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Pedagogical Sciences

Ka3aK Xa/iblK epTerinepi apKbiabl
HacTaybill CbiHbIM OKYLIbINAPbIHbIH,
aJaMrepLinik KacueTTepiH KanbiNTacTblpy

beracbin AKHMeT CMaFyIKbI3bl

7M01303 - bacTayblll OKbITY NeAarornkacbl MeH afictemeci TobblHbIH, 2 — Kypc
MarmcTpaHTbl

KeH:xkebaesa K.C.

¢.5.4., PhD-npodeccop, KopkbIT ATa aTbiHAafbl Kbi3bl1OpAa YHUBEPCUTETIHIH, afa
OKbITYLLbICbI

AHIATNA

Makanaga 6acTayblll CbIHbIN OKyLbIIAPbIHbIH, 60MbIHAA agamMrepllinik KacueTTepiH
Ka/1bINTACTbIPY MICEJIECIHIH, TEOPUASBIK HEri34epi MeH OHbl Xy3ere acbipy *OA4apbl KaH-*KaKTbl
KapacTblpblaFaH. Kasipri xkahaHaaHy gsyipiHae eckeneH yprnakka yATTbiK Topbue 6epy, onapabl
i3rinikke, ananablkka, eHOEKKOP/IbIKKA aHEe YAKEHi chiiiayFa 6ayny — negarormka fbl/ibIMblHbIH,
MaHbI3bl MiHAETTEPIHIH, Bipi 601bIN Tabblnaabl. ABTOp1ap BacTaybIll CbiHbIN OKYLLUbIAAPbIHbIH, ac
epekLenikTepiH, NCUXONOTMANbIK-NeAarormkaablk MyMKIHAIKTEPIH eCcKepe OTbIPbIM, Ka3akK, XablK,
epTerinepiHid Topbuenik aneyeTiH TMIMAI NanaanaHy Xoa4apbiH YCbiHaabl.

3epTTey 6apbiCbiHAA Ka3aK Xa/blK epTerinepiHiH MasmyHbIHAAFbl MOPaNbAbIK-3TUKaNbIK
KYHAObIbIKTAPAbIH, OKYLIbIAAPAbIH, AYHMETAHbIMbIH KEHENTYre, XaKCbl MEH KaMaHAbl ablpaTa
6inyre, coHAam-akK caHanbl Topbue anyfa TUri3eTiH acepi FblbIMKU TYPFblaaH AanenaeHai. CoHaam-
aK OKY YyAepici MeH CbIHbINTAH TbIC XXYMbICTapAa epTerinepai KonaanyablH TMiMAI aaic-Tacinaepi,
atan anTKaHAa, caxHanay, TajaKblaay, WblFapMallblblK *KYMbICTAap MeH ANAAKTUKAAbIK OMbIHAAP
XYMeci yCbiHbINFaH. MaKanaga KenTipireH Taxipnbenik HaTuxenep MeH agicTemMenik YCbiHbIMAap
H6acTayblll  CbiHbIN  MyfaniMmaepiHe, TMCUXONOrTapFa KoHe nedarorMka  MamMaHZblfbIHbIH,
CTyAeHTTepiHe Taxipubeae KonaaHy VILiH aca KyHAbl 601bin Tabblnaabl. 3epTTey *KYMbICbIHbIH
HaTUKenepi mekTen neH oTbackl apacbiHAafbl Topbuenik GannaHbICTbl HblFANTYFa ©3 CenTiriH
Turiseai.

KinT cespgep: Apamrepllinik KacuetTep, Kasak XanblK epTerinepi, yNTTblK Topbue,
nefarornkanblk aneyeT, pyXxaHW KyHAbIIbIKTap, OKyLWbl AYHUETaHbIMbl, 94iCTEMENIK YCbIHbIMAAP.

AHHOTALMA

B cTaTbe BCECTOPOHHE pPACcCMaTPMBAIOTCA TEOPeTUYeCKMe OCHOBbI GOPMMUPOBaAHMA
HPABCTBEHHbIX KAYeCTB Y YYaLLMXCA HaYabHbIX KNACCOB M MyTW X peanm3aumn. B coBpeMeHHyto
anoxy rnobanu3aumm BOCNUTAHWE MNOAPACTAOWLErO MOKONEHMA Ha OCHOBE HALMOHa/bHbIX
Tpaauumin, npuobuieHne mx K A06poTe, YECTHOCTM, TPYAO/MOOMIO U YBAXKEHMIO K CTapLuMm
ABNAETCA O4HOM N3 BaKHENLLMX 33Ja4 Nearormyeckor Haykn. ABTopsl npeanaratoT adpPpeKkTnsHble
MNyTM MCNONb30BaHMA BOCMMUTATENBHOIO MOTEHUMANA Ka3axXCKMX HaApOAHbIX CKA30K C y4eToM
BO3PACTHbIX, MCUXONOTO-NEeAArormyeckmx 0CoObeHHOCTEN MAAALNX LIKONbHUKOB.
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B xo4e wccnenoBaHWA HAy4yHO [0Ka3aHO BAMAHME MOPASbHO-ITUYECKMX LIEHHOCTEN,
COAEPKALLMXCA B KAa3axCKMX HAPOAHbIX CKAa3Kax, Ha paclUMpeHne Kpyrosopa yyallmxca, ymeHue
OTAMYaTb A0OPO OT 3713, @ TaKKe Ha MX OCO3HAHHOEe BOCMUTaHWe. Kpome TOro, npeasoKeHbl
apdeKTUBHbIE METOAbI M MPUEMbBI MCMO/b30BAHMA CKA30K B y4eHHOM MNpoLecce M BHEKNACCHOM
paboTe, B 4aCTHOCTWU: ApamaTti3aums (MHCLEHMPOBKa), obCyKAeHWe, TBOpYEeCKMe paboTbl U
cUCTEMA ANAAKTUYECKMX UTP. NpUBEeAEHHbIE B CTaTbe NPAaKTUYECKME pe3yibTaTbl U MeToANYECKME
pekoMeHAauMM NpeacTaBnaoT 60bWYO LEHHOCTb ANS NPAKTUYECKOTO NPUMEHEHUS YYUTENAMMN
Haya/lbHbIX KNACCOB, NMCUXO0raMM U CTyAeHTaMM NeaarorMyecknx cneumanbHocTen. PesynbTaThbl
nccneaoBaHMA CNOCODCTBYIOT YKPENIEHMIO BOCMUTATEIbHOM CBA3U MEXKAY LLKOJION 1 CEMbEN.

Kntouesble cnoBa: HpaBCTBEHHbIE KAYeCTBa, Ka3axCKMe HapOAHble CKa3KM, HalMOHaNbHOe
BOCMMTaHME, MNeaarornyecknin noTeHuMasn, OyXOBHble LEHHOCTW, MUPOBO33PEHME Yy4yallMXca,
MEeTOAMYEeCKME PEKOMEHAALMM, HaYalbHbIE KNACCh.

ABSTRACT

The article comprehensively examines the theoretical foundations of the formation of
moral qualities in primary school students and the ways of their implementation. In the modern
era of globalization, educating the younger generation based on national traditions, instilling
kindness, honesty, diligence, and respect for elders is one of the most important tasks of
pedagogical science. The authors propose effective ways to utilize the educational potential of
Kazakh folk tales, taking into account the age and psycho-pedagogical characteristics of younger
schoolchildren.

The study scientifically proves the impact of moral and ethical values contained in Kazakh
folk tales on expanding students' horizons, their ability to distinguish between good and evil, and
fostering conscious upbringing. Additionally, the article suggests effective methods and
techniques for using fairy tales in the educational process and extracurricular activities,
specifically: dramatization (staging), discussion, creative work, and a system of didactic games. The
practical results and methodological recommendations presented in the paper are of great value
for practical application by primary school teachers, psychologists, and students of pedagogical
specialties. The research findings contribute to strengthening the educational bond between
school and family.

Keywords: Moral qualities, Kazakh folk tales, national education, pedagogical potential,
spiritual values, students' worldview, methodological recommendations, primary school.

Kipicne. Kasipri Tanaa tayencis KasakctaH PecnybankacbiHbiH Hinim 6epy KyneciHiH 6acTbl
CTpaTernsanblK OafbITTapbiHbIH, Oipi — ecKkeneH, yYPNakTbl KaH-*KaKTbl AaMblFaH, pPyXaHu-
agamrepuwinik KyHablAbIKTapasl 6oMbiHA ciHipreH, 6acekere kKabinetti Tynfa etin Topbueney
6onbin Tabblnaasl. ahaHaaHy yaepici MeH aknapaTTblK TEXHONOIMANAPAbIH, KAaPKbIHAbI AaMblfaH
Ke3eHj KoFamafbl KYHAbIIbIKTaP KYyMeCiHiH e3repyiHe acep eTiMn, *Kac YpPnaKkTbiH TopbueciHe KaHa
Tanantap Kotoaa [1]. Ocbl opaiaa, 6acTaybill MeKTen KeseHi — 6anaHblH, Keke Tyafa peTiHae
Ka/lbINTaCyblHbIH, €H, MaHbI3Abl ipreTacbl, AFHW afamMrepLinik bafaapnapabiH anfallKbl YPbIKTapbl
cebineTiH ceHimai KeseH. by Ke3eHae OKYLUbIHbIH, AYHUEeTaHbIMbl KEHeWin, aiHanagarbl anemj
Kabblnaaybl, }aKCbl MEH KamaHApl, i3riNiK NeH 3ybIMAbIKTbI Tapasblaay KabineTi KapKblHAbI TYpAE
Aamuapl.

©3eKkminiei. Kofamaafbl pyxaHW AafdapbiCTap MeH XaT afbiMAapiblH acepiHe Kapchbl
TYPYAbIH 6ipAeH-6ip oAbl — YNTTbIK TOPOME MEH XablK NeaarorMkacbiHbiH KalnHap OynafbiH OKy-
Topbue yaepiciHe KeHiHeH eHrisy. Kasak xanblk epTerinepi facbipiap 6oibl aTa-babambizgaH
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KOHbIN Kene »KaTKaH bafa xKeTnec pyxaHn mypa, TopbueHin anTbiH beciri. [lereHmeH, Kasipri 6inim
bepy TaxipnbeciHAae OKyLUblNapAbIH, KaC epeKLIeNiKTepiHe COMKeC KasaK XasblK epTerinepiHi
Topburenik aneyeTiH XKyneni Typae NanganaHy sgictemeci ani e 601ca TONbIK WeLiMiH TannaraH
©3eKTi MacenenepaiH, KaTapblHAa Kanbin oTblp [2]. Mekten 6afgapnamanapbiHga eprerinep
KebiHece Tek 24e0uM WbiFapma PeTiHAE OKbITbIbIN, 0NapAblH, TOPOUENiK, MOPaNbAbIK-3TUKANbIK,
MYMKIHAIKTEPI TOMbIKKAHAbI allblAMali KaTafdpl. byn »karpalh nenarorvkanblk TEOpUAa MeH
Toxipmnbe apacbiHAafbl Kapama-KanlblbIKTbl TYbIHAATbIN, apHaMbl FbibIMM 3€PTTEY MHKYPridyai
Tanan eteq.

bacTaybllW CbiHbIN OKYLWbIAAPbIHbIH aAaMrepLUinik KacMeTTepiH KanbiNTacTblipy NpoueciHae
Ka3aK XasblK epTerinepiHid, 6ain aneyeTiH Neaarornkanbik TYPFblAaH TUIMAI YIbIMAACTbIPYAbIH,
FbINbIMU-2ICTEMENIK XKYMECIHIH, XETKINIKCI3Air }KaHe OHbl OKy-TapbMe yaepiciHe KelleHai Typae
EHTi3yAiH TeTIKTePiHIH, TO/bIK alKbliHAaAMaybl [3].

3epmmeydiH mMakcamel. bacTayblll CbIHbIM OKYLWbINAPbIHbIH, OOMbIHAA aZamrepLuinik
KacMeTTepiH KanbiNTacTblpyda Kasak Xa/blK epTeriiepiHiH  Topbuenik aneyeTiH TUiMmai
nanaanaHyablH TEOPUANbIK HEri3gepiH 93ipaey »KoHe OHbIH, 3iCTeEMEeNiK KyneciH Taxipnbeane
CbIHAKTaH BTKi3y.

ATanfaH MaKCcaTKa »KeTy VIUiH TomeHaeriaen miHaettep benrinexai:

1. BbacTaybll CbIHbIM OKYLWbIIAPbIHbIH, aJaMrepllifik KacMeTTepiH KanbiNTacTbIpyAblH,
neaarormkanblK-nCUXoN0rMAbIK TEOPUANBIK HETI3AEPIH FblbIMWU TYPFblAaH Tanaay;

2. Kasak XafblK epTerinepiHid, Topbuenik, AWOAKTUKANIbIK M3HE PyXaHW o/eyeTiHiH
MYMKIHAIKTEPIH aHbIKTay;

3. bacTaybilW CbiHbIM OKYLWbITAPbIHbIH, XaC epeKLlenikTepiH eckepe OTbIpbIn, adaMrepLlinik
KacneTTepiH Ka/biNnTacTblpyAblH KPUTEPUMAEPI MeH KepceTKilTepiH benriney;

4. Toxipmbenik-akcnepuMeHTaNablK KYMbICTAP apKblabl YCbIHbIAFAH SAiCTEMENIK KyMe
MEH YCbIHbIMAAPAbIH, TIMAINITIH Asneney.

BacTayblll CbIHbIM OKYLLbIAAPbIHbIH BOMbIHAA aAamMrepLUinik KacMeTTepai KaabinTacTblpyaa
Ka3aK Xa/blK epTerinepiHiH, Topbuenik aneyeTiH KeweHAl Typae nanaanaHyablH, neaarormkansik,
MOAENbAIK Herizaepi TyKbipbimaanabl [4].

KasaK xanblk epTerinepiHiH Ma3myHbl apKblabl OKYLUbIAAPAbIH, i3riNiK, eHOEKKOP/bIK,
afaniplk »KaHE VYAKEeHAI cblinay CUAKTbl KAaCMETTEepiH AambITydblH, *KaHama XaHe Tikenen
dAiCTeMeNiK Kongapbl TEOPUANbIK TYPFbIAAH Herizaenai.

OKylWwblapdblH pyxaHW-aamrepllinik AeHreniH aHblKTayfa apHanfaH AWMarHOCTUKANbIK
Kypangap MeH CbIHbINTaH TbIC YMbICTapfa apHanfaH MPaKTMKaAblK a4iCTEMENiK YCbIHbIMAAP
KUbIHTbIFbI 93ip/EHAI.

MaKkanaga KongaHblAfaH afiCHaMasblK Taciaep MeH 3epTTey HaTuxkenepi b6acTaybill
CbIHbIM MYFaNiMAEPIHIH, TopOMeNniK KYMbICTapblH KeTiN4ipyre, OKyLIblAapAbiH, AYHUETaHbIMbIH
KEHENTYyre }XaHe MeKTen neH oTbackl apacbiHAafbl CAabaKTaCTbIKTbl HbIFANTYFa eneyni yaec Kocabl
[5].

MaTepmnanaap MeH aaictep. bacTayblll CbiHbIN OKYLIbINAPbLIH afamMrepLuinik Tapbueneyae
epTerinep MyMKIHAIKTEPIH aHblkTayda 6i3 Keneci agicTep nanaanaHablk: TEOPUANbLIK 3epTTey
(xanblk epTerifnepiHiH TeopusaabiK Herizaepi meH osapdblH 0ananapdblH, AamMyblHAAFbl PO
OHIHAEri FblIbiIMK 3aebuneTTepai 3epTTey, FabiIMaapablH, epTeriiepaid, Topbuenik MaHi Typasibl
nikipnepiHe Tangay »Kacay), KOHTeHT-Tanday (Kasak XafblK epTeriiepiHiH, MaTiHAepiH Tanaay
apKbiabl 01apAblH TOPOMENiK MaHi, agdaMrepLlifik KYHAbIIbIKTapAbl HacuxaTTaybl, apbip epTerige
Ke3[eceTiH Heri3ri TakblpbiNTap MeH KeWinKepaepaiH, MiHe3-Ky/blKTapblH 3epTTey, 0JlapAblH,
Topbuenik acepi capanTay); canbiCTbipManbl Tanaay (spTypAai XxanblKTapAblH epTerinepiHaeri ykcac
MOTMBTEP MEH TaKbIPbINTap Ca/jbICTblpy, Ka3ak epTeriepiHiH, YATTbIK epeKLlenikrepi MeH
H6ananapra 6epep Topbueci alkpiHAayY); Kannbiiay (3epTrey HaTUKenepi bolbiHWa epTerinepaiH,
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Hbananapapl Topbueneyaeri TUIMAINIMIH KepceTy VYWiH HaKTbl MbiCanaap MeH MPaKTUKabIK,
yCbIHbICTap bepy).

fbinbiMm 2aebumeTTepai Tanday agamrepLlinik Topbmue maceneci WeTenmik XaHe oTaHAabIK,
neaarornkaHbiH TaHbiMan Knaccuktepi A.A. KomeHckuin, K. Pycco, k. /lokk, N.®. TepbapT, U.I.
MNectanouum, KA. YwmHckui, /1.H. Toncton, B.A. CyXOMANHCKMIA, Tafbl Oacka afapTyLlbliap MeH
fanbIMAapAblH, 3epTTey TakblpblObl BonFaHbiH KepceTTi [6]. Kasipri negarormkaga agamrepLuinik
TopOMeciHiH *Kannbl macenenepi A.M. ApxaHresibckuii, eHOeKTepiHAe KapacTbipblaFaH. bipkaTap
3epTTeyllinep ©3 KYMbICTapblHAA epTeriiep apKpl/ibl OacTayblll  CbiHbIMN  OKYLUbIIAPbIHA
agamrepuwinik Topbue bOepy macenenepiH atan eteai. Epterinepai 3eptreyae  benrini
donbknopTaHywsl fansimaap B.M. AHukmH, A.H.AdaHacbeB, aHe T.6. aiTapabliKTal yaec KOoCTbl
oNap XanblK epTerinepiH naeanblk Ma3MyHblHbIH 6albIFbl, TAaHbIMAbIK-AMAAKTUKAAbIK MOHI MEH
MaHbI3blH KOfapbl Oafanaabl. KenTereH 3amaHayu »Kasywbinap MeH neparortap (LA,
AmoHawsuan, A.T. YcoBa, XaHe T.6.) epTeriHiH, 6acTayblll CbIHbIM OKYLUbICbIHbIH, ¥eKe TYAFacblH
Ka/AbINTaCTblpyAafbl Y/IKEH PEJIH alTapl.

fanbimaapabiH,  nikipiHWwe, KenTereH facbipnap 60Mbl  KbIATbipaTblAFaH  Bapbik,
KYHAbINbIKTAp MeKTenTiH, 6inim 6epy KaHe Topbue KyMbICbiHAA KONAAHbIAYbl MYMKIH KaHe
KON AaHbIYbl KEPEK.

EpTeri — aybl3 a4ebueTiHiH acbll MypanapbiHbIH, MiKipaAepiH ToiHAaNTbiH 60ACaK, epTeriHiH,
6ana TopbMeciHae, OHbIH, TAHbIMAbIK KAaCUETIHIH, XaH-*KaKTbl XKeTifyiHe, ce34iK KopbliH BanbITbim,
TiINIH AambITyla MaHbI3Abl OPblH anaTbiHbIH OalKambl3. YNbl KemeHrep akbiHbiMbl3 Abai
KyHaHbaeB 6ana TopbureciHae — aybl3 34e0MeTiHiH, MaHbI3Abl OPbIH anaTbiHbIH alTadbl. “OHe OHbI
bepem, miHe MyHbl Hepem gen Hactan b6anaHabl angafbiHbiHa Ma3 O0sacbiH, copbiHa 6anaH,
angamubl 6onca KimHeH KepeciH? “BokTa” — gen bGipeyai 6oKkTaTbin “Kanip KUAHKbI OCbifaH
TUMeCeHLWi” — Aen OHbl MacaTTaHAbIPbIM, “NaneHwWweHiH 6anackl CeHiH CbipTbiIHHAH caTbin KeTeai”
—Aen Tipi )aHfa ceHaipMeri »aT MiHe3 KbllacblH," — aen Tepic Topbue bepreH ata-aHanapabl CbiHFa
anbin, 6blnat aenai: «MeH erep 3aH KyaTbl Konbimaa 6ap kici 6oncam, agam MmiHesiH Ty3en
Hbonmarapl AereH KiciHiH TiniH Kecep eaim, KaHaan agam Hanacbl OONCbIH, 0N KilleKeHe KyHiHAe
aybi3 a4ebureTi MeH cycbiHAaca, OHAa ON afam e3 TiNliH, eNiH, KepiH cyreai».. ¥/bl XKa3ylbiMbl3
M.O. Oye308 epTeri Typasbl Oblnai aen colp ToNFanapl: “TaburatTbl Oaypan, TaHbIN anfaHLa agam
KMAJ MEH TaHbIM, MeHrepin, ofaH 63 blKMa/iblH XypPrizyai apmaH eTkeH. On epTeri, aHbl3, aHrime
TYPiHAE TyblN TapanfaH... EpTerinepae KofamablK TapTbIC Ta, KYWTiNEPAiH Kenwinikke KepceTkeH
KMAHATbI, 30P/blK 30MObI/IbIFbl KAHE Xa blKTblH apMaH, 3AiNeT Typasibl YFbIM-HaHbIMbl Tyren
UHaKTanfaH. “IpeKkTep aTakTbl XpamaapblH, erMneTTep nupammaanapbiH, KbiTannap dapdop
bybiMaapbl MEH MIPMBP/APbIH, UTANUAALIKTAP 9CEM dyeHAi My3blKablK LblFapPManapbiH,
dpaHUy3aap CypeT eHepiH YMIT eTce, Kellneni KasaKk eni aca bHan-efieH, Kblp MypacbliH
Kanablpaabl”. Kasak xankbl epteseH 3 bananapbiHa TopbueHi sHrime, *blp, ecneTt-b6ata, HaKbl-
ce3, epTerinep apkbiabl bepe binreH. Opbip Hana Kew HaTa aKecCiHiH anabiHa OTbIPbIN, YAbIN epTeri
TbIHJAFaH. OXKenepiHiH epTerinepid 6ana xkactabiHaH eCTn Kene DOoMbIHA XaKCbl KacMeTTep CiHipe
6inreH. OnapaplH, *acTablHaH eCTy, Kepy Ce3iMAepi LbIHbIFbIM, anblCTafbiHbl Te3 TabaTbiH i3LWiN
opi mepreH 6onraH. Oky 6osmaca Aa »KacTalblHAH o)KenepiHiH, epTerinepiH 6oMbiHA CiHipreH
bananapablH, ecTe cakTay kabineTtrepi eTe »akcbl bonraH [7].

Kas3ak Xanblk epTerinepi ©3 Ma3MyHbl MeH KypblabiMbl OOMbIHIIA 2pTYpPAI Typaepre
beniHeai. byn Typnep e3apa KaHPAbIK epekwenikTepiHe, 6aaHaay oAaiciHe »KaHe 6acTbl
KeninkepnepaiH, TaburatbliHa 6aliaHbICTbl KikTeneni. Kasak epTerinepiHid, Herisri Typaepi
MbIHaNap:

Kusn-raxcalibin epmeeainepi. byn epTerinepae paHTaCTUKabIK OKUFANap, Faxanbintap MeH
epeklle »Karfgannap opbiH anagbl. Onap KebiHece marusi, TbIJICbIM KYLITEP MEH KUAM-Faxanbin
Keninkepaepai Kamtunabl. Mbicanbl: «Ep TecTik», « AnTbiH caka», «Kahap/ibl XaHHbIH, KbI3blI».
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LLleimbipmaH  OKufasnel  epmezinep. byn Typaeri epTerinepae 6acTbl  Keninkep
KMbIHAbIKTapFa Tan 6oabin, 0N1apabl *KeHin, 94eTTe KeHicke eTeqi. Okuranap kebiHece WbIHAMbI
©Mip MeH /IorMKara HerisaenreH, bipak kenbip daHTacTMKanbIK anemeHTTep 6ap. Mbicanbl: «Ta3lia
H6ana», «KaHbak wan», «KobblnaHapl 6aTbip».

XallyaHammap mypassi epmeeinep. byn epTerinepae 6actbl KENiNKep peTiHAe agam emec,
»aHyapnap 6onbin Tabbinagel. KaHyapnap kebiHece agamaplk KacueTTepre ve H0AbIN, agam
CUAKTbI apeKeT eTeai. Mbican: «LLapfbl», «AKKY MeH Ka3», « TY/IKi MEH KbipFaybla».

OHaime-epmeeinep. byn epTerinepae agamaapiblH, emipiHAeri KYyHAENIKTI OKUFanap meH
TYPMbICTbIK Macenienep baaHaanaasl. Onap kebiHece Topbuenik maHre ne 60biMN, agamrepLlinix,
eHOEKKOP/IbIK, aAanablK CMAKTbI TaKblpbiNTapabl Ko3fanapl. Mbican: «CeHet meH CepTein», «Kbi3
HeH KepyeH».

Mudgonoeuansik epmezinep. byn epterinepae AyHWeHiH, TabufaTTbiH, aAam3aTTbiH, Nanaa
00/lyblHa KaTbICTbl MUGOOTUANLIK TYCiHiIKTep OasHaanaabl. Onap KebiHece epTe Aayipaepaeri
afaMaapapiH AYHMETaHbIMbIH KaHe TaburatneH 6alnaHbiCbiH KepceTedi. Mbican: «Kbi3bin
KYNAbI3», KANTbIH Ay,

Tapuxu epmezinep. byn epTerinepae Tapuxm TyAfanap MeH OKUfFanap HerisiHae KypblafaH
ctoxeTTep baaHaanaapl. Onap Tapuxm KeseHaep MeH BaTbipiap Typasibl aHriMenepai KaMTuabl.
Mbican: «KobblnaHabl 6aTbip», «Annambic 6aTbip».

Kynkini epmezinep. byn epTerinepae agam MiHe3iHiH, KYAKiAI TyCTapbl MeH KaTenikTepi
cunatTanaabl. OnapabiH MakcaTbl — TbiHAQYLbIHbI KYAIPY *KoHE TYPMbICTbIK Maceenepai KeHin
9pi KbI3bIKTbI KepceTy. Mbican: «AKKyAblH KyMpbliFbl», «Taswa bana» [8]. Opbip TypaiH e3
epeKkweniktepi meH Topbuenik MaHi 6ap. KasaK XanKblHbIH epTerinepiHii ap TypAiniri meH
H6annbiFbl bananapabl Tapbueneyae yakeH pen aTkapadbl. Mbicansl, - "Ep TecTik": byn epTeriae
6aTbIpNbIK NeH KayankepLwinik 6acTbl opblH anaabl. Ep TOCTIKTIH KMbIHAbIKTapFa Kapcbl Typbimn,
[ocTapbl MeH oTbacbiH KOpfayfa [ereH ymTbinbicbl Oananapfa afanfblk MNeH epaik YAriciH
KepceTeai. - "AnTbiH caka": byn epTeri akbINAbINbIK NeH a4iNAIKTI HacuxaTTanapbl. bacTbl Kelinkep
©3iHiH, TanKbIp/ablfbl APKbIAbl KWbIH afdalnapAaH LWbiFbiN, JA4iNAIKKe eTedi. byn okufa
H6ananapabl KMbIHABIKTaPFa MOMbIMal, akblIMEH Wewim Kabbinaayfa yipeteai (cypet —1,2,3,4).

Cyper 3 - «Kanbax wan» eprerici Cyper 4 — «Tasua Ganaw eprerici
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3epTrey HITMXKeNepi KoHe onapAbl TanKblnay. bacTaybill CbiHbIN  OKYLbIIAPbIHbIH
HolblHAa adaMrepLlinik KacMeTTepiH KanbinTacTblpy makcaTbiHaa 2025—-2026 oKy *Kbiabl 60MbIHA
apHailbl TaKipnbenik-akcnepuMMeHTaNAbIK MKYMbICTAp Kypridingi. IKkcnepumeHTKe 6acTaybiLl
CbIHbINTAPAbIH, OKYLbIAPbl  MEH CbiHbIM KeTeKlinepi KaTbiCTbl. 3epTrey 6OapbicbiHAA
OKyLWbINAPAbIH  afaMrepuwinik  KacuetTepiHiH,  (Mernipimainik,  aainaik,  eHOeKKopbIK,
¥ayankepLinik, CbIMNacTbIK) KanbinTacy AeHreiiH aHbiKTay YLiH bakbliay, cayasHama, sHrimenecy
YKOHEe NeaarornkasnblK XaraasTrapabl Wwelly aaictepi KoaaaHbinabl [9].

JKCMepUMEHTTIH anfallKbl Ke3eHiHAe (KOHCTaTauuanayllbl Ke3eH) OKyLblnapabiH,
HacTankbl »afaanbl Tekcepingi. On ywiH CbiHbINTAP eki TonKka 6eniHai: skcnepumeHTTiK Ton (3T)
oHe bakplnay To6bl (BT). dKcnepumeHTTiK TonTa cabaK OapbiCbiHAA@ KIHE CbIHbINTAH TbIC
YMbICTapAa apHalbl TaHAa/faH KasaK Xajblk epTerifiepiHiH, Topbuenik aneyeTi wyneni Typae
nanganaHbinca, bakblnay TobbiHAA ASCTYPAI OKbITY YAEpICi cakTanapl.

AJamrepLuinik KacMeTTepiHiH KanbiNnTacy AeHreniH yiw AeHrenre XikTeaik: *)}ofapbl, opTalla
oHe  TemeH. TemeHAe  KOHCTaTauMAanaywbl KIHE  KajAbINTacTblpylbl  3KCNEepPUMEHT
KOPbITbIHABINAPbIHbIH, CaNbICTbIpMasbl KepceTkiwTepi bepinreH.

Kecte 1. OKywblnapapiH agamrepulinik KacMeTTepiHiH Kanbintacy geHrennepi
(canbicTbipmans! KepceTkil, %)

AdamrepLuinixk bactanKkpl KeseH, | bacTankbl KeseH | KopblTblHAbI Ke3eH | KopbITbiHAbI
AeHrennepi (3T (BT) (3T KeseH, (BT)
Hofapbl aeHren | 18,5% 19,0% 54,2% 22,1%
Oprtawa aeHren | 45,3% 44,8% 36,8% 46,5%
TemeH aeHren 36,2% 36,2% 9,0% 31,4%

KecTe paepekTepiHeH KepiHiN TypfaHAal, 3KCNepMMeHTTIH 6acbiHAa eKi TonTbiH, A3
KepceTKiwTepi b6ip-bipiHe oTe KakblH 6onabl. Ananda apHalbl S4iCTEMENIK KYMbICTAp
YPri3inreHHeH KeniH (Kasak xasblK epTerinepiH caxHanay, AMAaKTUKabIK OMbIHAAP, KaFAanaTTbIK,
TaNKblNaynap apKbiabl) 3KCMEPUMEHTTIK TOMTafbl OKYLbIAAPAbIH OFapbl [AEHrer KepceTkilli
54,2%-fa ecTi, an TemeH aeHren 9,0%-fa AeniH TemeHaeni. byn Kasak XanblK epTerinepiHi
TopbOMenik afeyeTiHiH, )ofapbl TUIMAINITIH A nenaenai.

3epTTey OapbicbiHAa@ Ka3ak, Xanblk epTerinepiH Topbue yaepiciHe eHrisyaiH, KeweHai
moaeni a3ipneHai. TemeHAe OCbl KYMEHIH KypblbIMAbIK ©3apa OalnaHbICblH KepCceTeTiH
BM3ya/IM3aLMA CXEMAChI YCbIHbIAFAH (cypeT — 5):
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CypeT — 5. KazakK xanblk epTerinepi apkblnbl Topbueney xyheci

Tanpay kepceTkeHael, 6ananap epTeri TbiHAAy apKblabl faHa KOMMaW, OHbl penaepre
6enin oMHaraHaa («Anaap Kecey, «YW aranbiHAbI», «KapAblFalliTbiH KYMPbIfbl HETe aibip?» KaHe
T.06. epTerinepai caxHanay apKbiabl) PyXaHW KyHAbIAbIKTapAbl TepeHipek TyciHe OacTanapil.
Mblcanbl, eHOEKKOP/IbIKTbI A3PINTENTIH epTerinepai Tankblnay 6apbiCbiHAA OKYLLUbIAAPAbIH, ©33apa
KemekTecyre, Hip-6ipiHe KO YLbIH CO3yFa AereH YMTbiAbICTapbl apTTbl [10].

3epTTey bapbicbiHAa HGanKkanfaH maHbl3abl HBip macene — epTerinepaiH, Topbuenik acepi
MyFaniMmHiH aypbic bafbiT-6argap 6epyimeH Tikenel 6annaHbICTbl eKeHAIr aHbiKTanabl. Myfanim
epTeriHi TeK OKbIN BepyMeH LWeKkTenmen, apbip KelinkepaiH, ic-opekeTiHe CbiHM TypPFblAaH Tanaay
)acatbin, «Erep ceH oHbIH OpHbIHAA 60NCaH, He icTep eaiH?» AereH cMnaTTasbl CypaKTap apKbibl
OKyLWbINapAbl ©3iHAIK Welwim Kabbingayra 6aynybl KaxweT. byn Tocin 6actayblill  CbiHbIM
OKYLWbINAPbIHbIH CbIHM ONay KabineTiH AamMbITbiN KaHa KOMMai, onapablH 60MbiHAA 63 apeKeTTepi
YLiH *KayanKkepLinik ce3iMmiH KanbinTacTblpadbl [11].

ANblHFaH HaTWMXKeNepai CTaTUCTMKANbIK TypFblAaH eHaey KyMbicTapbl byn e3repictepain,
Ke34eMCoK eMec, Kynesi neJarormkablk *KYMbICTbIH, HOTUXECI ekeHiH KepceTTi [12]. Ocblnaiiiwa,
HacTayblll CbiHbIM  OKYLIbINAPbIHbIH, aAamrepllinik  KacueTTepiH KanbinTacTbipyda YATTbIK,
dONbKAOPAbIH, dCipece KasaK XajblK epTerinepiHiH, MyMKIHAIKTePiH OKY YAepiCi MeH CbiHbINTaH
TbIC XKYMbICTapFa yWaecimai KipikTipy Topbue canacblH alTap/iblKkTal apTTbipaTbiHbl Taxipnbe
Xy3iHae aanenaeHai. Mekten neH otbackl apacbiHAafbl 6aMNaHbICTbI HbIFAUTY MaKcaTbliHAa aTa-
aHanapmeH bipnecin «EpTerinep anemiHe caaxaT» aTTbl WblFapPMaLlblNbIK KewTep meH balikaynap
YMbIMAACTbIPY A3 63 OH HaTUXKECIH bepai.

KopbITbiHAbl. BacTayblll CbiHbIN OKYLUbINAPbIHbIH, OOMbIHAA aAaMrepLinik KacmeTTepiH
Ka/NbINTacTblpy — YATTbIK TopOMEHiH KalHap Oynafbl MeH MeaarornkainblK, fblibIMHbIH, OacTbl
MiHAEeTTepiHiH, b6ipi 6onbin Tabblnaabl. MyprisinreH TeopuAnblk Tangaynap meH Toxipubenik-
3KCNEPUMEHTANAbIK KYMbICTAP HSTMMECIHAE Ka3aK XasblK epTerinepiHiH, KyaTTbl Tapbuenik,
OVOAKTUKANBIK KOHEe pyxaHW a/eyeTi KaH-XKaKTbl AanengeHai. EprerinepaiH, masmyHblHAAfbI
i3rinik, afinaik, eHOEKKOP/bIK XaHe ©3apa CbIMAAaCTblK CbIHAbI KYHAbIAbIKTap ©ananapibiH
OYHVETaHbIMbIH ~ KEHEMTIN KaHa KoMMmal, onapdaplH, ©MipAiKk  yCTaHbIMAAPbIHbIH - AYpPbIC
KanblNTacyblHa HEri3 Kanamnasbl.

3epTTey GapbiCbiHAa@ YCbIHbIAFAH KelleHAi aficTeEMEeNiK »Kyne — epTerinepai caxHanay,
ONAAKTUKANbIK OMbIHAAP YMbIMAACTbIPY »KOHE KafdaAaTTblK CypaKTap apKblibl CbiHU OMnayabl
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OAMbITY OKyLWbINAPAbIH, MOPaAbAbIK-3TUKANbIK CAHACbIH apTTbIpyAa KOFapbl TUIMAINIIK KepceTTi.
DKCNEePUMEHTTIK TOMTafbl OKYLIbINAPAbIH, KOFapbl AeHreln KOPCeTKITepiHiH eaayip ecyi aHe
TOMEH AeHrenaiH anTapAblKTak TomeHaeyi 6yn JKyMeHiH emiplieHairi MeH MaHbI3ablablIFbIH aKbIH
aHFapTTbl. COHbIMEH KaTap, byn yaepicTe myFaniMHiH OafbITTaylbl Ppeni MeEH MeKTen neH otbacsl
apacblHAafbl cabaKTacTbIKTbIH Tbifbi3 60Yybl TopbuMe canacbiH apTTbipyAblH, 6ACTbl Kenifi eKeHi
aHbIKTaNAabl.

ATanMbll FblIbIMUM MaKanada YCbIHbIIFAH HITUXKenep, SA4iCTEMENK YCbIHbIMAAP MeH
AMArHOCTMKaNbIK  Tacingep ©OacTayblll  CbiHbIN - MyfFanimaepiHe, Topbuellinepre, Mekrten
NCMXONOITapblHa KaHE MnefarorMka MaMaHAbIFbIHbIH, CTyAEHTTepiHe Taxipnbene KeHiHeH
KONAQHYFa TOAbIKTAM yCbiHblNaAbl. bonawakTa 6yn 3epTrey OafblTblH OAaH 9pi TepeHAeTin,
UMPPAbIK TEXHONOTMANAP MEH MHTEPAKTUBTI NaathopmManap apKbiibl Ka3ak xanblK epTerinepi
3amaHaym b6inim bepy yaepiciHe yinecTipy — e3eKTi MiHAeTTepAiH KaTapbiHaa Kasia bepmek.
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OUEHKA 1 MPOTHO3 MAUNAIBHOW
CE/TEBOW OMACHOCTW B BACCEVHE PEKM
TA/ITAP HA OCHOBE
TMAPOMETEOPOIOIMMYECKINX
KPUTEPWEB

HakoHoBa Kbimb6aT MoOpsKKbI3bl
PhD poktopaHT, KasHY um. Anb-®apabu, Anmatsl, KasaxctaH

AHHOTaUuA

B cTaTbe paccmaTpMBatOTCA BOMPOCHI KPAaTKOCPOYHOMO MPOTrHO3MPOBAHMA MALMANbHBIX
cenesblx npoueccoB B baccerHe p. Tanrap (BocTtoyHas 4actb WMne Anatay). Ha ocHose
PETPOCMEKTUBHOIO aHa/M3a ceneBbix cobbiTMiM 3a nepuog, 1921-2023 rr. BbINOAHEHA OLEHKa
npUMeHUMocTn meToamkm A. P. Meaey M COaBTOPOB, OCHOBAHHOM Ha WCMNOAb30BAHWUMK
KPUTUYECKUX TMAPOMETEOPONOMMYECKMX KPUTEPMEB: CYMM TemnepaTyp BO3Ayxa, OCaAKOB M
BbICOTbl HYNEBOM WM30TEPMbI. YCTaHOBMEHO, YTO GOPMMPOBAHME Hambonee OnacHbIX CeneBblxX
MOTOKOB B MWCCAEAYyeMOM pPalioHe CBA3aHO MPEMMYLIECTBEHHO C MNPOPbIBAMM  MOPEHHO-
NeAHNKOBbIX 03Ep. [NpoBeAEHHbIM aHaAM3 MoKasasj, YTO METOAMKA AEMOHCTPUPYET BbICOKYHO
OMNpaBAbIBAEMOCTb  MPW  MPOrHO3MPOBAHMM  TNAUMANbHBLIX — cenel, oAHako  TpebyeT
[OMNONHUTENbHOrO  y4éTa  reomopdonornmyecknx  ocobeHHOCTEM  MOPEHHO-NeAHMKOBbIX
KOMM/1EKCOB.

BeeneHue

BacceliH p. Tanrap, pacnonoXeHHbIn B BOCTOYHOM YacTh xpebTta Mne AnaTay, OTHOCKTCA K
yucny Hambonee ceneonacHbix paroHOB KasaxcTaHa. BbICOKOropHas 30HA XapakTepusyeTca
3HAYUTENbHBIM PACNPOCTPAHEHNEM NEAHMKOB M MOPEHHO-1€AHMKOBbIX 03EP, MHOTME N3 KOTOPbIX
HaXO4ATCA B HEYCTOMYMBOM COCTOAHWW. B yCNOBMAX COBPEMEHHOINO WM3MEHEHWA KAMMATA,
COMPOBOXAAOWEroca Aerpajgaumen neaHNKOB 1N aKTUBM3aLMEN FTeOKPMONOTMYECKMX NPOLLECCOB,
BO3paCTaeT BEPOATHOCTb MPOPbLIBOB 03€p M GOPMMPOBAHMA KATaCTPOPUUECKMX MALMANbHbIX
cenen.

Hanbonee onacHbIMM ABNAIOTCA CeNeBble MOTOKM MPOPbLIBHOTO reHesnca, obnagatouime
BbICOKOM Pa3pyWwmnTeNbHON CNOCOBHOCTbIO M NPeACTaBAAOWME YrPpOo3y ANA HACENEHHBIX MYHKTOB,
0OBEKTOB MHPPACTPYKTYPbI U TMAPOTEXHUUYECKMX COOPYHKEHUI B A0NMNHE p. Tanrap.

B cBA3n ¢ 3TMm 0cobyto aKkTyanbHOCTb NpuobpeTaeT pa3paboTKka M COBEPLLIEHCTBOBAHME
METOI0B  KPATKOCPOYHOro MPOrHO3a CeneBoM OMacHOCTM Ha OCHOBE  OMepaTUBHbIX
rMOPOMETEOPONOTMYECKMX AAHHbBIX U MOHUTOPMHIA COCTOSHMA MOPEHHO-/1eHUKOBbIX 03€p.

Llenbto  HacToAllero uMccnefoBaHWa ABAAETCA OUEHKa 3PPEKTUBHOCTM  METOAMKM
KPaTKOCPOYHOro MPOrHo3a rsauManbHbIX cenemn, Ana ycnoBuin baccerHa p. Tanrap Ha OcHoBe
apPXMBHbIX AaHHbIX 33 1921-2023 rT.
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MeTozbl U MaTepuansl

NHbopmauymoHHOM HGa30M MccNeaoBaHMA MOCAYKMAM apPXMBHbIE MaTepuanbl O CENeBbIX
cobbiTnax OaccerHa p. Tanrap, BKAOYalOWME CBeAEHWs O JAaTax MPOXOXAEeHUA Ccenen,
XapaKTEPUCTUKAX CeNeBblX 04aros, mMexaHM3amax GopMMPOBaHWA M macliTabax MPUUYMHEHHOTO
yuwepba.

Ons oueHKM ceneBoM OMAcHOCTM WUCMOMb30BaHa METOAMKa KPaTKOCPOYHOro MporHosa
rnaunanbHbix cenen A. P. Megey n coaBTopoB. [MporHo3 OCHOBbLIBAETCA Ha aHa/M3e KOMMJ/eKca
rMAPOMETEOPOJIOTMUYECKMX KPUTEPUEB, ONPedenatolWmx yCcaoBmus GopMUPOBaAHMA TAALMANbHbIX
ceneBblX NPOLLECCOB.

OCHOBHbIMM NapameTpamMmn aHaAn3a ABASINCH:

. CYMMa CpeaHecyTouYHbIXx TemnepaTyp Bo3ayxa (2T) ¢ 1 maa ago aathbl
COCTaBAEHMA MPOrHO3a NO AaHHbIM METEOCTaHUMM «MbIHKbITKNY;

. CyMMa aTMoCPepHbIX ocaakos 3a npeguwectsytowme 10 n 30 cyTok (2Xio,
2X30);

. cpeaHue pacxodbl Boapl (Q) B AaTbl MPOXOXKAEHMA CENEBbIX MOTOKOB.
Kputnyeckmmm ycnomuamm GOpmmMpoBaHmMa rMaLmanbHbIX cenem npuHMManmnch:

. npeBbllleHMEe CyMMbl TemnepaTyp Bo3ayxa 108 % cpedHEeMHOroneTHewm
HOPMbI;

. cymma ocagkos He meHee 30 mm 3a 10 cyTtok 1 95 mm 3a 30 cyTok.

CornacHo MeTOAMKe, MNPV MpPEeBbIEeHNUM TemnepaTypHoro ¢oHa W xoTa Obl OAHOro
[OMNOHUTENBHOTO KPUTEPMA COCTaBASETCA MPOrHO3 «MPOXOXKAEHME CeNeBbIX MOTOKOBY, a Mpwu
0A4HOBPEMEHHOM BbINOIHEHUN BCEX KPUTEPUEB — MPOrHO3 «CeMeomnacHoy.

OueHKa KayecTBa MPOrHO30B MPOBOAMAACH MO afbTEPHATUBHON CXeme: «OmnpaBaasncsa»
(100 %) n «He onpasgancsa» (0 %).

Pe3ynbTaThbl M 06CyXAeHNE

MNpoBeAEHHbIA PETPOCMEKTUBHbBIN aHaNM3 MNoKaszan, 4To POPMMPOBAHWME NALMANBHBIX
cenet B bacceriHe p. Tanrap B 3HAYUTENbHOM CTEMEHM CBA3AHO C AOCTUMMNEHMEM KPUTUYECKMX
rMAPOMETEOPOJIOMYECKMX YCAOBUM, NPeayCMOTPEHHbIX MeToanKoM A. P. Meaey 1 coaBTOPOB.

Ona  psaga nNosaHeNeTHWX CceneBbiX COObITMM  YCTAHOB/IEHA 3aBUCUMOCTb  MEXKAY
aKTMBM3aALMEN CeNeBbIX MPOLECCOB M NPEBbILLEHNEM KPUTUYECKUX TEMMNEPATYPHbIX MOPOros. Tak,
cenb 17.08.2023 r. Npon3oWéN nNpm HakonNeHHOM cymme TemnepaTyp Bo3ayxa 738.2 °C, yTo
NPaKTUYECKN COOTBETCTBYET KPUTUYECKOMY 3HAYEHWO A8 BTOPOW AeKadpl asrycta (743 °C).
OgHoBpemeHHO  HabnloAanocb  NPEBbIWEHME  KPUTMYECKMX  3HAYeHMI  0CaZkoB 33
NpeawecTByOWMIA  NEPUo, UYTO YKasbiBAaeT Ha BbICOKYID 3DPEKTUBHOCTb KOMMIEKCHOTO
MCMO/b30BAHNA TMAPOMETEOPONOTMYECKNX KPUTEPMEB MPU KPATKOCPOYHOM MPOrHO3MPOBAHMUM
CeneBoi ONacHoCTM.

AHann3 apxmMBHbIX JaHHbIX MOKa3as, YTo B HOMbLIMHCTBE CAYYaeB NPOXOXKAEHNE CeNeBbIX
NMOTOKOB COMPOBOXAAN0Ch MOBbILLEHHBIM TeMNepaTypHbiIM GOHOM, 3HAYUTENbHLIMKU CYMMaMM
0CaAKOB W1 yBEANYEHNEM BbICOTbI HYJ1IEBOM M30TEPMbI, YTO COOTBETCTBYET YC/A0BUAM aKTUBM3aLMM
FNALMAIbHbBIX MPOLLECCOB B BbICOKOrOPHOW 30He Mne AnaTay.

BmecTte ¢ Tem nccnenoBaHMe NOKasano, YTo GOpMMPOBAHME KAaTAaCTPODUUECKUX CENEBbIX
NpoLEeCccoB onpeaenaeTca He TONbKO rMAPOMETEOPONOTMYECKMMM YCOBUAMMK, HO M COCTOAHMEM
MOPEHHO-NeIHNKOBbIX KOMMNAEKCOB. Hanbonee nokasaTeNbHbIM MPUMEPOM ABNAETCA Cefb
06.07.1993 r. B baccelHe p. OpTa Tanrap, cGopMUPOBABLLMIACA B pe3y/ibTaTe NpopbiBa MOPEHHO-
NeoHVKOBOro 03epa Yy nedHuKa be3biMAHHbLIA. COrMacHO apxmMBHbIM MaTepuanam, cobbiTve
npousowno 6e3 BblPaXKEHHbIX aHOMaAWn TemnepaTypbl BO3[yxa M 0OCaAKOB, @ OCHOBHOM
NPUYMHOM NPOPbIBA CTAN0 BCKPbITME BHYTPUMOPEHHbBIX KaHa/ 0B CTOKa.
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HecmoTps Ha cpaBHUTENbHO HebOONbLION 0OOBEM 03EPHOM BOAbI, MPOPbLIBHON NaBOAOK
BbI3Ba/l MHTEHCMBHYIO MOOMAM3ALMIO PbIXI00HAOMOYHOrO MaTepuana B npeaenax Cenesoro
ovara, 4YTO npuBeno K GOPMMPOBAHMIO MOLLHOIMO TrPA3EKAMEHHOrO CeneBoro MoToKa C
MaKCMMabHbIM pacxogom A0 2000 m3/c. [laHHbIM NpUMep NOKa3biBAET, YTO NPU OLEHKE CeneBoi
OMacHOCTM HeobXoAMMO y4MTbIBAaTb HE TONbKO METEOPONIOrMYEeCcKne KpUTepun, HO W
MopdOANHAMNYECKOE COCTOAHME BbICOKOTOPHbBIX MOPEHHO-1€AHUKOBbIX CUCTEM.

Tabnnua 1 — TMApoMeTeoponorMyeckme NapameTpbl OTAeNbHbIX MAUMANbHbIX cenewn
6acceltHa p. Tanrap

®akT | Nopor
Pacxop, Q, ®akt | MNopor dakT Mopor
[ata wc ST °C ST* >X10 | >X10, SX30, MM SX30 MNporHos
, MM | MM

30.06.1960 25.4 115.8 284 | 154 30 169.3 95 100%
26.07.1961 23.6 485.9 479 | 49.2 30 173.8 95 100%
19.08.1961 18.1 643.2 743 | 41.5 30 112.2 95 100%
25.07.1964 34.4 304.9 479 | 16.2 30 222.9 95 100%
25.07.1965 21.8 415.2 479 | 20.6 30 121.3 95 100%
12.06.1966 22.0 57.6 201 | 74.8 30 149.8 95 100%
17.08.1968 33.2 655.6 743 | 25.2 30 46.8 95 0%

20.06.1970 12.0 129.5 201 | 28.7 30 94.7 95 100%
14.07.1970 | 100-150 299.8 370 | 251 30 116.1 95 100%
18.07.1970 22.9 339.6 479 | 27.0 30 116.5 95 100%
12.07.1971 | 100-150 328.0 370 | 51.8 30 124.7 95 100%
15.07.1973 20-30 376.2 370 | 255 30 165.3 95 100%
15.07.1974 24.3 419.8 370 | 52.8 30 112.3 95 100%
21.07.1974 | 200-250 476.0 479 | 67.7 30 88.4 95 0%

02.08.1974 300.0 563.3 655 | 78.1 30 168.6 95 100%
21.06.1976 14.9 173.0 201 | 32.2 30 184.5 95 100%
10.07.1976 24.0 299.5 370 | 34.0 30 142.0 95 100%
21.06.1979 0o 340 113.2 201 | 15.7 30 146.2 95 100%
16.06.1984 11.6 167.1 201 | 39.3 30 129.3 95 100%
07.07.1990 | 100-120 457.6 370 | 49.0 30 109.5 95 100%
16.07.1990 22.5 514.3 479 | 95.4 30 129.7 95 100%
06.07.1993 2000 258.6 370 | 38.0 30 227.9 95 100%
21.06.1995 | 150-180 184.3 201 | 26.5 30 108.4 95 100%
11.08.1996 H/n, 558.9 655 | 20.4 30 122.5 95 100%
15.06.1997 H/A, 169.7 201 | 389 30 132.8 95 100%
07.08.2010 36.1 554.8 655 | 26.1 30 146.7 95 100%
22.07.2012 no 3.9 466.8 479 4.4 30 54.4 95 0%

11.08.2012 +2 630.3 655 18.6 30 48.1 95 0%

25.07.2015 no 29 603.3 479 | 21.6 30 96.3 95 100%
26.07.2021 23.9 592.8 479 | 14.8 30 76.7 95 100%
17.08.2023 0.5 738.2 743 | 78.3 30 193.9 95 100%

B uenom pesynbraTbl MCCAEA0BAHMUA MOKa3aan, YTO MeToAMKa KPaTKOCPOYHOro NporHo3a
MAUMANbHBIX  Cenen  ana  yCcnoBWM BOCTOMHOM 4act Mne AnaTay o06s1a4aeT  BbICOKOM
OnpaBAbIBaEMOCTbI0. [P 3TOM MOBbIWLEHNE AO0CTOBEPHOCTM NMPOrHO30B TPEbyeT KOMMIEKCHOro
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Y4€Ta KaK r’mapoMeTeopoiormyeckmx GakTopoB, Tak U AMHAMMUKM Pa3BUTUA MOPEHHO-NEAHNKOBbIX
03ép.

AHann3 npeacTaBAEHHbIX AAHHbIX MOKa3blBAaeT, YTO B OONbLIMHCTBE C/lyYaeB CeneBble
cobbiTns B HaccerHe p. Taarap NPOUCXOANAU NPU AOCTUKEHUM UM NPEBbILLEHWUM OAHOM0 UK
HECKOIbKMX KPUTUYECKUX TMAPOMETE0PON0MMUYECKNX MOPOroB.

Hanbonee ycTon4MBbIM NPEANKTOPOM CENeBOM aKTUBHOCTU siBnaeTca 30-AHeBHana cymma
ocaakos (Y.X3p). B nogasnatoLLem 60bWKNHCTBE CyvaeB e€ 3HaYeHUA NpeBbIWanu KPUTUYECKNIA
ypoBeHb 95 MM, YTO MNOATBEPXKAAET €€ BbICOKYID MHPOPMATMBHOCTb A4 KPAaTKOCPOYHOrO
NPOrHo3a ceneBbiX MPOLLeCcCoB.

TemnepatypHbii dakTop (}.T) AemoHCTpupyeT Bonee CNOXKHbIN XapakTep BAUAHUA: ANA
4acTM CcobbITUN (0COBEeHHO MAUMANbHOTO reHesuca) HabaogaeTcs COOTBETCTBME UK
NPUBAMKEHNE K KPUTMYECKMM 3HAYeHMAM, Torda Kak Ana pAaga cobbiTM NMBHEBOTO TWMNa
TemnepaTypHbI KPUTEPUIA UMEET BTOPOCTENEHHOE 3HAYEHME.

OTaenbHble cayvyan HecpabaTtbiBaHMA nporHosa (0 %) (Hanpumep, 17.08.1968, 21.07.1974,
22.07.2012 »n 11.08.2012) yKa3blBaloT Ha OrpaHUYeHMA METOAMKM B YC/IOBMAX, KOrda cenesble
npoueccbl GOPMUPYOTCA NPM HEAOCTAaTOYHOM COYETAHWM TMAPOMETEOPONOrMYECKNX DAKTOPOB
MAM NPU AOMUHNPOBAHWM NIOKANIbHbIX FTEOMOPHONOTMYECKUX YCNOBUA.

B uenom aHanm3 TabamLbl NOATBEPKAAET BbICOKYIO OMNPaBAblBAEMOCTb MPOrHO3a, KOTOPas
coctasnaet 6onee 85-90 %, 4TO CBMAETENLCTBYET O MPUMEHMMOCTM METOAMKWU AN YCNOBUIA
b6accelHa p. Taarap.

3akntoyeHune

BacceiiH p. Tanrap xapaKTepm3yeTca BbICOKOM CTEMEHbIO MALMANBHOM CeNeBON ONACHOCTY,
4TO O0OYCNOBNEHO LWMPOKMM pPaCcnpoOCTPpaHEHMEM MOPEHHO-1eAHMKOBbBIX 038P, aKTMBHbLIMM
npoueccammn aerpagaumm NeaHWKoB M obuieirn HeCcTabUbHOCTBIO BbICOKOTOPHbIX FE€OCUCTEM.
MpoBeAEHHbIN aHANN3 MOKa3a/, YTO METOAMKA KPAaTKOCPOUYHOrO MPOrHO3a MALManbHbIX cenen A.
P. Meaey 1 COaBTOPOB B LLE/IOM AE€MOHCTPUPYET BbICOKYHO 3GGEKTUBHOCTL A4 YCIOBUM BOCTOUHOM
Yyactn Mne Anatay M mMoxeT ObiTb MCNONb30BaHa B CUMCTEME ONepaTMBHONO MOHUTOPWMHIA W
npeaynpexaeHua ceneBblx NPOLEeCcCoB.

YCTaHOBNEHO, YTO GOPMMPOBAHME KAaTaCTPOPUYECKMX CeNeBbIX CODbITUIM ONpeaenaeTca He
TO/IbKO OOCTUXKEHUEM KPUTUYECKMX TUAPOMETEOPONOrMYECKUX YCNOBUM, HO WU BHYTPEHHUMM
npoLeccammn pasBuUTUA MOPEHHO-NEAHMKOBbBIX KOMMIEKCOB, BKAOYAA AerpajaLmio N1eAHUKOBOro
MaTepunana M BCKPbITUE BHYTPMMOPEHHbIX KaHa/NOB CTOKAa. JTO yKa3blBaeT Ha HeobxoaMMOCTb
KOMMIEKCHOro NoAXoAa K OLLEHKe CeneBoi OnacHOCTH, Y4MTLIBAIOLLETO KaK KAMMATUYECKME, TaK U
reomopdonormyeckme Gaktopsl.

[na nosblWeHUA AOCTOBEPHOCTM M YCTOMYMBOCTM MPOTHOCTUYECKUX OLLEHOK TpebyeTca
WHTErpauma  rmapoMeTeopoNnormyeckmx  HabnwaeHun ¢ AaHHbIMM - AMCTAHUMOHHOIO
30HAMPOBAHMA 3eMAN U CUCTEMATUYECKMM MOHUTOPUHIOM COCTOAHMA MOPEHHO-NeAHUKOBbIX
03ép. [lonyvyeHHble pe3ynbTaTtbl MOryT ObiTb WMCMONBL30BaHbl MPWU YTOYHEHUW KapT CeneBow
OMaCHOCTU W AaNbHelWwem Pa3BUTUM aBTOMATU3MPOBAHHbLIX CUCTEM PAHHEro npeaynpexaeHus
cenesbIx Npoleccos B baccenHe p. Tanrap.

OLLEHKA M NPOMHO3 MAUMANBHOW CENEBOM ONACHOCTW B BACCEMHE PEKM TAJITAP
HA OCHOBE rMPOMETEOPO/IOTMYECKUX KPUTEPUEB

B nocneanHue gecatmnneTtuna bacceiH p. Tanrap oTHOCUTCA K YMUCNY Hanbosee ceneonacHbIX
pamOHOB BOCTOYHOW Yacth Une AnaTay. 3710 o6ycnosneHo dKTMBHbIM Pa3BUTUNEM BbICOKOTOPHOTO
oNnefeHeHnA, WUPOKMM pPaACMpPOCTPAHEHMEM MOPEHHO-IEAHUKOBbLIX 03Ep U UX BbICOKOM
HeyCTOW—WIBOCTb}O B YC/IOBMAX COBPEMEHHOro M3MeHeHUA Kammata. [erpagauma neHUKOB U
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M3MEHEHNA TEPMUYECKOTO PeXMMa BbICOKOTOPHOM 30HbI CMOCOOCTBYIOT YBENIMYEHMIO YACTOTbI
boOpMMPOBAHMA MALMANBHbBIX CENEBBIX MPOLECCOB, B TOM YMCAE KAaTaCTPOPUUECKOro XapaKkTepa.

Ocobyto  0OMacHOCTb NPEeACTaBAAKT  CeneBble  MOTOKM  MAUMANBHOIO  reHesuca
00yCNOBNEHHbIE  KPUTUYECKMMWU  TMAPOMETEOPONOTMYECKMMM  YCAOBMAMM U MPOPbIBHbIE,
bopmumpytouimeca B pesynbtaTte paspylieHMA MOPEeHHO-1eAHMKOBbIX O03€p M cnocobHble
NPMBOAUTL K 3HAUYMTENbHbIM Pa3pylleHMAm B A0AMHe p. Tanrap. B 3Ton cBA3M aKTyasbHbIM
ABNAETCA NMPUMEHEHME KPATKOCPOYHbIX METOAO0B MPOrHO3a CeneBol OMacHOCTM Ha OCHOBE
rMOAPOMETEOPONOTMYECKMX KPUTEPUEB N UX PETPOCTNEKTMBHAA NPOBEPKA.

Lenbto paboTbl ABAsAeTCA oueHKa 3GHEeKTUBHOCTM METOAMKM KPAaTKOCPOYHOro NporHo3a
IAUMANbHbBIX Ceneil, OCHOBAHHOM Ha KPUTUYECKMX 3HAYEeHMAX CYMMbl CpeaHeCyTOYHbIX
TemnepaTyp BO34yxa, aTMOCHEpPHbIX OCAZKOB WM BbICOTbl HY/NE€BOM M30TEPMbI, O1A YC/NOBUN
baccelHa p. Tanrap 3a nepuog 1921-2023 rr.

NHOOPMaUMOHHOM OCHOBOM MCCNEAO0BAHWUA MOCAYXKUAN apXMBHblE AAHHbIE O CENeBbIX
CobObITUAX, BKAKOYAlOWME AaTbl WX MPOXOXKAEHWUA, XapPaKTEPUCTUKM CENeBblX 0O4aroB W
rMapPOMeTEOPONOrnyecKkme ycnosma GopMmnpoBaHuns. B Kauectse NPOrHOCTMYECKOTO MHCTPYMEHTA
MCNONb30BaHa METOAMKA KPaTKOCPOYHOrO MPOrHO3a rAAuUManbHbIX Cenel, OCHOBaHHaA Ha
CPaBHEHUM GaKTUUECKMX 3HAUYEHWNIK CyMMbl TemnepaTyp Bo3ayxa (X.T), ocaskos 3a 10 u 30 cyTok
(X:X10, X X30) V1 BBICOTbI HYNEBOW M30TEPMbI C KPUTUHECKMMUM MOPOramMu.

PeTpoCneKTMBHbIN aHa M3 NOKasaa, YTo BONbLUIMHCTBO MALMANbHBIX CENeBbIX COObITUI B
bacceiiHe p. Tanrap dopmupyeTca npu  AOCTMXKEHUU WAM  NPEBbILEHWUU  KPUTUYECKMX
rMAPOMETEOPONIOTMYECKUX YCN0BUI. Hanbonee ycToOMYMBBIM NPEANKTOPOM CENEBOM aKTUBHOCTH
asnsetca 30-AHeBHaA cymma ocaakos (Y.X3q), KOTopas B HONbLIMHCTBE CAy4YaeB MpeBbiliaeT
NOporoBoe 3HaveHne 95 MM 1 XapaKTepu3yeT BbICOKMI YPOBEHb YBNAXHEHMA BOAOCOOPOB.

TemnepatypHbiii dakTop (X.T) nrpaeT BarKHyt0, HO MeHee YCTOMYMBYIO PO/b: A/A YacTu
COObITUI OH [AOCTUrAeT KPUTUYECKUX 3HAYeHUM, TOorda Kak B pAde C/y4yaeB He ABNAETCA
onpefenalOWMm.  ITO  yKas3blBaeT Ha  ero  COBMEeCTHOe  JAencTsuMe € Apyrumu
rMAPOMETEOPONOTMYECKMMU XaPaKTEPUCTUKAMMU.

BmecTte C Tem YyCTaHOBNEHO, 4YTO OTAENbHble cenesble COOLITMA GOPMMPYHOTCA MNpw
OTCYTCTBMM MONHOrO Habopa KPUTUYECKMX METEOPONIOTMYECKMX YCNOBUA. ITO CBUAETENLCTBYET O
TOM, 4YTO HapAgy C TMAPOMETEOPONOrMYECKMMM (GAKTOPaMM 3HAYMTENbHYKD POab UrpatoT
BHYTPEHHME NPOLLECChl B MOPEHHO-NeAHMKOBbLIX KOMMIEKCAX, BKAOYAA AerpagaLnio 1eAHUKOBOro
MaTepurana U BCKPbITUE BHYTPMMOPEHHbIX KaHA0B CTOKA, MPUBOAALLME K MPOPbIBAM NeAHUKOBbIX
03ép.

B uenom npoBeAéHHbIM  aHaAM3  NOATBEPXKAAEeT  BbIiCOKYD  3ddEKTUBHOCTb
pPaccMaTpMBaEMOM METOAMKM Ans ycnoBuii bacceriHa p. Tanrap, npu 3tom eé cpegHan
onpasabiBaeMocTb npesbiwaetr 85-90%. T[lonyvyeHHble pe3yabTaTbl MOKa3biBaKOT, 4YTO  AAA
NOBbIWEHMA TOYHOCTM KPATKOCPOYHOrO MNPOrHO3a HeobXoAMMO  Y4YMTbiBATb HE TObKO
rMOAPOMETEOPONOrMYECKME MOKA3aTENN, HO U COCTOAHME MOPEHHO-TEAHUKOBbLIX CUCTEM.

TakMm 0Opa3om, MeToAMKa KPaTKOCPOUYHOro NPOrHo3a rMAUManbHbIX Ceneil MoxeT ObiTb
MCNONb30BaHa B CUCTEME ONEPATUBHOIO MOHUTOPUHIA M NpeaynperKaAeHMA CeneBo ONacHOCTY, a
TaKXKe npu pa3paboTKe KapT CeneBor OMacHOCTM M COBEPLIEHCTBOBAHWW CUCTEM PaHHEro
onoBeLLeHuA.



I Proceedings of the 14th International Scientific Conference

Medical Sciences

ADHD and diet- The role of nutrition in
symptom management

Rizwi Rayaroth Hamza

Medical Doctor Program

Shri Subaa Mathy Muthuvelayutham Sangaranachiar
Medical Doctor Program

Scientific supervisor:

Tea abzhandadze

Doctor of Medicine, Professor, Caucasus University

Statement

As the author of the submitted work, | declare that the work is my original work and does not
contain material previously published, accepted for publication or submitted for protection by
other authors, which is not cited or cited in the work in accordance with the proper rules.

Rizwi Rayaroth Hamza

Abstract

Introduction

ADHD, a common neurodevelopmental disorder, affects quality of life, prompting exploration of
non-pharmacological interventions like nutrition. Many families seek alternatives to medications
due to side effects, making dietary strategies relevant.

Goal: Investigate the role of nutrition in ADHD symptom management.

Objective: Evaluate how nutritional factors can complement traditional treatments.
Methodology

Conducted a systematic literature search on PubMed and PubMed Central.

Used keywords like “nutrition,” “diet,” “micronutrients,” “omega-3,” “probiotics,” and “ADHD.”
Which includes observational studies, clinical trials, systematic reviews, and meta-analyses.
Focused on micronutrients (magnesium, zinc, iron), omega-3s, probiotics, dietary patterns, and
elimination diets.

Main Results

Deficiencies in magnesium, zing, iron, and omega-3s are common in ADHD and linked to symptom
severity.

Probiotics show potential in improving emotional and cognitive functioning via the gut-brain axis.
Elimination diets reducing food additives improve symptoms in susceptible children.

Mixed results from omega-3 supplementation highlight variability in study outcomes.

Discussion

Nutrition is a modifiable factor that can complement pharmacological treatments.
Inconsistencies in supplementation results suggest gaps, like the need to study nutrient synergies.
Personalized dietary interventions could reduce medication reliance.

Early nutritional screening and gut health strategies offer new therapeutic avenues.

Conclusion

Nutritional deficiencies influence ADHD symptoms, supporting dietary interventions as an
adjunctive therapy.

”
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A holistic approach integrating nutrition into ADHD care can enhance outcomes.
Further research on dietary patterns and genetic factors is needed.
Personalized nutrition may reduce ADHD severity and improve patient well-being.

Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD) is a prevalent neurodevelopmental disorder
affecting children and often persisting into adulthood, characterized by symptoms such as
inattention, hyperactivity, and impulsivity. Research has increasingly pointed to the role of
modifiable factors like nutrition in managing ADHD symptoms, yet the connection remains
underexplored. This study investigates the potential of dietary interventions to complement
traditional pharmacological treatments, addressing the question: How does nutrition influence
ADHD symptom management? Understanding this relationship is crucial because ADHD impacts
academic performance, social interactions, and overall quality of life, and many families seek non-
pharmacological approaches to reduce reliance on medications, which can have side effects.

The relevance of this topic lies in its potential to offer a practical, low-risk strategy for managing
ADHD. Nutrition is a modifiable factor that can be integrated into daily life, making it academically
significant for researchers and practically valuable for families and healthcare providers. Why
should anyone care about this paper? It provides evidence-based insights into a holistic approach
that could improve ADHD outcomes, potentially reducing the global burden of the disorder.

Existing literature highlights associations between ADHD and nutritional deficiencies, particularly
in micronutrients like magnesium, zinc, and iron, as well as omega-3 fatty acids. Studies such as
Lange et al. (2023) and Robberecht et al. (2020) indicate that children with ADHD often have lower
levels of these nutrients, correlating with symptom severity. Additionally, research on dietary
patterns, food additives, and gut health via probiotics (Shareghfarid et al., 2020; Pinto et al., 2022)
suggests a broader dietary influence on ADHD. However, the literature reveals significant gaps:
many studies focus on single nutrients rather than overall dietary patterns, and results from
supplementation trials are inconsistent, often due to variations in study design, baseline
deficiencies, and coexisting treatments.

This study addresses these gaps by systematically evaluating the role of multiple nutritional
factors—micronutrients, omega-3s, probiotics, and dietary patterns—in ADHD management. Key
guestions include: What scientific data can be obtained on specific nutritional deficiencies in
ADHD? What remains unresolved, such as the synergistic effects of nutrients? How can this paper
contribute to existing knowledge by proposing personalized dietary strategies? The research
objective is to contribute to a better understanding of how nutrition can serve as an adjunctive
therapy, ultimately informing evidence-based dietary guidelines for ADHD management.

Methodology

An electronic literature search was carried out using the PubMed, PubMed central database,
which is a widely recognized source for biomedical and life sciences research. The search strategy
incorporated a combination of keywords related to both nutrition and ADHD. These included
terms such as “nutrition,” “food,” “diet,” “supplementation,” “vitamin,” “mineral,” “fatty acid,”
along with ADHD-related terms like “attention-deficit hyperactivity disorder,” “ADHD,” and
“attention deficit.” These included original research articles, observational cohort studies,
interventional clinical trials, systematic reviews, and meta-analyses. The selected studies provided
diverse insights into various nutritional factors, such as micronutrients (including magnesium, zinc,
iron, and vitamins), omega-3 fatty acids, iodine probiotics, dietary patterns, and elimination diets.

” u ”
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By summarizing findings from multiple study designs and populations, this methodology enabled
a comprehensive evaluation of the current evidence regarding the potential role of nutrition in
ADHD management.

Literature review

Micronutrients

A proper amount of vitamins and minerals (called micronutrients) is important for healthy brain
development. Not getting enough of these nutrients might affect how the brain works, especially
areas like the prefrontal cortex, which is involved in ADHD. Some studies have looked at links
between ADHD symptoms and levels of minerals like magnesium, iron, zinc, copper, and selenium,
but the results have not always been clear.

In one study, researchers tested the hair of 52 boys with ADHD and compared it to 52 boys without
ADHD. They found that children with ADHD had lower levels of copper, magnesium, and
manganese in their hair. Also, lower levels of zinc and magnesium were linked with more severe
ADHD symptoms.

Another study measured the blood of 68 children with ADHD and compared it to 68 children
without the condition. Children with ADHD had 21% less chromium, 4% less magnesium, and 7%
less zinc in their blood. Their copper-to-zinc ratio was 11% higher.

Although these findings suggest there may be a connection between mineral levels and ADHD,
more research is needed—especially on the role of magnesium, zinc, and iron. (Lange et al., 2023)

Magnesium

Magnesium (Mg?*) is vital for over 300 metabolic reactions, including protein synthesis and energy
production, and low levels are linked to chronic diseases like ADHD. Magnesium deficiency can
cause symptoms such as fatigue, poor concentration, and aggression, which are common in ADHD.
Studies show that many ADHD patients have lower serum magnesium levels compared to healthy
individuals, with some research indicating reduced erythrocyte magnesium or Mg?*-ATPase
activity in ADHD. However, blood magnesium levels may reflect therapeutic effects rather than
deficiency. A study in Australia found that higher dietary magnesium intake reduced externalizing
behaviors in adolescents, but systematic reviews suggest that magnesium supplementation’s
effectiveness for ADHD is inconclusive without confirmed deficiency. (Robberecht et al., 2020)

Zinc

Zinc is vital for brain development and function, helping with enzyme activity, neurotransmission,
and hormone production like serotonin and melatonin. Studies show children with ADHD often
have lower zinc levels, which are linked to more severe symptoms. One reason for zinc loss may
be reactions to food additives, like tartrazine, which was shown to lower zinc and worsen behavior
in hyperactive children.

Two clinical trials found that zinc supplements improved hyperactivity, impulsivity, and social
behavior in children with ADHD—especially when used with standard treatment. One trial used
150 mg/day and another used 55 mg alongside methylphenidate. Both showed better results in
the zinc group.Lower zinc levels were also linked to lower fatty acid levels in children with ADHD.
A later trial combining omega-3 and a multivitamin-mineral supplement found no extra benefit,
possibly due to the low zinc content (<2 mg) in the supplement. (Sinn, 2008)

ron

Maternal iron deficiency anemia increases the risk of preterm birth and can affect a child’s brain
development, leading to mental and behavioral issues. In children, iron deficiency may cause
fatigue, irritability, poor attention, and reduced learning ability. Studies by Konofal et al. found
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significantly lower serum ferritin levels in children with ADHD, with 84% of hyperactive children
affected compared to 18% of controls. Lower ferritin levels were linked to more severe ADHD
symptoms and cognitive issues. They also found a possible link between ADHD, iron deficiency,
and restless legs syndrome (RLS), though some differences weren’t statistically significant.
Maternal iron intake during pregnancy is crucial for fetal health, and women should consume iron-
rich foods like meat, fish, and seafood. Iron from plant sources like legumes and leafy greens is
less easily absorbed, but vitamin C and gut health can help improve its absorption. (Konikowska et
al., 2012)

Omega 3 fatty acids

Omega-3 fatty acids, particularly DHA, play a vital role in brain development and function, making
them a key area of interest in ADHD research. DHA is a major component of dopamine-producing
nerve endings and is involved in forming hormones that regulate various body functions. Studies
have found that around 40% of children with ADHD show signs of omega-3 deficiency, such as dry
skin, excessive thirst, and lower levels of DHA and arachidonic acid in their blood. It is believed
that some children with ADHD may have difficulty absorbing these fatty acids or may require more
than usual. However, results from clinical trials using DHA alone have been mixed. Two
randomized controlled trials (Voigt et al. and Hirayama et al.) found no significant improvement in
ADHD symptoms or cognitive function with DHA supplementation, possibly due to factors like
ongoing stimulant treatment or the use of olive oil as a placebo.In contrast, a study by Sinn and
Bryan showed that supplementation with omega-3s (with or without added micronutrients) led to
significant improvements in ADHD symptoms over time, especially in parental ratings, and also
showed benefits in attention control. These findings suggest that omega-3 fatty acids may help
manage ADHD symptoms, though more research is needed to determine the most effective form
and dosage. (Rucklidge et al., 2009)

lodine

lodine deficiency remains a global health concern and has been recognized by the WHO as a major
issue. Lack of iodine during pregnancy can lead to hypothyroidism, increasing the risk of
permanent brain damage in the child. A ten-year study by Vermiglio et al. found that children born
to mothers with moderate iodine deficiency had a higher rate of hyperactivity (68.7%) and lower
|Q scores compared to those from iodine-sufficient areas. These findings suggest that both iodine
deficiency and hypothyroidism, before and after birth, are important risk factors for developing
ADHD in children. (Konikowska et al., 2012)

Probiotics

Probiotics may help manage ADHD by influencing the gut-brain connection, known as the
Microbiota—Gut—Brain Axis. Studies have found gut microbiota differences in ADHD patients,
though results vary due to age, diet, and location. Probiotic and prebiotic use has shown potential
benefits: early probiotic use reduced ADHD and Asperger's risk (Partty et al.), and Kumperscak et
al. found improved emotional and social functioning in children with ADHD. Multi-strain probiotics
were linked to reduced ADHD symptoms and anxiety (Sepehrmanesh, Ghanaatgar), while
Bifidobacterium bifidum (Wang et al.) improved inattention and hyperactivity. Though promising,
more research is needed to confirm these effects. (Pinto et al., 2022)

Food additives and food intolerance in ADHD

In the 1970s, Feingold suggested that up to 50% of hyperactive children were sensitive to food
additives and natural salicylates, building on earlier findings from 1922 that elimination diets
improved symptoms in 30-50% of children. Schardt reviewed 23 double-blind studies and found
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that in most cases, ADHD symptoms worsened with food dyes and improved on additive-free diets,
especially in children with other conditions like asthma or food allergies. While some studies aimed
to discredit Feingold’s claims, further analysis by researchers like Murray, Pizzorno, and Boris
showed that multi-agent elimination diets often worked, while single-agent ones did not. Rippere
criticized U.S.-based studies for methodological flaws and potential bias, noting that more
supportive results came from international research, whereas many U.S. studies were backed by
food industry interests. (Kidd, 2000)

Behavioural reactions to food substances in ADHD are believed to be driven more by
pharmacological than allergic mechanisms. Animal studies show that food dyes like red colour may
impact neurotransmitter activity, such as dopamine and acetylcholine. EEG improvements in
children on elimination diets support this. Metals like lead or mercury in food dyes may also play
a role. Feingold's elimination diet helped many children, though later studies noted some foods
still contained salicylates and other reactive substances. Research findings have been inconsistent
due to varying diets, placebo designs, and individual differences. However, controlled studies and
meta-analyses confirm that artificial food colors and preservatives can worsen hyperactive
behaviour, even in healthy children, indicating these substances affect a broader population than
previously thought. (Sinn, 2008)

Dietary patterns

Analyzing the dietary patterns offers a broader understanding of how diet relates to ADHD,
beyond focusing on individual nutrients or foods. Two main research methods are used: one based
on recommended dietary guidelines (a priori) and another based on real-world eating behaviors
(posteriori). Findings so far have been mixed. While some studies link the Western diet—high in
red meat, refined grains, and processed foods—to an increased risk of ADHD, others suggest that
healthier diets rich in fruits, vegetables, legumes, and fish may help reduce the risk, though not
consistently. Refined grains, in particular, have shown a strong association with ADHD, making
“sweet” and “junk food” dietary patterns a point of interest.

Research has also looked at specific food groups like meat, fish, dairy, desserts, and sugary drinks
in relation to ADHD, but results vary. Surprisingly, only one review has explored the combined
impact of nutrients, foods, and overall diet on ADHD. So far, no comprehensive systematic review
or meta-analysis has been conducted to examine dietary patterns and food groups using the data-
driven (posteriori) approach in children with ADHD, highlighting a clear need for further
investigation. (Shareghfarid et al., 2020)

Discussion

The results obtained from the literature review imply a significant association between nutrition
and the management of ADHD symptoms. Studies consistently indicate that elemental
imbalances, particularly involving micronutrients such as magnesium, zinc, and iron, can
exacerbate ADHD symptoms. This suggests that nutritional deficiencies may not only contribute
to the onset of ADHD but also influence the severity and persistence of its symptoms (Lange et al.,
2023; Robberecht et al., 2020). Furthermore, dietary patterns, gut health via probiotics, and the
intake of food additives are also seen to modify ADHD symptomatology, highlighting the complex
interaction between nutrition, environment, and neurodevelopment (Shareghfarid et al., 2020;
Pinto et al., 2022).

The findings indicate that nutritional status is a modifiable factor that could offer a complementary
strategy for managing ADHD alongside traditional pharmacological treatments. Lower levels of
magnesium, zinc, and iron are commonly observed among children with ADHD, and
supplementation trials show varying degrees of symptom improvement (Sinn, 2008; Konikowska
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et al., 2012). Similarly, omega-3 fatty acids, essential for brain development, show promising—
though mixed—results in symptom reduction (Rucklidge et al., 2009). Thus, while nutrition cannot
be seen as a standalone cure, it may serve as an important adjunctive therapy that could minimize
the need for medication or reduce its dosage.

From a practical standpoint, the results emphasize the potential use of nutritional interventions
in ADHD management. Early screening for mineral deficiencies (e.g., zinc, magnesium, iron) and
addressing them through dietary adjustments or supplementation could form part of a more
comprehensive ADHD treatment protocol. Additionally, the role of probiotics in modifying gut-
brain communication suggests new preventive and therapeutic opportunities, especially
considering emerging evidence of microbiota differences in individuals with ADHD (Partty et al.,
2015). Eliminating food additives and artificial colors from the diet also emerges as a pragmatic,
low-risk intervention that could benefit certain children, particularly those with food sensitivities
or coexisting allergic conditions (Kidd, 2000).

The acquired knowledge significantly advances the field by offering a broader, more integrative
view of ADHD management. Understanding that ADHD symptoms may be influenced by factors
such as maternal iodine intake during pregnancy, gut microbiota composition, and cumulative
dietary exposures highlights new preventive avenues (Vermiglio et al., 2004). For instance,
encouraging maternal nutrition during pregnancy, supporting breastfeeding, promoting balanced
diets rich in essential micronutrients, and limiting processed foods and additives could collectively
reduce ADHD incidence and severity.

Moreover, the importance of individualized dietary strategies must be emphasized. Children with
specific nutrient deficiencies may benefit more from targeted supplementation than those with
adequate nutritional status. Tailoring interventions based on the patient’s individual metabolic,
genetic, and environmental profile aligns with the growing trend toward personalized medicine.
It also acknowledges the heterogeneity of ADHD, making treatment both more effective and
better tolerated compared to standardized pharmacological approaches.

Nevertheless, the current body of research also highlights important gaps. Many studies focused
on single nutrients rather than overall dietary patterns, and inconsistencies in supplementation
results suggest that context—such as baseline deficiency levels, coexisting treatments, and study
duration—plays a critical role. Therefore, future studies should aim at large-scale, well-designed
trials investigating the synergistic effects of multiple nutrients, probiotics, and dietary
interventions, while accounting for genetic and environmental variations. A more comprehensive
understanding of the nutrition-ADHD link could eventually lead to robust, evidence-based dietary
guidelines that complement existing pharmacological treatments and provide holistic support to
individuals with ADHD.

The literature reviewed indicates a clear but complex relationship between nutrition and ADHD.
This reinforces the need for a holistic approach to ADHD treatment that incorporates dietary
assessment and interventions as standard practice. By addressing elemental imbalances and
dietary factors, healthcare providers could offer more effective, safer, and individualized
treatment plans for individuals affected by ADHD.

Conclusion

This review explored the relationship between nutrition and the management of ADHD
symptoms, focusing on elemental imbalances, dietary patterns, and gut health. The main findings
from the literature review indicate that deficiencies in key micronutrients such as magnesium,
zinc, and iron are commonly observed in individuals with ADHD and may contribute to the severity
of symptoms. Furthermore, omega-3 fatty acid deficiency was highlighted as a significant
nutritional factor, although supplementation results remain mixed across studies. lodine
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deficiency during pregnancy was also identified as a risk factor for neurodevelopmental disorders
like ADHD.

The results emphasize that ADHD is not solely a genetic or environmental disorder but is
influenced by modifiable nutritional factors. Findings from clinical trials and observational studies
suggest that addressing these nutritional deficiencies through dietary interventions or
supplementation could provide an effective adjunct to conventional pharmacological treatments.
Additionally, the literature supports the potential benefits of probiotics in improving emotional
and cognitive functioning, likely via modulation of the gut-brain axis. Elimination diets targeting
artificial food additives and food intolerances have also been shown to offer symptom
improvement in susceptible children.

In relation to the research questions, the study confirms that significant scientific data support the
relationship between elemental imbalances (particularly involving zinc, magnesium, iron, and
omega-3 fatty acids) and ADHD symptoms. However, the interactions between dietary patterns,
genetic predispositions, and environmental exposures remain underexplored and complex,
warranting further investigation. This review contributes to existing knowledge by proposing that
personalized dietary management could play a substantial role in ADHD treatment strategies,
potentially reducing dependence on medications and enhancing patient outcomes.

The findings underscore the importance of adopting a holistic, multidisciplinary approach to ADHD
management, where nutritional assessment and intervention are integrated into standard care
practices.
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ORYLWbINAPFA PN3NKAHBI
TIRIPUBEJIEP APKbI/Tbl TYCIHAIPY

PaxbimbekoB AliTHai HKanaposuy

O-M.F.K., OOUEHT, akaZeMuanblk npodeccop, |. aHcyrypos atbiHAafbl HKeTicy
yHuBepcuTeTi, TanapikopraH K., KazaxctaH Pecnybankacel
Kabaynnaesa Haprus HuasbexkoBHa

CTYAEHT

AlrTKa3bl Kapakat KanpaTKbi3bl
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Mara3sosa Amupa PyctamoBHa

CTYAEHT

Cafbim AfynbiM D1iBMKbI3bI

CTYLEHT

YaTan [inaHa HypnaHKbI3bl

CTYAEHT

AHHOTaUMA:

MakKanana 3epTxaHanblK *KaHe NPaKTUKaAbiK cabakTapaa SKCNepUMEHTTIK TancbipMmanapbl
KONAdaHa OTblpbiM, MeKTenTe OGU3MKaHbl OKbITYAbl KETiNAipy Kongapbl KapacTbipbliadbl.
JKCNepuMeHT KYPri3yaiH AWMAAKTUKAbIK KYPbIabiMbl KapacTbipblaaZbl, On Kenecinen 60nybl
MYMKIH: AEeMOHCTPALMANbIK IKCNEPUMEHTTEP, aNAblHFbl 3€PTXaHANbIK KYMbICTap, GU3MKaNbIK
NPaKTUKYM, yAderi akcnepumeHTTep. Pu3MKaHbl OKbITYAbIH HEri3ri MaKcaTbl CTYAeHTTepAaiH,
KopllafraH Tabufn KybbinbiCTap MeH npouecTepAi AypbiC TYCiHYi, GU3MKANbIK LWamanap MeH
enwemaepai meHrepyi 6onbin Tabbinaap.

TyWiH ce3aep: e/lley, 3KCNEPUMEHT, AafablNap, NPOLECC, dAicC, OMNay,TOrMKaNbIK,

®un3nka OoibiHWA OKy OafdapnamacbiHa KepCeTinreH urepynepre camkec binim Kenemi
OKYLLIblNapfa ap CbiHbINTa DenrineHreH menllepae TonbiK Urepinyi kepek. OKbITyFa KaHa aaicTep
MeH TypAepai eHridy yaKkeH acep eTeni. MekTtenTe dU3MKaHbl OKbITYy aaicTemeci Neaarornkanblk
Fbinbimaap *KyMeciHiH 6ip canacbl bonbin Tabbinaabl. Cebebi, negarornkanbik fblbIMAap CUAKTHI,
OHbIH €H, Heri3ri maceneci — opTa MeKTenTeri fblAbIMHbIH, HerisaepiHiH 6ipi dU3MKaHbI OKbITY
NPaKTMKaCcbl MEH TEOPUACBIH KAapacTbIpy.

OHbIH, MiHAeTTepi: a) mekTenTeri dusMKa OOMbIHILIG OKYy bafaapiamacbl MeH OKY/bIKTbIH,
Ma3MyHbIH aHblKTay; 6) OKyLlbliapFa GU3MKanbIK BiNiM MeH Aarabliap KyMeciH urepyaid TMiMmai
24icTepiH ynpeTy, aaictemeHi kepceTy[1]. MekTtenTe dr3MKaHbl OKbITYAbIH HEri3r MaKcaTbl:

*  AMANeKTUKANbIK-MATEPUANUCTIK  OKyWbINApAblH, ~ KoplwafaH Tabusn  KybObiabICTap  MeH
npouecTepai AypbIC TYCiHyi;

* onapAplH KYHAENIKTI emipae aHe TeXHMKaZa KoAdaHblaybiH 6iny;

* nonuTexHuKanbiK [darablnap meH aafaplnapabl KanbintacTblpy;

* GU3MKaNbIK Wamanap MeH enWemaepai MeHrepy;

* dM3MKaHbI OKbITY NpOLEeCiHAE OKYLWblNapFa TabuFaT KybblNbICTapblH BalikayFfa, 0napabl Tangayra,
onapablH 3aHAbINbIKTAPbIH TYCIHYTe *KaHe iC XKy3iHae KondaHyFa YMpeTy;
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®ur3MKaHbl OKbITY Mpoueci HaTUKeni Bonybl YWiH OKyLbINAPAbIH NOTMKaNbIK CaHacbl MeH
WbIFapMaLlblAbIK OMNayblH AamMbiTy KaxeT. On yLWiH apTypAi aaicTepai KeHiHeH KondaHy, OKy
MaTepuasblH Heri3iHEH 3KCMEPUMEHTTIK KIHE KOpHEKI Typae TYCIHAIpY, OKyLIblFa »KeTkide biny
MaHbI3abl.Pr3MKa cabaKTapblHAa HEri3iHEH OKYLLbIAAPAbIH, 3KCNEPUMEHTTIK }KYMbIC AaFablAapbiH
KaNbINTacTblpy, LWblFapMallblabliK KabineTTepiH AambiTy Kesaenedi. binimai vrepyaid, Tvimainiri
aAaMHbIH SPTYPAI Ce3iM MyLLeNepiH TaHy NPOLECiHE TapTy KaHe HaKTbl 3aTTap MeH KyObl/biCTapFa
Tan OoNFaH Ke3de OHbl Ce3iHy, Kepy KaHe Kabblnaay KabineTi apkbiabl apTaapl. byn xafaanaa
dU3MKaNbIK SKCMEPUMEHTTIH, MaHbI3bl 30p.

Kabinet - 6yn gamyablH, HOTUMXKECI, COHAbIKTAH OHbIH Tya OiTyi MyMKiH emec. OKYLLbIHbIH,
KabineTi-byn OHbIH NeaarornkanblK biknaa weHdepiHae 6inim any KbiameTi. HKeke Ty/1FaHbl 4aMbITy,
OKbITY OHbIH LblFapMallbl/iblK KabifneTTepiH JamMmbiTyFa acep eTefi. Op OKyllbl OKY matepuasbiH
WbIFAPMaLUbIAbIK AeHrenae urepe afadabl, AFHA WbIFAaPMaLLbIIbIKTbl AaMbiTa anadbl. On yuWiH OHbI
WbIFAapPMaLLbl/bIK OMbIHAbI AaMbITYFa, AFHM ©3iH-63i Topbureneyre Heri3genreH oKyfa YMpeTy KaxkerT.

CoHAbIKTAH, eH, andblMeH, OKyllbl ASCTYPAI OKY MpaKTMKacbiHaH 6ac TapTybl KepeK, OHbl

OKbITbIIFAaH MyFanim TyCiHAipreH Ke3ae cabakTa GenceHai Kanfbl3 aflaM-OKYy MaTepuasnblHbIH,
ayaapmallbicbl anaabl. bizae ani ae mMyFanimHiH peni KauTanaHyMeH LeKTeneai, ai OKyLbIHbIH
PO/ TeK TbiIHAAYMEH, OKYMEH XaHe OHbIH, BiNiMiH TeKcepymeH LeKkTeneai.
OKyLWblTapAblH, LWblFapMallblblk KabineTTepid apTTbipy/aa SKCNePUMEHTTIK TancbipManapabl ymnre
Kellipy epeKlle MaHbi3fa Me. DKCMEPUMMEHT XKYPri3yaiH, ANAAKTUKAAbIK KypblAbiMbl Keneciaen
60Nybl  MYMKiH: AEMOHCTPALMANbIK 3IKCNEPUMEHTTEP, aNAblHFbl 3epTXaHasblK KymMbICTap,
dU3MKaNbIK NPAKTUKYM, YUAeri skcnepumeHTTep [2].

YA TancblpmacbiHa 3KCMNEPMMEHTTIK TancblpmanapAbl OpblHAAY OKYLIbIHbIH, — Keneci
Kabinetrepi MeH AafablnapbiH AaMblTadbl:

-MHTEeNNEKTyanabl - 3epTTey, SKCMNEePMMEHT HITMXKeNepiH CanbICTbipy, axblpaTy, a3y KaHe

»annblnay Kabineri;

-MaHAIK - TEOPMAHbI MpPaKTUKameH yhnecTipe 6iny, KyObiabiCTapabl, yfbiMaapabl Tangay YuiH

du3mKanblk Ginimai KongaHy, KentereH yi Kypanaapbl MeH KypandapbiHbiH KYMbIC NPUHLMMIH

TYCIHAIpY;

-y MbIMOACTbIPYLLbINbIK-TAHbIMAbIK- KabAbIKTbiH OYHKLUMOHANAbIK MIHAETTEPIH aHbIKTalk biny,

TEXHUKANbIK KYPbINFbINAPMEH KYMbIC iCTey Ke3iHAe Kayincisfdik KaHe nanganaHy epexenepid

CakTay;

- eHOEeKKOP/bIK (KON KypanaapbiMeH Kymblic icTeit 6iny, Temip yctacsl, lwebepnik aHe T.6.).
®uU3MKanbIK 3KCNEPUMEHTTIK TancblpMmanapdbl yire aybICTbipy Oya TakblpbiNKa epekile

KbI3bIFYLLbIMbIK TyAblpaAbl. ©OUTKEHI, MyHAa KeprifikTi Taburn oHe TYPMbICTbIK (TEXHMKANbIK)

afaannap eckepineai. Yiire apHaafaH aKCNepPUMEHTTIK TancblpManap *Kymeci Kypbiaabl. byn xyhe

TOMeHe KepceTinreHaen 6ipkatap macenenepai wewlyre 6afrbiTransaH [3].

* ToxkipnbeHi puaMKanblk TYPFblAaH KapacTbipy;

* dM3MKanblK Wamanapabl eney apKbiabl GU3MKaAbIK 3aH4ap MeH 3aHaapaasbl GYHKLMOHANAbIK,

TOYEeNAiNIKTI aHbIKTay;

* TYPMbICTbIK TEXHUKaHbIH, KeMerimeH duU3nKanbiK npouectepai backapy MyMKIHAIMH TyciHAipy

(TiriH MalMHacbiHA@, PeocTaTTa aHe NOoTeHUMOMeTpae, TeneamaapAarbl, MarHUMTobOHAAfbI,

PaANOKaObINAAFbILLTAFbI AblObIC AEHTEeNiH peTTerilTe MiHAeTTepAi aHblKTay);

* YKYMbIC iCTey VILUIH KaXKeTTi TEXHWUKAbIK KYPbIAFblNapablH NapamMeTpaepiH enlley KaHe ecenTey

(3neKTp KypbINFbINAPbIHbIH, KyaTblH — YTiKTi, 31EKTP NAUTACbIH, 9N1EKTP IHEPIMACLIH ecenTeriw neH

cafaT OOMbIHILA CEeKYHATbIK KOPCETKIMEH aHbIKTay »KoHE OHbl OCbl KYPbINFbIHbIH KYyaTTbIK,

KepceTKillTePiMEH CanbICTbIPy; erep onap Calkec kenmece, cebenTepiH TYCiHAIPY);

* KyHAeniKTi eHbek TaxipnbeciHae TexHUKaAbIK binimai KonaaHy (Man kabaTbiMeH KabblarFaH cyaa

KapTon Tesipek niceni. MyHbl ic ky3iHAe Tekcepin, KYDbIAbICTbI TYCIHAIPY KepeK).
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JKCNEepPMMEHTTIK ecenTepai wWewy 34icTepi onapabl Wellyre apHaifaH 3SKCNepuMMEeHTTIK
KYMbICTbIH, KOMbINAbIMbIHA GaNaHbICTbl. MblCanbl, erep maceneHi Wwewy YwiH 6apabiK Tekcepy
KaxkeT 6onca, OHAa TanCbIPMaHbIH LWeWiMi HyCKaynapfa CaMKeC »Kasblaadbl. DKCMEPUMEHTTIK
ecenTepaiH Hacka Typ/aepiHAe MaCeNeHi Lelly KaHe YCbIHY KaxeT. Erep ecenTi Wellyre KaxeTTi
Wamanap 3KCMEePUMEHT HITUMKeCIHAEe afiblHCa, OHAA 3KCMEPUMMEHT Kacan, enleynep Xyprisy
MaHbI3abl. Mbicanaap Kentipenik [4]:

Tancbipma Koto. KaxkeTTi KababiK: TIKOYPbILWTbI Kananbl, Tapasbl, MmaclTabTbl CbI3fbill, CY
bIAbICHI, LLANHEK, KYM. KyMbipaHbl TiK YCTay YLiH OHbl Cyfa cablin, iliHe a34an Kym canagbl, COHAa
0N cyaa Ky3e anaabl. KymbipaHbiH 6aTblpy TEPEHAINH aHbIKTay KaerT.

BepinreH ecenTiH, WAPTbIH Cbi3y XaHE OHbIH, aCTblHA CypaK, KOt apKpbl/bl »Ka3yFa 6onaapl.
CopaH KeliH Tangay »acanafpl KoHe MacefieHi wWelly YWiH KaHaan enemaep KaskeT eKeHiH
aHbIKTaNabI.

Tanpay. Kymblpafa acep eTeTiH aybIp/blK, KYLLUi XoHe TOMEHHEH Cyfa 3Cep eTETIH UTepy Kyli TeH,
bonfaHwa cyfa OaTbipblnagpl. byn Kafgaaa fa=P Tene-TeHAiK opHaTbinadbl. bipak 6yn
ApPXMMeATiH, KyLWi AieHe BbITbICTbIPFaH CYMbIKTbIKTbIH, CaiMafbliHa TeH, 6onfaHAbIKTaH 6onadb!:

H
Fa:Fa:9'8;'pc'Vc (1)
MyHaa: Vc-6aHKaHbIH 6aTbin KeTKEH BeNiriHiH, Kenemi, Pe-CyablH, ThIFbI3AbIFbI.

BaHKTiH, OaTbipblAifaH OeniriHiH, Kenemi S HerisiHiH, aygaHbliHbiH aHe baTbipy TepeHairiHiH h
KebeMnTiHaiciHe TeH;

Fo=98%-p.-h-S (2)
Fa
OCblAaH, h = W (3)

Ci3 popmynaasbl KYM KYMbIPaCbIHbIH, Ca/IMaFblH, CyAblH, TbIFbI3AbIfbIH }aHE KYyMblpPaHbIH HETi3iHiH
aydaHbiH  OinyiHi3 Kepek. ©nuwempaep: 6aHKaHblH, CcaiMafblH  AMHAaMOMETPMEH  ©/leH,s.
CbI3fbilineH 6i3 KyMbIpaHblH, Y3bIHAbIFbI MEH KendeHeciH enwenmis. Ocbl XepaeH 6i3 HerisaiH
ayAdaHblH aHbIKTaMMbI3
S=ab-p.=1— (4)

Ecenteynep. bi3 dopmynara Tbifbl3ApblK, CaIMaK, KaHe ayaaH MaHAEPiH OpPHATaMbI3 KaHe HBaTbipy
TepeHairiHiH, OuiKkTiriH (h) aHbIkTaimbI3. MpakTUKanbik Tekcepy. Cyra 6aTbipblafaH KYMbIPaHbIH, TiK
KabblpFacbiHA4afbl  TYPAI-TYCTi  Cbi3blKNeH OaTtblpy TepeHAiriH  6enrineHis.  JKcnepumeHT
9KCMEPUMEHT apKbl/ibl Tabbl/iFaH MaH MeH ecenTenreH BUIKTIK MaHi CallKec KeneTiHAiriH KepceTTi.
COHbIMEH, 3KCNEPUMEHT AypbIC OPbIHAANAbI.

JKCNepuUMEHTTIK ecenTep TaxipnbeHi KaxeT O0nfaH Xafdalga faHa Koadbl, Kenbip
Macenenepai WelkeH kesae GpoHTababl Taxipnbe bepinyi MymKiH.
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MAPTBIJTAM ©TKI3TIWTIKTIH, KOCMAAP
ROHUEHTPALNACBIHAH ToYEJIAIITTH
SEPTTEY

Paxbimbekos AinTbait Hanaposuy

K.-M.H., aCCOLIMPOBAHHbIN. Npodeccop, KeTbiCycKuit yHmuBepcuteT M. M. XaHcyryposa
Kymaann 94in aKkCbl/bIKy bl

MarmcTpaHT XeTbICyCKMIA yHMBEepCUTeT M. M.*KaHcyryposa

AngaTtna

Byn MaKanaZa »apTblnal eTKi3riW MaTepuangapiblH, SNeKTPAIK KacueTTepiHiH, Kocnanap
KOHLEHTPaUMACbIHA Tayenainiri KapacTbipblnaabl. apTblaan eTKi3rilTepaiH, 3NeKTPOeTKI3riWTiriH
Hackapyaa KOCnanblk aTOMAAPAbIH, MaHbI34bl Peai CMNaTTanbin, AOHOP/bIK KaHE aKLenTopbIK,
KOCnanapablH acep ety mexaHmsmaepi TyciHAipinedi. Kocna KOHUEHTPauUMACbIHbIH, apTybl 3apAs
TacbiMangaylbliap KOHUEHTPAUMACLIHbIH, ©63repyiHe, MeHLWIKTI KeaepriHiH, TeMeHaeyiHe aHe
3/1EKTPOTKI3TIWTIKTIH, }KOfapblaayblHa 9KeNeTiHi TeOPUANLIK TYPFblAaH TangaHaabl.
TyriH ce3pep: »KapTblnak OTKI3riW, KOcna, Kochanap KOHUEHTPAUMACHI, 3N1eKTPOTKI3FILTIK,
MEHLUIKTI Kedepri, ZOHOP, aKLLEeNTop, 3NEeKTPOH, KEMTIK, 3apA/ TacbiMangaylblaap.

Kipicne

Kasipri 3n1eKTPpOHMKA MeH aKknapaTTblK TeXHONOrMsfapdblH AamMybl KapTbliak eTKi3riw
mMmaTepuangapabid, GM3MKanbIK KacMeTTepiH TepeH, 3epTTeyMeH Tbifbli3 BalnaHbICTbl. AdunoaTap,
TpaH3MUCTOpPAap, WMHTErpandblK CXemanap, *KapblKAMOATAP, KYH 3/EMEHTTEpPi 'KoHe KenTereH
CEHCOP/bIK, KYPbIAFbIIAPAbIH, HKYMbIC iCTey MPUHUMNTEPI KapTblal eTKi3rilTepaiH, a1eKTpAik
KacueTTepiHe Herizgenea,.

apTblnan eTKisriwTepaiH, Herisri epeKkwenikTepiHid, 6ipi — onapAblH, 3N1EKTPOTKI3riWTIriH
CbIPTKbl  GaKTOp/iIap apKbl/ibl KeH, apanblkTa e3repTy MyMKiHAir. MyHaan dakTopaapra
TemnepaTtypa, XapblKTaHAbIPY, 3NEKTP 6pici KaHe maTepmnan KypamblHa eHri3inreH KocnanapabiH,
KOHLUEHTPaUMAChHl KaTadbl. Ocipece Kocnajay odAiCi KapTblak  OTKI3riWTiH  31eKTPAiK
napameTpaepiH backapyablH, Heri3ri TacinaepiHid, 6ipi 606N caHanagbl.

Ta3a *apTblnal eTKi3rilwTe 37eKTp TOrblH 3NEeKTPOHAAP MeH KeMTIKTep TacbiMandanabl.
Anapa OHbIH KypamblHa a3 Me/llepAe apHalbl KOCMajfap eHri3iareH Kesge 3apag
TacbiMaAayLWblNapablH, CaHbl alTapablkTal e3repyi MymKiH. OcblfaH HalnaHbICTbl KapTblian
OTKI3rilTepAiH 6TKI3rWTir KocnanapablH, TYPi MEH KOHUEHTPaLUMACbIHA Tikeneln Tayenai bonaap!.

3epTTeyaiH,  ©3eKTifiri  *KapTblNalk  OTKI3riWTepdid, 3NeKTPAIK  KacueTTepiH Kocnanap
KOHLEHTPaUMAChl apKblabl Hackapy MPUHUMATEPIH TYCIHAIPYMEH KaHe OcCbl TayenminikTi
9KCMEPUMEHTTIK YKOJIMEH aHbIKTay KaxKeTTinirimeH 6alnaHbICThI.

Hapmeinal emkizeiuumepoiH husukansiK Hezizoepi

apTblnan eTKi3rilTep — aNeKTPAIK OTKI3riWTir meTangap MeH AN3NEeKTPUKTEPAIH, apacbiHAa
opHanackaH matepuangap. Onapra kpemHui (Si), repmannin (Ge), cenen (Se) »aHe backa Aa
MmaTepuangap *katadbl.rKapTblnal eTKi3riwTepaiH, 3NeKTPAIK KacueTTepi onapAdblH, KpUCTaNAbIK,
KYPbIIbIMbIMEH KSHE 3HepreTMKanblK JAeHrennepimeH aHbiKkTanaabl. KanbinTbl Kafdanga
BA/NIEHTTIK alMaKTafbl 3/1eKTpoHAap aTtomAapMeH OannaHbiCKaH Kyhae Gonadbl. INEeKTPoHFa
YETKINIKTI aHeprua bepinreH kesge on HannaHbICKaH KyinaeH 6ocan, eTKI3rilWTiK aimarbiHa eTei.
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HaTmKeciHae 60C 3NEKTPOH KaHEe OHbIH, OpPHbIHAA KeMTiK nanga 6onaabl.MeHLWiKTi KapTblian
OTKI3riLUTe 31EKTPOHAAP MEH KeEMTIKTepAiH KOHLUEeHTpaumnanapbl bip-bipiHe TeH;
n=p=n, (1)
MYHAAafbl N— 3N1EKTPOHAAP KOHUEHTPAUMACHI, P— KEMTIKTEP KOHLLEHTPALMACHI, 11;— MEHLWIKTi 3apas
TacbiManaayLbliap KOHLEHTPAUMACHI.
HapTblnan eTKI3riWTiH 91eKTPOTKI3rILWTIr:
o = q(ny +pup), (2)

MYHOAFbl: 0— 3NEKTPOTKI3MIWTIK; g— 3NEeKTPOH 3apAAbl; N— 3NEKTPOHAAP KOHUEHTPAUMACHI; p—
KEMTIKTEP KOHLLEHTPALUMACHI;
Un— INEKTPOHAAPAbIH, KO3FANFBILITBIFLI; Ly— KEMTIKTEPLIH KO3Fa fbIWThIfbI.

Byn epHeKTeH 31eKTPeTKI3rWTIKTIH 3apAj TacbiMaaAaylWbliap KOHUEHTPAUMACbIHA Tayeni
eKeHi KepiHes,.
Kocnanbik xcapmelinali emkis2iwumep

Ta3a KapTblnai OTKI3riWTiH 3NEeKTPAIK KAacMeTTepiH e3repTy YWiH OHbIH, KypamMblHa apHanbl
Kocnanap eHrisineai. byn npougecc Kocnanay Aen atanabl.
KocnanapapiH Heri3ri eki Typi 6bap: AOHOPAbIK KOCManap; akLenTop/blK Kocnanap.
LJoHopnbik Kocnanap

KpeMHUMAIH KpUCTanablK TopbiHa 6ec BaneHTTi aToMaap, mbicanbl docdop (P), MbilwbsK (As)
Hemece cypbma (Sb) eHrisinreH »araana AOHOP/bIK *KapTblaan eTKi3riW Ty3inedi.KpemMmHuit aTombl
TOPT BaNEHTTI OONFaHAbIKTAH, OHbIH TOPT 3N1EKTPOHbI KOpLLi aTOMAAaPMeH KOBaNeHTTiK HalnaHbic
Ty3yre Katbicagbl. An 6ec BafeHTTi Kocna aToMblHbIH, Bip 31eKTPOHbI KpuUcTandplk HanaHbicKa
TOAbIK KaTbiCNal, canbiCTbipManbl TypAe dA1cCi3 DalnaHbiCKaH Kyihae Kanadpl.A3 faHa 3aHeprua
acepiHeH byn anekTpoH 6ocan, 31eKTP TOrbIH TacbiManayFa KaTbliCadbl.
CoHAabIKTaH  AOHOP/AbLIK  KapTblnalk  eTKi3riwTe  Herisri  3apAg  TacbiMangayuwsbinap —
afleKTpoHAap.MyHAa M *KapTblnan eTKi3ril N-TUNTI XapTblAalk eTKi3rill Aen atanabl.
AKuyenmopslK Kocnanap

Erep KpeMHWn KpUCTabiHa VLU BAaNEHTTI aTomaap, Mbicanbl 6op (B), antomunHunin (Al) Hemece
rannuii (Ga) eHrisince, akUENTOP/IbIK *apTblNak eTKi3riw Ty3ineai.Yw BafeHTTi aTOMHbIH, KepLli
KPEMHWI aToMAapbiMeH ToJblK 6alnaHbic Ty3yiHe b6ip 31eKTpPoH keTicnenai. HaTuxkeciHae
KpUCTanaa KemTik nanga 6onaabl.
Byn Kafnamaa Herisri 3apAag, TacbiMangaywbinap — KemTikTep.MyHZan »KapTblia 6TKI3riW p-TUNTI
apTblnal eTKisriw Aen atanajbl.
Kocnanap KoHUeHMpayUuACbIHbIH 3AeKmpemKi32ilumikke acepi

apTblnan eTKi3rilluKe eHri3inreH KocnanapablH KOHLEHTPALUMACHI apTKAH CalblH Heri3ri 3apas,
TacbiManaayLblnapablH KOHUEHTPaLUMACL! Ja e3repes;.
N-TUATI XapTblaal OTKI3riW YWiH Kocnanap KOHUEeHTpaumAacbl NpXKeTKIiNiKTi YIKEH XaHe TONbIK,
MOHAANFaH Kafoanaa:

n = Np. (3)
CoHAa 91EKTPOTKISFIWTIK XYbIK TYPAE:
0 ~ qUnNp. (4)

Byn TeHaeyaeH Kocnanap — KOHUEHTPaUMACbIHbIH - apTybl  benrini  6ip  AmanasoHaa

3NEKTPOTKI3MIWTIKTIH apTyblHa 9KeNeTiHiH Kepyre 6onaabl.An P-TUNTI }KapTblNaN OTKI3riLW YLLiH:
b= NA' (5)

MyHAafbl Ny— akLenTop/iblK KOCNanap KOHUEHTPaUMACHI.

Byn xafoanaa:

o = quyNy. (6)
Jemek, akuenTtop/blK KocnanapiblH KOHLUEHTPaUMACbIH apTTbipy A3 *KapTblnan OTKI3rilTiH,
3N1EeKTPOTKI3FILWTIrH KOFapblaaTaabl. apTblnai OTKI3TIWTIH, MEHLLIKTI Kegeprici

INEKTPOTKI3IILTIKNEH Kepi 6annaHbICTbI:
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p==. (7)

CoHAbIKTaH Kocnanap KOHUEHTPaLUMAChl apTKaH Ke3ae benrini 6ip afaannapaa MeHLWiKTi Kegepri
TemeHAaena,.
Kocna KoHyeHmpauusacelHa mayenoinikmiH, (hu3uKanblK MexaHu3mi

Kocnanap KOHUEHTPALMACLIHbIH ©3repyi *KapTblAal eTKI3riWTiH SHEPreTUKaNbIK KYPbIbIMbIHA
0a acep eTedi. A3 KOHUEHTpPaUMA KesiHAe KOoCnanap Keke-Keke OpHaNacKaH SHepreTuKasblK,
OeHrennep Ty3eqi. Kocnanap KOHUEHTPaUMACHI XOFapblaafaH CalblH 0ONapAblH apacbiHAafbl ©3apa
acep Kylwereai. benrini 6ip KoHuUeHTpauusgaH 6HacTan Kocnanblk JAeHrennep bip-bipiHe
YaKblHAAM, KOCMaablK aMaKkTapAblH, KaAbINTacyblHa SKeAYi MyMKIH.

Byn KybblAbIC KapTblAal OTKI3riWTIH, OTKI3rWTIK KacueTTepiHiH, alTap/ibiKkTal e3repyiHe
ceben H6osaabl.Anainaga Kocna KOHLUEHTPALMACLIH LUIEKCi3 apTTbipy 3/1EKTPOTKI3MWTIKTIH, WeKCci3
OCYiH 6inpipmena;. KocnanapapiH, lWamaaaH TbiC KOHUEHTPaUMACbIHAA 3apag,
TacbIMangaywolnapablH,  KO3FanfbllWTblFbl TOMeHAeyi MyMKiH. byfaH Kocna aTomaapblHaH
TYbIHAANTbIH Walliblpay NpoLUecTepi acep eTeai.

COHAbIKTaH apTblnai eTKI3rilWTiH 3NeKTPOTKI3rWTIr Kocna KoHUEHTpaumuacbiHa Kypaeni Typae
Toyenai 6onaapi:

o = q(nu, + py). (8)
MyHAa KOHUEHTPaUMAHbIH, apTybl TacbiMandaylubliap CaHbiH KebenTce, KocnanapAblH, Kebelyi
ONapAblH, KO3FanfbllWTbiFbIH TOMeHAETYi MyMKiH. Ocbl eki daKTopablH apaKaTblHACbl HaAKTbI
MaTepuanpiH KacnetrepiHe 6ainnaHbICTbl aHbIKTaNaabI.
3KcnepumeHmmik 3epmmey adicmemeci

apTblna eTKI3riWTiH, Kocnanap KOHUEHTPaUMACbIHA TayendiniriH 3epTrey YWiH apTypAi
KOHUEHTpauMaaarbl Kocnanapbl 6ap GipHelue yari anbiHaapl.
3epTTey bapbiCbiHAA Keneci Wamanap/bl aHblKTayfa 6onaapi:

-VAITiIHIH, Y3bIHABIFbI L;-KenaeHeH, KMMAcCbIHbIH, aydaHbl S;-yari apKblabl ©TeTiH TOK Kywi I;-yari
ylwTapblHAafbl KepHey U;-ynriHiH anekTpnik Kegeprici R.
OM 3aHblHa calKkec:
(9)
MeHWiKTi Kegepri:
p=R- (10)
AN 3N1EeKTPOTKITIWTIK:
o=-= (11)

Ocbl dopmynanap apKblibl apbip yAri yWiH 3NeKTPOTKI3riWTIK ecenteneni.3epTrey HaTMKenepi
KecTere eHrisinea,.

No Kocna Keprey U, B Tok Kywi I, | Kepaepri R, | DneKTpOTKI3riWTIK
KOHUEHTpaUMACHI A Om o, Cm/m
5 N5 U5 15 R5 Os

AnbiHFaH ManimeTTep HerisiHae o = f(N)Tayenainik rpadwri Typrbisbinagbl.

Mannbl Kafganaa  Kocnasiap  KOHUEHTPaumsacbl apTKaH CalblH - 31EeKTPOTKI3rWTIKTIH
ofapblnay TeHaeHumacbl balrikanaabl. CoHbIMeH Oipre »ofapbl KOHLEHTpauusa almarbiHaa
KO3FaNfbllUTbIKTbIH TOMeHAeyiHe 6aliaHbICTbl TOYeNAiNiK CbI3bIKTbIK CMMATTaH aybITKYbl MYMKIH.
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3epmmey HamuxcenepiH manoay

DKCNEePUMEHTTIH, Heri3ri MakcaTbl — Kocnanap KOHLUEHTPaUMAChI MEH KapTbllai eTKI3riWTiH
3NEKTPNIK KacneTTepi apacbiHAafbl 6alNaHbICTbl aHbIKTaY.

Erep Kocna KOHUEHTPaLMACL TeMeH HOACa, *KapTblan OTKI3riWTe 3apsad TacbiManaayLblaap caHbl
canbiCTblpMmanbl Typae a3 6onagbl. CoHAbIKTAH OHbIH, Kedeprici »kofapbl 6onaabl.Kocna
KOHLIEHTPaUMACbIH apTTbipFaH Ke3ae 60C aNeKTPOHAAPAbIH HEMECe KEMTIKTEP/iH CaHbl Kebeleai.
HaTmxKeciHae aneKTPeTKI3TWTIK apTbin, MEHLWIKTI Keaepri TomeHaenai.
Byn Tayenainikti wWapTTbl TYpAe 6blnan kepcetyre 6onagabl:

NpT=>nT=0T=2pl. (12)
P-TUNTI *KapTbl/1al OTKI3riLL YLLIiH:

NyT=pT=0aT=pl (13)

Ananpa Kofapbl KOHUEHTPaUMA KesiHAe Kocna aToMAapblHbiH, 3apAj TacbiManaaylbliapabiH
KO3fa/ibiCbiHa Keaepri KenTipyi mymkiH. COHAbIKTAH HaKTbl TaxKipubene 3/eKTPOTKI3riWTIK neH
KOCNa KOHLEHTPaLMACbl apacbliHAAFbl TayenaiNikTi TaxKipmbenik AepeKkTep apKblabl aHbIKTay
MaHbI3bl.
3epmmey0iH 6inim 6epyodeai MaHbI3bl
apTblnal eTKi3riwTepaiH, Kocnanap KOHUEHTpauMACbiHA TayenadiniriH 3epTrey OKyLUblAapAbliH,
dU3nKanbIK KyOblabICTapabl TEK TEOPUABIK EMEC, SKCNEPUMEHTTIK TYPFblAaH TYCiHYiHE MYMKIHAIK
bepean,.
By TaKblpbINTbl OKbITY HapbIiCbiHAA: TaXKipMbenik 3epTTey; NpobaemanblK OKbITY;
rpaduKanblk Tanaay; KOMMbOTEPAIK MoAenbAgy; BUMPTyanabl 3epTxaHa; 3epTTey Kobanapsl
CUAKTbI 24icTepai KonaaHyfa bonaapbl.
Mblicanbl, OKyllblnapfa:«HeNiKTeH *KapTbliail eTKI3rilKke KOocna eHri3reH Kesae OHblH 3N1EKTPAIK
Kegeprici e3repegi?»aereH npobaemansiK cypak yCbiHblAAAbI.
Okyuwbliap anabiMeH Do/iKam Kacalabl, CoOAaH KeliH Taxipnbe »Kypriseai, enwey HaTUXenepiH
KecTere eHrizedi »koHe o = f(N)rpadwriH Typsbizagpl. COHbIHAA anblHFAH HTUXKeEHI 3apsaj
TacbiManZaylWbl/1ap KOHUEHTPAUMACBIHbIH, ©3repyi apKblabl TYCIHAIpeA,.
KopbITbIHAbI

HKapTblna eTKi3rilTepaiH, 3NeKTPAIK KacUeTTepi onapaplH, KypamMmbliHAaFbl KOCNanapabliH Typi
MeH KOHLEHTpaumaAcbiHa anTapabikTain Tayendi. JlOHOPAbIK Kocnanap n-TUNTi KapTblaak
OTKi3riluTe  Heri3ri  3apaa  TacbiMangaywsbinap  6o0nbin TabblnaTblH — 31eKTPOHAAPAbIH
KOHLIEHTPaLUMACLIH apTTblipca, akLUEeNTop/blK KOocrnanap p-TUNTI apTblaalk eTKI3rilTe KemTiKTep
KOHLUEHTPaUMACBIH apTTbipaabl.

Kocnanap KOHUEHTpauMACbiHbIH, Oenrini 6ip apanbifblHA@ 3apsg,  TacbiMangaylblnap
CaHbIHbIH, ©CYi 3NeKTPOeTKI3MWTIKTIH XOfapblaayblHa »KOHE MEHLWIKTI KedepriHiH, TemeHaeyiHe
okeneni. CoHbiMeH Oipre »Kofapbl Kocnajay JeHrennepiHge TacbimangaylubliapbiH
KO3FaNfbllUTbIfbIHbIH, ©3repyi HanKanbin, 3NeKTPOTKI3MWTIK NeH KOHUEHTPaUMA apacbiHaafbl
TOYeNAdinik KypaeneHe Tycea,.

DKCNEepPUMEHTTIK 3epTTey OapbiCbiHAA TOK KYLWi MeH KepHeyai enliey apKpbl/ibl KapTblaak
OTKI3rLWTIH, KeaepriciH, MeHLWIKTI KeaepriciH KoHe 3/1eKTPOTKI3rilTiriH aHblkTayFa 6onaapi.
ANnblHFaH HaTWXKenepai rpaduKkanblk eHAey Kocna KOHUEHTPAUMACbIHbIH, »KapTblNai eTKi3riw
KacMeTTepiHe acepiH KepHEKI Typae KepceTyre MyMKiHAIK bepegi.
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OU3MKA BAFBITLIHIA OKUTBIH
CTYIEHTTEPAIH Fbl/IbIMMW I3AEHICTEPIH
LIbIHAAY

EceHrabbinosa Hypranvna XaHcepKkeHOBHa

MarmcTp ecTecTBEHHbIX HayK, CEHMOP-NEeKTOp AenapTameHTa “OHepreTunka”, ALT
YHusepcuteT uMmeHn M. TbiHblWNaesa

EceHrabbinos Mnbsc aHcepkeHoBUY

K.M.H., aCCOLUMPOBaHHbI. Npodeccop, HKeTbicycknin yHmuBepcuteT M. M. aHcyrypoBa
PaxbimbekoB AinTbait anaposuy

K.p-M.H., acCOUMPOBaHHbIN. Nnpodeccop, KeTbiCyCKnit yHnBepcmteT nm. . KaHcyrypoBsa

AngaTtna:

Kasipri »kofapbl 6inim bepy kyheciHae CTyaeHTTEpPAiH Tek Teopuanbik binimai meHrepyi
METKINIKCI3. Binim anylwbiHbIH anfaH 6inimiH TaxKipnbeae KoMAaHYbI, FbIbIMU M3CENEH] aHbIKTaYbl,
HonxKam yCbiHYbI, ToXKipmbe XKyprisyi, anbiHFaH HaTUXKENepPAi Tanaaybl XKaHE Fbl/IbIMW KOPbITbIHAbI
»acan 6inyi maHbi3abl. Ocbl TypFblaaH anfaHaa GM3MKa NaHiH OKbITY BapbiCbiHAA CTYAEHTTEPAIH,
FbIbIMU-3EPTTEYLWINIK AaFAbl1apblH KAaNbINTACTbIPy MEH AAMbITY ©3eKTi MacenenepiH bipi 6onbin
Tabblnaabl. Makanaga ctyaeHTTepaid dmsmka 6asbiTbiHAAFbI FbIIbIMM i34EHICTEPIH WbiHAAYAbIH,
TMimai Kongapbl KapacTbipblnadbl. COHbIMEH KaTap CTYAEHTTEPAiH,  FblAbIMW  i34€HICIH
YMbIMAACTbIPYAbIH Ke3eHAepPi MeH NeAarornkanbliK WapTTapbl YCbiHbIAAAbI.

TymiH cesnep: d13MKa, FbINbIMK i3AEHIC, 3ePTTEYLWINIK AaFAbl, CTYAEHT, GU3NKAbIK IKCNEPUMEHT,
FblAbIMK  K0bDa, Npobnemanblk OKbITy, UMOPAbIK TEXHONOrMA, 3epTTey oaiCTepi, FbiAbIMM
KY3bIPETTINIK.

Kipicne

Kasipri KOFamMHbIH, FbIIbIMU-TEXHUKA/bIK AaMy KapKblHbl KOfapbl Oinim Bepy xyheciHe KaHa
Tanantap KoMbIN OTbIP. FbiNbIM MeH TeXHWKaHbIH KapKblHAbI Aamybl Bonallak mamaHaapaaH
OalblH aknapaTTbl MeHrepymeH Katap, »aHa Oinimai esgiriHeH i3gey, Tangay »KaHe FblibiMU
TYpFblaaH Herisgey KabineTiH Tanan eteai. ocipece dU3MKa CUAKTbI TabUFaT KyDbIbICTapPbIHbIH,
3aHAbINbIKTAPbIH TaXKipnbe apKblnbl 3epTTeyre HerisaenreH NaHAi MeHrepyae CTyAeHTTepaiH
FbINbIMM i3AEHICIH YAbIMAACTbIPYAbIH MaHbl3bl 30p.

®un3MKa FbinbIMbl  TabufaTTafbl KybbiabicTapabl 6akblnay, Taxipmbe Kypridy, esnley,
MaTeEMaTMKaNbIK MOZeNbAeYy OHe ajblHFaH HITMXKeNnepai TeopUANbIK TypfblAaH TYCiHAIpY
apKbinbl Aamnabl. COHAbIKTAH GU3MKaHbI OKbITY YAEPICIHAE FbINbIMU-3epTTEY SPEKETTEPIH XKyneni
TYPAE €Hri3y CTYAEeHTTEPAiH NaHre AereH Kpl3blFyLWbIAbIFbIH apTTbiPbIN KaHa KOMMan, onapably,
NIOTUKANbIK, CbIHW KaHe LblFapMaLlblNbIK OMay KabineTrepiH AambiTaabl.

CTyAEeHTTIH fblNbIMK i3aeHici — 6enrini 6ip maceneHi e3airiHeH aHbIKTan, OHbIH LWeLiMiH
FbINbIMM 94iCTEP apKblabl i34eyre HarbITTanfaH MakcaTTbl apekeT. MyHAaan apekeT bapbicbiHAA
CTYAEHT MICeNeHi TyXbIpbiMAaNabl, 3epTTey MaKcaTbl MeH MiHAETTepiH Oenrinenai, fblabimu
Honxkam yYCbIHaAbl, Ka)KeTTi aknapaTTapAdbl *KMHaAKTaNAbl, TaKipnbenik KymbiCTap Kyprizeqj,
HaTMXKenepai eHAenai KaHe KopbITbiHAb! *Kacanabl.OcblFaH 6alnaHbICTbl GU3NKA NBHIH OKbITYAa
CTYAEHTTEPAIH FblIbIMU-3ePTTEYLWINIK KabineTTepiH gambiTy — 6inim 6epy canacbiH apTTbipyabiH
MaHbI3bl HafbITTapbIHbIH, Oipi.
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CmydeHmmepOiH fbl/biMU i30eHicmepiH Kasa6inmacmeolpyObiH MeopusbiK Hezizoepi:

FbinbIMK i3A€HIC CTYAEHTTIH TaHbIMAblK OenceHainirimeH TbiFbl3 HannaHbiCTbl. CTyaeHT
Henrini 6ip dmanKanbiK KyObINbICTbl 3epTTey BapbICbiHAA TEK AalblH GopMynanapibl KoNAaHYMEH
wekTenmen, «HenikteH?», «Kanan?», «KaHaam xarganaa?», «Erep skafoanabl ©3repTcek, HaTUKe
Kanan esrepeni?» AereH cypakTapfa »kayan igengi. ®usmka 6afbiTblHAAFbl FblbIMU-3EPTTEY
YKYMbICbIHbIH, KYPbI/IbIMbIH DipHelle ke3eHre 6enyre 6onaapi:

Moacene - Makcam = bonxcam - 3epmmey adicmepi - SkcnepumeHm —> Hamuxcenep -
Tanday = KopbimeiHObI.

Byn KypblibIM CTYAEHTTIH, 3epTTey 2peKeTiH KyMheni yMbiIMAacTbipyFa MYyMKiHAIK Oepegi.
fbinbimu i3aeHic bapbicbiHaa cTyaeHTTepAe bipHelle Heri3ri Aasabl Kanbintacampi:

-FbI/IbIMW M3CEIEHI aHbIKTay; aKnapaT Ke34epiMeH KYMbIC Xacay; fbiibiMK a4ebuneTTepai Tanaay;
-3epTTey MaKcaTblH HaKTblnay; BOKaM YCbIHY;

-3KCMEPUMEHTTIK KYMbIC XYPri3y;enlley HaTUXeNepiH Tipkey; MaTemaTuKanblk ecenteynep
KYprisy;

-rpaduKTEP MEeH KecTenep Kypy; aNblHFAaH HITMXKeNepAi CanbiCTblipy; KaTenikTepAi aHblKTay;
FbINbIMM KOPBITbIHAbI Kacay;3epTTey HaTUXKeNepiH KopFay.

Ocbl  pafablnapAblH, — WUbIHTbIFbl  CTYAEHTTIH  Fbl/IbIMM-3€PTTEYLWINIK  KyY3bIPEeTTiAiriH
Ka/abINTacTblpadbl.

PU3UKArbIK 3KCNEPUMEHM APKbI/bl 3epmmeyulinik 0ardbiHbl dambeimy

®dur3nKa[arbl FolAbIMM i34EHICTIH, HEri3ri KypaaaapblHbiH 6ipi — SKCNEePUMEHT. IKCNEePUMEHT
HapbiCbiHAa CTYAEHT TeopuAanblK OiNiMiH NpakTMKameH 6alinaHbiCTbipaabl. Mblicanbl, CTyAeHTTEP
3/1eKTP TOrbIHbIH, SCEPIH 3epTTey KesiHAe TOK Kylli MeH OTKI3rilWTiH Keaeprici apacbiHAafbl

HannaHbICTbl aHbIKTal anagbl. OM 3aHblHaA CalKeC:

I—U
=2

MyHAafbl I—ToK Kywi, U— KepHey, R— aneKkTp Keaeprici.

CTyAeHT opTypAai KepHey MaHAepiHAe TOK KyWiH enuwen, anblHFaH HaTuKenep OOMbIHLLA
I(U)rpadurin  TypFbizadbl. paduKTiH cMnaTbiH Tangay apkbiibl GU3MKaAbIK  3aHObIAbIKTbI
ToXipnbenik KoameH aHbiKTanabl.MyHAaM TancblpMada CTyAeHT AalblH - KOPbITbIHAbIHGI
KatTamanabl. KepiciHwe, Taxipnbe HaTUKeciHe CyMeHe OTbIpbiN, KOPbITbIHAbIHbLI  ©3i
KanbINTacTbipadbl. bya fbibIMKM OMNay AafablCbiHbIH, KaNbiNTacyblHa biKNaa eTei.

[1pobiemarsblk OKbIMy

CTyneHTTepAiH, fbiNAbIMKM i34eHICIH AambiTyaa npobnemanbiK OKbITYAblH MaHbI3bl epeKlle.
OKbITYLLbl CTYAEHTKE AaWblH XKayan bepmei, FblIbIMW MICENE YCbiHaAb!.

Mbicanbl: «HesnikmeH memann emki3eiu Kbi30bipblaAfraH Ke30e OHbIH 371eKmpnik Keodepaici
e32epedi?»

Byn cypakka kayan i3gey b6apbicbiHAa CTyAeHTTep anabiMeH o3 6oKamaapbiH YCbiHaAbI.
KeniH Teopuanbik aKknapaTTapAbl KapacTbipbin, Taxipnbe »Kyprisin, anbiHFAH HaTUXKenepi
Tanaanapl.Mpobnemansik OKbITY CTYAEHTTI AalblH aknapaTTbl Kabblngaylibl emec, 3epTrey
yAepiciHiH benceHai KaTblCyLWbIChl PeTiHAE KanbiNnTacTbipadbl.
fobimu wobanap ylisimoacmeipy
CTyneHTTepAiH, FbiAbiMKM i3A4eHICIH AaMbITYAbIH TUIMAI TacinaepiHiH, HBipi — Keke Hemece TONTbIK,
FblnbIMK Kobanap.®ur3mka BoMbiHILG CTyAEeHTTEpre Keneci barbiTTapaa 3epTTey TaKblpbiNTapblH
yCbIHyfa bonaapi:

-*KaHaPTbINATbIH 3HEPrMA Ke3aepiHiH, PU3nKanblk Herizaepi;
-KYH H6aTapesnapblHbIH TUIMAINITIH 3epTTey;

-}KeN 3HepreTMKacbliHbIiH GU3NKANbIK NPUHLUMNTEPI;
-¥KapTblNan eTKi3riwTepaiH KacneTTepi;

-aCKbIHOTKI3TILLTIK KyOblbICHI;
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-HaHOTexXHONOrMAAaFbl GU3MKaNbIK KyDblAbICTaP;
-3/IEKTPOMArHUTTIK CayNeNneHyLiH KacneTTepi;

*Koba bapbicbiHAa CTYAeHT Takblpbin OOMbIHWA FbiNbIMKU 2aebueTTepai 3epTTen, 3epTTey
a4icTepiH TaHAaMWAabl, Taxipube »Kyprizedi KaHe HITMXKECIH FblbIMM DOafaHgama Hemece
npeseHTaums TypiHAE KOpFanabl.

Lugpnbik mexHono2uanapdsiH cmydeHmmepdiH fulibiMu i30eHiciHoe2i pesni

Kasipri TaHga ou3nMKanbik 3epTTeynepdi UMPpblk, TEXHONOTMANAPCHI3 enecTeTy KMbiH.
KomnbloTepnik mogdenvaey, BUPTyandbl 3epTxaHanap, UMPPAblK efilley Kypanaapbl KoHe
nepektepai eHaey 6argapnamanapbl CTYAEHTTEPAIH 3epTTey MyMKIHAIKTEPiH KeHelTeai.Mbicansl,
MeXaHMKa/bIK KO3fa biCTbl 3epTTey HapbiCbiHAa CTYAEHT KO3Fa/biC NapameTpaepiH KOMMNbIOTEPIK
MOZEe/Ib  APKbI/Ibl ©3repTiM, KblAJaMAblK MeH YyaKblT, KoopAMHaTa MEH YaKkbIT apacbiHAAfbl
TOYeNAiNiKTI aHbIKTal anapbl.

DKCNEePUMEHT HITUNKeIePiH 3NEeKTPOHAbIK KecTenep apKbiabl eHAeY Ae MaHbi3Abl. CTyAeHT:

1. 3KCNEepMMEHT HOTUXKENEepiH KecTere eHriseai;
opTallia MaHAi ecenTenai;
e/illey KaTeniriH aHbIKTanapl;
rpaduK TypFbi3abl;
HaTMXKenepai TeopuAbIK MOHAEPMEH CanbICTbipadbl;
KOPbITbIHAbI ¥Kacanabl.
Byn KyMbICTap CTYAEHTTIH, UMOPAbIK cayaTTblAblFblH faHa €MeC, fblIbIMU JepeKTepMeH
KYMbIC »Kacay KabineTiH ae aambitaabl.CoHbiMeH 6Gipre BMpPTyanabl 3epTxaHanapapl HaKTbl
3KCNEepMMEHTKe KOCbIMLIA Kypan peTiHae nanaanaHyra 6onaapl. Onap Kypaeni Hemece KpimbaT
KabapIKTapAbl KaXKeT eTeTiH PU3nNKabIK NPoLEeCcTepAi Moaenbaeyre MyMKiHAIK 6epeai.
CmydeHmmiH, FbiabIMU i30eHiciH baranay

FblnbIMKU-3epTTeY KYMbICbIH BaFanay KesiHAe TeK COHFbl HITUXKE eMec, 3epTTey YAEepPiCiHiH, o3i
e eckepinyi KaxeT.baranay kputepuiinepiH TemeHaeriaen yibimaacTolpyra 6onaapl (Kecte 1) :

o vk wnN

No bafranay kputepuii MasmyHbl

1 3epTTey maceneci MaceneHiH HaKTbl 3pi ©3eKTi KOMbINYbI

2 TeopuAnbIK Heri3 FbinbiMmu aaebueTTepai nanganany

3 3epTTey aaictemeci 9AicTepaiH AypbIC TaHAaNybl

4 JKCNepUMeHT ToxipnbeHi aypbIiC yMbIMAACTbIPY

5 HdepekTepai eHaey KecTe, rpaduk, ecenteynep

6 Tanpay HaTtuxenepai FolnbiMM TYPFbIAAH TYCIHAIPY
7 KopbITbIHAbI Herisri HoTUMXKenepai HaKTbl KepceTy

8 Kopfay 3epTTey HITUMKECIH KYNEeNi TaHbICTbIPY

MyHAaM KpuTepuitnep CTyaeHTKe O3iHiH 3epTTey *KYMbICbIHAAFbI KYLITI }KaHe
KEeTINAIpyai KaxeT eTeTiH TYCTapblH aHbIKTayFa MyMKiHAIK bepeai.
KopbITbIHAbI

CTyaeHTTepAiH $U3MKa OarbITbiHAAFbI FbIIbIMM i3AE€HICTEPIH WbIHAAY — 0NapAblH KaCibu xKaHe
3epTTeYLWIiNiK Ky3bIPETTINIMNH KanbiNTacTblpyAblH, MaHbI34bl WapPTbl. FblAbIMU-3EPTTEY XKYMbICbIHA
Kyneni Typae KaTblCKaH CTyAeHT dM3MKanbiK 3aHAapabl TEK TEOPUANbIK TYPFblAaH MeHrepin KaHa
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KOMMai, onapapl TaxKipnbe apKbiabl TEKCEPYre, anblHFAH HaTUMXKeNepai Tanaayra KaHe fblibiMK
KOPbITbIHAbI XKacayfa ynpeHeai.
®Pu3MKanblK  IKCNEPUMEHT, Npobaemanbik — OKbITy, KOBanblK  KYMbIC, UMOPAbIK

TEXHO/IOTMANAP, KOMMBIOTEPAIK MOLENbAEY KaHE AepeKTepai oH4ey S4iCTepiH KelweHai KongaHy
CTYAEHTTIH fblIbIMM OMNay KabineTiH JambiTyra MyMKiHAIK bepeai. CTyAeHTTiH Fbl/IbIMK i3AeHICiH
KaNbINTacTblpy YAEpPICiHAE eH MaHbI3AbICbl — OFaH ZalblH ayanTbl YCbIHY eMec, 83/iriHeH cypak,
KOlOFa, MICEe/IEHi 3epTTeyre »aHe Aaei KOPbITbIHAbI *KacayFa Kafaan xacay. OcbiHAAN OKbITY
OpTachl KaNbINTAaCKaH »Kafaanaa CTyaeHT PU3MKa NaHiH MeHrepyLli faHa emMec, FblIbIMK i3eHiCKe
KabineTTi »Kac 3epTTeyLli peTiHAe KanbinTacaabl.

Jemek, Kofapbl OKYy OpPHbIHAA U3MKaHbI OKbITY OapbICbIHAA FbIIbLIMU-3€PTTEY SPEKETIH
Kymeni yibimaactelpy 6Honawak GuaMKa MamaHAapbliHbIH, KaCcibM AalbIHAbIFLIH KeTingipin,
ONapAblH, FbIbIMU KOHE LbIFapPMaLLbIIbIK 9/1eyeTiH apTTbiPyAblH TUiMAi TeTiri 6oabin Tabblnaab.
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OKYLLbITAPABIH 3EPTTEYLLINIK
NAFIBITAPBIH MHHOBALIMATIAY
*KO/OAPb|

Paxbimbekos AinTbait Hanaposuy

G-M.f.K, AOLEHT, KaybIMAACTbIPbIAFaH NPOdECCOp, FbIIbIMU KETeKLLi

MepsetbekoBa CantaHaT EpbosKbI3bl

MaArmncTpaHTKa, |.AKaHcyrypos aTbiHAafbl KeTicy yHuBepcuTeTi, TanapliKkopraH, KasakcTaH

AngaTtna:

Byn makanaza »kannol 6inim 6epeTiH mekTenTe GU3MKaHbI OKbITY YAepiCiHAEe MHHOBALMANBIK,
dAicTepai KONAAHY apKblibl OKYLWbINAPAbIH, 3epTTeyLWiNiK AafablNapbiH KANAbINTaCTbIpy Maceneci
KapacTblpblnaapbl. Kasipri 6inim bepy xyeciHae OKyLWbIHbIH TEK AalblH aKnapaTTbl MEHTEPYi eMeC,
OHbl ©34iriHeH i3aeyi, Tangaybl, TaXKipnbe apKblbl TEKCEPYI *KIHE FblNbIMM TYPFblAaH KOPbITbIHAbI
acal anybl maHbi3abl. OcbifaH 6alnaHbicTbl GM3MKa cabakTapbliHAa NpobaeManblk, OKbITY,
3epTTeyLWiNiK OKbITY, *obanblK a4ic, BUPTYyanabl 3epTxaHa, undpnblk 6inim bepy pecypcrapsb,
STEM TexHONOrMANapbl }KaHe 3KCNEPUMEHTTIK Tancblpmanapas! TMiMAi NanaanaHy oKyl blnapabiH,
FbINbIMM-3EPTTEY KY3bIPETTININH JdamMbiTyFa MYMKiHAIK 6epegi. MaKkanaga WHHOBAUMANBIK
a4icTepAiH,  epeklwenikTepi, onapabl ¢u3MKa cabaKkTapblHAa KOAAAHY KOAJapbl KaHe
OKYLWWbITAapAblH, 3epTTeywWinik AafaplNapblH KanbINTacTblpydasbl Neaarormkanblk MYMKIHAIKTEPI
cumnaTTaifFaH.

TyWiH ce3aep:
du13MKa, MHHOBALUMANDIK 9A4icTEP, 3epTTeYLWIiNiK Aarabliap, 3epTTeyLWifik OKbITy, Npobiemanbik,
OKbITY, *KObanbIK a4ic, akcnepumeHT, STEM, UMPpPAbIK TEXHONOTMANAP, BUPTYaNdbl 3epTXaHa.

Kipicne

Kasipri 6inim 6epy KymeciHiH, Heri3ri miHAeTTepiHiH, 6ipi — oKywbinapabl AanbiH Ginimai
Kabblngaywsl emec, binimai esgiriHeH i3gen, Tangan, Taxkipube apKkbiibl Asnengent anatbiH
benceHai TyNfa peTiHAe KanbiNTacTbIpy. FblAbIMU-TEXHUKANbIK NPOrPECTiH, KapKbliHAbI AaMybl Hifim
anywblnapdaH aknapaTneH YMbIC icTey, MaceneHi aHbikTay, 6omKam rKacay, 3KCNepuMeHT
KYPri3y, anblHFaH HaTWMXKenepai eHAey KoHe Heri3genreH KOopbITbIHAblI WblFapy CUAKTbI
Oafablnapapl Tanan eTeq,.

Ocbl TypFblaaH anfaHaa pU3MKa NaHiHIH MyMKIHAIM epekwe. Pusnka TaburaT KyOblIbICTapbIH
Toxipnbe, Oakblnay, e/lley KoHe MaTemMaTMKanblK MoAefbAey apKblibl 3€pPTTENTIH Fbl/bIM
H6onFaHABIKTAH, OHbl OKbITY DapbICbiHAA OKYLIbIAAPAbIH, 3epTTeyLiNik KabineTrepiH AamblTyFa
KONalNbl XKafaal Kansintacaabl.

JacTypni OKbITy BapbiCbiHAa MyFanim KebiHe JalbiH TeopuAablk, MaTepuandbl TyCiHAipin,
OKYyLIbl OHbl MeHrepyre 0afbiTTanca, WHHOBALUMANBIK OKbITYAa@ OKYLUbIHbIH  TaHbIMAbIK
b6encenainirine bacbimabik bepineai. MyHaa myfanim OiniMHIH Heri3ri Kesi faHa emMec, OKYLbIHbIH,
3epTTey speKeTiH YMbIMAACTbIPYLLbI }KaHe BafbITTayLbl KbI3METIH aTKapaapbl.

®ur3MKaHbl  OKbITYAa WMHHOBAUMANLIK 3AicTepdi KONAAHY OKyllblnapsa  GU3MKabIK,
3aHAbINbIKTapAbl AalblH KYMiHAE KaTTaTydaH repi, onapabl ©34iriHeH aHbIKTayFa, 3KCNEPUMEHTTIK
[epeKTep HerisiHae TYCiHAipyre »KaHe MpaKTUKanblK Macenenepdi wWellyre MyMKiHAIK Bepeai.
CoHAbIKTaH 3epTTeywinik Aarablnapdbl KanbiNTacTblpy Kasipri ¢msmka 6inimiHiH MaHbI3abl
HarbITTapblHbIH, Oipi 6onbIN Tabblnaabl.
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OKyLWblNapAblH, 3epTTEYLWINIK AaFAbINAPbLIHBIH, MIHI
3epTTeywinik garapl — 6enrini 6ip maceneHi FbibIMM TYPFblAAH KAapacTbiPbIn, OHbIH, LWeLiMiH
@34iriHeH i3aey, 6oKam YCbiHY, KaXKeTTi aknapaTTbl XuHay, Taxipnbe Hemece BaKblnay *Kyprisy,
anblHFaH MaNiMeTTepai Tanaay KaHe KOpbITbIHAbI *Kacay KabineTi.
®u3mka cabarbiHAa 3epTTeyWinik AarasinapabiH OipHelle Heri3ri KOMMNOHeHTIH Benin KepceTyre
bonagabi:
1. MaceneHi aHelkmay — 3epTTeneTiH KyObinbiC Hemece Wellyai KaxeT eTeTiH maceneHi
TYKbIPbIMAAY.
2. Cypak Kos biny — du3mMKanblK KyOblabICTbiH cebebiH Hemece 3aHAbIbIFbIH aHbIKTAyFa
HarbITTanFaH 3epTTey CypPafbliH KanbiNTacTbIpy.
3. bomwam Hacay — ToxKipnbe HOTUXKECIH anablH ana bomKay.
4. 3epmmey HOCNAPs6IH KYPY — SKCNEPUMEHT KYPTi3yAiH PEeTiH, KaXeTTl Kypanaapabl KaHe
e/lley aAicTepiH aHbIKTay.
5. 3kcnepumeHm xcypeisy — baKblnay, enlley KaHe TaxKipnbe HaTUKeNepiH Tipkey.
6. Lepexkmepdi eHOey — KecTe, rpaduK, AMarpaMma HemMece maTemMaTUKanblK ecenTteynep
aApKbIIbl HITUXENepai Tanaay.
7. KopbimbiHObl 3acay — anbiHfaH HaTuxkenepai 6actankbl 601KaMMEH CanbICTbIPy.
8. HamuxceHi ycbiHy — 3epTTey HOTUXKECIH aybl3La, Ka3balla, rpaduKanbik Hemece ULMPPAbIK
dopmaTTa KepceTy.
Ocbl AafabinapabiH, KyrMeni KanbinTacybl OKYLUbIHbIH, FbIAbIMW Olnay KabineTiH AambITbin
KaHa KOMMal, OHbIH GYHKLMOHANAbIK CayaTTbl/blFbIH apTTbipabl.
2. Dn3nKaHbl OKbITYAaFbl MHHOBALMASIK 94icTep
®unsnka cabakTapblHAa OKyLWbINAPAbIH, 3epTTeyWifik KabineTTepiH JambiTy YLWIiH apTypAi
MHHOBALMANBIK Nearormkanblk aaictepai KonaaHyfa 6onabl:
- npobnemanbiK OKbITy a4ici
Mpobnemanblk OKbITY OKyLIbl andblHa AaibiH *Kayabbl XOK Hemece OHbl HipaeH aHbIKTay
MYMKIH emMec macene Kotofa Herizgeneai. MyHaan Kafganaa oKyllbl GU3MKanblK 3aHAbIAbIKTbI
©34irHeH TyCciHAipyre Tbipblcadbl.
Mblcanbl, «HenikTeH mMeTann KacbiKTbiH Oip yLibl Kbl3AblpblAfaH Ke3ae ekiHLwi yubl Aa 6ipTiHAen
Kbl3a/bl?» AIEereH CypakK apKblabl Xblay OTKI3rWTIK KyOblbICbIH 3epTTeyre Hbonaapl. [Mpobnemansik,
araanabl yMbIMOACTbIPYAbIH Ke3eHaepi:
npobnemarelk #ardal - 3epmmey cyparel — boaxcam - maxcipube - Hamuxcenepdi manday
— KOPbIMbIHOWI.
By Tacin OKyLLbIHbI AalbliH aknapaTTbl KabblngayaaH 3epTTey apeKeTiHe Kelipei.
- 3epTTeyLWinik OKbITY 3AjcCi
3epTTeyLinik OKbITy 0apbIiCbiHAA OKYLIbl HAKTbl fbiJbiIMK 3epTTEyre yKcac apeKeTTep
opblHAaMabl. Myfanim 3epTTey OarbiTbiH aHbIKTan bepreHimeH, 3epTTey 6apbICbIHbIH, KeKkenereH
KeseHAepiH OKYLLbIHbIH 63i OpblHAAYblHA MYMKIHAIK 6epes;.
Mblicanbl, « MasaTHUKTIH Tepbesnic nepnoabl Here Tayenai?» TakblpblOblHAA OKYLLbIAAP:
e 3epTTey CypafbiH aHbIKTaMabI;
e MaATHUKTIH y3bIHAbIFbIH ©3repTeai;
e Tepbenic yaKkblTbiH ©/1Iena;;
e OipHelle peT Taxipnbe »yprizeai;
e HOTUXENEpPiH KecTere eHriseaj;
e paduK TypFbi3aabl;
e  a/blHFaH ToYeNAiNiKTI aHbIKTaNabI;
e KOPbITbIHAbI *Kacalapl.
MyHAal Tancbipma Gusnkanblk 6iniMMeH KaTap esilley, CanbiCTbipy, Tanaay KaHe KOPbITbIHAbI

)Kacay AafablaapbiH AaMblTabl.
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- o0banblK OKbITY dAicCi
Hobanblk aic oKylblnapablH benrini bip maceneHi yzak Mep3imai 3epTTen, HaKTbl OHIM ¥KacayblHa
MYMKIiHAiIK 6epea,.
®dun3nka NaHiHAe K0baNbIK KYMbICTapFa MblHaZam TaKplpbiNTapAbl YCbiHYFa 601aabl:

e «KyH 3HEeprmaAcbiH TYPMbICTa NanadanaHy MyMKIHIIKTEPI»;

e «3HepruaHbl YyHemaeyaiH GU3MKanblk Herisgepi»;

e «MeKTen fFMmapaTblHAAFbl XbIJTY LWbIFbIHBIH 3epTTeY»;

e «Ken sHeprnAacbiHbiH TUIMAINITI»;

e «KapanainbiM 3n1eKTp CTaHUMACBIHbIH MOAENIH ¥Kacay»;

e «CMapTdOH AaTuMKTEPi apKblibl GU3MKANbIK ©ALLEYNEP XKYPri3y».

*KobaHbl opblHAAy 6apbiCbiHA@ OKylWbl aKnapaT KWHAWAbl, 3KCMEPUMEHT »Kypriseai,
HaTWXKenepai eHAeN i KaHe 63iHiH 3epTTey *KYMbICbIH KOpFalapl.

- BUpTyangbl 3epTxaHanapgbl nanganaHy

Kasipri umdpablk TexHonornanap Gusnkanasbl 3KCMEPUMEHTTIK KYMbICTapabl BUPTYanapl
opTada yMbIMAaCTblpyfa MYMKIHAIK Gepeni. BupTyanabl 3epTxaHanap acipece Kypan-*abapik
METKINIKCI3 6oFaH *KaFdanaa Hemece Kypaeni Taxipnbenepai kepcety KesiHae TMimai.

Mblicanbl, 3n1eKTp Ti3beriH 3epTTey KesiHae OKyLbl BUPTyanabl opTaja:

e  TOK KYLUiH;

e KepHeyai;

e KedepriHi;

e Ti3DEKTiH KOCbINY TYPAEpiH;

e OTKI3riWTEPAIH NapameTpaepiH e3repTe anaabl.
OKyWbl NapameTpaepi e3repTy apKblabl HITUMXKeNepiH Kanan e3repeTiHiH OaKkplnainabl. byn
9KCNEePUMEHTTIK oinay meH ceben-cangap/iblk 6alnnaHbICTbl TYCiHYre biknan eTeai.

- STEM TexHonoruanapsbl

STEM Tacini fbiNblM, TEXHONIOTUA, MHKEHEPUA XKIHE MaTemMaTUKaHbl ©3apa HannaHbICTbipa
OTbIpbIN OKbITyFa Herisgenedi. ®unsmka naHiHae STEM Tancbipmanapbl OKyllbifa TEOPUANBIK
Hinimai HaKTbl MPAKTMKaNbIK MIHAETTI LWelyae KoAAaHyFa MyMKIHAIK bepeai.

MbiCanbl, OKylWbINapFa «IHEPTUAHbI a3 KYMCAWUTbIH WaFblH Y MOAENIH KypacTbipblHAap»
aereH Tancelpma bepyre 6onaapl. OKyWbINAp Kby aaMacy, Kblay OTKI3TIWTIK, SHEePruaHbIH,
CaKTanybl CUAKTbI QU3MKaNbIK YFbIMAAPAbl NalganaHbin, e3 »kobanapbliH Kacanabl.byn Tacin
3epTTeyWiNiK, WhlFapMaLLbIIbIK KXaHe NHXEeHepPAiK OMnay AafablaapbiH KaTap AamblTaabl.

- 3KCMNEePUMEHTTIK XYMbICTapAblH, 3epTTeyLWinik Aafablnapabl KaNAbINTacTbipyarsl peni
®dur3mKaaafbl 3epTTEYLWINIK dPEKETTI KaAbINTacTbIPyAblH, MaHbI3Abl Kypasibl — 3KCMEPUMEHT.
IKCnepuMeHT BapbICbiHAA OKYLLbI GU3MKAJbIK TEOPUSAHbI TaXKipnbemeH balnaHbiCTbipaabi.

Mblicanbl, «OM 3aHbIH 3epTTey» 3epTXaHaNblK KYMbICbIHAA OKyLWbIIAp OTKI3rWTiH,
yWTapblHAAFbl KepHeyai oHe TOK KywiH e/wen, anblHFaH Mmanimettep OoMblHWA rpaduk
TypFbi3aapl.
3epTTey HaTMXKeNepiH TeMeHAgeri KecTe TypiHAe KepceTyre 6onagbl:

Ne UB [, A R, Om
1 2 0,2 10
2 4 0,4 10
3 6 0,6 10
4 8 0,8 10

U . . .
OKkywbl R = Td)OpMVHaCbIH nanganaHbin, KeaepriHiH, TYpakTbl MOHIe »KaKblH EeKeHiH
aHbIKTanapl. byn xepae okyubl Tek OM 3aHblH ecTe cakTamaliZlbl, COHbIMEH KaTap: eswey —>
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Oepekmepdi mipkey = ecenmey —> 2pagpuk myproi3y —> 3aHObIAbIKMbI AHbIKMAY —» KOPbIMbIHObI
Hacay - spekeTTepiH opbIHAANAbI.
Ocblnaniua 3epTxaHanblK KYMbIC 3epTTeyllinik AafablNapAbl KanbiNTacTblpydbliH TUiMAI a4iciHe
anHanaabl.

- UHHOBAUUANLIK a0icmepdi cabakma KondaHyobIH yneici

Mblcan peTiHae «DNeKTPO/IM3 KYObl/bICbIH 3epTTey» TaKblpblObliH KapacTbipyFfa 6o1aapl.

CabakTbiH H6acTankbl Ke3eHiHae MyfFanim oKyLbliapFa Npobiemanblk cypak Kosapl:«HenikteH
MbIC cynbdaTbl epiTiHAICIH 9N1eKTpoAn3aey KesiHae KaToATa MbIC BeniHin WhiFaabl?»
Okyuwblnap e3 6omkamaapbiH yebiHaabl. KeliH Taxkipnbe xyprisineai.3epTtrey bapbicbiHAA
OKyLLblNAp:

e 3/IEKTPOIUT epiTiHAICIH 6aKblNanabl;

e 3/1eKTPOATapAbIH OPHANaCyblH aHbIKTANAbI;

e TOK KO3iH Kocaapbl;

e 3/1eKTpoATapAafbl e3repictepai 6akblNanabl;

e MbIC MACCaCblHbIH ©3repyiH 3epTTenai;

e ToXipnbe HaTUXKenepiH Tipkenaj;

e  MNOHAAPAbIH KO3Fa/bICbliH TYCIHAipe|.

ToxipnbeneH KeniH OKyLWbLNap anblHFaH HaTUXenepai Tangan, 31eKTPoaM3 KesiHaeri
3NEeKTPOATLIK NPOLLECTEP Typanbl KOPbITbIHABI Kacalabl.
Byn aaic oKylblnapabiH TEOPUANbIK OINiMiH 3KCNEPUMEHTTIK aepekTepmeH OainaHbICTbipyFa
MYMKIHAiK 6epea,.
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BETOHblI HOBOTO NOROJIEHVA N PO/1b
MCRYCCTBEHHOTIO UHTESIJTEKTA TTPU
PASPABOTKE CIOCOBOB NX CO3OAHNA

Kynblumkosa Cayne TioskbalieBHa
nokTop Ph, (*e3ka3raHckuin yHuBepcuteT MMmeHn O.A. balikoHypoBa, 3aB.Kaheapoi
«TexHONOrMyecKkme mallnHbl M CTPOUTENBCTBOY)

AHHOTaumAa CraTbA NOCBALLEHA aHa/M3y COBPEMEHHbIX HamnpaBieHu pa3paboTkM OeToHOoB
HOBOrO MOKO/IEHMA U OLEHKe MNOTeHlMana WCNoAb30BaHUA TEXHOAOTMIA WUCKYCCTBEHHOIO
nHtennekta (MM) npm onTMmMM3auMM WX COCTaBa WM CBOMCTB B YC/NOBMAX Y/bITayCKOro
NPOMbILWIEHHOrO pernoHa Pecnybankm KasaxctaH. PaccmoTpeHbl 0cobeHHOCTM CbipbeBOMn 6asbl
PEernoHa, BK/OYAIOLLEN MeTaalypruyeckme LWAakM, 30/10L1aK0Bble OTXO/Abl TEMNO3HEPTEeTUKMY,
KpeMHUIcoaepKallime TEeXHOTeHHble MaTepuanbl M NPoAyKTbl NepepaboTKM pya LBETHbIX M
YepHbIX MeTannoB. Ha ocHoBe 0630pa OTEYECTBEHHbIX W MEKAYHAPOAHbLIX MCCAea0BaHMUM
NPOaHaNM3MpPOBaHbl BO3MOXKHOCTM npumeHeHua MW-moaenent (HEMpOHHbIE CETU, anropPUTMbI
ONTMMM3ALMN, MeToAbl MaLIMHHOrO 0by4yeHus) Ana  MNPOrHO3MPOBAHMA  MPOYHOCTHbIX
XapPaKTePUCTUK, AONTOBEYHOCTM, YCTOMUYMBOCTU K CyNbdATHOM M TEPMOKOPPO3UK, a TaKKe ANd
oTbopa addeKTUBHbIX peLenTyp Ha OCHOBE MECTHbIX TEXHOTreHHbIX pecypcoB. Ocoboe BHUMaHME
yAeneHo BONPOCaM MOBbIWEHMA SKONOUYHOCTN CTPOUTENbCTBA, CHUMKEHWUIO YIIepoaHOoro cieaa
LEeMEHTHOro NPOM3BOACTBA M PACLIMPEHWNIO MCNONb30BAHNA HU3KOKAMHKEPHbIX M BECKANHKEPHbIX
BAMKYLLMX B MPOMbILINEHHOM CTPOUTENLCTBE Y/IbITayCKOro pernoHa. lNpeactaBneHHan aHaAMTHKa
AEMOHCTPUPYET, YTo MHTerpaums MM B npouecchkl NpoekTMpoBaHns 6eTOHOB HOBOroO MOKOJIEHMA
NO3BO/IAET CYLECTBEHHO COKPATUTb 3KCMEePMMEHTa/IbHble 3aTpaThbl, YCKOPUTb N1abopaTopHbIN
UMKN 1 obecneynTb CO3daHME MaTepuanos, afanTUPOBAHHbLIX K CYPOBbIM KAMMATUYECKUM U
aKcnyaTauMOHHbIM  ycnoBuaM  LeHTpanbHoro  KasaxctaHa. ChopmyampoBaHbl  HayyHO-
NPaKTUYeCKMe BbIBOAbI O MEPCMNEeKTMBAX BHEAPEHMA WHTEANEKTYa /lbHbIX TEXHOJIOTMN MNpu
pa3paboTKe CTPOUTE/IbHLIX MaTePManoB MOBbILEHHON HAAEKHOCTU A8 NPOMbILLIEHHON
NHPPACTPYKTYPbI PpernoHa.

AHHOTaumMAa MakKana kaHa bybiH 6eToHAapbiH 93ipaeyaiH Kasipri 6arbITTapblH Tajngayfa oHe
ONapAblH,  KypaMblH MeH KacueTTepiH OHTalnaHAablpyAa »KacaHAbl WHTennekt  (HKMW)
TEXHO/IOTMANAPbIH KONAaHY aneyeTiH bafanayfa apHanfaH, acipece KasakctaH PecnybimKacbiHbIH,
Y blTay ©HEepPKaCInTiK armarbl KafaanbiHAa. AMMaKTbIH LWWKI3aTTbIK 6a3acbiHblH, epeKkLenikTepi
KapacCTbIpbiNAbl, OfaH METaANYPru-AblK LUAAK, KblAy 3SHepreTMKachbl KyawWnak KanablKTapsbl,
KPEMHUNAI TEXHOTEHAIK MaTepmnanaap *aHe TYCTi *KaHe Kapa MeTann KeHAepiH eHAey eHiMaepi
Kipedi. YANTTbIK XaHe Xa/nblKapaiblk 3epTTeynep Wony HerisiHae W moaenbaepiH (KacaHapl
HEMPOHABIK Keninep, oHTanNaHAbIPY anropuTMAepi, MallMHaMeH OKbITY aAicTepi) KoNAaHYabIH,
MYMKIHAiIKTepi TandaHabl, COHbIH, iWiHAe OepikTik KacneTTepdi, OepikTiNiKTi, cynbdaTTbiK KaHe
TEPMOKOPPO3UALIK TO3IMAINIKTI DO/IXKaY, COHAAN-aK HKepPTifikTi TEXHOreH4iK pecypcTap HerisiHnae
TMiMai peuenTypanapabl TaHAay YLWiH.OCipece KypblibiC 3KONOMMAAbIK Kayinci3airiH apTTbipy,
LeMeHT eHAiPICIHIH, KeMipTeri i3iH a3anTy KaHe ¥AblTay alMafblHbIH, OHEPKICINTIK KYPbIIbICbIHAA
TOMEH KAMHKEPAi »KaHe KAMHKepcis OalnaHbICTbipyllbl mMaTepuaniapabl KeHiHeH — KoAZaHy
MacesienepiHe epeklle KeHin 6eniHAi. YCbiHbINFAH aHANUTMKaNbIK MaTep-vandap *aHa OybiH
beToHaapbiH Xobanay npoueciHae MW MHTErpauMACbIHbIH, 3KCNEPUMEHTTIK LWbIFbIHAAPAbI
anTapablKTal a3alTyra, 3epTxaHablk UMKAOb! Keaenaetyre )RaHe OpTanblk KasaKkCTaHHbIH KaTan
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KNMMATTbIK K9HEe 3KCM/yaTaUuWANbIK KafaarnapbiHa OenimaenreH maTepuangapbl Kacayfa
MYMKIHAIK GepeTiHiH Kepc eTTi. AMMaKTblH ©HEepKacinTiKk MHOPaKypPbIAbIMbl YLWIiH CEHIMAINITI
YKOFapbl KypblablC MaTepuangapbiH a3ipaeyae UHTENNEeKTyanabl TEXHONOTMANApAbl eHri3yaiH
nepcnekTMBanapbl HOMbIHLLIA FbINbIMU-TIXKIPUOENIK KOPLITbIHABINAP KacaNabl.

Abstract The article analyzes contemporary trends in the development of next-generation
concretes and assesses the potential of artificial intelligence (Al) technologies for optimizing their
composition and properties under the conditions of the Ulytau industrial region of the Republic of
Kazakhstan. The study examines the features of the region’s raw-material base, including
metallurgical slags, fly ash from thermal power plants, silicon-containing technogenic materials,
and by-products of non-ferrous and ferrous metallurgy. Based on a review of domestic and
international research, the paper evaluates the capabilities of Al models (neural networks,
optimization algorithms, machine-learning methods) for predicting strength chara-cteristics,
durability, resistance to sulfate and thermochemical corrosion, as well as for selecting effective
formulations using local technogenic resources. Particular attention is given to improving the
environmental sustainability of construction, reducing the carbon footprint of cement production,
and expanding the use of lowclinker and clinker-free binders in industrial construction within the
Ulytau region. The analytical findings demonstrate that the integration of Al into the design of
next-generation concretes can significantly reduce experimental costs, accelerate lab- oratory
cycles, and support the development of materials adapted to the harsh climatic and operational
conditions of Central Kazakhstan. The study formulates scientific and practical conclusions
regarding the prospects for introducing intelligent technologies in the development of high-
reliability construction materials for the region’s industrial infrastructure.

KntoueBble cnosa: 6€TOHbI HOBOrO MOKO/IEHWA; MCKYCCTBEHHbIM MHTENNEKT; MaWWHHOEe 0byyeHue;
ONTMMM3aUMA CcoCTaBa OETOHa; HW3KOKAMHKEpPHble BAXYLLME; TeOono/MMEPHblE MaTepuaibl;
TEXHOTEHHOE Cblpb&; MeTaNNypruyeckme LWaKK;, 30/10WNAKOBble  OTXOAbl;  YbITayCKuii
MPOMbBIWAEHHbIA  PErMoH; MNPOrHo3MpoBaHMe CBOWCTB  OeToHa; pecypcocbeperatouime
TEXHOI0TMM; SKONOTM3aLMA CTPOUTEIbHBIX MAaTEPMANOB.

Tyninaj ce3aep: *KaHa byblH 6eTOHAAPbI; ¥KacaHAbl MHTENNEKT; WWHANbIK OKbITY; BETOH KypambiH
OHTaMNaHAbIPY; TOMEH NIMHKEPAI TYTKbIP; reonoAMMepnik maTep-Mangap; TEXHOreHAK LWMKI3aT;
METaNNYPIUANbIK  KOXKAAP; KbIAKbl KandblKTapbl;, YAblTay ©HEPKICINTIK eHipi; 6eTOoHHbIH,
KacmeTTepiH 6GosxKay; pecypc YHEeMAEWTIH TEeXHONOTMANApP; Kypbiabic  MaTepuanaapbliH
3KONOTMANAHAbBIPY.

Keywords: next-generation concretes; artificial intelligence; machine learning; concrete mix
optimization; low-clinker binders; geopolymer materials; technogenic raw materials; metallurgical
slags; fly-ash waste; Ulytau industrial region; concrete properties prediction; resource-efficient
technologies; greening of construction ma- terials.

BBEAEHWNE

PasBuTME CTPOUTENBHOM OTPACAM B MPOMbIWJIEHHO-HACILEHHbIX pernoHax KasaxcTaHa
TpebyeT YyCKOPEHHOro nepexoda K maTepuanam HOBOIO MOKOAEHUs, CnocobHbim obecnednBaThb
[ONTOBEYHOCTb COOPYXKEHWI MPWU CNOXKHbIX NMPUPOAHOKAMMATUYECKMX YCAOBMAX U BbICOKMX
9KcMyaTaLUMOHHbIX Harpyskax [1,5,6].
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YNbITayCKMN NPOMbILIAEHHbIA PErMOH, BKIOYAIOLWMIA  KPYMHbIE TOPHO-METaNNypruyeckme
LeHTpbl KeskasraH—CaTnaes 1 NnpuaeratoLLe NPOn3BOACTBEHHbIE KAacTepbl, ABNAETCA OAHUM 13
KNOYEBbIX TEPPUTOPMAZbHBIX Y310B CTpaHbl, rae npobnema nosbiweHMA 3GGEKTUBHOCTU U
3KONIOTMYHOCTM  CTPOUTE/bHbBIX MaTepuanoB WMeeT cTpaTernyeckoe 3HadeHnune [4,10,16].
NHTeHCMBHOE pa3BuTMe a06biBaloWMX W NepepabaTbiBatOWMX OTpPAC/Aen COMNPOBOXKAAETCA
dbopMMpPOBaHMEM 3HAYUTENbHLIX OOBEMOB TEXHOTEHHbIX OTXOA0B, BKAKYAA 304y YHOCa,
MeTaNNypPrmyeckme Wnakm n TeEXHOTEeHHbIE NMECKK, KOTopble NPeACTaBAAT COBOM NOTEHUMANBHO
LEeHHble KOMMNOHEHTbI A1 CO34aHNA HU3KOK/IMHKEPHbIX M KOMMNO3UTHbIX beToHos [4,10,11, 16,19].

B mMMpoBOM M OTEYECTBEHHOW Hay4YHOM NpakTUKe HabnlodaeTcs yCcTonumMBas TeHAeHUMA K
CHUXXEHMIO A0V NOPTAAHALEMEHTA 33 CHET MCNO/Ib30BAHMA aKTUBHbIX MMUHEpPabHbIX 40DABOK, a
TaKXKe K NPUMEHEHMIO WEeNOYHO-aKTMBMPOBAHHbBIX M FEONOANMEPHbBIX CUCTEM, AEMOHCTPUPYHOLLMX
BbICOKYO CTOMKOCTb B arpeccuBHbIx cpenax(2,5,9,17]. Ans ycnoBuin YAbiTayCKOro permoHa Takume
peweHna obnagatoT ocobor  aKTyaNbHOCTbO, Y4YMTbIBAsA BAMAHME PE3KO KOHTUMHEHTA/bHOro
KNMMaTa, MHOTOKpaTHble LMKAbl 3aMOPaXKMBAHMA—OTTaMBAHMA, arpeccMBHOCTb CyabdaTHbIX
FPYHTOBbIX BOA, M HEODOXOAMMOCTb MOBbIWEHNA Pecypca NPOMbIWAEHHbIX U MHOPACTPYKTYPHbIX
06beKkToB[6,16]. B aT1x ycnoBusix nepexos K 6eToHam HOBOro NoKoJieHus cnocobeH obecneynTb
CYLLECTBEHHOE YyBE/NWYEHNE [ONTOBEYHOCTM COOPYKEHWMN, CHUMKEHWE 3IKCMAyaTaLMOHHbIX
Pacxoa0B M yMeHbLIEHWE YINepOAHOro cneaa CTpoOMUTENbCTBA.

OAHOBPEMEHHO C 3TMM B MOCNeAHWe roAbl 3HAaYMTEeNbHOEe Pa3BUTME MOAYYUAN UMPPOBbIE
MeTOoAbl MPOEKTUPOBAHMA CTPOUTENbHbLIX MaTepuanoB, OCHOBAHHbIE HA WMCNO/b30BaHUM
NCKyccTBEHHOro uHTennekta (MM) [3,8,13,15,18]. MeToabl MalIMHHOIO 0OOy4YeHMA MO3BOAAOT
MOZEeNNPOBaTb CTPYKTYPY M CBOMCTBA HETOHOB, MPOrHO3MPOBaTb MPOYHOCTb U AONTOBEYHOCTD,
ONTUMM3MPOBATL A03MPOBKY aKTUBH-bIX 4ODABOK M CynepnnacTMOMKATOPOB, a TaKKe COKpallaTb
KO/IM4ECTBO 3KCMEePU-MEHTAIbHbIX UCMbITaHMIA. MpumeHeHne N ocobeHHO BaXKHO 4N1A PErMOHOB
C LUMPOKMM CMEKTPOM TEXHOTFEHHOTO CbipbA, TPeOYOWMM TOYHON OLEHKM €ro XMMMKO-
MWHEPANOrnMyecknx ocobeHHOCTEN W WX BAMAHWMA HA CBOWMCTBA KOMMO3UTHOIO BAMYLLETO
[3,8,13,15]. YnbiTayCKMIN pPErMOH, XapaKTepu3yoLMACA BbICOKOM BapMaTMBHOCTbIO COCTaBa
MeTaNNyPrmyeckmx WAAKoB 1 301 YHOCa, 061a4aeT 3HAUUTENbHbIM NOTEHLUMANOM ANA BHeAPeHMA
TaKMX UMPPOBbIX NOAXOA0B.

Pactywaa noTpebHoCTb B IOPEKTMBHLIX W  IKONOTMYHBIX MaTepuanaX, COBMECTHO C
[OCTAaTOYHOM CbipbeBOM 0a30M W aKTyasbHbIMM 3343a4aMW MPOMbILNEHHOTO CTPOUTENLCTBA,
npegonpesenser HeObXOAMMOCTb KOMMAEKCHOTO  aHanAM3a  CyWEeCTBYIOWMX HayYHbIX U
TeXHMYecKnx peweHmnn [1,2,5]. B pgaHHOM 06030pHO-aHanUTUYecKoM paboTe pPacCMOTPEHbI
COBpPEMEHHble TeHAEeHUMW pa3BuTnA OGETOHOB HOBOrO MOKONEHMA, OLEHEeH NOTeHUMan Wux
NPUMEHEHNA B  YNbITAyCKOM MPOMbIW/IEHHOM PEernMoHe, a TaKXe MNpOoaHaAN3MPOBaHDI
BO3MOXHOCTM  WMCMONb30BAaHWA METOA0B WCKYCCTBEHHOrO WHTENNeKTa npu  paspaboTke
ONTMMa/IbHbIX TEXHONOMMN N cocTaBoB. OCHOBHAA LeNb MCCAeA0BaHWA COCTOUT B BblABNEHUM
Hanbonee NepcrnekTUBHbLIX HaNpasBJeHUn MoAePHM3aUMM BETOHHbIX TEXHONOMMI 1 060CHOBaHMUK
YC/IOBUI ANA X BHEAPEHWUS B PETMOHANbHYIO CTPOUTENbHYIO NMPAKTMRY [6,16].
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METOAbl NCC/TEOOBAHUA

MeToaon0rnyeckaa OCHOBa AAHHOTO MccnefoBaHMA COOPMMPOBAHA MCXOAA M3 cneunduKm
0630pHO-aHanuTHM4eckoro Gopmata paboTbl, a TaKkKe C YYETOM HeobXOAMMOCTM WMHTerpaumm
PEervoHaNbHbIX CblpbeBbIX OCOBEHHOCTEN YAbITayCKOro NPOMbIWAEHHOrO PaloHa B OUEHKY
NPUMEHNUMOCTM COBPEMEHHbBIX TEXHO/IOMMN BETOHOB HOBOTO NoKosneHus [1,4,5]. MccneposaHue
MOCTPOEHO Ha COYeTaHuWM Ccaedyrowmx rpynn  MeTOAOB: CPAaBHUTENbHO-aHAIUTUYECKMX,
CUCTEMHbIX, SKCNEPTHbIX, CTATUCTUYECKMX N LMDPOBLIX METOA0B NPOrHo3nposaHua [3,8,13,15].

1. AHanu3 1 cMcTtemaTmsauma Hay4YHO-TEXHNUYECKMX MCTOYHMKOB

B ocHOBY Mcc/ie0BaHMA NONOKEH PacIMPEHHbIM 0630p Hay4HbIX NMyO/MKaLMN, OTPaCAEBbIX
HOPMAaTUBHbIX OKYMEHTOB, AaHHbIX MEXAYHaPOAHbIX accoUuMaLmMin OETOHHON NPOMbILLNEHHOCTH,
MaTepmnasioB  OTEYECTBEHHbIX W  3apybeXKHbIX  Hay4YHO-UCCMeA0BaTeNbCKUX  UHCTUTYTOB
[1,2,5,6,7,12,14]. Mcno/ib30BaHbl UCTOYHWKM MO CAEAYIOLMM HanpaBaeHUAM:
- HU3KOKJ/IMHKEPHbIE M KOMMNO3UTHbIE LLIEMEHTbI;
- LWEeI0YHO-aKTMBMPOBAHHbIE M FTEONONMMEPHbIE CUCTEMbI;
- HAHOMOANDUKATOPbLI U MUKPOHAMO/IHUTENN ANA OETOHOB;
- MOZE/IN UCKYCCTBEHHOTO MHTE/IIEKTa B MPOrHO3MPOBaHMN CBOMCTB DETOHa;
- MeToAbl LMPPOBON ONTUMM3ALMU COCTABOB LLEMEHTODETOHHbIX CMECcen.

Ocoboe BHMMaHMe yaeneHo paboTam, MOCBAWEHHBIM MepepaboTke 30/, LWAAKOB U
TEXHOrEHHbIX OTXOA0B LBETHOM METANAYPInUM, YTO SABAAETCA KAKYEBbIM aCMeKkTom AnA
YNbITayCKOro pernoHa.

2. OueHKa cblpbeBoit 6a3sbl YbITayCKOro NPOMBbILLIEHHOTO PernoHa
[Ana OOBbEKTUBHOM OLEHKM NPUMEHMMOCTM MMPOBbLIX TEXHONOrMI MNpoBeAEéH aHaNu3
MaTepPUanoB pPervoHanbHbiX MNPeanpuUATUA, BKAKYAs J[aHHble O COCTaBe 30/ YHOC3,
rPaHY/IMPOBAHHBIX METANNYPrUYECcKMX WNAKOB, TEXHOrEHHbIX MEeCcKoB, OTCEBOB ApPObAeHMA W
NPUPOoAHbIX 3anonHuTenen [2.10.16.19]. Mcnonb3oBaHb!:
- OTKPbITblE OTYETHI MPOMbILWAEHHbIX NPeANPUATUIN (HKe3Ka3raHCKM MeaennaBuabHbINA KOMMEKC,
CatnaeBCKMM rOpHO-0b0raTUTeNbHbIN KnacTep);
- CTAaTUCTMYECKME aHHble OTPACEBbLIX BEOMCTB;
- onyb6MKoBaHHbIe pe3ybTaTbl XMMUKO-MUHEPANOTMYECKUX MCCNef0BaHMIA CbipbA PerMoHa.
MeTon 06paboTkM MHOOPMALMWM BKAKOYAN COMOCTABNEHME PErvoHabHbIX XapaKTEPUCTUK
Cblpbsi C TpeboBaHMAMM K AKTUBHbIM MWHepasnbHbIM A06aBKaM ONA  HU3KOKIMHKEPHbIX M
LI/1AKOLLEIOYHbIX CUCTEM.

3. CpaBHUTENbHO-aHANNTUYECKAA OLLEHKA TEXHONOTNIM HETOHOB HOBOIO MOKONEHMA
MNpoBeaeHa KnaccudurKauma AOCTYMNHbIX TEXHONOTMIA MO CAeAYOULMM KPUTEPUAM:
- TUN BAXKYWEW CUCTEMbI  (NOPTAAHALEMEHTHAA, HU3KOKAWHKEpHaa, reononmep-Has,
WAaKoLeno4Hasa);
- YPOBEHb A0NTOBEYHOCTU (MOPO30OCTOMKOCTb, CY1IbPOCTOMKOCTb, BOAOHENPOHU-LUAaEMOCTb);
- aZlanTaumA K arPecCUMBHbIM M KAMMaTUYECKMM YC0BUAM;
- TEXHOJIOrMYECcKan COBMECTMMOCTb C PErMOHANbHbIMU NMPOM3BOACTBEHHBLIMM BO3- MOMKHOCTAMM
[2,5,6,9,17].
B pamKax cpaBHeHWA pacCMaTpPMBAANCDL AaHHble MOo:
- MeXayHapoaHbIM cTaHAapTam (EN, ASTM);
- oTevecTBeHHbIM CH PK, TOCTam 1 TEXHUYECKMM pernameHTam;
- pPeKOMEHAAUMAM Hay4YHbIX LLEHTPOB MO NPUMEHEHMIO aKTMBMPOBAHHbIX 0OABOK.
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4. MeToabl CUCTEMHO-3KCNEPTHOM OLLEHKM NOTEeHLMaNa BHeAPEeHWA

[nAa aHanmM3a BO3MOXKHOCTM BHeAPEHUA TEXHONOMMIA HOBOTO MOKONEHMA B MPOMbILLNEHHYHO
NPaKTWKY YAblTay MCNONb30BaH METOZ SKCMEPTHOM OLLEHKW, BKAKOYAIOWMIA aHAN3 CAeaytoLLmx
napameTposB:
- AOCTYNHOCTb TEXHO/IOTMYECKOro 060opyA0BaHMA Ha HETOHHbIX 3aBOAAX PETMOHA;
- YypOoBeHb LUMbPOBOM roTOBHOCTM N1abopaTopHbIX NOoAPa3aeNeHUN;
- 06BEM NOTEHUMANbHO NepepabaTbiBaeMbIX TEXHOTEHHbIX OTXOA0B;
- 3KOHOMMYECKME MNpeanoCbIIKM A9 3aMeHbl NOPTAaHALEMEHTA KOMMO3UTHLIMM BAXKYLLMMMK
(5,16].

HononHutensHo npumeHanca SWOT-aHanms, HanpasAeHHbIM Ha onpeaeneHue CUAbHbIX U
Cnabblx CTOPOH PEerMoHanbHON WMHPPACTPYKTYPbl B acnekTe BHEAPEHMA HU3KOKIMHKEPHbIX U
LUMPPOBbLIX TEXHONOTUNA.

5. MeTozbl aHan13a UMdpPOBbIX TEXHONOMMIA U MCKYCCTBEHHOTO MHTENNEKTA

B mnccnepoBaHne BKAKOYEHA OLEHKA MPUMEHMMOCTM COBPEMEHHbIX N-MHCTp-yMeHTOB npu

NPOEKTMPOBAHNM cocTaBa HeTOHOB. PaccmaTpuBanmCh:

- UICKYCCTBEHHbIE HenpoHHble ceTh (ANN);

- MEeTOZbl OMOpPHbIX BEKTOPOB (SVM);

- perpeccuoHHble 1 aHcambaeBble Moaenu;

- ONTMMM3ALMOHHbIE aANTOPUTMbl  (FEHETUYECKME aNropPUTMbl, TPAAMEHTHbIN  OYCT-  UHr)
(3,8,13,15,18,20].

MeToAbl OUEHKM 3aKAto4asIMCb B CPABHUTE/BHOM aHa/aM3e TOYHOCTWM MPOrHO3M-POBAHMA
NPOYHOCTM, BOAOMNOrMOLWEHNA, MOPO3OCTOMKOCTM U CyAbGOCTOMKOCTM MO ONyHANMKOBAHHBIM
3KCNEePUMEHTaNbHbIM A@HHbIM, @ TaKXKe B CONOCTaBAEHNM BO3- MOKHOCTEN LIMGPOBLIX METOA0B C
NOTPEOHOCTAMM PErnMoHanbHbIX NPEeANPUATNIA.

6. PernoHanbHoO-0pMeHTUPOBaHHOE MOAENIMPOBAHME YCA0BUIA SKCNyaTaLMm

[na KOppeKTHOW MHTepnpeTauumM AaHHbIX, MONYYEHHbIX M3 AUTEPATYPHbIX UCT- OYHUKOB,
BbIMNO/IHEHO COMOCTaB/eHMe:
- KIMMaTMYECKUX MapamMeTpoB Y/IbITayCKOro pernoHa (temnepaTtypHble aMmnanTy-abl, KOANYECTBO
LIMKJI0B 3aMOPaKMBAHNA—OTTaMBaHMA, YPOBEHb MUHEPANM3ALMN NOA3EMHbIX BOA);
- 0ocobeHHOCTel aKenayaTaLmMm NPOMbILWAEHHbIX 0ObEKTOB (XBOCTOXPAHWUAMLLA, TEXHONOTMYECKMe
NNOLWAAKM, TPAHCMOPTHAA MHPPACTPYKTYpPaA);
- TpebOoBaHUM K AONTOBEYHOCTM KOHCTPYKUNM [6,16,17].

3TOT MeToZ NO3BOJIM/I OLEHUTb, Kakue Knaccbl HETOHOB HOBOro MOKONAEHWS Ha- mbonee
PeNeBaHTHbI 419 PErnmoHa.

NTorosas xapakTepucTnka NpMMeHEHHOM METOA0/10M MK
Mcnonb3oBaHHasA MeTOA00rMYecKasn CXema No3BOSET:
1. 0XBaTUTb LWUMPOKNIM CNEKTP COBPEMEHHbIX peLleHMin B 061acT 6ETOHOB HOBOIO MOKOIEHNS;
2. OUEHUTb X MPUMEHMMOCTb MMEHHO B YC/IOBMUAX YIbITayCKOrO MPOMbILLIIEHHO-TO PErMoHa;
3. onpenennTb TEXHONOMMYecKne M UMOPOBbIE MHCTPYMEHTbI, Hanmbonee noaxoas-uie ANa
afanTaumm B MECTHOM MPOMbILLINIEHHOCTY;
4. chopmMnpoBaTb HayyHO OOOCHOBaAHHYI naathopmy A4 MNOCAEAYOWMX MPaKTU- YEeCKUX
BHEAPEHWNI N SKCNEPUMEHTA/IbHbIX UCCeA0BaAHUN.
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PE3Y/IbTATbl M OBCYHKOEHUA

MpoBefEHHbIM aHaAM3  Hay4YHO-TEXHWYECKOM NuTepaTypbl M OTpacieBblX MaTep-uasnos
NO3BOMMA BbIAENUTb HECKOJIbKO K/IOYEBLIX TeHAEHUMN dopmMmnpoBaHMA OeT-OHOB HOBOTO
MOKONEHMA, KOTOPbIE MMEIOT NPAMYIO MPUMEHUMOCTb K YCNOBMAM Y/bITayCKOrO NPOMbILUJEHHOTO
pernmoHa. PesynbTaTbl 0630pa AEMOHCTPUPYIOT, 4YTO COBPEMEHHbIE MOAXOAbl K CO34aHWI0
BbICOKOMPOM3BOANTEbHbIX HETOHOB He- Pa3pPbIBHO CBA3AHbI C Pa3PabOTKOM HU3KOKAMHKEPHbIX U
KOMMO3MUTHbIX BAXKYLLMX, aKTUBHbIM BOBIEYEHMEM TEXHOTEHHbIX OTXOA0B LBETHON METaNNypPruu,
a TaKKe NpUMeHeHneM MoAgeNen NCKYCCTBEHHOTO MHTenneKkTa (M) ans ontMmmnsaummn co- ctasa
M NMPOrHO3MPOBAHMA IKCMIyaTaUMOHHbIX XapaKTeEPUCTUK. HUKe npeacTasBa- eHbl 0006UIEHHbIe
pe3ynbTaTbl M aHANIMTUYECKAA MHTEPNPETALMSA BbIABAEHHbIX Pe- WeHWN.

1. NoTteHuman CblpbeBOVI 6asbl yJ'IbITayCKOFO pernoHa ana co3gaHumA OEeTOHOB HOBOIO MOKOIEHNS

M3y4eHure CbIpbeBbIX M TEXHOTEHHbIX PECYPCOB PErMoHa MOKasblBaeT, YTo YA- biTay obnagaet
YHUKaNbHbIMM NPeAnoCblIKaMn ANA LWMPOKOrO BHEAPEHMA KOMMO- 3UTHbIX M HU3KOKNIMHKEPHbIX
BAXYLWMX. Hanuume KpynmHOro metannypruyeckoro knactepa (Meskasran, Catnaes), a Takxe
3KCNAyaTauma meaennaBuabHbIX, TOPHO- PYAHbIX M 0BoraTUTenbHbIX NPeanpuATUiA GOPMUPYIOT
3HaYMTe/IbHble 0OBEMbBI Te- XHOMOMMYECKMX OTXOAO0B, KOTOPble MOryT OblTb MCMNO/Mb30BaHbI KakK
aKTUBHbIE MU- HepabHble 0OABKM K LEMEHTY 1 BETOHY.

K Hanbonee 3Ha4YMMbIM NOTEHLMANbHBIM KOMMNOHEHTAaM OTHOCATCA:

1. 30na yHoca T3L, xapaKTepm3yowasncsa NOBbILLEHHOW NYLLO0NAHOBON aKTUBHO-CTbIO;

2. WNAKM MeaennaBuIbHOrO MPOM3BOACTBA M GeppocniaBHble LWAaKK, cnocobHble nocne
rPaHyNALMM M TOHKOTO MOMOAA BbINOAHATb GYHKUMM TMAPABANYECKM aKTU- BHOTO KOMMOHEHTa;
3. TOHKOAMCNEpPCHble TeXHOreHHble MEecKW W oTceBbl APOONEHWMA, NMPUroAHble B Ka- 4ecTBe
MOAMOULIMPOBAHHbIX MENKNX 3aNONHUTENEN;

4. KapboHaTHble W KPEMHWUCTble NOPOAbl MECTOPOXAEHWUA YAbiTay, obecneymBato-wne
cTabunbHYO GPaAKUMOHHOCTL KPYMHOIo 3anonHuTena. MiHe, KasaKLia ay4apmachl:

KoMnneKcHbIN aHamn3 yKa3blBAEeT, YTO MMEHHO COYETaHME 30/1bl, TPAHYIMPOBA-HHbIX LWAAKOB U
aKTMBMPOBAHHbBIX  KPEMHE3EMWUCTbIX  MWKPOHANONHMTeNel  nosso-naer  GopMMpOoBaTbL
HW3KOKNMHKEPHbIE  KOMMO3WUTbI, CnocobHble obecneyntb Tpeb- yemyr MNPOYHOCTb WU
[ONTOBEYHOCTb MPWU OAHOBPEMEHHOM CHUMKEHWUM YrNepoaHO-ro cieda. YUMTbiBad BbICOKYHO
KOHTUHEHTAZIbHOCTb K/IMMaTa, MHOTOKPATHbIE LMK-/1bl 3aMOpPa*KMBAHUA-OTTaMBAHWUA N IOKA/IbHbIE
cynbdaTHbIE arpeccuun rpyHTOBbIX BOA, 0CODY0 BaXKHOCTb NpuobpeTaeT pa3paboTka HETOHOB C
NOBbILUEHHON MOPO3- OCTOMKOCTbIO M CyAbdOCTOMKOCTbIO, UYTO TaK¥e MNoATBep)KaaeTca
pe3ynbTaTaMmn AOCTYMHbIX MCcneaoBaTenbekmx pabot [4,10,11,16,19].

2. AHaANTMYECKas OLEHKa TeXHONOTUI HU3KOKIMHKEPHbIX M Fe0NOIMMEPHbIX CUCTEM

0630p MeKayHapoAHON MNPAKTUKM MOKa3biBaeT, YTO Hambosbluee pPas3BUTME MO- JIYYUAM

cneaytolLmMe HanpaBaeHNUs:

- cuctembl LC? (M3BECTb—KAMHKEP—METaKaoMH);

- LLLIe/I0OYHO-aKTUBMPOBAHHbIE KOMMO3MTbl HA OCHOBE METasTyPruyecKmx LLIAKOB;

- TMBPUAHbIE reoNONIMMEPHbIE BSXKYLIME C YAaCTUYHbIM A0DABNEHNEM NOPTAAHALEMEHTA;

- HaHoOMOAMDUUMPOBAHHbIE OHETOHbI C MCMO/Mb30BAHMEM MUKPOKPEMHE3EMA, HaHO-SIO; U
noankapboKkcmuaaTHbIX ancnepratopos [1,2,5,6,9].

[lna ycnoBuit YNbITayCKOro NMPOMbILIEHHOrO paioHa HanboNblWWA UHTEPEC NpeacTaBAAloT
LL,eN0YHO-aKTMBMPOBAHHbIE LWAAKOLWENOYHbIE BETOHbI, TaK Kak MM- eHHO MeZennaBu/bHble U
deppocnnaBHble  WAAKM  pernoHa 061aaatoT  BbICOKMM NOTEHLMANOM  BTOPUYHOTO
MCNONb30BaHMA. AHaNN3 ONyONMKOBAHHbIX J@HHbIX MOKa3blBAET, YTO aKTMBMPOBAHHbIE LIAAKM
cnocobHbl obecneymBaTb MPOYHOCTb Ha CKaTue Bbilwe 50 MMa npu onTMmanbHOM noabope
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LWLEe0YHOro MOAYNA M TOHKOC-TM NOMOANA. Kpome TOro, Taknme CUCTEMbI LEMOHCTPUPYIOT BbICOKYHO
CyNbPOCTOM- KOCTb, YTO KPUTUYECKM BAXKHO ANA WMHMKEHEPHbIX COOPYXKEHWM Ha Naolaakax c
MWHEPANN30BAHHBIMW BOLAMM.

HW3KOKAMHKEPHbIE CUCTEMbI TaKXKe MO03BOJMIAIOT CYLLeCTBEHHO CHW3UTb WCMNOb-30BaHUE
nopTaaHAUeMeHTa, baarogapa Yemy yMeHbLIAeTca CTOMMOCTb MPOM3BOA-CTBA M 3KOIOTMYeCKan
Harpyska. ConocrtaBieHne XapakTeEPUCTUK MUPOBbLIX aHa0-rOB MOKa3blBaEeT, YTO BKAOYeHMe 30—
50% aKTMBHbIX MMUHEpPaNbHbIX A0DABOK MOXK-eT obecneynTb AOATOBEYHOCTb, COMOCTAaBUMYO C
TPaAMLMOHHBIMW MapKamn 6eTo-HOB Knacca B30—B45.

3. Po/ib 4acTuUL, MMKPO- M HAHOPA3MEPOB B MOBbILLIEHMW IKCMyaTaLMOHHbIX CBOMCTB 6EeTOHOB

CuctemaTmsaums AaHHbIX UCCe0BaHMIA MOKA3bIBAET, YTO MPUMEHEHUE MUKP- OKPEMHE3EMA,
30/1bl-yHOCa U HAHOA06aBOK MPUBOANT K MPUHUMMMANBHOMY U3ME-HEHUIO CTPYKTYPbI LEMEHTHOrO
KamHa. PopmmpyeTcs NA0THAA MUKPOCTPYKTYPaA C YMEHbLIEHHOW MOPUCTOCTbI, CHUMEHHOM
BO0MNPOHMLAEMOCTbIO U NMOBbILLEHHON KOPPO3MOHHOM cToMKocTbio [1,3,8,9].

Ona YnbITayCKOro pernoHa, rae CTPoUTENbHble KOHCTPYKLMM 4aCcTO 3KCMAyaT-upytoTca B
YC/IOBMAX PE3KUX TemnepaTypHbiXx KosiebaHWii, BEeTPOBOM 3p03MM M MO- BbILLEHHOMN
MUHEpPann3aLumMm noA3eMHbIX BOJ, WCMO/Ib30BaHME BbICOKOAMCNEPCHbIX MOANPUKATOPOB
npeacTasaaeT cobon apPeKTUBHbIM NMyTb NOBbLIWEHNUS A0JT0BEY-HOCTU UHKEHEPHbIX 0OBEKTOB, B
TOM ymcne:

- dyHAAMEHTOB NPOMbILLNEHHbIX 3A4aHUI;

- 3/1EMEHTOB TMAPOTEXHUYECKMX COOPYKEHUN;

- 06EKTOB XBOCTOXPAHEHMA 1 WNAMOHaKoNUTenen;

- BEeTOHHBbIX MOKPbLITUN KapbepoB M 0boraTUTEIbHbLIX GabpuK.

Mmetolmeca  MCCNeaOBaHMA  TaKKe  MOKasblBalOT, 4YTO  aKTMBHOE  MPUMEHEHMe
MWUKPOKPEMHE3EMA CHUXKAET HeEOOXOAMMOCTb B BbICOKUX [103MPOBKAX MOJIMKAPOOK- CUAATHbIX
cynepnnactudmUKaTopoB, TEM CaMbiM ONTUMM3NPYS CEHECTOMMOCTb CMECH.

4. MpUMEeHeHNe NCKYCCTBEHHOIO MHTEANEKTa NPU MPOEKTMPOBaHMM HETOHOB HOBOTO MOKONEHMA

MNCKyCCTBEHHbIN MHTENNEKT NoKa3an aGPeKTUBHOCTb CAeAytoLLMX aITOPUTM-0B:

- ATOPUTMbI FPAAMEHTHOTO BYCTUHIa;
- FTeHeTMYeCKMe anropuTmbl U Apyrme oNTUMM3aLMOHHbIE MEXaHWU3MbI.

MpumeHeHne M no3BoaAeT NPOrHO3MPOBaTb OCHOBHbIE 3KCMYaTaUMOHHbIE XapPaKTePUCTUKM
6eToHa — MPOYHOCTb, MOPO3OCTOMKOCTb, CTOMKOCTb K cyabdaTt-am, KoabbuumeHT
BOZOMOr/OWEHN — Ha 3Tane nogbopa coctaBa, 6e3 HeoOXOAM-MOCTM MHOTOKPATHOrO
nabopatopHoro TectupoBaHua [3,8,13,15,18]. AHanuTMYe-cKMe [AaHHble W3 UTepaTypbl
NOATBEPXKAAIOT, YTO TOYHOCTb MPeACcKasaHMA NPOYH-OCTM Npu ucnonbzoBaHum ANN gocTuraet
92-96%, 4TO CyLLECTBEHHO COKPALLAET KONIMYECTBO IKCNEPUMEHTAIbHBIX MTEpaLUiA.

Ons YnbiTayckoro pervoHa addekT oT uMPpoBON ONTUMM3AUMM OCODEHHO 3Ha- YMM MO
cneayoWmMmMm NPUYMHAM:

1. bonblioe pa3Hoobpasne TexHOoreHHbIX A0H6aBOK, TPEOYIOLWMX YNCNEHHOTO MOA- eNNPOBaAHMA
ONA BblIOOpa ONTUManbHbIX COYETaHWN.

2. OrpaHWM4YeHHOCTb pervoHanbHbiX NabopaToOpPHbIX MOLHOCTEM, 4YTO AenaeT uudp- oBoe
MOJENIMPOBaHME IKOHOMMNYECKM IPPEKTUBHbIM.

3. HeobxoAMMOCTb y4MTbIBaTb arpeccMBHOCTb cpeabl (CynbdaTHble BOAbI, Temne- paTypHble
LUMKAbI), ANs Yero TpebytoTca Moae I MHOronapameTpMUYecKoro aHaamn-3a.

4. BO3MOXHOCTb GOPMMPOBAHMA PerMOHanbHOM Ba3bl AaHHbIX COCTaBa LIAKOB M 30/1, HA OCHOBE
KOTOpOM MOeT BbITb co3AaHa oKanbHaa MN-nnatdopma NpoeKT- MpoBaHMA 6ETOHOB.

O630p nokasbiBaeT, YTo BHeApeHne WM-NnoaxonoB MOMKET CHU3WUTb MPOAOMKM-TENBHOCTb
NPOEKTMPOBaHMA cocTaBa beToHa B 3—5 pa3 1 obecneynTb NoBbILWEHWE CTabMABHOCTM KayecTBa 3a
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CYET TOYHOM KOPPEKLMM A03MPOBOK A00ABOK MNOA KOH-KPETHble pervoHasibHble CbipbeBble
0CObeHHOCTH.

5. BO3MOXHOCTb MPOMbILW/IEHHOrO BHEAPEHMNA TEXHONOTMIA HOBOIO MOKONAEHMA B YAbITay

PaccMmoTpeHue TexHOMOrM4Yeckon MHOPACTPYKTYpbl PerMoHa Mo3BOMAET BblAEN-UTb PAL
dakTopoB, CNocobCTBYOLWNX BHEAPEHNIO HETOHOB HOBOrO NoKkosieHua (4, 5,6,16]:

- Ha/lM4me KPynHbIX NPeAnpUaTUA, TeHePUPYIOWMX Cbipbe A8 HU3KOKAMHKEPHbIX KOMMO3UTOB;

- pa3BMTas TPAHCMOPTHO-OMMCTUYECKAn CeTb, obecneuymBatollan AOCTYMHOCTb  MOCTaBOK
LLeMEHTa, LLEN0YHbIX aKTMBATOPOB M MOANDUKATOPOB;

- pacTywana notpebHOCTb B [AO/TOBEYHbIX MaTepuanax AAs MPOMbIWAEHHbIX MA0- LWAAOK,
XBOCTOXPAHWANLL, TPAHCMOPTHbLIX MHOPACTPYKTYPHbIX 0OBEKTOB;

- 3KoNornyeckme TpeboBaHUA, CTUMYANPYOLWMeE NepepaboTKy TEXHOreHHbIX OTXOA0B.

OAHOBPEMEHHO aHa/IMTMKa MOKA3bIBAET U CYLLECTBYIOLLME OrPaHNYEHNA:

- OrpaHuMyeHHOEe KoimM4ecTBO BETOHHbIX Y3/710B, CNOCODOHbIX pPaboTaTb C reonoNMmM- epHbIMK U
LWNAKOLLENOYHbIMM CUCTEMAMMU;

- He0BXOAMMOCTb MOArOTOBKM KaapoB ANA paboTbl ¢ LMdpoBbIMM MOoAenaMK Nos- bopa coCTaga;
- cnabada umdbposM3aLma permoHanbHbIx NabopaTtopui.

Tem He MeHee OLeHKa COBOKYMHbIX @aKTOPOB AEMOHCTPUPYET, YTO nepexos K 6eToHam HOBOrO
NOKONeHMA ANA YbITayCKOro pernoHa ABNAETCA He TO/IbKO BO3- MOXHbIM, HO W CTpaTermyecku
Heobxoaumbim.  Mcnonb3osaHne WM-noaxofoB no-  3BONAET  MMHMMU3MPOBATL  PUCKM
HenpaBmMabHOrO Noabopa cocTaBa M YCKOPUTb MPOMbIWIEHHOE BHeApeHWe MHHOBALUMOHHbIX
BANKYLLMX.

6. 0606LLeHHbIe BbIBOAbI MO pe3yabTaTaM aHaAUTUYecKkoro ob3opa

Pe3ynbTaTbl aHa/IM3a NOATBEPKAAIOT CAeAytoLWMe KNOYEBDIE MONOKEHNA:
1. YnbiTay o06nafaeT 3HaAYMTENbHbIM PECYPCHbIM  MOTEHUMANOM ANA MNPOM3BOACT- Ba
HW3KOKNMHKEPHBIX M KOMMNO3UTHbIX 6ETOHOB Haarofapsa HaAMuMIO 30/, LWAAKOB M TEXHOTEHHbIX
Nneckos.
2. MwupoBas npaKTMKa [AEeMOHCTPMPYET BbICOKYIO 3PPEKTUBHOCTb TEOMOAMMEPH-bIX U
WNAKOWENOYHbIX CUCTEM, KOTOpble MOryT obecneunTb [AONrOBEYHOCTb MPU  CAOXKHbIX
KNMMaTUYECKMX YCIOBUAX PETNOHA.
3. MWKpOKpeMHe3EM, HaHOpasmepHble A00aBKM WM COBPEMEHHble cynepnaacTudu- Katopsbl
No3BONAOT GOPMMPOBATL NAOTHYIO CTPYKTYPY LEMEHTHOIO KaMHA, NOBbI-Was MOPO30CTOMKOCTb
M CTOMKOCTb K arpeccnBHbIM BO34ENCTBUAM.
4. V\CKyCCTBEHHbIN MHTENNEKT CTAHOBUTCA KNHOYEBLIM MHCTPYMEHTOM MPOEKTUPO-BaHMA 6eTOHOB
HOBOrO MOKOJIEHWA, NO3BOAA ONTUMM3NPOBATbL COCTAB, MPOrHO3M- POBATb CBOWCTBA, CHMXKATb
3aTpaThl M YYUTbIBATb PErMOHA/bHbIE TEXHOOTMYECK-ME OCODEHHOCTMW.
5. PermoHanbHaa NpombIlWAEHHOCTb MOXKET ObITb CyLLECTBEHHbIM 06Pa30M MOAEepP- HU3NPOBaHA
npu BHeapeHuM undposbix nabopatopuin M MN-nnatdpopm moaenmp-oBaHua coctaBa [1-
3,4,5,6,10,16,19].
6. B COBOKYNHOCTM NnepeyncneHHble dakTopbl GOPMUPYIOT OCHOBY A5 CO34aHUA PETMOHANbHOM
CTpaTermm npomsBoAcTBa OETOHOB HOBOrO MOKO/IEHWA, OPMEHTMPO- BAaHHOW Ha MOBbILEHWE
[ONTOBEYHOCTM, 3KONOTMYHOCTM W TexHoNormyeckon 3dd- EeKTUBHOCTM CTPOUTENbCTBA B
YNbITayCKOM NPOMbILLIEHHOM PErnoHe.
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3AK/TKOHEHUE

MNpoBeaéHHOe 0630pHO-aHANUTMYECKOE WCCAeA0BaHME MO03BOJIMAO KOMIMIEKCHO OLEHWUTH
noTeHUMaN NPUMeHeHNs HETOHOB HOBOrO MOKOIEHNA B YCA0BUAX Y/blTa-yCKOro NPOMbILLIAEHHOTO
pPerMoHa M onpeaennTb Poab COBPEMEHHbIX UMOPOBbIX TEXHONOMMIM, B YaCTHOCTM METOA0B
MCKYCCTBEHHOIO WHTEN/IEKTa, B Pa3paboTke  ONTMMa/bHbIX COCTAaBOB WM TEXHONOTMYECKMX
pelleHni. AHann3 cbipbeBol Hasbl MOKa3as, YTo PErMOoH pacnonaraeT 3HaYnTe IbHbIMM 0B bEMaMM
TEXHOTEHHbIX  MaTe- pUaNoB  METaN/NyPruyeckoro  MPOUCXOXAEHMA — 30/  YHOCa,
rPaHy/IMPOBAHHbIX LIMAKOB, TEXHOTEHHbIX MECKOB M OTX0A0B ApobaeHMaA, KoTopble obnaaatoT
BbICOK- MM MOTEHLMAIOM A/19 UCMNO/b30BaHUA B Ka4yecTBe aKTUBHbIX MUHEPaSbHbIX A00aB-OK B
HU3KOKAMHKEPHbIX, LWMAKOLWENOUYHbIX U TEONOMMEPHbIX CMCTEMAX. ITO CO3- AaeT NPeanochiIKM
AN NOKanM3aumm MpOM3BOACTBA KOMMO3UTHBLIX BSMKYLWMX M CHUMEHMA 3aBUCUMMOCTU OT
TPAAMUMOHHOIO NOPTAAHALEMEHTA.

ConocTaBneHne KAMMATUYECKMX M 3KCMAYaTaUMOHHbIX YCNOBWMMN YAbITayCKOro pPerMoHa c
XapaKTEPUCTMKAMM MUPOBbLIX TEXHONOIMIA MOKAa3ano, 4YTO MPUMEHEHME LWNAKOLLENOYHbIX W
HU3KOKAMHKEPHbIX ~ OETOHOB  MO3BONAET  CYUWECTBEHHO  MOBbLIC-UTb ~ MOPO30CTOMKOCTD,
CyNbOOCTOMKOCTb M KOPPO3MOHHYIO CTOMKOCTb HETOHHbIX KOHCTPYKLMIM, YTO OCODEHHO BaXKHO A4
NPOMbIWNEHHbIX ~ ODBEKTOB  FOPHO-METAN-NyPruyeckoro  KOMMAEKCa,  XBOCTOXPaHWAMLL,
TPAHCNOPTHOM MHOPACTPYKTYPbl M PyHAAMEHTOB 34aHWM. [JONOAHUTENbHOE WCMOJb30BaHMe
MWUKPOKPEMHE3EMA, TOH- KOMO/IOTbIX LW/AAKOB M HaHOA0OaBOK cnocobcTByeT GOpMMPOBAHMIO
NNOTHOW CTP- YKTYPbl LLEMEHTHOMO KaMHS M CHUXKEHUIO BOAONPOHMLIAEMOCTH, YTO obecneynBaeT
[ONTOBEYHOCTb COOPYXKEHMIA B YC/AOBMAX arpPecCUBHbLIX MOA3EMHbIX BOA W 3HAYUT-E/1bHbIX
TeMnepaTypHbIX Nepenaaos.

Ocoboe 3Ha4yeHWe ANa perMoHa MMeeT NPMMEHEHNe MeToA0B UCKYCCTBEHHOMO MHTENNEKTa B
NPOEKTUPOBAHNM COCTaBOB HETOHOB. AHAM3 3apyDEKHOro N OTeye- CTBEHHOIO OMbITa Nokasar,
4yto MN-Mmoaenn, BKAOYAA HEMPOHHbIE CETU, METOAbl OMOPHbIX BEKTOPOB M ONTUMM3ALIMOHHbIE
anropmTMbl, MO3BOMAIOT CYLIECTBEHHO MOBbLICUTb TOYHOCTb MPOTrHO3MPOBAHMA MPOYHOCTU U
[ONTOBEYHOCTN KOMMO3UTH-bIX MATEPMAN0B, ONTUMM3NPOBATL A0 TEXHOTEHHbIX A0DABOK M
MWUHMMM3NPOBA-Tb 3KCMEpPUMEHTaNbHble 3aTpatbl [1-3,4,5,6,8,9,10,13,15,16,18,19]. YunTtbiBas
Bbl- COKYHO BapMaTMBHOCTb COCTaBa METAN/IYPrMYEeCcKMX OTXOA0B Y/bITayCKOro pPeruo-Ha,
BHeApeHne UMOPOBbIX MHCTPYMEHTOB SBASETCA K/OYEBLIM YCA0BMEM CTabWUA-bHOro KavecTsa
HeTOHOB HOBOIO NMOKOJIEHMUS.

Pe3ynbTaTbl UCCAeA0BaHMA NOATBEPKAAIOT, YTO YAbiTay 06/1adaeT BCEMU Heo- HXOAMMbIMMK
npeanocbiNkamm AnAa Cco3AaHuA pernoHanbHoM naatdopmbl  pa3BuTUs OETOHOB HOBOTO
NMOKOJIEHWUSA, BK/IOYAIOLWEN:

- dopmumpoBaHme HBaHKa AaHHbLIX MO XMMUKO-MUHEPANOTMYECKUM XapaKTEPUCTUK-aM MECTHbIX
TEXHOTEeHHbIX MaTePMaNos;

- BHeApeHue undpoBsbix nabopaTtopuit u MN-moaenein NporHo3MpoBaHnsa CBOMCTB HETOHa3;

- pa3BUTME MPOMbIWAEHHOM NepepaboTKM LWAAKOB M 30/1 yHOCA B aKTUBHbIE MUHE-pasbHble
[006aBKu;

- afJanTaumito NPOM3BOACTBEHHbLIX MOLWHOCTEN OETOHHbLIX 3aBOAOB PErMoHa Mnofd — C/IOMHbIe
KOMMNO3UTHbIE U LLLENOYHO-aKTUBMPOBAHHbBIE CUCTEMbI.

B COBOKYMHOCTM 3TW HaAMpaBAEHWA CO34at0T OCHOBY AN MOBbIWEHMA YCTOMYM-BOCTM M
TEXHO/IOTMYHOCTM CTPOUTENbHbIX NPOLECCOB, COKPALLEHMA YrNepoaHOro cneaa n obecneyeHmn
[ONTOBEYHOCTM COOPYHKEHWUIM B YCNOBMAX YNbITaYCKOrO NpP- OMbILW/IEHHOrO PernoHa. NoayyeHHble
BbIBOAbl MOTYT CAYXWUTb OYyHAAMEHTOM ANA Pa3paboTKM pervoHasnbHbIX NPOrpaMm BHeApPEeHUs
HU3KOKAMHKEPHbIX W LWAAKOLWe- NOYHbIX OETOHOB, NMPOBEAEHMA MPAKTUYECKMX NabopaTopHbIX
nccnenoBaHUM U pe- aan3aumm NUAOTHbBIX NPOEKTOB HA MPOMbILLIEHHbIX 0ObEKTaX.

CTaTbA MOATBEP)KAAET, YTO WMHTErpaLma COBPEMEHHbIX MaTepuanoBeayYecKkMx MOoAXOA0B M
LUMPPOBLIX METOA0B ONTUMM3ALIMM ABNAETCA HEOOXOAMMbBIM LLArOM A5 YCTOMYMBOrO Pa3BUTUSA
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CTPOWTENbHOM OTPACAW YbITAyCKOrO PervoHa M nos- bileHUa 3GHEKTUBHOCTM MCNO/b30BaHMA
NNOKa/IbHbIX CbIPbeBbIX PECYPCOB.
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AHHOTaUuA

B cTaTbe aHaNM3NPYIOTCSA NOIUTUYECKUE N MHCTUTYLMOHAAbHbIE OCHOBbLI GOPMUPOBAHNS
Moaenn umdppoBOro cysepeHMTeTa KasaxcTaHa 4epes Mnpu3My HauMOHa/bHbIX MHTEPECOB,
NIOKaNM3alUMmM AaHHbIX M TEeXHONOrM4Yeckon HesasmcumocTu. Lenb umccnegoBaHMA COCTOUT B
0060CHOBaHMM LUMPPOBOTO CYBEPEHUTETA HE KaK TEXHOIOTMYECKON M301ALUMU, @ Kak CNOCOBHOCTU
rocyJapcTBa CO4YeTaTb YCTOMYMBOCTb KPUTMYECKON WHPPACTPYKTYPbI, HOPUCANKLMOHHbBIN
KOHTPOMb HaAd AaHHbIMMK, 3alWUTy NpPaB rparkgaH W MexayHapoaHOe TEeXHOJ/IorMYyecKoe
coTpyaHu4yectBo. WMcnonb3oBaHbl MeTOAbl KaYyeCTBEHHOrO KOHTEHT-aHaAM3a HOPMATUBHbLIX
[OKYMEHTOB, CPaBHUTE/NIbHOIO WMHCTUTYLMOHANLHOMO aHa/iM3a M Kaaccudukaumm puckos. Ha
OCHOBE aHanm3a 3aKoHoaaTenbCcTBa KasaxctaHa 2025-2026 rogosB npeasoxeHa CmellaHHan
MOAeNb CTpaTermyeckom OTKPbITOCTM. OHa BKAKOYAET PUCK-OPUEHTMPOBAHHYIO NOKANM3aLMIO
OAHHbIX, MY/JbTUMODNAYHYID  MHPPACTPYKTYPY, AMBEPCUOMKALMIO MOCTaBLIMKOB, OTKPbITbIE
CTaHAapPTbl, HALMOHA/IbHbIE UHMKEHEPHbIE KOMMETEeHUMM U NoA0TYETHOE LMPPOBOE yrpaBieHue.
CpoenaH BbIBOA, YTO LUMPPOBOM CyBEpPEHUTET CaedyeT M3MepAaTb He TONbKO A0Nel 3apybexHbIx
TEXHONOTUI, HO U CNOCOOHOCTbIO FOCYAapcTBa MPOBOAUTbL WX ayAWT, 3aMeHATb MOCTaBLIMKa,
NepeHoCnTb AaHHbIe M 0becneYymBaTb HEMPEPbIBHOCTb KPUTUYECKMX YCAVT.

Kntoyessie cn08a: yugpposoli cysepeHumem, HaUUOHAAbHbIe UHMEepPecsl, AI0KAAU3AUUA
OQHHbIX, mexHos102u4ecKas He3a8ucuUMOCmeb, KubepbezonacHocme, yugpposas
UHpacmpykmypa, uugposas noaumuxa, Kazaxcmad.

Abstract

This article examines the political and institutional foundations of Kazakhstan’s digital
sovereignty model through the lenses of national interests, data localization, and technological
independence. It conceptualizes digital sovereignty not as technological isolation, but as the
state’s capacity to combine the resilience of critical infrastructure, effective jurisdictional control
over data, the protection of citizens’ rights, and international technological cooperation. The study
applies qualitative content analysis of legal documents, comparative institutional analysis, and risk
classification. Based on an analysis of Kazakhstan’s digital legislation adopted in 2025-2026, the
article proposes a mixed model of strategic openness. Its components include risk-based data
localization, multi-cloud infrastructure, supplier diversification, open standards, domestic
engineering capabilities, and accountable digital governance. The article concludes that digital
sovereignty should be assessed not only by the share of foreign technologies, but also by the
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state’s capacity to audit them, switch suppliers, transfer data, and maintain the continuity of
critical services during disruptions.

Keywords: digital sovereignty, national interests, data localization, technological
independence, cybersecurity, digital infrastructure, digital policy, Kazakhstan.

Introduction

Digital technologies have transformed the resource base of state power, the structure of
social relations, and the substance of national security. As public services, financial transactions,
transport, energy, communications, and social interaction become increasingly data-driven, the
traditional territorial understanding of sovereignty must be supplemented by the question of
control over digital infrastructure. A state may enact laws within its territory, but when the
mechanisms for storing, processing, or transmitting data depend on external platforms, a gap
emerges between formal legal authority and actual technological capacity.

The expansion of Kazakhstani technology entrepreneurs into international markets also
strengthens the industrial and human-capital foundations of digital sovereignty. For example,
Higgsfield Al co-founders Alex Mashrabov and Yerzat Dulat brought a Kazakhstan-founded
generative artificial intelligence start-up to the global market, demonstrating the potential of
domestic engineering talent and technology entrepreneurship. This experience shows that digital
sovereignty should not be equated with a policy of restricting information. Rather, it denotes the
capacity of state institutions to make autonomous decisions in the digital environment and to
implement those decisions using national scientific, human, and technological resources [1; 2].

Theissue is particularly relevant to Kazakhstan for several reasons. First, the development
of e-government and platform-based public services has substantially increased the volume of
government data. Second, the domestic digital ecosystem is integrated into global supply chains
for software, microelectronics, cloud computing, operating systems, and cybersecurity tools.
Third, geopolitical instability, sanctions regimes, cross-border cyberattacks, and the market power
of platform companies have intensified the political consequences of technological dependence.
Fourth, the broad adoption of artificial intelligence in the public and private sectors has brought
data quality, model explainability, and algorithmic accountability to the forefront.

The 2025 Law on Artificial Intelligence and the 2026 Digital Code marked a new regulatory
stage aimed at systematizing digital relations in Kazakhstan [3; 4]. More specific requirements
concerning notification of personal data breaches, technical audits of data centers, and the
circulation of digital data products indicate that practical institutions of digital sovereignty are
emerging [5-7]. Nevertheless, the existence of legislation does not automatically produce
technological independence. Legal requirements must be connected with infrastructure capacity,
human capital, research potential, and public procurement policy.

The purpose of this study is to define the content of a digital sovereignty model adapted
to Kazakhstan and to substantiate an appropriate balance among national interests, data
localization, and technological independence. To achieve this purpose, the article clarifies the
theoretical boundaries of digital sovereignty, assesses Kazakhstan’s current institutional
environment, classifies the main channels of dependence, and proposes policy criteria and
implementation mechanisms. The central research question is as follows: through what political
and institutional model can Kazakhstan strengthen control over strategic digital resources while
preserving the advantages of an open digital economy?

Literature Review and Theoretical Framework

Digital sovereignty has no single meaning in the academic literature. Couture and Toupin
show that the concept is applied to states, communities, and individuals [8]. For the state, it
denotes the capacity to influence infrastructure, data flows, and digital rules. For individuals, it
includes control over personal data and digital autonomy. Floridi interprets digital sovereignty as
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a political struggle between states and transnational technology platforms over the authority to
set the rules of the digital environment [9]. This approach reveals that digital sovereignty is not
merely a technical problem, but also a question of how power and responsibility are distributed.

After analyzing 271 peer-reviewed publications, Fratini and colleagues distinguish four
models of digital sovereignty: rights-based, market-based, centralized, and state-based [10]. The
rights-based model prioritizes personal data protection and civil liberties; the market-based model
emphasizes innovation and competition; the centralized model concentrates infrastructure; and
the state-based model focuses on national security and jurisdictional control. The authors
conclude that no existing model fully combines regulatory comprehensiveness with flexibility in
the face of technological change. For Kazakhstan, this finding supports the development of a mixed
institutional model rather than the direct adoption of a ready-made foreign approach.

Research on technological sovereignty increasingly rejects the equation of independence
with autarky. Because technological systems are interdependent, producing all hardware and
software domestically may be economically inefficient and may slow innovation. What matters is
the capacity to retain control over strategic functions, reduce lock-in to a single supplier, audit
technologies, and switch to alternative solutions during a crisis [11; 12]. Technological
independence therefore does not require the complete rejection of foreign technology. It requires
the management of dependence and the protection of freedom of decision-making.

Most Kazakhstan-focused studies address e-government, economic digitalization, and
cybersecurity. An empirical study published in 2026 found that citizens of Kazakhstan expressed
stronger support for data localization and protection from external digital threats than for the
monitoring of private communications [13]. This finding suggests that the public distinguishes
between protection from external threats and internal digital surveillance. The legitimacy of digital
sovereignty therefore depends on the proportionality and transparency of security measures and
on the effective protection of citizens’ rights.

Research Methodology

The study is qualitative and relies on three complementary methods. The first is legal and
regulatory content analysis. The analysis covers the Digital Code of the Republic of Kazakhstan, the
laws On Artificial Intelligence and On Personal Data and Their Protection, the Concept for the
Development of Digital Transformation, Information and Communication Technologies, and
Cybersecurity for 2023-2029, as well as the 2026 regulations on data security and data-center
audits [3-7; 14]. The documents were compared in terms of how they define jurisdiction,
localization, audit, security, accountability, and technological development.

The second method is comparative institutional analysis. Models of digital sovereignty
identified in the international literature were compared with Kazakhstan’s political, legal, and
economic conditions. The third method is risk classification. Technological dependence was
divided into infrastructure, software, data, human-capital, and jurisdictional channels. Each
channel was assessed according to the probability of losing control, the difficulty of substitution,
and its potential impact on public functions. The study is limited by the absence of confidential
technical data from organizations and detailed configurations of government systems. The
proposed model is therefore formulated at the strategic and institutional levels.

Results and Discussion

Kazakhstan’s digital sovereignty can be understood as a three-layer system. The first layer
is regulatory sovereignty: the application of national law to digital relations, the protection of
citizens’ rights, and the assignment of responsibility to technology operators. The second layer is
infrastructure sovereignty: continuity of critical systems, secure data storage, resilient
communication channels, and adequate reserve capacity. The third layer is technological and
industrial capability: the ability to develop software, audit code, integrate systems, respond to
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cyberthreats, and switch suppliers when necessary. If any one of these layers is weak, formal
control does not translate into genuine autonomy.

The national interest does not require the transfer of every element of digital policy into
state ownership. It is linked to the protection of four public goods: continuity of government
operations; the security of citizens’ rights and personal data; the competitiveness of the economy;
and the resilience of national decision-making to external pressure. Digital sovereignty measures
should therefore be differentiated according to the level of risk. Requirements for state secrets,
defense, law enforcement, energy, and core public registers should reasonably be stricter than
those applied to commercial services. Subjecting all data to the same regime may increase costs
and inhibit innovation.

Data localization is an important but insufficient instrument of digital sovereignty.
Locating a server in Kazakhstan facilitates jurisdictional access and reduces certain cross-border
risks. However, physical localization does not ensure full sovereignty when the software layer that
processes the data, encryption keys, administrative access, or update mechanisms remain under
the control of a foreign supplier. Territorial storage requirements should also avoid restricting
backup, disaster recovery, and international scientific exchange. An effective policy classifies data
according to value and risk, requires a primary domestic copy for critical categories, keeps
encryption keys under national control, and establishes a transparent legal regime for cross-
border transfers.

Area of . . Sovereignty ._

Access from

: : Storage )
outside national . 5 Risk-based
Data o location, control of N .
jurisdiction; data L localization and encryption
keys, auditability
leakage
Migration time Multi-cloud
Cloud . L :
. Vendor lock-in and availability of architecture and open
infrastructure
backups formats
License . -
L Substitutability Open standards and
Software termination and L .
and auditability domestic integrators
closed source code
. Strategic . e
Supply-chain g Diversification and
Hardware . : reserves and . .
disruption . . life-cycle planning
alternative suppliers
Human Dependence on Capabilities of Education, research,
capital external expertise domestic teams and certification
. . . Competition
Algorithmic and Data portability . .
Platforms . i regulation and API
market power and interoperability
standards

Table 1. Channels of technological dependence affecting Kazakhstan’s digital sovereignty

The second condition of technological independence is to turn the right to change
suppliers into a practical technical capability. Public procurement of information systems should
require independent source-code audits, export of data in open machine-readable formats,
complete interface documentation, and a migration plan for service termination. In many cases,
the risk arises not from the foreign origin of a product itself, but from a long-term contract with
no viable alternative, proprietary data formats, and dependence on a unique technical solution.
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Public procurement should therefore assess the entire system life cycle, migration costs, and
supplier risk rather than focusing exclusively on the lowest price.

The third condition is to avoid measuring domestic technological capacity solely through
a “national product” label. When a local company merely resells proprietary foreign components,
technological control may not remain within the country. By contrast, a Kazakhstani engineering
team that contributes to an international open-source project develops the capacity to
understand, modify, and maintain the code. Support criteria should therefore include engineering
expertise, contributions to repositories, security auditing, service independence, and export
potential in addition to intellectual property ownership.

The fourth condition is to connect digital sovereignty with citizens’ digital rights. Excessive
monitoring justified in the name of security may undermine public trust and discourage the use of
digital public services. Research on attitudes in Kazakhstan shows that support for data localization
is high, while support for monitoring private communications is considerably lower [13].
Surveillance measures should therefore comply with the principles of legality, necessity,
proportionality, and independent oversight. Timely notification of personal data breaches, the
right to challenge algorithmic decisions, and access to a history of data use would strengthen the
human-centered character of digital sovereignty.

The fifth condition is to treat international cooperation not as the opposite of
sovereignty, but as a means of diversifying risk. Kazakhstan’s market may be too small to produce
every layer of advanced technology independently. It is therefore important to establish mutually
recognized data-protection regimes with trusted partners, develop regional data centers,
exchange information about cyber incidents, and participate in open technical standards.
Cooperation should reduce dependence on a single technological center and strengthen
Kazakhstan’s negotiating position.

Kazakhstan’s Mixed Model of Digital Sovereignty

The analysis indicates that a mixed model based on the principle of strategic openness is
the most suitable approach for Kazakhstan. The model strengthens national control over critical
digital functions while permitting international competition and technology transfer in low- and
medium-risk areas. Its defining feature is that it measures capacity for control rather than the
formal ownership of technology. In addition to asking where a product was developed, the state
should determine who can audit it, who can access the data, what alternative exists if the service
is disrupted, and how long migration would take.

The first implementation priority is to supplement the national register of digital assets
with a risk map. The map should identify critical datasets, infrastructure owners, software
dependencies, subcontractors, and links to foreign jurisdictions. The second priority is to require
an exit strategy for government systems. Procedures for returning data, converting formats,
transferring keys, and migrating to another provider should be tested before a contract expires.
The third priority is to develop a national cybersecurity testing environment and a competitive
market for independent audits. The fourth is to establish long-term consortia among universities,
research organizations, and technology companies.

The fifth priority is to update the indicators used to measure digital policy outcomes.
Internet speed, online access to public services, and the size of the information technology sector
indicate the level of digitalization, but they do not fully capture sovereignty. Additional indicators
may include the time required to migrate a critical system to alternative infrastructure; the share
of encryption keys under national control; traceability of the origin and vulnerabilities of software
components; the number of backup channels; the share of audits performed by domestic
specialists; and the time taken to notify affected parties after a data-security breach.
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Practical Recommendations

First, Kazakhstan should move from a uniform data-localization requirement to a risk-
based, multi-tiered regime. Critical data should be stored in Kazakhstan, with primary
administrative control and encryption keys retained under national jurisdiction. Medium-risk data
may be hosted on certified foreign cloud infrastructure, provided that effective backup and audit
arrangements are in place. The cross-border circulation of open data should support scientific and
economic value creation.

Second, public information technology procurement should incorporate interoperability,
data portability, and vendor-exit criteria. Every critical system should have a technological
dependency passport listing its components, licenses, update channels, subcontractors, and
available alternatives. Third, support for domestic information technology companies should
extend beyond grants to include long-term testing environments, export certification, and
participation in open-source projects.

Fourth, transparency in digital regulation should be strengthened. When new
technological restrictions are introduced, the authorities should explain their purpose, duration,
impact on citizens’ rights, and available appeal mechanisms. Fifth, digital sovereignty policy should
be supplemented by an annual independent assessment. Such an assessment should not rely
solely on government reporting, but should involve academic experts, businesses, and civil society.
This approach would help preserve the balance between security and freedom and enhance the
public legitimacy of policy decisions.

Conclusion

Kazakhstan’s digital sovereignty will be built not through the complete rejection of
foreign technology, but through deliberate and accountable control over critical digital functions.
Although domestic data storage is important, it remains a formal measure unless it also covers
encryption keys, the software layer, administrative access, and the ability to change suppliers.
Digital sovereignty should therefore be treated as an integrated system combining data
localization, infrastructure resilience, technological competence, legal jurisdiction, and citizens’
digital rights.

The proposed mixed model seeks to balance national security with an open digital
economy. Its core elements are risk-based regulation, multi-cloud and multi-vendor architecture,
open standards, migration capability, independent auditing, and domestic engineering expertise.
Under this model, technological independence is measured not by the domestic production of
every technology, but by the capacity to understand, inspect, modify, and replace strategic
systems when necessary. If Kazakhstan’s digital policy adopts these criteria, digitalization can
become a resource that strengthens state resilience and public trust rather than a form of
dependence that weakens the national interest.
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CpaBHUTENbHbIM aHaNM3 3PPEKTUBHOCTHU
MeMbpaHHbIX TEXHOI0TMI (0OPaTHbLIN
OCMOC W1 yNbTPaPUABLTPALMA) MPU OYUCTKE
BOAbI 415 MULLEBOM NPOMbILLTEHHOCTU

*onpacbaes Aibap EpxaHoBuY

MarnctpaHT, AO «Kaszaxckmin yHMuBepcuTeT TeXHOI0TMK 1 BuaHeca um. K. KynaxkaHoBay, T.
AcTaHa

Tyntabaes MyxTtap YymaHoBMY

A0.T.H., npodeccop-uccnenosatesnb, AO «Ka3axcknit yHUBEPCUTET TEXHONOTMK N BU3Heca
nm. K. KynaxaHosa», r. ACTaHa

iBopa ABnAeTcA OAHWMM M3 OCHOBHbIX BWAOB CblpbA B MPOM3BOACTBE OE3aNKOTONbHbIX,
OYHKUMOHANbHbIX M BUTAMMUHM3MPOBAHHbIX HAaMWUTKOB. B oT/iMuMe OT BOAbl, NPUMEHAEMON ANA
CaHWTapHOW 0b6paboTkM 0OOPYA0BAHMA, OXNAKAEHWUA WU APYrMX BCMOMOTraTe/bHbIX OMnepaLui,
BOJA, HENOCPeACTBEHHO BXOAALLAA B peLenTypy NULWEBOro NPOAYKTa, OKa3blBAET BAUAHME HA €r0
OU3MKO-XMMMYECKME W  OPraHONeNTUYECKME XapPaKTEPUCTUKU. MuUHepanmnsauma, KECTKOCTb,
BOAOPOAHbIMA  MOKasaTesnb, 31eKTPONPOBOAHOCTb, MYTHOCTb W  COAEP)KAHWE OTAE/bHbIX
MMHEPaNbHbIX KOMNOHEHTOB MOTYT OTPAXKaTbCA HA BKYCE HAaMWUTKa, PAaCTBOPMMOCTU PeLLenTypPHbIX
WHrpeaneHToB 1 CTabUNbHOCTM TOTOBOM NPOAYKLMMK. B CBA3M C 3TMM KayecTBO BOAbl HEOHXOAMMO
paccMaTpmBaTb C YHETOM KOHKPETHOIO HanpaBieHWA e€ NCNOb30BaHMA B MULLEBOMN TEXHONOTMUN
(1, 2].

Ocoboe 3HaYeHune BOA0MNOArOTOBKA npuobpetaeT npu NpOV3BOACTBE
BMTAMMWHU3MPOBAHHbIX HANMUTKOB. Boga cocTaBNAET OCHOBHYIO YacTb TAKOro NPOAYKTa 1 ABNAETCA
Cpefiol, B KOTOPOW pPacTBOPAIOTCA BUTAMMUHHBIN KOMMAEKC, NMULLEBBIE KUCAOTbI, cCaxapa v apyrue
peuenTypHble KOMMOHEHTbl. [MpKu 3TOM YCTOMYMBOCTb OTAE/bHbLIX BUTAaMWUHOB 3aBWUCUT OT
KMCNOTHOCTM Cpefbl, TeEMNepaTypbl, MPUCYTCTBUA KMCNOPOAA, NPOAO/IKUTENBHOCTU XPAaHEHNA U
apyrux ¢aktopos. CnefosaTenibHO, M3MEHEHME COCTaBa BOAbl Nocae 06paboTKM NOTEHLMANbHO
MOXET B/AMATb He TO/IbKO Ha CBOMCTBA CamMOM BOAbl, HO W Ha KaAYeCcTBO KOHEYHOro
BUTAaMMHU3NPOBAHHOIO HaNuUTKa [3].

MepcnekTUBHbIM HanpaBfeHMeM MOArOTOBKWM BOAbl A1A MULLEBOM MPOMbILJIEHHOCTM
ABNAETCA NPUMEHEHNE MeMBPaHHbIX TEXHOMOMMI. VX NpenmyLLecTBOM SBNAETCA BO3MOMKHOCTb
pasfeneHua KOMMOHEHTOB 6e3 BBeAEHWS 3HAYMTENbHOrO KO/MIMYEeCTBa  A0MOAHUTE/bHbIX
peareHToB, KOMMAKTHOCTb 060PYA0BaHNA M BO3SMOXHOCTb PEryIMPOoBaHmMa Tpebyemon rnybuHsl
ounctkn. Cpean membpaHHbIX METOA0B OCODbIN MHTepec NPeAcTaBAAOT yAbTpaduUAbTpaUma U
06paTHbIN OCMOC, KOTOPbIE CYLLECTBEHHO PA3/INYAOTCA MO MEXaHM3MY Pa3aeNeHNs U XxapaKTepy
N3MEHEHWIN, BHOCUMbIX B COCTaB MCXOA4HOM BOAbI [4].

Llenbto paboTbl ABNAETCA CPABHUTENbHbIN aHaNn3 3dGeKTUBHOCTU yNbTpadUAbTPALMN U
obpaTHOro ocmoca nNpW NOArOTOBKE BOAbl ANA MULLEBON MNPOMbIWAEHHOCTM C OLLEHKOW
0CODEHHOCTEM  MCMONb30BaHMA  MOJYYEHHOM  BOAbl B TEXHONOMMM  MPOM3BOACTBA
BMTAaMWHN3NMPOBAHHOIO HaNUTKa.
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MaTtepuanbl n metoabl. B paboTe npvMeHeHbl aHaNUTUYECKUI U CPAaBHUTEIbHbBIN MEeTOoAb!
nccnefoBaHuA. B KayecTBe oObeKTa paccmaTpuBaeTcs BOAA LEHTPAZIM30BAHHOM CUCTEMbI
BOAOCHAOKeHMA . ACTaHbl, MICNO/Ib3yeMan B KAYECTBE CbIPbEBOr0 KOMMOHEHTa A/1A NPOM3BOACTBA
HanuTKoB. CpaBHEHWIO NOA/EXaT UCXOAHAA BOAA, BOAA Nocne ynbTpaduabTpaumm 1 Boda nocne
obpaTHOro ocmoca. JOomnoNHUTENBHO PACCMATPMBAETCA BO3MOMKHOCTb MOC/AEeA0BaATE/IbHOM
MembpaHHOM 06paboTKKM No cxeme «ynbTpaduabTpauma — obpaTHbIA OCMOCY.

CpaBHeHMe MeMbpaHHbIX TEXHOIOTMI MPOBOAMIOCH NO MEXaHW3MY pa3aeneHus, rnybuHe
M3MEHEHMA COCTaBa BOAbl, CMNOCOOHOCTM yAANATb Pa3fiMyHble TPYyNMbl  NpUMecen W
3KCMNNyaTaUMOHHbIM 0COBeHHOCTAM. OCHOBHbLIMW MOKAa3aTeNsMMU AN OLEHKM MOATOTOBAEHHOM
BOAbl  ABMAIOTCA  MYTHOCTb, BOZOPOAHbLIM  MOKa3aTeNb, 3/1EKTPONPOBOAHOCTb,  0bULaA
MUHepanmnsaums 1 obuaa MKECTKOCTb. TEXHONOTMYECKaas 3HAYMMOCTb MOJYYEHHOW BOAbI
PAacCMATPMBAETCA TaKKe C MNOo3nUMM eé [AanbHenwero MNPUMEHEHUA NpPU  U3rOTOBIEHWM
BMTAaMWHN3NMPOBAHHOIO HaNUTKa.

[Ona ougHKM BAMAHMA cnocoba BOAOMOArOTOBKM MpeaycMaTpMBaAeTCA MNPUroTOBNEHME
06pasLoB HanUTKa NO OAMHAKOBOM pelenType M NP OAMHAKOBbLIX TEXHONOTMYECKUX PeXMMaX.
OCHOBHbIM  M3MeHsAeMbIM  GaKTOpOM NpuM  TaKOM noaxode ABASETCA TONbKO BapuaHT
ncnonblyemon BoAbl. CpaBHeHMe MNoayyYeHHbIXx 06pasuLoB npeanonaraer onpeaeneHue
BOZOPO/IHOrO MoKa3aTens, TUTPYEMOM KMCAOTHOCTW, COAEPKAHUA PACTBOPUMbIX CYXMX BELLECTB,
OPraHONENTUYECKMX  XapPaKTEPUCTMK U CTabWMABHOCTM  MpU  XpaHeHuW. [lpu  Haanymm
COOTBETCTBYIOWEN aHANUTUYeCKOM 6asbl LLenecoobpasHO TaKKe KOHTPOAMPOBATb COXPAHHOCTb
OTAEeNbHbIX BUTAMWUHOB.

PesynbTatbl M obCyKaeHUe. YNbTpaduabTpaLumMa OTHOCUTCA K MOPOBbIM MeMBpPaHHbIM
npoueccam. PasgeneHne NponcxoamT NPeruMyLL,eCTBEHHO B 3aBMCMMOCTM OT Pa3MepoB YacTuL, U
MaKpPOMO/IEKYNT OTHOCUTENbHO 3QGEKTUBHOrO pasmepa nNop MembpaHbl. YNbTpadunbTpaums
NO3BONAET 3a[ep’KMBaTb B3BEWEHHble W KOANOMAHbIE 4YaCTULbl, BbICOKOMONEKYNAPHbIE
OpraHMYyeckMe  BellecTBa M YacTb  MWMKPOOpraHmsmoB. [lpn  3TOM  HONbWMHCTBO
HW3KOMOJIEKYNAPHBIX PACTBOPEHHbBIX COEAMHEHWUA U MWHEpPaNbHbIX MOHOB MPOXOAAT Yepes
MembpaHy. MNoaTomy nocne yabTpaduabTPaUMOHHOM 06PabOTKM MOXKHO OXKMAATb BblPAXKEHHOr0
CHUMKEHMA MYTHOCTM MpPU OTHOCUTENbHO HEeHONbWOM WM3MEHEHUM 0bLLENn MUHEepanm3aumm,
31eKTPONPOBOAHOCTM M KECTKOCTM BOAb! [5].

[Ona npousBOACTBA BUTAMMHM3MPOBAHHbBIX HAMNWTKOB JaHHas 0COOEHHOCTb KMeeT
NpakTMyeckoe 3HayeHue. YnbTpaduabTpauma MNO3BOAAET YAYYLWMWTb MPO3PAYHOCTb BOAblI W
YAQNUTb  AWCMEepCHble TMPUMECK, COXPaHAA NpM 3TOM  3HAYUTENbHYKD YacTb MCXOAHOrO
MMHEepPaAbHOro cocTaBa. Takasd BoZa No CONEBOMY COCTaBY OCTAETCA BMMKE K MCXOAHOM BOAE, YTO
HeoOOXOAMMO YYMTbIBATL MPU MNOCAEAYIOWEN OLEHKe BKyca M PUIMKO-XMMUYECKMX CBOWCTB
rOTOBOrO HanuTKa.

O6paTHbI OCMOC XapaKTepusyeTcs 3HauYMTeNlbHO 60siee BbICOKOM CENEeKTUBHOCTbIO MO
OTHOWEHNIO K PACTBOPEHHbIM  BellecTBamM. B oT/iMYyMe OT  MNOPOBOTO  MEXaHW3Ma
yAbTpaduabTpauum, membpaHa obpaTHOrO OCMOCa MMEET MAOTHbIM CENEKTUBHbIN C/OM, Yepes
KOTOPbIM NepeHOC BOAbl OCYLLECTBAAETCA MPEUMMYLLECTBEHHO MO MeXaHM3My «pacTBOpeHMe—
Anddysmax». 3a CYET 3TOr0 NPOUCXOAMT 3HAUYUTENbHOE CHUMKEHME COAEePKaHWMA PACTBOPEHHbIX
conemn, obuien MMHepanm3aUmnm, sSNeKTPONPOBOAHOCTM M KECTKOCTM BOAb! [4].

BbicoKaa cTeneHb AeMWMHEPANM3aLMM ABNAETCA BaXKHbIM MPEMMYLLECTBOM 0OpaTHOro
0OCMOCa NP1 HeEOHXOAMMOCTM NOAYHEHUA BOZbI C KOHTPOAMPYEMbIM CONEBbIM cOCTaBOM. OAHAKO
MaKCMManbHaa CTeneHb YyAaneHus MUHEpPasbHbIX KOMMOHEHTOB HE BO BCEX C/y4asxX AO0/KHA
PAacCMaTPMBATbCA KaK eAMHCTBEHHbIN KpuTepmnin 3ddeKTMBHOCTM NPU NPOM3BOACTBE HAMMUTKOB.
N3BECTHO, YTO YPOBEHb PACTBOPEHHbIX BELLECTB M COAEPMKAHME MWHEPANbHbIX KOMMOHEHTOB
CNOCOBHbI OKa3blBaTb BAMAHWME HA CEHCOPHOE BOCMpuATME BOAbl. VccnenoBaHua BOAbl nocne
0b6paTHOro OCMOCa NMOKa3bIBAOT, YTO M3MEHEHME CTENEHN MUHEPANN3aLMM MOXKET CyLLECTBEHHO
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OTparkaTbCA Ha BKYCOBOM Mpodunie, a KOPPEKTUPOBKA MMHEPAZIbHOrO COCTaBa nocne rnyboKom
OYUCTKM cnocobHa M3MEHATb OpraHoeNTUYECKNE CBOMCTBA [6].

[aHHoe 06CcTOATENbCTBO OCOBEHHO BaXHO AN BMTAaMMHM3MPOBAHHOIO HanuTKa. Mpu
O MHAKOBOM KOMYECTBE BUTAMMWHOB, MULLEBbIX KUCNOT, NOACNACTUTENEN U APYTMX KOMMNOHEHTOB
BOZA nocse ynbTpadunbTpaumMm m Boaa nociae obpaTHOro ocmoca GOPMUPYIOT PasANYHYIO
MUHepanbHyto cpeay. Noatomy BanaHWe cnocoba membpaHHOM NOATOTOBKM CaefyeT OLEeHNBaTb
He TONbKO MO CTEMeHW yAaneHua NpUMecei, HO M MO XapaKTePUCTMKAM FOTOBOrO MULLEBOTO
NpoAyKTa.

OaHum K13 Haubonee BaXHbIX MOKas3aTesnen ABAAETCA BOAOPOAHbIM MNoKasaTeslb.
XnMmmyeckaa CcTabUAbHOCTb  OTAENbHbIX BUTAMMHOB CBA3aHAa C  KWC/NOTHOCTbIO  Cpeabl,
TeMnepaTypon, BO3AENCTBMEM KUCAOPOAA WM MPOAOIKUTENbHOCTBIO XpaHeHuA. B 4yacTHocTw,
aCKOPOMHOBAA KMCNOTA OTHOCUTCA K KOMMOHEHTAM, YyBCTBUTENbHbIM K YCIOBUAM OKPYXKatoLLen
cpeapl [3]. NMoaTomy Npu MCNONb30BaHMM BUTAMWHHOIO KOMMEKca, coaepKallero sutammH C,
npeAcTaBNAET MHTepPeC COMNOCTaBNEeHMEe ero COXPAHHOCTM B HaMMUTKax, NPUrOTOBNEHHbIX Ha BOAE
nocne pasNnyHbIX BapnmaHTOB MemMbpaHHOM 06paboTKu.

MuHepanbHbI COCTaB BOAbl MOXET MMETb 3Ha4YeHMe U Ans GOPMMPOBAHMA KUCAOTHO-
OCHOBHbIX CBOMCTB HamnuTKa. [1pKM OAMHAKOBOM KOAMYECTBE BHECEHHOM MULLEBOMN KMCAOTbI
pasnnuma mexay obpasuamm No BOAOPOAHOMY MOKa3aTeNto U TUTPYEMOM KMCAOTHOCTU MOTyT
ObITb CBA3AHbI C COCTAaBOM MCMOb3yeMOM BOAbl U €€ BypepHbIMK CBOMCTBAMU. B CBA3N C 3TMM
nccnefoBaHWe MNOArOTOB/NEHHOW BOAbI M TOTOBOMO HamMTKa HeobXxOAMMO MNPOBOAMTL Kak
B3aMMOCBA3aHHble 3Tanbl €4AMHOro TEXHOOMMYECKOro npoLecca.

He MeHee BaXHbIMM ABAAIOTCA OpPraHoNenTUYecKue mnokaszatenu. [lpu cpaBHeEHUU
HaMWTKOB A0/IKHbI OLEHMBATbCA BHELUHMI BMA, NPO3PAYHOCTb, LBET, 3anax M BKycC. [nybokas
AeMnHepanmsauma Bogbl nocae obpaTHOro ocMoca NoTeHLMaNbHO CNOCOBHA M3MEHUTb BKYCOBOE
BOCMPUATME MO CPABHEHMIO C HAMUTKOM, NPUTOTOB/IEHHBIM Ha BOAe noc/e yabTpadunbTpaumm. B
TO K& BPEMSA CHUXKEHME COAEPNKAHMA MMHEPANbHbIX KOMMNOHEHTOB MOXeT obecneuntb Honee
BOCMPOM3BOAMMYIO OCHOBY AN GOPMMPOBAHMA 334aHHOrO BKycoBoro npoduna. Onpenenmtb
TEXHOIOTMYECKM NPEeANOYTUTE NbHbIM BapMaHT BOSMOXKHO TOIbKO NMPW OAMHAKOBOW peulenType u
nocneayowem 3KCNepMMeHTaIbHOM CPaBHEHWM rOTOBbIX 06Pa3LLOB.

OTaenbHoe 3HayeHMe MMeeT CTabuAbHOCTb MPOAyKTa MNPW XpaHeHWW. B npouecce
XpPaHEeHWA BUTAMMHU3NPOBAHHOIO HaNUTKa HEOBXOAMMO KOHTPONMPOBATb 06pa3oBaHMe OCaAZKa,
M3MEHEHMEe MPO3PaYHOCTM M LBETa, MNOABNEHWE MNOCTOPOHHEro 3amnaxa WAM NPUBKYCa,
BOAOPOAHbIM MOKasaTenb 1 Apyrne GU3MKO-XMMUYECKME XapaKTePUCTUKM. ECnm aHanuTuyeckme
BO3MOMHOCTM  MO3BONAIOT  ONpPeAenATb  COoAEep)KaHWe BUTAMMHOB, WX  KOHLEHTPaumio
LenecoobpasHo KOHTPO/IMPOBATb  HEMOCPEeACTBEHHO MOc/Ae MPUrOTOBAEHMA U Yepes
YCTaHOB/IEHHbIE WMHTEPBasbl XpPaHEeHWA. Takon noaxon MO3BOAAET OLEHMBATb 3QDEKTUBHOCTb
BOAOMNOArOTOBKM He TO/MbKO MO COCTOSHUMIO BOAbl HEMOCPeACTBEHHO nocae MeMbpaHHOWM
06paboTKM, HO M NO eé BANAHUIO HA COXPAHHOCTb CBOMCTB KOHEYHOMO NPOAYKTA.

C 3KcnayaTauMOHHOM TOYKW 3peHnss obe membpaHHble TEXHONOTMU MOABEPHKEHbI
3arpA3HEHMIO, OAHAKO XapaKTep W MNOCNeACTBMA [aHHOrO npouecca pasanyatotca. [Ans
YyNbTPadUNbTPALUMM  XapaKTEPHO HaKOM/JEHME B3BELWIEHHbIX, KONNOMAHbBIX W OpPraHUYecKmx
KOMMOHEHTOB Ha MOBEPXHOCTM W B mnopax MembpaHbl. B cuctemax obpaTHoOro ocmoca
CYLLECTBEHHOE 3HAYEeHWEe MMEOT KONNOMAHOE, OpraHMyeckoe, HBMONOrMYecKoe 3arpAasHeHne u
obpasoBaHMe MUHepPanbHbIX OTIOXKEHWU. 3arpasHeHne memMbpaH CONPOBOXKAAETCA CHUKEHMEM
NPOM3BOANTENBHOCTHN, YBEAMYEHMEM TMAPABAMYECKOTO COMPOTMBAEHMA WM HeobXoAMMOCTbIO
NpoBeAeHNA NepmnoaNYecKMX NPOMbIBOK [7].

B cBA3M C 3TMM NpeacTaBAAET MHTepec nocneaoBaTeibHas TexHonormyeckaa cxema UF —
RO. B Takoi cucteme ynbTpaduabTpauma BbIMOAHAET GYyHKLUMIO NpeaBapuTenbHon 06paboTku:
CHU}KAeT coaeprKaHme B3BELEHHbIX M KONMOWAHbIX KOMMNOHEHTOB M YMEHbLUAET 3arpA3HAOLLYHO
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Harpysky Ha 6onee 4yBCTBMTENbHYHO MembpaHy o06paTHOro ocmoca. MccnenoBaHus
KOMOMHMPOBAHHbLIX CUCTEM MOATBEPKAAKT, UTO MPUMEHEHME yAbTPadUAbTPaLMM B KayecTse
npeABapuTeNbHON CTaguMm CNocOBHO MOBbIWATb YCTOMYMBOCTb NOCAEAyHOLLEero npoLlecca
obpaTHOro ocmoca [8].

OAHaKo Ans  NpouM3BOACTBA  BWMTAMMHM3MPOBAHHOIO HanMMTKa  LenecoobpasHoCTb
KOMOMHMPOBAHHOM  CXeMbl  OO0/KHA  ONpPedenAaTbCA  He  TOIbKO  3KCMyaTaUMOHHbIMM
npevmyluiectBamn. Ecnm Boda nocne OAHOM CTaauu ynbTpaduabTpaumm NO3BONAAET MOAydaTb
NPOAYKT C HeobxoauMbIMKU  QU3UKO-XMMUYECKMMKU, OPraHONENTUYECKMMWU MNOKa3aTeNnamm u
CTabUNbHOCTbIO, NMPUMEHEHME AOMOSIHUTENbHON CTyrneHn rnybokoro obecconmBaHUs A0KHO
MMEeTb TexHonormyeckoe ob6OCHOBaHME. AHANOMMYHO, €eCNM  MUCMNONb30BaHME BOAblI Mocne
obpaTHOro ocmoca obecneymBaeT 6osee CTabubHble XapPaKTEPUCTMKM HAMUTKA, 3TO MOXKET
ABNATbCA OCHOBaHWem Ans Bbibopa Honee rnybokoM BOAONOATOTOBKM. YBEAWYEHME 4YMcAa
TEXHO/IOTMYECKMX CTaMin camo no cebe He CBUAETENBCTBYET O MOBbILEHNN KaYeCcTBa KOHEYHOro
NpoAyKTa.

[Ona 0ObEKTMBHON CPaBHWUTENbHOM OLEHKM pPalMOHaNbHO WMCNO/b30BaTb eAMHYHO
IKCMEPUMEHTa/IbHYI0 CXeMy: MUCXoAHad BoAa —» MembpaHHaa o06paboTka —» KOHTPOb
XapaKTEePUCTUK NOATOTOBAEHHOW BOZbl —> MPUrOTOBNEHWE BUTAMUHU3MPOBAHHOIO HaMMTKa Mo
eanHoM peuenType — onpeaeneHne GU3NKO-XMMUYECKMX M OPraHONENTUYECKMX NoKa3aTenem -
OUeHKa CTabuUAbHOCTM NPU XpaHeHWW. TakoM Noaxos No3BONAET YCTaHOBUTb HEMOCPEACTBEHHYIO
B3aMMOCBA3b MeX/ay Cnocobom BOAOMNOArOTOBKM W XapaKTEPUCTMKAMW KOHEYHOro MULLEBOrO
NpoAyKTa.

MpoBeAEHHbIN CPAaBHUTENbHBIA aHAaIN3 NOKA3bIBAET, YTO yNbTPAadUAbTPALMA M 0BpPaTHbLIN
OCMOC PeLatoT pPas/IMyHble TexXHONOorM4yeckMe 3aZadun. YNbTpadunbTpauma npenmyLLecTBEHHO
obecneynBaeT yaaneHne B3BELIEHHbIX M KONNOUAHbIX MPUMECel C CoxpaHeHnem BoblLLein YacTu
PACTBOPEHHbIX MMHEPA/bHBIX KOMMOHEHTOB, TOrAAa Kak 06paTHbIN 0cMoc obecneynsaeT rnyHokyto
KOPPEKLUMIO CONeBOro COoCTaBa BOAbl. [103TOMY OUEHKa [AaHHbIX TEXHONOrUMM B MULLEBOM
NPOMbIWNEHHOCTN He [A0/PKHA OrpaHMYMBATLCA OMNpeaeneHMEM MAKCMMaNbHOW  TNyBuHbI
OYMCTKM.

Mpn NPOM3BOACTBE BUTAMMHWU3MPOBAHHbLIX HAMWTKOB PaLMOHANbHBIM CAeayeT CYMTaTb
Takol cnocob BOAOMNOArOTOBKWM, KOTOpbIM obecneynmBaeT Tpebyemoe KayecTBO BOAbl M
OAHOBPEMEHHO CNOCOHCTBYET MONYYEHWUIO NPOAYKTA CO CTabUAbHBIMU GU3UKO-XMMUYECKUMU 1
OpPraHONeNnTUYECKUMUM XapaKTepUCTMKaMn. OKOHYATENbHbIM BbIBOP MexXAay yabTpadunbTpaumnen,
obpaTHbIM OCMOCOM W nocnegosaTenbHon cxemort UF — RO AonKeH OCHOBbIBATbCA Ha
COMOCTaBNEHNN XapaKTEPUCTMK NOATOTOBNEHHOM BOAbI C pe3y/AbTaTaMu UCCNeL0BaHMA rOTOBOroO
BMTAMWHN3NMPOBAHHOIO HaNUTKa.

Mcnonb3oBaHWe  BUMTAMWMHM3MPOBAHHONO  HAMUTKA  Kak  KOHEYHOoro - obbekTa
TEXHO/IOTMYECKOM OLLEHKW MO3BONAET paccmMaTpmBaTb membpaHHy0 BOAOMOArOTOBKY He Kak
CaMOCTOATE/NIbHYIO OMepauUMio OYMUCTKM, a KaK COCTaBHYlD YacTb TEXHO/NOTMW MULLEBOTO
Npomn3BOACTBa. TakoM noAxo[ no3Bo/sAeT 0O0CHOBAHHO BblBMpaTb TAyOMHY MembpaHHON
06paboTkM BOAbl C YYETOM TPebOBaAHMN HE TONbKO K Cbipbld, HO WM K KayecTBy, BKYCOBbIM
CBOMCTBAM M CTabWUNIbHOCTM rOTOBOrO MPOAYKTA.

[aHHOe wnccneaoBaHWe NPOBOAMTCA B pamKax rpaHToBoro npoekta No AP23488817
«Pa3paboTka TEeXHOMOrMW MNPOM3BOACTBA BMTAMMHU3MPOBAHHbLIX HAMWTKOB, OOOralleHHbIX
KMCNOPOAOM, C MCMONb30BaHMEM CXEMbl CMMNAEKCHOM peleTkn Wedde», duHaHcnpyemoro
KomuteTom Haykm MUHUCTEPCTBA HayKM M Bbicliero obpasoBaHma Pecnybamkm KasaxcTaH Ha
2024-2026 roapbl.
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AHHOTauUuA

PaccmoTpeHa BO3MOMHOCTb MNPUMMEHeHMs 30/bl  pucoBoi wenyxu (3PLU) B KayecTse
KpeMHe3eMcoaepsKallero KOMMoHeHTa 6OeToHa. LUenb paboTbl coctoAna B PacyETHO-
aHAZIMTMYECKOM OLEHKe paHee MoJ/yYeHHbIXx OeTOoHHbIX coctasoB ¢ 3-5% 3PW u 0,8-1,2%
HedTellNama C Y4ETOM 3aKOHOMEPHOCTEN NOAYYEHMA PEAKLMOHHOCNOCOOHOM 30/1bl U KPUTEPUEB
aKkonornyeckon ahdeKTMBHOCTU. NpoaHaM3NPOBaHbI BAUSHUE peXMMa TEPMUYECKON 00PpaboTKK
PUCOBON LIeNyxn, OUBNKO-XMMUYECKME MexaHM3mbl denctema 3P m amHamumka Habopa
NPOYHOCTU. N5 TPEX COCTABOB pacCHMTaHbl aDCONOTHBIN M OTHOCUTENbHbIN MPUPOCT MPOYHOCTMH,
KO3QOUUMEHT Pa3BUTUA MPOYHOCTM, YMEHbLUEHME AOAM LEMEHTA U M3MEeHeHue 28-CyTOYHOM
NPOYHOCTM. YCTAHOB/MIEHO, YTO MPOYHOCTb Yepe3s 28 CyTOK cocTaBnana 66,4—68,8 Mlla, a
abCcoNMOTHbLIN NPUPOCT MexKay 7 1 28 cyTkammn — 22,5-23,6 MMMa. Mpu ymeHbLLIEHUM 40U LEMEHTA
Ha 8,3 n 16,7% OTHOCKMTENbHO MEepPBOro COCTaBa MPOYHOCTb CHWM3MAACb AMWb Ha 2,3 n 3,5%.
[oKa3aHo, YTO MOyYeHHble 3aBMCUMOCTM XapaKTePU3YHOT COBMECTHOE M3MEHEHNE KOMMOHEHTOB
M TpebyloT NPOBEPKM Ha MaPHbIX KOHTPO/bHbIX COCTaBax. JKo/a0rnyeckoe npemmyliectso 3PLLU
OO/KHO OLEHMBATLCA C YYETOM 3HEPTMM Ha CYLIKY, CKUFAHWE U MOMOJ, TPAHCMNOPTUPOBAHMA U
CTabUAbHOCTM KayecTBa 30/1bl.

KnioueBble cnosa: 30/na pucosBoi wenyxu, OeTOoH, MuHepanbHaa a[obaBKa, NyLLO0NaHOBAA
aKTMBHOCTb, MPOYHOCTb NPKM CKaTUK, TepMmmuyeckan 0bpaboTka, akonornyeckan adGekTUBHOCTb.

BBEAEHWE

CHMXKEHWE pecypCoOEMKOCTM LEMEHTHbIX MaTepManoB CBA3AHO C YaCTUYHOW 3aMeHOoM
NOPTAAHALEMEHTA  MMHEPANbHbIMW  KOMMOHEHTaMM  MPUPOAHOTO M TeXHOreHHoro
npoucxoxaeHna. Ocobbli MHTepec NPeACTaBAAKT OTXOAbl CE/NbCKOrO XO03AMCTBA, KOTOPble
00pasytoTcA  Ce30HHO, 3aHMMAOT  3HAYMTe/bHble MNAOWAAM NPU  XPaHEHUW K NpU
HEKOHTPOIMPYEMOM CXMIAaHUM CO34A0T MblAeBble WM ra3osble BbIOPOCbl. PucoBas LWwenyxa
OTHOCUTCA K TaKMM MHOFOTOHHAXKHbIM OTXo4am. [locne CXUraHMAa e€ OpPraHMYeckom 4YacTu
obpasyeTcA 30/bHbIM  OCTAaTOK C  BbICOKMM COAEPNKAHMEM KpemHe3éma, KOTopbi npwu
HnaronpuaTHOM Pa3zoBOM COCTaBe CNOCobeH NPOABAATL NYLLLOAAHOBY aKTUBHOCTb [1-3].

Ons KbisblnopanHckot obnactn nepepaboTka PUCOBOM LLIEAYXM MMEET pPernoHanbHoe
3Ha4yeHWe BCNeACTBME PA3BMTOro pmcoBoacTBa. OAHAKO NPOCTOe CKUraHue He obecneymsaeT
nonyyeHmne CTabunbHOM MUHEpPanbHOM A0DABKM: NPM HEAOCTAaTOYHOM AOCTyne BO34yXa B 30/€
COXpaHAETCA yrnepod, a Ype3mepHas TemnepaTypa U AAWUTeNbHAA BblAepXKKa CNoCcoOCTBYHOT
KpucTannmsaumm  KpemHezéma. KavectBo  3PLU  onpeaenserca  TemnepaTypoMu n
NPOAOMKUTENBHOCTBIO CXUMAHWUA, AOCTYNOM KMCA0POAA, COAEPKAHNEM NPUMECEN U TOHKOCTbIO
nomona [2, 3].
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AmopdHbin  SiO, B3aMMoOAENCTBYET C TMAPOKCMAOM Kanblumda, obpasyrolmmes npu
rmapaTaumn LemeHTa, ¢ bopMmmnpoBaHmnem aononHmuTenbHoro C=S—H. ZlncnepcHble 4acTuLbl TaKkKe
YONOTHAIOT CTPYKTYPY M CAYXKaT LeHTpaMn 06pa3oBaHMA r’mapaTHbIX ¢as. T MexaHU3Mbl MOryT
NoBbIWAaTb MPOYHOCTb M CHUMKATb MPOHULAEMOCTb DeTOHa, 0AHaKO 3bbEKT 3aBUCUT OT A03UPOBKMY,
BOAONOTPEOHOCTN 30/1bl M BOAOBANKYLLETO OTHOLEHMA [4-8].

Uenb paboTbl — BbINOAHUTL PACYETHO-AaHANMTUYECKYIOD OLEHKY paHee MoyYeHHbIX
0eToHHbIX coctaBoB ¢ 3PLI n HedTewnamom, cCOMOCTaBMB WX MPOYHOCTHbIE MOKa3aTeNn C
3aKOHOMEPHOCTAMM MNOATOTOBKN PEaKUMOHHOCNOCOOHOM 30/1bl U KPUTEPUAMKN IKONOTMYECKOM
abdeKkTMBHOCTM. [ANA AOCTUXKEHMA LLeAN NPOaHANM3NPOBaHbI pexmnm nonyveHuna 3PLL, cocTasbl
0eToHa, KMHEeTMKa Habopa NPOYHOCTU U OrpaHUYEeHUs, KOTOpble HEOBXOAMMO YYMTbIBATb NPU
MHTEPNpPeTaLMnN pe3ynbTaTos.

MATEPWA/NBI U METOAbI

O6beKTOM nccneoBaHWA CAyKUAM BeTOHHbIe COCTaBbl C MUMHEPaNbHOM A,0DABKOM 13 30/bl
PUCOBOW LWenyxu. B KayecTBe OCHOBHbIX KOMMOHEHTOB MPUMeEHANM nopTaaHauemeHT M400,
necok, webeHb, 3PLU n Hebonblioe KoNMYecTBO HedTewnama. HedpTewnam paccmaTpuBanca Kak
OAMH W3 KOMMOHEHTOB OMbITHOM CMECW, a OLEHMBAEMble MOKa3aTen XapaKTepus3osBanu
COBMECTHOE B/IMAHME BCEX KOMMOHEHTOB.

MoaroTtoska 3PLL BKAtOYANA OYMCTKY PUCOBOW LUENYXM OT MblIM U MOCTOPOHHUX NPUMeceN,
CYLLKY U TepMuyeckyto obpaboTky. Lenyxy Bbliaepxusanm npu 800 °C okono 2 4. B npouecce
HarpeBa UCXOHOE KOPUYHEBOE CbipbE NOCAeA0BaTE/IbHO NEPEXOAMNO0 B KAaPOOHM3MPOBAHHOE, a
3aTem B CBET/I0e 30/1bHOe COCTOAHMe. CBET/bIN LBET YKa3blBaeT Ha CyLLeCTBEHHOe BbIrOpaHue
OPraHMYecKoM 4acTu, HO He 3ameHAeT peHTreHodas3oBytd oueHKy cocTtoaHma SiO,. Mocne
CUTAHMA 30/1bHbIM OCTATOK NOANENKAN U3MENBYEHUIO ANA CHUKEHWUA KPYNHOCTM YacTuy, n bonee
PaBHOMEPHOTO pacnpefeneHna B LeMeHTHoM cucTeme. Craamm Tepmumyeckon 06paboTku
MoOKa3aHbl Ha pucyHke 1.

Puc. 1. Ctaanmn Tepmmyeckoin obpaboTKM PUCOBOM LLIEAYXM: @ — UCXOAHAA Wenyxa; 6 —
30/1bHbI OCTAaTOK Noce BblaepKmneaHma npun 800 °C okoo 2 4; B — KapbOHM3MPOBAHHbIN
NPOMEKYTOUYHbI MaTepunan [10]

MUKpOCKONMYecKoe MCCAe0BaHME MCNONb30BANAWN AR KAYeCTBEHHOM OUEHKM GOpMbl 1
NMOPUCTOCTM YacTuL, 30/bl. Ha mmkpodoTorpadmnmn BuaHa HeogHOPOAHAA NOBEPXHOCTb C PA3BUTOM
cMcTeMon Nop 1 nonocten (pUCyHoK 2). Takaa Mopdoa0rua YBeMYUBAET YaAEAbHYO NOBEPXHOCTb
MaTepurana, Ho MOXKeT MOBbILWATb ero BOAONOTPEOHOCTb. [10STOMY MUKPOCKOMMUYECKYIO KapTUHY
OLEHMBAIM COBMECTHO C JI@HHbIMW O TEPMUYECKOM 06paboTKe U M3MeNbYEHUN.
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Puc. 2. MUKpPOCTPYKTYpa 30/1bl PUCOBOW LLENYXM
[na sKcnepuMMeHTaNbHOM OUEHKM MCMONb30BaAN TpU paHee onybaMKoBaHHbIX OETOHHbIX
cocTtaga [10]. onto nopTaaHaLemeHTa nocneaoBaTeibHo cHMkanum ¢ 18,0 oo 15,0%, coaep:kaHune
3PLW nosblwanu ¢ 3 ao 5%, a HedpTewnama — ¢ 0,8 oo 1,2%. OAHOBPEMEHHO KOPPEKTMPOBAN
[ONW necka M WebHA. NoCKoNbKY HECKONbKO HaKTOPOB M3MEHANUCH OAHOBPEMEHHO, COCTaBbl
pPaccCMaTpMBaANM KaK Cepuo ANA CPaBHUTENbHOrO aHanu3a, a He Kak OAHOGMAKTOPHBbIN
3KCMEePUMEHT.

Tabn. 1. CocTaBbl HETOHA M MPOYHOCTb MPU CHKATUM MO paHee onybIMKOBAHHbIM AaHHbIM

[10]
n Np Mp
Ueme Hed ecOK e6eHb OYHOCTb, | OYHOCTb,
HT, % Tewnam, % | PLL, % % ! % ! MmMa MMa
° ° 7 28
CYTOK CYTOK
3 3 45, 68,
18,0 0,8 3 3 0 ) g
3 3 44, 67,
16,5 0,9 4 3 0 ; )
3 3 43, 66,
15,0 1,2 5 7 1 ) 4

M3roToBsieHHble 0bpasLbl UCMbITLIBAAM Ha CxaTue B Bo3pacTe 7 u 28 cytok. Obpasel,
pasmelann no UeHTPYy OMOPHOM NAWUTbI Mpecca, NOCNe Yero MNPUKNAAbIBAAM MOCTENEHHO
BO3PACTAlOLLYIO HarpysKy 40 paspyleHna. DUKCMPOBAIN MAKCUMANbHYIO HArpy3Ky M BU3yanbHO
Habntogann xapaktep obpa3oBaHMA M PACMPOCTPAHEHMA TPELIMH, a TaKXe BblKpallMBaHue
KpaeBblIX 30H.

[lna cpaBHUTENBHOrO aHaNM3a PaccYMTaHbl abCONOTHbBIM NPUPOCT NpoYHoCcTM AR = R28 - R7,
oTHocuTenbHbIM npupocT G = (R28 - R7)/R7 x 100%, KoaddULUMEHT pa3suTua npodHoctTn K =
R28/R7, oTHocUTenbHOE W3MeHeHWe 28-CyTOYHOM MPOYHOCTM WM YMEeHblUeHUE COAEePMKaAHMA
LeMeHTa Mo OTHOLEHMIO K cOCTaBy 1. 3T NOKa3aTen XxapaKTepmsyroT TONIbKO paccMaTpuBaemMyo
Ceputo, NMOCKONbKY BOAOBAXYLLEE OTHOLWEHWE B UCXOAHbLIX AAHHbIX HE NpUBeAeHO, a BMecTe C
LUEMEHTOM M3MeHANUCH coaepKaHue 3PLU, HedTewnama 1 COOTHOLLIEHWE 3aNONHUTENEN.
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PE3Y/IbTATbl NCC/TEAOBAHUA

Bo Bcex cocTaBax Habntoganca ycTomumBblin Habop MPOYHOCTM MexKay 7 M 28 cyTKamMm.
MakcmManbHaa 28-cyTovHasa npovHocTb 68,8 MIlla nonydyeHa 4na cocrtaBa 1, colepkasluero
18,0% uemeHTa, 3% 3PLU n 0,8% HedTewnama. Ans coctaBoB 2 M 3 3HAYEHMA cocTaBuUAM 67,2 1
66,4 MTlla cooTBeTCTBEHHO. [ANHamMMKa M3MEHEHWNA NPOYHOCTM NPeacTaBAeHa Ha PUCYHKe 3

=@— CocTaB 1: 3% 3PLU
== CocTaB 2: 4% 3PLU
=f= CocTaB 3: 5% 3PLU

70 A

U1 w o)) )]
o w o wv
L 1 1 1

Mpo4HOCTb Npu cxaTuwn, MMa

H
w
L

40 A

T T
7 cyTOK 28 cyTOK

Puc. 3. MpoYHOCTb NccnenoBaHHbIX HETOHHbIX COCTAaBOB Yepe3 7 1 28 CyToK
Tabn. 2. PacyéTHble NokasaTenu pasBmTMA MPOYHOCTH

Coctas | AR,MMa | Mpupoct,% | K=R28/R7 Crkenne AR28, %
uemeHTa, %
23,6 52,2 1,522 0 0
2 22,5 50,3 1,503 8,3 2,3
3 23,2 53,7 1,537 16,7 35

ABCOIOTHBIM NMPUPOCT NPOYHOCTU cocTaBun 22,5-23,6 MMMa, oTHocuTenbHbIM — 50,3—
53,7%, a KoapduuMeHT pa3BuTMAa npodHocTm — 1,503-1,537. Bansoctb KoapPpUUMEHTOB
YKa3biBaeT Ha COMOCTaBUMYIO AMHAMUKY TBepaeHus. HanbonblinMii OTHOCUTE/bHbLIA MPUPOCT
CcoCTaBa 3 YaCTUYHO CBA3aH C MEHbLUIMM MCXOAHbIM 3HAa4YeHMeM B BO3pacTe 7 CyTOK, MO3TOMY
OTHOCUTE/IbHbIE M abCOMOTHbIE NOKa3aTe M He0HX0AMMO OLLEEHNBATb COBMECTHO.

Mpn ymeHblIeHUN 40K LeMeHTa Ha 8,3 1 16,7% oTHOCUMTEeNbHO cocTaBa 1 NpoOYHOCTL Yepes
28 CYTOK CHM3MNACk COOTBETCTBEHHO Ha 2,3 1 3,5%. 3To npeAcTaBAAeT NPaKTUYECKUIM nHTepec ANs
COKpalleHWs pacxoda KAMHKEPHOro KOMMOHEHTA, OJHAKO He A0Ka3blBAaeT CaMOCTOATENbHYLO
abdekTmBHOCTL 3PLU: cocTaBbl He OblAM MAapHbIMKM, OAHOBPEMEHHO WM3MEHSNNCb HECKObKO
KOMMOHEHTOB, @ KOHTPObHbIM 6eToH 6e3 3PLL 1 HedTelwnama OTCyTCTBOBA.

Mpn ncnblITaHWMM HabNAANOCh PA3BUTUE MNPOAONbHbIX M HAKNOHHbIX TPELLMH C TOKabHbIM
BbIKpalUMBaHMEM KpaeBblXx 30H. [10AroToBAEHHble 00pasupbl M 3Tan MPUONKEHUA HarpysKu
noKasaHbl Ha PUCYHKe 4.
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Puc. 4. McnbiTaHne BeTOHHbIX 06pa3LoB: a — obpasubl nocae TBepaeHus; 6 —
pa3melleHne B Npecce; B — NpuaoxKeHune Harpysku [10]

MonyyeHHble 3HayeHMsa 66,4—68,8 Mlla NoATBEPKAAOT BO3MOMHOCTL POPMMPOBAHMSA
BbICOKOMPOYHOM KOMMNO3ULMKU NPK COBMECTHOM npucyTcTemm 3PLL 1 HedTewnama. Bmecte ¢ Tem
[0Ka3aTeNbCTBO MyLLLONAHOBOrO BKAaZa 30/bl TpebyeT KOHTPOAbHOrO COCTaBa M MPAMbIX
MeTodoB: onpeaeneHua octatodyHoro Ca(OH),, KanopumeTpuu, aHanmMsa MNOPUCTOCTU W
COMOCTaBNEHMA CMecel NPU 0AMHAKOBOM 3GGEKTUBHOM BOAOBAXKYLLEM OTHOLWEHUN. Pe3ynbTaThbl
OPYTMX MUccaefoBaHMA NOATBEPKAAT nepcnekTnBHOCTb 3PLU, HO He MOryT aBTOMAaTMYeCKM
nepeHoCnUTbCA Ha pPacCMaTpMBaeMble COCTaBbl M3-3a Pa3/IMiMi B LEMEHTe, [03MPOBKE U
noAroToBKe 30/bl [1, 5-9].

Skonormyeckoe npemmyulectso 3PU  cBA3aHO C  yTMAM3auMen OTX04a PUCOBOTO
NPOM3BOACTBA U NOTEHLMANBHBIM YMEHbLIEHMEM pacxoda nopTaaHauemeHTa. OgHako 3PLU He
ABNAETCA KOMMOHEHTOM C HY/1€BOM 3KONOTMYECKOM Harpy3kon. HeobxoamMmo yumTbiBaTb cOOp U
TPAHCNOPTUPOBAHME LUENYXM, CYLIKY, SHEPrMto Ha CXUraHue u MNOMOJ, TFa3004UCTKY W
CTabWNbHOCTb KayecTBa NPOAYyKTa. [103TOMYy CHWXKEHWe [O0AW UeMeHTa B Cepum Henb3s
NPUPaBHMBATbL K TaKOMY e YMeHbLUeHWIO YriepoaHoro cnefa. KoppekTHaa oleHKa A0/1KHa
BbINONHATLCA HA QYHKLMOHAMbHYIO eAMHMLY — Hanpumep, 1 m3 6eToHa 3a4aHHOM NPOYHOCTH U
gonroseyHocTtu [1, 9].

[na sbiaenenna adpodexta 3PLU ganbHelwana nporpaMma AOMKHA BKAKOYATb KOHTPO/IbHBbIN
6eToH 6e3 301bl M HedTelwnama, coctas ¢ 3PLL 6e3 HedTewnama v NapHble COCTaBbl, B KOTOPbIX
M3MeHAeTCA TONbKO OAMH GaKTop. BoaoBAXyllee OTHOWEHME, MOABWMMKHOCTb, TUM LEMEHT],
peXMM NepemMeLllnBaHuMA W YCNOBMA TBEPAEHMA CNedyeT COXPaHATb  MOCTOAHHbIMMU.
XapaKTepUCTUKM 30/bl AOJIKHbI BKAtOYaTb codepaHue SiO,, noTepu nNpu NpoOKaAnBaHuw,
rPaHyNOMETPUIO, YAENbHYIO MOBEPXHOCTb M KONMYECTBEHHYIO OLLEHKY aMOpPPHOMN dasbl.

BbIBOAbI

1. Tepmmyeckan obpaboTka prcosoit wenyxmn npmn 800 °C okono 2 4 obecneymnia nonyyveHme
CBET/IOrO 30/IbHOrO OCTaTKa, OAHAKO ero ¢as30Bbli COCTAaB WM PEAKUMOHHYK CNOCOBHOCTb
HeobxoAMMO NOATBEPKAATb MHCTPYMEHTANbHBIMW METOAAMM.

2. Mo paHee onybAMKOBaAHHbIM AaHHbIM aBTOpOB, HeToHbl ¢ 3-5% 3PW un 0,8-1,2%
HedTewNama MMmenn 28-cyToUHYo NPoYHOCTb 66,4—68,8 Mlla. ABCONOTHbIM MPUPOCT NPOYHOCTU
Mmexay 7 n 28 cyTkamm coctaBun 22,5-23,6 MIMa, otHocuTenbHbi — 50,3-53,7%.

3. Mpu cHWKeHMn gonm uemeHTa Ha 8,3 un 16,7% OTHOCMTENbHO MepBOro coctaBa 28-
CYTOYHAA MPOYHOCTb YMeHbLlUMAack Ha 2,3 1 3,5%. ITOT pe3ynbTaT XapaKTepusyeT COBMECTHOe
M3MEHEHNE KOMMOHEHTOB U He AOKa3blBAET OTAENbHOIO BAMAHMA 3PLL.
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4. 1na onpeaeneHns onTMmasabHOM A03npoBKkM 3PLL HeobxoaMmbl NapHble KOHTPObHbIE
COCTaBbl NPY NOCTOAHHOM BOAOBANXYLEM OTHOWEHMMK, @ TaKXKe nccaefosaHma ¢a3oBOro cocrtasa
30/1bl, TOPOBOW CTPYKTYPbI U AONTOBEYHOCTM BETOHa.

5. 3Konormyeckyto 3PpPeKTUBHOCTb CaedyeT OLeHMBaTb C Y4ETOM 3aTpaT 3IHEPruu u
MaTepM1asioB Ha TPAHCMOPTMPOBAHME, CYLLKY, CXUTAHNE, UIMENbYEHNE N KOHTPOIb KadecTsa 3PLL
B pacyéTte Ha OeTOH 0AMHAKOBOM QYHKLIMOHAIbHOCTM.
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Introduction

Learners who spend years in contact with a second language often continue to produce
the same inaccuracies, even when their comprehension is excellent and their communication is
fluent. This persistent gap between understanding and accurate use is especially visible with
complex structures, that is, forms that are morphologically intricate, semantically opaque, or
perceptually weak. A central question for second language research is why such forms resist
acquisition even when they occur in the input again and again. One influential answer is that the
critical variable is not the amount of input but the amount of attention that learners give to
particular features of it.

This article, the first in a three-part series, examines the cognitive foundations of learning
complex structures in an instructed setting. It begins with the claim that input becomes usable for
learning only when it is noticed [9, pp. 129-158], and it asks what kind of attention and awareness
this requires. The article then reviews research that has measured awareness directly, through
verbal reports and eye-tracking, and considers the role of output production in drawing learners'
attention to gaps in their knowledge [10, pp. 235-253; 12, pp. 371-391]. It also addresses the
relationship between implicit and explicit knowledge, which determines how conscious attention
can contribute to fluent performance [4, pp. 129-140].

The argument developed here is that complex structures place special demands on
attention because they are often redundant for meaning, brief in form, or unfamiliar from the first
language. Such structures are the ones most likely to escape notice under conditions of exposure
alone. Instruction that directs attention to them, and that then requires learners to use them,
addresses a cognitive bottleneck rather than simply adding information. The two subsequent parts
of the series will turn to corrective feedback and interaction (Part Il) and to curriculum sequencing,
task design, and assessment (Part Il1).
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1. Attention as a Gateway to Learning

Any account of second language learning must explain how a learner moves from
encountering a sentence to storing something from it that can be used later. Learners are exposed
to far more linguistic information than they can process, and much of what they hear or read
passes through without leaving a durable trace. Attention is the mechanism that selects some of
this information for further processing. In cognitive psychology, attention is usually described as a
limited resource: people can focus on only a small amount of information at any moment, and
what they attend to is processed more deeply than what they ignore.

In language learning, this limitation has a particular consequence. When learners listen or
read, their primary concern is typically to understand the message. The processing capacity
available is directed first toward meaning, so grammatical features that do not affect
comprehension may receive little or no attention. A learner who understands that a story
happened in the past from the adverb yesterday, for example, may never need to process the past
tense ending on the verb. The form is present in the input, but the learner has no communicative
reason to attend to it.

This is why the study of attention has become central to explanations of the limits of
exposure. Schmidt [9, pp. 129-158] proposed that subliminal language learning is impossible and
that what learners consciously register in the input is what becomes available for learning. The
claim was deliberately strong. It meant that frequency of exposure by itself is not enough, since a
form that occurs a thousand times without being registered contributes nothing. It also meant
that the research agenda should focus on the conditions under which learners attend to forms,
and on what pedagogy can do to create those conditions.

N. Ellis [1, pp. 143-188] offers a complementary perspective from the study of frequency
effects. He argues that learning depends on the frequency with which forms occur in the input,
but that frequency works through associative processes that themselves depend on attention.
Cues that are frequent but of low salience, or that are redundant with other cues, are learned
poorly, because learners attend preferentially to cues that are reliable, salient, and informative.
Many complex grammatical morphemes have exactly the opposite profile, and this helps to
explain why they are acquired late even by learners who are exposed to large amounts of input.

It follows that attention is not merely a background condition of learning but a variable
that teachers and materials designers can influence. The remaining sections of this article examine
how this can be done, what evidence supports the claim that attention and awareness matter,
and what limits must be acknowledged.

2. The Noticing Hypothesis and Its Refinements

The noticing hypothesis in its original form holds that input becomes intake only if it is
consciously noticed [9, pp. 129-158]. Schmidt distinguished noticing, which is the conscious
registration of a specific instance of a form, from understanding, which is the recognition of a
general rule or principle. He argued that noticing is necessary for learning, whereas understanding
is facilitative but not required. This distinction matters for pedagogy, because it suggests that
instruction need not always provide full explanations. Sometimes it is sufficient to draw attention
to instances of the form, provided that learners actually register them.

Robinson [8, pp. 283—331] refined the hypothesis by analyzing what noticing involves in
cognitive terms. He defined noticing as the detection of a stimulus together with its rehearsal in
short-term memory, and he argued that this kind of processing requires a degree of focal attention
and awareness. His analysis emphasized that memory is crucial: a form that is detected but
immediately forgotten cannot contribute to learning. Noticing, on this view, is not an
instantaneous event but a process that depends on the learner's capacity to hold and rehearse
the information long enough for it to be integrated with existing knowledge.
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A second refinement concerns the distinction between different levels of awareness.
Researchers have distinguished between mere detection, which can occur without awareness,
and noticing with awareness, in which the learner is able to report the form that was attended to.
The possibility that detection without awareness contributes to learning has been debated.
Schmidt's original claim was that the conscious level is required, but later researchers have
proposed that some implicit learning is possible and that attention and awareness are separable
constructs. The debate remains unresolved, although most researchers agree that attention is
necessary and that awareness strengthens learning.

A further point is that noticing is selective and depends on prior knowledge and
expectations. Learners are more likely to notice a form when they have a place in their existing
system to put it, which is one reason why structures that are close to first language patterns are
noticed more readily than those that are not. Conversely, when a form has no correspondent in
the learner's first language, it may be invisible: the learner has no category for it, and so the input
contains nothing to be noticed. Complex structures that are typologically distant from the first
language therefore present a double difficulty, since they are hard to notice and hard to integrate
once noticed.

The hypothesis has also attracted criticism. Some researchers have argued that it is difficult
to test, because noticing is an internal state that can be measured only indirectly, and that the
strong claim of necessity is hard to falsify. Others have argued that the concept is too coarse to
capture the variety of attentional processes involved in language learning. These criticisms have
led to more careful research designs, including the use of verbal reports and, more recently, eye-
tracking, which are discussed in the following sections.

3. Evidence on Awareness in Learning

Research on awareness has sought to determine whether learners who show awareness
of a target form learn it better than learners who do not. The most common method has been the
think-aloud protocol, in which participants verbalize their thoughts while completing a task. The
protocol is used to classify participants according to whether they show signs of having noticed
the target form, and the classification is then related to performance on later tests.

Leow [6, pp. 557-584] used this method in a study of adult learners of Spanish who
completed a crossword-style task while thinking aloud. He reported that learners who showed
awareness of the target forms in their protocols were better able to recognize and produce those
forms afterward than learners who showed no such awareness. The study has been widely cited
as evidence that awareness matters for learning, and it was influential in showing how the concept
could be operationalized in an experimental setting. It also suggested that awareness is not simply
present or absent, but can be characterized at different levels, from a basic report of having
noticed a form to an articulated rule.

Interpreting such findings requires care. One concern is reactivity, which refers to the
possibility that thinking aloud changes the way a task is carried out. A participant who is asked to
verbalize may attend more to form than he or she otherwise would, and so the protocol may
inflate the apparent role of awareness. Another concern is that verbal reports capture only what
learners are able and willing to say, so participants who noticed but did not report the noticing
may be misclassified as unaware. Researchers have tried to address these concerns by comparing
think-aloud and non-think-aloud groups and by triangulating verbal reports with other measures,
and the results suggest that the effects of reactivity are usually modest but not zero.

A second body of evidence comes from meta-analyses of instruction. Norris and Ortega (7,
pp. 417-528] found that instruction involving explicit techniques, which by definition encourage
awareness of the target form, produced larger effects than instruction without such technigues.
Spada and Tomita [13, pp. 263—308] reached a similar conclusion in an analysis that considered
the complexity of the target features. These findings are consistent with the noticing hypothesis,
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although they do not test it directly, since explicit instruction affects learning in several ways
besides increasing awareness.

Taken together, the research on awareness supports a moderate conclusion. Learners who
notice forms are in a better position to learn them, and techniques that encourage noticing tend
to improve learning. However, the evidence does not show that learning is impossible without
awareness, and some forms of implicit learning clearly occur, especially for frequent and regular
patterns. For complex structures, where input is often insufficient for implicit learning to succeed
within a realistic time frame, the case for promoting awareness is particularly strong.

4. Attention Measured Directly: Eye-Tracking Research

Verbal reports rely on what learners say about their own processing, and this reliance has
prompted researchers to seek more direct indicators of attention. Eye-tracking is one of the most
promising. The technique records where and for how long a reader looks at each part of a text,
and it rests on the assumption that longer fixations indicate deeper processing. Because eye
movements are largely outside conscious control, the method avoids some of the problems of
self-report.

Godfroid, Boers, and Housen [3, pp. 483-517] applied this technique to the question of
incidental vocabulary learning. Participants read a text containing unfamiliar target words while
their eye movements were recorded, and they were later tested on their knowledge of those
words. The study found that learners spent more time on target words than on known words,
which indicates that unfamiliar items do attract attention, and that the amount of attention given
to a word was related to how well it was later remembered. The findings supported the idea that
attention is a mechanism that mediates between input and learning, and they showed that
individual differences in attention to particular items predict learning outcomes.

Although the study concerned vocabulary rather than grammar, its implications extend to
complex structures. Words are typically more salient than grammatical morphemes, and they
carry independent meaning. If learners need to be drawn to unfamiliar words, one can expect that
unfamiliar grammatical forms, which are less salient and often redundant, will receive even less
attention unless the text or task directs them to it. The eye-tracking evidence therefore
strengthens the argument that exposure alone may leave complex forms unprocessed.

Eye-tracking also has limitations. A long fixation may indicate difficulty rather than learning,
for instance when a reader struggles to parse an unfamiliar construction, and so the relationship
between attention and learning is not always straightforward. Moreover, the method records
attention to visual text and cannot be applied directly to listening, which is the modality in which
many complex forms are most easily missed because they are reduced or unstressed.
Nevertheless, the method provides an objective complement to verbal reports and has
contributed to a more detailed picture of how attention operates during reading.

These results have a practical implication. If attention to a form can be increased by making
it more salient, then teachers and materials designers have tools available. Typographical
enhancement, such as bolding or underlining the target form, can draw the reader's eye;
repetition of the form within a text increases the number of opportunities to notice it; and tasks
that require learners to use the form to complete an activity make it necessary to process it. Each
of these techniques can be seen as a way of redirecting limited attentional resources toward
features that would otherwise be overlooked.

5. The Role of Output in Drawing Attention to Form

Attention to form can also be prompted by the learner's own attempts at production.
Swain [10, pp. 235-253] observed that students in Canadian French immersion programs
developed excellent comprehension skills but continued to make errors in their speaking and
writing, and she hypothesized that this was because comprehension can proceed without full
syntactic analysis, whereas production forces learners to process grammar. When learners must
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express a meaning, they cannot rely on context and vocabulary alone; they must select a
grammatical structure, and this selection may reveal that they do not know how to say what they
want to say.

Swain [11, pp. 125-144] later specified three functions of output. The first is the noticing
function: in trying to produce the target language, learners may notice that they lack the means
to express what they wish to say, and this recognition of a gap may prompt them to attend to
relevant input on subsequent occasions. The second is the hypothesis-testing function: learners
use output to try out a form or structure and to see whether it works, which gives them an
opportunity to receive feedback. The third is the metalinguistic function, in which learners use
language to reflect on language, for example when they discuss with a partner how to express an
idea. Each function involves a level of attention to form that listening or reading does not
necessarily demand.

Swain and Lapkin [12, pp. 371-391] provided empirical evidence for the noticing function.
They asked students of French to complete a writing task while thinking aloud and then examined
the moments at which the students became aware of problems in their own output. Such
problem-solving episodes frequently led to modifications in the written text, and they suggested
that the writing task pushed learners to consider the language they were using. The study was
influential in showing that output can generate cognitive processes of the kind that the output
hypothesis proposed.

lzumi [5, pp. 168-196] examined the psycholinguistic rationale for the hypothesis and
considered whether production contributes to learning beyond what comprehension provides. His
analysis emphasized that output may promote noticing and that it gives learners opportunities to
process input more deeply when they receive it again after producing. Empirical results on this
point have been mixed, and it remains uncertain how much of the benefit of output derives from
the act of production itself and how much from the feedback that production elicits. The question
is important because it determines whether teachers should encourage production for its own
sake or should see it mainly as a means of triggering feedback.

For complex structures, the contribution of output is potentially considerable. Because
these structures are often unnecessary for comprehension, learners can understand input without
processing them, but they cannot easily avoid them in production if the task demands precision.
A task that requires learners to describe a sequence of past events, to specify the referent of a
noun, or to express possession with the correct suffix pushes them to confront forms that they
could otherwise ignore. Output tasks of this kind work best when the target form is necessary for
successful completion of the task, and when learners have the time and resources to attend to
form as they speak or write.

6. Implicit and Explicit Knowledge: What Attention Can Achieve

Promoting attention and awareness raises the question of what kind of knowledge results.
Explicit knowledge is conscious and verbalizable, while implicit knowledge is intuitive and available
for spontaneous use. If instruction generates mainly explicit knowledge, the question arises
whether this knowledge can contribute to fluent performance or whether it serves only in tasks
that allow time for reflection.

Hulstijn [4, pp. 129-140] discussed this issue in his review of theoretical and empirical
studies of implicit and explicit learning. He proposed that the distinctions among types of learning
and types of knowledge be kept separate, and he drew attention to the methodological difficulty
of demonstrating that knowledge is implicit, since tasks that seem to tap implicit knowledge may
also allow the use of explicit knowledge. His analysis implies that claims about the impossibility or
possibility of conversion between the two kinds of knowledge should be treated with caution,
because the evidence depends on how the knowledge is measured.
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R. Ellis [2, pp. 141-172] addressed the measurement problem directly in a psychometric
study. He administered a battery of tests to a large group of learners and used factor analysis to
identify the constructs underlying their performance. The results indicated that tests requiring
speed and a focus on meaning, such as timed grammaticality judgments, oral narration, and
elicited imitation, tended to load on a factor that could be interpreted as implicit knowledge, while
untimed judgments with correction and tests of metalinguistic knowledge loaded on a factor that
could be interpreted as explicit knowledge. This work gave researchers a more principled way of
separating the two types of knowledge and of asking which kinds of instruction affect which.

The implications for complex structures are twofold. First, because these forms are difficult
to acquire implicitly within the time available to most learners, explicit knowledge may be the only
knowledge available for some time, and it is valuable in tasks such as writing and careful speech,
where learners can monitor their output. Second, for fluent use, the goal is that knowledge
become available under real-time conditions. Whether this happens through automatization of
explicit knowledge, through the facilitating effects of noticing on implicit learning, or through both,
the pedagogical conclusion is similar: attention-directing instruction should be followed by
extensive opportunities for use under communicative pressure.

The meta-analytic results are consistent with this conclusion. Norris and Ortega [7, pp.
417-528] noted that many studies relied on measures that favor explicit knowledge, and they
cautioned that the advantage of explicit instruction might be partly an artifact of measurement.
Subsequent work, including the analysis by Spada and Tomita [13, pp. 263—308], showed that the
advantage persists on measures designed to tap more spontaneous performance, although it is
generally smaller. The evidence thus suggests that explicit instruction contributes to both kinds of
knowledge, while leaving the exact mechanism open.

7. Why Complex Structures Are Especially Vulnerable

The preceding sections suggest that attention is the crucial variable in the acquisition of
complex structures. This section considers why these structures are especially vulnerable to
attentional failure, bringing together the properties that were introduced earlier in the article.

First, many complex structures are redundant for communication. A marker that duplicates
information already given elsewhere in the sentence, such as an agreement suffix on a verb whose
subject is explicitly stated, contributes little to the meaning and can be ignored without loss of
comprehension. Learners, who need to use limited processing capacity efficiently, tend to ignore
what is redundant. N. Ellis [1, pp. 143—188] describes this as a consequence of associative learning:
cues that add nothing to the prediction of meaning receive little weight, and they are learned
slowly.

Second, many complex structures are perceptually weak. Forms that are unstressed, brief,
or phonologically reduced do not stand out in the stream of speech, and they may be nearly
inaudible in fast conversation. Learners who depend on listening for their exposure will therefore
encounter such forms in a degraded state, and the probability that they will be noticed is low.
Visual text is more forgiving, but only if learners read with attention to form, which, as the eye-
tracking research shows, cannot be assumed.

Third, many complex structures involve categories that are foreign to the learner. When a
first language lacks a grammatical distinction, such as a distinction of definiteness or evidentiality,
the learner has no conceptual slot for it and may not perceive it as a meaningful contrast. Noticing
requires something to notice, and so the structure must first be made visible as a category before
individual instances can be attended to. Explicit explanation can serve this function by telling
learners that the distinction exists and what it is used for.

Fourth, complex structures often require integration of several pieces of information at
once. To use an inflected form correctly, a speaker may need to consider the tense, person,
number, and class of the word within a fraction of a second. Learners whose processing capacity
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is taxed by other demands, such as retrieving vocabulary and planning the message, may fail to
allocate attention to these details, which results in errors even when the relevant knowledge is
available. This is a further reason why knowledge obtained through explicit instruction does not
automatically appear in fluent speech: its use requires attention that may not be available in real
time.

These four vulnerabilities help to explain why immersion learners, who receive generous
exposure, nonetheless show persistent problems with particular forms [10, pp. 235-253]. They
also clarify what instruction should do for complex structures. It should make the forms
perceptible, make the categories understandable, reduce the cost of processing through practice,
and provide conditions in which attention to form becomes a habit rather than an exception.

8. Techniques for Directing Attention to Form

If attention is the gateway to learning, then the practical question is how teachers can open
it. Several families of techniques have been proposed, and they differ in how much they interrupt
the flow of meaningful activity and in how much they demand of the learner. At one end are
implicit techniques that operate on the input itself, such as increasing the frequency of a target
form in a text or enhancing it typographically. At the other end are explicit techniques, such as
rule explanation and metalinguistic discussion, which openly invite learners to think about
language.

Input enhancement belongs to the first group. A teacher or materials writer can prepare a
reading passage in which a target structure occurs many times, and can highlight it in bold or color.
The rationale follows directly from the research discussed above: if learners tend to overlook
forms that are unnecessary for meaning, then making the form visually salient increases the
chance that it will be registered [9, pp. 129-158]. The technique is easy to apply and does not
require learners to know any terminology, but it has a limitation. Highlighting directs the eye to a
form without telling the learner what the form means or why it is there, and for structures whose
function is opaque this may be insufficient.

Explicit explanation, in contrast, provides the conceptual information that noticing alone
cannot. A short statement of how a form is used and what contrasts it encodes can give learners
the category that they need to interpret the instances they meet. The meta-analytic evidence
suggests that such explanation is generally beneficial [7, pp. 417-528; 13, pp. 263-308], and it is
particularly relevant to forms that have no counterpart in the learner's first language. The cost is
that explanation takes time, and that, if it is not followed by meaningful use, it may produce
knowledge that remains inert.

Between these extremes are techniques that embed attention to form in tasks. A dictation-
based activity in which learners listen to a passage, take notes, and then reconstruct it in pairs is
a well-known example. The reconstruction stage pushes learners to compare their version with
the original and to discover differences in form, which brings together noticing, output, and
discussion, the three functions that Swain [11, pp. 125-144] associated with production. Activities
of this kind are valuable because they integrate the attentional and communicative demands of
language learning instead of separating them.

The choice among techniques should be guided by the nature of the target structure. For
transparent and salient forms, enhancement may be all that is needed. For forms that are opaque
or foreign to the learner's first language, explicit explanation will usually be required. For forms
that are available as knowledge but do not appear in spontaneous use, tasks that create pressure
for accurate production are most useful. In every case, the technique is a means of engaging
attention, and its success should be judged by whether learners do in fact process the form.

9. Individual Differences and the Limits of the Attentional Account

An account that places so much weight on attention must also consider that learners differ

in how much attention they can allocate and in how they allocate it. Working memory capacity,
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which determines how much information a learner can hold and manipulate at one time, is one
such difference. Learners with a greater capacity may be better able to keep a form in mind while
continuing to process meaning, which is the rehearsal that Robinson [8, pp. 283—331] regarded as
part of noticing. Learners with a smaller capacity may find that attending to form comes at the
expense of comprehension, and so they may benefit from tasks that reduce other demands.

Proficiency also plays a role. Beginners tend to devote most of their processing resources
to decoding meaning, and they may have little left over for form. Consequently, the demand that
a task places on attention should be matched to learners' level: a task that asks beginners to
process a complex structure while following a complicated storyline may be too demanding, while
the same structure embedded in a simple and predictable context may be manageable. As
proficiency increases and comprehension becomes more automatic, more attention becomes
available for form, which is one reason why advanced learners can benefit from more subtle
explanations.

The attentional account has limits that should be acknowledged. First, it does not by itself
explain why some forms, once noticed, are still learned slowly. Noticing a form is a precondition
for learning, but the integration of the form into the learner's developing system depends on
further processes that are not well captured by the concept of attention. Second, the evidence for
the necessity of awareness is less conclusive than the evidence for its usefulness. Some learning
of frequent and regular patterns evidently occurs without awareness, as usage-based accounts
emphasize [1, pp. 143-188], and complex structures may differ from simple ones in the extent to
which this is possible.

Third, most research on attention has involved short-term laboratory tasks with limited
target structures, and it is unclear to what extent the findings generalize to the extended and
varied conditions of classroom learning. A learner's attention in a classroom is shaped by
motivation, interest, fatigue, and social factors that are difficult to reproduce in experiments.
These limitations do not undermine the central claim that attention matters, but they counsel
humility about the precise mechanisms and about the strength of effects in real classrooms. They
also underline the importance of research that follows learners over longer periods and in realistic
instructional settings.

10. Pedagogical Implications

The research reviewed here suggests a number of principles for teaching complex
structures. The first is that instruction should be designed to direct attention to the target form at
the point where learners are processing meaning. Techniques such as input enhancement, brief
explanations embedded in meaningful activities, and tasks that require the form for successful
completion all aim to make the form noticeable without turning the lesson into a grammar
exercise. The emphasis is on attention, not on rule recitation.

Second, teachers should distinguish between techniques that encourage noticing and
techniques that encourage understanding. Noticing may be sufficient for forms that are
transparent and regular, while understanding is likely to be needed for forms whose function is
opaque. An article system, for example, cannot be learned merely by observing examples, because
the logic that governs them is not visible in the surface forms. In such cases, concise explanation
helps learners to interpret what they notice.

Third, output activities should be used deliberately. Tasks in which learners must write or
speak with a particular structure, and which allow them time to reflect on their language, can
trigger the processes that Swain [11, pp. 125-144] described. Collaborative tasks, in which
partners discuss how to express an idea, are particularly well suited to eliciting the metalinguistic
function. It is important that such tasks have a communicative purpose, so that learners are
attending to form in the service of meaning and not in isolation.



I Proceedings of the 14th International Scientific Conference

Fourth, noticing should be followed by practice that promotes fluent use. Since awareness
alone does not guarantee that knowledge will be accessible in real time, learners need repeated
opportunities to use the form under conditions resembling those of communication. This includes
activities with time pressure, and recycling of the form in new contexts over an extended period.
The aim is to make attention to form less effortful over time, so that the learner's limited
processing capacity is available for other demands.

Fifth, assessment should distinguish between explicit and implicit knowledge. A learner
who performs well on an untimed grammar test may still be unable to use the form in
conversation, and teachers who rely only on the former will overestimate progress. Incorporating
timed and meaning-focused tasks into assessment, in line with the distinctions developed by R.
Ellis [2, pp. 141-172], gives a more accurate picture of what learners can actually do.

Sixth, teachers should plan for the different starting points of their learners. A class is rarely
uniform in proficiency, working memory, or first language background, so a single technique
applied to all learners will affect them unevenly. Offering a range of activities, for instance an
enhanced text for those who need only a prompt, a short explanation for those who need a
category, and a production task for those who already have the knowledge but do not use it, allows
the same target structure to be approached from several directions. Such differentiation need not
multiply the teacher's workload if the activities are built around a common text or theme.

Finally, teachers can help learners to become better managers of their own attention.
Learners who understand why certain forms are easily missed can be encouraged to read and
listen with greater attention to those forms, to keep notes on structures they find puzzling, and to
compare their own writing with model texts. This kind of strategic awareness does not replace
instruction, but it extends its effects beyond the classroom, where the great majority of learners'
exposure takes place. Over time, habits of attentive reading and listening may prove to be among
the most durable outcomes of a well-designed course.

Conclusion

This article has argued that attention and awareness are central to the learning of complex
language structures. Input is necessary but not sufficient, because learners process only a fraction
of what they encounter, and they tend to ignore features that are redundant, brief, or unfamiliar.
The noticing hypothesis and its refinements explain why, and research using verbal reports and
eye-tracking supports the claim that attention to specific forms is related to learning. The output
hypothesis adds that production can draw learners' attention to the gaps in their knowledge,
which is especially valuable for forms that comprehension can bypass.

At the same time, the research leaves several questions open. It is not yet clear how much
learning can occur without awareness, how explicit knowledge becomes available for spontaneous
use, or how much of the benefit of output comes from production itself rather than from the
feedback it invites. Progress on these questions will depend on designs that combine direct
measures of attention with sensitive measures of implicit and explicit knowledge, and that follow
learners over longer periods than most studies have done.

For pedagogy, the conclusion is that teaching complex structures is largely a matter of
managing attention: making forms noticeable, making categories understandable, pushing
learners to use forms in production, and providing the practice that turns conscious knowledge
into fluent performance. The next part of the series turns to one of the most powerful tools for
achieving this, namely corrective feedback within interaction.
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Abstract. This article examines the role and pedagogical potential of digital resources in
teaching the Kazakh language and literature in the context of contemporary education. The rapid
integration of digital technologies into educational practice has transformed not only the ways in
which instructional content is delivered but also learners’ modes of engagement, teachers’
professional practices, and approaches to lesson design. The article focuses on the use of
electronic educational resources, multimedia materials, online platforms, electronic dictionaries,
interactive exercises, digital storytelling, podcasts, and artificial intelligence-based tools in Kazakh
language and literature education. Particular attention is paid to the potential of digital resources
to enhance vocabulary acquisition, consolidate grammatical knowledge, and develop learners’
listening, speaking, reading, and writing skills. In literature education, digital technologies can
facilitate access to the historical and cultural contexts of literary works, support character analysis,
encourage creative responses, and promote students’ independent interpretation of texts. At the
same time, the article considers a number of challenges associated with the digitalization of
education, including the digital divide, the reliability of online information, academic integrity,
excessive screen time, and teachers’ digital competence. The analysis demonstrates that the
pedagogical value of digital resources does not depend on the number or technological
sophistication of tools employed, but rather on their alignment with learning objectives, subject
content, and learners’ needs. The article concludes that the purposeful and pedagogically
grounded integration of digital technologies can enrich Kazakh language and literature education
while supporting the development of learners’ linguistic, communicative, creative, and digital
competencies.
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Introduction

The rapid development of information and communication technologies has brought
significant changes to contemporary education. Learners increasingly access information not only
through traditional textbooks and teacher-led instruction but also through electronic resources,
online platforms, multimedia content, interactive exercises, and digital communication tools.
Consequently, the digitalization of education should not be viewed merely as a process of
technological modernization. Rather, it represents a broader pedagogical transformation that
requires educators to reconsider both instructional content and teaching methodology.

The 2023 UNESCO Global Education Monitoring Report emphasizes that the educational
value of technology depends not simply on its availability or use, but on its relevance to specific
learning objectives, accessibility, effectiveness, and sustainability [1]. From this perspective, the
primary purpose of introducing digital technologies into the classroom should not be to replace
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traditional forms of instruction mechanically, but to create more effective conditions for learning
and learner engagement.

This issue is particularly relevant to the teaching of the Kazakh language and literature.
Kazakh language education aims to develop learners’ linguistic competence, expand their
vocabulary, improve their oral and written communication skills, and foster an understanding of
linguistic norms. Literature education, in turn, focuses on the comprehension, analysis, and
interpretation of literary texts, the development of aesthetic awareness, and the understanding
of national cultural values. Digital resources can provide additional methodological opportunities
for achieving these objectives.

Recent studies on digital resources in Kazakh language education demonstrate their
potential for organizing lexical and grammatical activities, incorporating multimedia materials, and
developing language skills [2]. At the same time, the emerging field of digital linguodidactics
reflects new approaches to teaching the Kazakh language and literature through interactive
technologies, multimedia, digital storytelling, podcasting, and artificial intelligence-based tools [3].

The purpose of this article is to examine the pedagogical potential of digital resources in
teaching the Kazakh language and literature and to identify the principal ways in which these
resources can be integrated effectively into the educational process.

The study is based on the analysis and synthesis of relevant scholarly literature,
comparative analysis, systematization, and pedagogical-methodological generalization.

1. The Role and Nature of Digital Resources in Education

Digital educational resources can be defined as electronic content and tools designed to
support the acquisition, consolidation, assessment, and independent study of educational
material in accordance with specific learning objectives. They include electronic textbooks, digital
libraries, electronic dictionaries, audio and video materials, online learning platforms, interactive
exercises, assessment systems, mobile applications, and artificial intelligence-based tools.

One of the principal advantages of digital resources over traditional instructional materials
is their ability to present information through multiple modes. For example, when learning a new
word, students can see its written form, listen to its pronunciation, examine its use in context, and
consolidate their understanding through interactive exercises. Such multimodal input is
particularly valuable in language education.

However, the mere presence of digital technologies does not automatically lead to
improved learning outcomes. When a digital tool is poorly aligned with the objectives of a lesson,
it may distract learners from the core educational task. Therefore, the selection of digital resources
should be based primarily on their pedagogical function rather than on their technological
sophistication.

When selecting a digital resource, teachers should consider several questions: What
learning objective does the resource address? What type of activity will learners perform? Which
linguistic or literary competence will be developed? What form of feedback will be provided? How
reliable and academically sound is the information presented?

Thus, a digital resource should not be regarded as an educational objective in itself. Rather,
it is @ means of facilitating and structuring learners’ educational activities.

2. Digital Resources in Kazakh Language Education

The use of digital resources in Kazakh language education offers considerable
opportunities for presenting linguistic material in diverse formats. The integration of text, audio,
video, and interactive activities can create a more comprehensive and engaging language-learning
environment.

2.1 Digital Resources for Vocabulary Development

Vocabulary development is one of the fundamental objectives of language education.

Digital resources make it possible to introduce and consolidate new vocabulary in meaningful
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contexts. For example, a short video related to a particular topic can be presented after
introducing key lexical items. Following the viewing, learners can identify the meanings of
unfamiliar words and use them in their own sentences.

Such activities integrate several language skills, including listening, visual comprehension,
speaking, and writing. As a result, newly acquired vocabulary is more likely to move beyond passive
recognition and become part of learners’ active linguistic repertoire.

Tuyakbayeva, Ashenova, and Mansurov demonstrate that digital technologies can be
effectively integrated into lexical and grammatical activities in Kazakh language instruction. Their
study highlights the potential of digital environments for introducing new vocabulary, working
with video materials, and encouraging learners to engage actively in language-related tasks [2].

Electronic dictionaries can also serve as valuable resources for vocabulary development.
However, effective lexical learning should go beyond simply identifying a translation. Learners
should also examine a word’s meaning, collocations, grammatical properties, and contextual use.
2.2 Interactive Technologies in Grammar Instruction

The grammatical system of the Kazakh language can be challenging for learners,
particularly when grammatical rules are presented in an abstract manner. Digital platforms can
make grammar instruction more practice-oriented by combining explanations with interactive
exercises.

For instance, when teaching case endings, learners can match nouns with appropriate
suffixes, select the correct grammatical form in a sentence, or identify and correct errors. When
teaching verb tenses, learners can classify sentences according to their temporal meanings and
examine how grammatical forms change in different contexts.

An important advantage of digital exercises is the possibility of providing immediate
feedback. Learners can check their answers, identify errors, and make corrections without waiting
for subsequent teacher assessment. This can contribute to the development of self-monitoring
and self-assessment skills.

Nevertheless, automated feedback has limitations. Although a digital system can identify
an incorrect response, it may not always explain why the answer is incorrect or provide a
sufficiently nuanced linguistic explanation. Therefore, automated feedback should complement
rather than replace teacher guidance.

2.3 Developing Listening and Speaking Skills

Audio and video materials can play an important role in developing listening and speaking
skills in Kazakh language education. Podcasts, interviews, documentaries, short audio texts, and
authentic speech samples can introduce elements of a natural language environment into the
classroom.

A listening activity can be organized in three stages. The pre-listening stage prepares
learners for the topic and introduces key vocabulary. During the listening stage, learners identify
the main ideas and relevant details. In the post-listening stage, they discuss the content, express
their opinions, or summarize the information they have heard.

This three-stage approach transforms digital audio material from a passive listening activity
into an integrated language-learning task.

2.4 Digital Tools for Developing Writing Skills

Digital environments can also support the development of writing skills through electronic
text editors, online assignments, collaborative documents, and digital feedback mechanismes.

Learners can write essays, opinion pieces, letters, short articles, or reflective texts and
submit them through a digital learning environment. Teachers can then provide feedback on
content, organization, coherence, grammar, and language accuracy.

Importantly, the purpose of digital technology in this context is not to produce texts on
behalf of learners but to support the writing process. Learners should be encouraged to plan, draft,
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revise, edit, and finalize their own texts. In this way, digital tools can contribute to the
development of writing as a process rather than merely evaluating its final product.
3. Digital Resources in Teaching Kazakh Literature

The use of digital technologies in literature education has distinctive characteristics. A
literary work is not simply a source of factual information; it is also an aesthetic, cultural, and
intellectual experience. Consequently, digital resources should complement literary texts rather
than replace close reading and textual analysis.

3.1 Multimedia and the Interpretation of Literary Texts

Literary works are embedded in particular historical and cultural contexts. Historical maps,
photographs, documentary materials, museum collections, and other digital sources can therefore
provide useful contextual information and facilitate a deeper understanding of literary texts.

For example, when studying a historical novel or a work associated with a particular period,
students can examine visual and documentary materials related to the historical context. Such
resources may help learners understand the relationship between the events represented in the
literary work and the broader historical circumstances.

Nevertheless, the literary text itself must remain the central object of analysis. If
multimedia materials take precedence over reading, interpretation, and discussion, digital
technology may undermine rather than support the primary objectives of literature education.

Therefore, multimedia should be used strategically to provide context, encourage
comparison, support interpretation, and stimulate discussion.

3.2 Digital Storytelling

Digital storytelling is a particularly promising approach to literature education. It allows
learners to reconstruct a literary event, character, or theme using a combination of text, images,
audio, and video.

In Kazakh literature lessons, students can, for example:

—create a monologue from the perspective of a literary character;

— construct a digital timeline of events in a literary work;

—visualize relationships among characters;

— produce a short video addressing a central issue raised by the author;
— create a podcast discussing a literary work.

Such activities encourage learners to develop their own interpretations rather than merely
reproduce established literary analyses.

Recent research in digital linguodidactics identifies digital storytelling, podcasting, and
interactive learning as promising approaches for developing more learner-centered forms of
Kazakh language and literature education [3].

3.3 Visualization as a Tool for Literary Analysis

Visualizing the structure, character system, or central themes of a literary work can help
learners organize complex information and identify relationships within the text.

For example, students can create diagrams illustrating relationships among characters and
provide brief explanations of their roles in the narrative. They can also visualize the plot structure
by organizing major events chronologically or according to the composition of the work.

However, visualization should not replace textual analysis. Any interpretation should be
supported by evidence from the literary text. Digital diagrams and visual representations are most
effective when they function as tools for organizing and communicating analytical conclusions.

4. Digital Resources and Learner Engagement

Digital resources provide opportunities to differentiate learning activities and
accommodate differences in learners’ abilities, needs, and learning pace. Within the same topic,
teachers can provide tasks of varying levels of complexity.
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At a basic level, learners may match concepts or work with explicitly provided information.
At an intermediate level, they may identify linguistic or literary phenomena in a text. At an
advanced level, they may formulate and justify interpretations or complete creative and research-
based tasks.

Such differentiation can contribute to a more inclusive learning environment and allow
students to engage with the same content at an appropriate level of challenge.

A study focusing on the development of digital competence among students of Kazakh
philology identifies interactive learning, project-based activities, distance education, and
gamification as potentially effective approaches for developing digital skills. The study also
emphasizes the importance of teacher preparation and adequate technological infrastructure [4].

This finding highlights the importance of teachers’ digital competence. It is not sufficient
for educators to know how to operate a particular platform; they must also be able to determine
when and why it should be used and how it can be integrated meaningfully into the learning
process.

5. Teachers’ Digital Competence

The development of digital technologies does not diminish the role of teachers. On the
contrary, it expands their professional responsibilities. Teachers increasingly act as facilitators,
learning-environment designers, information evaluators, and guides who help learners navigate
increasingly complex digital spaces.

Teachers’ digital competence can be considered in several interconnected dimensions.

First, teachers need to be able to locate relevant digital information and critically evaluate
its reliability. Not all online materials are academically accurate or methodologically appropriate.

Second, teachers need methodological competence in selecting digital tools. When several
technological options are available, the most appropriate one should be selected based on the
specific learning objective rather than on novelty or popularity.

Third, teachers must promote active learner engagement in digital environments.
Watching a video or reading a digital presentation should not constitute the endpoint of the
learning process. Learners should be encouraged to analyze, compare, discuss, interpret, and
create.

Fourth, teachers need to interpret the results of digital assessment appropriately.
Automated assessment can provide useful information, but it cannot fully substitute for
professional pedagogical judgment.

Thus, the defining feature of a digitally competent teacher is not the extensive use of
technology but the ability to employ appropriate technologies purposefully, critically, and
pedagogically.

6. Challenges Associated with the Use of Digital Resources

Despite their potential benefits, digital resources also create a number of challenges. One
of the most significant is the digital divide. Learners do not necessarily have equal access to
computers, mobile devices, or reliable Internet connections. Consequently, digital assignments
should be designed in ways that do not disadvantage learners because of their technological or
socioeconomic circumstances.

A second challenge concerns the quality and reliability of online information. The Internet
contains a considerable amount of content related to the Kazakh language and literature that may
be inaccurate, insufficiently referenced, or methodologically unreliable. Teachers therefore need
to evaluate digital materials carefully and develop learners’ information and media literacy.

A third challenge is the risk of excessive reliance on digital technologies. The 2023 UNESCO
Global Education Monitoring Report emphasizes that the effectiveness of educational technology
varies across contexts and that issues of equity, accessibility, and educational purpose must be
considered when technologies are introduced [1].
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A fourth challenge is academic integrity. The rapid development of generative artificial
intelligence has made it increasingly difficult to distinguish between independently produced
student work and Al-generated content. This development requires a reconsideration of
assessment practices. For example, when assessing an essay, teachers may evaluate not only the
final text but also the learner’s understanding of the topic, planning process, use of sources,
drafting, revision, and oral explanation of the submitted work.

A fifth challenge concerns screen time. The teaching of language and literature relies
heavily on direct communication, oral interaction, expressive reading, discussion, and sustained
engagement with literary texts. Maintaining an appropriate balance between digital and non-
digital learning activities is therefore essential.

7. Effective Approaches to Using Digital Resources in Kazakh Language and Literature Lessons

The effectiveness of digital resources depends primarily on their alignment with clearly
defined learning objectives. Several practical approaches can therefore be recommended.

First, the digital dictionary approach. Learners investigate the meaning, synonyms,
antonyms, collocations, and contextual use of newly introduced vocabulary.

Second, the use of QR codes for supplementary materials. Additional audio, video, texts,
or source materials can be made available through QR codes, allowing learners to compare
supplementary information with the main lesson content.

Third, the digital character project. Students explore a literary character by presenting their
personality, actions, values, and role in the work in a visual or multimedia format.

Fourth, the “Letter to the Author” activity. Learners write an electronic letter to the author
of a literary work, expressing their interpretation and personal response. This approach combines
literary analysis with writing practice.

Fifth, podcast production. Learners prepare a short podcast devoted to a literary work,
language topic, or literary issue.

Sixth, digital discussion and debate. Learners discuss a particular issue raised in a literary
work and support their interpretations with evidence from the text.

In all these approaches, digital technology functions not as an end in itself but as a means
of promoting active, meaningful, and reflective learning.

Conclusion

Digital resources are becoming increasingly important in contemporary Kazakh language
and literature education. Digital technologies enable teachers to present educational content
through text, audio, video, visual materials, and interactive activities, thereby expanding the ways
in which learners can access, process, and communicate knowledge.

In Kazakh language education, digital resources can support vocabulary development,
grammar practice, listening and speaking activities, writing development, and timely feedback. In
Kazakh literature education, multimedia resources can provide historical and cultural context,
facilitate the analysis of characters and themes, support creative responses, and encourage
learners to develop their own interpretations of literary texts.

At the same time, digital technology should not be viewed as a complete substitute for
traditional pedagogical practices. Its effectiveness depends on clearly defined learning objectives,
appropriate educational content, learners’ needs, and teachers’ professional expertise.

The effective integration of digital resources requires technology to remain subordinate to
pedagogy. Teachers should first determine what knowledge, skills, or competencies learners are
expected to develop and then select the digital tools that best support these objectives. When
used in this way, digital technologies can move learners beyond passive consumption of
information and encourage them to search, analyze, compare, interpret, discuss, and create.

The development of digital linguodidactics offers new opportunities for presenting
national educational content in contemporary digital environments. Expanding high-quality
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Kazakh-language digital content, strengthening teachers’ digital pedagogical competence,
systematizing electronic educational resources, promoting the responsible use of artificial
intelligence, and digitizing Kazakhstan’s literary heritage may constitute important directions for
further development.

In conclusion, the principal value of digital resources lies not in replacing traditional

education with technology but in creating new opportunities for developing learners’ linguistic,
communicative, creative, and digital competencies. When digital resources are integrated
purposefully, critically, and pedagogically into the teaching of the Kazakh language and literature,
they can enrich the learning process and foster learners’ active engagement with language and
literary texts.

References

1.

Global Education Monitoring Report Team. Global Education Monitoring Report 2023:
Technology in Education — A Tool on Whose Terms? Paris: UNESCO, 2023. 424 p. ISBN 978-
92-3-100609-8.

Tuyakbayeva R.R., Ashenova A.T., Mansurov N.B. Types of Tasks, Used in the Process of
Teaching the Kazakh Language // Bulletin of L.N. Gumilyov Eurasian National University.
PHILOLOGY Series. 2023. Vol. 142. No. 1. P. 97-105. DOI: 10.32523/2616-678X-2023-142-
1-97-105.

Serikqyzy Zh., Satkenova Sh., Tleubaev S., Atakhanova N. Digital Linguodidactics as a New
Form of Education // Eurasian Journal of Philology: Science and Education. 2026. Vol. 202.
No. 2. P. 288-298. DOI: 10.26577/EJPh2022202624.

Imankulova M. Methods to Improve The Digital Competence of Students of Kazakh
Philology // Eurasian Journal of Philology: Science and Education. 2025. Vol. 199. No. 3. P.
220-228. DOI: 10.26577/EJPh2025199321.

European Commission. Digital Education Action Plan 2021-2027: Resetting Education and
Training for the Digital Age. Brussels: European Commission, 2020.



«Research Reviews» (October 1-2, 2026). Prague, Czech republic

Philosophical Sciences

The Intentional Nature of Speech Acts in P.
Grice’s Analytic Philosophy of Language

Arinova Olga Tastanbekovna

Associate Professor of the Department of Philosophy and Theory of Culture, Candidate of
Philosophical Science, Karaganda Buketov University, Karaganda, Kazakhstan

Belova Maria Nikolaevna

Master's student of the Department of Philosophy and Theory of Culture, Karaganda
Buketov University, Karaganda, Kazakhstan

Contemporary philosophy of language has shifted its research focus from understanding language
as an autonomous system of signs toward an analysis of the communicative, cognitive, and pragmatic
mechanisms through which meaning is constituted in the process of verbal interaction. In this context, we
believe that analytic philosophy of language is of particular importance. This area of research became
especially prominent in the second half of the twentieth century, when the focus of inquiry shifted from
the study of the meaning of linguistic expressions to the study of the ways in which such expressions are
used in specific communicative situations.

One of the most influential approaches underlying this transition was Paul Grice’s theory of
meaning, based on the fundamental premise that the meaning of a speech utterance cannot be
adequately explained solely in terms of its formal or lexical semantics. An essential component of meaning
is the intentional structure of a speech act, that is, the speaker’s orientation toward achieving a particular
communicative effect through the addressee’s recognition of that intention. For this reason, Grice’s theory
occupies a distinctive place in the history of analytic philosophy of language, as it connects semantics,
pragmatics, action theory, and the epistemology of communication.

Grice’s philosophical program developed within the context of the so-called linguistic philosophy
that emerged in the English-speaking intellectual environment of the twentieth century. Early analytic
philosophy was characterized by an attempt to investigate philosophical problems through the analysis of
language. Gradually, however, it became evident that the meaning of an expression is determined not only
by its logical form. An equally important question concerns what exactly a speaker is doing when uttering
a particular statement. In this regard, the works of J.L. Austin and J.R. Searle should be noted, as they
contributed to the development of speech act theory and treated utterances as forms of action. Thus,
Austin argued that “...in speaking, a person not only describes a state of affairs but also performs certain
actions: promising, warning, ordering, asserting, apologizing, and so forth”.

Grice continues this line of inquiry but shifts the analytical focus toward the intentional structure
of communication. Whereas Austin’s principal question concerns what action is performed by uttering a
particular statement, Grice raises a more fundamental question: how does a hearer understand what the
speaker means? In other words, the problem of meaning is transformed into the problem of rationally
reconstructing communicative intention. In our view, this constitutes one of Grice’s most significant
contributions to the philosophy of language.

More broadly, the distinction between natural and non-natural meaning is of central importance
to Grice’s conception. In his seminal article “Meaning”, Grice demonstrates that the expression “to mean”
is used in at least two distinct senses. In the case of natural meaning, the relation in question is causal or
factual: for example, certain spots on a person’s skin may mean that the person has a disease. In the case
of non-natural meaning, by contrast, we are dealing with the communicative use of a sign, whereby an
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agent seeks to communicate something to another agent through some action. It is precisely this second
sense that provides the foundation for Grice’s subsequent intentionalist account of meaning.

Thus, the meaning of a speech act is connected not only with the expression that has been uttered
but also with what the speaker intends to accomplish by means of that expression. In its simplest
formulation, one may say that a speaker means something when the speaker intends to produce a
particular belief or other psychological state in the addressee by means of the addressee’s recognition of
that intention. Grice nevertheless emphasizes that merely intending to produce a particular effect is
insufficient. What is crucial is the manner in which that effect is intended to be achieved. This is where the
epistemological dimension of Grice’s theory emerges: communication does not involve a simple
transmission of information from one mind to another but presupposes a particular structure of mutual
recognition of intentions. The speaker must intend to produce a particular state in the hearer, must intend
the hearer to recognize this intention, and the intended effect must be connected with that recognition. In
Grice’s classical formulation, it is precisely this reflexive structure that distinguishes communicative
meaning proper from the mere causation of a psychological effect.

Thus, the speech act in Grice’s theory possesses a complex intentional structure:

e the speaker intends to produce a particular state in the addressee;

e the speaker intends the addressee to recognize this intention;

e the recognition of the intention must play a role in the formation of the corresponding
state in the addressee;

e the communicative effect emerges as a result of the rational interaction between speaker
and hearer.

On the basis of the foregoing analysis, we conclude that this mechanism makes it possible to speak
of the epistemological foundations of meaning. The addressee does not merely perceive a sequence of
sounds and automatically extract information from it. Rather, the addressee reconstructs the reasons why
the speaker used a particular expression in a particular situation. Understanding therefore acquires the
character of a rational inference concerning another agent’s communicative intention.

This idea fundamentally transforms the conception of the nature of meaning. Whereas in
traditional semantics meaning is often associated with a stable correspondence between a linguistic
expression and a particular content, Grice demonstrates that, in actual communication, meaning depends
on the interaction of linguistic form, context, the speaker’s intentions, and the addressee’s rational
expectations. Meaning therefore cannot be reduced entirely either to lexical meaning or to the speaker’s
subjective intention. Rather, it is constituted within the space of their interaction.

In this context, we consider the distinction between what is said and what is implicated to be of
particular importance. Grice demonstrates that, by means of a single sentence, a speaker may
communicate more than is directly expressed by its semantic structure. It is here that the phenomenon of
conversational implicature arises. Conversational implicature constitutes content that the addressee
rationally infers from what has been said, taking into account the context, the presumed communicative
intention of the speaker, and the principles governing rational interaction.

The fundamental basis for such inference is the so-called Cooperative Principle, according to which
participants in a conversation are presumed to organize their contributions in a manner appropriate to the
purpose and direction of the communicative exchange. Grice formulates the principle as follows: “Make
your conversational contribution such as is required...,” that is, a participant should make a contribution
appropriate to the particular stage of the conversation and consistent with the accepted purpose or
direction of the exchange.
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On the basis of this principle, Grice distinguishes four categories of conversational maxims:
1. The Maxim of Quantity - provide the amount of information required;
2. The Maxims of Quality - do not say what you believe to be false or what you lack adequate
evidence for;
3. The Maxim of Relation - be relevant;
4. The Maxims of Manner - strive for clarity, avoid unnecessary ambiguity and obscurity, and
maintain an orderly form of expression.

It is important to note that these maxims should not be understood merely as formal rules of
conduct, since they describe the rational structure of communicative interaction. A participant in a
conversation presumes that, under normal circumstances, the other participant is acting rationally and is
oriented toward a particular communicative purpose. Consequently, the apparent violation of one of the
maxims may provide grounds for inferring additional meaning. It is precisely this mechanism that Grice
refers to as implicature. For example, if, in response to the question “How did the examination go?”, an
interlocutor answers, “Some of the questions were interesting”, the addressee may infer that the response
deliberately avoids providing a direct assessment of the examination as a whole. Given the presumed
relevance and informativeness of the response, an implicature may be derived: the examination was
probably not entirely successful or presented certain difficulties. This content, however, is not part of the
literal meaning of the sentence. Rather, it emerges through the interpretive work performed by the
addressee.

From the perspective of philosophy, what is particularly important in this mechanism is the
epistemological structure of communication. The addressee must possess certain background knowledge,
understand the context of the conversation, be familiar with general principles of rational behavior, and
assume that the speaker is also taking these conditions into account. Communication thus rests upon a
multilayered system of mutual expectations.

It is precisely here that the connection between Grice’s theory and epistemology becomes
apparent. The addressee’s knowledge of the speaker’s intention is not immediate. The addressee has no
direct access to the speaker’s consciousness. Instead, the addressee infers the speaker’s communicative
state on the basis of observable behavior and knowledge of the rules governing communication. This brings
the understanding of an utterance close to the general practice of explaining action: in order to understand
a person’s action, it is necessary to determine what goal the person was pursuing and why that particular
course of action was chosen.

In this respect, Grice’s theory may be regarded as a distinctive epistemology of social interaction.
Communicative understanding is based on the capacity of agents to attribute intentions, beliefs, and goals
to one another. Moreover, this capacity has a recursive character: the speaker knows that the addressee
is capable of recognizing the speaker’s intention, while the addressee, in turn, understands that the speaker
is relying upon such recognition. It is precisely this mutual orientation that makes communication
fundamentally different from the mere causal influence of one event upon another.

Consequently, intentionality in Grice’s theory cannot be reduced to an individual psychological
state; rather, it possesses an intersubjective structure. The speaker’s intention becomes communicatively
significant precisely because it is oriented toward another agent. Furthermore, it must be recognizable.
Meaning is therefore not merely an internal content of consciousness but also a potentially public structure
accessible to rational reconstruction.

It is noteworthy that in his work “Utterer’'s Meaning, Sentence-Meaning, and Word-Meaning”,
Grice substantially develops his initial model. He distinguishes between utterer's meaning, sentence
meaning, and word meaning, seeking to explain the relations among them. At the same time, the meaning
of a particular linguistic use remains fundamental to the analysis of more general forms of linguistic
meaning. In a later formulation, Grice further clarifies his position concerning the particular effect that the
speaker must intend to produce: in the case of assertions, what is essential is the intention to induce in the
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addressee the thought that the speaker holds a particular belief, whereas in the case of imperatives, the
relevant effect concerns the formation of a corresponding intention to act.

Thus, in our view, Grice’s theory connects the philosophy of language with the philosophy of action.
An utterance is simultaneously a linguistic object and an action performed by an agent. In order to
understand its meaning, it is necessary to consider not only what was uttered but also why it was uttered,
to whom, and in what context. Communicative rationality therefore becomes a fundamental condition for
the constitution of meaning.

Consequently, the intentional nature of speech acts in Grice’s theory makes it possible to overcome
the opposition between objective meaning and subjective intention. Meaning can be reduced neither to
an autonomous semantic structure nor to an arbitrary psychological state of the speaker. Rather, it is
constituted at the intersection of linguistic conventions, communicative intentions, contextual factors, and
rational mechanisms of interpretation.

In the twenty-first century, this model has acquired additional significance. The digitalization of
communication, the development of artificial intelligence, and the proliferation of multimodal forms of
interaction require renewed analysis of the relationship between linguistic form, intention, and
understanding. As the communicative environment becomes increasingly complex, the question of who
or what constitutes the bearer of an intention, how such intention is recognized, and what conditions make
it possible to regard a particular effect as the result of a speech act becomes increasingly relevant.

Thus, Grice’s philosophy of language may be interpreted as a philosophical strategy for
investigating meaning through the category of rational interaction. At its core lies the idea that human
communication is not a mechanical transmission of information but a process of mutual recognition of
intentions. The meaning of a speech act emerges because the speaker intends to be understood in a
particular way and the addressee is capable of reconstructing that intention. In this respect, Grice
substantially broadens the traditional conception of language. Language is not merely a system for
denoting objects and states of affairs in the world but also a domain of social action and epistemic
interaction. Through speech acts, agents do not merely transmit information; they also shape one
another’s beliefs, intentions, expectations, and actions.

For this reason, the intentional theory of meaning remains of fundamental importance to
contemporary philosophy of language. It makes it possible to understand meaning as the outcome of a
complex process in which semantic structure, communicative intention, rational expectation, and
contextual interpretation converge. The speech act becomes the domain in which one agent’s
consciousness becomes accessible to another not directly but through publicly recognizable signs and
rational procedures of interpretation.

Ultimately, the epistemological significance of Grice’s theory lies in its capacity to conceptualize
communication as a distinctive form of knowledge of another agent. Understanding an utterance becomes
a form of practical inference concerning another person’s intentionality. The constitution of meaning, in
turn, is a process in which linguistic form is transformed into a communicatively significant action through
the mutual recognition of rational intentions. In this respect, Grice’s theory occupies an intermediate yet
exceptionally productive position at the intersection of the philosophy of language, speech act theory,
epistemology, and the philosophy of action. In other words, meaning does not exist independently of
concrete use, yet neither does it dissolve into the speaker’s subjective psychology. It emerges within the
space of intersubjective interaction, where an intention must not only be formed but also recognized. It is
precisely this feature that makes intentionality one of the central mechanisms in the constitution of speech
meaning and preserves the philosophical relevance of Grice’s conception amid the transformation of
contemporary communication.
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Abstract. Our primary goal is to understand the formation and development of the idea of
personal freedom and the struggle for free human development in the early drama of Friedrich
Schiller, one of the greatest thinkers of the Enlightenment, within the context of the era's socio-
political conditions and the distinctive characteristics of German Enlightenment aesthetics, which
exerted a profound influence on the evolution of the universal concept of freedom.
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Methods. The paper presents a study and comparative analysis of 18th-19th century German
Enlightenment aesthetics, Schiller's early drama, and the writer's theoretical and philosophical
works. Furthermore, based on a comparative analysis of the works of Schiller scholars, issues of
theatrical aesthetics of the given period have been investigated.

Introduction. Schiller's life, theoretical and philosophical thought, practical literary career, and
public life represented an endeavor to establish national consciousness and the idea of freedom,
which, against the backdrop of the socio-political constraints of his era, constituted a major
progressive step in the development of public consciousness.

Discussion. 18"-19t" century Germany gave the world civilization its greatest philosophers and
poets. Their thought, their creativity, and the literary and philosophical works they produced
remain relevant to this day. For Germany, this period was a revolutionary era of thought. Lessing,
Goethe, and Schiller in literature and art; Kant, Fichte, Heidegger, and Hegel in philosophical
thought. No subsequent eras, philosophical schools, or literary movements could, directly or
indirectly, bypass the creations of the brilliant German thinkers of the 18th and 19th centuries. The
poetry, dramaturgy, and historical-aesthetic legacy of Friedrich Schiller have established a special
place in the history of world civilization. -----

Friedrich Schiller was born on November 10, 1759, in the town of Marbach in the Duchy of
Wirttemberg. He studied jurisprudence and later medicine at the military academy founded by
Karl Eugen, Duke of Wirttemberg. Students of the military academy were forbidden from meeting
their parents or speaking to them without the presence of supervisors; even their letters had to
undergo strict censorship. Despite the severity, the eight years spent at the Karlsschule (as the
military academy was called) could not suppress young Schiller's longing for freedom and his poetic
nature. At the Karlsschule, Schiller was introduced to the philosophy of the 18th-century French
Enlightenment thinkers Locke and Holbach, the dramas of Shakespeare, the poets of the European
Renaissance, and the works of contemporary German thinkers—Lessing and Goethe.

In the 1770s, a so-called literary-theoretical "rebellion" took place in Germany. This literary and
social movement is known as "Storm and Stress" (Sturm und Drang). It was "undoubtedly a
progressive phenomenon, serving as a fierce protest against Germany's backwardness" (Schiller
1961: 14), yet it was characterized by strict individualism. Emerging onto the literary scene, the
young Schiller went beyond the boundaries of Sturm und Drang in his first drama, The Robbers
(written at the Karlsschule); by depicting the failure of his protagonist Karl Moor's individualistic
rebellion, he challenged the fundamental trait of the "Stirmers"—individualism.
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"One of the most important monuments of world literature—The Robbers—is directly linked to
the traditions of German literature that emerged in the 1770s. Their finest examples were
represented by Lessing's Emilia Galotti and Nathan the Wise, Goethe's Gétz von Berlichingen and
The Sorrows of Young Werther, Blrger's Lenore, and the works of progressive writers from the
'Storm and Stress' period" (Lashkaradze 1955: 20). Schiller's The Robbers, like his other dramas, is
imbued with the idea of freedom and the pathos of the struggle against tyranny. In the character
of Karl Moor (The Robbers), who rises up against injustice, Schiller depicted the spiritual drama of
a noble human being. Karl says: "l cannot cramp my body into corsets, and lace up my will in laws..."
(Schiller 1961: 289)

In Schiller's second drama of the early period, Fiesco's Conspiracy in Genoa, the plot directed
against tyranny ends in failure. It ends in failure, yet the idea of freedom is not rejected. In Fiesco's
Conspiracy in Genoa, supporters of the idea of freedom and devoted fighters such as Calcagno,
Verrina, and others are ready to fight to the end to realize the ideal of liberty; however, at the end
of the tragedy, along with the republicans Sacco, Centurione, and Thibault, they kneel before
Fiesco. In such circumstances, Verrina's heartbreak over the impossibility of continuing the
struggle for freedom and his move toward compromise was logical. In The Robbers, Karl Moor, who
rose up against tyranny, also ultimately refuses to continue the struggle and rejects the idea of
combat, as he believes that establishing legality through illegality is impossible. "But the writer
clearly makes us feel that this is not the final defeat of Moor's cause. He makes us feel that this
cause will and must continue. This is evident in the finale of the work, where the robbers sharply
oppose Karl Moor and demand that he abandon his decision" (Khavtasi 1975: 326).

Schiller drew the plot of The Robbers from the German poet Christian Friedrich Daniel Schubart's
short story "Towards a History of the Human Heart," whereas the drama Fiesco's Conspiracy in
Genoa depicts the events of the 1547 uprising in Genoa. To study the history of the conspiracy, the
author utilized Cardinal de Retz's The Conspiracy of Count Jean Louis de Fiesque, William
Robertson's The History of the Reign of the Emperor Charles V, Franz Dominikus Haberlin's Detailed
Historical-Political Accounts of the Republic of Genoa, and Pierre-Jean-Baptiste Choudard-
Desforges's History of Famous Conspiracies, Plots, and Revolutions. As for his third early-period
drama, Kabale und Liebe (Intrigue and Love), the plot unfolds in one of the duchies of
contemporary Germany. The drama portrays the love story between Luise, the daughter of the
musician Miller, and Ferdinand, the son of the President. The class distinction rises as an
insurmountable obstacle between the lovers. Luise dreams of a time when all class barriers will be
abolished and all human beings will be equal. Ferdinand fights for equality, as the primary obstacle
to his and Luise's love lies in this social inequality. "Ferdinand's struggle against class privileges and
social barriers indicates, once again, that Schiller, rising up against the existing German reality, is in
search of ways and means of struggle" (Charkhalashvili 1981: 257).

From a dramaturgical standpoint, Intrigue and Love is one of the most flawless works of Schiller's
early period. In it, "every character serves to unfold the core idea, while organically participating
in the development of the action and representing a fully realized figure in their own right. The
naturalness of the characters is also striking. Even the monologues of Ferdinand and Luise
themselves are more ordinary and less high-flown than the tirades of the protagonists in The
Robbers and Fiesco's Conspiracy in Genoa. Yet, the main virtue of this work lies in the extraordinary
power and sharpness with which it exposes the existing perversity of the system" (Lashkaradze
1955: 61).

Imbued with the ideas of freedom is Don Carlos, the final drama of Schiller's early period. In this
drama, the struggle for the ideals of liberty is far more consistent than in Schiller's earlier works,
The Robbers, Fiesco's Conspiracy in Genoa, and Intrigue and Love.

The struggle for the ideals of freedom is the primary goal of Marquis Posa's actions. Although he
knows that the time has not yet come for the realization of the idea of freedom, he believes that
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ultimately no force will be able to suppress the spirit of the fight for liberty and that the historic
hour of victory will arrive. Schiller portrays Marquis Posa as the creative and driving force of history.
Marquis Posa considers an enlightened ruler to be the implementer of the ideas of freedom. He
believes that "a single stroke" of Philip's pen is enough "to renew and transform the entire world."
However, it must also be noted that while this path of social liberation is the most desirable and
acceptable way for Marquis Posa, it is still not the only one. In an extreme case, he does not reject
the revolutionary means of overthrowing despotism and the right of the people to reclaim through
rebellion and violence what is their "most sacred right" (Lashkaradze 1955: 67).

The dramas and poems of Schiller's early period are works that embody the poet's fighting spirit.
Although Schiller's freedom-fighting protagonists often act inconsistently, the most significant
virtue of their actions remains the pathos of the struggle for liberty. The common ideological axis
of The Robbers, Fiesco's Conspiracy in Genoa, and Intrigue and Love is the individualistic rebellion
of specific, relatively progressive individuals against the social perversity of the time. However
limited the struggle of the rebels depicted in Schiller's early dramas may be—regardless of the
aspect and form in which it is shown—Schiller nonetheless consistently embraced, from a
"Stirmer" ideological standpoint, the idea of fighting against the ruling regime.

In Schiller's early-period dramas, the concept of changing the existing reality through the moral
education of society is clearly evident. "Whether it is possible to transform an absolute monarchy
into a republic 'from above' under the leadership of an 'enlightened' monarch and morally
perfected, chosen individuals—this is the question that interests the author of the tragedy"
(Charkhalashvili 1981: 258). Schiller dedicated his theoretical works, "On the Contemporary
German Theater" (1782) and "The Theater Considered as a Moral Institution" (1784), to this
theme. Later on, between 1787 and 1797, Schiller primarily focused on works of a historical and
philosophical nature. In these writings, he theoretically substantiates the importance of an
individual's moral education for the transformation of the social order. In the spiritual development
of the personality, he attributes immense significance to art as the sole means of moral education.

Schiller believes that aesthetic education is the only real path toward human moral perfection,
which is essential for a human being to become a desirable member of society and to implement
social changes themselves. "Only free people can establish justice and a happy disposition among
individuals and nations" (Revishvili 1959: 19)—Schiller's early-period tragedy Don Carlos is
completely imbued with this idea.

Conclusion. Thus, "Schiller is precisely the poet whose preaching of philanthropy, unity, and
equality resonated most powerfully throughout the past century" (Gomarteli 1966: 54). In his
early-period dramas—The Robbers, Fiesco's Conspiracy in Genoa, Intrigue and Love, and Don
Carlos—Friedrich Schiller captures the spirit of the struggle for freedom and the republican
aspirations of his time. He embodies the ideal of personal freedom and free human development
championed by the great thinkers of Enlightenment-era Germany, asserting that a free individual
who achieves harmony between emotion and reason will define the service of societal well-being
as the core purpose of their life.
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Abstract

This study evaluated the effect of preliminary deworming with "lvergel" (0.4% ivermectin
oral gel) on the efficacy of vaccination against equine strangles (Streptococcus equi). The
experiment was conducted in 2025 at "Duniye-Agro" LLP (Almaty region, Kazakhstan) using 30
clinically healthy horses aged 1-5 years, randomly assigned into two equal groups (n=15). The
experimental group received a single dose of "lvergel" (200 pg/kg) 14 days prior to vaccination,
whereas the control group was vaccinated without prior anthelmintic treatment. Coprological
analysis revealed that "lvergel" reduced fecal egg counts (EPG) from 540 + 120 to 20 + 18,
achieving an antiparasitic efficacy of 89.8+3.7% (p <0.01). Enzyme-linked immunosorbent assay
(ELISA) demonstrated that specific antibody titers against S. equi in pretreated horses reached
1:640 + 80 on Day 14 and 1:920 + 90 on Day 28 post-vaccination, which was significantly higher
than in the control group ( 1:390 + 70 and 1:580 + 60, respectively; p < 0.05 ). No adverse
reactions were observed in the experimental group, while mild post-vaccination side effects were
recorded in individual control animals. These results confirm that preliminary deworming reduces
parasitic burden and optimizes the formation of post-vaccination humoral immunity against
strangles.

Keywords: strangles, Streptococcus equi, horses, vaccination, deworming, "lvergel",
ivermectin, humoral immunity, antibody titer, EPG.
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Introduction. Strangles (lat. strangles) is one of the most widespread and dangerous
bacterial diseases in horses, caused by Streptococcus equi subsp. equi — a highly contagious
pathogen transmitted via airborne droplets and direct contact. The disease is characterized by
acute inflammation of the head and neck lymph nodes, fever, and purulent nasal discharge, and
is frequently accompanied by complications such as abscesses in internal organs, tracheitis,
bronchopneumonia, and bastard strangles 1, p. 44, 2, p. 633].

The relevance of controlling strangles is supported by both national and international
research, particularly in regions with high stocking density and weak sanitary management. In
Kazakhstan, the epizootic situation regarding strangles remains tense, especially in the Almaty
region, where annual disease outbreaks are recorded [2, p. 633, 3, p. 23].

The prevalence of the disease remains high in farms characterized by dense stocking,
inadequate sanitary control, and a lack of regular vaccination routines [4, p. 319].

To date, vaccination is recognized as the primary method of specific prophylaxis against
strangles. Vaccines used in veterinary practice include inactivated, live, and attenuated bacterial
strains that induce specific humoral and cellular immunity [5, 6, p. 3].

However, immunization efficacy may decrease under the influence of several factors: the
physiological condition of animals, stress, feeding regime, and the presence of parasitic
infestations. Helminthiases caused by Strongylidae, Parascaris equorum, and Oxyuris equi
suppress the immune system, thereby increasing susceptibility to bacterial infections and reducing
vaccination efficacy [7, p. 131, 8].

Helminthiases in horses, particularly those caused by Strongylidae, Parascaris equorum,
and Oxyuris equi, are widespread and represent a serious concern for sports, breeding, and meat
horse production alike. Parasitic infestations cause immunosuppression, leading to reduced
productivity, impaired feed digestibility, and heightened susceptibility to infectious agents [9]. A
number of studies have demonstrated that the presence of helminths adversely affects the
immune response following vaccination across various animal species, including horses [8, 10, p.
113]. Infected animals exhibit reduced levels of serum antibodies, impaired T-lymphocyte
proliferation, and delayed-type hypersensitivity reactions [11].

In recent years, increasing attention has been focused on studying the role of deworming
in enhancing the efficacy of vaccine prophylaxis. One promising antiparasitic agent currently being
introduced into veterinary practice in Kazakhstan is the locally developed drug "lvergel", designed
for the treatment and prevention of infestations caused by roundworms in horses. The
preparation is effective against gastrointestinal nematodes of the families Parascarididae,
Strongylidae, Strongyloididae, Oxyuridae, and larvae of botflies (Gasterophilus spp.).

"lvergel" is a translucent white gel with a homogeneous consistency. Its formulation
includes the active ingredient ivermectin, along with excipients: 1,2-propylene glycol, glycerin,
carboxymethylcellulose, and purified water. This dosage form ensures precise dosing and high
bioavailability during oral administration.

Preliminary studies conducted in the Republic of Kazakhstan confirmed not only the
antiparasitic efficacy but also the safety of "lvergel" when administered to horses, including
pregnant mares, in which no teratogenic or embryotoxic effects were recorded. The obtained data
indicate an absence of fetal resorptions, congenital malformations, or reductions in fetal weight,
confirming the safety of "lvergel" at recommended doses in pregnant mares [12, p. 23].

Furthermore, a separate study demonstrated that the antiparasitic veterinary drug
"lvergel", containing ivermectin, possesses pronounced therapeutic efficacy against intestinal
nematodiases in horses, reducing the prevalence and intensity of infection as early as the 14th
day post-application. It was established that repeated administration of the drug ensures
complete clearance of Strongylidae parasites and other helminths within 28 days [13, p. 48].
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Despite the available data, relatively few studies have focused specifically on the effect of
deworming on the immune response following horse vaccination against strangles. The use of new
antiparasitic formulations, such as "lvergel", requires additional evaluation not only of their
antiparasitic efficacy, but also of their role in the immunophysiological preparation of the organism
for vaccination.

Thus, preliminary deworming using the preparation "lvergel" represents a crucial
component in the comprehensive prevention system for equine strangles, contributing not only
to a reduction in parasitic load, but also to creating optimal conditions for the formation of a
robust post-vaccination immune response.

The aim of the study was to evaluate the antiparasitic efficacy of the preparation "lvergel"
during equine deworming and to determine its effect on the formation of the immune response
following vaccination against the causative agent of strangles — Streptococcus equi.

To achieve this goal, the following tasks were formulated:

Determine the baseline level of helminth infestation in horses using coprological analysis.

Perform deworming of horses in the experimental group using the preparation "lvergel"
and evaluate its efficacy.

Evaluate the formation of a specific humoral immune response to Streptococcus equi
following vaccination.

Compare antibody response parameters and clinical condition between the experimental
and control groups.

Establish the effect of preliminary deworming on the efficacy of vaccination against the
causative agent of strangles.

Materials and Methods

The study was conducted at LLP "Duniye-Agro", Uskhonyr rural district, Karasay district,
Almaty region, Republic of Kazakhstan, in 2025. The experiment included 30 clinically healthy
horses, aged 1 to 5 years, with body weights ranging from 300 to 500 kg. All animals were kept
under similar feeding and housing conditions, receiving a standard diet including hay, oats, and
mineral supplements.

The horses were randomly assigned into two groups of 15 animals each:

Experimental group (n = 15) — received the preparation "lvergel" 14 days prior to
vaccination against strangles;

Control group (n = 15) — received vaccination without preliminary deworming.

Preparation and Deworming Scheme

"lvergel", a veterinary drug developed in Kazakhstan in the form of an oral gel based on
ivermectin (0.4%), was used as the antiparasitic agent. The preparation was administered
individually by mouth at a dose of 200 ug/kg body weight (corresponding to 1 g of gel per 20 kg of
body weight) as a single dose, according to the manufacturer's instructions [14]. The animals were
observed for 14 days prior to vaccination.

Fourteen days post-deworming, all horses in both groups received an inactivated vaccine
against strangles. The vaccine was administered intramuscularly into the croup region at a dose of
5ml.

Methods for Evaluating Antiparasitic Efficacy

To evaluate the efficacy of "lvergel", coprological analysis using the flotation method was
performed prior to and 14 days after drug administration. Results were expressed as the number
of nematode eggs per gram of feces (EPG). Efficacy was calculated using the formula:

EPG — EPG
Efficacy(%) = < beg}’;éb ; after) x 100
efore

Assessment of General Condition and Immune Response
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The general condition of the horses was evaluated based on clinical parameters: appetite,
behavior, body temperature, heart rate (HR), respiratory rate (RR), and the occurrence of adverse
reactions.

To evaluate the immune response 14 and 28 days post-vaccination, blood samples were
collected from all animals to determine the level of specific antibodies using enzyme-linked
immunosorbent assay (ELISA). Antibody titers against Streptococcus equi were measured.

Statistical Analysis. Data were processed using the GraphPad Prism 9.0 software package.
Differences between groups were evaluated using the Mann—Whitney test (for EPG) and Student's
t-test (for antibody titers and physiological parameters). Differences were considered statistically
significant at p < 0.05.

Data Collection

N2
Test for Normality of Distribution
N2
| |
N2 N2
Normal distribution Non-normal distribution
N2 N2
Student's t-test Mann—-Whitney test
(antibodies) (EPG)

Results. Antiparasitic Efficacy of the Preparation "lvergel"

Coprological analysis prior to administration showed that horses in the experimental group
were infested with helminths of the families Strongylidae, Parascarididae, and Oxyuridae at levels
ranging from 300 to 900 eggs per gram of feces (EPG), with a mean of 540+120EPG. Fourteen days
following a single administration of "lvergel", the EPG decreased to 0-60, corresponding to an
average efficacy of 89.8 + 3.7\%, which aligns with previous data regarding ivermectin efficacy in
horses [15]. No statistically significant changes were recorded in the control group (p <0.01) (Table
1).

Table 1 — Dynamics of helminth infestation parameters in horses based on coprological
analysis results before and after deworming with the preparation "lvergel"

Group Before After Efficacy Statistical
treatment treatment % (M + | significance (p)
EPG, M EPG, M | SD)
+SD) +SD)
Experimental 540 + 20+ 18 89,8 + p<0,01
(n=15)- 120 3,7
"lvergel" +
vaccination
Control (n = 510 + 500 + — p > 0,05
15) — 130 140
vaccination
only

Differences between pre- and post-treatment values in the experimental group are
statistically significant (p < 0.01), confirming the efficacy of the drug. No statistically significant
changes were recorded in the control group.

Immune Response to Vaccination
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The level of specific antibodies against Streptococcus equi on Day 14 post-vaccination was
higher in horses pretreated with "lvergel": the mean titer was 1:640 + 80 compared to 1:390 +70
in the control group (p < 0.05). By Day 28, the titers reached 1:920 +90 (experimental group) and
1:580 + 60 (control group), confirming the positive effect of preliminary deworming on humoral
immunity (Table 2). Similar observations were previously reported in other studies [16, p. 110, 17,
p. 1966].

Table 2 — Level of specific antibodies against Streptococcus equi in horses after vaccination

Group Day 14 post- Day 28 post- Statistical
vaccination(titer, vaccination(titer, significance (p)
M+SD) M+SD)
Experimental (n = 1:640 £ 80 1:920+£90 p <0,05
15) —
"lvergel" +
vaccination
Control (n=15) - 1:390+70 1:580 + 60 p < 0,05
vaccination only

The mean level of specific antibodies against Streptococcus equi on Days 14 and 28 post-
vaccination was significantly higher in horses pretreated with the preparation "lvergel". The
statistical significance of differences between the groups was confirmed (p < 0.05).

General Clinical Condition

All horses in the experimental group maintained a stable general condition, and no adverse
effects were observed following drug administration. In individual animals of the control group,
low-grade fever (up to 38.9 °C), weakness, and decreased appetite were noted within 1-3 days
post-vaccination. This is likely associated with a more pronounced inflammatory response
occurring against the background of parasitic load.

Discussion

The results of the present study demonstrate that preliminary deworming of horses with
the preparation "lvergel" exerts a significant positive impact on both reducing parasitic load and
enhancing the immune response following vaccination against strangles caused by Streptococcus
equi. Administration of the drug provided high antiparasitic efficacy: the fecal egg count decreased
from 540 £120 to 20 +18 eggs per gram (EPG), corresponding to an efficacy of 89.8 +3.7\% This
confirms the pronounced effect of "lvergel" against the most common intestinal nematodes in
horses.

Particular attention was paid to the influence of deworming on the formation of post-
vaccination immunity. Specific antibodies against S. equi in the experimental group reached
statistically significantly higher values both on Day 14 ( 1:640 + 80 vs. 1:390 + 70 ) and on Day 28
(1:920 £ 90 vs. 1:580 + 60 ) compared to the control group. These data indicate a potential
suppressive effect of parasitic infestation on the humoral immune response and confirm that
preliminary reduction of parasitic load improves immunological conditions for successful
vaccination.

The obtained results align with literature data. According to a review by Gent and Mogaka
(2018), the use of macrocyclic lactones, including ivermectin — the active ingredient in "lvergel"
— contributes to the improvement of post-vaccination immunity parameters [10]. A meta-analysis
by Natukunda et al. (2022) also demonstrates that chronic helminthic infections can significantly
impair vaccination efficacy across various animal species and humans, whereas preliminary
deworming increases antibody titers and reduces the risk of post-vaccination complications [8].
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Clinical observations further support the efficacy of this approach. In the experimental
group, no adverse effects or negative post-vaccination reactions were recorded: the animals
maintained good appetite, activity, and overall health status. In the control group, low-grade fever,
weakness, and reduced feed intake were documented in individual animals, which may be
associated with an additional burden on the immune system against the background of persistent
helminth infestation.

Conclusion

The conducted study demonstrated that preliminary deworming with the preparation
"lvergel" serves as an effective tool not only for reducing parasitic load, but also for significantly
enhancing the efficacy of vaccination against Streptococcus equi. It was established that
administration of the drug promotes the formation of a more pronounced humoral immune
response and reduces the risk of post-vaccination reactions, which is particularly crucial in equine
facilities with high levels of parasitic infestation and unfavorable epizootiological conditions
regarding strangles.

Based on the obtained results, it is recommended to integrate anthelmintic treatment into
standard management protocols for preparing animals for vaccination against Streptococcus equi.
Promising directions for future research include evaluating the duration of post-vaccination
immunity, examining cellular immune response mechanisms, and assessing the economic viability
of integrating deworming into preventive veterinary programs.
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2024-2025 ¥bINAAPAAFbI KILLI APAST
TEHI3IHAEN MAYCbIM/IbIK
300MNAHKTOH AMHAMMKACH!

M.b.YceHoBa

FblNbIMKM KbI3METKEpPAiH M.a., «banblK Wapyalblablfbl, FblAbIMU-BHAIPICTIK OPTa/iblfbl»
HLC-HiH Apan dunmansl, «on-®Papabu aTbiHaarbl Kasak YATTbIK YHUBEPCUTETIHIHY» 2-KypC
[OKTOPaHTbI, AnmaThl K., KasakcTaH (orcid — 0000-0002-7322-9493)

https://doi.org/10.55956/LTKR9966

AHpatna. byn markanaabl 2024 kaHe 2025 Kbingapaasbl Kiwi Apan TeHisiHiH 6 6anbik,
KacCinwinik ayaaHbl 60MbIHLIA 300MAaHKTOHHbIH, KOKTEMT i *KaHe Ky3ri AMHAMMKACbl CanbICTbIpMansbl
Typae TangaHabl. 2024 Kbinbl Kiwi Apan TeHi3i 300NAaHKTOH KypamblHAH MNAaHKTOHAbI
opraHmamaepaiH, 35 TakcoHbl aHbiKTandbl. 2025 Kblabl 0N KepceTKiw 42 Typre AeiiH apTTbl.
300MNNaKTOH ap TYPAi Aapexene OMbIPTKACbI3AapAblH TOPT TYPiH Kypadbl. 3epTrey 6apbicbiHAa
KOKTEMTi XaHe Ky3ri KeaeHaepaeri caHAbIK *KaHe BoMaccanblk KepceTKillTepae Heri3ri TonTapablH,
yNecTepi aHbIKTanbIM, KOMOBPATKanap, OYTaKMypTTblap KoHE eCKeKaAKTblaap TOMTapbIHbIH,
MayCbIMAbIK epeKLWwenikTepi cmnatranabl. Eki 3epTTey *KbliblHAA Aa KY3ri Me3rifige eCKeKaaKTblaap
TOObI Hackim 60AbIN, akknAMmaTtudaHT Calanipeda aquaedulcis LOMWUHAHT TypAi cakTaabl. HKannbl
HromaccaHblH KOPEKTIK KOPCETKILLI eKi blaga Aa «eTe TOMeH» TPODTbIK AeHTeMMeH cunaTTanapi.
Byn matepuanabl KMHAY YaKblTbiHa, ipi Kesemai OyTakMypTTbliapAbiH, Aamy AeHremiHiH,
TeMeHAirimeH 6arnaHbICTbl 60Ybl MYMKIH.

Tipek ce3aep: 300NNaHKTOH, TaKCOH, BroMacca, CaHAbIK KBPCETKIL, AOMUHAHT, KOPEKTINIK,

TPODTbIK AeHreM

Kipicne. Apan TeHj3i KbICKa yaKbIT apanblfbiHAa aHTpoNoreHaik dakTopaapablH, acepiHeH
eneyni esrepictepre yublpafaH Ccy anablHbl 6o0abin Tabblnadbl. CbipAapus MeH OMyaapua
©3eHAepiHiH afblHAAPbIH CyapMabl EriHLLINIK KaXKeTTiNiKTepiHe naaanaHy YWiH cy anyablH, KypT
apTybiMeH baliaHbIcTbl Bya e3repicTep TeH,i3 dayHacbiHa Aa alnTapAabikTal acep eTTi [1].

TeHi3aiH TapTblAyblHA 9KEAreH aHTPOMOreHAiKk acep Cy Ty3A4bl/blfbIHbIH, XOfapblaayblHa
ceben 6onabl. HaTukeciHae anapiMeH TyLLbl CyAa KaHe Tylbl CynapAaH WbIKKaH Ty3ablnay cyaa
EPKiH TIpWINik eTeTiH oMbIpTKacbi3gap Typ/iepi bipTiHaen xoMbina 6bactagbl. 1989 Kblbl TEHI3AIH,
eKi OKlaynaHfaH 6enikke — Kiwi »aHe YakeH Apan TeHi3gepiHe 6eniHyi, onapApiH
9PKAMChICbIHbIH, ©3iHAIK ayHaNbIK KYPaMblHbIH, KaibiNTacyblHa anbin kenai [2].

2005 »Kbinbl Kekapan 6ereTiHiH, canblHyblHaH KeliH Kiwi Apan TeHisiHAe OHTalNbl cy
HanaHcbl KanbinTaca 6acTagpl, CyablH Ty3AblablFbl OipTiHAen TemeHaeai [3]. byn e3 KeseriHae
OMbIPTKAcbI3aap dayHacbliHbIH TYPAIK KYPaMblHbIH KalTa e3repyiHe anbin Kengi.

OcbifaH 6ainaHbicTbl Kiwi Apan TeHi3iHiH KannbiHa Keny KafaalblHAaFbl 300MAaHKTOH
OpraHM3mMAepiHiH, Kasipri KyMiH 3epTTey XaHe cunatray e3eKkTi macenenepgiH 6ipi 6onbin
Tabblnagpl.
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3epTTey WapTTapbl MeH 3aicTepi. 300MaaHKTOHAb! KuHay 2024 xaHe 2025 Xbinaapabi,
KeKTeM (cayip-mMambIp) KoHe Ky3 (KblpKyWek) annapbiHaa Kiwi Apan TeHisiHiH apTypAi
ayAaHAapblHAA Ky3ere acblpblaabl. FTMapobUONOTrMANbIK MaTeEPMANbl }KMHAY KIHE eHAeY Kannbl
KabblngaHraH aaictepre cankec xyprisingi. Cybl Tanbi3 cTaHUMANApAa (TepeHairi 2 m-re aenin)
100 n cy AnwTerH Topbl apKbl/bl Cy3iain anbiHAbIl, an TepeHaey beniktepae [dxxeam yari anfbill
TOpbI Cy TyBiHEH Xofapfbl KabaTKa AeWiH Tikenen TapTbin eTKi3inAi. AnbiHFaH 6apablK yarinep 4%
dopmanuH epiTiHAicimeH Tipkenai. 3epTxaHanbik eHaey KesiHae apbip cbiHama anabiMeH KeleMi
benrini benikke geniH KOHUEHTPAEHAI. 300MAaHKTOH KypambliHAafbl opraHnamaep MBC-10 kaHe
MBC-300 cTepeoMMKPOCKONTapbIMeH TypJaepre »ikTenin, caHandpl. 9p CblHaMadafbl epeklwe
CUpEK Typaepai *ibepin anmay ViiH KOHUEHTPATTbIH, TO/bIK KeAeMi Ae KoCbimLia Kapandsl [4].
Typnepai aHblkTay OapbicbiHA@ MAPOOMONOTMANBIK aHbIKTaybIlWTap MeH aaebueTtepaeri
HyCKayaap nanganadbingbl [5-9]. 300M1aHKTOHHbIH, CaHbl (TbiFbI3AbIFb) MeH Bromaccackl 1 m3 cy
KenemiHe wakTan ecentengi [4]. TpodTbinbik AeHreni C.M.Kntaes 6oMbiHWa aHbikTanabl [10].

Kiwi Apan TeHi3iH 3epTTeyai "banblK Wapyallblablfbl fblAbIMU-6HAIPICTIK opTanbiFbl" HLIC
Apan dunuansl xyprisai. CoilHamanap 6 kacinwinik ayaaHHaH (KA) anbiHapl: | KA - LeByeHKo
woifaHafbl (10,11,12,13 ctaHumanap), Il KA — OpTansbik (9,14,15,16 ctaHumanap), Il KA - bytakos
WbiFaHafbl (7,8 ctaHumanap), IV KA - Contyctik-Wbibic (4,5,6 ctaHumanap), V KA - ©3eH caracsl
(17,18,19,20,21 ctaHumsnap) VI KA - CapbilwbifaHak WeifaHarbl (1,2,3 ctaHumsanap) (cypet 1).

Cypert 1. Kiwi Apan TeHisiHaeri cbiHama any 6oMbIHLLIE CTaHUMANAP PeTi

3eptTey Hatuxenepi. 2024 Kbinfbl 3epTTey KesiHae Kiwi Apan TeHi3iHiH, 300M1aHKTOH
KypamblHaH oOpraHmamaepadidH, 29 TaKcOHbl aHblKTandbl: KonospaTtkanap (Rotifera) — 16,
oytakmypTTbinap (Cladocera) — 6 »aHe eckeKasKkTblnap (Copepoda) — 7 TakCOHHaH TypAabl.
COHbIMEH KaTap, YaKplTWa NAaHKTOHAbl OMbIPTKACLI3AAP KOCKAKMaKTbl MOAAOCKaNapabiH,
OaKanlakTbl WanaH Tapi3ainepaiH, cakmMHanbl KypTTapabiH, HEMAToATapAbliH, XMPOHOMUATEPAIH
*oHe dopamunHnbepnepaiH AepHacingepi Tabbinabl XaHe onap «e3renep» ToOblHA eHri3ingi.
2024 »Kblnbl Kannbl TAKCOH caHbl 35-Ti Kypaabl (kecte 1).

2025 xblnfbl 3epTTeynepae Kiwi Apan TeHi3iHiH 300MNN1aHKTOHbIHAH HETi3ri NAaHKTOHA4AP
MeH YaKbITWa MAaHKTOHAbl OpraHM3maepai KockaHaa 42 TaKcoH Tipkenadi. OnapablH iwiHae
KonoBpaTKkanap — 22, OYTakMypTTblnap — 7 'KaHe ecKeKaaKTbl LWasHTapi3ainep — 7 TakcoH. EKi
KbINAbl  CaNbICTbIpFaHAA Herisri  TakcoHgap cadbl 2025 kbinbl  24,1%-fa  eckeH. byn
KonoBpaTKanapAblH TypaepiHiH 16-aaH 22-re aeniH ecyi ecebiHeH apTKaH.

Eki xbinga pa Calanipeda aquaedulcis TeHi3 BoMbiHWA TypaKTbl CaKkTasbin, 3epTTesreH
MaycbiMaapablH, H6apabiFbiHaa Kesaecy kuiniri 100%-abl kepcetTi. 2018-2019 xbingapaarsi
3epTTeynepae Ae onapdbliH Ken mMesllepAe TapanfaHbl XoHE eCKeKaAKTblAapAblH CaHbl MeH
bromaccacbl bonbliHWa Bacbim 6oaFaHbl aHbIKTaAFaH [1].
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Kecte 1. Kiwi Apan TeHi3i 300MNaHKTOHbIHbIH, TAKCOHOMMABIK KYPaMbl KaHe TypaepaiH

Kesaecy *uiniri, 2024—2025 K. (KeKTeM-Ky3 bipiKTipinreH aepektep HerisiHae)

TakcoHaap Kesgecy *uiniri, %
2024 K. 2025 .
Mamblp KbIpKYMEK | cayip ‘ KblpKYMeK
Rotifera — KonospaTkanap

Trichocerca sp. 5 - - 10
Synchaeta pectinata Ehrenberg - - 19 10
S.vorax Rousselet 95 67 95 14
S. tremula (O.F.Muller) 95 19 38 57
Asplanchna priodonta Gosse - - 10 -
Lecane luna (O.F.Muller) 14 - - -
L. stenroosi Meissner - 5 - -
L. lunaris (Ehrenberg) - 5 - 10
Colurella sp. - - 5 -
Euchlanis dilatata Ehrenberg 10 - 5 -
Brachionus calyciflorus - - 19 38
anuraeiformes Brehm
B. quadridentatus  hyphalmyros 29 43 38 29
Tschugunoff
B. q. ancylognathus Schmarda 29 10 19 -
B. g. cluniorbicularis Skorikov - - 10 -
B. urceus Linnaeus - - 5 -
B. plicatilis (O.F.Muller) 38 76 52 76
B. angularis Gosse 10 - 24 -
K. quadrata (O.F.Muller) 24 10 100 29
K. tropica Apstein 5 - 10 -
K. valga (Ehrenberg) - - 14 -
Notholca acuminata Ehrenberg 57 - 57 -
Testudinella patina (Hermann) 33 - 10 -
Filinia longiseta (Ehrenberg) - - 10 -
Hexarthra oxyuris (Zernov) 14 71 76 67

bapnbifbl:24 14 9 20 10

Cladocera — byTakMypTTbl WaAHTapi3ainep
Ceriodaphnia reticulata (Jurine) 14 - 5 -
Moina mongolica Daday 10 - -
Daphnia longispina (O.F.Muller) 10 - - 5
Chydorus sphaericus (Muller) - - 5 -
Alona rectangula G.0.Sars 24 - 5 -
Bosmina longirostris (O.F.Muller) - - - 5
Evadne anonyx G.0.Sars 52 33 19 19
Podonevadne camptonyx (G.0O.Sars) 10 62 5 67
bapnbifbl:8 5 3 5 4

Copepoda — EckeKasiKTbl WasHTapi3ainep
Calanipeda aquaedulcis Kritschagin 100 100 100 100
Eucyclops serrulatus (Fischer) 10 - 5 -
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Cyclops vicinus (Uljanin) - - 19 -
Halicyclops  rotundipes aralensis - 10 14 10
Borutzky
Cyclopoida gen sp. 62 57 67 100
Acanthocyclops viridis (Jurine) 10 - - -
Mesocyclops leuckarti (Claus) - 43 24
Harpacticoida gen. sp. 62 33 33 67
Bapsbifbl: 8 5 5 6 5
Others - B3renep
Nematodes sp. 19 19 10 5
Foraminiferida sp. 14 5 5 5
Hediste diversicolor (O. F. Muller) - 10 - 14 -
MON0Ab
Ostracoda sp. 10 5 - 24
Mollusca Bivalvia gen. sp. 95 90 43 48
Chironomidae larvae 24 5 10 10
Bapnbifbl:6 6 5 5 5
Hannbl maycbiMm 60MbIHLLA: 22 30 36 24
HblnbiHa 6apablFbl: 35 42

2024 XbINFbl KOKTEMTI-KY3r 3epTTey Ke3eHiHAEe eH »KOofapbl Ke3aecy XUinirimeH keneci
TYp/iep epekweneHai: konospaTkanapaaH — S. vorax, S. tremula, B. plicatilis, N. acuminata,
H.oxyuris 6yTakMmypTTbl WasHaapaaH — E. anonyx, P. camptonyx, eckekasKkTbl WasHaapaaH — C.
aquaedulcis, Cyclopoida gen. sp., Harpacticoida gen. sp.. Exi keseHae ae TeHi3aiH 6apabik Aepnik
CTaHUMANAPbIHAA MONKOCKANAPAbIH, AePHICINAEPI Ke3aeCTi.

2025 XKbINfbl 3epTTEYAIH Ke34eCy XUINITIHIH eH, *Kofapbl KepPCeTKIlWTepi KooBpaTKanapaaH
— S. vorax, S. tremula, B. plicatilis, K. quadrata, N. acuminata, H. oxyuris; ByTakmMypTTblnap meH
eckeKkaakTblnapaaH 2024 XKbInfbl *KWi KE3AECKEH TYPAEP KalTanaHAabl.

300MNaHKTOHHbIH, CaHAbIK KepceTKiwTepi. 2024 Kblabl KekTemAe 300MNNaHKTOHHbIH,
opTalla caHbl Ky3ri geHreiaeH »ofapbl 6onapl (Kektemae 59,32 MbiH, AaHa/m3, Ky3ae opTala
24,16 mbiH, gaHa/m3), an 2025 Kblbl KOKTEMII CaH/bIK, KepCeTKilTep Ky34eH 3-ece »ofapbl
fNeHrenai kepcetTi (Kektemae 99,15 mbiH, AaHa/m3, Kysge 34,38 mbiH, aaHa/m3). Bromacca
6obiHLWa, 2024 Kblabl KY3ri KOPCETKIW KOKTeMHeH 28,2%-Fa TomeHaeai (kektemae 180,4 mr/m3,
Ky3ae 129,5 mr/m3). 2025 binfbl Bomaccanbik kepceTKiw 87,53 mr/m3-TaH 49,24 mr/m3-Ka aenin
Hemece 43,7%-fa a3anapi.

EKi »blnga Aa TeHi3 6oMbiHIWE 300MI1aHKTOH BuomaccacbiHbiH, KepceTkiwi 6enrini C.M.
Kuntaes WwKanacbl 60MbIHLLIA O-0NMTOTPOdThI TUMKE KaTaTblH «6Te TOMeH» TPOdTbIK Knacc peTiHae
6aranaHabl [10].
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Kecte 2. Kiwi Apan TeHisiHAeri
KblgapAafbl MayCbIMAbIK KepCceTKiwTepi

300MIaHKTOHAbIK, opraHmsmaepain, 2024-2025

CaHbl, CaHbl brnomacca
3epTTey brnomacca, H, H, . o
, MblH, 3 boMbIHLIa 6ombiHWwa
KeseHi 3 Mr/m 6uT/paHa | 6uT/Mmr
[aHa/m OOMMUHAHT AOMMUHAHT
2024 ., EckekaakTbl— | ByTakmypTThbl
COKTEM 59,32 180,37 1,24 1,25 59,2% _53.8%
2024 k., EckeKkaaKTbl — | ECKeKaAKTbl —
24,16 129,54 0,88 0,76
Ky3 ! ! ! ’ 87,1% 74,8%
2025 X, Konospatka— | KonospaTKa —
99,15 87,53 1,26 1,26
KeKTem ’ ! ’ ’ 49,2% 50,3%
2025 X, EckekaaKTbl— | ECKeKaaKTbl —
34,38 49,24 0,79 1,02
Ky3 ’ ! ’ ’ 79,0% 66,9%

EKi Kblndbl canbicTbipcak 2025 KbladbiH, KekTem mesriniHge 2024 Kbiafa KapafaHaa
CaHAbIK KepceTKiw 67,1%-Ffa ofapbl 6onfaH, an 6Humomacca 51,5%-fa TemeHpgereH. Kys
Me3riniHae[e OoCbl AMHAMMKa CaKTanbin, caHAblK KepceTkiw 42,3%-fa »Kofapblnaca, bruomacca
62,0%-ra TemeHaeni. MyHaan kepceTkiw 2025 Kblabl NAGHKTOHAbI OPraHNM3MAEPAiH Aapablk
caHaapbl Kofapbl 6onfaHbIMeH, ipi enwemai AapanapdblH, TOMEHAIriH - KepceTedi. byn
KONoBpaTKanap CUAKTbl  yCaK  MAAHKTOHAbl  OPraHM3MAEpAiH,  apTyblHAH  KaHe  ipi
ByTakMypPTTblNapabliH BMomMaccaaarbl PesiHiH a3atobiHaH 601ybl MYMKIH.

300MNaHKTOHHbIH HEri3ri TONTapblHbIH MayCbIMAbIK aybICybl. 3epTTey Ke3eHiHae Kiwwi Apan
TEH,i3i 300MN1aHKTOHbIHbIH, a/iMbl CaHAbIK KepCeTKilWTepiHAe Heri3ri TonTapAblH, CanbICTblPMabl
y/eci 3epTTey MesrifaepiHe KaHe Xblaapra 6ainaHbICTbl ©3repin oTbipab!.

2024 XKblndplH KOKTEMri  Me3rifiHAe 300MNAaHKTOHAbIK OpraHM3MAepdiH, CaHAabIK,
KepceTKillTepiHAe eCKeKasaKTbl WaAaHTapi3ainep JOMUHAHT 60bIN, 0N1apAbiH, *Ka Mbl 300M1aHKTOH
caHblHAafbl yneci 59,2%-abl Kypaabl. KonospaTkanap 31,3% ynecned cybaomuHaHT 60ica,
«e3refiep» TOObIHbIH, yaeci 8,7%-fa eTTi. An  OyTakMypTTbl WasHTapisginep 0,8%-abl
KepceTKilneH Tipkenai. Kyaae eckekaskTblnap 87,1%-fa AeliH apTbin, KOKTEMI Me3rinaeH eaayip
AamMblabl. An KONoBpaTKa, BYTakKMypTTblAap KaHe «e3renep» TOMNTapblHbIH, YNeCi CanKeciHLe
10,6%, 0,4% oaHe 1,9%-abl 6bonabl. EckekaakTbliapabliH, AOMUHAT peniHae 6onybl Calanipeda
aquaedulcis TypiHiH *oFapbl CaHAbIK yiecimeH 6annaHbICTbI.

2025 blAAblH, KOKTEMTI 3epTTey Mes3rifiHAe 300MAaHKTOHHbIH, CaHdblK KepceTKiliHAeri
HacbiMablNbIKKa KonoBpaTkanap e 6onabl, oHbiH yneci 49,2%-abl Kypaabl. EckekaakTbinap,
«e3refiep» KaHe OYTaKMypPTTblIap TONTapbIHbIH, Yaeci canKkeciHwe 27,1%, 23,6% »aHe 0,1%-apbl
KepceTTi. Ky3ae eckekasKkTblnap yneci 79,0%-fa aeniH ecin, KonospaTkanap 18,7%-fa AeniH
ToMeHAei, an byTakMypTTblap MeH «e3renep» TonTapbl 0,5% waHe 1,8%-abl Kypaabi.

blnapanblk KOPCETKIWTEPAI CaNbICTbipFaHAa, eCKeKaaKTbliap yaeci 67,27%-naH 40,46%-
fa asalbin, KonospaTKanap 25,31%-paH 41,35%-fa geniH ecTi. «©3renep» TOObIHbIH, yaeci ae
6,73%-naH 17,99%-fa apTTbl (cypeT 2). EKi Xblnga [Oa Ky3[4e eCKeKasKTblap AOMWHAHT
HbonraHbiMeH, 2025 KblNablH KOKTEMIHAE KONOBPATKanap AOMUHAHT Ton 6onabl.
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A b

B Konosparkanap M Konosparkanap

M Byrakmyprei I Byrakmyprrni
wasHTapisainep wasHTapisainep
—_—
B EckekaskTol B Eckekaskrol
wanHTapisainep wasnHTapisainep
©Osrenep \ O3renep

0,20%

CypeT 2. 2024 . (A) »kaHe 2025 . (b) 300NN1aHKTOHAbIK OpraHM3MAEPAiH, *KaMbl CaHbIHAAFbI
(MbliH, saHa/m3) Herisri TonTapapiH, yaeci (%)

brvomaccazafbl OpraHM3MAEpAiH, yaeci CaHablK KepceTKilwTepaeH epekweneHai. 2024
bINAbIH KOKTEMIHAE BMOoMacca 6oMbiHLA OYTaKMYpPTTblAp AOMUHAHT 60/biN, 53,8%-Abl Kypaabl,
eckeKkaakTblnap — 39,4%, konospaTtkanap — 3,5%, «esrenep» — 3,3%-Abl Kypadbl. byTakmypTTblaap
yneciHiH 6uomaccasa ofapbl 6onybl ipi enwemai Evadne anonyx TypiHiH *Kannal AamybiHa
OalnaHbICTbl. AN 3epTTeyaiH Ky3ri MepriniHae ecKeKaaKTbl1apdblH KapKblHAbI AaMyblHaH 0N1apabliH,
yneci 74,8%-fa xeTin, 6acbiMAbiNbIKKa e bonabl.

3epTTey KeseHiHiH (2025 »K.) KekTemMri MaycbiMblHAa BMOoMacca KypamblHAa KosioBpaTKanap
BacbIMabINbIK TaHbITbIN, OHbIH, yneci 50,3%-abl Kypaabl. EckekaskTblnap — 30,7%, «e3renep» —
18,0%, 6ytakmypTTbinap — 1,0%-abl  KepceTTi. Ky3ae AOMMHAHT PeTiHAe KeKTemM me3riniHaen
eckekanaKkTblnap To6bl 6014bl, OHbIH, yaeci 66,9%-Fa XeTTi.

MblnablK — 3epTTey KeseHAepiHAeri KepceTKiwTepAdi canbicToipraHaa, 2025  Kbiabl
bvomaccaga eckekaakTblnapabiH yaeci 54,20%-naH 43,73%-fa, an 6ytakmypTtbinap 41,34%-naH
10,25%-fa a3anapl. KepiciHwe, konospaTkanap yneci 2,37%-naH 33,92%-fa, «O3renep» ToObI
2,09%-naH 12,10%-fa aeniH ecTi (cypeT 3).

M Konosparkanap M Konosparkanap

M Byraxmyprroi B Byrakmyprioi
wanHTapizainep wanHTapisainep

I Eckexaskrel B Eckekaskrel
wanHTapispinep wasnHTapispinep
Osrenep ©srenep

CypeT 3. 2024 . (A) »kaHe 2025 x. (b) 300n1aHKTOHAbIK, OPraHNU3MAEPAiH ¥ainbl bruomaccagarbl
(Mr/m3) Herisri TonTapabiH, yaeci (%)

CoHbimeH, 2024-2025 xbingapbl Kiwi Apan TeHisi 300NAaHKTOHbIHbIH, CaHAbIK *KoHe
Hromaccanblk KepceTKiWTepiHAe alKblH MayCbIMAbIK P Kblaapasblk ayblTKynap bankanapl. Exi
XblNZa [a Ky3ri 3epTrey Ke3eHiHAe ecKeKaaKTbinap Tobbl CaHAbIK KaHe 6HuomaccansbiK,
KepceTkiwTep OoMbiHWA AOMUHAHT Oonabl. 2024 KblIFbl KOKTEMIi 3epTTey KeseHiHae caH
HoMbIHLLIA eckeKkaaKTblnap, bromacca bomblHILA ByTakMypTTbinap 6ackim 6onca, 2025 *Kbibl caH
KoHe Ouomaccanblk KepceTKil OoMblHLIA KoNoBpaTKanap yaeci apTTbl. Byn 300MnaHKTOH
KaybIMAACTbIFbIHbIH, KYPbIJbIMbl MayCbIMAbIK Kafaannap MeH Xbl14ap apacbiHAafbl e3repicrepre
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HalNaHbICTbl KanbiNTacaTblHbIH KepceTeai. KaHe MayCbIMAbIK e3repicke CyAblH, TemnepaTypacs,
TY34bI/bIFbl, CyAblH TePeHAiri »kaHe 6acKa Aa CbIpTKbl GaKTOpaap acep eTeTiHIH eCKepy KaxeT.

KopbiTbiHAabl. 2024-2025 »bingapnapiassl Kiwi Apan TeHisi 300NNaHKTOHbIH 3epTTey
HapbICbiHAa TAaKCOHOMMADIK, KaHE CaHAbIK KOPCETKIlTepiHAEe alnTapablKTal »KblaapasiblK KaHe
MaycbiMAblK e3repictep 6ap ekeHiH kepceTTi. 2024 »binbl 35, an 2025 *binbl 42 TaKCOH TipKenin,
buoanyaHTypainik wamameH 20%-fa apTTbl. 2025 Kbinbl opraHnamaep caHbl 2024 XKblAMeH
canbICTblpFaHaa KekTemae 67,1%-fa, Ky3ae 42,3%-fa apTKaHbiMeH, b1omacca calikeciHwe 51,5%
KoHe 62,0%-fa aszanabl. byn ocbl 3epTTey KeseHiHAe 300MNaHKTOH KypblibIMblHAA YCaK,
AapanapabiH yaeci apTKaHbIH KepceTea.

Mannbl, Kiwi Apan TeHi3iHIH 300N71aHKTOH KaybIMAACTbiFblH Oafanayga caHAblK,
KepceTKiWTepmeH KaTap 6uMomacca, TaKCOHOMMUANbIK Kypam, [AOMUHAHT Typ/aep KaHe
BUOBPTYPAINIK MHAEKCTEPIH KeleHAi KapacTbipy KaskeT. MaycbiMAblK, MOHUTOPUHT TeHi3aiH,
3KONOTUANBIK KafaalblH XaHe BanbikTapAblH KOpekTik 6asacbiH 6afanayaa MaHbi3abl 60bin
Tabblnaabl.
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Abstract

The Czech Republic holds a unique place among European countries. In the Middle Ages,
the state was part of the Holy Roman Empire; notably, one of the seven influential electors
represented the Czech lands and became a memorable figure in the Empire’s history. The Czech
is also assocciated with Jan Hus, a renowned historical figure of the medieval era. Jan Hus was a
scholar who deeply lowed his country and people, strove to address their problems, rose to
become the rector of Prague University thanks to his excellent education, and sought to shape the
future of the Czech lands trtough his teachings. Jan Hus's teachings remain relevant even today. In
his regard, it is essential to study and preserve the rich legacy he left behing. The Hussite
movement, which emerged in Bohemia in the early 15™ century and united various sects that had
previously existed there, attracted a wide range of social demands. Initially, hussitism was based
on the moderate, burgher — oriented teachings of Jan Hus. These teachings reflected the
aspirations of all strata of Czech society to free themselves from German domination and papal
authority. However, the movement subsequently split into two factions: the moderate faction —
the “Calixtines” (or “Ultraquists”), consisting of burgher — class adherents — and the radical faction,
the “Taborites”. By the early 1420s, revolutionary peasant — plebeian ideas regarding the imminent
establishment of a divine kingdom on Earth had become dominant within the Taborite faction.

Keywords: Czech, Jan Hus, teaching, independence, Hussite Wars, historical figure, talim,
ictimai talablar

Introduction

History is marked by significant figures who are remembered for making crucial decisions
across various fields and taking decisive steps that shaped the course of humanity's development.
These individuals step onto the historical stage during the most challenging moments of historical
evolution; indeed, turbulent times foster the emergence of strong historical figures. Jan Hus is one
such prominent historical figure who played a pivotal role in the history of the Czech people.

The Czech people played a significant role in the development of the Holy Roman Empire.
Although ideas and new technologies introduced by the Germans — among other things —
benefited the Czechs, strong tensions prevailed in the country by the early 15" century. This
situation was brought about by both German political dominance and the policies pursued by the
Catholic Church. It was Jan Hus who voiced the people’s sentiments during this pivotal historical
and, through his sophisticated teachings, emerged as a representative of innovation in medieval
Europe. His ideas were highly advanced and reflected the demands of his time. Later, renowned
thinkers from European countries — such as Germany, England, and France — also incorporated
these concepts into their own teachings, books, and speeches.
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1.Czech state and Holy Roman Empire

The Czech state emerged in the early 10" century and subsequently developed into a
powerful state. In the mid — 14™" century, the Czech King Charles IV (1346 — 1378) was elected
mperor of the Holy Roman Empire (Image 1).
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Image 1. Imperor Charles | (1346 — 1378) and Karlstejn Castle
Bohemia became the most powerful state within the empire. The Czech king held the
foremost position among the princes who possessed the right to elect the emperor. Pursuing a
wise policy, Charles expanded Bohemia's territory, fostered the development of craftsmanship and
trade, and elevated Prague to the status of a capital city. At that time, Prague was a major city with
a population of approximately 40 000. Extensive construction projects were undertaken in the city;
Charles commissioned the famous Charles Bridge, laid the foundation for St. Vitus Cathedral
(Image 2), and had Karlstejn Castle built. Charles University was founded in 1348. Prague became

one of the most beautiful cities in Europe.
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Image 2. The city of Prague and St. Vitus Cathedral
Although the king patronized craftsmanship, mining, and the development of trade, he was
unable to curtail the rights of the great feudal lords. Vast tracts of new land were brought under
cultivation, and the country boasted numerous water and windmills. New deposits of copper, tin,
iron, and silver were discovered in the mountains surrounding Bohemia, leading to an increase in
metal smelting. Bohemia rose to become one of Europe’s leading silver producers (in the Middle
Ages, European coinage was predominantly minted from silver). More than 200 distinct crafts were
practiced in the cities; broadcloth weaving and glassmaking — the latter being a rare trade at the
time — were among the widespread industries. As was the case in other Europead countries,
Prague became a major center for trade fairs. Situated in the heart of Europe, Bohemia was a
convergence point for important caravan routes, attracting large numbers of merchants from
Germany, Italy, and Poland twice a year.
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Alongside these successes, there were also shortcomings in the Czech lands. Economic
growth did not significantly improve the population’s economic situation; instead, secular and
religious feudal lords, as well as the urban wealthy, exploited the prevailing conditions to further
amass their fortunes. One — third of the fertile land was concentrated in the hands of the Catholic
Church. High — ranking church offices were granted in exchange for payment, a practice that fueled
discontent with the Roman Church. Lords and knights sought to seize these lands, while the urban
poor and the peasantry also laid claim to them.

The Catholic Church was the largest landowner in the Czech lands. It held one — third of the
country's most fertile land. The Archbishop of Prague — the head of the Czech Church —owned 14
towns and 900 billages. Monasteries were particularly wealthy; during years of scarcity, they grew
rich at the expense of the starving population by selling their surplus produce at high prices.
Countless church taxes impoverished both peasants and townspeople. The clergy sent a significant
portion of the income derived from the Czech population to Rome. Bishops and abbots purchased
their positions with gold, recouping the cost from the devout populace. The greed and venality of
the popes provoked both outrage and derision. Discontent with the Catholic Church had been
mounting in Bohemia. Lords and knights sought to expand their estates at the expense of church
lands. Wealtly townspeople were unwilling to support the clergy. Peasants and the urban poor also
opposed the Church, yet they were simultaneously struggling to free themselves from feudal
oppression.

The oppression by feudal lords and the urban wealthy intensified. The pans —the great Czech
feudal lords — lived in opulence. Knights found themselves in a similar position. Historical sources
from this period indicate that everyone aspired to be a pan, to ride on horseback, to seize the
meager possessions of commeners, and to indulge in fine food and drink. In 14th century Bohemia,
all forms of feudal obligations — including corvee labor, as well as levies in kind and in cash —
increased. Peasants were required to perform labor for the pan during the harvest season. Serfs
fell under the absolute authority of the feudal lords; by royal decree, they were forbidden from
lodging legal complaints against their masters. Nearly half of the urban population consisted of the
poor.

German influence was strong in Bohemia. German nobles served the Czech kings and held
high — ranking positions at court, receiving vast landholdings in return. German feudal lords
marginalized the Czech nobility, undermining their standing at court and seizing their lands; many
impoverished knights served as mercenaries — either at home or abroad — while others turned to
highway robbery. Conditions were also created to facilitate the settlement of German artisans and
merchants in Bohemia. Germans held a leading position in the administration of the Czech lands.
There was not a single Czech on the Prague city council. Czech artisans and merchants were
struggling for the right to participate in sity governance, a cause supported by the poor. The urban
poor suffered the most from the oppression of the wealthy Germans. The management of the
Czech lands™ ore mines was in German hands. Germans held a dominant position at the University
of Prague, and the Czech language was heing suppressed throughout the country.
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2. Jan Hus and Hussite ideas

T

Image 3. Jan Hus and the monument erected in his honor in Prague

At the beginning of the 15 century, a small church in Prague began to attract large numbers
of people. Townspeople, peasants, and knights alike came there to listen to the speeches of Jan
Hus (Image 3), a professor at Prague University. Jan Hus had grown up in a peasant family. He was
a man of university education; a capable and hardworking young man, he had to endure great
hardships to complete his studies. After successfully graduating, Jan Hus became a professor and
later the first Czech to head Prague University.

In his speeches, Han Hus exposed the clergy, railed against the sale of church offices in Rome,
and criticized the Pope. Hus would say: “ Few priests can be found who did not purchase their
positions with money or who do not exact levies from the faithfil. An unworthy cleric will wrest the
very last pennies a poor widow has hidden away from her grasp. How, then, can one not call him
cunning and cruel!?” Jan Hus vehemently condemned the sale of indulgences in Bohemia. Yet, Hus
did not stop at merely criticizing the clergy; he demanded a reorganization of the Church. He called
for the confiscation of the wealth the Church had plundered from the people, as well as the lands
held by bishops and monasteries. In his view, there was no need for a vast army of clergy; instead,
Bohemia should have its own independent church.

Jan Hus believed that the Czech church should be subordinate to the Czech king rather than
the Pope. He declared the onset of an “era of war and the sword” and demanded the abolition of
the practice of charging fees for reliogious rites. He advocated for worship to be conducted in the
native language and developed the grammar of the Czech language. Jan Hus was a patriot who
loved his homeland and his people; he urged his fellow Czechs to assert their own place and
resolutely called upon them to struggle against foreigners. At the same time, being a highly
progressive figure, Hus harbored no hatred toward other nations; in his view, a good German was
closer to him than a bad Czech. Hus did not oppose the feudal system itself; however, he
considered the fact that peasants lived in destitution and without rights to be an injustice. In his
view, the nobility and the clergy should not strip the poor of their meager possessions, nor should
they themselves live in onulence. If feudal lords acted unjustly, the people not only had the right
to rebel against such unjust rulers but were actually duty — bound to do so. All these griavances
created the conditions for a new phase in the country, and the Hussite Wars became a reality. Jan
Hus demanded the confiscation of Catholic Church lands and their distribution to Czech peasants,
the formal subordination of the Church to the Czech king, the liberation of the Czech people from
foreign subjugation, the struggle against foreign domination and the defense of national rights,
and the reading of the Bible in the people’s native language rather than in Latin.
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The Archbishop of Prague demanded that Hus cease his agitation against the Church. Hus
ignored the demand, and the Pope summoned him to a church council. The Emperor granted Jan
Hus a safe — conducht. Jan Hus arrived at the council convened in the city of Constance, in
sounthern Germany. He was arrested, imprisoned for six months, declared a heretic, and burned
at the stake in 1415.

3. The Hussite Wars

Image 4. Hussite wars (1419 — 1434)

The oppression by the Catholic Church, German violence, and intensifying feudal explotation
gave rise to the Hussite moviment and the Hussite Wars. Followers of Hus called themselves
Hussites. In 1419, the urban poor in Prague rose up and seized power, remaining in control until
1434, Wealthy Germans were expelled from Prague, the Catholic Church was looted, and church
lands were seized. The insurgents gathered at Mount Tabor in southern Bohemia; they were the
most radical faction and were known as Taborites. The Taborites consisted of petty artisans, the
urban poor, peasants, and some impoverished knifhts. Their goal was to abolish serfdom, feudal
obligations, and taxes: to distribute feudal lands to the peasants; and to eliminate the oppression
of foreigners and the Catholic Church.

Another group among the Hussites consisted of the Moderates. Wealthy master craftsmen,
merchants, and many Czech feudal lords belonged to this group. What the Moderates and the
Taborites had in common was the goal of ending German domination, undermining the power of
the Catholic Church, and seizing their landholdings. The Pope defended the Catholic Church and
the German feudal lords.

In 1420, an army of 100 000 invaded Bohemia. As they advanced toward the Czech capital,
the Crusaders looted towns and villages, leaving a trail of fire and claughter. The Crusaders laid
siede to Prague. A fierce battle erupted on the bill near the city's eastern gates, where a small
detachment of Taborites — who had come to the aid of the city's inhabitants — had established a
defensive position. At the decisive moment of the battle, a group of warriors sallied forth from the
city gates and struck the Crusaders from the rear. The knights began to retreat from the walls of
Prague. The Pope and the Emperor organized four more campaigns against the Hussites. However,
these campaigns, like the first one, ended in failure.

The hussites were waging a just war and defending their homeland. The leader of the
people’s army was the impoverished knight Jan Zizka (Image 4). He was wounded in the head
during one of the hattles and lost his sight. Yet, with the help of his lieutenants, he achieved great
victories. His enemies called him the “Blind Warrior”. The Pope and the German Emperor decided
to split the Hussites from within. They won the moderates over to their side; these moderates —
wealthy townspeople and merchants — had seized control of municipal goverment.
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Image 4. Jan Zizka's statue in the center of Prague

A people’s army composed of peasants, artisans, and the urban poor fought against
experienced feudal armies. The Taborites were not armed like knights; the bulk of the force
consisted of infantry. In battle, the Taborites pioneered the highly successful use of field artillery.
Durind engagements on open terrain, they would fire upon the knights with these cannons. To halt
the charge of mounted knights, the Taborites would immediately chain peasant wagons together
to form a defensive fortification. These people’s army units distinguished themselves from the
crusading armies through their high morale and discipline. The principal organizer and leader of
the Hussite forces was Jan Zizka, an impoverished knight and seasoned warrior. The combat tactics
Zizka adopted were unconventional and innovative; he armed and trained his soldiers according to
their individual skills rather than rigid battlefield requirements. By reinforcing wagons with armor
and mounting small cannons and muskets on them, he effectively foreshadowed the development
of the tank. Knights would often flee without even engaging in combat upon bearing the Hussites’
battle hymns and the rumble of their wagons. Zizka was one of the few military commanders in
history to remain undefeated in battle. Many places in the Czech bear his name, and statues
honoring him have been erected in various cities.

The lords and knights had seized church lands and achieved their aims; consequently, they
feared the Taborites” opposition to feudalism/ They sided with the Pope and the Emperor. In 1434,
at the Battle of Lipany near Prague, the Taborites were defeated due to the betrayal of their former
allies (the moderates). The army assembled for the campaign into Bohemia consisted primarily of
German feudal lords and was led by the Holy Roman Emperor. Knights and mercenaries from many
other European countries also took part in the campaign.

Conclusion

The Hussites launched campaigns into Hungary, Austria, and deep into Germany, even
reaching the shores of the Baltic Sea. They destroyed castles and monasteries and sent out letters
containing their message to all regions.

Taborite ideas — which the feudal lords and the clergy dubbed “Czech poison” — had spread
throughout Europe. Uprisings of peasants and the urban poor had broken out in Germany and
Poland. A major peasant uprising also broke out in Hungary. It was only after gathering a large force
that the feudal lords managed to suppress the rebellion a year later. The Taborites™ opposition to
the feudal order had alarmed the Czech feudal lords and the urban wealthy. During the course of
the Hussite Wars, the lords and knights had seized church lands; they aspired to reimpose the
feudal yoke upon their people. Meanwhile, Czech merchants and wealthy master craftsmen had
taken control of city administration. Having lost hope that the Crusades would succeed, the Pope
and the Emperor decided to crush the Czech struggle for freedom using the Czechs themselves.
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They began negotiations with the moderates. The Pope promised the Czech feudal lords that the
church lands they had seized would remain untouched. The lords and knights assembled a large
army, the costs of which were covered by the Pope and the Emperor. War broke out between the
moderates and the Taborites. In 1434, near a small town called Lipany — located east of Prague —
the moderates attacked the Taborites. The Moderates used a ruse to lure their enemies out from
behind the wagons into the open, where they crushed them. The feudal lords took no prisoners;
they rounded up the few surviving Taborites, herded them into barns, and burned them alive
during the night. After the Battle of Lipany, military operations continued until the remaining
Taborite detachments were decisively defeated.

Between 1419 and 1434, the Czech people waged a heroic struggle against feudal
oppression, foreign aggression, and the Catholic Church. The struggle of the Taborites was a
peasant war. Unlike the peasant uprisings that occurred in England and France during that period,
this peasant war lasted longer, was better organized, and encompassed the entire country. The
peasants and the urban poor were defeated; however, for a time, they succeeded in thwarting the
feudal lords”™ attempts to intensify exploitation. The uprising of the people dealt a severe blow to
the Catholic Church. The Church was unable to fully restore its lost lands or rebuild the destroyed
monasteries. Throughout the 15% century, the Catholic Church was in decline; although church
councils managed to partially stem this process, a period of reaction ensued. Across Europe,
Inquisition tribunals and autodafe were instituted, book bans were imposed, and new religious
orders — such as the Jesuit Order — were established and placed under the direct authority of the
Pope.

Foreign domination in the Czech lands was shattered. Following the Hussite Wars, the
populations of most cities became predominantly Czech. The Czech language displaced German in
administrative institutions and legal proceedings. Effectively, Bohemia had secured its
independence by 1648.
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Abstract: This paper examines the transformation of leadership thinking in the context of
globalization and the development of the information society. It explores the need for leadership
approaches that respond to the growing interdependence, dynamism, and uncertainty of the
contemporary environment. The paper argues for a shift from an instrumental view of individuals
as organizational resources towards an understanding of the whole person, with their own
potential, values, and capacity for conscious participation. This perspective lays the foundations
for a management culture in which knowledge, trust, and shared responsibility support the
development of adaptive networked organizations.
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The information society is becoming established as a model of societal development in
which the creation and use of information and knowledge play a leading role in economic,
institutional, and social processes. The transition to this model extends beyond technological
renewal to encompass how people communicate, organize their activities, and participate in
public life.

Understood as a historically formed constellation of institutions, relationships, values, and
cultural practices, civilization evolves alongside the ways in which knowledge is produced,
exchanged, and transmitted. From this perspective, the information society represents a
civilizational transformation in which networked interactions assume growing importance in the
organization of society and the distribution of resources and influence.

Changes in politics, governance, the economy, education, healthcare, and culture deepen
the interdependence among different spheres of society. This calls for leadership capable of
understanding the interconnections between technological and social processes, building trust,
and combining adaptability with clear value orientations. In such an environment, management
decisions should be assessed in terms of both their immediate outcomes and their long-term
impact on people and society.

Contemporary society is characterized by the growing importance of information as a
resource that shapes opportunities for communication, knowledge acquisition, and the
organization of social activity. This shift is associated with the development of computer and
communication technologies during the twentieth century, whose convergence laid the
groundwork for a global information environment. The internet is the most prominent expression
of this convergence and plays a significant role in the establishment of the information society.

With its widespread adoption in social practice, the internet has transformed interactions
at multiple levels—from institutions and organizations to families and interpersonal relationships.
It expands access to information resources, overcomes spatial and temporal barriers to
communication, and accelerates the exchange of knowledge. Its impact extends beyond the
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economic sphere to encompass education, culture, governance, and everyday life, deepening
global connectivity and reshaping forms of social participation (Denchev, 2019).

Alvin Toffler’s understanding of civilizational change emphasizes the interdependence of
technological, informational, and social processes. From this perspective, society is viewed as a
complex system whose constituent spheres evolve through interaction and shape the conditions
for human activity.

The technosphere encompasses the technologies, energy sources, and production systems
that constitute the material foundations of society. The biosphere comprises the natural
conditions for life and the relationship between humans and the environment, while the
psychosphere encompasses psychological experiences, attitudes, and behavioural patterns. The
sphere of power includes relations of influence and mechanisms for distributing decision-making
authority. The infosphere constitutes the environment in which information is created,
exchanged, and used, whereas the sociosphere encompasses institutions, social relations, and
forms of organization of collective life.

The interaction among these dimensions enables societal transformations to be
understood as a complex process in which change in one sphere has consequences for the others.
This underscores the relevance of the principles of social organization discussed by Toffler to the
analysis of the transition from industrial to information civilization.

The transition from an industrial to an information society reshapes the understanding of
the individual’s role in work and public life. Critical thinking, the generation of new ideas, and
responsibility for decisions become increasingly important. These requirements draw attention to
individual potential and create opportunities for more diverse forms of professional development
and social participation.

The logic of organizational management is also changing. Decentralization broadens
participation in decision-making and grants greater autonomy to individual units and their
members. At the same time, communication technologies facilitate remote collaboration and help
overcome some of the spatial and temporal constraints on joint activity.

These transformations also have a value dimension. The relationships between the
individual and society, the material and the spiritual, and the national and the universally human
acquire new significance in conditions of global connectivity. Understanding the information
society therefore requires an examination of the moral and cultural orientations that give meaning
to its development. In this context, the question arises of its spiritual nature and the values
through which it finds expression in human relationships and social practices (lvanov, 2009).

Among the defining characteristics of the information society are expanded access to
information resources, their growing importance in decision-making, and the free exchange of
knowledge and ideas. These characteristics reflect both technological capabilities and the societal
principles underpinning its development.

Democratic access to information requires institutional guarantees alongside practical
conditions for obtaining and using it. Technological infrastructure must be complemented by the
skills needed to search for, critically evaluate, and interpret information. Accessibility thus
becomes a prerequisite for meaningful participation in public life.

Another significant characteristic is the establishment of information as a basis for
informed choice. The purposeful search for and analysis of information have become integral to
professional, managerial, and everyday practices. At the same time, freedom of information
exchange requires a plurality of sources, opportunities to express diverse viewpoints, and
protection against arbitrary restrictions.

These principles outline the normative ideal of the information society. However, the
extent to which they are realized in practice depends on the distribution of technological
resources, information literacy, and mechanisms for controlling content. The democratic use of
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global information resources should therefore be examined in terms of the relationship between
formally guaranteed access and actual opportunities for equitable participation.

The scientific revolution of the seventeenth century marked a significant shift in Western
European conceptions of nature, humanity, and society. The development of classical mechanics,
associated with the work of Isaac Newton, established an explanatory model based on regularities,
causal relationships, and the predictability of physical processes. Alongside the spread of
rationalism and individualism, this model contributed to a reassessment of traditional religious
and philosophical views.

The subsequent process of industrialization transformed material living conditions, labour
relations, and social organization. Urbanization and the expansion of industrial production
reshaped community ties, family structures, and the mechanisms through which traditions and
values were transmitted. In Zohar’s interpretation, these processes created conditions for the
weakening of shared frameworks of meaning and the fragmentation of human experience (Zohar,
2003).

From this critical perspective, the mechanistic worldview is characterized by atomism,
determinism, and objectivity. Atomism directs attention to the individual components of systems,
determinism emphasizes causal relationships and predictability, and objectivity presupposes a
distinction between the observing subject and the object under investigation. The application of
these principles to organizational thinking is reflected in management approaches that prioritize
the division of functions, hierarchical control, and standardization.

Accelerating technological development and the growing complexity of the contemporary
environment necessitate a reassessment of such approaches. In Zohar’'s interpretation,
organizational change requires a renewal of management culture itself—of conceptions of the
individual, relationships, and the meaning of collective activity. For leadership, this entails
fostering creative thinking, cooperation, and adaptability, underpinned by clear value-based
foundations for decision-making (Zohar, 2003).

Global leadership in the contemporary environment requires a combination of managerial
competence, self-knowledge, and the ability to interact across cultural boundaries. Bringing
together people with diverse beliefs, experiences, and values requires awareness of one’s own
attitudes and respect for the perspectives of others. In the account of Bill George’s position
presented here, the development of self-awareness and spiritual intelligence is regarded as a
promising direction in preparing leaders capable of establishing shared goals in an international
context.

Technological and social transformations call for a reassessment of the relationships
among leaders, participants, and the organizational environment. Dialogue, collaboration, and
social and emotional intelligence become essential to coordinating collective activity. Leadership
competence also includes the ability to create conditions for equitable participation by people
from diverse cultural, ethnic, religious, and generational backgrounds. Delegating authority
expands their autonomy and connects individual initiative with responsibility for shared outcomes.

From this perspective, global leadership is understood as a shared process of influence
aimed at aligning efforts and achieving a common goal. Networked interactions and flexible
organizational structures facilitate knowledge exchange, draw on diverse experience, and support
the development of innovative solutions. The leader’s role involves building trust, integrating
different contributions, and maintaining a clear direction amid change and interdependence.

Organizational development in a global environment requires leadership models that
combine strategic orientation, intercultural competence, and adaptability. Developing such a
model requires consideration of both organizational culture and the specific characteristics of
different national and social contexts. Its applicability depends on leaders’ ability to connect
overarching strategic goals with participants’ specific circumstances, needs, and expectations.
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Differences in leadership styles across cultures and organizations highlight the need for
competencies that facilitate interaction beyond established boundaries. Global leadership
requires recognition of culturally shaped understandings of authority, trust, responsibility, and
participation. On this basis, leaders should select approaches suited to the specific environment
while maintaining consistency in the goals and value foundations of management.

These requirements point towards a reassessment of the leadership paradigm as part of
broader organizational transformation. Dialogue, collaboration, and the development of social
and emotional intelligence become central to working with culturally, ethnically, religiously, and
generationally diverse teams. Delegating authority and providing opportunities for independent
decision-making support initiative and shared responsibility.

In this context, leadership evolves as a collective process enacted through networked
relationships and the integration of diverse knowledge, abilities, and perspectives. Reducing
unnecessary hierarchical levels and facilitating information exchange create conditions for more
flexible coordination, creative problem-solving, and innovation. The leader’s role involves creating
an environment in which diversity contributes to the achievement of shared goals and the
sustainable development of the organization.

The growing role of emerging markets in the global economy reinforces the need for
systematic leadership development to ensure management succession in international
organizations. Centralizing strategic decisions within the company’s senior management may limit
the participation of local managers and the use of their knowledge of the specific environment.
When leadership development relies primarily on the international mobility of headquarters staff,
the potential of professionals in regional units may remain insufficiently developed.

Overcoming these limitations requires a management model that combines a unified
strategic direction with decentralized decision-making. The participation of local teams enables
organizational actions to reflect cultural characteristics, market conditions, and stakeholder
expectations. This requires the purposeful development of intercultural and leadership
competencies, alongside transparent opportunities for career progression across organizational
units.

In such a model, shared values, trust, and accountability ensure alignment across
management levels. Preparing future leaders thus becomes an organization-wide process that
connects local experience with global goals and strengthens the organization’s capacity to adapt
to a changing environment.

In response to these needs, global leadership development should focus on building a
shared understanding of the organization’s mission and values. The leader’s task is to create
conditions for independent initiative, responsibility, and horizontal collaboration among
employees and teams. Preparing future leaders requires broader opportunities for the
participation and development of people from diverse cultural and professional backgrounds.

Cultural sensitivity and the ability to work collaboratively require the purposeful
development of emotional intelligence, self-awareness, and the skills needed to empower others.
These competencies complement traditional management knowledge and support the creation
of an inclusive organizational environment in which diverse perspectives contribute to the quality
of decisions.

Flexibility assumes particular importance as the ability to assess changing conditions,
reflect on accumulated experience, and adapt leadership behaviour. It entails a willingness to learn
and reconsider established approaches while maintaining consistency in core values and strategic
goals. Combining flexibility, inclusion, and collaboration strengthens organizations’ capacity to
operate across geographical and cultural boundaries and respond to the complex challenges of
the global environment.
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Renewing management culture requires a shift in the understanding of organizations,
human relationships, and the foundations of leadership influence. Under conditions of complexity,
uncertainty, and global interdependence, adaptability should be combined with creative initiative,
consistency in values, and responsibility for the consequences of decisions. Reconsidering the
leadership paradigm thus encompasses the goals of collective activity, the ways in which it is
organized, and its contribution to societal development.

Conceptual points of reference for this shift can be found in notions of interconnectedness,
nonlinearity, and dynamics associated with quantum physics, chaos theory, and complex systems.
Used as analytical analogies, these notions help conceptualize the organization as an evolving
system of relationships in which outcomes depend on interactions among participants and their
environment. Their use in management analysis requires due consideration of the specific nature
of social processes.

In this context, the leadership role involves fostering dialogue and reconciling divergent
interests. Negotiation skills, reasoned persuasion, and an understanding of different perspectives
create conditions for cooperation among communities with diverse goals and expectations. An
orientation towards the common good requires the inclusion of critical viewpoints and the
formulation of decisions whose acceptability rests on trust, participation, and shared
responsibility.

Global leadership aimed at bringing communities together is grounded in serving shared
interests and taking responsibility for collective outcomes. Authenticity and accountability are
essential to trust in the leader. Authenticity entails consistency among professed values, decisions,
and practical actions, while accountability involves a willingness to justify management choices
and accept responsibility for their consequences. Amid complex and evolving strategies, open
dialogue supports understanding of organizational goals and provides opportunities for feedback
and critical evaluation.

Building sustainable cooperation requires consideration of the needs of different
participants and a willingness to place the common good above immediate personal gain. This
orientation includes long-term responsibility towards future generations and openness to critical
perspectives, even when they challenge the leader’s authority or decisions. Leadership legitimacy
is thus strengthened through the ability to understand differences and seek solutions of lasting
societal significance.

The leader’s role is to build organizational coherence through a clear direction, shared
values, and consistency between messages and actions. The mission defines the purpose of
collective activity, the vision outlines the desired future, and the strategy connects these guiding
principles with specific decisions and actions. Organizational culture creates conditions for their
acceptance and application in everyday practice. On this basis, leadership influence is exercised
through trust, persuasion, and participation, strengthening commitment and shared
responsibility.

Conclusion

In conclusion, global leadership in the information society requires a reassessment of
management approaches in response to the growing complexity, uncertainty, and
interdependence of the contemporary environment. At the heart of this shift lies an
understanding of the individual as a whole person whose potential develops through trust,
conscious participation, and shared responsibility. From this perspective, successful leadership
involves the ability to build relationships that bring diverse knowledge, values, and cultural
perspectives together around a common direction.

The new management culture entails combining strategic clarity with organizational
flexibility, decentralized decision-making, and the development of leadership competencies at
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multiple levels. Authenticity, accountability, and open dialogue provide the value foundations for
this process. The mission, vision, and strategy acquire practical significance when they are
consistently reflected in the leader’s behaviour and in everyday interactions among participants.

The future direction of global leadership therefore lies in building adaptive and inclusive
organizations that combine the achievement of their goals with responsibility towards society and
future generations. In this context, the leader serves as a unifying figure and a bearer of shared
meaning, while the sustainability of their influence depends on their ability to translate values into
action and individual potential into collective contribution.
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Summary

Human psychological well-being is a complex state shaped by the interaction of biological,
psychological, and social factors. Biological factors, including genetic predisposition, physical
health, chronic illnesses, and physiological processes, may influence an individual’s emotional and
psychological state. Genetic characteristics do not fully determine psychological well-being;
rather, their effects emerge through interaction with the environment, living conditions, and
individual characteristics. Among psychological factors, personality traits, self-awareness, self-
attitude, cognitive style, emotional regulation, stress-coping abilities, and psychological resilience
are of particular importance. Constructive thinking, emotional literacy, and the ability to adapt to
difficulties contribute to maintaining psychological balance. The social environment is also an
important determinant of psychological well-being. Healthy relationships with family members,
friends, peers, and other social groups strengthen a sense of social connectedness and security.
In contrast, social isolation, conflicts, discrimination, and limited access to social support may
increase emotional distress.

AHHOTaUuA

Mcuxonormyeckoe 6Hnarononyydne 4YesioBeka npeactaBaseT coboir  KoOMMeKcHoe
COCTOAHME, dopMMpYtOLLLEECA B pe3ybTaTe B3aMMOAENCTBMUA BMONOTMUYECKMX, NCUXONOTNYECKUX
M coumanbHbix  GaKTopoB.  buonormyecknme  dakTopbl,  BKAOYAA  HAC/NEACTBEHHYHO
npeapacnoNoXKeHHOCTb, G13nyeckoe 340pP0BbE, XPOHNYECKME 3aboneBaHMA 1 GU3MONOTMYECKME
NPOLLeCChbl, MOTyT OKa3blBaTb BAMAHWE Ha 3MOLMOHANBHOE M MCUMXONOTMYECKOEe COCTOsHME
yenoseka. [eHeTMyeckne 0COHBEHHOCTM He onpeaenatT ncuxonornyeckoe 6narononyyne
NONIHOCTbIO; UX BAMAHWE NPOABAAETCA BO B3aMMOENCTBMM C OKPYKatoLLen cpesiomn, yCAoBUAMM
KU3HW U MHAMBUAYANbHBIMW OCOBEHHOCTAMM YeNOBEKA.

Cpeau ncmxonormyeckmx GakTopos ocoboe 3Ha4YeHMe MMET IMYHOCTHblE 0COBEHHOCTH,
CaMOCO3HaHWe, OTHoleHWe K cebe, 0COBEHHOCTU MbILWNEHNA, PEryaaLMa SMOLUNIK, CMOCOBHOCTb
CNPaBAATbLCA CO CTPECCOM W MCUXONOTMYecKana YCTOMYMBOCTb. KOHCTPYKTMBHOE MbIW/IEHNE,
9MOLMOHANIbHAA TPAMOTHOCTb M CMOCOBHOCTb aAanTMPOBATLCA K TPYAHOCTAM CNOCOOCTBYOT
COXPaHEHUIO MCMXON0TMYECKOro paBHOBECHA.

CoumanbHaa cpeda TaKKe ABNAETCA BaXHbIM AeTePMUHAHTOM  MCUXONOTMYECKOrO
6narononyuma. 340pOBble OTHOWEHWMA C CEMbEN, APY3bAMM, CBEPCTHUKAMKU W APYITUMM
COUMaNbHbIMK TPYNNaMK YKPENAAOT YyBCTBO COLMANbHOM NPUHALNENRHOCTM M HEe30NacHOCTM.
HanpoTus, coumanbHas M3onauUnA, KOHOANKTbI, ANCKPUMUHAUMA U OTPAHNYEHHOCTb COLLMANbHOM
NOAAEPHKKM MOTYT CNOCcOBCTBOBATHL MOBbILLEHWUIO SMOLMOHANIBHOTO HANPSXKEHMA.
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KntoueBble cnosa: ncmxonornyeckoe baarononyyme, bruonornyeckne GakTopbl, NCUXONOTMYECcKMe
daKkTOpbl, coumanbHble GaKkTopbl, GU3NYECKoe 340POBbE, IMOLMOHANbHAA  PErynaums,
coumanbHas cpeaa.

Psychological well-being is not determined by a single factor; rather, it is a complex state
shaped by the interaction of an individual’s biological characteristics, early life experiences,
personality, social relationships, socioeconomic status, environment, and lifestyle. In the
contemporary context, psychological well-being is not characterized solely by the absence of
mental disorders or illnesses. It also encompasses emotional balance, life satisfaction, social
relationships, opportunities for realizing one’s personal potential, and the ability to cope with
everyday challenges. The development and maintenance of psychological well-being is a complex
and multidimensional process determined by the interaction of various internal and external
factors. From this perspective, explaining an individual’s psychological state on the basis of a single
indicator is insufficient. The integration of biological, psychological, and social determinants plays
an important role in determining an individual’s overall level of well-being.

The biopsychosocial model has particular theoretical significance in explaining human
psychological well-being. This concept considers an individual’s health and psychological state
within the context of the interaction between biological characteristics, psychological processes,
and the sociocultural environment. In other words, an individual’s emotional state is determined
not only by hereditary characteristics or personal psychological factors; the social environment in
which the individual lives, family relationships, socioeconomic conditions, educational and
working environments, cultural values, and access to social support also play important roles in
this process. Therefore, a multidimensional approach to promoting psychological well-being is
considered necessary. Three major groups of factors can be identified in the formation of
psychological well-being:

1. Biological factors

2. Psychological factors

3. Social factors
1. Biological Factors

Biological factors constitute one of the important foundations of psychological well-being.
Genetic characteristics, nervous system functioning, hormonal and neurochemical processes,
physical health status, sleep patterns, and other physiological indicators may influence an
individual’s emotional state. The activity of neurotransmitters such as serotonin, dopamine,
norepinephrine, GABA, and glutamate is associated with the regulation of mood, motivation,
emotional responses, and mechanisms of response to stress.

Genetic predisposition is also an important component influencing psychological
functioning. However, genetic characteristics do not completely predetermine an individual’s
psychological well-being. Genetic predispositions may manifest themselves through interactions
with the environment, living conditions, and individual psychological characteristics. Therefore,
although biological factors influence the development of psychological well-being, it is not
appropriate to assess them independently of other determinants.

There is a reciprocal relationship between physical health and psychological well-being.
Chronic illnesses, long-term pain, physical limitations, and other medical conditions may affect an
individual’s emotional state and daily functioning. Persistent psychological stress may also lead to
certain physiological changes in the body. This interaction demonstrates the importance of
considering human health in an integrated and multidimensional manner.
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2. Psychological Factors

Psychological factors are among the components that directly contribute to the

development of an individual’s well-being. Personality characteristics, self-awareness, self-
attitudes, patterns of thinking, emotional regulation, coping abilities, and psychological resilience
influence how individuals perceive life events and how they respond to them.
Personality refers to a unique individual characterized by a combination of moral and
psychological characteristics and qualities that define the person both as an object (product or
outcome) of social and other forms of development and as an object capable of changing on the
basis of knowledge of reality and one’s attitude toward it. Personality is a particular individual as
the bearer of consciousness and self-awareness (K. K. Platonov, as cited in Mir-Baghirzadeh, S.,
2020).

Objectively assessing one’s own abilities, developing a constructive way of thinking,
recognizing and managing one’s emotional state, and maintaining emotional awareness create
favorable conditions for preserving psychological balance. Conversely, persistent negative
thoughts, low self-esteem, high levels of anxiety, difficulties in emotional self-regulation, and
reduced ability to adapt to stressful situations may contribute to a decline in psychological well-
being. Psychological resilience is particularly important in this context. The ability to adapt to
difficult circumstances, failures, and life changes, maintain emotional stability, and identify
appropriate solutions to problems strengthens an individual’s internal resources. Therefore,
developing self-awareness, emotional literacy, and effective stress-management skills is
considered one of the key directions in maintaining psychological well-being.

One of the important dimensions determining psychological well-being is an individual’s
social environment. Since human beings are social beings, their emotional state is significantly
influenced by their interactions with family members, friends, peers, colleagues, and other social
groups. Healthy, trusting, and mutually respectful relationships strengthen an individual’s sense
of social connectedness and enable them to feel safe and valued.

Family relationships occupy a particularly important position in the development of
psychological well-being. Communication based on emotional support, mutual understanding,
and trust constitutes an important resource that helps individuals cope with difficulties. In
contrast, persistent conflicts, social isolation, discrimination, and limited access to support may
contribute to increased emotional distress.

Socioeconomic status is also one of the important determinants influencing psychological
well-being. Income level, employment opportunities, living conditions, access to educational
resources, and access to healthcare services may affect an individual’s quality of life and emotional
state. Financial difficulties, unemployment, and economic instability may create conditions
conducive to prolonged psychological stress. Therefore, maintaining psychological well-being
requires the development of support mechanisms not only at the individual level but also at the
social and institutional levels.

Cultural values, social norms, beliefs, and societal expectations of individuals are also
important components influencing psychological well-being. In different social and cultural
groups, the ways in which emotions are expressed, family relationships are organized, success is
defined, personal boundaries are maintained, and psychological assistance is perceived may vary.
These characteristics influence how individuals evaluate themselves and the social environment
around them.

In some cases, expectations established by society may create additional psychological
pressure on individuals. The constant demand to demonstrate high levels of achievement, be
successful, conform to social standards, and meet certain behavioral expectations may contribute
to increased emotional strain. From this perspective, creating a safe and supportive social
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environment that respects individual characteristics and diversity is of great importance for
promoting psychological well-being.

The widespread use of modern technologies has brought about significant transformations
in people’s social and psychological lives. Although digital platforms provide extensive
opportunities for communication, access to information, education, and maintaining social
connections, excessive use may also be associated with certain psychological risks. Spending
prolonged periods in front of screens, excessive time spent on social media, virtual comparison,
and increasing dependence on digital technologies may contribute to feelings of loneliness,
anxiety, and emotional distress. In particular, comparing oneself with idealized representations of
other people’s lives on social media may negatively affect self-perception and psychological well-
being.

Lifestyle-related factors also play an important role in maintaining psychological well-
being. The duration and quality of sleep, dietary patterns, physical activity, and the balance
between work and rest are among the major factors influencing an individual’s emotional state.
Insufficient sleep may lead to difficulties related to attention, memory, emotional self-regulation,
and resilience to stress.

A person constantly perceives themselves through the eyes of others. How do other
people perceive them? How does the person want to present themselves to others? How should
they behave in order to be recognized by others as a good person or as a competent professional,
such as a teacher, locksmith, doctor, or specialist in another field? These three questions are of
great importance to individuals regardless of age. After all, each of us lives among other people
and, inevitably, evaluates ourselves through their perspective. This is precisely where the
significance of the “social self” lies in the process of reciprocal social interaction (Bayramov &
Alizadeh, 2003).

Social support is among the major protective factors that strengthen psychological well-
being. Emotional and practical assistance provided by family members, friends, colleagues,
teachers, and other social contacts can facilitate an individual’s adaptation to stressful situations.
The quality of social relationships influences an individual’s sense of being an integral part of
society, strengthens their sense of belonging, and contributes to perceiving life as more
meaningful. Participation in community initiatives, volunteer activities, and various social projects
can also contribute to strengthening social connectedness. Such activities not only expand an
individual’s network of social relationships but also create opportunities for them to feel useful
and significant to society.

In the contemporary period, psychological well-being is regarded as one of the important
concepts characterizing an individual’s emotionally, psychologically, and socially healthy and
balanced state. Psychological well-being is not limited to the absence of mental disorders or
illnesses; rather, it is characterized by satisfaction with life, the ability to set goals, cope with
everyday challenges, and adapt to changing circumstances. From this perspective, psychological
resilience, a meaningful perception of life, and the realization of personal potential are considered
important components of well-being. The rapid pace of modern life, technological advancement,
socioeconomic pressures, and changes in lifestyle create new demands for maintaining
individuals’ psychological balance.

The formation and maintenance of psychological well-being are determined by the
influence of various interrelated factors. These factors can generally be grouped into biological,
psychological, social, and lifestyle-related determinants. An individual’s psychological state is not
formed under the influence of a single factor but rather results from the interaction of the
aforementioned factors. Therefore, the study of psychological well-being requires a
comprehensive and multidimensional approach.
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Lifestyle-related factors also play an important role in the preservation of psychological
well-being. Sleep duration and quality, dietary habits, physical activity, and the balance between
work and rest are among the main factors affecting an individual’s emotional state. Insufficient
sleep may lead to difficulties in attention, memory, emotional self-regulation, and resilience to
stress.

People constantly perceive themselves through the eyes of others. How do other people
see them? How do they want to present themselves to others? How should they behave so that
others recognize them as a good person or as a competent professional, such as a teacher,
locksmith, doctor, or specialist in another field? These three questions are of great importance to
individuals regardless of age. After all, each of us lives among other people and, inevitably, has to
perceive ourselves through their eyes. This is precisely where the significance of the “social self”
lies in the process of mutual social interaction (Bayramov & Alizadeh, 2003).

Social support is one of the key protective factors that contributes to psychological well-
being. Emotional and practical assistance provided by family members, friends, colleagues,
teachers, and other social contacts can facilitate an individual’s adaptation to stressful situations.
The quality of social relationships influences a person’s sense of being an integral part of society,
strengthens their sense of belonging, and contributes to perceiving life as more meaningful.
Participation in community initiatives, volunteer activities, and various social projects can also
strengthen social connectedness. Such activities not only expand an individual’s network of social
relationships but also create opportunities for them to feel useful and valued by society.

In the contemporary period, psychological well-being is regarded as an important concept
characterizing an individual’s emotionally, psychologically, and socially healthy and balanced state.
Psychological well-being is not limited to the absence of mental disorders or illnesses; rather, it is
characterized by satisfaction with life, the ability to set goals, cope with everyday challenges, and
adapt to changing circumstances. From this perspective, psychological resilience, a meaningful
perception of life, and the realization of personal potential are considered important components
of well-being.

The rapid pace of modern life, technological advancement, socioeconomic pressures, and
changes in lifestyle create new demands for maintaining individuals” psychological balance. The
formation and preservation of psychological well-being are determined by the influence of various
interrelated factors. These factors can generally be grouped into biological, psychological, social,
and lifestyle-related determinants. An individual’s psychological state is not formed under the
influence of a single factor but rather results from the interaction of these factors. Therefore, the
study of psychological well-being requires a comprehensive and multidimensional approach.

Social support is considered an important psychological resource for coping with difficult
life situations. The presence of trusting relationships with close individuals can help reduce
emotional distress, expand adaptive capacities, and strengthen a person’s sense of being part of
their social environment. Conversely, social isolation, prolonged loneliness, conflictual
relationships, and unstable social connections may increase psychological burden. Therefore, not
only the quantity of social relationships but also their emotional quality and the level of mutual
support are of significant importance.

Socioeconomic conditions are also among the important determinants of psychological
well-being. Financial stability, access to education, employment opportunities, and the availability
of future prospects influence an individual’s sense of security and control. In contrast, economic
instability, unemployment, excessive workload, and unfavorable working conditions may increase
psycho-emotional stress.

The extent to which professional activity corresponds to an individual’s interests and
abilities, fair recognition of their work, and the extent to which their work is meaningful to them
contribute to maintaining inner satisfaction and psychological stability. Therefore, the work
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environment should be regarded not only as a sphere of social activity but also as an important
factor influencing an individual’s emotional well-being.

The organization of daily life and behavioral habits are also modifiable components that
influence the maintenance of psychological well-being. Adequate and high-quality sleep, balanced
nutrition, regular physical activity, and an appropriate daily routine contribute to maintaining both
physiological and emotional stability.

Sleep deprivation may lead to reduced attention, impaired memory, and difficulties in
emotional regulation. Physical activity, on the other hand, supports physiological mechanisms that
contribute to improved overall mood and effective stress management. From this perspective,
developing a healthy lifestyle is one of the important directions for strengthening the sustainability
of psychological well-being.

In the contemporary period, the widespread use of digital technologies has created a new
environment that influences an individual’s psychological well-being. Excessive exposure to
information, continuous engagement with social media, and comparisons with other people may
contribute to increased emotional distress and changes in self-perception.

Prolonged use of digital devices, particularly during nighttime hours, may negatively affect
sleep patterns. Excessive reliance on virtual communication may also reduce the intensity of direct
social interactions. Therefore, maintaining digital hygiene, regulating information consumption,
and allocating sufficient time to real-life social relationships are important for maintaining
psychological balance.
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Geographic Sciences

Aysberqglarin Cografiyasi: Kriosfer va
Okeanosfer Arasinda Hidrodinamik,
Termodinamik va Ekoloji Qarsiligh 9lagalar

Safaq oliyeva Mammad qizi
Azarbaycan Dévlat Pedaqoji Universitetinin Saki filial,maallim

Xilasa

Aysberglar, quruda formalasan buzlaglarin (glasiyerlarin) ve self buzlaglarinin
kenarlarindan goparag daniz muhitina daxil olan, tamamila sirin sudan ibarat makro-miqyasl
kriogen kutlalardir. Onlar Yer kirasinin kitla va enerji balansinin, xtsusila kriosfer (buz tabagasi)
ilo okeanosfer (diinya okeani) arasindaki materiya mibadilasinin asas indikatorlaridir. Bu akademik
maqalada aysberglarin morfogenezi, daxili strukturlari, hidrodinamik harakat mexanizmlari, ekoloji
funksiyalari va global iglim dayisikliyi fonunda dayisan dinamikasi darindan tahlil olunur.

»  Morfogenez va Qlasioloji Mansa: Kalving Mexanizmlari

Aysberqglarin yaranmasi, daniz suyunun termik azalma naticasinds donmasi (daniz buzu
Vo ya pack ice) prosesindan keyfiyyatca farglanir. Onlar goxillik garin daxili gravitasiya tazyiqi altinda
rekristallasmasi (firn marhalasindan glasiyer buzuna kecid) naticasinda yaranan kontinental
buzlarin mahsuludur. Bu ssbabdan aysberglarin tarkibinda duz ionlari yoxdur va onlar 100% sirin
sudan ibaratdir.

Buzlag kanarlarinin qoparaq aysberga cevrilmasi prosesi elmda kalving (calving) adlanir
va bir nec¢a geofiziki mexanizma asaslanir:

 Hidrodinamik Catlama (Hydrofracturing): Yaz va yay aylarinda buzlaqg sathinda ariyan sular
buz daxilindaki catlara (krevaslara) dolur. Suyun hidrostatik tazyigi ¢atlarin dibina dogru mexaniki
glvve tatbiq edarak buzlaq strukturunu darinliyine dogru parcalayir.

e Dalga Asinmasi va Alt Kasilma (Wave-induced Undercutting): Okean dalgalari self buzlaginin
su xatti ila tamasda olan hissasini mexaniki va termik olaraq asindirir. Naticads Ust hissada asili va
dayagsiz galan nahang buz kitlslari 6z agirligr altinda gopur.

e Qabarma-Cakilma Flexurasi: Qabarma va ¢akilma hadisalari zamani daniz saviyyasinin
dovri dayismasi self buzlaginin daniza uzanan hissasinda saquli garginlik (ayilma) yaradir va bu da
daxili girilma xatlarinin aktiviesmasina sabab olur.

»  Struktur, Fizika ve Optik Xususiyyatlar

Aysberqlarin fiziki xassalari onlarin kegdiyi geoloji va glasioloji marhalalari aks etdirir.

Sixhq ve Kiitls Propororasiyasi

Saf buzun sixhg texminan 0.917 g/cm3, tarkibinds muayyan daracads duzlulug ve
mineral maddalar olan qutb sularinin sixhigr iss 1.025-1.028 g/cm?® arasinda dayisir. Arximed
ganununa asasan, bu sixlig fargi aysbergin Gmumi hacminin 85-90%-nin suyun altinda galmasini
sartlandirir. Formasindan asili olarag, sualti hissanin morfologiyasi sulisti hissadan tamamils fargli
va daha genis ola bilar ki, bu da daniz nagliyyati G¢ln boyik batimetrik risklar yaradir.

»  Reng Variasiyalari va Albedo Effekti

Aysberglar vizual olaraq fargli ranglarda gorina bilar va bu, onlarin struktur strukturu
barada malumat verir:
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e Ag Aysberglar: Yeni gopan va ya Ust tabagasi six sixlasmamis aysberglardir. Onlarin
daxilinda milyonlarla mikroskopik hava qabarcigl var. Bu qabarciglar glinas stalarini bitin
spektrlarda barabar sakilda aks etdirdiyi G¢lin buz bayaz gorundr.

e Mavi Aysberglar: Cox gadim, darin gatlardan galan va boylk tazyig altinda sixilmis buzun
rangidir. Tozyiq naticasinda daxildaki hava gabarciglari kanara sixisdirilir. Bela monolit buz strukturu
isig spektrinin uzun dalgalarini (gqirmizi, sari) udur, gisa dalgali mavi isigi isa sapalayir va aks etdirir.

e Yasil va Qara Zolagl Aysberglar: Buzlag quruda harakst edarken dars dabanindan
gopardig terrigen c¢okintdlari (gil, qum, toz) 6zlna birlasdirir. Homginin, self buzlaginin alt
hissasinda daniz suyunun dondurulmasi (freeze-on) bas verarsa, danizdaki Gzvi maddalar va
fitoplanktonlar buza yasil ve ya tlind zolaglar gazandirir.

Aysberqlarin Regional Cografi Xiisusiyyatlarinin Miiqayisasi
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»  Morfoloji Tesnifat va Regional Cografi Farglar

Beynalxalg Hidrografiya Teskilatinin standartlarina gors, aysberqglar formalarina gors iki
asas tipa bolinur: Stolvari (tabular) va Qeyri-stolvari (non-tabular). Bu formalarin paylanmasi Yer
kdrasinin iki asas buzlaqg regionu arasinda kaskin sakilda farglanir.

Antarktika Aysberglari

Antarktida platformasini shats edan nahang self buzlaglari (Ross, Filxner-Ronne, Larsen)
sub-horizontal qurulusa malikdir. Buradan gopan aysberglar stolvari (yasti va saquli kanarh) olur.
Onlarin 6lculari bazan kicik bir dévlstin (masalan, Liksemburg va ya Kipr) sahasine barabar ola
bilir. Masalan, 2000-ci ilda Ross self buzlagindan qopan B-15 aysbergi taxminan 11,000 km? sahasi
ilo basariyyat tarafindan geyds alinmis an bdylk lzen obyekt olmusdur.

Arktika (Qrenlandiya) Aysberglari

Arktikadaki aysberglarin 90%-a gadari Qrenlandiyanin daxili buz galxanindan danizs
dogru uzanan dar dara buzlaglarindan (masalan, Yakobshavn va ya ilulissat buzlagi) qopur. Bu
buzlaglar dar relyef relyefinden kegarak denize toklldiyl Ucln intensiv sakilde catlayir va
parcalanir. Naticada yaranan aysberglar geyri-mintazeam, piramidal, qlbbali va uca formalara
malik olur. Onlar Simali Atlantika okeaninin gamicilik yollarina daxil olarag (1912-ci ilde Titanik
faciasinda oldugu kimi) ciddi risklar yaradirlar.

»  Drift Dinamikasi va Kinematika

Aysbergin okeandaki harakat trayektoriyasi mirakkab bir fiziki tanlikdir. Bir aysbergin
daniz buzu (packice) hissaciklarindan asas fargi ondan ibaratdir ki, deniz buzu asasan kilayin tasiri
ila harakat etdiyi halda, aysberqin trayektoriyasini okean axinlari miayyan edir.
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Aysberga tasir edan qlvvalarin balansi asagidaki kimidir:

.

F timumi = F kiilok T F axm T F Koriolis T F dalga +F relyef

Kilak vs Axin: Aysberqgin boyik hissasi suyun altinda oldugundan, sualti satha tasir edan
okean axinlarinin hidrodinamik strtklama qivvasi, sulsti hissaya tasir edan kilsk glvvasindan 3-
4 dofe daha gliclidir. Bu sababdan aysberglar bazan glcli firtinalarin aksina, darin daniz
axinlarinin istigamatinda harakat edirlar.

e Koriolis Qlivvasinin Tasiri: Yer kirasinin 6z oxu atrafinda firlanmasi naticasinda
yaranan Koriolis qUvvasi nahang kiutlays malik aysberglarin harakat trayektoriyasini Simal
yarimkirasinda saga, Canub yarimkirasinda isa sola dogru meyl etdirir.

»  Qlobal Ekosistemda va Okean sirkulyasiyasinda Rolu

Termohalin Sirkulyasiyasinin Pozulmasi

Aysberglar aridikca okeanin Ust gatlarina boyik hacmda soyuq va sirin su daxil olur. Sirin
su daniz suyuna nisbatan daha az sixliga malikdir. Bu ylngul va sirin su tabaqgasi okeanin sathinda
toplanaraq darinlik sirkulyasiyasini (konveksiyani) bloklayir. Bu proses global istilik konveyeri olan
Termohalin sirkulyasiyasina (masalan, Atlantik Meridianal Asma Sirkulyasiyasi- AMOC) manfi tasir
gostarir va Simali Avropanin igliminin kaskin sakilda dayismasi riskini dogurur.

"Daniz Oazislari" va Damir Glbralanmasi (Iron Fertilization)

Akademik baximdan aysberglar ham da okeanin ekoloji mahsuldarligini artiran mobil
agentlardir. Quruda formalasma marhalasinds buz gati 6z daxilina va sathina boyik migdarda
mineral toz va xususile demir (Fe?*, Fe3*) ionlari toplayir. Okeanda arims bas verdikda bu
mikroelementlar suya garisir. Damir, okean fitoplanktonlari (yosunlar) Gc¢ln an mahdudlasdirici
(limiting) gida maddasidir. Aysberglarin arima zonalarinda fitoplanktonlarin kitlavi coxalmasi bas
verir. Bu yosunlar fotosintez vasitasile atmosferdaki karbon gazini (CO;) udarag danizin dibina
dogru nagl edir ki, bu da global karbon nasosu (carbon pump) mexanizminin islemasini tamin edir.

»  Muasir Monitoring Texnologiyalari ve Geosiyasat

iglim dayisikliyi fonunda aysberglarin monitoringi milli tahlikasizlik va igtisadiyyat
masalasina ¢evrilmisdir. NASA va Avropa Kosmik Agentliyinin (ESA) SAR (Sintetik Aperturali Radar)
peyklari (masalan, Sentinel-1) buludlu hava saraitinden va qltb gecalarindan asili olmayaraqg
aysberglarin harakatini radiolokasiya tsulu ila 24/7 rejiminda izlayir.

Alternativ Resurs kimi Baxis

Qlobal sirin su qithgi fonunda aysberglarin Antarktida va Qrenlandiyadan quragliq ¢akan
regionlara (masalan, Yaxin Sarq olkalarina, Canubi Afrikaya) nahang yedakci gamilarla dasinmasi
(Iceberg Towing) layihalari mihandislik va cografiya elminin aktual muzakire movzularindandir.
Baxmayaragq ki, dasinma zamani bas veran termodinamik arima itkilari va texniki ¢catinliklar hala da
bu layihalarin igtisadi ssmaraliliyini mahdudlasdirir.

Natics

Aysberglar sadaca qutb landsaftinin vizual elementlari deyil; onlar Yer kirasinin iglim,
okean va bioloji sistemlarini bir-birina baglayan dinamik cografi obyektlardir. Qlobal antropogen
istiloasma naticasinda kalving prosesinin stratlonmasi dinya okeaninin saviyyasinin galxmasini
stimullasdirir. Aysberglarin dyranilmasi galacak iglim modellarinin daqigliyi va okeanlarin ekoloji
dayanighginin prognozlasdirilmasi Ggln fundamental shamiyyat kasb edir.
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Boyuk Qafgazin canub-sarg yamacinin arid
landsaftlarinin tabii komponentlarinin
garsiligli alagasi

Aygin ismayilova
Cografiya Uzra falsafa doktoru muasallim

Ayton Teymurova
Baki Dovlat Universiteti, Magistrant

Xilasa: Boylk Qafgazin canub-sarg yamacinda formalasan arid landsaftlar tabii komponentlarin
garsihgli tasiri naticasinda yaranmis mirakkab tabii sistemlardan biridir. Bu arazilards relyef, iglim,
sath va yeralti sular, torpaq va bitki 6rtlyl bir-biri ils six alagada olmagla landsaftlarin saciyyavi
xUsusiyyatlarinin formalasmasina tasir gostarir. Magalada arazinin arid landsaftlarinda tabii
komponentlarin garsiligh alagasi, onlarin makan Gzra dayismasi va bir komponentda bas veran
dayisikliklarin digar komponentlara tasiri arasdirilir. Xtsusila iglimin quraglasmasi, yagintilarin
geyri-barabar paylanmasi va relyef xisusiyyatlarinin torpag-bitki ortlylnidn inkisafina tasiri
nazardan kecirilir. Eyni zamanda, su ehtiyatlarinin mahdudlugu va tabii ritubat saraiti arid
landsaftlarin formalasmasinda mihidm amillar kimi giymatlandirilir. Aparilan tahlillar gostarir ki,
Boylk Qafgazin canub-sarg yamacinda landsaftlarin davamhhgi ayri-ayri tabii komponentlarin
vaziyyati il yanasi, onlarin qarsiligh alagasindan da asilidir. Buna gora da arazinin tabii
ehtiyatlarindan istifade zamani landsaftin bltov tabii sistem kimi giymatlandirilmasi ve onun
muhafizasina kompleks yanasiimasi mihim shamiyyat dasiyir.

Acar sozler: Boylk Qafgaz, canub-sarg yamaci, arid landsaft, tabii komponentlar, relyef, iglim,
torpaq, bitki 6rtlyU, su ehtiyatlari, landsaftin qarsiligh alagasi

Girig: Boyuk Qafgazin canub-sarg yamaci Azarbaycan arazisinda tabii landsaftlarin muxtalifliyi va
onlarin makan Uzra dayisma ganunauygunluglari baximindan saciyyavi arazilardandir. 9razinin
tabii xUsusiyyatlarinin formalasmasinda relyefin morfometrik gostaricilari, iglim saraiti, stxurlarin
litoloji tarkibi, sath sulari, torpag va bitki ortlyu qarsiligh sursatds istirak edir. Bu komponentlarin
har biri landsaftin miayyan xUsusiyyatlarini sartlandirmakle yanasi, digar komponentlarin da
inkisafina tasir gostarir. Bu sababdan da arid landsaftlarin formalasmasi ayri-ayri tabii amillarin
tasiri ilo deyil, onlarin vahid landsaft sistemi daxilinda qarsiligh alagasi asasinda nazardan
kecirilmalidir. Cenub-sarg yamacinin asagl daglqg ve dagatayi sahalerinds aridliyin artmasi
landsaftlarin strukturunda aydin sakilde miusahida olunur. Samaxi-Qobustan morfotektonik pillasi
daxilinds alcag daglig ve dagatayi landsaftlarin yayilmasi, arid mesa-kol, yarimsahra va qurugdl
landsaftlarinin miayyan istigamatda bir-birini avez etmasi arazinin tabii saraitinin muxtalifliyini
gbstarir. Bu differensiasiyada iglim amili ila yanasi, relyefin yiksaklik, meyillilik ve ekspozisiya
xUsusiyyatlari da mihim rola malikdir [3]. ©razinin nisbatan alcaqg relyefi, canub ekspozisiyali
yamaclarin genis yayllmasi, yagintilarin azhg, isti va quraq yay saraiti arid landsaftlarin inkisafina
alverisli serait yaradir. Toedgigatlarda canub-sarg yamacinin alcaq dagliq sahalari tcln orta illik
temperatur taxminan 12-13,5°C, illik yagintinin isa asasan 200-300 mm oldugu gostarilir [10]. Arid
saraitda su amilinin mahdudlugu torpaq va bitki ortlynin formalasmasina birbasa tasir gdstaran
asas amillardandir. RUtubat c¢atismazliginin artmasi ila hidroloji sarait, torpagamsalagalma
proseslari va bitki ortlynin xUsusiyatlari arasinda garsiligl alaga daha aydin sakilds meydana cixir.
BoylUk Qafgazin canub-sarg yamacinda, xtsusile Samaxi va Qobustan arazilarinda yayillmis dag boz-
gahvayi torpaglarin morfogenetik xtsusiyyatlari bu baximdan diggatalayiqdir. S.S.Novruzovanin
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tadgigatinda hamin torpaglarin morfogenetik diagnostikasi va formalasma xUsusiyyatlari atrafli
arasdirilmisdir [9]. Arid mesa-kol va seyrak bitki 6rtlynin yayilmasi isa arazinin ritubat rejimi ila
yanasl, torpagamalagalma proseslarina va sath 6rtlynln sabitliyna da tasir gdstarir [2]. Mdvzunun
aktualligi ham da arazinin tabii landsaftlarinin muasir vaziyyatinin antropogen tasirlar naticasinda
dayismasi ila baglidir. Kand tasarrifatinin inksafi, torpaqg 6rtlyindan intensiv istifadsa ve diger
tasarrifat faaliyystleri tabii komponentlar arasinda formalasmis alagalere tasir gdstararak
landsaftlarin strukturunda dayisiklikler yarada bilir. Boylk Qafgazin cenub-sarg yamaci Uzra
aparilmis elmi tadgiqatlarda landsaftlarin arazi diferensiasiyasi, antropogen dayisimlari va
ekocografi xtisusiyyatkari mixtalif istigamatlorda arasdiriimisdir [8]. Bu baximdan arid landsaftlarin
miasir vaziyyatinin giymatlandirilmasi zamani tabii komponentlarin qarsiligh alagalarnin,
hamcinin hamin alagalara antropogen tasirin nazara alinmasi mihim elmi ve praktiki shamiyyat
dasiyir.

Bu maqgalanin asas maqgsadi Boylik Qafgazin canub-sarg yamacinda yayilmis arid landsaftlarin
formalasmasinda istirak edan tabii komponentlar arasindaki garsiligl alagalari miayyan etmak va
hamin alagalarin landsaftlarin makan Uzra diferensiasiyasina tasirini elmi adabiyyat ve movcud
tadgigat materiallari asasinda Umumilasdirmakdir. Qarsiya goyulan magsada uygun olaraq relyef,
iglim, hidroloji sarait, torpaqg vea bitki ortlynidn garsiligh tasiri, onlarin arid landsaftlarin
sturukturnun formalasmasindaki rolu va tabii komplekslarin muasir vaziyyati nazardan kegirilir.
Todqiqat arazisinin tabii-cografi xsusiyyatlori: Boyluk Qafgazin canub-sarg yamaci tabii saraitinin
muxtalifliyi ila secilan va landsaftlarin makan Gzra differensiasiyasinin aydin misahida olundugu
arazilardan biridir. 9razinin relyef qurulusu landsaftlarin differensiasiyasini miayyan edan mihim
tabii amillardandir. Yliksaklik, yamaclarin meyilliliyi va ekspozisiyasi istilik va ritubat saraitinin srazi
(zra dayismasina sabab olur. Bu baximdan canub-sarg yamacinda landsaftlarin yalniz ytksaklik
istigamatinda deyil, mixtalif ekspozisiyali yamaclar Uzra da farglanmasi tabii komponentlar
arasindaki alaganin mihUm gostaricilarindan biridir [6].

BoyUk Qafgazin canub-sarg yamacinin asagi va orta yiksaklikli hissalarinda tabii saraitin dayismasi
landsaft ortlytnin da dayismasina gatirib gixarir. 9razinin ayri-ayri hissalarinda arid va yarimarid
xUsusiyyatli landsaftlarin inkisaf etmasi, xlsusile Samaxi ve Qobustan istigamatinda tabii
komplekslarin 6ziinamaxsus qurulus gazanmasi bu baximdan diggati calb edir. 2024-ci ilda nasr
olunmus tadgigatda canub-sarg yamacinin landsaftlarinin struktur-genetik xdsusiyyatlari va
mduasir vaziyyati arasdiriimis, onlarin diferensiasiyasinda tabii amillarle yanasi antropogen
dayismalarin da rolu giymatlandirilmisdir [4].
drazinin arid landsaftlarinin saciyyavi xlsusiyyatlarinin miayyanlasmasinda iglim amili xUsusi
shamiyyst dasiyir. iglimin istilik ve ritubat gostaricilari torpagsmalagalma proseslarinin
istigamating, bitki értlylunin tarkibina va sath proseslarinin intensivliyina tasir edir. RUtubatin
mahdud oldugu sahalarda bitki ortlylnin seyraklasmasi torpaqg sathinin xarici tasirlora daha
hassas olmasina sarait yaradir. Belalikls, iglim saraiti ile torpaq va bitki 6rtlyld arasinda garsihqgl
asihilig yaranir.

Arid landsaftlarin formalasmasinda tabii komponentlarin rolu: Arid landsaftlarin formalasmasi
ayri-ayri tabii komponentlarin mustaqil faaliyysti ile deyil, onlarin vahid tabii sistem daxilinda
garsiligh tasiri ile baghdir. Relyef iglim elementlarinin arazi Gzra paylanmasina tasir edir, iglim
torpaqg va bitki ortGyindn inkisaf saraitini muayyanlasdirir, su ehtiyatlari ritubat balansinda istirak
edir, bitki ortyU iss torpaq sathinin gorunmasina va Uzvi maddalarin toplanmasina tasir gdstarir.
Buna goéra da arid landsaftlarin tadqgiginds komponentlararasi slagslarin bitév sistem kimi
nazardan kegirilmasi mihim metodoloji shamiyyat dasiyir.

Relyefin rolu: Relyef landsaftin makan qurulusunu misyyanlasdiran asas amillardan biridir.

Boylk Qafgazin cenub-sarg yamacinda yuksaklik farglari ile yanasi, yamaclarin muxtalif
istigamatlara yonalmasi va meyillilik daracasinin fargliliyi  tabii saraitin lokal xUsusiyystlarini
formalasdirir.  Yamac ekspozisiyasinin  dayismasi glnas radiasiyasinin satha daxilolma
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xUsusiyyatlerina, bununla alagadar istilik va rltubatin balansina tasir edir. Relyefin bu
xUsusiyyatlari torpaq va bitki 6rtiylnin yayillmasinada 6z tasirini gostarir [6].

Yamaclarin meyillilik daracasi sath axininin formalasmasina va ekzogen proseslarin intensivliyina
tasir edan amillardandir. Meyilli sathlarde atmosfer yagintilarindan yaranan su axininin harakati
stratlanir va torpagin yuyulmasi Ucln alverisli sarait yarana bilir. Bitki 6rtlytntn zaif oldugu arid
sahalarda bu proseslarin tasiri daha aydin misahida olunur. Belalikla relyef ila sath sulari va torpaq
ortlyU arasinda qarsiligh alags yaranir.

iglim va ritubst seraiti: Arid landsaftlarin yaranmasinda iglimin rolu ilk olaraq istilik va riitubst
balansi ile miayyan olunur. Yagintilarin azligi ve isti dévrda buxarlanmanin yiksak olmasi torpagda
namlik ehtiyatlarinin azalmasina sabab olur. Naticads suya telabati yiksak olan bitki
formasiyalarinin inkisaf imkanlari mahdudlasir va quragliga uygunlasmis bitkilarin UstinlUk taskil
etdiyi komplekslar yaranir.

Conub-sarg yamacinin Samaxi va Qobustan sahalarindsa torpaq ortlylUnin xUsusiyyatlarinin
tadgigatt va Oyranilmasi gdstarir ki, hamin arazilarin torpagemalagalma proseslari yerli tabii
soraitla six baghdir.

Torpag Ortlylunin rolu: Torpag landsaftin digar komponentlari il an six alagaedsa olan
komponentlardan biridir. Onun formalasmasi iglim, relyef, ana sixur, bitki va zaman amillarinin
garsihgl tasiri ila bas verir. Arid saraitde rltubst catismazligl torpagamalagalma proseslarinin
xarakterina va torpagin morfoloji xUsusiyyatlarina tasir gdstarir. Boylk Qafgazin cenub-sarq
yamacinda, asasan Samaxi vo Qobustan arazilarinda dag boz-gahvayi torpaglarin yayilmasi bu
baximdan mihim shamiyyat dasiyir.

Torpag Ortlylndn vaziyyati bitki ortlylinUn inkisafina da tasir gbstarir. Torpagin su-fiziki
xUsusiyyatlari ve gida maddalariila taminat daracasi bitkilarin yayilma imkanlarini mtayyanlasdirir.
Digar tarafdan, bitkilarin kok sistemi torpagin strukturunun formalasmasinda istirak edir, Gzvi
galiglar isa torpagin Gzvi madds ehtiyatina 6z tasirini gostarir. Bu sabablardan da torpaq va bitki
ortlyU arasinda qarsiligh alags arid landsaftlarin sabitliyinin miGhidm sartlarindan biridir.

Tabii komponentlarin garsiligh alagasi: Boylk Qafgazin canub-sarg yamacinin arid landsaftlarinda
tabii komponentlarin bir-biri ila qarsiligh alagasi ardicil proseslar sistemi kimi meydana cixir.
Relyefin dayismasi iglim gostaricilarinin lokal xUsusiyyatlarina tasir edir; iglim saraiti torpagin va
bitki 6rtiytnin formalasmasina tasir gostarir; torpaq va bitki 6rtlyl iss 6z ndvbasinda sath axinina
va eroziya proseslarina tasir edir. Belalikle, bir komponentda bas veran dayisiklik miayyan
daracada digar komponentlarda da 6z aksni tapir.

Bu alaga xususila relyef-iglim-torpag-bitki ardicilliginda aydin gérinr. Yiksaklik va ekspozisiya
dayisdikca istilik va rltubat saraiti dayisir. Bunun naticasinds torpaqg ortlylUnin xdsusiyyastlari
hamcinin bitki formasiyalarinin tarkibi da farglanir.

Arid soraitde bitki ortlylnin seyrakliyi sathin eroziya proseslarine garsi davamliligini axaldir.
Bunun aksi olaraq isa bitki 6rtGylndn nisbatan six oldugu sahalards torpaqg sathinin gorunmasi
glclanir. Belalikla, bitki 6rtlyd yalniz iglim ve torpaq saraitinin naticasi deyil, ham da landsaftin
sonraki inkisafina tasir edan amildir.
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Cadval 1. Tabii komponentlar arasinda asas qarsiligh alagalar

Tobii komponent

osas tasir istigamati

Qarsiligl alaganin naticasi

Relyef

Yuksaklik, meyillilik Vo
ekspozisiyani muayyan edir

Istilik-ritubat  saraitinin ve
sath axininin dayismasi

gahq yaradir

iglim Istilik va ritubst balansini | Torpag va bitki 6rtiyinin
formalasdirir diferensiasiyasl

Su Rdtubatin arazi Gzra | Torpaq ve bitki ortlylinin
paylanmasinda istirak edir lokal xUsusiyyatlarinin

dayismasi

Torpaq Bitkilarin ~ su  va  qgida | Bitki ortlylUnin tarkibi va
taminatina tasir edir sixliginin formalasmasi

Bitki ortlyl Torpaqg sathini goruyur, Gzvi | Eroziyanin va

torpagamsalagalma

proseslarinin dayismasi

Antropogen tasir va arid landsaftlarin maasir vaziyyati. Boylk Qafgazin canub-sarg yamacinda
tabii landsaftlarin muasir vaziyyatinin formalasmasinda antropogen amillar da mihim rol oynayir.

Kand tasarrifati faaliyyatinin genisloanmasi, otlag sahalarindan istifads va yamaclarin tasarrifata
calb edilmasi tabii ortlylin dayismasina sabab ola bilir. XUsusila arid saraitds bitki ortlylinin
azalmasi torpaq sathinin eroziyaya garsi davamliligini azaldir. Buna gora da tabii landsaftlarin
muhafizasi zamani tasarrifat faaliyyatinin arazinin tabii xtUsusiyyatlariile uygunlasdirilmasi mihim
masaladir.

MUasir tadgigatlarda Boylk Qafgazin canub ve canub-sarg yamaclarinda eroziya, sel, stiriisma va
digar ekzodinamik proseslarin tadqigina da diggat yetirilir. Azarbaycan Milli EImlar Akademiyasinin
Cografiya institutunun malumatina gérs, Oguz, ismayilli, Samaxi va Qabala rayonlarinda apariimis
¢ol tadgiqatlari zamani eroziya, sel va slrlisma proseslari arasdiriimis va tahlikali sahalarin
xaritalasdirilmasi hayata kegirilmisdir [1].

Bu proseslar gdstarir ki, landsaftin ayri-ayri komponentlarinin vaziyyati bitov sistemin davamlilig
ilo alagadardir.

Bitki 6rtlyUnin pozulmasi torpaq sathinin gorunmasini zaiflads, torpagin deqradasiyasi isa bitki

ortlyunidn barpa imkanlarini mahdudlasdira bilar. Buna gora da arid landsaftlarin mihafizesinda
komponentlararasi alagalarin nazars alinmasi daha ssmarali natica verir.
Noatica: Boylk Qafgazin canub-sarg yamacinin arid landsaftlarinin tahlili gdstarir ki, onlarin
formalasmasi ve makan Uzra diferensiasiyasi tabii komponentlarin garsiligh faaliyyati ila sartlanir.
Relyefin yiksaklik, meyillilik va ekspozisiya xtsusiyyatlari istilik-ritubst saraitinin lokal dayismasina
tasir gdstarir. iglim saraitindaki farglar isa torpaq va bitki drtiyinin inkisaf istigamatinda 6zin
gostarir.

Samaxi va Qobustan arazilarinds dag boz-gahvayi torpaglarin yayilmasi arid tabii saraitle

torpagamsalagalma proseslari arasindaki alaganin dyranilmasi baximindan xdsusi shamiyyata
malikdir[10]. Relyefin morfometrik xUsusiyyatlari, xUsusila yamaclarin meyilliliyi va ekspozisiyasi
landsaft diferensiasiyasinin mihdm amillarindan biri kimi ¢ixis edir [5,6].
Natica etibarils, arazinin arid landsaftlarini yalniz iglim saraitinin tasiri ila izah etmak dizgin olmaz.
Relyef, iglim, su, torpaqg va bitki ortlyU vahid tabii sistem tagkil edir va onlarin har birindaki
dayisiklik digar komponentlarin vaziyyatina tasir gostarir. Antropogen faaliyyatin bu alagalar
sistemina alava tasir gostarmasi isa landsaftlarin muasir vaziyyatinin giymatlandirilmasinda tabii
va antropogen amillarin birlikdas nazardan kecirilmasini zaruri edir.
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