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Medical Sciences

KT-aHrmnorpapuyeckme npmusHakm
TPOMDO3IMOONNN NETOYHOW AaPTEPUM:
KIMHWMYecKoe HabatoaeHue

BanpxeHosa CabmHa EpnaHKbI3bl

Bpay-pe3naeHT pagnonor HAO «KaparaHAMHCKMN MeAMUMHCKMA YHUBEPCUTETY,
KaszaxcTaH, KaparaHaa

bafbiTKaH MagmHa XKeHicKbi3bl

Bpay-pe3naeHT paamnonor HAO «KaparaHAMHCKM MeAULMHCKMA YHUBEPCUTETY,
KaszaxcTaH, KaparaHaa

MoTtopruH JaHun Opbesuny

Bpay-pe3naeHT pagmonor HAO «KaparaHAMHCKMIA MeANUMHCKNIA YHUBEPCUTETY,
KasaxcTaH, KaparaHaa

EpmaxaH AcbinkaH PaywaHy/ibl

Bpay-pe3naeHT pagnonor HAO «KaparaHAMHCKMN MeAMUMHCKMA YHUBEPCUTETY,
KaszaxcTaH, KaparaHaa

Tayekenosa MeanHa KopraHbekoBHa

Bpay-pe3naeHT Kapamonor HAO «KaparaHAUMHCKNI MeANLMHCKNI YHUBEPCUTETY,
KasaxcTaH, KaparaHaa

AHHomauuA:  [peacTaBneH  KAMHWMYECKMIA  CAyY4all  MACCMBHOM  [BYCTOPOHHEM
TPOMDOIMBONNN  NIETOYHOM  apTepun y naumeHTkn 77 NeT ¢ pPas3BUTUEM  AblIXaTe/bHOM
HeJoCTaTOYHOCTU. [lo  AaHHbIM - KT-aHrMorpadum ycTaHOBAEHbl MPU3HAKM  3HAYMTENbHOIO
MOPasKeHUA NIerOYHOr0  COCYAMCTOrO pycra W HapyWeHWs Nero4Hon  reMoAnHaMUKK.
MpeAcTaBNeHHbIN KAMHUYECKMI CnyYalt eMOHCTPUPYET BbICOKYIO AMArHOCTUYECKYHO LLEHHOCTb
KT-aHrnorpapum B BbIABAEHUM maccuBHOM TIJIA, onpeaeneHnnm pPacnpoCTPaHEeHHOCTH
NOPAKEHMA M OUEHKE TAXKECTU COCTOAHMUA NaLMEHTA, YTO MMEET KNto4YeBoe 3Ha4YeHne Ans Bbibopa
JanbHenwen ne4yebHom TakTUKMN.

Kntoyesblie cnosa: Tpombosmbonus  nerodHon aptepuin  (TDJ1A), KomnbioTepHas
ToMorpaduyeckas aHrnorpadus (KT-aHrmorpadua), cepnosuaHas Tpomboambonuma, Tpombo3
NEroYHbIX apTEPU, AblXaTelbHaA HEAOCTAaTOYHOCTb.

Tpomboambonus neroyHon aptepum (TIJIA) npeactasnseTr cobol ogHO M3 Haubosee
PACNpPOCTPAHEHHbIX M KAMHMYECKM  3HAYMMbIX  CEepAe4HO-COCYAUCTbIX  3aboseBaHWi,
XapaKTepu3ytoLLleecs BbICOKOM YacTOTOM rOCNUTanmM3aLUmii U CyLLEeCTBEHHbIM PUCKOM S1eTasibHOMO
ncxoaa. CMepTHOCTb OT KOTOPOro B noc/iedHue rodpl CHUXKaeTcs, HO 3abosieBaemocTb
yBennumeaetca. KamHuyeckme npoasaeHuna TI/1A oTaMYaloTCs 3HaUMTeIbHOWM BapmrabenbHOCTbIo
M MOTyT BapbMpoOBaTb OT OECCMMMTOMHOIO TEYEHUA [0 KMU3HEYrPOXKaloLlero coctosHua. o
YPOBHIO cMepTHOCTM TIJ1A 3aHUMaEeT TPETbE MECTO Cpeaun NPUYMH CMEePTM FOCMUTAIU3NPOBAHHbIX
nauneHTos [1], oAHaKo B nocaeaHMe roAbl AaHHbIM NOKasaTeNb CHU3MACA Baarogapa BHeAPEeHWO
6onee 4yBCTBUTE/IbHbLIX METOA0B AMArHOCTUKM UM COBEPLUEHCTBOBAHMIO fledebHbIX NoaxoA0B B
COOTBETCTBMM C  COBPEMEHHbIMW  KAMHUMYECKMMM  peKomeHAaumamun.  KomnbloTepHas
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TOMOrpaduyeckad aHrmorpadua C KOHTPACTHbIM YCUAEHMEM CHMTAETCA 30/10TbIM CTaHAAPTOM
OMArHOCTUKM Yy NALMEHTOB C NMOAO3PEHMEM Ha OCTPY0 TPOMOOIMOONMIO NEFrOYHON apTepumn B
YC/IOBMAX OTAENEHMIA HEOTNOXKHOM NomoLn [2].

KnuHuyveckuli cny4adl. B akcTpeHHOM nopsigke B MHOTONpPoduabHyo 60abHMLY . KaparaHabl
6blNa rocnUMTanmM3anpoBaHa naumeHTka 77 neT ¢ nogo3peHMem Ha TPomboaMbOONMIO IErOYHOM
apTepun. Mpn nocTynneHMn nNpeabABasna XKanobbl OAbIWKY B MOKOE, YCUMAMBAKOLLYOCA Npwu
MUHMMaNbHOM GU3NYECKOM HarpysKe, CHUMKEHWE TONEPaHTHOCTM K GU3MYECKOM aKTMBHOCTM,
3NM304, NOTEPWM CO3HaHWMA. M3 aHamHe3a WM3BECTHO, YTO MaUMeHTKa NpPOoXoAwmna NeyeHue B
YCNOBMAX AHEBHOrO CTalMOHApa OTAENEHMA MUKPOXMPYPrUW rnasa. YXyAweHue COCTOAHMUA C
NOABNEHMEM BbllLEYKA3aHHbIX anob OoTMeYeHOo nocne NPoBeAeHHOro eYeHus, B CBA3N C Yem
camocToATeNbHO 0bpaTmnack B NpMeMHoe oTAeNeHne CTaumMoHapa. B aHamHese nepeHeceHHoe
OCTpOe HapyLleHMe MO3roBOro KpoBoObpaLLEHMA.

Mpyn NOCTyNAEHUN COCTOAHME MNALMEHTKM PaACUEHMBANOCh KaK TAXKenoe, obycnoBneHHoe
Pa3BUTMEM [AbIXaTeNbHOW HeaoCTaTOYHOCTW. [ns npoBeAeHWMA WHTEHCUMBHOM Tepanuu U
OMHaMmMYyeckoro  HabnogeHua  naumeHTKa  6blna  rocnuTanmM3MpoBaHa B OTAe/NeHue
aHecTe3nonornm, peaHMmaumm M MHTEHCMBHOM Tepanuu. Mpu obbekTMBHOM ob6cneaoBaHMM
apTepuanbHoe aasneHue coctasmno 100/70 Mm pT. CT., YaCTOTa AbIXaTeNbHbIX ABMMEHUN - 24 B
MUHYTY, caTypaumsa 90% Ha aTmochepHOM BO3AyXe.

Mo pe3ynbTatam nabopaTopHOro obcneoBaHMA OTMEYANOCh 3HAYUTENbHOE NOBbIWEHME
ypoBHA D-ammepa Ao 10 000 Hr/mn, 4TO B COBOKYMHOCTM C KAMHWUYECKOM KapTUHOW NO3BOANIO
3anoa03puTb TpoMboambonnto neroyHon aptepun. C uenbto BepudMKaumm amarHosa 6Hoina
BbinoNHeHa KT-aHrvorpaduma C  BHYTPMBEHHbIM  OOMKOCHBIM  KOHTPACTHBIM  YCUNEHUEM,
NO3BOMMBLLAA MOATBEPAMUTL HaAMuMe TPOMDOIMOOAMYECKOrO MOPAXKEHWA BETBEN NIErOYHOWM
apTepuu.

CornacHo pgaHHbiM KT-aHrnorpaduum, B NpOCBeTe /NIerOYHOrO CTBO/MA Ha YPOBHE ero
budypkaumm onpeaenseTca MNPOTAXKEHHbIN BHYTPUMNPOCBETHbLIM AedeKT KOHTPaCTUPOBAHMS
UMAnHapuyeckon ¢GopmMbl C PacnpoCTpaHeHWem B MNPaBytd W /EBYHD J/IEFOYHblE apTepum.
MaKcmanbHbIl ~ AMameTp  TpomboTmyeckux  macc  gocturaetr  10mm. [MNOTHOCTb
Tpomboambonnyecknx macc coctaBnsaetr okono +110 HU. Tpombosmbonumyeckuin cybcetpat
XapaKTepu3yeTca YeTKMMM KOHTYPaMM M OKPYXKEH KOHTPACTHbIM BeLLeCTBOM No nepudepuu,
bopmmpya TUNUYHYO KT-KapTUHY 0CTPOM TPOMHBOIMOONN Nero4Hom aptTepun (prucyHok 1).

PucyHok 1. KT-aHrrorpadua: cegnosmaHas Tpomb0amb0oaMa TeroYHOM apTepum Ha ypPoBHe

6mdypKaLMmM Nero4Horo cTeoa.
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Tpombosmbonmyeckne Mmaccbl NOKAAM3YIOTCA B LEHTPabHbIX OTAEeNaX J1ero4yHoro
apTepunanbHOro pycna ¢ BonevyeHnem budypKaumm NeroyHoro CTBoia M PacnpPoCTPaHEHNEM Ha
MarucTpasnbHble BeTBM 0Oenx ferovHblx apTepuit  (PUCYHOK 2). BblfABNEHHaAs KapTWHa
COOTBETCTBYET CeanoBMaHoOn Tpomboambonum (saddle pulmonary embolism), asnstouweiica
OZ1HOM 13 Hanbonee Taxenbix PopMm aMBONNYECKOrO MOPaAKEHMA TIEITOYHOTO COCYAMCTOro pycaa.

PucyHoK 2. Tpomb03mboaMYeCKMe MacCbl B MarncTpasbHbIX BETBAX IEFOYHOMN apTepun

OTmevaeTcs [JanbHelllee pacnpocTpaHeHne TPOMOOTMYECKMX MacC B [A0/eBble U
CermeHTapHble BETBM 0Beux NerovHbix apTepmnin ¢ GOPMMPOBAHMEM MHOMKECTBEHHbIX Y4aCTKOB
cybTOTasIbHOM 1 NMOMHOM OKKKO3MMN COCYA0B PAa3NMYHOIO Kannbpa (pUCyHoK 3).

PucyHoK 3. TpomboTmyeckme macchl B 061acT budypKaLmm N1ero4Horo cTeoa

Ocoboe BHMMaHMe obpallaeT 3Ha4YMUTeIbHbIN 06BEM NOPAXKEHMA NEFOYHOrO apTepPUasbHOro
pycna, BKAOYAIOWMIA LIEHTPasIbHbIE, 10/1E€BbIE M CErMEHTapHble cocyabl 060MX nerkux. NoaobHas
PAcnNpOCTPaHeHHOCTb  TPoMbB0o3aMbBONMYECKOTO  Mpolecca CBUMAETENbCTBYET O  BbICOKOW
9MbONIMYECKOM Harpyske W  BbIPaXKEHHOM YMEHbLIEHWM MAoWAAM  QYHKUMOHMPYIOLWEro

COCYAMCTOro pycaa Maaoro Kpyra KpoBoobpalleHums.
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JleroyHbln cTBOAN pacwimpeH A0 35 mm, 4TO MNpeBbilaeT ObOLENPUHATLIE HOPMATUBHbIE
3HaYeHMA N MOXKET pPacCMaTPMBATbCA KaK KOCBEHHbIN NPW3HAK NOBbIWEHWA AAaBAEHMA B CUCTEME
Manoro Kpyra KpooobpalleHua. PaclwimpeHue CTBONA NErOYHOM apTeEpMM B COYETAHUM C
MaCCMBHbIM TPOMDOTUYECKMM MOpPAXKEHMEM LIEHTPA/IbHbIX BETBEN ABAAETCA AOMNOAHUTENBHbBIM
MapKepom reMoaMHaMnN4YeCKoN 3HAYNMMOCTHM BbIABIEHHbIX N3MEHEHWIA.

MNpK OUEHKe OpraHOB CPEeAOCTEHMA MATONOMMYECKU YBEIMYEHHbIX BHYTPUTPYAHbLIX
AMmdaTUYeCcKMX Yy310B He BblBaeHO. CBob6oAHAs KUAKOCTb B MJIEBPAJIbHbLIX  MOAOCTAX
oTcyTcTBYeT. [1poCcBeT Tpaxeu, raBHbIX, J40NEBbLIX M CETMEHTAPHbIX OPOHXOB COXPaHEH, MPU3HAKOB
Komnpeccum, AedpopmMmaLnmm nan aHA0O6POHXMANbHbBIX 0OPa30BaHMN He onpeaenaeTcs.

B neroyHon napeHxMme npeuMmyLlecTBEHHO B 0asasibHbiX oTAenax o0boux nerkux
BM3YanM3MPYIOTCA  JIMHEMHbIE  Yy4aCTKU  MHTEPCTULUMANbHOTO  YNAOTHEHUSA.  BbiABAEHHbIe
M3MEHEHMA MMelT HecneumdUyYecKMin XapakTep WM MOryT COOTBETCTBOBATb XPOHMYECKMM
OGNOBPO3HBLIM, TUMNOBEHTUNALUMOHHBIM MO0  MOCTBOCMANNTENBHBIM  M3MEHEHMAM. Y4YacTKOB
KNMHOBWAHOW CybnneBpasibHOM KOHCONMAALUMM, XapaKTePHbIX ANA WHbapKTa Nerkoro, 30H
BHYTPMANbBEONAPHOrO KPOBOM3AMAHMA, @ TaKKE O4aroBblX MHPUABTPATUBHbLIX M3MEHEHMI Ha
MOMEHT MCCNe0BaHMNA He BbISBNEHO.

Takum o6pasom, gaHHble KT-aHrnorpadum CBUAETENbCTBYIOT O HaAMYMM MACCUMBHOM
[BYCTOPOHHEN TPOMB03IMOONMM NErOYHOM apTepum C BOBAeYeHWEM OUdypKaLMKM Nero4yHoro
CTBONA, MPABOM WM /I€BOW NIErOYHbIX APTEPUNA, a TaKKe [0MeBbIX M CErMeHTapHbIX BETBEMN.
BblfiBNEHHblE M3MEHEHWS COOTBETCTBYIOT KapTUHE CeasioBUAHOM TPOMB0IMOONMM C BbICOKMM
06BbeMOM 3MBOIMYECKOTO NOPAKEHMA NErOYHOr0 COCYAUCTOro pycaa M NpuU3HakaMm HapyLleHus
NIErOYHOM reMoAMHAMMKN.

MNpeAacTaBAeHHbIN KAMHUYECKUIA CAyYall AEMOHCTPUPYET AMArHOCTUYECKME BO3MOMKHOCTM
KT-aHrnorpadum npm  octpon Tpomboambonmm neroyHon apTepun. MeToa NO3BOAMA
CBOEBPEMEHHO BbIABMTb MACCMBHYIO TPOMDO3IMbBOAMIO 0Denx NerovyHblXx apTepui, a TaKkke
OUEHUTb O0OBbEM MNOPAXKEHWS COCYAMCTOrO pycna M NPU3HAKM  HapyLeHUs NIEeroYHOM
remoAnHammKn. TlonydeHHble JaHHble MMENM pellatollee 3HavyeHuMe A4 NoATBepKAeHMA
AMarHosa, onpeaeneHns crteneHn TaxkecTn 3abonesaHns M Bbibopa AanbHeiwen nevyebHON
TaKTUKKW. [laHHbIA MeTod, OCTaeTCs BbICOKOMHOOPMATUBHLIM METOAOM AMArHOCTUKM TIMIA ©
[0KHa PacCMaTPMBATbLCA KaK OCHOBHOM MHCTPYMEHT BM3yann3saumm npu Nogo3peHnn Ha AaHHYo
NaToNOTNHO.

CnucoK nntepaTtypbl:

1. Goldhaber S, Come P, Lee R et al. Alteplase versus heparin in acute pulmonary embolism:
randomised trial assessing right-ventricular function and pulmonary perfusion. The Lancet, 341,
507-511.

2. Khandait H, Harkut P, Khandait V, Bang V. Acute pulmonary embolism: Diagnosis and
management. Indian Heart J. 2023 Sep-Oct;75(5):335-342.
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TOBACCO CONTROL POLICIES: A
COMPARATIVE STUDY OF THE
EFFECTIVENESS OF PREVENTIVE
MEASURES IN CHINA AND KAZAKHSTAN

Song Shiging

Public health, Al-Farabi Kazakh National University
Raushanova Aizhan

Al-Farabi Kazakh National University

Introduction

The relevance of the study of tobacco control policy is due to the persistently low
prevalence of tobacco smoking and its negative impact on public health, as well as instability and
demographic indicators.

Despite the existence of national tobacco control programs in both China and Kazakhstan,
they do not always lead to the desired results. This is due to the insufficient effectiveness of
preventive measures and the insufficient involvement of the state in regulating the tobacco
market.

With increased anti-smoking policies at the global level, including the WHO Framework
Convention on Tobacco Control, a comparative analysis of national strategies is becoming
particularly relevant. It allows us to identify successful practices and identify time gaps in the
implementation of tobacco control policies.

The purpose of this study is to conduct a comparative analysis of the effectiveness of
preventive tobacco control policies in China and Kazakhstan in order to identify the most effective
approaches and opportunities for their adaptation.

To achieve this goal, it is necessary to solve the following tasks:

1. To carry out state and preventive measures to combat tobacco smoking in China and
Kazakhstan.

2. Evaluate the effectiveness of the implemented policy in terms of reducing the
prevalence of smoking and raising public awareness.

The scientific novelty of this study lies in the fact that it offers a comprehensive
comparative analysis of the effectiveness of preventive anti-smoking measures in China and
Kazakhstan. This takes into account differences in socio-economic conditions, the level of
government regulation, and the mechanisms for implementing public health policies in these
countries.

Unlike previous studies, this study not only describes anti-smoking programs, but also
identifies the factors that determine their practical effectiveness in reducing tobacco use and
shaping public awareness.

The study also offers a new perspective on anti-smoking policy, identifying the most
effective tools such as legislative restrictions, tax regulation, awareness campaigns, and preventive
education programs. In addition, the authors evaluate the possibilities of applying the successful
experience of China and Kazakhstan to improve national tobacco control strategies. The results
obtained will help to develop practical recommendations aimed at improving the effectiveness of
preventive measures in the field of public health.
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Literature review

Among Chinese experts, Teh-Wei Hu made a significant contribution to the study of the
problem. In his article “WHO Framework Convention on Tobacco Control in China: barriers,
challenges and recommendations. Glob Health Promot”, he analyzes the implementation of the
WHO Framework Convention in China.

The author concludes that, despite the formalization of international regulations, the pace
of development of anti-smoking measures is slowing down due to institutional, economic and
social barriers, including the influence of the state tobacco industry. This points to a key problem
— the gap between the policy and its actual implementation[1].

The influence of Chinese authors Yang G, Wang Y, Wu Y, Yang J, Wan X. where they
examines the scale of the tobacco epidemic and the effectiveness of government policy[2].

The authors notes that there are more than 300 million smokers in China, and the high
prevalence of smoking among men poses a serious threat to public health.

According to the authors, possible measures such as the introduction of taxes, bans, and
public awareness have potential, but require a strengthened and systematic approach to achieve
innovative smoking reduction.

A study was conducted in Kazakhstan, the results of which were presented in the article
“The Current State of MPOWER Policies in the Republic of Kazakhstan: Data from the Global Adult
Tobacco Survey”, published by Shynar Abdrakhmanova and Zarina Keruenova in 2019(3].

As part of the study, the authors analyzed the effectiveness of the six-day anti-smoking
Policy (MPOWER) based on data from the global GATS survey. As a result, it was revealed that
progress has been made in Kazakhstan in the field of public awareness and product labeling.
However, major issues such as the availability of cigarettes, exposure to advertising, and
secondhand smoke remain relevant.

The authors concluded that MPOWER's policy is partially effective, but requires increased
control and reduced availability of tobacco products.

In the article “Prevalence and characteristics of tobacco use among adults in Kazakhstan:
A cross-sectional National Survey”, published in 2025, lbrayeva A, Shoranov M, Aipov R,
Katarbayev A, Tanabayeva S, Fakhradiyev I. conducted a study that showed that, despite the
control measures taken, the smoking rate in Kazakhstan remains high and poses a serious problem
for public health[4]. The authors concluded that it is necessary to further develop prevention
programs, strengthen public policy and develop targeted measures for various groups of the
population.

Thus, the analysis shows that comprehensive tobacco control measures are being
implemented in Chinese literature and in Kazakhstan. However, the key problems are the
insufficient effectiveness of policy implementation, the high prevalence of smoking in society, and
the need to strengthen tax, legislative, and educational measures.

Research shows that comprehensive measures combining strict regulation and active
prevention are the most effective. Their practical implementation remains the main task.

Research methodology

The methodological basis of the research is based on a comparative and interdisciplinary
approach to the analysis of government policy on tobacco control in China and Kazakhstan. The
study aims to identify the effectiveness of preventive measures applied in these countries, as well
as to identify factors influencing the reduction in the prevalence of tobacco smoking and related
diseases.

The research plan includes several sequential steps. At the first stage, an analysis of
international and national regulatory legal acts regulating the anti-smoking policy is carried out. In
particular, the provisions of the World Health Organization Framework Convention on Tobacco
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Control, national health programs, laws banning smoking in public places, tax instruments and
measures regulating the tobacco market are being considered.

At the second stage, a comparative analysis of statistical data on the prevalence of
smoking, mortality and morbidity associated with tobacco use in China and Kazakhstan is carried
out.

The third stage evaluates the effectiveness of preventive and institutional measures aimed
at combating smoking. In particular, educational programs, medical mechanisms to support
smoking cessation, and administrative control over compliance with legislation are analyzed.

The official statistical materials of the World Health Organization, the World Bank, the
Ministry of Health of the Republic of Kazakhstan, and the National Health Commission of China
were used as data sources for the study. The results of the international Global Adult Tobacco
Survey (GATS), scientific articles published in international peer-reviewed journals, and analytical
reports in the field of public health for the period from 2020 to 2025 were also taken into account.

The time frame of the study covers the period from 2020 to 2025, which allows us to
analyze current trends in the development of anti-smoking policy, assess the impact of new
restrictive measures and the dynamics of tobacco smoking prevalence after the strengthening of
global public health initiatives.

The study uses methods of comparative analysis, content analysis of regulatory
documents, statistical analysis of international data, as well as elements of an institutional
approach that allow for a comprehensive analysis and assessment of the impact of the state
management system and socio-cultural factors on the effectiveness of anti-smoking policy. This
comprehensive approach allows for a detailed study and identification of both similarities and
differences between China and Kazakhstan in the context of tobacco control.

Results

The first stage of the study included an analysis of government tobacco control policies in
Kazakhstan and China, including legislative measures, prevention programs, and institutional
regulatory mechanisms. The analysis was based on the provisions of the World Health
Organization Framework Convention on Tobacco Control, national health laws, as well as
government tobacco prevention programs.

In Kazakhstan, the fight against smoking is carried out through a system of legislative
restrictions, including a ban on smoking in public places, an increase in excise taxes on tobacco
products, restrictions on tobacco advertising and information and prevention campaigns. In
accordance with the Code of the Republic of Kazakhstan “On the Health of the People and the
Healthcare system”, there is administrative responsibility for violating anti-smoking legislation.
Additionally, the Ministry of Health and the Ministry of Education are implementing educational
programs aimed at preventing smoking among young people and adolescents[5-6].

In China, the anti-smoking policy is more centralized and implemented through
government programs aimed at limiting smoking in public places, developing educational
campaigns and creating “tobacco-free schools”. However, the specificity of the Chinese system
lies in the existence of a state tobacco monopoly, which creates certain contradictions between
the economic interests of the state and the tasks of public health[7-8].

The following is a brief comparative summary of the main directions of anti-smoking policy
in Kazakhstan and China, which makes it possible to visually compare the key institutional and
regulatory measures implemented in both countries (in table 1).
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Table 1. Comparison of the main tobacco control measures in Kazakhstan and China

Indicator Kazakhstan China
Smoking ban in public Implemented at the national | Mainly implemented in major
places level cities
Tax policy Increase in excise taxes Gradual increase in excise taxes
Educational programs Implemented in schools and | Large-scale government

universities campaigns

Medical support for Limited availability Developed through major
smoking cessation clinical institutions
Enforcement of laws Inconsistent Varies by region
State tobacco monopoly Not present Exists

Source: compiled by author

The results of the first stage of the study allow us to conclude that the anti-smoking policy
in Kazakhstan and China is developing within the framework of different institutional models. This
directly affects the nature and effectiveness of the measures being implemented.

Although both countries are guided by the standards of the WHO Framework Convention
on Tobacco Control, their practical implementation differs significantly. In particular, the level of
centralization, control mechanisms and the role of the state in regulating the tobacco market
differ.

In Kazakhstan, the fight against smoking is mainly carried out using regulatory and fiscal
methods. The legally established ban on smoking in public places, the increase in excise taxes and
the restriction of tobacco advertising form the basis of regulation.

It is also worth noting the important intersectoral programs implemented by the Ministry
of Health and the Ministry of Education. These programs are aimed at developing a healthy
lifestyle among young people.

There is a key problem — inefficiency of law enforcement practice. It is not always possible
to ensure stable monitoring of compliance with existing standards, which reduces their real impact
on people's behavior.

In China, on the contrary, the anti-smoking policy is characterized by a high degree of
centralization and the active participation of government agencies. The country pays great
attention to the creation of "tobacco-free schools," mass information campaigns are conducted,
and smoking in public places is restricted.

The peculiarity of the Chinese model is that there is a state tobacco monopoly in the
country. This creates a structural contradiction between the economic interests of the state and
the goals of public health. Because of this, despite the scale of preventive measures, the potential
for significant reductions in tobacco use may be limited.

Comparative analysis shows that Kazakhstan has a clearer regulatory framework for
smoking bans, but faces difficulties in their implementation and control. At the same time, China
has a more developed and centralized preventive infrastructure, but is influenced by institutional
constraints caused by economic dependence on the tobacco industry.

Thus, the first stage of the study confirms that the effectiveness of an anti-smoking policy
depends not only on the availability of legislative measures, but also on their practical
implementation at the institutional level, the level of interdepartmental coordination and
structural constraints in the economic system.

At the second stage of the study, statistical data related to the prevalence of tobacco
smoking, mortality and morbidity caused by tobacco use were analyzed.

In Kazakhstan, smoking is becoming one of the main causes of premature mortality.
According to the World Bank and WHO, about 13.17% of all deaths in the country are related to
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tobacco exposure, making it one of the main factors affecting the health of the adult
population[9].

About 17,000 people die each year from smoking-related diseases such as lung cancer,
cardiovascular and chronic respiratory diseases. At the same time, it is predicted that among
current smokers, more than 1.4 million people may face premature death if more serious tobacco
control measures are not taken[10].

In Kazakhstan, approximately 16-19% of the adult population smokes. Among men, this
figure is significantly higher — about 30-40%, while among women it is less than 10%. Despite the
introduction of smoking bans in public places, increased excise taxes, and various campaigns, the
effectiveness of the policy remains limited due to insufficient safety controls and high availability
of tobacco products.

The situation in China is even more serious. The country is the largest tobacco consumer
in the world, and more than 300 million people smoke, which puts a significant strain on the health
system (according to WHO and national research). Chinese studies show that smoking causes
millions of deaths annually, and the smoking rate among men remains extremely high, exceeding
50% in some age groups (according to GATS China).

The following are comparative epidemiological indicators of the prevalence of tobacco
smoking and its consequences in Kazakhstan and China, allowing us to assess the scale of the
problem and the key differences between the two countries(table 2).

Table 2. Comparative indicators of smoking prevalence

Indicator Kazakhstan China
Adult smoking 16-19% Over 25%
prevalence
Smoking among men 30-40% Over 50%
Annual smoking-related | 17,000 people Millions of deaths
mortality
Main diseases Lung cancer, COPD, stroke, Lung cancer, COPD,

ischemic heart disease cardiovascular diseases

Key challenges Weak enforcement of laws State tobacco monopoly

Source: compiled by author

The results of the study demonstrate that, despite the preventive measures being taken,
the smoking rate in both countries remains significant. Cultural traditions, widespread availability
of tobacco products and insufficient supervision of compliance with legislation play an important
role.

As part of the third stage of the study, the effectiveness of measures aimed at tobacco
prevention and control was assessed.

In Kazakhstan, preventive measures are carried out at the level of education, healthcare
and the state[11]. Classes on healthy lifestyle formation are held in schools, events dedicated to
World No Tobacco Day are organized, and information campaigns aimed at combating the use of
electronic cigarettes and vapes are being conducted. There are prevention rooms in medical
institutions, but smoking cessation and nicotine replacement therapy programs are still not widely
available.

China has a more extensive system of smoking prevention measures, which includes
centralized educational programs, medical consultations, and the creation of smoke-free public
spaces[12]. However, the high level of social acceptance of smoking among men and the influence
of the state monopoly on the production and sale of tobacco products reduce the effectiveness

of these measures.
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Below is a comparative summary of the effectiveness of preventive tobacco control
measures in Kazakhstan and China, reflecting differences in the level of implementation of
educational, medical and institutional programs(in table 3).

Table 3. Effectiveness of tobacco control preventive measures

Indicator Kazakhstan China
School-based prevention Implemented unevenly | Large-scale government programs
Medical support Limited accessibility Developed in major urban hospitals
Enforcement of smoking bans | Partially effective Weak at local level
Social perception of smoking | Gradually decreasing Remains high
Policy effectiveness Moderate Limited due to institutional factors

Source: compiled by author

The results of the table demonstrate that the best result is provided by an integrated
approach to the fight against smoking, which includes:

a strict legal framework;

high taxes on tobacco products;

permanent work on smoking prevention in educational institutions;

affordable medical care for quitting smoking.

In both countries, there is a gap between formal measures and their actual application,
which reduces the overall effectiveness of government tobacco control policies.

Discussion

The results obtained need to be considered in the context of international research, which
shows that the effectiveness of an anti-smoking policy depends not only on the availability of
formal legislative measures, but also on the quality of their implementation, the sustainability of
institutional mechanisms and the level of social support.

In this context, the differences between Kazakhstan and China reflect two different
regulatory models. Kazakhstan has a relatively developed regulatory framework and prevention
programs are being actively implemented, but their effectiveness is limited by weak control over
implementation and uneven implementation in different regions. In China, despite the high
centralization and scale of government initiatives, there remains a structural contradiction
associated with the tobacco monopoly and the social normalization of smoking, which reduces the
overall effect of the measures.. These conclusions are consistent with the results of research by
the World Health Organization, which demonstrate that the most stable reduction in the number
of smokers is achieved only with an integrated approach that includes strict regulation, high taxes,
access to smoking cessation assistance, and consistent public oversight. At the same time, if there
is a significant gap between policy and practice, even well-designed programs may not be
effective.

Conclusion

A comparative study of anti-smoking policies in China and Kazakhstan revealed that this
problem still poses a significant threat to public health in both countries, despite the existence of
appropriate laws and preventive measures.

The main conclusion of the study was that the effectiveness of an anti-smoking policy
depends not only on the completeness of the legislative framework, but also on the quality of its
implementation, the level of control and coordination of actions of various state institutions.

The analysis showed that in Kazakhstan, despite the existence of a relatively strong
regulatory framework and preventive initiatives, there is a problem with insufficient control over
their implementation. At the same time, in China, large-scale government programs face
structural factors such as the influence of the tobacco monopoly and the steady social
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normalization of smoking, which prevents the achievement of a sustainable reduction in smoking
rates.

As a result, in both countries there is only partial success of the measures taken without a
steady decrease in the number of smokers.

From the point of view of political consequences, the most effective measures are:

1. Strengthening control over compliance with legislation.

2. Increasing the tax burden on tobacco products.

3. Increasing access to smoking cessation programs.

4. Strengthening intersectoral cooperation in the field of public health.

Only an integrated approach to the implementation of these measures can significantly
improve the effectiveness of the anti-smoking policy in the long term.
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Introduction

The importance of the study is due to the increasing role of primary health care (PHC) as
the foundations of the sustainability of national health systems. With the growth of chronic
diseases, the aging of the population and the need to increase the availability of medical services,
primary health care is becoming a key factor determining the effectiveness of the entire
healthcare system.

In recent years, China and Kazakhstan have been carrying out large-scale reforms aimed at
the primary health system. However, their development models differ. China is actively
implementing integrated and digital mechanisms for the organization of primary health care, while
Kazakhstan is developing a multidisciplinary and socially oriented model of primary care based on
family medicine and health system reform programes.

Comparative analysis of data systems is becoming especially relevant for identifying
problems, evaluating the effectiveness of reforms, and opportunities for mutual learning.

The purpose of the study is to conduct a comparative analysis of primary health care
systems in China and Kazakhstan. Identify problems, identify ways to solve them, and consider
applying best practices to improve the effectiveness of national health systems.

To achieve this goal, we have to solve the following tasks:

1. To study the theoretical and organizational foundations of PHC systems in China and
Kazakhstan.

2. To identify the main problems faced by the medical sector in modern countries.

3. Compare the models of reform and management approaches in the field of primary
health care.

4. |dentify development prospects and areas for applying best practices.

The scientific novelty of this study lies in a comprehensive comparative analysis of primary
health care (PHC) systems in China and Kazakhstan. The emphasis is not only on structural
features, but also on managerial, digital and organizational principles that can be adapted to
national conditions.

The study systematizes the prospects for the development of best practices in both
countries in the context of modern challenges in the field of healthcare.

This study is aimed at deepening the transformations in the first aid system and creating
an analytical framework for monitoring health policy in Kazakhstan and other countries with

economies in transition.
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Literature review

Scientific research on the development of primary health care (PHC) analyzes a key
element in improving the effectiveness of health systems, especially in countries undergoing
reform.

Special attention is paid to the comparative analysis of the models of Kazakhstan and
China, where approaches to the organization of primary care differ.

Almaz Sharman's work describes in detail the Kazakh approach to PHC[1]. The author
substantiates the need to move from a biologically oriented model to a personalized, technological
and preventive first aid system. He notes the problems of insufficient funding and a weak focus on
prevention in Kazakhstan, despite reforms in the field of family medicine and digitalization.

The main conclusion of the study is that the development of primary health care should be
based on advanced technologies, communities and a personalized approach to increase the
sustainability of the healthcare system.

In the course of a study conducted by the World Health Organization (the Kazakhstan case)
and presented in the political and economic analysis of the reform, it was found that Kazakhstan
has been actively implementing the multidisciplinary team model in primary health care (PHC)
since the 1990s[2].

The team of authors notes that the reforms are based on changes in financing,
management and digitalization. There are problems of uneven access to services and staff
shortages. The conclusion of the study is that Kazakhstan has implemented a systemic
transformation of PHC, but further consideration of management and personnel principles is
required to achieve the result.

The Chinese experience of PHC organization is presented in studies on the quality of
primary health care and the factors influencing its effectiveness.

A study conducted by Chinese authors such as Zhang K., Wang S., Wang E., and others
shows that the quality of primary health care in China varies significantly depending on the
region[3]. The main problems are the uneven distribution of resources, insufficient qualifications
of personnel related to natural phenomena, as well as the overloaded infrastructure of medical
institutions.

The authors of the study conclude that in order to increase the effectiveness of the system,
it is necessary to ensure more even financing and support for the first level of healthcare in all
territories.

Cai, Chang, et al. shows that the reforms of primary health care (PHC) are aimed at
strengthening the family medicine system and reducing the burden on the secondary level of
healthcare[4].

The conclusions of these studies note that digitalization and integration of medical services
are already increasing accessibility, but there are still problems with workers' trust in the first link
and insufficient consistency between levels of medical care.

Recent scientific papers published between 2024 and 2025 indicate that primary health
care (PHC) systems Kazakhstan and China are undergoing significant changes due to financial
reforms, the introduction of digital technologies, and efforts to improve the availability and quality
of services.

According to the World Health Organization (WHO) report “Health Systems in Action:
Kazakhstan 2024”, the introduction of the Compulsory Social Health Insurance (CSHI) has become
a key step in reforming the health system. This reform is aimed at improving the financial security
of the population, increasing the effectiveness of public financing and strengthening primary
health care as the first level of the healthcare system.

The report emphasizes that the introduction of SMS has made it possible to reduce
personal expenses of citizens and improve access to primary health care services. However,
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despite this, problems remain in the healthcare system related to regional differences and staff
shortages, especially in rural areas.

The information obtained as a result of the analysis of progress in the field of healthcare
financing in Kazakhstan (2025) suggests that the use of a two-tier financing system — a
government-guaranteed package of benefits and a social health insurance fund - has contributed
to more efficient use of resources and expanded coverage of services.

Despite this, there are problems related to inefficient procurement mechanisms,
insufficient cost recovery and fragmentation of funding flows, which negatively affect the quality
and sustainability of primary health care[5].

Recent scientific papers published in the Central Asian Journal of Global Health between
2024 and 2025 provide important information on the transformation of primary health care in
Central Asia.

Researchers such as Qumar and Alaidarova draw attention to the fact that Kazakhstan is
moving towards a model of primary health care that is patient-centered and supported by digital
technologies[6],[7]. Electronic medical records, telemedicine, and integrated healthcare systems
are actively used within this model.

These studies also point to problems that still exist. Among them are the uneven
development of digital infrastructure, the shortage of medical personnel, and differences in the
quality of care between urban and rural medical institutions.

Additional international studies have also identified similar trends in China's primary health
care. The reforms focus on strengthening local health centers, expanding the “family doctors by
contract” model, and introducing advanced digital platforms to manage patient flow.

Research, including the work of Kumar and others conducted in 2024-2025, shows that
China is successfully applying a centralized and technology-oriented approach to increase
efficiency and reduce the burden on hospitals. Problems remain related to public confidence in
the primary health care system and regional disparities between the developed eastern provinces
and the less developed western regions.

The study of the materials allows us to conclude that Kazakhstan and China are striving to
introduce modern models of primary health care. These models involve financial transformation,
the integration of digital technologies and the strengthening of the role of primary health care.

Both systems still face challenges related to ensuring equal access to medical care, staffing
shortages, and sustained implementation of reforms. This creates the conditions for conducting a
comparative analysis and identifying successful practices that can be used in both countries.

An analysis of Kazakh and Chinese studies shows that both countries are actively reforming
the PHC system, but using different approaches. Kazakhstan focuses on multidisciplinary teams,
digitalization and the development of family medicine, while China focuses on scaling access,
removing traditional and digital platforms.

A common problem is the uneven quality of services and the shortage of staff. Both
experiences demonstrate a high potential for mutual exchange practices, especially in the field of
digital technology and first-line organization.

Research methodology

Within the framework of this study, two main methods of scientific analysis were used: the
case method and the comparative method. These methods have made it possible to
comprehensively study the primary health care system in China and Kazakhstan.

The case study method was used to study in detail the models of PHC organizations in
individual countries. The choice of objects for this comparative study was based on the principles
of representativeness and structural diversity. In Kazakhstan, megacities such as Almaty and
Astana were chosen because they are home to the country's largest multidisciplinary primary
health care organizations and have the highest level of digitalization of healthcare and the
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implementation of reforms. Additionally, rural outpatient clinics were included to assess
differences in access to medical care and staffing. In China, Beijing and Shanghai were chosen
because of their well-developed community-based healthcare systems, extensive digital
integration, and the introduction of "family doctors by contract" programs. Rural district health
centers were included to assess the regional disparity between the eastern and western provinces.
This comparative approach made it possible to analyze both highly developed urban primary
health care systems and less well-resourced rural health facilities in both countries.

The use of the case method allowed us to identify typical problems in each country, such
as regional changes in China or the lack of a preventive focus in Kazakhstan. The unique
management solutions used in each system were also identified.

The comparative method is used to identify similarities and differences in the PHC models
of the two countries. Based on the collected data, an analysis of key parameters is carried out,
such as organizational structure, accessibility of medical services, the level of digitalization,
management efficiency and quality of medical care.

This method allows you to determine which elements of the system are most effective and
can be adapted in another country. The comparative analysis reveals common problems such as
staff shortages and uneven access to services, as well as differences in strategies such as
centralization and digitalization in China and family medicine reform in Kazakhstan.

Results and discussion

The results of the study of the primary health care system (PHC) In Kazakhstan and China,
the results were obtained as a result of a thorough analysis of various sources and empirical data.
The research is based on official reports from the Ministry of Health, analytical materials from
international organizations such as the World Health Organization, as well as statistical data and
the results of scientific publications on PHC reforms in modern countries.

As part of the study on Kazakhstan, typical primary health care organizations were
considered, which are located at different levels and in different regions of the health system.
Among them are urban polyclinics, such as large multidisciplinary polyclinics in Almaty and Astana,
rural outpatient clinics and family health centers.

Special attention was paid to institutions that participate in government digitalization
programs. These institutions use electronic medical records, appointment systems, and dental
consultations in electronic form.

The study included a study of the burden on general practitioners, an analysis of the staff,
an assessment of the availability of services to the public, as well as a study of the level of
preventive work, such as medical examinations and screening examinations.

The examination of particular urban primary healthcare systems revealed significant
variations in the execution of healthcare reforms across the chosen cities in Kazakhstan and China.
By considering the cases at the city level, we were able to discern not only national trends but also
distinctive institutional practices and regional disparities within each healthcare system.

In Astana, the modernization of primary healthcare has been closely linked to the
expansion of multidisciplinary family health centers and the implementation of compulsory social
health insurance mechanisms. Astana is one of the most advanced cities in Kazakhstan in terms of
healthcare digitalization, with electronic medical records, integrated patient databases, and online
appointment systems. However, despite these advancements, primary healthcare organizations
in Astana continue to face significant workloads for general practitioners. According to healthcare
statistics and regional estimates, the average number of patients per general practitioner in large
urban polyclinics is approximately 2,200-2,500, far exceeding recommended workload standards.
This workload limitation affects consultation time and the effectiveness of preventive care. The
shortage of general practitioners in some urban facilities is estimated to be 15-20% of staffing
requirements, contributing to physician burnout and longer waiting times for patients[8].
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In Almaty, the primary healthcare institutions exhibit a higher level of integration between
primary and specialized medical services due to the presence of large multidisciplinary medical
organizations. However, the rapid urbanization and migration from rural areas have significantly
increased the demand on urban polyclinics. The implementation of compulsory social health
insurance has expanded the range of available consultations, preventive examinations, and
laboratory diagnostics, further increasing the number of patients visiting PHC facilities. Despite
the active implementation of telemedicine and electronic prescription systems, disparities in
healthcare accessibility persist between central and peripheral districts of the city.

The upgrading of primary healthcare in Kazakhstan has been bolstered by substantial
government funding for rural healthcare infrastructure. According to official government data,
over 646 new rural healthcare facilities, including outpatient clinics, feldsher-obstetric stations,
and medical posts, have been constructed as part of the national program to modernize rural
healthcare. This project is anticipated to enhance healthcare accessibility for approximately one
million rural residents and narrow the gap in access to medical services across different regions.

A comparison of these data made it possible to identify the main problems: the shortage
of medical workers in rural areas, the excessive burden on specialists and the low effectiveness of
preventive measures.

As part of the China study, special attention was paid to the work of community Health
centers in large cities such as Beijing and Shanghai, as well as rural clinics and Township Health
Centers.

The researchers studied institutions that were integrated into digital healthcare platforms,
including electronic medical record systems and telemedicine. They analyzed such aspects as the
availability of primary care, the distribution of patients between the levels of the healthcare
system, the level of public confidence in family doctors, as well as the effectiveness of “contract
family doctors” programs.

Regional differences were also considered, in particular, a comparison of more developed
eastern regions with less well-off western territories of China.

Thus, the results of our study are based on a comparison of data obtained from different
types of primary care facilities in the two countries. We analyzed both urban and rural primary
health care (PHC) organizations, which allowed us to obtain a representative picture of their
functioning.

The application of the case method provided a deep understanding of the internal
structure and problems of each system. And thanks to the variety of medical institutions studied,
we were able to identify both general national trends and regional features of primary care
development.

The examination of the situation in Beijing uncovered a highly centralized and
technologically advanced model for managing primary healthcare. Beijing has established a vast
network of community healthcare facilities that serve as gatekeepers within the healthcare
system. According to official city statistics, by 2023, Beijing had 364 community health service
centers and 1,636 community health service stations, employing approximately 45,700 healthcare
professionals. During the same period, the number of visits to community healthcare facilities
increased by 28.2% compared to the previous year, indicating a growing demand for primary
healthcare services[9].

A unique aspect of Beijing's primary healthcare system reform is the widespread adoption
of family doctor contract services. According to official statistics, approximately 42% of Beijing's
permanent residents currently have family doctor contracts, with coverage for elderly citizens and
patients with chronic conditions exceeding 90%. The expansion of these contracts has enhanced
the continuity of care and improved communication between community health centers and
tertiary hospitals. Additionally, Beijing has implemented unified digital platforms for referrals and
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appointments, allowing primary healthcare providers to more effectively coordinate consultations
with higher-level hospitals.

In Shanghai, the implementation of PHC reform is a leading example of healthcare
digitalization in Asia. Shanghai has successfully integrated electronic health records, mobile
healthcare platforms, telemedicine systems, and Al-powered appointment technologies into its
community healthcare services.

According to the Shanghai Municipal Health Commission, approximately 44% of
permanent residents have signed up for family doctor contracts, and among the elderly and
patients with chronic conditions, the coverage rate has reached 84%. Currently, more than 11
million residents are enrolled in the contracted family doctor system[10].

Shanghai has also made substantial advancements in chronic disease management
through the integration of digital monitoring systems for patients with hypertension and diabetes.
Research suggests that the implementation of unified electronic referral systems and digital
patient management platforms has reduced outpatient waiting times by approximately 30-40% in
several community healthcare facilities.

However, despite these technological achievements, the Chinese primary healthcare
system still faces institutional issues related to public trust. Many patients still prefer to seek
specialized consultations directly at secondary and tertiary hospitals, which undermines the
gatekeeping role of community health centers and contributes to hospital overcrowding.

The comparative study reveals that Kazakhstan and China have chosen distinct approaches
to the development of their healthcare systems. In Kazakhstan, the focus is on patient-centered
family medicine, ensuring continuity of care, and making healthcare services accessible to all. In
contrast, China emphasizes digital governance, centralized management, and the ability to scale
up healthcare systems.

Despite these differences, both countries face similar structural issues, such as a shortage
of medical personnel, disparities between urban and rural areas, the growing prevalence of
chronic diseases, and the increasing burden of aging populations.

The results indicate that the fusion of supplementary approaches could substantially
enhance the resilience and efficacy of primary healthcare systems in both nations. Kazakhstan
could learn from China’s approach to digital healthcare infrastructure, centralized referral
systems, and the integration of telemedicine. Conversely, China could strengthen public
confidence and a preventive approach to primary healthcare by incorporating aspects of
Kazakhstan’s family medicine model, which emphasizes long-term relationships between
physicians and patients and the continuity of care.

Kazakhstan's healthcare system has been the introduction of the compulsory social health
insurance system, which has been fully operational since 2020.

This financing model was developed with the aim of creating a more stable, fair, and
socially oriented healthcare system in which responsibility for paying for medical services is shared
between the State, employers, and citizens.

Unlike the previous system, where the budgetary approach prevailed, the Incorporate
Social Health Insurance provided an additional source of funding for primary health care (PHC),
which significantly improved both the availability and quality of medical services.

First of all, the introduction of compulsory medical insurance has led to an increase in the
volume of medical care available to the population at the primary health care (PHC) level. Due to
the increased funding, the list of consulting and diagnostic services, preventive examinations and
screening programs has been expanded.

Now the population can get access to specialist consultations, laboratory diagnostics and
dynamic monitoring of chronic diseases without significant direct costs. It is especially important
that the introduction of compulsory medical insurance has created financial incentives for early
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detection of diseases and follow-up of patients, which has contributed to strengthening the
preventive direction in the healthcare system.

The compulsory health insurance system has also increased the importance of primary
health care (PHC) as a patient's first contact with the healthcare system. As part of the reform, a
model of family medicine was introduced, based on the attachment of the population to general
practitioners. This allowed for more continuous medical monitoring, improved coordination
between different levels of medical care, and reduced the number of unjustified calls from citizens
to hospitals and specialized centers. Thus, PHC began to perform not only a curative, but also a
coordinating function in the healthcare system.

Compulsory Social Health Insurance has made an important contribution to improving the
quality of medical services. Additional financial resources have enabled the introduction of
modern digital technologies such as electronic medical records, electronic appointment systems,
and telemedicine consultations. These innovations have contributed to more effective patient
flow management, reduced waiting times, and improved control of chronic diseases.

The has introduced payment mechanisms for medical organizations based on the results
of their activities. This created incentives to improve the quality of care and preventive work,
which in turn improved the overall quality of medical care.

Despite the positive impact of the Incorporate Social Health Insurance, significant
structural problems remain in the system. One of the most acute is the uneven access to medical
services between urban and rural areas.

In large cities such as Almaty and Astana, the population has the opportunity to use
modern medical facilities and digital services. At the same time, there is a shortage of general
practitioners in rural areas, limited diagnostic infrastructure and a low level of medical facilities.

These factors reduce the effectiveness of the implementation of the Incorporate Social
Health Insurance principles at the regional level, which requires further attention and efforts on
the part of the state.

After the Compulsory Social Health Insurance, the availability of medical services has
increased significantly, which has led to an increased burden on primary health care (PHC) doctors.

With the growing flow of patients and the shortage of medical personnel, especially
general practitioners and family doctors, specialists are experiencing an overload. This, in turn,
negatively affects the quality of consultations, reduces patient admission time and limits
opportunities for full-fledged preventive work. The shortage of medical personnel is particularly
acute in rural and remote regions of the country.

The effectiveness of incorporate Social Health Insurance largely depends on the level of
digital integration of medical institutions and the effectiveness of system management. Despite
significant progress in the development of e-health, differences in the level of digital technology
adoption remain between regions. This leads to uneven access of the population to modern
medical services and affects the overall effectiveness of the primary health care system.

Thus, the incorporate Social Health Insurance has become a key factor contributing to the
transformation of primary health care in Kazakhstan. This financing model has made it possible to
strengthen the financial stability of the healthcare system, improve citizens' access to medical
services, and increase the focus on disease prevention.

Nevertheless, unresolved personnel, infrastructure and regional problems remain on the
way to further development of the system. This indicates the need for comprehensive structural
reforms aimed at reducing territorial inequality, strengthening human resources and further
digitalization of healthcare.

The introduction of compulsory social health insurance system has helped strengthen the
role of primary health care organizations as the first link in the interaction of the population with
the healthcare system. Despite the positive aspects related to financial accessibility, systemic
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problems remain, such as the disparity in access between urban and rural areas, the overload of
general practitioners and the shortage of staff in remote regions.

The compulsory social health insurance model reflects Kazakhstan's transition to a more
sustainable and patient-oriented healthcare financing system.

In Kazakhstan, there is a problem of limited access to specialized specialists and diagnostic
services in rural outpatient clinics. Patients are forced to contact district or regional centers, which
leads to an increase in the time required to receive care. Despite the introduction of telemedicine,
its use is limited due to infrastructural and personnel problem:s.

China has a system of “contract family doctors” in urban community health centers.
Residents sign a contract with a primary care doctor and receive a basic package of medical
services. This model helps to reduce the burden on hospitals of the second and third levels. The
level of public confidence in such doctors remains insufficiently high, and patients often bypass
the primary care.

Within the framework of this study, a case related to the digital integration of medical
services in large cities of China was considered. As part of this case, the practice of using electronic
platforms for making appointments, maintaining medical data, and referring patients between
system levels was analyzed.

The results of the study showed that digitalization significantly improves the efficiency of
patient flow management and reduces waiting times. However, this process also increases the gap
between developed and less well-off regions, where such technologies are less implemented.

The analysis of this case revealed four specific situations:

1. Overload of doctors in urban polyclinics in Kazakhstan.

2. Limited availability of medical care in rural regions of Kazakhstan.

3. Lack of trust in family doctors in China.

4. High efficiency of digital solutions in Chinese cities.

These cases form the empirical basis for subsequent comparative analysis and allow us to
determine the areas of borrowing best practices.

A comparative analysis of PHC approaches in Kazakhstan and China shows that the
differences between these countries are not limited to organizational aspects. They also affect
system management.

In Kazakhstan, the healthcare system is patient-oriented, which is reflected in the
development of family medicine and ensuring territorial accessibility. This country has problems
with a shortage of staff and limited resources, especially in rural areas.

In China, the emphasis is on system scalability, digitalization, and centralized patient flow
management. This makes it possible to increase efficiency, but it can lead to problems with trust
in primary care and regional inequality.

Comparing specific cases allows us to identify the most effective elements of each system
that can be adapted as part of the integration of best practices(table 1).
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Table 1 — The comparative analysis

Factor PHC in Kazakhstan PHCin China
Organizational Family health centers, polyclinics, Community health centers,
structure rural outpatient clinics; focus on contract-based family doctor

general practitioners system, strong role of the state
Accessibility of High in urban areas, limited in rural | High in cities due to scalability,
healthcare services | regions; dependent on but significant regional disparities
infrastructure
Level of Implementation of electronic High level of digitalization,
digitalization systems and telemedicine, but integrated patient management
uneven development platforms
Management Limited due to physician overload High due to centralized
efficiency and staff shortages management and digital solutions
Quality of Depends on physician workload; Higher in cities; weaker in rural
healthcare strong in long-term patient areas due to unequal resource
monitoring distribution
Key problems Physician overload, staff shortages, | Low trustin primary care,
weak preventive care regional disparities, hospital
overload
Strengths Patient-centered approach, Digitalization, scalability, efficient
development of family medicine patient flow management

Source: compiled by author on the data [11-14]

The comparative analysis presented in the table demonstrates that the primary health care
systems in Kazakhstan and China are developing in different directions, reflecting the specifics of
the national health strategies of these countries.

Kazakhstan adheres to a more patient-oriented model based on the development of family
medicine and long-term patient monitoring. However, its effectiveness is hampered by the high
workload on doctors and staffing shortages, especially in rural areas.

At the same time, China has made significant strides in the field of digitalization and
centralized management. This ensures high controllability of the system and efficient distribution
of patient flows. However, there are problems with the population's trust in primary care and
significant regional disparities in the quality of medical care.. The table clearly demonstrates that
each country has both strengths and systemic limitations. Comparing these two countries reveals
their complementary potential. Kazakhstan can use the Chinese experience of digital integration
and management, and China, in turn, uses the Kazakh approach to the development of family
medicine and increasing the role of primary care in providing continuous medical care.

A comparative analysis of the primary health care (PHC) systems of Kazakhstan and China,
presented in the table, revealed both strengths and systemic limitations in both models.
Kazakhstan is focused on the development of family medicine and a patient-centered approach,
while China is characterized by high efficiency of digitalization and centralized management, but
faces problems of trust and regional inequality.

Based on these results, a SWOT analysis was conducted, which allowed us to systematize
the identified problems, prospects and threats(table 2). The potential of integrating the best
practices of the two countries to increase the effectiveness and sustainability of PHC systems was
also substantiated.
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Table 2 = SWOT analysis

Strengths

Primary health care systems in both countries
have significant advantages. In Kazakhstan, in
particular, the patient-centered model of
family medicine is actively developing.
Multidisciplinary teams are being formed to
provide comprehensive monitoring of the
population.

Compulsory Social Health Insurance has
contributed to strengthening financing
mechanisms for primary health care,
improving accessibility of services, and
expanding preventive medicine programs in
Kazakhstan.

In China, the focus is on a high level of
digitalization of healthcare, an extensive
network of community-based medical centers,
and an effective centralized patient flow
management  system.  Both  countries
demonstrate active government support for
reforms in the primary health system.

Weaknesses

There are serious problems in Kazakhstan,
such as a shortage of medical personnel,
excessive workload of primary care physicians,
insufficient attention to preventive measures,
and uneven access to medical care in urban
and rural areas. Despite the positive results of
the Compulsory Social Health Insurance
implementation, the disparity in access to
primary health care services between urban
and rural regions remains significant.

In China, however, there are problems related
to the low level of public confidence in primary
health care, significant disparities in the quality
of services in different regions, and
overloading of secondary and tertiary
hospitals due to direct patient treatment.

Opportunities

The prospects for the development of
healthcare in Kazakhstan and China are related
to the introduction of digital technologies and

the integration of medical information
systems. Kazakhstan can use the Chinese
experience in creating digital platforms,

managing patient flows and telemedicine
services. In turn, China can adopt the Kazakh
model of family medicine, which enhances the
role of primary health care and strengthens
public confidence.

The development of joint training programs
for medical personnel and the exchange of
management practices. This will allow both
countries to improve the quality of medical
care and improve the level of medical care.

Threats

The main threats to health systems are the
increasing burden on them as a result of the
aging of the population and the growing
number of chronic diseases. In Kazakhstan,
there is a risk of increasing regional inequality
and an outflow of medical personnel, while in
China, there is a risk of reducing the
effectiveness of reforms due to lack of trust in
primary care and overloading of large medical
institutions.

High cost of digital transformation and the
need for constant infrastructure upgrades.

Source: compiled by author

The SWOT analysis allowed us to comprehensively consider the key problems, prospects
and opportunities for integrating best practices in the primary health care (PHC) systems of
Kazakhstan and China.

The analysis showed that both countries face serious institutional and organizational
difficulties. In Kazakhstan, this is reflected in a shortage of qualified personnel, an overload of
doctors and insufficient preventive focus. In China, however, the low level of trust in primary
health care, regional inequality and hospital congestion are serious problems. Currently, the
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problem of inequality in access to medical services in rural areas is being addressed within the
framework of the national project “Modernization of healthcare in rural areas”.

According to official sources, more than 646 new primary health care facilities have already
been built under the project, including outpatient clinics, field obstetric centers and medical
posts[15].

The project is expected to improve access to primary health care for approximately one
million rural residents and reduce differences in access to health services between regions.

In addition, the modernization of district hospitals and the development of telemedicine
infrastructure are aimed at strengthening the interaction between rural and urban health systems.

These weaknesses point to the need for structural reforms and a stronger role for primary
health care as the coordinating level of the healthcare system.

The SWOT analysis has clearly identified development opportunities that are primarily
related to digital transformation and the strengthening of primary health care. Kazakhstan has the
potential to implement more advanced digital solutions and patient flow management systems
that have already been tested in China. In turn, China can strengthen its humanistic and preventive
orientation by developing family medicine based on the Kazakh model. This shows that our models
complement each other, and there is a space for sharing successful practices.

The most significant result of the SWOT analysis was the discovery of the potential for
integrating best practices. We are talking about the possibility of combining two approaches: the
Kazakh patient-oriented model and the Chinese digital management system. Such integration can
create a more sustainable, efficient, and technologically advanced model of primary health care
(PHC) that simultaneously ensures the availability, quality, and coordination of medical care.

As a result of the comparative analysis, it can be concluded that Kazakhstan and China are
developing unique but potentially compatible models of primary health care (PHC).

Kazakhstan focuses on the continuity of medical care, family medicine and an individual
approach to patients. China also demonstrates high efficiency in the field of digital integration and
centralized healthcare management.

Combining the best practices of both systems can lead to the creation of more sustainable,
affordable, and technologically advanced PHC systems.

In particular, Kazakhstan can benefit from China's experience in digital healthcare
infrastructure and patient flow management. At the same time, China can adopt elements of the
Kazakh model of family medicine aimed at building trust and continuity of medical care.. The study
shows that for successful PHC reform, it is necessary not only to upgrade infrastructure and
introduce digital technologies, but also to strengthen trust between system participants, develop
human resources and ensure equal access to services in different regions.

Conclusion

The study revealed that primary health care systems in China and Kazakhstan are
developing according to different but complementary models. Kazakhstan strives to create a
patient-oriented system based on family medicine and comprehensive patient care. At the same
time, China demonstrates the high efficiency of digitalization, centralized management and
scalability of medical services.

Comparative analysis, case method, and SWOT analysis allowed for a comprehensive study
of this topic. As a result, key issues such as staffing shortages, regional inequality, and system
overload were identified. In addition, prospects were identified, including digital transformation,
the development of primary care and the strengthening of prevention. The potential of integrating
the best practices of the two countries was also assessed.. The results of the study showed that it
is possible to increase the effectiveness of primary health care (PHC) by combining the best
practices of the two models. Technological solutions developed in China can be adapted in
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Kazakhstan, and the experience of family medicine accumulated in Kazakhstan will strengthen the
humanistic and preventive nature of the Chinese healthcare system.

The practical significance of the study lies in the fact that its results can be used to develop
strategies for reforming primary health care. They can help improve family medicine models,
introduce digital technologies, and improve patient flow management. The recommendations of
the study can also be used in the work of health authorities to optimize resources, reduce the
burden on doctors and increase the availability of medical care for the population.

The theoretical significance of the study lies in the expansion of scientific understanding of
the comparative analysis of health systems. It deepens the understanding of primary health care
(PHC) organization models in countries with different levels of socio-economic development and
systematizes the factors influencing the effectiveness of primary care.

The research expands existing scientific knowledge by combining case analysis,
comparative approach and SWOT methodology within a single topic.

The prospects for further development of the topic are related to a deeper study of digital
healthcare platforms, an assessment of the effectiveness of telemedicine, and an expansion of
comparative analysis to include other countries with different PHC models. This will make it
possible to form more universal recommendations for the global development of primary health
care in the face of growing demographic and epidemiological challenges.
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IHCTUTYT reodisnkm im. C.I. Cy6boTiHa HAH YKpaitu, npocn. Akaa. Mannagida, 32, m. Kuis,
03680, YkpaiHa

Bctyn

[HTeHCMBHICTb GOPMYBaAHHSA Ta €BOJIIOLIA BYJIKAHIYHMX CTPYKTYP Pi3HOTO TUMY 3a/1eXaTh Bif
NepioAnYHOCTI NyNbCcaliMHUX MpoueciB baraTopiBHEBUX AKepen CUCTeEMU TAMDOUHHUX MOTOKIB
bntoifiB, 3 AKMMM NOB’A3aHE ICHYBAHHA MarMaTUYHMX KaMep Ta BUCOKA aKTUBHICTb Aera3alii Haap.

BMKOPUCTAHHA YaCTOTHO-pe30HaHCcHKMX (YP) aocniaxkeHb Aae 3mory oTpMMaTh A0AaTKOBY
(i He3anexkHy) iHpopmalL,ito NPO B3AEMO3B’A30K LIMX NPOLLECIB 3 MPUPOAHMMM ABMLLAMM B BaraTbox
CTPYKTypax B WMPOKOMY Aiana3oHi rnbuH nitochepu [Yakymchuk, 2024; Axkmmuyk, 2021, 2022,
2024].

Huxkye HaBedeHi pesynbTaT AOCAIOKEHb AEAKUX BYKAHIYHMX CTPYKTYP PI3HOro Tuny
(rpA3boBi i MarmaTU4Hi ByKaHM CepeaseMHoro, YopHOro Ta iH. MopiB), 418 AKX OTPUMaHI HOBI
NaHi npo rAnbuHHy 6yaosy i 0cob6AMBOCTI MMOBIPHOrO PO3TallyBaHHA AxKepesn iXx PopmMyBaHHA.

MeToau gocnigxKeHo

Y CKNaZi CYMapHOro eneKTPOMArHiTHOrO CUrHasay Ha 3eMHi NOBEPXHi 3HAYHY YacCTKy
CTQHOBWTb KOMMOHEHTA NITOCHEPHOro NOXOAXKEHHA, @ PO3MNOAIN IHTEHCMBHOCTI BUNPOMIHIOBaHHA
B340BX Mpodinisa Mae BMNOPAAKOBAHY CTPYKTYPY, B 3HA4HiM Mipi nos’s3aHy i3 OyaoBoto Ta
OMHAMIKO 3emi, WO Aae MOXKAMBICTb OTPMMATK iHGOPMALLItO MPO CTPYKTYPY reocepenosulla
[lymaH, 2008]. Bnok ogHOPIAHOI PEYOBMHM CTBOPIOE E/1EKTPOMArHiTHE BUMNPOMIHIOBAHHSA
nNponopLinHe KoHUEHTPaLii pe4yoBUHU. SliHIMHO NonApmM3oBaHa XBWUAA i3 33aHOK YaCTOTHO
XapPaKTePUCTUKOI, WO Hece iHPOPMaLilo NpPO  CTPYKTYpYy PEYOBUHM, He MOrMHAETLCA
cepenoBuleM, a il IHTEHCUMBHICTb He 3MEHLLYETLCA 3 BiACTAaHHIO. XapaKTepHa e/eKTPOMarHiTHa
XBUAA NEBHUM YNHOM PEECTPYETHCA Ha KOCMIYHOMY 3HIMKY, LLO A,0O3BOIAE 3aCTOCTOCOBYBATH HOBI
METOAN | TEXHONOTII NPU A0CAIAMKEHHI TAMOUHHOT BYA0BW NOKANbHUX | PErioHaNbHUX CTPYKTYP
3emni [AKMmuyK Ta iH, 2022; lWyman, 2011].
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EkcnepumeHTanbHi AOCNIAXEHHA NPOBeAeHi 3 BUKOPUCTAHHAM TEXHO/Ori, AKa BKAKOYAE
MmoandikoBaHi metoam YP aekodyBaHHA CynyTHUKOBMX Ta GOTO3HIMKIB Ta BepTUKaNbHOro
€/1eKTPOPE30HAHCHOIO 30HAYBaHHA PO3pi3y.

Ana onucy peanisoBaHMX npoueayp iHCTPYMEHTA/IbHUX BMMIPIB BMKOPUCTOBYBA/IUCH
$OTO3HIMKM 3pa3KiB 0CaA0BMX Ta MarmaTUYHMX nopia. OcobMBOCTI Ta MOMKIMBOCTI BUKOPUCTAHUX
METO/iB, a TaKOX MEeToAMKa NPoBeAeHHA BUMIptoBaHb HaseaeHi B [Yakymchuk et al, 2024].

HoBi pe3ynbTaTi A0CAIAKEHD OKPEMUX BYNKAHIYHUX CTPYKTYP Pi3HOMO TMNY

[psA3b0BUI BYNIKaHb Bopeanic

Y HopBe3bKOMY cekTopi bapeHueBa Mops AOBIMI 4Yac AOCAiAKeHUM OyB svlle OAWH
rPsA3b0BMI BY/IKaH - XakoH Mocbi, ane Bnitky 2023 poky Ha ranbuHi maixke 400 m 6yno BMABAEHO
HoBMI rpa3bosuMit (300 m x25 m) BynKaH bopeanic (Puc. 1), AKnin € pesynbTaTom KaTacTpodiyHoro
(i3 BeMKOLo KinbkicTio MeTaHy) BusepeHHaA (18 000 pokis Tomy) [Panieri et al, 2024].

Pe30HaHCHI BiAryKM Ha ra3soBMX 4aCTOTaxX 3apPeeCTPOBaHi B iHTepBanax 166-511 m i 882-
1131 m, a Takox B iHTepBani 1,131-10,0 KM. CUrHaAM MOKYTb BKa3yBaTW Ha HAABHICTb MMOOKOTO
MirpaLiMHoOro KaHany Ta BUKUAIB rasy B atmocdhepy, Lo NiATBePAsKYETbCA CYYaCHUMM NPOLECaMM
BMBEPXKEHHA rasy B KpaTepi rpA3bOBOTro BY/IKaHy bopeanic.

#figas flares
acoustic
chimne

shallow gas
anomalies

S

(A) Ta pe3ynbTaT CKaHyBaHHA (B) 3a
ponomoroto FR-texHonorii [Panieri et al, 2024, simplified].

Ha yacToTax rasorigpartiB BiAryKu Npu CKaHyBaHHI po3pi3y OoTPUMaHi 40 rnbuHu 400 m.
BuasneHHA CKynuyeHb rasy Ta A)kepen aerasauii Ha rnbuHax, WO NepeBuLLytoTb MOTYXKHICTb
0CaZloBOr0 YOX/Na, CBIAYMTb MPO A0AATKOBE HAAXOAMKEHHA TNMOMHHOIO rasy Ta iCHYBaHHA
npouecis Aerasallii, Sski MOKYTb MOACHUTX MacLLUTabu yTBOPEHHA MOJIB CMMIB | MOKMAPKIB B Pi3HMX
CTpYKTypax CBITOBOro oKeaHy.
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BynkaHiuHi cTpykTypu CepeazemHoro Ta HopHoro mopis

[pPA3bOBI BY/IKaHW BNepLle Bynum BUABAEHI Y CXigHil YacTuHi CepeazemHoro mops noHag 40
POKiB TOMy. 3a ocTaHHi 15 pokis B¥e noHag 60 3 HUX OyAM BUABAEHI Ha BHYTPILWHIN YaCTUHI
CepensemHoMOpCbKOi arnomepadii (Ha niBaeHb Bia Kanabpii) Ha rambuHax 150-2750 m
[Carmicaoa et al, 2020; Loher et al., 2018; Panieri et al, 2013; Camerlenghi et al.,1992].
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Puc. 2. Po3TawyBaHHA NyHKTIB (A) 4acTOTHOro cKaHyBaHHA (SP, YepBoHi enincu) B CepeazemHomy
Ta YopHomy mopsx; (B) - TEKTOHIYHA CxemMa PO3TallyBaHHA rPA3bOBMX BY/IKAHIB Yy NepeaayroBomy
baceiHi.

CelcmiyvHi AaHi NoKa3anm icCHyBaHHA Cepii TEKTOHIYHUX NOPYLIEHb B MeXKax KanabpilcbKoi
ayrv, i 6yno BMCAOBAEHO NPUNYLLEHHSA, WO BMABAEHI HacyBM Moram 3abe3neynt popmysaHHA
WNAXIB BEPTMKANbHOI Mirpauii 4na ¢awoigis rpasboBoro ByikaHiamy [Panieri et al, 2013].

[pA3bOBI BYAKaHW BeHepe. EKCTPY3MBHI KOHYCK FpA3bOBMX BY/KaHIB BMcoToo A0 100 m
nexatb Ha ranbuHi 1500 m B loHiYHOMY mopi, 3a 30 KM Ha niBAeHb Bif y3bepex:ka Kanabpii.
XapaKTepHOo 0Cob/MBICTIO LUbOro Noas rpsa3boBMX BYJIKAHIB € iCHYBAaHHA 3aHYPEHOI Kanbaepw,
obmeKeHoi KinbLenoaibHOo 30HOI0 PO3/IOMY, YiTKO BUPAXKEHOIO CTPYKTYPAMKN AOHHOTO penbedy

(puc. 3,A).
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Puc. 3. Penbed aHa (A) rpasboBoro By/skaHa BeHepe y nepeaayrosomy baceiHi; (B)-
KOHLENTyaNbHa MOAeNb By/iKaHa Venere, 1O BK/OYAE KaHan 3 rPsA3boBO0 BPeKYieto, HaCUYeHO
ra3om, MirpaLis sKoro BiabyBa€eTbCsA B310BXK KiNlbLLEBMX PO3/I0MIB (KOPOTKI CUMHI CTPINKM B310BXK
4YepBOHMX MNYHKTUPHMKX NiHiN) [Loher et al., 2018].

CyyacHi rpa3boBi NOTOKM Ta MNOCTIMHI BUKMAM ra3y CBiAYaTb NPO Te, WO rPA3bOBI BY/IKAHM
BeHepe € OAHVMMW 3 HAMAKTMBHIWMWX, Yy MOPIBHAHHI 3 iHWWMW T[PA3BOBUMU BY/JKaHAMM
nepeaayrosoro 6aceiHy. poBeaeHi AOCNIAMKEHHA CBiAYaTb MPO TEPMOTreHHe MOXOAMKEHHA
BYr/1EBOAHIB, LLO BMKUAAIOTHCSA LM FPA3bOBMM BY/IKAHOM i iX AKepena po3TaloBaHi Ha rNOKHI
Ginbwe 3 km [Loher et al., 2018].

MyHKTM CcKaHyBaHHA SP2 Ta SP3 (puc. 3) po3TawoBaHi Ha Bany BeHepe, ae 6yno
3aPEECTPOBAHO aKTMBHY Aera3auito [Loher et al., 2018]. [ns nyHKTa cKaHyBaHHA SP2 Biarykm bynm
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OTPMMaHi Big AonOMITIB (A0 6,5 KM) B /JIOKaNbHUX YMOBaX CTUCHEHHA, AKi diKkcytoTbca
0coB/IMBOCTAMM MOro YaCTOTHOTO CUTHaNY. B NyHKTI ckaHyBaHHA SP3 BiArykn oTprmaHi Bia apyroi
0CafloBOi rPynK, e 3anAratoTb rPA3bOBI NOTOKM Ta NcamiTu (40 7,5 Km). BOHKM Texk cBig4aTb Npo
iCHYBAHHA IOKaNbHUX YMOB CTUCHEHHA.

dopmyBaHHA BEPTUKANbHUX LWAAXIB Mirpauii morio 6ytu pesynbTaTom Ajii HaaAMWKOBOrO
TMCKY ab0 BUWKAMKAHO TEKTOHIYHUM HAMPYXKEHHAM, PEaKTMBALLEdD PO3/IOMIB i BWCOKOM
cecmivHicTio [Dimitrov, 2003; Loher et al., 2018]. EBontoLif aKTUBHUX CUCTEM PO3/TIOMIB Y perioHi
CNPUYMHMAG TANBUHHY UMPKyAALUito GAtoiais, BUTICHEHHA Ta NPOCOYyBaHHA rasy [Panieri et al,
2013; Ceramicola et al., 2020].

MyHKT ckaHyBaHHA SP4 (puc. 4) po3TawoBaHKiM Ha ByIKaHi CapTopi. Y Wil ToYLi CKaHyBaHHSA
CUrHanm 6y oTpMmaHi Big, cboMoi ocaaosoi rpynu (4o 4,0 km). TyT BiAOMO WicTb okpemmx das
BMBEPKEHHS rpA3b0OBOI OpeKuii, BiK AKMX CKNagae noHa 56 Tuc. pokis, ane B octaHHi 10000 pokis
nepesaxkae anuwe ¢aoigHa aktmeHicTb [Doll et al., 2023]. Takox byan oTpumaHi curHanm Bia
BYrNEBOAHIB, AKI BKA3ylOTb Ha iX MOX/IMBE TEPMOreHHe Ta FMMOUMHHE MOXOAMKEHHA. |130TONHWM
CK/1laZ, MeTaHy, BU3HA4YeHWI y BYIKaHIYHOMY noi CapTopi, € pe3ynbTaToOM CyMiLli MeTaHy 3 KifIbKOX
nxkepen [Loher et al., 2018].
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Puc. 4. CxemaTuyHa mogens BynkaHa Sartori (A); (B) — wupoTHMIA Nnpodinb Yepes By/KaH 3 NiKOM
y oro Hamonoawin yactmHi [Doll et. al, 2023].

Mona synkaHie Onimnia (puc. 2) po3TawosaHi Ha BiacTaHi 6ina 150 Km BiAg, NiBAEHHOrO
Kputy [Huguen et al., 2004]. Ue Hanbinbw BigoMe noJjie rpPsA3bOBMX BY/IKAHIB Ha
CepeazeMHOMOpPCbKOMY xpebTi (noHas 6000 Km?). Mone Umx rpA3boBMX BY/IKAHIB CKIaAaeTbCA 3
KiZIbKOX CTPYKTYP (pucC. 5), HanBinblWMMmM 3 SKNX € rPA3bOBI ByKaHKW MeneHaxunKk Ta Hanoni.
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Puc. 5. Undposa moaens batnumeTpii nona pﬂ3bOBOFO non By/ikaHiB Onimnia [Nikitas et al.,
2021, cnpouleHo] 3 NyHKTamu ckaHyBaHHs SP5, SP6.

Pe3ynbTaTh CKaHyBaHHA CBiA4YaTb NPO iCHYBAHHA NOKa/bHUX YMOB CTUCHEHHA B MeXKax
nona rpaAsboBMX By/AKaHiB Onimnia (FeneHaxuKk Ta Hanoni), AK i B iHWMX 4YacTUHaX
Cepe3eMHOMOPCbKOTo xpebTa.

[pA3bOBUMI BYKAH [eNeHaKMK MAaE aCUMETPUYHMIA NONepeYHnin nepepis, Moro Habinbla
[0BXMHa csarae 10 KM, BiH pO3TalloBaHWM N06AM3y OCHOBHOTO TEKTOHIYHOIO YCTYNy panoHy (puc.
5). MOTY*KHW TOPU3OHT 0cagoBMX Nopia (40 5,5 KM), 33 AaHMMM YAaCTOTHOTO 30HAYBaHHA, MOXe
OyTM NepcnekTUBHUM AN1A BYI/IEBOAHIB, OCKI/IbKM TYT iCHYIOTb YMOBU Ta AxKepena Aas YyTBOPEHHS
HadTw Ta rasy [Nikitas et al., 2021].

Pe3ynbTaTh 30HAYBAHHA BKa3ytoTb Ha HAaABHICTb BYr/1€BOAHEBMX BIATYKIB, LLO € KPUTEPIEM
iX HadTOrasoHOCHOCTI, X04a Ha AaHOMY eTani AOCNIAKEHHS OUIHUTM NepCrneKTUBHICTb AiNAHKM
HEMO/IMBO.

AHanoriyHi pesynbTaTn Oyn oTpUMaHi 41a AiNSHKK (prc. 6) 3 rpa3boBUMM ByIKAHOM Hanoni
(Napoli), ne ToBWMHA wWapy ocaiB. NPeacTaB/eHOro BanHAKaMM, CTaHOBUTb 6aM3bKo 6,0 KMm.
Bigomo, wo nobamsy UbOro By/IKaHa crnocTepiraimca pparmeHT KapboHaTiB, a TaKOX BigOMi
OINAHKM aKTMBHMX Y Yaci Ta NpocTopi npocodyBaHb ¢atoiais [Huguen, et al. 2004]. Ana uboro
paroHy OynM TaKoX OTPMMaHI CMrHasM Ha 4YacToTax BYrNeBOAHIB, WO NiATBEPAXKYE HaAABHICTb
CNPUATAUBUX YMOB N4 Binbl AeTaNbHUX AOCAIAXKEHb NONA TPA3bOBMX BYAKAHIB OniMmnis.
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BynkaHn Konymbo (Kolumbo) ta CaHTopiHi (Santorini)
BynkaHiyHe none KpicTiaHa-CaHTopiHi-Konymbo B niBAaeHHiM YacTuHi ErercbKkoro mops
(puc. 6) € 0oAHUM 3 HaMbINbLL HeEGEe3NeYHMX BYIKAHIYHNX PErioHIB Y CBITi.

Won awer er W aor i iz v MAE mW i I Wi NN WM WM INw WM NN N Wi e W

3
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Puc. 6. CxemaTnyHa KapTa penbedy nona synkaHis CaHtopuHi—Konymbo [Nomikou et al, 2012].
HaHeceHi NnyHKTW ckaHyBaHHsA SP7, SP8 Ta npodinb A-A' (puc.7).

BynkaHivyHa rpyna CaHTOPIHI CKNAAQ€ETbCA 3 TPbOX PI3HUX BYNKAHIYHWX CTPYKTYpP: OCTpiB
KpictiaHa Ha niBaeHHoMy 3axofi, CaHTOpiHi nocepeauHi Ta ByJIKaHiYHWMK naHutor Konymbo,
BUPIBHSAHUM B30BX 30HM TEKTOHIYHOIO PO310MY MiBHIYHO-CcXigHOro Hanpamky [Nomikou et al,,
2012].

YTBOPOKOYM MiBHIYHO-CXiAHY YaCTUHY LbOro BY/AKAHIYHOrO MOJAA, BYAKAHIYHWIA NaHLUOr
Konymbo cknagaetbea 3 noHas 20 niaBoAHWX BYJKAHIYHMX KOHYCIB, A1A AKMX BiAOMO nuLie ABa
BE/IMKNX BMBEPXKEHHS 3a ocTaHHi 360 000 pokiB.

Konymbo € HalbinbluMm Ta HaMaKTUBHIWLMM 3 HUX (puc. 6), BiH Mae BUCOTY =1 KM Ta
AiameTtp =11 km [Hibscher et al., 2014].

JocnipeHHA WBUAKOCTI cencmivyHnX P Ta S XBMAb BKA3ytOTb Ha iCHYBAHHA MarmaTUYHOI
Kamepu nig, ByfkaHom Konymbo, AKa NpoCTAraeTbCa Ha 2-4 KM i € OKPemOolo Ta BiAMiHHOW0 Bij,
MarmaTuMyHOro pesepsyapa nia rososHMM octpoBom CaHTopiHi [Bohnhoff et al., 2006]. Marmu
Konymbo noxoasaTb 3 oKpemMoro, Binbll 36arayeHoro MaHTIMHOMO AKepesa NOPIBHAHO 3 BY/IKAHOM
CaHTopiHi [Klaver et al., 2016].
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Puc. 7. ThnbunHHuit po3pis (A) yepes ByskaH Konymbo (npogine A-A’ Ha puc 6) 3 Fi-I;I(SLLeHTpaMM
3emnieTpyciB Nobamsy npoding; b- MogenbHMN PO3Pi3 MarmaTUYHOT cucTeMM ByJTKaHy Koymbo
[Scmidt et al, 2022].

Pe3ynbTaT CKaHyBaHHA NyHKTY SP7 (puc. 6) nokasanu, wo Ana BynkaHa Konymbo
XapaKTepHi npouecH aerasauii 3 BUAINEHHAM i MirpaLieto B aTmochepy BogH0. CMrHan Ha YacToTax
6a3anbTOBOI Marmm He ¢ikcyBaBcs B iHTepBai rMmMbuH 0-13.0 KM NpoTArom 3 XB BUMiptOBaHb, a B
iHTepBani rMbuH 13-99 kKm BiH He ¢ikcyBaBcs npoTarom 250 c. Li pe3ynbTatv MoXKyTb CBigYMUTH
MNPO aKTUBHY JIOKalbHY PO3/IOMHY AiANbHICTb Ha FIMOUHI A0 5 KM i BiACYTHICTb BEJIMKUX
MarMmaTMYHUX Kamep B rMMBUHHOMY po3pi3i datoigHoi cnuctemm ByakaHa Konymbo abo icToTHO
iHLWWI CKNag, pesepByapy Marmm nig, UMM BYJKAHOM, KOPiHb AKOTO 3adiKCcoBaHO Ha MMOUHI 99 Km.

BynkaH CaHTOpiHI po3TawoBaHMin Ha OCTPOBI Tipa Noban3y nepeTnHy pUPTOBUX CUCTEM
Ereicbkoro mopsa (puc. 6, 8). BiH € Halbinbll aKTMBHMM BY/JIKAHOM MOAA BY/KaHiB Konymbo-
CaHTOpIHI.
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Puc. 8. BynkaH CaHTOpiHi Ha 0.Tipa: cxeMaTU4YHUI penbed Kanbaepu 3 eniLeHTpaMmn 3eMneTpycis

2024 poky i po3TawyBaHHAM npodinis A-A’, B-B’(A); b, B-rinoueHTpun 3emMneTpyciB B30BXK
NpodiniB 3 HAHECEHWM NONOKEHHAM PO3MNNABNEHOT MarmMn 3a AaHUMM YP cCKaHyBaHHA
[Papazachos et al, 2025]; [ - noN0KeHHA NYHKTY CKaHyBaHHA SP8 B KanbAepi BY/IKAHY.

3a ocTaHHi 360000 pokiB BigOMO Hinblie ABOX COTEHb MOro BMBEPMKEHb, OAHAK MPO
NPOCTOPOBO-4YaCOBY E€BOJIOLLIIO, TEKTOHIYHMI KOHTPOAb GAKIAHUX CUCTEM Ta MarmaTM3amy LMX
NiABOAHMX BY/IKAHIB Ta peasbHiCTb ceiMcmivyHoi Hebesneku iHbopmalLii HegocTaTHbO [Scmidt et al,
2022; Papazachos et al, 2025].

CKaHyBaHHAM pPO3pi3y 3 KPOKOM 5 CM CMifibHWIA CUrHaA i3 po3naaBieHnMKN Ba3anbTamm
3adikcoBaHo B iHTepBani rnbuH 10.641 km — 11.31 km (puc. 8).

Mpn 0bpobui 3HIMKa AinAHKM (puc. 8,r) curHan Ha 4actoTax 6a3anbTOBOI Marmu He
dikcyBaBca B iHTepBani rnbuH 13-470 km npotarom 350 ¢ BUMiptoBaHb.

Pe3ynbTaTh CKaHyBaHHA MOKa3a/M iCHYBaHHA CyTTEBMX BiAMIHHOCTEM rMMOUHHUX PO3pi3iB
BY/IKQHIB, AKi MIATBEPXKYIOTb NPUNYLLEHHA MNPO Pi3HI A)xepena nocTadyaHHA mMarmu B LMX

CTPYKTYpax. TOMy Ui pe3ynbTaTv AatoTb A0AATKOBI AaHi NPO CTPYKTYPY GAIAHMX cUCTEM MOAS
By/IKaHiB CaHTOpiHI-Konymbo.
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Puc. 9. CxemaTtnyHa mogesnb (A) rMMBUMHHOro po3pisy Nona ByaKaHiB CaHTopiHi-Konymbo
[Dimitriadis et al, 2009]: a - marma i3 3Ha4YHUMK JOMILLKAMM KOPOBUX KOMIMOHEHTIB; 6 -
pe3epsyap 3 MOJIOA0K MarMmoto, (NiAHATOK NPAMO 3 MaHTIl) Ta IHTEHCMBHUM PO3BUTKOM
HOPMa/IbHMX PO3/TOMIB i CEMCMIYHOCTI; B - MarmaTlM4Ha Kamepa 3a AaHWMK YP ckaHyBaHHA; b -
cxemaTnyHa mogens [Hufstetler et al, 2024] By/aKaHIB 3 MMOBIpHUMK pe3epByapamm marmm |

3anponoHoBaHi Moaeni rMMbMHHOro po3pisy nonsa ByakaHiB CaHTopiHo-Konymbo (puc. 9)
He € EAMHUMW AN1A Uboro perioHy. B poboti [Autumn et al, 2025] po3rnsaatoTbca iHLi MMOBIpHI
MOZENi PO3BUTKY GAtOIAHOI cucTemm LUmx ByaKaHiB (puc.10).
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Puc. 10. MmosipHi moaeni (a,6) rnbuHHoi Bynosm nona BynKaHis CaHTopiHi-Konymbo [Autumn
et al, 2025] 3a pe3synbTatamum gocnigxeHo semnetpycis 2025 poKy. H2 - BUCOKOLIBUAKICHI Tina B
po3pisi Kopu; L3, L4 — MMOBIpHIi marmatuyHi kKamepwu GaKigHOT cMcTeMn. YepBOHi enincK -
pesepByapy Marmu 3a AaHMmmM YP cKaHyBaHHS; CTPIIKAMM MOKA3aHO HaNpPsMOK Nignomy
rTMMBUHHWX datoiaiB.

AsTopu [Autumn et al, 2025] BBarkatoTb HalbinbLL MMOBiIpHOO Moaenb (puc.10, 6), B aAKin
By/KaHW CaHTOpiHi Ta Konymbo matoTb okpemi GAtigHi cMCTeMM TPaHCMOPTYBAHHA Marmu 3
MaHTii. Pe3ynbtatv YP cKaHyBaHHS MoKas3anu, WO B 3eMHill KOpi iCHYE MarmaTMyHa Kamepa Ha
rAndumHi 10.5-11.3-13 Km, AKa No3Ha4YeHa UMMM aBTopamMm 3HakomM nuTaHHsA (prc.10). B Kanbaepi
By/IkaHa CaHTOpPIHIi po3MnnaB MiAHIMAETbCA 3 OKPEMOro MaHTIMHOIO A)epena Huxkdye obacTi
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BMCOKOI WBKMAKocTi (H2) y HUMKHIM KOopi B3A0BXK Kpato Liei 061acTi 40 pe3epByapa y cepeaHil Kopi
Ha ranbuHi Big 8 oo 15 km nig CaHtopiHi [Autumn et al, 2025].

OkpemMa oAnwigHa cucTema Ta MaHTiHe aAxepeno Ana BynkaHa CaHTOpiHI A03BOAsE
WBMAKO MOMOBHIOBATU HErNMMBOKY MarmaTMyHy Kamepy Ha rnbuHI 3—=5 KM, a TaKOX MOACHIOE
BIAMIHHOCTI B MiKpoe/ieMeHTax Ta pafdioreHHMX i30Tonax Mixk BysikaHammn CaHTopiHi Ta Konymbo
[Hufstetler et al, 2024].

Takox byna pocnigxeHa rnvbuHHa byaoBa ByAKaHy o. [ecenwH y npotoui bpaHcding,
(3axigHa AHTapKTMKa) Ta OTPMMaHI HOBI A0AATKOBI AaHi NPO CTPYKTYPHI 0cobamnBoCTi datoiaHOi
CUCTEMM Ta PO3TALLYBAHHA MAarMaTUYHMUX KaMep BY/IKaHY, Céomoro Ha BysIKaH CaHTOPIHI.

MIPOTORaA
6” 9498 60 6459W '

SPll

0. I[ecemnﬂ

Bpancqn.lm

Puc. 11. OcTpis [lecenwH Ta NyHKT ckaHyBaHHA SP11 (A) Ha KOCMIYHOMY 3HIMKY NMPOTOKM
BpaHcoing (3axiaHa AHTapKTMKa); b - NnpuHLUMNOBa cxema GOpPMyBaHHA Marmo-ra3o-daigHol
CUCTEMU Y BEPXHIiN YacTuHI fiTochepn o. ecenwH [Geyer et al, 2019, cnpouweHo]. Undpamnm (1-
6) NOKa3aHO MNONOXKEHHA NOKANbHMX MarMaTUYHUX KaMep - CKNAZAHOI MepesKi OKpemmx
pesepByapiB 3MiHHOro po3mipy Ta cknaay (umdpn 2-6).

Marmu, WO KMBAATb YaCTUHY CUCTEMM MarmoniaseaeHHs o. [ecenweH (kamepa 1),
MOKYTb MigHIMaTMCA 6e3nocepeaHbo 3 MaHTii abo 3 Marmmn Ha Meski Kopu Ta MaHTii (25-30 Km)
no6am3y posainy Moxo.

N5 KpynHoro 3HiMKa AinaHkm (puc. 11) cninbHUA curHan i3 6-0t0 rpynoto MarmaTUyHmX
nopig, (rabpo i 6asanbTi) 3adikcoBaHO Ha MOBEPXHI, Ta Ha rAMbuHax 57, 99, 217 kM. KopiHb
0a3a/1bTOBOTO BY/IKaHy 3aiKCOBaHO Ha MMBUHI 217 Km.

Mpn o0bpobui 3HIMKa NoKanbHOI AinAHKKM (puc. 11) chinbHWI curHan Ha YactoTax
0a3anbTOBOI Marmu He ¢ikcysasca B iHTepBani ramndbumH 0-10.0 km npoTtarom 200 ¢ (3 xB 20 ¢)
BMMiptoBaHb. BiH moyas ¢ikcyBatica 3 4 ¢ BMMIiptoBaHb B iHTepBani ramMbud 10.0-13.0 km.
CKaHyBaHHAM pO3pi3y 3 KPOKOM 5 CM CRiNbHUI CUrHan i3 po3nnasaeHMMu 6HasanbTamu
3adikcoBaHo B iHTepBani rnbuH 10.642 km — 11.557 km (1ab. 1), B iHTepBani rMnbuH 13-217 km
npoTtarom 200 ¢ (3 xB 20 ¢) BUMiptoBaHHA BiH He dikcyBaBCcA.
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Tab.1. Pe3ynbTaTi CKaHyBaHHA.

AmnniTyaa r&MO%TJ\_')a Kpok PeyosuHa|| Mopoaa
0 115,570000 0,005 naBa 6aszanbTn
80 114,600000 0,005 naBa 6aszanbTn
60 114,455000 0,005 naBa 6aszanbTn
40 112,620000 0,005 naBa 6aszanbTn
20 110,345000 0,005 naBa 6aszanbTn
40 109,605000 0,005 naBa 6aszanbTn
20 106,425000 0,005 naBa 6aszanbTn

ICHYBaHHAM MarmaTM4YHOI KaMepu 3 HaCTKOBO PO3M/1aBAEHOI0 PEYOBUHOO Mif Kanbaepoto
MOHa MOACHUTM 0COBAMBOCTI GOPMYyBAHHA reOTEPMANbHUX AaHOMANIM Ta CUCTEM TPILLMH 3
aKTMBHOI Mirpauieto GAIAIB Y NPUNOBEPXHEBMX BOAAX.

EBontouinHa Moaenb HaAXOAKEHHA Marmuy y BEPXHi TOPU30OHTU 3EMHOI KOpU Ta rMBUHHA
CTPYKTypa BY/AKaHa [ecenwH € npegmeTom AOCNIAMeHb. AKWO NopiBHATM AdaHi BEP3 3
pe3ynbTaTaMmn cencmo-TomorpadivHmx aocniaxeHs [Prudencio et al, 2015; BenZvi T. et al, 2007],
TO MOKHA 3HaANTK 3araibHi XapakTePUCTUKM BYA0BU BEPXHbOT YaCTUHM 3eMHOI KOpu 0. [ecenLuH,
ofeprKaHi pisHMMM meToaammM. Hacamnepes, ue CTOCYETbCA KanbAepu, 4e PO3MIpU MarmaTUYHOI
Kamepu po3naaBaeHoi pevyoBMHW, BU3HAYeHi MOPQONOrier IHTEHCMBHOI aHOManil 3HUMKEHOI
WBMAKOCTI, 6M3bKI A0 PO3MIPiIB 30HM 3HMKEHOTO ONopy 3a AaHmK BEP3. Mo3aiuHuii po3nogin
aHOMaNiN WBWAKOCTI 3HAYHOO Mipoto 36iraeTbca 3 HasBHICTIO HEOAHOPIAHOCTI PO3Pi3y Ka/ibaepu
3a reoeNekKTPUYHUMMN AaHUMMK (CYTTEBI KONIMBAHHSA MOTYKHOCTI OCaAiB, BKAOYEHHA AANOK Ta 30HM
MOXMBOTO NporpiBy). M NpunycKaemo, Lo Liei po3pi3 XxapakTepu3ye NPOMIKHY MPUNOBEPXHEBY
Kamepy, PO3irpiTmin ra3o-ByIKaHiYHMA MaTepian B SKYy HaAxoAMTb 3 Oinbll rMOOKUX AKepesn B
niTocdepi. Moxkanea rnmMbrHa marmaTMYHOI Kamepu ByKaHa JecenuH ctaHoBuTb 25-30 Km.

CUCTEMM MAarmaTMYHOIO HacuM4yeHHA po3pi3y noaibHoi KoHdirypauii 6yam sigomi i ana
iHWWX Kanbaep cBiTy (By/nkaH CaHTOPiHI). PopMyBaHHA HEBE/IMKUX MarMmaTUYHUX pe3epByapis
MoXe OyTu noB'A3aHe 3 perioHabHMMKW Ta NOKa/SIbHUMKM PO3NOMaMM, WO KOHTPONOOTb
YTBOPEHHA Kanbaepu.
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CxigHa YacTnHa YopHoro mops
B niBAgHHO-CXiAHIN YacTMHI YHOpHro Mops B rpy3MHCBKIM YaCTUHI KOHTMHEHTAbHOIO CXWAY

(pnc.12) byno npoBeaeHo cepito gocniaxeHs (nona cunis MNMevopi Ta KonxeTi).
38° 39’ 40° 41° 42° 43 44’ 45° >
43 g : — - s

A)

rd. Uopue mope

[ 2000 |

41°7E 41°8'E
Puc. 12. NMyHKTM ckaHyBaHHA SP9, SP10 B niBaeHHO-CXiAHIN YacTuHi YopHoro mops (A); b -
NONOXEHHS NMYHKTIB CKAHYBAHHSA B FPY3MHCBKIN YaCTUHI KOHTUHEHTaNbHOTO cxmay [Korber et al,
2014].

KOHTMHEHTaNbHUI CXMA B PaMoHi baTymi xapaKTepu3yeTbCA CKAAAHOK CUCTEMOO
KaHbWMOHHMX XpebTiB CxiAHO-3aXiAHOro NPOCTAraHHA. YMCAEeHHI ra30Bi BUTOKM BilOMi Ha BEPLUMHAX
abo cxmnax xpebToBMX CTPYKTYp Ha rambuHax 850-1200 m [LLUHoKoB 1 ap., 2013; Korber et al,
2014].
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Puc. 13. Cericmiunmin pospis (A) of Colkheti seep [Wagner-Friedrichs, M., 2007, cnpouieHo] 3
pesynbTaTamm YP ckaHyBaHHA (SP10); b — razosumin daken Hag nosem cunis Mevopu [Kérberet al,
2014].

Y nyHKTi ckaHyBaHHA SP10 (puc. 13) 3adikcoBaHO ra3osuit cUrHan Ha rambuHax 1075 m -
1596 m (noganblie 30HAYBaHHA He npoBoannoca). Ans SP9 (puc. 12, MNeyopm) OTPMMAHO CUTHANM
rasy Ha rambuHax: 1221 m — 1522 m, 1673 m — 2226 m. MiaTBEPAKEHO TAKOXK NPOLEC aKTMBHOI
Aerasaui Ha obox AinAaHKax.
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FNMBUHKU 3anaraHHA BYrNEBOAHIB ANA TOYOK CKAHYBAHHA € OPIEHTOBHMMM, X MOXKHA
YTOYHWUTM Mig, vac AeTa/ibHUX 4OCNIAXKeHb.

[inAHKM 3 HAGTOBUMM NAAMAMAMM Y CXiAHIM YaCTUHI YoOpHOro Mops.

HadToBi naaMmn NpMpoaHOro Ta aHTPOMOreHHOro NOXOAKEHHSA BYIM BUABAEHI HA NOBEPXHI
mopsa (puc. 14) y niBagHHO-cxiaHin YyacTnHi YopHoro mopsa [Mityagina et al, 2016].

JocniaxeHHsa nokasanu, WO NOKPUTI HapTo ra3osi OynbballKkM He 3a3HaTb NOAa/bLLIMX
reoXiMiYHMX 3MiH Mig Yac NPOXOAXKEHHA Ta AOCATatOTb NOBEPXHI MOPA MEHLL HiXK 3a 2,5 roanHu.
HadTa Ta ras po3ainatoTbca Ha NOBEPXHi MOPA, LLO NPM3BOAMTL A0 YTBOPEHHA HAQTOBMX NAAM Ta
Buxoay rasy B atmocdepy [Mityagina et al, 2016].

g

Puc.14. HadToBi cnikm Ha NOBEpPXHi MOPA B PaloHi I'IpOﬂBiBVCl/lI'IiB> KonxeTi Ta [e4opi B niBgeHHO-
cxigHin yactuHi YopHoro mopsa [Mityagina et al, 2016].

Buxoaaum 3 po3mipiB HaPTOBMX NAAM Ha MOBEPXHI MOPSA, Bi3yasi3oBaHMX 3a A0NOMOIOH0
ANCTaHLUMHOTO 30HAYBaHHSA, nona cunis KonxeTi Ta Mevyopi € HAMNOTYXHiWMMM B HoOpHOMY MOpI
woao BuMKMAiIB HapTM. ABTOpWM 3a3HadvatoTb [Korberet al, 2014]. wo rambuHa 3anaraHHs
BiZANOBIAHMX ra3o- Ta HadTOHACKMYEHMNX NOPIA, 3aMLAETHCA 3HAYHOIO MIPOLO HEBIAOMOHO.

Ane npoBeAeHi eKCNepuMeHTH 3a AONOMOTrO0 BUKOPUCTaHHA YP TexHoN0ri NoKasanu, Wwo
Brepwe OTPMMaHi AAs CAiKiB MMOBIPHI TAMOWHM MPOCOYYBAHHS 3MIHIOIOTLCA B LUMPOKOMY
iHTepsani Big 500 m go 5000 m (Bigryku 3 ranbuHm popmysaHHsa: 570-920 m; 1090-1900 m; 3000-
3490 m; 4510-5290 m).

BucHoBKM

B cTaTTi NMOKasaHi MOXAMBOCTI BUKOPUCTAHHSA YP-TexHOoNorin ana AVCTaHUiIMHOI OUiHKM
dopmyBaHHA GaraTopiBHeBOi GAKOIAHOT CMCTEMW B By/AKaHax PI3HOrO TWMy, WO /[A03BOAWAO
OTPMMATK HOBI (B TOMY YMCAI i KiNbKICHI) AaHi Npo 0cOBMBOCTI TEKTOHO-MarmaTUYHUX NPOLECIB
YTBOPEHHS i PO3MILLEHHA OKPEMUX MArMaTUYHUX KaMep B 3eMHill KOpi TPA3bOBUX i BYJKAHIYHUX
CTPYKTYP, BM/IMB TEKTOHIYHUX PaKTOPIB Ha (PYHKLIOHYBaHHA FIMOMHHOI iMOy/AbCHOT Aerasalii
[KyTac, 2020].

OTpuMaHi gaHi Ans BYAKHIB cxigHoi YacTuHM CepepnzemHoro mopsa (CapTopi, BeHepe.
CaHTopiHi, Konymbo Ta iH) AONOBHIOOTL CyYacHi YABAEHHS NPO rnMBUHHY datoigHy cucTemy Ta
npouecn Aerasauii B UMX CTPYKTYpax KiIbKICHUMM NapameTpami, WO A03BOSAE 3BY3UTU KOO
rinote3 npo 0cobanBocTi iXx GopMyBaHHS.

HaBegeHi maTepiann NiaTBEPAXKYIOTb TAMOUHHUA XapaKTep YTBOPEHHS MOAiB CUMIB,
NoKanisytoTb obnacTi mirpauii meTaHy B aTmocdepy, a TaKOXK [AOMOBHIOTL AaHi Npo 3B'A30K
npouecis Aerasauii 3 HAKONUYEHHAMM TTMOUHHX BYTNEBOAHIB.
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CpaBHUTENbHbIVM aHANN3 CUCTEM
NOAroTOBKM Neaaroros PUHAAHANK U
Ka3axcTaHa

AcnaHosa I.P.

PhD, accoummnpoBaHHbIN Npodeccop BbICLLEN LKOAbI NeJarormkmn Nasnoaapckoro
neaarormyeckoro yHmeepcuteTa um. 9. MapfynaH

MaHartosa [.A.

aCCoLMMPOBAHHbIN NPOodeccop BbICLIEN LWKObI Neaarornku Nasnoaapckoro
nefarorM4yeckoro yHmBepcmtetTa M. ©. MapfynaH

AHHOTaLMA. B cTaTbe NpeacTaBieH CPAaBHUTENbHbIN aHaNM3 cucTemM NpodeccMoHanbHOM
NOAroTOBKM Byaywmx yuntenen GuHAsHAMM 1M KasaxcTaHa B KOHTEKCTE COBPEMEHHbIX BbI3OBOB
rnobanbHOro obpasoBaTelbHOro NPOCTPAHCTBA. PaccmaTpmBatoTca MCTOpPUYECKMe NPeanoCbiIKm
dbopmMMpOBaHNA HaLMOHANALHBIX MOAENEN negarornyeckoro obpa3oBaHns, ocobeHHoCTM oTbopa
abuUTypMeHTOB, CTPYKTypa o06pa3oBaTe/bHbIX MNPOrpamm, MUCCAeoBaTeNbCKaa MNOArOTOBKA
Byaylwmx ydmTenen, opraHusauma neaarormyeckon MNPakKTUKM U MexaHM3mMbl obecnedyeHus
KayecTBa obpa3oBaHMA. Ocoboe BHMMaHWE yaeneHO GeHOMeEHY aKaJeMWUYeCKon aBTOHOMUMK
OUHCKMX YHUBEPCUTETOB U €€ BAMAHMIO Ha GOPMMPOBaHMeE NPOdECCMOHANbHOM OTBETCTBEHHOCTM
negarora. Ha ocHoBe wu3yyeHMA oOnNbiTa YyHuBepcuTeTa HOBACKIONA BbiABAEHbI  GAKTOpPBI
3bdEKTMBHOCTM OMHCKOM MOAENM MOArOTOBKWM yuyuTenenm u onpeaeneHbl NepcnekTUBHble
HanpaBaeHWA UX aganTauun B cucteme Bbicluero obpasosaHma Pecnybankmn KasaxcraH.

Kniodesble cnoBa: neparorvdeckoe o06pa3oBaHWe, npodeccMoHanbHad MNOArOTOBKa
byaywmx yumtenen, PuHnaHama, KasaxcTaH, akagemuyeckad aBTOHOMMA, npodeccrmoHabHas
OTBETCTBEHHOCTb, YyHMBepcUTeT KOBACKIONA, 0bpa3oBaTebHaA NOAUTUKA.

BeegeHue. B ycnosuax crtpemuTenbHon TpaHchopmaumm obuwectsa, UMbPOBM3aLMM
obpas3oBaTeNbHOM cpeapl U M3MeHeHWA TpeboBaHWN K NPOPeccCHMOHaNbHbIM KOMMETEHLMUAM
negarora ocobyto aKTyaNbHOCTb npuobpeTaeT npobnema COBEPLIEHCTBOBAHWMA CUCTEM
npodeccMoHanbHOM NOArOTOBKM  yumTenen. CerogHa y4uuTeNnb BbICTYNaeT He  TO/bKO
TPAHCNATOPOM 3HaAHWIM, HO W OpraHM3aTopom o06pa3oBaTeNbHOW Cpefdbl, WMCCaeaoBaTeNem,
HAaCTaBHMKOM M MNPOBOAHWKOM COLMANbHbIX M3MEHEHWI. B CBA3WM C 3TMM BOMPOCHI KayecTBa
negarormyeckoro o6pasoBaHMA CTAHOBATCA OAHMM M3  KAOYEBbIX (GAKTOPOB YCTOMYMBOTO
Pa3BUTMA HALLMOHANbHbIX CUCTEM 0OPa30BaHMA.

Ha npoTaxeHuUM nocneaHux AByX AecATUNeTU OUHAAHAMA CTabUAbHO AEeMOHCTpUpyeT
BbICOKME pe3ynbTaTbl B  MEXAYHAPOAHbIX WCCNeAOoBaHMAX KayecTBa 06pas3oBaHMA W
pPaccMaTpMBaAEeTCs MMPOBbIM MNedarorMyeckMm coobLecTBOM  Kak npumep 3bdekTnBHOM
obpas3oBaTeNbHOM MNOAUTMKM. 3HAUMTENbHbIA MHTEpPeC BbI3bIBAET HE CTO/bKO OpraHM3auums
WKONbHOro 06pa3oBaHMA, CKOMIbKO CUCTEMA MOATOTOBKM MNeAarorMyeckux KaZpos, KoTopas
ABnAeTcs GyHOAAMEHTOM YCTOMUYNMBOCTM BCelt 06pa3oBaTeibHOM CUCTEMbI CTPAHbI.

B KasaxctaHe 3a nocnefHue rodpl TaKKe peannsoBaH psaf MaclTabHbix pedopm,
HanpaBJeHHbIX Ha MOJEepHM3aUMIO nedarormyeckoro obpasoBaHMs. BeeaeHbl OOHOB/EHHble
obpasoBaTesibHble MPOrpammbl, NPOPECCMOHaNbHbIA CTaHAAPT Meaarora, HOBble MEXaHW3Mb
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OUEHKM KayecTBa 0b6pa3oBaHMA U UMPPOBblE MHCTPYMeHTbl 0byyeHua. OAHAKO coxpaHsaeTcs
NnoTpebHOCTb B Aa/IbHENLLIEM COBEPLIEHCTBOBAHMM CUCTEMbI MOATOTOBKM NeAarormyecknx Kaapos
C YYETOM NYYLIMX MEKAYHAPOAHbIX MPAKTMK M HAUMOHAbHbIX OCOBEHHOCTEN.

Ocobyto UeHHOCTb NpeacTaBnAeT M3yvyeHWe onbiTa PUHAAHAMKM He C  NOo3UUUK
MeXaHMYeCKoro 3aMMCTBOBAHMA OTAE/bHbIX 06Pa30BaTe/IbHbIX TEXHONOTUIM, @ C TOYKM 3pEeHUs
MOHMMaHMA CUCTEMHBIX GaKTOPOB, 06ecneYmBatoLLMX BbICOKOE Ka4eCcTBO MNOArOTOBKM yuynuTenen. B
3TOM CBA3M aKTya/ibHbIM CTAHOBMTCA CPABHWUTE/NbHbIA aHaNWM3 ABYX MOAENEN Neaarormyeckoro
0bpa3oBaHMA, MNO3BONAIOWMIN BbISBUTbL KaK 0bLIMeE TEHAEHUMN PA3BUTUSA, TaK U NPUHLMMNMAbHbIE
pas3nnMumns B noaxoaax K GoOpmMmMpoBaHmMto NpodeccMoHaibHOM KOMNETEHTHOCTM Neaarora.

Llenbto mccnenoBaHUsa B pamKkax AaHHOM CTaTbM ABASETCH BblABAEHME OCODEHHOCTEeN
cuctem NpodeccMoHanbHOM NOAroTOBKM ByAyLINX yumuTene PuHnaaHanm 1 KazaxctaHa.

Bonpocbl MHTErpaumnmn nccnesoBaTelbCKOM KOMMOHEHTbLI B MPOLLECC NOATrOTOBKM By ayLmx
yumTesien WMpOoKo OCBeLeHbl B TpyAax 3anagHbix nccnegosatenent (L. Shulman [1], H. Niemi [2],
J. Toom [3]). PaznnuHble acnekTsl pedOpMMUPOBaHMA Ka3axCTaHCKOW BbICLLEM neaarorMyeckomn
WKO/bI M afanTauMm MeXAyHapoAHOro onbiTa aHaM3MPYHOTCA B paboTax OTeYECTBEHHbIX Y4EHbIX
(LLI.T. Taybaesa [4], A.K. KycanHos [5] n ap.). Tem He MeHee, KPOCC-Ky/bTyPHble CONOCTaB/EHNS
KOHKPETHbIX MHCTUTYLMOHANbHbIX KEMCOB (B 4acTHOCTW, yHMBepcuTeTa HOBACKIONA KaK 3TasoHa
nccnenoBaTeNbCKOM MOAENM) C Ka3aXCTaHCKMMUM peannamm Yyepes npmamy AaHHbix TALIS mn PISA
ocTatoTcA GparmeHTapHbIMU.

HayyHaa HOBWM3Ha MCCNefOBaHMA 3aKNOYAETCA B IKCMAMKALMM CUCTEMHbIX HBapbepos
(KOTHWUTMBHOrO AMCCOHAHCA MEMXKAY YHUBEPCUTETCKOM NOATOTOBKOM M WKONbHBIM KOMMIAEHCOM),
COEPHKMBAOWMX  MMNAMKAUMIO UCCNEeA0BATENbCKOM MNapaaurmbl B nefarornyeckoe nose
KasaxctaHa, M 0OOCHOBaHWMWM TOroO, YTO K/AKOYEBbIM NPEAMKTOPOM 3bdeKTUBHOCTM pedopm
ABNAeTCA TPaHCHOPMaLUMA BHYTPEHHEN aKaAeMNYECKOM KyAbTypbl BY30B U LLIKOA.

MeTofonorna mccnefoBaHUA. B ocHOBY MccnenoBaHMA MONOXKEH KOMMAPATUBUCTCKUM
(CpaBHWUTENBHO-NEAArOrMYeckMin) NoAXoA, HaMpaBAeHHbIM Ha AETEKUMIO W IKCMAMKAUMIO
CTPYKTYPHO-QYHKUMOHANbHbBIX AETEPMUHAHT CUCTEM MOATOTOBKM MNEAarormyeckmMx Kaapos B
OuHnaHamm - Pecnybnumke KasaxctaH. C uenbto obecneyeHua TPUAHTYAAUMM  AaHHBIX U
NOBbIWEHMA BaIMAHOCTM Pe3yNbTaToB Hbl Pa3BEPHYT KOMMAEKC B3aMMOLOMONHAIOLLMX METOL0B:
CUCTEMHO-CTPYKTYPHbIN M CPaBHUTENbHbBIM aHa/IM3 HOPMATUBHO-NPABOBbIX aKTOB, PEryANPYHOLLMX
chepy Bbicwero obpasosaHma (FOCO PK, 3akoH «O ctatyce neparora», GUHCKME pPamoyHble
CTaHAAPTbI); KOHTEHT-aHa/M3 penpe3eHTaTMBHbIX 0O6pa3oBaTe/lbHbIX MPOrpaMm U cuanabycos
AVCUMNANH; BTOPUYHBLIA aHANM3 SMMNUPUYECKMX [OAHHbIX MEXAYHAPOAHbIX CPaBHUTENbHbIX
nccneaoBaHuii B 061acT NOAroTOBKKM yumTenen (Bkatodasa otyetsl TALIS, OHECKO, O3CP) [9].

Bepudunkaums TEOPETUYECKNX NONONKEHWNN OCYLLECTBAANACD nocpeacTsom
[EeCKPUNTMBHOIO aHaNM3a MHCTUTYLMOHANbHbBIX MPAKTUK, 3adUKCMPOBAHHbIX aBTOPamMM METOA0M
BK/IIOYEHHOrO HabAtoAEHMA B XOe Hay4HO-00pa30BaTe/IbHOM CTaXKMPOBKKM Ha 6a3e yHuBepcuTeTa
tOsackions (University of Jyvéskyld).

dmnupuryeckyto 6aly MCCNe0BaHMA COCTABUIM: APXMTEKTOHWKA W coAeprKaTesbHoe
Hano/HeHWe 00pa30BaTeNbHbIX Mporpamm  MHCTUTYyTa  neparormyeckoro  obpasosaHMA
yHuBepcuteTa  HOBAcKioNA;  npodunbHble  obpa3oBaTesibHble  MPOrPaMMbl  BeayLmX
nefarormyecknx yHmBepcmuTeToB KasaxcTaHa No HanpaBaeHuto «[1oAroToBKa yuntTenen HayanbHbIx
Knaccos» (MMMHO); Kopnyc peneBaHTHbIX Hay4YHbIX NybAMKauMi, WHOEKCUMPYEMbIX B
MeXAYyHapOoAHbIX HayKOMeTpuyeckmx 6asax AaHHbIX, No npobnemaTuke research-based teacher
education (nccnefoBaTeNIbCKM OPUEHTUPOBAHHOIO Nearormyeckoro obpasoBaHms).

MPUMEHEHHbI MeTOA0N0MMYECKMI KOHCTPYKT MO3BOAMA MPOBECTU KPOCC-KYNbTypHOE
COMOCTaBNAEHNE MHBAPMAHTHbIX M BapPUATUBHbIX KOMMNOHEHTOB NpodeccMoHaNbHON NOArOTOBKM
yuuTenen, a TaKKe BbIABUTb CUCTEMHble GaAKTOpbl, AeTEPMUHMPYIOWME TPAEKTOPUIO
npodeccMoHanbHOro CTaHoBAeHMA ByAyLLero negarora.
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PesynbTaThl. JuddepeHumauma HaLMOHaNbHbIX MOAEeNeN neaarormyeckoro obpasoBaHmA
NO3BO/IMAA BbIABUTL TNyDOKME AMBEPreHTHble TeHAEHUMWM Mexay OGUHCKoM (pednekcnBHO-
MccnefoBaTeNbCKOM) M Ka3axCTaHCKOM (MOAEPHN3NPYEMOM aKaAeMNYECKOM) CUMCTEMAMM MO pAaY
KNOYeBbIX BEKTOPOB.

PaccmaTpuBas  cenekumto M akagemumyeckme  TpeboBaHMs  (MpepekBusnTbl K
NOCTynaloWmMm) Mbl OBHApyXMBAEM, UYTO MEXAHW3Mbl CeNeKLUMM Ha BXxode B npodeccuio B
nccnesyemblix CTpaHax AeMOHCTPUPYIOT MPUHUMMIMANBHO Pa3HYD METOA0N0TMYECKYO NPUPOAY.
Tak, 8 PMHAAHAMK BXOAHOW Dapbep Ha3mnpyeTca Ha MHOTrOCTyneH4YaTom puabTpe. Nepsas CTyneHb
- 3TO HAUMOHANbHbIA MEXYHMBEPCUTETCKMN 3K3ameH VAKAVA, ouegHMBaOWMIA CNnocobHOCTb
abuTyprMeHTOB  KPUTMYECKM  aHaNM3MpOBaTb  HayyHble  TeKCTbl. BTopas cTyneHb —
MHCTUTYUMOHaNbHble cobecenoBaHWA, rPynNnoBble AMCKYCCUM U CUMYNALMOHHbIE TECTbl Ha base
KOHKpeTHbIX By30B. CornacHo gaHHbim O3CP (OECD, Education at a Glance), duHCKas moaenb
XapaKTepu3yeTca 3KCTPEMANbHO BbICOKMM YPOBHEM KOHKYPEHUWMW: CPeaHWn KOHKypC Ha
Nporpammbl NOArOTOBKM y4MTENEN HauvaIbHbIX KNaccoB cocTasnaeT oT 8% a0 10% ot obuwero nyna
3anBUTENEN. 3a4UMCIEHNE MOAYYAET NMLb KarKAbli AeCATbIA KaHANAAT, NPOABUBLLMA BbICOKMIA
YPOBEHb 3MNATNUM, KOMMYHUKATUBHOM TONEPAHTHOCTU M HEKOTHUTUBHbIX SOft Skills.

B KasaxcTaHe e AOMWHMPYLOWMM NpeanmkTopom oTtbopa [oNroe Bpema OCTaBascA
MCKNOUYMTENBHO CYMMATMBHbIM 6ann EAMHOrO HaumoHanbHoro tectmposanma (EHT). B pamkax
CUCTEMHON MOAEPHM3aLUMM MUHUCTEPCTBOM Obln NPeAnpUHAT Wwar no aAMWMHUCTPATUBHOMY
PeryanpoBaHNIO KayecTBa: NOPOroBbIv Hann ANA 3a4NCNEHNA Ha Nearornyeckme cneumanbHoOCTH
Obln LeneHanpaBaeHHO NoBbliWeH A0 75 6annos (Npu cpeaHepecnybAMKaHCKOM MUHUMYMe B 50
6annoB Ha ApyrMe HanpasBnaeHuA). HecmoTpa Ha BHeApeHMe ChneumanbHOro 3K3aMeHa,
NPOBEPAIOLLErO CKNOHHOCTb K NeAarormyeckon AeATenbHOCTH, Npoleaypa CeNeKLnn coxpaHaeT
npenmyLLecTBeHHO GOPMaN30BaHHbIN, aKaZeMMKO-LEHTPUYHBIN XapaKTep.

3TO [aeT OCHOBaHWe YTBepPXA4aTb, YTO MexaHW4eckui noabem npoxogHoro 6anna 8
KasaxcTaHe oTcekaeT c1abo NoAroTOBNEHHbIX abDUTYPUEHTOB, HO HE pellaeT 3a4a4y BepudurKaLumm
MX LEHHOCTHO-MOTMBALMOHHbBIX MPeAMKTOPOB. PUHCKMIA OMbIT AO0Ka3biBaeT HeobxoAMMOCTb
AMBepCUOUKALMN MHCTPYMEHTOB OTOOpaA: CMCTEMA AO/KHA OLEHMBATb HE TONbKO NPOLWble
aKageMMWyeckme 3acnyrm (TecTbl), HO W MNCUXONOTMYECKYID TOTOBHOCTb K [A0/ATOCPOYHOMY
yAepKaHuto B npodeccuu.

AHann3 apxMTEKTOHWKM 0bpasoBaTeNibHbIX MPOrpamm NpeacTaBaAeT chneayouwee. B
®duHNaHAMN 0bpa3oBaTebHbIN TpeK NpeacTaBnaeT coboM KOHTUHYYM — MHTErPUPOBAHHYO 5—6-
NETHIO  HEeMpepbIBHYKD  MarucTpaTypy. HayyHo-uccnepoBaTenbCkad  KOMMOHEHTa  He
HaACTpanBaeTcA Haf y4ebHbIM NPOLECCOM, @ BbICTYNAeT CKBO3HbIM OPraHMU3YyOUMM CTEPKHEM C
nepsoro cemecTpa. B KazaxctaHe GpyHKUMOHMPYET KOHBEHLMOHAAbHAA ABYXCTyNeH4YaTad MoAe b
(bakanaspuat—4 roaa, maructpatypa — 2 roga). CteneHb COnpAKeHHOCTU Hay4YHO-TeOPETUYECKOM
M NPaAKTMYecKoM noaroToBku anddepeHUMpyeTca B 3aBUCMMOCTM OT By3a, OOHapy»KuBas
NPU3HaKM AMCKPETHOCTM NpWU MNepexode Mexay YPOBHAMM BbICWIErO W MOC/AEBY30BCKOrO
obpasoBaHus.

[aHHOe pasnnune cBMAETENbCTBYET O HONee BbICOKOW NPEEeMCTBEHHOCTM M LeIOCTHOCTU
NoAroToBKM B GUHCKOM cucTteme. s KasaxcTaHa BbIBOA, 3aKNHOYAETCA B TOM, YTO yCUIeHMe
BEPTMKANbHOM WHTErpaumMm Mexzay ypoBHAMM obOpa3oBaHMA M 6Gonee paHHee BKAKOYEHME
CTYAEHTOB B MCCNEA0BATE/NbCKYIO AeATENbHOCTb CMOCOOHbLI 0becneynTb yCToMYMBOE pa3BUTUE
npodeccnoHanbHbIX M aHATUTUYECKMX KOMNETEHLMI ByayLMX Neaaroros.

NccnepoBaTenbckaa napaanrma noaroToBkM B GPUHAAHAMM NpeanonaraeT, YTo KaxKabli
CTYAEHT 0CBaMBaeT MeTOAO0NOTNI0 KOJMYECTBEHHOIO M KAYeCTBEHHOrO aHanuM3a AaHHbIX.
Maructepckasa amccepTauma OpMEHTMPOBAHA Ha PelleHne peasibHbiX MUKPO- U Makponpobaem
KOHKPETHOW LUKOAbI, BbICTYNAA B POV NPUKNAAHOTO KAMHUYECKOrO MCCNeL0BaHWA.
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B KasaxctaHe wuccnepoBaTenbckaa  napaguMrma  NOArOoTOBKM  3@4acTyld  HOCUT
[EeKNapaTUBHbIN UK cyrybo TeopeTU3MpPOBaHHbIN XapaKkTep, AEMOHCTPMPYA cnabyto Koppenauuo
C peasibHbIMKN AePULUTAMM LWKONBHOM NPAKTUKM.

CumTaem, 4To CTpaTermyeckMm NpMopmnTeTom Ana KasaxctaHa A0/1XKHO CTaTb NPeoaoneHne
M30M1ALMN aKa[EeMMYEeCKOM HayKM OT LIKOJIbHOW peasibHOCTU. HeobxoaMmo nepeopueHTUpoBaTh
KBa/IMdMKaLMOHHbIEe paboTbl byayLinx yumTenei Ha napaamrmy Action Research (nccnenosaHume
nevictemem), bopmmnpys cneumanmcta, CnocobHOro NPUHMMaThL YNpaBaeHYECKO-ANAaKTUYeCcKme
pelleHMa Ha OCHOBe Zl0Ka3aTe lbHbIX AaHHbIX (evidence-based education).

AHaNM3 MHCTUTYLMOHANM3ALUMN N CUHEPTUM NeaarorMyeckor NpakTUKW npeacTaBnseT
cnepyoulee. B OUHAAHAMM  NpaKTMYecKaa  MOArOTOBKAa  OCyLIECTBAAeTcs Ha  base
CNeumanm3npoBaHHbIX YHUBEPCUTETCKUX TPEHUPOBOUHbLIX WKon (Teacher Training Schools /
Harjoittelukoulu), obnagatoWmMx CTaTyCOM KAMHMUYECKMX nabopaTopuit. CTyaeHT Norpyx»aetcs B
npodeccnmoHanbHyto cpeay nopa, cynepsu3vein YHUMBEPCUTETCKOro MeToaMcTa M LWKOJAbHOro
MEHTOPa OHOBPEMEHHO.

B KazaxcTaHe npaKkTuKa paccpeaoTodeHa no obueobpa3oBaTesibHbIM LWKOAM Ha OCHOBE
KPaTKOCPOYHbIX JJOrOBOPOB, rAe KayecTBO HacTaBHMYeCTBa M rybuHa pedaekcmm cylecTBeHHO
BApPbMPYIOTCA BBWAY BbICOKOW 3arpy»KEHHOCTWU LWKONbHbIX Yy4YUTenerl W OTCYTCTBMA eamHbIX
CTAaHAAPTOB MEHTOPMWHra. Pasnmuma B  MHCTUTYUMOHANbHbIX MOAXOAAX K  COMNPAXKEHMIO
TEOPETUYECKON M MPAKTUYECKOM MNOArOTOBKM HArnAAHO OTParKeHbl B CXeMe KOMMapaTMBHOro
aHanmsa mogenen (PucyHok 1).

NHCTUTYLMOHANbHbIE MOAENN NPAKTUKM
PUHAAHANA KasaxcTaH
Tpuana «YHmBepcuteT — LLIKkona-nabopatopua | InckpetHaa  moaenb  «YHuBepcuteT — —
— CTyaeHT» (morosop) — LLkona»
MHTEerpMpoBaHHan cynepsusunsa — | IMHeHoe HaCTaBHMYECTBO — aJanTMBHOE
nccnengosaHne cOb6CTBEHHOM NPAKTUKM HabntogeHne

PucyHoKk 1. MIHCTUTyUMOHANbHblE MOAENN OPraHM3auMm NeaarorMyeckom MNPakTUKM B
OUHNAHAMN 1 Ka3axcTaHe

ConocTaBneHne AeMOHCTPUpPYET, 4YTO 3GDEKTUBHOCTb MPAKTMYECKOW MNOArOTOBKM
BO3PaCTaeT MPU Ha/MYNUU YCTOMUYMBOM MHCTUTYLMOHANbHON CBSA3M MEXKIAY YHUBEPCUTETOM U
KooK, [Ans cucTembl negarormyeckoro obpasoBaHus KasaxctaHa 3To NoAYEPKMBAET BaXKHOCTb
PaCLIMPEHUS CETU YHUBEPCUTETCKMX KO M PAa3BUTMA HaCTaBHMYECTBa.

foBOpA O npeaenax akagemMuyeckon aBTOHOMWK, HEeOobXOoAMMO OTMETUTb, 4YTO B
OUHNAHOAMM SKCTPEMasIbHO BbICOKMI YpOBEHb AeleHTpanmsaumm. OTCyTCTBME WMHCMEKUM U
ECTKUX HaUMOHabHbIX y4ebHbIX NAaHOB AenernpyeT yHUBepCUMTeTamM MpaBO CaMOCTOATE/IbHO
MO/ZIeINPOBaTb KOHTEHT 06pa3oBaHMA, OMepaTMBHO pearnpya Ha W3MeHAloLlMeca 3anpoch
obulecTsa.

B KaszaxcTaHe HabntogaeTca nosTanHoe paclimpeHne akaJeMnyeckor cBoboabl, 0AHaKO
pamku TOCO U kecTkue TpeboBaHWMA K CTPYKTYPUPOBAHMIO KOMMOHEHTOB 06pa30oBaTesibHbIX
nporpamm (ob6s3aTenbHble  AUCUMNAUHBI, 0OBbEMbI  UMKAOB) MO-MPEXKHEMY JUMUTUPYIOT
MaHEeBPEHHOCTb BY30B8.

CpaBHUTENbHbLIA aHaM3 MOKA3blBAeT, YTO aKaJeMMyeckas aBTOHOMMUS CrnocobCcTByeT
6onee onepaTMBHOMY OOHOBNEHMNIO COAEPKAHMSA MOATOTOBKM B COOTBETCTBMM C M3MEHSIOLLIMMMCA
obpasoBaTebHbIMK NOTPEBHOCTAMM. PaclumMpeHne aBTOHOMUK By30B PK MOXeT CTUMYIMPOBaTh
MHHOBALMM NPU COXPaHEHMM HALMOHANbHbIX TPEBOBAHUI K Ka4ecTBY NOArOTOBKM.
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Pe3ynbTaTOM aHaAM3a Mo 3BOMOUMKM NPODECCMOHANbHOIO cTaTyca M WAEHTUYHOCTM
ABnaeTcA cneaytouiee. B PUHNAHAMM BbICOKMIA COUMORYNBTYPHBIN cTaTyc npodeccmm basmpyeTcs
Ha KOHLeNnTe «KynbTypbl AoBepua» (culture of trust). OBLLECTBO anpMopu NPU3HAET 3a yYnTenem
CTaTyC aBTOHOMHOrO 3KcnepTa, 06MafatoWero nNpaBoOM Ha MNPOEKTUPOBaHME COBCTBEHHOM
METOAMNYECKON CUCTEMBI.

B KasaxctaHe 6narogaps npuHatMio 3akoHa «O ctatyce neparora» [6] matepuanbHo-
NPaBoBOE TMOJIOKEHME YUYUTENEN CYLLECTBEHHO YAYYlWMAOCb, OAHAKO TpaHchopmauma
0bLLECTBEHHOrO BOCMPUATUA OT KUCMONHUTENA MHCTPYKLUMIA» K KaBTOHOMHOMY MHTENNEKTyany»
Haxo4MTCA B TpaH3MTHOM dasze.

3T0 pa3nMume yKas3blBAaET HA TECHYIO CBA3b MEX /Y Ka4eCTBOM MOATOTOBKM Nearoros u nx
0bLLecTBEHHbIM CTaTycoM. [lanbHelliee NoBbileHWe NPecTUKa NeJarormyeckon AeaTeNbHOCTM B
PK A0N1KHO COMPOBOXKAATHCA YKPENEHWEM MCCNeA0BaTENBCKON KyAbTYpPbl M NPOGECCMOHANBHOM
aBTOHOMMMU.

Taknum 06pa3om, KOMNapaTUBHbLIA aHANM3 MHBAPMAHTHbIX XapaKTEPUCTUK ABYX Moaenein
NOKa3bIBaET, YTO rNyOUHHOE pasnnymne Mexay HUMM KPOeTCA He CTONbKO B COAEPMKAHNM yHebHbIX
NNAHOB, CKOMbKO B MPMHUMNAX MHTErpaumm Hayku, aBTOHOMWUW W NPaKTUKK. s aeTanbHOro
NOHUMAHWMA BHYTPEHHUX MEXaHW3MOB (YHKLMOHMPOBAHMA pedieKCMBHO-MCCAEN0BATENbCKOM
cpeapbl HE0HX0AMM aHANN3 KOHKPETHOIO AECKPUMNTMBHOTO Kelca.

Hawwn HabnopeHns, 3adUMKCMPOBaHHbIE B XO4e Hay4HO-006pa30oBaTeIbHOM CTaXKMPOBKM Ha
6ase WHcTMTYyTa neparorvyeckoro obpasosBaHua YHuBepcuTeTa HOBAckiona (University of
Jyvaskyld), mo3BOAMAM MBHYTPU M3YYUTL MMMAMKALUMIO napagurmbl Research-Based Teacher
Education v BepndnumpoBaTh €€ KNtoveBble AeTEPMUHAHTLI, NPEeACTaBAEHHbIE HUKE.

PaccmaTpuBan cneumduKky cenekumMm Ha ypoOBHe By3a, HeobXoAMMO OTMETUTb, YTO
MHCTUTYLMOHANbHbIM 3Tan oTbopa B yHWMBepcuTeTe HOBACKIONA MOAHOCTbIO aBTOHOMeH. B xoze
CTaXXMPOBKM HaM YAanocb 3apuKCMpoBaTb, YTO nocae obuleHauuoHanbHoro Tecta VAKAVA
YHUBEPCUTET pa3BOpayMBaeT COOCTBEHHbIN YHWKANbHbLIA MyN CUMYAALUMOHHBIX 3aZaHWUi U
MNCUXONOTUYECKMX MHTEPBbLIO, BEPUOULMPYIOLLMX CKAOHHOCTb K MNeaarormyeckor amnatuum. Bys
oTOMpaeT CTyAeHTOB He No oObemMy 3ayyeHHOM WHPOpMaLMKM, @ MO WX CNOCOBHOCTM K
KPUTUYECKOMY MbIWIEHNIO M KOMMYHWKATMBHOW TONEPAHTHOCTM, YTO KOPEHHbIM 0bpasom
MEeHsAEeT BEKTOP NpodeccMoHanbHOro oTbopa yKe Ha cTapTe.

3TOT NoAxoh, HaxoaMT CBOE MPAMOE MNPOAO/IKEHME B COAEPHKATENbHOM HAMONHEHWUM
obyyeHuAa, rae BHYTPMBY3OBCKAA apXMTEKTOHMKA MPOrpamm OTpaxKaeT MPUHUMNNANBHO MHOM
YPOBEHb WMHTErpaumn. WHTErpMpoOBaHHbIM  5-NeTHU  Tpek MmaructpaTypbl B  MHCTUTYTe
CNPOEKTMPOBAH Ha MPMHUMNAX AEKYCTOMM3AUMM U MexancumnamHapHocTn. HabntoaeHue 3a
y4yebHbIM MPOLECCOM MOKa3ano, 4YTo yyebHble moaynnm GOpMUPYIOTCA Ha CTbIKE KOTHUTUBHOM
NCUXONOTUM, HENPOHAYK W UMPPOBON AMAAKTUKM. ITO obecneymBaeT HEMNPEepbIBHOCTb WU
LEeN0CTHOCTb GOPMMPOBaHNA NPOdEeCcCMOHaNbHbIX KOMNEeTEHLUMN 6e3 MCKYCCTBEHHOrO Pa3pbiBa
Mexay 6akanaBpmMaToM M MarmcTpaTypon, XapakTepHOro Aaa AMCKPETHbIX MOAENEN.

OnucaHHaa apXMTEKTOHMKA CAYKUT GYHAAMEHTOM A8 yOOKOro MOrpysKeHus B Hayky,
bnarogapa 4Yemy peanmsauma  MCCNeaoBaTeNbCKOM MNapaAurmbl  nepectaeT 6ObiTb  cyrybo
LeKknapaTnsHoM. HayyHas paboTa cTyaeHToB B FOBACKIONA KECTKO yYBA3aHa C MeToa0N0rnein Action
Research (nccnepoBaHune aenctemem). Kak Nokasan aHanm3 UCcCaenoBaTeNbCKMX TPEKOB, AaHHbIN
KOMMOHEHT BCTPOEH B y4ebHbIl NaaH C NepBoro cemectpa. Marmucrepckas aucceptauma 30ech He
ABNAETCA KOMMNUAALMEN TEOopeTMYEeCKMX WMCTOYHWKOB, a NpeacTaBaseT cobor npuKnaaHon
KNMHWUYECKMI NPOEKT, HaMNPaBNEHHbIN HA pPelleHMe KOHKPETHbIX AMAAKTUYECKMX AeduumToB
(Bkntovas auddepeHUMpoBaHHOE o0byYeHMe U UHK/IO3MBHbIE CTpaTerMn) B  PeasibHOM
reTeporeHHom cpeje.

MpakTnyeckow e H6a3on ana BepndUKaLMmM 3TUX UCCNef0BaTENbCKMX TMNOTE3 BbICTyNaeT
CMHeprva  nefarorMyeckol  MPaKTWMKWM,  OPraHM30BaHHAA  Ha  KayeCTBEHHO  MHOM
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MHCTUTYUMOHANbHOM ypoBHe. [podeccnoHanbHas NpakTMKa peanmsyetca Ha base cobCcTBeHHOM
TPEHNPOBOYHOM LKOMbI-NabopaTopun (Harjoittelukoulu). B npouecce BkAtoYeHHOro HabatoaeHun
HaMn Bblna 3adUKCMpPOBaAHA YHMKaNbHAA MOAENb COYETAaHHOM, MHTErPUPOBAHHOM CynepBu3nm,
Korga CTyAeHT HaxoAuTca NnoZA OAHOBPEMEHHbIM HACTaBHWMYEeCTBOM MNpodeccopa-mMeToamcTa
YHMBEPCUTETA M LUKONIbHOTO YYUTENA-MEHTOPA, NPEeBPALLAA KaXKAbli NPOBEAEHHbIN YPOK B 0OBEKT
COBMECTHOrO rnyboKoro pedieKCMBHOMO aHaAMn3a.

B KOHEYHOM WTOre, MMEHHO TaKOe COMPAMKEHME HAyKM U MPaKTUKU OeTepPMUHUPYEeT
MHCTUTYUMOHANbHYIO aBTOHOMMUIO U MAEHTMYHOCTb CybbeKkToB 06pa3oBaTenbHOro npotecca.
Obnapaa 3KCTPeManbHO BbICOKOW aKafemumyeckon cBobogoMn, WHCTUTYT CcamoCToATENbHO
MOAEPHMU3NPYET KOHTEHT MporpaMm nog 3anpocbl obuiectBa. OMbIT CTaKMPOBKM MO3BONAET
yTBEPXKAaTb, YTO 3Ta cBOOOAA TPAHCAMPYETCA M Ha BbIMYCKHWKOB: 0bpa3oBaTenbHaA cpeda By3a
bopmmpyeT y bByayLlero y4mtena yCTom4mByto MAEHTMYHOCTb aBTOHOMHOIO 3KCnepTa, cnocobHoro
NPMHUMATb OTBETCTBEHHblE AMAAKTUYECKME pEeLleHMA Ha OCHOBE [0Ka3aTe/bHbIX [AaHHbIX
(evidence-based education), a He NPOCTOro UCMOMHNTENA HOPMATUBHbIX AMPEKTUB.

PestoMupya aHann3 Keinca, cneayeT KOHCTAaTMPOBATb, YTO CUHEPreTUYECKMM pe3y/bTaToM
OYHKUMOHMPOBAHMA  J@HHOM  0O6pa3oBaTe/NIbHOM  3KOCMCTEMbl  CTAHOBMTCA  BbICOKas
KOHKYPEHTOCNOCOBHOCTb BbIMYCKHUKOB, YTO NOABOAMT K HEOHXOAMMOCTM MaKpPOCOMOCTaBAEHNS
[AHHbIX CUCTEM B MEXKAYHAPOAHOM KOHTEKCTE 0OCYKAEHMA pe3ynbTaToB.

ObcyxaeHne pesynbTaToB. KOMNapaTMBHbIA aHaAM3 MO3BONAET KOHCTAaTUPOBATb, YTO
deHoMeHaNbHaA pe3ynbTaTUBHOCTb GUHCKOM 0Bpa3oBaTeNbHOM 3KOCUCTEMbl 0DyCcNoBNEHA ee
CTPYKTYPHbIM TOMEOCTa3oM W cuHeprnen. IdeKTMBHOCTL Moaenn research-based teacher
education HaxoAUT MNPAMOE OTParKeHMEe B KayeCTBE MAKPOPe3y/NbTaTOB LIKOAbHOrO CEKTOpa,
PUKCUPYEMBIX MEXKAYHAPOAHBIMU MOHUTOPUHIOBBIMM UCCNEA0BAHUAMM.

CylLecTByeT NpAmMan KOpPPenALMOHHAA CBA3b MeXAy aBTOHOMMWENM, 3aK1aZblBaeMON Ha
YPOBHE YHMBEPCUTETA, U pe3yabTaTaMM LKObHMKOB B perTuHrax PISA. Mo gaHHbim O3CP (OECD,
PISA Results), ®uHCKMe yyawmeca CcTabWNbHO [AEMOHCTPMPYIOT BbICOKME  MoKasaTenwu
GYHKUMOHANbHOM rpamoTHOCTK (B cpeaHem 484—-510 6annoB B 3aBUCMMOCTU OT cybTecTa) npu
MWHUMAZIbHOM pPa3pbiBe MeXay pe3yabTaTaMu WKOA C PasHbIM COLMANbHO-3KOHOMUYECKMM
CTaTyCOM. 3TO [A0KasblBaeT CNOCOOHOCTb  QUHCKOTO  y4uTena, MNoAroTOBAEHHOrO  Kak
nccnenoBaTeNb, aBTOHOMHO a4anTMPOBATb ANAAKTUHECKMIN KOHTEHT NO4, HYXKAbl reTeporeHHoro
Knacca.

HanpoTtus, B Ka3axcTaHe, cornacHo nocaegHum otyetam PISA, Tonbko okono 50%
yyalumxca [ocTmratoT 6a3oBOro ypoBHA MaTeMaTUYeCKOW TPaMOTHOCTM, @ B YMUTATENbCKOW
rPAaMOTHOCTM 3TOT Mokas3atenb nagaet Ao 36%. Kpome Toro, dukcmpyetca rnyboknin paspbis
(OCTUralOWMn HECKONBKMX NET 0DYYEHMA) MEXKAY TOPOACKMMU M CENbCKMMMU LWKOMAAMU. ITO
yKa3blBaeT Ha AedUUMT Yy MONOAbIX NeJaroroB KoMnetTeHunn B obnactn aunddepeHuUnMpoBaHHOMo
obyyeHuna 1 paboTbl ¢ AaHHbIMMK [7].

Mpobnema ycyrybnaetcs pesynstaTamu uccneposanuns TALIS (OECD, TALIS Database),
KoTopble O0bHaxatoT rnyboKkMe MHCTUTYLMOHaAbHble Bapbepbl. HMKe npeacTaBieHbl Kao4eBble
MHAMKATOPbI, OTparkatolme pacnpeaeneHme npodeccMoHanbHon ceoboabl npenogasatenei [8].

B To Bpems Kak 6onee 90% GUHCKMX yunTenen aeknapupytoT abCcontoTHYO0 aBTOHOMMIO B
BbibOpe MeToA0B MpenoZaBaHWA WM MNPOEKTMPOBAHMA KOHTEHTA (4TO ABAAETCA NPAMbIM
CNeACcTBMEM MX UCCAeA0BaTe/IbCKOM MOArOTOBKN), KazaxCTaHCKMe neaarorun, no AaHHbim TALIS,
CTaNIKMBAOTCA C MKECTKMM BHELWIHWMM KomnnaeHcom. bonee 70% onpolleHHbIX yumTenein 8 PK
YKa3blBatOT Ha TO, YTO MX AeATENbHOCTb YKECTKO pernaMmeHTMpoBaHa TWUMNOBbIMM YyYebHbIMM
NNaHaMM M aAMUHUCTPATUBHOM OTYETHOCTbO. ITO HeM3beXXHO BneYeT 3a cCoOHON POCT PYTUHHOM
HarpysKu, CHUXAOLWMIM BPEMA Ha TBOPYECKYIO M MCCNeN0BaTENbCKYH aKTUBHOCTb NpenoaaBaTens:
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B ®UHNAHAMN YpOBEHb aAMUHNCTPATUBHOM HAarpy3kn coctasnseT Bcero 33%, B TO Bpems
Kak cpeaHnin nokasaTenb no O3CP paseH 49%. CBOAHbIE AaHHble CONOCTaBAEHNA aBTOHOMUMK U
Harpysku npueeaeHsl B Tabanue 1.

Tabnnua 1. CpaBHUTENbHbIE MapameTpbl NPodeccMoHanbHON cpeabl Nnegarora no AaHHbIM
TALIS O3CP

CTpaHa / | NHamkaTtop YpoBeHb OcHOBHOM BEKTOP
PervoH aBTOHOMMUM (NpaBo | aAMUHUCTPATUBHOWN npodeccnoHanbHoM
BbIbOpa MaTepManos 1 | Harpysku (oT4eTHOCTb, | MAEHTUYHOCTH
KOHTEHTA) PYTUHA)
PUHNAHANA | DKCTPEMANBHO Hunskni (~33%) — | ABTOHOMHbIM 3KCnepT,
BbICOKMI  (>85%) — | MUHUMMYM  POPMa/bHbIX | MCCAeaoBaTe b
no/sHOe JOoBepue CO | OTYEeTOoB, dokyc Ha | COBCTBEHHOM  MPAKTUKM
CTOPOHbI FOcyAapcTBa. | NpenoaaBaHum. (Reflective practitioner).
O3CP Bbicoknit (okono 78%) | CpeaHni (49%) — | KBaiMpunuMpoBaHHbIN
(cpenHee) — cbanaHcMpoBaHHan | CTaHAAPTU3NPOBAHHAA MCNOAHMTENb C NPAaBOM Ha
Moaenb. OTYETHOCTb. MeTOoANYECKYH TMOKOCTb.
KasaxcTaH YmepeHHbIH / | Bbicokui (Bblle | MoaepHM3MpYyLoLWMiCs
TpaH3UTHbIN (~38— | cpeaHero no O3CP) — neparor B YCNOBUAX
40%) — npeobnasaHme | CoxpaHaoLWMIACS HECTKNX HOPMAaTMBHbIX
PAaMO4YHbIX  TMMOBbLIX | KOMMIAEHC. CTaH/apTOB.
naaHoB.

3TO CO34aeT KOTHUTMBHbIN AMCCOHAHC: By3bl KasaxcTaHa nbiTatoTcs 0by4yaTb CTYAEHTOB
MHHOBALUMOHHbIM UCCNea0BaTeNbCKMM MeTodam (Action Research), oaHaKo, NpUXoaa B peasbHyto
WKOAY, MOJIOAON CMeumanmcT nonagaet B MECTKME PaMKM ToCyAapCTBEHHbIX CTaHAapToB,
NCKIOYAOLWMX METOAMYECKUI SKCNEPUMEHT. Taknm 06pa3om, mexaHn4eckmnin TpaHcdhep GUHCKMX
TEXHONOTUI 6e3 M3MEeHEeHMA MHCTUTYLMOHANbHOM «KyAbTypbl AoBepusa» (culture of trust) u
[eUeHTPanM3aUmMm KOHTPONA He crnocobeH NpMBECTM K paamMKaNbHOMY CABWUIY B KayecTse
4Ye/IOBEeYECKOro KanuTana.

3aknoyenHme (Conclusion). TpoBeaeHHOe CpaBHUTENbHOE MUCCAeAOBaHWE  CUCTEM
noAroToBkM yumtenen B ODPuHnAHAMM M KaszaxcTaHe, MOAKPENAEHHOE M3y4YeHUMeM OnbiTa
yHMBepcuTeTa KOBACKKOAA M AaHHBIMW MEXAYHAPOAHbIX MOHUTOPMHIOB PISA 1 TALIS, noKa3biBaerT,
YTO rNaBHOE PasIMuMe MEXIY MOAENAMM 3aKNOYAETCA HE B COAEPKAaHMM y4ebHbIX NpeaMeTOB, a
B CaMOW opraHunsaumm y4ebHoro npougecca.

®uHcKaa moaenb npeactaBnseT coboi HenpepbiBHOE Bbicliee 0bpa3oBaHMe B pamKax
MarncTpaTypbl, rae Hay4yHo-MccneaoBaTeNbCcKan paboTa ABASETCA CTepKHEM BCero obyyeHua. B 1o
e BpemMAa KasaxCTaHcKaa ABYXCTyneHdyataa moaenb (6akanaBpuaT M marmcrpatypa) Bce elle
coxpaHAeT pa3obLeHHOCTb NPY Nepexoze ¢ 0AHOro yPoBHA Ha Apyron. Mbl NPUXOAMM K BbIBOAY,
YTO MCCNeaoBaTeNbCKME YMEHMA NeJarora HEBO3IMOXHO CHOPMMPOBATL NPOCTbIM YBENNYEHMEM
4acoB Ha AMNAOMHYtO paboTy; OHM TpebytoT BOCMMTaHMA 0coboro npodeccMoHaNbHOTO
MbllWwNeHns. Mpu Takom noaxode yyuTesb BOCMPUMHMMAET Atobble TPYAHOCTM B Kaacce Kak
Hay4YHYO 3a4a4y, KOTOPYO HY*KHO pellaTb Ha OCHOBE KOHKPETHbIX AaHHbIX.

Kpome TOrOo, aHann3 faHHbiX TALIS n PISA BbIABM 3aMeTHOE MPOTMBOPEUME MeXKay
TeopeTM4YecKom NoAroToBKOM B BY3e M peasbHOM cpelon B WKonax KasaxctaHa. B To Bpems Kak
OTeYECTBEHHbIE YHUBEPCUTETbI CTPEMATCA 0bOydaTb CTYAEHTOB IMOKMM cTpaTernam paboTbl U
MeTO/laM MCCNeA0BaHMA NPAKTUKM, MONOAOMN CNELMANNCT B LIKOAE CTA/IKMBAETCA C KECTKMMMU
paMKamu, OOMWHUMPOBAHMEM TUMOBLIX MJIAHOB WM BbICOKOM OyMayKHOM Harpy3Kon, ypoBeHb
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KOTOpoWM B KasaxcTaHe npeBblWaeT cpeaHMiM NOKasaTeNb No PasBUTbIM CTpaHam (49%). OTcroaa
cneayeT BbIBOA, YTO 3PEeKTUBHOCTb pedOpM 3aBUCUT HE OT KOMMPOBAHMUA HYXKMX TEXHONOTUN, a
OT NpeAoCcTaBNeHMA LWKoNam HObLUEN CAMOCTOATENBHOCTH. be3 nepexoaa OT }KeCTKOro KOHTPOAA
K aTMocdepe B3aMMHOro A0BepuA UCCNe0BaATENbCKMI NOTEHLMAN BbIMYCKHUKOB BY30B CBEAETCA
K 0ObIYHOMY MCMOTHUTENBCTBY.

N3yyeHne onbiTa yHMBepcuTeTa KOBACKIOIA MNO3BONAO YBUAETL, YTO WWKOAbHAA NPaKTMKA
[O/MKHA OblTb TECHO CBA3aHa C YHMBEPCUTETCKOM HayKkoM. B GpUHCKOM Kelice TpeHMPOBOYHan
WKOMa Npu By3e paboTaeT Kak nabopatopusa, rae Teopma 1 NPaKTMKa NOCTOAHHO AONONHAIOT APYT
apyra. Kntoyesbim (GaKTOpOM ycnexa 34eCb BbICTyMaeT TeCHOe B3aMMOAENCTBME LEMOYKM
«YHMBEPCUTET — LWIKONA-nabopaTopua — CTYAEHT» Noj ABOMHbLIM PYKOBOACTBOM CO CTOPOHbI
BY30BCKOr0O METOAMCTa M LWKONbHOrO yumtena. [Ana KasaxctaHa 37O 03Ha4yaeT HeobxoaMMOCTb
yxoZa oT GOPManbHOro HaCTaBHMYECTBA MO KPAaTKOCPOYHbIM A0rOBOPaM K CO34aHMIO MOCTOAHHbIX
YHUBEPCUTETCKMX 0a30BbIX WKOA. VIMEHHO COBMECTHOE PYKOBOACTBO MO3BOAAET MPEBPaTUTb
NPaKTMKy M3 NpocToro HabntoaeHna B ry6oKnin aHanmM3 cobCTBEHHON AEATENBHOCTMW.

CpaBHUTENbHbIM aHann3 pe3ynbTaToB PISA TakKe nokasas, 4YTo cnocobHOCTb GUHCKOM
CMCTEMbI COKpalllaTb Pa3pbiB mMexay cnabbiMM U CUAbHBIMM LUIKONAMM HANpAMYK CBfA3aHa C
FOTOBHOCTbIO y4YUTeNnen K WMHKN03MBHOMY 0bpa3oBaHuto. B yHMBepcuTeTe HOBACKIONA yMeHue
paboTaTb B HEOAHOPOAHbIX KAaccax BCTPOEHO B METOAMKY MpenofaBaHMA KaxKaoro npeameTa.
[na npeofoneHna paspbiBa B KayecTBe 06pa30BaHMA MeX Ay rOPOACKMMU U CENbCKMMU WKOMaMM
KasaxctaHa NpUOpUTETOM  AO/KHO CTaTb 0byvyeHne Oyayuwmx nefaroros  MeToaam
andodepeHUMpPoBaHHOrO 0b6yyeHMA, UYTO MNO3BOAUT y4uuTento TMOKO MeHATb maTepuan nop,
0COBEHHOCTM KOHKPETHOrOo Kaacca.

B TeopeTuyeckom njaaHe J[JaHHOe WCCNeflOBaHWE [O0Ka3blBaeT, 4YTO MeXaHuyecKoe
KONMMpPOBaHWE BHELWHMX NpaBua (Hanpumep, NoBbilleHWe npoxogHoro 6anna EHT go 75 wan
BBeAeHMe NpodecCMOoHaNbHbIX CTaHAAPTOB) 6€3 M3MEHEHWMA BHYTPEHHEM KyabTypbl y4ebHbIX
3aBeleHMn He BeAeT K aBTOMATMYECKOMY POCTY TFPaMOTHOCTM LWKOJAbHMKOB. [lpaKTuyeckas
3HAYMMOCTb BbIBOJOB 3aK/IKOYAEeTCA B TOM, YTO MOLEPHU3MPOBATb CUCTEMY MNeAarormyeckoro
0bpasoBaHMA B KasaxCTaHe HY»KHO Yepe3 M3MeHEeHWe XapakTepa CTyAeHYECKMX Hay4dHbIX paborT,
3aKpenieHne 3a nepefoBbIMM LWKOAAMW CTaTyca YHMBEPCUTETCKMX 633 W npespaleHune
WKO/IbHbIX HACTaBHWKOB B KBAaIMPULMPOBAHHbIX Nearoros-cynepsm3opos.
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Abstract

English has become an essential tool for communication and professional development in
modern sport. The purpose of this study is to examine the role of English in the careers of athletes
and coaches in the context of increasing internationalization of sport. The research is based on an
analysis of scientific literature, sports communication practices, and the author's personal
experience as a competitive boxer who has participated in international tournaments. The findings
demonstrate that English facilitates communication during international competitions, provides
access to professional educational resources, supports interaction with international media, and
expands career opportunities. The study concludes that English should be considered a key
professional competence for athletes and coaches in the contemporary global sports environment.

Keywords: English language, sport communication, international competitions, coaching,
professional development, athletes, sports education.

Introduction

Modern sport has become a global phenomenon that connects athletes, coaches, officials,
journalists, and fans from different countries. International competitions, training camps, exchange
programs, and sports organizations require effective communication among people representing
various linguistic and cultural backgrounds. In this context, English has become the dominant
language of international communication (Crystal, 2012).

Globalization has significantly transformed the sports industry. Athletes frequently
participate in international tournaments, while coaches increasingly collaborate with foreign
specialists and sports organizations. According to Maguire (2011), the globalization of sport has
increased the importance of intercultural communication and language competence among sports
professionals.

The purpose of this article is to examine the role of English in the professional careers of
modern athletes and coaches and to demonstrate its practical value through both academic
sources and the author's personal experience.

Methodology

This study employs qualitative research methods. The research is based on:

- analysis of scientific and educational literature related to sports communication and
globalization;

- comparative analysis of the role of English in international sports environments;

- reflective analysis of the author's personal experience as a boxer participating in
international competitions.

These methods allow for the examination of both theoretical and practical aspects of English
language use in sport.

The Author’s Professional Experience

The practical significance of English in sport can be demonstrated through the author's
personal experience. As a competitive boxer competing in international tournaments, the author
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has traveled abroad and interacted with athletes, coaches, referees, and organizers from various
countries.

In many situations, English served as the only common language available for
communication. Knowledge of English helped the author understand competition regulations,
communicate with foreign athletes, ask for information, and navigate unfamiliar environments.
During training camps and international events, English enabled the exchange of experiences with
athletes from different countries and the establishment of professional contacts.

These experiences confirm that English is not merely an academic subject but an important
professional tool in the daily life of modern athletes.

English in International Competitions

International competitions are among the most important components of modern sport.
Athletes regularly participate in world championships, continental tournaments, Olympic
qualification events, and international training camps.

English is widely used during these events. Competition schedules, technical regulations,
accreditation procedures, and official announcements are frequently available in English. Referees,
organizers, volunteers, and journalists often use English as their primary language of
communication.

Athletes with English-language skills generally experience fewer communication difficulties
and demonstrate greater confidence in international settings. Effective communication allows
them to focus more fully on performance rather than logistical challenges.

English and Sports Education

Professional development is an essential aspect of successful athletic and coaching careers.
Many scientific publications, coaching manuals, educational platforms, and online courses are
available primarily in English.

According to Pedersen (2020), access to international educational resources contributes
significantly to professional growth in sport. Coaches who understand English can study modern
training methodologies, sports science research, and innovative coaching strategies.

Similarly, athletes can access information related to sports nutrition, psychology, injury
prevention, rehabilitation, and performance optimization. Consequently, English serves as a
gateway to current scientific knowledge and evidence-based practice.

Communication in International Teams

Modern professional sports teams often include players and coaching staff from different
countries. In such environments, effective communication is essential for teamwork and success.

English frequently functions as a common language within multicultural teams. It allows
players to understand tactical instructions, coordinate actions during competitions, and build
positive relationships with teammates.

Effective communication contributes to team cohesion, minimizes misunderstandings, and
improves overall performance. Therefore, language competence should be viewed as an important
component of professional sports preparation.

English and Sports Media

The development of global media has increased the importance of communication skills
among athletes and coaches. Television broadcasts, international interviews, press conferences,
podcasts, and social media platforms have become integral parts of modern sport.

As noted by Rowe (2004), media communication plays a central role in shaping athletes’
public image and professional reputation. Many international interviews are conducted in English
because they are intended for a global audience.

Athletes who can communicate confidently in English are better able to interact with
journalists, represent their countries and teams, and engage with international fans. Such
communication may also attract sponsorship opportunities and increase professional visibility.
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Technology in Modern Sport

Technological innovations continue to transform sports training and performance analysis.
Athletes and coaches increasingly rely on digital platforms, wearable technologies, statistical
software, and video analysis systems.

Most technological tools used in sport employ English terminology and interfaces.
Understanding English therefore enables athletes and coaches to utilize these technologies more
effectively and stay informed about international developments in sports science.

As sports technology continues to evolve, English proficiency becomes increasingly valuable
for professional success.

English Learning among Student-Athletes in Kazakhstan

Based on the author's observations as a student at the Kazakh National University of Sport,
attitudes toward English language learning vary considerably among student-athletes.

Many first-year students do not initially view English as an essential component of their
professional education. Their primary focus is often directed toward athletic training and
specialized sports subjects. Consequently, English may be perceived as a secondary academic
discipline.

However, students who participate in international competitions frequently develop a
different perspective. Personal experience abroad often reveals communication difficulties and
demonstrates the practical value of English in real-life situations. As a result, many athletes become
more motivated to improve their language skills after participating in international events.

These observations suggest that sports universities should place greater emphasis on
practice-oriented English courses designed specifically for future athletes and coaches.

Challenges of Learning English

Despite its importance, learning English can be challenging for athletes and coaches.
Intensive training schedules, frequent travel, and physical fatigue often reduce the time available
for language study.

Some athletes also experience anxiety when communicating in a foreign language and may
be reluctant to speak because they fear making mistakes. Nevertheless, regular practice and
exposure to authentic communication can gradually increase confidence and competence.

Modern educational technologies, including mobile applications, online courses, and
communication with foreign teammates, provide effective opportunities for language learning
even within demanding athletic schedules.

Conclusion

The findings of this study demonstrate that English has become an essential professional
competence in contemporary sport. It facilitates communication during international
competitions, provides access to scientific and educational resources, supports effective
interaction with media, and contributes to career development.

The author's personal experience in international boxing competitions confirms the practical
significance of English in real sporting contexts. Athletes who possess English language skills are
better prepared to participate successfully in the global sports community.

Therefore, English language education should be regarded as an important component of
the professional preparation of future athletes and coaches. Developing language competence can
significantly enhance both sporting performance and long-term career opportunities.
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Abstract

The development of plant extract compositions with high radical scavenging activity is a promising
approach for creating natural antioxidant ingredients for functional foods. This work evaluated
individual extracts of sweet clover (Melilotus officinalis), St. John’s wort (Hypericum perforatum)
and purslane (Portulaca oleracea), as well as their binary and ternary compositions, using the ABTS
assay with expression of results as Trolox equivalent antioxidant capacity (TEAC, umol TE/g dry
weight). Among the individual extracts, St. John’s wort and sweet clover demonstrated higher
antioxidant activity, 88.74 and 85.65 umol TE/g, respectively, whereas purslane showed 70.35
umol TE/g. The binary compositions had increased TEAC values compared with most single
extracts, and the St. John’s wort + purslane combination showed one of the highest values at 94.16
umol TE/g. The ternary composition with an equal ratio of 33:33:33 demonstrated the maximum
antioxidant activity, reaching 99.38 umol TE/g. These findings indicate that combining the studied
plant extracts can enhance antioxidant potential and support their use as natural functional
ingredients for fermented dairy products and other food systems.

Keywords

ABTS assay; TEAC; plant extracts; sweet clover; St. John’s wort; purslane; antioxidant activity;
extract composition

Introduction

The development of functional dairy products using secondary metabolites derived from plant
material cultivated in vitro represents a promising direction in contemporary food biotechnology
because it combines the goals of improving nutritional and biological value, broadening the range
of health-oriented dairy systems, and identifying sustainable sources of natural bioactive
ingredients (Kandyliari et al., 2023; Pant et al., 2021; Wawrosch & Zotchev, 2022). In recent years,
interest in functional dairy foods has increased markedly as consumers and manufacturers have
shifted attention toward products that provide benefits beyond basic nutrition and may help
address oxidative stress and related metabolic disturbances (Kandyliari et al., 2023; Nistor et al.,
2018). Within this context, fermented dairy products, especially yogurt and yogurt-like matrices,
are widely regarded as effective carriers of plant-derived bioactive compounds because of their
broad acceptance, favorable sensory properties, and technological compatibility with herbal and
phenolic extracts (Kandyliari et al., 2023; Nistor et al., 2018; Zouari et al., 2024).

The functionality of such products is closely associated with the presence of plant secondary
metabolites, including phenolic acids, flavonoids, tannins, terpenoids, and other phytochemicals
that exhibit antioxidant, anti-inflammatory, antimicrobial, and potentially health-promoting
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properties (Pant et al., 2021; Sharma et al., 2023; Wawrosch & Zotchev, 2022). These compounds
are increasingly incorporated into dairy systems as natural ingredients because they can enhance
antioxidant capacity, improve oxidative stability, and in some cases modify rheological behavior,
water-holding capacity, texture, and overall product quality (Herrera et al., 2023; Nistor et al.,,
2018; Zouari et al., 2024). Their use also aligns with the current demand for natural alternatives
to synthetic antioxidants and with the broader clean-label trend in functional food design
(Kandyliari et al., 2023; Zouari et al., 2024).

At the same time, the conventional use of field-grown or wild-harvested plant raw materials as
sources of bioactive compounds is associated with substantial limitations (Sharma et al., 2023;
Wawrosch & Zotchev, 2022). The composition of plant tissues depends strongly on genotype,
developmental stage, season, climate, soil conditions, environmental stress, harvesting practices,
and post-harvest handling, which results in considerable variation in the concentration and profile
of target metabolites (Wawrosch & Zotchev, 2022). For the food industry, and particularly for the
design of standardized functional ingredients, such variability is problematic because it
complicates process reproducibility, dosage justification, quality consistency, and reliable
prediction of biological performance in the final product (Sharma et al., 2023; Wawrosch &
Zotchev, 2022). In addition, large-scale harvesting of medicinal or food plants from natural
populations may threaten biodiversity, while open-field cultivation requires substantial land,
water, and seasonal resources (Wawrosch & Zotchev, 2022).

Against this background, the biotechnological production of secondary metabolites through plant
cells, tissues, and organs cultivated in vitro has attracted increasing attention as an alternative
source of valuable phytochemicals (Pant et al., 2021; Sharma et al., 2023; Wawrosch & Zotchev,
2022). Recent reviews emphasize that in vitro systems can provide a more predictable, year-
round, and potentially scalable route for obtaining bioactive compounds than conventional
extraction from whole plants (Pant et al., 2021; Sharma et al., 2023).Their main advantages include
independence from seasonality and weather conditions, tighter control over biomass quality, the
possibility of directing metabolite biosynthesis through medium composition, plant growth
regulators, and elicitors, and improved opportunities for standardization (Sharma et al., 2023;
Wawrosch & Zotchev, 2022). Depending on the target compounds, different systems can be
employed, including callus cultures, cell suspension cultures, adventitious root cultures, hairy root
cultures, and micropropagated plant biomass generated under controlled conditions (Pant et al.,
2021; Sharma et al., 2023).

The literature increasingly indicates that in vitro plant biotechnology is no longer relevant only to
pharmaceutical applications, but is also becoming important for the production of ingredients
intended for the food and nutraceutical sectors (Sharma et al., 2023; Verpoorte et al., 2008).
Secondary metabolites produced in controlled plant culture systems may serve as natural
antioxidants, pigments, aroma-active compounds, preservatives, or multifunctional ingredients
with additional physiological potential (Sharma et al., 2023; Verpoorte et al., 2008). From the
perspective of food formulation, one of the most significant advantages of this approach is the
possibility of selecting or inducing biomass with a desired phytochemical profile, thereby creating
extracts with higher compositional reproducibility than many conventionally sourced plant
materials (Wawrosch & Zotchev, 2022).

Fermented dairy products are particularly suitable matrices for the incorporation of such
ingredients (Kandyliari et al., 2023; Nistor et al., 2018). Yogurt is characterized by high nutritional
value, digestibility, consumer familiarity, and technological flexibility, which allows plant extracts
to be added before fermentation, during fermentation, or after gel formation, depending on the
desired functional and technological outcome (Kandyliari et al., 2023; Nistor et al.,, 2018). In
addition, the dairy protein-fat matrix does not simply act as a passive carrier; it can influence the
stability, release, transformation, and sensory perception of plant metabolites, making the
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interaction between phytochemicals and fermented milk systems an important research topic in
its own right (Kandyliari et al., 2023; Stoupi et al., 2024).

A growing body of evidence demonstrates that the enrichment of yogurt and related dairy
products with plant extracts can significantly enhance their antioxidant properties (Herrera et al.,
2023; Kandyliari et al., 2023; Nistor et al., 2018). In the study by Nistor et al. (2018), the addition
of aqueous extracts from wild herbs improved antioxidant indicators and affected the
physicochemical and rheological characteristics of yogurt during storage, showing that herbal
fortification can modify both functionality and technological performance. More recently,
Kandyliari et al. (2023) reported that aqueous extracts and plant-derived byproducts can be
effectively used for the fortification of kefir, cream cheese, yogurt, and vegan yogurt; importantly,
the authors evaluated not only antioxidant and phenolic content but also the bioaccessibility of
these compounds after in vitro digestion. This is especially relevant because the nutritional
significance of phytochemical enrichment depends not only on the initial concentration of
compounds in the food matrix, but also on their stability and transformation during
gastrointestinal digestion (Kandyliari et al., 2023; Stoupi et al., 2024).

The value of plant-derived ingredients for dairy applications has also been demonstrated in studies
involving specific botanical sources. Herrera et al. (2023) showed that yogurt fortified with extracts
from strawberry tree and hawthorn had improved antioxidant capacity and additional functional
properties while maintaining acceptable consumer-related characteristics; the hawthorn
treatment was especially notable for high total phenolic content and strong antioxidant
performance according to ABTS and ORAC assays. Likewise, Zouari et al. (2024) found that the
incorporation of a peppermint phenolic extract markedly increased the antioxidant activity of
yogurt, improved resistance to lipid peroxidation, and preserved acceptable physicochemical and
sensory attributes during cold storage. Other studies likewise indicate that plant extracts may
affect not only antioxidant potential, but also texture, syneresis, acidity, microbiological quality,
and fatty acid composition in fermented dairy products (Herrera et al., 2023; Nistor et al., 2018;
Zouari et al., 2024).

Despite these advances, most published studies on plant-enriched dairy systems still rely on
extracts obtained from conventionally grown, harvested, or wild plant materials, whereas the use
of secondary metabolites derived from in vitro cultivated plant biomass remains far less explored
in food technology (Kandyliari et al., 2023; Sharma et al., 2023). This gap is important because in
vitro systems offer the potential to produce more standardized extracts and to support the
rational design of functional foods with targeted phytochemical composition and predictable
antioxidant properties (Sharma et al., 2023; Wawrosch & Zotchev, 2022).For dairy science, this
opens the possibility of moving beyond empirically selected herbal additives toward more
controlled ingredient systems based on biotechnologically generated plant metabolites
(Wawrosch & Zotchev, 2022).

Phenolic compounds and flavonoids are of special interest in this regard because they are among
the most significant plant secondary metabolites associated with antioxidant activity (Kandyliari
et al., 2023; Wawrosch & Zotchev, 2022). The review by Wawrosch and Zotchev (2022) describes
plant cell and tissue cultures as alternative sources of high-value secondary metabolites, including
phenylpropanoids, flavonoids, phenolic acids, and related compounds, and emphasizes that their
production can be enhanced by elicitation and medium optimization.Similarly, Sharma et al.
(2023) highlighted the potential of tissue culture systems to generate compounds of interest for
pharmaceutical, cosmetic, agricultural, and food applications. Accordingly, the use of extracts
obtained from in vitro cultivated plant materials in dairy technology lies at the intersection of two
rapidly developing areas: plant biotechnology and functional fermented food design (Kandyliari et
al., 2023; Sharma et al., 2023).
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An additional consideration in the development of functional dairy products is the compatibility
of the plant-derived ingredient with the protein-colloidal structure of milk (Nistor et al., 2018;
Stoupi et al., 2024). Phenolic compounds can interact with caseins and whey proteins, and such
interactions may influence the apparent antioxidant response, the release of phytochemicals
during digestion, and the structural and sensory properties of the final product (Kandyliari et al.,
2023; Stoupi et al., 2024). The addition of plant extracts may also alter acidification kinetics, gel
formation, water retention, and storage stability, which means that technological development
requires integrated evaluation of chemical, microbiological, rheological, and sensory parameters
rather than antioxidant analysis alone (Herrera et al., 2023; Nistor et al., 2018).

Dose optimization is another critical issue. Increased extract concentration does not always
translate into proportional improvement in functional performance because the final outcome
depends on color intensity, herbal flavor, bitterness, astringency, physical stability, and the fate of
bioactive compounds in the dairy matrix during processing and storage (Herrera et al., 2023;
Stoupi et al., 2024; Zouari et al., 2024). In the case of Cistus creticus leaf extract, Stoupi et al. (2024)
showed that enrichment can improve antioxidant properties while maintaining satisfactory
physicochemical quality only within a suitable concentration range. Similar observations were
reported for peppermint extract, where moderate addition levels delivered substantial
antioxidant benefits without causing unacceptable sensory deterioration (Zouari et al., 2024).
These considerations become even more important when the added ingredient is derived from in
vitro cultivated plant biomass, because such extracts may contain elevated or selectively enriched
levels of specific metabolites (Sharma et al., 2023; Wawrosch & Zotchev, 2022). As a result, the
design of dairy technologies based on these ingredients requires justification of the introduction
stage, evaluation of effects on starter culture performance, and assessment of stability during
refrigerated storage (Herrera et al., 2023; Nistor et al., 2018). A recent study on yogurt
supplemented with agueous extracts of medicinal plants reported increased total phenolic
content and antioxidant activity relative to the control throughout storage, highlighting the
importance of monitoring functional changes over time (Benloucif et al., 2025).

Another important issue is the bioaccessibility of secondary metabolites within the dairy matrix.
High phenolic content or strong antioxidant activity measured directly in the product does not
necessarily guarantee physiological effectiveness after consumption (Kandyliari et al., 2023; Stoupi
et al., 2024). For this reason, studies that incorporate simulated in vitro digestion and, in some
cases, colonic fermentation are becoming increasingly important, because they provide insight
into the stability, release, and transformation of plant-derived compounds under gastrointestinal
conditions (Kandyliari et al., 2023; Stoupi et al., 2024; Tzima et al., 2025).Such approaches are
particularly relevant for products enriched with phenolic extracts, since interactions with proteins,
pH changes, and enzymatic hydrolysis may significantly alter the antioxidant profile after ingestion
(Stoupi et al., 2024; Tzima et al., 2025).

The use of in vitro cultivated plant raw materials also creates opportunities for targeted
modulation of extract composition. In plant biotechnology systems, the accumulation of desired
metabolites can be adjusted through the selection of carbon sources, mineral nutrients, plant
growth regulators, temperature and light conditions, and biotic or abiotic elicitors such as methyl
jasmonate and salicylic acid (Sharma et al., 2023; Wawrosch & Zotchev, 2022). This capability is
highly valuable for designing functional ingredients with a defined antioxidant profile and for
improving batch-to-batch consistency in food applications (Wawrosch & Zotchev, 2022). In the
long term, this approach may support a transition from the empirical use of plant extracts as
generic additives toward the development of scientifically designed phytochemical compositions
with controlled contents of key bioactive compounds (Sharma et al., 2023; Wawrosch & Zotcheyv,
2022).
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Taken together, the available literature clearly indicates the relevance of research focused on the
development of functional dairy products using secondary metabolites derived from plant
materials cultivated in vitro (Kandyliari et al., 2023; Nistor et al., 2018; Pant et al., 2021; Sharma
etal., 2023). On the one hand, numerous studies show that plant extracts can enhance antioxidant
activity and may improve several technological and consumer-relevant properties of fermented
dairy products (Herrera et al., 2023; Nistor et al., 2018; Zouari et al., 2024). On the other hand,
reviews in plant biotechnology demonstrate that in vitro systems are realistic and increasingly
sophisticated tools for obtaining valuable secondary metabolites, especially phenolic compounds,
in a controlled and sustainable manner (Pant et al., 2021; Sharma et al., 2023; Wawrosch &
Zotchev, 2022). However, the integration of these two fields—the biotechnological production of
plant metabolites and the technology of fermented dairy systems—remains insufficiently
developed, which defines the scientific novelty and practical importance of research in this area
(Kandyliari et al., 2023; Sharma et al., 2023).

Therefore, the development of technologies for functional dairy products incorporating secondary
metabolites from in vitro cultivated plant raw materials can be regarded as both scientifically
justified and technologically important (Kandyliari et al., 2023; Sharma et al., 2023). Such work
may broaden the raw-material base available for functional dairy manufacturing, improve the
reproducibility of ingredient composition, and enable more precise control over the biological
properties of final products (Nistor et al., 2018; Wawrosch & Zotchev, 2022). For food science and
dairy technology, this direction provides a strong platform for creating new fermented milk
products with predictable antioxidant characteristics, improved functional profiles, and enhanced
added value for health-oriented consumers (Herrera et al., 2023; Kandyliari et al., 2023; Zouari et
al., 2024).

Materials and Methods

Materials

The plant materials used in the study were sweet clover (Melilotus officinalis), St. John’s wort
(Hypericum perforatum), and purslane (Portulaca oleracea), selected because these species are
recognized as sources of phenolic compounds and other antioxidant phytochemicals relevant to
functional dairy product development. Individual extracts of the three plants were prepared in
advance and then used for the formulation of mixed extract systems.

Preparation of extract compositions

Three ternary extract compositions were prepared by combining sweet clover, St. John’s wort, and
purslane extracts in different proportions. The studied ratios were 35:35:30, 35:30:35, and
40:25:35, representing the percentage contribution of sweet clover, St. John’s wort, and purslane
extracts, respectively, in each mixed formulation. In addition to the ternary formulations used for
yogurt enrichment, the antioxidant activity of the individual extracts and selected binary and
ternary compositions was evaluated separately by the ABTS assay to compare their TEAC values
and identify the composition with the strongest radical scavenging capacity.

Determination of antioxidant activity

The antioxidant activity of plant extract compositions was determined using the ABTS radical
cation decolorization assay, and the results were expressed as Trolox equivalent antioxidant
capacity (TEAC). For quantification, a Trolox calibration curve was used, and the antioxidant
response of the samples was converted into Trolox equivalents. The final values were expressed
as umol TE/g, which allowed direct comparison of the antioxidant capacity of the control yogurt,
yogurt enriched with plant extract mixtures, individual extracts, and mixed extract compositions.
Statistical presentation

The antioxidant activity data were presented as TEAC values in pmol TE/g and summarized in
tabular and graphical form for comparative interpretation. The graph prepared from the ABTS
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dataset was used to visualize differences among the individual extracts and extract compositions
and to support interpretation of the most promising antioxidant formulations.

Results and Discussion

The antioxidant activity of individual plant extracts and their mixtures was evaluated using the
ABTS assay and expressed as Trolox equivalent antioxidant capacity (TEAC, umol TE/g dry extract)
shown figure 1. The TEAC values of single extracts ranged from about 70 to 89 umol TE/g, with St.
John’s wort and sweet clover showing higher activity than purslane, which is consistent with
published data on the phenolic richness of these species (Liu et al., 2018; Pant et al., 2021;
Wawrosch & Zotchev, 2022). Mixed formulations generally exhibited higher TEAC values than the
individual extracts, indicating additive or synergistic effects between the phenolic constituents of
the three plants (Kandyliari et al., 2023; Nistor et al., 2018).

Binary mixtures, particularly the combination of St. John’s wort and purslane, showed pronounced
antioxidant activity, while the highest TEAC was observed for the ternary composition with equal
contributions of all three extracts (33:33:33). This confirms that a rational selection of ratios makes
it possible to enhance the total radical-absorbing potential of phytomixtures, which is in good
agreement with data on other plant compositions used as natural antioxidants (Herrera et al.,
2023; Shori, 2022). Thus, the studied mixtures of extracts of sweet clover, St. John's wort and
purslane can be considered as promising compositions for subsequent inclusion in functional food
matrices.

100 ~

©
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Figure 1 - Antioxidant activity of studied samples

Conclusion

The present study demonstrated that individual extracts of sweet clover, St. John’s wort, and
purslane possess measurable antioxidant activity, and that their combinations can further
enhance ABTS radical scavenging capacity expressed as TEAC. Mixtures of the three extracts
generally showed higher TEAC values than the single extracts, with the equimolar ternary
composition (33:33:33) exhibiting the strongest antioxidant response and several binary blends
also outperforming their individual components. These findings indicate that rational blending of
medicinal and culinary plant extracts is an effective strategy to obtain phytochemical compositions
with improved antioxidant potential, in agreement with previously reported effects of multi-herb
formulations in dairy and non-dairy systems (Herrera et al., 2023; Kandyliari et al., 2023). The
developed extract compositions can therefore be considered promising natural antioxidant
ingredients for subsequent incorporation into fermented dairy matrices and other functional food

prototypes.
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Abstract

The construction sector is one of the largest consumers of energy and raw materials and is
responsible for a substantial share of global greenhouse gas emissions. Cement production is
especially important in this context because it requires high-temperature processing and releases
carbon dioxide both through fuel combustion and limestone calcination. The present paper
evaluates the potential reduction of CO2 emissions and energy consumption achieved through
cement minimization in cement-plastic composite masonry blocks incorporating recycled plastic
waste and alternative mineral fillers. The proposed approach combines material substitution,
lightweight composite design and improved thermal performance of building envelopes.
Experimental data obtained for recycled plastic-mineral composite blocks indicate that an
optimized composition can reduce material density and thermal conductivity while maintaining
compressive strength suitable for lightweight masonry applications. A simplified environmental
assessment is used to estimate cement-related CO2 savings and operational energy benefits
associated with lower heat transfer through wall elements. The results demonstrate that reducing
cement content by approximately 30-35% and incorporating recycled plastic waste can contribute
to lower embodied emissions, improved resource efficiency and reduced building energy demand.
The developed concept supports circular economy principles and provides a practical pathway for
low-carbon construction materials in regions where plastic waste accumulation and energy
efficiency remain important environmental challenges.

Keywords: cement minimization; CO2 reduction; recycled plastic; composite masonry blocks;
energy efficiency; circular economy; low-carbon construction

1. Introduction

Modern construction faces two closely connected challenges: the need to reduce greenhouse gas
emissions and the need to improve the energy performance of buildings. Conventional masonry
and concrete products are widely used because of their durability and structural reliability;
however, their production is associated with significant consumption of cement, mineral
resources and energy.

Cement is a critical component of many building materials, but it is also one of the most carbon-
intensive materials. CO2 is emitted during clinker production as a result of fuel combustion and
the chemical decomposition of limestone. Therefore, reducing cement consumption in non-load-
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bearing and lightweight masonry products represents an important opportunity for lowering
embodied carbon.
At the same time, plastic waste accumulation has become a major environmental problem. Large
guantities of plastic waste remain uncontrolled, especially in regions where recycling
infrastructure is limited. Incorporating recycled plastic into construction materials can reduce
environmental pressure and transform waste into a useful engineering resource.
This study presents an approach based on cement-plastic composite masonry blocks, where part
of the conventional mineral-cement matrix is replaced or modified by recycled plastic and
alternative mineral fillers. The aim is to achieve a balance between reduced cement use, improved
thermal insulation and acceptable mechanical performance.
2. Research Aim and Objectives
The aim of the research is to evaluate the environmental and energy benefits of cement
minimization in recycled plastic composite masonry blocks and to demonstrate their potential for
low-carbon construction applications.
The main objectives are:
e to analyze the role of cement reduction in decreasing embodied CO2 emissions;
e to evaluate the use of recycled plastic waste as a functional component of composite
masonry blocks;
e to determine the relationship between density, thermal conductivity and cement-plastic
composition;
e to assess the potential reduction of building heat losses through lower thermal conductivity;
e to formulate practical recommendations for the application of low-carbon composite blocks
in energy-efficient buildings.
3. Materials and Concept of the Composite Block
The investigated composite masonry blocks are based on recycled plastic waste, reduced cement
content and locally available mineral fillers. The recycled plastic component contributes to lower
density and reduced thermal conductivity, while mineral fillers provide dimensional stability and
mechanical resistance. Cement is used as a binding component in reduced quantities compared
with conventional cement-based masonry materials.
The general concept of the material is presented in Table 1. The exact composition may be
adjusted according to local raw materials, required strength class and thermal performance
targets.

. . Expected environmental
Component Function in composite block P
effect
Binding and structural | Lower clinker-related CO2
Reduced cement content . _
contribution emissions
Lightweight hase and e
) g 8 P ) Waste utilization and lower
Recycled plastic waste thermal resistance densit
component y
) . . Skeleton and dimensional | Use of local or secondar
Crushed brick / mineral filler i . Y
stability mineral resources
) - " ) Reduced heat transfer
Porous structure / air cavities | Additional thermal resistance
through wall element

Table 1. Functional role of components in cement-plastic composite masonry blocks.

4. Methodological Approach

The evaluation combines experimental observations, simplified thermal calculations and an
environmental assessment of cement reduction. The following parameters were considered:
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density, thermal conductivity, compressive strength, cement content, recycled plastic content and
wall thermal transmittance.

The environmental benefit was assessed through the reduction of cement mass in the block. The
simplified cement-related CO2 reduction can be expressed as:

CO2 _saved = (m_c,ref-m_c,new) x EF_c

where CO2_saved is the avoided cement-related carbon dioxide emission, m_c,ref is the cement
mass in the reference block, m_c,new is the cement mass in the optimized block, and EF_c is the
emission factor of cement production.

The thermal benefit was estimated using the wall thermal transmittance relation:
U=1/(R_si+delta/lambda + R_se)

where U is the thermal transmittance, delta is wall thickness, lambda is thermal conductivity, and
R_siand R_se are internal and external surface thermal resistances.

For energy saving estimation, the following simplified relation may be used:

Q _saved = (U_ref - U_new) x A x HDD x 24 / 1000

where Q_saved is annual heating energy saving, A is wall area, HDD is heating degree days, and
U_refand U_new are thermal transmittance values of the reference and improved wall systems.
5. Results and Discussion

The experimental and analytical results indicate that replacing part of the conventional cement-
mineral matrix with recycled plastic and controlled porosity reduces density and thermal
conductivity. Optimized recycled plastic composite blocks reached density values in the range of
approximately 650-710 kg/m3 and thermal conductivity values close to 0.10-0.17 W/mK,
depending on composition and porosity.

Table 2 summarizes the typical performance ranges used for the assessment. These values
represent a realistic engineering range for lightweight masonry blocks based on the conducted
experimental program.

Reference cement-based | Optimized cement-plastic
Parameter .
masonry composite block
Density Higher than 900 kg/m3 650-710 kg/m3
Thermal conductivity 0.25-0.45 W/mK or higher 0.10-0.17 W/mK
Cement consumption 100% reference level Approximately 30-35% lower
Incl f ional
Recycled plastic utilization Not included ncluded s unctiona
component
Thermal performance Medium Improved
CO2 impact Higher Reduced

Table 2. Comparative assessment of reference and optimized masonry block systems.

The reduction of cement content is particularly important because every kilogram of cement
avoided contributes to lower embodied carbon. In addition, the improved thermal properties of
the composite block may reduce heating demand during the service life of the building. Therefore,
the developed material provides both embodied and operational environmental benefits.

6. Cement Reduction and CO2 Saving Scenario

A simplified scenario was developed to illustrate the environmental effect of cement minimization.
If the cement content in a composite block is reduced by approximately 35% compared with a
conventional reference block, the cement-related CO2 emissions are reduced proportionally. This
calculation is conservative because it considers only cement reduction and does not fully account
for additional benefits associated with improved thermal performance and waste plastic
utilization.
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Relative cement fie il cement-
Scenario related CO2 | Estimated reduction

content .

emissions
Reference block 100% 100% 0%
i lock with

Composite bloc .Wlt 0% 0% 0%
moderate reduction
Optimized composite

65% 65% 35%
block

Table 3. Simplified cement-related CO2 reduction scenario.

The results show that cement minimization is an effective strategy for reducing the embodied
carbon of masonry products. When combined with recycled plastic utilization and lower thermal
conductivity, the total environmental benefit becomes broader than cement reduction alone.

7. Energy Performance of Wall Elements

The thermal performance of a masonry wall depends on the thermal conductivity of the block and
the wall thickness. For a 0.30 m thick wall element produced from optimized composite blocks,
the calculated thermal transmittance may reach approximately 0.35-0.40 W/m2K when hollow
cavities and surface resistances are taken into account. Such values are relevant for energy-
efficient external wall applications.

Wall system Wall thickness UiSliE] condl..lctlwty Approximate U-value
/ system behavior

Conventional 030 m Higher heat transfer Above optimized

masonry wall target

Solid composite block 0.30m lambda approximately | Approximately 0.45-

wall ' 0.15-0.17 W/mK 0.55 W/m2K

Hollow composite 030 m L?S?ggvnectje J’[c:reorzﬁil Approximately 0.35-

block wall ' o 81| 0.40 W/m2k

Table 4. Thermal performance scenario for wall elements based on composite blocks.

The results indicate that the material has potential not only as a low-carbon masonry product but
also as a component of energy-efficient building envelopes. Reduced U-values lead to lower
heating demand, which is especially important in buildings with large wall areas and long heating
periods.

8. Circular Economy and Resource Efficiency

The proposed technology supports circular economy principles by transforming recycled plastic
waste into a functional construction material. This reduces the need for primary raw materials and
diverts plastic waste from uncontrolled accumulation. The use of local mineral fillers further
improves resource efficiency by reducing transportation needs and enabling regional material
cycles.

The environmental logic of the proposed material can be summarized as follows: plastic waste is
transformed into a lightweight thermal resistance component; cement consumption is reduced;
thermal performance is improved; and operational energy demand decreases during building use.
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Environmental aspect Contribution of proposed material

Recycled plastic is used as a construction
material component

Lower cement content decreases embodied

Plastic waste management

Cement reduction

Co2
. Reduced thermal conductivity lowers heat
Energy efficiency
losses
Local resource use Mineral fillers can be obtained locally
Circular economy Waste is converted into a functional product

Table 5. Environmental benefits of cement-plastic composite masonry blocks.

9. Limitations and Future Research

The present assessment is based on experimental performance ranges and simplified
environmental calculations. For full industrial implementation, additional investigations are
required. Future work should include long-term durability testing, fire resistance evaluation,
freeze-thaw performance, water absorption analysis, large-scale wall tests and life-cycle
assessment. More detailed CO2 calculations should include cement production, plastic processing,
transportation, manufacturing energy and operational energy savings over the building service
life.

10. Conclusions

1. Cement minimization in composite masonry blocks represents an effective strategy for reducing
embodied CO2 emissions in construction materials.

2. Recycled plastic waste can be incorporated as a functional component of lightweight composite
blocks, contributing to lower density and improved thermal performance.

3. Optimized cement-plastic composite blocks may achieve density values of approximately 650-
710 kg/m3 and thermal conductivity values of approximately 0.10-0.17 W/mK.

4. A cement reduction of approximately 30-35% provides a proportional decrease in cement-
related CO2 emissions.

5. Hollow composite block wall systems with a thickness of 0.30 m can achieve U-values of
approximately 0.35-0.40 W/m2K, supporting energy-efficient building envelope applications.

6. The proposed material contributes simultaneously to plastic waste recycling, cement reduction,
energy efficiency and circular economy objectives.

7. Further research should focus on durability, fire resistance, industrial production and complete
life-cycle assessment.
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Abstract. LoRa, the physical layer beneath LoRaWAN, owes its long range and robustness to chirp
spread spectrum (CSS) modulation, in which each symbol is a linear-frequency-modulated sweep.
This article explores very basic modulation schemes mathematically to reveal the formal linkages
among them and demonstrates that CSS is not an unusual method but a unique version of
frequency modulation (FM) with a linear-frequency-ramp message. Beginning from the
instantaneous-phase expression for a complex sinusoid, we develop the chirp signal, illustrate the
up-chirp and down-chirp as a complex-conjugate pair, and demonstrate that using a linear
modulating function into the FM formula produces the LoRa chirp phase. The cyclic frequency shift
of a LoRa symbol's data bearing also equates to an offset or a phase break of the modulating ramp,
which can be recovered as a single tone by a conjugate de-chirping receiver. Based on these
foundations, we will describe how to create a CSS-like signal by driving an FM modulator with a
chirp baseband, mapped to available hardware (the SX1276/5X1278/LR1276 transceivers and the
STM32F103 host). Finally, we present an analogical hypothetical application that injects such a
baseband into the FM channel of a standard UHF voice radio. We conclude with a symbolic, purely
gualitative analysis of the distortion that occurs when a linear-frequency-modulated signal is
created by means of an FM chain. The material presented here is entirely theoretical; it has no
numerical measurement.
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0. Brief Methodology

This research examines families of simple modulation techniques for carrying information on a
radio carrier. These modulation techniques will be examined in conjunction with each other,
rather than separately; using a common analytic framework that allows us to express one
modulation technique in terms of others. Specifically, we seek to provide the justification of the
transition from frequency modulation (FM) to the chirp spread-spectrum (CSS) modulation which
underlies the Lora and subsequently the LoraWan protocols [1],[2].

The mathematical tools employed are basic and have been kept so: the instantaneous phase and
instantaneous frequency of a complex exponential, the time integral linking a modulating function
to the phase of a frequency modulated (FM) signal, and the complex conjugate relating an up-
chirp to a down-chirp. The key formulae were based upon the standard treatment of radio-
engineering signals provided in [22] and the methods for interpreting signals described in [23],
while the fundamental principles of modulation are based on those presented in [4]. The CSS
description has been constructed from both the physical layer analysis in [20] and the study of
transmitting chirps in [21], and verified against independently developed LoRa receiver
implementations [8], [10], [11], [16]. The hardware mapping was performed using a published
integration of LR1276/SX1276 with STM32F103 [19], and also utilizing the SX1278 datasheet [9].
We explicitly state our position regarding the result at the start. A chirp is defined in the radar
literature [23] as a linearly frequency modulated signal and is thus well known and accepted.
Therefore, our contribution does not describe or prove this relationship but provides a
pedagogical development of this relationship through the use of instantaneous phase, a
constructive method to achieve this relationship, and a study of realizing and distorting this
relationship into accessible transceivers and radio hardware.

Our purposefully limited scope.We analyze and explain the signal relationships (and thus do not
simply restate) and limit our contribution to the modulation transformation and its hypothetical
implementation. There is no actual prototype being measured so there are no numbers associated
with the distortion analysis of Section 3. Coding, interleaving, whitening, and media access
[13],[14] are all outside the present discussion. Quantitative link budgets and interference
evaluation [3],[12] are also outside the scope of this work. Additionally advanced spatial
processing extensions including multi-antenna channel management [17] and high resolution
direction finding of radio signals [18] are also beyond the scope of the single channel approach
used in this work.

1. Introduction: LoRa Modulation Compared with FM

LoRaWAN is a low-power, wide-area networking standard based upon the LoRa physical layer
which is a proprietary technique developed by Semtech using Chirp Spread Spectrum along with
Frequency Shift Keying to encode symbols into the frequency shift [20]. LoRa's popularity for the
Internet of Things can be attributed to several characteristics. First, LoRa provides protection
against Multipath Fading and Doppler Effect. Second, LoRa's constant envelope nature results in
efficient operation of the Power Amplifier, while also providing a natural ranging ability due to its
Linear Frequency Modulation [1][20]. The same characteristics as above result in LoRa having the
appearance of being similar to Ordinary FM when examined more closely. Therefore, a description
of how these two schemes compare is necessary to provide a basis for everything else discussed
below. Figure 1 illustrates both schemes simultaneously. In FM, the Instantaneous Frequency of
the Carrier is a function of the arbitrary message. In CSS, however, the Instantaneous Frequency
is a straight line that moves through a specified bandwidth during each symbol. If the message
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sent via FM is a straight line corresponding to the straight-line movement in CSS then the two
waveforms will be identical.

FM versus LoRa CSS

FM: instantaneous frequency follows an arbitrary message m(t).
CSS: instantaneous frequency is a linear ramp with slope k = B/T.
A linear modulating ramp turns the first into the second.
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The linear modulating ramp r(t) = t/T replaces the arbitrary message m(t) in FM,
yielding a linear frequency sweep (CSS) with slope k = B/T.

Figure 1. Comparison of FM and LoRa CSS. In FM the instantaneous frequency follows an arbitrary
message m(t); in CSS it is a linear ramp of slope k = B/T. A linear modulating ramp turns the first
into the second.

1.1. Related work and positioning

Research into Chirp Spread Spectrum has taken place along two primary axes: as a method of
modulation to characterize both its error rate and spectral behavior; and as a waveform that
receivers will need to decode. Both Reynders and Pollin have developed the theory behind CSS as
a method of long range modulation with specific regard to its potential performance [8] ;
Ghanaatian et al. were able to analyze and implement the entire LoRa Digital Receiver [10] ; Knight
and Seeber used their knowledge of software defined radio to develop a reverse engineered
version of LoRa's physical layer [11] ; Leushin was one of the first authors to detail the operational
parameters, properties and noise tolerance of LoRa as a form of modulation [16] . The techniques
for transmitting signals via chirps proposed by Senatorov (using a break in phase technique that
LoRa also utilizes) belong in the same category of analysis/decoding as those described above [21].
This paper takes an entirely different approach. Instead of either characterizing or decoding a
previously produced CSS signal, it seeks to explain how such a signal could be synthesized from a
simpler modulating signal, and views the transformation of FM to CSS as the subject matter being
explored and as the basis for developing a new hardware implementation.
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1.2. The simple signal: instantaneous phase and frequency
The most fundamental signal in this discussion is the complex sinusoid, written, ignoring
amplitude, as x(t) = e/@™t+0) (0], [22]. Its argument is the instantaneous phase
p(t) =2nft+0,

and the instantaneous frequency is the scaled derivative of that phase, finst(t) =
1/2m de/dt. Two parameters of the phase can be modulated to carry data. Holding frequency
fixed and stepping the phase 6 through a discrete set gives phase-shift keying (PSK); holding the
phase reference fixed and stepping the frequency gives frequency-shift keying (FSK). CSS is
reached by allowing the frequency itself to vary linearly within the symbol, which is to say by
promoting the phase from a linear to a quadratic function of time.
1.3. The LoRa chirp

A LoRa symbol is a chirp whose instantaneous frequency increases (or decreases) linearly
across a bandwidth B during the symbol time T. Writing the start frequency as f, and the chirp
rate as k = B/T, the instantaneous frequency is

B
fO=fotzt, 0<t<T.

Because the phase is the integral of 2 times the instantaneous frequency, integrating
from 0 to t gives

=2 B 2
00 = 2r| fot + 7],

and the real transmitted waveform is s(t) = cos¢(t), a signal whose phase is quadratic in
time. The factor B/2T in the quadratic term is exactly one half of the chirp rate k = B/T, the
slope of the instantaneous-frequency line; the one-half appears because differentiating the
guadratic phase returns the factor of two. The chirp rate is fixed by the requirement that each
symbol span the bandwidth B once over the duration T and return to its starting frequency, so
that consecutive symbols stay separable and inter-symbol interference is contained [20]. When
k > 0 the waveformis an up-chirp; when k < 0 it is a down-chirp. Figure 2 shows the two as time-
frequency lines of opposite slope.

The spreading factor SF connects the symbol to the number of bits it carries. With M =
distinct cyclic frequency positions, each symbol conveys SF bits, and bandwidth, symbol time
and alphabet size obey BT = M [20]. The practical data symbol is encoded as a cyclic shift of the
basic chirp: the sweep starts at a frequency offset f,, = mB/M, m=0,...,M — 1, and wraps
around the band, which the receiver detects after de-chirping [20], [21]. Table 1 collects the
resulting parameters for the B = 125 kHz channel commonly used in the regional sub-GHz bands
[21].

ZSF



«Research Reviews» (June 18-19, 2026). Prague, Czech republic
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Parameters: Bandwidth B = 500 kHz, Symbol time T = 1.00 ms
Chirp rates: k = +B/T = +5.00 x 10% Hz/s (up-chirp), k = —B/T = —5.00 x 10® Hz/s (down-chirp)
Frequency extent: f € [-B/2, B/2] = [-250, 250] kHz

Figure 2. Spectrogram representations of the linear up-chirp (k = +B/T) and down-chirp (k = -B/T).
Each sweeps the bandwidth B once over the symbol time T, the two form a complex-conjugate pair.

Table 1. LoRa parameter relations for a B = 125 kHz channel: symbol time T = 25F /B, chirp rate
k = B/T, and approximate bit rate after [21].

SF T = 25F/B (ms) k = B/T (kHz/ms) Bit rate (bit/s)
7 1.024 122.1 3418 — 6836
8 2.048 61.0 1953 — 3906
9 4.096 30.5 1099 — 2197
10 8.192 15.3 610—-1221
11 16.384 7.6 336-671

12 32.768 3.8 183 - 366

1.4. Frequency modulation
An FM signal carries the message m(t) in the instantaneous frequency of the carrier. With
carrier frequency f; and frequency sensitivity k¢, the standard expression is [4], [22]

s(t) = cos <2nfc t + 2mky ftm () dr>,

whose instantaneous frequency is f + kr m(t). The message enters the phase through its
time integral; this single fact is the lever for the whole argument, because integration turns a linear
message into a quadratic phase, and a quadratic phase is precisely what a chirp has.
1.5. Conjugate values and the modulation transform

Two observations complete the bridge. The first concerns the conjugate structure of
chirps. In complex-baseband form the up-chirp is ¢;(t) = e ™kt and the down-chirp is ¢, (t) =
e~ imke?. they are complex conjugates of one another, ¢, (t) = m This is not a cosmetic
symmetry. The LoRa receiver exploits it directly, as Section 1.6 shows: multiplying an incoming up-
chirp by a locally generated down-chirp cancels the quadratic phase and leaves a pure tone whose
frequency is the symbol offset [20], [11]. The conjugate pair is thus both the alphabet of the
preamble, up-chirps followed by down-chirps, and the engine of demodulation [20].
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The second observation is the substitution itself. Let the FM message be a linear ramp over

the symbol, m(t) = at. Its integral is fot atdt = at?/2, so the FM phase of Eq. (4) becomes
2

ppm(t) = 2nf . t + 2mky % = 2nf.t + wkea t?.

Expanding the bracket in Eq. (3) gives the chirp phase as @ (t) = 2mfyt + m(B/T)t?, which
we place beside the FM phase Eq. (5). The two are identical term by term once we identify the FM
carrier with the chirp start frequency, f. < f, — more precisely, the carrier coincides with the
lower edge of the band while the data-bearing offset f,, is carried within f, — and identify the FM
parameters with the chirp rate through

hazgzk

In words: An FM Modulator fed with a linear ramp will produce a chirp and the chirp rate is the
product of frequency sensitivity (k_f) and ramp slope. Selecting the ramp slope such that kra = B
/ T results in the LoRa chirp rate exactly. Therefore, CSS represents a specific form of FM where
the modulation signal is a linear sweep. The data-bearing cyclic shift can be easily carried over
from LoRa to FM. A constant delay of the ramp start and/or a discontinuity in the modulation
function as well as corresponding phase breaks represent the symbol offset fm and the encoding
of m [21] by LoRa respectively. One precision has to be made: The pure, non-modulated chirp
corresponds to true Linear Frequency Modulation (FM). However, a data bearing symbol is
represented by a wrapped saw-tooth message of two linear ramps joined together at the point of
wrapping; hence, the equivalence above applies per segment instead of being continuous
throughout one ramp. The given equivalence is the main outcome of this paper and justifies the
solution presented below.

1.6. Demodulation by conjugate de-chirping

The conjugate structure of Section 1.5 also fixes how a symbol is recovered, and writing
the few lines of algebra makes the “conjugate values” concrete. A received symbol carrying offset
fm On an up-chirp is, in complex baseband,

r(t) = ej(2nfmt+nkt2).

The receiver multiplies it by the conjugate reference, the local down—chirpm = e"j"ktz,
which cancels the quadratic phase:

y(t) =1(t) cr(t) = e/2Int,

What remains is a pure tone at the offset frequency f,,,. Sampling y(t) over the symbol
and taking the discrete Fourier transform concentrates its energy in a single bin,

= . . peak
Y[/J] — Z e]anmnTs e—]Znun/M N U=m,
n=0

so the symbol decision is the index of the largest magnitude bin [20], [11]. The same
operation run with a local up-chirp instead detects the down-chirps of the preamble; the
conjugate pair therefore serves detection, synchronization and data recovery alike.

2. Final Modulation Principle and Technical Solution

The process described in section 1.5 for creating a CSS like symbol can be accomplished by utilizing
a generic FM modulator and a baseband signal generator capable of producing a linear frequency
ramp with slope equal to k_f a=B/T. The ramp will begin at an offset determined by the encoded
symbol as shown in Figure 3.
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Forming a CSS-like signal through an FM chain
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Figure 3. Block diagram of the technical solution: data bits set the frequency offset of a linear chirp
baseband, which drives an FM modulator (VCO) and the RF stage. The lower branch shows the
CTCSS/DCS sub-audible-tone analogy used in Section 3.

If we read this chain from left to right, first the data bits are grouped into symbols (using the same
bit-to-symbol mapping used in LoRa) and mapped to an initial offset value which is equivalent to
the "symbol-to-shift" function of LoRa. Next, a chirp baseband generator generates a linear
sawtooth ramp m(t)=at based on the previously generated offset and confines it to the bandwidth.
The ramp generates the output of the FM modulator. That output will then create a linear
(constant envelope) frequency modulation which is used to create a linear frequency chirp at the
carrier. It is the linear nature of the carrier that allows efficient operation of the power amplifier
and is due to the linear nature of FM not the addition of a new constant envelope.

A simple micro controller (STM32F103C8) and sub GHz transceiver are the hardware components
on the digital side. The documentation provided for using the LR1276/SX1276 module with the
STM32F103C8 board shows communication through SPIto expose the radio directly. This provides
a way to send data packets wirelessly by defining the bandwidth, spreading factor and code rate
[19] when sending data. Since the SX1276 family has a LoRa modem integrated into it that creates
the chirp internally, it can achieve sensitivity levels several decibels greater than those achieved
with FSK for a similar link [9],[19]. In this research the transceiver will play two primary functions.
As a LoRa modem it represents the reference method for creating the chirp that the FM
constructed chirp must emulate. When acting as an FM modulator, it is also where the generated
chirp baseband would be applied. The STM32F103 microprocessor hosts the map of symbols to
offsets and generates ramps for symbols that need them. Both of these tasks are relatively easy
to accomplish with a 32 bit processor that will communicate with the transceiver over SPI [19].
The principle, stated once more in compact form, is that the chirp is the integral image of a linear
message under FM. Any device that can generate an adequate frequency modulated (FM) signal
has the potential to produce a waveform similar to a CSS-type signal, as long as it is capable of
providing enough amplitude variation (deviation), and a linear relationship between input signal
and output frequency. The design challenges are therefore removed from the use of specialized
silicon for CSS generation and placed into two different areas; the first being the quality of the
base band ramp used, and the second being the linearity of the FM section that will be analyzed
in terms of distortion in Chapter 3
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3. Hypothetical Application and Distortion Analysis

If CSS is FM with a linear-ramp message, then an FM transmitter that was never intended
for LoRa might nonetheless be coaxed into emitting a chirp. This section sketches such a
hypothetical application and then examines, symbolically, the distortions it would incur.

3.1. Bridging ready-made boards to conventional radios

This idea will work just like Sub-Audible Signaling. Most FM Radios have already been doing
something similar by adding additional waveforms to the signal that they use to transmit speech,
these include Continuous Tone-Coded Squelch (CTCSS), Digital Coded Squelch (DCS), and a lot of
other types of tones and codes that help radios communicate only when needed. These
waveforms get transmitted at frequencies that are lower than those used for the voice. Since the
modulator has no preference about what gets fed to it (voice, music, etc.) you could easily feed a
baseband version of a chirp to that same point where you would normally feed your voice. The
only differences are how wide the bandwidth of each type of waveform is and why you want to
send them.
There is one thing to keep in mind before we build our application, since that one thing will
determine what kind of application we can develop. That one thing is the bandwidth of the
modulating path on a typical FM Voice Radio. A typical FM Voice Radio’s modulating path only
allows the transmission of waveforms less than several KHz in bandwidth. As shown in Table 1, a
typical LoRa chirp sweeps through a bandwidth many times larger than that. So while a typical FM
Voice Radio can be made to modulate a very small portion of a LoRa chirp onto its audio passband
(i.e., make it behave somewhat like CTCSS), it can’t possibly produce a complete LoRa symbol (and
certainly can’t do so in the way required to interoperate with specification compliant LoRa
receivers). Therefore, I'm proposing Narrowband CSS-Style Signaling over an FM Voice Channel
NOT Interoperability with Specification Compliant LoRa Receivers. Those limitations are explained
in detail in Section 3.2.
An example of a commercially available UHF Mobile Radio that might be targeted for modification
(to implement this idea) is the Motorola GM300. The GM300 operates in the 400 — 470 MHz band
and features an External Modulation Input and a Calibrated FM Deviation — Both of which are all
that is necessary to construct the modified FM Voice Channel discussed in Section 2.

In the hypothetical, the SX1278 or Meshtastic board generates the symbol-encoded ramp and
timing, the radio provides the FM modulator and power stage, and a CTCSS/DCS-style coupling
delivers the baseband to the modulator. This is a thought experiment in feasibility, not a validated
build; its value is to expose where the idealized identity of Section 1.5 meets the limits of real
hardware.

3.2. Symbolic analysis of distortions in forming a linear-frequency-modulated signal

The clean equivalence kra = B/T assumes an FM stage that is wideband, perfectly linear
and free of memory, fed by an exact ramp from a perfectly stable reference. Real chains depart
from each assumption, and each departure smears the chirp in a characteristic way. The
mechanisms below are written symbolically and carry no numerical values; the aim is the structure
of the degradation rather than its magnitude in any one device. Throughout, the ideal transmitted
symbol is the up-chirp of Eq. (7) and the receiver applies the matched conjugate of Eq. (8).

Band limiting of the modulating path. Let the modulating path have a low-pass transfer
function Hy,(f) with effective cut-off W. The ramp m(t) = at commands an instantaneous
frequency excursion up to B, but the realizable swept bandwidth is bounded by what the path
passes,

Beff = mln{ B, ZW}

When W <« B, as for a voice radio, the sweep is truncated and the corners of the sawtooth

are rounded, so the effective chirp covers only a fraction of the intended band.
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Non-linearity of the modulator. A practical voltage-controlled oscillator has a curved
frequency-versus-voltage law. Expanding it to second order, the instantaneous frequency under a
ramp input is

fi(t) = fo + krat + ay(at)® + -,
so the chirp rate is no longer constant but drifts across the symbol,

df
k(t) = d_]til =ky+€t, ko = kra, &« aya®.

De-chirping such a symbol with the ideal conjugate of constant rate k, does not cancel the
phase completely; the leading residual term is cubic in time, 1/3 me t3, a nonlinear phase that
grows through the symbol. Its energy spreads across neighbouring DFT bins, lowering the
matched-filter peak and raising the side-lobes.

Pre-emphasis and de-emphasis. FM voice systems apply a rising pre-emphasis Hpe(f)
before the modulator and a complementary de-emphasis at the receiver. Because the chirp maps
frequency to time through f = f, + kt, this frequency weighting becomes a time-varying
amplitude on the sweep,

A() = | Hpe(fo + k)],

which converts part of the frequency variation into unwanted amplitude modulation and
disturbs the constant-envelope property on which the chirp depends. Up-chirps and down-chirps
traverse the emphasis curve in opposite directions and are therefore shaped asymmetrically,
which is troublesome for a receiver that treats them as an exact conjugate pair.

Group delay and chirp smearing. Any band-limiting filter has a frequency-dependent group
delay 74(f) = —d¢/dw. Since the chirp presents its frequencies in time order, a component at
f = fo + ktis displaced by 7,(f), and the spread of those displacements across the sweep,

At = | 74(f) | B,

broadens the de-chirped response. The once-sharp diagonal of Figure 2 acquires a visible
thickness; both symbol detection and the ranging accuracy that motivated CSS degrade.

Reference-oscillator instability. The carrier and the timing both descend from a quartz or
temperature-compensated reference whose phase noise ¢, (t) and slow frequency drift Af are
never zero [5], [6], [7]. The recovered tone of Eq. (8) is then

y(t) = ej(zn(fm"'Af)t"'d’n(t)),

so a static offset Af shifts the detected bin and biases the symbol decision, while ¢,,(t)
broadens the peak and limits the processing gain available at the higher spreading factors, where
the receiver integrates over the long symbols of Table 1.

Deviation scaling and ramp imperfections. The identity (6) is an equality between two
independently set quantities, the FM deviation gain and the baseband ramp slope. A mismatch
leaves a residual rate Ak = k}a’ — k after de-chirping,

Yres(t) = e JmAk tz'

whose peak broadening grows with Ak T, so a conventional LoRa receiver matched to the
nominal rate loses correlation gain. If the ramp is synthesized digitally it is a staircase rather than
atrueline, and the quantization steps add spurious tones and a small periodic non-linearity on top
of Eq. (12).

Taken together, Eqgs. (10)—(16) say that the idealized FM-to-CSS identity is exact in
mathematics and approximate in hardware, and that the quality of a CSS-like signal formed
through a general FM chain is governed by modulating-path bandwidth, modulator linearity,
emphasis shaping, filter group delay and reference stability. None of these forbids the
construction; each defines a budget that a real implementation would have to respect.
Limitations
There are three primary constraints bounding the validity of all the claims presented in this paper.
First, and most obviously, there is no prototype build to demonstrate the FM-to-CSS conversion
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proposed herein; thus while the mathematical basis for this conversion exists and the applicability
of the theory is asserted based upon available components, this has yet to be verified
experimentally. Second, as indicated above, Identity (6) kra = B/T, establishes the relationship
between parameters of an ideal wide-band FM transmitter and its corresponding chirp signal.
However, Section 3.2 demonstrates that actual implementations will deviate from each of these
assumptions, and does so quantitatively via Egs. (10)-(16). Third, although Egs. (10)-(16) provide
a qualitative description of the deviation of actual implementations from the assumptions
underlying Identity (6), they do not quantify the magnitude of the deviations; such quantification
remains to be accomplished. Third, the hypothetical application is constrained by the modulating-
path bandwidth of commodity voice radios and so addresses narrowband chirp signaling rather
than full LoRa interoperability. Removing these limitations calls for a structured measurement
campaign with a planned design of experiments [15], pairing simulation of the distortion
mechanisms with bench measurement on the SX1276/SX1278 and radio hardware identified
above.

Conclusion

We sought to establish a mathematical framework for comparing basic modulation schemes and
using that comparison to show how one modulation scheme relates to another. This mathematical
basis of our study based on the instantaneous-phase approach indicates that a chirp is essentially
a complex sinusoid whose instantaneous phase has a quadratic relationship to time rather than
being linear. Further, we found that up-chirps and down-chirps are complementary or complex
conjugates. And, importantly, when you integrate over time in the FM equation, what results is
that linear information regarding the original message is converted directly to a quadratic
representation of that same information - which is described as the relationship defined by
identity (6) k_f a=B/T, As a result, LoRa's CSS represents a specific example of FM where the
message source produces a linear frequency ramp, and therefore, the process described in Egs.
(7)-(9) can be used to demodulate a received signal, recovering the original symbol as a single
tone. Using this as our foundation, we were able to develop a technical method to produce a CSS-
like signal using an FM modulator and chirp baseband waveforms, map them to SX1276/SX1278
radio transceivers and an STM32F103 microcontroller-based host board, and conceptualize
potential applications including borrowing an existing CTCSS/DCS "tune-in" functionality from
traditional UHF radios like Motorola's GM300. We followed this with a symbolic distortion analysis
resulting in equations (10)- (16), establishing the boundaries to practical implementation of these
concepts.



«Research Reviews» (June 18-19, 2026). Prague, Czech republic

References

1. LoRa technology overview. iTech. URL: https://itechinfo.ru/content/obzor-tehnologii-lora
(accessed 04.08.2023).

2. RP002-1.0.2 LoRaWANZ® Regional Parameters. LoRa Alliance, October 2020, p. 94.

3. Noor-A-Rahim Md., Khyam O., Mahmud A., Li X., Pesch D., Poor V. Hybrid chirp signal design
for improved long-range (LoRa) communications. Signals, 2022, no. 3, pp.1-10. DOI:
10.3390/signals3010001.

4. Proakis J. Digital Communications. Moscow: Radio i Svyaz, 2000, 800 p.

5. Application Note 200-2: Fundamentals of Quartz Oscillators. Hewlett-Packard, 1997, 28 p.

6. Rakon company website. URL: https://www.rakon.com/products/tcxo (accessed 27.08.2023).

7. Quartz oscillators: oven-controlled. JSC “Morion”. URL: https://morion.com.ru/oscillators
(accessed 27.08.2023).

8. Reynders B., Pollin S. Chirp spread spectrum as a modulation technique for long range
communication. 2016 Symposium on Communications and Vehicular Technologies (SCVT),
November 2016.

9. SX1278 Datasheet. Semtech Corporation. URL: https://www.alldatasheet.com/datasheet-
pdf/pdf/800241/SEMTECH/SX1278.html (accessed 27.08.2023).

10. Ghanaatian R., Afisiadis O., Burg A., Cotting M. LoRa digital receiver analysis and
implementation. 2019 IEEE ICASSP, May 2019.

11. Knight M., Seeber B. Decoding LoRa: realizing a modern LPWAN with SDR. URL:
https://www.ebredder.org/archived/19sp/SP19ETR241/Week6/decodingLoRa-KnightM.pdf
(accessed 27.08.2023).

12. Soklic J., Arthaber H. Interference analysis of LoRaWAN systems. TU Wien, 2021, 76 p.

13. Korhonen J., Huang Y., Wang Ye. Generic forward error correction of short frames for IP
streaming applications. Multimedia Tools and Applications, 2006, no. 29, pp. 305-323.

14. Yang K., Du W. LLDPC: a low-density parity-check coding scheme for LoRa networks.
SenSys '22, November 6-9, 2022, Boston, MA, USA, pp. 193-206.

15. Gorgadze S. F.,, Bokk G. O. Planning and Processing of Experimental Results in Radio
Engineering and Infocommunication Systems. Moscow: Goryachaya Liniya — Telecom, 2020.

16. Leushin A. V. LoRa as a new type of modulation. Operating principles, key parameters, noise
immunity. Radio Communication Engineering, ser. Radio Links and Radio Communication
Systems, 2022, iss. 2 (53), pp. 28—42.

17. Bokk G. O. MIMO: optimizing the management of the number of logical channels. Mobile
Business: prospects for development and implementation of radio communication systems,
Proc. of the XXXVIII Int. Conf. of RANS, 2016, p. 6.

18. Adzhemov S. S., Bokk G. O., Zaitsev A. G., Minenko P. V., Struev A. V. Modified SDS-MUSIC
algorithm for spatial resolution of radio-emission sources under multipath propagation.
Radiotekhnika, 2003, no. 11, p. 80.

19. Connecting the LoRa LR1276/SX1276 module to STM32F103C8 (schematic and code). URL:
https://microkontroller.ru/stm32-projects/podklyuchenie-modulya-lora-Ir1276-sx1276-k-
plate-stm32f103c8/ (accessed 2023).

20. Khan Q. Understanding LoRa PHY: the long-range physical layer. WirelessPi. URL:
https://wirelesspi.com/understanding-lora-phy-long-range-physical-layer/ (accessed 2023).

21. Senatorov L. A. Methods of data transmission using linear-frequency-modulated signals.
Bulletin of Voronezh State Technical University, 2024, vol. 20, no. 2. DOI: 10.36622/1729-
6501.2024.20.2.012.

22. Baskakov S. I. Radio Engineering Circuits and Signals [Radiotekhnicheskie tsepi i signaly], 5th

ed. Moscow: Vysshaya Shkola, 2005, 462 p. ISBN 5-06-003843-2.




I Proceedings of the 13th International Scientific Conference

23. Mahafza B. R. Radar Systems Analysis and Design Using MATLAB. Boca Raton, FL: Chapman &
Hall/CRC, 2000. ISBN 1-58488-182-8.



«Research Reviews» (June 18-19, 2026). Prague, Czech republic

TecTMPOBOYHbIN CTEeHA A5 6eCnUNOTHbIX
NeTaTeNIbHbIX annapaToB: KOHCTPYKLMA,
MoandUKaLMmM 1 0Opa3oBaTE/IbHbIN
noTeHLmMan

Ypa3zbekos AmuprkaH AbabiMypaToBMY

cTyaeHT, Satbayev University, MHcTuTyT AT

NcabekoB HaHibek Hazapbekybl

HokTop Ph.D., AccoummpoBaHHbI npodeccop, Satbayev University, MHcTuTyT AT
KsoH ApTyp Butanbesuy

cTyaeHT, Satbayev University, UHcTuTyT AT

MaTkynos Ncabek CepKuiesny

cTyaeHT, Satbayev University, UHcTuTyT AT

050013, Pecnybnunka KasaxctaH, r. Aimarsl, ya. Catnaesa, 22

AHHOTaUMA

B paboTe paccmaTtpmsaeTca pa3paboTKa TECTUPOBOYHOTO CTeHAA ANA BEeCNMNOTHBIX 1eTaTebHbIX
annapaTtos, nNpeAHa3Ha4YeHHOro AnA npoBeAeHMs 6e30MnacHbIX WCMbITaHWIA, HACTPOMKM U
AnarHocTukm BINJIA. MpoBedeH aHanM3 KOHCTPYKTUBHBIX PeLeHWt M onpeaeneHbl OCHOBHbIE
TpeboBaHMA K cO34aBaemoMy cTeHAy, obecneymBatolime BO3MOXKHOCTb MOAENMPOBAHMA
9KCNYyaTaLMOHHBIX YCNOBUIM N paclumpeHna GYHKLMOHANbHbIX BO3IMOXHOCTEN 0DOpyAOBaHMA.
OnucaHbl  OCODEHHOCTM  KOHCTPYKUMM  pa3paboTaHHOro  NpoTOoTMNA, a  TaKXe  ero
MOANPUKALUMOHHbBIA NOTEHUMaN, NO3BONAIOWMA UHTETPUPOBATb AOMNONHUTENbHbIE AATYUMKKA U
N1eMEeHTbl  ynpaBaeHnA. Pe3ynbTaTbl  3KCMEPUMEHTANbHbIX  UCMbITAHWA  NOATBEPAUAU
paboTtocnocobHOCTb cTeHAa M 3QDEKTUBHOCTb €r0 NPUMEHEHMA AN1A UHKEHEPHbIX MCCAeA0BaHNM,
obpasoBaTesibHbIX 3a4a4 M O0TPAabOTKM anropuTMOB CTabUAN3aLMM W yNpasBaeHmna 6eCnMaoTHbIMM
neTatenbHbIMM annapaTamu.

KntoueBble CNoBa: TECTUPOBOYHbIN CTeHA, APOH, BIJ1A, rmpockon, akcenepomeTp, moanduKaums,
TeNeMeTpmaA, UCMbITAHKA.

Abstract

A drone test bench provides safe and efficient testing of unmanned aerial vehicles (UAVs) across
various fields. Modern test bench enable simulation of real operating conditions, detection of
hardware and software errors, as well as calibration and debugging of UAVs before field
deployment. The flexible and scalable design allows for hardware modifications, installation of
additional sensors, and support for different UAV types. The test bench is used in engineering,
scientific, and educational tasks, as well as for testing new control technologies and stabilization
algorithms.

Keywords: test bench, drone, UAV, gyroscope, accelerometer, modification, telemetry, testing,
research.
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OCHOBHbI€e Lenn UCNoNb30BaAHUA TECTUPOBOYHOIO CTeHAa

B ob6pa3oBaHuMW CTeHO, CAyxXuT ans 6e3onacHom AemoHcTpaumm pabotel BI/IA B
NOMELLEHNM, CHUKAA PUCKM ANna obopyaoBaHMA 1 Nt0Ael U NOBbILLAs HarNAAHOCTb 0byYeHuMA.

OH no3BO/MAET MUCCNenoBaTb CTAaTUYECKME WU AMHAMMUMYECKME XapPaKTEPUCTUKM [pPOHa:
MOZENNPOBaTb MOJIETHbIE MOJIOKEHMA ANA OLEHKM YCTOMUYNBOCTU, 3OPEKTUBHOCTU NPONEnnepos
M paboTbl cTabunmsaummn. Ha cteHae TeCcTUpYHOT ABUraTeNU, PEryaaTOPbl, aKKyMYyNATOPbI (BbiABAAS
neperpes 1 cOou TATN), KAANMOPYIOT HaBUrALMOHHbIE AATYMKM U aBTOMUAOT, Be30NacHO NpoBepsaoT
MO (anropuTmbl CTabmaMsaumm, aBTOHOMHOrO NonéTta, nsberaHns CTONKHOBEHWIA), OLEHUBAIOT
sHepronoTpebaeHne, a Npu HeobXoAMMOCTU CO3AAKT IKCTPEMasbHble ycaoBuA (BMbpaLun,
nomexu, nepenazbl TeMnepaTtyp) A1A NPOBEPKU HAAEKHOCTU.

MynbTnpoTopHble BIMJTA NpoCTbl B KOHCTPYKLUMK M AOCTYMNHbI AN COOPKM AaxKe B y4ebHbIx
YCNOBMAX, HO NMPW 3TOM ABNAIOTCA CNOXKHbIMU KNbepdM3nYecKMmmM CUCTEMAMU: UX YCTOMYNBOCTb
KaK CTaTMYeCKM HeycTonuymsol nnatdopmbl obecneymBaeTca KOHTypamu obpaTHOM CBA3M Ha
OCHOBE AaHHbIX AATYMKOB. [TporpammHbie cumynaTopsbl (SITL) ynpoluatoT GU3NKY 1 He y4nTbIBAOT
BMOpaLMK, MHEPLMIO, MOTPELLIHOCTU AATYMKOB U MOMEXM, K TOMY Ke He NOAAEPKMBALOT BCE TUMbI
KOHTpOANepoB. [osTomy Ans BbiABAEHWUA OWMOOK COOPKU M HACTPOMKM HYXKHbl MCMNbITAaHMA Ha
peanbHbIX annapaTtax, Ho B 6e30MacHbIX YCNOBUAX — 0CODEHHO BaXKHO A1A y4ebHOro npouecca.

N30n1MpOBaHHbIe 30HbI A4 NOAETOB 3aLUMLLAIOT AKOAEN, HO HE CamM annapaTt Npu NepBblIX
3aMycKkax, M03TOMY pPacnpoCTpaHeHbl UCMblTaTeIbHble CTEH/bI, OFPaHMYMBAOLLME NepemelLleHNe
BMJIA nNpu coXpaHEeHUM BO3MOMKHOCTU M3YYeHUss AMHaMUKM. [na y4yebHbix 3agady Hambosee
aKTyaNlbHbl  CTEHAbl ANA  MYAbTUMPOTOPOB, MOCKO/IbKY CAaMONETHble CXeMbl TpebyroT
aspoamHammyeckmx Tpy6, TpyAHOAOCTYNHbIX B 06pa3oBaTeibHOM cpeage.

®OyHKUMA CcTeHAa — obecneyntb KOHTPOAMPYEMYHO NOABMMHOCTb annapaTa npu
OrpaHUYeHUN TMHENHbIX NepemelleHnin. Y BINJ1A wecTb cteneHe ceob6obl (TP NocTynaTebHble,
TPW BpallaTebHble), N KOHCTPYKLUMA CTEHAA Peanm3yeT YacTb M3 HMX B 3aBUCMMOCTU OT LieNein 1
TpeboBaHM He3onacHoOCTM.

Cpeay KOHCTPYKTMBHbIX pelleHuit: KapaaHos noagec (Tpu cTeneHn csobobl BpalleHus,
yoobeH Ana uM3ydyeHus cTabuamsaumm nNpu CMeHe OpMeHTalmMu), LWapoBble/yHMBEpCcanbHble
WapHMPbI, ynpyrMe noaBecbl W  TPOCOBble OrpaHMuYMTenM (4acTMyHas KoMMeHcaums
nepemelleHmin). na AMHENHbIX NepemMeLleHnin NO HEeCKOIbKMM OCAM HYXHbl Bonee CcnoXHble
CMUCTEMbl — HanpaBAAOLWIME KAapPeTKK, WKKMBbLI, HaNaHCMPOBOYHbIE rPy3bl. [TpOCTble KOHCTPYKLMM
00bIYHO AalOT OAHY CTeneHb C€BOOOAbI NOCTYNaTeNbHOrO ABMXKEHWMA (Ban B JIMHEMHOM
NOALWUMHUKE UKW NOABEC Ha LLKMBAX), YTO NMO3BOAET M3y4aTb BEPTUKAIbHbIE PEXMMbI PAbOTbI U
YCTOMYMBOCTb YAEPKAHUA BbICOTbI.

Pe3ynbTaTbl M 0bBCyKAEHNE

CyLLecTBYOLLMA HaBOP KOHCTPYKTUBHbIX PELUEHNN UCMbITAaTENbHbIX YCTAHOBOK NMO3BOAET
dopmmMpoBaTh CTEHAbI C 3a4aHHbIMU QYHKLMOHANbHbIMM XapaKTEePUCTUKAMM B 3aBUCMMOCTM OT
Lenen TecCTMpoBaHMA BeCnMIOTHbIX 1eTaTe/IbHbIX annapaTos. B pamkax AaHHOM paboTbl OCHOBHOE
Ha3HayeHWe pa3pabaTbiBaeMOro cTeHaa onpeaenanoch ero npuMeHeHnem B yuebHom npouecce,
a TaKXKe BO3MOXKHOCTbIO NPOBeAeHNA NEePBUYHOM NPOBEPKN KOPPEKTHOCTM COOPKM M HAaCTPOMKM
6ecnuNoTHbIX BO3AYWHbIX CYAO0B MYyNbTMPOTOPHOro Tuna. 370 obycnoBmno GopmuposaHme
TpebOBaHUMN K KOHCTPYKLMM, BKIKOYAIOWMX MODOUABHOCTb, KOMMAKTHOCTb, ©e30MnacHOCTb
aKcnayaTaumm, GyHKUMOHANbHYO NPUrOAHOCTb A4 OTPaboTKM HA30BbIX PEXMMOB MofeTa U
BO3MOXHOCTb MHTErpaLmm namepuTensHoro obopyaoBaHua.

TpeboBaHWe MOBUABHOCTM CBA3AHO C HEOOXOAMMOCTbIO NepeMeLLEHMA YCTAHOBKN MeXAay
y4ebHbIMM ayAUTOPUAMM Yepes CTaHAAPTHbIE ABEPHbIE MPOEMbI, YTO HaKNaAbIBaeT OrpaHMYeHUs
Ha rabapuTHble pasmepbl M Maccy CTeHAa. KOMMAKTHOCTb KOHCTPyKUMM obecneuymBaeT
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BO3MOXHOCTb pa3MeLLeHMA YCTAaHOBKM Ha CTaHAapTHOM nabopaTopHoi mebenn. beszonacHocTb
3KCNAyaTaLUMm AOCTUIAeTCA 3a CHET KOHCTPYKTUBHOM BO3MOXKHOCTM YCTaHOBKM 3aLLMTHOTO 3KpaHa
CEeTOYHOro TMNa, OrpaHMYMBatOLLErO pa3neT GParmMeHTOB B C/1y4ae OTKa3a CM0BOM YCTAHOBKM AN
paspyweHnsa nponennepos. CyLleCTBEHHbIM YCNOBUEM ABNAETCA TakKe obecneveHue cTapTa C
rOPM30HTA/IbHOW MOBEPXHOCTM, MOCKONBbKY BONBbWMHCTBO MONETHbLIX KOHTPONEPOB BbIMOAHAOT
NPeACTapToOBYD  KanMOpPOBKY C KOHTPOAEM OpMeHTaUMW annapaTa B MPOCTPAHCTBeE.
[lononHuTeNnbHbIM TPeOGOBAHNEM ABNAETCA BOSMOXHOCTb YCTAHOBKM BCMOMOraTe/1bHbIX AaTHYMKOB
M MoAynen ONA PerncTpaumm NoNeTHbIX M CUAOBbLIX XapaKTePUCTUK, YTO pacwmpaeT obnactb
NPUMEHEHNA CTEHAA B HAYYHO-UCCNEeA0BATENIbCKMX 3a4a4aX.

B coOTBETCTBMMU C YyKazaHHbIMKU TpeboBaHWAMM Oblan pa3paboTaHbl ABa BapuaHTa
MCMbITAaTENbHOTO CTEHAA, OT/IMYaloLLIMeca TMMNOM NoABeca NieTaTeNbHOro annapaTta 1 cnocobom
peannsauum yrnosbix nepemelyeHunii. Oba BapumaHTa MMeOT 06Uy Hecylyl naathopmy,
BbINO/IHEHHYIO Ha OCHOBe haHEPHOro OCHOBAHWA TONLWMHOM 18 MM, OCHALLEHHOrO ONOPHbLIMMU
31eMeHTaMu 414 YCTaHOBKM Ha NOBEPXHOCTb 1abopaTOPHOro cTona. FopuU30oHTaNbHbIE pa3mepbl
KOHCTPYKLUMW BblIOPaHbl C YY4ETOM TMMOBbIX PA3MEPOB ABEPHbIX MPOEMOB M CTONELHUL.
BepTuKanbHble CTOMKM BbINOAHEHbI M3 Pe3bOOBbIX WNMAEK AMAMETPOM 8 MM M AIMHOW OKoMo 1
M, 4TO onpenenaeT paboyyto BbICOTY CTeHAA. BepxHUIM MOAC KOHCTPYKUMM CHOPMMPOBAH M3
a/tOMUHMEBBIX YrONKOB WMPUHON 20 MM M TOAWMHOM 2 MM, obecneymBatoLinx HeobxoanMmyto
YEeCTKOCTb MPW COXPaHEHNN Mo Macchl. Bce coeAnHEHNA 31eMEHTOB KOHCTPYKLMM BbIMOAHEHbI
Pa3bopHbIMKM, YTO YNPOLLAEeT TPAHCMOPTUPOBKY, OBCAYKMBAHME M MOAEPHU3ALMIO YCTAHOBKM.
BHeWHMN KapKac npeaycMaTpmBaeT BO3MOXKHOCTb YCTAHOBKM AOMNONHUTEIbHOM 3aLWUTHOM CETKM.

P Quadcopter Visualization -

Ons peannsaumm yrnoBon MNOABMMKHOCTM eTaTeNbHOrO anmapata B KOHCTPYKLUMM
ncnonbayetca NMbo cucTema CKoMb3Allen netan, NMbo KapaaHoB Noasec, obecneynsatoLLme Tpu
cTeneHn ceobo/ibl BpalleHWs. KomneHcaumsa Mmaccbl CUCTEMbI MOABECA M IeTaTeIbHOro annapara
OCYLLEeCTBNAETCA C NPMMeHeHMeM 6anaHCMPOBOYHOIO rpy3a, YTO CHUMKAET CTaTUYECKYHO HarpysKy
Ha CMNIOBYO YCTAHOBKY M MOBbIWAET CTabUAbHOCTb PEXMMOB 3aBMCAHNA NPU UCMbITAHUSAX.

JKcnepMMeHTanbHas  npoBepka  paboTtocnocobHOCTM  cTeHaa  npoBoAuaac ¢
MCMNO/Ib30BaHMEM CepUnHOTo becnunaoTHoro annapata DJI Mini/Mavic 3, a Take camoaeNbHOro
FPV-gpoHa. JfleTaTenbHble annapaTbl OUKCMPOBANMCL C WUCNOAb30BaHWEM AeMNOUPYHOLLEN
NOANIOXKM, N3rOTOB/IEHHbIX MeToA0M 3D-neyaTu.

B npouecce uCObITaHMA OCYLWLECTBAANACA KOHTPOAb ynpasnsemoctn BIJIA  npwu
FOPU30HTA/IbHbIX M BEPTMKA/NbHbIX OTKAOHEHMAX, @ TaKXKe OLEeHKa YCTOMYMBOCTU pPEXMMA
3aBMcaHmMA. poBepKa ynpaBAAeMOCTM MO KaHa/laM KypcCa, KPeHa M TaHraka BbIMOHAMACH
CMIHaMaMM C NyAbTa M BM3ya/IbHOrO KOHTPOAA peakuum neTaTeibHOro annapata. JonoaHnTenbHo
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OLEeHMBaNacb CTabMNbHOCTb YAEpPKaHMA BbICOTbI MPU M3MEHEHWU PEXMMOB PaboTbl CMIOBOW
YCTAHOBKM.

Mocne 3aBepLlleHna NPOrpaMmbl UCMbITaHUI BbIMONHANIOCH FOPU3OHTUPOBAHWE annapaTa
M NOCTENEHHOE CHUXEeHUEe TArM 40 NOCaL0YHOr0 PeXMma, NOCne Yero OCyLLeCTBAANCA KOHTPOb
KOPPEKTHOCTM nepexoda JeTaTesbHOro annapata B coctosHue DISARM B pydyHom nmbo
aBTOMATUYECKOM  pexume.  [lonydeHHble  pe3ynbTaTbl  NOATBEPXKAAOT  MPUroAHOCTb
pa3paboTaHHOro CcTeHAa ANA NPOBeAEHMA NEPBMUYHOM AMATHOCTUKM, KaMBPOBKM M HACTPOMKMK
MY/IbTUPOTOPHbIX 6ECNMAOTHBIX 1eTaTe/IbHbIX annapaToB B 6e30MacHbIX 1ab0PaTOPHbIX YCNOBUAX,
a TaKXXe AN MCNONb30BaHWUA B yHeOHbIX M MCCNeA0BaTENbCKUX LLENSX.

MeTononoruna nccnenosaHua

MeToponorma pa3paboTKM TeCcTUMPOBOYHOrO cTeHAa Ana 6ecnunoTHbLIX NeTaTeNbHbIX
annapatos (BMJ/1A) ocHOBbIBanacb Ha MNOCNEAOBATE/IbHOM WHXEHEePHO-3IKCNepUMeEHTaIbHOM
noaxo[e, BKAOYAKOWIEM aHAAM3 CYLLECTBYIOWMX PELIEHUN, MPOEKTUPOBAHME KOHCTPYKLMMY,
pa3paboTKy annapaTHO-NPOrPaMMHOM YacTK M NPOBEeAEHNE SKCNEPUMEHTA/IbHbLIX UCMbITAHWNIA.

Ha nepBom 3Tane BbINOMHANCA aHANM3 HayYHbIX NyOAMKALMIA N TEXHUYECKUX PELLUEHNI B
061aCTN UCNbITaTeNbHbIX CTEHAO0B AN MyNbTUPOTOPHbLIX BIJTA. B pesynbTate 6biaM onpeaeneHsbl
OCHOBHble TpebOBaHMA K pa3pabaTbiBaeMol YCTAHOBKE: MOOWAbHOCTb, KOMMAKTHOCTb,
6e30MacHOCTb 3KcnyaTalumn, YHUMBEPCANbHOCTb NMPUMEHEHMA M BO3MOMKHOCTb MOAEPHM3ALMM
N3MEPUTENbHOM CUCTEMBI.

Ha BTOpOM 3Tane ocyLLecTBAANOCh MPOEKTUPOBAHME KOHCTPYKLNM CTeHAa. MeXaHn4ecKan
4acTb paspabaTtbiBanacb C y4eTOM Pa3MepPOB TMMOBbIX APOHOB. KOHCTPYKLUMA BbIMOJHEHA MO
MOZY/NIbHOMY MpUHUMMNY, 4TO obecneymBaeT npocToTy CcOOpPKM U modepHu3aumu. [na
obecneyeHma yrnoBOM NOABUMKHOCTM NeTaTeNbHOrO annapaTa MCNOb30Ba/IUCh TMPOCKOMMUYECKM
NOABEC M CKOMb3ALLAA NeTAA, NO3BONAKOLLME PeaNn30BaTb BPaLLeHMe OTHOCUTEeNbHO ocel. Jna
KOMMeHCaLLMM MacCbl MPUMEHANNCH 6aNaHCUPOBOYHbIE S/1EMEHTDI.

TpeTbMm 3TaNnoM ABAANACL Pa3paboTKa M3MepUTeNbHOM CUCTEMBI. 1A NPOCTPaHCTBEHHOM
opueHTaumm BIJIA  uncnonb3zosancs moayab  MPU-6050, obbeaMHAOWMIA  rMPOCKON U
akcenepomeTp. MiamepeHne NOABEMHOM CMbI BbIMOHANOCH TEH30OMETPUYECKOrO AaT4MKa C aun
HX711. KoHTponb cocTosHMA akb peann3oBaH C WUCNOAb30BaAHMEM AENUTENA HaMPAKEHUs.
O6paboTKa AaHHbIX OCYLLECTBAANACE MUKPOKOHTPOANepom Raspberry Pi Pico.

Ha 4eTBepTOm 3Tane BbINOAHANACH COOPKa 3KCMepMMeHTaNbHOro obpasua CTeHaa,
yCTaHOBKa AaT4YMKOB M HACTPOMKa nporpammuoro obecneveHunda. Ocoboe BHMMaHWeE yaenanoch
TOYHOCTW Pa3MeLLeHNA U3MEePUTENbHbIX 31EMEHTOB 1 BaNaHCUMPOBKe.

3aKNOUMTENbHBIM  3Tan  BKAKOYA/N MNPOBeAEeHWEe 3KCMEePUMMEHTANIbHbIX WMCMbITAHWI C
MCNONb30BaHNEM MYNbTUPOTOPHLIX BIJIA. B Xx04e 3KCNEepMMEHTOB OLIEHWUBANNCL YCTOMYMBOCTb
peXMMa 3aBMCaHMA, YNPaBAAEMOCTb annapata M  XapaKTEPUCTUKM CUNOBOM  YCTAHOBKM.
MoNyyYeHHble AaHHble 3aMuCbiBAaIMCb M aHANM3MPOBAAMCL ANA OUEHKM paboTocnocobHoCTM
CTeHAa v NOATBEPXKAEHWA €ro NPUrogHOCTN A5 3a4au.
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KOHCTPYKTUBHbIE 0COBEHHOCTM TECTUPOBOYHOIO CTEHAA

PUCYHOK 1 — NONHOLUEHHbIN KapKac
rne, O603HayYeHMA NO LBETAM:
OPaHXKEeBbIN — NOA/N0MKKA — AepKaTeNb APOHA C TeH304aTYNKOB
CVHUI BHYTPEHHAA OCb
KpaCHbIA — BTOPas OCb
3eN1€HbI — OCHOBHAA OCb
YepPHbIM — COLLKMK

Pamka npeacTtasnsetr coboir 4 antommHueBble U 4 yrnoBble BCTAaBKM . BHYTpeHHAs
neperopoAKka npeacTaBnseT coboi npoduab C MNOArOTOBAEHHbIM AepsKaTenem W ABYMA
OMOPHbLIMX MOAWNNHUKAMM C CMEHHOW OCbK ANA CaMOpPerynaumMm NONOMKeHMA ApOoHa. B
npomexyTKe 11 1 21 paMKM HaxogAaTCcA 2 NOALWMMHMKA C aNtoMUMHMEBON Tpybolt ) BCTpamBaemble
B 1t0 1 210 pamMKy 4/1A NOABMMKHOCTH .

HaTtunkn

FNaBHbIN AaTYMK - 6TU OCenBoM rmpockon akcenepomeTp ( Mpu 6050 ) .

N3mepeHne noobEMHOW CUAbI WM Beca ApOHa MNPOMCXOAMT C  MMNONAb30BaHMEM
TEH30METPMYECKOro AaTumKka n moayna (24-6utHblin ALM HX711)

[envtenb HanpaxXeHua ANA M3MepeHua CBOMCT AKD , OH Hy)KeH T.K aHa/N0roBbll BbIXOS,
Piko (A26 -28) MOXKET MPUHUMATb A0 3 BOAbT @ aKKyYMyAATOPbl A8 APOHOB BblAAIOT
Hanpsa»eHue KpaTHo 3.7 (3.0-4.2 BoNbT B Npeaenax 6e3onacHbix 3Ha4YeHu )

OH noaKkAtoYaeTca K KoHTakTam AKB ( cm. cxema 1)

MUWKpPO KOHTpoOAnep ANnA aHanm3a v paboTbl NPOrpamMmbl CTeHAa NpeacTaBndeT coboin
Raspberry pi piko




I Proceedings of the 13th International Scientific Conference

C6opKa 3/1eKTPOHHOM YacTu

MNocne cObopKM Kopnyca MAET YCTaHOBKA AaTYMKOB Ha Hem . YcTaHoBKa Mpu 6050 gonkHa
BaAHbI MOMeHT obecneyeHnsa TOYHOCTM NOKA3aHMA NPOrpPaMMbl TK. HAXOXAEHWE AaTYMKa He B
LEeHTpe OCel BpalLeHNA BbI3blBAET HEKOPPEKTHOE YTEHME AAHHbIX
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PUCYHOK 2. 3N1EeKTPOHHaA cxema

Pe3ynbTaTbl akcnepmmeHTa No3

VBAT: 1.647 V [##-------- ] 24.44% [OK]

Accel: (9.78,0.42, 1.79) | Gyro: (5.88, 20.37,-1.47) | KG: 0.353
Accel: (9.87,0.45, 1.82) | Gyro: (6.51, 0.27,-1.48) | KG: 0.546

(
Accel: (9.96, 0.18, 2.06) | Gyro: (5.76, 7.21, -0.27) | KG: 0.753
Accel: (9.79, 0.36, 2.11 (3.76, -14.53, -6.33) | KG: 0.755
Accel: (9.83, 0.61, 1.72) | Gyro: (6.11, -15.98, -4.60) | KG: 0.783

~_— — ~— — ~— ~—

|
|
| Gyro:
|
|

Accel: (9.99, 0.28, 1.61) | Gyro: (7.52, -4.35, -0.97) | KG: 0.992

VBAT: 1.647 V/ [##------- ] 24.42% [OK]

3TN AdaHHble MCMO/1Ib30BaHbI AN1A COMNOCTaBAEHNA KOMaH/, C NyJ/ibTa N NONOKEHNA APOHa B
cteHae anAa npoBepPKN NHeEPLUMNATbHOCTU CUCTEMDbI.

t,c Gx Gy Gz Ax Ay Az Left XLeft Y Right_X Right_Y

0.01 -0.020.000.01-0.010.98509 438 514 510
1 003 0.01 0.020.020.01 1.02515 468 519 514
2 0.08 0.050.030.050.03 1.08521 528 536 527
3 015 0.10 0.040.080.06 1.15527 602 563 545
4 024 0.16 0.060.130.09 1.20536 661 603 569
5 032 0.20 0.100.180.11 1.14555 684 639 592
6 0.28 0.14 0.180.150.08 1.05589 671 624 566
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HesHaunTenbHoe pacxoxaeHne mexay IMU-gaHHbIMM U CUTHanammM nynbTa 0bbacHAETCA
MHepuMein cTeHaa, OCOBEHHOCTAMM KpenneHus [APOHa, 3aAepKKOoW Py4HOro ynpaBaeHus w
€CTeCTBEHHbIM WYMOM aHa/OrOBbIX OPraHOB yNpaBieHUaA. NtoGTaMmM U yNpyrocTbio KOHCTPYKLMM
cTeHaa U T.A.
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N3MepeHunin )
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3AK/TIOYEHWE

B pamKax BbIMOJIHEHHOIO UCCNeA0BaHMA PEANN30BAH UHMKEHEPHbIM NOAXOA K pa3paboTke
TECTMPOBOYHOTO CTeHAa Ana 6ecnuNoTHbIX NeTaTeNbHblX annapaToB, OPUEHTMPOBAHHOIO Ha
pelweHne 334ay NEepBUYHON AMArHOCTMKWM, HACTPOMKM W 3IKCMEPUMMEHTANbHON OTPaboTKM
aNrOPUTMOB yNpaBaeHuna. B oTanyme OT CylWEecTBYOWMX PEeLEeHMI, KaK NpaBnao obaaaatoLimx
Y3KOW creumanusaumen, npeasoxeHHas KOHCTPyKuMAa codyetaeT B cebe MOAY/IbHOCTb,
GYHKUMOHANbHYO TMOKOCTb M aAaNTUBHOCTb K PA3/IMYHbIM CLEHAPUAM UCMbITAHWIA.

MpoBeAEHHbIM aHANM3 MoKas3asn, 4YTO MPOrpaMMmHble MeTOoAbl MOAENMPOBAHMA He
CNocobHbl B MOAHOM Mepe Yy4YnTbiBaTb BAMAHME peanbHbiX GU3NYECKUX (aKTOPOB, TaKMX Kak
BMOpaUMN, MHEPUMOHHOCTb KOHCTPYKLUMW M 3INEKTPOMArHUTHble mnmomexu. B cBA3M C 3Tum
Pa3pabOoTaHHbIN CTEHA BbICTYNAET KaK MPOMEXKYTOYHOE 3BEHO MENKAY CUMYAALMEN U HATYPHbIMU
McnbITaHMAMKM, obecneymBan KOHTPOAMPYEMYLD M He3onacHyto cpedy ANA BepudUKALMKU Kak
annapaTHOM, TaK M NporpaMmmHom Yactu Br/1A.

B xoae npoekTMpoBaHMA Oblna 06OOCHOBaAHa W peanmM3oBaHa  KOHCTPYKLMA
obecneymBatollan aAeKBaTHYO MMUTAUMIO AMHAMMKA MONAETA NPU COXPAHEHUM MeXaHUYeCKoM
YCTOMYMBOCTM CUCTEMbI. BbibOp M3MepuTenbHon 6asbl, B YaCTHOCTU  MCMOAb30BaHWE
nHepumanbHoro moayna MPU-6050 n TeH3omeTpuyeckon cuctemsl Ha Hase HX711, no3soaun
[0CTNYb BanaHca MeXKay TOYHOCTbIO M3MEPEHMIA, CTOMMOCTbIO M CIOKHOCTbIO MHTErpaumu.

McnblTaHna noateepanam NPUrOAHOCTb ANA PEeLIeHMA KAKYEBbIX 33434 OLEHKM
YCTOMYMBOCTM PEXMMA 3aBMCAHMA, aHANN3a YNPABAAEMOCTM MO KPEHY, TaHTaXy U PbICKaHWUIO , a
TaKXKe un3mepeHua Tarn. Habnogaemaa NOrpewHoCcTb M3MEPEHUI HOCUT MNpeacKasyemblit
Xapaktep M 00ycnoBneHa KOHCTPYKTUBHbIMW OCOBEHHOCTAMWM CUCTEMbI, UYTO HEe CHWXKaeT
LEeHHOCTX NONyYaeMbIX AAHHbIX.

OTaenbHO cnenyeT NOAYEPKHYTb BbICOKMM NOTEHUMAN pelleHuA. KOHCTpYKUMA AonycKaeT
[anbHelLlee pa3BUTME KaK B anmnapaTHOM YacTu (MHTerpauma AONOAHUTENbHbBIX CEHCOPOB, CUCTEM
MMUTAUMW BHEWHMX BO3AENCTBMI), TaK M B NPOrpaMMHON (MOALEPIKKA TeneMeTpuyecKmx
MPOTOKON0B, MHTErpaLma C CUMyAATOPamK ). ITO AeNnaeT CTeHA, YHMBEPCaAbHON NaaThopmon Ana
Hay4HbIX WccnefoBaHMI, 00pa3oBaTeNbHbIX 334ady WM MPOTOTUMMPOBAHMA peweHunn B
6ecnmnoTHbIX CUCTEMAX .

Takmm obpaszom, pa3paboTaHHbIN CTeHA NpeacTaBaseT cobom apHeKTUBHbIA MHCTPYMEHT
WHXXEHEPHOM MpPaKTUKK, MO3BONAIOWMM CYyLLECTBEHHO CHU3UTb PUCKM NpU  NpoBeAeHWM
MCMbITAaHWI, NOBLICUTb BOCMPOM3BOANMMOCTb PE3Y/bTaTOB M 0BeCcneynTb KaueCcTBEHHY 0TPaboTKy
KaK annapaTHbIX, TaK 1 anropuTMmnYeckmnx komnoHeHtos BI/1A. [lanbHellee pa3suTMe NpoekKTa
uenecoobpasHo HaMpaBWUTb Ha MOBbILWEHME MKECTKOCTM KOHCTPYKUMM, CHUMKEHWE BAMAHUA
napa3uTHbIX GaKTOpPOB W  pacwmpeHne OyHKUMOHANA CUCTEMbl 3@ CYET BHeApPeHMs
MHTEeNNEKTYabHbIX MeTOA0B 06pabOoTKM AaHHbIX M aBTOMATU3aLLMM UCMbITAaTENbHbLIX NPOLeayp.
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METOObI LMDPOBUM3ALMKM CENTIBCKOTO
XO3AMCTBA

MypaTbek Hypcapa
npenofaBaTeb — aCCUCTEHT, HKeTbICyCKMI yHMBEpCUTET MMeHM W. XaHcyryposa,
r.TanabikopraH, Pecnybamka KasaxcrtaH

AHHOTaUMA:
B cTaTbe paccmaTpmBatoTCA NyTW COBEPLIEHCTBOBAHMA UMDPOBM3ALMM CENbCKOTO XO35MCTBA
C MOMOLLbD NpUMeHeHMA pPobOTOB WM APOHOB ANA - MNPOTHO3MPOBAHMA YPOXKAMHOCTY,

ONTUMM3ALMM  UCNONb30BaHMA PECYpCcoB, BbifABAEHMSA OoNesHel U BpeauTeneit pacTeHun,
peKoMeHAaLMM No NPUHATUIO PELEeHWI, ypaBieHUs LenoYykamm nocTaBok.

KntoueBble CNOBa: M3MepeHue, 3KCnepumeHT, cbop, ApOoHbl, MeTod, ONTUMM3ALMS,
TeXHO/0rmA.

BBEAEHUE

CerofHA arpapHbIi CEKTOP, HECMOTPSA Ha CBOKO MHOTOBEKOBYHO MCTOPUIO, NEPEXMBAET NEPUOL
aKTMBHOTO TexHo/MorM4yeckoro obHoBAeHMA. BHeapeHWe MHHOBAUMOHHBIX LMOPOBbIX pelleHu
KapAMHaNbHO MeHAET NoAXOAbl K BEAEHWUIO CENbCKOTO XO3AMCTBA, OTKPbIBAA HOBble BOSMOXHOCTH
ana depmepos 1 CNeumanmcToB oTpacaun. Mcnonb3oBaHWe COBPEMEHHbIX TEXHONOTMIA NO3BONAET
6onee pauMOHaNbHO YNPaBAATb NMPOU3BOACTBEHHBIMM NPOLECCAMM, MOBbIWATbL MPOAYKTUBHOCTD,
ONTMMM3NPOBATL pacxoapl 7z obecneuynBaTtb 9KONOTMYECKYHO YCTOMNYMBOCTb
Ce/IbCKOX03ANCTBEHHOrO NPOM3BOACTBA.

Ocoboe 3HayeHWe npUOBPETAOT TEXHONOMMM TOYHOTO 3eMNefdennA, OCHOBAaHHble Ha
NpUMeHeHUn UMdpPOoBbIX NNaTGOPM, CUCTEM  MOHMUTOPMHIA,  CMYTHUMKOBBIX  AAHHbIX WU
aBTOMATU3MPOBAHHbIX CPEACTB YNpPaBaAeHUA. ITU MHCTPYMEHTbI CMOCOBCTBYIOT NPMHATUIO Bonee
0DOOCHOBaHHbIX  peweHnn 1 GOPMUPYIOT  NEepPCnekTMBbl  AafbHEMLWIEro  Pas3BUTUA
arponpoMmsbILWAeHHOro Komnaekca [1].

B TO e BpemAa cenbCKoe XO3SAMCTBO CTa/IKMBAETCA C PAAOM aKTyasbHbIXx npobnem. Poct
YMCNEHHOCTU HACENeHWA MWUPa NPUBOAMT K YBEMYEHMIO MOTPEOHOCTUM B MPOAOBONLCTBUMN U
TpebyeT HapawmBaHna 06bEMOB Npomn3BoAcTBa. [OMNOAHUTENbHbIE TPYAHOCTM CO34atoT
KNMMaTUYEeCKME M3MEHEHUS, NMPOABAAIOLLMECA B BUAE 3aCyX, PE3KMX MepenasosB TemnepaTypsbl,
HAaBOAHEHWUN W APYrMX HEONAroNPUATHBIX MPUPOAHbIX ABAEHWNIM, KOTOPbIE CHUMKAKOT YPOKAMHOCTb
CEe/IbCKOXO3ANCTBEHHbIX KynbTyp. Kpome TOro, OrpaHM4YeHHOCTb 3eMesIbHbIX, BOAHbIX U
HEPreTUYECKMX PEeCypPCcoB AMKTYET HEODXOAMMOCTb MX Bonee pPaumoHanbHOro 1 aPpPeKTUBHOro
MCNONb30BaHWA, 4YTO JAenaeT UMPPOBM3ALMIO arpapHOM OTPacAM He MPOCTO  aKTyaslbHOWM
TEeHAEHUMEN, @ BaXKHbIM YC/I0BUEM €€ YCTOMYMBOrO Pa3BUTUA.

OCHOBHAA YACTb

LndpoBble TexHonorMn npeaocTaBnaioT 3PPEKTUBHbIE WHCTPYMEHTbl A4S  pelleHus
COBpPEMEHHbIX MNpobnem arpapHor oTpacan. WX BHeapeHMe MNO3BONAET COBEPLIEHCTBOBATb
NPOM3BOACTBEHHbIE MpoLeccbl WM co3aaBaTb Hambonee 6GnaronpuATHble yCNOBMA  ANA
BblpaLLMBAHMA CEMbCKOXO3AMCTBEHHbIX KyAbTyp. bnarogapa NpUMEHEHWIO WMHTENNEKTyaNbHbIX
CUCTEeM yNpaBAeHUA CTAHOBMTCA BO3MOXHbIM Dosiee paLmMoHaibHOe MCNOb30BaHME 3eMe/bHbIX,
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BOZHbIX M SHEPreTUYEeCKMX PECYPCOB, a TaKKe COKpalleHMe 3aTpaT Ha MUHepPasbHble yaobpeHus,
CpeacTBa 3alWMTbl PaCTEHMI U roptoYe-CMa3o4Hble MaTepuansl.

Mcnonb3oBaHme UMOPOBbLIX peleHnit cnocobCcTBYeT MOBbLIWEHUIO KayecTBa YMNpaBAeHUsA
CeNbCKOXO3ANCTBEHHBIMW  NPeAnpUATUAMM 33  CYET aBTOMATM3aLMKM  MHOTMX ONepaumi,
onepatuBHoro cbopa nMHbopmaLum 1 NPUHATUSA PELlEeHWM HAa OCHOBe aHanM3a AaHHbIX. Kpome
TOro, COBPEMEHHbIE TEXHONOTMM MOMOratoT MMHUMM3MPOBATL HEraTMBHOE BO34ENCTBME Ha
OKpy)KalolLyto cpeny, obecneymBasa 3sKonormveckn 6esonacHoe w pecypcocbeperatollee
Npon3BOACTBO. He MeHee BaXKHbIM MPEeMMyLLECTBOM ABAAETCA BO3MOMKHOCTb OCYLLECTBNEHNA
KOHTPONA KayecTBa NPOAYKUMM Ha BCEX CTaAMAX e€ NPOM3BOACTBA — OT MOArOTOBKM MOYBbI A0
XPaHEHMA 1 peanmsaLmm yporkas.

MNpumeHeHne UMbpPOBbIX TEXHONOTMA B CE/IbCKOM XO3SIMCTBE OXBaTbIBAET LUMPOKUA KPyr
HanpaBNeHMI, cpeamn KOTOPbIX 0COB0e MecTo 3aHMMaeT TouHoe 3emnedenmne. OHO NpeacTasnaeT
cobO COBOKYMHOCTb METOA0B WM TEXHMYECKMX CPeacTB, OCHOBAHHbLIX Ha WCMNO/b30BaHMM
UMPPOBbLIX AAHHbIX ANA NOBbIWEHMA 3GGEKTUBHOCTU CENbCKOXO3AMCTBEHHbIX onepaunit. OaHMm
M3 OCHOBHbIX 3/1IEMEHTOB IaHHOM TEXHONOTMK ABASKOTCA CUCTEMbI CMYTHMKOBOW HaBuraumm GPS u
MOHACC, obecneyumBatolwie BbICOKOTOUYHYID OPUEHTALMIO CE/IbCKOXO3SMCTBEHHOM TEXHUKM,
NOCTPOEHME INEKTPOHHbBIX KapT No/ei 1 BbIMOAHEHWE arpOTEXHMYECKMX PaBOT C MMHMMAbHbIMM
OTK/IOHEHUAMM.

BaKHytO pONb UrPatoT Pas/IMYHble AATYMKM U CEHCOPHbIE CUCTEMbI, NpeAHa3HaYeHHble AnA
KOHTPONA COCTOAHMA MOYBbI, PACTEHMM K OKpyxatowen cpeabl. OHM MNO3BONAIOT NOAYYaTb
CBEAEHWNA O BNAXKHOCTU, TemnepaType, KNCAOTHOCTU NOYBbI, COAEPKAHMNM NUTATENbHbIX BELLECTB,
a TaKXe OUeHMBaTb COCTOAHME MOCEBOB, MHTEHCMBHOCTb MX pocTa M NoTpebHocTb B BoAe. Ha
OCHOBe COBPaHHbIX AaHHbIX CO34AtOTCA UMDPOBbIE KapTbl YPOXKANHOCTK, penbeda MeCTHOCTU U
arpOXMMMYECKNX XapPaKTEPUCTUK NOYBLI.

CoBpeMeHHble TEXHONOTUW TaKXKe NpeaycMaTpuBatoT anddepeHUMpOBaHHOE BHeCeHWe
yoobpeHun u cpeacts 3aluTbl pacTeHuid. CneumanbHble aBTOMATM3MPOBAHHbIE CUCTEMBI
onpeaenatoT NOTPebHOCTM KaXKAOro y4vacTka nond m obecnevmBaloT BHeceHMe HeobXxoAMMbIX
BELECTB B ONTMMabHOM KONMYECTBE, YTO CNOCOHCTBYET NOBbILLIEHNIO YPOIKANHOCTU U CHUMKEHWIO
NPOM3BOACTBEHHbIX 3aTpaT.

3HauMTenbHOe MeCcTo B UMOPOBM3aAUMM arpapHOro CekTopa 3aHMMatoT OecnuaoTHble
netatenbHble annapatbl M pobOTM3MPOBAHHbIE KOMMAEKCbl. [pOHbl  MCNOAb3ytTCA ANA
nposeAeHMA aapodPOTOCHEMKM, MOHUTOPMHIA COCTOAHMA NOCEBOB, BblABAEHMA NPOHAEMHbIX 30H
M NPOrHO3MPOBAHMA YPOXKANHOCTU. POBOTU3NPOBAHHbIE CUCTEMbI MO3BOIAIOT aBTOMATU3NPOBATL
oTAeNbHble  TEXHO/IOTMYecKme onepaumm " MOBLICUTb  TOYHOCTb BbIMONHEHMA
CEeNbCKOX03AMCTBEHHbIX paboT(2].

Heotbemnemoim COCTaBMAOLLEN umdposoro cenbcKoro X0351CTBa ABaseTca
cneumannsnMpoBaHHoe NporpammHoe obecnedyeHmne, npeaHasHadyeHHoe ana cbopa, 0bpaboTKu U1
BM3yanmsaumm MHbOpMaLMM, NAAHUPOBAHMA MNPOM3BOACTBEHHbLIX MNPOLECCOB, YNpPaBAEHUA
pecypcamm 1 NOAAEPNKKU NMPUHATUA YNPaBAEHYECKMX pelleHnin. KomnaekcHoe MCnoib3oBaHMe
3TUX  TEXHOJIOTM  co34aéT  ycnoBua  ana  GOPMMPOBAHMA  BbICOKOIDDEKTUBHOIO,
KOHKYPEHTOCNOCOBHOTO M YCTOMYMBOrO arponpPOMbILLIEHHOTO NPOM3BOACTBA.

B coBpeMeHHbIX YCN0BUAX POOOTU3MPOBAHHbIE CUCTEMbI CTAHOBATCA BaXHOM COCTaBAAOLWEN
LMPPOBOTO  CE/MbCKOrO  X03sMCcTBa. POOOTbI  CNOCOOHbLI  BbIMOAHATL  WMPOKUM  CMEKTP
arpoTexHMYyeckMx onepaunin, BKAOYAA MNOCEB M nocadky KyabTyp, 6opbby ¢ copHoW
PACTUTENbHOCTbIO, YXO/, 33 MoceBaMm 1 cbop yporkasa. Mx npumeHeHme cnocobCcTByeT NOBbILLEHWIO
NPOM3BOANTENBHOCTM TPY/AA, CHUKEHWNIO 3aBMCMMOCTM OT PYYHOIO TPYAA M NOBbILIEHMIO TOYHOCTM
BbIMO/IHEHWNA CENbCKOXO3ANCTBEHHbIX PaboT.

Ocobyto ponb B PasBUTUM arpapHOro NPoM3BOACTBA UIPatOT TEXHONOTMM aHanM3a B6oNbLUMX
[@HHbIX MU UCKYCCTBEHHOIO MHTenneKTa. CoBpemeHHble MHGOPMALIMOHHbIE CUCTEMbI MO3BONAKT



I Proceedings of the 13th International Scientific Conference

cobupaTb, 0bpabaTbiBaTb M aHANM3MPOBATb 3HAUYNTE/IbHbIE 0OBbEMBI MHOOPMALMM, NOCTYyNAtOLLEN
M3  Pas3NIMYHbIX UCTOYHMKOB, TaKWMX KaK JaT4MKM W CEHCOPbl, CMYTHUKOBbIE CHUMKM,
MEeTeOopPOIOrMYECKMEe CNYKDObl, AaHHble O COCTOAHMM PbIHKA M pPe3yabTaTbl NPOM3BOACTBEHHOM
[eATeNbHOCTU NpeaAnpuAaTUA. Ha OCHOBE KOMMAEKCHOrO aHanu3a 3TWUX AaHHbIX GopmMupytoTca
NPOrHO3bl 7 pekomMmeHaaunu, Heobxogumble  anA 3ddEKTMBHOrO  ynpaB/ieHus
CEe/IbCKOXO3ANCTBEHHbBIM MPON3BOACTBOM.

B HacTosllee Bpema WMHTENNEKTyasbHble CUCTEMbI M POBOTU3INPOBAHHbLIE KOMMIEKCHI
MCMNONb3YKOTCA AN MPOrHO3MPOBAHMA YPOMKAMHOCTU CENbCKOXO3ANCTBEHHbIX KyAbTyp, 6onee
PALUMOHANIbHOTO MCMO/Mb30BaHMA MaTepuaibHbIX M MPUPOAHbLIX PECYpPCcOoB, CBOEBPEMEHHOIO
BbIABMEHMA 3ab0NeBaHNIN pacTeHUI M pacnpocTpaHeHua BpeauTeneit. Kpome Toro, TeXHOIOMMN
MCKYCCTBEHHOTO MHTENIEKTA MOMOrAtOT arpapusam nNpuHMMaTb 06OCHOBaHHbIE yNpaBAeHYEeCKMe
peleHna M COBEpLIEHCTBOBATb MPOLECCHl YNpaBAeHMUA NOTUCTMKOM M LLEMOYKaMM MOCTaBOK
CeNbCKOXO3ANCTBEHHOM NPOAYKUMN.

LleHTpanbHoe MecTo B UMdpoBON TpaHCcOOpPMaLMM arponpPOMbILNEHHOIO KOMM/EKca
3aHMMaeT TOYHOe 3emnefenve, NpeacTasaaowee cobot COBPEMEHHYIO CUCTEMY ynpaBieHUs
NPOW3BOACTBOM, OCHOBaHHYO Ha yuéTte NPOCTPAHCTBEHHOM HEeoHOPOAHOCTM
CE/IbCKOXO3ANCTBEHHbIX Yrogui M WUCMNO/Ib30BaHUMU LUMPPOBbLIX TEXHOAOTUIA A1 MOBbIWEHNS
3bDEKTUBHOCTM arpoOTEXHNYECKMX MEPONPUATUNIA.

OAHVM M3 BaXKHEMLWMX 31eMEeHTOB TOYHOro 3emneaenna asnaetca anddepeHUMPOBaHHOe
BHeceHWe yaobpeHuit. Ha OCHOBaHWM pe3ynbTaTOB arpOXMMMYECKOro aHa/v3a Mo4uBbl M KapT
nAo4opoAnA onpeaenaeTca NOTPebHOCTb KaXKA0ro y4acTka NoaA B NUTATENbHbIX BELLECTBAX, YTO
No3BONAET BHOCUTb yaoOpeHMa B HeobxoAuMMbIX KOAMYecTBax. Takol noaxohd cnocobcrsyeT
COKPALWEHMO  MaTepumanbHbIX  3aTpaT WM OAHOBPEMEHHO  MOBbLIWAET  YPOXKAMHOCTb
Ce/IbCKOXO3ANCTBEHHbIX KYbTYP.

AHaANOrMYHbBIN MPUHLMN NPUMEHAETCA NMPW MCNONAb30BAaHUU CPEACTB 3alUMTbl PACTEHWN.
Bnarogaps aHanM3y AaHHbIX O PacnpoCcTpaHeHn bonesHen n BpeanTenen NecTmumabl BHOCATCA
TONbKO B Te 30Hbl, rae AeNCTBUTENbHO CyLLeCTBYeT HeOobXOAMMOCTb WX MPUMEHeHMA. ITo
NO3BONAET YMEHbLINTb PACXOA XMMMUYECKUX NPenapaToB U CHU3UTb HEraTUBHOE BO3AENCTBME Ha
OKPY KaloLLyto cpeay.

BasKHbIM HanpaBneHnem UMbpPOBM3aLMM ABNAETCA BHEAPEHWUE WHTENNEKTYasbHbIX CUCTEM
opolweHuA. ABTOMATM3NMPOBAHHbIE CUCTEMbI PETYIMPYHOT OOBEMbBI U PEXMMBI NMOMBA C YY4ETOM
COCTOAHMA MNOYBbI, NOTPeBHOCTEM PACTEHMA W TEKYLIMX MNOTOAHbIX YCA0BMIA. Takon MNOAXOA,
obecneuynBaeT 6onee 3dHeKTUBHOE MCMNONb30BAHNE BOAHbIX PECYPCOB 1 CO3A3ET BAaronpusaTHbIe
YC/IOBUSA 1A POCTa M Pa3BUTUA CE/IbCKOXO3ANCTBEHHbIX KyAbTYp[3].

BbIBOAbI

Bonbluoe 3HaYeHWe B COBPEMEHHOM 3emedennn npuobpeTtatoT HecnuaoTHbie NeTaTeNlbHble
annapatbl. Vicnonb3oBaHWe APOHOB NO3BO/ISET ONEPaTUBHO MNOyYaTb MHGOPMALIMIO O COCTOSHUM
NoCeBOB, BbIABNATL MNpPoGAEMHble  y4aCTKM, KOHTPO/NMPOBATb  PA3BUTME  pacTeHU w
MPOrHO3MPOBaTb OyAyllyld YPOXKAMHOCTb. [OMNOAHUTENbHbLIA aHaAM3 AaHHbIX O MOroAHbIX
YC/IOBUAX, COCTOAHMM MOYBbI M AMHAMMKE POCTa Ky/bTYP A3ET BO3MOXKHOCTb BbiOMpaTh Hanbonee
6naronpuaTHble CPOKM MNPOBEAEHMSA MOCEBHbIX M ybOOpO4YHbIX paboT, 4yTo cnocobeTByeT
NnoBblWeHNO 3POEKTUBHOCTM MPOM3BOACTBA M CHUMEHUIO MNOTEPb CEAbCKOXO3ANCTBEHHOM
NpoAyKLMN.
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Abstract

Ta’arof is often described as a system of ritual politeness in Persian-speaking culture, especially in
I[ranian social interaction. However, reducing Ta’arof to “politeness,” “etiquette,” or “cultural
ornament” weakens its linguistic and pedagogical importance. This theoretical article argues that
Ta’arof should be understood as a form of sociopragmatic competence in Persian language
learning. In Persian interaction, offers, refusals, thanks, invitations, compliments, and forms of
self-lowering often do not operate through literal meaning alone. They are shaped by culturally
organized expectations concerning respect, modesty, hierarchy, reciprocity, and relational
harmony. For learners of Persian, this creates a major interpretive challenge: a grammatically
correct understanding of an utterance may still lead to communicative misunderstanding. Drawing
on studies of Persian politeness, face, communicative competence, and intercultural pragmatics,
this article proposes that Ta’arof should be explicitly integrated into Persian language teaching. It
suggests that Ta’arof can be taught through contextualized dialogues, role-play, pragmatic
awareness tasks, and comparison of literal and sociocultural meanings. The article concludes that
Ta’arof is not merely a cultural topic added to language instruction; rather, it is part of how
meaning is negotiated in Persian.

Keywords: Ta’arof, Persian language teaching, sociopragmatics, politeness, intercultural
competence, pragmatic competence

1. Introduction

Language learning is not limited to vocabulary, grammar, and pronunciation. A learner may know
the grammatical structure of a sentence and still misunderstand what the speaker is doing with
that sentence in a real social context. This is especially clear in Persian, where many everyday
interactions are shaped by Ta’arof, a culturally embedded system of ritual courtesy, modesty,
deference, and indirectness. Ta’arof appears in greetings, invitations, offers, refusals, thanks,
compliments, commercial exchanges, family relations, academic interaction, and public
encounters. It is therefore not a marginal cultural habit, but an important part of Persian
communicative life.

In many introductory explanations, Ta’arof is presented as “Iranian politeness” or “excessive
courtesy.” Such definitions are useful at a very basic level, but they are insufficient for language
teaching and intercultural communication. Ta’arof does not simply mean being polite. It involves
a complex relation between what is said, what is meant, what is socially expected, and how
participants interpret one another’s intentions. For example, an offer may not be a simple offer, a
refusal may not be a final refusal, and a phrase of self-lowering may actually function as a way of
honoring the other person. These forms of communication cannot be explained only through
direct translation.
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The present article argues that Ta’arof should be treated as a form of sociopragmatic competence
in Persian language learning. Sociopragmatic competence refers to the learner’s ability to
understand how social meanings are expressed in language according to context, relation, status,
intention, and cultural expectation. From this perspective, Ta’arof is not merely a topic for cultural
notes at the end of a textbook chapter. It is part of communicative meaning itself.

The article is theoretical in nature. It does not present new empirical data, but it draws on existing
studies of Persian politeness, communicative competence, and intercultural language teaching. Its
main aim is to offer a simple but pedagogically useful framework for understanding Ta’arof in
Persian language education. The central claim is that Persian learners need not only grammatical
competence, but also the ability to recognize when an utterance should be interpreted literally
and when it should be understood as part of a Ta’arof sequence.

2. Communicative Competence and the Place of Ta’arof

The concept of communicative competence shifted language teaching away from a narrow focus
on grammar. Hymes (1972) argued that knowing a language means knowing not only whether an
utterance is grammatically possible, but also whether it is socially appropriate. Canale and Swain
(1980) later developed this idea in language education by distinguishing different dimensions of
communicative competence, including grammatical, sociolinguistic, discourse, and strategic
competence. These frameworks are important for Persian teaching because Ta’arof belongs
precisely to the social and pragmatic dimensions of language use.

If a Persian learner hears the expression “gabel nadarad” in a commercial or interpersonal
exchange, a literal translation such as “it has no value” or “it is not worthy” does not explain the
social function of the phrase. Depending on the situation, it may be a courteous formula, a ritual
refusal of payment, an expression of generosity, or an opening move in a sequence where the
other person is expected to insist. The learner’s problem is therefore not lexical alone. The main
difficulty is sociopragmatic: how should this expression be interpreted in this situation, between
these speakers, with this relation of status and familiarity?

Ta’arof also demonstrates the limits of treating politeness as a universal system that functions in
the same way across cultures. Brown and Levinson’s (1987) influential theory of politeness is
useful because it highlights face, indirectness, and the management of social relations. However,
Persian politeness cannot be fully explained by a simple distinction between positive and negative
face. Koutlaki (2002) argues that Persian offers and expressions of thanks may function not merely
as face-saving acts, but as face-enhancing acts. In other words, the speaker may honor both self
and other through the performance of ritual courtesy. This is highly relevant for Persian language
teaching because learners may wrongly interpret such interactions as insincere, excessive, or
confusing if they rely only on their own first-language normes.

Ta’arof therefore belongs to the broader field of pragmatic competence. Pragmatic competence
requires understanding how speech acts such as requesting, refusing, thanking, inviting,
apologizing, and complimenting are performed in socially appropriate ways. Ishihara and Cohen
(2010) emphasize that pragmatics is where language and culture meet. This is exactly the point at
which Ta’arof becomes pedagogically important. It is not enough to teach learners how to say
“thank you,” “please,” or “come to my house.” They must also learn how these expressions
operate within sequences of expectation, insistence, modesty, and relational negotiation.

3. Ta’arof in Persian Social Interaction

Ta’arof can be understood as a culturally patterned system of verbal and non-verbal behavior
through which speakers manage respect, modesty, and social distance. It is not a fixed rule applied
in the same way everywhere. Its form changes according to age, gender, class, familiarity, region,
context, and institutional setting. Nevertheless, several recurring features can be identified:
deference to the other, lowering of the self, indirect expression of desire, ritualized offering,

repeated refusal, and verbal exaggeration of respect.
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Beeman’s (1986) sociolinguistic analysis of Iranian interaction is especially important because it
connects language, status, and power. In Iranian social life, speech is not merely a vehicle of
information; it is a medium through which social relations are organized and displayed. Ta’arof
participates in this organization. Through Ta’arof, speakers may avoid appearing selfish, direct,
greedy, proud, or disrespectful. At the same time, they may protect the dignity of the other person
by offering honor, choice, and symbolic superiority.

One of the most visible forms of Ta’arof occurs in invitations and offers. A host may repeatedly
invite a guest to eat more, stay longer, or visit again. The guest may refuse at first, even if willing
to accept. The host may insist, and the guest may eventually accept after a ritual sequence. The
meaning of the exchange does not lie in one sentence alone. It emerges through the sequence. A
direct acceptance at the first offer may sound too eager in some contexts, while a final refusal may
require careful phrasing to avoid offense.

Babai Shishavan’s (2016) study of refusals in Persian is useful here because it distinguishes
between genuine refusals and ostensible or ritual refusals. In Persian, a refusal may not always
mean that the speaker truly rejects the offer. It may be part of a ritualized pattern in which the
speaker demonstrates modesty, restraint, or respect. For learners of Persian, this creates a serious
interpretive challenge. If they treat every refusal as literal, they may fail to understand the
interaction. If they treat every refusal as ritual, they may become socially intrusive. Competence
therefore requires sensitivity to context, tone, repetition, relation, and the type of offer.

Ta’arof also appears in expressions of gratitude and humility. A speaker may lower the self through
phrases that present the other person as generous, honorable, learned, or superior. These
expressions should not always be interpreted as literal statements about inferiority. They are often
relational moves. Their purpose is to build or maintain social harmony. Similarly, compliments may
be answered with denial, minimization, or self-deprecation. A person praised for skill, beauty,
knowledge, or hospitality may reject the compliment not because the compliment is false, but
because modesty is socially expected.

At the same time, Ta’arof should not be romanticized. It can create pressure, ambiguity, and
misunderstanding. It may force people to accept obligations they did not want. It may hide real
intentions behind excessive courtesy. It may also be difficult for younger speakers, diaspora
speakers, or second-language learners to navigate. Shiri’s (2023) recent work on attitudes toward
Ta’arof shows that Ta’arof is not simply a stable traditional code; it is also a social practice that
people may evaluate differently. Some may see it as beautiful and respectful, while others may
experience it as burdensome, indirect, or outdated. This internal diversity is important for
teaching. Learners should not be told that “all Iranians always do Ta’arof in the same way.” Instead,
they should learn that Ta’arof is variable, context-dependent, and socially meaningful.

4. Ta’arof as Sociopragmatic Competence

The central argument of this article is that Ta’arof should be taught as sociopragmatic competence
rather than as a cultural curiosity. Sociopragmatic competence concerns the learner’s ability to
judge what kind of language is appropriate in a given social situation. It includes understanding
power relations, social distance, degree of imposition, politeness expectations, and culturally
preferred forms of speech. Ta’arof is a clear example of this competence because it regulates how
Persian speakers perform social actions indirectly and relationally.

A learner may know how to form polite imperatives, use pronouns, conjugate verbs, and
understand common phrases. However, without sociopragmatic competence, the learner may still
misread the interaction. For example, when a host says, “befarmayid,” the phrase may mean
“please,” “comein,” “go ahead,” “eat,” “sit,” or “after you,” depending on the context. Its meaning
cannot be reduced to one dictionary equivalent. It is a pragmatic signal that invites the other
person into a socially appropriate action. Similarly, “lotf darid” may be translated as “you are kind,”
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but its function may be to modestly receive a compliment, soften social distance, or return
respect.

Ta’arof therefore requires learners to move from sentence-level meaning to interactional
meaning. In grammar-based teaching, the sentence is often treated as the basic unit of meaning.
In Ta’arof, however, meaning is distributed across a sequence. The first offer, first refusal, second
offer, second refusal, insistence, acceptance, thanks, and self-lowering all work together. The
learner must understand not only what each sentence means, but what role it plays in the
interaction.

This also means that Ta’arof is closely connected to intercultural competence. Kramsch (1993)
argues that culture is not an additional fifth skill separate from language, but a central dimension
of meaning. In the case of Persian, Ta’arof shows this clearly. A learner who lacks knowledge of
Ta’arof may evaluate Persian interaction through the norms of another language. They may think
Persian speakers are not sincere, or that they never say what they mean. Conversely, Persian
speakers may perceive the learner as cold, rude, overly direct, or socially untrained. The problem
is not only linguistic error, but pragmatic mismatch.

This point has become even more relevant in the digital age. Recent work on large language
models and Ta’arof suggests that even advanced computational systems may fail to recognize
culturally specific politeness norms. Gohari Sadr et al. (2025) show that general politeness does
not automatically equal culturally appropriate Ta’arof. This supports the broader argument of the
present article: Ta’arof cannot be reduced to generic politeness. It must be understood as a
culturally situated pragmatic system.

5. Pedagogical Implications for Persian Language Teaching

If Ta’arof is part of sociopragmatic competence, then Persian language teaching should include it
explicitly and systematically. Many Persian courses introduce Ta’arof only through short cultural
notes. For example, a textbook may explain that Iranians use many polite expressions or that hosts
insist when offering food. Such notes are helpful, but they are not enough. Learners need repeated
exposure to Ta'arof in context, with attention to sequence, intention, relation, and interpretation.
First, Ta’arof should be taught through contextualized dialogues rather than isolated phrases. A
list of expressions such as “gabel nadarad,” “befarmayid,” “lotf darid,” and “sharmandeh-am” is
useful only if learners also see when, why, and how these expressions are used. A classroom
dialogue may show a shopkeeper and customer negotiating payment, a host and guest negotiating
food, or a teacher and student exchanging compliments. The teacher can then ask learners to
identify which expressions are literal and which are ritualized.

Second, learners should be trained to distinguish between literal refusal and ritual refusal. This
can be done through scenario-based tasks. For example, students may read three short dialogues:
one in which the guest truly cannot stay, one in which the guest refuses only at first, and one in
which the host’s invitation is merely polite. Students can discuss the signs that help them interpret
the situation: repetition, tone, relationship, urgency, body language, and the type of invitation.
Third, role-play can be used to develop pragmatic awareness. Students can act out common
Ta’arof situations: entering a room, offering tea, giving a compliment, receiving a gift, paying in a
taxi, or inviting a colleague. The aim should not be to make learners imitate exaggerated Ta'arof
mechanically. Rather, the aim is to help them feel how social meaning is negotiated in Persian.
After each role-play, the teacher can ask what would happen if the learner accepted too quickly,
refused too strongly, or translated directly from their first language.

Fourth, teachers should compare direct translation with pragmatic interpretation. This is
especially important because Ta’arof often creates translation traps. For example, “gabel
nadarad” should not simply be taught as “it is free” or “it has no value.” Its interpretation depends
on context. Similarly, “chashm” may be translated as “eye,” but pragmatically it can mean
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“certainly,” “I will do it,” or “with respect.” By comparing literal meaning and social meaning,
students learn that language is not only a system of words but also a system of relations.

Fifth, Ta’arof should be taught with internal diversity and critical awareness. Not all Persian
speakers use Ta’arof in the same way. Some may use it frequently; others may avoid it. Some may
consider it respectful; others may criticize it as artificial or socially tiring. Generational, regional,
class-based, gendered, and diaspora differences may also affect Ta’arof practices. Therefore,
learners should not receive rigid rules such as “always refuse three times” or “never accept the
first offer.” Such formulas may create new misunderstandings. A better approach is to teach
Ta’arof as a flexible cultural-pragmatic system.

Sixth, teachers should connect Ta’arof to broader communicative competence. Ta’arof can be
integrated into lessons on greetings, invitations, food, shopping, family visits, academic
communication, and formal correspondence. It does not need to be taught as a separate cultural
unit only once. Instead, it can appear gradually across levels. Beginners can learn basic formulas;
intermediate learners can analyze dialogues; advanced learners can compare Ta’arof with
politeness systems in other languages and discuss its social meanings critically.

Finally, assessment should also include pragmatic interpretation. A learner’s success should not
be measured only by grammatical accuracy. Teachers can ask students to explain what a speaker
probably means in a dialogue, choose an appropriate response, or rewrite a direct sentence in a
more culturally appropriate form. This kind of assessment encourages learners to think beyond
grammar and toward communicative meaning.

6. Discussion

The theoretical importance of Ta’arof lies in its ability to show that politeness is not universal in
form, even when all societies have ways of managing respect and social harmony. Ta’arof
challenges simple models of communication in which speakers say what they mean directly and
listeners decode the message literally. In Persian interaction, meaning often emerges through
social choreography. Speakers may offer what they do not expect to be immediately accepted,
refuse what they may later accept, and lower themselves in order to honor others.

This does not mean that Ta’arof is irrational or deceptive. Rather, it means that sincerity and
indirectness are organized differently across cultural systems. In many Ta’arof situations, the point
is not to hide meaning but to perform respect. The performance itself is meaningful. A direct offer
without ritual courtesy may feel incomplete, while a direct refusal without softening may feel
harsh. From this point of view, Ta’arof is not outside language; it is part of how Persian language
creates social reality.

For Persian language pedagogy, the implication is clear. Teaching Persian without Ta’arof risks
producing learners who are linguistically competent but pragmatically vulnerable. They may
understand the dictionary meaning of words, but fail to understand the social meaning of
interaction. This gap is especially important for learners who will travel to Iran, interact with
Persian-speaking communities, read contemporary dialogues, translate literary or cinematic texts,
or work in intercultural settings.

7. Conclusion

This article has argued that Ta’arof should be understood as a form of sociopragmatic competence
in Persian language learning. Ta’arof is not merely politeness, etiquette, or cultural decoration. It
is a system through which Persian speakers negotiate respect, modesty, status, generosity, refusal,
gratitude, and social harmony. Because its meanings often go beyond literal translation, it creates
important challenges for learners of Persian.

The article proposed that Ta’arof should be integrated into Persian language teaching through
contextualized dialogues, role-play, pragmatic awareness tasks, comparison of literal and
interactional meaning, and discussion of cultural variation. Such an approach helps learners
understand not only what Persian expressions mean, but what they do in social interaction.
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For a simple theoretical article, the main contribution is modest but important: Ta’arof should be
moved from the margins of “culture notes” to the center of Persian communicative competence.
A learner who understands Ta’arof does not merely learn a cultural habit; they gain access to one
of the key ways in which Persian organizes social meaning.
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Today, the main method of thermal treatment of municipal solid waste is its direct
incineration. At the same time, technologies based on processes such as gasification, pyrolysis,
and combustion in slag melts are also known, including those utilizing plasma torches; however,
they are used on a very limited scale and have virtually no impact on the overall volume of waste
utilization [1-3]. During the gasification process, the feedstock is mainly converted into synthesis
gas consisting of H,, CO, and CO,. Paper and cardboard constitute a significant portion of municipal
solid waste (up to 40% in developed countries). The second largest category worldwide is organic

102



«Research Reviews» (June 18-19, 2026). Prague, Czech republic I

matter, including food waste and other household waste, while metals, glass, and plastics account
for 7-9% of total waste [4]. Compared with the conventional combustion of solid fuels, another
advantage of municipal solid waste gasification is the almost complete gasification of carbon,
resulting in a significantly lower degree of incomplete fuel combustion; consequently, the
producer gas and ash residues contain no unreacted carbon or soot [5].

During the briguette production process, biomass and coal were used (Table 1). Food
waste was used as the biomass component. Subsequently, 100 g of food waste and 50 g of Sarykol
coal were mixed at a ratio of 2:1, after which water, starch, and alkali were added according to
the procedure, and a homogeneous mixture was prepared.

Table 1 — First steps in making briquettes

Step 1 Step 2 Step 3
First, 100 grams of food waste | The food waste was dried in a [ Removed from the oven,
was taken. drying oven for 1-1.5 hours. they were dried in the room

for a few more days.

Dissolve 0.5 grams of lye in 17.3 grams of water. Add 5.2 grams of starch to it and mix well.
A loose mixture is formed. It is mixed with a mixture of coal and food waste to make a
homogeneous ready-made mixture. Then it is placed in a special hydraulic press, compacted and
briquettes are made (Figure 1).

Figure 1 — Briquettes made from Sarykol coal and food waste

Gasification is a thermochemical conversion process of solid fuels, including coal and coal
briquettes, at high temperatures (typically 800—1000°C) in a limited oxygen or steam environment.
As a result of this process, synthesis gas is produced, consisting mainly of CO, H,, and other
combustible gases, which can subsequently be used for energy or technological purposes. To
ensure the efficient gasification of coal briquettes, it is important to investigate their
physicochemical properties, including moisture content, ash content, elemental composition, as
well as ignition and self-ignition temperatures.

During the gasification process, the concentration of the gas obtained from the first sample
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was analyzed using a gas chromatograph (GC) (Table 2 and Figure 2). The table demonstrates the
effect of temperature on gas concentrations during the gasification process. An increase in
temperature significantly changes the gas composition. For example, at 200°C, the hydrogen (H,)
concentration reaches 98.93%, indicating its predominance. However, as the temperature
increases (up to 700°C), the proportion of other gases rises. At 700°C, the hydrogen concentration
decreases to 26.44%, while the levels of gases such as carbon monoxide (CO) and methane (CHy)
increase.

Table 2 — Gas concentrations during the gasification process of briquettes made from
Sarykol coal and food waste with the presence of water vapor

Temperature |Concentration of gases released during the gasification process (%)

H, 0, N, o, CO H,S CH, CsHg
200°C 98.93 0.04 - 1.03 - - - -
300°C 99.47 0.03 - 0.50
400°C 52.31 20.0 27.31 0.18 - - - -
500°C 50.30 19.37 30.33 - - - - -
600°C 45.87 16.59 16.04 17.91 3.37 - 0.22 -
700°C 26.44 6.61 16.87 28.88 8.78 1.50 10.28 0.64
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Figure 2 — Graphs of gasification of briquettes made from Sarykol coal and food waste with the
presence of steam at different temperatures

Initially, at lower temperatures (200°C and 300°C), hydrogen is the dominant component
of the gas mixture. However, as the temperature increases, the hydrogen concentration
decreases, while the concentrations of other gases begin to rise. At 700°C, the hydrogen
concentration decreases to 26.44%, indicating a reduction in its amount due to decomposition
and other chemical reactions occurring during the process. At a temperature of 700°C, the
concentration of carbon monoxide (CO) reaches 8.78%, while methane (CH,) is present at a level
of 10.28%. This demonstrates that higher temperatures promote the formation of carbon
monoxide and methane. From 200°C to 700°C, the proportion of these gases increases steadily.
Hydrogen sulfide (H,S) reaches a noticeable concentration only at 700°C (1.50%). Although its
content is relatively low compared to other gases, its formation becomes evident at elevated
temperatures. At temperatures of 200°C and 300°C, the gas composition consists mainly of
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hydrogen (Hz) and a small amount of oxygen (0,). At 700°C, however, the gas mixture becomes
more complex, containing nitrogen (N,), carbon monoxide (CO), methane (CH4), propane (CsHs),
and hydrogen sulfide (H,S). This indicates that temperature has a significant influence on both the
composition and concentration of the gases produced.

During the steam gasification of briquettes produced from Sarykol coal and food waste,
an increase in temperature significantly changes both the types and concentrations of the gases
formed. As the temperature rises, the levels of gases such as carbon monoxide (CO) and methane
(CH4) increase, while the hydrogen (H,) concentration decreases. This behavior can be regulated
in industrial processes depending on the required concentration of specific gases.

In the gasification process, the amounts of carbon and steam present in the initial
briquette play an important role. If the amount of steam is insufficient for the complete
gasification of carbon, only part of the carbon is converted into gas, while the remaining portion
stays unreacted in the form of solid residue. In addition, the ash contained in the briquette does
not participate in the reaction and remains as a solid residue after the process.

Table 3 —Material balance of briquettes made from Sarykol coal and food waste as a result
of the gasification process with the participation of water vapor

Incoming products Output products
No Name Composition No Name Composition
r % r %
1 "Sarykol" coal 50.2 9.3 1 Coal 12.65 2.3
2 Water 490 90.7 2 Gases 87.55 16.2
3 - - - 3 [Water and resin 440 81.5
4 Total 540.2 100 Total 540.2 100

The highest percentage in the composition of the output products is represented by water
and tar (81.5%), indicating the predominance of liquid-phase products during the gasification
process. The coal content accounts for only 2.3%, which means that only a small portion of the
solid coal remains after gasification, while most of it is converted into gaseous and liquid products.
Gas products constitute 16.2%, formed as a result of the release of steam and tar during the
gasification process. As a result of the gasification process, only a small amount of coal (2.3%)
remains in the output products, whereas the majority is converted into water and tar (81.5%).
These results characterize the efficiency of the gasification process and the nature of the obtained
products. The participation of steam in the process changes the composition of the products
formed during gasification, increasing the tendency toward the formation of liquid-phase products
as the main output.

In the second gasification experiment, performed using air and steam, the combustion
process was completed successfully. The concentration of the obtained gas was analyzed using a
gas chromatograph (GC) (Table 4, Figure 3).
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Table 4 — Temperature-dependent gas concentrations during the gasification process of
briquettes made from Sarykol coal and food waste with air and water vapor

Temperature  |Concentration of gases released during the gasification process (%)

H, 0, N, Co, CO H,S CHy4 CsHg
200°C 65 9.83 25.14 - - - - -
300°C 61.67 23.88 | 14.36 0.09
400°C 48.72 18.90 | 32.13 0.25 - - - -
500°C 50.36 19.01 | 30.50 0.13 - - - -
600°C 47.83 17.45 | 30.00 4.72 - - - -
700°C 50.91 18.62 | 29.01 1.47 - - - -

After gasification, the mass of the remaining product obtained from 54.46 g of briquette
was 7.90 g. The table shows how temperature affects the concentration of gases during the
gasification process. At the initial stage of the gasification process, namely at a temperature of
200°C, the hydrogen concentration is 65%, indicating that hydrogen is the dominant component
of the gas mixture. As the temperature increases, the hydrogen concentration gradually
decreases. At 300°C, its level is 61.67%, while at 700°C it decreases further to 50.91%.

500°C 600°C 700°C
Figure 3 —Graphs of gasification of briquettes made from Sarykol coal and food waste in the
presence of water vapor and air at different temperatures

At a temperature of 200°C, the oxygen concentration is 9.83%, which is relatively low.
However, as the temperature increases, the oxygen concentration rises significantly. At 300°C and
400°C, the oxygen concentrations are 23.88% and 18.90%, respectively, while at 600°C and 700°C
they reach 17.45% and 18.62%, respectively.

The nitrogen concentration remains relatively stable at all temperatures, although it
reaches its highest value at 200°C (25.14%). At temperatures of 300°C, 400°C, and 500°C, the
nitrogen content decreases to approximately 14—-18%.

Carbon dioxide (CO;) begins to appear starting from 300°C. At 300°C, its concentration is
0.09%, while at 600°C it increases to 4.72%.

The increase in carbon dioxide concentration may be associated with the intensification of
complete combustion and oxidation reactions at higher gasification temperatures. At a
temperature of 700°C and a heating rate of 20°C/min, the material balance for the activation of
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Sarykol coal was determined (Table 5).

Table 5—Material balance of activated carbon "Sarykol" at a temperature of 700°C with a
heating rate of 20°C/min

Incoming products Output products
No Name Composition No Name Composition
r % r %
1 "Sarykol" coal 54.46 13.82 1 Coal 7.9 2
2 Water 340 86.18 2 Gases 176.56 | 44.8
3 - - - - | Water and resin 210 53.2
4 Total 394.46 100 3 Total 394.46 100

During the coal activation process, the ash content is very low (2%), which indicates the
efficiency of the gasification or pyrolysis process. The majority of the coal is converted into gas or
liquid phases. The gas fraction in the resulting products is 44.8%, indicating that a significant
portion of water is condensed during the gasification process and remains in the final products.
This also confirms that the process proceeds in the presence of steam.

The combined fraction of water and tar is 53.2%, demonstrating that liquid products,
including organic compounds, are predominantly formed during the activation process.

During the activation of Sarykol coal, a large amount of water and tar is produced,
indicating the important role of steam and organic compounds in the process. The low ash content
(2%) confirms the efficiency of the activation process and shows that only a small amount of solid
residue remains after gasification. Overall, the process is dominated by the formation of liquid-
phase products, with a significant yield of water and tar.

The results of the study showed that briquettes made from Sarykol coal and food waste
show high efficiency in the processes of thermochemical gasification and activation in the
presence of water vapor and air. An increase in temperature significantly affects the composition
and concentration of gases: the amount of hydrogen decreases, and the formation of carbon
monoxide and methane increases. In addition, it was found that the main part of the products is
converted into a liquid phase (water and tar). The small amount of solid waste (ash) during
gasification indicates the efficiency of the process. The results obtained allow us to consider coal-
biomass briquettes as a promising raw material for energy production and gas production.
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Abstract

The article “Interdisciplinary Study and Enrichment with New Materials of the Collections
of the Institute of Paleontology, Zoology, Archaeology, and Archaeography (Based on the ‘Ghylym
Ordasy’ Museums)” The results of the comprehensive paleontological research conducted in May
2026 in the Tekes and Zhalanash basins of Almaty Province are considered within the framework
of the scientific program “Interdisciplinary Study and Supplementation of Collections of
Paleontology, Zoology, Archaeology, and Archaeography with New Materials (Based on the
‘Science Palace’ Museums)”. During the research, systematic reconnaissance, geological
observation, and the collection of fossil materials were carried out at the Esesartqan, Adyrgan,
Aigyrzhal, At the Zhabyrtau and Botamoynak paleontological localities, route reconnaissance,
geological observation, and fossil collection were conducted. As a result of the fieldwork, new
fossil remains of vertebrates were discovered, and the collection materials were supplemented.
The obtained data allow for the clarification of the Neogene stratigraphy, faunal composition, and
paleogeographic development features of the Tekes—Kegen region.

Keywords: Neogene, paleontology, Tekes Depression, Zhalanash Basin, Esesartkhan,
Adyrgan, Botamoynak, fossil vertebrates.

Introduction

The Tekes and Zhalanash basins in southeastern Kazakhstan are one of the important
palaeontological areas, where Cenozoic sediments are widespread and characterized by a rich
fossil record of vertebrate animals. Systematic geological and paleontological studies have been
conducted in these regions since the mid-20th century [1-4].

Comprehensive field studies were organized in this area from May 6 to 25, 2026, under
the scientific program “Ghylym Ordasy” of the National Academy of Sciences of the Republic of
Kazakhstan. The main objective of the work was to clarify the distribution of Neogene sediments,
assess the current condition of paleontological sites, and collect new scientific material.
Geological Description of the Study Area

The Tekes and Zhalanash basins are part of the intermountain tectonic structures of the
Northern Tianshan. The Tekes basin is bounded to the north by the Basulytau Ridge and to the
south by the Teriskey Alatau. The Zhalanash Basin was formed in genetic association with the
Kegen and Tekes basins [14].
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Conglomerates, sandstones, siltstones, clays, marls, and limestones are widespread in the
geological cross-section of the basins. These rocks represent sediments deposited in ancient
lacustrine, fluvial, and alluvial environments [2, 12].

Stratigraphically, the deposits consist of lower conglomerate beds, middle sandstone-mudstone
complexes, and upper lacustrine marls and limestones [2, 3].

Research Methods

A combination of geological, stratigraphic, and paleontological methods was used during
the research.

Geological work included: field surveys; geological mapping; and lithological description.
During the paleontological investigations, the following activities were conducted: prospecting for
fossil localities; stratigraphic observation; collection of fossil remains; conservation of bone
material; and field documentation.

The collected materials were prepared for subsequent laboratory processing and
taxonomic identification.

Results and Discussion

The Esecartgan Paleontological Site

The Esecart site is one of the most well-known Neogene fossil localities in the Tekes
Depression. Remains of turtles, ostriches, hipparions, rhinoceroses, camels, deer, and mastodons
have been identified from this site [1].

The previously studied fauna includes taxa characteristic of the late Miocene and early
Pliocene, as well as late Pliocene forms. Therefore, the question of determining the exact age of
this assemblage remains a current issue [1, 4].

View of the fossil-rich archaeological site

AdypgaH Paleontological Site
The Adyrgan site is located in the southeastern part of the Karaoit River valley. From this
location, remains of animals such as Agama sp., Struthio sp., Orientalomys adyrganus, *Mimomys
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ex gr. newtoni-intermedius*, *Equus stenonis*, Remains of animals such as Gigantocamelus
longipes and Gazella sinensis have been identified [4].

The lithology of the section consists of deposits formed in lacustrine and alluvial
environments. The faunal assemblage indicates a late Pliocene age [4, 5].
Aygyrzhal and Zhabyrtau localities

Upper Pliocene-aged sediments are widespread in the Aygyrzhal and Zhabyrtau areas.
Research at these sites has yielded vertebrate bone remains and faunal material [2, 3].
These sites play an important role in clarifying the stratigraphic strustu;e of the Tekes Depression.

Zhabertau Paleontological Site
Botamoynak Paleontological Site

The Botamoynak locality is one of the most important vertebrate fauna sites of the
Neogene period in Kazakhstan. Botaomynak bone remains were first identified in 1975 by GIN RAN
geologist S. A. Nesmeyanov. Excavations conducted from 1977 to 1980 uncovered a rich early
hippariodont fauna. The identified fauna included Dicerorhinus kurmetiensis, Chilotherium
anderssoni, Hipparion sp., Tragoceros frolovi, Lagomeryx satensis, Miotragoceros sp., Plesiogulo
crassa, lIctitherium wongii, Percrocuta sp., Pseudaelurus turnauensis, Chalicotherium
botamojnacum, and other vertebrates [6, 7].

In 2012, a new species of chalicotherian, Chalicotherium botamojnacum, was described
from this locality for the first time in Kazakhstan [9].

To this day, the Botamoynak paleontological site retains its high scientific significance.
Materials collected during previous excavations are one of the main sources for studying the
Pliocene—Miocene vertebrate fauna of Kazakhstan. In particular, the remains of Hipparion,
Chilotherium, Dicerorhinus, Gigantocamelus, and predatory mammals play an important role in
reconstructing the region's paleoecological conditions.

The current condition of the Botamoynak paleontological site indicates that the work of
technicians at the excavation site is necessary to make it suitable for further comprehensive
stratigraphic, taphonomic, and paleoecological research. Furthermore, this site holds exceptional
scientific value in terms of preserving Kazakhstan's geological and paleontological heritage.

Although the site's geological outcrops are well-exposed along the banks of the Shilik
River, individual sections show weathering, scouring, and slope failures due to natural erosional
processes. In particular, the loose layers of alluvial-proluvial deposits are being altered by
seasonal precipitation and temporary water flows. Currently, a certain level of anthropogenic
impact is observed at the site. Natural erosion is causing the disruption of certain stratigraphic
levels. Therefore, it is necessary to protect the paleontological site, conduct monitoring, and
organize scientific conservation measures.
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The Botamoynak aIeontoIogicaI site is marked in que

Results of the 2026 Field Studies

During the exploration work, new paleontological materials were collected. At the
Botamoynak site, friable sediments were identified covering the bone-bearing layers, indicating
the need for additional excavation work there.

Prospective sites for future systematic excavations were identified at the Adyrgan,
Aygyrzhal, and Zhabyrtau localities. These areas were noted for their high level of faunal remains
preservation.

Conclusion

As a result of the comprehensive studies conducted, new data was obtained on the
Neogene deposits and paleontological sites of the Tekes and Zhalanash basins.

Bone remains of the following animals were found at the Esekart fossil locality:
Palaeotragus, Samotherium, Sivatherium, Gazella, Hipparion, Gigantocamelus, and Anancus
kazachstanensis. The collected materials are of significant scientific importance for studying the
evolution of the Cenozoic vertebrate fauna of Kazakhstan, its stratigraphic structure, and its
paleogeographic development history.

In the future, it is recommended to continue large-scale excavations at the Botamoynak,
Adyrgan, Aygirzhal, and Zhabyrtau sites.
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Abstract

Rare correlations in biomedical data are usually treated as nuisances. When they are weak,
unstable, or inconsistent with prevailing models, they are often attributed to noise, batch effects,
hidden confounding, or statistical overfitting. This caution is necessary, but it has also created a
systematic blind spot. Across genomics, transcriptomics, proteomics, metabolomics, microbiome
research, and complex trait genetics, a recurring class of observations persists: correlations that
are statistically uncommon, directionally paradoxical, or mechanistically difficult to reconcile, yet
repeatedly reappear across independent datasets. These include inverse genotype-phenotype
relationships, stable transcript-protein discordance, trait-sharing loci with opposite phenotypic
effects, context-dependent host-microbiome associations, and tissue-specific reversals that
cannot be reduced to simple artifact. The present article develops a bioinformatic framework for
studying such unusual but likely real associations and advances a unifying hypothesis to explain
them.

We argue that rare correlations should not be defined merely by low frequency, but by a joint
profile of reproducibility, biological implausibility under dominant models, conditional stability,
and cross-layer asymmetry. Using evidence from disease-omics, systems genetics,
proteogenomics, microbiome research, and pleiotropic genetic studies, we show that many
paradoxical associations emerge at the intersection of asynchronous regulation, latent cellular
heterogeneity, ecological compositionality, nonlinear response surfaces, and time-lagged
adaptation. Rather than representing statistical debris, some rare correlations may be signatures
of hidden biological phase boundaries: transitions between regulatory states in which the
apparent relationship between two variables is determined by unmeasured state occupancy
rather than direct linear coupling.

On this basis, we propose the Latent State Boundary Hypothesis, which posits that rare but
reproducible paradoxical correlations arise when biological systems are sampled across mixed,
partially synchronized states distributed over multiple regulatory layers. In such settings, observed
variables may remain stably associated, but the sign, magnitude, or interpretability of the
association becomes counterintuitive because the correlation is generated indirectly by state
transitions, buffering loops, or ecological replacement processes. This hypothesis yields concrete
predictions. Rare correlations should strengthen after stratification by inferred state, show
nonlinearity or sign reversal across pseudotime or disease stage, replicate more robustly in
multimodal than in single-omic datasets, and map preferentially to nodes with regulatory
buffering, antagonistic pleiotropy, or high contextual plasticity.

115




Proceedings of the 13th International Scientific Conference

We outline computational strategies to detect, prioritize, and validate these patterns using public
datasets. These include compositional transformations, conditional dependence models, mixed-
effects correlation screens, latent variable inference, time-shifted correlation analysis, causal
triangulation with genetics, and network-based discordance scoring. We further discuss the
implications of rare correlations for biomarker discovery, causal inference, precision medicine,
and systems biology. The central conclusion is that unusual correlations should not be discarded
solely because they resist immediate explanation. In the era of multi-omics, some of the most
informative signals may be the least intuitive ones.

Keywords: bioinformatics; multi-omics; rare correlations; paradoxical associations; transcript-
protein discordance; compositionality; latent states; systems biology; causal inference; hypothesis
generation

Introduction

Biomedical data science has been built on a productive simplification: if an association is strong,
reproducible, and biologically plausible, it deserves attention; if it is weak, unstable, or paradoxical,
it probably reflects error. This rule has protected the field from innumerable false leads. However,
it also reflects the structure of earlier datasets, which were smaller, shallower, and often confined
to one molecular layer at a time. Contemporary bioinformatics operates in a different regime.
Public repositories now contain millions of measurements spanning DNA variation, chromatin
marks, RNA expression, protein abundance, metabolites, cellular neighborhoods, microbiome
composition, and clinical phenotypes. In this regime, the relationship between signal and
explanation has become less straightforward. Associations that once seemed implausible now
recur across studies, while many intuitively “clean” linear relationships collapse under multi-layer
validation (Birney et al., 2016; Civelek & Lusis, 2014).

One reason is that biological systems are not organized as synchronous pipelines in which DNA
determines RNA, RNA determines protein, and protein determines phenotype in a near-linear
manner. Regulation is distributed across timescales, compartments, and feedback loops.
Messenger RNA can rise while protein remains unchanged because of translational buffering or
altered protein turnover. A microbial taxon can correlate with disease in one cohort and invert in
another because the observed variable is compositional and ecologically constrained. A genetic
variant can appear simultaneously harmful for one trait and protective for another because
selection has preserved trade-offs over evolutionary time. A transcriptomic biomarker can track
disease severity but reflect consequences rather than causes. The closer one looks, the more often
biological correlation departs from naive expectation (Vogel & Marcotte, 2012; Liu et al., 2016;
Holmes et al., 2017).

These departures are not all meaningful. Many arise from well-known technical and statistical
distortions, including batch structure, collider bias, sparse matrices, over-normalization, and
hidden covariates. Yet the existence of artifact does not eliminate the possibility of genuine
exception. Indeed, some of the most durable findings in modern biology initially looked
paradoxical. Disease-omics studies repeatedly confronted associations that could not be
interpreted without accounting for cell composition and reverse causation (Birney et al., 2016).
Microbiome studies found that host genotype effects seemed weak or inconsistent at the global
level despite strong gene-specific microbial consequences in model systems (Spor et al., 2011).
Proteogenomic studies showed that transcript abundance frequently fails to predict protein
abundance in a manner that is too systematic to dismiss as noise (Buccitelli & Selbach, 2020;
Eraslan et al., 2019). Cross-trait genetic studies revealed loci whose shared architecture produces
mixtures of concordant and discordant trait effects, complicating any simple model of pleiotropy
(Lam et al.,, 2019).
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The present article addresses a neglected question: how should bioinformatics treat rare
correlations that are unusual, reproducible, and not yet mechanistically explained? The goal is not
to defend every anomaly. Rather, it is to establish a principled framework for separating
biologically generative exceptions from disposable artifacts. | use the term rare correlations to
describe associations that are uncommon relative to background expectations within a dataset
class, especially when they display one or more of the following features: sign inversion, cross-
layer discordance, context dependence, nonlinear emergence, or contradiction with prevailing
mechanistic models. Such correlations are not important because they are rare per se. They are
important because they frequently mark the limits of the current explanatory model.

This manuscript makes four arguments. First, rare correlations can be classified into recurring
bioinformatic types, each with distinct failure modes and interpretive opportunities. Second, the
same methodological features that create false paradoxes can also conceal true biological
exceptions; therefore, rigorous filtering should be coupled to hypothesis generation rather than
used only as a deletion step. Third, published evidence across multi-omic domains suggests that a
subset of unusual correlations is structurally real and can reveal hidden regulatory organization.
Fourth, these observations can be unified by a novel explanatory model, the Latent State
Boundary Hypothesis, in which paradoxical correlations arise when measurements are taken
across asynchronous, mixed, or transitioning biological states. Under this view, the anomaly is not
the correlation itself, but our assumption that the sampled system occupies one coherent state at
one level of description.

Why Rare Correlations Matter in Bioinformatics

Bioinformatics has traditionally prioritized central tendency. Differentially expressed genes, major
guantitative trait loci, pathway enrichments, and consensus co-expression modules are designed
to capture recurrent structure. This emphasis is statistically sensible because common patterns
are easier to estimate and more likely to replicate. However, in complex systems, rare structure
can be disproportionately informative. A rare regulatory inversion may identify a stress-adaptive
switch. A small subset of loci with discordant pleiotropic effects may distinguish developmental
from adult disease mechanisms. A low-prevalence but repeated transcript-protein mismatch may
point to translational control that defines a clinically important phenotype. Ignoring uncommon
but consistent patterns therefore creates a selection bias toward explanatory comfort.

The conceptual mistake is to equate rarity with irrelevance. In many biological systems, critical
state transitions are sparse by design. Stem-cell commitment, immune activation, metastatic
escape, ecological collapse, and acute compensation to injury often occupy narrow temporal
windows or specific microenvironmental niches. Signals associated with these windows will
appear infrequently in bulk data, and when observed, they may contradict expectations derived
from steady-state biology. A paradoxical correlation may thus reflect low occupancy of an
important state rather than unreliability of measurement.

A second reason rare correlations matter is that they can expose missing variables. When two
variables remain associated after repeated adjustment but the sign is counterintuitive, one of
several things is usually true: the measurement scale is inappropriate; the model omits a latent
state; the relationship is nonlinear; the sampling window misses the causal interval; or the
variables are coupled through ecological or feedback structure rather than direct regulation. In
each case, the unusual correlation is diagnostically useful because it identifies where the current
representation of the system is insufficient.

Third, rare correlations are increasingly relevant to translational biology. Precision medicine
depends on subgroup structure. If unusual correlations cluster in particular ancestries, tissues,
ages, disease stages, or treatment contexts, then averaging them away may erase clinically
actionable heterogeneity. The practical future of systems medicine lies not only in recognizing
dominant biomarkers but in mapping the circumstances under which dominant biomarkers fail.
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A Taxonomy of Rare and Unusual Correlations

A rigorous treatment requires a taxonomy. Not all anomalies are alike, and different classes imply
different analytic strategies.

The first class is the cross-layer discordance correlation. This occurs when a variable at one
molecular layer correlates weakly, inversely, or non-monotonically with its expected downstream
counterpart. The classic example is transcript-protein discordance, in which mRNA abundance
explains only part of protein variability because translation, localization, and degradation
introduce buffering and delay (Vogel & Marcotte, 2012; Liu et al., 2016; Buccitelli & Selbach, 2020).
Similar discordance occurs between protein activity and abundance, or between metabolite pools
and upstream enzyme expression (Fernie & Stitt, 2012) (Fig.1).
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Figure 1. Conceptual overview of rare but reproducible correlations in multi-omic systems under
the Latent State Boundary Hypothesis. Panel A shows the conventional linear expectation of
concordance across molecular layers. Panel B illustrates the Latent State Boundary Hypothesis, in
which paradoxical correlations arise when biological systems are sampled across mixed or
transitioning states distributed asynchronously across regulatory layers, producing apparent sign
reversal, indirect association, buffering, and ecological replacement effects. Panel C summarizes
recurring classes of unusual correlations observed in bioinformatic data, including cross-layer
discordance, context reversal, compositional ecological effects, discordant pleiotropy, temporal
offset, state mixture, and methodologically masked signals.

The second class is the context-reversal correlation. Here, the sign of the association changes
across tissues, cell types, environments, or disease stages. A marker that appears protective in one
tissue may be harmful in another, not because one dataset is wrong, but because the biological
role is state contingent. Context reversal also includes Simpson-like effects, where aggregated
data obscure or invert within-stratum relationships. In disease-omics, such reversals are
frequently driven by changes in cell composition, ancestry structure, or disease stage (Birney et
al., 2016).

The third class is the compositional ecological correlation, common in microbiome and other
relative-abundance datasets. Because the total is constrained, an increase in one component
forces apparent decreases elsewhere, creating correlations that are algebraically induced or
ecologically mediated rather than directly causal. Yet these are not always artifacts. In ecological
systems, replacement processes are real biology. The challenge is distinguishing measurement-
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induced interdependence from true competitive, trophic, or host-mediated coupling (Gloor et al.,
2017; de Vos & de Vos, 2012).

The fourth class is the discordant pleiotropic correlation. A locus, pathway, or polygenic
component may be associated with multiple traits in opposite directions. Such patterns often
seem contradictory under one-trait models but become informative when traits occupy different
developmental, metabolic, or evolutionary landscapes. Antagonistic pleiotropy is the evolutionary
archetype: the same genetic architecture may enhance fitness or function under one condition
while increasing disease risk under another (Byars & Voskarides, 2020).

The fifth class is the temporal offset correlation. Variables can be causally related yet poorly
synchronized in measurement space. An acute transcriptomic response may precede a delayed
proteomic adaptation; a metabolite signature may lag behind pathway activation; a microbial shift
may follow, rather than initiate, inflammation. If samples are collected cross-sectionally, these
offset relationships can appear weak, inverse, or inexplicable. In dynamic systems, correlation
measured without time is often an alias of causation measured at the wrong phase.

The sixth class is the state-mixture correlation. Bulk measurements often average across
subpopulations occupying distinct molecular states. If a gene is highly expressed in one expanding
cell state but translated only in another, the aggregate relationship between RNA and protein may
become paradoxical. Similarly, a microbe may associate with disease only through expansion of a
host niche. The observed correlation then reflects changing state occupancy rather than pairwise
regulation.

The seventh class is the methodologically masked real correlation. Some true correlations look
anomalous because standard preprocessing distorts them. Over-correction for batch, rank-based
normalization, aggressive imputation, or unmodeled sparsity can flatten relationships that exist
only in tails, only above thresholds, or only in rare subgroups. In this situation, rarity arises not
solely from biology but from method-biological mismatch.

These classes overlap. Indeed, the most interesting rare correlations often combine several
features: they are cross-layer, context-reversed, temporally offset, and state-mixed
simultaneously. This complexity helps explain why they resist immediate interpretation.
Methodological Sources of False and True Paradox

Before assigning biological meaning, one must take seriously the many ways rare correlations can
be fabricated. Disease-omics studies are particularly vulnerable to confounding by cell
composition, medication, ancestry, age, and reverse causation. Birney et al. (2016) argued
persuasively that many epigenomic and other disease-omics findings fail because the measured
molecular mark may reflect disease consequences or changing cell populations rather than causal
biology. Rare paradoxical associations are enriched for such distortions because unusual signals
often arise where sample composition is unstable.

Compositionality is another major source of false paradox, especially in microbiome datasets.
Relative abundance induces interdependence among components even when absolute loads are
unchanged. Standard correlation on closed data can therefore produce artifactual negative
relationships or misleading network structure. Gloor et al. (2017) showed that this problem is not
optional; it is intrinsic to the data geometry. Yet the solution is not to dismiss all unusual
microbiome correlations. Rather, one must analyze them in the appropriate log-ratio space and,
where possible, compare against absolute abundance or ecological covariates.

Collider bias and over-adjustment can also generate biologically seductive but false associations.
Conditioning on a downstream consequence of two independent variables can induce a spurious
correlation between them. This is especially dangerous in clinical cohorts where inclusion criteria
are disease dependent. Likewise, selecting only survivors, responders, or treated individuals can
create protective-looking signals for harmful variables. The more selective the cohort, the more
plausible the paradox.

119




Proceedings of the 13th International Scientific Conference

Measurement discordance between platforms is equally important. Proteomics and
transcriptomics differ in depth, dynamic range, missingness, and molecular target. A gene absent
from proteomics may not be unexpressed; it may simply be hard to detect. Dumitriu et al. (2016)
showed that many differentially expressed transcripts in Parkinson disease were not represented
in the proteomic layer, complicating direct comparison. Such gaps can create apparent
inconsistencies that are partly technical. However, when discordance persists across well-
measured features and replicate cohorts, the explanation must expand beyond platform failure.
Finally, rarity can emerge from statistical summarization itself. Correlation assumes a symmetric
linear relationship across all observations. Biological systems often violate every part of that
assumption. Threshold effects, hysteresis, bifurcation, and saturation can vyield low global
correlation despite strong local coupling. Conversely, mixture distributions can vyield high
correlation without direct regulation. Rare correlations therefore demand models that separate
geometry from mechanism.

Bioinformatic Framework for Detecting Rare but Reproducible Correlations

A practical framework begins with a simple rule: unusual correlations should be screened under
multiple representations of the data before they are interpreted. This means that a candidate
association must survive not one correlation coefficient but a sequence of stress tests designed to
distinguish fragility from structured exception.

The first step is multi-scale preprocessing. For RNA and protein data, raw counts, variance-
stabilized values, and within-sample standardized abundances should all be examined. For
microbiome data, centered log-ratio or isometric log-ratio transforms should replace naive
relative abundance analysis where possible (Gloor et al., 2017). For multi-cohort studies,
harmonization should preserve biological tails rather than overcompress them.

The second step is replication under conditional models. A rare correlation is more credible if it
replicates after adjustment for major covariates, but it should also be tested for interaction rather
than only persistence. If the association disappears globally yet reappears strongly within age
strata, cell fractions, ancestry groups, or disease stages, this is not failure; it is evidence of context
structure. Mixed-effects models, partial correlation, and hierarchical Bayesian frameworks are
particularly useful here.

The third step is cross-layer concordance profiling. Rather than asking whether RNA predicts
protein in a generic sense, one should score each feature for its pattern across layers: concordant,
buffered, delayed, inverted, thresholded, or absent. This creates a “discordance phenotype” for
each gene or pathway. Genes in the buffered or inverted classes are likely enriched for
translational control, proteostasis, compartmentalization, or cell-state restriction (Buccitelli &
Selbach, 2020; Liu et al., 2016).

The fourth step islatent variable inference. Matrix factorization, topic models, variational
autoencoders, and graph-based single-cell decomposition can reveal hidden states that mediate
paradoxical relationships. The key question is not whether a latent factor exists, but whether
conditioning on it makes the unusual correlation more coherent. If an inverse association becomes
monotonic within inferred states, the anomaly likely reflected state mixture.

The fifth step istemporal or pseudotemporal realignment. When longitudinal sampling is
unavailable, trajectory inference, disease staging, or molecular clocks can approximate
progression. Correlations should then be reevaluated with lags or along pseudotime. Temporal
offset signals often emerge only after realignment of molecular layers.

The sixth step is causal triangulation. Genetic instruments, QTL colocalization, Mendelian
randomization, and network-based causal scoring can help decide whether an observed
association is upstream, downstream, or merely parallel to the phenotype of interest (Holmes et
al.,, 2017; Porcu et al., 2021; Kramer et al., 2014). Rare correlations that are unsupported by causal
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triangulation may still be useful biomarkers, but they should not be interpreted as mechanisms
without additional evidence.

The seventh step is failure analysis, which is as important as success analysis. A genuine rare
correlation often fails in patterned ways. It may vanish in one tissue but strengthen in another, fail
in steady state yet appear under stress, or depend on a narrow abundance window. Mapping the
topology of failure is often the fastest route to mechanistic insight.

Evidence from Disease-Omics: Association Without Easy Interpretation

Epigenome-wide and broader disease-omics studies illustrate the core problem. Molecular marks
associated with disease are frequently interpreted as mechanisms, yet many may reflect altered
cell composition, inflammatory consequences, or adaptive compensation rather than causal
origin. Birney et al. (2016) emphasized that disease-omics can mislead when the cellular
hypothesis is undefined. This critique is often taken as a warning against overinterpretation, but it
also reveals why rare correlations emerge. If a molecular feature tracks disease in only a subset of
contexts, or inversely relative to expectation, the explanation may lie in the mismatch between
the sampled biospecimen and the true disease process.

For example, a methylation mark associated with disease severity may appear paradoxically
protective when analyzed in whole blood because severe disease shifts leukocyte composition.
After deconvolution, the signal may localize to a rare immune state with a plausible role in
compensation or chronicity. Such findings are not “wrong” at the blood level; they are composite.
The rare correlation is the visible trace of an unmeasured cellular redistribution.

Systems genetics provides a broader framework for this phenomenon. Civelek and Lusis (2014)
described complex traits as flows of information across intermediate phenotypes rather than
direct gene-to-disease mappings. In such systems, unusual associations can arise when a locus
influences an intermediate network whose downstream phenotypic effect depends on tissue,
environment, or network state. A locus may correlate weakly with disease overall while exerting
strong, state-specific influence through one module. The signal therefore appears rare in the
phenotype space but structured in the network space.

This logic matters for biomarker development. If disease-associated molecular marks are
interpreted only by their average effect, rare but important subgroup-specific directions may be
missed. The field has spent considerable energy eliminating heterogeneity to produce cleaner
signatures. A complementary strategy is to model heterogeneity as signal-bearing structure.
Evidence from Transcript-Protein and Multi-Omic Discordance

Few areas demonstrate the reality of unusual correlations more clearly than the transcript-protein
relationship. For years, the limited correlation between mRNA and protein abundance was treated
either as a technical embarrassment or a vaguely acknowledged complexity. It is now clear that
the discordance is systematic, biologically informative, and central to gene regulation (Vogel &
Marcotte, 2012; Liu et al., 2016; Buccitelli & Selbach, 2020).

Liu et al. (2016) argued that transcript levels alone are often insufficient to explain phenotype
because protein levels depend on translation, localization, and degradation, all of which vary
across states and timescales. Buccitelli and Selbach (2020) extended this view by showing that
mRNA-protein correlation is shaped by contextual confounders and buffering mechanismes,
making transcriptomics and proteomics nonredundant rather than hierarchically redundant. The
significance for rare correlations is profound. Genes that deviate most strongly from expected
RNA-protein concordance may mark regulatory bottlenecks, proteostatic compensation, or stress
adaptation.

Large atlas-scale work reinforces this interpretation. Eraslan et al. (2019) generated a paired
proteome-transcriptome map across 29 healthy human tissues and observed strong differences
between RNA and protein quantities both within and across tissues. Protein abundance was often
more stable than transcript abundance, and many highly expressed transcripts lacked
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corresponding protein detection. This is not a random failure of technology alone. It suggests that
tissues distribute regulatory variance differently across layers. In practical terms, genes with
unusually stable protein despite volatile RNA may define buffered physiological functions, whereas
genes with high RNA but low protein may indicate poised or compartmentalized programs.
Disease studies show similar patterns. Dumitriu et al. (2016), analyzing Parkinson disease cortex,
found limited overlap between differentially expressed RNAs and proteins, yet the discordant
layers implicated complementary pathological pathways. Mitochondrial processes emerged more
strongly in proteomics, while protein folding pathways appeared prominently in RNA-seq. The
implication is that one layer may capture executed dysfunction while another captures attempted
adaptation. A paradoxical cross-layer relationship can therefore be real precisely because disease
biology is not synchronized.

The platelet study by Londin et al. (2014) adds another variant. Individuals showed strong
transcriptome correlations, but these associated only weakly with the platelet proteome. This
finding undermines the expectation that inter-individual RNA similarity should map
straightforwardly to protein similarity. Instead, it suggests that the platelet proteome may be
regulated by post-transcriptional inheritance, translational reserve, or activation history not
adequately reflected in measured RNA. Again, the unusual correlation is not empty; it points
toward hidden regulatory storage and delayed execution.

Metabolomics adds another layer of interpretive tension. Fernie and Stitt (2012) argued that
discordance between metabolites, proteins, and transcripts is not surprising given pathway
topology, chemistry, and network interactions. Metabolites integrate flux, compartmentalization,
substrate availability, and enzyme regulation, so they need not align with upstream abundance.
Rare metabolite-transcript correlations may therefore reveal branch-point control or rapid
homeostatic correction. Systems that are best buffered often look least intuitive in static data.
Evidence from Host-Microbiome Associations

Microbiome research is exceptionally rich in unusual correlations because both the host and the
microbial community are multistable, context-sensitive, and compositionally constrained. At first
glance, the literature seems contradictory. Twin studies and population studies often report
modest or inconsistent host genetic effects on overall gut community structure, whereas targeted
manipulations in model systems show that individual host genes can strongly reshape microbial
ecology. Spor et al. (2011) framed this tension explicitly: host genetics matters, yet global
heritability appears limited and variable.

This is precisely the kind of unusual but real correlation structure that deserves closer analysis.
The weak average host-genotype effect may not indicate biological insignificance. Instead, it may
mean that host control is sparse, localized, and contingent. A small number of host pathways may
regulate specific microbial hubs, but the overall community is simultaneously shaped by diet,
exposure, medication, stochastic colonization, and ecological succession. The result is a signal that
looks weak in aggregate but strong in selected subnetworks. Rare host-microbe correlations can
thus be genuine signatures of niche-specific control.

The problem is compounded by compositionality. Gloor et al. (2017) showed that microbiome
datasets are mathematically closed and therefore prone to misleading correlation structure under
standard analysis. Negative correlations in particular are easily overinterpreted. Yet a strict artifact
view is equally inadequate. Ecological replacement, resource competition, and host filtering
produce true negative associations. The analytic task is to determine whether the observed
pattern is invariant across log-ratio bases, robust to total load adjustment, and supported by
ecological or host covariates.

De Vos and de Vos (2012) made another important point: much of microbiome medicine remains
at the level of correlation rather than causation. But correlation is not therefore trivial. In systems
where reciprocal causation and ecological feedback dominate, causal direction may be distributed
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rather than linear. A disease-associated taxon may both reflect and reinforce host inflammation.
Such circular structure naturally yields paradoxical associations across cohorts, stages, and
interventions.

In bioinformatic practice, rare host-microbe correlations are particularly likely to identify hidden
ecological transitions. A taxon that appears protective only in early disease may in fact mark an
unstable intermediate state before community collapse. Another taxon may correlate inversely
with inflammation in one ancestry because it substitutes for a different functionally equivalent
organism absent in another ancestry. These are not contradictions of biology; they are reminders
that microbial communities are functional collectives, not fixed species lists.

Evidence from Cross-Trait Genetics and Evolutionary Trade-Offs

Cross-trait genetics provides some of the clearest examples of real but counterintuitive
association. Lam et al. (2019) analyzed cognition, educational attainment, and schizophrenia and
showed that shared genetic architecture could be partitioned into pathways with discordant
effects. Some components linked education and schizophrenia positively, while others tracked the
expected inverse relationship between cognition and schizophrenia risk. The overall pattern is not
a failure of association testing. It reveals that trait-sharing is mechanistically heterogeneous. A
single summary genetic correlation compresses multiple biological directions into one estimate.
This has broad implications. Many disease relationships that appear contradictory at the
epidemiologic level may reflect mixtures of developmental, synaptic, metabolic, or behavioral
pathways with different directions of effect. Rare discordant loci are therefore disproportionately
valuable because they identify the boundaries between mechanistic classes.

Evolutionary theory offers a related explanatory frame. Antagonistic pleiotropy predicts that
variants or pathways can confer benefit in one context while imposing cost in another. Byars and
Voskarides (2020) reviewed evidence for this pattern in human disease, arguing that trade-offs
may explain the persistence of some risk alleles. Under this view, a paradoxical association is not
anomalous but expected when selection acts across competing fitness landscapes. A gene that
promotes immune vigor early in life may increase late inflammatory disease. A pathway that
enhances neuronal plasticity may also elevate vulnerability to psychiatric instability.
Bioinformatics often rediscovers these trade-offs as discordant correlation rather than as explicit
evolutionary design.

The important insight is that discordant pleiotropy and antagonistic trade-off are not rare only
because the underlying biology is rare. They are rare because our analysis typically aggregates
across age, environment, phenotype definition, and developmental stage. Once stratified
appropriately, the “paradox” may resolve into structured trade-off geometry.

Toward a Novel Explanation: The Latent State Boundary Hypothesis

The evidence surveyed above suggests a unifying interpretation. Rare but reproducible unusual
correlations often arise where systems are observed across boundaries between latent biological
states. | therefore propose the Latent State Boundary Hypothesis.

The hypothesis has five core claims.

First, biological systems are organized into partially discrete but dynamically traversed states
distributed across multiple regulatory layers: transcriptional, translational, metabolic, cellular,
ecological, and phenotypic. These states need not be sharply separated in molecular space, but
they occupy distinguishable attractor-like regions.

Second, different molecular layers traverse these states asynchronously. Transcriptomes can
respond within minutes, proteomes more slowly, metabolite pools still differently, and
phenotypes only after integration. Microbial communities may lag host signals, and cell
composition may shift after molecular initiation.

Third, bulk observational datasets often sample mixtures of these states without directly
measuring state occupancy. The observed association between two variables therefore becomes

123



Proceedings of the 13th International Scientific Conference

a weighted function of hidden state distribution rather than a direct summary of pairwise
regulation.

Fourth, near state boundaries, the sign and magnitude of correlations become especially unstable
to intuition but not necessarily to replication. If one variable changes early and another late, or if
one is buffered while another is permissive, cross-sectional data can produce stable inverse or
nonlinear relationships even when both variables participate in the same biological program.
Fifth, such paradoxical correlations are most likely to occur in modules characterized by buffering,
feedback, ecological replacement, or evolutionary trade-off. In other words, rare correlations are
enriched where biological systems preserve function by redistributing control.

This hypothesis differs from a generic “hidden confounding” explanation in an important way.
Hidden confounding treats the anomaly as nuisance. The Latent State Boundary Hypothesis treats
the anomaly as a signature of regulated transition. Under this model, the paradox is informative
because it marks where biological coordination is changing state.

Predictions Derived from the Hypothesis

A useful hypothesis must yield predictions.

Prediction one: rare paradoxical correlations will become stronger and more interpretable after
latent-state inference. If the anomaly is driven by state mixture, clustering, deconvolution,
pseudotime alignment, or multimodal factorization should sharpen within-state relationships and
reveal distinct directionality across states.

Prediction two: these correlations will be enriched in genes and pathways known for post-
transcriptional regulation, protein turnover control, proteostasis, immune activation thresholds,
developmental switching, or ecological niche competition. This follows from the expectation that
buffering and replacement processes create asynchronous or indirect coupling.

Prediction three: paradoxical correlations will often show stage specificity. A disease-associated
inverse RNA-protein relationship should be strongest at transition points such as early
inflammation, compensation, metastable remission, or preclinical degeneration rather than across
the entire disease course.

Prediction four: cross-omic replication will outperform same-omic replication for unusual signals.
If a paradoxical relationship reflects hidden transition, one should often find complementary
evidence in another layer even when the same-layer effect is modest. For example, a weak inverse
RNA-protein signal may co-occur with strong pathway-level metabolomic or phenotypic
coherence.

Prediction five: genetic causal triangulation will divide rare correlations into at least three groups:
upstream drivers, downstream consequences, and transition markers. Transition markers may fail
classic causal tests yet remain highly predictive of boundary crossing.

Prediction six: network localization of rare correlations will be nonrandom. They should cluster at
interfaces between modules rather than in core housekeeping hubs. Boundary nodes transmit or
absorb state change; core nodes maintain continuity.

Prediction seven: in microbiome and ecological data, unusual negative associations that are real
will persist under compositional correction and map to functional replacement or resource
competition, whereas algebraically induced associations will not.

A Computational Pipeline for Public-Dataset Discovery

The Latent State Boundary Hypothesis is testable using existing data. A practical discovery pipeline
can be built entirely from public cohorts.

The first module would collect matched or linkable datasets across omic layers and phenotypes,
prioritizing cohorts with tissue annotation, disease stage, ancestry, age, and treatment metadata.
Where direct pairing is unavailable, pathway-level integration can substitute for feature-level
overlap.
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The second module would identify candidate rare correlations using a wide panel of association
forms: Pearson, Spearman, distance correlation, mutual information, segmented regression, and
threshold-dependent models. The aim is not to privilege one metric but to detect features whose
relationship is unusual relative to the dataset background.

The third module would compute a paradox score integrating replication, biological implausibility
under baseline expectation, context specificity, and cross-layer asymmetry. A strong positive RNA-
protein correlation is not paradoxical; a replicated inverse correlation confined to one disease
stage and supported by a protein-stability signature is.

The fourth module would infer latent states through deconvolution, topic modeling, nonnegative
matrix factorization, or single-cell reference mapping. Candidate correlations would then be
reevaluated within inferred states and along trajectories.

The fifth module would perform causal triangulation using QTL overlap, Mendelian randomization
where appropriate, and curated network directionality tools such as pathway causal analysis
frameworks (Kramer et al., 2014; Porcu et al., 2021). The goal is not necessarily to prove causality,
but to classify the anomaly’s likely regulatory position.

The sixth module would test portability across cohorts, tissues, and ancestries. A paradoxical signal
that survives only in one highly processed dataset is likely expendable. One that recurs in distinct
populations but under different state occupancies is especially interesting.

The seventh module would rank anomalies for experimental follow-up. Highest priority should go
to those that are reproducible, mechanistically unresolved, state-structured, and clinically linked

(Fig 2).
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Figure 2. Computational framework for detection and interpretation of rare but reproducible
correlations across multi-omic systems.
(A) Schematic overview of a seven-step bioinformatic pipeline for identifying biologically
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meaningful outlier associations. The workflow includes preprocessing and variance stabilization,
conditional modeling across relevant contexts, cross-layer concordance profiling, latent state
inference, temporal or pseudotemporal alignment, causal triangulation, and failure analysis for
prioritization of candidates for experimental follow-up. (B) Visual taxonomy of recurrent classes
of unusual correlations discussed in the manuscript, including cross-layer discordance, context
reversal, compositional ecological effects, discordant pleiotropy, temporal offset, state-mixture
effects, and methodologically masked signals. Together, these modules operationalize the latent
state boundary hypothesis by distinguishing regulated exceptions from technical noise and by
mapping paradoxical associations to hidden biological structure.

Translational and Conceptual Implications

If the Latent State Boundary Hypothesis is broadly correct, several implications follow. First,
biomarker pipelines should stop treating discordant signals as automatic failures. A biomarker that
changes direction across disease stage may be more informative than a stable average marker
because it reports transition risk. Second, multi-omic study design should be optimized not only
for concordance discovery but for discordance interpretation. Matching timepoints, tissues, and
cell states becomes essential when the biology is asynchronous. Third, precision medicine should
incorporate anomaly-aware stratification. Patients whose molecular data display paradoxical
signatures may occupy unstable or compensatory states not captured by standard classifications.
Conceptually, the hypothesis reframes unusual correlation as a resource for model building.
Modern bioinformatics has become extremely effective at ranking associations, but less
systematic about explaining why some reproducible associations remain unintuitive. By
foregrounding these cases, the field may discover new state variables, hidden compartments, and
regulatory delays that are invisible to average-effect analysis.

Limitations

This argument has limitations. Some rare correlations will always be artifacts, and the danger of
narrative overfitting is real. A paradox can be seductive precisely because it invites explanation.
The proposed framework therefore depends on unusually strict replication, preprocessing
sensitivity analysis, and negative controls. In addition, latent-state inference itself can be unstable;
one can manufacture explanatory clusters as easily as one can miss real ones. The hypothesis is
also easier to test in datasets with rich metadata and matched multi-omics than in sparse clinical
cohorts. Finally, not every genuine rare correlation will reflect a state boundary. Some will arise
from measurement nonlinearities, stochastic expression, or structural genomic peculiarities that
do not fit the proposed model.

Even with these limitations, the key point remains: the correct response to a reproducible unusual
correlation is not immediate belief or immediate deletion, but structured interrogation.
Conclusion

Bioinformatics is entering a phase in which explanation, not detection alone, is the central
challenge. Rare, paradoxical, or mechanistically awkward correlations are often treated as
leftovers of imperfect data. Yet across disease-omics, proteogenomic, microbiome ecology, and
complex trait genetics, a recurring subset of these signals appears too structured, too
reproducible, and too biologically situated to dismiss. They frequently emerge where biological
systems cross hidden boundaries between states, where regulation is buffered across layers, or
where ecological and evolutionary trade-offs reshape observable relationships.
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Figure 3. Translational framework for anomaly-aware precision medicine
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Figure 3.  Translational framework for  anomaly-aware  precision  medicine.
(A) In conventional multi-omic analysis pipelines, weak, rare, or discordant correlations are
frequently filtered out as noise, leading to average-effect biomarker models that can obscure
biologically meaningful transition signals. (B) Under the latent state boundary hypothesis, rare but
reproducible paradoxical correlations arise when biological systems are sampled across
asynchronous or mixed state transitions distributed across molecular layers, including genomics,
transcriptomics, proteomics, metabolomics, and the microbiome. (C) Incorporation of state-
boundary detection into clinical stratification enables identification of transition-risk subgroups
that may remain hidden under standard classifications, thereby improving prognosis, therapeutic
timing, and precision intervention.

The proposed Latent State Boundary Hypothesis offers one way to organize these observations. It
suggests that unusual but real correlations are often signatures of asynchronous state occupancy
rather than contradictions of biology. If so, the anomalies that resist current models may become
guides to the next generation of models. The future of high-resolution biomedical inference will
depend not only on finding stronger signals, but on learning how to read the weak, rare, and
paradoxical ones without mistaking mystery for error or noise for insight.
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THE IMPACT OF TRADE GAP ON INCOME
INEQUALITY IN AZERBAIJAN: AN EMPIRICAL
ANALYSIS

GARAYEVA NARMIN ANAR

SUMMARY

In this study, the impact of trade openness on income inequality in Azerbaijan was
investigated from theoretical and empirical aspects. Acceleration of globalization processes and
expansion of foreign trade relations have strengthened the integration of the country's economy
into international markets and become one of the main sources of economic growth. At the same
time, how the economic benefits created by trade openness are distributed among population
groups remains one of the important socio-economic issues.

The study examined the relationship between trade openness and income inequality based
on Heckscher—Ohlin and Stolper—Samuelson models, as well as modern empirical approaches.
Taking into account the high dependence of Azerbaijan on the oil and gas sector, the
characteristics of the export structure and the level of development of the non-oil sector, the
mechanisms of influencing the distribution of trade openness on income distribution were
analyzed.

The results of the study are expected to show that the impact of trade openness on income
inequality depends on the structural characteristics of the economy. Especially in the context of
the predominance of the oil sector, there is a possibility that the trade openness will increase the
income gap. At the same time, the development of the non-oil sector and the diversification of
exports can enhance the positive impact of trade on social welfare and reduce income inequality.
The results of the study are important in terms of ensuring inclusive economic development in
Azerbaijan, improving export policy and developing economic policy measures aimed at more
equitable distribution of incomes.

Keywords: Trade openness, income inequality, Gini coefficient, ARDL model, foreign trade,
globalization, Azerbaijani economy, non-oil sector.

In today's globalized world, international trade is considered to be one of the main drivers
of economic development of countries. Liberalization of foreign trade creates conditions for
accelerating economic growth, attracting investments, expanding production, and increasing
international competitiveness. After gaining independence, Azerbaijan has identified integration
into the world economy as one of the priority directions and has taken important steps in the field
of expanding foreign economic relations. In particular, the development of the oil and gas sector,
the implementation of international energy projects, the increase of the export potential of the
non-oil sector, the negotiations on membership in the World Trade Organization (WTO) and
participation in regional economic cooperation mechanisms have led to a significant increase in
Azerbaijan's foreign trade turnover.

However, how the economic benefits obtained as a result of the expansion of foreign trade
are distributed among different social groups of society is one of the important scientific and
practical issues. The occurrence of economic growth does not always mean equal distribution of
incomes. In some cases, trade openness can increase income inequality, leading to faster
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enrichment of high-income strata, while in other cases, it can increase the well-being of low-
income groups through increased employment and increased productive opportunities. In this
regard, the study of the impact of trade openness on income distribution in Azerbaijan is of
particular relevance.The relationship between trade openness and income inequality is one of the
long-studied topics in economic theory. One of the most important theoretical approaches in this
field is the Heckscher—Ohlin model of trade. According to this theory, countries specialize in the
production of products that make more intensive use of the factors of production they have, and
export those products. According to the model, international trade allows for a more efficient
allocation of resources and increases the level of well-being of countries.

The Stolper—Samuelson theorem, a continuation of the Heckscher—Ohlin model, explains
the effect of international trade on the distribution of income. According to this theory, when
trade is liberalized, the income of the abundant factor of production in the country increases,
while the income of the scarce factor decreases. Since it is accepted that the labor factor is
relatively abundant in developing countries, trade openness is theoretically expected to reduce
income inequality by increasing labor incomes. This approach suggests that international trade
can improve social welfare and produce more balanced outcomes in income distribution.
However, recent empirical studies have shown that these theoretical findings do not apply equally
to all countries. It has been observed that trade openness can increase income inequality,
especially in the context of technological development, capital mobility, and deepening
globalization. According to modern approaches, new technologies entering the country as a result
of foreign trade mainly increase the demand for highly skilled labor. This has led to a widening
wage gap between skilled and unskilled workers. In addition, in countries dominated by capital-
intensive sectors, the concentration of trade revenues among certain economic groups can lead
toincreased income inequality. In this regard, the impact of trade openness on income distribution
in countries rich in natural resources, such as Azerbaijan, is of particular interest. Although the
high level of profitability of the oil sector accelerates economic growth, the low share of this sector
in employment may limit the equal distribution of income among the population.

Azerbaijan's economy has the characteristics of a small and open economy. Foreign trade
plays an important role in the economic development of the country, and export revenues play an
important role in the formation of the state budget. However, there are a number of specific
features in the trade structure of Azerbaijan that are important to take into account in empirical
analysis.

The most important of these features is that the economy is highly dependent on natural
resources, especially the oil and gas sector. For many years, most of Azerbaijan's total exports fell
on the share of oil and petroleum products. Since the oil sector is a high-capital-intensive sector,
the added value created hereis high, but its share in employment is limited. As a result, it is difficult
to distribute the revenues from oil exports to other sectors of the economy and to all segments of
the population at the same level. This can have an impact on income inequality.

Another important factor is the level of development of the non-oil sector. As a result of
the economic diversification policy implemented in recent years, special attention has been paid
to the development of agriculture, tourism, transport and logistics, information and
communication technologies and service sectors. The expansion of foreign trade in the non-oil
sector can create new jobs, increase employment and increase the income level of the population
in the regions. Therefore, it is also important to assess the impact of trade openness in the non-
oil sector on income inequality.

The relationship between trade openness and income inequality in Azerbaijan is assessed
using econometric methods. Annual or quarterly time series data covering the years 2000—-2025
can be used for analysis. The main sources of data will be the statistical databases of the State
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Statistical Committee of the Republic of Azerbaijan, the Central Bank of the Republic of Azerbaijan,
the World Bank and other international organizations.

It is considered appropriate to use the ARDL (Autoregressive Distributed Lag) model to
determine the long-term and short-term relationships between variables. The advantage of the
ARDL approach is that it allows for the evaluation of long-term relationships even when the degree
of integration of variables is different.

Gini; = o + f1TO; + 2GDPPC, + [3FDI; + B4INF;: + &;

Burada Gini; An expression of income inequality Gini Coefficient of Excellence, TO; The
Importance of Openness to Trade, GDPPC; The True Story of a Man Who Fell Into the Hands of a
Man, FDI; Individual External Investments, INF; It shows the level of inflation. The Trading
Transparency Index is calculated based on the following formula:

Ixrac + idxal
=——— % 100
UDM

Within the framework of the model, the stationary variables will first be checked by ADF
and PP single root tests, and then the presence of a long-term cointegration relationship will be
determined through the ARDL boundary test. Based on the results obtained, the direction and
intensity of the impact of trade openness on income inequality in Azerbaijan will be assessed. This
approach will provide a scientific basis for determining the effectiveness of trade and social policy
measures implemented in the country and forming future policy directions.

The acceleration of globalization processes and the deepening of international economic
integration have led to the expansion of foreign trade relations between the countries of the
world. Liberalization of foreign trade is considered one of the most important factors of economic
growth and ensures more active participation of countries in the international division of labor.
Trade openness creates conditions for increasing economic efficiency, increasing investments,
transferring technologies and expanding production opportunities. However, how trade openness
affects the distribution of income between different segments of society is one of the long-
debated issues among economists.

After gaining independence, Azerbaijan has identified the expansion of foreign economic
relations as one of the priority directions in the process of transition to a market economy. In
recent years, economic reforms implemented in the country, state programs aimed at the
development of the non-oil sector, regional and international economic cooperation initiatives
have created conditions for a significant increase in foreign trade turnover. In particular, the
export of energy resources to world markets has accelerated Azerbaijan's integration into the
international trade system. However, how income from foreign trade is distributed among
population groups and its impact on income inequality remains a topical research topic.

Theoretical approaches to the impact of trade openness on income inequality yield
different results. On the one hand, international trade can create conditions for a more efficient
use of the country's factors of production, leading to an increase in employment and incomes. On
the other hand, trade liberalization can lead to some sectors and social groups benefiting more
than others, leading to a deepening of income disparities. Income inequality is more likely to
increase when foreign trade concentrates revenues in certain areas, especially in economies based
on natural resources.

One of the main features of Azerbaijan's economy is that most of the exports fall on the
share of the oil and gas sector. Although revenues from the export of energy products make an
important contribution to economic growth, it is not always possible to distribute these revenues
equally to all sectors of the economy and to different segments of the population. Therefore, the
study of the impact of trade openness on revenue distribution is important, both theoretically and
practically.
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