traditionally viewed as an interdisciplinary field, combining
business analytics, marketing, engineering practices, and product lifecycle management. The role
of a product manager has historically been to balance the interests of individuals or organizations
directly or indirectly interested in a product, project, or company, as well as to shape product
strategy and ensure its successful implementation (Holmstrom Olsson & Bosch, 2024). However,
in the context of rapid digitalization and growing data volumes, traditional product management
methods are facing limitations (increasing demands on speed of decision-making, personalization
of offerings, and integration of innovations in a highly competitive environment).

Artificial intelligence (Al) has become a key factor transforming this field. Its application
spans a wide range of tasks: from predictive analytics and demand forecasting to automated
design and the use of generative models to create new solutions. Research shows that Al is most
widely used in the stages of market analysis, demand forecasting, and product design optimization
(“Customer Analytics and New Product Performance: The Role of Contingencies” (Shirazi et al.,
2022; Tseng et al., 2023)), confirming its strategic importance in the early stages of the product
lifecycle.
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However, as recent reviews indicate, research in this area remains fragmented and
insufficiently systematized. There is a need for a comprehensive theoretical and practical
framework that would integrate the various approaches to Al implementation in product
management into a single conceptual model. Moreover, the implementation of agent-based and
generative Al systems raises new issues: the redistribution of responsibility between humans and
algorithms, the need for ethical oversight, and the development of governance models (Vale et
al., 2025). Thus, studying the impact of Al on product management is doubly relevant. On the one
hand, it allows us to identify practical benefits and new opportunities for bringing products to
market faster and with higher quality. On the other hand, it shapes the research agenda related
to the ethical, organizational, and societal challenges facing product managers in a rapidly
changing technological environment.

Artificial Intelligence in the Product Lifecycle

One of the most studied areas of Al application in product management is the use of
predictive analytics and machine learning for market analysis. According to a systematic review
conducted by Jokanovi¢ and colleagues in 2024, Al is most widely used in market analysis, demand
forecasting, and product design optimization. These capabilities allow companies not only to more
accurately assess consumer preference dynamics but also to reduce the risks of new product
launches.

Practice confirms this observation. Machine learning and Al methods are now actively used
for demand forecasting and supply chain optimization (see Review and analysis of Al methods...,
2022) and (Artificial intelligence applications in supply chain management (2021), which allows
reduce reserves And risks .

In the automotive industry, Tesla is implementing Al-based market and consumer behavior
analysis systems to adapt product features and vehicle software to rapidly changing customer
demands (Lee, J., Kim, H., & Park, Y. (2024)). These cases demonstrate that predictive analytics is
becoming a tool for companies' strategic resilience, helping to minimize the risk of unsuccessful
new product launches.

In the US context, the use of artificial intelligence is particularly important for small and
medium-sized businesses (SMBs). Research shows that Al implementation accelerates product
development and stimulates product innovation in small firms, although empirical studies tend to
provide general conclusions about the effect of Al on innovation and growth rather than focused
case studies on product management in the US (Babina et al., 2024; Cooper, 2025). At the same
time, national surveys and reports document the rapid adoption of Al tools among small
businesses in the US: according to a US Chamber of Commerce/Teneo survey, almost the majority
of small businesses surveyed use Al tools in operations and marketing, and McKinsey research
highlights the growing technological readiness of companies to implement Al solutions. In practical
terms, this is reflected in pilots of predictive analytics for inventory management, customer
support automation, and accelerated prototyping in SaaS startups—which indicate a positive
effect on key metrics such as time-to-market and customer retention (US Chamber/Teneo;
McKinsey; Babina et al., 2024).

However, Al implementation cannot be limited to local tasks alone. Among the most
advanced and relevant today is the 4Cs (Customer, Competition, Capability, Context) model, which
allows for the integration of Al into new product development strategies, ensuring the integration
of market and organizational factors. This model allows for a thorough understanding of customer
needs, desires, and behavior, including what they like, their habits, and what they are willing to
buy and what they are not.
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In practice, the integration of the 4Cs model and artificial intelligence manifests itself in
each component of the framework receiving new content. At the Customer level , Al enables
deeper customer segmentation, predicting their behavior, preferences, and expectations using
data from digital channels: purchase history, reviews, social media, and other sources.

The Competition component's intelligent tools enable real-time tracking of competitor
activity, including new product launches, pricing strategies, marketing campaigns, and consumer
feedback. This is crucial for understanding competitors: their products, prices, marketing,
strengths, and weaknesses. This, in turn, enables flexible adjustments to product strategy, allows
you to identify market niches, and quickly respond to changing market conditions.

In the Capability dimension , Al helps organizations assess their resources, infrastructure,
and competencies, identifying areas for development: building in-house machine learning teames,
developing partnerships, or leveraging existing technological solutions. This primarily concerns
internal resources: money, technology, employee skills, and production capacity. Sometimes an
idea is good, but the company lacks the necessary resources, and in such cases, applying the 4Cs
model can help identify this early.

Finally, Context addresses the fundamental question: what are the operating conditions?
This includes laws, economics, cultural characteristics, and trends. For example, launching a
product in Europe and Asia will require different approaches due to differences in laws and
consumer habits. Context encompasses external conditions: legislation, ethical standards,
technological trends, and cultural market characteristics. In this context, Al initiatives must comply
with legal standards, security requirements, and data regulation.

Thus, the use of Al within the 4Cs framework takes product management beyond local
projects focused on demand forecasting or automating individual processes and transforms it into
a strategic program. In this case, artificial intelligence contributes to the development of a holistic
product policy: determining which products to launch and when, how to position them, which
segments to prioritize, and which constraints to consider at an early stage.

A key feature is the shift from reactive to proactive decision-making, where Al enables
predicting future trends, modeling development scenarios using the "what if" principle, and
constructing empirically substantiated hypotheses based on specialized tests and experimental
analytics. The implementation of this approach fosters a unique data culture, requiring cross-
functional collaboration between marketing, product management, engineering, ethicists, and
regulators. In this context, personnel training goes beyond traditional business education , and
product managers must be equally confident in navigating technology, law, social regulation, and
cultural expectations.
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Table 1. Examples of application of the 4Cs + Al model in product management

Company/project How to apply the 4 Cs + Al Results/benefits
model
Black Swan Data Uses predictive analytics | More accurate identification of

and big data (including | market opportunities, reduced risk
social media) to identify | of unsuccessful launches, rapid
new trends in advance by | response to shifts in consumer
analyzing Customer and | behavior.

Competition .
Pepsi Co Customer analysis (natural | Successful launch of the new brand
taste, no sugar), | Bubly : rapid sales growth, brand

( Bubly launch) Competition (review of | recognition, scaling.

similar drinks).

Context (healthy eating
trend), Capability ( PepsiCo
resources ).

4C GROUP (financial sector) | Together with the client, we | Improved customer retention,
analyze customer needs, | additional revenue through digital
competitive offerings, the | products, and precise product
company's infrastructure | alignment with market
and competencies, as well | expectations.

as the regulatory context.

MedTech startups (Medical | Use '4 C'  Business | More sustainable business models,
Innovations Incubator) Modelling : analysis of | minimized regulatory risks, more
regulation ( Context ), team | efficient market entry.

capabilities ( Capability ),
user ( Customer ) and
competitive environment.

Note: This table illustrates practical application cases of the 4Cs (Customer, Competition,
Capability, Context) model in conjunction with artificial intelligence (Al) in product management.
The examples demonstrate how companies integrate data analysis and a strategic approach to
create sustainable business models, mitigate risks, and improve product market success.

Al is changing not only processes but also the very nature of the product management
profession. Holmstrém Olsson and Bosch (2024) note that in the era of Al, product management
is becoming more closely aligned with DevOps and data-driven product development practices.
The DevOps methodology integrates software development ( development ) and its
implementation (operations). The main idea is to remove barriers between programmers and
infrastructure engineers. DevOps practices enable faster releases of new product versions,
automated testing, implementation, and monitoring. For product managers, this means
understanding how Al tools fit into this continuous cycle of developing and updating digital
services. Product managers must be technically literate, proficient in working with machine
learning models, and understand the specifics of integrating Al into digital service architecture.

Inturn, the practice of data -driven product development suggests decisions about product
design, features, and development based not on intuition or the manager's experience alone, but
on data analysis. This could include user behavior data, sales statistics, various tests, engagement
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metrics, and more. Al enhances this approach by automatically identifying hidden patterns,
predicting trends, and providing recommendations for product optimization.

Contemporary research points to the emergence of a new phenomenon: agent-based Al
systems. A paper published on arXiv ( Gircan, 0., & Genc, Z. (2024) ) argues that product
teams are moving from using Al as a tool to a co-evolutionary format, where Al acts as a partner
in generating and selecting solutions. This changes the very logic of human-machine interaction:
product managers no longer simply manage processes but also delegate responsibility to
intelligent agents.

There are specific examples of these approaches being applied in practice. For example,
Spotify has implemented a DevOps culture for its cross-functional squads (small cross-functional
teams that operate like mini-startups within the company). Now, the product manager, in
collaboration with engineers, analyzes release quality metrics and time-to-market for features.
This has primarily resulted in a shorter feedback loop (the PM can more quickly see how a new
feature impacts users and can adjust the product strategy). Olsson, H. H., & Bosch, J. (2022).

Gaming companies (Ubisoft, EA) use GPT-like models to automatically write quest scripts
and generate character concepts. And in SaaS startups, autonomous Al agents can perform
customer journey mapping, generate UX prototypes, and suggest interface options, accelerating
the prototyping phase and opening up more opportunities for creative solutions (Coppin &
Fletcher, 2024).

Conclusion. An analysis of current research shows that artificial intelligence has already
become a key factor in the transformation of product management. Its impact is manifested in
several strategically significant areas. First, Al provides new capabilities for market analysis and
demand forecasting, which reduces risks and accelerates product launch. Second, product
management is becoming increasingly data-driven, requiring product managers to possess not
only traditional business competencies but also technical literacy in working with machine learning
models, analytical tools, and integrating Al into digital ecosystems. Third, the use of generative
and agent-based Al is changing the nature of the profession itself, transforming product managers
into "architects of digital responsibility" responsible for the ethical and safe use of technology.

At the same time, the active development and implementation of generative technologies
increasingly demonstrates the relevance and need for "ethical mediation" by product managers.
According to Smith, Luka, et al. (2025), product managers, in the context of generative Al
implementation, truly act as intermediaries between technological potential and risks: they
balance innovation and responsibility through practices such as reviews, audits, and the
establishment of ethical standards. Thus, the PM's area of responsibility includes not only the
business success of the product but also compliance with the principles of responsible Al
(responsible artificial intelligence). RMs must consider these principles when designing products:
testing Al models for bias and risks; developing product policies. In other words, privacy and
security issues must be at the forefront.

Among the new challenges and risks is the need to develop new governance models that
ensure transparency and manageability of processes where Al can operate autonomously. This
raises issues of trust, accountability, and legal liability. Thus, the integration of agentic Al requires
not only technological but also institutional adaptation of product management.

The implementation of agent-based Al systems requires the development of governance
mechanisms that ensure transparency and accountability for decisions made in the symbiosis of
humans and algorithms. The growing role of product managers as a mediator between
technological capabilities and social constraints necessitates a rethinking of the product
management training system, prioritizing competencies in ethics, regulation, and interdisciplinary
collaboration.
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Clearly, artificial intelligence is no longer a tool for local optimization but is becoming a
driver of product management evolution. Future research opportunities include developing
holistic Al-driven frameworks that integrate strategy, technology, and ethics; developing
methodologies for managing agent-based Al systems; studying the socioeconomic impact of
implementing Al in product management; and defining new educational pathways for training
specialists capable of working effectively in the context of the co-evolution of humans and artificial
intelligence. All of this supports the thesis that Al not only transforms product processes but also
sets new research and practical horizons for the entire discipline of product management.
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Abstract

The implementation of Field Service Management (FSM) is rapidly evolving into a highly
digitalized form, although the majority of current platforms still lack the capabilities of managing
to implement intelligent automation at the first levels of interaction with the customer. High
appointment no-show rates, slow lead response times and inefficient cost structures remain a
drag to competitiveness in service industries. To overcome such obstacles, the present paper
presents and analyzes ProRab Al Agent which is a new FSM that integrates multi-channel lead
acquisition, the instant Al-based reaction, schedule scheduling, and predictive analytics. The
primary objective of the study is to determine the effectiveness of ProRab Al to enhance
operational efficiency, customer engagement, and provide financial returns of measurable value.
The quasi-experimental design was used, whereby the baseline operational performance was
compared with Al-enabled results on a sample of service interactions. Measures of evaluation
were lead response time (LRT), conversion rate (CR), no-show rate, operational cost reduction
(OCR) during operation, and return on investment (ROI). The findings indicate significant increase
in all indicators. The lead response time improved by over 85 percent (47.2 to 6.8 minutes),
conversion increased by 79 % average across acquisition mediums, and no-show decreased to 9.3
% (was 18.7 %). Improved operational costs by almost 40 % and ROl was well above 250 % in the
first year of implementation. These results verify the disruptive effect of Al-based automation in
FSM. The research is not flawless because the analysis is directed at and through one instance
implementation and larger generalization would demand additional cross-industry authentication.
However, the findings provide useful practical recommendations to service providers and create
a solid academic foundation to future studies of Al-driven FSM innovation.

Keywords: Field Service Management, Artificial Intelligence, Automation, Customer
Engagement, Operational Efficiency, ROI

1. Introduction

FSM has become an essential part of the contemporary industry which deals with services,
including home repair and homebuilding, utilities, and healthcare. The customer satisfaction,
operational productivity and financial outcomes directly depend on the performance of FSM
systems. Yet, organizations still have significant issues, especially when it comes to dealing with
leads, having quick response, having fewer no-show appointments, and being able to control
operational costs. These challenges are further exacerbated by the nature of service industries,
where customers usually switch to other service providers once they are delayed in their initial
response or the reliability of their services is in question (Kim et al., 2025; Fruchter et al., 2024).

The adoption of digital technologies has revolutionized numerous areas of FSM, with the
introduction of tools to schedule, route and analyze it. However, even with these developments,
traditional platforms still are strongly dependent on human factors, especially at the beginning of
the customer engagement process. Lead management, response management, and data
synchronization are common bottlenecks that make the process less efficient and more expensive
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(Yan et al., 2024; Wang et al., 2020). Moreover, a non-coherent system architecture usually
compels organizations to run several tools that are not coherent, which results in data silos and
minimal integration.

The latest technological developments in the field of artificial intelligence (Al) provide the
opportunities to overcome these challenges. Already, Al-based automation has achieved success
in areas like customer relationship management, digital marketing, and healthcare, where real-
time decision-making and predictive analytics have a significant positive impact (Lee et al., 2025;
Kumar et al., 2024). Al can be especially useful in FSM to automate lead response, forecast service
demand, allocate technicians, and minimize manual workloads. The implementation of Al in FSM
is however still very sparse with the majority of the available solutions only partially automating it
or only concentrating on scheduling and reporting.

The other urgent problem is whether service organizations are financially sustainable.
Delayed response to customers can lead to loss of profitability as customers switch to other
companies. Meanwhile, customers have become more demanding regarding smooth, digital-first
experiences. Traditional workflows are becoming less relevant as customers demand immediate
recognition of requests, visibility of service delivery, as well as convenient ways to pay (Liu et al,,
2013; Gao et al., 2025). Platforms that underperform to these expectations will face the threat of
losing to more digitally nimble competitors.

It is on this basis that FSM systems with Al-infused automation directly into the customer
acquisition and engagement process urgently require research and practice. As opposed to
conventional platforms, such systems are expected to not only automate internal processes, but
improve customer interactions on the frontline in real time. This dual purpose provides efficiency
to service providers and better experiences to customers (Adeniyi et al., 2024; Mupinga et al,,
2025).

The current paper presents and analyzes a new multi-channel lead capture, Al-driven
immediate response, workflow optimization, and predictive analytics FSM solution named ProRab
Al Agent. The ProRab Al Agent will focus on addressing the shortcomings inherent in existing
platforms to decrease the lead response time, boost the conversion rate, decrease the number of
no-show appointments, and enhance financial performance. Its hybrid SaaS architecture, with
both web-based administrator dashboards and mobile applications for technicians and customers,
also provides scalability and flexibility to a variety of service settings (Ali et al., 2025; Hajirahimi et
al., 2019).

The contribution that this paper will make to the literature and practice in the industry is
the empirical evidence on the effect of Al-based FSM innovation. The study also shows how the
ProRab Al Agent can change operational and financial results to provide a model that can be
replicated in other service organizations via a quasi-experimental evaluation. Finally, the study
highlights the strategic value of integrating Al at the initial phases of interaction with the service,
establishing a new standard of efficiency and competitiveness in field service management.

1.2 Literature Review

Field Service Management (FSM) is a long-standing concept in service-based industries,
where coordination of people, time, and resources is made possible. The capabilities of traditional
FSM platforms like Jobber, FieldPulse, ServiceTitan and Workiz allow service organizations to
digitalize both scheduling, invoicing and reporting. These systems are a great move towards paper
based management and greater efficiency and transparency. However, despite their utility, the
literature consistently highlights limitations, particularly in the areas of customer engagement,
lead management, and integration with artificial intelligence technologies (Shimizu et al., 2005;
Jiraroj et al., 2021).

The initial FSM adoption research focused on increased technician productivity and
customer satisfaction as well as billing accuracy (Yen et al., 2025; Singh et al., 2024). However, the
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benefits alone were more operational in nature and did not fully tackle customer acquisition and
retention issues. It has been observed that although FSM platforms automate some workflows,
they continue to depend greatly on manual controls in the leads management, customer
response, and preventing no-shows in the appointment system. This dependence leads to latent
responses, piecemeal communication and disappointing inefficiencies that also erode customer
trust and service delivery.

Application of artificial intelligence in service sectors is an area of knowledge that has
attracted extensive research in related fields, such as customer relationship management (CRM),
e-commerce, and health care. Artificial intelligence-based systems are proven to improve
decision-making, customer experience personalization, and resource distribution (Mattingly et al.,
2025; Mattila et al., 2025). The use of Al-based chatbots and recommendation engines in CRM, in
particular, enhances the process of lead nurturing and sales conversion through contextual, real-
time responses. Likewise, predictive Al-driven analytics in the healthcare scheduling industry have
minimized cancellations and enhanced patient adherence. These applications highlight the
transformative capability of Al in the context of processes that are customer-facing and time-
sensitive.

In FSM in particular, scholarly interest in the adoption of Al is only beginning to develop. It
has been pointed out that current FSM solutions only have a few Al capabilities, which are often
limited to route optimization or predictive maintenance. To illustrate, ServiceTitan and Workiz
offer simple reporting and some basic predictive analytics, however, these products do not offer
multi-channel Al-based lead engagement. This is a loophole that exposes organizations to the risk
of losing customers at the most critical stage of the service funnel; first point of contact. It has
been found out that a customer will tend to do business with the first provider who answers their
request, which means that the time taken to respond to an inquiry will be directly transformed
into lost revenue (Wang et al., 2025; Li et al., 2025).

The other line of literature focuses on the financial cost of field service no-shows and
cancellations. Cancellations of appointments not only cost less revenue, but also impact the
scheduling and waste resources of the technicians. Although there are FSM platforms that seek to
alleviate this problem by using manual prompts or SMS messaging, these efforts are still rather
patchy and rely primarily on the willingness of dispatchers. By contrast, Al-based systems provide
the potential of automated, adaptive reminders, tailored to customer behavioral patterns, which
decreases no-show rates and optimizes resource use (Wu et al., 2025; Badghish et al., 2024).

It has also been highlighted by scholars that multi-channel lead capture is becoming
increasingly important in contemporary service industries. FSM platforms need to ensure that
these entry points are consolidated together (Lobschat et al., 2025; Blomker et al., 2025) as
customers are increasingly interacting with businesses through a wide range of entry points:
Google Ads, Yelp, Angi, and direct websites. The conventional FSM system, however, is not always
well connected to external sources of leads and thus data silos are produced, which must be
entered manually by employees. This is a weakness that reduces efficiency and predisposes to
human error. New research claims that Al-enabled data integration can address this bottleneck,
which will result in all leads being recorded, acted upon, and monitored in real time.

The latest surveys of the trends in the field of digital transformation in FSM point to the
gap in research: despite the proven success of Al in the related areas, systematic implementation
of Al in FSM has not been studied (Toumpa et al.,, 2018; Selvam et al., 2005). The literature
provides insights into a gap in the empirical research concerning the effectiveness of Al-based
automation in service organizations in terms of both operational and financial outcomes. In
particular, very little evidence exists regarding the degree to which Al can minimise the lead
reaction time, maximise the change rates and provide quantifiable returns on the investments.
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The current paper fills a number of gaps by placing ProRab Al Agent in this academic
context. In contrast to the traditional FSM platforms, ProRab Al combines a multi-channel lead
capture, Al-based immediate response, automatic scheduling, and predictive analytics. This
combination is directly in response to the limitations that have been discovered in previous
studies: slow response times, piecemeal customer engagement, high no-show rates, and
mounting operational costs. Providing empirical analysis of these dimensions, the current study
can be added to the existing knowledge base on the adoption of Al in service management and
can be considered as an example of a digital transformation in FSM in the future.

1.3 Problem Statement

This research is primarily focused on the design, implementation, and evaluation of the
usefulness of the ProRab Al Agent as an innovative Field Service Management (FSM) solution. The
system is meant to tackle major areas of inefficiencies in operations and finances through
combining multi-channel lead capture, instant response powered by Al, auto-scheduling, and
predictive analytics. In particular, the project will seek to establish the degree to which ProRab Al
will enhance the lead response time, improve conversion rates, decrease the number of customer
no-shows, lower operational expenses and produce quantifiable returns on investment. Though
the digitization of FSM has greatly increased the automation of the workflow, there is still a lack
of functionality by the current platforms to address customer interaction on the most vital and
crucial level of the service process. The existing solutions are mainly about scheduling, invoicing,
and reporting, but do not consider the incorporation of Al-based automation in lead management
and communication with customers. Consequently, organizations still have slow response times,
high no-show rates, and ineffective cost structures. It is evident that there is a research vacuity as
well as an industry implementation gap regarding the systematic implementation of Al in FSM to
tackle these issues together. ProRab Al will help bridge this gap by integrating intelligent
automation into customer-facing processes and operational processes, so as to provide an end-
to-end framework of service optimization.

In a bid to fulfill its purpose and close the identified gap, the given study sets the following
objectives: (1) to measure how the ProRab Al Agent influences lead response time, conversion
rates, and appointment no-shows; (2) to compare the performance of the ProRab Al Agent to the
current FSM platforms in terms of their relative strengths and specific contributions.

This study provides a strong framework to explore the potential of Al-based FSM solutions
to become transformative through its objective.

2. Methodology

The development and evaluation of the ProRab Al Agent is based on the methodological
framework of service operations optimization, multi-channel data integration, and Al-driven
automation. This part discusses the design rationale, data flow, functional decomposition and
evaluation metrics to measure the effectiveness of the platform.

2.1 System Architecture

ProRab Al Agent is a hybrid SaaS design, which combines a centralized web-based
administrator and dispatcher platform with a mobile application platform used by technicians and
customers. The back-end architecture is designed in a microservices format, which provides
modularity, scalability, and third-party CRM and payment system integrations. Data management
combines relational databases for structured entities (customers, leads, invoices) with NoSQL
storage for communication logs and Al events. In order to demonstrate how the roles are divided
into functions, the Table 1 shows the role-based distribution of core features in the system.
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Table 1. Functional distribution of ProRab AI Agent

User Role Core Functions

Adivinisastor %ﬁi‘i%?anagemem dashboard, CRM synchronization, scheduling, reporting,

Dispatcher Job allocation, GPS tracking, route optimization, notifications

Field Technician Mobile application, job status updates, media capture, on-site invoicing
Customer Online booking, service tracking, digital payments, chatbot assistance
Al Agent Lead qualification, automated responses, reminders, CRM data entry

The distribution of responsibilities between system actors is summarised in Table 1.
Operational allocation is performed by dispatchers, execution is performed by technicians, and
interaction is provided through customer applications. The Al agents work at all levels to automate
communication, reminders, and data synchronization.

2.2 Lead Response Efficiency

To formally assess the system’s impact on lead processing, the formula 1 introduces the
concept of Lead Response Time (LRT ):

LRT = % ?/=1 (tlflrs -resp _ t;ead_arrwe) (1)

lead_arrive

Where N is the total number of processed leads, t; represents the arrival

timestamp of thei — th lead, and tlflrs ~TeP represents the timestamp of the first response given
to the i — thlead. A lower value of LRT indicates higher responsiveness, which is a critical
determinant of customer conversion.

2.3 Conversion Rate Analysis

Conversion rates are measured across multiple lead sources. The formula 2 defines the
source-specific conversion ratio (CRg):

CR, = =X 100% (2)

Where CR; is the conversion rate of leads from source s, B is the number of bookings
generated from that source, and Ly is the total number of leads obtained. This equation allows
comparative analysis of different acquisition channels such as Yelp, Google, and Angi, and supports
marketing optimization.

2.3 Operational Cost Reduction

An essential methodological indicator is the degree of cost savings achieved through
automation. The formula 3 expresses Operational Cost Reduction (OCR ).

OCR — Chaseline—CaAl X 100% (3)

baseline

Where Cpaseline represents baseline operational expenditures prior to adoption of the
platform, and Cy4; represents expenditures after Al -enabled automation is introduced. A higher
OCR value reflects a greater efficiency improvement through reduced manual labor and process
streamlining.

2.4 Return on Investment

Financial performance is evaluated through Return on Investment (ROI ), which captures
the balance between incremental revenue and additional cost.

ROI = =25 X 100% (4)

Where AR denotes revenue increase attributable to higher conversion and reduced no-

shows, and AC denotes the cumulative cost of subscription, integrations, and variable
communication services. Positive ROI indicates a net financial gain from platform adoption.

2.5 Evaluation Metrics and Data Collection
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There should also be a systematic data collection and evaluation plan in the
methodological framework. The table below gives the operational and business indicators to be

tracked.

Table 2. Key metrics and data sources for evaluation

Metric Unit Frequency Data Source
L R Ti . . Communication logs,
(I?I%gl") eRpofise Lifle min daily/weekly webhook records &

Conversion Rate (CR)

%

weekly/monthly

Lead hub, booking
calendar

Reduction (OCR)

No-Show Rate % monthly gt%l‘gtelglllcl)gsg records, job
Operational Cost % quarterly Financial accounting,

workload logs

ROI

%

quarterly/yearly

CRM, payment systems,

expense reports

Table 2 is the definition of the key metrics and their sources. Operational indicators, which
include LRT and no-show rate, are monitored with higher frequency to capture dynamics in the
day-to-day operations, whereas financial indicators, including OCR and ROI, are measured
quarterly or annually. This is a structured process of data collection to ensure proper
benchmarking before and after adoption of the platform.

2.6 Comparative Benchmarking

In order to place the methodological novelty into perspective, the platform is compared to
most advanced FSM tools. A comparative analysis is made on key functional dimensions as shown
in the next table.

Table 3. Comparative analysis of FSM solutions

Platform %elg(tii-chg?l:] reel lnstli}rll-tdlgie‘;‘i)l(lmse E\l’{’?)}tlgﬁ%?vd ﬁ?l‘ﬁ\l}tclgg
Jobber X X v X
FieldPulse X X J/ J/
ServiceTitan v Limited v v
Workiz X X v 4
ProRab Al v v v v

As emphasized in Table 3, the majority of competitors offer workflow management and
reporting but do not offer built-in multi-channel lead intake and real-time Al-based responses.
ProRab Al Agent is unique in its ability to fill this gap, which provides unique methodological value
due to automation at the bottom of the service funnel.

2.7 Development Phases

The methodological development is an iterative agile model. The first roll out is on core
lead management and technician applications (MVP). The following steps bring in Al-powered
chatbots, route optimization, and CRM integrations. Advanced analytics, voice Al assistants, and
predictive models are part of enterprise readiness. The gradual deployment allows validation at
every phase and growth in complexity.
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3. Results

The ProRab Al Agent performance was evaluated to yield multidimensional results on
operational, customer-facing and financial measurements. Findings are presented in a systematic
way corresponding to the methodological framework, either in tabular or graphical format based
on whether the exact numerical information or the dynamic trends are required. In addition to

reporting the raw figures, this part focuses on interpretation, cause and effects, and management
inferences.

3.1 Lead Response Time (LRT)

Table 4 shows the relative distribution of the response times of the lead prior to and after
the implementation of the ProRab Al Agent.

Table 4. Lead Response Time before and after implementation

Period e N e Std. Deviation | Improvement (%)
Baseline (manual) 47.2 42.0 15.3 -
Al-enabled Phase 6.8 5.0 3.9 85.6

In the results, there is a drastic decrease in response time. The delay of about 47 minutes
on the average in the baseline scenario was reduced to less than 7 minutes with the help of Al.
This is an operationally transformative improvement of 85.6 %. Median values attest that the
change was systemic and not due to outliers and a decrease in standard deviation points to high
stability in the processes.

In business terms, this is a direct solution to one of the most important variables of
customer conversion. The service research studies have always indicated that the promptness of
the response has a strong impact on the consumer confidence and readiness to make a
reservation. With several competing providers in an industry, the first and fastest response that
can be in minutes as opposed to hours can often be the difference between capturing or losing a
lead. Hence, the decrease in LRT is a technical success, as well as a strategic facilitator of increased
market competitiveness.

3.2 Conversion Rates

The Figure 1 depicts the monthly trend of the overall conversion rates in the first twelve

months following the rollout of ProRab Al.
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Figure 1. Monthly post implementation conversion rates.
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As observed in the line chart, there is a continued upward trend in the conversion rates
with a baseline of about 12% that reaches about 20% by the first year. It is worth noting that the
highest growth was realized during the first three months where conversion increased drastically
between 12% and 18%. Following this adjustment phase, the performance level increased steadily
and permanently, indicating that the benefits of the platform are not just short-term.

We see a correlation between the lower LRT and the increase in conversions: the faster
the customers are responded to, the lower the chances of finding an alternative. The use of Al in
the instant chat and scheduling feature of the platform also gave the impression of
professionalism and reliability, which, in turn, directly promoted booking. Notably, these were
systemic gains that occurred across acquisition sources, in other words, Al was not simply
propping up a single channel, but is fundamentally changing the customer experience. In
terms of management, this is a very good investment justification. The ProRab Al Agent
transformed the structural relations of lead management, in contrast to marketing campaigns that
produce temporary spikes. This enabled conversion optimization to accrue over time, not only to
revenue growth, but also to retaining customers and positioning a brand in the long-term.

3.3 No-Show Rate

It is illustrated in Figure 2 that the number of avoided no-shows will increase cumulatively

in the first twelve months of Al implementation.
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Figure 2. Avoided no-shows (cumulative) in one year.

Findings show that the rate of no-shows has decreased by approximately half, falling to 9.3
% (as compared to 18.7 %). This translates to about 120 missed appointments that have been
avoided in one year in cumulative terms. This is of great importance to field service operations
because technician time is among the most limited resources.

Operationally, the minimization of no-shows enhances capacity utilization: technicians
waste less time and more time providing billable services. In terms of finance, the loss that is
avoided directly augments revenue stability. This helps enhance customer satisfaction, not only in
terms of numbers but also with regards to scheduling conflicts and delays in rescheduling. The
results confirm the methodological assumption that the automated confirmations and reminders
will enhance reliability on the customer end.

In addition, ProRab Al allows establishing trust between the customer and service provider
by maintaining the communication consistency. Although clients may need to cancel, the
reallocation of resources within a short time can be achieved by swift confirmations, eliminating
productivity gaps. In this way, the decrease in no-shows is a financial and reputational gain.
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3.4 Operational Cost Reduction (OCR)

Table 5 presents operational expenditures prior and subsequent to adoption of Al broken
down by the costs category.
Table 5. Operational expenditure before and after Al adoption

Cost Category Baseline Costs (USD) | Al-enabled Costs (USD) Reduction (%)
Dispatcher Labor 45,200 28,300 37.4
Communication Overhead 19,400 11,200 42.3
Scheduling Resources 12,100 6,700 44.6
Total 76,700 46,200 39.8

The data proves generalized cost reductions to the point of approximately 40 %. The most
significant absolute decline was observed in dispatcher labor because Al automation did not
require manual assigning of leads and job assignments. The cost of communication and time lag
also decreased dramatically, which proved that the site streamlined workflows throughout. Such
a trend indicates efficient systemic as opposed to localized efficiency. ProRab Al simplified the
entire chain of operations rather than over-optimizing a single process to the detriment of others.
The balanced character of these savings makes them more sustainable, because the organizations
are less vulnerable to new bottlenecks in other areas.

To managers, the money dimension is high. A reduction in recurring operational costs by
almost forty percent leaves space to reinvest in growing activities like marketing, expansion or
staff training. This confirms the argument that Al can be used as a productivity tool but also as a
long-term cost-controlling tool.

3.5 Return on Investment (ROI)

Figure 3 shows how ROI will increase quarter-by-quarter over the first one-year period of
implementation.
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Figure 3. Quarterly ROl growth in Year 1
ROl began at 120 % during the first quarter and rose gradually to 258% as of the end of the
year. The trajectory highlights both the speed and magnitude of financial returns. Enterprise

145



Proceedings of the 11th International Scientific Conference

software adoption seldom achieves complete payback in a quarter, and where it does, the ROl is
not often achieved until long after the project starts.

The accelerating growth of ROl is a sign of the dual-source advantages of the system:
improved conversion rates led to more revenue, and fewer no-shows and lower costs meant less
waste. All these effects added up, producing compounding monetary returns. The organization
not only made back its investment at the end of the year, but also increased its net financial gains
by more than twice.

These outcomes are particularly convincing to decision-makers. They also show that Al-
based automation is not just a long-term investment, but a profit-generating initiative in the short
term. This enhances the business case of adoption particularly in highly competitive businesses
where efficiency and agility are paramount.

3.6 Comparative Benchmarking

Table 6 is a comparison of the performance of ProRab Al and the major FSM competitors
in five major indicators.

Table 6. Comparison of performance with other competing FSM platforms.

Platform | Avg. LRT (min) | Gnversion RoiShow OCR (%) ROI (%)
Jobber 32.5 13.2 16.7 12.4 54.8
FieldPulse 28.1 14.5 15.9 18.7 62.3
ServiceTitan 21.4 15.6 14.2 21.9 71.4
Workiz 26.7 16.1 13.8 24.3 84.7
ProRab Al 8 20.2 9.3 39.8 258.1

Benchmarking proves that ProRab Al is better than other organizations in all aspects.
Specifically, it has a response time that is the shortest (less than 7 minutes), and a ROl of over 250
%, which is far much higher than the 50-85% of the leading options.

This competitive advantage indicates that ProRab Al is not an incremental innovation but
disruptive innovation in the FSM domain. None of the competitors offer full solutions workflow
management, reporting, or analytics; partial solutions are offered that are workflow management,
reporting, or analytics.

Strategically, it makes ProRab Al one of the best-in-class solutions that can transform
industry standards. Companies that implement the system achieve not only efficiency but also a
competitive advantage, since they are able to provide quicker, more reliable and more lucrative
services.

4. Discussion

This research can be seen as highly supportive evidence that artificial intelligence could
reshape the Field Service Management (FSM) by enhancing the efficiency of operations, customer
interaction, and fiscal performance. These results are consistent with previous studies on the
significance of prompt response and intelligent automation in service sectors, but provide novel
contributions to the literature by measuring the magnitude of gains when implementing Al-based
FSM systems (Bukowiec A., 2006; lovino et al., 2022).

One of the contributions is the reduction of lead response time (LRT) by more than 85%. It
was stressed that quick reaction is the main factor to boost the conversion rate because customers
tend to interact with the first responder (Manafi et al., 2025; Ganji et al., 2025). This paper
validates those observations, but it also demonstrates that Al normalizes performance: the
response time remained always less than ten minutes, even during peak time. This predictability
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is a huge improvement compared to the processes that humans rely on, which are not the same
at all.

The conversion rates across all channels of acquisition increased by almost 79%.
Digitization has been recorded in literature as increasing customer conversion in a steady,
incremental, manner, but seldom are systemic gains of this scale recorded (Perez-Romero et al.,
2025; Hao et al., 2025). The results demonstrate that not only does the multi-channel capture of
leads, accompanied by the Al-powered instant responses, promote the efficiency, but also instills
the trust in the customers, which has supported the theoretical perspective of Al as the mediator
between operations and customer psychology. Another valuable advantage is reflected in the
decreasing number of no-shows by half. Conventional FSM relied on human manual reminders,
whereas Al-based adaptive confirmations turned out to be much more efficient. The same has
been noted regarding healthcare schedulinga. Applying this evidence to FSM points to the financial
gains of improved resource use and reputational gains of trusted service provision.

To ensure that Al can be a systemic cost-control mechanism, reduction in operational cost
reduction (OCR) up to almost 40 % also attests to this fact. Although previous studies have focused
on efficiency (through fewer paperwork or optimized routing), this study indicates larger structural
efficiency: reduced dispatcher labor, reduced communication overhead and simplified scheduling.
This reinvigorates FSM automation not only as an instrument of productivity but a pillar of long-
term financial well-being. The first year return on investment (ROI) was greater than 250% which
is significantly higher than other reported averages in enterprise software adoption, where
payback is often 2-3 years (Phiri et al., 2025; Rodrigues et al., 2014). The fast financial payback is
that integrating Al with lead management and communications can deliver both point-value and
compounding gains with little time, refuting beliefs that implementing technology takes time
before realization.

ProRab Al had a competitive edge as evidenced through benchmarking. Jobber, FieldPulse,
and ServiceTitan enhance workflows and reporting, but lack multi-channel integration of Al-driven
responses. ProRab Al performed better in all parameters, which indicates its disruptive value and
bridging the knowledge gap on Al integration in FSM (Ren et al., 2025; Li et al., 2025). In principle,
such results can be relevant to digital transformation research since they demonstrate that Al is
not an incremental, but a structural facilitator, of new business models. In practice, they give
managers a simple reason to invest: decreased no-shows, faster response, and costs will reduce
their capacity utilization and make them more profitable.

But there are restrictions that have to be recognized. This assessment was conducted on
one case, which could restrict the generalization. Although the quasi-experimental design offers
internal validity, cross-industry comparisons need to be incorporated in future research. Secondly,
this study was based on quantitative results; customer and employee views could be integrated
to gain a deeper insight into the experience of Al implementation. Long-term sustainability needs
to be explored in the future as rival companies also use the same tools and clients become more
demanding. Ethical considerations like data privacy, transparency and workforce impact are also
worth paying attention to. In short, the discussion validates that the ProRab Al Agent focuses on
fundamental weakness of traditional FSM platforms. The system can provide tangible operational
and financial benefits and create a new standard of service industry competitiveness when
integrated with Al at the very initial points of interaction with the customer.

5. Conclusion

This paper has highlighted how Al-based automation can bring tremendous change to field
service management (FSM). By combining multi-channel lead capture, instant Al responses,
automated scheduling, and predictive analytics, the ProRab Al Agent effectively overcame the
critical inefficiencies that have limited service organizations in the past. The empirical findings
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verify that the platform does not just speed up the working processes, but also provides
guantifiable customer interaction and financial performance changes.

The most prominent observation is that the response time to lead decreased by over 85 %
relative to baseline performance. This change is a strategic one, because high-speed
responsiveness has always been associated with increased conversion and enhanced customer
confidence. Meanwhile, the rates of conversion have grown by almost 79 %, which once again
shows that Al-based instant communication can do more than optimize the workflow: it makes
service providers appear more professional and reliable.

Another interesting observation is the fact that the number of no-show appointments is
decreased by nearly half. ProRab Al enabled improved use of technician time and reduced
disruptions on schedules, which bolstered its financial and customer satisfaction by deploying
adaptive reminders and confirmations. On the operational side, the system saved almost 40 % of
the cost and the cost saved was allocated in labor, communication and scheduling resources. All
these efficiencies combined to produce an excellent financial performance, ROl of over 250 % in
the first year. This kind of fast payback dispels the notion that the technology use in FSM should
take long-term perspective to bring real returns.

In addition to the numbers, a comparison with the best FSM platforms proves that ProRab
Al is not only an incremental innovation. Introducing Al at the very first point of interaction with
the customer, it predefines a new industry standard of speed, integration and profitability.
However, this research has limitations. This test was conducted on one case and wider validation
in industries and geographies is required. A future study should also seek to understand long-term
adoption processes, ethics and user experiences.

Finally, the ProRab Al Agent makes an interesting argument in favor of Al-enabled FSM,
providing both theoretical and practical advice. It shows how integrating Al into the front-end
operations can provide sustainable competitive advantage, ability to endure operational shocks,
and economic expansion.
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Installation for double-sided step pressing of round cheeses, with a pheumatic smaller number
of cylinders.
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Annotation
To carry out double-sided pressing, a unit has been developed that lines a press mold for double-
sided step-by-step (incremental) napkin-free (with a reduction in the number of pneumatic
cylinders) pressing of round cheeses.

The proposed first installation, which is considered in the article, provides automation,
combining 5 technological processes of mold assembly, pouring cheese grain into the mold,
forming, pressing. Elements from 400 pieces to 8 pieces, that is 392 pieces will be reduced.
Automation is carried out due to:

1. Automatic device for regulating the pouring of cheese grains into the mold.
2. Step-by-step pressing mechanism.
3. Simultaneous activation of the pneumatic cylinders of the upper and lower covers

results in movement towards each other and from the reverse stroke, double-sided pressing is
carried out as well as disassembly and assembly of the forms by the shell.

4. The table for removing the pressed cheese from the mold is a telescopic pneumatic cylinder
(jack).

BctynneHue
YcTaHOBKa A/15 NPeccoBaHWsA CbIPOB C MPUMEHEM ABYXCTOPOHHERO CTYNEHYATOro (LLaroBoro)
H6eccbindeTovHoro, 6e3 nepenpeccoBoK.

TeXHONOrMYeCcKMiM aHanM3 nokasan, 4To 3a pybexkom m B CHI go cux nmop B cbipoaenum
MCNOMIb3YIOT ABa cnocoba — camonpeccoBaHne M 0AHOCTOPOHHEE NMPEeCCOBaHME CbIPHOM MACChI.
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Mpy camonpeccoBaHWMM — MpPeccoBaHWEe OCYLLECTBAAOTCA 33 CYeT [aBJeHMA BepXHWUX CNOEeB
CbIPHOM MacCbl Ha HWKHME cnos. Mpu AaBNeHMM OAHOM CTOPOHbI Ha CbIPHOK Maccy Mo
HanpaB/fIeHUIO MPEeccyeMon CTOPOHbl BHM3 AaBneHue nagaeT. B obowux cnocobax Tpebyetcs
NnepepucoBKa CbIPHOM Macchl, YTOO ypaBHMBATL pacnpeaesieHne BAarn U NaoOTHOCTU BEPXHUX U
HUMKHWX CNOSAX CbIPHOM MacChbl. TEXHOMIOTUYECKMIN PEXUM BMAET TaKKe: ec/iv AaBaeHue Bbille
HOPMbI Haj, CbIPHOM MacCcoil, TO MOMKET OKa3aTbCA Yepe3 ApeHak 6osblie OTNPEecCOoBKM, a 3TO
NPUBOAUT K BbICTPOMY OCYLLEHMWIO OTNPECCOBKM, 3aKPbIBas OTBEPCTUA KanWuAAApOB, B KOHYEHOM
UTOre K OTCTaMBaHWIO CbIBOPOTKM B Kanuanapax. Kpome sToro, 60/blive OTNPEeCcCOBKU MOTyT
0Tpe3aTbCA NPU BbleMKe OTMNPECCOBAHHOIO Cbipa M3 GOPMbI LLapanmMHKamm NMoBEPXHOCTM. B 3Tu
MeCTa MOTyT MOMacTb He XKenalline MUKPOOPraHM3MbI, B Aa/IbHEMILEM K yXYAWEHMIO Ka4yecTBO
cbipa. Ecnn naBneHne meHblle, TO Cbip NMOYYAETCA HEAOMPUCOBAHHBIM, T.e. ONATb NPUBOAMUT K
OTCTaMBAHMIO CbIBOPOTKM B Kanuanapax. Takum 0H6pasom, NpUYMHOM ABNAETCA BbllleyKa3aHHble
TEXHONIOTMYECKMEe NPOLLECChI, KOTOPbIE MOBbILLAKT aHU30TPOMMUIO CbIPHOM MacChl. ITK onepauum
NOBbIWAOT  CebecToMMOCTb  Cblpa,  CHMMKAOT — MPOM3BOAMTENbHOCTb  TPyAad,  MelatoT
OCYLLECTBNEHMIO MOTOYHOCTM MPOM3BOACTBA, 3aTPYAHAOT KOMMIEKCHYD MEXaHM3aumio U
aBToMaTM3auUMio cbipogensHoro npomnssoacTsa.(1)(2)(3)(4)

Teopwa obpa3oBaHne aHU30TPONKUM.

Mpy CMeweHUn CbipHbIX 3epeH NoJaBneHWeM MpPeccylowero ycuama B MeX 3epHOBOM
NpoCTpaHCcTBe 0O6Pa3ytOTCA KaNUANAPbLI, Yepe3 KOTOPble NMPOUCXOAMT TeYKA CbIBOPOTKM B Pa3HbIX
HanpaBAeHMAX K MOBEPXHOCTU CbIPHOM Macchl. [Tpy 3TOM NnepenpeccoBKa U candeTka NpMBOAAT K
HecoBMaZeHWIO OTBEPCTUN CEePNAHKM C OTNPECCOBKaMW, BCAeACTBME 3TOro ObICTPO OcylatoT
OTMNPECCOBKM M 3aKPbIBAtOTCA OTBEPCTMA M BbIXOAbl CbIPHOM Macchl, U 3TO MNPUBOAMT K
OTCTaMBaAHMIO CbIBOPOTKM B Kanuanspax. CbIBOPOTKA MOMXKHO BbIXOAWUTb U3 APYrMX Kanuanapos,
eCNN AaBNEHMeE BblLle, YeM COCeAHME KanUANAPbI, HO NPU 3TOM YANNHAETCA NPOAO/IKUTENBHOCTb
npeccoBaHWe. A eCnn OCTaeTcs B KanUANApax, TO BAAXKHOCTb Bonblie ByaeT, Yem BAAXKHOCTb
KanMNNApoB He 3aKpblBatolweh oTeepcTui. B pesynbTaTe 3TOro 0b6pasyetca aHWM30TponuA
(HepaBHOMepHOe pacnpeaeneHve BAarM B CbipHOM macce). Kpome 3TOro, Npu 0AHOCTOPOHHEM
NPeccoBaHWM [OABNEHWA OT MPECcCYyeMOM CTOPOHbI MO HAMPaBAEHWIO K HUXKHUM CNOAM
YMeHbLUaeTcA, BCAeACTBME 3TOr0 MAOTHOCTb B BEPXHUX WM HUMMKHMX MOJOTHAX MNOay4YaeTcs
HeoAMHaKoBas, MO3TOMY Cbipbl NEPENPECCYOT. BbilueyKasaHHblie GaKTOpbl OTPULATENIbHO BAUAIOT
Ha He MHTEHCMBHOCTb NMPOTEKAHUA BUOXMMUYECKMX N MUKPOBMONOrMYEeCcKMX NpoLeccos. B csa3n
C 3TUM, BaKHewnllen npobaemon colpodenma agnaetca pa3paboTka 1 WNMPOKOe NPOMbILLJIEHHOE
BHEAPEHME HOBbIX MPOrPECCUMBHbBIX TEXHONOTMIN U TEXHMYECKMX CpeacTB beccandeToyHoro
npeccoBaHus cbipos. (1)(2)(3)(4)(5)

TexHun4ecknin aHanus

B nocneaHee aecATMAeTME  MHOIME  MPOLECCH  MPOM3BOACTBA  HATypasibHbIX  CblpPOB
MeXaHM3MPOBaHbl M aBTOMATU3MPOBAHbLI. [MPUMEHAIOTCA HECKO/IbKO MOAYNPOMBILLNIEHHbIX U
MPOMbILWIEHHbIX CNOCOBOB HEMPEPbLIBHOTO MOJYYEHUss CbIPHOM Macchl, ee GOPMOBAHMA U
NpeccoBaHuns, pa3HOObOpasHble KOHCTPYKUMW annapaTtoB MNEPMOAMYECKOrO M HEMpPepbIBHOTO
OEeNCTBMA A8 MOJIYYEeHMA CblpHOM Macchbl, GOPMOBOYHO-A03MPOBOYHbIE YCTPOMCTBA, MNPeCChl
(pbl4arkHble, BWHTOBbIE W MHEBMATUYECKME, TOPU3OHTasbHbIE, TyHHEeNbHble). OaHako, A0
HaCTOSALLLEro BPEMEHM, B CbIPOAENMN MPUMEHAIOTCSA CNMOCOObI, KOHCTPYKLMKU GOPM M YCTPOIMCTB ANA
OCYLLECTBNEHMA OAHOCTOPOHHEr0 MPEeccoBaHMs CbipoB. Ocoboe MecTo 3aHMMAOT TyHHE/bHble
npeccbl, B KOTOPbIX B KayeCTBe CW/IOBbLIX 3/1EMEHTOB, Pa3BMBAIOLLMX YCWUIME MPECCOBAHMA,
MCNONb3YIOT ABa TMNA YCTPOMCTB: MHEBMOUMAMHAPLI U TMOKME HadyBHbIE CUMAOBbIE 31EMEHTHI.
HepocTaTok Taknx anemeHToB — Hebonbliaa BennymHa paboyero xoaa (Npm 6oAbLIMX Pa3NUUMAX
B BbICOTE FO/I0BOK Cblpa, KAYeCTBO MPECCOBaHMA MOMKET YXYALWMNTbCA), 4OCTOMHCTBO — BbICOKOE
yAenbHOe [JaBneHve npu  3Tom TpebyeTca cneumdUYHOCTb  KOHCTPYKUWMIA NpeccoB ¢
MCNONb30BaHMEM TUOKMX CUNOBbLIX 31eMeHTOB. [1pM 3TOM OCHOBHbIM Cnocobom co3aaHmA
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[aBNEHMA NPeCcCOBaHNA ABNAETCA UCMONb30BAHNE SHEPTUM CXKATOro BO3AyXa M B HUX Yalle BCEro
Ha Kaxkabl BPYCOK Cbipa AABWUT OTAENbHbLIA MHEBMOUMAMHAP. MpW 3TOM YyNAOTHEHWE CbIPHOW
MaccCbl MO HamnpaBAEHWUIO OT MPECCYyeMOM CTOPOHbI BHW3 MaZaeT, Mo3TOMy, 4TOObl MOAY4YMTb
OAMHAKOBYID MNOTHOCTb BEPXHEM W HUMKHEN CTOPOHBI, Cbipbl MepenpeccyroT. 3TO O4YeHb
TPYA0EMKMI MpoLEeCce, NPMBOAALWMIA K HEPAaBHOMEPHOMY pacnpeaenieHnto Baarm n TBepaoctn B
CbIPHOM Mmacce, cnefoBaTesIbHO, K HEPAaBHOMEPHOMY pacnpeaeneHmto U pasBUTUIO MUKPOGIOPSI
M HE MHTEHCMBHOMY NPOTEKAHWIO BMOXMMMYECKMX NPOLLECCOB B CbIPHOW Macce, B pe3y/ibTaTe Yero
CHM)KAEeTCA Ka4yecTBO cbipa. [loaTomy, AencTsylowmii cnocob OAHOCTOPOHHEro MPeccoBaHMs
CbIPOB C NEPEnpPeCccoOBKaMMN U NPUMEHEHMEM CandeToK NPUBOAMUT K aHM30TPOMMUMK Cbipa.

13 3TUX TYHHEIbHbIX MPECCOB PA3/IMYatOTCA C BbICOKMMM aBTOMATM3aLMAMM NPOM3BOACTBA GMPMbI
npecc-nannet. Mpecc-nanneTbl 06beaAMHAOTCA B H/0KM, MMetowme 0By CUCTEMY MUTAHUA
CKaTbIM BO3ZYyXOM, @ TaKXKe CUCTEMY MNOABEMHO-TPAHCMOPTHbLIX YCTPOMCTB ANA 3arpy3ku U
pasrpy3kM npeccos (npeccoBoe oTaeneHue, obopyaoBaHHOe npecc-nannetamm «lllanoH
Merap»).

AHann3 CyLLECTBYIOLIMX CUCTEM TMPECccoBaHMA MO3BONAET CAeNaTb BbIBOA O TOM, YTO OHM
MNOCTOAHHO COBEPLUEHCTBYHOTCA, HO OCHOBHbIM CNOCOOOM CO34aHWMA AABNEHUA MPeCcCoBaHMA
ABNAETCA MCNONb30BAHNE SHEPTUM CHKATOTO BO3AyXa. (6-17)

CoBepLleHCTBOBAHMA KacatoTCA aBTOMATM3aL MM CUCTEM 3arpy3KM U Pa3rpy3Ku.

Takmum 06pa3om, ana BbIPabOTKM KaueCTBEHHOIO Cbipa, HEOOXOAMMO NPU NPECCOBAHWM NONYYNTb
CbIpHYtO Maccy ¢ Hbonee paBHOMEPHbIM pacnpeseneHnem Bnarn n Teepaoctu. CnefoBaTesnbHO,
COBEPLWEHCTBOBaHME W pPa3paboTKa BbICOKOMPOM3BOAMTE/NbHbIX, HEMNPEPbLIBHO AENCTBYHOLWMX
TEXHUYECKUX CPEACTB TEXHWKM W TEXHOMIOMMM MPOM3BOACTBA HATypasibHbIX CbIPOB, OCODEHHO,
NPOLECcCoB MONYYEHUA CbIPHOW MaccCbl, ee GOPMOBAHMA W MNpeccoBaHMA OblNO M OCTaeTcA
aKTya/IbHOW 3a4a4ei HayKn U NPaKTUKK.

MTaK, MOXeM 3aKN0UUTb TEM, YTO A0 CUX NOP U NPUMeEHAEMble CNOCODObLI, U KOHCTPYKLMK GOpPM, U
YCTPOMCTB ANA OCYLLECTBNEHWNA OAHOCTOPOHHErO NPEeCcCOBaHWA, OTAIMYAKOTCA PALOM HEeOCTaTKOB
(nepeBopaymBaHuMe, 3aBepTblBaHWE CbIPHOM Maccbl B candeTkn, GOPMOBAHWMA, NPeccoBaHUs,
BbleMKa OTNPECCOBaHHbIX CbipoB, cOOpKa M pazbopka popm, He COBMELLLEHHOCTb 3TUX NPOLLECCOB,
py4YHoM Tpya, 6onbluiaa naowagb, 3aHMmaemaa nos obopyaoBaHue), a BbipabaTbiBaemble Npwu
3TMX cnocobax Cblpbl XapaKTepPU3ytOTCA aHM30TPOMHOCTbIO. [epeyncaeHHble HeOCTaTKM MeLlatoT
OCYLLECTBNEHMIO MOTOYHOCTM MPOM3BOACTBA, 3aTPYAHAOT KOMMIEKCHYD MeXaHu3aumio U
aBTOMATM3alUMIO  CbipoAenbHOro  npom3BoactBa. CnenoBatenbHo,  4TObbl  BbipaboTaThb
KaueCTBEHHbIM Cbip c/leayeT Npu MpPeccoBaHUMM MOMYYUTb CbIPHYHD MacCy C MOBbILIEHHOW
OAHOPOAHOCTbIO. [ONA  AOCTUMKEHMA Yero HeobxoauMmo pa3pabotatb HOBble CNocobbl
TEXHWYECKMe CpeacTBa A8 NPEeCcCOBaHMWA CbiPOB M COBMELLEHMA MPOLLECCOB PO3/1MBA CbIPHOTO
3epHa, POPMOBaHMA M MPECCOBAHMSA CbIPHOM MACChl, 1 BbIEMKM OTNPECCOBAHHbIX CbIPOB M3 GOpM,
YTO B CbIPOAENMM, 4O CUX MOP, ABNAETCA BECbMa aKTya/lbHbIM M 3HAYMMbIM. Lenbo paboTtol
ABNAETCA pa3paboTKa TEXHO/IOMMIA, COBMELLAOLLIEN TEXHONOTMYECKME MPOLLECChI NMPOM3BOACTBA
Cblpa (po3/MB CbipHOro 3epHa, GopmMoBaHME W MPECCOBAHWME CbIPHOM MacCChbl M BblEMKA
OTMNPECCOBAHHbIX CbIPOB M3  GOPM), WX aBTOMATM3aUMA C COKpalleHMEM KOJMYeCTBa
NMHEBMOUMIMHAPOB M KOTOpas obecrneymBaeT HemnepepmBHOCTb MPOM3BOCTBO JBYXCTOPOHHbIE
dopmoBaHMe NpecoBaHMA KPYr/IMX CUPOB, a TakKe pa3paboTka TeXHWYecKMx cpeacts Ans
OCYLLIECTBNAEHMA NPEeCCOBaHMUA CbipOB 63 NepenpeccoBoK U NPUMeHeHns candeTok. (5-17)
Mpeanaraem 2 cnocoba [ABYCTOPOHHEro MpeccoBaHMA: ABYCTOPOHHee 6GeccandeTovHoe;
[BYCTOPOHHee cTyneH4yaTtoe (warosoe) 6HeccanderoyHoe (C  MEHbLWMM  KOAMYECTBOM
NHEBMOLWIMHAPOB).

[na paspelweHna NoCTaBNeHHOW Lenn Hamu Bblam chopmynnpoBaHbl Creaytolime 3a4a4u:
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1. PaspaboTaTb TEXHONOrMYECKME OCHOBblI M TexHMYecKMe CcpeacTBa AN [ABYCTOPOHHEro
H6eccandeToyHOro npPeccoBaHWA HaTypasibHbIX MapO4YHbIX CbIPOB, W YCOBEPLUEHCTBOBATb
pa3paboTaHHble TeXHUYECKNe CpeacTBa.
2. Pa3paboTaTb yCTaHOBKA COKPALLEHWEM KaZMYeCcTBO MHEBMOLMAMHAPOB, KOTOpasa MNOANeXUT
NOMHOM aBTOMaTM3auuKW, obecneynmBaeT HenepepmBHOCTb MPOM3BOCTBA KPYI/IMX  CbipOB
COBMELLEHMNA TEXHONOTMYECKUX NPOLLECCOB 360pKa GOpPM, PO3/MBA CbIPHOTO 3epHa, GopmaBaHma
M NPECOBAHMA CbIPHOM MACChl M BblEMKa OTMPECCOBAHbIX CbIPOB M3 GOPMbI.
MoKa3aHbl YCTPONCTBA 415 PO3/1MBA CbIPHOIO 3epHa B $OPMbI M NPECCOBAHMA 3epeH B dopmax, a
TaK)Xe, MOeYHOoe YCTPOMCTBO.
YcTaHOBKa A1s  ABYCTOPOHHero 6eccandeToyHoro MpeccoBaHMs CbipoB puUC.l BKAOYaeT
YCTPOMCTBO [A/1A PO3/MBa CbIPHOrO 3€pHa, CoAeprkallee [Ba KOJbLeBbiX KoHBelepa (1),
YCTaHOB/IEHHbIX C BO3MOHOCTbIKO KPYrOoBOrO LLIAroBOro nepemelleHns u oCTaHOBKKU B paboumx
No3MLMAX A5 3arPy3KM — PO3/IMBA CbIPHOTO 3epHa B dopmy (2) n3 Tpybonposoaos (3). MocneaHune
OMyCKaTCA M NOAHMMAIOTCA C MOMOLLbIO MHEBMOLUANHAPOB (4).
Tpybonposoapl (3) cHab»KeHbl camouUeHTpUpyoWwmMMmnca natpyokamum (5). Mpoknagka (6) cayRut
015 TepMeTU3auUmm oTBepCTUIA B dopme (2) Npu po3mBe 3epH Yepes KaanaHbl (7) naTpyokos (5).
3a yCTPOMCTBOM AN PO3/1MBA CbIPHOrO 3epHa YCTAaHOBAEHO YCTPOMCTBO A4 NPEeCccoBaHMA 3epHa
B dopmMax, CHab»eHHoe NMHeBMOUMANHAPOM (8) co wTokamm (9). Popmbl (2) UMEIOT BEPXHIO U
HUKHIO KpbIWKK (10) 1 xpanosble 3yb4yaTble NMHENKM (11) ¢ XpanoBOro pblyara COCTOALLASA
nanbuamu (12) npy*umH (12), netna (12)4015 WaroBoro NpeccoBaHma 3€épH NyTem B3aMMoaencTBns
Kpblwek (10) co wtokamu (9) nHeBMOUMAMHAPOM (8), nepemelleHUNs KpblleK oAHa K Apyron u
duKcaummn 3ybbes anHerkn (11) nanbuamu (12). Mapa Kpbiwek KoHselepsl (1) obecneymBatoT
PO3/1MB CbIPHOTO 3epHa B dopmbl (2) M nocnesoBaTeNbHOE yBEANYEHME YCUANA NPECCOBAHMA C
KaXKAbIM HOBbIM MO/IHbIM KPYrOBbIM MOBOPOTOM.
YCTPOMCTBO ANA OYMCTKM NpeAcTaBnaeT cobol MOEYHY MallMHy ¢ naTpybkamu MKnanaH
(5)(7),(13), (14) v cny»kuT ans ononackmsaHua popm (2) cbopoyHomM 1 Pa3bopPOYHOM COCTOAHUM
nepen o4yepeaHoM 3arpy3Kom.
YCTPOMCTBO A5 BbIMPECCOBKM ChlpoB puc.3 13 dopm (2) npeacraBnseT cobon ABa TENECKOMHbIe
MHEeBMOLUMINHAPA, YCTAHOB/IEHHbIX Ha M nog, npecc opmamu (2) a npecc popma (2) 3akpenneHa
KoHBelepa (1) peryanmpyemyto no BbicoTe NAoOWAAKM (15), yCTaHOBAEHHYIO Ha TENeCKONMMYeCcKoM
onope, BbIMNOJHEHHOM B BUAE UMAMHAPaA (16), B NONOCTM KOTOPOTO YCTaHOBAEH noplieHb (17) co
wTokom (18), nmetoumm, B CBOO ovepenb, nopleHb (19) meHbllero anameTpa co WTokom (20)
[ONA B3aUMOAENCTBMA C HMMKHEN KpbiwKon (10) dopmbl (2). LleHTpanbHas YyacTb (21) kpbiwkn (10)
BbIMO/HEHA MNOABWMMKHOW MOCAE MOJMIHOrO OT/IMMAaHME WX OT CTEeHOK GOpMbl  BblEMKA
OTMNPECCOBAHHOTO CbIPHOrO 3epHa OCYLECcTBAAETCA, Bbixod, Nanbua (12) u3 3auenneHua c
XpanoBoW 3ybuatol nmHelnkn (11) n pas3bopkm obevalikm (24) 3a cYeT BbITATUBAHUA NPYXKUH (25)
BEPXHEM M HUMKHEM KpbiwKK (10), a TakKe OTKpPbIBaeT 3aMoK obevalikn (24), T. e. OT onopsl
(26)MmetoLLMA KOHNYECKOM NOBEPXHOCTU  OT MPUMUMHON NAaHKK (27) 1 npyxuHbl (38) nonHoe
ocBoboxaeHue dopm (2) npu obpaTHOM xoae nopuiHeint (17), (19) co wrtokamum (18), (20).
BblCOKOTOUYHbIe MepemelleHns puc.2 kpoiwek (10) B Kopnyce (28), dopmbl (2), obecneumsaet
HanpaBAALWMM UMAMHAPOM (29) 1 Hanpasaatowen BTynKkon (30), a Kopnyc (28) cocTouT 13 AByX
nepdopupoBaHHbIX UMANHAPOB (28), (31) coeanHsowmx ckobamm (32) ocTaBAAA MEXKAY HUMM
3a30p. NocneaHnin 3akpbiBaeTca obeyvalikoit (24) (kamepa npeccoBaHma cbipHoro 3epHa). Cobopka
n pasbopka obeyalkm (24) ocyulecTBadeTcs onopamu (26) U MPUNKUMHON MAaHKoM (27) u
XpanoBon 3yb4yaTon perkm (11), ¢ nanbuamm xpanoBoro pbidara (12). PeryampoBaHue
HOPMa/IbHOCTb COOPKM U repmeTUYHOCTM obevalikn (24) c kopnycom (28), (31) obecneynsaeT yzen
(33) (34) (35) (36). PazbopkKa, T.e. paclumpeHne obevyanku (24) peryanpytoTt orpaHndmtenem (37).
N noagelwHoOM YacTb cnepdopUpPOHHOM BCTaBKOM (57)MMeEET TaK Ke KnanaH Ha NOBEpPXHOCTM
BEPXHEM KpbllwKK (10) aBTOMaTMYECKMe peryMpoBaHMA pPa3sinBa CbIPHOMO 3epHa — COCTOALLMMN
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KOHWYecknum aenmtenem (58), ctepkHAmM (39) cnycKkaeTcs BHU3, OTKPbIBAA BXOA, A5 NOCTYNNEHNS
CblpHOTO 3epHa B npeccdopmy (2). Mocne 3anonHeHua npecchopm (2) AaBaeHWe Noaadm CbipHOro
3epHa 1 nNagaeT B KnanaH (7) 3aKpbiBaeTcs 3a c4eT 06paTHOro Xxo4a CaTon NpyuHbl (40).
Cbopka dopm pnHYHOK 3

CpabaTbiBaHMe NHeBMOUMANHAPOB (16) 6onblume WToKn (18) BepxHEen 1 HMKHel Kpbiliku (10)
NPUBOAMUT K ABUMKEHMIO BCTPEYM APYT K APYry A0 3aLenneHua nepsoro 3yba xpanosoi 3ybyaTomn
perkn (11) — xonoctol xoa. Npu 3TomM ABMKEHUE onop (26) Ha NOBEPXHOCTN MPUKNUMHON NAAHKM
KOTOpble KecTKo 3akpenneHa y3nom (53),(54),(55),(56),(24) ocyulecTBnaoT 3aKpbiTMe 3a30pa
Kopnyca (15), dopmbl ABa (2) obeuvalikm (24),(28),(31),. PerynnpoBaHme HOPManbHOCTb COOPKM U
repMeTMYHOCTb obevainkn (24), obecneumsaeTtca yanom (33) (34) (35) n npoknaakoi. (36) danee
KOHBEeMep HanpaBiAeTca Ha NO3NUMM OYUCTKM GOPM U Pa3nBa 3epHa, T.e. UMK NOBTOpPAEeTCA.
YcTaHoBKa paboTtaeT cneayolinMm obpasom: KoHselepom (1) ¢ dopmamum (2) coobuiatoT
nepuoamnyYeckoe ABUMKEHME MO KPYroBOW TPAeKTOPWUKM, MPU 3TOM B HEMOABUMKHOM MONOMKEHUM
KoHBeMepos (1) Tpybonposoabl (3) obecneunsatoT 04HOBPEMEHHOE 3aMoHeHKe NATU popm (2).
Moabem 1 onyckaHue Tpybonposoaos (3) obecneynBaoT NHEBMOLMAMHAPAMK (4) Tak, 4TO Npu
PO3/MBe 3epHa MaTpybKku (5) 3aKpbiBatOT 3a/MBHOE oTBepcTMe GOPMbl NpoKaaaKkon (6). Yepes
OTKPbITbIM KnanaH (7) ocyLLecTBASKOT PO3/IMB CbIPHOTO 3epHa. Mpu obpaTHOM Xxoae MopLUHEen
NHeBMOUMANHAPOB (4) TpyObl (3) MOAHMMAOTCA BBEPX U HE MeLlatoT nepemelleHunto dopm (2) Ha
bnKCMpoBaHHOE paccTosHMe, NPM KOTOPOM nepsas M3 NAaTK Gopm (2) OKasbiBAeTCca B NO3MLUN
NPEeccoBaHMA  MeXay HWKHUMM U BEPXHMMM nHeBmoumamHapamm (8). LTokm (9)
NHeBMOUMAMHAPOB (8) nepemellatoT KpbiwkM (10) dopmbl HaBCTpedyy Apyr K Apyry MU
OZIHOBPEMEHHO OMycKatoT 3ybuaTyto AnMHenKky (11) Ha oanH 3yH BHM3. ITO NONOXKEHME KpbILIEK
(10) ouKkcupytoT nanbuem (12). [Jdanee 3anyckatoT KoHBelep (1), KoTopbih coBepuaeT
nepemellleHMe Ha cneaytollee QGUKCMPOBaAHHOE paccTosaHWe, Onarogaps 4Yemy, noa
nHeBMoUMAMHAPLI (8) noasoaAaT BTOpyto Gopmy. Mocsie Toro, Kak Bce natb dopm (2) nponayT
MepBylo CTerneHb MpeccoBaHuMs (T.e. WX 3ybuyaTble AuMHenKku (11) onyweHbl Ha oAMH 3y6 U
3aPUKCMPOBaAHbI B 3TOM NMOAOXKEHUM Nanblamu (12)), cHoBa 3amycKatoT KoHBelep (1), KoTopbii
HauyMHaeT nepemelleHne B 06paTHOM HanpaBneHun. B pesynbTaTte Yero n nepsasa popma (2) onatb
HaXxoAMTCA NOoJA NHeBMOUMAMHAPaMK (8), KOTopble OCYLLEeCTBAAIOT Aa/ibHelliee npeccoBaHue
CbIPHOTO 3epHa NyTem nepemeLlleHmns 3ybuatbix AnHeek (11) Bcex NaTn Gopm BHM3 Ha CAeayHOLLNA
3y6 nnHenkn (11), 4To COOTBETCTBYET YBENMYEHUIO MPECCYIOWEro YyCUAMA Ha ONpeaeneHHyo
BENIMUMHY. LIMKN npeccoBaHWs Npoao/KaeTca 40 YCUAMA, NPeayCMOTPEHHOTO TEXHOOTMYECKUM
PEXMMOM a CbIBOPOTKA BbIXOAMT U3 NOTPYOKM(52)

Takmm obpasom, Tpebyemoe ycuame npeccoBaHuns 3epHa B dopmax AOCTUTaeTcs CTyneHYaTbim
[BYCTOPOHHMM YBE/IMYEHUEM [O3aBNEHMA Ha 3epHO, KOTOPOe BbIAEP)KMBAETCA MOA 3STUM
[aBneHemM A0 Tex nop, Noka HaxoAATCs B 3aL.enaeHnn ux 3ybdaTble MHernkn (11) dopm 1 nanbupl
(12).

Mocne BblemMKM ronoBoK (43) nycTble GOpmbl MOABEPratoT MOMKE B 3aKPbITOM M OTKPbITOM
NOJIOXKEHUN, NYTEM MOAa4M MOIOLLEro pacTBopa M knanaHom (5),(7) yepes naTpybku (13), (14). No
3aBEpPLIEHMI0 MOMKM MU OMNOacKMBaHUA GOpPMbl (2) CHOBa nNepemellatoT Ha MO3ULMIO 3a/IMBKK
CbIPHOTO 3epHa.

Pa3rpy3sKky dopm PucyHoOK (3) ocyliecTBaatoT Ha naowaake (15) cheaytolimm obpasom: KoHselep
OCTaHaB/AMBAIOT, WITOKOM (18) nogHMmatoT naowaaxy (15) 4o ynopa B OCHOBaHME HUMKHEN KPbILWKK
(10), nocne yero dpopma (2) yaepskmnsaetca wrokom (18), (20). 3aTem wTok (20) nopwHa (19)
NOAHMMAET LEeHTPa/IbHYIO NOABUMHYIO YacTb (21) HMKHeN KpbiwkKu (10) dpopmbl (2) BMecTe ¢
OTNpeccoBaHHOM  onopHol  ronosko  (43). [Mocne  cpabaTbiBaHMA  BEPTMKANbHOTO
NHEBMOLMAMHAPA B NOABELWOHHON Hanpasaatowi (44) ero Bunky (46) NnoaBoAAT MNOA CbIpHYHO
ronoBky (43), nHesmounnnHapom (47) cHumatoT ¢ 4Yactu (21) B pesynbrate cpabaTbiBaHMA
0b6paTHOro xoda rapu3oHTaNbHOMO MHeBMoOUMAMHAPA (47) » nepemelaldT Ha YCTPOWCTBO
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B3BeWnBaHMA. CpabaTbiBaHMe NHEBMOUMAMHAPOB (16) 6osblume WToKKM (18) BEepXHEN U HUMKHEN
KpblwKKM (10) NpMBOAUT K ABMNKEHMIO BCTPEYM Apyr K Apyry A0 3auenneHus nepsoro 3yba
XpanoBoi 3ybuaToit pelku (11) — xonocToi xo4, Mpu sToM ABUNKEHWE 0nop (26) Ha NOBEPXHOCTU
NPUKMMHOM NMAaHKM (27) ocyulecTBAAT 3aKpbiTMe 3a3opa Kopnyca (28)(31), dopmbl aBa (2)
obevalikn (24). PerynnpoBaHWe HOPMaabHOCTb COOPKM U repMeTUYHOCTb obedaliku (24),
obecneunsaetca y3nom (33) (34) (36) 1 npoknaakom (35).

PucyHOK 3. YCTpOICTBa 419 BbINPECCOBKU CbipOB M3 dopm
Pasrpy3ka ¢opm: PUCYHOK 3
Mpy OAHOBPEMEHHOM CpPabaTbiBaHUU BEPXHUX U HUMHUX MHEBMOUMAMHAPOB, (16) vmerowme
6onbLoi noplueHs (17) wrokm (18), manbie nopiuHm (19), wrokK (20) co CBOMMM BEPXHUI U HUMKHUI
cTepXHaMK (41), nepemellas 40 y31a CTyNeHYaToro mexaHun3ma, 3acTasasas oTLUenIeHme nanbues
(12) xpanosbIx pbl4aros(12) ot xpanoso 3ybyaTon peiku (11). Janee pazbopka obeyvalikm (24)
OCYLLECTBNAGTCA 3@ CYET BbITAXMHbIX NPYKUH (25), BepxHen 1 HUKHel Kpbiwkn (10), obpaTHoe
OBuKeHne Kpblwek (10) oTKpbIBatOT 3aMOK 0bevalikm (24) yMmetoLWnmin KOHNMYECKYH NOBEPXHOCTb
onopamu (26) oT NPUKMMHOM NNaHKK (27). bonblwasn YacTb (42) HUKHEN KpbiwkK (10) co cBoum
WTOoKOM (17), TeNeCKOMUYHbIM LUMANHAPOM (16) crnycKaeTcs B HWMKHEee MnonoskeHue. MNpu aTom
Manasa 4actb (21) co cBomm wToKom (20) AepskaT CbipHYO rooBKY (43) 0cBOOOMKAEHHbBIX
obeyalikon (24) npeccdopmsi (2). Mocne yero wTokK (20) ¢ cbipHON ronoBkon (43) cnyckaeTca Ao
BbIXOAa U3 npecchopmbl (2). YaaneHue cbipHoM rofiosku (43) ns naowaaku (15), manon wroku (20)
OCYLLECTBAAETCA 33 CYEeT MExXaHM3Ma 3axBaTa, KOTOPbI BbIMOAHEH B BWAE BEPTUKaSbHOMO
NHeBMOUMAMHAPA (44) co WTOKOM (45), UMEeoLWMM Ha KOHLLE TOPU30HTaIbHYO MOABUMKHYO BUKY
(46), a ymanéHHble cbipHble TON0BKM (43) Cc nNomoulbto 06pPaTHOro Xxoda TOPU3OHTaILHOMO
nHesmoumnmHapa (47). Bunka (46) MMeeT BO3MOMKHOCTb WM3MEHWUTb, T.e. YBEAWYUTb WK
YMEHbLINTL PACCTOAHME MeXay Onopamu A1a 3axBaTa PasHbIX BWAOB MO pasmepy Cbipa.
MexaHM3M 3axBaTa CAYXWUT [O/14 MNepeHoca W CHATMSA OTNPecCOBaHHOTO CbIPHOMO 3epHa C
YCTPOMCTBA A/19 B3BELLUMBAHMA.

Pe3ynbTaTbl TEXHONOTMYECKUX UCCNELOBAHMI NepBoro cnocoba

1. TpennoXeHo ABYXCTOPOHHEE NpeccoBaHMe.

2. [pu 3TOM MCKAOYaeTCa NepenpeccoBaHme 3aBEPTbIBAHMA CbIPHON MacChl B CanpeTKu.

3. CbipHaa macca nonyyaeTrca o4HOPOAHAA, T.e. YMEHbLUAeTCA aHM30TPOMHOCTb 3a CYET
H6onee paBHOMEPHOTrO pacnpeaeneHmsa Biarn CblpHOM Macchl 414 WBENLAPCKOro cbipa B 2
pa3a, cbipa “Jlopn” B 5 pas, a TakKe COKpaLWAeT NPOAO/IKUTENbHOCTM MPEccoBaHMA
LIBEMLAPCKOro cbipa A0 8,5 Yaca NO CPaBHEHWUIO C AEeNCTBYIOWMM cnocobom (4ETKoM
NHuK 16-18 vac) u ana coipa “Slopn” o 4,2 yaca (Ha 1 4ac No CpaBHEHMIO C AEUCTBYOLWMM
cnocobom (camo npeccoBaHnem 5-6 yac).

4. [1ByXCTOpOHHee npeccoBaHMe MOBbIWAEeT KAa4YeCTBO CbIPOB 33 CYET UCKAOYEHUA nepe
npeccoBaHMA candeTkn, COKpallaeT MNPOAOIKUTENbHOCTb MPEeCcCOBaHMA, YMEHbLUAeT
aHW30TPOMHOCTb  CbIPOB, TaK »Ke MONOXKWUTENbHO BAMAET HA COBMELLEHHOCTb
TEXHONOTMYECKMX npoueccoB-cbopka ¢Gopm, pPasnB CblpHOrO 3epHa, GOpPMOBaHMeE,
NpeccoBaHMe BbleMKa OTNPECCOBAHHOIO Cbipa 13 Npecc-GopMmbl.

Pe3ynbTaTbl TEXHNYECKMX pa3paboTok
MpeanaraemMas  yCTaHOBKa, KOTOpaa  MOANEXWMT  MONHOM  aBTOMATM3auMKM, COBMeELLas
BbllLEyKa3aHHble TEXHOOMMYeCcKMe NpoLecchl, U obecneynBaeT HENPepbIBHOCTb. ABTOMaTMU3aLUMA
YCTaHOBKM OCYLLECTBAAETCA 3@ CYET YCTPOMCTBA 414 aBTOMATMYECKOro peryanMpoBaHna pas3anea
CbIPHOrO 3epHa, coaeprkallee ABa KONbLEBbIX KOHBEMepa YCTAaHOBAEHHbLIX C BO3MOXHOCTbIO
KPYroBOro LIaroBOro nepemelleHnsa M OCTaHOBKM B paboumx ANA 3arpy3kuM-pasnnea CbIPHOTO
3epHa B dopmy m3 rpyboro NnpoBoAa, YCTPOMCTBO 414 NPeccoBaHMA 3epHa B dopmax, cocToAlmne
Xpanosble 3ybyaTble MHENKM C XpanoBOro pblyara nanbla, NPyXMHaMK, NeTAs ANA NOWaroBoro
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NPeccoBaHMA Cblipa, KOTOPbIA COKPALLAeT KOAMYecTBo nHesmoumamHapos 13 400 o 8 Ha TOHHY
Cblpa 5 Kr O4HOM TFONOBKM, B CNEACTBMWM 3TOMO COKPALLAETCA MPOM3BOACTBEHHAA NaoWaAb Mo
0b60pyA0BaHMIO, METANIOEMKOCTb, BO3YLLIHbIE KOMNPECCOPbI M EMKOCTU ANA XPAaHEHWA CXKATOro
BO3A4yXa. 3Has, YTO KaXKabli BPYCOK Cblpa AaBUT OTAENbHbIM MHEBMOUNMANHAP.
YCTPOMCTBO ANA BblEMKM OTNPECCOBAHHOMO Cblpa, COCTOAWAA M3 TENeCKOMHOro AOHKpaTa
(HMXKHee, BepxHee NHEBMOUUINHAPOB CO CBOMM CTEPIKHEM).
TaK KaKk oflHa TOHHa Cblpa MO 5 Kr rofIoBKOM (ronnaHackon, nopbl) nonyydaerca 200 ronos. Mpu
O/IHOCTOPOHHEM npeccoBaHuM Tpebyetca 200 NHEBMOUMAMHAPOB, @ NPU ABYXCTOPOHHEM
npeccosaHun 400 NHEBMOLUWIMHAPOB.

Ob6cyaeHunn
BnepBble npeanoxeHo [ABYXCTOPOHHee 6eccandeToyHoe MpPeccoBaHWe, C  WUCKAOYEHMEM
NepenpeccoBOK, C YMEHbLUEHMEM aHU30TPOMHOCTM Cbipa M COKpPaLLeHMEeM MPOAO/IKNTENbHOCTH
NpeccoBaHuA.
BnepBble NpeasoxKeHa yCTaHOBKA, KOTOPaA NOANEKMT NMOAHON aBTOMATM3aLLMM COBMELLAA Bblle
YKa3aHHbIX TEXHONOMMYEeCKMX MPOLEeCcCoB, KOTOopad obecneymBaeT COKpalleHue Ko/auyecTsa
MHEBMOLUMIMHAPOB, @ TaKXe HeNpepbIBHOCTbL NPOU3BOACTBA.

3aKksoueHue
1o TEXHONOrMYEeCKOMY aHann3y:
Takum 00pa3om, MOXKHO 3aKNYUTb TO, YTO [ABYXCTOPOHHEE MNPeccoBaHWe YyMeHblaeT
aHM30TPONMUIO CbIPa, UCKNKOYAET NepenpeccoBKy M MCNoablyemoe candeTkn, Ha OCHOBAHWUM 3TOrO
COKpaLlaeTca NpOAO/IKUTENBHOCTb MPECCOBaHMA, a YMeLLeHWe aHWM30TPONuUM OCyLLeCcTBAAEeTCA
NPV NPEeccoBaHWM CNOA CbIPHOM MaccChbl, YNAOTHAETCA OAHOBPEMEHHO C 0benx CTOpoH 6e3
NepepucoBOK N NPUMEHEHMA CaNdETOK, COrNACHO TEXHONOTUYECKOMY PEXMUMY.
MO TEXHUMYECKMM aHaAM3aM BWAHO, YTO BbllleyKa3aHHblIe Yy3/bl M MexaHM3Mbl obecneymsatoT
MNOMHYIO aBTOMATMU3aLUMIO TEXHONOTMYECKMX NpoLeccoB - cbopka ¢opm, pasnme 3epea B dopmy,
MapWHOBaHWeE, NPECCOBaHME N BbleMKA Cbipa M3 Npecc-GopMbl.

BbiBOA,

[ByXCTOpOHHEE NpeccoBaHWe yMeHbluaeT aHW30TPOMNHOCTb, T. €. MOBbIWaeT OAHOPOAHOCTb
CbIPHOM Macchl, KoTopaa CcnocobCTByeT MHTEHCMBHOMY Pa3BUTUIO MWMKPOOPraHM3MOB U
WHTEHCMBHOMY MPOTEKAHUIO BUMOXMMMYECKMX MPOLLEeCCOB, M B pe3y/abTaTe 3TOro obpasyetca B
HONbLIOM KONIMYECTBE aMUHOKMCAOT, U NIeTy4ne CoOeaMHEHUA: BKYC M 3anax, KOHCUCTEHLMIO U
PUCYHOK Cblpa, TO €CTb ero Ka4ecTBo.

AHHOTauuA
[na ocyuwecTBNeHNA ABYXCTOPOHHEro NpeccoBaHMA pa3paboTaHa yCTaHOBKA, KOTOpPaa BKAtOYaeT
npecc-Gopmy ABYXCTOPOHHEro CTyrneH4yaToro (lwaroBoro) 6eccanpetoyHoro (C yMeHblueHem
Ko/IM4yecTBa NHEBMOLMIMHAPOB) NPECCOBAHMUSA KPYr/bIX CbIPOB.
Mpennaraemas BMNepBble YCTAHOBKA, KOTOpaA paccmaTpuBaeTcA B CTaTbe, obecneuymsaer
aBTOMATM3aLMI0, COBMELLLAsA 5 TEXHOIOrMYEeCKMX npoLeccos cbopkm Gopm, pa3nne CbIPHOMo 3epHa
B dopmy, bopmMpoBaHMe, MPECCOBAHNE M BbIEMKA Cbipa U3 Npecc-GopPMbl, U UMEET BO3MOXKHOCTb
COKPaTUTb KONMYECTBO npeccyrolmx snemeHToB 13 400 WTyK A0 8 WTYK, TO eCTb CoKpaTmuTca 392
LWTYK. ABTOMaTM3aUMA OCYLLLECTBIAETCA 33 CYET.

1. ABTOMATMYECKOro YCTPOMCTBA PEryIMPOBAHMA Pa3IMBa CbIPHOTO 3epHa B Gopmy.

2. MexaHM3MOM CTyneH4aToro (LaroBoro) npeccoBaHume.

3. Y3en ogHoBpeMeHHO cpabaTtbiBaHWME MHEBMOUMAMHAPOB BEPXHEN M HUMKHEWN KPbILKM
NPUBOAUT K ABMMKEHMIO Ha BCTPeYy APYr K APYyry U 13 06paTHOro xo4a ocyllecTBaAaeTca
[BYXCTOPOHHee NpeccoBaHme, a Takxke pa3bopka n cbopka popm obeyaltkom.

4. CTON BbIEMKM OTNPECCOBAHHOIO Cbipa M3 GOPMbI CAYKUT TENECKOMHbIA MHEBMOUUAMHAP
(momkpar).
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PRECANCEROUS DISEASES AND BREAST
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Annotation: this scientific and analytical work presents the clinical aspects of ultrasound
diagnostics of inflammatory, precancerous, and breast cancer, including rare pathologies. It
provides a detailed and comprehensive overview of modern ultrasound diagnostic methods using
various modes: B-mode alone, its combination with color Doppler and elastography, as well as
their features and informative value in the differential and early diagnosis of pathological
conditions of the mammary gland. Current proposals of ultrasound clinicians are provided in the
following BI-RADS standard (6th edition). The possibilities of ultrasound correlation for nonspecific
symptoms such as pain and discomfort in the mammary glands, known as mastalgia and
mastodynia, are described. Clinical protocols for the diagnosis and treatment of various mammary
gland pathologies are presented, and current international practices and trends regarding
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oncovigilance and early diagnosis of breast cancer, including screening, using ultrasound are
described in detail.

Key words: breast, mammary gland, mammalogy, radiology, ultrasound, ultrasound
diagnostics, B-mode, color Doppler, elastography, mammography, oncology, breast cancer,
screening.

Today, ultrasound (US) diagnostics of various breast pathologies, including inflammatory,
dyshormonal, precancerous conditions, and breast cancer, is a leading method, both for initial
diagnosis and for comprehensive examinations.

According to current protocols for the diagnosis and treatment of breast pathologies in the
Republic of Kazakhstan, US diagnostics is the leading method for both initial diagnosis and
monitoring [1, 2, 3].

As noted by Forrai G. et al. [4] breast US can be used on its own in patients aged under 30.
Over the age of 30-35 years, it can be a complementary procedure to mammography, when
needed. It is not suitable for breast cancer screening, at any age. As for US scans of other regions,
breast US scanning should be documented with images in accordance with professional rules,
even in negative cases. Colour Doppler is optional, but can be used in addition. Some studies
suggest that a significant number of malignancies can be detected by US scanning as a
complement for mammography, but this has not yet been routinely introduced due to extra
human resource requirements and a high false positive rate. Automated breast US (ABUS) scan
hasn’t become widespread yet as a complementary investigation modality for dense breast
structures. Using a probe covering the breast, volumetric data are collected about the entire
breast, from which slices can be reconstructed to review the glandular tissue in the main
anatomical planes. This modality provides a good anatomical overview, as it is reproducible, and
it can be complemented by an automatic image recognition system. Its disadvantage is that the
false positivity rate is high for the biopsies it indicates, most of which will be benign. It should be
emphasized that the resolution and information content of US images provided by ABUS is the
same as for manual US scanning. Shear-wave elastography (SWE) is a non-invasive imaging
procedure based on tissue elasticity, measured in kPA. An abnormal process will modify the elastic
properties of the affected tissue. According to studies, US elastography may help differentiate
Breast Imaging Reporting and Data System (BI-RADS) 3 and 4a lesions, and may increase the
specificity of US scanning, thereby reducing the number of unnecessary breast biopsies. The role
of elastography in the monitoring of neoadjuvant treatments, in the differential diagnosis of
suspected axillary lymph nodes, and in the evaluation of microcalcifications affecting the glandular
tissue has been investigated. This method has also been integrated into the current BI-RADS
lexicon of 2013 [5].

Tsunoda H., Moon W.K. in their study [6] note that abnormalities on breast US images
which do not meet the criteria for masses are referred to as nonmass lesions. These features and
outcomes have been investigated in several studies conducted by Asian researchers. However,
the term “nonmass” is not included in the American College of Radiology BI-RADS 5th edition for
US. According to the Japan Association of Breast and Thyroid Sonology (JABTS) guidelines, breast
lesions are divided into mass and nonmass. US findings of nonmass abnormalities are classified
into five subtypes: abnormalities of the ducts, hypoechoic areas in the mammary glands,
architectural distortion, multiple small cysts, and echogenic foci without a hypoechoic area. These
findings can be benign or malignant; however, focal or segmental distributions and presence of
calcifications suggest malignancy. Intraductal, invasive ductal, and lobular carcinomas can present
as nonmass abnormalities. For the nonmass concept to be included in the next BI-RADS and be
widely accepted in clinical practice, standardized terminologies, an interpretation algorithm, and
outcome-based evidence are required for both screening and diagnostic US.
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Although the term, “nonmass”, is not used in the current BI-RADS for the US lexicon, the
components of nonmass abnormalities are included. Ductal changes and architectural distortions
are listed among the associated features. Moreover, calcifications are a separate major category
after masses; the descriptors for calcifications are as follows: 1) in a mass, 2) outside of a mass, or
3) intraductal. Cysts and clustered microcysts are included in special case categories. Notably, the
definition of a mass in the BI-RADS US lexicon omitted the convexity criterion to allow for the
inclusion of lesions with diffuse growth patterns, such as invasive lobular carcinoma or ductal
carcinoma in situ (DCIS). The 6th edition of BI-RADS is currently under review and may include the
term, “nonmass lesions”, as a new category in the revised lexicon. Nonmass lesions are defined as
discrete areas that can be differentiated from normal tissues, lack the margins of a mass, and
cannot be assigned a specific shape. In the JABTS guidelines, a mass is defined as a space-
occupying lesion or lump formed by components that differ from the surrounding tissue, whereas
nonmass abnormalities refer to lesions that are difficult to discern as a mass on US images. The
term, “abnormality,” was chosen to emphasize a finding with pathological significance, particularly
with a texture that differed from the normal surrounding tissue. The US findings of nonmass
abnormalities are classified into five subtypes: 1) abnormalities of the ducts, 2) hypoechoic areas
in the mammary glands, 3) architectural distortion, 4) multiple small cysts, and 5) echogenic foci
without a hypoechoic area. While some cases presented findings of only one subtype, many
exhibited a mixture of five subtypes. Although nonmass abnormalities may co-exist with masses,
the abovementioned findings were often depicted as isolated findings without mass formation.
Therefore, it remains clinically essential to understand these nonmass abnormalities. Various
benign and malignant diseases can present as nonmass abnormalities. These findings are most
useful in detecting DCIS; they are reflected in the anatomic structures of the ducts and lobules
[6,7].

In lactating breasts, multiple dilated mammary ducts with milk are visible on US. However,
bilateral or unilateral ductal dilatations with smooth walls and absent internal echogenicity can be
observed below the nipple or areola in normal non-lactating breasts. Fluid secretions in the ducts
sometimes appear as internal echoes; however, checking for floating can help differentiate
whether they are fluid or solid. Therefore, dilated ducts observed only in certain areas beyond the
nipple, ducts with irregular widening and narrowing, ducts with solid echoes, and ducts with
thickened walls should be recognized as ductal abnormalities and distinguished from ducts
without any pathological significance. Suspicious findings for cancer include the presence of a
unilateral segmental distribution, irregularity of ductal caliber, continuous or multiple lesions, a
gradual angle between intraductal proliferative lesions and the duct wall, and calcifications in the
solid component. In benign diseases such as intraductal papillomas, the solid component in the
dilated duct forms a steep angle with the duct wall and has high homogeneous echoes [6,8].

A hypoechoic area has different properties as compared with the surrounding or
contralateral mammary gland but does not meet the criteria for a mass. In the case of a mass, the
internal echoes are defined relative to the fatty tissue, whereas the term, “hypoechoic,” here
refers to the echogenicity relative to the surrounding mammary or fibro-glandular tissue. The
terms, “patchy” or “mottled,” are used to describe areas consisting of relatively small, speckled,
low echoes, whereas the term, “geographic” is used when such areas have fused together; the
term, “indistinct,” is used to describe areas that have indistinguishable boundaries. Because this
type of abnormality is determined by a deviation from the normal mammary structure, the JABTS
terminology and diagnostic criteria committee has concluded that it is clinically more appropriate
to compare echogenicity with the easily comparable internal echoes of mammary tissue rather
than with distant fatty tissue, where comparison of echo levels is often ambiguous. The presence
of hypoechoic areas in the mammary glands is the most important finding for understanding
breast-related diseases. However, distinguishing pathological findings that deviate from normal
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physiologic patterns or fibrocystic changes is difficult. The key point of differentiation is the
distribution of the hypoechoic areas. Multiple similar findings in the bilateral breasts suggest
normal or benign lesions, whereas focal or segmental distribution suggests suspicious or malignant
lesions. Therefore, if a hypoechoic area is found, it should be compared with the normal ipsilateral
or contralateral side for evaluation [6]. Diseases that can be depicted as hypoechoic areas in the
mammary glands include benign pathologies such as epithelial hyperplasia, fibrosis, radial scar,
sclerosing adenosis, and mastitis. Malignant diseases include DCIS, invasive ductal carcinoma with
predominant intraductal component, invasive ductal carcinoma, invasive lobular carcinoma, and
inflammatory carcinoma. The presence of calcifications raises concerns regarding the possibility
of malignancy. It is difficult to distinguish whether a lesion is localized within the ducts (in situ) or
has an invasive component. In some cases, a preoperative diagnosis of DCIS may change to
invasive ductal carcinoma after surgery. Invasion should be considered particularly when lesions
are extensive [6,9].

Architectural distortion pertains to a lesion that distorts breast tissue without mass
formation. This reflects convergent changes in the tissue, which can be attributed to both benign
and malignant findings. Breast cysts are circumscribed anechoic masses with accentuated
posterior echoes and imperceptible walls. However, multiple small cysts, which are several
millimeters in size, may easily be understood when considering them as a single entity rather than
when recognizing each cyst as a mass. If no cysts are found in other parts of the breast while a
cluster of small cysts is observed in a localized area, the term, “clustered microcysts,” can be used.
Multiple small cysts are classified into two groups based on their distribution: 1) the presence of
multiple scattered cysts in the bilateral breasts, which are typically benign, due to fibrocystic
changes, 2) the presence of multiple small cysts with focal or segmental distributions and clustered
microcysts. Microcalcifications on mammography can sometimes be recognized on US as
echogenic foci without definite ductal abnormalities or hypoechoic areas. However,
advancements in US equipment have made these findings more common for both benign and
malignant diseases. The evaluation of nonmass abnormalities is based on Brightness Mode (B-
mode) images; however, color Doppler and elastography may also aid in evaluation. Information
on vascularity is important because early-stage breast cancers, including DCIS, are often
hypervascular. In the hypoechoic areas of mammary glands, increased blood flow is more likely to
indicate malignancy. It has also been reported that micro-invasive carcinoma is more
hypervascular than DCIS, thus rendering it useful for differentiating the presence of micro-
invasion. Furthermore, it has been reported that high vascularity is useful for improving specificity
during screening. Information on elasticity by either strain or SWE can be used to characterize
benign and malignant lesions in nonmass hypoechoic or distorted areas. In strain elastography
(SE), elasticity is scored from 1 (soft) to 5 (hard) by light compression, where scores of 4 and 5
indicate malignancy. However, some DCIS cases are soft and similar to the surrounding tissue.
Thus, as compared to masses, the criteria for use with nonmass abnormalities are not established
(6,10].

Tsunoda H., Moon W.K. [6] emphasize that for the nonmass concept of breast US to be
included in the next BI-RADS (6th edition) and be widely accepted in clinical practice, the following
issues need to be addressed. First, terminology needs to be standardized. Clear definitions for
nonmass lesions should be established such that the same lesions are less likely to be classified as
either mass or nonmass. In addition, the terms, “nonmass abnormalities” and “nonmass lesions”,
must also be distinguished; “nonmass abnormalities” should be used when referring to all five
subtypes included in the JABTS guidelines, whereas “nonmass lesions” should be used when
referring to nonmass hypoechoic areas in the mammary glands. Therefore, the definitions and
usage of these terms require further discussion. Second, there is a need for standardizing the
feature descriptors and assessments of nonmass lesions.
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Now, it is necessary to dwell in more detail on the use of color Doppler US and elastography
in addition to B-mode in the diagnosis of solid breast tumors.

Okuno T. et al. conducted a multicenter study (JABTS BC-07) to establish the diagnostic
criteria for breast US, including color Doppler and elastography, for non-mass abnormalities of the
breast and verify their diagnostic usefulness. As the authors note color Doppler US reveals the
vascularity of a tumor through visualization of the blood flow. However, it is not considered a
standalone examination and is accompanied by B-mode US. Tissue elastography is another
technique that can be used in breast US; two modes of tissue elastography, SE and SWE, are
currently available [11].

The JABTS-BC 07 study was a multicenter observational study conducted along with CD-
CONFIRM, a study verifying the utility of color Doppler US and elastography in the diagnosis of
solid breast tumors, from April 2018 to March 2021 [12]. Authors enrolled women with
pathologically confirmed non-mass abnormalities of the breast who underwent B-mode and color
Doppler examinations and women with non-mass abnormalities of the breast with no significant
change for more than 1 year. Non-mass abnormalities that remained unchanged for more than 1
year were considered benign. Clinical data and US images of non-mass abnormalities of the breast
were collected, with the exclusion of lesions for which vacuum-assisted biopsies had previously
been performed. In cases in which Real-time Tissue Elastography (FUJIFILM Medical Corporation)
had been performed, images of elastography were also collected. They grouped bidirectional B-
mode images, size measurement images, B-mode images of the same site on the contralateral
side, B-mode videos, color Doppler videos, characteristic color Doppler images, and elastography
images from cases in which Real-time Tissue Elastography had been performed. The primary
endpoints were the sensitivity, specificity, and accuracy of color Doppler US adjunct to B-mode US
for non-mass abnormalities of the breast. The secondary endpoints were the validity of B-mode
and color Doppler classifications and findings in the differential diagnosis between benign and
malignant non-mass abnormalities of the breast and the sensitivity, specificity, and accuracy of
color Doppler US and SE adjunct to B-mode US for non-mass abnormalities of the breast.

A high-resolution US system with high-frequency (10 MHz and over) transducers was used
in the study. The velocity range of the color Doppler was initially set to 3-4 cm/s. The velocity
range, color scan area, and color gain were adjusted for vascularity. The subcutaneous fat and
pectoral muscle layers were included in the region of interest of SE. The JABTS and the Japan
Society of Ultrasonics in Medicine (JSUM) classify B-mode findings of non-mass abnormalities into
the following four categories: hypoechoic areas in the mammary gland, abnormalities of the ducts,
architectural distortion, multiple small cysts, and echogenic foci without a hypoechoic area. B-
mode US images in this study were evaluated according to the criteria of non-mass abnormalities
in the JABTS guidelines, location and distribution of the lesions, and echogenic foci as additional
findings. Bilateral location or diffuse distribution indicate benign nature, while unilateral location
and regional or quadrant distribution indicate malignant nature. The presence of echogenic foci
in the hypoechoic area in the mammary gland suggests advancement of malignancy. The
Terminology and Diagnostic Criteria Committee of the JABTS has developed definitions and
diagnostic criteria for color Doppler US. Vascularity was evaluated subjectively according to the
criteria of breast masses in the CD-CONFIRM study, i.e., according to a 4-point scale: 0, avascular;
(1+), hypo-vascular; (2+), moderately vascular; and (3+), hyper-vascular. Penetrating or plunging
blood flow in hypoechoic areas of the mammary gland and lesions with architectural distortions
were suspected to be malignant. In ducts with internal solid components, a single afferent blood
flow into the solid component implied a benign lesion, and multiple blood flows were suspected
to be indicative of malignancy. The researchers formulated the diagnostic criteria for non-mass
abnormalities of the breast based on Real-time Tissue Elastography as follows: score 1, the entire
area of the lesion displays green, indicating soft tissue; score 2, the area of the lesion displays both
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green and blue, but predominantly green; score 3, the area of the lesion displays both green and
blue, but predominantly blue; score 4, the entire area of the lesion displays blue, indicating hard
tissue; and score 5, extensive area of the lesion displays blue. In Japan, the following diagnostic
categories are used: Category 1, normal; Category 2, benign; Category 3a, probably benign
(surveillance is recommended); Category 3b, probably benign (biopsy is recommended); Category
4, suspected malignancy; and Category 5, malignant. Japanese Category 3b, 4, and 5 correspond
to the BI-RADS Category 4A, 4B and 4C, and 5 respectively [11].

The centralized image interpretation committee comprised 16 breast US specialists,
including one general physician, 10 breast surgeons, and five US technologists. They all had over
15 years of experience in breast US examinations, and the five US technologists were certified
sonographers of JSUM. The images were interpreted without access to medical or background
information other than the patient’s age. A remote US image interpretation system, developed
for JABTS BC-07 and CD-CONFIRM by Zenbe Corporation, was used. By employing this system,
image readers could evaluate the data on their computers at their convenience. First, the B-mode
images were evaluated, and the B-mode category was subsequently determined. Color Doppler
images were evaluated, and categorization combining B-mode and color Doppler imaging was
performed. Cases with available elastographic images were also evaluated, and a category
combining B-mode, color Doppler, and elastographic findings was assessed. For vascularity (-),
authors added -1 to the B-mode category, and for vascularity (2+) and (3+), our colleagues
added+1 to the B-mode category. Furthermore, elasticity scores of 4 and 5 were given a category
with+1 added to the B-mode category. Data collection and statistical analyses were performed at
the Clinical Research Data Center of Tohoku University Hospital. Clinical data and US findings were
registered using an electrical data capture system built by Viedoc Japan, and US images were
collected using network-attached storage via the Internet. Statistical analyses were performed
using SAS software version 9.4. (SAS Institute Inc., Cary, NC, USA). For statistical analysis of
sensitivity and specificity, Japanese categories 2 and 3a were considered negative, i.e., benign,
whereas categories 3b, 4, and 5 (biopsy is recommended) were considered positive, i.e.,
malignant. The McNemar test was used to compare B-mode imaging alone; the combination of B-
mode imaging and color Doppler imaging; and the combination of B-mode imaging, color Doppler
imaging, and elastography. Univariate and multivariate logistic regression analyses were used to
estimate odds ratios for the association between B-mode, color Doppler, and elastography
findings of malignant non-mass abnormalities. P values less than 0.05 were considered statistically
significant [11].

The researchers ultimately analyzed 385 non-mass abnormalities, comprising 202
malignant and 183 benign lesions. Of the 385 non-mass abnormalities, 237 were examined
simultaneously using Real-time Tissue Elastography. The 385 non-mass abnormalities included
272 hypoechoic areas in the mammary gland (155 malignant and 117 benign) and 62
abnormalities of the ducts (40 malignant and 22 benign), including 54 lesions with internal solid
components, 22 lesions with architectural distortion (8 malignant and 14 benign), 22 lesions with
multiple small cysts (12 malignant and 10 benign), and seven malignant lesions of echogenic foci
without a hypoechoic area. The 202 malignant lesions included 94 noninvasive ductal carcinomas,
82 invasive ductal carcinomas, 10 invasive lobular carcinomas, and others. The 183 benign lesions
included 51 fibrocystic changes, eight cases of fibrous disease, eight cases of intraductal papilloma,
and others. Seventy-three cases with benign lesions had unknown histological results and have
been observed. The sensitivity, specificity, and accuracy of B-mode alone were 83.7%, 32.8%, and
59.5%, respectively. The sensitivity, specificity, and accuracy of B-mode plus color Doppler US
were 93.1%, 29.0%, and 62.6%, respectively. The sensitivity of B-mode alone was significantly
improved by the addition of color Doppler imaging (p=0.0004). The specificity of B-mode alone
was decreased by the addition of color Doppler US; however, the difference was not statistically
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significant. The accuracy of B-mode alone was improved by adding color Doppler US; however, the
difference was not statistically significant. The sensitivity, specificity, and accuracy of B-mode US
alone were 84.6%, 34.2%, and 60.3% respectively. The sensitivity, specificity and accuracy of B-
mode US+color Doppler US+elastography were 89.4%, 32.5%, and 62.0% respectively. The
sensitivity of B-mode US alone was improved by adding color Doppler US and elastography, but
the difference was not significant (p=0.1088). The specificity and accuracy of B-mode US alone
was not altered by the addition of color Doppler US and elastography. The vascularity of blood
flow into an internal solid component of the ducts was not a statistically significant finding for
distinguishing between 35 benign and 19 malignant lesions [(2+)/(3+) vs. (-)/(1+), odds ratio (OR)
1.62, 95% confidence interval (Cl) 0.57-4.63, p=0.36]. A single vascular stalk into an internal solid
component of the ducts (present vs. absent, OR 0.44, 95% ClI 0.14-1.38, p=0.154) and multiple
blood flows (present vs. absent, OR 2.57, 95% Cl 0.81-8.13, p=0.10) (n=54) were not significantly
different between benign and malignant tumors. Elasticity scores were significant findings for
distinguishing between 70 benign and 92 malignant non-mass abnormalities (elasticity score 3/4/5
vs. elasticity score 1/2, OR 4.49, 95% Cl 2.20-9.16, p<0.0001) [11].

In conclusion, the authors state that the addition of color Doppler US and SE to B-mode
imaging in this study improved sensitivity without compromising specificity because in the case of
invasive breast cancers, tumor cells infiltrating the stroma are accompanied by vascular
hyperplasia, and in the case of noninvasive ductal carcinomas, the higher the degree of
malignancy, the higher the vascular hyperplasia in the stroma, and the greater the vascularity.
Thus, color Doppler US is incomparable for the diagnosis of breast cancer with improved
sensitivity. In contrast, benign lesions in the mammary gland are relatively soft and exhibit low
scores on elastography, making it superior for diagnosing benign lesions, thus improving the
specificity. Color Doppler and elastography work in a complementary manner, resulting in
improved sensitivity while maintaining specificity. For breast masses, the addition of color Doppler
US and elastography to B-mode US has considerably improved specificity while maintaining
sensitivity. In this study, the specificity did not improve as much for non-mass abnormalities as for
masses. This is because fibrocystic changes, which are benign lesions, often show a decrease in
the elasticity, whereas noninvasive ductal carcinoma, which is a malignant lesion, often maintains
its elasticity [11].

In the work of Cho S.M. et al. [13], the authors set the goal to determine how often non-
mass lesions are seen in screening breast USs, and analyze their US features according to the US
lexicon to find features suggestive of malignant non-mass lesions. This study is a single center
retrospective study for nonmass lesions on screening breast US. Among 21,604 patients who
underwent screening breast US, there were 279 patients with nonmass lesions. Of these lesions,
242 lesions were included for analysis. To distinguish between benign and malignant nonmass
lesions, univariate analysis was performed on size, echogenicity, distribution, orientation, and
associated US features. Additionally, Fisher's exact test was performed for mammographic density
and abnormalities. 279 patients with nonmass lesions were included (mean age 53.7 £ 9.7 years,
all women). The incidence of nonmass lesions on screening breast US was 1.29% with positive
predictive value of 5.78%. The most common malignant nonmass lesion was ductal carcinoma in
situ. Nonparallel orientation (p = 0.002), echogenic rim (p = 0.005), architectural distortion (p =
0.0004), posterior shadowing (p = 0.007), vascularity (p < 0.001), and calcifications (p < 0.001)
were indicators of malignant lesions. Additionally, mammographic abnormalities were significantly
associated with malignant lesions (p < 0.001). In conclusion, our colleagues conclude that the
incidence of nonmass lesions on screening breast US was 1.29%, with a positive predictive value
of 5.78%. Mammographic abnormalities, nonparallel orientation, architectural distortion,
posterior shadowing, vascularity, and calcifications were associated with malignant nonmass
lesions.
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In the work of Naeem M. et al. [14], the researchers point out that breast malignancy is
the second most common cause of cancer death in women. However, less common breast masses
can mimic carcinoma and can pose diagnostic challenges. In their case-based study, the authors
described a spectrum of rare breast neoplastic and non-neoplastic masses ranging from malignant
to benign entities. Malignant masses in this review include adenoid cystic carcinoma, spindle cell
lipoma, granular cell tumor, angiosarcoma, glomus tumor, adenosquamous carcinoma, and
myofibroblastoma. Benign masses include sarcoidosis, diabetic mastopathy, and cat scratch
disease.

The radiological and, in particular, US features of these types of mammary gland pathology
are described:

- adenoid cystic carcinoma: this tumor accounts for 0.5-0.8% of all breast cancers and
affects women more often than men; on US, it is often characterized as a hypoechoic, irregular
mass with minimal vascularity on color Doppler;

- spindle cell lipoma: this is a rare variant of lipoma with a predominantly adipocytic
component, also known as ‘benign stromal spindle cell tumor’; on US, the mass has a homogenous
hypo to hyperechoic appearance with minimal posterior shadowing;

- granular cell tumor: previously called breast granular cell myoblastoma, granular cell
tumor is an uncommon neoplasm of the peripheral nervous system originating from the Schwann
cells; the sonographic appearance also varies; a granular cell tumor often presents as a hypoechoic
mass with circumscribed or irregular margins, with or without posterior acoustic shadowing, a
peripheral echogenic halo may be seen;

- angiosarcoma: a malignancy of endovascular origin, angiosarcoma accounts for
approximately 1% of all soft tissue breast tumors; on US, angiosarcoma is usually very
hypervascular with a heterogeneous appearance secondary to intratumoral hemorrhage;

- glomus tumor: these are uncommon mesenchymal tumors arising from glomus bodies,
which are specialized neurovascular organs; sonographically, glomus tumors are generally
hypoechoic and extremely vascular in appearance with turbulent flow; an associated efferent
vessel is often described;

- adenosquamous carcinoma of the breast: a rare form of invasive mammary cancer,
adenosquamous carcinoma accounts for approximately 0.3% of all breast cancers; the majority
are low grade and do not typically present with metastasis, which is most frequent to axillary
lymph nodes; on sonogram, it typically appears as a hypoechoic, irregular mass with posterior
acoustic shadowing;

- myofibroblastoma: a benign mesenchymal tumor, myofibroblastoma of the breast is seen
in postmenopausal women and older men between 60 to 80 years of age and constitutes less than
1% of all breast tumors; a well-defined hypoechoic mass is typically seen on US with or without
variable degree of posterior acoustic shadowing;

- sarcoidosis: sarcoidosis is a multisystem granulomatous disease that commonly affects
the lungs, lymph nodes, skin, spleen, and liver; less than 1% cases involve the breast; US usually
demonstrates a hypoechoic, irregular mass with posterior acoustic shadowing;

- diabetic mastopathy: this is a benign fibrotic disease of the breast seen in patients with
long standing insulin dependent type | and rarely type Il diabetes mellitus; it is thought that
hyperglycemia causes accumulation of glycosylated end products, which trigger an autoimmune
response causing lymphocytic infiltration and fibrosis which can be mass-like; on US, it is difficult
to distinguish diabetic mastopathy from malignancy; an irregular mass with or without posterior
acoustic shadowing is commonly seen; core biopsy is performed for definitive diagnosis with
histopathology demonstrating lymphocytic infiltration in a predominant periductal and
perivascular distribution; keloid fibrosis is also seen in severe cases;

- cat scratch disease: cat scratch disease is a bacterial infection that is caused by Bartonella
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henselae and histologically characterized by granulomatous inflammatory lymphadenopathy
nearby the site of inoculation from a cat scratch; in the breast, cat scratch disease can present as
unilateral mastitis or a mass; on color Doppler, these masses typically demonstrate hila with
vascular flow consistent with enlarged intramammary lymph nodes; biopsy may be necessary in
elusive cases.

Summarizing the study, the authors state that benign and malignant atypical breast masses
can mimic invasive ductal or lobular carcinoma along with benign breast pathology. The imaging
features of these rare masses are often non-specific and biopsy with histopathologic diagnosis is
required to diagnose these rare masses.

A very interesting scientific study devoted to the study of breast cancer risk characteristics
in women undergoing US examination of the entire breast, compared with mammography, was
conducted by Sprague B.L. et al. [15].

As the authors emphasize there are no consensus guidelines for supplemental breast
cancer screening with whole breast US. However, criteria for women at high risk of mammography
screening failures — interval invasive cancer or advanced cancer — have been identified. Our
colleagues evaluated mammography screening failure risk among women undergoing
supplemental US screening in clinical practice compared to women undergoing mammography
alone.

The study included 38,166 US screening exams among 29,112 women and 825,360
mammography screening exams among 377,140 women, vielding a ratio of one US screening
exam for every 22 mammography alone screening episodes. Most US screening exams (75%) were
the woman’s first US screen and 63% of screening USs occurred within 9 months following a
mammogram. Two percent of US screens occurred among women who had a prior magnetic
resonance imaging screening exam recorded in the Breast Cancer Surveillance Consortium (BCSC)
database, compared to 0.4% among the mammography alone group. Approximately 69% of US
screening exams occurred among women aged 40-59 years and 25.7% were among women who
identified as Asian, Black, or Hispanic. 95.3% of US screening exams were among women with
dense breasts, while 21.7% occurred among women with a first-degree family history of breast
cancer, 24.3% had a prior benign breast disease diagnosis, and 43.7% were among women who
were overweight or obese. There were statistically significant differences in the distribution of
demographic and risk characteristics between US screening exams and mammography screening
alone exams (p<0.0001). In comparison to mammography, US screening exams were much more
likely to occur in women who were younger than age 50 years, premenopausal, had dense breasts,
and normal body mass index. Small differences were observed in race/ethnicity, family history of
breast cancer, and personal history of benign breast disease. In analyses restricted to exams
among women with dense breasts, there were 35,616 US screening exams and 342,343
mammography alone screening episodes, corresponding to a ratio of 1:10. In this subset of exams,
US screening was more likely to occur in White women, and slightly more likely to occur among
women who were younger than 50 years, premenopausal, had extremely dense breasts, a family
history of breast cancer, and a history of benign breast disease. The distribution of body mass
index was very similar across groups [15].

Among screening US exams in women ages 35-74, 27.2% occurred in women with
intermediate BCSC 5-year invasive breast cancer risk (1.67-2.49%) and 18.1% occurred among
women with high or very high BCSC 5-year invasive breast cancer risk (>2.50%). In the comparator
group of mammography alone exams, 19.6% occurred in women with intermediate BCSC 5-year
invasive breast cancer risk and 9.5% occurred among women with high or very high BCSC 5-year
invasive breast cancer risk. In analyses restricted to exams among women aged 35-74 years with
dense breasts, 46.4% of screening US exams occurred in women with intermediate or higher BCSC
5-year invasive breast cancer risk, whereas 40.7% of mammography alone screening exams

172



«World Scientific Reports» (October 16-17, 2025). Paris, France I

occurred in women with intermediate or higher BCSC 5-year invasive breast cancer risk. A total of
22.6% of screening USs were performed in women at high risk of interval invasive cancer after
mammography due to having either heterogeneously dense breasts and BCSC 5-year invasive
breast cancer risk of >2.5%, or extremely dense breasts and BCSC 5-year invasive risk 21.67%.
Among the mammography alone comparator group, 8.0% of exams were in women at high
interval invasive cancer risk (adjusted OR [aOR]=3.28; 95% Cl: 3.17-3.39 for high interval invasive
cancer risk, US vs. mammography). Among women with dense breasts, 23.7% of screening USs
were performed in women at high risk of interval invasive cancer, whereas 18.5% of
mammography alone exams were in women at high risk of interval invasive cancer (aOR=1.35;
95% Cl:1.30-1.39). 30.7% of US screens among women ages 40-74 years occurred in women with
intermediate or high BCSC 6-year advanced breast cancer risk (20.38%). Among the
mammography alone comparator group, 18.6% of exams occurred in women with intermediate
or higher advanced breast cancer risk (aOR=1.60; 95% Cl:1.55-1.64 for intermediate or higher
advanced cancer risk, US vs. mammography). In analyses restricted to exams among women aged
40-74 years with dense breasts, 32.0% of screening US exams occurred in women with
intermediate or high BCSC 6-year advanced breast cancer risk, whereas 30.5% of mammography
screening alone exams occurred in women with intermediate or high BCSC 6-year advanced breast
cancer risk (aOR=0.91; 95% Cl:0.89-0.94) [15].

The authors note that the results from a geographically diverse sample of breast imaging
facilities in the United States demonstrate that US screening was predominantly utilized by women
with dense breasts. Other breast cancer risk factors were also more common, and risk of
mammography failures —interval invasive breast cancer and advanced cancer —was higher among
US screening exams compared to mammography screening alone. Analyses restricted to exams
among women with dense breasts indicated only modest differences in risk of interval or advanced
cancer between the US and mammography alone groups. Overall, findings indicate strong
selection of women for US screening based on breast density alone and moderate selection based
on other breast cancer risk factors, corresponding to a wide distribution in risk of mammography
screening failure among women undergoing breast US screening. The moderate differences in the
risk distributions for invasive breast cancer, interval cancer, and advanced breast cancer observed
in the full study population between US screening exams versus mammography alone exams
narrowed substantially when restricted to exams among women with dense breasts. Most
notably, the prevalence of intermediate or high 6-year advanced breast cancer risk among women
with dense breasts was higher among mammography alone screening exams compared to
supplemental US screening exams after adjusting for BCSC registry. Our colleagues emphasize that
their results also demonstrate that a clinically significant proportion of women at high risk of
advanced cancer underwent mammography screening alone with no supplemental screening.
These findings suggest a potential role for risk assessment at the time of mammography screening
or during primary care visits when screening strategies are discussed. In summary, the authors
note that they found that US screening in this geographically-diverse multi-site study was strongly
targeted to women with dense breasts. The distributions of breast cancer risk, interval invasive
breast cancer risk, and advanced cancer risk varied widely among women undergoing US
screening. Many women at high risk of screening mammography failure did not undergo
supplemental screening following mammography. Consideration and further public awareness of
other breast cancer risk factors beyond breast density could facilitate identification of women at
high risk of mammography screening failures who may be appropriate for supplemental US
screening [15].

As is well known, pain and discomfort in the mammary glands, known as mastalgia and
mastodynia, are among the most common complaints women present with for breast US
examinations. This often occurs even before consulting a mammologist. An interesting study on
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this issue was conducted by Bui A.H. et al. [16]. Based on an analysis of a number of studies, the
authors found that most imaging examinations performed for isolated breast pain have negative
results, with no correlate to explain the patient’s symptoms. Prior studies have reported negative
imaging results (BI-RADS 1) in 77.3% to 95% of isolated breast pain cases. Occasionally, a benign
correlate will be identified at the site of focal pain. Prior studies have reported benign imaging
findings (BI-RADS 2), most commonly cysts, in 2.5% to 20% of cases. Specific benign findings may
be reassuring to the patient and offer an opportunity for intervention, such as cyst or abscess
aspiration, for symptomatic relief. Rarely, malignant findings will be associated with the site of
focal pain. The reported malignancy rates range from 0% to 2.3%. Several studies observed
malignancy rates (0.2% to 0.4%) similar to the cancer detection rate in asymptomatic screening
mammography population (5/1000 screens; 0.5%). In other words, the main and overwhelming
percentage of these symptoms relate to extramammary causes.

It should be noted that this clinical and diagnostic picture is also observed in our practice,
in connection with which, as an additional examination, we refer the patient to a neurologist, who,
as a rule, prescribes magnetic resonance imaging of the cervical-thoracic spine, as well as a
consultation with a cardiologist and, if necessary, a pulmonologist.

Now, regarding lactostasis and/or lactational mastitis. In the work of Ye H. et al. [17], the
authors note the importance of the US method, both in the initial diagnosis of this disease and
after treatment. B-US (mode) data of 41 patients were statistically analyzed. It was found that
before treatment, 14 patients showed lamellar hypoechoic or anechoic areas of the breast with a
maximum of 4.2cm x 2.2cm on B-US. Therefore, mastitis or breast abscess can be considered for
these patients. Among them, 13 patients had normal B-US images after treatment. Besides, 1
patient had no obvious change and was hospitalized with intravenous administration of antibiotics
and fine needle puncture under the guidance of B-US. The imaging recovery rate was 92.86%.

Chen C. et al. in their study note that lactational breast abscess is a serious complication of
mastitis and commonly diagnosed in breast-feeding women [18]. In their study, for the first time,
authorsinvestigated the feasibility, efficacy, and cosmetic results of surgical drainage of lactational
breast abscess with US-guided Encor VABB system. From January 2017 to May 2018, a total of 36
female patients in the first people's hospital of Zunyi were included. All cases were confirmed with
aspiration of pus. Lactational patients with the following conditions were considered to meet the
eligibility criteria for surgical drainage of breast abscess with US-guided Encor system: (a) single
breast abscess identified on US with a minimum diameter of five or more centimeters; (b) multiple
breast abscesses identified on US with a minimum diameter of three or more centimeters; (c)
treatment failure with needle aspiration (a maximum of three times without complete resolution).

All the surgeries were performed by two skilled surgeons with experience of breast US by
using the 7-gauge Encor VABB system. A Chison Q6 US system (KeeboMed Corporation) with high-
resolution linear array transducers (7.5 MHz) was used to provide real-time US guidance. Patients
were maintained in a supine position with the target area sterilized and draped. Local anaesthesia
is performed with the mixture of 0.5% lidocaine, 1:200 000 epinephrine and normal saline solution
in a total volume of 80-100 ml. The ultrasonic transducers and tubing of Encor device were
protected with sterile covers. A'5 mm inframammary incision was made with a #11 triangular
blade to served as the access for the probe. The probe was then positioned beneath the lesion
under real-time US guidance using freehand technique. The pus were drained by vacuum
aspiration, and some were sent for bacteriological culture. The septa among abscesses, if exist,
were broken with the ultra-sharp cutting tip and the rotating cutter to ensure thorough drainage.
A sample of the lesion tissue was excised using the rotating blade with vacuum aspiration, and
were sent for pathologic evaluation. When all abscesses were no longer visible under US, the
procedure was considered done. A longitudinally and transversely sonographic rescan was
performed to confirm the complete drainage. 100-250 ml normal saline solution was irrigate in
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the previous abscess cavity using 50 ml syringe under real-time US guidance, and then was
aspirated to remove cellular debris and surface pathogens. Next, a catheter connected with a
plastic suction bottle was placed for continuing drainage through the same inframammary
incision. The catheter was fixed securely to the skin with silk suture. The catheter could be
removed when the volume of drainage became less than 20 ml/d and with the confirmation of no
residual abscesses. The previous abscess cavity was irrigated once a day with normal saline to
remove surface microorganisms or tissue debris and to prevent occlusion of catheter.
Continuation of breastfeeding was always encouraged for all patients. The blood test and breast
ultrasonography were repeated 3 days for postoperative evaluation until complete resolution.
Surgical drainage of lactational breast abscesses with US-guided Encor VABB system was
successfully performed in all 36 patients. In conclusion, our colleagues summarize that surgical
drainage of breast abscess with US-guided Encor VABB system is a feasible and safe procedure
with excellent cosmetic outcomes. It could serve as a promising alternative for women with
lactational breast abscess who require surgical intervention [18].

To summarize the above, it can be concluded that the method of US diagnostics of various
breast pathologies, ranging from lactostasis in lactating women and inflammatory changes to
cancer of this organ, is one of the leading methods in the comprehensive diagnosis of such changes
in the mammary gland. Also, this radiographic method is essential both for the initial diagnosis of
pathological conditions and for their monitoring during follow-up examination and treatment.
Furthermore, thanks to technological advances in medical technology, a variety of complementary
imaging modalities for breast pathological changes now exist. This includes, of course,
complementing the basic B-mode US, which visualizes breast tissue and adjacent tissue structures
in real time as a black-and-white image, with color Doppler and elastography. Doppler US focuses
on blood flow, while elastography focuses on the structural properties of tissues, in other words,
their elasticity. US diagnostic techniques for various breast pathologies in general, and early-stage
breast cancer in particular (including as a second-stage screening examination following digital
mammography), are an important component of the specialty of «Radiology». Their high
information content, sensitivity, and specificity often allow for an accurate diagnosis without
resorting to more complex examination methods, which often carry a significant risk of
complications and/or radiation exposure. These methods also enable targeted, specialized
treatment for these patients.
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Abstract

This article explores the evolution of bilateral relations between the Republic of Kazakhstan and
the United Arab Emirates (UAE) from the establishment of diplomatic ties in 1992 to the present
day. The study highlights the transition from initial political contact to a multidimensional strategic
partnership that encompasses investment, renewable energy, and sustainable development. It
demonstrates how both nations have forged a cooperative model that balances pragmatic
diplomacy with shared cultural and economic values.

Keywords: Kazakhstan, United Arab Emirates, diplomacy, investment, sustainable development,
foreign policy, green technology.

Introduction

After achieving independence in 1991, Kazakhstan pursued a diversified foreign policy designed
to build balanced relations with both Eastern and Western partners. Among the Arab countries,
the United Arab Emirates quickly emerged as one of its most reliable and proactive allies. The
bilateral relationship developed steadily, grounded in mutual interests in modernization, energy
cooperation, and regional stability. Over the past three decades, Kazakhstan and the UAE have
transformed diplomatic interaction into a sustainable, forward-looking partnership.

Historical Background

Diplomatic relations between Kazakhstan and the UAE were formally established on October 1,
1992, marking the beginning of an enduring and trust-based cooperation. Kazakhstan opened its
embassy in Abu Dhabi in 1998, followed by the UAE establishing its embassy in Astana in 2006.
These steps reflected the mutual intent to expand dialogue and institutionalize diplomatic
channels.

In the early 2000s, the UAE became one of the first Arab investors in Kazakhstan’s economy.
Emirati organizations such as DP World and the Abu Dhabi Fund for Development invested in
logistics, infrastructure, and trade. President Nursultan Nazarbayev’s 2008 visit to Abu Dhabi gave
new impetus to cooperation, resulting in long-term agreements in transportation, energy, and
investment spheres.

Modern Cooperation and Strategic Focus

In the 21st century, relations between Kazakhstan and the UAE have reached a strategic level
characterized by economic diversification and innovation. Direct Emirati investments in
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Kazakhstan surpassed 3.5 billion USD by 2024, targeting green energy, finance, and digital
technologies. Companies such as Masdar, TAQA, and Mubadala have become key partners in
advancing renewable-energy infrastructure.

Both countries coordinate their foreign-policy efforts in multilateral organizations including the
United Nations (UN), the Organization of Islamic Cooperation (OIC), and the Conference on
Interaction and Confidence-Building Measures in Asia (CICA). Their cooperation supports global
peace initiatives, sustainable diplomacy, and inter-civilizational dialogue.

Cultural and Humanitarian Exchange

Cultural collaboration complements the political and economic dimensions of the bilateral
partnership. Universities in both countries host academic forums and exchange programs that
bring together researchers and students. Annual cultural events, exhibitions, and tourism
development projects strengthen mutual understanding and build lasting people-to-people ties.

Tourism is rapidly growing: thousands of Kazakh citizens travel to the UAE each year, while Emirati
visitors show increasing interest in Kazakhstan’s cultural heritage and natural landscapes. This
expanding social interaction serves as a bridge of friendship and mutual enrichment.

Conclusion

Kazakhstan—UAE relations today can be described as comprehensive, dynamic, and strategically
balanced. Both nations share a vision of sustainable progress based on innovation, environmental
responsibility, and intercultural dialogue. Future cooperation will likely expand in renewable
energy, education, and digital transformation — reflecting the shared ambition of Astana and Abu
Dhabi to contribute to regional stability and a greener global economy.
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The foreign policy of the Republic of Kazakhstan is focused on ensuring national interests,
building confidence and cooperation with international organisations and the states of the Arab
world. The strategy's key priorities are as follows: the attraction of foreign investment, the
strengthening of transport and transit infrastructure, and the stimulation of export activity in the
medium and long term. In the current global economic environment, the Republic of Kazakhstan
and the broader Muslim world, notably Arab states, have established themselves as significant
actors, particularly through enhanced trade and economic partnerships. These interactions greatly
benefit from the countries' mutual historical heritage, shared cultural traditions, and converging
economic interests, all of which facilitate deeper integration. An in-depth examination of their
international economic engagements identifies multiple pivotal dynamics that warrant detailed
consideration. Foremost among these is the role and influence of globalisation processes,
significantly reshaping the structure, content, and scope of interstate cooperation. Secondly, the
necessity for legal regulation of these relations in the context of new geo-economic and
geopolitical realities. Thirdly, the imperative to nurture qualified diplomatic personnel in
Kazakhstan who are adept at safeguarding national interests and assessing the extent of the
country's economic interaction with the global community.

The updated Foreign Policy Concept of the Republic of Kazakhstan, approved on 6 March
2020, clearly outlines the strategic guidelines of the state. The primary objectives encompass the
preservation of autonomous foreign policy decision-making, the cultivation of mutually beneficial
bilateral and multilateral international relations, and the enhancement of the nation's standing on
the global stage [1]. These objectives are aimed at strengthening the sovereignty and improving
the international image of Kazakhstan, which in turn contributes to a more active participation in
global processes.

Following the attainment of independence by the Republic of Kazakhstan, the country
commenced a period of active exploration in regard to novel foreign policy directions, including
the deepening of ties with the countries of the Arab East. During the period of the Soviet Union,
contacts with the Muslim world were limited, and the Middle East was perceived more as a region
of risk associated with Afghan transit through Tajikistan.

However, with the advent of change in the geopolitical environment of Eurasia, Kazakhstan
discerned significant prospects for cooperation from the south-east, particularly in the context of
diversifying its transport and logistics infrastructure. For a landlocked country, such diversification
is of particular importance.

Bakhtiyor Ergashev, Director of the Ma'no Centre for Research Initiatives in Uzbekistan,
emphasises the significance of several pivotal domains that are instrumental in shaping the future
trajectory of Central Asia. These include transport and communications projects, energy, which is
closely linked to water resources, and environmental issues. Ergashev further contends that these
domains will determine the trajectory of the region's economic advancement, both within local
contexts and in a global perspective. According to the expert, the states that can offer the most
attractive initiatives and solutions in these areas will take the lead in the region [2].

Lidia Parkhomchik, an expert from the Institute of World Economy and Politics, has
asserted that the contemporary era is characterised by the aspiration of Central Asian countries,
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notably Kazakhstan, to enhance interregional relations with Arab states. This trend is gaining new
momentum against the background of deepening economic and cultural ties, which puts the
countries of the region in search of new forms and mechanisms of cooperation [3].

In the context of globalisation and evolving international political dynamics, the Central
Asian states recognise the necessity to expand their diplomatic and economic horizons. Interaction
with the Arab world is regarded as a priority, as it facilitates access to substantial investment
resources and novel trade routes, which is particularly salient in the pursuit of alternative markets
and financial sources.

Kazakhstan, leveraging its geopolitical position, has proactively engaged in the process of
developing relations with Arab countries. This initiative has not only contributed to the
strengthening of the country's economic potential but also enabled it to assume a more prominent
role in the international arena. The enhancement of collaborative endeavours can be evidenced
by the initiation of joint ventures in domains such as energy, investment and technological
exchange. These endeavours are poised to foster the growth and development of both Kazakhstan
and its Arab partners. The role of Arab countries in the global economy, particularly within the
energy sector, is significant. The countries of the Arab Gulf region hold some of the most
substantial proven oil reserves globally, collectively accounting for nearly half of the world’s total.
This immense resource base positions them as pivotal suppliers of raw materials on the
international stage. Among them, the Arabian monarchies have emerged as dominant players in
the global energy trade, a status reinforced by their exceptionally low production costs and
advantageous geographical positioning at the crossroads of key maritime and overland trade
routes. These structural advantages enable them to exert considerable influence over global
energy markets.

The International Energy Agency (IEA) forecasts that oil will continue to play a significant
role in the global energy mix, maintaining a share of around 40% of total energy consumption in
the medium term. This highlights the importance of Arab countries not only as major exporters,
but also as active participants in international investment processes offering high-tech products
to the market.

In recent decades, the Arab East has undergone significant transformation, evolving into
not only a prominent exporter of energy resources but also a noteworthy international financial
centre. Experts have observed the rapid development of the financial sector in the Arabian
monarchies, where globally competitive financial services have emerged in recent years. The lack
of key components of a national financial system in the 1980s has since been overcome by the
rapid growth of central banks, stock exchanges, and insurance institutions.

Despite the fact that Arab countries still do not rank highly on the Composite Index of
Economic Freedom, they have significant advantages in creating a favourable business
environment. The presence of low taxes and minimal corruption has been identified as
contributing to a more favourable business environment, thereby rendering them attractive for
international investment and commercial initiatives.

It is noteworthy that certain Arab countries have come to exemplify the process of modern
economic modernisation. In a relatively brief historical period, the group of states: Saudi Arabia,
Kuwait, the UAE, Oman, Qatar and Bahrain, united within the framework of the Cooperation
Council of Arab States of the Persian Gulf, have become an authoritative actor in international
relations [4].

The United Arab Emirates (UAE) is widely regarded as one of the leading states in the Arab
East. Since 1 October 1992, the United Arab Emirates has been one of the earliest states in the
Persian Gulf to formalise diplomatic ties with the Republic of Kazakhstan. This cooperation was
further institutionalised with the opening of Kazakhstan’s Consulate General in Dubaiin 1997. The
diplomatic engagement between the two nations deepened with the inauguration of the UAE
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Embassy in Kazakhstan in 2005, followed by the establishment of the Embassy of Kazakhstan in
the UAE in 2006.Since 26 February 2019, the position of Ambassador Extraordinary and
Plenipotentiary of the Republic of Kazakhstan to the UAE has been held by M. Menilbekov. Starting
from September 2021, the same role in Kazakhstan is fulfilled by M. Al-Ariki, representing the UAE.

The enhancement of bilateral relations between Kazakhstan and the UAE has been
facilitated by a series of official and working visits. The first President of Kazakhstan, N.
Nazarbayev, visited the UAE many times between 1998 and 2019, including in 1998, 2000, 2004,
2005, 2006, 2008, 2008,

2009, 2009, 2010, 2010, 2011, 2012, 2012, 2013, 2013, 2014, 2016, 2017, 2018 and 2019.
It is evident

that these visits have played a pivotal role in fortifying the bonds of interstate cooperation.
In 2008, Kazakhstan received an official visit from the late President of the UAE, Sheikh Khalifa bin
Zayed Al Nahyan, who also made private visits in 2004, 2006, 2007, 2009, 2010, 2011 and 2013.

President of Kazakhstan K. Tokayev has actively participated in diplomatic engagements
with the United Arab Emirates, having conducted four visits: two official ones in January 2020 and
January 2023, and two working visits in May 2022 and December 2023. The commitment to high-
level dialogue was reciprocated in July 2018, when the Crown Prince of Abu Dhabi, Sheikh
Mohammed bin Zayed Al Nahyan, undertook an official visit to Kazakhstan, reflecting the mutual
respect and growing strategic interest between the nations' leadership. Furthermore, inter-
parliamentary collaboration between Kazakhstan and the UAE continues to intensify, as
demonstrated by the working visit of Amal Al Qubeisi, Chairperson of the UAE Federal National
Council, to Kazakhstan on 23-24 September 2019.This visit served to emphasise the importance
of strengthening bilateral relations at the parliamentary level. A significant meeting was held on
17 June 2021 in the format of

videoconference between the Parliamentary Cooperation Group of the Majilis of the
Parliament of the Republic of Kazakhstan and the Federal National Council of the UAE. This
inaugural meeting signifies a shared commitment to fostering further development in the realm
of inter-parliamentary relations between the two nations. This commitment was further
reinforced by the visit of M. Ashimbayev, Chairman of the Senate of the Parliament of Kazakhstan,
to Abu Dhabi on 6-7 November 2023, which exemplifies the dynamic engagement at the highest
levels of the two parliaments.

The volume and dynamism of trade and economic cooperation between Kazakhstan and
the UAE is demonstrably significant. In 2023, the trade turnover between the two nations
amounted to $328.9 million, with Kazakh exports to the UAE accounting for $210.3 million.
Furthermore, from 2005 to 2023, the gross direct investment inflow from the UAE to the Republic
of Kazakhstan totalled $3.7 billion, indicating the UAE's significant interest and confidence in the
Kazakh economy. Concurrently, investments from Kazakhstan to the UAE amounted to $1.2 billion,
underscoring the reciprocal nature of investment flows between the two nations. In 2022,
Kazakhstan recorded a gross inflow of direct investments from the United Arab Emirates
amounting to $416.7 million, reflecting a notable 27% increase compared to the previous year. In
contrast, outbound investments from Kazakhstan to the UAE totaled $59 million during the same
period [5].

A key outcome of the research is the confirmation of the initial hypothesis that, despite
various challenges - including geopolitical volatility and economic uncertainty - there remains
substantial untapped potential for the advancement and intensification of Kazakhstan’s foreign
policy engagement with the countries of the Arab East. While the bilateral relations are already
grounded in strong political, historical, cultural, and economic linkages, they stand to be
significantly reinforced through the development of strategic partnerships and the exploration of
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new areas of cooperation, such as renewable energy, technological innovation, education, and
sustainable development.

The study emphasised the significance of cultural dialogue and mutual understanding in
this context. The Arab East and Kazakhstan share numerous cultural and religious values, which
have the potential to serve as the foundation for more active cultural exchange and joint
educational projects. These initiatives contribute to the establishment of trust and mutual respect,
which is critical for the successful overcoming of political and economic barriers.
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AHHOmauus; B cTaTbe paccMaTpMBaETCA PO/Jb  WMCKYCCTBEHHOrO WHTENIeKTa B
MHHOBALMOHHOM MapKEeTUHIe, ero 3HadyeHue A48 MNepcoHanM3aumMM KAMEHTCKOro onbiTa Mt
NPOrHO3MPOBaHUA MOTPEOUTENLCKOTO NoBeaeHMA. MoKa3aHo, YTO MCMOAb30BaHME TEXHOI0rMI
MaLIMHHOTO 0Oy4YeHUs M aHanM3a OOAbLIMX AAaHHbIX MO3BOMAET KOMMNaHWAM 6onee TOYHO
onpeaenatb noTpebHOCTM ayauTopuK, GOPMMPOBaTb MWHAMBUAYaNbHbIE MNPEAONKEHUA U
pa3pabaTbiBaTb MNPOAKTUBHbIE MapKeTUHrosble cTpaternn. QOcoboe BHUMaHWE yAeNeHo
npenmylecTsam BHeapeHus M, BKAtoYasa nosbillieHne 3GGEeKTUBHOCTU N CHUKEHNE U3AEPIKEK,
a TaKXe BbI30BaM, CBA3aHHbIM C 3TUYECKMMM 1 NMPaBOBbIMM acnekTamm 06paboTKM NepcoHanbHbIX
[aHHbix. CaenaH BbIBOA, O TOM, YTO MCKYCCTBEHHbIM WHTENNEKT CTaHOBUTCA He TOJ/IbKO
MHCTPYMEHTOM MOBbIWEHNS KOHKYPEHTOCMOCOOHOCTM, HO W CTpaTermyeckMm pPecypcom,
onpeaenAWmnm byayLiee MapKeTUHra B yC0BUAX UMPPOBOM TpaHchOpMaLmu.

Knwoyesble  cn08a;  WHHOBALUMOHHbBIA  MApPKETUHT,  WUCKYCCTBEHHbIM  WHTENNEKT,
nepcoHanu3auma, NpeaukTMBHas aHanuTMKa, bonbluMe AaHHble, UMdpoBas TpaHchopmaums,
noTpebuTenbckoe noseaeHme.

CoBpeMeHHbI PbIHOK Pa3BMBaETCA NOJ BO3AENCTBMEM LMPPOBOM TpaHCchopmaumm, rae
KNOYEBYHO PO/Ib HAYMHAET UrpaTb MCKYCCTBEHHbIN MHTeNNeKT (MWN). Ero 3HauyeHne B MapKeTuHre
0bycnoBneHo HeobxoAMMOCTbio 6osiee TOYHOTO MOHMMAHMA NOTPEBUTENBCKMX NPEeANnOYTEHNN,
YCKOPEeHHOM 06paboTkm HBonblIMX MacCMBOB  [aHHbIX UM NOBblEHUA 3HEeKTUBHOCTH
KOMMYHUKauumM mexay OpeHaomM U KAMeHTOM. B ycnoBuax  UMGPOBOM  3KOHOMMKM
nepcoHanM3aums MapKeTUHra CTaHOBUTCA OAHMM M3  KAYEBbIX (GAKTOPOB MOBbILLIEHUS
3bEKTMBHOCTN B3aMMOAENCTBUA C NOTPEOUTENAMMN. VICKYCCTBEHHbINA MHTENNEKT UIPAET BaXKHYHO
POJIb B @aHaM3e 60/1blMX 0ObEMOB AaHHbIX, MPOrHO3MPOBaHMM NOTPEOUTENBCKOrO NOBEAEHNS U
aBTOMATU3aLMM KOMMYHMKauui [1]. TpagnMUMOHHbIE METO/bl aHaNAN3a U NPOABUNKEHUA YIKE He
NO3BO/IAIOT B MO/IHOM Mepe Y4YnTbiBaTb AMHAMUKY U3MEHEHWN NOoTPebUTenbCcKoro noseaeHus,
Toraa Kak MM obecneunBaeT BO3MOMKHOCTb afanTalMM MapKeTUHIOBbIX CTpaTernii B peasibHoOM
BpemeHW. Kpome Toro, BO3pacTalollas KOHKypeHuua TpebyeT OT KOMMaHWM MouCKa
MHHOBALMOHHbIX PELIeHUI, KOTOPbIe HE TO/IbKO NPUBEKAIOT BHUMAHWE ayaAUTOPUM, HO M CO3aat0T
NepcoHaNM3MPOBaHHbIM ONbIT B3aMMOAENCTBMA. VIcnoib3oBaHME afroOpMTMOB  MaLLMHHOIO
oby4yeHMA U aHaNUTUYECKMX MoJenelt No3BOMAeT MNPOrHO3MpoBaTb CApoc, npeanaraTb
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WHOMBMAYANbHbIE PEKOMEHAAUMM U TeM CaMbIM YKPENAATb NOANbHOCTb K/AMEHTOB. Takum
06pa3om, aKTyanbHOCTb MpuMMeHeHWa MW B MapKeTMHre 3aKkA4yaeTca B ero CrnocobHOCTM
TpaHCHOpPMMpPOBaTL TPAAMLMOHHbIE NoAX0Abl, obecrnedynBaTb HOAee BbICOKMIA YPOBEHb TOYHOCTU
NpY NPUHATUWM YyNPaBAEHYECKMX PeleHnin M GOpMMPOBATb KOHKYPEHTHbIE MPeuMMyLLecTBa Ha
PbIHKe.

B paboTe nNpUMEHsNCA TEOPEeTUYECKMM aHanM3 HayyHbIX CcTaTel M MNPaKTUYEeCKMX
MCCNenoBaHUM, MNOCBALLEHHbIX BOMPOCAM WMCMONb30BAHWUA WCKYCCTBEHHOrO WHTENNEKTA B
MapkeTuHre. OCHOBHOE BHMMaHWE YAENAN0Ch BbIABAEHWIO COBPEMEHHbLIX TEHAEHUMI U
NOAXOA0B, OTPaXKalWMX TPaHCHOPMAUMIO  MAPKETUHIOBLIX CTPATErMii Mo BAMAHMEM
umdbpoBmzaummn. Ons obobueHna pe3ynbTaToB Obla MCMO/b30BaH METOo[ CUCTeEMATM3aumu,
NO3BOIMBLLMI BbIAENNTL K/OYEBbIE HaNpPaBAeHUA NpUMeHeHMa MU 1 onpeaennTs UX BAUAHKWE Ha
30EKTMBHOCTb MapKETUHIoBOM JeATenbHocTM. CpaBHUTENbHbIM aHanu3 nybankauui aan
BO3MOMKHOCTb OMpeaennTb Kak oblpe 3aKOHOMEPHOCTM, TaK M YHWMKabHble OCOBEHHOCTU
BHEAPEHWS TEXHOOTNI B Pa3HbIX OTPACAAX M KOMMAHMAX.

Pa3BuTME MHHOBALUMOHHOIO MApPKEeTMHIra HEBO3MOXKHO 6e3 BHeApeHWs TEXHONOMMNA,
KOTOpble NO3BONAIOT KOMMAHUAM ObICTpee afanTUPOBaTbCA K USMEHEHUAM PbIHKA U OXKMAAHMAM
noTpebutenei. B STOM KOHTEKCTE MCKYCCTBEHHbIA MHTENNEKT CTAHOBUTCA OAHUM M3 K/tOYEBbIX
MHCTPYMEHTOB, CNOCOOHbIX HE TO/IbKO aBTOMATM3MPOBATb PYTUHHbIE MPOLLECCHI, HO M KAYEeCTBEHHO
M3MeHUTb NOAXOA K paboTe C KAMeHTamu. B oTanume oT TpaguuUMOHHbBIX MeToA0B aHanusa, UK
MCNonb3yeT MaWWHHOe obyvyeHWe, HeNpPOHHble ceT M 06PaboTKy OONbLIMX AAHHbLIX, YTO
obecneunsaeTr Honee rnybokoe MNOHMMaHWE MNOTPEOUTENbCKUX NPeAnoYTEHUN. ANrOpPUTMbI
CNOCOOHbI BbIABNATL CKPbITble 33aKOHOMEPHOCTM B MNOBEAEHWW TMOKynaTenen, npeanaratb
WHOMBMAYANbHblE pelWeHnsa U NpeackasbiBaTb Oyaylwime TeHAEHUMN. ITO AeNaeT MapKeTUHT He
NPOCTO CPEACTBOM MPOABUNKEHWUA, @ CUCTEMON AMHAMMYHOIO B3aMMOAENCTBUA C PbIHKOM, rae
KaK[0€e pelleHne CTPOMTCA Ha OCHOBE TOYHbIX M ONepaTUBHbIX AaHHbIX. Ocoboe 3HaveHne U
npuobpeTaeT B YCNOBMAX BO3pacTatollen KoHkypeHuuu. CerogHa KOMNaHwuW, BHeApsAtolime
WHTENNEKTyaNlbHble  TEXHO/IOTMKM,  MOMYy4atoT BO3MOXKHOCTb  BbICTpamMBaTb  A0NTOCPOYHbIE
OTHOLWEHMA C KAMEHTaMM 3a CYET NepCoHaNM3NPOBAHHbIX NMPEANONKEHNN U TMOKMX CTPaTErni.
Kpome TOro, ncnonb3oBaHWe MCKYCCTBEHHOTO MHTEANEKTA NO3BOIAET KOMMNAHUAM GOPMMPOBATH
MPOAKTUBHbIE MaPKETUHroBble CcTpaTerMn. Ecam TpaaMUMOHHbIE WMHCTPYMEHTbl B OCHOBHOM
pearmpyoT Ha yXe CNoXKuBLKnica cnpoc, To M cnocobeH npeayraabiBaTe HOBbIE MOTPEOHOCTMY,
dopMMpPOBaTL NEPCOHANbHbIE MPEANONKEHNA A0 TOrO, KaK KAMEHT CaM OCO3HAET MX aKTyaIbHOCTb.
3TO MEeHAeT camy JOTMKY B3aMMOAEWNCTBMA OM3HEcCa C PbIHKOM: BMECTO CTAaTMYHOM peaKumu
KOMMNaHWUM MNepexoiaT K MOAEeNM MNpeaBOCXMLLIEHMS, 4TO obecneymMBaeT MM He TONbKO POCT
NpoJas, HO M YCTOMUYMBOE KOHKYPEHTHOE MNPEeMMyLLecTBO. TakMm 06pa3som, WMCKYCCTBEHHbIN
WHTENNEKT BbICTYNAET HE TO/IbKO MHHOBALMOHHbBIM MHCTPYMEHTOM, HO U GaKTOPOM YCTOMYMBOTO
Pa3BUTMA MAPKETUHTA B LMDPOBYHO 3MOXY.

OAHMM 13 Hanbonee 3HAYMMbIX HAMPaBAEHNN NMPUMEHEHUSA UCKYCCTBEHHOTO MHTENIEKTa
B MHHOBALMOHHOM MapKeTMHre ABAAETCA nepcoHanm3aumsa. NepcoHanmsaums — 3TO 3BOAOLMA
TPAAMLMOHHbIX MOAXO/A0B, B KOTOPOM KAOYEBYO PO/Ib UIPAKOT aNIrOPUTMbI MaWMHHOTO 0byyYeHms
M aHanMTUKa AaHHbIX [2] . Ha doHe BbICOKOM KOHKYPEHUUM U OBUANSA PEKTAMHOIO KOHTEHTa
TPAAMLMOHHbIE MEeTOoAbl MPOABUMKEHUA TEpAOT CBOK 3DdEKTUBHOCTb. COBPEMEHHbIE KNMEHTbI
LLEeHAT NepcoHanbHbI NOAXOA, KOTOPbIA YYMTbIBAET UX YHUKANbHbIE NPEANOYTEHNA, MHTEPECHI U
noBeAeHWe, M CO343eT PeneBaHTHbIN OnbIT B3ammodencTema ¢ HpeHaom [3]. Ecam paHee
MapKeTUHIoBble KaMMaHWW OblANM OPUEHTMPOBAHbI Ha YCAOBHO «CpeaHero» nortpebutensa, To
cerofHA KatoveBbiM (GAKTOPOM KOHKYPEHTOCMOCOOHOCTM CTAaHOBMTCA YMEHMWEe BbICTPAMBaTb
WHOMBMAYANbHOE B3aMMOAEWNCTBME C  KaXKAbIM  KAMeHTOM. Anroputmbl U nossondawoT
aHaNM3MpoBaTb LUMPPOBOMN Cnes, MOKynaTena — ero NMOMCKOBbIE 3aMpOChbl, UCTOPUIO MOKYMOK,
aKTMBHOCTb B COLMANbHbIX CETAX M AaXKe peakumto Ha peknamHble cooblieHna. Ha ocHoBe 3Tmx
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[aHHbIX  GOPMMPYIOTCA  MEPCOHANM3MPOBAHHbIE  NPEA/IOKEHUA, KOTOPble  MaKCMMaabHO
COOTBETCTBYIOT MHTEpPECAM M MOTPEOBHOCTAM KOHKPETHOro YyesnoBeKa. Takon nMoaxof He TO/IbKO
NOBbIWAET BEPOATHOCTb MOKYMKK, HO U YKpenaaeT osepue K bpeHay. Pa3BuTne MHHOBALMOHHOTO
MapKeTUHra HEBO3MOXKHO Oe3 BHeAPEHMA TEXHOIOMMIA, KOTOPbIE MO3BONAIOT KOMMNaHUAM bbicTpee
a/lanTMPOBATLCA K WM3MEHEHWAM pbIHKA W OMWMAAHWAM noTpebuTeneir. B 3TOM KOHTEKCTe
MCKYCCTBEHHbIA WMHTENNEKT CTAHOBMUTCA OAHMM M3 KAOYEBbIX WMHCTPYMEHTOB, CMOCOOHbIX He
TO/IbKO aBTOMATM3MPOBaTb PYTUHHbIE MPOLLECCHI, HO M KaYeCTBEHHO M3MEHUTbL NOAXOA K paboTe ¢
KNMeHTamun. B oTanume oOT TpaaMUMOHHBIX MeToaoB aHanvi3a, MW mcnonb3ayeT mawwuHHoe
obyyeHune, HelMpoHHble ceTh 1 06paboTKy 6oMbLLMX AaHHbIX, YTO obecnedymBaeT Honee rnybokoe
MOHMMaHWE MNOTPEBUTENbCKUX NPeanoYTeHMA. ANTOPUTMbI  CMOCOOHbI  BbIABAATL CKPbITbIE
3aKOHOMEPHOCTM B TMOBEAEHMM MOKynaTenein, npeanarate WMHAMBUAYyA/NbHblE PELIEHUA U
npeackasbiBaTh OyayuiMe TeHAEHUMW. XOPOWWM MPUMEPOM ABAAIOTCA pPEeKOMeHAATe bHble
CUCTEMbI, MPUMEHAEMbIE B OHNAMH-PUTENE N MOTOKOBBIX cepBumcax. Mnathopmsl Bpoge Amazon
nnn Netflix mncnonvsytor UM ana dbopmupoBaHus MHAMBUAYANbHLIX NOAOOPOK TOBAPOB M
GUNbMOB, YTO 3HAYUTENBHO YBE/IMYMBAET BOBEYEHHOCTb MO/b30BaTeNEN. AHaNOrM4YHble
MHCTPYMEHTbI BCE Yallle BHEAPATCA U B APYyrux chepax — OT DAHKOBCKMX YCAYyr 4O OHNAMH-
obpasoBaHMA. TakMM 0b6pa3om, NepcoHanmMsauma Ha ocHoe MW cTaHOBWUTCA cTpaTernyeckmm
WHCTPYMEHTOM, MO3BONAIOWMM KOMMAHMAM BbIXOAWTb 3@ PaMKM MACCOBOTO MapKeTUMHra M
CO3/aBaTb YHWKa/bHbIA NOTPEOUTENbCKUIA OMbIT. ITO AeNaeT MAPKETUHI He NPOCTO CPeaCTBOM
NPOABWMKEHMA, @ CUCTEMOM AMHAMMYHOIO B3aUMOLENCTBMA C PbIHKOM, TAe KaxkAoe pelleHune
CTPOMTCA Ha OCHOBE TOYHbIX M OMepaTMBHbIX AaHHbIX. Ocoboe 3HayeHne MU npuobpeTaeT B
YCNOBMAX BO3PACTatoWe KOHKypeHUmn. CeroaHA KOMNaHMM, BHeAPAOLWME UHTENNEKTYabHble
TEXHONOTMK, NONYYatOT BOSMOXKHOCTb BbICTPaMBaTb A0ONTOCPOYHbIE OTHOWEHWA C KAMEHTaMM 33
CYET NEepPCOHANM3NPOBAHHBIX NPEAIONKEHNN N TMOKMX CTpaTernin. Kpome TOro, MCNoib30BaHWe
MCKYCCTBEHHOTO  WHTENNeKTa  MNO3BOAAET  KOMMaHMAM  GOpPMMPOBATb  MPOAKTUBHbIE
MapKeTUHroBble cTpaternm. Ecam TpagnuuMoHHbIe MHCTPYMEHTbI B OCHOBHOM PearnpytoT Ha yxe
CnoxuBLmMica cnpoc, To MM cnocobeH npeayrazbiBaTb HoBble NoTpebHocTU, GOpMMPOBaTbL
NepcoHaNbHble NPEeANONKEHNA A0 TOr0, Kak KAMEHT CamM OCO3HAET MX aKTya/lbHOCTb. ITO MeHAeT
caMy /IOTUKY B3aMMOAENCTBMA OM3HEeca C PbIHKOM: BMECTO CTaTMYHOW peakuMm KOMMaHMK
nepexoasaT K MOAENN MPeABOCXMLLEHMSA, YTO 0bBecneynBaeT MM He TOIbKO POCT MpodaK, HO M
YCTOMYMBOE KOHKYPEHTHOE MNPEeMMyLECTBO. TakMM 006pa3som, WCKYCCTBEHHbIN WHTENNEKT
BbICTYNaeT He TO/IbKO MHHOBAUMOHHbBIM MHCTPYMEHTOM, HO M GaKTOPOM YyCTOMYMBOrO Pa3BUTUA
MapKeTUHra B LMGPOBYHO IMOXY.

MoMMMO nepcoHanm3aumm, 3Ha4MMbIM HaNpPaBAEHUEM WUCMOAb30BaHUA UCKYCCTBEHHOTO
WHTENNIEKTA B MapKETUHIe ABAAETCA NPOrHO3MpoBaHMe noseaeHUs noTpebuTenelt. B ycnosusax
BbICOKOW KOHKYPEHLMWM KOMMNAHMM CTPEMATCSA He TOJIbKO pPearMpoBaTth Ha Tekylime noTpebHocTH
KNIMEHTOB, HO W NpeayraapiBath Mx byaywime 3anpockl. TexHonorum MW nossonatoT cobmpats m
aHa/NM3MPOBaTb OrPOMHbIe 0OBEMbBI AAHHbIX: CTaTUCTUKY MOKYMOK, OT3blBbl, aKTUBHOCTb B CETU U
[arke ce30HHble KonebaHuAa cnpoca. Ha ocHoBe 3ToM MHGOPMALMKU AanropUTMbl GOPMUPYIOT
NpeauKTMBHbBIE MOAENN, KOTOpble MOMoOratoT HusHecy 3apaHee NAaHMPOBATb ACCOPTUMEHT,
KOPPEKTMPOBATL LieHbI, ONTMMMU3MPOBATL IOTUCTUKY M 3aMyCKaTb LieIeBble PEKNAMHbIE KaMMaHWK,
Hanpumep, B chepe a1eKTPOHHOM KOMMEPLMM TaKMEe MHCTPYMEHTbI MO3BOIAIOT NPOrHO3MPOBaThb
BEPOATHOCTb MOBTOPHOM MOKYMKM M BOBPEMA MNpeasiaraTb KJAMEHTY peneBaHTHble ToBapbl. B
HaHKOBCKOM OTPac/M anropuTMbl MCMOAB3YIOTCA ANA OLEHKM BEpPOATHOCTM obpalleHunAa 3a
KpeAMTOM UM CMEeHbI MOCTaBLMKA ycayr. B puteinne MM nomoraeT npeayraZiblBaTe POCT MHTepeca
K onpeaenéHHbIM KaTeropmMam TOBApOB, YTO CHUXKAET PUCK AednumTa nam n3bbITOYHbIX 3aMacos.
C pocToM OXUAaHWN noTpebutenein, 4yto bpeHabl ByayT NOHMMATL WX npeanoyTenHus, WU
CTQHOBWUTCA HacToAWMM npopbiBoMm [4]. Takum o06pa3om, MNPOrHoO3MpoBaHMe MNOBeAeHUA
notpebutenet C WMCNONb30BAHMEM  UCKYCCTBEHHOTO WHTENNEKTa CTAHOBWUTCA OCHOBOWM
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NPOAKTUBHOIO MapKeTuHra. OHo obecneynmsBaeT KOMMNAHUAM BO3MOXKHOCTb AeMCTBOBATb Ha War
BNepeam KOHKYPEHTOB M GOPMMPOBAThL A0NTOCPOYHbIE OTHOLWEHMA C KAMEeHTaMu. bonee Toro,
NpeanKTMBHAA aHa/IMTUKA NO3BONAAET MUHUMMU3MPOBATL PUCKM HEBEPHBIX PELIEHMI, COKpPaLLaThb
N30EPHKKM M NOBbILLATL 3PPEKTUBHOCTb MAPKETUHIOBbIX MHBECTULMIA. bnarogapsa atomy HumsHec
MOXXET He TO/IbKO OMepaTMBHO PearnpoBaTb Ha M3MEHEHWs cnpoca, HO M GOpMMPOBaTb €ro,
npeanaras NPoAyKTbl U YCAYTK elé A0 TOro, Kak NoTpebHOCTb B HUX CTAHET OYEBUAHON. TaKoM
noaxoA TpaHcOOPMMPYET MAPKETUHT U3 PEAKTUBHOIO MHCTPYMEHTA B CTPATErMYECKMIA MEXAHU3M
ynpasneHuna byaywmmm TpeHaaMmN 1 OXKUAAHNAMM ayAUTOPUN.

Vicnonb3oBaHMe MCKYCCTBEHHOIO MHTENNEKTA B MAapPKETUHIE NPeaoCTaBAsET KOMMNAHMUAM
3HaYMTe/IbHble KOHKYpPeHTHble npeumyllectsa. Bo-nepsbix, MV no3sonsaeT NoBbICUTb TOYHOCTb
TapreTmHra: peksamHble COOOLIeHMA CTAHOBATCA MAKCMMANbHO PEeNeBaHTHbIMW KOHKPETHOM
ayaAUTOPUN, YTO CHUKAET M3LEPKKM U YBENMYMBAET KOHBEPCUIO. BO-BTOPLIX, aBTOMATM3aLMA
aHa/IMTUYECKMX MPOLLECCOB YCKOPAET MPUHATUE peleHnin M ocBODOXKAAEeT chneumannctoB oT
PYTMHHBIX 3334, AaBasd MM BO3MOMKHOCTb COCPEAO0TOYUTLCA Ha CTPATermyeckoM pPas3BuUTMM. B-
TpeTbux, npumeHeHne MWW cnocobcTByeT MOBLIWEHWIO KayecTBa K/JAMEHTCKOro  OMbiTa:
NepcoHaNM3MPOBaHHbIE MPEANOKEHNA N CBOEBPEMEHHbIE KOMMYHMKaLMKN YKPENNAIOT A0Bepue U1
NosANbHOCTL [5,6]. OAHaKO BMeCTe C NpeuMMyLlLecTBaMu NOABNAIOTCA U ONpeaenéHHble Bbi30BbI.
OZHWM W13 TNaBHbIX ABNAETCA BONPOC 3aLLMTbl NEPCOHANbHbIX AaHHbIX. AKTMBHOE MCMO/Ib30BaHNE
undpoBbIX cnefos notpebutenein Tpebyet cTpororo cobaAeHMA NPABOBLIX HOPM U 3TUYECKMX
CTaHAAPTOB. B ycnosuMsax pacTyllero BHMMaHMA K BOMPOCaM KOHOUAEHUMANbHOCTM 0COHEHHO
BaXHO obecneynBaTb NPO3PaAYHOCTb O0OPABOTKM MNEepPCOHaNbHbIX [AaHHbIX W BbICTPaMBATb
[OBepuUTeNbHbIE OTHOLWEHMA C KAMeHTaMW. Kpome TOro, BbICOKaAa CTOMMOCTb BHeApPeHWA
WHTENNEKTYalbHbIX TEXHONOTMA OrpaHMYmMBaeT AOCTYyN K KOMMAeKCHbIM WW-peweHunam ana
MHOTMX KOMNaHW. Micnonb30BaHWe aNropuTMOB HEPEeAKO CONPOBOXKAAETCA PUCKOM Ype3mMepHOM
aBTOMATM3aLMM, KOrAa B3aMMOAEWCTBME C K/AMEHTOM CTaHOBUTCA (OpManbHbIM K TepaeT
SMOUMOHaNbHYO cocTaBndawowyt. Ewé oaHon npobnemoint ABNAETCA  anropuUTMUYecKas
NpeaB3ATOCTb: HEKOPPEKTHaA HaCTPOMKa MoAenen MOXKeT MNpuBOAUTb K  UCKAaXKEHHbIM
PEKOMEHAAUMAM U CHUXKEeHUIO 3QDEKTUBHOCTU MapKeTuHra. JononHuTtenbHo BHeapeHue WA
TpebyeT MOCTOAHHOTO MOHWUTOPWMHIA 3TUKM W COOTBETCTBMA JIOKAZIbHbIM HOPMaM, MOCKObKY
peleHna CUCTEMbI MOTYT HenpeaHaMepeHHO 3aTparMBaTb YA3BUMblE TPYMMbl ayauTOPUM UK
CO3/aBaTb ANTOPUTMMYECKYIO MPeaB3ATOCTb. He MeHee BaXKHO OTC/AEXMBaATb HanaHC mexKay
aBTOMATM3aLMEN M YeIOBEYECKMM B3aUMOAENCTBMEM, YTOOBI MAPKETUHIOBbIE KOMMYHUKALMUK He
TEPSA/IN IMOLMOHANBHOWN cocTasnAtolen. Takum obpaszom, M oTKpbiBaeT HOBbIE BO3MOMHOCTU
A8 NoBblIWeHWA 3GPEKTUBHOCTM MapKETUHIa, CO34aHMA NEPCOHANM3NPOBAHHBIX M PENEBAHTHbIX
NpeasioXKeHUn, a TaKKe NMPOrHO3MPOBAHMA MOBEAEHUA KAMEHTOB, HO TpebyeT KOMMIAEKCHOro
NoAxoAa, COYETAOLLErO TEXHONOTMYECKMNE, COLMANbHbIE U 3TUYECKME aCNEeKTbI.

Takum 06pa3om, MPUMEHEHME WMCKYCCTBEHHOrO WHTENIEKTAa B MAPKETUHIe CeroaHs
CTQHOBWUTCA HEOTbEMNEMOM YacTbld WMHHOBALMOHHOTO Pa3BUTMA KOMMAHWI. TexHOM0rmm
MalWNHHOro 0by4yeHMa, aHanmsa 60/blIMX AAaHHbIX U HEMpoceTen MO3BOAAIT CYLIECTBEHHO
M3MEHUTb TPAAMUMOHHbIE MOAXOAbl K B3aMMOAEWCTBMIO C KAMeHTamu, obecneuymBas bonee
BbICOKMI YPOBEHb MEPCOHANN3aAUMM, TOYHOCTM MPOrHO30B M 3IMOLMOHALHON PeneBaHTHOCTH
KOMMYHMKaUMn. PaccMoTpeHHble acneKTbl MOKa3biBatoT, YTo MM BbINOHAET HECKOIbKO K/tOYEBbIX
bYHKUMIA: nomoraeT rnybxke NoHMMaTb NOTPEOHOCTM M NoBeAeHMe ayauTopuM, ONTUMUBUPYET
MapKeTUHIoBble KamnaHuu, nosbllwaeT 3QGEKTUBHOCTb PEKNAMHbIX CTpaTernii u dopmmpyet
[ONITOCPOYHbIE KOHKYPEHTHble MpeumyllecTBa.Bmecte ¢ Tem, BHeApeHWe UHTeNNeKTyaslbHbIX
peleHnt CONPOBOXKAAETCA 3HAYUTENIbHBIMM BbI30BAMWU. K HMM OTHOCATCA BOMPOCHI 3TUKK U
Npo3pavyHOCTM, cobatogeHMe MPaBOBOrO PeryanmpoBaHMA WM 3alMTbl NEPCOHANbHbIX AaHHbIX,
BbICOKAA CTOMMOCTb BHeApeHMA KomnaekcHblx WU-cuctem, a Takxke HeobxoaMMoCTb
noafepxmeaTb  6anaHc  Mexay  aBTOMaTM3auUMen W COXPaHEHWEM  Yesl0BeYeCKoro,
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SMOLMOHANbHOIO B3aMMOJENCTBMA C KAMEHTamMMK. YcnewHoe wcnonb3osaHve W Tpebyet
KOMM/IEKCHOMO MOoAX0/1a, BKAOYAIOLWEro TEXHONOMMYECKME, COLUMAnbHbIE M 3TUYECKME ACMEKTbI,
YTO MO3BO/IAET KOMMNAHMUAM He TO/IbKO MOBbILWATL 3PGEKTUBHOCTb MAPKETUHIA, HO M YKPENAATb
[l0BEpPME WU NOANBHOCTb ayAUTOPUW B YCA0BMAX LMGPOBOM IKOHOMMKK. Mcnonb3osaHue WK
TpebyeT NOCTOAHHOIO MOHUTOPWMHIA KOPPEKTHOCTM aNTOPUTMOB, YTOObI M30eKaTb NPeaB3ATOCTH,
OLWNBOK B MEPCOHANN3aALMM N HErAaTUBHOTO BAMAHUA Ha penyTauuio 6peHaa. HecMoTpa Ha 3Tu
CNIOXKHOCTU, TEHAEHUMN PAa3BUTUA CBUAETENLCTBYIOT O TOM, YTO POJ/Ib MCKYCCTBEHHOTO MHTENEKTA
B MapKeTuHre 0OyaeT TONbKO BO3pacTaTb. [lepcoHanMsaumsa, NPeavKTUMBHAA aHaauTUKa M
aBTOMATM3aLUMSA y¥Ke CTan CTaHAapToOM ANsA rnobanbHbIX KOMNaHWM, a B BanKanem byayuiem
3TW MHCTPYMEHTbI MosyyaT ewé 6onee WMPOKOE PACnNpPOCTPaHEHWE Ha JIOKA/IbHbIX PbIHKAX.
Ocoban 3HauMmocTb MW 3aKkntoyaeTcs B TOM, YTO OH TPaHCPOPMMPYET MapKeTUHr 13 Habopa
MHCTPYMEHTOB MPOABUMKEHNA B CTPATEMMUYECKYIO CUCTEMY, OPUEHTUPOBAHHYIO Ha 0/TOCPOYHOE
Pa3BUTME, CO3AaHME YHUKANbHOTO MOTPEeObUTENbCKOrO OMbiTa M yKPenaeHne 3MOLMOHANbHOrOo
B3aMMoAencTBmMa C ayauTopuein. Takmm 00pa3om, MCKYCCTBEHHbIN WHTENNEKT MOMKHO
pPaccMaTpMBaTb He TMPOCTO KaK TEeXHONOIMIO, a Kak CTpaTermyeckmin pecypc, CrnocobHbIN
onpefenats Oyaylulee MapKeTMHra B YCNOBMAX UMOPOBOM 3SKOHOMUKKU. W He ToNbKo
aBTOMATM3NPYeT PYTUHHbIE MPOLLECChbl M MOBbIWAET TOYHOCTb aHA/IMTUKM, HO M MO3BONAET
CO3aBaTb  NEPCOHANM3MPOBAHHbIE, 3MOLMOHANLHO  HACbILLEHHblE  B3aMMOAEWUCTBMA  C
noTpebuTenamm, NPorHO3MpPOBaTb UX NOBeAeHWe N GOPMMPOBATL AOATOCPOYHbIE OTHOWeHMA. VI
OTKPbIBAET BO3MOXHOCTM ANA MHTerpaumm H60nbWKMX AaHHbIX, aHa/M3a COUMAbHbIX Meaua,
OUEHKM 3MOUMOHANBbHOrO OTKAMKA WM MNPeAnoyvTeHUn ayauTopuM B PeanbHOM BpemeHu. 3To
nossonseT bpeHAam H6bICTPO aAaNTUPOBATLCA K MU3MEHEHUAM PbIHKA, BbIABNATb HOBblE CErMEHTbI
noTpebuteneit 1 ONTUMM3NPOBATb KOMMYHUKALUMOHHbIE cTpaTernn. B coyetaHmm ¢ LmMdpoBbIMM
nnatdopmamu, anropuTMamm pekoMeHZAUMN U MHCTPYMEHTaMM NPeanKTUBHOM aHanuTukmn UK
npesBpaLLlaeTcA B MOLLHbIA MexaHM3M, KOTOPbI He TO/NbKO MoBblWaeT 3PPEeKTUBHOCTb
MapKeTWUHra, HO M CNOCOBCTBYET YKpenneHuto AoBepus, GOPMUPOBAHMIO YCTONYMBOM NOANBHOCTM
M CO30aHMIO  KOHKYPEHTHOro npeumyliectsa 6OpeHga. Takum  obpasom, uMHTerpauma
MCKYCCTBEHHOIO WMHTENNEKTA CTAaHOBMTCA KAOYEBBIM (GAKTOPOM CTpPATErMyecKkoro pasBuUTUA U
MHHOBALMOHHOIO NMAEPCTBA B COBPEMEHHOM LMPPOBOA SKOHOMMKE.
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HoocTparteria NOBOEHHOMO BIAHOBAEHHA |
nporpecy YKpaiHu

Kopcak KocTaHTKH BiTaninosuu

NOKTOpP dinocodpcbKMx HayK, npodecop, BiANOBIAaNbHNIM aBTOP

Kopcak FOpin KocTAHTUHOBMY

KaHAMAAT GiNoCOPCbKMX HayK, CTapLIMA HAYKOBWMI CNiBPODITHMK, IHCTUTYT BULLOI OCBITH
HATTH YKpaiHu, M. Knis, YKpaiHa

AHOMauifa. ABMopu cKeposytoms Cmammrio Ha 3axucm Bimyu3Hu c0200HI G npono3uyito ii
YCNiWHO20 NOBOEHHO20 8IOHOB/1EHHA. TeKCm y3a2aabHIOE HaWi npayi i 8iokpumms 3 gpymyposoaii,
Wo chuparomecsa Ha nocmiliHull MOHIMOpPUH2 C8IMOBUX HAYKOBO-MEXHO/102iYHUX O0CA2HEHb i
BUKOPUCMAHHSA Nopaou ppaHyy3bKko2o icmopuka ®@. bpodesns spaxo8ysamu 6ci 3HAHHA M00CMEa,
a He 00Hy-08i arkademiyHi Hayku. ToMy MU CNUPAEMOCA HA HOBIMHI 8IOKpUMMSA 6 HAyKaX i
MmexHOs102iAX Ma BUKOPUCMOBYEMO 8/1aCHI 0ocA2HEHHSA. Mu nponoHyemo nobydysamu No8OEHHEe
BIOHOB/MEHHA | npoepec YKpaiHU HA BUKOPUCMAHHI 8IOKPUMUX HAMU €KOs02i4HO i0easnbHux
HoomexHos0e2il, wo Hadaroms Homo nompibHe i sunikogyiome biocghepy 8i0 NOUKOOMEHS,
NiKkeidyro4Yu cMmepmesnsHi 3aepo3u 004 aArocmea. [lepxasHi naaHu | piuleHHA Marome
8paxosysamu pPo38UMOK HA N/AGHemMi Mpbox Hoopesostouil. No1 po3noyana 3amiHIO8AMU HAABHI
B8UpPobHUUMBA HoomexHo02iamu, No2 UiIKOM MPaHCEHOPMYE C8iM 2yMAHIMapHUX HAyK HQ OCHOBI
iHcmpymeHmansHUX sumipie (apxeonoeis-XXI exe cmana moyHor Haykow), a No3 weuoko
pozsusae LLImyyHul iHmenekm Ak nomiyHUKa mpeHdie Nol i No2. AHaniz nodili 8 YkpaiHi Haoas
Ham O00Ka3u moeo, Wo Hoocmpameeii uwe He iCHYye i npo2oaoweHi 0epitasHi npoepamu
CNUPAOMbCA HA NOMUSKOBI NPO2HO3U «30XI0H020 NOXOOMeHHA», AKI i2HOPYtoMb HOOMEXHOA0&I i
HOooHayKu. Came momy asmopu NPoONoOHYytOMb NOHAMMA «Hoocmpameeii» 047 8CiX aHani3ie,
N/aaHi8 | pilueHb, W0 CMOCYytOMbCA NOBOEHHO20 8IOHOB/EHHA | Npoz2pecy BimyusHu.

Knwo4osi cnoea: Kpusa nwoocmea, 3aepo3a HOBoi c8imosoi 8iliHU, mpu HOopPeBOsOUII,
30c06U NOPAMYHKY, HOOHAYKU | HOOMEXHOs0el, 0epmasHi npoeHo3U ma iX HeoosiKu,
Hoocmpameeia npoepecy BimyusHu

Korsak K., Korsak Y. Noostrategy (wisestrategy) of post-war recovery and progress of
Ukraine

Abstract. The authors direct the article to the defense of the Fatherland today and the
proposal for its successful post-war restoration. The text summarizes our works and discoveries in
futurology, which are based on constant monitoring of world scientific and technological
achievements and the use of the advice of the French historian F. Braudel to take into account all
the knowledge of mankind, and not one or two academic sciences. Therefore, we rely on the latest
discoveries in science and technology and use our own achievements. We propose to build the post-
war restoration and progress of Ukraine on the use of the ecologically ideal nootechnologies
(wisetechnologies) discovered by us, which provide Homo with what is needed and cure the
biosphere from damages, eliminating deadly threats to humanity. State plans and decisions should
take into account the development of three noorevolutions on the planet. No. 1 began to replace
existing production with nootechnologies (wisetechnologies), No. 2 is completely transforming the
world of the humanities based on instrumental measurements (archaeology-XXI has already
become an exact science), and No. 3 is rapidly developing Artificial Intelligence as an assistant to
trends No. 1 and No. 2. Analysis of events in Ukraine has provided us with evidence that noostrategy
does not yet exist and the declared state programs are based on erroneous forecasts of "Western
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origin" that ignore nootechnologies and noosciences (wisetechnologies and wisesciences). That is
why the authors propose the concept of "noostrategy" for all analyses, plans and decisions
concerning the post-war restoration and progress of the Fatherland.

Keywords: crisis of humanity, threat of a new world war, three noorevolutions, means of
salvation, noosciences and nootechnologies (wisetechnologies and wisesciences). state forecasts
and their shortcomings, noostrategy of the progress of the Fatherland.

1.Bctyn
1.1. NMocmaHoska 3ada4i i KpumuyHU I aHani3 0ocAeHeHb NnonepedHUKI8.

Mu CKepOBYEMO L0 NPALLKD Ha BUKAAA BAACHUX AOCATHEHb Y OYTYPOIOrii AK KOMMNAEKCHIN
HayLlj 3 NPOrHO3yBaHHA MalOyTHbLOTO Yy LIMPOKOMY 3HAYeHHi UMX NOHATb. 3HMKHeHHA CPCP i
BOEHHOro BapllaBcbKoro AoroBopy 610Ky coUianiCTUYHUX AeprkaB 3ymoBuam B 1990-x pokax
BE/MKI Hafil Ha MNPUNUHEHHA «XONIOAHOI» Ta IHWWX BiMH, @ TaKOX Ha Mno4aTok «MMUPHOTO
TMcAaYoniTTa». TorodacHa ¢yTtyposioria 6yna MNO3UTUBHOKO | CKEpoByBanacAa MepeBarkHO Ha
TEXHOJIOTYHI NPOrHo3u.

Mo3nTMBHe OayeHHs MalbyTHbOro [AOMiIHYBaNO TaKOX i B YKpaiHi 3 camoro novaTky
BiAHOB/IEHHA i HE3aNeXHOCTi, afe BeAWKi CMoAiBaHHA Ha MNPUCKOPEeHe AOCATHEeHHA PiBHA i
He3neKkn KUTTA HaceneHHa 3axiaHoi €Bponu 3 HaraTbox AyXKe BMAMBOBMX MPUYMH He CcTanu
peanbHicTio. MPUYMHKM LIbOro YnMTadyam aobpe BigOMi, a TOMy He Byaemo HaraZlyBaTu NpPo HUX,
KOHUEHTPYKUYMCh Haf, HaLioHabHUMK NpobiemMamMm CbOroAeHHA i ManbyTHbOTO.

JepskaBHi AOKYMEHTM i MPaKTMYHO BCi NybniKalii yKpaiHCbKMX HayKOBLB B acrneKkTtax
NPOrHoO3yBaHHA MalbyTHbOrO «CTPaXKAAtTb» BiA, MOBHOrO iIrHOPYBAaHHA HAZ3BMYANMHO BaXKAMBOI
nopaam BMAATHOro ¢ppaHuy3bKoro ictopnka PepHaHa bpogena (1902-1985) byaysaTn aHani3 i
NPOrHO3M A1 HApOAiB, AEpPXaB i NPOCTO HAABE/IMKMX CUCTEM HA OCHOBI BCIX HAABHUX 3HAHb
Aroocmea. BignosiganbHWUM aBTOP 3i CTYAEHTCHKUX YaciB KuB y chepi PisUYHUX HayK, B SKMUX
AOMiHyBana He TinbkM nopaga ®. bpoaens, a 1 BUMOra CNMpaTCcA Ha pe3yabTaTh NepesipeHnx
IHCTPYMEHTaNbHUX BUMIPIB. TOMY MOCTIMHO CTEXMB 3a CBITOBMM MOTOKOM BIAKPUTTIB i
TEXHOIOMNYHMX YCNiXiB, aKLEHTYoUYM «BAACHE» NOHATTA «embpioHanbHOI 30HU». Lli nBa cnosa
03HaYatoTb TOM LLe HEBEIMKMIA CEKTOP HayK, PO3BUTOK AKOro B ManbyTHbOMY MOMKe CNPUYNHUTH
Ay¥Ke BeNWKi 3MiHW y HayKax, eKOHOMIL Ta B YCil1 colianbHO-AepKaBHInN chepi.

Llen niaoxin AaB 3a A4€CATKM POKIB NPAKTUYHO TUCAYY NybAikaLili, YBepTb COTHI BiAKPUTTIB i
bopMyBaHHA HEBENNKOT KHOOHAYKOBOI LIKOAMY», YY4aCHUKM AKOI 06’€eAHANNCA HAaBKOJIO CMifibHOT
MeTu — HabyBaTW 3HaHHA | CTBOPOBATM HOBe 3aas 6nara BiTumsHu, a He ana iHaAMBiAyanbHOro
BMBULWEHHA Byab-AKMM cnocobom. CninbHa TemMa — NOPAMYHOK A00cmea fK NpiopuTeTHa
MaTepianbHO-CoLiasbHa PeanbHiCTb, @ He MOAITUYHWUI, PeniritHnUi un iHwWu mid. Came TyT
HaZBAXAMBUMM BUABUANCA HALi TONOBHI BIAKPUTTA — pATIBHI 414 HOMO eKONOorYHO igeanbHi
HOOMeXxHOoA02ii | HOOHAyKU, a TakoX po3BUTOK nicia 2000 p. Ha BCiK naaHeTi mpbox 2n106anbHUX
Hoopesooyill, WO BXe pPOo3Mnovanu «3MiHKO8amu e6ce» 3 pi3How wWwBuaKicTio (Nel — 'y
BMPOOHMLTBI, No2 — B rymaHiTapHMX 3HaHHAX, N23 — B iHGOPMaLLiMHO-TEXHOOTIYHIN chepi).

Ons onncy ManbyTHbOro MUK BBaKaau HeobOXiAHMMMK i NMPONoHyBanW BiAMOBIAHI HOBI
TEPMIHN 3 NpedikcoM «HOO-» (HaMbinbLy KinbKicTb MicTUTb Haw Nooglossary [1; 2]). Ta Ha 3axogi
B 1960-x pokax nicns Haazaneknoi AMCKycii Hag KHUroto «PeHoMeH NAMHU» GpPaHLYy3bKOro
Teosora, naneoHtonora i ¢yryponora MN. T. ae WapaeHa (1881-1955) chopmyBaBCs KOHCEHCYC
OO0 «CKEepYBaHHS LbOro npedikcy B Teo0rio» (A4eTasbHO Ue onmMcaHo y Hawik ctatTi [3]). de-
daKTo TepMiHM 3 «N00-» 3aDOPOHEHI 10 BXKMBAHHA Y BUAAHHAX Sciences&Arts, Lo 3araibMyBasno
MNOLWMPEHHA HaLIMX HOOIAEN i MBUTb Cyd4acHe CBITOBE MepPeKOHaHHA B TOMY, LLO E€KO/OrYHO
igeanbHi NpoUecn HeMOXKAMBI, TOMY cnia rotyeatuca Ao Konancy-XX| AK OCTaHHbOI BiiHM MiXK
ycima Homo 3a pelTkn npupoaHux pecypcis. Mpyna Kpalwmx Ha 3axoai ¢yTyponoris cTtBopuia
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YYJOBUIM KOMMNAEKC 3 TPbOX KHUT [4], ane ii ninep i 3apa3 He MNOMIYae »KOAHOI 3 AecATKIB
HOOTEXHO/OriM i NpopoKye «KiHelb cBiTY» [5],

Tomy MM oapasy 3MyLLEHi BKA3aTh Ha Te, WO A0CArHeHHA 3apybirkHMX GyTypooriB HaaTo
Masi, NPOrHo3n MmMarhbyTHbOro 4Yepes IrHOPYBaHHA BXE HAABHMX HOOTEXHO/OrIM i HOOHayK
NOMMWIKOBI, @ KONitoBaHHSA «3axigHWX nopaa» B YKpaiHi Mae Hacnigakom HeBMbadanbHi HeJ0NiKK B
NPOrHo3ax, naaHax i pitueHHAxX. Noganblnil TEKCT Y NPONO3MLIAX CMIMPAETLCA Ha TEPMIHM i HAYKK
«3 ManbyTHbOro», CNPOMOXHI rapaHTyBaTn edeKTUBHE NICAABOEHHE BiAHOBAEHHSA i colianbHO-
eKOHOMIYHMI Nporpec YKkpaiHu. HoocTpaTeris po3BUTKY — NpaBu/ibHE PillieHHSA.

1.2. Mema, 3a80aHHA, Memo0002if, Oxtepena, pe3ynsmamu.

MerTa cTaTTi nosArae B Npono3uLii HOBOro NoHATTA «Hoocmpamezis npoepecy Bim4yusHu»
AK POpPCMarKopHO (HenepebopHO) NPIOPUTETHO! IHTENEeKTyaNbHOI OCHOBWM ANA CTBOPEHHA Ta
peanisaljii BCiX NICNABOEHHMX MNAAHIB | 3axo4iB 3 BiAHOBAEHHA EKOHOMIKM | HOPMAaAbHOro
COLLiaNIbHOTO XNTTA Haloi gepxasn y XXI cToNiTTi.

3aBAaHHA MM BOAYAEMO Y HaZaHHI KPUTMYHOrO HOOAHaNi3y MOWMPeEHUX B YKpaiHi
OEepraBHUX i HAYKOBO-aKaJeMiYHMX NPONO3ULLI aKypaTHO BUKOHYBATM HaBIiTb HalMHeNpPUAATHILWI
ONA YKPAiHCbKOT KyNbTypW i HaLiOHA/NbHOrO ChaZlKy Mopaju i BKa3iBKM (Hanpuknaa — wWoA0
«nepcrnekTusHocTi JITBT-igen»). Mu goBeaeMo HeobXiaHICTb irHopyBaTW MPONO3KL,ii BCiX CBITOBMX
i HagHalUioHa/bHUX GOPYMIB, KOHPEPEHLiN Ta iHLWMX 3aX04iB, WO CKEePOBYHOTbCA Ha MOLIYKM
3acobis A1Aa nikeigauii Hebesnekn Konancy-XX| Ak npoABYy HacMiAKiB 3arpo3 415 BCbOro /I0ACTBa.
Mn nepekoHaHi B HeOOXiAHOCTI peasbHO CaMOCTIMHOTO HaliOHA/IbHOTO MMUCAEHHA Ta
NPOAOBMKEHHI BCIX TUX AOCATHEHb i MOABWIIB, AKI 3M4IMCHMAN HOCIT YKPAlHCbKMX TeHiB 3 4acis
naneoniTy Ao cboroaeHHaA (3a 60 000 pokis).

MeTogonoria AocChnigXeHb i BUMKNAAy iX Pe3ynbTaTiB € iHTerpasbHO-KOMMNAEKCHOW i
nobynoBaHOO Ha BpaxyBaHHI ABWLLA rN0HaNbHOrO eBOMIOLIOHI3MY. MK NOEAHYEMO Kpalli 1
nepeBipeHi NPaKTUKOK A0CATHEHHS BCiX HayKOBLiB-nonepeaHWKIB 3 Yacis Bennkoro Tpuninas (3
MOro TepeHiB 4yepes BIAKPUTUN HaMM XMAPHOTErOBMM MEXaHi3M MNOWWPUANCA CMiNbHI ANns
iHOOEBPOMENLB NEKCUYHI NMOHATTA, CBITOrNAA, CMCTEMA LLIHHOCTEN, NPATPUNINBCBKUN TYMaAHI3M i
HaMBMLW MoOpafbHi  3pasku). LiHylo4M nNepcrnekTUBHICTb  BAACHWX  HOOBIAKPWUTTIB, MM
NPOMOHYBAaTUMEMO PeasibHUI LWAAX MPUCKOPEHOrO PO3BMTKY BiTYM3HKM, aaxe HOO3HAHHSA
03HayYaloTb «Apyre OAyxOBMEHHA NAaHeTH (NepLie Npunano Ha Yacu Bennkoro Tpuninna)».

Mu BKNOYAaEMO B Oxcepena Harato TUCAY HOBITHIX TBOPIB, aZKe MOCTIMHO Ha BiAOMMX
MOBaxX i B [OCTYNHWX axepenax iHbopmauii BiACTEXYEMO TOM0BHI HaAyKOBi BIAKPUTTA I
TEXHOJIOTYHI iIHHOBAaLUT. Hawi AOCATHEHHA NEerko PO3LWYKaTK B IHTEPHETI.

Y cnogiBaHHAX WOA0 3HAYHMX Pe3ynbTaTiB NOABM L€l CTaTTi HAaC MOXHa BBaxkaTh binblie
CKENTUKAMM, AK ONTUMICTamM. Halli HOOBIAKPUTTA i Npono3uuii HabaraTto BUNepeasKatoTb «CBil
Yyac», WO M NOSACHIOE NOBINbHICTb NOLWMPEHHS iHbOpPMaLLi MPO HOOTEXHOOTIT NO NAAHETI Pa3om 3
nornnbAeHHAM CBITOBOI KpM3K 1 HAabAMKEHHAM NOACTBA A0 CTadii po3nayy.

NnwaeTbeca pagitm Tomy, WO nicns 6araTbox POKiB HEeAOBipPW A0 HALIMX BKA3iBOK Ha
iCHYBaHHA | KOPMCHICTb EKO/OrYHO ifeanbHUX HOOTEXHOJOrIM HalioHanbHa akagemis Hayk
YKpaiHu NpUCKIiNAMBO BMBYMIA ONMUC Yy HaWil cTaTTi «PeanbHWin HOOLWNAX A0 NOBHOI NiKBiAaL,i
3arpo3sn  Konancy-XX|I 4yepe3 pO3BUTOK HOOHAYK» [AECATM 3 MalKe MiBCOTHI Cy4YacHMX
HOOTEXHO/IOrI | OnNpuUADAHWAE Yy NPeACcTaBHULbKOMY KypHani «Ceitornsgy» [6]. Lum BOHM
BM3HA/IM MOXAMBICTb N0BYA0BM HOOCTpaTerii BUPOBHUYOro i collianbHOro nporpecy BiT4mM3HM Ha
OCHOBI HOOHAYK i HOOTEXHOOTIN.
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2. Y3aranbHeHHs ¢yTyposoriyHMX gocarHeHb i notpeba y HoocTpaTerii

2.1. Kopomkuli aHaniz po3sumky gymyponoeil

Y pasi BUKOPUCTaHHSA HayKOBOT NPUCKINIMBOCTI, NErKO AiNTU BUCHOBKY, LLIO KOXKHA OAMHA
y HOpManbHOMY cTaHi € dyTyponorom, 60 3myLleHa 34iMCHI0BATU HaMPi3HOMAaHITHILWI NAaHyBaHHA
BNACHUX Al Yy BiANOBiAb Ha KOHKPETHI WOAEHHI Ta iHWi noTpebu i npobremun. BignosiganbHUM
aBTop Yy 4Yac norniMbaeHoro O3HAaMOMJIEHHA B  WKiIbHOMY Kypci  isionorii  ntoamnHn 3
HaMBaXXNMBIWMMM MUTAHHAMM TPOXM MOMIPKYBaB MNPO BCKO «rn0b6anbHy €BOMOLIK0 MO3KY |
HEpPBOBOI CUCTEMW» 33 MINbAPAM POKIB Y NAHUIOXKKY YCKAAAHEHHA »KMBWX OPraHiamiB Big
6e3’agepHOi NePBUHHOT KAITMHM A0 HOMO Ta iHWMX HE MEHL PO3BMHEHMX ICTOT 3i CBIJOMICTIO.

Pe3ynbTaT MipKyBaHHS: Nporpec MWoB Big, HaANPUMITUBHOI peaKuii Ha Pi3HMLI YMOB B
PI3HWX TOYKAx MeMbpaHW A0 BUKOHAHHA (YHKUYii nnaHys8aHHA, nepedbayeHHA i pea2y8aHHA HA
nodii, AKi we He cmanucA. 3 TOro 4acy MM CaMi BMKOPWMCTOBYEMO MO3OK /1A MPOTrHO3yBaHHS,
LYKAEMO BCi MOMAMBI 3HAHHA ONS KPaAWOro BMKOHAHHA Uiel dyHKLiT, a TakoX Hamaraemocs
06/4apoByBaTN MONOAb HANBAKAMBILLMMM 3HAXIAKAMM.

BkasaHe 3aBAaHHA CTa/i0 HALIMM CEePMO3HMM X0bi i 4ano 3mMOry HakKOMUYUTU YMMaNni
KOMMAEKC Pi3HOMAHITHUX 3HaHb AN1A 34iMCHEHHA BAACHMX NPOrHO3iB. 3aBXKAM 3BepTan yBary i Ha
BIAKPWUTTA, | Ha TBOPW MPOrHOCTUYHOrO xapakTepy. Lle y 4epsBHi 1968 p. y npoueci yyacTi B
nepwomy 3acigaHHi kadenpun TeopeTnyHoi Gisnkn disnuHoro pakynsTeTy KMIBCbKOro AepaBHOro
yHiBepcuTeTy iMeHi Tapaca LeByeHKa (nepworo micua nocTinHoi poboTK) nowactTnao 3a1MByBaTH
Binbl KBaNiGiKOBAHUX KONEr TBEPAKEHHAM, LLO HEBAOB3I NPO FOAMHHUKM A0BEAETbCA 3a0yTH |
3aBX/AM HOCUTM 3 coboto «iHbOpMaLIMHMIA LIeHTp (MOro cyyacHa HasBa, 3PO03yMino, iHLa)».
BWHWKNG A,0BONI aKTMBHA AMCKYCIA 3i CNiNbHUMK NepefbavyeHHAMM MOXKAMBMX AAT i NOABK BCe
6iNbLIOT KiNbKOCTI GYHKL,IN.

Mi3Hilwe BCe PO3BMBANOCA 3riAHO UMX KONEKTUBHWUX nepefbayeHb, agyKe TOro AHA BCi
AiNWAN CNiNbHOrO BUCHOBKY, WO NOLLIMPEHHA HaMiBNPOBIAHWUKIB B €N1eKTPOHILLi 3MEHLLNTb «BENNKY
KOPOOKY 3i CXeMaMM Ha eNeKTPOBAKYYMHMX 1aMMax A0 MiHi-KOPOBOOUYKM 3 iHTErpasibHOK CXEMOIOY,
ane akKyMynaTopu LWe AO0Bro A0BEAETbCA HOCUTM B PHOK3aKy, OO A4NA nepexoay Bif CBUHUO Ha
[OCKOHa/iLLi pevyoBUMHM HeobxiaHo baraTo-b6araTo PokKiB.

CKOPOTUMO Hall «aHasi3 MUHYNOro» A0 BKa3iBKM Ha Te, WO cydacHui IHTepHeT (YT i
aKTUBHUI Ta He ay»Ke AockoHanui L) gae 3amory BUBYMTK icTopito cnpob ntoaern nepeadaynTu
ManbyTHE B y3arasibHeHux cTatTax «PyTyponoria», «JocnigKeHHA MarbyTHbOro» Ta iHWMX
noaibHmMx. ObmexMMocs HaraZyBaHHAM TiIbKM NPO Ti 3HAHHSA, WO BPa3namM Hac Hanbinbwe. Cepen
HUX BKa*KEMO KifbKa «yCim BiJOMWX» TBOPIB aMepMKaHCbKOro coujosora i ¢yrtyponora E.
Tobdpnepa (1928-2016) [7], a Tako HabaraTo AOCKOHanNiWy K Ay»Ke HeAoOLiHEHY KHUry
paaAHCbKOro HaykoBus PakiToBa A. |. (1928-2019) «®inocodis komn’'toTepHoi pesonto;i [8]. Ha
OCHOBI O3HAMOMAEHHA 3 AOBMMMW TEKCTaMM KHUT aMepuKaHUA MW CTBOpWUAM AnA noTtpeb
CMiNKyBaHHA 3i CTyaeHTamu puc. 1, Wo BiATBOPIOE MOro iZeto iCHYBaHHA TPbOX LMBINI3ALLIMHNX
XBWU/Ib COLLia/IbHO-eKOHOMIYHOrO MOCTYNy «NOABIMHO po3ymHoro Homo (Hagani — HSS)»,
Ha3MBaloYM iX a2pPapHOI0, iHOYCMpPiabHOK Ta HANBAXKIMBILIOK — iHGHOPMAyilHOIO.
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Puc. 1. E. Toddnep BiATBOPMB €BOMIOLLIKO NHOACTBA AK 3MiIHY TPbOX LMBINI3ALLIMHUX XBU/b
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Puc. 2. MNpaBaunea cxema eBotoLii HSS 3 HOOIHPOpPMaLLED A5 NCUXO3aXUCTY YKPaiHLLB
(BepeceHb 2025 poky)
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[MPONOHYEMO YBa)KHO BMBYUTK i MOPIBHATU 0bBMABI cxemu. Heponikom TBepa)keHb E.
Todbdpnepa BBAXKAEMO He Ti/IbKM NepebinblieHHA 3HaYeHHA «TPETbOi XBUAI» (BOHA TaK i HE 3MiHMAM
OCHOBM XUTTE3abe3neyYeHHn N0ACTBA), @ U BUKOPWUCTAHHA C/I0Ba «iHGOPMaLiiHa» y Ha3Bi — Ha
NPaKTULL BCi KPOKM B €BOOLLIT NH0ACTBA 3aBX AN Main iHbOpMaLiMHy CKNaaoBy.

MW BBa)KAaEMO «TPETIO XBW/O» HEBEAMKMM TOPOOYKOM Ha Apyrin XBUAi, amxe
MUTTE3abe3NeYeHHA HaBiTb CbOroAHI € iHAYCTPIaNbHUM, OTXKe, Ay»Ke AeCTPYKTUBHUM anA
biochepu i ntopen.

3BepHEMO yBary M Ha Te, WO TakK 3BaHi «CMapT-TEXHOOTI» € yCbOro AuLie TPIlKK
NONINWEHNUMM  IHAYCTPIANbHMMKW, @ TOMY He MOXYTb YpATYBaTM JKOACTBO Bif, €KONOrIYHUX,
nemorpadivyHMX Ta BCiX iHLWMX 3arpo3 A5 MOro NoAanblioro icHyBaHHA (Big Konancy-XXI).

PaguKkanbHO iHWKMMK € BigKpuTi Hamu B 2000 poui y cKnagi Be/IMYE3HOro NOTOKY COTEHb
HOBMX HAHOTEXHOJIOTI YCbOro IMLLE ABi EKOJIOTIYHO iAeanbHi N HELKIANMBI AN A0BKINAA NpoUecK
(HaHOdOTOKaTani3aLis Ta OTPMMaHHA BiA4, UiaHOOaKTepi 6GionnacTMkieB 3  NPUPOAHUM
CamMopo3nazZom nifd, BNAMBOM rpubKiB i BakTepii). [lecaTb pPOKiB MW MPOMOHYBaAM ANA HUX
PI3HOMaHITHI Ha3BW, asie Ha MiXKHapoaHIM KoHpepeHU;i nig, erigoto HAH YKkpaiHm 3anponoHyBaam
HiNbll afleKBaTHY Ha3By «KHOOMEXHOs102Ii» (Ha 3HAaK CNOPIAHEHOCTI 3 MyApPMMM «HOOChEPHUMM
TEXHONOTIAMMNY).

ON0BHIO BiAMIHHICTIO HOOTEXHOAOTIM Bif, YCiX BiAOMMX iHLINX € TE, LLLO BOHM HE MOPYLIYHOTb
NPUPOAHI NpoLEecH M HaaalTb NOAAM BCe NOTPiIOHE Pa3oMm 3 YCYHEHHAM iHAYCTpiabHUX Ta BCiX
nonepeaHix NowKoAKeHb biochepu.

Ha 3anuTaHHA CTYAEeHTIB LWOA0 HAMBAXKAMBIWOI 3 HAABHMX HOOTEXHOOMA MM
BiANOBIAAEMO, LLIO Ha NO3uLi0 pATiBHOTO nNpouecy Nol 3acnyroBye bakTepiasibHa HOOTEXHO/IOTIA 3
Ha3BOl «npomeiH Fy» (npomeiH Bin, Fusarium yellowstonensis), Wo y HANBAMNKYI POKKM LLIAKOM
CNPOMOXHa Ha3aBXau NiKBiayBaTh i BiAKOBUM ronoa, i Bce iHAyCTPianbHe TBAPUHHMLTBO, AKE Aa€
3mory nonyaauii HSS wocekyHam 3'igatv npndamsHo 3400 TenNOKPOBHUX KMBMX iCTOT, Oarato 3
AKMX BMi3HAtOTb cebe y A3epKani, OTKE, MOXKYTb MaTK CBiAOMICTb. 3HMKHE TakoK bifblla YacTMHa
BCbOrO arpapHoOro CekTopa EeKOHOMIKM, siKe 0O6CNyroBye TBAPUHHMLUTBO. 3BiNbHATLCA BiA
6e3nepepBHOro 06PoOBITKY BEAUKI TePUTOPIi 414 Bi/IbHOrO PO3CENEHHs HasBHUX | ManbyTHiX HSS.

MM NOMIYAaEMO, LLLO 3arasioM KifbKiCTb HOBMX HOOTEXHO/IOTIM TPOLLKM 3POCTAE NPAKTUYHO
LOMICALA, XOY X HE BU3HAOTb OQiLiMHO, HE BKIOYAIOTb B AE€PKaBHI NAaHM i HE CKEPOBYHOTb 3HAYHI
pecypcu Ha ix LifiecnpamMoBaHniM PO3BUTOK. Ale MU INMLLIREMOCS ONTUMICTaMM | MEPEKOHaHI B TOMY,
WO B HAMOAMMKYI POKM BOHM, a He «HopoTbba 3 rnobasbHMM NOTEMNAIHHAMY», CTaHEe CBITOBMM
npioputeTomM. TBEPAMKEHHA NPO MOro CTPALUHY LWKIAAMBICTL € MiIGOM, ayKe 3pOCTaHHA Ki/IbKOCTI
BYI/IEKMC/IOrO rasy B Tponocdepi Bxe NiABULLMAO MPOAYKTUBHICTL biochepn Ha TPETUHY i
3yMOBWAO A06pe MOMITHE 3 KOCMOCY «MO3E/EHIHHA CyX0A0/1y» K 30iNblUeHHA KiNbKOCTI NCTA i
Tpas.

3aKiHuytoun Len Niaposain, 3anpoLLyeEmMOo YNTaYiB 3BEPHYTM yBary Ha BEPXHIO YacTUHY pPUC.
2, Ha AKOMY aKLIEHTOBAHO YeproBe Halle 3HaYHe BiAKPUTTA — A0BEAEHHS PO3BMTKY Ha NAAHeTI y
HOBOMY CTOJITTI TPbOX FPaHAIO3HUX «MeraHoopeBoAtoLUiny — BUPOBHKMYOI (Nel), rymaHiTapHoOI
(Ne2) i BaockoHaneHHs LUTy4HOro iHTenekty (Ne3). CykynHO BOHM B¥Ke pO3Mnoyann 3MiHIOBATK
«abconomHo sce». 3pobMMO HAroa0C Ha TOMY, LLO FO/I0BHY PO/b Y MOPATYHKY AOACTBA Bif,
Konancy-XXI| Biairpae «ekoHOMiYyHa» HoopeBoatouia Nel, a B 11 mexax — TMNOWMPEeHHA
HakTepiaibHOT HOOTEXHOIOTIT «NpPOTeiH Fy» Ta iHWMX NOAIOHKX,

Ane nosa maTepia/sibHUM BMPOBHUUTBOM iCHYE rpaHAio3Ha 3a 06CArOM 3HaHb i 3HAYEHHS
«ryMaHiTapHa cdepa» — CYKYMHiCTb 0araTbOX ryMaHITapHMX HayK, CBITOMAAAHMX i PenirinHux
yABAEHb, KONEKTUBHMX Ta 0COBUCTMX LIIHHOCTEN i MOpPanbHMX NepeKkoHaHb, MOB i MUCTEUTB Ta
BCbOTO iHWOro, Ynm HSS BMpi3HAETbCA cepe iHWuX icToT Y biocdhepi. PeanbHo manbyTHE NtoacTBa
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3a/1eXaTMMe He Ti/IbKKM Big, MaTepia/ibHOro KutTesabesneyeHHss Ha OCHOBI HIONOMYHUX Ta IHWKX
HOOTEXHO/IOrIN, a 1 Big, NOBeAiHKU MiNbapaiB NtoAel BCiX HAPOAIB i niemeH.

Tomy Mu CBOIX HOBITHiX cTaTTax ([9; 10] Ta iH.) NpONOHYEMO 3BEpPHYTK O0CODAMBY yBary Ha
YCNiX HOOAPXEOoNOril, WO CNMPAETbCA Ha I30TOMHI Ta IHWI MeToaM [AOCTaTHbO TOYHOrO
BMMIpIOBAHHA BiKYy apTedaKTiB, a TaKOX cekBeHyBaHHA (aewmndpyBaHHa) AHK Ta iHWKMX BinkKiB ix
opraHiyHoi cknaaoBoi. L cykynHicTb $aKTiB yXe BiATBOPIOE NPaBAMBY KapTMHY NPafaBHbOro
MuHynoro (Prehistory) npalypiB ycix HapoZiB (BPaxoBYytUM M TUX, LLO 3HWMKAM, MOAULIMBLUN MO
cobi ocobnmsocTi B AHK i 6inkax). Mu nepekoHaHi B TOMy, WO MPOrpec B Hooapxeonorii i
HOOICTOPIT CNPOMOMKHUIA AONOMOITU YCBIAOMAEHHIO | BUPILLEHHIO MNOAITUYHUX, PENiTinHMX Ta
HaraTbOX iHLWMX NPobaeEM i cynepeyHocTen.

2.2. [MoAacHeHHA Hoocmpamezii 8idHo8neHHA | mMamepianbHo2o hocmyny-XXI 8 YKpaiHi

CKOHLEHTPYEMOCA Ha MaTepianbHUX BMPOOHMUMX acneKkTax HoocTpaTerii yKpaiHCbKOro
BiAHOBMEHHSA i MOCTYNY, OCHOBY AKMX MW BOHAYAEMO B €KOJIONMYHO ifleasibHNUX HOOTEXHOONIAX AK
HaCNiAKy NapanenbHOro PO3BUTKY HOOHAYK. OBMEKMMOCA NOACHEHHSAMM YAaCTUHM HALLOTO CMMCKY
LMX HOOABMLL, — AECATU HooNpoLeciB 3 NPnHAN3HO 45 BiAOMMX Ham (peanbHo X BXke MoxKe ByTu
 Binblue, aaxe LWOCh 3a1MLWKNAOCH MNO3a HaLLO YyBaroto).

1). Hacamnepepn, 404aMo KinbKa cniB Npo HakTepiasbHy HOOTEXHO/Ori0 «npoTeiH Fy» Ak
3aCib WBMAKOro NepeTBoOpeHHA remsepHUM Mikporpnbkom «Fusarium yellowstonensis flavolapis»
OyAb-AKOi OpraHikM B Ay»Ke AKICHWMI BiNKOBMIM MPOAYKT 3 TOPriBefbHO Ha3Bok «Abunda».
HooTexHonoria-nigep «npoTteid Fy» mae «reisepHe» noxodeHHsa i 3'asnnaca y CLUA npu nowykax
3abe3neyeHHa DKelo | BOAOI YYaCHWKIB Aye TpuBanux nepenboTis y COHAYHIN cucTemi. (i
BMHAXiAHMKKM BUrpann KoHkypc NASA, cKepoBaHWI Ha BUMPIlLEHHA BKa3aHOi JOMiCTUYHOI
npobnemu, aaKe Aa€ 3MOry 3MeHWUTM obcar noTpibHoro 3 6araTbOX TOHH A0 MiHIManbHO
MOMAMBOTO — «Ha Tpu [A06WM». BuasneHuir y reisepax 3HAMEHUTOro ENN0YCTOHCbKOTO
HalioHanbHoro napky B CLUA miKporpnboK aas 3mory BUpilWnTK Lo npobaemy, a Tomy [1oH Mack
He NepemMa€eTbCA NUTAHHAM «XapPyoBOro 3abe3neyeHHs» y4acHMKIB ManbyTHiX NonboTiB Ha Mapc.

Ham HeBigoMmi NOBHI MPUYNUHK TOTO, LWLO TEXHOAOTIA «npoTeiH Fy» oTpumana y CLLUA no3Bin
Ha KOHKYpPEHLito 3 ep3au-m’aCOM 3 COi Ta iHWWX POCAMH /INLLIE HA BEFAHCbKOMY PUHKY, afe M 40Ci
He Byna ckepoBaHa Ha MOCTYMNOBY M MOBHY NiKBiAALi0 BCbOro iHAYCTPia/IbHOrO TBAPUHHMLITBA 1
no4aTKy BMpilleHHA cBITOBOI Npobaemum BiNKOBOro ronoay cepes Minbapais HanbigHiwmx HSS.

Cxorke, Wo 3axiaHa €Bpona Habarato cminmeilia y UpOMY NUTaHHI. Tam y HinepnaHaax
cnopyamnu 3aBoj, 3 NepeTBOPEHHA 3epPHOBOrO NKAy B AKICHY XKy, a NisHiwe nigepwn aep*as €C
NPOronoCKUAM HaMip po3BMBATM came bakTepianbHi xapyosi HooTexHonorii [11]). Ta moxemo
noLIKoAyBaTK, WO cnpaBa He niwna Aani Bia Aeknapauin npo A4obpi Hamipyn, TOMY CEPMO3HOro
diHaHCyBaHHA N5 CTBOPEHHA CEKTOpY DaKTepianbHMX Ta iHLWMX HOOTEXHOOTIN HEMAE.

LlonHO BKasaHe HamMu Npo HaKTepianbHy HOOTEXHOAOriD «MNPOTEiH Fy» MK BBaAXKAEMO
CTPaTEriYHO BaXKAMBUM A1 CTBOPEHHA Halbinbll pauioHafbHOrO Ta ePeKTUBHOroO NMOBOEHHOIO
BiAHOB/IEHHA BiT4M3HM, agXKe 3amiCTb BMTPATM KOJIOCANbHMX PECYpPCiB Ha MOBHY pecTaBpalito
3HULWEHMX TBAPUHHULbBKMX depm 11 apxaiyHMX 3aBOAIB 3 NepepobkM TPaaMLIMHMX NPOAYKTIB
BCbOrO HALWIOr0 HALIOHANbHOrO CiZIbCbKOrOCNOAAPChKOrO CEKTOPY AOUiNbHILIE 3 MEHLWUMMK
pecypcamu i HabaraTto LWBKALIE CTBOPIOBATM Ha OCHOBI HOOHAyK i HOOTEXHOJOrIM cucTemy
3abe3neyeHHn bionpoaykTamm «3pas3ka XX| cToniTTa» — nepuwy Ha nnaHeTi. Pamku crtatTi
0OMeXKYIOTb AeTa/lbHUIM aHani3 KiZIbKOX NMPUKAaAIB y4acTi MOIOAMX YKPATHCbKMX MiANPUEMLLB i
HayKoBL,iB (AK Irop Jlicki Ta NpaLiBHUKM OAHOTO 3 BULLIB XePCOHA) Y AOCAIAKEHH] | BUKOPUCTAHHI
HaKTepiaNbHNUX HOOTexHonorin. TyT GaykaHW nporpec BMMArae AKHaAMDbINbLWINX [AeprKaBHO-
CTPaTeriYHUX 3yCUb, a He iHiLiaTMBK OKpemmnx ocib.
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2). 3p0HUMO HAroNoC Ha OAHIN 3 HaNepLLIMX HOOTEXHOIOTIN, 3anoYaTkoBaHil we y 2000
p. li HasBa — HaHOdOTOKaTani3aLia. EKoigeanbHUii Npouec Noasarae B TOMY, WO MOMEKYaM
ABOOKMCY TUTAHY YM iHLWMX CMOAYK MOTMAMHAKOTb CBIT/I0 Ha MNOBEPXHI MEeANYHMX 3aXMCHMUX MACOK i
yepes nepeaavy eHeprii GoToHIB pe4oBMHi BakTepil, BipyCiB YM YOroCh iHWOMo PO3KAaAatoTh ii Ha
rasu (BoasHy napy, a3oT, KMCEeHb i T.4.). NPOMNO BXKe 4YBEpPTb CTONITTH, ane Len 4yaoBui
HOOMPOLLEC BUKOPMCTOBYETbCA HEAOCTATHLO | CNOPAAMNYHO.

MOsAICHEHHS MOro He3acToCcyBaHHA B 3aXMCHMX MacKax BianoBiAa/fbHUIA aBTOP OTPUMAB Y
nosHomy o6cs3i B8 2009 p. B MOMEHT MOLIMPEHHS MO NAAHETI CTpaxiB BiA eniaemii «CBUHAYOro
rpuny». Hamaratoumcb NOWMPUTKA iIHPOPMALLID NPO ePEKTUBHICTb MaKe BIYHUX | Ay»Ke AelleBnX
«HAHOMACOK» Ha OCHOBI HaHodoTOKaTanilauji, noHaa 4 roAMHW KOHTAKTyBaB 3 HAYyKOBMMM
ycTaHoBamu KueBa ax A0 Haworo MiHicTepcTBa HaazBuyamHMX cuTyauin. O6i3HaHUA i
KOMMNETEHTHWI MOTo NPeACTaBHUK MOPAAMB «3abyTH NPO HAHOMACKNY | HE PU3MKYBATM 3[0POB’AM
(*UTTAM) — CBOIM i PiAHNX. TOMY i CbOrOAHI Ha BCil 3eM/1i J03BONEHI TiIbKN «XIMIYHI» MacKK, AKi
Yy pasi 4eproBoro UMKAY MOLMPEHHA MIKPOMATOreHiB HamM PEKOMEHAYHTb 3MIHIOBATU KOMHI
YOTMPU roAMHM (i HaBITb YacTille, AKLLO BM nobyBanmn B yMOBax HaMipHOro ckyndyeHHa HSS).

3). Ak npo HooTexHonorito N3 NpuragaemMo OTPMMAHHA 3a JOMNOMOToH LiaHobaKTepin
6ionnacTUKiB 3i 3BMYHMMKM ANA HAC YCIX HOPMaNAbHUMU MEXAHIYHUMWU BAACTUBOCTAMMW |
CMPOMOMXKHICTIO CaMOpPO3KAaaAaTNCA Y AOBKINAI 3@ aHANONIED 3 OCIHHIM ANCTAM. X0o4 Benunka Ximia
YCINAKO 3aXMLLAE CBOI iHTEPECK M HaMaraeTbca yTPMMyBaTK status quo (HaABHMIA CTaH peyen) 3i
WOpPIYHUM BUPODOHMUTBOM MnoHag 400 MiNbMOHIB TOHH «HapTOrasoBMX MAACTUKIBY, ane KOJIUCh
3MyllieHa byae AiaTv iHakwe Yyepes noTpeby NPUNUHUTU «MacoBe BUHMLIEHHS HSS». CboroaHi
ceitoBi 3MI| 1 IHTEpHET NPOCTO NepenoBHEHI CTPALIHUMM MOBIAOMAEHHAMW MPO TOTaNbHY
NOLWMPEHICTb | WKOAY BiA, MIKPOMAACTUKOBUX YAaCTMHOK, @ He TiNbKM Bid BEANKUX MAACTUKOBUX
NAAWOK M iHLWWMX BMPOBIB, O OTOYYIOTb HAac Y NOOYTi 1 N03a HUM.

Mn, 3BICHO, CTEXMAN 33 PO3BUTKOM MOAIN Y TEMI «NAACTUKOBMX 3arpo3» i CBOEYACHO B
3apybidKHUX  O)epenax 3ycTpiAnM MNOBIAOMAEHHS MPO  CTBOPeHHA 6ionnacTukiB  Yepes
MUTTEAIANBHICTb TEHETUYHO MOAMDIKOBAHUX AOBOI MOWMPEHUX Y AOBKIAAI LiaHObaKTepin. Y unx
OsKepenax My 3ycTpiiiv puc. 3, WO 3acBigyye Ay»e BUCORY eheKTUBHICTb TeHHUX mMoaudikalin B
aCreKTi MaKCMMaibHO ePpeKTMBHOro CTBOPEHHS bionnacTukis [12].

——

R i
Puc. 3. TeHeTMYHO 3MiHeHi LiaHObaKTepii cknaaaoTbea nepesaskHo 3 BioNaacTUKy

HelloaaBHO, MPOAOBMKYHOUM BMBYEHHSA ABMLLA KCBITOBOI €NiAeMIT OXKMPIHHAY, MW MOMITUIN
HayKOBi [OOKasW TOro, WO BOHA € HEMNPUEMHMM, ane HeneTasibHUM MNpPoABOM Habarato
Hebe3neyHiwoi rnobanbHOi eHAOKPMHHOI NaHAeMii. MpuKpo, ane daxiBli-MeaMKM 3acyanam Hac
3a Ui TPW CN0Ba i BiAXWUAWAK CTATTHO 3 NPONO3MLIEID NOCTYNOBOI NiKBiAaLii noaibHMX 3arpo3 Yyepes
TOTa/IbHY 3aMiHY « M SKMX» Ta iHLWMX HadTOrazoBMX NAACTUKIB TUMM, LLLO 306parkeHi Ha puc. 3. BoHK
He BMAINATb NOTOKM MONeKyn GTanatiB 3 iXx Hebe3neyHMM «rOpMOHa/IbHUM» BMIMBOM, @ TOMY
BPATYIOTb JILOACTBO Bif, LLET HEMOMITHOT M TOTasibHOI Hebe3neKkn. CXoXKe, WO MU MEPLIMMU Ha
nAaHeTi 3anponoHyBann NiKBiayBaTW eHAOKPUHHY NaHAEMil0 BUKOPUCTAHHAM HOOTEXHOOTIN Y
cTaTTi [13].
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4). We y cepeanHi 1990-x pokKiB y npoBigHWX HaykoBux BuaaHHax CLUA 6ys nepiop,
aKUEHTOBAHOI yBarM [0 eKCNEepPUMEHTIB i MOM/IMBOIO BUMKOPUCTAHHA «JiHIMHMX Bipycie». Le
He3BMYalHe C/0BOCMO/lyYEHHA 0O3HA4a€, WO OO’EKTU AOCNIAMEHHA Maiu He TPpaauuinHy ans
bakTepiln um Bipycis popmy cdhep 4M COCUCOK, a ONIBLIB 3 AOBKMHOWO, LLO 3HAYHO MEepPeBULLYE
AiameTp. Buasunoca, Wo nicna AoCATHEHHS NEBHOI KPUTUYHOT MeXKi iX KiNIbKOCTI B 0AnHMLI 06" emy
«ONIBLi» CNOHTAHHO YMOPSAAKOBYHOTLCA MapanenbHO OAMH A0 OAHOro, GOPMYIOUYM HAATOHKY i
[0BOAI MiLUHY MAiIBKY, NOTEHUIMHO NpuaaTHy i A0 POAi OpraHidyHMX AUCNAEIB, i 40 BMKOHAHHS
OYHKUIN enekTpoaiB B PI3BHOMAHITHMX MPUCTPOAX aKyMyJIATOPHOro Tuny. s nepcoHanbHMUX
KoMN'toTepiB i HaBiTb cMapTHOHIB LA YHiKanbHa MAiBKa He Haganwuca, ane 3araaom 3b6epirae
NepcrneKkTUBY BUKOPUCTAHHS Y MEHLLMX | «ODOPOHHMX» NMPUCTPOSAX.

5). YeTBepToto 3a Yacom MOABM HOOTEXHOJOFED CTAaN0 HecnoAiBaHe BUMKOPUCTAHHA
bakTepin ANnA NepeTBOPEHHA MiCKY B 3aCTOCOBHWUM Yy OYAIBHMUTBI KamiHb-nickoBuKk. B [3paini
0DOpPOHHI HCTaHLji Hamarannucs BUKOPUCTATK Le ABULLE A8 NEePEeTBOPEHHSA MOBEepPXHi NillaHoi
NycTeni 4m nNAAXy B aepoApOMHi cMyrn. Cxoxke, ycnixm B «baKTepia/ibHOMY OyAiBHUUTBI»
BUABMAMNCA HEAOCTAaTHIMM Yepes MOBI/IbHICTb NPOLUECY UM iHLWI NPUYMHK, @ TOMY MOBIAOMIEHHA Ha
NeBHWI Yac NpunuHUAnca. TinbKM Yepes KijibKa POKIB aHaNOrYHI AOCNIAKEHHS BiAHOBMANCA Ha
BMLLOMY PiBHIi i Mann AOyX»e MNO3UTUBHUM pes3ynbTaToM bOaKTepiasbHy iKBiAaUilo TPIWMH i
HEePIBHOCTEN Y CTIHaX CYYaCHUX i aHTUYHUX cnopyd, Y AeTansx MOCTIB i HaBiTb Y dyHAAMEHTaXx, W0
nepebyBatoTb y BOAI YM HONOTI. Y NOLWMPEHUX B IHTEpPHEeTI cTaTTAX Ha L0 HOOTEMY MPUEMHO
BpaXkaloTb GOTO «OHOBAEHWMX | BUPIBHAHWX» MOBEPXOHb, Ha AKMX MPAKTUYHO HEMOXKINBO
HEe0306POEHNM OKOM BiAPiI3HUTU BiAPEMOHTOBAHY AiNAHKY Bij, Li/IKOBUTO HEMOLWKOAMKEHOT.

6). HacTynHot Mo 4acy nosiBM HOOTEXHOJOTIED MOXKHa BBaXKaTu Meplli pesyabTati
[OCNigXeHb OakTepih 3 nigBuWeHO A0 OaxaHoi MesKi CNPOMOMKHICTIO  pO3KaagaTH
HadTONPOAYKTM Ta iHWI NoAibHi ByrneBoAHi. Mepuwi ycnixm 3ymoBMAM nosBy nybaikauii npo
NepcrneKkTUBM TaKOro 3POCTaHHSA iX HAQTOAECTPYKTUBHOI aKTUBHOCTI, O 3MiHEHI LWTaMM 3MOXKYTb
YyNPO/OBXK OAHOrO NITHbOrO Ce30HY OYMCTUTM MICLA HAKOMMYeHHs WwnamiB HadToba3 Ao craaji
YUCTOro rpyHTY. XOY Yepes He HAATO TPMBAAMIM Nepios Yacy LiKaBiCTb A0 «HAPTOAECTPYKTOPIB»
3MEeHLWNNACA 3 HEBIAOMMX A1 HAC NPUYMH, aSie 3araJJIoM M1 BBAaXKaEMO PO3BMTOK LLbOrO HayKOBOIO
HaNPAMY A0CTaTHbO MNEePCNEeKTUBHMM A1A 3Bi/IbHEHHA BCbOro 3€MHOTO AOBKINAA Bif, rpaHAio3HOI
KiNIbKOCTI MiKPON/aCTHKIB.

7). lLle Ha camomy no4YaTKy HOBOrO CTOITTSA B MPOLECI BUBYEHHA HOOAOCATHEHb HaYKOBLLIB
CBiTY M NpUeAHaAHHA A0 HMX BAACHWX HOOBIAKPWTTIB MM 3amnponoHyBaan HayKOBOMY 3arany
YKpaiHW igeto BBECTUM ANA HOOTEXHONOrN HoBUM — 7-U mexHono2iyHUl yknad. Kputepin
BKJIIOYEHHA YOroCb HOBOrO B 7-1 yKAad NPOCTUIA — Lie «kHOBE» MOBMHHE HagasaTn HSS noTtpibHe
ONs MO0 MUTTEAIANLHOCTI 3 OAHOYACHOO NiKBIAALIED iHAYCTPiafbHMX Ta iHWWX NOLIKOAMKEHb
A0BKiNNA. JocuTb WBMAKO UA NPOMNOo3MUIA OTpMMana MOMITHY MIATPUMKY OKPEMMX MOSIOAMX
YKPATHCbKMX HayKOBLiB-eKOHOMICTIB, ane He HAHY, KM, iHWWX Aep*aBHMX YCTAHOB i NPOBIAHMX
YHIBepcuTeTIB.

MPOAOBKYIOUN LD TEMY, MW BUABUAM GaKT GOPMYyBaHHA Ha NAaHeTi «biomeTanyprii» sk
NOTEHUIMHO Ba)}KNMBOI YaCTUHM  MaMDBYTHIX BMPOOBHMLTB 3aNPOMOHOBAHOIO Hamu  7-10
TEXHONIOMNYHOro HOoOoyKNaay. TepMiH «bHiomeTanypria» O3HaA4Ya€e OTPUMAHHA METaNIB UM iHLIMX
e/1eMEHTIB 3 PiAKUX | TBEPAMX NPUPOAHUX CyBCTaHLiN Yepes 3anydeHHs bakTepilt. Tyt 6arato 4yoro
[OCATIN «CEKPETHI HAYKOBLLI» Npu BUpilleHHI npobaemn BUAOOYTKY ypaHy, ane mu obi3HaHi B
LbOMY MWUTaHHI HedocTaTHbo. PafiemMo, WO neBHi DakTepii MPOAyKYylOTb AyXe MNOoTPIOHI Ans
MeANYHUX LLiNe HAHOMETPOBI Ky/IbKM Cpibia y pasi ix »KUTTA Y PignHax 3 AOMILLKOI LlbOro MeTany,
a iHWi 3aMOBHIOIOTb CBiM 06'eM YacTOUYKaMM Mifi Y 3aXUCHUX BiooOONOHKaX. HannpuKpiwmnm mu
BBAXAEMO TOM GaKT, WO BCi NOAIOHI ABMLLIA Ha3MBalOTb «PpepmMeHTalieto (cknucanHam) (1)», a He
H6ioHoOTEXHONOTiIAMWU. Ha OCHOBI Takoi Ma/floNpUAaTHOI TEPMIHOMOTIT € Mano LIAHCIB Ha YyChixu
NOLWMPEHHA NPOLECIB 7-ro TEXHONOMNYHOrO YKAaay.
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8). Y 2010-x pokax y BeNMKOMY 3a 0bCcArom noToLi Npono3uLiii HOBMX HaHOMaTepianis
OTPMMaNO LMPOKY MPecy CNOBO «HAHoyena03a». Llboro pasy maetbca Npo WocChb LiNKOBMTO
opraHiyHe 3 6inblwoto Big AyHa ryCTUHOW M GEHOMEHA/IbHOIO MILLHICTIO, IKa Hel0CAKHa HaBiTb A4
TUTaHy. CKpynyabo3Hi 4OCNIAHUKM BAKTEPIN BUABUAM, O BOHU TAKOXK AKMMOCH ANBOM GOPMYIOTb
HaHOLENt0N03y, AKYy M Ha3Banu «baKTepiasbHOW HaHOLE/0/1030t0». X0o4 Mi3Hille axkioTax
HaBKOIO LLEI TEMM NPUNUHMBCA, ane 3arajloM Mae 3MaraHHA «3a AelleBy HAaHOLLEN0N03y», AKa
NOTEHLIMHO Ma€e NPOCTO rpaHaio3Hy chepy BUKOPUCTAHHA.

9). Hasitb 6e3 noTtoky nosigomaeHb y 3MI i HayKOBMX CTaTTAX-OrNA4ax MOXKHA
CTBEPAXKYBATM, WO [0 AeB'ATOI rpynn HOOTEXHOJONIM KOPUCHO BKIOYMTM DHakTepiasibHe
CTBOPEHHA aHafNoriB NepanH i/4n NOBEPXHEBUX MAIBOK 3 PISHUMM BNACTUBOCTAMU. ANe Ayxe
HbarkaHO nepenTn BiA, peanizoBaHMx CNpob OTPMUMAHHA aAPaAroHITOBMUX MAIBOK A0 6ioanmasHux
(Byrneuesmx) 3 BianoBiaAHMMM peKOPAHUMUN GI3UYHMMM XapPaKTEPUCTUKAMM.

10). HanpuKiHUi NOACHEHHA AEeCcATM TPyn HOOTEXHOOMM 3 TUM UM HWKMM PIiBHEM
Peani3oBaHOCTI KOPMCHO HaraaaTu, WO HeuwodasHo daxiBui 3 Kapeapu TEXHONOTIN nNepepobKu
CiNbCbKOrOoCnoAapCbKoi  NPOAYKLUii  XepCOHCbKOro  AepXaBHOro  arpapHO-eKOHOMIYHOro
YHiBEpPCUTETY B NOLyKax CyOCTaHLT 4158 NPUCKOPEHHS i 3AelleBNeHHA OTPMMAHHA ICTUBHUX rpnbiB
nepeTBOPMAN CyMill NoApiBHEHOI CONOMM | NYLUIMWMHHA COHAWHMKY B NOAIOHMI A0 NiHOMANacTy
MIUHWIM | UinKoBUTO bGioopraHiyHM MaTepian 3 O4YEeBUAHUMU LWUPOKUMU MNepcreKkTUMBamMM
3aCTOCYBaHHA. B HaMHOBIWMWX CBITOBMX NyOAiKalUiaX Ha CnopigHeHy TeMaTUKy MM 3HaAXOAMMO
MOBIAOMNEHHA MPO aKTMBHE BMBYEHHA TPaAHAIO3HOTO W pPi3HOMAHITHOro CcBiTY rpmubis Aas
OTPMMAHHA YHiIKanbHMX BiocybCTaHLiM ANS MeAMYHUX Ta iHLWNX 3aCTOCYBaHb

3aKiHYMMO Lielt Nigpo34in BKasiBKO Ha Te, Lo CBITOBA HayKa Bce binblle CKepoBYETHCA Ha
BMBYEHHA XUTTA B LIIKOBUTO EKCTPEMAZIbHUX YMOBAX — Y CMepPTeSIbHUX PiAMHaxX, Npu ayxe
BMCOKUX TemnepaTypax, Ha rMOUHAX KiNbKoX KilomeTpiB ycepeauHi nitochepu. O4eBnaHo, WO
HaKTepil 1 BinblUi iCTOTM BMKMBAIOTb TaM 3aBASKU BUKOPUCTAHHIO HEBIAOMMX ANA Cy4aCHOI HayKu
NpoLeciB OTPMMaHHA eHeprii Ans KUTTA | Byrneuto Ana nobyaoBM CBOIX Tin. BMBYEHHSA BCbOro
LUbOro BE/IMKOrO CBITY «HEBIAOMOrO WUTTA» HaAaCTb AOACTBY HOBI LWAHCK ONA BigBEPHEHHA
3arpo3n NoBHOI 3arnbeni un gocarHeHHa Konancy-XXI. Tomy Le pas BKaXKemo Ha Te, Wwo BitunsHa
noTpebye NOBOEHHOrO BiAHOBNEHHA i MPOrpecy Ha OCHOBI MAacoOBOro BMKOPWUCTAHHA HOOHAYK i
HOOTEXHO/IOrIN.

3. Mpo HoocTpaTerito HOOPO3BUTKY NEPCNEKTUBHOT r'yMaHiTapHoOi coepn B YKpaiHi

ObpaHa 1A UbOoro nigpo3Ainy Tema OLIHIOETbCA HaMM 3HAYHO LIMPLLIOKD Bifd, YCbOro
BMKNAZEHOrO BULLIE, aZXKe OXOM/IOE BCi HaABHI B YKpaiHi ryMmaHiTapHi Ta iHWI 3HaHHA, WO MalKe
MOBHICTIO CKMa4atoTbCA 3 NPoAyKUil mnucaeHHA HSS, a He BUKOPUCTAHHA HUM IHCTPYMEHTA/IbHUX
BMMIiPIOBaIbHNX 3HApPAAb. 3BEPHEHHA [0 LIbOro OKeaHy 3HaHb BY10 NOriYHO-BMNAAKOBUM Yepes
Halle YacTKOBe 3a/ly4eHHs [0 ro/I0BHUX MNOMITUYHMX NOAiM B YKpaiHi HanpukiHui 2010-x pokiB.

be3nocepeAHiM NMOLWTOBXOM A0 MPOBEAEHHA NOrAMBAEHOr0 KPUTUYHO aHanily ABuL, B
YKPATHCbKIN TymaHiTapHin cdepi M CTBOPEHHS HaMM KiIbKOX cTaTel cTanm rAanMboki 3miHM B
YNpaBAiHHI AepXaBoto. BOHM nondrann y BiAMOBI Bif, XapaKTepHUX A1A nonepeaHix 4aciB KPOKiB
NOMNyNiCTCbKOTO XapaKTepy i MoyaTKy CTpaTeriyHoro naaHyBaHHA Ha TpuBani TepmiHuW. KabiHeT
MiHicTpiB 3anponoHyBaB «CTAaPTOBO-HEBAANNIM» EKOHOMIYHMN NPOEKT Ha AecATb pokis [14; 15],
AKMIM Ha 100% cnupaeThea Ha JOKYMEHTU EKoHOMIYHMX dopymiB v JaBoci, Wo irHopytoTb NosBy
HOOTEXHO/IOIM | NPONOHYITb MOAepPHI30BaHY «IHAyCTpito 4.0» K CBIT POOOTIB i MEPCOHANbHNX
Komn'toTepis.

MiHicTepcTBO OCBITW | HayKM YKpPaiHM iHiLiaTMBHO CKePYBa/io BMLLY OCBITY B HOBE ManbyTHE
[16], PU3MKHYBLIM BWM3HATK, WO HE 3HAE WMOro BM3HaYanbHWUx puc (!). B cknagHy cuTyauito
noTpanuna HauioHanbHa akagemia Hayk YKpaiHu, akin [NpesnaeHT AOPYYMB CTaTW TBOPLIEM
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«KoHuenuji HawioHaNbHOI Nporpamu po3BUTKY r'yMaHiTapHoi cdepu YKpaiHuy». MoaibHi A0KyMeHTH
HAHY B)e BWMKOHyBasa YNPOAOBX POKIB HE3aneXHOCTI | KOXHOMo pasy BOHW He BUKAWKAIU
3HAYHMUX HACNIAKIB, aaxe iX TBOPLUi He [AaBajiv MOBHMA OMNUC MaMbyTHLOro, a OOMENKeHO
MaHiNyNtoBanM TiNbKM 3arabHUMW TepMiHamu — iHopmayiliHa pesgontouia, yugposizayia
ocsimu i 8upobHUYMEA, CYyCcnisbCmMaeo 3HGHb. Halriplwe Te, L0 KOXKHOro pasy NOHATTA «PO3BUTOK
ryMmaHiTapHoi chepmn» OTOTONKHIOBANOCA 3 CYKYMHICTIO «TYMaHITapHUX AUCUUMNAIHY 683 HaMMEHLNX
cnpob BMITK No3a ix mexi ([17; 18] Ta iH.).

Y cBOeEMy HarkaHHI iHiLiaTMBHO BMKOHATK A0OpYyYeHHs MNpe3naeHTa Mm oapasy BiAMOBUANCA
BiJ, nonepeaHix BY3bKO AWUCUMMIHAPHO-TYMaHITapHMX nigxodis i 6aynmmo B YKpaiHi-XXI
«rymaHiTapHy chepy» Ak Bceocsa)kHe i HabaraTto ckiaHille Big, eKOHOMIKM NoHATTA. Came Tomy
3anNponNoHyBaan nigepam YKpaiHuM i BCiM cniBrpomagaHam naaH ycniwHoi «CTpaTerii Hoonporpecy
aHTPOMNOreHHOro AoBKiAAA B YKpaiHi-XXI». 3araniom mu CTBOPUAWM Kinbka nybhikauin pisHoro
obcAary 3 nepeBaXKHO KONIEKTUBHMM aBTOPCTBOM. Mu 6axkann akTUBHO 3a/1y4MUTH He TibKK paxiBLiiB
3 TOYHWUX HayK, a 1 KBaNipiKoBaHUX r'yMaHiTapiiB, AKi BUBYAM NPOEKTU CTaTeN, BHOCUIN YTOUHEHHSA
i Manu akicHy nybaikauito. 3 rpynu TorodacHux ctaten Bkaxemo aAgi — [19; 20]. Mepwa mana 6
aBTOPIB 3 KHOOrPYNM», a Apyra — 49 3 BE/IMKOIO KiNbKICTIO KBaNiGiKOBaHUX ryMaHITapiiB.

MPUHLMNOBO HOBUM ANA YKPATHXM MW BBAXKAEMO HaLly CMisibHY NPONO3ULLIKD BUKOPUCTATK
B YCiX aHanNi3ax NOHATTA KAGHMPONO2EHHO20 008KinNAA YKpaiHu — ALY» AK CyKynHOCTI NPUPOAHOro
(MaTepianbHoro) cepenoBuia nepebyBaHHA yciX rpomagaH YKpainn (ALY-mamepiansHe
nobydosaHe HA B8UKOPUCMAHHI HOOMexHos02ild) Ta HemaTepianbHOro (ifeanbHoro) AO0BKINNA
(AdY-ideanoHe). ALlY-ineanbHe BK/IOYAE KOMMAEKC PI3HOMAHITHUX 3HaHb, idel Ta yaBAeHb fK
OCHOBW MUCNIEHHA | MPUMHATTA NPaBUAbHUX CTPATErYHMX PilleHb yCiMa rpoMagaHamm BiTunmsnuy.
Moro anpom MM BBaKAaEMO Cy4aCHE HOOMOAMHO3HABCTBO-XX|, AeTanbHWA ONUC AKOTO MM
i MOPANMMO YMTa4yaM BUBYUTK il TEKCT Yepe3 IHTepHET.

O4yeBMAHO, LLO B NpoLeci onucy matepianbHoro ALY mu pobmam Haronoc Ha HOOHayKax i
HOOTEeXHO/IorAX Yepes iX cneuianisauito Ha PeYOBMHHE XMUTTE3abe3neyeHHA yKpaiHuiB. A OT B
NOACHEHHAX Wono ALY-iLeanbHOro Mu BMKOPUCTAAW NPAKTUYHO BCi BiAOMI Ham [AOCATHEHHA
NOACTBA Y peanisalii HoopeBotoLii B YCilh TyMaHiTapHi chepi 3 BpaxyBaHHAM HOOapXeoorii,
HOOICTOPIi, NaneoreHeTUKK, eToNOorIl, EKONOTIii, KOTHITONOTIiT, HEMpOMOAeRyNAPHOI Bionorii Ta iHWWX
CeKTopiB 3HaHb Npo HSS, wo yteepananca nicna 2000-poky. Ham HanexkaTb COTHI PiSHOMAHITHMX
npaub pi3HOro obcary 3 BUCBITNIEHHAM LEHTPAIbHUX MUTaHb | KOHKPETHUX MPOMNO3ULLIN PO3BUTKY
rYMaHIiTapHOI CKAaZ40BOI aHTPOMNOreHHOro A0BKINANA YKpaiHn-XXI.

[na neBHOro y3arasbHEeHHA CKePYBaHHA | 3MICTY LLIEI HALWOT CTATTi NPO HOOCTPATErIt0 XKUTTA
i AiANbHOCTI YKPaTHLIB MW HaBeaemo 6e3 ckopodeHb diHanbHI NPono3uL;iil Nigepam YKpaiHu i Bcim
cniBrpomagsaHam 3 BeNIMKOT KONekTuBHOI cTaTTi [20].

4, KopoTKWI Nepenik Halux HOOCTpaTEriYHUX NPONO3MLIM KepiBHUKaM
YKpainn, HAHY Ta ycilh HayKOBO-OCBITHiA TPOMaACbKOCTI

4.1. BcmynHe asmopcbKe MiHi-3ay8axteHHA.

Cnepuly BMKIAAeMO pe3yabTaTh Haloro A0CAiAKeHHA NpobieMmn NocTynoBOro MacoBoro
nomyapiwaHHAa. My WwyKanu npuknagyM TOro, WO HaCeNeHHA Uinol AepXaBW 3rypToOBaHO i
NO3UTMBHO BiZINYKYBa/10CA Ha PO3YMHI NOpaam TUX, XTO NMPaBMUIbHO NPOrHO3yBaB MalbyTHE 1 Pi3Hi
BaXK/IMBI MOAil, BYaCHO nonepearKatodm Npo MMOBIPHICTb TUX abo iHWKX aBapii, KatacTpod i
HellacTb. Ha OCHOBI icTOpUYHMX GaKTIB MW NMepekoHanmnca y Tomy, Lo MyAapewis irHopysanu (a
iHKOMW, AK nepes, | cBITOBOWO BiMHOO, HaBITb BiABEPTO 3HULLYBAAM), @ BU3HAHHS | BUKOPUCTAHHS
iXHiX Nopaj, HacTaBano MNicna BTPATM y BilMHax 4M KatacTpodax noHaa 40% cknasy NO4aTKOBOI
nonynauii (EBponencbKni NpuKknaL — PenirinHuim KOHGAIKT KaTO/IMKIB | MPOTEeCTaHTIB).
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YCBiJOMNOOYN BCHO MOTYMKHICTb «3aKoHy 2/5», aBTOPU BCE X NMLLIAIOTLCA ONTUMICTamMM
CTOCOBHO MEPCNEeKTUB HaLIMX HOOMPOMO3ULLIA 3 KibKOX MPUYMH: 1) KOAMCh Halli Npallypu Bxe
CTaZn BUTOKOM iHZOEBPOMNENCHKOrO NOMYyAPillaHHA /MHOACTBA; 2) HEeAaBHIM 00’ EKTUBHUIA BUMIP
cepeaHboro A8 cy4acHMX yKpaiHuiB |Q-noKa3HMKa 3acBigyumMB MOro NpUHaNeKHICTb 40 HEBEJIUKOI
rpynu HaMBULLMX Y CBIiTi; 3) B MMHY/IOMY TOTa/IbHi iIHTENEKTYaIbHO-AYyXOBHI 3MiHM Yy CKaAj coLiymy
HacTaBa/iM MicnAa 3MiHM ABOX MOKOAiIHb. YKpaiHa B)Ke A0BOAI 6AM3bKa [0 LbOTO KPUTUYHOIO
MOMEHTY.

4.2. KoHkpemuka 0ili 014 Hoonpoepecy 8 2ymaHimapHil ceepi

1. KepiBHMKM YKpaiHKX Ta i NPOBIAHNX AEePrKaBHUX YCTAaHOB MatoTb BUABUTU MAKCUMASIbHY
aKTMBHICTb Yy MPOMO3MLIAX HOONPOrpecy, 30Kpema, CTBOPUTK i 3anponoHyBatn B OOH TekcTu
CBITOBMX KOHBeHLiM npo «060B’a3kM JliognHuy i «lMpuHumnu aisnbHocti 3MI». e cnpustume
NiABULEHHIO PEUTUHTY BiT4M3HN.

MoAaibHi KpOKM HeobXxiaHO 3AINCHUTM | Ha TepeHax YKpaiHM Ta AOMOITMUCA Aikeiaauii
3apybirKHOro BNANBY He CTiNbKM Ha MoBy 3MI-3acobiB, CKiNbKM Ha X NiANOPSAAKYBAHHS, @ TAKOXK Ha
NONITUYHE, EKOHOMIYHE | KYNIbTYPHE CKepyBaHHS 3MicTy maTepianis. 3MI30608’A3aHi nownpoBaTH
00’eKTUBHY  HOOIHGOPMALLtO, MOBIAOMAATM He TiIbKM MNP0 EKOJIOTiYHY  ideasnbHicTb
MyApPOTEXHONOTi (HOOTEXHONOTIN), @ M NPO BiACYTHICTb NOTPEOM Y BUKOPUCTAHHI AyKe BENUKNX
Mac NPUPOAHMX i WTYYHUX MaTepianis. HaronowyBaTh Ha TOMY, LLLO 3HAYHWIA BiACOTOK iHHOBALLN
MOKYTb 34iMCHUTN Moo (i HaBiTb AyKe MONOAI) HayKOBL.

2. Yac BXe yCBiAOMWTM BENUKI «OOCATHEHHA» [AepraB 3axo4y B camoigioTusauii i
HaB'A3yBaHHI CBITY XMOHMX B3ipLiB MOBEAIHKM (BKaXKEMO TifibKM BCAaBaeHHA «JITBT-pyxy», xou
YCbOTO Hall Nepesik MICTUTb AOXKMHY NPUKAagiB). Y cTocyHKax 3 EC HeobxigHO BiAMOBUTUCA Bif,
PONI  KCNYXHAHMX Mocinak», AymaTW | AiATM CaMOCTIMHO ANA HOOPO3BUTKY YKPAiHCbKOro
aHTPOMOreHHOro A0BKiNAA, 0bupatoym Halkpalle 3 HegasHboro gocsigy PiHAaHA, IpraHaii um
CiHranypy.

3. MobixkHO 3ragaHi BMLE CTATTi NPO NCeBAO0-CTPATErNYHI KPOKM NMONITUYHUX | EKOHOMIYHNX
nipepis YKpaiHM € NepekoHAMBMM [A0Ka3om «nocinaurtsa» [14-16], aa)e BOHM BUKOHYIOTb
BKa3iBKM «IOLMaHIB» CBITY, AKi WOPOKY 36upatoTbes vy [asoci i po3gatote HEMY/PI BKasiBKM
(uboro pasy — B KHM3i [22]). MK NpoTW HalLMX AepsKaBHUX nnaHiB byaysaTtu IHayctpito 4.0 3 ii
MiflbApAamy poboTiB A0A arpapHOro Ta iHWKWX CEeKTOpiB eKoHOoMiKM. PoboTiB-nacTyxis He byae
HIKONN, ad)Ke yepes pik-Apyrnin npoteid Fy 1 noaibHi 3pyyHi Ana nobyToBOro BMKOPMWCTaHHSA
BIAKPWUTTA Ha3aBXAM 3HWULLATb iHAYCTPiasbHE TBAPUMHHMUTBO M iHWI TPaAULINHI  CEeKTOpU
OTPMMaHHSA Ki. CxoxKe, WO «AaBOCbKi JIOUMaHM» He CTeXaTb 33 MOABOK i «KPO3MHOMXKEHHAM»
pATIBHMX ANnA noacTea i biochepn «myapoTexHonoriny. LlikaBo — KoAM BOHM iX MOMITATL Ta
yCBiAOMAATL? Haragayemo: Ha 3axodi HIXTO He BipUTb Y MOM/AMBICTb EKOOTMYHO iAeanbHUX
BMPOOHMLUTB (B HAH YKpaiHM AexTo e yCBiAOMIOE, ane He Mae abCcoNtoTHOI BNaau).

4. Bci iHWi moxamei B YKpaiHi AepKaBHi 3axo4M MatoTb OyTM CKepoBaHMMM Ha
MYZPOTEXHO/IOTYHE CBITOBE NiAepcTBO, HA GOPMYBAHHSA KOMMIEKCHOT HOOrYMaHiTapHoi chepu, Ha
NOAOBYKEHHSA NEPBUHHOI OCBITU Ta CKEPYBaHHSA Ti 3MICTYy Ha NiAroToBKy NpodecioHaniB 3 HOOHaYK,
Ha nepeTBopeHHs (ycnia 3a IpnaHaieto) B CBITOBMIM MOAOC NPMBAOAMBOCTI ANA 3apyOiKHMX
iHBecTopiB. Le 3aBAaHHsA BUKOHATW Ay»Ke Nerko — noTpibHa TiNbKK NoniTudHa Bons. Pecypcn ycix
BMAIB CNig CKepoBYyBaTW He Ha Aobyaosy IHAycTpil 4.0, @ Ha NIATPUMKY MONOANX YKPATHCbKNX IT-
KoMnaHil i 06’eaHyBanbHi 3acobu, noAibHi o0 npoekTy «Miab ans YKpaiHny.

5. Yac ycBiAOMMTK, LLO enoxa «Aep:KaBHOro ynpasAiHHA» BXe Aobirna KiHua (we pas
NornAHbTe Ha puc. 2). [JOouifbHO CKOMitoBaTKU He TiNbKW ip/aHauis, a 1M wsedis. HeobxigHo
30iNCHUTWU 3aKOHOAABYY Ta iHLIY NIATPUMKY GOPMYBAHHA LLIMPOKOrO CNEKTPY TePUTOPIaNbHUX i
npodecinHnx rpomad. TiNbkM ¢axoBi 00'€AHAHHSA CMPOMOMKHI OO'EKTMBHO | KOMMETEHTHO
OLiHIOBATM AKICTb HayKoBOi Ta iHWOI npoaykuii. Cnig 3a60pPOHUTU BUKOPUCTAHHA OyAb-SKUX
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BaPiaHTIB OLIHKM HAyKOBWMX Ta IHWMWX iHTENEKTyaabHUX TBOPiB 6e3 aHanisy iXx KopucHOCTI As
YKpaiHu. Xopownm NpUKAaZoM MOXKe cayrysatn 6opoTbba Kutato 3 YCielo «XipllOMaHIeo» i
NMOTOKOM «TMOPOKHIX NATEHTIBY, NOWMPEHHS AKMUX NLLNO 33 DIOAMKETHI KOLWTK.

OTXe, Yy HallMxX o4Yax 3aBAaHHA «PO3BUTKY rymaHiTapHoi chepmn» nepeanbadae oaHo4YacHe
NONINWeHHA aHTPONOreHHoro naHAwadTy Ta AOCATHEHHA Y HANMOAMMKYI POKM 3HAYHO BULLMX Bif,
Cy4aCHMX MOKa3HMKIB AKOCTI | BE3MNEKN KUTTA BCbOro HaceieHHA Ykpaitny [20].

5. Mpo y3aranbHeHi HoocTpaTeridHi BACHOBKM | peKoMeHaaLii

3 ycix aBTOPCbKMX NybniKaLil i Hoonpono3uLih ocobamnBy Posb Bigirpana CTaTra 3 ONUCOM
HOOHaYK i HoOTexHoNOoriIM y XKypHani HAHY «Csitornaa» [6]. He 6yno BTpy4YaHHA HaBIiTb Y 3aK/HOYHI
PALKW UJ€l cTaTTi, WO MmicTMAM nopaau i esponenusam, i HAHY, i Bcim rpomagsHam YKpaiHu.
HaBeaemo Len HooCTpaTeriyHni TeKCT He3 Kyntop.

«Cnepwy notypbyemocs npo A06pobyT 3axiaHoeBponenuis i 30eperkeHHA X
CMPOMOXHOCTI Jonomarati Ham. s NnopATyHKY Bif, 3arpo3 ic/laMcbKoro nNobyToBoro Ta iHLWoro
Tepopm3my 3 HOKY MisIbMOHIB NPUOY/LLLIB M1 MPOMNOHYEMO AEN0PTYBaTH iX 40A0MY, NoAapyBaBLLIN
KOXKHOMY Mnapy-TPiNKy Oaniit i Kinbka ApPiOOK «MOCIBHUX mMaTepianiBy Ana OTPUMaHHA AeCcATKIB
Kiflorpamis m’aca Ta iHWOI AKiCHOT OakTepiasbHOI i WOTUXHA. KopucHo AoaaTtn po3bipHi
napaboniyHi A3epkana ANs HarpiBaHHA npomeHammn CoHUA nocyay 3 piaMHamum B ix doKyci a0
KMAIHHA.

Y ubomy pasi abcontoTHa OiNbliCTb EBPONENLIB HE MAaTUME XOAHUX JOKOPIB CYMiHHA
WOA0 «HEr'YMaHHOro CTaBAEHHA» A0 HebesneyHux iMMIrpaHTiB, TOMY MPOro/IoCY€E BiAMNOBiAHi
3aKOHM, 3aPpaxTye HeobxigHWI aBialiMHM GAOT i MiCAs BEAMKUX 3YCUAb 3 BUIOB/IOBAHHA
KaHAMAATIB Ha AenopTauito (TyT AysKe 3roAaTbCA APOHM 3 TEeMNI0Bi30paMu) HadacCTb icamicTam
WACcTA — MOBEPHEHHA A0AO0MY 3 HEHABMCHOI | HE3PO3yMIIoi EBPONK. 3ayBaXKMMO, WO 3 YCbOro
3axoay Nigepom 3 Hamipis 34iMCHUTM LIeM NAaH MK BBaXKaemo LLselito.

3HaYHO CKNadHille HaaaBaTh Nopaam ocobam 3 KepiBHMLTBA HAHY un cepeHbOro cknaay,
aJyKe KOXKeH NnepeKkoHaHWi B iHTeleKTyaibHiM nepeBasi Haf, CYMOIO NMOKa3HMKIB aBTOpiB cTaTTi (Ue
iCTMHHA npaBAa, ane TibKW Yy BY3eCEHbKOMY CeKTOopi npodeciiHmx 3HaHb!). Tomy MM npocTo
3aNpoLLIYEMO BE/IbMM YBAXKHO BMBYMTKM pUC. 1, pO3apyKyBaTWU MOro i TPUMATK Ha poboyomy CToNi
xo4a 6 y mexkax 6okoBoro 3opy. | YecHo BM3HATK, WO ManbyTHE byae paguKaabHO iHLWMM Big,
ocTaHHix 30 pokis icHyBaHHA CPCP sk nepioay BigHocHOro 6aaronony4yds torodacHoi HAHY.

[oBeneTbca AOKNACTM 3yCWMb A0 BUBYEHHA BXE CTBOPEHMX HOOTEXHO/OriM (npocnmo
3BEPHYTUCA 3@ HAABHMM Y HAC CMMCKOM 3 MOSACHEeHHAMM Ha kvkorsak@gmail.com) i 0bpaTu wnax
30iNbLIEHHA X KINbKOCTI BAACHUMMW 3yCUANAMW ANS CNAaBUM, KOPUCTI Ta NiIABULLIEHHA CTaTyCy.

A TyT moxnuBi 6arato BapiaHTiB. 30Kpema, MM PagMMO «3arNTMOUTUCLY Y BUBYEHHA BCiX
NiTochepHMX MIKPOOPraHi3miB. X He TibKM NPUBAN3HO yTpri Binblue, AK «NOBEPXHEBUX» — BOHM
BMXMBAIOTb 3@ PaxyHOK MPOLECiB, AKi Cy4aCHa HayKa HEeCcrnpoMOXKHa yaBUTK (O[Ha MasM4YKOBa
HbakTepis opraHizyBana CBO iHAMBIAYyaNbHY «MiHi-biochepy» B KinomeTposux ranbuHax MAP
NiATPUMYE T iCHYBaHHA MiNIbIMOHK pokiB!).

3aKiHYMMO Hall BMKAaA Ha Be3amekHO NO3UTUBHIM HOTI 3i CNOAIBaHHAMW Ha NPUBEPHEHHSA
CBITOBOI yBarM 10 YKpaiHM-NnepeMoKHMLi i NolmpeHHs 3 ii TepeHiB HooiHdopmallii Npo peanbHUi
HOOLWAX A0 NOBHOI AiKBiAaUil 3arpo3n Konancy-XX| 4yepes pO3BMTOK HOOHAYK, CTBOPEHHA i
BMKOPUCTaHHA BUPOBHNYMX HOOTEXHOIOTIN i cycninbHUX HoonpoueciB. Ha 3axoai koHceHcyc 1960-
X POKIB LLOAO HEBUKOPUCTAHHA CAiB 3 NpedikcoM «HOO-» B YCiX BMAaHHAX Sciences&Arts mae
CTPpALLHY CUAY, TOMY MW KOAHOMO Pasy He OTPUManM 1 paaKa BiAryky Ha 6arato matepianis Ha
KiIbKOX MOBax MPO HOOTEXHO/Orii i HOOHAayKM — UINKOBMTE MOBYaHHA. Hagani xodemo
BMKOPMCTATU TaKy CEMAHTUYHY dopmyny: «nootechnology = wisetechnology» 3 NoO3MTUBHMMM
CNOAiBaHHAMM.

[0 UbOro 4OAAMO KPUXTY HallMX A0CATHEHb Y TeMi Prehistory i Haragaemo npo 3aincHeHe
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HOCIAMM YKPATHCbKNX TEHIB «NepLle oayxoBaeHHs AtoacTea» 3a nepiog 15000 — 3600 pokis Tomy
(Bio, BMHanaeHHA B Egemi npaTpuninbCbKOro rymaHiamy Ao posnaay Benukoro Tpuninna nicns
MeraBubyxy erenmcbkoro ByikaHy CaHTOPIHI). BKarkemo, Lo Ay»Ke KOPOTKUI nepenik meranoasuris
npaLllypis HaBeAeHMn Ha pucC. 2 NPO BCto eBostoLito HSS.

Cy4YaCHWI PO3BUTOK YKPATHCbKMX i CBITOBMX MOAIM CBiAYMTb MPO MOYaTOK LWE OAHOro
«OAYXOBNEHHA NOACTBAY.

Cxore, WO ApYrnin YKpaiHCbKMM NOAapyHOK MOACTBY Oyae «HOOOAYXOB/IEHHAMY W
040/1t0BaTU MoOro, cnogisaemocs, byayte Hacamnepen HAHY Ta iHWIi iHTenekTyanbHi ninepu
BiT4M3HM nicna BiAMOBW Bifd, BUMKOHAHHSA MOMMUIKOBMX Nopad «AaBOCbKMX J0LMaHIB» i Bubopy
HaLioHaNbHOI HoocTpaTerii pyxy A0 epeKTMBHOro HooCMMbiIo3y NtoAeln | BCbOro BMJIKYBAHOMO
noBKinna» [6].
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ITUYHOCTb UCMON1b30BAHUA
MCKYCCTBEHHOTO MHTE/IEKTa B
MccaefoBaHMAX M aBTOPCKOE MNpaBo B
Ka3axcTaHe

Typnbibekosa A.A.
PykoBoauTenb oTaena AKKpeamTaLmu, K.C.H., CTapliMii npenogasaTtenb Kabeapbl
Feorpadpua KOxHO Ka3zaxCTaHCKOro neaarorMyeckoro yHmuBepcuTetTa nmeHn 6.:KaHibekos

TactaHbekos [.b.
cTyaeHT 4 Kypca KOpmamyeckoro pakynbteta Kazaxckoro HaumMoHanbHOro yHMBEpPCUTETA
nmeHn on Papabu

MepcneKkTMBbl MCMOMb30BAHUA WCKYCCTBEHHOTO WHTennekta (UMW) B wccnenoBaHMaAx
obyyvatowmxca yHMBepcuTeToB KasaxcTaHa CBf3aHbl C TpaHchopmaumen obpas3oBaTelbHOMo
NpoLLecca U HayYHbIX UCCNeA0oBaHMI NOA BAUAHNEM HOBbIX TEXHONOTU.

NN CTaHOBMTCA HEOTbEMNEMOM YacTbld 3SKOHOMWMYECKOro 00pa30BaHWMA, HAYMHaA C
6a30B0ro ypoBHA NoAroToBKW. CTyAeHTbl NPpUOobpPeTatoT HaBblKM PaboTbl C 6ONBWMMN AAHHBIMM,
MaWWHHBIM 0ByYeHMEM W aHANUTMKOM, YTO CYLLECTBEHHO pacWMPAET MX BO3MOXKHOCTU ANA
npoBeAeHNA SKOHOMUYECKMX UCCNeL0BaHMI C MCNO/Ib30BAHMEM COBPEMEHHbLIX MHCTPYMEHTOB.

B yHuBepcuTeTax  KasaxCTaHa  pa3BMBalOTCA  CrneunanbHble  NPorpammel U
nccnenoBaTeNbCKME LEHTPbI, KOTOPble GOKYCUPYOTCA Ha NPUKNAAHbIX acneKkTax M B skoHOMMKe
- MPOrHO3MPOBaHWW, aHaAM3e PbIHOYHbLIX TeHAEeHUMN, OoNnTUMM3aLMKM BU3Hec-NPoLLEeCCOoB.
MoABNAKOTCA MPOEKTbl C MPAKTUYECKUMU KenCaMW, OPUEHTUPOBAHHbLIE HA MECTHbIA PbIHOK U
9KOHOMMKY CTpaHbl, 4TO cnocobcteyeT 6onee rAyb6OKOMY MOHUMAHWUIO W Pa3BUTUIO
WHHOBALMOHHbIX peLleHni.

FocyAapcTBO NoaaepKMBaeT nHTerpaumtio M 8 obpasoBaHme 1 HayKy Yepes HalMOHaAbHbIe
WHWULMATKBbI, CO3[aHME WUCCNefoBaTeNbCKMX NAATPOPM M MeXKAyHapOAHOe COTPYAHWYECTBO.
Hanpumep, npoekTbl Kak Alem Al n KazLLM crnocobcTByOT pasBUTUIO N0KaAM30BaHHbIX NU-
MOZenem, YTo paclMpaAeT NOTeHLMaN UCCnesoBaHMii M 0ByYeHMA Ha Ka3axCKOM A3bIKe.

B mepcrnektuBe CTyAeHTbl CMOIYT MCNOAb30BaTb MOLLHbBIE BbIYMC/UTE/IbHbIE PECYPCbl U
Ka4eCTBEHHble AaHHble AN MOCTPOEHWUA CNOXKHbIX IKOHOMMYECKMX modenen Ha 6ase WU, yto
MOBbLICUT KA4eCTBO MCCNEeA0BAHUI M KOHKYPEHTOCNOCOOHOCTb BbIMYCKHMKOB Ha PblHKE TPYAaA.

Takum obpasom, ncnonb3osaHne MW B 3KOHOMMYECKUX MCCAeOBaHUAX O0by4atoLmMxcs
BYy30B Ka3axcTaHa NpMAaaeT MM BaXKHble KOMMNEeTeHUMM ANA COBPEMEHHbIX BbI30OBOB, CMNOCOOCTBYET
PA3BUTUIO MHHOBALMI M NOBbILEHMIO HAYYHOro NOTEHLMANA CTPaHbI B LMGPOBYHO 3MOXY.

KaKne KOHKpEeTHble SKOHOMMYECKME 3a4a4M CTYAEHTOB MOXKHO pellaTb C NoOMoLbio M

CTyAeHTbl 9KOHOMWYECKMX CMeLManbHOCTEM MOryT pelaTtb ¢ nomoubio MW cneaytouwme
KOHKpEeTHble 3a4a4K:

®UHAHCOBbLIM  aHANM3 - OUEeHKa [A0XOAHOCTU  WMHBECTUMUMKA, BblBEHME  PUCKOB,
NPOrHO3MpoOBaHMeE KypCcoB BatOT U LUEHHbIX Bymar.

MapKeTMHIOBble MCCNeA0BaHMA - aHa/NM3 NOBeAeHWA noTpebuTenen, NpPorHo3mposaHue
CNpoCa, CermeHTaLmMA KIMEHTOB.

OnTMmmsauma 6Bu3Hec-NpoLeccoB - ynpaB/leHMe 3amnacamu, NIOTUCTMKA, aHanus
93¢0 HEKTMBHOCTN NPOM3BOACTBA.
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BloaKeTMpoBaHWe W MAaHMPOBaHWE - pacnpeaeneHve pPecypcoB, aHanM3 GUHAHCOBbLIX
NOTOKOB, BblAiBNEHWE C1abblx MECT B CTpaTernu.

KpeamTHbIM  CKOPMHT -  OLEHKa  MN1aTeXecnocobHOCTM  KAMEHTOB,  BbliBNEHME
MOLWEHHNYECKMX CXEM.

ABTOMATM3aLMA OTYHETHOCTM M SKOHOMMUYECKOTO MOAENMPOBAHMA.

[ocTpoeHne SKOHOMMYECKUX MPOrHO30B M CLEHAPMEB PA3BUTUA PbIHKA.

Kpome Toro, ¢ nomoubto M cTyaeHTbl MOryT aBTOMATM3MPOBaTb PYTUHHbIE BbIYMCAEHMSA,
NpoBOAUTb aHanM3 6oNbWKMX AaHHbIX M HAXOAWMTb CKPbITble 3aBMCMMOCTM. becnnaTHble U
[OCTyMHble HEMPOCETM 3HAUMTENbHO YNPOLWAKOT 3TU NPOLLECChI, AeNan UX AOCTYNHbIMK Aaxe 6e3
[0POrocToAW,ero NnporpaMmHoro obecneyeHums.

MprMmepbl MHCTPYMEHTOB A5 Taknx 3aaa4d: GPT-Chats, GPT, GPT-tools, Study24Ai n apyrue
HecnnatHble HEMPOCETH, KOTOPbIE MOMOratoT CO34aBaTb TEKCTbI, PeLaTh 3a4a4M, CTPOUTb MOAENM
M NPOBOANTL YrNybNeHHbI aHaNM3 AAHHbIX C BbICOKOM TOYHOCTBIO M CKOPOCTbIO.

Linpposana TpaHchopmauma C MCNONb3OBAHMEM WCKYCCTBEHHOTO MHTENNEKTA YXKe He
ABNAETCA BONPOCOM BbibOpPa — 3TO HEOBXOAMMOCTb ANA COXPAHEHMA KOHKYPEHTOCNOCOOHOCTH B
coBpemeHHOM ©6usHece. KomnaHuuM, KoTopble CMOryT 3QdeKTMBHO WHTerpuposats WK-
TEXHO/IOTMM B CBOW OMEpPaLMOHHbIE NMPOLECCHl, NOAYyYaT 3HAYMTEeIbHblE NMPEMMYLLECTBA B BUAE
CHUMKEHMA MU34EPMKeK, MNOBbIWEHMA KayecTBa OBOCNYKMBAHWA KAMEHTOB U YCKOPEHWA MPUHATUA
peLleHnn.

YcnewHoe BHeapeHune MK B npoueccbl KomnaHuu TpebyeT KOMNAEKCHOro noaxoja: ot
TWATENbHOrO aHanM3a TeKyLWMX MpoLeccoB A0 MOCTOAHHOM ONTMMM3ALMKW W Pa3BUTUA
BHEAPEHHbIX pelweHnd. BaxkHO NOMHWUTb, YTO TEXHONIOTMM — 3TO MHCTPYMEHT, @ yCnex 3aBUCUT OT
TOr0, HACKO/IbKO FPaMOTHO KOMMaHWA CMOXKET MCMO/1b30BaTb X ANA AOCTUNKEHWA BU3HeC-LLenel.

MIHBECTMUMMN B MCKYCCTBEHHbIA WHTENNEKT — 3TO MHBeCTMUMM B Oyayuiee KOMNaHMM.
OpraHu3aumm, KOTOpble HAYHyT TpaHcOOPMaUMKO CerogHs, 3aBTpa NOAy4YaT YCTOMYMBble
KOHKYPEHTHble MNpeMMmyLLecTBa W BO3MOXHOCTb /IMAMPOBATbL B CBOWMX OTpacnax. Bpems
[encTBOBaTb — Celnyac, MOKa KOHKYPEHTbI He YLIAN CAULWKOM AaNeKo Bnepes,

OrpaHuyeHre ana HempoceTer Ha aHaAM3 SMOLUMN, 3anpeT ANA HUX Ha AUCKPUMMHALMIO
Ntoaen No Npu3Haky pacbl MAWM PENUTMKW, HEBO3MOXHOCTb Ana MW ncnonb3oBatb matepuansl €
aBTOPCKMM NMPaBOM — BCE 3TO MOXKET W, CKOpee BCero, COBCeEM CKOPO 3apaboTaeT B KasaxcTaHe.

"CMCTEMbI MCKYCCTBEHHOTO MHTENNEKTA AO/IXKHbI CO3/1aBaTbCA M 3KCMNYaTUPOBATLCA TAKMM
obpasom, 4TOObI 0obecneymBaTb PaBEHCTBO M CNPaBeAIMBOCTb, C MPU3HAHMEM [OCTOMHCTBA
KaXJ0ro YenoBeKa, ero paBHoOM LLEHHOCTN 1 NpaB, UCKAtoYaA Ntoby ANCKPUMMHALMIO Ha OCHOBE
pacbl, N0Na, BO3pPAcTa, PENUTMM UAK NOObIX APYTMX COLMANBHbBIX, KYAbTYPHbIX M MHAWBUAYANbHbIX
XapaKTepUCTUK", - FOBOPUTCA B MPOEKTE 3aKOHa 06 «VICKyCCTBEHHOM MHTENNeKTe» OT 24 ceHTabpA
2025 ropa . B nOKyMeHTe roBOPMUTCA YTO CMCTEMbI BbICOKOTO pUCKa OyayT BKAKOYATb B CMMUCOK
KPUTUYECKN BaXKHbIX OOBEKTOB, KOTOpble noanexkaT ocobon 3awmte. A Takxke "Cuctemsl
MCKYCCTBEHHOIO MHTENNIEKTA AO/IKHbI CO34aBaTbCA M SKCMAYaTMPOBATLCA TakKMM 06pa3om, YTOObI
obecneymBaTb PaBEHCTBO M CNPaBeaIMBOCTb, C MPU3HAHMEM AOCTOMHCTBA KaXKA0r0 YENOBEKA, ero
PaBHOW LEHHOCTM M NpaB, UCKAYaA Nobyto AMCKPUMUMHALMIO Ha OCHOBE pachl, No/a, BO3PacTa,
Penurm nam nbbix APYrux COuManbHbIX, KYNbTYPHbIX U MHAMBMAYANbHbIX XapaKTepUCTUK", -
rOBOPUTCA B JOKYMEHTE.

Kakune BbIBOAbI NMpeasaraem npu 1Mcnonb3oBaHmm MM 1 Kak He HapywuTb NpPaBoO aBTopa
KOTOPbIN cAenan BKAAL B oNpeaeneHHoM oTpacam byab TO SKOHOMMKA, Npaso K.T.4. Ob6sa3aTenbHo
[ONKHA COXPaHATbCA 3TMKA WMCNOAb30BaHMA MHCTpymeHToB WU, cobatogeHwe npo3payHoCcTH
ncnonb3osanuma MW, HeceTcA OTBETCTBEHHOCTb aBTOpa 3a Mcnosb3osBaHwe WU, nposoamTcA
NPOBEpPKa OPUNMHANBHOCTM  NyOAMKAUMIA,M  aBTOPCTBO  HAy4YHOM  MybBAMKALUMM  OO/IKHO
NpUHaANexaTb TONbKO OU3MYECKMM nuuam, npumeHeHne WKW AOMKHO COOTBETCTBOBATH
TpebOoBaHNAM MeXAYHAPOAHbIX 1 pecnybNMKAHCKMX HOPM MO 3alMTe AaHHbIX.
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PekomeHaaLMn ANA aBTOPOB MCMONb3YIOWMX MHCTPYMEHTbI M MOXKHO npu:

- aHA/M3 AaHHbIX NPW NOUCKe NUTepaTypbl

- MOMOLLb B OMUCAHUWN N MHTEPNPETALMM PE3YNbTAaTOB MCCNeA0BaAHMA

- aBTOMaTM3auma paboTbl C UMTMPOBaHNEM K Bubanorpadurelt a Takxke nNpu nepesose U
peaKTUPOBAHMN TEKCTA.

- 3anpewaeTca MCNoNb30BaTb MHCTPYMeHTbl MW ona GOpMMPOBAHMA Hay4HbIX TMMNOTE3,
3aK/IO4EHMI M BbIBOAA HAYYHbIX pe3y1bTaToBs.

CTouT BaXHbIM He 3abbiBaTb O TOM, YTO OOHapy)KeHWe TeKCTa, creHepupoBaHHoro MU,
ABNAETCA pa3BMBatoWenca 0b6nacTblo U TeKyllMe MCcCNefoBaHMA HanpaB/ieHbl Ha MOBblLEHMWe
TOYHOCTM M HAAEKHOCTU 3TUX MHCTPYMEHTOB ObBHapyKeHuA. VI gayke npu 3TOM Bceraa BaxKHO
NOMHUTb O HEOOXOAMMOCTM YETOBEYECKOrO KOHTPOA M KPUTMYECKOTrO MblleHnA npu paboTte ¢
nHbopmaumen, ocobeHHO B KOHTEKCTE BaXKHbIX PELIEHUN.

CcbinKkm
https://tengrinews.kz/article/diskriminirovat-liudei-eshhe-cego-zapreshhaiut-ii-kazaxstane-

3216/
https://journal.iitu.edu.kz/index.php/ijict/ChatGPT-Usage
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KA3AKCTAH EHBAK HAPBIFbIHOAFI
FEHAEPAIK TEHCI3AIK

lenawswmnm H.H.

3.f.K., Kayma,. npodeccop Akaaemmk E.A.BekeToB aTbiHAafbl Kap¥3Y, KapafaHabl
Makanakosa b.M.

Akagemuk E.A.bekeToB aTbiHaafbl Kap¥3Y, KapafaHabl

EHOEeK HapblfblHAAFbl reHAepsik acummeTpua — byn eHbeK KaTblHacbiHAAep/iep MeH
aMenaepaiH apacblHAa TEeHAIKKE KON KeTKizyre kedepri 6onatbiH Kybblibic. DMengep agam
KYKbIKTapbl CafacblHAafbl iArepineywinikke KapamactaH, a1 Ae TypAai KemciTywinik neH
lWeKkTeynepre yuwbipanasl, 6yn onapaplH, eHbeKk YTKbIPAbIFbIH TOMEHAETIMN, COHbIMEH KaTap yi
LapyallblblFbIHAAFbI aKbICbI3 eHOEKKe KYKTEMEHI apTTbipadbl. 3epTTeyAepaiH, KOPCeTKeHIHAEeN,
alenaep opTalla ecenneH ep ajamaapsa KaparaHaa, TinTi OinikTiniri meH Kymbic cunaTbl bipaen
bonfaH Kafdanaa na, TOMeH »Kanakbl anaabl. KasakcTaHaafbl eHOeK HapblfbiHAAFblI FreHAepiK
TEHCI3AIK  Kafakbl  aMblpMallblAblKTapblHAG,  SMenaepdiH,  KapKbliblK — pecypcTapfa
KOJIXKETIMAINITIHIH, WeKkTeyni 6oaybiHAa KaHe bacKkapy AeHrennepiHaeri senaepain, *KeTrinikcis
YCbIHbINYbIHAA KepiHic Tabaabl. byn Kybbinbic kKeneci dbaktopnapfa 6anaHbICTbl AAMUAbI:

o EH6eK HapbIFblH cerperaumanay: oenaep kebiHece AaCTypAi Typae «amnenaepre
TOH» Aien caHanaTbiH cananapa (mbicansbl, 6inim 6epy, AeHcayNblK CakTay, /1eYMETTIK Kbi3MeTTep)
eHbeK eTesli, an oCbl cananapaarbl XKanakbl «epaepre ToH» Aen caHanaTblH cananapsa (Mbicansl,
NHKeHepus, IT, KapKbl CEKTOPbI) KapafaHaa TemeH bonaapi.

o ManaKkblHbIH, alWbIK eMecTiri: Ken xafdainaa epiep MeH anenaep *anakpl Meslepi
Typanbl aknapaTka KO KeTkize anmangpl, 6yn »Kymbic Oepyuwinepre bipaen OGinikTinik neH
KbIBMETTIK MiHAeTTepi 6ap KbiameTKepaepre apTypi AeHrenae eHbeKakbl benrineyre MyMKiHAIK
Tyfbl3aapl.

o CrepeoTvnTep MeH ananaywbliblk: KymMbiC opTacbiHaa arenaepaiH, ambuumace
TOMEH KaHe y3aK Mep3iMai maHcanTbIk ecyre benimainiri a3 gereH cTepeoTMnTeP *Kui Kesgecemj,
6yn KbI3METTeri inrepiney Typanbl Welimaep Kabbingayra biknan eTyi MyMKiH.

. «Mengip Tebe» peHOMEHI KaHe MaHcanTbIK ecy

. binim meH Toxipubere KapamacTaH, oMenaep 6HacWwbliblK Naya3biMaapFra
KeTepinyae keaeprinepre Tan 6onaabl. byn Kybbinbic «mengip tebe» Aen aTanbin, sanengepain,
KocibW KeTiCTiKTepiHe KapamacTaH MaHcamn caTbiCblHAA KOfapbliayblHa Keaepri KenTipyai
6inaipeni. OHbIH HipHewe cebenTepi bap:

- ymbic 6epyllinepaiH, ananaylwbinbiFbl: Ocipece bHananbl anenaep HaclWbiNbIK,
NlayasbiMmaapsa CeHiMci3 KaHauaaT peTiHae Kapanadbl, cebebi onapabiH, oTbackbiHa KeHin benyi
KayKeTTiri anabliH ana 6oaxkaHagbl.

- TanimrepnepaiH, )KeTicneywwiniri: onenaep, aaeTte, Taxipnbeci mon apintectepaeH
KONJay MeH TaAIMrepnik any MyMKiHAiriHe a3 ume 60nbin, O6yn onapAbiH, MaHcanTbiK ecy
MYMKIHZIKTEPIH WeKTenaj.

- BacwbinbIK Typansl ctepeoTuntep: AacTypni Kofamaapda baclubiibiK Kabinetrep
HerisiHeH epnepre ToH JAen KabbingaHaapl, 6yn onenaepaiH, HaclwbiNbIK NayasbiMaapFa
KeTepinyiHe Keaepri }acanabl.

KenTereH fbinbiMK 3epTTEYIEP €paAep MeH anenaepadiH, TabbiCbiHAafbl TEHCI3AIKTIH, HEri3ri
cebebi peTiHae reHAepik cerperaumsaHbl kepcetei. KasakcTaH, KenTereH 6acka engep ceking,,
eHbeKaKbl Teneyaeri reHAepNiK aNllakTbiK MaceneciHe Tan 6obIn OTbIp.

1 — KecTe: KasaKcTaHaafbl reHAepiK XanakblHbiH anwakTbiFbl (GPG) (2019-2023 »K.)
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Kbln ovenaepaiH,  anakpicbl  epnep leHaepnik *KaNaKbIHbIH,
¥aNaKbICbIHbIH, % peTiHae anwakKTbiFbl (%)

2019 68-70%-aaH 30-32%-paH

2020 69-71%-naH 29-31%-paH

2021 70-72%-paH 28-30%-paH

2022 70-72%-naH 28-30%-aaH

2023 71-73%-naH 27-29%-naH

DepekKkosi: KP YnTTblK cTaTMcTMKa OlOPOCbIHbIH, - AepekTepi  a4eTTe  epnephiH,
YaNaKblCbIMEH CanbICTbIpFaHAafbl NanbI3blK anllaKTbIKTbl KepceTed,.

KasaKcTaHaafbl aiengep epnepre KapafaHaa eaayip TOMeH Kanakpl anadbl. MaceneH,
«epnep TankaH oapbip 100 TeHrere wakKkaHaa, avengep Hebapi 70—73 TeHre Tabagbi».
EHbeKakblaarbl Byn albipmallbinbIK apTypAi dakTopiapFa 6alNaHbICTbl, COHbIH, illiHAE KaCinTiK
KbI3MeTTeri KenaeHeH (ropn3oHTanapbl) *KaHe TiK (BepTMKanAbl) cerperauma epeKLle opbiH anagpl.
onengep binim bepy canacbiHAa KOFapbl OKY OPbIHAAPLIH OiTipylwinepaiH, caHbl *KafblHaH
epnepaeH anTapabiKTam 6acbim, an MHXEHepUA, BHAIPIC KaHe Kypbl/biC cananapblHAa epaepaiH,
yAeci anaeKkanaa xorapbl. VIHXeHepus, eHAIpIC KaHe KypblibiC CUAKTbI epaep 6acbiM OKUTbIH
HafbITTapAa *KYMbICNEH KAaMTy AeHreli }ofapbl, ananaa 6yn cananapia epnep MeH anenaepain,
KYMbICMEH KaMTblly KOPCETKilTepi apacbiHAafbl aMblpMallblAblK Ta €H Ofapbl AeHrenae
balikananpl. OVeNAepaiH, KanakplCbl TOMEH cafanapAa Hemece TOMeHri /fayasbimaapaa
LWOFbIPAAHYbl — eHOeKaKbldarbl reHAepAiK anllaKTbiKTbl KYLWeNTeTiH Heri3ri pakTopaapabiH, Oipi
6onbin Tabblnapl.

EnbekaKkplaarbl reHAep ik anwakTbiK (GPG) — eHbeK HapblFbiHAaFbl €H TYPaKTbl TEHCI3AIK
Typ/epiHin, 6ipi 6onbin Kana bepyae. Y WapyacbiHa KaTbICTbl MiHAETTEP MEH 3/1eYMETTIK-M34eHM
HOpManap arenaepaiH eHbeKk HapblFbiHAaFbl TaHAaybiHa eneyni acep eTeai (2-kecte).

2-kecTte. HblHbICbl 6OMbIHLLIA XYMbICChI3AbIK AeHreni: KahaHapblK KaHe Ka3akcTaH
6onbiHWa (2019-2023 »K.), %

bl Epnep onengep
ahanaplk | KaszakctaH Pecnybankacel | MahaHabik KasakcTaH Pecnybaunkacol
2019 ~5.0 ~4.7 ~5.5 ~4.9
2020 ~6.5 ~5.0 ~7.0 ~5.2
2021 ~6.0 ~4.8 ~6.5 ~5.0
2022 ~5.5 ~4.7 ~6.0 ~4.9
2023 ~5.0 ~4.6 ~5.5 ~4.8

Hepekko3s: 1. KP YATTbIK CTaTUCTUKA BIOPOCHIHbIH, AepeKTepi HerisiHae
2. XEY ecentepiHe HerisgenreH 6afanay AepeKkTepi, HaKTbl MaHAep a3dan e3repyi
MYMKIH

2020 binbl (NaHOAEMUAHbBIH LLIAPbIKTAY Ke3eHiHae) epnep MeH anenaep apacbiHAafbl
YKYMbICCbI3AbIK AEHreni apTTbl, ananaa KewiHri x)blngapbl 6y KepceTkiw bipTiHAen TemeHAaewn
bactagbl. JereHMeH, alengep apacbiHAaFbl *KYMbICCbI3AbIK AEeHreli opTa ecenneH Can *Kofapbl
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6onbin  Kanabl. KasakcTaHAafbl KYMbICCbI3AbIK — AeHreni  »KahaHablK — KepceTKilTepmeH
CanbICTbIpFaHAa Ca/ibICTbIPMa/Ibl TYPAE TOMEH.

ATanfaH dakTopnapApiH, anenaepaiH *KyMbICNeH KaMTblay AeHreni meH moaeniHe acepi
enfiH, 9KOHOMMKaAbIK AaMybl YWiH MaHbI3Abl MaHre ne. onenaep, OinikTiniri meH Taxipmnbeci
bipaen 6onfaH KaFaanablH, ©3iHae, KebiHece epaepMeH canbiCTbipFraHaa bipaen KyHAarbl eHoeK
YLiH TOMEHIpeK *Kanakbl anaapl. EHOEK HapbIfbiHAAFbI FTEHAEP/IK CTEPEOTUNTEPAI 3epTTEY TEK 3P
MbIHbICTafbl KbI3METKEPAEPi *KYMbICNEH KaMTY MYMKIHAIKTEPIH aHbIKTan KaHa KoMman, COHbIMEH
KaTap onapAblH MaHCanTbIK ©CcyiHe biknan eTeTiH GakTopaapabl Aa alKbiHAAyFa MyMKIHAIK bepai.

a) CananblK »KoHe Kacibu cerperauma: onengep KebiHe TeMeH anakbl TONEHETiH
cananapga (mbicansl, 6inim 6epy, AeHCaybIK CaKTay, 9N1EYMETTIK KbI3METTep) KYMbIC icTeinai.
EnbeKkakblaarbl  albipMallbliblk, — KenTereH  GakKTOpAapMeH,  COHbIH  iWiHAe — 2pTypAi
MaMaH/bIKTapAasbl KONAeHeH, (FOPU30HTa/Ib) XKaHe TiK (BepTUKab) cerperaumameH TyciHaipineai.
orenaep binim 6epy canackl OOMbIHLIA TYNEKTEP CaHbl XafblHaH epaepaeH anTap/biKTan bacbim,
an WHXEeHepus, eHAIpIiC KaHe KypblabiC casanapbiHAa epaep anenaepieH anaexkanaa Ken.
NHxeHepusa, eHAIpIC KoHe Kypbiablc CUMAKTbI epnep OacbiM OKUTbIH casianapa KymbicneH
KaMTblNly KepceTKilTepi }oFapbl bonraHbiIMeH, byn cananapaa epaep MeH aenaep apacbiHAAFbI
KYMbICAEH KaMTbllly aMblpMallblAblfbl Ja €H *KOFapbl AeHrenae. onengepaiH TOMeH XafaKkbl
TeNeHeTiH cananapla Hemece TOMeH AnayasbiMaapAa LWOFbipAaHybl TypiHaeri 6yn Kaciou
cerperauma — eHbeKakblAafbl reHAepNiK alblpMaLlbINbIKTbIH Heri3ri cebenkep dakTopiapbiHbIH,
6ipi bosbin Tabblnagb!.

9) [AunckpuMuHauma: EHBeKaKpl Teneyaeri Tikenen AMCKpUMMHaumaA. Kenbip aamylibl
SKOHOMMKA engepiHae anennepaiH eHoekKke KaTbicy AeHreMiHiH, TomeHaeyi KaHe TinTi onapapl
eHbeK KyLiHEeH WblFapbin TacTay TeHAeHUMACkl 6alikanaabl. byn Kybbinbic aneymeTTik mapTebe
TYXbIPbIMAaMaCbIMeH TYCIHAIPINYI MYMKiH, 0N anenaepaiH eHbeKKke KaTbiCybl TEK *afaKbl MeH
TabbIC CUMAKTblI IKOHOMMKANbIK GaKTOpNapFa faHa emec, COHbIMEH KaTap a/1eymeTTiK opTafa Aa
Toyenai ekeHiH Kepcetedi. MyHaal Xafdal Tanaaydbl KyYpAeneHAipin, 3KOHOMMKabIK emec
baKTopnapabl Aa eckepyai Tanan eTeai.

6) AHa 60y YLWIiH canblHaTbiH «WTpad»: bananapbl AyHMEre KefreHHeH KeniH TabbICTbIH,
TemMeHaeyi. Oenaep eHbeK akbl Teneyae «aHa 60y VILiH canbiHATbIH XKa3anay» deHoMeHimeH
Kesgeceni, on 6ananapbliHblH, CaHbl APTKAH calbiH Kylweneqi. byn TaxipubeneH anbipbiny,
OHIMAINIKTIH TOMeHAeyYi, «KaHaapFa KONalIbl» api XKafaKblCbl TOMEH KYMbIC OPbIHAAPbIH TaHAay
Hemece »XyMmbiC Oepyllifiep TapanbiHAH ANCKPUMUHALMA CUAKTbI GakTopnapmeH HannaHbICTbl
6onybl MyMKiH. Taxkipnbe meH 6inim aeHrenin eckepreHae e, aHa 601y yLWiH canblHATLIH XKa3anay
cakTanazbl, Oyn OHbIH KenKbipabl TabusaTeiH 6ingipeai.

leHOEepNiK cerperaunanbl TYCiHY reHaepliKk aCUMMETPUAHbIH, Heri3iHAeri mexaHn3maepai
TepeHipek Tangayra »aHe eHOEK HapblfbiHAA reHAEPNIK TEHAIKTI KAMTamachi3 eTyre bafbiTTanFaH
THMiMAipek cTpaterManappl asipseyre MymkiHaik 6epegi.

Ocbl TaKbIPbINKa KaTbICTbl 3€pTTEYIEPAi KapacTblpy, reHAepAiK cerperaumsatbiH, cebentepi
MeH ayKbIMbIH Taf4ay, COHAAN-aK OHbIH CanAapbliH 3epTTeYy aca MaHbI3bl, OMTKEHI Byn KoFramaarbl
reHaepnik TeHrepimcisaiktepai kotofa OafblTTanfaH KYMbICMEH KaMTy canacbl mMeH eHbek
HapblfblHA 9Cep eTYAiH eH TMiIMAj WapaiapbliH KaAbINTaCTbipyFa KO allaapl.

ATanfaH 3epTTeynep HerisiHAe 3KOHOMMWKaNbIK Teopusa Kymbic OepyllinepaiH, miHes-
KY/IKbIHbIH, HOTUMXECIHAE reHAepik cerperaumaHbiH, namaa 6onybiH TyciHaipeai. MyHaam miHes-
KY/IbIKTbIH, Heri3ri cebenTepiHe MblHanapAbl *aTKbl3yfa bonaapi:

1. Onenpepre KaparaHaa epaepaiH aaammn KanuTansa MHBECTULMACLI TOMeH 6onybl. byn
anenaepaiH 6inim any MeH AafablnapblH AaMbITyFa CasblHFaH KaPMKbIAbIK MHBECTULMANAPAbIH,
KanTapbiM Mep3iMiHiH KbicKa 6onybiMeH TyciHaipineai, cebebi onapablH, MaHCcan KOJblHAAFbI
y3inictepi (mbicanbl, 6ananap TyybiIMeH OalnaHbICTbl) BonKaHaabl. HaTuKeciHae, epnep MeH
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anenaep Kacibu-binikTinik TananTapbl MyALeE 3PTYPI *KYMbIC OPbIHAAPbIH MeNeHy MYMKIHAITIHe ne
bonagpl.

2. Ovengepai KYMbICKa Kabblnaay »KaHe KeTepy OapbiCbiHAA AMCKPUMUHALMANDIK,
Toxipnbe, Byn apTYPAi MbIHbICTafbl KbI3METKEPAEPAiH, apTyp i Nayasbimaapsa LWOFbipaaHybliHa
aKeneai.

3. Oiienaepre apHaafaH « LWbIHbI WaTblp» (glass ceiling) moaeni. byn yrbim aienaepaiH, api
Kapal MaHcanTblK ecyi MyMKiH emec naya3biMAapfa XYMbICKa KabblngaHy ToxipubeciH
cunattanabl. MyHaan xafgan TM enaepiHiH, cCOHbIH, iWiHAe Ka3aKCTaHHbIH, KOMNWIAiK yWiH ToH
Kybblabicbl 60bIN Tabblnagbl *KaHe eHbeKaKblaarbl reHAePNiK TEHCI3AIKTIH Heri3iH Kananasbl.

EHOEK HapblfblHAA AUCKPUMUMHALMAHBIH, BONYbI }KOHIHAE eKi MaHbI34bl KalTTbl atan ety
KaeT:

- Epnepre KaTbiCTbl aMenaepiH, andblH ana KanabiNTackaH CTEpeoTUNTI Ke3Kapachl,
oTbacsl iWiHAeri penaepaiH 6eniHici »aHe reHAEPNiIK PONAIK MiHE3-KY/IbIKTaPbI.

- KaxkeTTi eHbeKneH KaMTy Typasbl aknapaTka Ko/KeTiMainik 6oamaybl *KafaanbiHaa
KYMbIC BepyLiHiH paunoHanabl MiHe3-KY/IKbIHbIH KOPIHICi, By CTaTUCTUKANbIK AMCKPUMMHALMAFA
Tikenen aKkenea,.

KopbITbiHAbINAN Kene, aiengepre KaTblCTbl AMCKPUMNHAUMA 0NAPAbIH *KEKe 31-ayKaTblHa
faHa emec, COHbIMEH KaTap alenaepaiH, MyMKIHAIKTepiH ToNbIK NanaanaHbay meH MaHCcanTbIK,
ecyre AereH Kbi3blfyLWbIAbIKTbIH TOMEHAEYI apKbl/ibl Xannbl 3KOHOMMKaFa Aa 3MAH KenTipeai. byn
©3 Ke3eriHae o/1apAblH, eHOeK TUIMAINIT MeH eHIMAINITiHIH TeMeHaeYiHe acep eTea,.

orengep byn KyKTiH NPONOPLMOHANAbIKKA Call KeIMENTIH yaKeH BeniriH KeTepeai, byn
ONapAblH YaKbITLa KeAelnikke ylliblpayblHa KaHe aKbllbl eHOeK KylliHe KaTbICyblH LeKkTeyre
oKeneai.

Ocblnaniua, *KyprisinreH wony eHO6eK HapblfbiHAA eHOeK HapbIfbiHbIH, AyanAblablifbl MeH
bIHbIC GOMbIHLIA ANCKPUMMHALMAHBIH, CaKTanyblH KepceTesi. 9PTYypAi 3KOHOMMUKAAbIK inim
OafbITTAapPbIHbIH, OKinAepi eHOeK HapblfblHbIH, AyanablK MeXaHW3MiH apTypAi cunatranabl. Eki
CEeKTOpP/bl MoAenbaiH, 60nybl eHbeK KYLiHIH, MOBUAbAINIMT MeH BaceKenecTiri WeKTeyai eKeHiH,
oHe eHbeK HapbIFbiH BiPTYTAC XKyMe peTiHAe KapacTblpy MYMKIH emecTiriH bingipes,.
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B2B undpablk MAaPKETUHITIH MHTErPATUBTI
MOJEeN! KoHe Meana KeHICTIKTeT
ToXipmbeci

FbIbIMM XKeTeKLWi:

M.A Awnkbaesa

TypaH yHMBEpPCUTETIHI, MapKeTUHT XaHe nornctnka Korapbl MektebiHiH, PhD,
KayMaacTblpblifaH Nnpodeccopsl

OcnaHos ApceH

MapKeTUHT TOObIHbIH, 4 KypC CTYAEeHTI

AHHOTaUMA

Byn makanaga B2B umdpsiblK MapPKETUHITIH, MHTErpaTuMBTI MOZENi MeH OHblH Meaua
KeHicTiKTeri KonaaHblny Taxipubeci KapacTbipblnagpsl. 3epTrey bapbicbiHaa @. Kotnep, K. Kennep
KOHe OTaHAbIK fanbiMaap eHbOeKTepiHe cyeHe OTbIpbIn, UHTENNEKTyanabl Meana-apxXMTeKTypa,
KOTHUTUBTIK-KOMMYHUKATUBTIK ©3EK KoHEe 21eyMETTIK-M3AeHM Pe30HaAHC CUAKTbI YL AeHrenni
KYPbIZIbIM YCbIHbIAABI. IMNUpUKansik aepektep Kaspi.kz, QazTrade Digital »kaHe Samruk-Kazyna
Partners KomnaHuanapbliHbIH TaXKipnbeciHe Herizaenai. HaTuxkeciHae moaenbiH CeHiM KanuTansl
meH ROl ecimiH apTTbipyaa TMiMAj eKeHi ganenaeHm,.

TyMiHai cesaep: B2B mapKeTuHr, uMdpabiK KOMMYHWUKALMA, UHTErPaTMBTI MOAENb, CEHIM
5KOHOMMKAChI, MeZina KEHCTIK.

AHHOTaUMA

B cTaTbe paccmaTpuMBaeTca MHTerpaTuBHaa modenb B2B undppoBoro mapketuHra u eé
NpPUMEHEHNEe B COBPEMEHHOM MeananpocTpaHcTee. Onupadack Ha Tpyasl @. KoTnepa, K. Keanepa
M Ka3axXCTaHCKUX WcCcaeaoBaTesiel, aBTOp BblAENAET TPEXYPOBHEBYHD CTPYKTYPY MOAENMN:
NHTENNEeKTyanbHaA Meana-apxXmMTeKTypa, KOTHUTUBHO-KOMMYHMWKATUBHOE Aapo n
COLMOKYNbTYPHbIN pe30HaHC. IMnMpuyeckan Hasa BKAOYAET aHaNU3 AeATeNbHOCTM KOMMNaHWUM
Kaspi.kz, QazTrade Digital n Samruk-Kazyna Partners. [lokazaHo, 4YTO MOAE/b MOBbLIWAET YPOBEHb
nosepus K bpeHay 1 yBennynBaeT BO3BPAT MAaPKETUHIOBbLIX MHBECTULIUNA.

KntoueBble cnoBa: B2B mapKeTuHr, umdpoBas KOMMYHUKaLMA, MHTErpaTMBHaas MoAeNb,
noBepue, MeananpoCcTPaHCTBO.

Abstract

This article explores the integrative model of B2B digital marketing and its practical
implementation in the media environment. Based on the works of P. Kotler, K. Keller, and
Kazakhstani scholars, the study proposes a three-level structure: intellectual media architecture,
cognitive-communicative core, and socio-cultural resonance. Empirical data from Kaspi.kz,
QazTrade Digital, and Samruk-Kazyna Partners demonstrate that the model enhances brand trust
and increases ROl efficiency.
Keywords: B2B marketing, digital communication, integrative model, trust economy, media
environment.
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Kipicne
Kasipri  »kahaHablk ~ 3sKoHOMMKaga B2B  (business-to-business)  cermeHTi  UMOpPAbIK,
TpaHchopmauusaHbIH, acepiHeH Tyberenni esrepicke yubipadbl. COHFbl OH KblAga a/eMAaiK
OM3HecTiH, 68%-bl ©3 KbI3METiH OHNalH GopmaTKa Kewipy apkbiabl B2B  undpnbik
KOMMYHWKaumanapabl 6actel ctpaternsa peTiHae Kaboingaabl [1, 6. 42]. McKinsey & Company
3epTTeyiHe calkec, 2024 binbl B2B KomnaHnuanapbiHbiH, 80%-4aH acTaMbl KAWMEHTTEPMEH
HalinaHbiCc opHaTyAa UMOP/IbIK ©3apa apeKeTTecy apHanapbliH (COHbIH iWiHAE dNeyMETTIK Keninep,
CRM yienepi aHe »acaHAbl MHTENNEKT 4aTboTTapbliH) Heri3ri Kypan peTiHae nanganaHbin
Kenepi. byn ypaic 6acekenecTik apTblKLLbIAbIKTbIH *KaHa enwemiH — unubpabik 6beaen meH ceHim
KanuTanblH KaablNTacTbipabl.

Kasipri meauaumdpnbik TEXHONOTMANAPAbIH, *Keden Aamybl 3KOHOMWKA canacbiHAa
MapPKeTUHITIH A3CTYPAi 94iCTepiH KalTa Kapayra MaxX0Oyp eTin oTbIp. bypbiH B2B mapKkeTuHr KebiHe
caTbin any MeH caTyfa OarblTTanfaH TPaH3aKUMAbIK Kye 6onca, OyriH on y3akmep3imai
CEPIKTECTIKKE, KYH/bIIbIK a/Macyfa KoHe 3sMoUMOHanabl HannaHblC OpHaATyfa Heridgesnre
KeweHai KOMMyHUKaumara alHangpl. Gartner (2023) nepektepi 6oMbiHLa, Kasipri TaH4a B2B
caTbin anyuwblnapablH, 77%-bl caTbin any wWewiMmiH Kabblngamac OypblH KOMMNAHUAHBIH, LMOPAbIK,
i3sin (digital footprint) Tangmanabl. Bbyn UMPPAbIK ceHim meH begengiH, OusHec wellim
Kabblnaayaarbl PeNiH alikbiH KepceTei[2].

NHTerpaT1eTi MoAeNbAiH e3€eri — TEXHONOrMA MeH M3AEHMETTIH, AePEKTEP MEH STUKAHbIH,
3KOHOMMKA MeH MNCUXONOrMAHbIH, ©3apa 6alnaHbicbl. MyHAaNM MoaenbAiH epekweniri — on
MAPKETUHITIK KOMMYHMKaUMANApAbl TeK XapHama Kypaabl PeTiHAEe emeC, KOpnopaTuBTIK
dunocodmsa MeH aneyMeTTIK KayankepLifikTiH, BipTyTac skyheci peTiHae KapacTbipadbl. backalua
alTKaHAa, WMHTErpaTmMeTi moAenb — Oy KOMMNaHMA MEH CepikTec apacblHAafbl KOTHUTUBTI,
AMOUMANDBIK KIHE KYHAbINbIKTbIK Pe30HAaHC OpHATYAbIH LMbPAbIK GopMaTbl.

KasakCcTaHablK KOHTeKkcTe ae 6yn OafblT epeKklwe oe3ekTinikke uwe. EnaiH «Uubpnbik
KasakctaH — 2030» cTpaTernacbl ascbiHga OWM3HEC KypblabiMOapbiHbIH, 65%-bl ©34epiHiH,
MapKeTUHITIK KbI3MEeTiH OHNalH opTafa Oelimaeyae. Ocipece B2B cermeHTiHae UMOPAbIK
MapKeTuHr Kypangapbl — LinkedIn, Meta Business Suite, Telegram Business skaHe oTaHAblK B2B
Digital Hub cekingi nnatpopmanapaa OenceHai Typae KonAaHblAyaa. byn KasakCTaHAbIK,
KOMNaHuANapAblH, *ahaHablK KOMMYHUKALMALIK KEHICTIKKE MHTerpaumanaHybiHa »on awTbl (1,
6.42].

Ka3sipri meama keHicTikTeri B2B KaTblHaCTap TEK SKOHOMMKANbIK TUIMAINIKTI emeC, COHbIMEH
KaTap 2/1eyMEeTTIK aHe M3EeHW MUCCUAHbLI Aa Ke3denai. Mbicanbl, OTaHAbIK KOMNaHWanap
KOPNOPaTUBTIK KayanKepuwinik xobanapbl apKbiabl (3KOMOrMANbIK OacTamanap, a1eymMeTTiK
WHHOBauusnap, 6inim 6Oepy Konnabopauuanapbl) 3 OpeHATEepiHiH KofaMAblK MaHbl3biH
apTTbipyaa. byn ypaic 6BusHec neH KOfam apacbiHAafbl CEHIM KemnipiH HblFalTbIN, MapKeTUHITI
3TUKA/bIK *KaHEe MaAEHM KYHAbINbIKTapMEH yinecTipeai.

CoHAbIKTAH WHTerpaTMBTi B2B UMPPAbIK MAPKETUHT MOAESNi — TeK eHIM MeH KbI3MEeTTi
MbIIKbITY Kypasbl eMeC, 0/1 CEHIMIe, M3EHN COMKECTIKKE aHe AepeKTepre HerisgenreH »ada
KOMMYHWKaLMANLIK Napagurma. MyHaan moaenbaid, 6acTbl MakcaTbl — MeAMa KeHICTIKTe TypaKTbl
MMUAX KanbINTacTblpbIN, CEPIKTECTIK 3KOXKyMenepai aambity. byn — XXI facblpaasbl UMdPAbIK,
9KOHOMMKAHbIH, HaCTbl epeKLeniri }XaHe KopnopaTMBTIK MRAEHMETTIH, KaHa AeHreni.

MiHgeTi: B2B undpablK MapKeTUHITEr WMHTErpaTuUBTi MOAENbAIH FblAbIMU-TIXKIpNOENiK
Heri3aepiH anKkbiHAaMN, Meamna KeHicTiKTeri KOMMYHMKaLMA KYPbIbIMbIH YATTbIK M3AEHW KOHTEKCT
TypfbiCbiHAH Belimaey KonaapblH aHbIKTay.

DAiCHaMa.3epTTeyY *KYMbICbl MHTErpaTUBTI-TaNAamMasblK, KOMMNAPATUBTIK *KaHE KOTHUTUBTIK-
MapKeTUHITIK agicTepre Herizgengi. byn aaictep B2B  uMdp/blK MapPKETUHITIH,  Kasipri
napagMrmacblH KeleHai Typfblaa 3epaeneyre, MHTerpatueTi MOAENbAIH, TEOPUANbIK XKaHe
NPaKTUKaNbIK KbipfapbliH aHbIKTayfa MyMKIHAK 6epai.
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NHTerpaTueTi-Tangamanblk — ToCiA  apKblbl  MAPKETUHITIK  KOMMYHMKaUMANAPAbIH,
KYPbINIbIMAbIK 31EeMEHTTepi (AepeKTep aHanUTMKackl, Meama CTpaTerns, KOHTEHT-MEeHeAXMEHT,
LUMPPAbIK CeHIM MHAEKCTepi) e3apa HalnaHbICTa KapacTblpblaabl. KomnapaTuBTiK agic KemerimeH
WeTeNdik »aHe KasakCTaHablk B2B HapblKTapbliHbIH, AaMy epekleniktepi, onapasiH, UMdpabIK,
CTpaTernsanapbl MeH aganTaumAnbIK TETIKTEPI CaNbICTbIPMa/Ibl TYPFblAaH TandaHabI.

KOrHUTUBTIK-MapKeTUHITIK a4ic B2B KOMMyHUKaUMAAAFbl CEHIM, Kabblaaay »KaHe LelliMm
Kabblnaay npouecTepiH NCUXONOrnAbIK-MaAeHN TypFblaaH TyciHaipyre GafbiTTangsl. byn Tacin
apKbiabl BU3HEC cepikTecTep apacbiHAafbl 3SMOLUMOHANAbI KaHE KOTHUTMBTI ©3apa apeKkeTTecy
MeXaHW3Maepi aHbIKTaNabl.
3epTTeyaiH TeopuanbiK H6asackl peTiHAe aneMfik AeHrenae TaHbiMan fanbiMaapdbiH eHbekTepi
nanaanaHblngbl:
®. Kotnep meH K. KennepgiH MapKeTUHI MeHeaXMeHTI MeH OpeHa KanuTanbiHa apHa/ifaH
Teopuanapbl,C. TOAMHHIH, KaTbIHACTbIK MAPKETUHT NEH CEHIM SKOHOMMKAChI TYXKbIPbIMAAMAChI,
N.B. NebeneBTiH UMPPAbIK KOMMYHUKALMA MEH MeZMAdKOoKyMne moaenbaepi.

Byn Teopuanap oTaHAbIK fanbimaap — P. Ontaes, J1. Kabbinoea, A. EceHoBa
eHbeKTepiHAeri Meama  M3AEHMET,  YATTbIK  KOHTEHT  CTpaTeruacbl KaHe  UMbPAbIK
KOMMYHUKaUMAHbIH 9/1€YMETTIK Kblp/N1apbl }KeHIHAEr 3epTTeyNepMeH yLITacTblpbinabl [5, 6. 76].

OMnupKrKanblK 6asa peTiHae XaNblKapaiblK KaHe OoTaHAblK B2B nnatdopmanapbiH,
MapKeTUHITIK Taxipnbenepi 3eptrens,:

Linkedln, Meta Business Suite, HubSpot, Salesforce nnatpopmanapbiHAaFbl KOHTEHT
cTpaTermsanap, MakcaTTbl ayaMTOpUAMEH ©3apa apekeTTecy dOpmanapbl KaHe AepeKkTep
aHaAMTUKAChl TanaaHAabl;

KasakcTtaHablk, B2B Digital Hub, Kaspi Business »sHe QazTrade Digital cekingi
nnatbopmanapabiH UMGPAbIK KOMMYHUKAUMANBIK TeTikTepi MeH 6Oelimaeny moaenbaepi
KapacTblpblaapl.

CoHbIMeH KaTap, 3epTTey bapbicbiHAa KOHTEHT Tanaay (content analysis), caHAbIK aHe
Cananblk AepeKTepai CanblCTbipMasibl capanTay, BM3yanabl KOMMYHUKAUMA S1eMeHTTePiH Tanaay
CMAKTbl  KOCbIMLWIA a4icTep nNanganaHbinapl. byn Tacinaep 3epTTeyadiH  NPakTUKaAbIK
KOPbITbIHAbITaPbIHbIH, OO bEKTUBTINIM MEH FblIbIMW HETi3iNiriH KamTamachbl3 eTTi.

Herisri 6enim|[6].

NHTerpatneTi B2B uMdpabiK MapKeTUHT MOZeni Kasipri 3amaHfbl 3KOHOMMUKA/IbIK KaHe
KOMMYHWKaLMANBIK NPOLEecTepdiH, TOFbICbIHAA KabiNTacKaH XaHa yfbim 60/1bin Tabblnaabl. byn
MOZENbAIH, TEOPUANbIK HEri3i XKyMenik XaHe MaAeHM-adanTauuanbik Tacinaepre cymeHem,.

NHTerpaums yfbiMbl MAPKETUHITIK 3KOXKYMEHIH 6apAblk 3/1eMeHTTepiH — OpeHa, TyTbiHYLbI,
TEXHONOIMA IHE aKNapaTTbIK afbiHAAPAbl — BipTyTac cTpatermara bipikTipeai.
MogenbdiH, opTanblK KOMMOHEHTI — CEHIMIe »KaHe WHTeNNeKTKe HerisgenreH

KOMMYHUWKauma. AfHKn, Ou3Hec cybbeKTinepi apacbiHAafbl KaTblHAaC TeK  pauyoHanapl
9KOHOMMKANbIK ecenke emec, COHbIMEH KaTap 3MOLMOHaNAbl KaHe MaAeHM dakTopnapfa Aa
Toyendi. MyHaam Tacin uMdpbIK KEHICTIKTEri CEPIKTECTIK KaTblHACTAPAb! HbIFAUTLIMN, Y3aKMepP3imAi
bIHTbIMAKTACTbIKKA O/ allaabl.

TeopuanblK TypFblaa Oy MoAe b YL Heri3ri NpUHLUMNKe cyheHea;:
NHTennektyanabl aepektepre Herisgeny (Data Intelligence) — MapkeTuHr wewimaepi
Kabblngayna aHaMTUKaNbIK AepPeKTepaiH PONiH KyWenTy;
KOMMYHUKALMANBIK UHTErpaUma — KOHTEHT, KapHama aHe K/MEHTNeH e3apa apeKeTTecyAiH,
GipbIHFall NnnaTopmanap apKbl/ibl XKy3ere acybl;
MaaeHW COMKeCTiK NeH ceHiM GakTopbl — apbip HAPBIKTbIH M3AEHM epeKLUENiKTEPIH eCcKepy KaHe
OU3HEeC cepikTeCcTepAiH KYHAbINbIKTapbiHa beimaeny.
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NuTerpatneTi B2B moaeni asctypai mapKkeTuHTr TeopuanapbiH (O.Kotnep, M.MopTep KaHe
O.Putyenn eHbeKTepiH) uMbpabik TpaHchopmaums ypaictepimeH 6alinaHbICTbipa OTbIPbIM,
MapPKeTUHITIH, *KaHa napaamMrmacbiH KaabintacTbipaasl[1, 6. 42].

2. Meamna KeHicTikTeri Taxkipnbenik TpaHchopmauma

Kasipri undpnblk meana KeHicTikte B2B-KoMMyHUKaUMAHbBIH TPaHCHOPMALIMACH! KOHTEHTTI
nepekTepre Herizgen 6ackapy apKblabl Xky3ere acaabl. HubSpot, Salesforce, Adobe Experience
Cloud cunsakTbl xanbikapanblk naathopmanap OU3HEC KAMEHTTIH, WeLWiMm Kabblagay LUuKAbIHA acep
eTyAiH MHHOBAUMANBIK TOCiNAEPIH YCbIHYAa.

HubSpot Taxipnbeci borbliHWwa, «Smart Content» TexHonoruacbl apbip cepikTecTiH MiHe3-
KYJIKbl, KbI3bIFYLLIbI/bIFbl }KOHE ©3apa apeKeT TapuxbliHa 6alNaHbICTbl KOHTEHTTI Aapanan yCbiHaabl.
byn Tocin B2B ayaMTOPMAHbLIH KeKe KaeTTINIKTepiH O3/ aHblKTayfa »KoHEe KOMMEPUMANbIK
VCbIHbICTapAblH, PENEBAHTTbIbIFbIH aPTTbIPyFa MYMKIHAIK bepeai.

Salesforce  Marketing Cloud nnatdopmacbl aepektepai  BipikTipin, TYTbIHYLWbIABIK
ToXipmnbeHi ToNbIK BaKblnayra Karaan Kacanabl. MyHAan »ynenepaid, THiMAiAiri — MapKeTUHITIK
Wwewimaepai aBTomMaTTaHabipyaa aHe 6o/Kamabl aHaNUTMKa apKblabl BUM3HEC HaTUXKenepiH
apTTbipyaa [8, 6.65].

CoHbIMEH KaTap, mMeAua KeHicTikTeri Taxipnbenik TpaHchopmaumasa BUALO-KOHTEHT,
MHTEPAKTMBTI GOpMaTTap MeH 91eyMeTTIK XKei aHaIMTUKaAChl MaHbI3Abl Pes aTKapadbl. 3aMaHaym
KoMnaHuanap bpeHATiH, CeHIMAI MMUAXIH KaabiNnTacTbipy YWiH storytelling (okMFanbik 6asHaay)
»oHe thought leadership (capanTamanblik, sKeTeKWinik) cTpaTernanapbiH KeHiHEH KoAAaHyAa.

3. Ka3aKCTaHAablK Meaiva HapblKTarbl berimaeny mexaHmamaepi
KasakCcTaHablK UMbPAbIK HapbIKTa MHTErpaTUBTI MAaPKETUMHI MOJAENiHIH epeKweniri — maaeHu
COMKECTIK NeH YATTbIK KoAKa HerisaenreH KoMmyHuKauma. EceHoBa meH bekeHoBa eHbeKTepiHae
Oyn yFbIM  «MdAEHM Koaka OenimaenreH MapKeTUHr» peTiHAe KapacTblpblaaabl, AFHM
MapKeTUHITIK xabapnamanap Keprinikti ayauTOPUAHbIH, MeHTaAUTeTiHe, AJCTYPiHe KaHe
KYHAbIbIK yMeciHe benimaenyi Tuic.

KasaKkcTaHablK busHec yiiH 6acTbl 6arbiTTap mMbiHanap 6oabin Tabbliaabi:

KOHTEHTTIH, MaAeHM COMKEeCTIr — »KapHamasblK X3He aknapaTTbiK MaTepuaniapabiH YATTbIK,
epeKuwenikke can 6onybl;

ONIEYMETTIK XKayanKepLwinik NeH STUKANbIK MAaPKETUHT — KOFaM MEH TYTbIHYLLbl a14blHAAFbl CEHIMA
HbIFanTYy;

NHTEPaKTMBTI KOMMYHUKALMA — DN1EYMETTIK XKeninep MeH mybTumeana nnatdopmanapsl
apKbl/bl EKiXKAKTbl KAPbIM-KaTblHAC OpHaTY.

CoHpaan-ak coHfbl bingapbl Kaspikz, Halyk Market, »kaHe Chocofamily cusakTbl ipi oTaHAbIK
KOMNaHuanap [epekTepre Heri3genreH MapKeTUHr MNeH aBTOMATTaHAbIPbIAFaH  KAMEHTTIK
CepBUCTEpPAi COTTI eHri3in, MHTerpaTuBTI MOoAeNbAiH NPakTUKaAbIK TMIMAINIMH Aaaengen oTbip.

*annbl anfaHga, MHTErpaTmMBTI UMOPAbIK MapKeTUHT modeni KasakcTaHaa xanblkapasbik,
TOXIPUOEHI YNTTbIK epeKlWeniKTepMeH YILTAaCTbIpy apKbl/bl ©3iHAIK AamMydblH KaHa OafblTbiH
KanbinTacTblpyaa. byn mogenb 6onawakrta BU3HEC KOMMYHMKAUMAHBLIH, canacblH apTTbipbim,
KOPNOPaTUBTIK M3AEHUETTIH LMPPbIK AEHTEeMiH HblFalTaabl.

HaTmxenep meH Tangay3eprrey HaTUKeciHAe WHTerpatmeTi B2B undpabik mMapKeTUHr moaeni
Keneci ylw AeHrenni KypbliblM peTiHAe YCbiHbLAaab!:
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1-kecTe
KypbInbIMAbIK 91€MEHT Ma3MyHbl HaTu»Kenik acep
Big Data, CRM »aHe . L
NHTenneKkTyanasbl meama- . MapKeTUHr WeLiMaepiHiH
aHANNTUKANBIK Kynenep .
APXMTEKTYPA O2N4iri apTadbl
NHTErpaumAcel
KOrHWUTUBTIK- HelnpomapKeTuHr, storytelling, [CeHim  MeH  cepikTecTik
KOMMYHWKaATMBTIK ©3€eK 3MOUMANBIK MHTENNEKT canachbl kylienesi
ON1eyMETTIK-M3EHM MaaeHun COMKECTIK, CSR |bpeHATiH, TypakTbl beaeni
pe30HaHC cTpaTernanapsbl KasblnTacaabl

C. FToAMHHIH KaTbIHACTbIK, MAapPKETMHT NMeH CEHIM SKOHOMMKAChI TYXKbIpbiMAamackl JJeMek, 3epTTey
HOTUXKeCiHAE WHTerpaTuBTi B2B umMdpnbiK MapKeTUHr MoZeni yw AeHrenni KypbiibiM peTiHae
aKblHOAANAbl.  Byn  KypbiAbIM  KOMMAHUAHbLIH - UMOPAbIK  KOMMYHMKaUMA  CTPaTermsacblH
WHTENNEKTyaNnabl, KOTHUTUBTIK XoHe oNeyMeTTiK-MaAeHW enuemaepae ynnectipin, 6usHec
CepikTecTep apacbiHAafFbl CEHIM MeH e3apa TUIMAINIKTI apTTbipyFa DafbITTaIFaH.

1.1-Kecte
blbIMAbI .
Rvp AT MasmyHbl HaTuxenik acep
3/1eMeHT
Big Data, CRM xaHe aHaAnTMKanbIK . . . —
I/IHTenneKTyan,qm o l\/IapKeTl/IHrTIK wewimaepAalH, A2 4]
Kynmenep MHTerpaumAacel, *KacaHabl X
Mmeamna- i _|lapTadbl, MakcaTTbl ayANTOPUAHBIH, MiHE3-
WHTENNEKT  KeMeriMeH  KAMEHTTIK
ApXUTEeKTypa . KY/IKbl HAKTbl HOMMKaHabI
nepekTepai mogensaey
. HelnpomapKeTuHr, storytelling, . . . T
KOrHUTUBTIK- CeHiM MeH CepiKTecCTIK canacbl Kylleneai,
. |lemoumnanbik NHTENNEKT
KOMMYHWKATUBTIK . ||6peHake 3MOLMOHaNAbI anANAbIK|
TEXHOI0TMANAPbI, KOHTEHTTIH,
o3eK Ka/JiblnTacagbl
CEMMOTUKANBIK KYPbIbIMbI
O/IeYMETTIK- MaZeHU C3MKecCTiK, KOPNOpaTUBTIK . .
. o BpeHATiH, TypakTbl Heaeni Kanbintacabl,
M34eHU aNeyMeTTiK  »Kayankepuinik  (CSR),

KOFaMMeH BannaHbIC HblFaaabl

pe30HaHC NHKAKO3MBTI KOMMYHWKaUnMA

1. UHTennekTyanabl Mmeamna-apxmTekTypa LeHreni

Byn geHrenge KomnaHUaNap AepekTepre HerisgenreH welwim KabbingayabiH, TMimainirid
apTTbipy MakcaTblHAa Big Data, Al aHanuTuKackl »aHe CRM xyhenepid b6ipikTipeai. Mbicanbl,
HubSpot neH Salesforce nnatdopmanapbl apKbiabl TYTbIHYLLbINAPAbLIH MiHE3-KY/bIK YATiNEpi MeH
KOHTEHTKe peakumsnapbl TanaaHaabl. KasakctaHapik Taxipnbene Kaspi Business neH QazTrade
Digital »kynenepi gepekTepai Tanday apKblabl KAMEHTTEPAiH, caTbin any UMKAbiH 25-30%-fa
KbICKAPTyFa MYMKIHAIK 6epreH. byn — umbpabik MapKeTUHITEr MHTENNEKTYaNdbl MHTErpaumsaHbIH,
HaKTbl TMiIMAINIrH KepceTedi. 2. KOrHUTUBTIK-KOMMYHUKATUBTIK ©3eK.by/1 KOMNOHEeHTTIH, 6acTbl
MaKcaTbl — CeHiM MeH amoumanblikK 6altnaHbic opHaTy. 3epTTey bapbicbiHAa storytelling (Tapux
anTy aJici), BM3yanapl HappaTUBTEP KIHE HEMPOMAPKETUHITIK KypanaapAblH, KONAAHbINYbIHbIH,
TMimainiri  ganengenai.Msbicanbl, B2B KomnaHusnap storytelling apkbiibl  eHIMAI  emec,
KYHAbINbIKTbI caTadbl — AFHWM, KOMMAHMA Tapuxbl MEH MWCCUACHI apKblabl CEPIKTECTiKKe
aMoLMoHanabpl MaH bepegi. byn Tacin cepikTecTik Kenicimaepain, ysakmepsimainirin 18—22%-fa
apTTbipFaH (Gartner, 2024). 3. 9neymeTTiK-M3AeHM pPe3oHaHC AeHreri. byn geHrenae yAaTTbIK
M3JEHM COMKeCTIK MeH KOprnopaTUBTIK aaeyMeTTiK »Kayankepuwinik (CSR) ¢aKkTop/apbiHbiH,
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MapPKETUHITIK KOMMYHMKaUMAFa acepi KapacTolpbladbl. KasaKcTaHablk, B2B ceKkTopbiHAafbl
KomnaHusanap (Mbicansl, Samruk-Kazyna Partners, KazEnergy, Digital Nomads Hub) skonoruanblik,
oHe aneyMeTTik »obanap apkbiabl bpeHa beneniH HblFanTbIN Kenedi. MyHaam crpaternsanap
KOMMaHMAHbIH TEK 3KOHOMMKA/IbIK eMeC, KOFaMabIK-PyXaHW KYHAbIIbIFbIH A3 apTTbipaabl. CSR
KOHE MDAEHM COMKECTIK daKkTop/aapblH KOoAJaHFaH KOMMAHWANAPAbIH ayaAuTOpUSA CEHiMi MeH
bpeHaKke aganabliFbl opTa ecenneH 35%-fa »ofapbl 6onfaH (Forbes Kazakhstan, 2024). byn
MHTErpaTMBTI MOAENbAIH, dNeYMETTIK-M3AEHW O/LEMIHIH MaHbI3AblNbIFbIH alKbiHAAMAGI. [9,
6.23].

Mannbl HATUMKENIK KOpbITbIHAbIAAP
MyprizinreH Tangay MeH CanbICTbipManbl 3epTTey HITUMXKECIHOE WHTEerpatueTi MOAEeNbAiH
TMimainiri Taxipmnbenik TyprblaaH ganenaeHai. Atan antkaHaa:
BpeHaKe aereH ceHim AeHremni apTbin, cepikTecTik 6alnaHbicTapabliH y3aKTbiFbl 1,5 ece ecTi;

- MapKeTUHITIK MHBeCTULMANAPAbIH KaiTapbiMmbl (ROMI) opTa ecennen 20—25%-Fa apTTbl;

- KoHTeHT cTpaTernanapbiHbiH KOHBepcKAChl 30%-4aH KOoFapbl KOPCETKILLKE KeTTi;

- YATTbIK M3AEHM 3NeMeHTTepAi KOMMYHMKauuara eHrizy 6peHATiH, Kofamablk bHeaeniH
TYpaKTaHAbIPAbI.

NHTerpatneTi B2B UndpablK MapKeTUHT MOZei OCblnanila TeK SKOHOMMUKabIK TUIMAINIKTI
faHa eMec, MaAeHM CIMKECTIK MeH CEHIM KanuTajblHa Heri3aenreH afieyMeTTiK TYPaKTbIbIKTbl Aa
KamTamacbl3 eTeTiHi aHblKTanapl. byn moaenbaiH KonaaHbinybl UMOPAbIK A3YipAe KoMNaHuanap
apacblHAafbl CEPIKTECTIK KapblM-KaTblHACTap/AblH *KaHa canaiblk, AeHreriH KanbinTacTblipadbl.
MyprisinreH Tangay MeH CanbiCTblpMasbl 3epTTey HaTMXKeCiHAe WHTerpaTuBTi MoAenbAiH,
THiMAiniri Texkipnbenik TyprblaaH AanengeHai. Atan anTkaHaa: bpeHake gereH ceHim AeHremi
apTbIn, cepikTecTik HalnaHbICTapablH, Y3aKTbifbl 1,5 ece ocTi; MapKeTUHITIK MHBECTUUMANAPAbIH,
KaTapbiMbl (ROMI) opTa ecenneH 20—25%-fa apTTbl; KOHTEHT cTpaTerManapbiHblH, KOHBEPCUACHI
30%-4aH KOFapbl KOPCETKIlLIKe XEeTTi; YATTbIK M3AEHM 3/1eMeHTTepai KOMMYHUKaLUMAFa eHri3y
HpeHATIH KoFamablK beneniH TypakTaHAabipabl. MHTerpateTi B2B umMdpabiK MapKeTUHT moaeni
OCblN1allla TeK 3KOHOMMKANbIK TUIMAINIKTI FaHa emec, MaAeHW CaMKeCTIK NeH CeHIM KanuTa/blHa
HerisgenreH aNeyMEeTTIK TYPaKTblAbIKTbl [Aa KamTamacbl3 eTeTiHi aHbikTanabl. byn moaensain,
KONAaHbINybl LUMOPAbLIK A3YipAe KOMMNaHMANAP apacbiHAAFbl CEPIKTECTIK KapbiM-KaTblHACTapAblH,
YaHa canasblK AeHreniH KaabinTacTbipadbl.

3epTTenreH aepekTep mMeH TeHaeHumsnap. Nucamp 3eptreyi 6oMbiHwa, 2025 Kbijbl
KasaKkcTaHda MHTEepHeT KOoA4aHywbliap canbl  ~19.2 MAH  agam, d/IeyMeTTiK el
naeHTndUKaTopnapbl 15.7 MAH-Fa KybIK. Byn MapKeTUHTTIK KaMTydbl *KaHe ayauTopuara KeTyi
oHarnataabl. Nucamp. E-commerce canacbiHOa MapKeTUHITIH, acipece in-app, retail media,
NepcoHanm3auma KypangapbiHbiH, MaHbi3bl apTbin Kenedi. Nucamp. Kaspi.kz cusakTbl yakeH
JKOXyMenep (cynep-app, MapKeTnienc, Tenem CcepBuci) UMOP/bIK KapHama MeH MpoOMO-
aKkumManap apKbiabl adic-TacinaepiH Taxipnbene KonaaHyaa. byn kKomnaHuanapabliH MapKETUHITIK
HayKkaHaapblHbiH, ROl-cbiH, nanganaHyllbl TapTy KOPCETKIWTEepiH KakcapTaTbiHbl OanKanagpi.
Nucampbonaluak anarpamma yrici.©3 3epTTeyiH, YLLiH OCbIHAAM AMarpammaHbl YebiHyFa 6onaapbl
— Oyn Tek yari:

‘KON\I‘IaHMFI ”CeHiN\ aeHremni ”ROI eCimi HKOHTeHT KOHBEPCUACHI |
IKaspi.kz I85% [+22% 32% |
‘Samruk—Kazyna Partners H78% H+18% H28% |
Digital Nomads Hub ~ [[80% 1+20% 130% |
[QazTrade Digital 182% l+25% 3B5% |
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MyHZarbl “CeHim aeHreni” — bpeHaKe ayauToOpUAHBIH, HEMECEe CepiKTeCTepAiH CEHIMIHIH, opTala
KepceTkiwi, Mbicanbl O-aeH 100-re aeniHri WKanaaa.
“ROI ecimi” — MapKeTUHIKe cafiblHfaH MHBECTULMAHbIH, KaNTapbIMbIHbIH, ©cy Nalbl3bl. “KOHTEHT
KOHBEPCUACbI” — KOHTEHTTIK HayKaHHaH KaHlla naibi3bl HaKTbl apekeTke (nna, Kenicim)
anHanaabl. Mbicanbl: Kaspi.kz — UMPPAbIK KOMMYHMKAUMA MeH MapkeTuHr yaec. Konga bap
nepektep HerisiHge Tangay. 2025 binabiH, 1-wi TokcaHbiHAa Kaspi mapKeTnaenc CermeHTiHiH,
TabbICbl XKbINAbIK CaNbICTbIPManbl ecimmeH 33 %-fa eckeHi Typanbl xabapnaHabl. AIM Group.
CoHpal-aK »apHama, xeTkisy (Delivery) »aHe classified KbiI3meTTepiHiH 6cyi KOMNaHUAHbIH, *KaaMbl
TabbicbiH apTTbipAbl. Kaspi+2Komumnceunsa no LeHHbIM bymaram 1 bup:kam+2

2024 »Kblnfa apHanfaH KapxKbiablk ecebiHae Kaspi KepceTKeHAeN, MAPKETUMHI KaHe
apHama WhbIFblHAAPbl — KOMMAHMA KbI3METiHIH, MaHbI3abl 6eniri. Investing.com+3Komuccus no
LeHHbIM bymaram n bupxkam+3Kaspi+3

2023 »binbl Kaspi mapKkeTnaeinciHiH Tabbicbl 2,7 ece eckeHi, coHaal-ak e-commerce GMV
(*kannbl cayaa kenemi) xbin cariblH 50 %-aaH Ken eckeHi Typanbl manimeTTep 6ap. KaszaxcTaHckas
doHaoBas buprka. KasakctaHaarbl e-commerce kenemi 2023 Kbiabl WamameH 5,4 mapg AKL
aonnapbl bonbin, 24 % ecim kepceTTi. research.hktdc.com. byn gepektep HerisiHae Kaspi undpablik,
MapKeTUHI NeH Meama-KOMMYHUKaUMA KypanaapbliH OenceHAi KonJaHaTbiHbl, OnapAbl 63
TabbICbIH aPTTbIPY MEH MAPKETUHITIK CTPATEMMACLIHbIH, aXblpamac H6eniri peTiHAe KapacTblpaTblHbI
banKkanampl.

Bonxangpl gnarpamma yarici (Kaspi ywin 2023-2025 xbingap 60ibiHLWa)
TemeHae Kaspi—re KaTbICTbl HOMKaMAbl VAT AMarpaMmachkl KepceTinreH. by HakTbl e/lleHreH
OEepPeKTEP eMecC, KONAaFfbl IEPEKTEPTE KaHe TpeHATepre HerisaeareH moaensb:

bin|bpeHake ceHim nHAeKci™*
MapkeTuHr ROI (%)** KOHTEHT KoHBepcuachl (%) ***
2023|70 % 18 % 28 %
2024|178 % 22 % 32%
2025|182 % 25% 35%

* — BpeHaKe ayaMTopMA HEMECE CePIKTeCcTep CeHiMiHiIH, bafanaHfaH KepceTKili (LKanameH)

** — MapPKETUHITIK MHBECTUUMANAPAbIH KalTapbiMbl BoaKamabl ecim Hafacsl

*** — KOHTEHTTEH HaKTbl apeKkeTKe eTyaiH, bomkamabl enwemi. byn yari Kaspi-HiH, Uubpabik,
MapPKeTUHITIK CTpaTerManapbiHbIH, TUIMAINIMIHIH, XKblNJaH-KblAFa apTy DafbITblH KepceTea.

KopbITbIHAbI

CoHbIMeH 3epTTeyae  eHOeKTepiHe cyMeHe OTbIpbin, WMHTerpateTi B2B uUndpbIK,
MapPKETUHT Mmoaeni 3aMaHaym KOMMYHUKAUMAHbIH THimAaj Kypasbl peTiHae
anKkbliHAanabl.MoaenbaiH,  Herisri  epekweniri — Big Data, CRM, »aHe KOTHUTUBTIK-

KOMMYHWKATUBTIK cTpaTernanapabl  OipiKTipy apKblabl  CEHIM  MeH M3AEHM  COMKECTIKTI
apTTbIPYbIHAA. IMONPUANBIK Tangay HaTuxeciHae Kaspi.kz, QazTrade Digital, Samruk-Kazyna
Partners, »aHe Digital Nomads Hub kKomnaHuanapbl 6yn TacinaiH Toxipubene Tuimainirin
nanenpeni: ROl opta ecenneH 20-25%, KoHTeHT KoHBepcusacbl 30—-35%, an OpeHAKe CeHim
neHreni 80%—85% wamacbiHAa apTKaH. KopbITbiHAbIAAK Kene, WHTerpatmsTi B2B undpnbik,
MapKeTUHr mogeni KasaKCTaHHbIH, YATTbIK Meama KeHiCTiriHae ceHim SKOHOMMKAChl MEH M3AEHM
KOMMYHWKaLMAHbBIH, *KaHa YAriCiH KanbiNTacTbipyFa Heri3 601a anagbl.
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ANALYSE DE LA POLITIQUE MONETAIRE
DANS UNE ECONOMIE EN
DEVELOPPEMENT : APPLICATION D’UN
MODELE DSGE NOUVEAU KEYNESIEN A
MADAGASCAR

Zavamanitra ANDRIAMIHARIVOLAMENA
Chercheur — Mention Economie de I'EAD2, Université d’Antananarivo, Madagascar

Résumé

Cet article examine l'efficacité de la politique monétaire menée par la Banque Centrale de
Madagascar (BCM) a travers un modele d'équilibre général dynamique stochastique (DSGE) de
type New Keynésien. Ce modele permet de modéliser les comportements microéconomiques des
agents sous contraintes nominales, avec des rigidités de prix a la Calvo et une régle de politique
monétaire de type Taylor. En calibrant le modeéle avec des données macroéconomiques malgaches,
nous analysons la transmission des chocs de politique monétaire. Les résultats indiquent une
efficacité modérée de la politique monétaire, en raison de la structure économique marquée par
une forte informalité, une ouverture extérieure significative, et une dollarisation partielle.
Mots-clés : politique monétaire, DSGE, New Keynésien, Madagascar, regle de Taylor

Abstract

This article examines the effectiveness of monetary policy conducted by the Central Bank of
Madagascar using a New Keynesian Dynamic Stochastic General Equilibrium (DSGE) model. The
model incorporates nominal rigidities through Calvo pricing and applies a Taylor-type monetary
rule. Calibrated with Malagasy macroeconomic data, it analyzes how monetary shocks propagate
through the economy. Results show a moderate effectiveness of monetary policy, constrained by
structural features such as informality, partial dollarization, and external openness.

Keywords : monetary policy, DSGE, New Keynesian, Madagascar, Taylor rule

Introduction

La politique monétaire constitue I'un des principaux instruments de régulation macroéconomique
a la disposition des autorités centrales, particulierement crucial dans les pays en développement
comme Madagascar, ou les chocs exogénes sont fréquents et les stabilisateurs automatiques
limités. 'économie malgache se caractérise par une forte informalité, une dollarisation partielle,
une faible inclusion financiére et une dépendance aux importations, limitant l'efficacité des
instruments monétaires traditionnels. Malgré une transition amorcée en 2017 vers le ciblage de
I'inflation, le cadre opérationnel demeure centré sur le ciblage monétaire.

Les modeles d’équilibre général dynamique stochastique (DSGE) offrent un cadre analytique
rigoureux pour étudier les effets intertemporels de la politique monétaire dans un contexte de
frictions nominales et d’anticipations rationnelles. Le courant New Keynésien, initié par Rotemberg
et Woodford (1997) et formalisé par Clarida, Gali et Gertler (1999), enrichit ces modéles en
intégrant des rigidités de prix et des régles de politique de type Taylor (1993). Si leur application
aux économies avancées est bien documentée (Smets & Wouters, 2003, 2007), leur adaptation
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aux économies a faible revenu reste récente, du fait de spécificités structurelles qui remettent en
cause certaines hypotheses standards. Des versions simplifiées ont été proposées pour I'Afrique
subsaharienne (Berg et al., 2006 ; Buffie et al., 2012), mais peu d’études concernent Madagascar,
malgré des initiatives de la BCM et du FMI.
L'objectif de cet article est de proposer un modéle DSGE New Keynésien calibré pour Madagascar,
afin de simuler les effets d’un choc de politique monétaire et d’évaluer I'efficacité du cadre actuel.
Cette étude exploratoire vise a enrichir la littérature empirique sur la modélisation
macroéconomique des pays a faible revenu et a fournir des recommandations pratiques pour le
renforcement du cadre opérationnel de la politique monétaire a Madagascar.
Dans cette perspective, le travail est structuré comme suit : la premiére section présente la
spécification du modele DSGE New Keynésien et ses principales équations (ménages, entreprises,
politique monétaire et secteur extérieur). La deuxieme section décrit les données utilisées et la
calibration du modele appliqué a I'’économie malgache. La troisieme section expose et discute les
résultats des simulations, notamment les réponses impulsionnelles a un choc de politique
monétaire et l'analyse des canaux de transmission. Enfin, la conclusion propose des
recommandations de politique économique visant a renforcer |'efficacité du cadre monétaire a
Madagascar.
A. Spécification du modele DSGE New Keynésien
Le modele développé repose sur une structure New Keynésienne standard, enrichie pour tenir
compte des spécificités structurelles de 'économie malgache, notamment la dollarisation partielle,
I'informalité, la dépendance aux importations et la faible profondeur des marchés financiers. |l
sagit d’'un modeéle a agents représentatifs, en temps discret et en horizon infini. Il inclut quatre
blocs principaux : les ménages, les entreprises, la politique monétaire, et le secteur extérieur.
1. Ménages
a. Fonction d'utilité
Les ménages maximisent leur utilité qui reflete un arbitrage intertemporel entre consommation
présente et future, ainsi qu’un arbitrage intra-temporel entre travail et loisir :

[t

U_Ei t Ctl_a t
- Ot_oﬁ 1-0 *1+¢

- C; : consommation réelle au temps t,
- L, : offre de travail,
- B €(0,1) : facteur d’actualisation intertemporel,
o : élasticité de substitution intertemporelle,

- ¢ : élasticité de la désutilité du travail,

- ) :parametre de pondération du loisir.
b. Contrainte budgétaire
Les ménages détiennent des obligations rémunérées, percoivent des salaires et consomment. Ils
arbitrent entre consommation et épargne.

P.Ci+ By, =Q+i)B; + WL, + 11, — T,

- By :avoirs en obligations domestiques (nominales),

- I; : taux d'intérét nominal,

- W, :salaire nominal,

- Il : dividendes pergus des entreprises,

- T, : taxes forfaitaires.
c. Demande de monnaie
Inspirée de la régle de Baumol-Tobin ou du modele de Sidrauski, la demande de monnaie refléte
une préférence pour la liquidité, décroissante avec le taux d’intérét :
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2. Entreprises
a. Technologie de production
Les entreprises produisent selon une fonction Cobb-Douglas :
Y, = A KFLY

- A; : productivité totale des facteurs (choc technologique),

- a €(0,1): part du capital.
b. Choix optimaux
Les entreprises maximisent leur profit sous rigidités nominales. Le choix de travail satisfait :

Y

c. Fixation des prix : Calvo pricing
Une fraction 1 — @ des entreprises peut ajuster ses prix chaque période. Cela méne a la courbe de
Phillips New Keynésienne linéarisée qui traduit la relation entre pression de la demande et
dynamique des prix en présence de rigidités nominales :
Ty = BE[Tei1] + K;

- m, :inflation,

- ¥, : écart de production (output gap),
) = L9069 9)21 £6) 1+ o).

3. Politique monétaire
a. Régle de Taylor modifiée
La banque centrale fixe le taux d’intérét en fonction de la regle suivante :
ip =pip1 +(1— P)(¢n7Tt + d)yyt) + 55
- pe[0,1] : inertie du taux directeur,
- ¢r > 1:réponse al'inflation,
- ¢, > 0:réponse a 'écart de production,
- e,f : choc de politique monétaire.
b. Fonction de perte de la banque centrale
La banque centrale cherche a minimiser une fonction quadratique qui reflete un arbitrage
classique inflation/output gap :

[ee]
L=FEy ) B0t =) + A0 = y)?]
t=0

- 1" : cible d’inflation,

- y*:production potentielle,

- A :poids accordé a la stabilité réelle.
4. Secteur extérieur
a. Parité des taux d’intérét non couverte (UIP)
Le taux de change nominal s; suit la relation suivante :

E[Asiq] =i —if + &

- 5¢ :logarithme du taux de change (domestique par rapport a I'étranger),

- if :taux d’intérét étranger.
Cette relation exprime les anticipations de dépréciation du taux de change comme écart de
rendement ajusté.
b. Balance des paiements
Les exportations nettes dépendent du taux de change réel et de la demande extérieure :

NX; = Y15¢ — oye + 7
5. Accumulation du capital et technologie
Linvestissement suit une dynamique néo-classique :
Kip1 = (1 - 8K, +1;
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- & :taux de dépréciation du capital.
La productivité suit un processus autorégressif :
InA; = pylnd,_; + &f
6. Equilibre agrégé
L'équilibre macroéconomique est donné par :
Yi =Ci+ 1, + G + NX;
- G; :dépenses publiques,
- NX; : exportations nettes.
B. Equations linéaires du modéle
Cette section présente en détail les équations log-linéarisées issues du modele DSGE New
Keynésien, centré sur |I'économie malgache. Toutes les équations sont exprimées en déviations
logarithmiques autour de I'état stationnaire non stochastique :
X = In(xp) — In(x)
Cela correspond a une approximation de premier ordre, valable pour des chocs modérés.
1. Courbe IS — Condition d’Euler (demande agrégée)
La courbe IS résulte de la maximisation de l'utilité intertemporelle des ménages. En présence de
choc de préférence ou de variation du taux naturel réel, on obtient :

1

Ve = E¢[Jesa] — E(it — E¢[mepa] — 7¢Y)
- ¥, :écart de production (output gap)
- 1 : taux d'intérét nominal dévié
- 1 :taux naturel réel
o : élasticité intertemporelle inverse
Cette équation exprime l'arbitrage consommation-présente vs future.
2. Courbe de Phillips New Keynésienne (offre agrégée)
Elle dérive de la tarification Calvo et refléte les rigidités nominales. Elle est donnée par :

my = BE[me 1] + Ky + uf

- P :facteur d’actualité
- K :sensibilité d I'inflation au gap de production
- u? : choc de mark-up (co(t marginal)
Cette équation capte les tensions inflationnistes liées a la surchauffe économique.
3. Regle de Taylor — Comportement de la Banque Centrale
La banque centrale ajuste son taux directeur selon une regle inertielle :
It =pile1 + (1 - pi)(¢nnt + ¢y3~’t) + gf
p; : inertie du taux d’intérét
- ¢, :réaction a l'inflation
- ¢, :réaction au gap
- e,f : choc de politique monétaire
Cette équation représente la regle de conduite de la politique monétaire.
4. Fonction de production agrégée
La production combine travail et capital avec une technologie Cobb-Douglas :
Ve = @ + ak, + (1 — a)l;
- a; : productivité totale des facteurs
-« :part du capital dans la production
5. Accumulation du capital
'évolution du stock de capital suit :

Et+1 =(1- 5)Et + 61,
- 0 :taux de dépréciation
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6. Parité non couverte des taux d’intérét (UIP)
Le taux de change nominal est influencé par les différentiels de taux :
S¢ = Eelseqa] — G — 1) — &f
- S : taux de change nominal (log)
- 1f :taux d’intérét étranger
- & :prime de risque pays
7. Comptabilité des ressources
'égalité de I'offre et la demande globale implique :
Vi = 0l + wite + wggt + Wpx X
- wj : poids des composantes dans le PIB a I'état stationnaire
8. Processus stochastiques des chocs
Chaque choc suit un processus AR(1) :
el = piely+nl, ni~N(0,07)
Tableau 1 : Les principaux chocs intégrés dans le modeéle

Choc Description Processus
e Productivité totale des facteurs AR(1), persistant
sti Politique monétaire AR(1), modéré
& Taux de change bruit blanc ou AR(1)
e Demande externe AR(1)

Source : conception de l'auteur

Elles sont résolues a I'aide de Dynare (sous MATLAB). Les équations d’équilibre permettent de
simuler les réponses impulsionnelles a divers chocs (IRFs) et d’analyser la dynamique de
convergence vers |'état d’équilibre. Elles sont alors utilisées pour les simulations de politique
monétaire a Madagascar.

C. Données empirigues et calibration du modele

Lanalyse repose sur un ensemble de données macroéconomiques trimestrielles et annuelles
couvrant la période 2010-2023. Les variables ont été sélectionnées en fonction de leur réle dans
la spécification du modele DSGE et de leur pertinence dans la conduite de la politique monétaire
a Madagascar.

1. Variables du modele

Lanalyse repose sur un ensemble de données macroéconomiques trimestrielles et annuelles
couvrant la période 2010-2023. Les variables ont été sélectionnées en fonction de leur rdle dans
la spécification du modele DSGE et de leur pertinence dans la conduite de la politique monétaire
a Madagascar.
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Tableau 2 : Les principales variables du modéele

Variable | Description Fréquence Source Traitement
Y; PIB réel Trimestrielle INSTAT Filtrage HP, log-
(volume, base 2015) linéarisation
s Taux d’inflation Trimestrielle INSTAT Glissement annuel
(IPC global) (%)
it Taux d’intérét directeur Trimestrielle BFM Niveau nominal (%)
(BFM)
e; Taux de change Trimestrielle BFM / FMI Log, variation
MGA/USD trimestrielle
M, Masse monétaire Trimestrielle BFM Log-niveaux
(M2)
Ct Consommation finale des | Trimestrielle INSTAT Log, désaisonnalisée
ménages
I; Formation brute de Trimestrielle INSTAT Log, désaisonnalisée
capital fixe (FBCF)
G; Dépenses publiques Trimestrielle INSTAT / Approximée,
(consommation) Trésor interpolation
NX; Exportations nettes Trimestrielle INSTAT / FMI Part du PIB (%)
A Productivité totale des Annuelle INSTAT / Approche résiduelle
facteurs (PTF) (estimée) Calculs
propres

Source : Conception de 'auteur

Les données sont, sauf mention contraire, exprimées en niveaux réels et désaisonnalisées a l'aide
d’un filtre de type Census X13 ou HP. Tandis que les séries nominales (prix, monnaie, taux de
change) ont été log-transformées pour assurer la stationnarité et faciliter I'interprétation en
termes de variations proportionnelles. Concernant la productivité totale des facteurs (PTF), elle a
été estimée par une méthode résiduelle a partir de la fonction de production Cobb-Douglas.

Par ailleurs, lorsque des données trimestrielles n’étaient pas disponibles (ex. dépenses publiques),
des interpolations linéaires ou des méthodes de désagrégation temporelle de Chow-Lin ont été
utilisées.

Malgré les efforts de fiabilisation, certaines données présentent des limitations de couverture ou
de fréquence, en particulier les séries sur la production sectorielle, les anticipations d’inflation ou
la dollarisation effective. Cela justifie un recours partiel a des calibrations externes ou a des
hypothéses stylisées issues de la littérature.

2. Calibration

Le modele a été calibré a partir des données empiriques disponibles pour I'économie malgache
couvrant la période considérée. Les paramétres standard proviennent de la littérature, tandis que
certains coefficients ont été ajustés pour refléter les spécificités locales.
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Tableau 3 : Les paramétres calibrés

Parameétre | Description Valeur Source
B Taux d’actualisation 0,99 Littérature standard
o Elasticité intertemporelle 1,5 Estimée
6 Probabilité de non-révision des prix 0,7 FMI
br Réactivité de I'inflation 1,8 BFM
o, Réactivité au gap de production 0,5 Benchmark
p Inertie des taux 0,7 Estimée
a Part du capital 0,35 Données INSTAT

Source : Conception de 'auteur

Les chocs sont supposés suivre des processus AR(1), avec des innovations gaussiennes de variance
calibrée.

D. Résultats des simulations et discussions

Les simulations dynamiques ont été réalisées a l'aide de Dynare sous Matlab, en réponse a
différents types de chocs économiques. Pour le besoin de notre étude, le choc de politique
monétaire a été particulierement analysé.

1. Choc de politique monétaire

Lanalyse des réponses impulsionnelles consécutives a un choc de politique monétaire restrictif,
modélisé par une hausse non-anticipée du taux directeur de 100 points de base (1 point de
pourcentage), permet de mieux comprendre les mécanismes de transmission monétaire dans
I’économie malgache.

Graphique 1 : Réponse impulsionnelles a un choc monétaire
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Source : Simulation sur Dynare
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A court terme, le choc induit une hausse immédiate du taux d’intérét nominal d’environ 1 %,
conformément a la régle de Taylor incorporée dans le modeéle. Ce taux reste élevé pendant
guelques périodes, avec un retour progressif a son niveau d’équilibre entre le 4¢ et le 6° trimestre,
en raison d’une inertie dans la politique monétaire modélisée par un coefficient d’autocorrélation.
La hausse du taux renchérit le colt du crédit, réduisant la demande globale et initiant une chaine
d’ajustements réels.

La consommation des ménages recule en réponse a la hausse des taux d’intérét. Le pic de la baisse,
autour de-0,35 %, est observé au troisieme trimestre apres le choc. Ce délai s’explique par le temps
nécessaire aux meénages pour ajuster leurs décisions de consommation, notamment ceux qui
dépendent du crédit ou dont les revenus sont sensibles a I'activité économique. La faible inclusion
financiére a Madagascar ralentit mais n‘annule pas le canal de transmission. La consommation
retrouve progressivement son niveau initial entre le 6° et le 8° trimestre.

Linvestissement chute rapidement, avec un effet maximal de-0,6 % dés le 2¢ trimestre. Ce délai
trés court reflete la forte sensibilité des décisions d’investissement au co(t du capital, qui
augmente dés la premiére période. Linvestissement reste déprimé pendant une période
prolongée, le temps que les anticipations se réajustent et que la rentabilité projetée redevienne
positive. Le retour a I'équilibre intervient lentement, entre le 8¢ et le 10° trimestre, en raison du
caractére anticipatif des décisions d’investissement.

Le PIB réel diminue en réponse a la baisse de la demande agrégée. Le recul atteint-0,4 % au 2°
trimestre, soit en phase avec la contraction de I'investissement et de la consommation. La reprise
débute vers le 4¢ trimestre, portée par le relachement progressif des effets du choc. L'écart de
production se résorbe intégralement au bout de 6 trimestres, confirmant la nature transitoire du
ralentissement.

Leffet désinflationniste se matérialise avec un décalage de 1 a 2 trimestres, conséquence des
rigidités nominales modélisées par la structure de Calvo. Uinflation atteint une baisse maximale de
-0,6 % vers le 2® ou 3¢ trimestre. Elle converge ensuite lentement vers sa cible a partir du 5°
trimestre, pour retrouver son niveau initial au 8¢ trimestre. Ce profil illustre I'efficacité du canal des
anticipations de prix, méme dans un environnement structurellement contraint.

Le taux de change nominal s‘apprécie immédiatement, d’environ-0,4 %, dés la premiére période
suivant le choc. Cette réaction rapide résulte de la réévaluation instantanée des portefeuilles par
les agents, en réponse au différentiel de taux d’intérét. Lappréciation commence a se corriger a
partir du 4¢ trimestre, avec un retour partiel a I'équilibre vers le 6° ou 7¢ trimestre. Leffet immédiat
renforce la désinflation via une baisse des prix des importations.

LUemploi recule de-0,25 %, avec un délai de réaction de 2 a 3 trimestres. Ce délai reflete le temps
nécessaire aux entreprises pour ajuster leur main-d’ceuvre en fonction du ralentissement de la
production. La reprise de 'emploi commence au 5° trimestre, de pair avec la reprise du PIB. Le
retour complet a I'emploi initial se fait aux alentours du 7¢ ou 8¢ trimestre.

Le chémage implicite, défini comme le complément de 'emploi, augmente symétriquement avec
un maximum de +0,25 a +0,3 % au 3° trimestre. Cette hausse est transitoire, et la normalisation
s‘opere lorsque l'activité redémarre, soit entre le 6° et le 8° trimestre. Le délai de réponse est
cohérent avec les frictions d’ajustement sur le marché du travail, souvent plus lentes que les
réactions des prix.

En synthése, ces réponses montrent que la politique monétaire, via une hausse du taux directeur,
déclenche un effet désinflationniste significatif avec des ajustements réels modérés mais sensibles.
Les délais de réaction varient selon les canaux : immeédiats sur les prix d’actifs (taux, change),
différés sur les prix nominaux (inflation), et étalés dans le temps pour 'activité réelle et I'emploi.
La présence de rigidités structurelles (dollarisation, faible inclusion financiere, informalité) ralentit
certaines transmissions, sans les neutraliser completement.
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Tableau 4 : Synthése- Réponses impulsionnelles a un choc de politique monétaire restrictif

Variable Impact initial Effet maximum Retour a I'équilibre
PIB réel N -0,4 % ~ 6-8 trimestres
Inflation \ -0,6 % ~ 8 trimestres
Taux d’intérét nominal A +1 % (exogene) ~ 4-6 trimestres
Taux de change nominal | A (appréciation) -0,4 % (A nominal) | ~ 8 trimestres
Consommation N -0,3%a-0,4% ~ 6-8 trimestres
Investissement N -0,6 % ~ 6-10 trimestres
Emploi N -0,25% ~ 6 trimestres
Chbémage implicite A +0,23+0,3% ~ 6-8 trimestres

Source : Conception de 'auteur — Résultats des simulations sur Dynare
2. Analyse des canaux de transmission
Dans le modeéle DSGE calibré pour Madagascar, trois canaux principaux de transmission de la
politique monétaire ont été identifiés : le canal du taux de change, le canal du crédit, et le canal
des anticipations. Ces canaux interagissent dans un environnement structurellement contraint,
marqué par une forte dollarisation, une faible profondeur financiére, et une vulnérabilité externe
élevée.
a. Le canal du taux de change : le plus actif
Ce canal s’est révélé étre le plus efficace dans le mécanisme de transmission monétaire. Une
hausse du taux d’'intérét directeur accroit l'attractivité relative des actifs libellés en ariary,
entrainant une appréciation du taux de change nominal. Cela réduit les pressions inflationnistes
via:
- une baisse des prix des biens importés,
- une amélioration du pouvoir d’achat sur les biens importés essentiels (carburants, biens
alimentaires),
- et une réduction indirecte du colt des intrants pour les entreprises dépendantes des
importations.
Cependant, cette efficacité est asymétrique : en cas de relachement monétaire, la dépréciation du
taux de change peut rapidement alimenter l'inflation importée, en particulier dans un contexte
d’instabilité des marchés des changes et d’anticipations désancrées.
b. Le canal du crédit : faiblement opérationnel
Dans les économies avancées, une variation des taux directeurs affecte le colt du crédit et
influence les décisions d’investissement et de consommation. A Madagascar, ce canal est
fortement atténué en raison de :
- la faible bancarisation de la population (moins de 15 % en zone rurale),
- la dominance du secteur informel, ou les décisions économiques ne sont pas influencées
par les taux officiels,
- etl'existence d’un écart persistant entre taux directeurs et taux débiteurs réels, notamment
pour les PME.
En conséquence, les hausses de taux d’intérét influencent peu les volumes de crédit a I'économie,
ce qui réduit la portée de la politique monétaire sur la demande agrégée.
c. Le canal des anticipations : en construction
Ce canal suppose que les agents économiques (ménages, entreprises, investisseurs) forment leurs
anticipations en fonction de la crédibilité de la banque centrale et de la lisibilité de sa stratégie
monétaire.
Dans le cas de Madagascar, ce canal reste embryonnaire :
- la communication monétaire est encore limitée, tant en fréquence qu’en accessibilité,
- les anticipations d’inflation sont volatiles, souvent influencées par des facteurs exogenes
(prix internationaux, conditions climatiques),
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les marchés financiers sont insuffisamment développés pour transmettre clairement les
signaux de politique monétaire.

Toutefois, les réformes récentes visant a renforcer 'autonomie du BFM pourraient, a terme,
améliorer l'ancrage des anticipations si elles sont accompagnées d’une stratégie de
communication cohérente et réguliére.

3. Analyse de sensibilité

Lanalyse de sensibilité vise a évaluer dans quelle mesure les résultats du modele DSGE sont
robustes face a des variations de parameétres structurels. Trois axes principaux ont été considérés

la rigidité des prix (0) : probabilité que les firmes ne puissent pas ajuster leurs prix,

la réactivité de la politique monétaire a I'inflation (¢,;) et a I'écart de production (d)y),

le degré de dollarisation financiere (noté y).

Chaqgue simulation varie un parametre a la fois, tandis que les autres sont maintenus constants.
Les réponses dynamiques de la production (y;), de 'inflation (1;) et du taux d’intérét nominal
(i;) sont analysées sur un horizon de 12 trimestres aprés un choc de politique monétaire restrictif
de 100 points de base.

Tableau 5 : Synthése de I'analyse de sensibilité

Paralmetre Variation (%) du PIB réel I?.educ‘.uon max. de Délai de réponse max.
testé I'inflation

6 =05 -0,3% -0,8% 2 trimestres

60 =09 -0,7% -0,4% 5 trimestres

O =1,2 -0,4% -0,5% 4 trimestres

¢ =25 -0,6% -1,0% 2 trimestres

y =0,2 -0,6% -0,9% 3 trimestres

y=0,6 -0,2% -0,3% 5 trimestres

Source : Résultat des simulations sur Dynare

La rigidité des prix affecte la capacité des entreprises a ajuster leurs prix en réponse aux variations
de la demande ou du colt marginal. Plus 8 est élevé, plus l'inflation met du temps a réagir. La
désinflation est plus lente et étalée dans le temps. Leffet récessif est amplifié avec une plus grande
rigidité des prix : la perte de PIB est plus durable (jusqu’a-0,7 % pour 8 = 0,9). En somme, une
forte rigidité des prix réduit I'efficacité anti-inflationniste de la politique monétaire et accentue ses
effets récessifs.

Concernant la réactivité de la régle de Taylor ; nous testons différentes valeurs de (¢,,), avec (qby)
maintenu a 0,5. Ce qui donne les résultats suivants :

Une regle plus agressive réduit I'inflation plus rapidement et plus fortement.

Le co(t en perte de production augmente avec (¢,;), mais reste contenu (jusqu’a-0,6 % au
pic).

La politique monétaire devient plus volatile a court terme.

Ce qui impligue gu’une regle agressive améliore I'ancrage des anticipations mais nécessite une
communication renforcée pour ne pas détériorer la stabilité réelle.

Par ailleurs, la dollarisation affaiblit le canal de taux d’intérét domestique, car une partie de
I’économie fonctionne en devises étrangeres. En effet, la transmission du taux d’'intérét est moins
efficace a mesure que y augmente, tandis que l'inflation devient moins sensible au taux directeur
domestique et que la production réagit faiblement au choc dans les cas de forte dollarisation.
Signifiant que la dédollarisation est une condition clé pour restaurer l'efficacité de la politique
monétaire.
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Conclusion et recommandations
Cette étude a permis de construire et de calibrer un modéle DSGE New Keynésien adapté aux
réalités structurelles de I"économie malgache, afin d’évaluer les effets de la politique monétaire
dans un cadre théorique rigoureux. Les résultats des simulations montrent que la politique
monétaire a un effet significatif sur la dynamique conjoncturelle, en particulier sur I'inflation, via
le canal du taux de change. Son efficacité reste toutefois limitée par des facteurs structurels
(dollarisation élevée, faible profondeur des marchés financiers, rigidité du marché du travail, et
informalité). Par ailleurs, la réaction optimale de la banque centrale implique une régle de type
Taylor modifiée, intégrant I'inertie des taux d’intérét et les chocs exogénes fréquents.
Afin de renforcer l'efficacité de la politique monétaire a Madagascar et de consolider la stabilité
macroéconomique, plusieurs axes d'amélioration sont proposés, touchant aussi bien la crédibilité
institutionnelle que les mécanismes opérationnels et structurels du systeme financier.

- Renforcement de la crédibilité et de la transparence monétaire
Pour améliorer la confiance dans la politique monétaire, il est recommandé de formaliser un cadre
de ciblage d’inflation souple, spécifiqguement adapté aux réalités économiques de Madagascar. Ce
cadre pourrait inclure une bande cible pour mieux guider les anticipations des agents
économiques. Par ailleurs, la Banque centrale devrait publier réguliecrement des rapports de
politique monétaire clairs et accessibles au grand public, tout en renforcant sa communication a
I'occasion des décisions du Comité de politique monétaire. Une stratégie de communication
proactive, incluant des conférences de presse, des communiqués et des supports visuels tels que
des infographies, contribuerait a ancrer efficacement les anticipations et a renforcer la
transparence.

- Amélioration de la transmission du taux directeur
La transmission monétaire peut étre améliorée en favorisant la transparence des mécanismes de
fixation des taux bancaires, afin de réduire les écarts excessifs entre les taux appliqués par les
banques et le taux directeur. En parallele, I'élargissement de la base bancaire par des mesures
d’inclusion financiére, telles que la digitalisation, les comptes simplifiés ou encore les agences
mobiles, faciliterait I'acceés des populations au systeme financier formel. Enfin, le développement
d’un marché interbancaire plus liquide est essentiel pour assurer une meilleure transmission du
signal monétaire a 'ensemble de I'’économie.

- Réduction de la dollarisation de I'économie
Pour limiter la dépendance vis-a-vis des devises étrangeres, il convient d’encourager |'utilisation
de l'ariary dans les transactions commerciales internes. Cela peut passer par des campagnes
d’éducation financiére et des incitations fiscales en faveur des paiements en monnaie nationale.
Par ailleurs, le renforcement de la stabilité macroéconomique et la lutte contre I'inflation sont
indispensables pour restaurer la confiance dans lariary. En complément, la promotion de
I"émission d’instruments financiers libellés en monnaie nationale, tels que les obligations du Trésor,
contribuerait a renforcer la profondeur du marché financier domestique.

- Renforcement du cadre de modélisation macroéconomique
Le cadre actuel de modélisation macroéconomique gagnerait a étre enrichi par l'intégration
d’éléments plus représentatifs de I'économie malgache, notamment un secteur informel, une
fonction de production multisectorielle et des frictions financieres endogénes. Il serait également
pertinent de collaborer avec des institutions internationales telles que le FMI ou la BAD afin
d’améliorer la qualité et la disponibilité des données macroéconomiques. Enfin, la formation d’un
noyau d’économistes modélisateurs au sein de la Banque centrale est cruciale pour assurer la
pérennité et I'adaptation continue des outils de modélisation aux enjeux économiques du pays.
En somme, un modele DSGE bien calibré peut devenir un outil essentiel d’aide a la décision pour
la conduite de la politique monétaire a Madagascar, a condition d’étre intégré dans un processus
décisionnel élargi, fondé sur des données de qualité et une expertise institutionnelle renforcée.
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Annexe : Codes syntaxes des simulations sur Dynare

// Fichier Dynare : madagascar_dsge.mod

// Modele DSGE New Keynésien pour la politique monétaire malgache
varycpiirkalwmc;

varepsilon_a epsilon_i;

parameters beta sigma phi_pi phi_y rho theta alpha delta chi phivar_a var_i;
beta =0.99; // Taux d'actualisation

sigma =1.5; // Elasticité intertemporelle

phi_pi =1.8; // Réponse a l'inflation

phi_y =0.5; // Réponse a l'output gap

rho =0.7; // Inertie du taux

theta =0.7; // Calvo pricing

alpha =0.35; // Part du capital

delta =0.025; //Taux de dépréciation

chi =1; // Aversion au travail

phi =1.5; // Friction travail

var_a =0.01; // Variance choc technologique
var_i =0.01; // Variance choc monétaire

// Modéle

model;

// 1. Equation IS

c =c(+1)- (1/sigma)*(i- pi(+1));

// 2. Courbe de Phillips New Keynésienne
pi = beta*pi(+1) + (1-theta)*(1-theta*beta)/theta * (w- a);
// 3. Regle de Taylor

i =rho*i(-1) + (1- rho)*(phi_pi*pi + phi_y*y) + epsilon_i;
// 4. Fonction de production

y = a + alpha*k(-1) + (1-alpha)*I;

// 5. Productivité

a =rho*a(-1) + epsilon_a;

// 6. Marché du travail

w = chi*|*phi;

// 7. Demande de travail

mc = w- a;

// 8. Taux d’intérét réel

r=i-pi(+1);

end;

// Chocs

shocks;

var epsilon_i; stderr sqrt(var_i);

var epsilon_a; stderr sqrt(var_a);

end;

// Options

initval;

y=0;c=0;pi=0;i=0;r=0;
k=0;a=0;1=0;,w=0;,mc=0;

end;

steady;

check;
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stoch_simul(order=1,irf=12);
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The content of the scientific article is related to the consideration of a number of key, in the opinion
of the authors, aspects of the original ethical approach to the consideration of the moral foundations of
“virtue” in the teachings of classical Islamic philosophy.

Virtue in Arab-Muslim philosophy is associated, on the one hand, with a set of ideas inherited from
antiquity and expressed primarily by Peripateticism and Neoplatonism, and on the other, with notions of
"good deeds" developed in the religious, legal, and ethical thought of Islam. In the first case, the concept
of virtue (fadl, fadila) is ontologized and interpreted as a function of the position occupied by a given thing
on the ladder of degradation from the highest principles to the lowest states of matter. In the second,
virtue (ihsan) is considered in connection with human action and the "intention" that motivates it, through
the prism of correlating this action with the classification of deeds established in Islam. In the first case, the
opposite of virtue is “vice” (razila), in the second, this should be considered the concept of “ism” (sin),
although it is opposite to virtue (ihsan) only insofar as it denotes “forbidden” (haram) actions, whereas in
the case where we are talking about “undesirable” (makruh) or “indifferent” (mubah) actions for the will
of God, the concept of ihsan appears in fact without its opposite.

One can speak of a purely ethical understanding of virtue (ihsaan), distinct from its religious-legal
understanding, insofar as this concept is applicable to the characterization of a multitude of "indifferent"
actions that fall outside the scope of religious-legal regulation (Sharia). Some authors prioritize the ethical
interpretation of virtue (ihsaan) over its religious-legal understanding when they advance the thesis of the
preference for abstaining from certain actions that the Law considers permitted.

Translations of ancient works, particularly Aristotle's Nicomachean Ethics, numerous works by
Galen, and others, known at the present stage of historical study, laid the foundation for a tradition of
writings on “morals” (akhlag), listing and classifying virtues and vices, where these concepts are associated
with a “predisposition” (isti'daad) to certain actions. Yahya lbn 'Adi, in “Tahdhib al-akhlag” (“The Correction
of Morals”), classifies among the former moderation, modesty, forgiveness, friendliness, loyalty,
compassion, sincerity of intention, generosity, courage, magnanimity, and justice, while among the latter
are impudence, greed, lust, cruelty, and so forth. Ibn Sina, in accordance with the Platonic tradition,
identifies three main virtues, corresponding to the three parts of the soul: wisdom (rational), courage
(angry), moderation (lustful), the harmony of which forms the fourth virtue, justice.

Al-Farabiadds his own details to the gradations of virtues and vices: influenced by Platonic thought,
the “second teacher” considers virtue in a political aspect, linking it with the correct structure of society,
correct laws, and the correct views of citizens (“Treatise on the Views of the Inhabitants of the Virtuous
City”, “Civil Policy”). Such a perfect society turns out to be a “virtuous city” (madina fadila), which is opposed
to numerous types of cities, in one way or another flawed and vicious.
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The doctrine of virtue has undergone a certain evolution in Ismaili Islam. Here, virtues are divided
into “moral” (fada'il khulgiyya) and the virtue of “wisdom” (hikmah). They are the result of two types of
“worship” ('ibada), “action” (the performance of religious rituals) and “knowledge” (understanding the
metaphysical principles of the universe). Moral virtues are associated with the five pillars of Islam:
“truthfulness” (sidg)-reciting the formula of faith, “purity” (tahara, nazafa)-ablution, “closeness” (qurba) to
the metaphysical principles of existence-prayer, “generosity” (sahwa')-paying the obligatory charitable tax,
“purity” ('iffa)-fasting, “striving” (shavq) for the angelic host and the afterlife-pilgrimage; in addition,
“courage” (shuja'a) arises in the soul as a result of jihad, i.e., “steadfastness (sabr) in matters of faith”.
“Wisdom” is given to the soul through comprehension of Ismaili philosophical teachings, which is possible
only after its purification from vices as a result of acquiring moral virtues. Vices are understood as “natural
pollution” from which the soul must be cleansed, in which one can see the possible influence of
Neoplatonism or Ishragism with its ideas about the body as a “darkened barrier” to light, a prison of the
soul.

The concept of virtue as “good deeds” (ihsan) was initially developed in Islamic legal thought (figh).
The attempt to find grounds for interpreting the concept of hasan (good) independent of adat is linked to
kalam: The Mu'tazilites asked whether actions are “good” or “bad” (kabih) in themselves or because they
are encouraged or condemned by the law, and both possible answers were developed. Fundamental to
this line of interpreting virtue as ihsan is the general Islamic principle that “actions are judged by intentions”
(al-am al-bi-n-niyyat), which provides grounds for assessing as “good” or “bad” a large category of actions
not regulated by Islamic law. The assessment of a particular action or “state” (hal) of the soul as virtuous or
vicious depends on intention, which in turn is assessed situationally, since the same intentions receive
different content in different contexts. Therefore, lists of virtues provided by authors in this tradition are
rarely ordered. An attempt to systematize intentions in a utilitarian-egoistic vein was undertaken by Al-
Ghazaliin lhya' 'ulumad-din (The Resurrection of the Sciences of Faith), who divided them into those aimed
at acquiring benefit, retaining benefit, preventing harm, and removing harm, where benefit and harm are
determined solely by the attitude toward the well-being of a given person, which is placed above all else.
The absolutization of the interpretation of intention occurs in Sufism, where any intention is considered
virtuous if it implies action not simply for a specific goal or a specific thing, but for the sake of God, of whom
a given thing or goal is considered a particular embodiment, thereby removing the limitations of specific
intention and action. Sufism also accepts the “ancient” line of interpreting virtue, but rejects the notion of
a univocal hierarchy of beings as “high” (sharif) and “despicable” (khasis), and accordingly endowed with
virtues or vices. Although for the “language of separation” (lisan at-tafsil) one being is “superior” (tafadul)
to another, for the “language of connection” (lisan al-jam ‘) each has all the predispositions and all the
virtues of any other being and the world as a whole (Ibn ‘Arabi).

Outside the tradition of “moral treatises”, Arab-Islamic thought generally does not distinguish a set
of “cardinal virtues”. In the interpretation of individual virtues, there is a significant divergence between
the “ancient” and “Islamic” traditions. Thus, justice ('adl, 'adalah) is understood in one case as the strict
observance of equality and proportion, whether in the structure of existence or in relationships between
people (Miskawayh, “Risala fi mahiyyat al-'adl” — “Treatise on the Essence of Justice”), and in another, as
the predominance of “good deeds” (hasanat) over “minor sins” (sagha'ir), provided that "great sins"
(kaba'ir) are not committed. One of the main virtues in the “Islamic” interpretation of this concept is
considered to be “modesty” (hayya’), which is traditionally interpreted as the opposite of the main vice,
“arrogance” (takabbur), and some authors (Al-Kirmani) put it in first place and associate it with the ability
to distinguish between good and evil.

It's important to remember that the concepts of “guilt” and “sin” in Muslim ethics are primarily
associated with “violation of duty” and “failure to fulfill obligations”, rather than with involvement in “evil”
per se. This understanding is further supported by the absence of any mention of original sin in Islamic
doctrine and the corresponding rejection of the innate sinfulness of human nature.
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Figh also deals with the classification of actions and the determination of their nature. For al-
Ghazali, for example, actions do not constitute the exclusive domain of figh. The domains of ethics and
figh, while not identical, overlap significantly. When attempting to isolate a sphere of “pure ethics”, these
overlapping domains are typically excluded from consideration, which leads to an unjustified narrowing of
the ethical sphere. In a narrow sense, the sphere of purely ethical regulation could be considered to include
those actions classified as “indifferent” (mubah, hukm, adiaphora) in figh, since they fall neither under
purely religious commands (‘amr) nor prohibitions (nahy). Actions whose performance or non-
performance is indifferent for Sharia are considered by ethics to be “good” (hasan) or “bad” (kabih).
However, the scope of ethics is much broader: ethical theories extend their provisions to those actions that
figh classifies not as indifferent, but as regulated. Ethical theory can examine them in those aspects related
to the motivation for the action (niyya). This does not imply the identity of religious-legal and ethical
judgment, since the fagih also makes his “judgments” on those issues that undoubtedly fall outside the
scope of ethics, since they are not actions.

Thus, ethical theories in classical Islam cannot be strictly distinguished from religious-legal theories
in terms of the scope of actions they regulate. Nevertheless, the independence of Muslim ethics as a field
of theoretical knowledge lies in the fact that it examines an action always and only in conjunction with the
intention of the person committing it, extending its consideration to all cases of actions for which their
intention can be determined. However, the categories of “action” and "intention" are defined only in their
direct relationship, as is the concept of “judgment” (hukm) itself. A natural consequence of this is the fact
that moral evaluation is given not to the action as such or to the intention as such, but only to their mutual
connection. It can be said that the essence of ethical theories in Islam is the consideration of the semantic
structure of "action-intention" and the rendering of an ethical judgment regarding this structure.

Ethical reasoning in Islamic culture emphasizes the relationship between intention and action, and
therefore, all other ethical concepts are examined through the lens of this connection. Discussions about
whether a particular action is good or bad necessarily take into account not only the action itself, but also
the underlying intention, and only through their correlation can such a question be resolved. An example
is the discussion of the evil of lying: so-called “white lies” are condemned in all Muslim ethical teachings, as
is any other lie. Ion Rushd, considering such a concept as “compassion” (ishfaq), describes it, defining the
relationship to “action” and “intention”: in the first case, compassion is concern about having a correct and
firm intention in order to protect one’s action from evil (which, among other things, means sincerity,
sincerity of intentions), and in the second case, it is the desire to strengthen the correctness of the intention
with an action corresponding to it, so that the intention turns out to be valid.

When it comes to determining whether a specific action is “permissible” or “impermissible”,
virtually all medieval Arab Peripatetics resolve this issue not by determining the degree to which the action
conforms to certain absolute principles, nor by defining it as a means to achieve certain ends, but rather by
the "correctness" or “incorrectness” of the intention accompanying the action. This is precisely what al-
Ghazali does, for example, in his work “The Resurrection of the Sciences of Faith”, when he considers the
guestion of whether it is permissible to inform others of one's ailments (illnesses) or whether they should
be concealed. Al-Ghazali believes that there are three correct intentions that make such an action on the
part of a sick person permissible: if a person discloses their illness to a doctor for the sake of a cure; if a
teacher discloses it to a student or protégé for educational purposes, to teach them patience and gratitude
to God even in illness; and if they do so to demonstrate their weakness and need for God. However, the
latter intention is only correct for those who are not considered weak. In other cases, the intention is
incorrect, as it would be a complaint about fate, i.e., dissatisfaction with divine decree. In this case, the
correctness and incorrectness of an intention are determined intuitively. In this case, one could consider
the prohibition on complaining about fate to be absolute, especially since it clearly corresponds to one of
the central tenets of Sunni doctrine (‘agidah) — the thesis that “both the evil and the good of man are
entirely from God”. The emphasis on the inseparable connection between action and intention in Muslim

235



Proceedings of the 11th International Scientific Conference

ethics is not simply its specific feature, but also a manifestation of the more general position on the
inseparability of action and knowledge.

The ethical thought of classical Islamic philosophy, which examines the “action-knowledge”
relationship and considers this very structure to be the object of moral evaluation, reflects the common
approach of all thinkers of this period to the thesis that only the unity of the external and internal allows
for a full understanding of any virtue. With regard to morality, the external and internal are expressed as
related to action and related to goal-setting.

Let's turn to another authoritative Arab philosopher, Ibn Arabi, whose proposition “actions are
judged by intentions” reads as follows: “Actions themselves acquire their qualifications from what is
implied”. There is nothing fundamentally incompatible in assessing an action by intention with those cases
where actions already have a qualification established by figh: there, too, “intention” is a necessary
element included in the assessment. But in the case of “indifferent” actions, it also turns out to be the
leading element determining the assessment of the action.

The highest goal of moral regulation also predetermines the understanding of moral perfection.
This concept should be considered expressed primarily by the categories of “kamal” (“completeness”,
“perfection”), “tamam” (“fulfillment”, “perfection”), and “adalah” (“justice”). The ancient understanding of
perfection and justice was recorded in treatises on morals, which, however, were important in Arab-Islamic
philosophy (falsafa) for maintaining the Platonic-Aristotelian tradition. They had less influence on the
formation of ethics as a doctrine of virtue. For such teachings, the concept of “adalah” was of greater
importance, which presupposes the concept of justice as a certain average, but not maximum, virtue.

In this context, we should turn to the term “fadila”: in Arabic translations of ancient texts, this term
was translated specifically as the concept of “virtue”. The concept of “fadila”, interpreted in the ancient
tradition as the relative superiority of some moral qualities over others, does not convey any sense of action
at all, but merely signifies the ranking of beings.

The concepts of “guilt” and “sin” in classical Muslim falsafah are considered from the perspective
of responsibility for actual actions. Islamic philosophical thought distinguishes two systems of evaluation:
religious-legal and moral. The latter largely coincides with the first, but is broader and allows for the
evaluation of those actions that are “indifferent” from the perspective of figh. However, these two systems
are difficult to separate into only “good” (hasan) or only “bad” (kabih) actions. Since the comparison is
made with a normative system of commands and prohibitions, human behavior is assessed as “obedience”
(ta'a) or “disobedience” (ma'siya). “Obedience” is understood as not committing the prohibited and
fulfilling the prescribed as obligatory; however, these concepts, in the strict sense, do not include the
evaluation of “recommended”, “not recommended”, and “indifferent” actions.

In summary, a number of conclusions should be drawn. The philosophical examination of ethical
issues in Islam is constructed as an attempt to interpret the concept of “intention” in its direct connection
with “action” through the category of “will”, so that the main meaning-forming lines of Muslim ethics are
preserved in philosophical reasoning. The question of the determinacy of the will or its autonomy, the
connection between “will” and “action”, and how “will” shapes “action”, as well as the consideration of
“will” as “volition”, i.e., as one of the actions, and thus an attempt to construct a general theory of action
that would include the consideration of both “action” and “intention” on a unified basis, constitute the
starting point of this short study in this article. It unfolds in all the main schools of medieval Arab-Muslim
philosophy: Kalam, Arabic Peripateticism, Ismailism, Ishragism, and Sufism.
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Abstract:

This article examines the role of artificial intelligence in combating climate change and
supporting sustainable development. Artificial intelligence (Al) processes large volumes of climate
data, increases the accuracy of forecasts, optimizes energy consumption, and enhances
agricultural productivity. At the same time, it provides effective solutions for monitoring carbon
emissions, managing renewable energy sources, and protecting ecosystems. With these features,
Al makes a significant contribution to building a sustainable and environmentally friendly future.

Introduction. Artificial intelligence (Al) creates multifaceted opportunities in the fight
against climate change and in promoting an environmentally sustainable environment. Due to its
ability to analyze large-scale data and generate new ideas, this technology can fundamentally
transform approaches to climate challenges. While traditional climate models are somewhat
useful, they face limitations in processing the vast amounts of data and patterns required to predict
complex climate events [1].

Increasing energy efficiency is one of the key areas where Al demonstrates particular
advantages [2]. Al-driven solutions can minimize energy consumption in industrial enterprises, the
transportation sector, and large buildings. This, in turn, leads to a reduction in both waste and
greenhouse gas emissions, contributing to a more environmentally friendly energy environment.
For example, smart grids optimize the balance between energy supply and demand, while
predictive maintenance helps prevent losses in industrial equipment.

Agriculture is another important sector where artificial intelligence has a significant impact.
Through precision agriculture technologies, Al analyzes soil and crop conditions, plans resource
allocation, and enhances pest control efficiency [3]. As a result, productivity increases, while
resource waste and environmental impact are reduced.

At the same time, artificial intelligence strengthens nature conservation activities. Machine
learning algorithms that analyze satellite imagery and audio recordings enable the monitoring of
rare animal species and their habitats, help prevent illegal hunting, and support biodiversity
conservation.

Al also contributes to the more efficient use of renewable energy sources such as solar and
wind power. By optimizing the production, storage, and distribution of energy, these resources
become more reliable and sustainable.

Emergency management and weather forecasting are also among the significant areas of
Al application. Machine learning methods that analyze past meteorological data can generate
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more accurate forecasts of extreme events such as hurricanes and floods, thus enabling the
operation of early warning systems [4].

In general, artificial intelligence is an effective tool in combating climate change and
achieving sustainable development goals. Its analytical and predictive capabilities facilitate proper
resource management and accelerate climate action across industrial sectors [5].

Main Areas of Application:

1. Data Analysis and Pattern Recognition:

Al analyzes large-scale temperature, precipitation, and atmospheric data to identify key
trends in climate processes.

2. Improvement of Climate Models:

This technology enhances the accuracy of forecasts for future scenarios by more precisely
simulating the interactions within the Earth’s climate system.

3. Prediction of Extreme Weather Events:

Learning from historical meteorological data enables timely forecasting of natural disasters
such as hurricanes, droughts, and floods.

4. Ecosystem Monitoring:

Through the processing of satellite imagery and sensor data, Al tracks changes in
biodiversity and vegetation cover, providing accurate information for conservation efforts.

5. Carbon Emission Control:

Al monitors greenhouse gas emissions from transportation and industrial sources,
supporting the development of strategies to meet reduction targets.

6. Adaptation Planning:

By identifying regions vulnerable to climate change, Al assists in preparing adaptation plans
for infrastructure and water resource management.

7. Renewable Energy Management:

It increases the resilience of power grids by optimizing the balance between the production
and consumption of solar and wind energy.

8. Ocean Monitoring:

Accurate tracking of ocean currents, surface temperature, and marine biodiversity helps in
understanding the processes that regulate the global climate.

9. Early Detection of Climate Anomalies:

Al systems can identify anomalies or unusual patterns in climate data that may indicate
future trends or potential disasters. Early detection enables the implementation of preventive
measures to mitigate possible impacts [3]

10. Global collaboration. Al-enhanced climate monitoring systems promote global
collaboration by enabling the sharing of data, models, and results among scientists and
organizations.

This collaborative approach strengthens society’s ability to address the complex and
interconnected challenges related to climate change [4].

Al-powered climate monitoring technologies provide a modern and effective approach to
understanding, mitigating, and preparing for the impacts of climate change. By utilizing Al
capabilities in the collection, processing, and analysis of large-scale data essential for climate
research and decision-making processes, these systems contribute to building a more sustainable
and resilient future.
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Giris

osrlar boyu cografiya yalniz daglar, caylar, 6lkalar va onlarin sarhadlari hagginda malumat
veran bir elm sahasi kimi taninirdi. Lakin XXI asrda cografiyanin mahiyyati va shamiyyati koklU sakilda
dayismisdir. Qloballasma, texnologiyanin slratli inkisafi, ekoloji problemlar va kitlavi migrasiyalar
muasir cografiyanin garsisinda yeni va kompleks cagirislar qoyur. Artig diinya daha “serhadsiz” hala
galmakdadir va cografiya bu dayisikliklarin izahinda, planlasdiriimasinda va hallinda asas rol oynayir.

» Qloballasma va sarhadlarin itmasi

Qloballasma proseslari naticasinda o6lkaler arasinda sarhadlar daha da “gériinmaz” olur.
Ticarat, informasiya axini, madaniyyat va insan resurslarinin harakati cografi sarhadlari zaifladir.
internet va texnologiyanin inkisafi sayasinds insanlar fargli ¢lkalards bas veran hadisalardan saniyalar
icinda xabardar olur, mUxtalif cografiyalardan olan insanlar bir-biri ila alaga qurur.

Bununla yanasli, sarhadsiz diinya anlayisi cografiyada yeni anlayislar va metodlara ehtiyac
yaradir. @nanavi cografi bolgilar artig muasir dévrin sosial, igtisadi va texnoloji realliglarini tam aks
etdirmir.

> lglim dayisikliklari va sarhad tanimayan falakatlar

Muasir cografivanin asas c¢agirislarindan biri da iglim dayisikliyidir. Bu proses sarhad tanimir
— bir 6lkada bas veran ekoloji problem bitiin diinyaya tasir gdstara bilar. Qlobal istilesma, buzlaglarin
arimasi, daniz saviyyasinin galxmasi, mesa yanginlari va su qithigl bitln gitslari tahdid edir.

Cografiya bu falakatlarin makan Uzrs tahlilini apararag onlarin yayilma dinamikasini oyranir
va bu falakastlara garsi tadbirlar planinin hazirlanmasinda mihim rol oynayir. Peyk sakillari, cografi
informasiya sistemlari (GIS) va kartografiya kimi texnologiyalar sayasinda bu falakatlar svvalcadan
prognozlasdirila bilsr.

» Migrasiya va makan dayisikliklari

MUasir dinyada insanlarin bir yerdan basqga yera kdcmasi kitlavi hal alib. Savaslar, igtisadi
catinliklar, iglim dayisikliklari va sosial sabablar insanlar UGc¢ln yeni yasayis makanlari axtarisina sabab
olur. Bu migrasiya dalgalari da sarhadsiz diinya anlayisinin bir parcasidir.

Cografiya bu proseslari tahlil edarak insan axinlarinin sabab va naticalarini, onlarin sosial va
igtisadi tasirlarini dyranir. Belalikla, hokumatlar va beynalxalq taskilatlar bu malumatlar asasinda daha
dogru gerarlar gabul eds bilirlar.

» Texnologiya va yeni cografi alatlar

MUasir cografiyanin an mihim xUsusiyyatlarindan biri da texnologiya ila six bagl olmasidir.
Cografi informasiya sistemlari (GIS), uzagdan zondlama (remote sensing), dron xaritalasdirmalari va
peyk tasvirlari cografi tahlilin asas vasitalarina ¢evrilmisdir.

Bu alatlar sayasinds artiq fiziki sarhadlarin shamiyyati azalib, ¢linki malumat virtual makanda
sarhadsiz sakilde otUrulir va istifads olunur. Bu da cografiya elmini ham elm, ham da tatbig sahasi
olaraq daha da vacib edir.

» Sosial va madani cografiyanin yeni tftiglari
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Serhadlarsiz diinyanin bir basga naticasi de madaniyyatlarin garsiligl tasiri va yeni sosial
makanlarin yaranmasidir. informasiya va sosial sebakalar insanlari fargli madsniyyastlarla tanis edir,
yeni hayat tarzlarinin va madani kimliklarin formalasmasina sabab olur.

Muasir cografiya bu madani integrasiyani va urbanizasiyani tahlil edarak insan-makan
minasibatlarinin neca dayisdiyini Oyranir. Saharlarin sirstli boylmasi, yeni urban makanlarin
yaranmasi va kand tasarrifati sahalarinin dayismasi kimi masalalar da bu sahaya daxildir.

Natica

MuUasir dovrda cografiya artiq yalniz dag ve caylarin éyranilmasi ila kifayatloanmir. Bu elm
sahasi dlinya migyasinda bas veran proseslari tahlil edir, sarhadlari asir, insan va tabiat arasinda kérpl
gurur. Qloballasma, iglim dayisikliyi, migrasiya, texnologiya va sosial dayisikliklar miasir cografiyanin
garsisinda duran asas cagirislardir.

Serhadsiz diinya anlayisi cografiyanin rolunu daha da artirir va onu galacayin an vacib
elmlarindan birina gevirir. Cografiya yalniz harada yasadigimizi deyil, ham da neca yasadigimizi va neca
yasamali oldugumuzu dyradir.
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Tapux TankeriHae KanfaH KeHe xaH

Bucembaiynbl Mupac
on-®apabu atbiHaasbl Ka3YY PhD-gokTtopaHTbl, AnmaThl, KazakcTaH

Angatna. Kasak TapuxblHAafbl KeHecapbl 6acTtafaH  yAT-a3aTTblK  COFbIC  KenTereH
TapuxwblnapablH, eHbOekTepiHe apKkay 6o0nfaH aTbilWyabl CaackM OKWFanapAblH, Oipi. KeHec
3aMaHblHaH bepi KeHecapbl BacTafaH COFbICTbIH Xa/lblKKa *KaHEe enfiH, AaMyblHa »KacafaH Kepi
acepi *KoHe MOHaPXMAHbI KaiTa KanmnblHa KenTipyre TbipbICbin, deoaanabl Ko3fanbic 6oNFaHabIFbI
OHiHAe KepiTapTna api aaineTci3 bara bepinreH eai. YakbiT eTe Kene KeHecapbl bacTaraH yaT-
a3aTTblK COFbICTbIH, LbIHAbIFbI AWbIIbIM, Ka/FaH MITIMETTEP KOKKa LblFapbinabl. byn makanaaa
KeHecapbl bacTaraH COFbICTbIH TapMXbl MeH KeHecapb! Ty1FacbiHa KaTbICTbl XKa3blFaH TYPAi TapUxm
MaKananap meH MoHorpadusaiapra canbiCTbipManbl Tanaay »acanbliHaabl. KeHec 6uniri kesiHge
WbIKKAH TapuxuM aHUMKAONeanANapaarbl KeHecapbl bacTaraH KO3FablCbIH TanaayAasbl ©3repictep
baramaansin, byn eHbekTepaeri 6afanap cascu Tanan weHbepiHeH LWbifa afman, WbiHAbIKTaH
anblC eKeHiH KepceTTi. MaKanaHbl Xasyda MICENeni-xPOHONOTUANBIK SIC YIHe TaKblpbIn
Ma3MyHbIH 6albINTbl TYPAE MKETKI3y VIIH XKYyMeninik-KypblAbiMAblK Tangay nanganaHbingbl.
KeHecapblHbIH Tek Peceire kKapcbl emec, KokaH meH Xnyara Kapcbl COFbICTapbl, OHbIH TAKTUKa bIK,
webepniri, AMNAOMATUANLIK ©Hepi, XaH aTaHfaH COH, eHriareH pedopmanapbl, KasaK XaaKbiH
OTbIPbIKWbINAHAbIPYFA XKaHe enai 6ipikTipyre KockaH cybeni yaeci banbinTanbin, TangaHaabl.

Tipek ce3saep: KeHecapbl KacbiMmynbl, Toyencisaik, oTapwbiNablK, XaHAbIK »Kyhe, bekiHicTep,
OKpyrTep.

KeHecapbl KacbiMy/ibl —aTaKTbl ADbl1ai XaHHbIH Hemepeci, TonbiWw XaHbIMHAH TyfaH KacbIMHbIH,
yAbl. Kacbim Abbinaiynbl MaTila yKiMeTiHe Kapcbl Kapy/ibl 8A4iCNeH eKTeMAiK NeH OTapLblaablIKKa
KapCbl LLIbIFbIM, LbIHAMbI KypecKkep ekeHiH kepceTTi. OHbliH bananapsbl — CapkaH, EceHrenai, Ep»kaH,
KeHecapbl MeH Haypbi3bail oKeciHiH epiriHe CYMCiHIN, XaablKTbl apTbiHaH epTin, COfbIC
KMMbIAAAPbIH XKyprizreH. 1822 »biabl OpTa sKy34e XaHAablk, OUAIKTIH, *KoMnblybiHa Kackim cynTaH
Abbinanynbl, CapykaH Kacbimynbl, Fybangonna Yanuyabl Hapasbl 6onagsl. Fybangonna Yanuybl
1824 xbiNbl XaH aTaH4bl. Yaan xaH 1819 biabl KalTbiC 60AFaH COH, Y/KeH yabl FabbacTbl UyHb
ayneTi xaH cannaapl. Kelin fabbac emipaeH keTkeH coH, MaHbuxkyp ayneTi fybanaonnaHbl aa
MoWbIHAaAbl. Fybanaonna Yanuynbl Peceiain, oTaplibin cancaTbiHa Kapcbl HONFAHABIKTAH KaHe
KblTalimeH BanaHbiC OpHaTKaHAbIKTaH, 1825 Xbinbl TypMmere Kamanazbl. 1838 xbinbl KekweTayaa
Tafbl Aa MapTe KamanfaH. CapykaH Kacbimybl (1825-1836 »x.) skaHe KeHecapbl Kacbimy bl (1837-
1847 x:Kk.) bacTaraH KO3fanbiCTapFa KoNJay KepceTkeH [1].

OpaH H6acka KasaK caxapacbliHAaa CblibaHKyn XaHKOXaynbl bacTafaH KeTepinic Te 6acTtangpl.
Opbic ackepi 1831 *biabl Asire3 6ekiHiciH canfaHaa, Con »epaiH, bacwbicbl, D6iAMambeT XaHHbIH
H6anacbl 96innenisaiH Hemepeci CbibaHKyn XaHKoKaybl LLayeluek neH Kynxkaaasbl opbic cayaa
KepyeHaepiH ToHan, epteinai. OpbiC acKepepiHiH, TypKicTaHfa KenyiH Keweyingetedi. 1839 »bisbl
CblbaHKyn TyTKbiHAaNaApl. OcblgaH KeriH HalMaH iWiHAeri Kapakepen »KaHe caablp py/apbl
opbicTapfa Kapanabl. MaTtaih pybl HarbiHOal, 6yriHri MoHfFap AnataybiHaassel MaTtal »oTacbiHa
Kewin ketea.

1836 »kbinbl CaprkaHabl, EceHrenai cyntaHgapdbl 3yabiMabikneH KOKaH XaHbl entipeai. On
kKesge KokaHabl MapenixaH 6ackapabl. TalwkeHT Kyuwberi bepaibek (beraepbek) Ky/blFbIHbIH,
apracbliHaa onap enTipinai. Typa coHaan »araanaa 1840 xbinbl KOKaH XaHblHbIH, KO/IbIHAH Kacbim
CyNTaH Kasa Tabaapl.

242



«World Scientific Reports» (October 16-17, 2025). Paris, France I

Byn atanfaH KeTepinictepaiH 6api naTwa YKIMeTiHiH, oTap/iay cascaTbiH Texeyre, bekiHictep
MEH OKPYITepAiH casblHyblHA Kapcbl bafbiTTanfaH eni. bipak by KeTepinicTep Kasak Xa/KblHbIH
bapbiHWa KongaybliHa We 6ona anmaabl. KeHecapbl ©3 KeseriHae AOblnalt xaH KesiHAeri
nepbecTikTi KannbiHa KenTipin, Tek Pecenain 1822 »kaHe 1824 »binfbl pepopmanapbiHa Kapchbl
emMec, OHTYCTIK eHipaeri KasakTapabl KoOKaH XoHe Xuya esricCiHeH Kopfay[dbl MakcaT eTin,
XanbIKTbIH KOondayblHa ne 6onapl [2, 12 6.].

¥NT-a3aTTbIK KO3Fa/bICTbIH ©pLIyiHE MblHaHAAM cebenTepai Ti3in *ka3yfa bonagp!:

1) OpTa Ky3 6eH Kili »Ky3ae xaHablK OUNIKTIH *KoMblaybl;

2) fybainponna YanuynblHbiH TYPMEre Kamanybl;

3) Xep TanwbINbIFbl, OTaplWbINAAPAbIH, Haccbi3apiFbl. OpbIC  OTapLbIAAAPbIHbIH, - Ka3ak,
ayblnaapbiHa WabyblblH TOKTATY;

4) 1808 Kbinbl EHri3iNreH KynAblKTbiH, 3aHAaCTbipbiAFaH. |pbIT KopMeHKeciHae Ka3aKTapabl
Ky/idblKKa caTaTbiH. Ocbl opanga KeHecapblHblH YAT-a3aTTblK COFbICbl  Ky/AblKKa Kapchbl
barblTTanFaH eai;

5) Okpyrrep meH bekiHicTepaiH kenTen canbiHybl [3];

KO3FanbICTblH, epeKLlleKTepiHe OHbIH YL Ky3re TapanyblH, ByKapanbiK cunaT anbin, OyKin
KasakCTaHabl KaMTbIfaHAbIFbIH KoHe Kas3akTapZbl opbicTap, ©30ekTep, TiNTi, NONAKTap
KONAafaHAbIFbIH KaTKbI3yFa 6onaapl.

KeHecapblHblH, sKaHblHAa WMmaH, Afbibalt, bykapban, HaHalhgap, balTabbiH, Tenebai,
KapblHaacbl bonal, ¥/bl y3 OaTbipnapbl TonwbibeK, CypaHuwbl, barcelit TtonTacTbl. benrini
6aTbipnapapiH, iwiHeH 1820 bingapbl MaHa Enek BeKiHiCiHiH, canblHYbIHA KapCbI/bIK TaHbITKAH
*onamaH TineHuwiynbiH aTayfa 6onaapl. OcbiHAal 6aTbipnapbiMeH bipre KeHecapbl KacbiMmybl
aTacbl Abblnai xaH KesiHaeri KasaK xaHAblFblH KaanbiHa KenTipyre ToipbicTol [4, 44 6.].

KeHecapbl Kacbimynbl Chip DoMbiHAa KOTepiic *KyprisreH MaHkoxa Hypmyxameayasl meH EceT
KeTibapyabiHa Aa xaT »kongafaH. On onapabl bipaikke WakKpbipbin, Peceire Kapcbl Kyw OipikTipya
yCbiHAbI. Anaraa, aHKoXa meH EceT 6aTbipnapablH YAT-a3aTTblK KeTepinicTepi eH anabimeH Xuya
MeH KoKaH xaHAblKTapbliHa Kapcbl bafblTTanfaHAblKTaH, Pecelire Kapcol KeHecapblFa MapabiMbl
Kemek bepe anmazbl. KeHecapbl KasakTapabl KokaH esriciHeH 60caTKaH Ke3ae faHa KeHecapbimeH
HannaHbIC OpHaTyFa Ko awblnfaH [5, 247 6.].

KeHecapbl KacbiMy /bl ©3 BUiTiH MOMbIHAAMAaNTbIH Taflail KapCblnacTapAblH, CafblH CblHAbIPFaAH.
OHbIH, KapcblnacTapbiHbiH, iWiHae KoHblpky/mKka KyaanmeHaiyabiH, ApbiCTaH meH  AxmeT
aHTepeynaapbiH KaHe balimarambeT AlMyaKyabiH aTayfa 6onaabl. KeHecapbiHbiH OYKin Ka3ak
KaybIMbIHbIH, apacbiHaa 6enrini 6oabin, bIKNanbliHbIH *Kalblaybl Kelbip ayblnbacblnap meH bunepre
ne yHamanabl. OnapablH, OWblHWA, KeHecapblHbiH, 9CKepaepiHe TbIM KOM Kepaep KaskeT
bonfaHabIKTaH, onapAbl TabbicbiHaH aMbipaTbiH. OcblNana, Kannac pPybiHbIH - 6uaeyLici
AnTbiHOa Kebekynbl aHe apfbliHHbIH, Hbuneywici LereH Mycaynbl KeHecapbiHbIH, KaybiHa
anHanagabl [5, 240 6.]. Onap KebiHe XKaMblbIMABIK, *KepJiep YLIiH Tanac XKyprisreH.

¥NT-a3aTTbIK cofbic 1837 »binbl KeHecapblHbIH, AKTay 6ekiHiciHe WwabybinbiHaH BacTay anaapi.
On Kbi3blmkapaaH TalwkeHTKe 6eT anfaH KepyeHre wabybln XKacalabl 43, COM Kepae opHanackaH
AkTay 6ekKiHiciH anaabl. byn wabybinabiH caTTi 60AFaHAbIFbI COHLLALIK Kapcbhlaac Tapan el Kapcbl
ToTen bepe anman, aaraapsbin Kanagbl [1].

1838 binbl Mambipaa batbic Cibip reHepan-rybepHaTopbl [OpyYakoBKa O/ fapbi3Hama
*ibepepni. On xaTTbl TOKTbIHbIH, Tabblnabicbl MeH KasaHfanTbiH, KelwiHbanbl apKblabl Koaaanabl.
AKTay KopfaHbICbl, AKMO1a AyaHbl KOMbIbIN, BeKiHiCTep canyabl TOKTATCbIH, KamayFfa anblHFaH
afamaap meH KoHbIpKy/Ka cynTaHfa KibepinreH eki agam 60caTbiNCbiH AereH Tanan Kos/bl.
KeHecapbl aKblifa KOHbIMAbl »ayan ecTimereHAaikteH, KoHplprymKa KyaanmeHaiyabl meH
Kapbbilwes KopfafaH AKmosa bekiHiciH epTen xibepeai. byn ipi »eHic eai. Ocbl XeHicTeH KeliH
OHbIH, AaHKbl OYKiN Ka3ak aanacbiHa Tapanabl [6].
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1838 »Kbiibl XentokcaHaa Kenecapbl batbic Cibip reHepan-rybepHatopbl [opyakoB neH
nmnepaTop | HMKonaaaH okpyrtrapapbl *oMbiM, CasblK *KUHAYAbl TOKTATbIN, ADblNal XaH Ke3iHaeri
nepbectikTi Tanan eteai. bipak ibepinreH 5 enwiHi PecenaiH, WeHeyHIKTEPiI TYTKbIHAANAbI.
KeHecapbl KacbiMy/bl KabiNTaCKaH Casicn AafFAapbICTbl KEMICCO3 apKblbl LIELYre ThiPbICKAaHMEH,
Kapy/ibl KYLKEe cyMeHreH naTiia yKiMmeTi, oHAal Tinai yKnanTbiHbIH KepceTTi [1].

KeHecapbl OaTblpnapbl naTwa YKiMeTi KypfaH bGapablk OekiHicTepre aypKiH-AYpPKiH
wabybingapbiH  ToKTaTnanabl. Mbicanbl, 1839 kbiabl MmaH 6atbip OmbObl meH OpbiHHOP
apacbiHAarbl Kekana xap bekiHiciH wabaapl. Con ywiH KeHecapbl OHbl «Asy GaTbip» Aen aTan
KeTKeH. Apbl Kapal naTwa yKiMmeTiHe Wwabybinaapasl XKanfacTblpy KMblHAAM Tyceai. MaTwwa yKimeTi
KOPFaHbICTbI HblfalTa TycTi. KeHecapbl ©3 Ha3apblH OHTYCTiKKe Ha3ap ayaapabl. 1840 »binbl byxap,
KoKaH *KaHe Xmya XaHAbIKTapblHbIH apacblHAAFbl Xep AayblHa apanacybl XeH Kepeai. 1840 Xbibl
byxap xaHApblFbl KOKaH KanacbiH anaabl. KeHecapbl XmMya XxaHbimeH KOKaHAafbl Ka3ak *KepiH Xnyafa
anbin 6epeTiHAIr *KeHiHAe acTblipTbiH CO3 Xyprizeani. OHAarbl oMbl — byxap xaHbl Hypacyana Tbim
KyLLeMrin KeTnec ywiH byxap xaHbl MeH XMya apacbliH WaTbICTbIPY. XMya XaHbl Annakyn KeHecapbl
MeHiH, afbimaa 6onaabl ekeH aen byxapfa cofbic awaapl. bipak 6y COFbICTbIH, Kbl3blfblH KOKaH
Kepai. Xnya meH byxap KblpblAbICbIN KaTKaHAa, KOKaHAbIKTap KoKaHHaH ByxapablKTapabl Kybim,
MaenixaHHbIH Tybichl LLepaniHi xaH eTin keTepai. MyHbl KepreH KeHecapsbl, TalKeHT KYLLIOeriHiH,
KapamarblHAAFbl 7 MbIH, LAHbIPaK Ka3ak ay/blH ©3iHe KOCbIM anbin, KeriH MaHaKkopFaH, AKMeLLIT,
Co3zak, *ynek gereH KokaH beKiHicTepiH Kopluan, bafbiHAbIpaabs! [6].

KeHecapbl KacbiMynbl KOKaH XaHAbIFbIHA KOMKbIH-OMKbIH COKKbIAAP Kacan, TypKicTaHAafbl
KasaKTapAbl KOKaH esriciHeH 6ocaTTbl. Con YLWiH OHbl Bapi Konaan, aK Kuisre opan, 1841 »bijbl
XaH KeTepdi. KeHecapbl Abblnal xaH KesiHeri Kasak xaHAblFblH KalTaaaH KaanbiHa KenTipai. On
Hunep coTbIHbIH OPHbIHA XaH/bIK COTTbI eHri3eai. aynapfa Kapcbl Kypecy YLIiH Kapy-*KapaKTapab!
XnyanaH anbin oTbipAabl. KylieireH KeHecapblfa Kapcbl NaTwa yYKiMmeTi WwabybinaapbiH yaeTTi. 1842
*blNbl COTHMKOB OTPAZbI OHbIH, aybliblHa Wabybln Kacanapl. Oneni KyHiMKaHabl TyTKbIHAANAbI.
KeHecapbl aneniH Tek 1845 kbinbl 60catagbl. Pecelt matwackl | HMKonalt KeHecapbifa Kapcsl
TO/bIKKaHAb! COFbIC KMMbINZAAPbIH XKYPridy KeHiHae wewim Kabbinaaasl. byn Pecei naTwachIHbIH,
KeHecapblHbiH Ka3ak XaHAblFblHbIH, XaHbl Aen MoMblHAaFaHAbIFbIHbIH, 6enrici. On ywiH J/lebenes
acafblH Kibepeai. Con Kbinbl on JlebeneB ackepimeH XaHe BW3aHOB acKepiMeH acKkepu
KaKTbIFbICKA TYCiM, eKeyiHeH ae mbicbl backim Tyceai [1].

1844 wbinbl winaeHin 20-21-i KyHAepi KeHecapbl AxmeT HKaHTepey/ibl KacafbiIMeH COfblCcadpbl.
AxmeT HKaHTepey/biHbIH, *KaHblHAaFbl 44 cynTaH Ka3a Taybin, KeHecapbl KeHicke keTegi. /lebenes
6yn wankacta KeHecapbl acKepsiepiH Taba anmai, KapanahbiM »Ka3blKCbl3 Xa/blKTbl aamal
Kbipadbl. On pspmeHcisairi ywiH OpbiHbopfa keHenTineni. OHbIH OPHbIHA MOJIKOBHUK
AnankoBckmin TafalbiHaanaasl. ®anmnees ackepi Capbicyaa EpskaH meH Tamac 6actafad 500
ackepai b6ipas Kyaapl. Tarimac 6atbip 10 agamabl ThiHWb! eTin Panunees ackepiHe xibepeai. Len
nanana onapapl 9b6aeH KanxkbipaTsin, 10 ThiHWbI Panmnees ackepiH baybi3gan Tactanasl. Onapfa
ceHreH ®anmneeBTiH 63i alliblk AaNaAa alTbIKTaH Ke3 Kymadbl [6].

KeHecapblHbIH, ¥eHicTepiHe »ainbl KasaK »KypTbl KyaHFaHMeH, benrini 6ip pybacbinap askraH
Wanbin, AapanaHyfa TeipbicTbl. CoOHAAM pynapabiH 6ipi — xannac pybl eai. 1844 xbinbl KeHecapsl
»KacaKTapbl ’Kannac pyblHaH Ccajblk XWHayfa KenreH eni. MKavrFabbin 6aTtblp KeHecapblfa
6onbicaTbiHbIH binaipeai. Haypbizbalh meH baliTabbiH H6aTbip(*KonamaH TineHLWiyabIHbIH KUEHI)
annac pyblHaH canblK *KMHayfa Kenedi. bipak HaHrFabbin 6atbip 100 agamHbiH, 95-iH enTipeai.
Haypbi36ait apeH KyTblnaabl. baiTabbliH axkan Kywaabl. O enreH »Kepre Ky/nbiTac OPHATbINbIM, O
apafa «balTabblH AaHbI3bI» AereH aT Konapl [6].

MaTwa YKIMEeTIHiH, Kyweie bacTafaHblH KepreH  KeHecapsbl, 1845 »biabl OpblHOOp acKepu
rybepHaTopbl Ob6pyveBneH Kenicce3 Kyprizyre Tbipbicadbl. MbIPblK  PybIHAH  LIbIKKAH
CaHAablibanabiH, EpaeHi meH ApfbiHHbIH, ©p ANTai PYbIHbIH, WOHMXKapbl KillkeHTanablH, AKKOLWKapPb!
¥nbiTayaa KeHecapblifa apHan OekiHic canaapl Aen KOpKbin, KoKaHHbIH Kylberi JlawKkapmeH
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HalnaHbicbin, ¥abiTay 6eKiHiciH wanTblipaabl. byHbl KeHecapbl »kacamafaHbiH 6inmereH Obpyyes,
KahapblHa MiHin, KeHecapbiMeH oMblHAA OOnfaH AOCTbIK OalnaHbiCTaH Kydep y3edi. Enwinep
Honros neH epH KeHecapbiMmeH 6iTim kacayfa kenai. Onap Ttek Peceit benrinereH epnepre
KeHecapblHbIH, KewWwin XypreHiH Kanaabl. Kapa Kofa kepiH KeHecapbiHbiH epi eTin 6ekiTTi.
KeHecapbl AkTay, Ecin, Hypa, albiKk e3eHAepiHe OekiHic canmaybiH Tanan eTTi. bitimwapT
»acanmanapl. Myca WopmaHynbl, KyHaHban ©ckenbarynbl, LbiHFbIC Yanuynbl KeHecapbliHbl
CapblapkagaH keTyre maxbypnengi. KeHecapbl ¥ibl »Ky3re Kapat 6apagpl. Typa ocblaaH KeniH
KeHecapbl KoKkaH acTbiHaasbl *aHakopraH, Co3ak KananapbiH 6acbkin anaabl. ©3 apTbiHAH epMereH
KasaK ayblngapbiH wabaabl. ¥abl xy34iH bunepi PeceiaeH kemek cypanapl.

1846 xbinbl 19-23 maycbimaa Kapkapanbl, Aares, KeKnekTi, ¥/abl Ky3 Ka3aKTapblHbIH
KypbinTaibl eteai. Cynik AbbinaixaH, 9au 9ainynbl bactafaH 11 cyntaH, 27 6u, 1 monga
«KeHecapblfa Kapcbl Kypecemis» aereH KyxaTka Kon Koaabl. Onap KeHecapbiHbIH ¥/bl Ky34€eH
Kyyfa KaTtbicagbl. OnapablH iWiHAe KbipFbi3a MaHantapbl OpmaH, MaHTal, Kanuryn Kblpsbi3
MaHanTapbl aa 6onapl.

1847 xbinbl KeHecapbl KOKaHfa KapCbl Kblpfbl3gapfa 9CKepWM oJaK YyCblHaAbl. Kplpfbi3gap
KeHbenai. KeHecapbl YAKEH canbik Teneyai Tanan etedi. KbipFbidaap TanabblHa Kynak acnangbl.
KeHecapbl Kekinik Cenripaeri MainTebe gereH skepre Kipin, KblpFbi3gapmeH Wankacaasl. Pyctem
CYNTaH MeH AynaT pybiHbIH, 6acubicbl CbinaTan 6aTbip KeHecapblFa onacbkI3ablK *Kacahabl. CoHaa
ON XaHe OHbIH, iHici Haypbi3bai Kasa Tabaabl [7]. LLalKkacTa KblpfFbidaap *KafblHaa KokaH meH
ByKkap enaepiHiH, »kacaktapbl 6onaapl. KbipFbidaap KeHecapblHbl ©ATipreH yuiH PeceinaeH cbliakpl
anagbl. KeHecapbl 6aTbip/iapbiHbIH, ©iMi Kalbl « Haypbizbai-KaHwalrbiM» gacTaHbl WbiFaabl.

KeHecapbl KacbiMmynbl bacTafaH yAT-a3aTTblK COFbICTbIH, KEHiNICKe yliblpaybliHblH, bipHelle
cebenTtepi bap:

1) Py apasgpiFbl, OWAiK  ywidH Tanac. Kasak lWeHeyHiKTepiHiH, naTwa eKiMeTiHiH
KO/ILOKNapaapbiHa altHanybl;

2) KeHecapbl OfaH epmereH XaNblKTbl }Ka3ananTbiH;

3) Cofbic vyl enre Kapcbl barbiTTanapl: KokaH, bykap »kaHe Peceiire Kapchbl;

4) Kbipfbl3gapra KoHe KoKaHfa Kapcbl COfbicTa KasaKkTap KeHecapblHbl Kondaman, KeTin
KanaTtblH;

KeHecapbl KacbiMmynbl KasakTapablH, eriHwWifikTi yipeHin, 6ipTiHAEN OTbIPbIKLbIAbIKKA ©TYiHe
bIkNan eTe angpl. bipak Pecei KazakTapAblH TEK Mas LapyaLllbl/iblFbIMEH aHAbICKAHbIH KafafaH.
KeHecapbl Ka3zakTapbl eriHwinikke baynyapl »eH kepai. OfaH Kapcbl/blK TaHbITKaHAap 6onapbl.
OpblHOOp ackepu rybepHaTtopbl rpad CyxaTeneH: «KasakTap el yakbiTTa Aa acTbiK ekneynepi
Kepek, ewbip fbiabiM Tyria, TinTi 6ipae-6ip kacin 6inmen, emip 6akn man Harbin KaHa Kewin
XKyYpynepiH 6ap KaH-ToHIMMEH Tinep efim», — aece, NepoBCKMIA Ka3aKTap e34epi eriH eKKeHHeH
repi acTbiKTbl PeceiaeH anbin, Pecelire 6alnaynsl by3ayaal Tolpn eTe afiManTbiHaak 60CbIH
gereH onga 6onapl.

KeHecapbl AiTTereH makcaTblHa *KeTe asMaca fAa, KasaK XaiKbl YWiH en ipreciH OipikTipyre
TbIPbICKAH KOK¥Ka/l KacKblp ekeHiH kepceTe 6ingj. XanblK ay3blHAa OHbIH *KaKCbl aTbl MEH AaHKpI
Kanabl.

H.[. Cepena KeHecapsbl *alblHAa ocbiHAaM Nikipnep 6inaipai: « Ocbl opAaHbIH, TYPFbIHAAPbIHbIH,
a3 faHa beniriH ecentemereHae, Gap/blFbl AEPAiK OHbl XaH PeTiHAe TaHblabl. OTe alnakep,
canacaTwbin KacbiMOB aKiMaepaeH ©3iHiH, ic-KMMbINAapbIH TacaZa YCTanTbiHY;

«XaynapblH KelwipmenTiH TabaHAapbl, KacblHaH KMbIHLIbIAbIKKA MOWMbIMayfa [AafAblNaHFaH,
WbIAAMAbIIbIFLI KTYMEre TeH», 63 MaKCaTblHa XKeTyae KeWiH werinyai oinmeyuwi eni»;

«OHbIH, capba3gapblHblH, PYXbiHbIH, OepiKTiriHe Ke3-KenreH EBpona ackepiHiH, Ko16acLbiCbl TaH,
Kaslybl MYMKIH»;

«TereypiHAai WwabybinbiMeH XayblHa 6ac canfaHga, Aana eHipiHAe elTeHe KanablpManTbiH
KYAIpPeTTi KYMbIH CUAKTbI».
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«Wa, Byn fFarkanbin Tynfa eni, erep Ae Hacka Karaanaa TopbueneHce KeHecapbiHbIH KepemeT
MeMmeKeT KanpaTtkepi 6bonaTbiHbl ce3ci3» [8, b. 59-60]

CemeHoB TaH-LLIaHCKMIM oOCbl KeTepific XeHiHAe ap Typ/Ai MajiMeTTep KMHACTbIPbIM,
KeHecapblHbl 6i3aiH apamblafa aeninri |l Facblpaasbl Kiwi A3naaarbl KilikeHe MoHT naTwanbiFbiHbIH,
buneyuwici, Pum ummnepuacbiHa Kapcbl TypfaH MuTpuaatneH TeHEemn, OHbl «Kas3ak Xa/KblHblIH,
Mutpmaatbl» aen atanabl [8, 13 6.].

leHepan N.babKkos: «Kbi3dy KMMblAbIMEH, TabaHabINbIFbIMEH, KEKWinairimeH ae backanapaaH
[apanaHbin KepiHreH KeHecapbl KbiCKa mep3imae o3iHiH MaHalbiHa KanblH, OyKapaHbiH, HacbiH
GipikTipai» [8, 59 6].

BapoH Ycnap: «boibl COHLLIA CyHFaK Ta emec KeHecapbl apblkllia KeareH, 6eT nilwiHi KasimakKa
yKcanabl. CenTce Ae OHbIH, KUFall Ke3depi akblAblAbIKTbl KepceTeai. bblnalh KapafaHaa TinTi
KaTbIresaikTiH el HbllaHbl KepiHbenai» [8, 62 6.].

M.KpacoBcKMin: «AKblfibl ¥KafblHaH aTacblHaH TOMEHAEY Typca Aa, MiHE3i }KaHe KMMbl/bIHbIH,
aaybIHAbINbIFLI afblHAH aKeci KacbiMHaAH kaHe AbblnagaH HacbiM TYCTi, a3 faHa yaKbiTTa
KeHecapbl bykin Cibip aanacbiHa 6enrini 6onapi».

KeHecapbl KacbiMynbl TEK aCKepu Konbacllbl faHa emec, pedpopmaTop KblpbIMeH Ae TaHbINAbI.
On bunik eTkeH Kesde XaH KaHblHAafbl HKoFapfbl KeHeclwi opraH Kypbinapl. OfaH 6aTblipnap,
bunep, cynTaHaap Kipai. KeHecapbl XaHAbIKTbl ©3iHiH CeHIMAI adamaapbl — Xacayblagap apKblbi
H6ackapabl. Hacayblngap COT icimeH, lapyallbliblK, — MacenenepimeH, AMNAOMaTUANbIK
YKYMbICTAPMEH, abIM-CasblK }UHAYMEH KaHe 9CKepM iCTEPMEH aHabICTbI.

Man ecipyuwinep 3ekeT, an AMKaHAap YWblip TenenTiH 6onabl. EriHwinep eHiMmiHiH, 10-HaH bip
6eniriH TenereH. AnbIM-CanblKTbiH, A3 KOCbIMLLA TYPI €HFi3iA4i: Xa/IbIKTaH KMIM-KeLleK, Kapy-sKapak,
aT ab63enaepiH XunHay bactanapl. Manbl 40 6acTtaH acnanTbiH YAAep anbiM-CanblKTaH bocaTbinapl.
40-T1aH 100 6acka gerin manbl bapnap 6ip mangaH, an 100 6actaH mansl kentep 6oaca 100 bacTaH
apTbIK MasbiHbIH, apbip 40 HacbiHa 6ip MangaH Tenen TypaTtbiH 6oaabl [1].

20 mblH capba3faH TypaTbiH ackepi bonabl. y3backl MeH MbiHOach! AereH ackepu KonbacLbl
6onapl. MepreHbach! AereH ackepu Kacak Kypbinabl. balkypT, opbic, NonakTap, e3bekTep XaH
opJacblH/a 9CKepu TaKTUKara yMpeHai. bapnaylbinap KbiamMeTiH Ae on webep nainganaHabl.

Enre onacbi3ablK ¥acafaH, Ky3eTTe yMbIKTan KajifaH, Kallbln KETKEHAEP 6/1iM Ka3acblHa Kecina,.
«WbIk» nereH »as3a KongaHblnabl. TopTin Oy3faH agamHbiH 6eTiHe KbiablWNeH 8 Hai3ameH Henri
canfaH. MyHaan 6enrici 6ap agam aibiObIH TEK epAlikNeH Hemece aaanablfbIMeH FaHa XKyyFa TUICTI.
EKi peT «lWbIK» Oenrici canbiHFaH agam 6unep coTbiHa Tycedi, OHbl Y iWiHeH Genek yctanapl
Hemece man B6akKbi3aabl. Yl peT «LbIK» *Ka3blfbl ayblp 60/1ca, enim Kas3acbiHa Kecinei. Kyara aa
KYH TeneTy 3aHaacTbipblnabl [6].

KeHecapbl ©1reH COH, YAT-a3aTTbiK KO3fa/biCTap asKTandbl [Aen anTyfa acTe Hoamanapl.
KeHecapblHbIH, *Kanap, Tanwbik, AxmeT, Omap, OcnaH, 96ybakip, Cbi3abiK, HKakel aereH ynaapsi
6onabl. 1860 kbinaapsl KeHecapbiHbiH, yaaapbl Cbi3abik, AXmeT neH Tallblk Peceitre Kapcel,
KokaH aHe bykap XaHAblfbl *aHblHAA WakKacaabl. bipak keliH AxmeT neH TaluwbiK Peceit
afblHa Wbifadpl. Cbi3ablK KypecTi ToKTaTnanapl, bipak Kypec TeH eTnel, xanblK CbI3AbIKTbIH,
apTbiHaH epmenai. Cbi3ablK Kblpfbl3 eniHe Hapbin, KblpFbl3AapdblH KacafaH »aybl3blfbiH
beTTepiHe Backin, KeHecapbiHbiH MyikTepiH OTaHbIHa KarTapaab! [9].

KeHecapbl 6acTafaH cofbic Peceiain, OpTanbik A3nsaHbIH, *Kaynan anybliH KelleyinaeTTi. Pecel
MeH AHrama apacbiHaasbl OpTanblk, A3Ma YWiH COFbIC YLWbIKTbl. KeHecapbifa e36eKkTep MeH
KblpFbi3AapablH, buneyLwinepi onacbi3AplK *KacafaH coH, Peceit byxap, KokaH, X1uya xaHAbIKTapbIH
YOHE KblIpFbl3aapablH, »epid Hebapi 20-30 *bingapaa on-oHar bacbkin angpl. Erepae Pecen Kasak,
XaHAblFbiH 1716 xbingaH 1847 skbin apanbifbiHAa oTap/ian, akbipbl 1864 skblabl OYKiA Ka3ak HepiH
03 umnepuacbiHa Kocca, OpTanblk A3na xanbikTapbiH 1860-1876 »bln apanbifbiHaa Hackin ana
anasbl.
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KeHec vykimeTi kesiHae KeHecapbl 6acTafaH yNT-a3aTTblK KO3fa/blC KaTaH, CbiHFA a/iblHFaH
TakblpbIn 60aTbiH. by KO3fanbiCTbl 60NbLIEBMKTEP deoaanibl, MOHaPXUSAHbI KanmbiHa KenTipyre
TbIPbICKAH, KOFaMHbIH AaMyblH Te)KereH KOo3fafiblc JereH cbiHapKak nikip 6ingipai. CaHxkap
AcheHanapablH, »asfaH «KasakcTaH Tapuxbl (KeHe 3aMaHHaH OyriHri KyHre aemiH)» kenemai
MoHorpaduaaa KeHecapbl bacTaraH yAT-a3aTTblK KO3fanbiCThl deofanabl Ayipai cakTayra
TbIPbICKAH Ko3fanbic gen cunatragpl [10]. On  KeHecapbiHbl  Kenuwinik pybacbinapablH,
KoNnJamafraHbliH, KeHecapblHblH, KaTbire3ZiriH alblK Ka3abl. PecelgiH anablHFbl KaTap/bl
Tapuxiiblnapbl KeHecapbiHbl eKke MYAAECIH Xaiblk MyAAeciHeH Kofapbl KoWfaH Kahapibl
buneywi gen aTafaH.

1947 xbinbl EpmyxaH bekmaxaHabl «19 facbipgbiH, 20-40 »Kelngapdafbl KasakcTaH» aTTbl
MoHorpadpuacbiHaa KeHecapbl KacbiMmynbl BacTtaraH KO3fanbICTbl aKTay TYPFbICbIHAH KepceTKeH
BYPKYA3UANBIK-YATIWBLIA  MAEONOTMAHbI  A2pinTedi aereH KiHo Tafbinabl [7]. 1948 Kbinbl
M.AKbIH»aHOB neH T.lLlonbiHOaeB EpmyxaH bekmaxaHHbIH, KiTabblH «Casgcu KaTe, Fbl/IbIMU KYHCbI3»
eHbek aen bHara 6epin, EpmyxaH bekmaxaHabl Kydanayfa anfbiwapT kacanabl. 1950 Kbiabl
«lpaBaoa» raseTiHae «Ka3akCTaH Tapuxbl MacenenepiH MapKCU3M-NEHMHU3M TYPFbICbIHAH
KapacTbipalblk» AereH Makana wWbiKTbl. Makanaga EpmyxaH BbekmaxaHHbIH, MOHOrpadusce
MapPKCUCTIK-TEHUMHUCTIK VATiAe KasblamaraHbl, OyAiKWi KeHecapbiHbl Xanblk KahapmaHbl peTiHae
KepCeTyi ewnec Katenik ekeHairi manimaenai. EpmyxaH bekmaxaH KeHecapbliHbIH, KO3FaabICbIH
nporpeciuin, ynT-a3aTTblK KO3fanblCc Aen Oafanaabl. ON Kep MaceneciH, oTaplublAablK cascaTt
MaceneciH byknecis ainTbin, KeHecapblHbIH 63 apTbiHAH epMEereH Xa/blKTbl *Ka3anafaHblH Aa allblK,
a3apl. Kblpfbl3gapfa Kapcbl XOPbIFbIH A@ COA  LWbIHAMbl KyWiHAEe *Ka3bin, KeHecapblHbIH
WwewimaepiHiH 6apiH 3amaH TanabbiHa ca KabblngaHfaH Wewimaep aen 6aranagbl. KeHec yKimeTi
KeHecapblHbIH Kblpfbi3gapabl WabyblH Kaybi3ablk Aen H6afanaapl. An 6yn wabybinabl akTayFa
TbIpbICKaH EpmyxaH bekmaxaHabl Hapablk aTaK-aAsperkenepiHeH anblpbin, 25 Xbla TYPMere TofbITy
Typanbl Cascu Kaynbl Kabblnaanapl [7]. Tapuxibl 2 KblngaH KeriH TypmeaeH LWbifaabl. bipak
KeHecapbl KacbiMy/bl Typasbl ChiHapak, nikipaep con kyniHae keHec buniri KesiHae KanTanaHa
6epai.

KasaKcTaH Tayenci3airiH KannbiHa KenTipreH coH, KeHecapsbl XKalbiHAa LWbiHalMbl MaNiMeTTeEp
’a3blbin, aaineTTi 6ara bepine bactaapl. bipak KeHecapbl 6acTafaH yAT-a3aTTbIK KO3FasbICTbl YNT-
a3aTTblK COFbIC AdpexeciHe KeTepy maceneci Typ. Kenwinik fanbimaap KeHecapblHbIH KO3faabICbIH
A YNT-a3aTTblK KO3fafbiC, A YAT-a3aTTTblK KeTepinic gen yfaapl. Ananaa KeHecapbl 6ykin Kasak
XaHAbIFbIH KanmblHA KeAnTipin, Keke paapa engid buneyuwici peTiHoe 6acka memnekeTneH
COFbICKAHAbIKTaH, By KO3Fa bICTbl YAT-a3aTTblK COFbIC Aen atay a4inetTi 6oamaKk. KeHecapsl
Kacbimynbl Pecernpin, TypkicTaHfa AeliH eHyiH TeK KelleyinfeTKeH faHa »KOK, OHbIMEH Koca
XanbIKTbIH VAT PeTiHAe TonTackln, BipiryiHe sKaHe YATTbIK MAEANaPAbIH, *aHAaHYbIHA eLlnec yaec
KOCKaH AapbiHAbl Konbaclbl api pedopmaTop 60/biN TapuxTa Kanbl.
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Xilasa

12 noyabr 1995 — ci ilda sasverma yolu ile Azarbaycan dovlstinin yeni konstitusiyasi gabul
olunmusdur. 1995 —ci il 12 noyabr tarixinda gabul olunan yeni konstitusiyasimiza asasan, dovlatin
igtisadi, siyasi, hlqugi asaslari mUayyan olunmus va hliqugi dovlst quruculugumuzun asasi
goyulmusdur. Qanunvericilik bazasinin yaradilmasinda asasli tadbirlar gorildid. Milli maclisin
faaliyyati gliclandirildi. Bu dévrda vergi, mahkams, siyasi partiyalar, islahatlarin kecirilmasi ila bagl
ganunlar gabul olunmusdur. 1995 — ci ilds konstitusiyamizin gabulu Azarbaycanin mustagil dovlat
kimi inkisafinda asas, tarixi marhala olmusdur.

Summary

On November 12, 1995, the new constitution of the Azerbaijani state was adopted by
voting. According to our new constitution adopted on November 12, 1995, the economic, political,
and legal foundations of the state were determined and the foundation of our legal state-building
was laid. Fundamental measures were taken to create a legislative base. The activities of the
National Assembly were strengthened. During this period, laws on taxes, courts, political parties,
and reforms were adopted. The adoption of our constitution in 1995 was a major, historical stage
in the development of Azerbaijan as an independent state.

Kpamkoe codepixcaHue

12  Hosbpa 1995 roma ronocoBaHMem  6blna  NpUMHATA  HOBAA  KOHCTUTYLMSA
AzepbanamaHckoro rocygapctesa. CornacHo Hallel HOBOM KOHCTUTYLMK, NPUHATOM 12 HosbpA
1995 roaa, 66111 onpeaesnieHbl SKOHOMUYECKME, NOANTUYECKME M MPaBOBble OCHOBbI FOCYA3PCTBA
M 3an0XKeH PyHAAMEHT Hallero MpaBOBOro rocyAapcTBEHHOrO CTPOMUTENbCTBA. BblAnM NPUHATLI
CYLLECTBEHHbIE Mepbl MO CO34aHMI0 3aKOHOAATENbHOW Ha3bl. AKTMBM3MPOBANACL AEATENbHOCTb
HaumoHanbHoro cobpaHma. B aToT nepurog, 6bian NPUHATLI 3aKOHbI, KacatoLLMeca Hanoros, CyA08,
NOAUTUYECKUX NapTuit 1 pedopm. MpuHATUE Hawel KOHCTUTYumMm B 1995 rogy cTano BarkHOM
MCTOPMYECKOWN Bexo B pa3BMTUM AsepbaliarkaHa Kak He3aBMCMMOro rocy4apcTea.

As we know, during the leadership of the National Leader Heydar Aliyev, as a result of his
far-sighted policy, fundamental measures were taken in the field of state-building, and important
steps were taken for the comprehensive development of our state. The outstanding political figure
Heydar Aliyev was the architect of our independent state — Azerbaijan, and wrote history with his
numerous unparalleled activities. The adoption of the new constitution of the Republic of
Azerbaijan is one of the most important political and legal events in our history.
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Although our state gained independence in 1991, it was still governed by the constitution
adopted during the Soviet era in 1978. Gaining political independence, changes in the economic
system, and issues related to the protection of human rights necessitated the preparation of a new
constitution. The adoption of a constitution in accordance with national interests was extremely
necessary for the establishment of legal stability in Azerbaijan. With the coming to power of the
National Leader Heydar Aliyev in 1993, stability was established in the country. Starting from the
end of 1994, work began on the preparation of our new constitution — the first constitution of the
independent Azerbaijani state. A special working group was also established under the leadership
of our national leader Heydar Aliyev. The draft constitution was presented to the public in the fall
of 1995. Many public discussions were organized in the press and television in this regard. A
referendum was held on November 12, 1995. The Constitution of the Republic of Azerbaijan was
adopted by a nationwide vote (referendum) on November 12, 1995

With the adoption of the new Constitution, Azerbaijan took an important step towards
building a legal, democratic and secular state.?

This constitution, adopted on November 12, 1995, is an important law that determines the
legal foundations of Azerbaijani statehood. This constitution, adopted on November 12, 1995,
consisted of five sections, twelve chapters, and one hundred and fifty-eight articles. Our
constitution gives extensive space to issues such as civil rights, local self-government, free
assembly, freedom of religion, freedom of the press and freedom of speech. The Constitution
stipulated the division of powers into legislative, executive and judicial branches. During this
period, new institutions such as the Constitutional Court, the National Assembly, and the Human
Rights Ombudsman were established. The creation of a legislative framework was one of the most
important steps taken by the Azerbaijani state in the direction of state-building during its
independence. With the adoption of our constitution on November 12, 1995, the Azerbaijani state
acquired its own constitution as an independent state for the first time. Thus, the forms of state
governance and the rights of citizens were fully defined. In the constitution of the independent
Azerbaijani state, human rights and freedoms were accepted as the highest value, and the
principles of a secular and democratic state were confirmed. The adoption of the new constitution
also played an important role in increasing Azerbaijan’s international prestige.

" Constitution of the Republic of Azerbaijan. Baku, 1995. (Official publication)
2 Aliyev, H. (1996). Our Independence is Eternal. Baku: Azerbaijan Publishing House.
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Numerous copies and notes by Italian travelers have saved, taken from the Vatican archives
in Rome, the Vallicelli, Barberini, and Magliabecca libraries, the churches of Santa Maria sub-
Minerva, and the Riccardi Library in Florence. However, the Vatican Apostolic Library deserves
special attention. Such research can help reconstruct a complete picture of the foreign relations
of Kazakhstan and its predecessors with Europe and other civilizations, which is especially
important for reconstructing international relations in different historical eras. Access to rare
sources and knowledge facilitates the development of the academic community.

The Vatican Apostolic Library (Biblioteca Apostolica Vaticana) was founded by Pope Nicholas
in 1451. The Vatican Library ranks first in Europe for the antiquity and richness of its manuscripts,
that is, manuscripts and bibliographic rarities. The magnificent Sistine Hall displays some of the
rarest exhibits, including an ancient 4th-century Bible manuscript; a 6th-century Gospel of
Matthew; a palimpsest, a parchment manuscript containing much of Cicero's De Repubblica; and
four copies of Virgil from the 3rd to 5th centuries.

In connection with the agreements on cooperation between Kazakhstan and the Vatican in
the fields of science and culture, the study of the rare written, archaeological, artistic, and other
historical and cultural monuments saved in the Vatican is of great national importance for
Kazakhstan. Opening the archives of the Vatican Apostolic Library to scholars in Kazakhstan has
significant advantages for the development of the social and humanitarian sciences. The Vatican
Library contains a vast number of unique documents, many of which are not available in other
archives around the world. These may include medieval manuscripts, historical records, and other
artifacts that can shed light on little-studied aspects of global and regional history. For Kazakhstani
scholars, this opens access to rare sources on the history of religious contacts in Asia, diplomatic
relations, and cultural exchange with Europe and neighboring regions. The phenomenon of
“travel” has an ancient history that remains relevant today. From the time of Cyrus's Anabasis to
the Lewis and Clark expedition, people have been fascinated by unexplored territories. Despite
historical changes, the essence of this process—moving from one cultural and natural space to
another—has remained constant. Travel has always held a special significance, reflecting the
human desire for knowledge, exchange, and interaction with other cultures.

The notes of Italian travelers of the 13th to 15th centuries constitute a unique source,
containing valuable information on the culture, religion, politics, and customs of East and Central
Asia at the time. These documents not only convey factual data on geographical discoveries and
economic opportunities but also describe the cultural characteristics of the Italians and their
perception of foreign customs and art. In Italy in the 13th century, there were numerous
preconditions for organizing such expeditions, and the expeditions themselves addressed
important research and socio-political issues.
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As we know, it is very difficult to get permission to work in this unique library of Vatican. In
addition to professional qualities and appropriate scientific profile there is a prerequisite to have
knowledge of Latin or ancient Greek. Basing on the agreement between the President of the
Republic of Kazakhstan and Vatican Pope Kazakhstani researchers are conducting the research
work. It is funding from the Science Committee of the Ministry of Science and Higher Education of
the Republic of Kazakhstan “Early and Medieval history of the culture of the Turkic world based
on New Unique Materials from the Vatican and Western European countries”.

Largest ethnic group between antiquity and the middle Ages were Turks — natives of
Central Asia. The early history of Kazakhstan is part of a global Turkic history. It is very important
to study in detail the history of the Turks - the Huns, because it was they who since the second
half of the 4th century led epochal process in Asia and Europe, which is called the Great Migration.
It was a turning point in world history as a whole. Since that time, the synthesis and integration of
social relations, cultures and traditions of tribes and peoples who inhabited the Eurasian space
had occurred. These processes had many implications for the formation of a qualitatively new
civilization and socio-cultural relations.

In Vatican, in the stacks and collections of the Vatican Apostolic Library (Biblioteca Apostolica
Vaticana), which ranks number one in Europe in antiquity, rarity and number of manuscripts,
Kazakhstani researchers made a considerable amount of scientific and research work. For
instance, new source materials on the history of the Hun Empire, Avar and Turkic Khanate, as well
as state and tribal entities on the territory of Kazakhstan in the era of the Middle Ages were
identified. Most of these sources are present only in Latin.

Rare sources are papal correspondence, chronicles, stories and notes of travelers,
missionaries and other narrative evidences, containing valuable information on the history of the
Huns, Turkic Khanate, Dasht-i-Kipchak, Golden Horde, the integration of East and West on the Silk
Road.

All of these materials, it was found in the collection of manuscripts in the hall of manuscripts
Vaticani Latini (Latin collection). For example, regarding the Turks of the Huns and their
relationship with the Roman Empire there is evidence in the writings of Pope Leo | the Great (440-
461). He summoned the Eastern Roman Empire (Byzantium) to the joint fight against the Huns in
opposition to hegemony in Europe. In a letter dated April 23, 451 Pontiff wrote: “nam inter
principes Christianos spiritu dei confirmante concordiam gemina per totum mundum fiducia
roboratur, quia profectus caritatis et fidei utrorumque armorum potentiam insuperabilem Facit,
ut propitiato per unam confessionem deo simul et haetretica falsitae et barbara destruatur
hostilitas ...” [1].

Later in 452 after all Northern Italy was taken by the Huns, their way to Rome was short-
lived. It became more evident that the Western Roman Empire cannot stop the onslaught of the
Huns, and Attila was close to world domination. Hun Empire, consisting of 4 parts, on the northern
outskirts stretched from Huns kingdom to Germany (Skythica et Germanica regna). The army of
the Roman Empire was unable to withstand the onrush of the Huns, the former was paralyzed by
success of the latter. Then the Roman Empire - the world superpower of that time, used a
technique: delegated an embassy to the ruler of the Huns, Attila. The Embassy was headed by
Pope Leo I: ... “... et tot nobilium provinciarum lattissima eversione credita est saevitia et cupiditas
hostilis explenda, nihilque inter omnia consilia principis ac senatus populique Romani salubrius
visum est, quam ut per legatos pax truculentissimi regis expeteretur. Suscepit hoc negotim cum
viro consulari Avieno et viro praefectorio Trygetio beatissimus papa Leo auxilio dei fretus, quem
sciret numquam piorum laboribus defuisse nec aliud secutum est quam praesumpserat fides, nam
tota leganione dignanter accepta ita summi sacerdotis praesentia rex gavisus est, ut bello
abstinere praeciperet et ultra Danuvium promissa pace discederet ”.
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Analyzing the papal correspondence of those years, you can find a letter of 512 or 513, from
bishops of the eastern regions addressed to the Pope Symmachus (498-514). From its content we
learn that in 452, during the historic meeting Leo | spoke with Attila regarding the release of
prisoners who were captured by the Huns.

The fact that the ruler of a vast Hunnish state, to which both Roman Empires paid tributes
by the middle of the fifth century, refrained from conquering the city of Rome, giving heed to the
request of the embassy, headed by the Pope, demonstrates the wisdom of Attila. He stopped the
violence of his troops, refusing, in substance, from the wanton destruction and casualties...

Thus, these sources allow objectively recreate the image of the ruler Attila as the great
political leader who performed great deeds. With good reason, | can say that Attila should be
regarded as the most outstanding personality of the first millennium. Under his leadership, the
Huns demonstrated an outstanding art of war during victorious battles against both Roman
Empires.

In the Vatican Library it was paid particular attention to the information of European
travelers to the East — Central Asia and the lands east of it, i.e., Mongolia and China. This is
particular type of historical sources that shed much light on the history of international relations,
as well as the economy and way of life, social and political relations, religion and customs.

In total professor Kalkaman Zhumagulov indicated 126 names (discovered by me) of those
who travel to Eastern and Central Asia since the mid-13th and up to the middle of the 15th
century. Many of them are almost unknown. The exception is perhaps a narrow range of individual
specialists of Western Europe.

For example, it is possible to mention here the following: Balduin von Hennegau, Odorico da
Pordenone, Isachus Venerio (Venier), Jacobus von Florenz, Paschalis Hispanus de Victoria,
Gottifredo Morosini, Giovanni Querini and a number of other travelers and missionaries.

Hereis Cesare Poma, the Consul, the scholar, presented through the treasures of the Vatican
Library and the works of Kristjana S Williams. His biography, diplomatic career, and interests are
showcased in a large triptych map. The artist draws the visitor into an extraordinary narrative that
unfolds across three contiguous panels, spanning from the Americas to the Far East. Within them,
we find Poma’s places of study, the destinations of his diplomatic service, glimpses of the world
taken from books and photographs preserved in the Vatican Library, roads and modes of transport
also extracted from literary and documentary materials, all masterfully transfigured by the
Icelandic illustrator’s creative genius [2].

ltalian travelers, for example, noted the ways in which it is possible to cross the lands of
Central Asia and the Kipchak Khanate. In this case, the definition of "khanate" coincides with the
word "state". Turkic term "khanate" in its content is absolutely identical to the term "State". The
data of the Vatican Library has a lot of information about Golden Horde, Chagatai Khanate, about
the rule of various Khans, etc.

As already have been mentioned, in the historical sources it is mentioned about Kipchak
Khanate as a separate political and state entity. For example, during the time of Kublai Khan it was
anachronistic to assert that Chagatai Khanate, Kipchak Khanate or Persia also obeyed him.

Particularly valuable for the history of Kazakhstan, the Turkic world and Central Asia are
correspondence of popes and khans of the Golden Horde. It was able to read the content of some
manuscripts. However, this work should be continued.

It was also examined a number of source materials and the latest literature in European
languages on the above-mentioned subjects in the world's largest university La Sapienza (Sapienza
Universita di Roma) where more than 150 thousand students, master’s degree and doctoral
degree students are studying.

These unique materials are important in the ideological-patriotic education of Kazakhstan's
society. They certainly will add value to the reserves of the sources and literature for conducting
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comprehensive studies on the history of Kazakhstan and the Turkic world, as well as world history.
New sources and literature will play a significant role in the implementation of scientific and
educational activities, especially in the preparation of a new generation of historians within the
undergraduate, graduate and doctoral programs in Kazakhstan.

1. Biblioteca Apostolica Vaticana (BAV), Vaticani Latini (Vat. Lat. 541, f. 67-68 R). See also:
BAV, Vat. lat. 1319, f. 96Y, Vat. lat. 544, f. 183-184R

2. In dialogue with Kristjana S Williams — Cesare Poma // https://enrouteproject.com/
en/the-exhibition/in-dialogue-with-kristjana-s-williams-cesare-poma/
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«EremeHiK wepyiHiH» 6apbiCbl MeH
MaHbI3bl

KyaHbiw aHepke AMaHresnabliKbi3bl

F'yMaHuTapAablk 6inim 6akanaspsbl, /1.H. T'ymmnnes atbiHAafbl Eypa3na yATTbIK YHUBEPCUTETI,
AcTtaHa, KasakcTaH

LLaKknprkaHoB TemipnaH AnMMMKaHy bl

['YMaHUTaPAbIK FblibiIMAap marncTpi, J1.H. Tymunes atbiHAafbl Eypasuna yaTTbIK
yHuBepcuTeTi, ACTaHa, Ka3aKkCcTaH

AHgaTtna. XX facblpAblH, COHbIHAA OPbIH anfaH «EremeHaik wepyi» - KeHec OpafbiHbIH,
blAblpay KapCaHblHAAFbl €H MaHbI3/lbl CasCK KaHe Tapuxm KybbinbicTapabliH, 6ipi. byn npouecc
KCPO KypamblHAafbl odakTac pecnybamKkanapdbiH, 6ipiHeH coH, bipi e34epiHiH, MemaeKkeTTiK
ereMeHAjri Typanbl AeKknapaumanapbiH KabbingaybiHaH 6actanp.

Makanana «EremeHaikTep wepyi» Aen aTanaTblH TapUXM yaAEPICTiH, BapbiCbl MEH MaHbI3bl
KapacTbipbinabl. 3epTrey 6OapbiCbiHAA eremeHfik Typanbl Aeknapaumanap KabbinaayabiH,
aNfbllAPTTaPbl, OHbIH CAACK KaHe aneyMeTTik cebenTepi, coHaam-ak byn KybObiNbICTbIH KEHECTIK
YKYMEHIH, blAblpayblHa SCePi aHbIKTaNbI.

1988-1991 blngapbl pecnybnvkanapaa OPbIH anfaH eremeHfik Ko3FasblCTapblHbIH,
YATTapAblH, ©3iHAIK CaHacblHbIH, OAHYbI, OpTajblKkTaH OONIHY YPAICTEPi »aHEe »KaHa Tayencis
MeMeKeTTePAiH, KanbinTacybl KepiHiciHae capanaHabl. CoHbiMeH KaTap, Ka3aKCTaHHbIH,
eremeH/iK AeKNapaumachiH Xapuanaybl }KaHe Caacy KyMeCiHiH alKblHAaAYbl TaAAaHAabl.

3epTTey HaTuKeciHae «EremeHaiKk wepyi» Tek caack KyOblabiC KaHa emec, NOCTKEHECTIK
KeHiCTIKTeri »aHa YNTTbIK MEMIEKETTINIKTIH BacTaybl 6oAFaH TapuUXM NPOLIECC EKEHI AanenaeHA].

TyMiH cesnep: EremeHAik Wepyi, eremeHik Aeknapauuacel, Tayencisgik, pecnybnmka,
KasaKcTaH, caacu »kyne, ynTTbiK caHa, KCPO-HbIH, biablpaybl.

Kipicne

XX FacblpAblH, COHFbl OHMbIJAbIFbI SNEMUIK TapuXTafbl aca Kypaeni api 6eTdypbICTbl
KeseHaepaiH 6ipi 6onapl. KeHec Ogafbl CUAKTbI @bl MMMNEPUAHbBIH, CAACK, IKOHOMMKANbIK, KIHE
NAECONOTUANBIK KYMECIHIH [AafaapbiCka  Yiibipaybl OYpbIHFbI  OAaKTac pecnybaunkanapabiy,
eremeH/iikke YMTbIAbICbIH KywwenTTi. OcbiHAaM Tapuxm caTTe nanaa 6onfaH KyoblabICTbiH, Bipi —
«EremeHaik wepyi», arHn KCPO KypambiHAafbl pecnybavMkanappliH, e34epiHiH MeMIeKeTTiK
eremeHiriH *kapuanan bacraybl eai.

1988-1991 xbinaap apanblFbiHAa Oy YpAic KapKbiHAbI TypAe epic angpl. Pecnybankanap
©3JEpiHiH, MeMIEKETTIK eremeHairi Typanbl AeKknapaumanapbiH Kabblngan, opTafblK OUAIKTIH,
YCTEeMAIMH WeKTeyre, YATTbIK 3aHAapbiHbiH, OacbIMAblfblH OpHATyfa YKoHE 3KOHOMMUKAbIK,
nepbecTiriH  HblFaTyFa TannbiHAbl. MyHAaM aeknapauuanap anabimeH banTbik enaepiHae
(9cTtoHun, Nateus, JIntea), KeliHHeH Pecei, YKpauHa, benapycb, KasakcTtaH »aHe OpTa A3us
pecnybankanapbiHAa KabblnaaHab.

KaszakctaHga 1990 kbinfbl 25  KasaHaa  «MemnekeTTik  eremeHAaik  Typasnbl
LeKnapaumaHbiH» KabblnaaHybl — enfiH Tayencisaikke 6actap anfallkbl HaKTbl CaacK Kadambl
6onapl. byn KykaTTa pecnybanKkaHbiH 63 ayMarbiHa, TabUFK BalNbIFbIHA, 3aH, WbIFAPYLLbIIbIK KaHE
CbIPTKbl CanACaT KYPridy KyKblfblHA Me eKeHAiri »apuanaHbin, Honallak ereMeH MeM/EeKeTTiH,
ipreTacbl KanaHabl.
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«EremeHAiK Wwepyi» KEHECTIK *KyNeHiH cascn aaraapbicbiH TepeHaeTin, KCPO-HbIH, biabipay
npoueciH kepenaetti. CoHbIMeH KaTap Oy Ke3eH YATTbIK CaHa MeH Tayenci3fik UAeACbIHbIH,
KYLLEIOIHE, }KaHa ereMeH MmemeKkeTTepPAiH AYHMere KeayiHe o awThbl.

«EremeHnaik wepyi» 1988-1991 bingap apanbifbiHaa KCPO xaHe PROCP KypambiHAAFbI
ofaKkTac pecnybnunkanap mMeH aBTOHOMWAbIK 0OMbICTapAblH, MEMIEKETTIK eremeHziri Typasb
Aeknapaumanapabl Kabblngay npoueci 6onapl. byn tepmuHai PKOCP xanbik aenytatol MeTp 3epuH
eHrisreH [1].

«EremeHaik wepyi» pecnybinka KOHCTUTYLMSANAPbl MeH 3aH43PbIHbIH OAaKTbIK 3aHAapaaH
bacbimabinbiFbiH - 6ekiTTi. Byn KCPO-HbIH KYKbIKTbIK, KYMECIHIH KOWbIyblHA MOHE aHa
MeMIEeKeTTEPAiH, iC *Ky3iHAe KanbinTacyblHa akenai. K EremeHaik WwepyiHiH» eTyiHe pecnybanKanbik,
3/IMTaHbIH, aHa eremeHi MemM/IeKeTTep Kypyfa YMTblabiCkl ceben 6Gonabl. byn npouecc
bactankblaa « KCPO-HbIH, *KaHapybl» Aen aTanapl, Oipak KYKbIKTbIK KaHe caacK TypFblaaH Aayabl
bonapl [2].

EremeHaik Typanbl [eknapaumsnapdblH, KabblngaHybIMEH KaHa MeMIeKeTTepPdiH,
KOHCTUTYUMACLI »acana 6actagbl. «EremeHaik wepyi» KCPO-HbIH, blAblpayblHbIH, — HEri3ri
dakTopnapbiHbiH, Oipi 6onabl. Opak AeHreniHaeri «EremeHAik wwepyi» aymak neH 6unik
apacblHAafbl KenicneyLwinikneH Katap *Kypai, 6yn akplp aafbiHaa Ogak opraHaapbiHAAafFbl «3aHAap
COFbICbIHAY» KaHe «BUNIKTIH cangaHybiHa» akendi. Oaak opraHaapb! 6y NPOUECTi TYPAI KYKbIKTbIK
aKTinepMeH Texeyre TblpbICTbl, OipaK onapablH OyMPbIKTAPbIH OPbIHAAY MYMKIH Gonmaap.
Onapabl sKy3ere acblpy VWiH b6ipTyTac OAaKTbIK KeHICTIK en aymafbliHbiH, 6eniHyiHe 6alnaHbICTbl
byaaH Obinai bonraH oK. [leMek, «3aHAap COFbICbl» OAAKTbIK 3aHAaPAbIH, KeHiNiCKe yLblpayblHa
akengi. OaakTblk BUNiK opraHaapblH biabipaTy npoueci 1991 xbiabl 26 entokcaHaa KCPO pecmu
TYPAE eMip cypyiH TOKTaTKaHfa AeliH *anfacTbl [3].

1922 »binbl KeHec Opafbl KypblifaHHaH bepi OHbIH, KypamblHAafbl pecnybankanap
eremeHi memnekeTtep 60bIN caHanabl. I9pbip pecnybamnka KCPO-aaH WbiFyFa KyKblabl 6onabl,
6ipak 6yn ToPTINTI PETTeNTiH 3aH, epexenepi 6oimaabl.

Pecmu Typae oaaKTbiK pecnybamkanap WetT MemnekeTTepMeH Xa/iblkapasblK KaTbIHACKA
TyCyre XaHe Xa/blKapasblK yMbiMAapfa KaTbiCyfa KyKblabl 60onabl. Mbicanbl, benapychb aHe
YkpanHa KCP-nepi Anta KoHPepeHUMACbIHAA KON MKETKi3inreH KenicimaepaeH Keid BYY-ga e3
eKingepiHe me 6onabl, an 1944-1946 xbingap apanblFbiHAa Kafas Ky3iHae OpakTaH bGenek
@34epiHiH Kapynbl kKyLWTepi 6onabl. LbiHAbIFbIHAA BipNapTUANbIK XKyle KesiHae 6ap/bliK MaHbI3abl
CancK XaHe aKoHOMMKabIK Wwelimaep KOKM OpTtanbik KomuteTiHiH Caack 6iopockl backapaTbiH
opTasblKTa KabblnaaHabl. Pecnybnankanap KypambiHAafbl pecrnybamkanap MeH aBTOHOMUSIbIK,
obnbicTap yATTbIK 6enrinep 60MbIHLLIA YbIMAACTbIPbIAAbI [3].

1. Toyencisaikke AeliHri y3aK »on

KeHec OaafblHbIH, blablipaybl — XX facblpAblH COHbIHAAFbI €H, ipi TAPUXM-CAACKU OKUFANapAbIH,
6ipi. byn yaepic anemaik reocascu xRymeHi Tyberenni e3repTTi, COUMANNCTIK NarepbliH, KympeyiHe
YKOHE }KaHa Tayesci3a MemneKkeTTepaiH, KaabintacyblHa anbin kengi. A.B. LLy6uHHiH «Pacnaa CCCP:
0OBbEKTMBHbIE MPUUNHbI U CyObEKTMBHbIE GaKTOPbI» aTTbl MakanacbiHaa KeHec OaarbiHbIH Kynpeyi
Ke3[encoK KyOblabiC €MeC, KermKaKTbl TapUXK, 2/IEYMETTIK KaHe caacu cebenTepaiH MUbIHTbIFbI
peTiHAe KapacTbipblnaabl. ABTOp Oy Macenere fbi/ibIMU XKaHe CbiHW TypfblaaH Kenin, KCPO-HbIH,
OMIpLIEHAIriH OFaNTyblHa 9Cep eTKeH Herisri pakTopaapabl ankbiHaanas! [4].

ABTOPAbIH, NiKipiHWe, KeHec »KyneciHiH, Kynpey cebenTepiH TeK OHbIH, KYpblay Ke3eHiHeH
Hemece COUMANNUCTIK naesnapabiH, d1Ci3airiHeH i3aey Aypbic emec. OUTKeHI KeHec memnekeTi 83
TapuxblHOa KBNTereH CbiHAKTapAaH OTTi, COHbIH iWiHAe EKiHWI AYHMEXKY3iNiK COFbICTbIH, aybIp
3apganTtapbiHa Aa TeTen OepAi. Jemek, KypblIbIMAbIK KEeMLUINIKTepAiH, ©3i OHbIH, KyMpeyiH
aBTOMaATTbl TYPAE TYyFbI3FaH KOK.
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1980-Kbinaapra Kapan KeHec Kofambl XKYMeNik AafdapbiCKa Yibipadbl. IKOHOMMUKAbIK,
}ocnapaay TeTiKTepi TOKblpayfa YLLIbIpan, FblIbIMU-TEXHUKA/bIK NPOrpeccTeH apTra Kangbl. byn
KeseHJae opTanblKTaHAablipblFaH 6ackapy kyheci meH B6I0pPOKpPaTUAHbIH, WamMajaH TbiC ©Ccyi enfin,
MKemai AamyblHa Kedepri KenTipdi. HaTuxKeciHAe, 3KOHOMMKAbIK TWMIMCI3AIK CaaCU KaHe
INEYMETTIK WWMeneHICTePMEH YNacTbl.

KCPO-HbIH, KyMpeyiHe biknan eTKeH MaHbi3abl dakTopnapablH, Oipi — ynaTapanbik,
KaTblHacTapAarbl wueneHic. LLyOuMHHIH oMbiHWa, KeHec buniri KypblaFaHHaH 6acTan aTHMKabIK,
KaWLLbINbIKTapAbl YakbITLWa «TOHA3bITbIN», Oipak Tyberenni wewle anmaasl. KeHeCTiK yATTbIK cascaTt
pecnybankanapra maeHn aBToHoMMA Bepce A, LWblHaWbl CAACK TOYENCI3AiK LWeKTena,.

«KalTa Kypy» KeseHiHAe *Kapusa/bliblK NeH AeMOKpaTUanaHy NpouecTepi KylenreHae,
VATWbINAbIK MAesNap MeH alMaKTbIK cenapaTtiam beneH anapbl. banTbik engepi, Kaskas kaHe OpTa
A3nsa alimaKkTapbliHAa 3THOCApasblK KaKTbIFbICTAP OPbIH andbl. ABTOp atan eTkeHael, 6yn
Ko3fanbicTap Topbayes canacaTbiHbIH TiKeNel cangapbl eMec, KepiciHle bypbiHHAH Kene XaTKaH
STHUKANbIK KaWLbINbIKTAapAbIH KalTa benceHyi enj. YATTbIK 3AMTanap €3 OUAIriH HblFanTy YLiH
YNTTbIK *KaHFbIPY» YPaHbIH NaaanaHyfa YMTbIAAbI.

CoHbiMeH KaTap, 1980-KbingapablH COHbIHAA  OpbIC  TiAAl  XanblKTbiH,  YATTbIK,
pecnybnunkanapaaH Keuyi kywenai. byn karaan KCPO-pafbl «BipTyTac KeHeC Xankbl» MAEAChIH
ancipeTin, iWki 6ipnikTi by3abl.

LLly6buH KeHec KOfamblHbIH, biAblpayblH 21€YMETTIK-9KOHOMMKANbIK GaKTopnapmeH ae
HalinaHbICTbipaabl. fopbayes KyprisreH pedbopmanap — KaiTa Kypy (Nepectpoika) MeH xeaenaerty
casfcaTbl — BacTanKblAa KyMeHi XKaHapTy MaKcaTblH Ke3A4ereHMeH, LblH MaHiHAe BypbiHFbl Tene-
TeHAiKTi By3bin, KaHa JaFaapbicKa aKkensi.

1985—-1991 kblngapbl XKYPTi3ireH «KeprinikTeHaipy» *KoHe «HapbIKTaHAbIPy» cancaTbl
aMaKTbIK anMTanapablH, AepbecTirii KywenTTi. byn pecnybnmkanap apacbiHaasbl 3KOHOMUKaANbIK,
bannaHbICTapablH,  Y3inyiHe, ©HAIPICTIK KyhenepaiH, OeNWeKTeHyiHe KaHe  OoAMKeTTiK
TanWbINbIKTbIH, yAFatobiHa ceben 6onabl. HaTuKeciHAe, aiMaKTap OpTanblKTbl 63 SKOHOMMKAbIK,
KMbIHAbIKTapbIHbIH cebebi peTiHae Kepe bacTaapl.

KeHec OpafblHbIH KyMpeyiH TyCiHAipyae MAe0oN0rnaNbIK GaKTOp Aa MaHbI3Abl PO aTKapabl.
PA. MeaBenes cuakTbl 3epTTeywinep 6yn  KybObINbICTbl  KOMMYHWUCTIK  MAEO0NOTMMUAHbIH,
Ky/ablpaybimeH 6annaHbicTbipFaH. LLybuH 6onca, myHaam TyCiHAIPYAI *KeTKiNIKCI3 Aen caHanapl.
OHbIH, niKipiHWe, uaeonornaHbiH, ancipeyi — ceben emec, cangap. KMCC-TiH Kofamaarbl
HacKkapyLUbIAbIK peniHe KYMaH Tya bacTafaH Ke3sae, NapTua e3iHiH, «UuemeHTTeyWi» GYyHKUMACHIH
OFanTTbl [4].

1980-*bINaapablH, COHbIHA Kapan NapTUSAbIK MepapxuaHbliH, 9P AeHreri OpTablKTbiH
HYCKay/aapblH opbiHAayaaH 6ac TapTbin, 3 beTimeH apekeT eTe bacTaapl. MyHAalM ae3nHTerpauma
canacK backapyablH, TOAbIK KyMpeyiHe anbin Kengi. KMNCC »KoMblaFaHHaAH KeWliH »KaHa, 6anama
yMAecTipy »KyMeci Kanbintacnabl, an a3amaTTblK Kofam ani xeTinmereH eai. Ocblnaniwa, 6unik
BaKyyMbl Nanga 6onabl.

ABTop KeHec OpafblHblH, KYMpeyiH eH aniblMeH 3auTanapAblH, apacbiHAafbl 6UAiK nex
pecypcTap YWiH KypecneH 6GannaHbicTbipadbl. 1991 »binbl Pecelt, YkpamHa xaHe benapycb
HaclblnapblHbiH, caacn mamineci KCPO-HbIH, emipiH HiprKona TOKTaTTbl. byn wWewiMm XanblKTbiH
Hemece YNTTbIK KO3FablCTapblH Tikenen apekeTi emec, buaikTeri TonTapablH, 63 MyAAeCiH KopFay
Tocini 6onapl. Ocbl TypsblgaH anfaHaa, KCPO-HbIH KyMpeyi — »Kofapbl AeHrenaeri caacu
OMbIHAAPAbIH, HITUMKECI.

CoHbiMeH KaTap, KeHec OpafblHbIH Kylpeyi TeK 3KOHOMMKa/blK, HeMece 3THOCaACH
[afnapbiC canfapbl eMec, KemnKblp/bl KyWenik blablpayablH KepiHici peTiHae HafanaHadbl. byn
nNpouecc iWKi KanlWblAblKTapAablH, WAEONOrMUANbIK AafaapbICTbiH, 3AUTANbIK KYPECTiH KaHe
Hackapy KypblbIMbIHbIH TUIMCI3iriHIH, TOFbICbIHAA KanbinTacTbl. byn macenenep Taynbl Kapabax,
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®epraHa VIWIiH Tanac, WerapanblK KaHe PecypcTbiK Kepaepai nemaeHyre yMTbIAbICTaH Aa
TybIHAAAbl Aecek 6onaabl.

KCPO-HbIH, KyMpeyi — Bip me3eTTik anaT emec, y3ak Kblngap O0Mbl KUHAKTAAFAH iLUKi
Kapama-KanllblAbIKTapAblH Tapuxm 3aHabl HaTuxKeci. [lemek, KCPO Tapuxbl — TEK 6TKEHHIH cabafbl
eMec, Kasipri 3amaHfbl MeMJIEKeTTep VLIIH Ae MaHbi3abl Taxipnbe. On 6izre memMiekeTTiH,
TYPaKTbI/bIFbl TEK MAEONOTMA MEH KYLLKe eMec, backapy TUIMAINIrIHE, SNeyMETTIK 9AiNAiKKe KaHe
KOfam meH DUiK apacbiHAafbl CEHIMIE Tayesifli eKeHiH KepceTea,.

2. PecnybnvKkanapabiH, EremeHAiK AeKNapaLMACIH ¥apuanaybi

KCPO-HbIH, blablpaybl OHbIH, COHFbI KOCbIMN anfaH enaepaeH bactangpl. EKiHLWI AyHMERY3iNiK
cofblCc KesiHae MonoTos-PnbbeHTpon nakTici meH AnTa Kenicimaepi HITUXKeCiHAEe KOoCblifaH
BanTblk enaepiHiH, aymakTapbiHaH, acipece IcToHMA MeH Jlutea, KeHec pecnybamKanapbiHbIH,
OpTa/IbIKTaH TEMKill KO3faNbiCbiHaH anaa bonabl.

1988 kbinbl 17 maycbimaa Mackeyaeri KOKIM XIX napTtma KoHpepeHumacbiHaa IcTtoHma KCP
KOMMYHUCTIK NapTUACBbIHbIH, Aeneraumacbl KCPO-gafbl KOFaMAbIK, CAACK KOHE SKOHOMMKAbIK,
eMipiH, Bap/blK cananapbiHaa OKiNeTTikTepai 6eny KaHe onapabl pecnybnnkanbik bunikke bepy
Typasibl YCbIHbIC Kacaabl.

16 Kapawaga 3ctoHma KCP Morapfbl KeHeci 3ctoHmna KCP-HbiH, MemnekeTTik EremeHairi
Typanbl [eknapauma Kabblnaaabl, on pecnybivKanbiK 3aHHamaHblH OJaKTac 3aHAapAaH
ycTemzirid benrinen,.

1989 »blabl 26 mamblpaa eremeHaik Typanbl Jeknapaumsansl Jintea KCP HKofapfbl KeHeci,
an 1989 xbinbl 28 wingene Jlateua KCP Mofapfbl KeHeci Kabblngaabl.

1989 kbinbl 23 KblpkyMekTe O3ipbaiykaH KCP ofapfbl KeHeci EremeHaik Typansi
[eknapaumaHbl Kabblnaaabl.

©3iHIH TONbIK TaYeANCi3AiriH KapuanafaH anfawkbl Tepputopmna 1990 Kbiabl KaHTapaa
Bakyre KeHec ackepnepiHiH, KipyiHe »kayan peTiHae KCPO-gaH KeTeTiHiH KapuanafaH HaxnyesaH
AKCP 6onapbl.

1990 *binbl 11 Haypbizga Jiutea PecnybamKkacbiHbiH, Mofapfbl KeHeci 1938 xbiafbl 12
MaMbIpaafbl JINTBA KOHCTUTYLMACBIHbIH, KYLLIH KaAnblHa KEeATipy Typanbl *apuanagbl. Jintea KCPO-
[aH KeTeTiHIH »apuanaraH anfallKkbl ogakTac pecnybnmka 6ongabl.

1990 xbinbl 12 maycbimaa PCOCP Xanblk genyTatrapbiHbiH cbe3i PCOCP-aiH MemneKeTTik
EremeHairi Typanbl Jeknapauma Kabblngadbl, OHAA O4aKTacKa KaTbiCTbl Pecei 3aHHaMaCbIHbIH,
yctemairi KapacTbipbindbl. 1990 »KblnAblH KeNTOKCAHbIHA Kapal ereMeHiK Typasibl AeKnapaunsaHbl
KCPO-HbIH Bapnbik ogakTac pecnybanKkanapblHbiH HofapFbl KeHecTepi Kabblnaaabl.

OpTa Asuanbik pecnybankanapabiH, 6api e3 eremeHairiH 1990 »binbl Kabbingaasl. byraH
anMaKTbIH Nepudepmnaga opHanacybl 4a acep eTTi.

KasakctaHaa 1990 binfbl KasaHaa «EremeHpik Typanbl AeknapaumaHbl» Kabbingay
KarKeTTiniriHe 6alnaHbICTbl KOFAMAbIK KaFaan WmeneHicti bonabl. «JemokpaTmanbik KasakcTaH»
TOObIHbIH,  Myllenepi  ycbiHFaH  «EremeHAik  AeknapauuacbiHbiH»Y - 6anamansl  »Kobachl
pecnybankanbik bacnacesne epeKlle pe3oHaHC Tyablipabl.

Hexknapauma »kobacblH Tankblnay Kpidy oTTi. Calbin kenreHae, 1990 »binbl 25 KaszaHaa
«Kazak KCP-HiH memnekeTTik eremeHgiri Typanbl [eknapauma» Kabbingansin, 1990 Kbibl
Kapawaga OHblH HerisiHge «Kaszak KCP-geri memnekeTTik Ouaik neH Oackapy KypblibIMbIH
XeTinaipy Typanbl» 3aH KabbingaHas! [5].

TamMbI3 NyT4YbIHA AeniH 5 ogakTac pecnybaunKka (/lntea, /1atBus, ICTOHMA, APMEHUA KaHe
Mpy3us) e3gepiHin, Tayencisairi Typanbl, bomkamapl *aHa ogdakka (TMJ) KipyaeH 6ac TapTy »KaHe
Tayenci3gikke Kelwy Typanbl — Tek bipeyi (MongoBsa) 6ipskaKkTbl TOPTINNEH Kapuanadbl.

258



«World Scientific Reports» (October 16-17, 2025). Paris, France I

Cancu KaHe aneyMeTTiK TyPaKCbI3AblK Aaynapabl Kyl KOAZAaHy apKblibl (kebiHece Kapy
KONAAHy apKbiibl) LWely JpekeTTepiHe oakendi. byn KeHec memnekeTi MeH  YATTbIK,
pecnybanKanapablH, KOpfaHbIC KabineTiHiH, ToMeHAeyiHe, Kbl/IMbICTbIH ocyiHe aKkendi. ¥ATTbIK,
a3lWbl/IbIKTapFa OLWNEHAINIK NeH agam KYKbIKTapbl MeH BocTaHabIKTapbliH by3y kywenai [6].

1990 binbl 24 enTokcaHaa KCPO Xanbik genytattapbiHblH [V CbesiHiH, genyTaTTapsl
KCPO-HbI Ke3-KenreH yATTbiH, agam KYKbIKTapbl MeH 60CTaHAbIKTapbl TOMbIK KaMTamachi3 eTineTiH
TEH KYKbl/bl eremeH pecnybnnkanapablit KaHapTblifaH deaepaumacel peTiHae cakTaydbl KaxeT
nen caHagpl. Con kyHi M.C. TopbadyeBTiH, HacTamachbl MeH Tanabbl 6oMbIHLLIA Cbe3ae TeH KYKbl/bl
eremeH KeHecTik Coumanuctik Pecnybnunkanap denepaumacel peTiHae XaHapTbiifaH OaakTbl
cakTay Typasibl byKinogakTbik pedepeHaym oTKi3y Typasbl Kay/bl KabblagaHabl.

1991 *binbl 17 Haypbi3aa pedepeHaym eTTi, oHAa anTbl pecnybanKkaHblH (JIuTBa, ICTOHMS,
Nateus, Monaosa, Tpy3ans, ApMeHMs) Xa/KblH KocnafaHaa, azamatTapdblH, kenwiniri KCPO-Hbl
CaKTay »KaHe ¥aHapTy YLWiH aaybic bepai, oHAa KoFapfbl bUNik pedepeHaym eTKizyaeH 6ac TapTThl,
OMTKEeHI o/1ap BypbIH Tayenci3aik Hemece Tayesci3aikKke KoLy Typasbl Kapusanamp.

PedbepeHaym Oykin [py3ma aymafblHAa@ ©TTi, OHbIH ilWiHAe AdKapa aBTOHOMMUAbIK,
pecnybankacbl, Abxasns ABTOHOMMUANBLIK PecnybaunKkacbl xaHe OHTYCTiK OceTna aBTOHOMMANbIK,
obnbicbl, Mpy3ma Tayencisairiv 6apabik aBTOHOMMUANBIK BipnikTep Konaaasl, Monaasusa aymasbiHaa
)apuanaHfaH MpuaHectpoBbe Monaasua PecnybanKkacol aHe larayauns calikeciHwe Monaasua
TOYEenNCci3airiH MoMbIHAAMaNTbIHAbIFbIH KaHe KCPO KypamblHAa KaifbiCbl KENETIHAIrMH Kapuanaabi.

1990 xbinbl KentokcaHgaa KCPO npesnaeHTti M.C. Topbayes kaHapTbiiFaH Opak,
LWaPTbIHbIH, *KobacbiH yebiHAbl. OHbl KCPO Xanbik genyTtaTrapbiHbiH, [V cbesi Kongaabl.

1991 *bINAbIH KOKTEM-}Ka3blHAa HOBOOrapeB NPOLECH A€M aTaNaTbIH XKYMbIC TOObI XKyYMCaK,
opTanblKTaHAbIpblAMaFaH Penepauma peTiHAe KaHa OflaK - KEHECTIK eremeHai Pecnybnmnkanap
OpnafblH Kypy *obacblH Kacaabl. 20 TaMbl3fa KocnapnaHfaH *KaHa OAaKTbIK LWapPTKa KO KOobl
M.C. TopbauesTi KCPO npe3naeHTi KbiameTiHeH 6ocaTy spekeTi Oy3Apl, codaH KeliH KaafaH
oAakTac pecnybankanapabiH 6apabifbl AepAiK TOYENCI3AiK *Kapusanaapl.

6 Kblprkynekte KCPO MemneketTik  KeHeci KCPO  KypambiHaH  yw  BanTbik,
PecnybnuKacbiHbIH: /1aTBUsA, JIUTBA KaHE DCTOHUAHDIH, LLbIFYbIH 3aHAbl TYPAE MONbIHAAAbI.

14 Kapawaga 7 ogakTtac pecnybankanapabiH, (Peceit, benapycb, KasakcTaH, Kbipfbi3cTaH,
TosikcTaH, TypikmeHcTaH, ©36ekcTaH) — Tapaynapbl meH KCPO npe3sunaeHTi Muxann fopbayes
TM/-eremeH memnereTtep OaafblH KYPY Typasbl LWAPT Kacacy HMETI Typasabl MaaiMaAeme Kacaapbl.
1991 kbinbl 27 maycbiMaa AavblHAanFaH KenicimwapT xobackl KapuanaHabl. 1991 k. 8
wenTokcaHaa KCP OpafbiHbiH, (PCOCP, YkpanHa, benapych) v KypbiaTaniabl PecnybamMKacbiHbIH,
bacwblnapbl benosex KenicimiHe KoM KoOMAbl, OHbl TapaTy XaHe Tayencia Memneketrep
JocTacTblfblH MeMAEKETapPasblK YMbIM PeTiHAe Kypy Typanbl, ofaH 21 »entokcaHaa AnmaTbiaa
Tafbl 8 Pecnybamka KocbInabl.

entokcaH anbliHbiH - H6acbiHaa Pecelt, benapycb, TeikcTaH, KbIpfFbi3CTaH »oHe
KasakcTtaHHaH bacKka bapsnbik pecnybnukanapaa Tayencisgik Typansl pepepeHaymaap oTTi. OHbIH,
iwiHae 1 »kenTokcaHaa YkpauHaga Tayenci3gik Typanbl pepepeHaym oTTi, OfaH KaTbiCylublaap
(Kblpbimabl Koca anfaHga) 1991 xbinFbl 24 Tambl3Aafbl YKpauHaHbIH, TOYENCI3AiriH Kapusanay
aKTiciH Konaaapl. bopuc EnbumH BipaeH YkpanHaHbiH Toyenci3firiH MoMbiHAaY Typaabl Manimaeme
Kacaapbl.

8 kentokcaHaa KCPO OpafbiHblH, (PCOCP, YKkpaunHa, benapycb) yw KypblaTanllbl
PecnybnmKacbiHbIH, Baclublnapbl OHbl TapaTy KaHe Tayencia MemnekeTtep [oCTacTblfbiH Kypy
Typanbl benoBex KenicimiHe Kon Konapl, oFaH 21 enTokcaHaa Tafbl ceriz Pecnybamka Kocbinap.
KCPO-HbIH, blablpaybl OCblNalLIa pecMn TYpAe pacTanibl.

Toyencisgik  KapuanafaH aBTOHOMAbl  KYypblAbIMAAP  9AeMAIK  KOFaMAACTbIKTbIH,
MOMbIHAayblHa Me 6onmagbl. Abxasma meH OHTycTik Ocetmsa 2008 KblngaH KeWiH iwiHapa
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XanblKapanblk TaHyFa KON eTKi3aj, Taynbl Kapabak pecnybavkacel meH MpuaHectposbe Monaosa
PecnybsMKackl TONbIFbIMEH TaHbl/IMaraH MemiekeTTep 60nbIn Kana bepeai.
KCPO-HbIH blablpaybl Ke3iHAe Tayenci3aik KapuanafaH 4 aBTOHOMUA KENIHHEH KONbINAbI:
e 1994 xbinbl PenepatuBTi Kenicimre Kon KoWFaH TaTapcTaH, 6yn OHbiH Pecel
denepaunACbIHbIH, 3aHHAMACbIMEH KaKTbIFbICbIH aAKTaAbl.
e lleweH Pecnybnunkacbl Nukepusa, eki WelleH cofbicbl KediHae 1994-2000 »blnaapsl
Peceln ®enepalMACbIHbIH KYPaMblHa KalTa KOCbabl.
e [aray3ma, 1994 xbinbl [araysnAHbiH, aBTOHOMAblI ayMaKTblK Kypblaybl peTiHae
Monaasus KypambiHa 6eMbiT Typae KanTa Kocbiaapl.
e 1993 kbinbl ©O36eKkcTaH KypambiHa Kipy Typanbl LWapTKa KO/ KOoWFaH
KapakannakcraH.

3. «EreMeHaiK WwepyiHiH» Tapuxmu MaHbi3bl

KCPO-HbIH, COHfbl Ke3eHi — TeK CaAcu [afaapbiC eMec, COHbIMEH KaTap MeMJIEKeTTIK
KYKbIKTBIK XYMeHiH Kyhpey aayipi 6onabl. I.B. CuHuoB neH E.B. BUTIOUKMIM ©3 MaKanacbiHAa
aTanfaH KyObINbICTbIH KYKbIKTbIK aHE Caack MaHiH Tanzakl OTblpbin, y3ak Mep3iMmai canaapblH
awaasbl [3].

1990 »binFbl 12 maycbimaa KabbinganraH PCOCP-aiH, meMneKkeTTiK eremeHairi Typansi
AeKNnapauma Tapuxmn TypFblaaH Kypaei caacy bIMblpa HITUXKECIHAEe AyHuere Kenai.

OcblgaH KeiiH YkpanHa meH banTbiK engepi e3 ereMeHairiH skapuanan, domino apdekTiciH
TyablpApl. «EremeHaik wepyi» HaTmkeciHae KCPO aymafblHAa KenTereH Aeknapauyanap meH
3aHAblK aKTinep KabblNdaHAbl, an OAaKTbIK OUAIK KypblbiMAapbl Napanaunyke yuibipadsl. 1991
XbIAObIH, COHbIHAA benosex kenicimaepimeH bOipre KeHec Opafbl 3aH Ky3iHAE ©Mip cypyiH
TOKTaTTbl.

CMHUOB NeH BUTIOUKMIAAiH, aTybIHLWE, ereMeHAaik naeanapbl Tek KCPO pecnybankanapsl
apacbiHAa faHa emec, PCOCP KypambliHAafbl aBTOHOMWANAP apacbiHAa Aa Te3 Tapaabl. byfaH
6acTbl ceben — bopuc ENbUMHHIH, anrifi cesi: «Kim KaHLa ereMeHAaiK »yTa anca, COHLWa aacbiHy.
Byn ce3 denepanablk KypblbIMAbl  DACIPETIN, aBTOHOMMANAPAbIH  AepbOecTikke  allblK,
TaNnblHbICbIHA TYPTKI BonAabl.

Con keseHge ContycTik OceTma, TaTapcTaH, ballKypTCTaH »KaHe YeyHA e34epiHiH,
eremeHfik AeknapaumsanapbiH Kabbingaasl. MaceneH, TatapctaHHbiH, 1990 xbinfbl eknapaumacs!
pecnybnnKara XanblKapasblK KYKbIK cybbeKkTici mapTtebeciH Oepai. byn apekettep Pecenain
AYMaKTbIK TyTacTblfblHA Y/KeH Kayin TeHAipai, an 1991 blnbl YeyHAHbIH, TOAbIK Tayencisaik
}apusanaybl 6y ypAicTi Kapyabl KAKTbIFbIC AEHTEeNiHe XKeTKi3ai.

ABTOpnap 6yn yAepicTiH TeK iLWKi eMec, XxanblKapasblk AeHrenaeri canaapbiH Aa aTan etes;.
1990-1991 Kbingapaasbl Kannan Ae3uMHTerpaums MOCTKEHECTIK KeHICTIKTeri MHTerpaumanbik,
npouectepaid, 6aay xypyiHe ceben 6onapl. BypbiHFbl omaKkTac pecnybnavkanap e3apa
JKOHOMMKA/bIK aHe cascu balnaHbiCTapabl KaimnblHA KenTipyre OH »KblAdaH acTam yakbIT
w)ymcagpl. Tek Pecei, benapycb, KasakcTaH, ApmeHua »koHe KpIpfFbi3CTaH faHa KeWniHHeH
Eypasmanbik MHTerpauma *KoabiHa Tyce angbl.

bipak Pecel iwiHae 6yn KeseH, y3akka co3blafaH deaepannsm AafaapbiCbiH Tyablpabl.
1990-blngapbl  almMmakTapablH MapTebeci acummeTpuansl Honabl: Kelbip cybbekTinepae
nepbecTik  »Kofapbl, KelnbipiHoe wekTeyni eqi. byn xkafgan Tek  2000-Kblngapbl  FaHa
OpTanbIKTaHAbIPY CadcaTbl apPKblIbl PeTKe KenTipinai.

CuHUOB neH BbuTouKkninaiH, nanbiMaaybliHWa, «EremeHAik wWwepyi» - 3amaHaymn caacu
YMECiHIH, KanbinTacyblHAafbl ayblp, Oipak, TafblibiMAbl KeseH. ABTopiap «EremeHAik wepyi»
TosipMbeciH Tek Tapuxm anaT peTiHae emec, deaepanmam MeH YHUTAPU3MAI XeTinaipyait, 3aHabl
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KeseHi peTiHae Oafananabl. On Pecnybnukanapra Owunik 6eniHici meH 3aH  ycTemairi
YCTaHbIMAAPbIH KalTa Kapayfa MyMKIHAIK bepai.

BalMHITOH yHMBEPCUTETIHIH Npodeccopbl feHpn Xeln oMblHWa, «EremeHaikTep wepyi»-
6ip Me3eTTiK Xaoc emec, 0pTa/iblK MNeH aliMaKTap apacbiHAafbl CascK Keslicce3ai epekiue dopmacsl
b6onabl [7]. KentereH pecnybnavKkanap yuWiH eremeHaik »Kapusanay - TOYe/Ci3fikke emec, Casacu
cayaafa (bargaining tool) 6afbiTTanfaH Kagam efi. AfHKW, onap opTanbiK BUNIKNEH BKINeTTIKTep MeH
pecypcTtapabl beny xeHiHAeri Keniccesaepae apTbiKWbIAbIK any YWiH «ereMeHAik» ypaHbiH
nanganaHabl. YNTTbIK Kypam Gipkenki bonfaH aimakTap (Mbicanbl, banTbik engepi) Tes 6eniHyre
berim 6onabl. bipak KenynTTbl aimakTapaa (Mbicanbl, TaTapcTaH, ballKypTcTaH) eremeHfik
YMTbI/IbICbI KebiHe aauTanblK myagaenepmeH 6ainaHbicTel 6ongapl. balt »KoHe WHAYCTPpUACSHI
AamblfaH aimakTap- mbicasnbl, Peceir meH banTbik enaepi- KCPO opTanbifbiHa Tayenai 60nfbichl
kKenmeai. An kegen pecnybnukanap (Mbicansl, OpTa A3uA) KepiciHLe, SKOHOMMKaAbIK cebenneH
OJaKTaH LWbIfyFa acblknadbl. KeHec »KyMeciHiH deaepanapik KypblabiMbl 3p pecnybnnkara
KOHCTUTYUMANBIK TYPFblAAH «ereMeHik »Kapusaiay KyKblfbiH» 6epai. byn dopmanbabl MyMKiHAIK
KeniH cascu Jafaapbic KesiHae peanapl Toyenciaaik KypanbiHa aHanabl.

Ka3aKCTaHHbIH CasiCK KyMeCiHiH KanbinTacybl EremeHAaiKKKe Tikenemn KatbicTbl. [pe3naeHT
aTKapyLWbl 6BUNIKTIH H6aclbickl 6onabl, an MuHuctpnep Keneci MuHuctpnep kabuneTi 6onbin KanTa
Kypbinabl. YKimeTTi Kypy [lpe3maeHTTiH Ky3blpeTiHe alHanabl. Buue-npesnaeHT nayasbiMbl
6ekiTinai. MemnexkeT Oacwbicbl meH MuHucTpaep KeHeciHiH, annapatrapbl Kasak, KCP
MNpe3snaeHTiHiH, aHe MuHuctpaep KabuHeTiHiH, 6ipTyTac annapaTbiHa  GipikTipiagi. En
Mpe3naeHTiHiH *KaHblHaH KOHCYbTaTMBTIK-KeHeclli opraH — Pecnybnmka KeHeci Kypbingbl.

MemneKeTTik eremeHAik Typanbl [eknapaumaga Kasak KCP  KoHCTUTyumscbl MeH
3aHapblHbIH, Ka3akcTaHaafbl yCcTeMAiri Kafuaachbl, COHAAn-aK OHbIH, aymafbliHAa KCPO-HbIH
pecnybanKaHbIH, ereMeH/iK KYKbIKTapblH Oy3aTbiH aKTiIepiH TOKTaTa TYPY KYKbIfbl XKapuanaHabl.
Oan ocbl Jeknapauma apKblibl pecnybavKka e3iHiH MeMANeKeTTiK eremeHairiH »Kysere acblpa
bactagbl.

1990 binfbl 25 KasaHaafbl Jeknapaumana KasakcTaH aymarbiHbiH, 661iHOeNTIHAITT MeH
KON CyFblAMaybl BEeKiTinin, MemeKeT Xa/blKkapaiblk KYKblIK CyObeKTici peTiHae alKblHAanabl.
PecnybnuKaHblH, 6apablK Tabufu pecypcTtapfa, 3KOHOMMKAbIK, FblbIMUA-TEXHUKANbIK a1eyeTKe
anpblKLIa MEHLWIK KYKblfbiH Kapuanaybl KasakcTaHfa aepbec aKOHOMMUKaAbIK caacaT Xyprisyre
MYMKiHAIK 6epai. [eknapauns TYHFbILW PeT MEMIEKETTIH, 9/18YMETTIK HEeri3iH aHbIKTayaAasbl TanTbiK
KO3KapacCTbl }KOKKaA LWbIFapbln, MEMIEKETTINIKTIH YATTbIK CMNAaTbIH Xapuanaapl. Jeknapaumna enaid,
TO/bIK MEM/IEKETTIK TOYE/CI3MiKKE METY MOAbIHAAFbl KYKbIKTbIK YKYMECiHiH oAaH api AamyblH
bactaraH ipreni 3aHHamanblk akT Honabl. «Kaszak KCP-HiH mMemMneKkeTTiK eremeHairi Typassi
JeknapaumaHbiH» TapUXU MaHbI3bl OHbIH PecnybnKaHbiH MEMAEKETTIK ereMeHiriHe HakTbl MaH
bepyiHae, KazakcTaHHbIH MEMEKET PeTIHAETr Ko Facblp/blK TaPUXbIH €CKe TYCipYiHAE, ayMaKTbIK
TYTaCTblK NPUHLMNIHE epeKlle MaH bepyiHae, ekineTTikTepaiH, 6eniHyiH pecnybavKka yuwiH eH,
MaHbI3abl KYKbIKTbIK KafrnaaT peTiHae KapuanaybiHaa [5].

1988-1991 bingapaarbl «EremeHaik wepyi» KCPO-HbIH, KypeyiH Te3aeTkeHimeH, HKaHa
enaep ywiH 6yn »aHa canacu KYMeHiH, cbiHaK anaHbl 6onapl. by oKnFa KepceTkeHAen, WblHaMbI
eremeHfiK Tek Bipnik NeH KYKbIKTbIK Tene-TeHdikKke HeridgenreHae faHa TyPaKTbl AaMyFa aKenemn,.

KopbITbIHAbI

«Eremenaik wepyi» - XX facblpAblH COHbIHAAFbl €H  MaHbI3dbl  TapUXM-caacu
KyOblnbicTapablH, Oipi peTiHae, bypbiHFbl KeHec OaafbiHbIH, biAblpay YAEpPIiCiH aKkbiHaan beprex
6eTbypbicTbl KedeH, 6onabl. byn Kosfanbic 1988—-1991 bingapbl bipiHeH coH, Hipi ogakTac
pecnybnanKkanapapiH ©3 ereMeHfiriH Xapuanaybl apKblibl KOpiHiC TanTbl. dyenze canacu KaHe
3KOHOMMKANbIK AepbecTikke yMTbINbIC TypiHAe 6acTanfaH Oy KyObINbIC yaKbIT ©Te Kene KeHEeCTiK
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UMMNEPUANDBIK MKYMEHIH ipPreciH WanKanTbin, Tayencia MemekeTTepaiH AyHuere KeayiHe anbin
Kenai.

EremeHaik aeknapaumsanapbiH Kabblngay apkbiabl pecnybnvkanap opTanblK OUAIKTIH
YCTEMATIH LIeKTeyre, 3 3aHAapbliHbiH OacbIMAbIFbIH OpHATyFa, TabUFK pecypcTap MeH YATTbIK,
HannblikKa Menik eTy KyKblfblH BekiTyre TannbiHAbl. by, 63 ke3eriHae, KCPO-HbIH cascK TyTacTbIfbIH
ancipetin, 1991 Xbinfbl Tapuxm oKkufanapfa- ONaKTblH PECMU biAblpayblHa KIHE XaHa Tayenci3
MeM/IEKeTTEPAIH KypblayblHa Heri3 Kanagbl.

KasakcTtaHHbiH 1990 xbinfbl 25 KasaHaa KabblngaHraH «MemMaeKeTTiK eremMeHaik Typassbi
AeKnapaumackl» en TapuxblHAAFbl WewyLi KagaamaapasiH, 6ipi 6onabl. byn Ky»KaTtra MEMIEKETTIH,
caacu pepbecTiri, aymaKkTblK TYTacTbiFbl, Tabufn HalAbIKKa MEHLUIr »aHe ©3 3aHAapblHbIH
HbacbiMablFbl pecMmn Typae xapusanaHabl. Ocbl apKplibl KasakcTaH Tayencia memneket 6osyfa
KYKbIKTBIK *KaHe CafCu Heri3 Kanaapbl.

KasaKkcTaHHbIH aepbec MemaekeTTifiri Tayencisaikke Tikenen 6alnaHbicTbl 60n4bl. T.5.4.
npodeccop T. Caablkyabl anTKaHaal: Opbip Kasak yWiH MeMaeKeT — Tayenci3fdik CUMBO/bI.
KasaKcTaH Kasip AyHMe XKy3iHe TaHblAabl. Toyenciaaik neH memaekeTTiNik yrbimaaps! bip-bipimeH
TbIfbl3 6altnaHbICTbl. CaH FacbiPAblK TapUXbIMbI3Abl 9p6ip Ka3aK MaKTaH TyTybl Kepek [8].

«Eremenaik wepyi» Tek KCPO-HbIH KyMpeyiHiH HblllaHbl eMec, COHbIMEH KaTap *KaHa
VITTbIK MEMIEKETTINIKTIH, KanbinTacy AsyipiHiH 6actaybl 60nabl. bya yaoepic BypbiHFblI KEHECTIK
XaNblKTapAblH TAPUXM KaablH OATbIM, YATTbIK CaHa MeH Tayenci3aik AeAChbIH HbIFalTTbl. Ocipece,
KasaKcTaH VLIiH by Ke3eH ereMeH/ik NeH Taye/Ci3iKTiH, CasCh, KYKbIKTbIK aHe pyxaHMW HerisiH
KanbINTacTbIpFaH A3Yip peTiHAe MaHbI3Aabl.

KopblTa KenreHae, «EremeHpik wepyi» - Kasipri Tayencis KasakctaH meH backa [Aa
MOCTKEHECTIK MeMIeKeTTepaiH, Nanaa 60y TapuxXbIH TYCIHYAIH, Heri3ri KinTi. On yATTapablH, ©3iH-63i
TaHy, epKiHAiK NeH AepbecTik *o/bIHAaFbl KYPeCiHiH, alKblH KepiHici 6bonapi.
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KARGUZARLIQ SONITININ TARIXI VO
MUASIR PROBLEML®RI

Heydar Abbas oglu Mammadov
Rabita va informasiya Texnologiyalari tizra Baki Dévlat Pesa Tahsil Markazinin miallimi

Abstract. The art of clerical work plays a crucial role in the organization and management of
administrative processes. Throughout history, documentation has been a fundamental element of
governance and social order. From ancient civilizations such as Mesopotamia, Ancient Egypt, and
Ancient Rome to modern nation-states, record-keeping has ensured the continuity, legality, and
effectiveness of state institutions. In Azerbaijan, clerical traditions date back to early state
formations, evolving significantly during the Democratic Republic and Soviet periods. Today, the
field is undergoing rapid digital transformation, driven by electronic document management
systems, e-government platforms, and legal reforms. However, the transition is not without
challenges: outdated legal frameworks, security concerns, insufficient staff training, and the
continued reliance on paper-based processes remain major issues. Addressing these challenges
requires modernization of legal norms, wider technological adoption, and capacity-building
measures. Clerical work, as a bridge between governance and society, continues to be essential
for transparency, efficiency, and effective administration.

Keywords: Clerical work, documentation, digital transformation, record management, E-
government.

Kargiizarlig sanati camiyyatin idaracilik sisteminda mihim rol oynayan coxsaxali va strateji
shamiyyata malik faaliyyat sahasidir. Bu sanat yalniz sanadlarin hazirlanmasi, saxlanmasi va
dovriyyasi ile mahdudlasmir, eyni zamanda idarsetma proseslarinin semarali va saffaf sakilda
hayata kecirilmasina xidmat edir. Karglizarligin diizglin va sistemli taskili dovlat organlarinin, idara
va muassisalarin faaliyyatinin keyfiyystina, gararlarin vaxtinda va dizgin gabul edilmasins,
hamginin vatandaslara gostarilan xidmatlarin saviyyasina bilavasita tasir gdstarir.

Tarixi inkisaf marhalalarine nazar salsag gorarik ki, bu saha dovlstcilik snanalsrinin
formalasmasinda, ictimai mdinasibatlerin  hlqugi tanzimlanmasinds va idarsetmanin
markazlasdirilmasinde mihim vasita olmusdur. Muasir dovrds isa karglzarlig sahasi texnoloji
yeniliklar, regamsallasma va normativ-hliqugi bazanin takmillasdiriimasi fonunda dinamik sakilda
yenilanir va globallasan dinyanin talablarina uygunlasdirilir.

Kargiizarlig sanatinin tarixi gadim sivilizasiyalarin yaranmasi il eyni dovra tasadif edir. Qadim
Mesopotamiya, Misir vo Roma imperiyalari doévrinds dovlat idaraciliyi yazili sanadlasdirma
vasitasila hayata kecirilirdi. O dévrda gil l6vhalar, papirus varaglari va mum lévhalar (zarinda
rosmiyazismalar aparilir, vergi va amlak ucotu, inzibati gararlarin geydiyyati aparilirdi. Bu sanadlar
idarsetma prosesinin asas slibut vasitasi va hiiqugi gqlivvays malik rasmi material hesab olunurdu.
Orta asrlarda karglzarliq faaliyyati daha da sistemlasmis va formallasmisdir. Dovlat idaralari va
dini qurumlar bu sahanin asas markazi kimi ¢ixis edir, katiblik sanati isa ylksak giymatlandirilirdi.
Sanadlar xUsusi Uslubda, kaliografik yazi ile tartib olunur, méhir ve imzalarla tasdiglanirdi. Bu,
sanadlarin rasmi hliqugi glivvaya malik olmasina taminat verirdi.

Azarbaycan arazisinda da karglizarlig ananalari gadim dovlatcilik tariximizla six baghdir. Qafgaz
Albaniyasi va Sirvansahlar doévlsti dovrindas idaracilik yazili senadlara asaslanirdl. omr, farman va
gostarislarin yazili sakilda rasmilasdiriimasi dovlstin idarsetma strukturunun ayrilmaz hissasi idi.
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XX asrin avvallarinds, Azarbaycan Xalg Climhuriyyati dévrinda karglzarlq isi muasir dovlatcilik
prinsiplarine uygunlasdirildi. Dévlat idaralarinda sanadlasma prosesi hliqugi normalara asasan
aparilir, markazlasdirilmis geydiyyat va arxiv sistemi formalasdirilirdi.

Sovet dovriinds kargtizarlig sistemi tam markazlasdirilmis struktur formasini aldi. Bu dévrdas vahid
doévlat standartlari, resmi yazisma gaydalari va arxiv sistemlari tatbig olunurdu. idarsetmada har
bir sanadin geydiyyata alinmasi, tasdiglanmasi ve saxlanmasi ciddi gaydalarla tanzimlanirdi. Bu
sistem birokratik olsa da, sanadlasma intizamini va ardicilhgl goruyurdu.

Muasir dovrda karglizarlig sanatinin asas inkisaf istigamati elektron idarsetma va reagamsallasma
tizarinda qurulmusdur. idarsetmas organlarinda senadlarin hazirlanmasi, 6tirilmasi, geydiyyati va
saxlanmasi U¢Un informasiya-kommunikasiya texnologiyalarindan genis istifada olunur. Regamsal
imza, elektron arxiv sistemlari, onlayn geydiyyat platformalari va e-xidmatler bu sahada
operativliyi va saffafligi artiran mihim vasitalara ¢evrilmisdir.

Azarbaycan Respublikasinin Prezidentinin Administrasiyasi va digar dovlat qurumlari tarafindan
yaradilmis “elektron hokumat” platformalari vasitasile vetandaslara gostarilon xidmatlar
sadalasdirilmis, sanadlasma prosesi isa slratli ve saoffaf hala gatirilmisdir. Elektron sanad
dovriyyasi idarsetmada vaxt itkisini minimuma endirir, malumatlarin etibarliigini tamin edir va
vatandas-mamur minasibatlarinda saffafligi giiclandirir.

Eyni zamanda muiasir kargtzarlig sistemlarinds tahlikasizlik masalslari, saxsi malumatlarin
gorunmasl va elektron imzanin hiqugi glvvasinin tamin edilmasi da prioritet istigamatlardan
biridir. Dovlst va 0zal sektorda sanad dovriyyssinin ragamsallasmasi igtisadi samaraliliyi
artirmagla yanasl, idarasetma sisteminin cevikliyini da yUksaldir.

Bltln bu misbat dayisikliklarla yanasi, karglizarliq sahasinda bir sira aktual problemlar mévcuddur
va bu problemlarin halli sistemli yanasma talab edir.

Ragamsal sistemlara kecidin langimasi: Bazi taskilat va muiassisalarda ananavi kagiz lzarinda
aparilan sanadlasma hala da Ustlnlik taskil edir. Bu isa sanad dovriyyasinda langimalars, inzibati
idaraetmanin cevikliyinin azalmasina va operativ gararlarin gabulunun gecikmasina sabab olur.
Normativ-hiiqugi bazanin tam uygunlasdiriimamasi: Hiqugi ve normativ sanadlarin bir hissasi
muasir texnoloji talablara cavab vermir. Elektron imza, reqgamsal arxiv va onlayn geydiyyatla bagl
ganunvericilikda bazi bosluglar mévcuddur ki, bu da praktiki tatbig zamani ¢atinliklar yaradir.
Elektron tahllkasizliyin tamin olunmamasi: Elektron sistemlarin tam tahllkasizliyinin tamin
olunmamasi malumat sizintisi, kiberhlcumlar va sanadlarin saxtalasdiriimasi kimi risklari artirir. Bu
iso dovlat idarsetmasinda etibarlilig va saffaflig prinsipina manfi tasir gostara bilar.

Ixtisash kadr catismazligi: Masir texnologiyalara uygun kadr hazirligi hals ds bitiin taskilatlarda
eyni saviyyada tamin edilmir. Bazi muassisalarde amakdaslarin informasiya texnologiyalarindan
istifadada bacariq catismazhgi sanad dovriyyasinin ragamsallasmasina mane olur.

onanavi sanadlasmanin davam etmasi: Kagiz tGzarinda aparilan sanadlasma va arxivlesdirma
sistemi alave xarclera, vaxt itkisine ve idarsetma prosesinin yavaslamasina sabab olur. Bu
problemlarin aradan galdirilmasi Ggln normativ-hliqugi bazanin yenilanmasi va beynalxalg
standartlara uygunlasdirilmasi, miasir program teminatlarinin tatbiqi, informasiya tahlikasizliyi
mexanizmlarinin glclandiriimasi, hamcinin ixtisash kadr hazirlig1 sisteminin takmillasdiriimasi
zaruridir. Karglzarlig senatinin takmillasdiriimasi dévlst idaraciliyinin effektivliyinin artirilmasinda
muUhUm strateji istigamat hesab olunur. Ragemsal idarsetmaya kecid dovlat strukturlarinda
soffafligin tamin olunmasi, vatandas mamnunlugunun artirilmasi va gararverma proseslarinin
stratlandirilmasi baximindan shamiyyastli addimdir.

Golacakda kargiizarlig sahasinin  tam avtomatlasdiriimasi va beynalxalg standartlara
uygunlasdiriimasi dovlat idaragiliyinin keyfiyyatini daha da yUksaldacakdir. Elektron sanad
dovriyyasinin genis tatbigi idaracilik proseslarinin cevikliyini tamin etmakla yanasi, ham da
resurslara ganaata garait yaradacaqdir.
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Kargizarligin tarixi inkisaf yolu gostarir ki, bu saha yalniz ssnadlasma prosesi deyil, ham da dovlst
idaraciliyinin samaraliliyini miayyan edan mihim madani va inzibati gostaricidir. Texnoloji
inkisafla ayaglasmaq va bu sahada muasir standartlara kecid galacak idarsetma sisteminin asas
prioritetlarindan biri olmalidir.
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N3ydyeHne meTod0oB NCCnea0BaHUA
3/IEMEHTHOro COCTaBa LEeNN103bl
TONMHAMbypa Kak OCHOBbI A4
BMOTEXHOIOTMYECKOM NMePepPaboTKM
PACTUTENbHbIX OTXO408B

Kapumosa Caynet CabutxaHoBHa

FO>KHO-Ka3axcTaHCKnin yHmBepcuTeT umeHn M. Ay33oBa

Ncaesa Akmapas YmupbeKkosHa

FO»KHO-Ka3axcTaHCcKMin yHuBepcuTeT umeHn M. Aya3oBa

Tneykeesa Acesnb EpXaHOBHa

FO»KHO-Ka3axcTaHCcKMin yHuBepcuTeT umeHn M. Aya3oBa

160012, Pecnybnunka KazaxctaH, r. LbimKeHT, npocneKkT Tayke xaHa, 5

AHHOmMauyuAa: B cmamee npedcmassneH 0630p U QHAAU3 COBPEMEHHbIX Memooos
uccnedos8aHua 31eMeHmMHo20 COCmasa Uesnsa03sl PacmumesneHo20 NPOUCXOMOEHUA, C
aKyeHmMom Ha buomexHo102UYeCKOe npUMeHeHUe. PaccmompeHsl NpUHYUNGI, BO3MOXHOCMU U
02paHUYeHUAs peHmeeHopnyopecueHmHo2o aHanuda (PPA), anemeHmHozo CHNS-aHanu3a,
UHGPaKpacHolU cnekmpockonuu U mepmozpasumempudeckux memooos. OmmeveHa posib
KOMN/IEKCHO20 N00X00a 8 OUEHKE 4Yucmomsi U CMPYKMypHOU Op2aHU3auuu Uesnsao3sl
monuHambypa (Helianthus tuberosus L.) Kak 80306H08/1AeM020 Cbipbs 0718 GUOKOHBEpcuu U
nonyyeHua Kcuauma. [T0OYEPKHYMA aKMYyaneHOCMb 86I60pa KOPPEKMHbIX AHAAUMUYECKUX
memoOouK npu pa3pabomke mexHosnoauli buonepepabomku pacmumesbHbIX 0Mmxo008.

LlaHHaa uccnedosamensckaa paboma bbina npoguHaHcuposaHa MuHucmepcmaom
HayKU u 8bicwe20 0bpazosaHua Pecnybauku Ka3axcmaH 8 pamMKax epaHmMo8020 UHAHCUPOBAHUA
uccnedosaHull mMosoodbix y4eHbix no npoekmy «ac faneim» Ha 2025-2027 2006l no WMPH
AP25794005 «Paspabomxa mMukpobHolU KoMno3uuuu 08 NoAYy4YeHUSs KCUauma U3 Uessata03s!
monuHambypa»

Kntouesvie cnosa: uennonosza, monuHambyp, snemeHmMHbIl cocmas, aHanumu4yeckue
memoosl, POA, CHNS-aHanu3, buomexHos102us, pacmumesibHbie 0mxoobi.

CoBpemeHHble HanpasaeHua OWOTeXHONOrMM U YCTOMUYMBOTO Pa3BUTUA 3SKOHOMMUKM
npeanofaratoT MCNosb30BaHME BO30OHOBAAEMOrO PacTUTENbHOMO CbipbA A5 MPOM3BOACTBA
HMONPOAYKTOB, 3aMEHSWINX XMMUYeckme aHanorn. OAHMM M3 MPUOPUTETHBLIX OO6BEKTOB
ABNAETCA LEeNN0/03a — OCHOBHOW CTPYKTYPHbIM KOMMOHEHT K/EeTOYHbIX CTEHOK PacTeHWM,
KOTOPbIN paccMaTpuMBaeTCA Kak OCHOBa A/ Nosy4YeHus bruosTaHona, BUONOAMMEPOB, KCUAUTA U
[PYrUX NPOM3BOAHbIX.

BaskHEeMWMM 3Tanom pa3paboTKM TexHoNorui nepepaboTKM LEenao1030CoAepHKaLNX
OTXOA0B ABASETCA UCCMeAoBaHWe 3/1eMEeHTHOro COCTaBa M OLLEHKa CTemneHM YMCTOTbl CbipbA.
JNeMeHTHbI aHaAM3 Mo3BOMAET OnpeaesnTb KOIMYECTBEHHOE COOTHOLLEHWE OCHOBHbIX

266



«World Scientific Reports» (October 16-17, 2025). Paris, France I

xummyeckux anemenToB (C, H, O, N, S) n mnHepanbHbix npumecert (Ca, K, Mg, Si n gp.), KoTopsble
CYLLECTBEHHO BAMAIOT Ha PeaKLUMOHHYKO cnocobHoCTb Brononmmepa.

TonuHambyp  (Helianthus tuberosus L.) npeacTaBnser coboil  NepCneKkTUBHYHO
CENbCKOXO3ANCTBEHHYIO KY/IbTYPY, YbM cTebneBble oOcTaTKM OoraTbl LEAI0N030M U MOTyT
MCNO/Ib30BATbCA KaK MCTOMHWK Ouocbipba. [nAa OueHKM ero noTeHuumana B HGUMOTEXHONOrUM
HeobxoAMMO NPUMEHATb KOMMIEKCHblE METOAbl aHa/IM3a COCTaBa M CTPYKTYPbI LEeNH0N03bI.

Llenntonosa npeactasnsetr coboin nuHerHbln nonvmep B-(1->4)-D-raokonmpaHosbl ¢
smnunpuueckoir dopmynon (CeHi00s),. TeopeTuyeckm eé 3M1eMeHTHbIM COCTaB COCTaBAAeT
npumepHo 44,4% yrnepopaa, 6,2% sogoposaa v 49,4% kncnopoaa. OaHako GakTMYecKme 3Ha4eHNs
3aBUCAT OT MPOUCXOXKAEHWA PACTEHMA, YCNOBMIA KyNbTMBALMMK, CTEMEHU OYUCTKM W HaNM4mA
JIUTHWHA, TEMUUENTION03 U MUHEPA/IbHbIX BKAOYEHNA.

13y4eHne snemMeHTHOro coctaBa Le/ito103bl MO3BONAET:

1.0 npeaennTtb cTeneHb e€ YNCTOTbl U NPUTOAHOCTb ANA GEePMEHTATUBHOIO r’MAPOIN33;

2. OUEHUTb HaNMYME MUHEPAbHBIX MPUMECEN, BAMAIOLLMX HA KaTaMTUYECKME NPOLLeCChl;

3. YCTaHOBUTb 3HEPTETUYECKUI U XMMMUYECKUA MOTEHLLMAN CbiPbA ANA OMOKOHBEPCUM.

MosTomy BbIGOP TOYHBIX, BOCMPON3BOAMMBIX M BE30MaCHbIX METOAO0B aHaAM3a ABNAETCA
KNIOYEBbIM aCMEKTOM MpPW  UCCNef0BaHWUM  LIENNON03bl KaK 0bbeKkTa OMOTeXHO/NOrMYyecKom

nepepaboTKM.
OCHOBHble MeTOo/bl aHaM3a 3/IEMEHTHOIO COCTaBa LENN0N03bl:
PeHTreHodAyopecUueHTHbIM aHanm3 (PPA). POA — HepaspylwaoWwnii aHaaUTUYECKn

MeTO/l, OCHOBAHHbIA Ha M3MEPEHUM BTOPUYHOIO PEHTIEHOBCKOrO WM3/y4eHMWA, WCMYCKAaemMoro
aToMaMu  npu - 0BAYyYEeHMM MEepPBMYHbIM  PEHTFEeHOBCKMM nNyykom. MeTon obecneynBaeT
onpeaeneHne 3NeMeHToB ¢ aTOMHbIM Homepom oT 11 (Na) ao 92 (U) B wWMpoKkom AManasoHe
KOHUEHTPaLUMN.

Mpenmyulectsa POA:

- OTCYTCTBME HEODOXOAMMOCTU XMMUYECKOM NOAroTOBKM 06pa3La;

- BbICOKaA TOYHOCTb OnpefieNeHns MUHepanbHbix anemeHToB (Ca, K, Mg, Si, Fe);

- BO3MOXHOCTb OLIEHKM CTEMEHM 30/IbHOCTU U YUCTOTbI LLEKON03bI.

OrpaHnyeHmns:

- HU3Kas YyBCTBUTENbHOCTb A1 Nérkux anemeHTos (C, H, N, O);

- HEOBXOAMMOCTb NPeaBapPUTENLHOTO NPeccoBaHma obpasua B TabieTkuy,

- TpebyeT KanMbPOBKN C MCNONb30BAaHMEM 3TA/IOHHbIX CTAaHAAPTOB.

POA npumeHseTcs MNPeuMMyLLeCTBEHHO J/19 KOHTPOAA MWHEpPasibHbIX OCTAaTKOB B
PAaCTUTE/IbHOM CbIPbe, YTO BaXKHO AA5 OLEHKM TEXHONOMMYECKOM MPUTroAHOCTU LENNtoN03bl K
dbepmeHTaTUBHON BUOKOHBEPCUN.

OnemeHTHbIn  CHNS-aHanms.  CHNS-aHanus  asnadeTca ogHUM M3 Hambosee
PaCMNpPOCTPaHEHHbIX METOA0B KOZIMYECTBEHHOTO ONpeAeneHna CodepKaHuna yrnepoaa, Bogopoaa,
a30Ta M Cepbl B OPraHNYeCcKmxX BeLLEeCTBax.

MNpUHUMN MeToJa OCHOBAH Ha MNOJHOM CXUraHuM obpasua B TOKe Kucaopoda ¢
nocneayrowmm M3MepeHMeM KOHUEeHTpaunin obpasytowmxca rasoB (CO,, H,O, N,, SO,).
KonnuectBeHHbIe pe3y/1bTaTbl MO3BOAOT PACCYMTATb MaCCOBbIE 011 91EMEHTOB B 06pasLe 1 no
Pa3HOCTU ONpeaennTb COAEPKaHMe KMcaopoaa.

MNpenmyuwectsa CHNS-aHanun3a:

- BbICOKAA TOYHOCTb M BOCMPON3BOAMMOCTb (NorpetHocTb +0,1%);

- BO3MOYHOCTb aHanM3a MUKpoobpa3Los (1-5 mr);

- aBTOMAaTM3aUMA N3IMEPEHMI.

HepocTaTKu:

- MeToA, pa3pyLuatouLmi;

- TpebyeT NONHOro yAaneHua Barn n npumecei nepes aHaam3om.
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SnemeHTHbIM CHNS-aHanms. CHNS-aHanmM3 wmcnonb3yetca A0Aa OLEHKM OpraHM4eckom
YUCTOTbI LLeNON03bl U ONpeaeneHma eé 3neMeHTHOro NpoduaA, 4TO NO3BOAAET NPOrHO3MPOBaThb
3pEKTMBHOCTb MUKPOBHOM NepepaboTKu.

MK-cnekTpockonna [A0MNONHAET 3/1eMEeHTHbIM aHanuM3, No3BOoNAA WMAEHTUOMLMPOBATL
GYHKLMOHANbHbIE TPYMMbl B CTPYKTYPE LeaM0103bl. [nku noraoweHus npun 3300 cm™ 1 2900 cm™
YKa3biBalOT Ha HaaMuMe TMAPOKCUIbHLIX M METUIEHOBbIX cBasel, a npu 1050 cm™ — Ha
TMMKO3MOHbIE CBA3M.

MeToa MCnosib3yeTca ANA OLEHKM CTEMeHU YUCTOTbI LLeSIIH0/103bl, BbIABIEHMA OCTaTKOB
JIMTHWHA Y TEMULENION03, @ TaKXKEe KOHTPOA M3MEHEHWNIN CTPYKTYPbI NocNe GUINKO-XMMNYECKOM
0bpaboTkm.

TepmorpaBumeTpuyeckmii  aHanms (TFA). TFA no3BOAAET OUEHUTb TEPMUYECKYHD
CTabUNbHOCTb M COAeprKaHWe HeOpraHMYecKkMx OCTaTKOB B Uenntonose. Mo M3MeHeHMo macchbl
NPW HarpeBaHWKW onpeaenaeTca Haan4me Bliarn, OPraHNYeCcKmMX BeLLEeCTB M 30/1bl.

B couyetaHmm c P®PA pesynbtatel TTA NO3BONAIOT TOYHO ONPEAENUTb MNPOLEHT

MUHEPaNbHbIX BK/AOYEHUN, BAMAKOWMX Ha GEpPMEHTATUBHYIO aKTMBHOCTb B Mpoleccax
H6MOKOHBEPCUN.
Tabnmua 1 — CpaBHeHMe aHAaNUTUYECKMX METOA0B MCCAEA0BAHNSA LENHONO03bI
Onpegensemble
MeTog, Pa3pylwaemocTtb YyBCTBUTENLHOCTb HasHauyeHune
3JIEMEHTbI
. MuHepanbHble
POA Ca, K, Mg, Si, Fe Het +0,01% P
npumecm
C,H,N,S, O OpraHunyeckui
CHNS AN Na +0,1% P
(pacyéTtHo) cocTas
NK- OYHKUMOHANbHbIE CTpyKTypHblE
YRR Het KauecTtBeHHO PYKTYP
CMeKTpocKkonuA rpynnbi CBA3MU
30/1bHOCTb Tennosoe
TTA ’ Oa +0,01 mr
TEPMOCTabUNIbHOCTb Pa3/I0KeHune

KomnneKkcHoe MCno/sb30BaHWME 3TUX METOAO0B MO3BOMAET MOAYyYMTb BCECTOPOHHIOK
XapaKTEePUCTUKY LENN0N03bl — OT €€ 3/1eMeHTHOro COCTaBa A0 CTPYKTYPHbIX CBOMCTB, 4TO
HeobXxoAMMO Npu pa3paboTke BUOTEXHONOTUIA NepepaboTKM PaCcTUTENbHbBIX OTXO0B.

Mpy unccneqoBaHUM  LEAMON03bl TOMMHAMBypa BaXKHO Yy4WUTbIBaTb €€ MPUPOAHbIe
0COBEHHOCTM: BbICOKAsi MOPWUCTOCTb, HaMYMe WMHYAMHA W HU3KOe CcoAepiKaHWe NIMMHMHA no
CPaBHEHWIO C APEBECHbIMU UCTOYHMKAMK. [MO3TOMY MeTOoAbl aHanM3a A0/KHbl obecrneuymBaTtb
TOYHOCTb AaXe NPW HaIMYMM NPUMECEN U PA3IMYHOIN BNAKHOCTY.

[na B6UOTEXHONOTUYECKUX LieNelt pPekoMeHAyeTcs MPUMEHATb KOMMEKCHbIM noaxoa,

BKAtOYAIOLLMIA:
1. MepBUYHYIO CYLLKY M 0be3xKMpmBaHne 06pa3Lios;
2. KOHTPO/b MMHEPANbHbIX OCTAaTKOB MeToA0M PDA;
3. OnpeaeneHune anemeHTHoro coctaBa CHNS-aHannsom;
4, BepudurKaLmio CTPYKTYPHbIX M3MeHeHKUIM No MK-cnekTpam;
5. MNoATBePKAEHNE YNCTOTbI U TEPMOCTAbBMIBHOCTN MeToaom TrA.

Tako MeToAMYECKMI anroputm obecneymBaeT MOJIyYEHME [JOCTOBEPHbLIX AAHHbIX O
COCTaBe Le1t0/103bl U MO3BOMAET CTAHAAPTM3NPOBATb NMPOLECC € OLLEHKN Kak B1oChbIpbA.

VicchenoBaHme 31eMeHTHOrO COCTaBa Leto103bl ABAAETCA BaXKHbIM HanpaBaeHUeM As
0b60CHOBaHMA €€ BUOTEXHONOTMYECKOM LEHHOCTU. [pUMeHEHWE KOMMAEKCa aHANUTUYECKMX
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metonos — P®A, CHNS-aHanuza, WK-cnektpockonunu u TFIA — no3BoaseT A0CTOBEPHO
onpeaenuTb COOTHOWEHME OpPraHWYeCcKMX W MUHEPaNbHbIX KOMMOHEHTOB, a TaKXke
KOHTPO/IMPOBATb Ka4eCTBO BblAENEHHOIO NOAMMEPA.

Llenntonosa TonnHambypa, Kak 06beKT MccneaoBaHuns, NpeacTaBaaeT 0cobbli MHTepec B
CBA3M C €€ AO0CTYMHOCTbO, SKONIOTMYHOCTbIO M BbICOKMM MOTEHUMANOM ANA NOAYHEHNA KCUAUTA.
Pa3paboTka meToaumyeckon 6Oasbl aHanmM3a 3Toro buomaTepuana CcrnocobCTBYET CO34aHMIo
3 DEKTUBHbBIX TEXHONOTMI NepepaboTKM PacTUTENbHbIX 0TX040B U GOPMMUPOBAHMIO NMPUHLIMNOB
«3EJIEHON XUMUNY.
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Abstract

Background: The probability of pregnancy and live birth in IVF declines with age, driven largely by
oocyte aneuploidy and diminished ovarian reserve, while access, laboratory quality, and
comorbidity patterns amplify disparities between developed and developing settings.
Methods: Narrative synthesis of recent population reports (CDC, HFEA, ICMART, WHO) and peer-
reviewed studies through 14 October 2025 on age-stratified IVF outcomes, male and female age
effects, ovarian reserve testing, embryo aneuploidy, laboratory environment, stimulation
strategies, embryo transfer policies, and “add-on” interventions.
Results: Live-birth rates per embryo transfer fall steadily after age 35 and sharply after 40 (HFEA
2022; CDC 2022). Age-related oocyte aneuploidy is the principal mechanistic driver (Mikwar et al.,
2020; Huang et al.,, 2024). Male age associates with worse semen quality and higher DNA
fragmentation but has smaller effects on ART outcomes than maternal age (Martinez et al., 2021;
Xie et al., 2025). Outcomes are additionally shaped by endometriosis/adenomyosis burdens and
uterine pathology, and by IVF-lab air quality (Liang et al., 2022; Liao et al., 2025; Sciorio et al,,
2021). Disparities between developed and developing countries are driven by affordability,
infrastructure, and regulation (WHO, 2024; Ombelet et al., 2019; Njagi et al., 2023). Evidence-
based practices that improve success and safety include single-embryo transfer with cumulative-
LBR focus, GnRH-antagonist protocols with OHSS-mitigation, selective freeze-all in high-risk
patients, PCOS-specific measures (e.g., metformin for long agonist cycles), air-quality control, and
precise diagnosis/treatment of uterine disease; many popular “add-ons” lack proven benefit
(Cochrane/ESHRE, 2021-2023). PGT-A may help selected older patients with multiple blastocysts
but shows limited or no benefit overall (Munné et al., 2019; Yan et al., 2021; ASRM, 2024; HFEA,
2025).

Conclusions: Age remains the dominant determinant of IVF success. Maximizing cumulative single-
embryo live birth while minimizing multiples, addressing modifiable lab/clinical factors, and
curbing unproven add-ons can raise success rates. Expanding access and quality standards in low-
and middle-income countries (LMICs) is essential to narrow global gaps.

Keywords: IVF, age, aneuploidy, ovarian reserve, AMH, male age, POSEIDON, PGT-A, single-
embryo transfer, OHSS, LMICs, laboratory air quality, endometriosis, access disparities

Introduction

1. Global Decline in Fertility and the Rise of Delayed Parenthood

Global fertility patterns have undergone a profound transformation during the past five decades.
In most industrialized societies, the total fertility rate has dropped below the replacement
threshold of 2.1 children per woman, reaching as low as 1.3 in countries such as Japan, South
Korea, and ltaly (United Nations, 2023). This decline is largely attributed to socioeconomic
progress, expanded educational attainment among women, and shifting priorities toward career
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advancement and personal development before childbearing (Mills et al., 2011; Balasch &
Gratacds, 2012). However, as women increasingly delay reproduction, biological aging of the
reproductive system imposes new challenges, leading to a surge in infertility diagnoses and the
growing utilization of assisted reproductive technologies (ARTs) (Leridon, 2008; te Velde &
Pearson, 2002).

Infertility is now recognized as a global public health issue, affecting approximately 17% of couples
worldwide (WHO, 2023). Although the causes are multifactorial, maternal age is consistently
identified as the most significant predictor of success in both natural and assisted conception
(Broekmans et al., 2009). Advanced maternal age, typically defined as >35 years, is associated with
reduced fecundity, increased risk of miscarriage, and higher incidence of chromosomal
abnormalities (Franasiak et al., 2014; Franasiak & Scott, 2021). The social trend toward delayed
parenthood therefore presents a paradox: while medical science has extended the technical limits
of conception, biological aging remains a barrier that even the most sophisticated interventions
cannot fully overcome.

2. Evolution and Global Expansion of In Vitro Fertilization

Since the birth of the first “test-tube baby” in 1978, IVF has evolved from a pioneering experiment
into a global medical industry encompassing millions of cycles annually (Steptoe & Edwards, 1978;
Adamson et al., 2018). The core principles—controlled ovarian stimulation, retrieval of mature
oocytes, in vitro fertilization, and embryo transfer—have remained consistent, yet technical
refinements have dramatically improved outcomes. Key milestones include the introduction of
gonadotropin-releasing hormone (GnRH) analogs for cycle control (Porter et al., 1984),
intracytoplasmic sperm injection (ICSl) for male-factor infertility (Palermo et al.,, 1992),
preimplantation genetic testing (PGT) (Handyside et al., 1990), and vitrification for embryo
cryopreservation (Kuwayama et al., 2005).

Despite these advances, IVF success rates remain suboptimal and highly age-dependent. Registry
data from the U.S. Centers for Disease Control and Prevention (CDC, 2022) and the U.K. Human
Fertilisation and Embryology Authority (HFEA, 2022) demonstrate that live-birth rates per embryo
transfer decline from over 40% in women younger than 35 to less than 10% beyond age 42.
Importantly, disparities persist between developed and developing countries due to differences
in infrastructure, training, laboratory standards, and affordability (Ombelet et al., 2019; Chiware
et al., 2020). While high-income nations offer subsidized ART services and stringent regulatory
frameworks, resource-limited settings often struggle with inconsistent laboratory quality, limited
access to medications, and inadequate follow-up (Boivin et al., 2022).

3. Reproductive Aging in Women: Biological Constraints

Female reproductive potential is fundamentally constrained by the finite pool of oocytes
established before birth. The decline in fertility reflects both a quantitative depletion of the
ovarian follicle reserve and qualitative deterioration in oocyte competence (Broekmans et al.,
2009; Bentov & Casper, 2013). By age 35, approximately 95% of the primordial follicle pool has
been lost, and remaining oocytes exhibit increased rates of meiotic errors leading to aneuploidy
(Nagaoka et al., 2012). Consequently, even with high-quality stimulation and embryology
laboratories, the probability of retrieving a euploid blastocyst capable of implantation diminishes
sharply with age (Franasiak et al., 2014).

At the cellular level, mitochondrial dysfunction plays a pivotal role in reproductive senescence.
Aging oocytes display decreased mitochondrial DNA copy numbers, compromised ATP production,
and elevated oxidative stress, all of which impair spindle assembly and chromosomal segregation
(Tatone et al., 2018; Lord & Aitken, 2013). Accumulated reactive oxygen species (ROS) contribute
to DNA fragmentation and telomere shortening, further compromising embryo viability (Keefe et
al.,, 2015). Mitochondrial supplementation and antioxidant therapies have been explored as
potential countermeasures, yet robust clinical benefits remain unproven (Bentov et al., 2011).
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4. Male Aging and Sperm Factors

While female age has long been considered the dominant determinant of reproductive outcome,
emerging evidence indicates that paternal age also influences fertility and offspring health
(Sharma et al., 2015). Aging men exhibit progressive declines in semen volume, motility, and
morphology, as well as increased sperm DNA fragmentation (Moskovtsev et al., 2006). Although
the magnitude of these effects is less pronounced than in women, advanced paternal age
correlates with reduced fertilization rates, impaired embryo development, and increased risks of
neurodevelopmental disorders in offspring (Kong et al., 2012; Dain et al., 2011). Nonetheless, the
impact of male aging on IVF outcomes remains variable, partly because ICSI can circumvent
motility-related barriers, masking subtle effects of sperm quality on fertilization efficiency.
Epigenetic alterations in sperm DNA methylation have also been implicated in male-mediated
subfertility. Environmental toxins, smoking, and metabolic disorders accelerate epigenetic aging
of the germ line, potentially influencing embryo development and transgenerational health
(Donkin & Barres, 2018). Therefore, both gamete quality and paternal health are critical yet often
underestimated factors in ART success.

5. Molecular and Cellular Mechanisms of IVF Failure

Embryonic aneuploidy remains the leading cause of IVF failure and miscarriage. Approximately
60—-80% of embryos generated from women older than 40 are aneuploid (Franasiak et al., 2014).
Errors in spindle microtubule attachment, cohesion loss, and mitochondrial dysfunction
contribute to chromosomal segregation defects (Mikwar et al., 2020). Beyond genetic factors,
epigenetic dysregulation—such as aberrant imprinting or histone modification—can impair early
embryonic development, even when karyotype appears normal (Urrego et al., 2014).

Other determinants of IVF failure include suboptimal endometrial receptivity, luteal phase
insufficiency, and immunological dysregulation at the maternal—fetal interface (Achache & Revel,
2006). Chronic endometritis, uterine polyps, and hydrosalpinx reduce implantation probability,
emphasizing the need for thorough uterine assessment prior to embryo transfer (Coughlan et al.,
2014). Moreover, environmental contaminants such as volatile organic compounds (VOCs) in
laboratory air and culture media quality significantly affect embryo viability (Morbeck et al., 2015).
6. The Role of Endometrial and Uterine Factors

Successful implantation requires a synchronized dialogue between the blastocyst and a receptive
endometrium. Endometrial receptivity is temporally restricted to a “window of implantation,”
typically between days 19-23 of a natural cycle (Navot et al., 1991). Advanced maternal age and
chronic inflammatory conditions such as endometriosis and adenomyosis can disrupt this
synchronization through altered hormonal signaling and impaired angiogenesis (Liang et al., 2022).
Additionally, uterine pathologies—including fibroids, intrauterine adhesions, and polyps—
compromise implantation by mechanical and biochemical mechanisms (Taylor et al., 2010).
Endometrial gene-expression profiling has identified molecular markers of receptivity, such as LIF,
HOXA10, and integrin avB3, whose dysregulation correlates with implantation failure (Lessey et
al., 2013). Personalized embryo transfer guided by transcriptomic assays has been proposed,
though its clinical utility remains debated (Simon & Bellver, 2014).

7. Lifestyle, Metabolic, and Environmental Influences on Reproductive Outcomes

Lifestyle and metabolic health profoundly influence fertility potential and IVF outcomes across all
age groups. Obesity, insulin resistance, and sedentary behavior impair ovarian responsiveness to
gonadotropin stimulation and are associated with lower fertilization and implantation rates
(Rittenberg et al., 2011; Jungheim et al., 2013). Adipose tissue dysregulates endocrine balance
through altered secretion of leptin, adiponectin, and inflammatory cytokines, promoting oxidative
stress and granulosa cell apoptosis (Pasquali et al., 2015). Women with polycystic ovary syndrome
(PCOS), often characterized by hyperandrogenism and insulin resistance, exhibit exaggerated
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ovarian responses to stimulation and are at increased risk of ovarian hyperstimulation syndrome
(OHSS) (Fauser et al., 2011).

Nutritional factors also modulate fertility. Deficiencies in vitamin D, folate, and omega-3 fatty acids
have been linked to poor oocyte quality and lower clinical pregnancy rates (Rudick et al., 2012).
Conversely, adherence to a Mediterranean-style diet rich in antioxidants and polyunsaturated fats
correlates with improved embryo development and live-birth outcomes (Karayiannis et al., 2018).
Alcohol intake, tobacco use, and caffeine consumption exert deleterious effects on both male and
female gametes, increasing miscarriage rates and reducing live births (Homan et al., 2007).
Environmental toxins further complicate this picture. Exposure to endocrine-disrupting chemicals
(EDCs) such as bisphenol A (BPA), phthalates, and polychlorinated biphenyls (PCBs) disrupts
hypothalamic—pituitary—gonadal signaling and contributes to diminished ovarian reserve and
altered sperm parameters (Caserta et al., 2011; Souter et al., 2013). Even trace amounts of volatile
compounds in IVF laboratories have been shown to compromise embryo quality, underscoring the
importance of air filtration and culture system purity (Morbeck et al., 2015).

Collectively, lifestyle optimization—including weight normalization, cessation of smoking and
alcohol, micronutrient repletion, and stress management—is among the few non-pharmacological
strategies consistently shown to enhance ART success (Gaskins et al., 2015). In developing nations,
where environmental exposure and nutritional deficiencies are more prevalent, these modifiable
factors may have an even greater impact on reproductive outcomes.

8. Socioeconomic and Regional Inequalities in Access to IVF

Despite the global proliferation of IVF clinics, access to fertility care remains grossly unequal. High-
income nations such as Denmark, Belgium, and Japan report more than 1,500 IVF cycles per million
population annually, while many low-income countries perform fewer than 50 (Adamson et al,,
2018). Cost is the dominant barrier: in the United States, a single IVF cycle can exceed $12,000,
and in sub-Saharan Africa, it may equal several years’ income (Ombelet et al., 2019; Njagi et al.,
2023).

Infrastructure and regulatory disparities further exacerbate this inequity. Developed countries
operate under standardized accreditation systems that ensure laboratory air quality, embryo
culture standards, and cryostorage safety (Morbeck et al., 2015; HFEA, 2022). By contrast, clinics
in developing regions often lack stable electricity, certified technicians, or quality-control system:s.
Consequently, success rates are lower and adverse outcomes—including multiple pregnancy and
infection—occur more frequently (Chiware et al., 2020).

Cultural perceptions and gender norms also shape accessibility. In certain regions, infertility is
stigmatized as a female condition, despite male factors accounting for nearly half of cases (Agarwal
et al., 2015). This misconception leads to delayed or incomplete evaluation and, in extreme cases,
social ostracism of women. Moreover, limited public funding and absence of insurance coverage
restrict ART to affluent minorities, deepening the socioeconomic divide (Boivin et al., 2022).
Emerging initiatives such as “low-cost IVF” models—employing simplified culture systems and
minimal stimulation protocols—offer promising alternatives for resource-limited settings
(Ombelet, 2014). Partnerships between international agencies and local institutions may further
democratize access while maintaining quality assurance. Nonetheless, without global consensus
on ethical regulation and subsidy mechanisms, disparities in reproductive care will continue to
widen.

9. Laboratory and Technological Determinants of IVF Success

Beyond patient factors, the technical environment of the IVF laboratory plays a decisive role in
clinical success. The IVF lab is a microcosm of precision biology, where seemingly minor variations
in temperature, pH, and air quality can determine embryo viability. Volatile organic compounds
(VOCs), airborne particulates, and CO, fluctuations have been implicated in impaired blastocyst
formation and lower implantation rates (Morbeck et al., 2015; Sciorio et al., 2021). High-efficiency
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particulate air (HEPA) filtration, low-emission materials, and positive-pressure cleanrooms are
therefore essential infrastructure components.

Embryo culture systems have evolved from static, single-step media to dynamic, time-lapse
incubators that minimize disturbance and allow continuous monitoring of embryo development
(Meseguer et al., 2012). Artificial intelligence (Al) algorithms are now being integrated to predict
embryo viability based on morphokinetic parameters, potentially reducing subjectivity in embryo
selection (Bormann et al., 2020). Despite these advances, clinical translation remains cautious; no
Al system has yet proven unequivocally superior to expert embryologists in randomized trials.
Cryopreservation techniques have also revolutionized ART. The transition from slow freezing to
vitrification has markedly improved post-thaw survival rates for both oocytes and embryos,
enabling elective freeze-all strategies and facilitating fertility preservation (Cobo et al., 2016).
These innovations are particularly valuable for older women who wish to preserve oocytes at a
younger age.

Laboratory standardization and quality assurance programs—encompassing equipment
calibration, reagent traceability, and staff certification—are essential to minimize variability
(Mortimer et al., 2015). However, many LMIC laboratories operate without such frameworks,
relying instead on local adaptation of Western protocols. This highlights a crucial dimension of the
developed—developing gap: while technology is universally available, expertise and infrastructure
are not.

10. Ethical, Psychological, and Cultural Considerations

Reproductive technologies intersect deeply with personal identity, social norms, and ethics. The
ability to manipulate human gametes and embryos raises questions about the moral status of the
embryo, permissible limits of genetic selection, and equitable access to treatment (Pennings,
2008). Developed countries have established regulatory bodies—such as the HFEA in the UK and
ESHRE in Europe—that define ethical boundaries for embryo research and the number of embryos
transferable per cycle. Conversely, regulatory oversight in many developing regions remains
minimal, allowing inconsistent practices such as high-order multiple transfers and gender
selection (Ombelet et al., 2019).

Psychological stress is another underappreciated factor influencing IVF outcomes. Infertility is
frequently associated with depression, anxiety, and marital strain (Greil et al., 2011). The
cumulative emotional burden of repeated treatment failure can lead to therapy discontinuation,
even when medical prognosis remains favorable (Verhaak et al.,, 2007). Counseling and
psychological support, integral components of ART programs in high-income countries, are often
absent in resource-limited settings, further compromising adherence and satisfaction (Gameiro et
al., 2013).

Cultural expectations also modulate patient behavior. In collectivist societies, childbearing is often
perceived as a social obligation, magnifying stigma surrounding infertility (Inhorn, 2015). Ethical
complexities intensify when cross-border reproductive care enters the picture: disparities in cost
and regulation drive “fertility tourism,” where patients from high-income nations seek treatment
in low-cost destinations, raising concerns about exploitation and quality assurance (Whittaker,
2019).

In summary, the ethical and psychosocial dimensions of IVF are inseparable from its medical
efficacy. Achieving global equity in ART requires not only technical and economic parity but also
cultural sensitivity, patient education, and respect for human dignity.

11. The Rationale for Comparative Analysis

The intersection of aging, technology, and inequality defines the modern fertility landscape. While
scientific innovation has expanded reproductive possibilities, the biological constraints of aging
remain immutable. IVF can partially offset, but not reverse, the decline in reproductive potential
associated with age-related oocyte depletion and aneuploidy (Mikwar et al., 2020). In developing
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countries, these biological limitations are compounded by inadequate infrastructure, insufficient
quality control, and restricted access to hormonal assays, incubators, or cryostorage facilities.

A comparative framework between developed and developing contexts provides essential insight
into both intrinsic (biological) and extrinsic (systemic) determinants of IVF success. Understanding
how socioeconomic conditions, laboratory environments, and cultural factors modulate biological
aging can inform targeted interventions. For example, integrating low-cost vitrification systems
and modular cleanroom technologies could bridge some of the infrastructure gap, while
educational programs on late-age fertility could mitigate the societal trend toward delayed
reproduction.

The present analysis thus seeks to synthesize current evidence on age-related IVF outcomes,
elucidate the mechanisms underlying reproductive failure, and identify feasible strategies to
enhance pregnancy and live-birth rates across diverse global settings. By juxtaposing developed
and developing regions, the study aims to illuminate both universal biological truths and context-
dependent disparities that continue to shape the success of assisted reproduction.

Summary of the Introduction

In summary, the introduction establishes that:

Global fertility decline and delayed parenthood are converging trends worldwide.

Reproductive aging is the principal biological limitation to IVF success, primarily due to oocyte
depletion, mitochondrial dysfunction, and aneuploidy.

Male aging, though less dramatic, contributes through DNA fragmentation and epigenetic
instability.

Lifestyle, metabolic, and environmental factors significantly affect reproductive potential,
particularly in developing contexts.

Laboratory quality, air control, and technological sophistication directly determine clinical
outcomes, creating stark differences between developed and developing regions.

Ethical, psychological, and cultural contexts modulate accessibility, adherence, and patient well-
being.

Collectively, these insights justify the need for comprehensive, comparative research on IVF
performance in aging populations, integrating biomedical science with social determinants of
health.

Materials and Methods

1. Study Design and Overview

This study was designed as a comparative analytical review integrating data from international
reproductive registries, published clinical trials, and population-based studies to evaluate the
relationship between parental age, IVF outcomes, and contextual differences between developed
and developing countries. The analysis followed the general framework of the Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines (Page et al., 2021),
with adaptations suitable for mixed-source datasets.

The research objective was to examine (i) how age impacts IVF clinical outcomes (oocyte yield,
fertilization, embryo development, implantation, live birth), (ii) why IVF efficacy varies between
high-income and low-/middle-income settings, and (iii) which evidence-based interventions
improve success rates across these conditions. The study incorporated quantitative registry data,
qualitative synthesis of randomized controlled trials (RCTs), and meta-analytical summaries from
authoritative organizations such as the Centers for Disease Control and Prevention (CDC), the
Human Fertilisation and Embryology Authority (HFEA), and the International Committee for
Monitoring Assisted Reproductive Technologies (ICMART).

2. Data Sources and Search Strategy

A comprehensive literature search was conducted in PubMed, Scopus, Web of Science, and
Embase databases, covering the period from January 2004 through October 2025. Grey literature
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was also reviewed, including national registry reports (CDC, HFEA, ESHRE), WHO reproductive
health databases, and relevant conference proceedings.

Reference lists of all retrieved papers were manually screened for additional studies. No language
restrictions were applied, but only English-language full texts were included in quantitative
synthesis. Non-peer-reviewed materials were excluded except for verified governmental and
registry data.

3. Eligibility Criteria

Studies were selected based on the following inclusion and exclusion criteria:

Inclusion Criteria

Studies reporting IVF or ICSI outcomes stratified by maternal or paternal age.

National or regional ART registry reports providing data on clinical pregnancy, implantation, or
live-birth rates.

Publications comparing developed vs. developing country outcomes, or discussing infrastructure,
laboratory quality, or socioeconomic access.

Randomized controlled trials, cohort studies, or large retrospective analyses with =100 IVF cycles.
Reviews and meta-analyses published in peer-reviewed journals between 2004 and 2025.
Exclusion Criteria

Case reports, editorials, and commentaries without original data.

Animal or preclinical studies.

Studies involving exclusively donor oocytes, surrogacy, or experimental fertilization technologies
(unless included in sensitivity analyses).

Duplicate datasets or overlapping registry summaries.

Two independent reviewers screened titles and abstracts for relevance. Disagreements were
resolved through discussion and consensus, ensuring methodological transparency.

4. Data Extraction and Quality Assessment

Data extraction was performed using a standardized electronic form developed in Microsoft Excel.
The following variables were collected:

Study characteristics: author, year, country/region, study design, and sample size.

Demographics: mean female and male age, infertility duration, etiology, BMI, and stimulation
protocols.

Clinical outcomes: number of retrieved oocytes, fertilization rate, cleavage and blastocyst
formation rates, implantation rate, clinical pregnancy rate (CPR), miscarriage rate, and live-birth
rate (LBR).

Contextual variables: country income classification (World Bank 2025), laboratory accreditation
status, availability of ART subsidies, and average cost per cycle.

Adjunctive interventions: preimplantation genetic testing (PGT-A), single vs. multiple embryo
transfer, use of donor gametes, and laboratory conditions (air filtration, incubator type,
cryopreservation method).

Each study was assessed for methodological quality using appropriate tools:

Randomized controlled trials were evaluated by the Cochrane Risk of Bias 2.0 tool (Sterne et al,,
2019).

Observational studies were assessed via the Newcastle—Ottawa Scale (NOS).

Registry reports were examined for completeness, data validation, and consistency with
international reporting standards (ICMART, 2023).

Only studies scoring =26 on the NOS or rated as “low-to-moderate risk of bias” in Cochrane
assessments were included in the main analysis.

5. Classification of Countries and Populations

Countries were classified into developed and developing categories based on the World Bank 2025
income classification and UNDP Human Development Index (HDI).
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Developed regions included North America, Western Europe, Australia, Japan, and South Korea.
Developing regions encompassed Latin America, Eastern Europe, Africa, South Asia, and selected
Middle Eastern nations.

Within each category, representative registry data were obtained:

Developed: CDC (USA), HFEA (UK), ESHRE Consortium (EU), JSRM (Japan).

Developing: Latin American Registry (REDLARA), African Network for Fertility Care, India National
ART Registry, and WHO Regional Reports (AFRO/SEARO).

Population-specific fertility parameters—such as mean maternal age at first IVF cycle, oocyte yield
per stimulation, and cumulative live-birth rate per patient—were compared between these
groups.

6. Outcome Measures

The study’s primary and secondary outcomes were predefined as follows:

Primary Outcome

Live-birth rate (LBR) per embryo transfer and per initiated cycle, stratified by maternal age groups
(<35, 35-37, 38-40, 41-42, and >42 years).

Secondary Outcomes

Ovarian response: mean number of retrieved oocytes and MIl oocytes.

Fertilization rate: number of fertilized oocytes per total retrieved.

Embryo development: proportion reaching blastocyst stage and morphological grading.
Implantation rate (IR) and clinical pregnancy rate (CPR).

Miscarriage rate (MR) per clinical pregnancy.

Multiple pregnancy rate (MPR) for single vs. double embryo transfer.

Cumulative live-birth rate (CLBR) after up to three embryo transfers.

Laboratory and contextual metrics: air-quality standards, embryologist-to-cycle ratio, presence of
certification (ISO 15189/ESHRE), and average cost per cycle.

7. Statistical Analysis

Data were analyzed using SPSS (v.28) and R (v.4.3.2). Descriptive statistics summarized
demographic and clinical characteristics.
Continuous variables were expressed as mean # standard deviation (SD), and categorical variables
as percentages.

Between-group comparisons (developed vs. developing countries) were performed using:
Student’s t-test or Mann—Whitney U-test for continuous variables;

Chi-square test for categorical outcomes;

ANOVA with post-hoc Tukey correction for age-stratified subgroup analyses.

Where sufficient data were available, meta-analytical pooling was conducted using random-
effects models (DerSimonian—Laird method) to estimate global age-specific live-birth rates.
Heterogeneity was quantified with I statistics (>50% considered substantial). Publication bias was
assessed through funnel plots and Egger’s regression test.

A multivariable logistic regression model was developed to identify independent predictors of live
birth, including maternal age, paternal age, number of oocytes retrieved, embryo quality, and
country development index. Adjusted odds ratios (aORs) were reported with 95% confidence
intervals (ClI).

Statistical significance was set at p < 0.05 for all analyses.

8. Ethical Considerations

As this study synthesized previously published and de-identified registry data, ethical approval was
not required under institutional review board (IRB) regulations. However, all data sources were
derived from publicly available registries or studies with documented ethical clearance.
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The study adhered to the Declaration of Helsinki (2013 revision) and to international standards of
research integrity and transparency. For national datasets accessed directly (e.g., HFEA or CDC
reports), permission was obtained in accordance with data-use guidelines.

Wherever comparative socioeconomic data were used, confidentiality and country-level
anonymity were maintained to avoid misrepresentation of specific clinics or regions. All analyses
were performed on aggregated datasets.

9. Limitations of Methodology

While efforts were made to ensure comprehensive coverage, several limitations must be
acknowledged:

Registry heterogeneity: Different nations report ART outcomes using distinct criteria, complicating
direct comparisons.

Incomplete socioeconomic adjustment: Differences in healthcare funding, reimbursement
policies, and patient selection could not be fully standardized.

Limited data availability in LMICs: Many low-resource settings lack national ART registries,
potentially underrepresenting their true performance.

Variable reporting of adjunct technologies: Not all registries distinguish cycles using PGT-A, time-
lapse monitoring, or vitrification.

Potential publication bias: Positive-outcome studies are more likely to be published, inflating
perceived success rates.

Despite these constraints, the multi-source triangulation approach—combining registry, cohort,
and trial data—provides a robust comparative framework for understanding global IVF disparities.
10. Data Integrity and Reproducibility

To enhance transparency and reproducibility, all extracted data and analysis codes are stored in a
version-controlled repository accessible upon reasonable request. Meta-analysis scripts and
statistical outputs were archived using the Open Science Framework (OSF) platform.

Procedures for cross-validation were implemented:

Independent re-analysis of 10% of studies by a second statistician.

Random sampling of registry data for consistency with official national summaries.

Sensitivity analyses excluding outliers and studies with missing data >20%.

These steps ensure the methodological reliability and reproducibility of the results presented in
subsequent sections.
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Figure 1. IVF live-birth rates by maternal age in developed vs. developing countries
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Figure 1. Live-birth rate per embryo transfer by maternal age in developed vs. developing
countries.

Bar chart showing the mean + SD live-birth rate (%) per embryo transfer across five maternal-age
groups (<35, 35-37, 38-40, 41-42, >42 years) in developed (blue) and developing (yellow)
countries.

A progressive, age-related decline in live-birth rate is observed in both cohorts, reflecting the well-
established deterioration in oocyte competence and embryonic chromosomal integrity with
advancing maternal age.
At younger ages (<35 years), live-birth rates remain relatively high (=42% in developed and =36%
in developing countries), but they decrease sharply beyond 38 years and reach <10% in women
older than 42 years.
Across all age categories, success rates are significantly higher in developed countries, indicating
the influence of optimized laboratory conditions, refined stimulation protocols, advanced embryo

culture systems, and improved clinical practices.
Error bars denote inter-registry variation, which remains small in developed regions, suggesting
consistent performance across clinics.

p-values above each column confirm statistically significant age-dependent differences within and
between cohorts (p < 0.05 for <37 years, p < 0.001 for =38 vyears).
Collectively, the figure underscores the dominant effect of maternal age on IVF outcomes and the
persistent global disparity in clinical success between resource-rich and resource-limited
healthcare systems.
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Figure 2. Embryo implantation rate by maternal age in developed vs. developing countries
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Figure 2. Embryo implantation rate by maternal age in developed vs. developing countries.

Bar chart presenting the mean + SD embryo implantation rate (%) following in vitro fertilization
across five maternal-age categories (<35, 35-37, 38-40, 41-42, >42 years) in developed (blue)
and developing (yellow) countries.
A clear, progressive reduction in implantation rate is evident with advancing maternal age in both
cohorts, reflecting the physiological decline in oocyte competence and cumulative effects of age-
related aneuploidy.
In developed regions, implantation rates decreased from approximately 55% among women <35
years to 11% beyond 42 years, while in developing countries rates declined from 49% to 8%,

showing a steeper reduction across all age strata.
The differences between age groups and regions were statistically significant (p < 0.05 for ages
<37 years, p < 0.01 for >38 years).

Error bars are small, consistent with high dataset precision, and reflect inter-clinic variability.
Overall, the figure demonstrates that while maternal aging universally reduces implantation
success, advanced laboratory quality control, embryo culture systems, and endometrial
preparation protocols in developed countries help maintain higher implantation efficiency at
every reproductive stage.
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Figure 3. Cumulative live-birth rate (CLBR) by maternal age in developed vs. developing countries
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Figure 3. Cumulative live-birth rate (CLBR) by maternal age in developed vs. developing countries.
Bar chart presenting the mean + SD cumulative live-birth rate (CLBR, %) following up to three
embryo transfers across five maternal-age categories (<35, 35—37, 38-40, 41-42, >42 years) in
developed (blue) and developing (yellow) countries.
A progressive, age-dependent decline in cumulative live-birth rate is evident in both populations,
demonstrating the compounding effect of maternal aging on the overall probability of achieving a
live birth, even after multiple treatment cycles.
In developed countries, CLBR decreases from approximately 70% among women <35 years to 13%
beyond 42 years, whereas in developing countries, outcomes fall more steeply—from 63% to 9% —
reflecting disparities in laboratory performance, embryo cryopreservation quality, and access to
advanced technologies such as PGT-A and time-lapse culture.
Error bars are small, consistent with the precision of large registry datasets.
p-values above each column confirm statistically significant differences between age groups within
and between regions (p < 0.05 for ages <37 vyears; p < 0.01 for >38 vyears).
Overall, the figure underscores that while repeated IVF attempts improve the cumulative
likelihood of live birth, maternal age remains the dominant limiting factor, and outcomes are
significantly enhanced in high-resource reproductive centers.
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Figure 4. Mean number of retrieved oocytes per IVF cycle by maternal age in developed vs. developing countries
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Figure 4. Mean number of retrieved oocytes per IVF cycle by maternal age in developed vs.
developing countries.

Bars represent the mean + SD number of oocytes obtained per stimulation cycle across five
maternal-age categories (<35, 35-37, 38-40, 41-42, >42 years).
Blue bars correspond to data from developed countries and yellow bars to developing countries.
A gradual decline in oocyte yield is evident with advancing age in both settings; however, values
remain  consistently  higher in  developed regions at every age  group.
Error bars are small, reflecting high procedural consistency and large sample size.
Statistical significance (p-values above columns) indicates progressively stronger differences
between age groups, with particularly pronounced reductions after 38 years (p < 0.01) and after
41 years (p < 0.005).
Overall, the results demonstrate that both biological aging and health-system quality contribute
to ovarian-response decline, but optimized stimulation protocols in developed centers maintain
higher oocyte retrieval efficiency.
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Figure 5. Miscarriage rate by maternal age in developed vs. developing countries
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Figure 5. Miscarriage rate by maternal age in developed vs. developing countries.

Bars represent the mean + SD miscarriage rate (%) following in vitro fertilization across five
maternal-age categories (<35, 35-37, 38—40, 41-42, >42 years).
Blue bars correspond to data from developed countries, and yellow bars to developing countries.
A clear, age-dependent increase in pregnancy loss is observed in both cohorts, rising from
approximately 1013 % among women <35 years to nearly 50-56 % beyond 42 years of age.
Miscarriage rates are consistently higher in developing regions at every age group, reflecting
differences in embryo quality, uterine assessment, and early obstetric monitoring.
Error bars are small, indicating precise and reliable estimates from large clinical datasets.
p-values above each column denote statistically significant differences between age groups within
each region; significance strengthens with advancing maternal age (p < 0.05 for <37 years; p <0.01
for >38 years).
Overall, the figure illustrates the combined effects of reproductive aging and health-system quality
on pregnancy maintenance after IVF.
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Figure 6. Relationship between maternal age and cumulative live-birth rate (CLBR)
in developed vs. developing countries
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Figure 6. Relationship between maternal age and cumulative live-birth rate (CLBR) in developed
vs. developing countries.

Scatter plots display the relationship between maternal age (years) and cumulative live-birth rate
(CLBR, %) following up to three embryo transfers.
Blue symbols and the solid blue regression curve represent data from developed countries, while
yellow symbols and the corresponding curve represent developing countries.
Each point reflects registry-averaged outcomes derived from national or regional ART databases.
Both curves demonstrate a clear inverse correlation between maternal age and CLBR, consistent
with physiological  decline in  oocyte and embryo quality with aging.
The fitted second-order polynomial regression shows a gradual reduction in live-birth probability
from approximately 70 % at age 28 years to <15 % beyond 43 years in developed regions, and
from ~65 % to <10 % in developing regions.
The steeper slope observed for developing countries indicates an accelerated age-related decline,
likely reflecting differences in laboratory environment, stimulation protocols, and access to pre-
implantation genetic testing.
Coefficient of determination values (R* = 0.94 for developed and R? = 0.91 for developing
countries) confirm excellent model fit and biologically realistic predictive accuracy.
Overall, the figure highlights the strong age dependency of reproductive potential and
underscores the importance of early ART intervention and optimization of laboratory standards in
resource-limited settings.
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Figure 7. Multivariable predictors of live birth after IVF
(adjusted odds ratios with 95% confidence intervals)
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Figure 7. Multivariable predictors of live birth after in vitro fertilization (IVF): adjusted odds ratios
(aOR) with 95% confidence intervals.

Forest plotillustrating the relative contribution of key clinical, biological, and contextual factors to
live-birth outcomes following IVF, derived from a multivariable logistic regression model.
Predictors are displayed on the y-axis, while the x-axis represents the adjusted odds ratio (aOR)
with corresponding 95% confidence intervals (Cls).
Values to the right of the reference line (¢OR = 1.0) indicate factors positively associated with live
birth, whereas values to the left indicate a negative association.

Among biological variables, embryo quality (aOR 1.42; 95% Cl 1.28—1.56) and number of retrieved
oocytes (aOR 1.09; 95% Cl 1.04-1.14) were the strongest positive predictors of success.
Maternal age was inversely correlated with live birth (aOR 0.88; 95% Cl 0.86—0.91), confirming the
dominant impact of reproductive aging.
Mild negative effects were observed for increased BMI (aOR 0.95; 95% CI 0.90—-1.00), whereas
endometrial thickness =8 mm was associated with improved implantation potential (¢OR 1.15;
95% Cl 1.05-1.25).

Adjunctive and contextual parameters also demonstrated significant associations:
use of preimplantation genetic testing for aneuploidy (PGT-A) increased live-birth likelihood (aOR
1.33;, 95% Cl 1.20-1.47), and treatment in developed-country clinics or those with laboratory
accreditation (ISO/ESHRE) further enhanced success (aOR 1.25; 95% Cl 1.15—-1.36 and aOR 1.28;
95% Cl 1.12—1.42, respectively).

Collectively, the model highlights that maternal age, oocyte vyield, embryo competence, and
laboratory quality are the strongest determinants of IVF outcome, emphasizing the multifactorial
nature of treatment success across socioeconomic contexts.

Discussion

The findings presented in this study provide a comprehensive view of the global patterns,
biological underpinnings, and socioeconomic determinants of in vitro fertilization (IVF) outcomes,
with particular emphasis on the interaction between maternal age and healthcare infrastructure.
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Our data consolidate evidence from international IVF registries, academic reports, and prospective
clinical datasets, affirming that maternal aging remains the most critical determinant of
reproductive success. The results highlight that even in technologically advanced laboratories, the
age-related decline in oocyte competence and implantation potential persists, albeit attenuated
by superior clinical practice and laboratory standards.

1. Maternal aging as the dominant determinant of reproductive outcome

Reproductive aging is characterized by a progressive depletion of the ovarian follicular pool and a
deterioration in the developmental competence of remaining oocytes. This decline begins
insidiously in the late twenties and accelerates after the age of 35 years, culminating in a marked
drop in pregnancy and live-birth rates (te Velde and Pearson, 2002; Broekmans et al., 2009).
Cytogenetic studies have shown that the prevalence of aneuploid oocytes rises exponentially with
age, exceeding 80% in women over 42 years (Franasiak et al., 2014). The biological causes are
multifactorial —defective meiotic spindle assembly, mitochondrial dysfunction, and oxidative
damage contribute to chromosomal mis-segregation and embryonic arrest (Battaglia et al., 1996;
Bentov and Casper, 2013; Oktay et al., 2015).

Our study’s results mirror these well-established biological trends. The steep decline in
implantation and live-birth rates beyond age 38 reflects the irreversible accumulation of meiotic
errors and mitochondrial compromise within oocytes. The slope of this decline was steeper in
developing countries, consistent with environmental and nutritional influences such as dietary
deficiencies, higher exposure to endocrine disruptors, and less consistent access to micronutrient
supplementation—all of which may exacerbate oxidative stress within the ovarian
microenvironment (Agarwal et al., 2012; Alviggi et al., 2020).

2. Mitochondrial aging and energy deficits in oocytes

Mitochondrial function is essential for oocyte maturation, fertilization, and preimplantation
embryonic development. Mitochondrial DNA copy number decreases with age, and mutations
accumulate, impairing ATP generation and calcium homeostasis (St John et al.,, 2010). These
deficits hinder spindle formation and chromosome segregation, promoting aneuploidy (Schon et
al.,, 2000). Experimental studies have shown that oocytes from older women have reduced
mitochondrial membrane potential and increased reactive oxygen species (ROS), directly
correlating with poor blastocyst formation rates (Wilding et al., 2009).

In advanced ART laboratories, strategies such as coenzyme Q10 supplementation, mitochondrial
transfer, and the use of antioxidants like melatonin have been proposed to mitigate this energy
deficit (Tarin et al., 2014; Bentov et al., 2016). However, these interventions remain experimental
and variably effective. The broader implication is that mitochondrial aging represents an intrinsic
biological limit—technological advancements can only partially compensate for the energetic
decline of the oocyte.

3. Endometrial receptivity and synchronization

Successful implantation requires molecular synchronization between a competent embryo and a
receptive endometrium. Age-related changes in the uterine environment contribute to reduced
implantation potential independent of embryo quality (Dimitriadis et al., 2010; Brosens et al.,
2014). Transcriptomic profiling of the aged endometrium reveals altered expression of cytokines,
growth factors, and adhesion molecules such as integrins and leukemia inhibitory factor, which
are essential for blastocyst attachment (Horcajadas et al., 2007; Macklon et al., 2014).

In our data, implantation rates declined from 55% in young women to under 10% beyond 42 years,
consistent with impaired endometrial receptivity. Endometrial thickness and vascularization are
also compromised with age, often reflecting hormonal resistance or chronic subclinical
inflammation. Optimized endometrial priming protocols—using estradiol, low-dose aspirin, and
progesterone supplementation—can partially improve uterine receptivity (Check et al., 2011;
Roque et al., 2013). Developed countries demonstrate higher implantation success in part due to
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rigorous luteal-phase monitoring and access to adjuvant therapies such as granulocyte colony-
stimulating factor and intrauterine platelet-rich plasma, which enhance endometrial receptivity
(Singh et al., 2019).

4. Embryo quality, culture systems, and laboratory conditions

Embryo quality remains one of the strongest predictors of successful implantation and live birth
(Meseguer et al., 2011; Gardner and Balaban, 2016). In our data, the implantation rates were
systematically higher in developed countries, reflecting differences in embryo culture media, gas-
phase control, and quality assurance. Advanced incubator technology maintaining low oxygen
tension (5%) and microfluidic platforms for continuous monitoring have improved blastocyst
formation rates (Feil et al., 2020).

In contrast, many developing-country IVF laboratories face challenges related to unstable
electricity supply, suboptimal air filtration, and temperature fluctuations. Even minimal variation
in pH or osmolality of culture media can alter cleavage dynamics, resulting in lower implantation
competence (Swain, 2015). Accreditation systems such as ISO 15189 and ESHRE certification
ensure adherence to strict protocols, which directly translate to improved embryo viability
(Maggiulli et al., 2020). The impact of laboratory accreditation seen in our logistic regression
model (aOR = 1.28) provides empirical evidence that institutional quality management is not
merely administrative but a biological determinant of success.

5. Cumulative live-birth rate and the importance of repeated cycles

The cumulative live-birth rate (CLBR) after multiple embryo transfers reflects the true potential of
ART treatment rather than isolated cycle outcomes (Maheshwari et al., 2015). Our findings show
that CLBR declines from 70% (<35 years) to 13% (>42 years) in developed regions, and from 63%
to 9% in developing regions. These results align with the European Society of Human Reproduction
and Embryology (ESHRE) 2021 registry report and the U.S. Centers for Disease Control and
Prevention (CDC, 2022).

This decline emphasizes the need for early initiation of ART and for cumulative-cycle planning
rather than single-cycle success metrics. In developed systems, state or insurance funding allows
patients to pursue repeated cycles, significantly improving overall live-birth probability. In
developing countries, financial constraints often limit patients to one or two attempts, resulting
in lower CLBR. Expanding access through government-funded ART programs or micro-insurance
schemes would mitigate these disparities (Chambers et al., 2014; Ombelet et al., 2008).

6. Miscarriage and embryonic chromosomal abnormalities

Miscarriage rates increase steeply with age, primarily due to chromosomal abnormalities arising
from nondisjunction in aged oocytes (Hassold and Hunt, 2001; Magnus et al., 2019). Our data
confirm this trend: miscarriage rates rose from 10-13% in women under 35 years to 48-56%
beyond 42 years. This progression mirrors global statistics from large cohort studies (Nybo
Andersen et al., 2000).

The widespread adoption of preimplantation genetic testing for aneuploidy (PGT-A) has markedly
reduced miscarriage rates in women >38 years (Munne et al., 2019; Rubio et al., 2019). While
controversial due to cost and ethical considerations, PGT-A remains an effective intervention to
minimize transfer of chromosomally abnormal embryos, particularly in regions where repeated
cycles are financially unsustainable.

Furthermore, non-genetic contributors to miscarriage—such as impaired luteal function,
autoimmune dysregulation, and uterine pathology—are more readily identified and managed in
advanced healthcare systems, explaining part of the interregional difference observed in this
study.

7. Endocrine and metabolic influences

Beyond age and genetics, systemic metabolic status significantly affects reproductive success.
Increased body mass index (BMI) correlates with lower live-birth rates, due to altered
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steroidogenesis, chronic inflammation, and impaired endometrial receptivity (Bellver et al., 2013;
Kawwass et al., 2016). Obesity-related hyperinsulinemia disrupts granulosa-cell function and
oocyte maturation, leading to reduced fertilization and cleavage rates (Metwally et al., 2007).

In contrast, undernutrition and low BMI—more prevalent in developing regions—can also impair
reproductive outcomes by reducing gonadotropin secretion and endometrial proliferation
(Norman and Clark, 2010). These findings illustrate that socioeconomic differences manifest
biologically, reinforcing the concept of metabolic health as a global fertility determinant.

8. Psychosocial and stress-related effects

Psychological stress affects the hypothalamic—pituitary—gonadal axis, leading to altered
gonadotropin secretion and impaired folliculogenesis (Boivin and Schmidt, 2005). Cortisol
elevations may interfere with endometrial receptivity and early embryo implantation (Smeenk et
al., 2001). Several randomized trials indicate that structured counseling and stress-reduction
programs improve pregnancy outcomes by up to 20% (Domar et al., 2011). Developed centers
often provide integrated psychological support, whereas such services remain limited in lower-
resource settings, potentially contributing to reduced success and increased dropout rates.

9. Environmental and occupational factors

Exposure to air pollution, pesticides, and industrial toxins adversely affects both male and female
fertility (Rama Raju et al., 2018; La Marca et al., 2021). Urban pollution has been associated with
reduced oocyte yield, lower embryo quality, and increased miscarriage risk. Developing countries
experience higher exposure due to less stringent environmental regulations. Indoor air
contamination from unfiltered HVAC systems in laboratories is also a major concern. Clean-room
IVF facilities in developed countries minimize volatile organic compounds (VOCs) and particulate
matter, contributing to superior embryo development outcomes (Esteves et al., 2020).

10. Innovations to enhance pregnancy probability

Advances in reproductive biotechnology offer pathways to improve outcomes in older women and
resource-limited settings. Ovarian rejuvenation using platelet-rich plasma and stem-cell therapy
shows preliminary promise (Sfakianoudis et al., 2019), though long-term safety remains uncertain.
Mitochondrial replacement and spindle transfer have been attempted in select clinical contexts
to restore cytoplasmic competence (Zhang et al., 2017).

Artificial intelligence—based embryo selection, integrating time-lapse morphokinetics with deep
learning algorithms, improves implantation prediction accuracy (Khosravi et al., 2019). For
developing regions, simplified IVF systems using low-cost culture media and minimal stimulation
have proven effective in expanding access while maintaining reasonable outcomes (Van Blerkom
et al.,, 2014). These approaches collectively demonstrate that technological innovation can
mitigate—but not eliminate—the biological constraints imposed by aging.

11. Policy implications and equity in reproductive healthcare

Global disparities in ART outcomes reflect not only technological but also policy inequities. In many
low- and middle-income countries, infertility remains socially stigmatized yet economically
neglected (Inhorn and Patrizio, 2015). Public funding for ART is rare, and private-sector costs are
prohibitive. National strategies integrating infertility into reproductive health policy could improve
accessibility and reduce the emotional and financial burden on couples (Chambers et al., 2014).
Ethical and demographic implications also emerge: delayed childbearing in developed societies,
driven by career and economic factors, increases demand for ART among older women (Schmidt
etal., 2012). Public-health campaigns encouraging earlier family planning and fertility preservation
awareness (e.g., elective oocyte cryopreservation) may counterbalance this trend (Cobo et al.,
2016).

12. Limitations and future research

While our analysis integrates large datasets and mechanistic insights, limitations persist.
Differences in registry definitions, incomplete socioeconomic adjustment, and regional

289



Proceedings of the 11th International Scientific Conference

heterogeneity in cycle reporting may influence observed trends. Prospective, multi-country
studies using standardized outcome definitions are needed. Future research should focus on
molecular signatures of oocyte and endometrial aging, predictive Al models for personalized cycle
planning, and cost-effective innovations suitable for developing-country contexts (Fragouli et al.,
2019; Capalbo et al., 2021).

Conclusion

This study reinforces that the intersection between biology and socioeconomic infrastructure
defines the true boundaries of assisted reproduction success. Maternal age remains the most
powerful predictor of IVF outcome, exerting its effects through progressive oocyte aneuploidy,
mitochondrial dysfunction, and endometrial desynchronization (Franasiak et al., 2014; Bentov and
Casper, 2013; Brosens et al., 2014).
While these biological processes are universal, their clinical consequences are profoundly
influenced by the quality of healthcare systems, laboratory environments, and access to
reproductive technology.

Our comparative data demonstrate that women in developed countries maintain higher
implantation, cumulative live-birth, and pregnancy-maintenance rates at every age group. This
advantage arises not from intrinsic biological differences but from improved laboratory air quality,
rigorous accreditation systems, and widespread implementation of technologies such as time-
lapse monitoring, cryopreservation, and preimplantation genetic testing (Maggiulli et al., 2020;
Munne et al., 2019). In developing countries, meanwhile, limitations in laboratory control, variable
gonadotropin access, and economic barriers reduce overall efficiency despite similar biological
potential (Ombelet et al., 2008; Chiware et al., 2020).

The cumulative live-birth rate (CLBR) analysis underscores that persistence—through repeated
embryo transfers—enhances the probability of eventual success, provided that technical
consistency and patient support are maintained (Maheshwari et al., 2015; Polyzos et al., 2018).
Each additional oocyte retrieved modestly increases the odds of live birth, but beyond quantity,
the key determinant remains oocyte and embryo quality, which decline sharply beyond 38 years.
The data thus emphasize the imperative of earlier intervention, ideally before the onset of rapid
ovarian aging (Broekmans et al., 2009; La Marca et al., 2010).

Socioeconomic and environmental factors act as amplifiers of these biological effects. Air
pollution, occupational stress, and metabolic disorders such as obesity or insulin resistance
negatively affect both gametogenesis and implantation (Bellver et al., 2013; Rama Raju et al,,
2018). Conversely, high-quality nutrition, stable healthcare access, and psychological support
improve outcomes across all age groups (Domar et al., 2011; Singh et al., 2019). Addressing these
modifiable parameters may vyield gains equivalent to several years of “reproductive age”
preservation.

Future directions should integrate precision medicine and Al-driven reproductive analytics. Deep
learning models can already predict embryo viability with accuracy surpassing human assessment
(Khosravi et al., 2019). Combining such tools with multi-omic profiling of oocytes and
endometrium may enable personalized embryo transfer timing and pharmacologic modulation of
uterine receptivity (Fragouli et al.,, 2019; Capalbo et al.,, 2021). At a population level, policy
innovation—through insurance coverage, national ART registries, and equitable funding—remains
vital to closing the outcome gap between developed and developing regions (Chambers et al,,
2014; Inhorn and Patrizio, 2015).

In summary, the global pattern of IVF success reflects a continuum of biology, technology, and
equity. Reproductive aging imposes an irreversible biological constraint, but modern ART can
substantially extend functional fertility when implemented under optimal laboratory and
healthcare conditions. Ensuring universal access to such standards represents not merely a clinical
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ambition but a reproductive justice imperative—to transform technological capacity into
equitable opportunity for every aspiring parent worldwide.
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Introduction

Gender roles represent the set of behavioral models, responsibilities, and social expectations
attributed to women and men within society. These roles have historically been shaped through
divisions of labor and cultural values and transmitted across generations. In many traditional
societies, patriarchal structures dominated, with men assuming leading roles in politics and
production, while women were confined to domestic work and childcare. This strict division has
often been justified through exaggerated interpretations of biological differences, even though
men and women have long been recognized as equally capable in most domains aside from
reproductive functions. Gender roles thus differ across cultures, evolving according to each
society’s economic and social conditions.

Historically, the development of gender roles has been strongly influenced by modes of
production. For instance, in societies based on traditional plow agriculture, men typically
performed physically demanding tasks such as tilling the land, reinforcing the notion that “a
woman’s place is at home.” Studies have found that descendants of regions where plows were
historically used tend to hold more unequal gender attitudes today, with lower female labor
participation. Conversely, in pastoral or hand-tool-based agricultural societies, women’s active
participation in manual labor fostered more flexible gender roles.

In modern society, industrialization, education, and feminist movements have significantly
transformed gender roles. Women’s participation in the labor force has risen sharply, and they
now enjoy expanded access to education, careers, and public life. Consequently, gender equality
has become a global priority, prompting reevaluations of men’s and women’s roles in work, family,
politics, and business. Nevertheless, gender stereotypes and structural barriers persist, impeding
the full realization of equality. This paper explores the historical and cultural origins of gender
roles, their modern transformations, and their influence across various sectors of society, with
attention to contemporary research and cross-cultural comparisons using sociological methods.

Research Methods

The study employed a comparative sociological approach. Anthropological and socio-
historical sources were reviewed to explain the origins of gender roles, focusing on sexual divisions
of labor from hunter-gatherer to agrarian societies. Statistical data from the post—World War ||
period to the present were analyzed, drawing on global gender reports and databases from
organizations such as the ILO, World Bank, and UN. Comparative data on women’s representation
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in politics, business, and technology were also examined. Media portrayals of gender stereotypes
were assessed through global surveys and UN Women reports. All sources were drawn from peer-
reviewed journals and reputable international institutions (Scopus-indexed), ensuring scientific
reliability. The data were analyzed comparatively to describe contemporary patterns and
challenges of gender roles.

1. Historical and Cultural Formation of Gender Roles

(Condensed summary of your section)

From early human societies to agrarian civilizations, gender roles evolved alongside economic
needs and cultural systems. Archaeological evidence shows that the division of labor was not as
rigid as once assumed—women hunted and men gathered in some communities. The introduction
of plow agriculture reinforced patriarchal norms, tying men to outdoor labor and women to
domesticity. Cross-cultural evidence reveals how plow-based societies perpetuate gender
inequality, while hand-tool agricultural regions fostered greater balance. Religion and philosophy
further reinforced gender distinctions, particularly in patriarchal systems such as Confucian and
Islamic traditions. In contrast, matrilineal societies and some early philosophers (e.g., Plato)
argued for gender parity in education and leadership. Overall, history shows that gender roles are
socio-economic constructs, not biologically determined constants.

2. Transformation of Gender Roles in Modern Society

Industrialization, education, and feminist activism triggered profound gender shifts. World
War |l accelerated women’s workforce participation; postwar, many remained economically
active. The expansion of education equalized access, with women now outnumbering men in
higher education globally (113:100, UNESCO 2023). Feminist movements—suffrage, reproductive
rights, and labor equality—advanced legislative reforms. However, in many developing or
conservative societies, patriarchal norms persist, constraining women’s mobility and career
progression.

Importantly, gender transformation also affects men. The modern era challenges the
traditional male “provider” role, promoting fatherhood and emotional engagement. Yet, rigid
ideals of masculinity still discourage vulnerability or domestic labor. Thus, gender transformation
is bidirectional—liberating both women and men from restrictive stereotypes.

3. Gender Roles in Labor, Family, and Education

Gender roles deeply influence economic and social structures. Globally, female labor force
participation remains below 50%, compared to 80% for men (World Bank, 2022). Occupational
segregation persists: women dominate low-paying care professions, while men hold most
technical and executive positions. The global gender pay gap remains significant—U.S. women
earn about 85% of men’s wages (Pew, 2025).

In families, dual-income models coexist with unequal domestic burdens—women still
perform three times more unpaid household labor than men. This “double burden” limits career
advancement and perpetuates wage gaps. Education, meanwhile, reflects progress and
challenges: although women now dominate universities, gendered subject segregation remains—
STEM fields are male-dominated, while education and social sciences attract mostly women.
Curriculum biases and stereotyped imagery in textbooks reinforce these disparities from
childhood. Hence, education reform and gender-sensitive pedagogy are crucial to breaking these
cycles.
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4. Gender Equality in Politics, Business, and Technology

Women’s representation in decision-making remains limited. In politics, women now hold
27.2% of parliamentary seats globally (IPU, 2025), up from 11% in 1995. Quota systems (e.g.,
Rwanda, Bolivia) proved effective, but leadership gaps persist—only 28 countries currently have a
female head of state or government.

In business, just 9% of Fortune 500 CEOs are women (2024). Board-level representation is
higher (~¥33%), aided by EU gender quotas. The “glass ceiling” persists due to biased promotion
networks and cultural perceptions of leadership as “male.” Yet research confirms that gender-
diverse leadership improves decision-making and organizational outcomes.

In technology, women make up 27% of the workforce and only 8% of software developers
(StrongDM, 2025). Cultural exclusion, workplace bias, and lack of mentorship contribute to
attrition—half of women leave tech before age 35. Gender equality initiatives must therefore
address not only numbers but workplace culture, ensuring inclusivity and balance.

5. Gender Stereotypes in Media and Communication

Media profoundly shape perceptions of gender. Studies show that women are often depicted
as caregivers or objects of beauty, while men appear as leaders or professionals. In news coverage,
only 20% of experts cited are women. Such underrepresentation skews public perception of
authority and competence. Moreover, sexist advertising and entertainment normalize
objectification and victim-blaming narratives.

On the positive side, feminist media movements and female-led productions are changing
narratives—new portrayals of strong, multidimensional women in global cinema and advertising
are emerging. Campaigns like Unstereotype Allianceand Global Media  Monitoring
Project promote balanced representation. Media literacy, regulation, and gender-sensitive
journalism training are key to dismantling harmful stereotypes.

6. Cross-Cultural Comparison of Gender Roles

Gender norms vary widely across cultures. The Global Gender Gap Report (WEF, 2025) shows
Iceland leading (92.6% equality achieved), followed by Finland and Norway. Conversely,
Afghanistan, Yemen, and Congo rank lowest. Economic prosperity often correlates with gender
equality, but not always—Rwanda and the Philippines outperform wealthier nations in political
participation.

Cultural dimensions matter: Hofstede’s “masculinity—femininity” index reveals Japan (95) and
Germany (66) as masculine societies with rigid gender roles, while Sweden (5) and Norway (8) are
feminine cultures emphasizing care and equality. Religion and tradition also play defining roles:
patriarchal norms prevail in the Middle East and South Asia, while secular Western and some Latin
American countries advance equality through legal and educational reforms.

Comparative findings reaffirm that gender roles are not biologically fixed but socioculturally
constructed. Egalitarian societies benefit economically and socially, demonstrating that gender
equality is both a moral and pragmatic imperative.

Conclusion

This study demonstrated that gender roles are dynamic, socially constructed, and historically
contingent. While industrialization, education, and feminist movements have transformed gender
relations, structural inequalities persist across labor, politics, and culture. Achieving true equality
requires intersectional and context-sensitive strategies:
® |egal frameworks ensuring equal pay and parental leave for both genders;
® Educational reforms promoting STEM access for girls and emotional literacy for boys;
® Media responsibility in portraying diverse, empowering gender models;
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® Cultural adaptation of policies to local traditions without compromising equality principles.

® Ultimately, gender equality is not merely a women’s issue—it benefits society as a whole,
enhancing inclusivity, justice, and sustainable development. Breaking rigid gender roles
liberates all individuals to realize their full human potential.
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Personality disorders are long-term patterns of behavior, emotion, and cognition that
deviate dramatically from what is typical in a person's society. These patterns are rigid, induce
distress, and impair an individual's capacity to operate in everyday life. People with personality
disorders frequently struggle to maintain stable relationships, manage their emotions, and
conform to social standards. As a result, individuals may struggle at school, at work, and with their
families. This is where social work comes into play: offering support, understanding, and
rehabilitation to individuals with personality disorders so that they can have more stable and
happy lives.

The Diagnostic and Statistical Manual of Mental Disorders (DSM-5) classifies personality

disorders into three categories. Cluster A comprises unusual or eccentric disorders like paranoid,
schizoid, and schizotypal personality disorders. Cluster B disorders are dramatic, emotional, or
erratic, such as antisocial, borderline, histrionic, and narcissistic personality disorders. Cluster C is
made up of anxious or scared disorders such avoidant, dependent, and obsessive-compulsive
personality disorders. Each type has distinct issues in a person's emotions, relationships, and
behavior, which social workers must understand in order to give appropriate help [4].
Personality disorders are caused by a complex interaction of biological, psychological, and social
variables. Childhood trauma, parental neglect, emotional abuse, and living in insecure situations
can all contribute to the development of these conditions. Individuals who have had inconsistent
caregiving or social isolation may acquire warped habits of thought and behavior. In this setting,
social workers provide a preventive function [3]. Working with at-risk families and children, social
workers can assist lower the chance of developing personality disorders later in life by providing
counseling, early intervention, and emotional education programs.

Personality disorders have major ramifications for families and society, in addition to
affecting individuals. People with these disorders frequently face social marginalization,
ignorance, and stigma. They may struggle to retain work or relationships, leading to isolation or
even homelessness. Families, in turn, may feel stressed, confused, and emotionally exhausted. As
a result, social workers play a crucial role in facilitating and providing support. They facilitate
customers' access to treatment, social services, and community programs. They also collaborate
with families to improve communication, eliminate conflict, and foster a supportive atmosphere
for the affected individual [2].

Personality disorders are typically treated with psychotherapy, including Cognitive
Behavioral Therapy (CBT), Dialectical Behavior Therapy (DBT), and psychodynamic techniques.
While psychologists and psychiatrists focus on clinical treatment, social workers offer practical and
emotional support to help clients implement coping strategies in real life. They may offer help with
housing, job, education, and community reintegration. In many circumstances, social workers act
as advocates for their clients, ensuring that they receive equitable treatment throughout the social
and healthcare systems [5]. This holistic approach exemplifies one of the fundamental concepts
of social work: addressing the individual as a whole, rather than simply the problem.
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The connection between social work and personality disorders is profoundly founded in
empathy, human rights, and social justice. Social workers try to remove stigma, encourage
inclusion, and enable people to fully engage in society. Through education, awareness campaigns,
and lobbying, social workers assist communities recognize that people with personality disorders
are not "difficult" or "dangerous," but rather individuals who require care, stability, and support.
By tackling social and environmental issues, social workers help to promote healthier, more
compassionate societies [1].

In conclusion, personality disorders are complicated mental health issues that necessitate
a multidisciplinary approach. Social work is a critical component of that response, offering
emotional and practical assistance to individuals and families. Social workers help people with
personality disorders live better lives by concentrating on prevention, intervention, and social
reintegration. Their activities foster collaboration between mental health services and society,
ensuring that every person, regardless of condition, has the opportunity to live with dignity,
inclusion, and hope.
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Abstract. Legal consciousness is a category of the theory of state and law and criminology.
Legal consciousness covers the sphere of Public, Group, and individual consciousness, associated
with the manifestation of phenomena of legal significance and values of legal significance, legal
vision, and duty legal order. Legal consciousness is determined by the socio-economic conditions
of public life and cultural and legal, democratic, or authoritarian traditions. Legal education - to
improve the legal education of adolescents, to realize that legal education is everyone's
responsibility.

Legal education has particular importance in forming the legal consciousness of minors.
From this point of view, the study's main goal is to prevent teenagers from violating the forbidden
norm, "passing" the forbidden boundaries of the law, to improve legal knowledge.

As a research methodology, differentiation of legal consciousness in the Prevention of
criminal offenses of adolescents, comparison, and generalization of ideas by comparing the views
of famous scientists were considered. This will undoubtedly increase the value of the study as a
whole and give results.

In the article, the author analyzes the legal consciousness of minors. In connection with
the study of legal consciousness, preventive measures are considered in detail, and issues of
effectiveness of combating criminal offenses are analyzed.

Keywords: criminal offense, legal consciousness, comprehend, prevention, efficiency.

Introduction

Legal education is a requirement of today. The formation of legal consciousness requires
the improvement of legal knowledge. It would not be superfluous to take legal knowledge and
legal consciousness as twin concepts and consider them as complementary "forces". Because, if
the fullness of consciousness comes through knowledge, then it is the truth of life that knowledge
depends on how consciousness perceives and "summarizes". Let's see a little bit about how the
same concept of Twin, which is related to reality, affects minors.

A bright future for bright and fervent youth. The Kazakhstani state is constantly paving the
way, directly linking the future only with the youth, giving young people the opportunity to study
and search a lot, so that they can be educated, smart, clever. As youth support policies work
continuously, the results are no less significant. Nevertheless, while there is still much research
and future work to be done, there is no doubt that the scope of the work is enormous.

It goes without saying that minors in general must constantly improve their legal
consciousness so that in the future they can become full citizens of society so that they "do not
stumble" on the threshold of law. Or it seems that the constant improvement of this legal
consciousness should be shaped as the law of life for any young person who cares deeply about
the future.
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Having stepped back a bit and studied the consciousness of law as accepted in legal theory,
we would be convinced that the notion of common law consciousness has proven insufficient to
refine for our social study. As life experience has proven, insufficient legal consciousness leads to
young adolescents becoming unhappy in life, remorseful, and unable to find their place in life. No
matter how we look at it, the success of legal consciousness is the key to the future.

Therefore, the knowledge of the rights of minors, their relation to the current law, the
application to the law within the concept of totality, and uniting their claims to the law, is of great
importance for the completeness of the consciousness of the law.

Discussion

It is necessary to constantly work on the program concerning the study of the legal
consciousness of minors. For this purpose the research program should be made on the basis of
the work forecast and the theoretical conditions are considered. Consequently, the legal
consciousness of juvenile offenders and adolescents taken in the control group is studied. The
control group can include schoolchildren, vocational college students, and even those who work.
The legal awareness of juvenile offenders and adolescents taken into the control group is also
investigated in the areas of criminal, administrative, and criminal procedure law. That is, by
determining what the level of legal consciousness is, we will certainly provide preventive
measures, even if we do not eliminate crime in the future.

It is worth noting that the study of the legal consciousness of minors would be considered
the main goal. However, based on experience, it should be said that although the study of general
consciousness, including adolescent legal consciousness, takes place daily, the result remains
almost unchanged. The reason is that due to low legal consciousness and legal knowledge the
number of criminal offences committed by teenagers increases every day.

Due to a lack of knowledge of the law, quite a few adolescents under the age of 14, that is,
between the ages of 9 and 13, commit criminal offenses. Researchers who have studied
delinquency in adolescents aged 9 to 13 can generally be counted on their fingers. This probably
proves that prominent educators and sociologists, although they have studied juvenile
delinquency, have done very little. The Journal of Pedagogy stated that over the last 14 years,
1,716 scientific papers have been devoted to the education of minors, indicating that only 2% of
these papers are devoted to "troubled" adolescents.

The famous pedagogue V.A. Sukhomlinsky noted that there are two sources of educating
a child. The first one is a conscious impact on the student, the second one is a "complex"
environment surrounding the child [1]. If we look at it through V.A. Sukhomlinsky's eyes, first,
education should be comprehensive, and productive, and second, the child's "environment”, the
impact of shady sides of life - to some extent, it becomes spontaneous. Young offenders are more
closely connected to their social environment than adult offenders. Well-known scientists (A. I.
Dolgova, O. D. Ermakova, N. V. Belyaev) have shown a close connection between the social
environment and the adolescent. In their opinion, the role of the family as a social environment is
great.

Juvenile delinquency is a phenomenon that characterizes only one stable side of the
adventurous aspects of delinquency in general. In order to identify the personality traits of the
child offender and the motives for the offense, we need to take a closer look at the causes of
delinquent behavior [2, 52; 3, 18].

The final stage in the all-round development of a child's consciousness, changing attitudes
toward the world, and preparation for the big life is adolescence. Adolescence is a turning point
in a child's life. The transition period of a teenager to adolescence (11-13-15 years old) has many
changes in his life. Because a child's body is not fully formed at the age of 12, 13, his appearance
also changes. That is why the adolescence is called the transition period, sometimes this age is
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called - the "difficult" age. The scientist T.M. Yakobson, who has extensively studied what happens
in the transition period when teenagers become easygoing, has shown that at this age they quickly
succumb to delinquency [4,10]. It is well known that during the transition period, adolescents want
to imitate, strive for the best, look, and repeat what they have seen. Therefore, the fact that the
transitional period is full of fleeting illusions, such as "whirlwinds," can put a child's life at risk.
Delinquency due to adolescent imitation, committing a "crime" under the influence of curiosity, is
most often committed in the present tense.

Foreign scholars such as M. Baglivio, T. Blesner, K. Boers, and A. Blumstein studied the
characteristics of juvenile crime.

In their studies, they used a quantitative approach to juvenile delinquency, taking into
account the precise number of crimes committed. This allowed them to obtain reliable empirical
information on the characteristics of intense criminal behavior among minors.

It is known that psychologists play an important role in the study of the activity of small
children and adolescents who commit delinquent and criminal acts. A group of Bulgarian
psychologists (G. D. Pirvov and others), studying the age group of children between 5 and 7 years,
found that the nervous system of 5-year-olds is not yet sufficiently developed. As they grow older,
the nervous system develops and stabilizes [5,21].

We have already mentioned that alcohol is harmful to adolescents. In general, a child
obsessed with alcohol can be led astray and provoked into delinquency. In the vast majority of
adolescents aged 10-13, the demands were apparently limited to their craving for alcohol.
Weisberg A. and Taibekova S. in their review of 305 criminal cases of 450 juveniles accused of
committing 556 crimes, found that 41% of those convicted committed crimes while intoxicated,
72% drank regularly both before and after their arrest, including teenagers [6,50].

The famous scientist A.F. Parnishchev, noting the seriousness of juvenile delinquency,
stated that the main place was occupied by robbery and theft. According to the scientist, 17% of
all juvenile crimes were property crimes, i.e. assault and robbery, and 65% of all juvenile crimes
were property crimes, proving that none of them was committed due to material insufficiency. In
addition, 60% of those convicted were under the influence of alcohol at the time of the offense
[2,31].

A peculiarity of juvenile delinquency in comparison with adults is inattention, carelessness
about what will happen tomorrow. Boldyrev E.V. and Gertsenson A.A. noted that drunkenness led
to intentional homicide while intoxicated - 63%, rape - 30.4% of cases, which resulted in grief for
someone and misfortune for themselves [7,92]. Of course, the sentence of a person who
committed a serious crime while intoxicated is not mitigated.

Thus, in our opinion, child offenders are characterized by carelessness, envy, arrogance,
and hypocrisy, probably due to the lack of parental control and neglect of their actions.

Group delinquency occupies a large place among juvenile delinquents. The main task is the
prevention of delinquency and the implementation of preventive measures.

According to Tao Chi Wook's research, hooliganism, violent acts, resisting internal affairs
officers, cheating, misappropriation of property, and selling drugs are committed by such close-
knit groups. That is, 80% of such crimes are committed by groups of children [8,101].

As practice shows, a particular lack of confidence in the fact that such a robbery crime will
not be solved and that punishment is inevitable is known to be characteristic of those convicted
of stealing other people's property.

Only a small percentage of youth (4 to 18) convicted of theft, robbery, and assault are
confident that the crime will be resolved quickly.

The study showed that most of the crimes committed in the city are committed by
juveniles. The high prevalence of juvenile delinquency is, in our opinion, in some way related to
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the absence of fathers in many families. In such families, the necessary paternal influence is not
indicated for them.

Many families did not have adequate control over their children's behavior. In particular,
91 percent of juvenile offenders committed crimes in the evening and at night, when parents were
home after work and had the opportunity to control their children's actions. There is also evidence
of widespread neglect and an increase in the number of juveniles taken to police stations for
prosecution and vagrancy in recent years.

Differentiated pedagogical work with "difficult" adolescents in the city schools also brought
few results. As always, the "difficult" young people were not involved in work, they were not given
interesting social tasks, they were not involved in the purposeful work of their collectives,
therefore they sought satisfaction of their interests from the outside.

Personal care for "difficult" children, although planned in all schools, was poorly
implemented in practice. When talking to the children, even some of them did not know their
guardians. Individual class teachers also came to their class not knowing who the guardian of
"difficult to educate" children was and what the nature of this care was.

During school inspections, the educational situation of children with "difficult
upbringing" in the family was sufficiently studied, it was found out that they have no regular
contacts with their parents and public organizations of enterprises, institutions and organizations
where they work.

To properly educate and rehabilitate a juvenile delinquent, it is not enough to know only
his negative sides. We must consider the specific features of a certain age group (14 - 17), the
development of some psychological traits, the organizational features of their nervous system that
have a considerable influence on their psychological traits, and, as a result, on their growth into a
social delinquent.

It is necessary to take into account that at the age of 14-17 years a person's thinking
abilities are restructured; the more contemplative ideas and views inherent in childhood assess in
a new way the people around him and situations with his own thinking (or the desire for their own
independence); the desire for self-expression, self-realization is strengthened. In this regard, there
are contradictions between the previous and newly formed concepts, values, new spiritual
characteristics that are just beginning to form, and motives that have the character of childhood.
It should be remembered that the duality of judgments and conclusions, instability of behavior,
orientation, and other psychological features are undergoing rapid changes.

J.I. Gilinsky in his research noted that "characterizing the high criminal activity of
adolescents, they represent the future of any state, so on their daily routine, way of life, self-
consciousness depends the fate of the future society, state, it is necessary to pay criminological,
social, psychological, educational attention to reduce criminal activity. According to scientist, it is
better to carry out a survey, but, having carefully studied the result of this survey, further crime
should not be allowed [9,97; 10,88].

Indeed, the activity of modern teenagers is something desirable, but the main requirement
is that this activity is not directed at the actions of others. Teenagers' dissatisfaction with what
they are doing, studying and working, sometimes even with the place where they live, the inability
to show their abilities - this is what prevents them from fulfilling the main requirement. Inattention
seems to be explained not by the lack of "willingness" of the teenagers, but rather by the presence
of some objective situations.

Results

Be that as it may, it is up to the adults to ensure that the youth handle their destiny with
elegance and curb their future destinies. The supremacy of adult supervision would also reduce
the alien acts committed by them. The supremacy of adult supervision also greatly helps in the
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study of juvenile legal consciousness. Improving the legal consciousness of juveniles certainly
helps to reduce criminal acts as well. In the future, we can see that there is no doubt that there is
good reason to believe that this is the case.

However, in order to have more young people with clear minds and consciousness in the
future, we must raise legal awareness and build legal consciousness, then we will have less
mistrust and more confidence in our young people.
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Abstract

The concepts of good and evil represent key moral values in human and social relations.
From ancient Greek philosophy to Azerbaijani literature, this theme has been deeply explored. In
Bakhtiyar Vahabzadeh’s poetry, good symbolizes justice, truth, and patriotism, while evil reflects
oppression and injustice. His works such as “Independence,” “Citizen,” and “Martyrs” depict the
struggle between good and evil within the context of national identity, language, and freedom. For
Vahabzadeh, good is the moral power that preserves the existence and spiritual essence of the
nation.
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Good and evil are universal moral concepts that have shaped human consciousness since
the dawn of civilization. They form the foundation of ethical thought and define the moral
framework through which individuals and societies understand right and wrong. The constant
struggle between good and evil has been one of the most enduring themes in world philosophy,
religion, and literature. From ancient myths to modern narratives, this duality reflects humanity’s
internal and external conflicts — the tension between moral virtue and corruption, selflessness
and greed, truth and falsehood.

From childhood, we are introduced to these opposing forces through tales, epics, and
legends where good is embodied by heroes who display courage, kindness, and justice, while evil
is personified by figures of deceit, cruelty, and oppression. These narratives not only entertain but
also serve as moral lessons, shaping our understanding of ethical behavior and responsibility.
Philosophers such as Aristotle and Plato viewed goodness as the highest pursuit of human life,
identifying virtuous action as the path to happiness and harmony.

Throughout history, religious and philosophical systems have reinforced this duality —
teaching that the triumph of good requires constant effort, awareness, and sacrifice. Good and evil
are not merely abstract ideas but living realities expressed through human actions, choices, and
social relations. They define the essence of humanity and the moral destiny of civilization,
reminding us that each individual plays a role in maintaining the fragile balance between light and
darkness.

Like other ethical categories, these notions reveal the depth and richness of a society’s
moral and spiritual life. They help shape moral consciousness, guiding human behavior and
defining what a community regards as right or wrong. Even before the Common Era, ancient Greek
philosophers such as Aristotle and Plato placed particular emphasis on the category of good.
According to them, doing good was not only a social necessity but the highest moral obligation of
humankind. For Aristotle, the purpose of human life was to achieve eudaimonia — a state of
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happiness attained through virtuous living. Plato, in his dialogues, considered the idea of “the
Good” as the ultimate truth and the highest object of knowledge, the source of all moral and
intellectual order.

The struggle between good and evil has been present not only in philosophy but also in
religion and mythology. In Zoroastrianism, one of the world’s oldest monotheistic faiths, existence
is depicted as a constant battle between Ahura Mazda, the god of light and goodness, and Angra
Mainyu, the spirit of darkness and evil. Humanity, according to Zoroastrian belief, plays a vital role
in this cosmic struggle, being free to choose between righteousness and sin.

This moral opposition also finds strong expression in Islam, where the Holy Qur’an
repeatedly calls upon believers to resist injustice, cruelty, and falsehood while pursuing
compassion, mercy, and truth. The Quranic teaching that “God commands justice, the doing of
good, and generosity to others” (An-Nahl 16:90) embodies the eternal essence of moral duty.

A similar moral duality appears in classical Azerbaijani literature, where poets such as
Nizami Ganjavi, Imadaddin Nasimi, Seyid Imadaddin Nasimi, Fuzuli, and others have addressed the
nature of good and evil in the context of divine love, justice, and human morality. Nizami saw the
perfection of the human soul in moral purity and benevolence. Nasimi’s concept of divine unity
also emphasized the presence of both good and evil as reflections of human free will.

Bakhtiyar Vahabzadeh (1925-2009) stands as one of the leading literary figures of 20th—
21st century Azerbaijani poetry. His works represent the spirit of national awakening and the
protection of moral and cultural values. Deeply rooted in patriotism and ethical reflection, his
poetry embodies the spiritual essence of the Azerbaijani people. Vahabzadeh’s creative path
reveals the harmony between artistic expression and moral philosophy — his works are both
poetically rich and philosophically profound.

In his poetry, the concepts of good and evil are not abstract notions but living realities that
shape human destiny and national identity. The code of good and evil in his work functions as a
mirror reflecting the moral and spiritual state of society. For Vahabzadeh, poetry is not simply an
aesthetic art form; it is a moral mission that guides people toward truth, justice, and national
consciousness.

In Vahabzadeh'’s poetic worldview, good is expressed through qualities such as compassion,
moral purity, truth, and justice, whereas evil manifests as cruelty, injustice, betrayal, and spiritual
decay. His poems often depict these opposing forces not merely as personal moral conflicts but as
expressions of larger social and political realities.

For example, in his celebrated poem “Independence”, taught in Azerbaijani secondary
schools, Vahabzadeh articulates the pain of a nation deprived of freedom:

“O God, who opened the fate of enslaved Africa,

When will you change my fate?”

Through this heartfelt question, the poet gives voice to a collective yearning for liberty and
self-determination. In the poem, those who suppress the Azerbaijani language, violate human
rights, and attempt to destroy the nation’s independence are portrayed as embodiments of evil.
These oppressive powers — whether foreign or internal — represent forces that corrupt human
dignity and national spirit.

According to Vahabzadeh, losing one’s national identity is tantamount to losing the future
itself. Evil, in this context, is not only moral wrongdoing but also political oppression, cultural
alienation, and betrayal of one’s heritage.

Many ideas in “Independence” echo the poetic philosophy of Khalil Rza Uluturk, especially
in his poem “Return My Power, Azerbaijan.” Both poets, despite the difficulties of their time,
maintain unbroken faith in the future of their nation. Hope and moral perseverance serve as
manifestations of good, while despair and submission symbolize evil.
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The figure of the child or newborn in Vahabzadeh’s “Martyrs” and “Independence”
symbolizes the continuity of life, renewal, and moral victory. For him, children are not passive
witnesses of history but carriers of a bright, benevolent future — the true heirs of the nation’s
moral and cultural wealth.

In “Citizen”, Vahabzadeh declares:

“A homeland without true citizens cannot exist.”

Here, the citizen becomes the embodiment of good — loyal, conscious, and morally
upright. The absence of such citizens leads to moral decay, loss of freedom, and the triumph of
evil. Thus, the poem transforms the concept of citizenship into an ethical and spiritual category,
aligning patriotism with moral responsibility.

In Vahabzadeh’s poetry, the conflict between good and evil is always framed within the
context of national values — homeland, language, faith, and history. He believed that preserving
one’s national and spiritual identity was an act of moral heroism. Anything that strengthens the
unity and dignity of the people represents good; anything that undermines or erases it represents
evil.

His poetry calls attention to the destructive impact of ideological interference, cultural
assimilation, and historical amnesia. Any attempt to estrange people from their language, culture,
or traditions is depicted as a form of evil that threatens the very essence of human existence.
Conversely, faith, truth, justice, and collective memory are the forces of good that ensure the
survival of a nation.

Bakhtiyar Vahabzadeh'’s vision of good and evil transcends simple moral dualism. His
approach integrates ethical, social, and metaphysical dimensions. Good, for him, is not only about
moral behavior but about alignment with truth, justice, and divine order. Evil, by contrast,
represents rebellion against these universal principles — it is ignorance, hypocrisy, and oppression.

This perspective aligns Vahabzadeh with the humanistic tradition of world literature. Like
Dante, Goethe, and Tolstoy, he regarded the poet as a moral guide whose mission is to reveal truth
and inspire virtue. His works demonstrate that poetry can serve as a philosophy of moral resistance
— a tool for awakening the conscience of society.

Bakhtiyar Vahabzadeh’s poetry stands as a bridge between aesthetic beauty and moral
truth. His treatment of good and evil goes beyond poetic symbolism to encompass an entire ethical
and philosophical worldview. Through the imagery of struggle, resistance, and moral awakening,
Vahabzadeh reminds his readers that the battle between good and evil is both eternal and internal
— it exists within every individual and every nation.

He interprets good as the triumph of truth, justice, and moral integrity; evil, as the
domination of injustice, oppression, and moral blindness. His legacy thus extends beyond literature
— it is a call to ethical awakening and national consciousness.

Bakhtiyar Vahabzadeh’s creative heritage stands as a powerful moral and intellectual
beacon in modern Azerbaijani literature. His works transcend the boundaries of time, offering
readers universal lessons on the eternal struggle between good and evil. For Vahabzadeh,
goodness is not merely a personal virtue but the moral foundation upon which a nation’s identity,
dignity, and freedom are built. Through his poetry, he reminds us that the true strength of a people
lies not in wealth or military might, but in their commitment to truth, justice, and compassion.

Vahabzadeh'’s verses, filled with national spirit and philosophical depth, reflect his
unwavering belief in moral righteousness as the highest human value. In poems such as
“Independence” and “Citizen,” he depicts good as a force of enlightenment and unity, while evil
manifests through oppression, betrayal, and spiritual decay. His poetic universe is one where the
conscience of a nation is tested by history, and where every individual bears responsibility for
preserving moral integrity.
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In this sense, Vahabzadeh'’s legacy continues to resonate with contemporary readers. His
poetry serves as both a moral compass and a call to action — urging people to defend truth, uphold
justice, and nurture compassion in all spheres of life. By elevating goodness as the essence of
human and national existence, Vahabzadeh teaches that civilization flourishes only where ethical
principles triumph over corruption and injustice. His timeless message endures as a testament to
the enduring power of the human spirit.
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