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THERMAL BEHAVIOR, PHASE EVOLUTION, AND VISCOSITY OF
MULTICOMPONENT OXIDE MELTS IN THE Cr—-Mn SYSTEM: AN EXPERIMENTAL-
THERMODYNAMIC APPROACH

Kabylkanov S.K.

Zh. Abishev Chemical-Metallurgical Institute, Karaganda, Kazakhstan
*Corresponding author e-mail: kabylkanovO4@gmail.com
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Kabylkanov Sultan Kaiyrbekovich - Junior Researcher at the Laboratory of “Ferroalloys and Reduction Processes,”
Zh. Abishev Chemical-Metallurgical Institute, Karaganda, Kazakhstan. ORCID: 0000-0002-1272-2065;

e-mail: kabylkanov04@gmail.com

Abstract — This study investigates the exothermic effects and viscosity properties of multicomponent oxide melts formed
during the high-temperature reduction of low-grade chromium and manganese ores. Unlike previous studies focused
predominantly on thermodynamic analysis, the present work provides experimental evidence of transient exothermic
effects and establishes their relationship with melt properties. High-temperature experiments revealed pronounced
exothermic effects in the range of 800-1600 °C. Phase analysis (XRD, SEM-EDS) confirmed the effective reduction of
Cr and Mn with their incorporation into Fe-Cr-Mn-Si alloys, as well as a low content of residual oxides in the slag. The
effective viscosity, measured by the electrovibrational method in the temperature range of 1400-1650 °C, decreased
monotonically with increasing temperature. Arrhenius analysis was applied to determine the activation energies and
crystallization onset temperatures (T¢). The results indicate low viscosity and high thermal stability of the slags, ensuring
efficient metal-slag separation. These findings confirm the technological feasibility of using low-grade ores for the
production of Fe-Cr-Mn alloys and provide a basis for optimizing industrial smelting.

Keywords — multicomponent oxide melts; Cr-Mn system; exothermic reduction reactions; slag viscosity.

Cr-Mn )KYUECIHJET'T KOIIKOMIOHEHTTI OKCHUJTI BAJIKBIMAJIAPJIBIH,
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Anoamna — Byn 3epTTeyae KypaMmblHIa KOIKOMIIOHEHTTI OKCHATI OalKpIMaiap TY3UIETIH TOMEH carajibl XpoM JKOHE
MapraHell KeH/epiH )KOFapbl TEMIIEPATypajia TOTHIKCHI3IAHABIPY KE3iHACr 3K30TEPMUSUIBIK dCepiIep MEH TYTKBIPIBIK
KacuerTepi 3eprrenmi. byFaH neiiHri TepMoIMHAMUKAFa OaFbITTaIFaH 3epTTEYIEePACH albIPMAIIBUIBIFEI, OYIT )KYMBICTa
OTIIEN SK30TEPMHUSUIBIK dCEepIIepre IKCIIEPUMEHTTIK JdJIeTAep KeNTipilIill, oMapablH OalKbIMaHbIH KaCHETTEPIMEH o3apa
OaiiTaHbICHl aHBIKTANIBL. JKOFapsl Temrieparypanarsl sxcepuMenTTep 800-1600 °C apanbiFbiHAa aWKBIH YK30TSPMHUSITBIK
ocepiepnin OalkanaTteiHBIH KepcerTi. Pazambik Tanmay (POA, COM-3JIC) Cr xoHe Mn 31eMeHTTEpiHIH THIMII
TOThIKChI3anbI, Fe-Cr-Mn—Si kopeiTnangapbiHa ©TeTiHIH, COHai-aK KoK KYPaMbIHIA KaJIBIK OKCHUATEP/IH MOJIepi
a3 ekeHiH pacraael. 1400-1650 °C Ttemmeparypa apambFbIHAA DIEKTPOBHOPANMSIIBIK OJICTICH OJIICHTEeH THIMIIL
TYTKBIPIIBIK TEMIIEPAaTypaHbIH >KOFapbUIAYbIHA OalIaHBICTRI MOHOTOHIBI TYpIC TOMEHISAl. ApPpPEHHYC Tamaybl
aKTHBTEHY SHEPIUSUIAPbIH JKOHE KPHCTANNAHYIBIH Oactanmy TemmepaTypanapblH (Ty,) aHBIKTay YIIH KOJNAAHBUIIHI.
Hotmxenep KOXIapIblH TYTKBIPIBIFBIHBIH TOMEH XOHE TEPMUSIIBIK TYPAKTHUIBIFBIHBIH JKOFAPHI €KCHIH KOPCETTI, Oy
MeTaJI MEH KOXIBIH THiIMIi OeJiHyiH KaMTaMachkl3 eTelli. AJBIHFaH HOTIXKeNep TeMeH camanbl keHaepai Fe-Cr-Mn
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KOpBITIANAPBIH OHAIPY YIIIH TMaiJaaaHyablH TEXHOJOTHSUIBIK MYMKIHJITIH pacTaiiibl KoHE OHEPKCINTIK OaJKbITy
YZAepiciH OHTaiIaHABIpYyFa Heri3 00a bl

Tyitin co30ep — KOTIKOMITOHEHTTI OKCcUATI OankpiMainap; Cr-Mn »Kyiieci; 3K30TepMHSUIIBIK TOTHIKCHI3aHy peaKIusuIaphbl;
KOXK/IBIH TYTKBIPJIBIFBI.
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MHOI'OKOMIIOHEHTHBIX OKCH/JHBIX PACIINIABOB B CUCTEME Cr—Mn:
IKCIHEPUMEHTAJIBHO-TEPMOANHAMHWYECKHUHU ITOAXO
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Annomayusn — B 1aHHOM WCCIENOBAaHMM M3YYEHBl OSK30TepMHUuUeckHe J(PQEKThl ¥ BS3KOCTHBIE CBOWCTBA
MHOI'OKOMIIOHEHTHBIX  OKCHUIHBIX  pacrijiaBoB, 06pa3y}oumxcn Ipu  BBICOKOTEMIICPATYPHOM BOCCTaHOBJICHUH
HU3KOKAaYE€CTBCHHBIX XPOMOBBIX W MapraHlEBbIX PYA. B ortnuuue ot NpeabIAyIuX HCCJ’[C}IOBaHHﬁ, OPUCHTUPOBAHHBIX
MpEeUMYIICCTBCHHO Ha TCpMO}]I/IHaMI/IqCCKI/Iﬁ aHaJIu3, B HaCTOﬂLHCﬁ pa60Te MpeaACTaBJICHbI OKCICPUMEHTAJIBHBIC JaHHBIC
0 TMepexXOIHbIX DJK30TepMHYECKMX Od(QeKkrax U YCTAaHOBJIEHa WX B3aMMOCBSI3b CO CBOWCTBAMH pAacCILIaBa.
BbIcokoTeMIiepaTypHble KCICPUMEHThI TOKA3ald HAMYKME BBIPAKEHHBIX JK30TEPMUUECKUX 3((PEKTOB B JHANa30HE
800-1600 °C. dazosbiit ananuz (POA, COM-D/IC) noarsepaui 3¢ dexrrBHOe BocctaHoBiieHue Cr 1 Mn ¢ nepexonom
B Fe-Cr-Mn-Si crutaBbl, a Takke HH3KOE COJCPKAaHHE OCTATOYHBIX OKCHAOB B MuIake. D((heKTHBHAsI BS3KOCTb,
H3MEpEeHHas JIEKTPOBHOPAIIMOHHBIM METOOM B auanazone temmeparyp 1400-1650 °C, MOHOTOHHO CHMXKajach C
MOBBIILICHUEM TEeMIIepaTypbl. AHAIN3 AppeHHyca MPUMEHAJICA IS ONPEAENICHUS HEPruil akTHUBALMU M TEMIIepaTyp
Havasna kpuctammmzauui (Typ). IlomydeHnble pe3yapTaThl CBUIETEIHCTBYIOT O HU3KOM BA3KOCTH U BBICOKOM TEPMHUYECKOM
CTaOMJIBHOCTH IIUIAKOB, 4TO obecrieynBaer 3¢ (eKTUBHOE pa3zeieHne Merajula M nuiaka. [lonydeHHble pe3ynbTaThl
MOATBEPKAAIOT TEXHOJIOTMYECKYI0 BO3MOXHOCTD MCIOIb30BaHNSA HU3KOKaueCTBEHHBIX pyX s npousBonctea Fe-Cr-
Mn cniaBoB U cO3Ial0T OCHOBY IS ONTUMHM3AIMH POMBIIUICHHOH [UIaBKH.

Knroueeuvie CJ106a4 — MHOT'OKOMIIOHCHTHBIC OKCHJHBIC pacIuiaBbl; CHCTEMA CI"MII; 9K30TEPMHUUICCKUE
BOCCTAHOBHUTECIIbHBIE PEAKIIUU; BA3KOCTH IIJIaKa.
HETI'I3I'I EPEKEJIEP eTeTiH  OHTAMNBI  TeMIepaTypalblK  PEeKHMIl

3epTTey OapbhICHIHIA TOMEH COPTTHI XPOM JKOHE  HEri3/ieyre MYMKIHIIK Oeperi.
TeMipiIi MapraHen KEHICPiH aTIOMOCHINKOTEPMHS
TOTBIKCBI3AAHIBIPY Ke3IHOE KONMKOMIIOHEHTTI KOX KIPICIIE
OaJKpIMaNapbIHbIH OKBUTYJIBIK JKOHE TYTKBIPJBIK XXI|  racelpmarbl  METAJUIyPTUSHBIH — JaMy
CHUNAaTTaMalapbIHBIH TEMIlepaTypara TOYeNAUNiri  OarbIThl OHMIPICTIH JKOHOMHKANBIK —THIMIILTITIH
aHBIKTAJAbI. OKCHEepUMEHTTIK 3epTTeyJep  apTTBIPyMEH FaHa IIEKTENIMEH, JHeprusi >KoHe

Hotmkecinae 1400 °C remmeparypana MapraHEeNTiH
TOTHIKCBI3IaHY ~ JIOPEKECIHIH TOMEH eKeHi, ai
1600 °C remnepaTtypana Meramt (ha3achiHBIH TY3UTyi
MEH XPOM >KOHE MapraHelTiH TOTHIKChI3IaHybl YIIiH
KOJAaWIbl JKargaidl KaJbIITacaTBhIHBI aHBIKTAJIBL.
1800 °C-ka pmeifiH TeMIiepaTypaHbl >KOFapbLIaTy
MapraHelnTiH OyTaHyblH KYIIEHTIN, OHBIH MEeTajll
(hazackiHa ©TY THIMIUTITIHIH TOMEH/EYiHE oKeeTiHi
oenrinenni. Kox 6amkbiManapbiHbIH SKCIIEPUMEHTTIK
TYTKBIPJIBIK MoHAepi FactSage 8.4 Garnapnamaceiaia
ecenTenrexH HOTHIXKENIEpMEH CaJIBICTBIPBUIBIII,
OJIapABbIH TEMIIEPaTypalblK ©3repy 3aHIBLIBIKTaphl
aHBIKTAJABI. AJIBIHFaH HOTIDKENEp TOMEH Callalibl
XpOM-MapraHell IHKI3aTblH eHJeY Ke3iHae MeTalll-
KOX (pasasiapblHbIH THIMIAI OeiHYyiH KaMTamachl3

pecypcTap IMIBIFBIHBIH a3aiiTyFa, IHKI3aTThl KEeMeH i
naiijanaHyra jkoHe KOpIIaFaH OpTaFra TYCETiH acepi
toMmenzaeryre Oarpitranyma [1-3]. Kasipri yakeitTTa
Jeripneyri AIIEMEHTTEPIiH KbIMOATTayHI,
DHEPIreTHKAJIBIK pecypcTap KYHBIHBIH ©Cyl KoHE
KOMIpTEeK HIBIFApPBIHIBLTAPbIHA KOWBUIATHIH
TaJanTapabH KyLIeroi METaJLTYPTUSUTBIK
KOCITOPBIHAAP/ABIH ~ JISCTYPJIi  TEXHOJIOTHsIapra
OalaMa TEXHOJOTHUSIIBIK MISHIIMIEP/Ii 13/1eyiH Taar
ereni. Ocbl TYpFBIIaH alFaH/ia, TOMEH camalibl )KoHe
KUBIH  OallbITBUIATBIH ~ MHUHEPAJABIK  IIUKI3aTThI
TiKeNnel eHJey, ap3aH TOTBIKCHI3IaHABIPFBIILITAPIbI
naiijanaHy >koHe Oip TEXHONOTHSUIBIK MpPOLECTe
OipHere OaraJbl KOMITOHEHTTEep1 amy
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METaJUTyprUusiHBIH ©3€KTi MiHAeTTepiHiH Oipi OombIm
TaObLIAbI.

XpoM jKoHE Maprasel] Kypamjabl IIHKi3aTThI
OHJICY calachlHIa OYJ1 MJcele epeKlle MaHbI3Fa He.
XKorapsl camaibl KeH KOpJIapbIHBIH OipTiHIET a3aiobl
TOMCH Calaljibl JKOHE KOIKOMITOHCHTTI KeHJIep/Ii
naiananyra KaKeTTUTIKTi apTTBIPBI OThIPp. MyHai
HIMKI3aTThI IOCTYPIi OalibITY CaThUIAPBIHCHI3 TiKeTen
OalKpITY  IIWKI3aTThl  KEIICHII  IailijanaHyra
MYMKIHIIK OepreHiMeH, TEeXHOJOTHSUIBIK MPOIIECTIH
KYpy  KarmaimapelH — Kypaenennipeni.  Ken
KYpaMbIHAAFbl KPEMHHUM, QJIIOMUHHMA, MAarHuM,
KaJIbINI JKOHE TeMip CUSKTEI urecre
KOMIIOHEHTTEPIIH  MOJIIepi  Korapbl  OOJIFaH
XKarJala OallKbITy HOTIDKECIHAE KypJeni Kypambl

oKcHaTI KoK Ty3uiemi. OHBIH KypamMbl MeEH
KYpPbUIBIMBI ~ METa/UI ~ MEH  KOXKJbIH  ©3apa
OpEKETTECYiHe, TOTBIKChI3NAHy pPEaKIUsIaPBIHBIH

JKYpPYiHE JKOHE aJIbIHATBIH KOPBITIIAHBIH HIBIFBIMbIHA
TiKeJIeH acep erei.

MyHali Kydenepaeri Heri3ri TEeXHOJIOTHSIIBIK
KOPCETKIITEPAiH Oipi — KOXKIBIH TYTKBIPJIBIFBL.
Ko IbIH TYTKBIPJIBIFBI IIIaMaJIaH THIC )KOFaphl 0OJIFaH
JKaFIaiia MeTall TaMITbUIAPBIHBIH KOXIaH O6JiHyi
KMBIHAAWbI, COHBIH HOTIXKECIHAE XPOM MeEH
MapraHenTiH Oip Oeiiri Ko (a3achlHia KaJIbII,
METaJUT MIBIFEIMBI TOMeHaeH 1. KepiciHe, KoK IbIH
JKETKUTIKT1 CYHBIKTBIFBI METAJIJI MEH KOXKIBIH THIMJII

OoniHyiH KaMTaMachl3 €Till, TOTHIKCHI3JaHFaH
METaJIJIbIH JKMHATyblHAa KOJAWJIbl JKaraail jkacaiijpl.
CoHIBIKTAaH TOMEH camajdbl  KOIMKOMIIOHEHTTI

MINKI3aTThl ©HJACY KE3iHIe KOXIBIH TYTKBIPIBIFBIH
0ackapy METaUTYpTHSUIBIK TPOLECTIH THIMAUIITIH
AHBIKTAHTBIH HETI3r1 (hakTopiapAasiH Oipi  OOJBIIT
TaOBUIAIEI.

XpoM KOHE MapraHel] KOpBITIIaNapbIHBIH
OHJIIPICIH  AKOHOMHKANBIK TYPFBIIAH  HETi3aey
Macerneci Je Kazipri yakpITTa ©3eKTi OONBII OTHIp.
XKoraper xkeMiptekTi ¢eppoxpomubiy Oaracel 2015
skputFbl mamamed 1100 USD/t npenreitinen 2025
xbutel 2300 USD/t-tan skorapbl JEHrelre meiin
OCKEH, aJl JKOFapbl KOMIpTeKTi (eppoMapraHenTiy
Oaracel ocbl kezeHne mamameH 1000-men 1600
USD/t-ra neitin  e3repredH. TemMeH KOMIpTEKTi
(beppOoKOpHITIATApIbIH KYHBI OfaH Ja >KOFapbl
Ooombn  oteip: 2021-2026  kpUImApPEl  TOMEH
KeMipTeKkTi GeppoxpoMHbIH Oarackl mamameH 4200-
nen 6000 USD/t-ra neitin, an TOMEH KOMIpPTEKTi
dbeppomapranerntin 6arace 1800-1en 2600 USD/t-ra
neliH eckeH. byn ypaictep XpoMm >koHE MapraHer

KOpBITIIAIAPBIH OHIIIPYAIH O31HIIK KYHBIH
TOMCHJICTYTE JKOHE KBIMOAT OacTalKsl
MaTepuaiiapAbl JKEPriuTKTI JKOHE  KOJDKETIM/Ii
OamamManapMeH aJMacThIpyFa OarpITTajJraH
TEXHOJNIOTUSIAPAbl  3IpJeyAiH  MaHBI3AbUIBIFbIH
KepceTei.

OKOHOMHKAIIBIK (axTopiapmMeH Karap,
(heppokopbITHa OH/TIPICiHIH KOMIpTeK
CHIMBIMIBUIBIFBIH TOMEHJETY Maceneci e OapraH
CallblH MaHBI3ABI OoNbIm  Kenedl. Eypomanbik
OJIAaKTHIH KOMIPTEK IICKapajblK PETTey TETIriHIH
(Carbon Border Adjustment Mechanism, CBAM)
2026 >xpinaH OacTar Herisri Ke3eHre eTyi KoMipTeK
i31  JKOFapel ~ HMMIOPTTBIK  METAJUTYPTHUSJIIBIK
eHIMJIIEp/IiH 0acekere KaOUICTTUIIriIHE KOCBIMIIA
tamanTtap Kosael [4]. Ocel xaraaiaapaa SHEePrHsHbL
KONl KaKET €TETIH JKOHE JKEKe-KeKe >KYPTri3iieTiH
(dheppoxpoM MeH QeppomMaprasen] OHIIpiCTepiHe
KaparaHja, OipHelle Jeripieyun dJIeMeHTTepai Oip
TEXHOJIOTUSIJIBIK IUKJIJIC ajlyFa MYMKIHAIK OepeTiH
Kypaeni Cr—Mn JUraTypanapbiH OHJIIpY
MEPCIEKTUBAJIBI OaFBIT OOJBIN TaOBLIAIbI.

KenkoMImoHeHTTI OKCHATI OalKbIMasiap Kypaeni
JKOFapbl — TeMIlepaTypajbl  KyHenmepre Karajpl.
OnapaplH ~ KacHeTTepl  OKCHATEPAIH  XUMUSIIBIK
KypaMbIMEH FaHa eMec, OaTKbIMaIaFbl KYPBHUTBIMIIBIK
OipiikTepiH ©3apa OalIaHbICYbIMEH YKOHE OKCHITI
TOPJIBIH TIOJIMMEPIICHY OPEKECIMEH JIe aHBIKTala Ibl
[5]. CaO-SiO,-MgO-Al,O; xyiteci Herisinmeri
KOXKJap/ia TYTKBIPJBIK OaJIKbIMAHBIH KYPBUIBIMIIBIK

KyHiHe ce3iMTan mapamerpiepiaiy Oipi  Oobin
caHamamsl  [6, 7].  Herisri  oxcuarepmiH
apakaTHIHACKIHBIH e3repyi OaJIKBIMaHBIH

KYPbUIBIMBIHA, TYTKBIPJIBIFBIHA JKOHE KPUCTAIIAHy
TeMIieparypaceina eneyii acep eremi [8]. Conapikran
KOKIBIH XUMHUSUTBIK KYPaMBIH, TEMIIEPATypajbiK
PEKUMIH JKOHE TYTKBIPIBIFBIH ©3apa OailJIaHBICTBI
TYpZ€e 3epTTey TOMEH Camaibl MHKI3aTThl OAIKBITY
TEXHOJIOTHSCHIH OHTAMIAHIBIPY YIIiH KaXeT.

CoHbIMEH Katap TOTBIKCBI3IaHy
PeaKIsUIapBIHBIH KBUTYJIBIK dcepiiepl /1e KOXKIBIH
KAacCHeTTepiH  KaJBIITACTHIPYAa  MAaHBI3IBI  poll

aTkapanel. KermkoMmoHeHTTi xyienepae O0ip yaksITTa
OipHelIe  TOTBIFY-TOTBHIKCHI3TAHY  peaKIHsuIaphl
KYpPYl MYMKIH JKOHE ONapJbIH OpPKAMCHICH OenTii
0ip Memep/ie KUty 06Tyl HeMece CiHipyi BIKTUMAIL.
Hormxecinge OankpIMaa TeMIepaTypaHbIH
JKEPriTIKTi @3repicTepi maiaa 60IbIN, OHBIH (ha3ajblK,
KypaMbl MEH KYPBUIBIMBIHA ocep eremi. MyHpal
KBUIYJIBIK ~OCEpJIEpAiH CHUIIATBIH €CKEpMEH, TeK
OacTamkpl KOHE COHFBI TeMIlepaTypanap OOWbIHIIA
mporecti 0aranay KOXIBIH HAaKTBl KYHiH TOIBIK
cumaTtrayra MYMKiHIOIK ~Oepmeiini. CoHABIKTaH
KYpJlelli OKCHATI JKyHenmepleri peakuusiap/IbIH
9HEPreTUKaChIH TEpPMOANHAMHUKAIIBIK
€cenTeylepMeH KaTap OSKCIIEPUMEHTTIK 3epTTey
Kaxer [9].

byran peitin  kypri3iireH  3eprreynepie
aBTOpJap TOMEH camajibl XpOM JKOHE MapraHell
IIMKI3aTBIH ~ aJIFOMOCHJIMKOTEPMUSUIBIK ~ JIiCTIEH
eHJIeY ApKBUIBI Kypaeni XpOM—MapraHer
JIMraTypachlH ajly MYMKIHIIT1H TEPMOAXHAMHUKAIIBIK
Typreiian  Heridneren [10]. bByn Texnonorumsia
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TOTBIKCHI3AaHBIPFBIII PETIHAE KEPTiTiKTI >KOFaphl
KyJ1i kemipiep Herizinge ansiHaThiH AISIMN xone
FeSIAl cuskThl KpeMHHUH—ATIOMAHUAI  KeleH i
KOpbITHANapasl  maiigagany — yeelHbiaFan  [11].
MyHzali  TOTBIKCHI3JAHABIPFBINTAPABl  KOJJaHY
JOCTYpAl  KbIMOAT  TOTBHIKCHI3JAHIABIPFBIIITAPIBI
aIMacTBIpyFa, >KEepriUTiKTi IHKI3aTThl MainanaHyra
)oHe anbiHaThiH Cr-Mn juratypachlHbIH ©3iHIIK
KYHBIH TOMEH/IETYT'€ MYMKIHAIK Oepei.

Amnaiiia ochl OarbITTarbl aJJIBIHFBI 3ePTTEYIIEp
HEri3iHEeH  TEPMOJWHAMUKAIBIK  MOJCIbICYMEH
IeKTeNal. ATan aWTKaHIa, aJFOMOCHIMKOTEPMHS
TOTBIKCHI3IaHy KE3iHJe JKYPETIH 3K30TEPMHUSIIBIK
peaKIUsIIAPABIH HAKTBI JKBUTYJBIK acepiiepl JKOHE
OJIApJIbIH  KOIMKOMIIOHEHTTI KO OaJKbIMaChIHBIH
TYTKBIPJIBIFBIHA ~ BIKIAJBI  JKETKUIIKTI  JICHre#Ie
3epTTeaMereH. TOTBIKChI3JAaHy Ipoleci Ke3iHze
naiiia 00MaThIH KAPKBIH]IBI JKEPTUTIKT1 KbUTY OOITiHY1
KOKIBIH ~ KYPBUIBIMIBIK ~ KYHIH  KOHE  OHBIH
aKKBIIITHIFBIH ©3repTyl MYMKiH. Byn o3 keserinje
METaJ/UT TaMIIBUIAPBIHBIH KOKIaH OeiHyiHE »XoHE
XpOM MEH MapraHeuTid MeTal (asacblHa OTy
JIOpeXKECiHe acep eTel. CoHibIKTaH
TEPMOIMHAMUKAJIBIK ecernreysepal JKOFapbl
TeMIIepaTypaIbIK JKCIIEPUMEHTTEPMEH JKOHE
KOXKJIBIH PEOTOTHSITBIK cumnaTTaMagapbIMeH
0aiiaHBICTRIPY  3€pPTTEYAIH MAaHBI3ABl  FHUIBIMU
Macerneci O0IbIT TaObIIabI.

3epTTeyaiH MaKcaTbl — aTIOMOCHIIMKOTEPMUS
TOTBIKCBI3AaHy Karmadibiama Cr-Mn  skylieciHil

KOITKOMITOHCHTTI1 OKCHTI OaTKpIMaJIAPBIHBIH
KBUTYJIBIK ~ JKOHE TYTKBIPIBIK  CHITATTaMaJIAPbIH
IKCTIEPHUMEHTTIK 3eprrey JKOHE oJapAbIH

TeMIepaTypa MeH XUMUSIBIK KypaMFa TyelIuTiriH
aHBIKTAY.

3epTTey MinaerTepi:

1. TemeH camaisl XpoM XKoHE TeMip-MapraHell
KeHaepiniH, cormaii-ak AlSiMn, FeSiAl kone FeSiCr
Heri3iHmeri TOTBIKCHI3TaH IBIPFBIITAP IBIH
XUMUSUTBIK KYPaMBIH aHBIKTAY;

2. OpTypii mUXTa KYpamaaphl YIIiH XOFapbl
TeMITepaTyPabIK OaTKBITY TOKIpHOENepiH KYPTizy;

3. ANIOMOCHIMKOTEPMHUSUIBIK ~ TOTBHIKCHI3/IaHY
OapeicbiHIa OalKamaThlH OJKBUTYIBIK — SCEpIEepIiH
epeKIIeNiKTepiH aHbIKTaY;

4. AnplHFaH ~ KOXKIApABIH  TYTKBIPJIBIFBIH
TeMIeparypara OaiJIaHBICTBI SKCIIEPUMEHTTIK TYpe
aHBIKTAY;

5. DkcnepumeHTTIK HoTmxenepai FactSage 8.4
OarapramachlHia  aJbIHFAH €CENTIK MOHJAEPMEH
CaJIBICTBIPY;

6. AJBIHFaH MeTaJll )KoHE KOX (ha3ajiapbIHBIH
(hazanbIK KypamMbl MEH MUKPOCTPYKTYPaChIH 3€pTTeY;

7. KoXAbIH  TYTKBIPIBIK  KacwerTepi MeH
MeTaI-KoX (azanapbHbIH TUIMII OeriHyiHE acep
€TeTiH Heri3ri pakTopiap/abl aHBIKTAY.

MAaHBI3AbUIBIFBI. Kasipri
oneOuerTepie TOMEH camajibl  XPOM-MapraHer|
IIMKI3aTBIH ~ AIOMOCHUJIMKOTCPMHUSIIBIK ~ OHJEYIIH
TEPMOIMHAMUKAIBIK MYMKIHJIIT1 JKETKUTIKT1
JIOpEeXKeNe KapacThIPbUIFAHBIMEH, TOTBIKCHI3JaHY
peaKIUsIIAPBIHBIH,  KBUIYJBIK — ocepyiepi  MeEH
KOIIKOMITOHEHTTI KOXKIIBIH PEOJIOTHSIIBIK KaCHEeTTepi
apachIHIarbl ©3apa OalaHbIC TOJBIK aHBIKTAIMaFaH.
ocipece  aJIOMOCHIUKOTCPMHUSUIBIK — peakiusiap
HOTIDKECIHIEe ~ OOJIHETIH  KBUIYABIH  KOXJIBIH
TYTKBIPJIBIFBIHA, (Pa3asiblK KypaMbIHA JKOHE METajll-
KOJK/IBIH O6JIIHYIHE ocepi )KOHIHJIET 3KCIIEPUMEHTTIK
ManiMeTTep IekTeysii. OChl OIKBUIBIKTBI TOJIBIKTHIPY
YIIIiH peaKIusIIapabH SHEPI'eTUKAJIBIK
EPeKIICIIKTepIH  JKOHE  KOXJBIH  TYTKBIPJIBIK
KacHUEeTTEpiH OipTyTac Kyie peTiHe 3epTTey KaxeT.

FouIbIMH JKaHANBIFBI — TOMEH Camajbl XpoM
JKOHE TeMipIi-Maprasery HIMKI3aThIH
AJTFOMOCHJTMKOTEPMHUSIIBIK TOTBIKCHI3IaHIBIPY
Ke3inge Tysimerin kemkommoneHtti Cr-Mn-Fe-Si-
Ca-Mg-Al okcuari OaiKpIMaNapbIHBIH KBLUTYIIBIK
JKOHE PEOJIOTUSITBIK KaCHUETTEPIHIH e3apa
OaitylaHBICHIH SKCIIEPUMEHTTIK TYPFbIJaH aHbIKTAY/1a.
3epTTey OapbIChIH 1A TOTBIKCBI3IaHY
peaKIUsUIaPBIHBIH  JKBUIYJIBIK 9cepiiepi MeH KOX
TYTKBIPJIBIFBIHBIH ~ TeMIlepaTtypara  OaiJIaHBICTHI
esrepicTepi  KEMIEHAI  TYpA€  KapacThIPBUIHII,
OKCIEPUMEHTTIK HOTHIKENEp TEPMOJANHAMHUKAIBIK
ecernTeyiepMex CaITICTBIPBUIA/IBI. AJbIHFaH
3aHJBUIBIKTAD  KOXKJBIH ~ KYPBUIBIMIBIK — KYHiHIH
©3repyiH )KOHE OHBIH TEXHOJOTHSUTBIK aKKBIITHIFbIH
Oaraynayra, COHJali-aK METAIUT-KOXK (hazanapbIHbIH
TUIM1 OeITiHyiHE KOJIaliIbI KaFJaiiap/ibl aHBIKTayFa
MYMKIHIIK Oepeni.

3eprTeynin

Ockhuraifiia, JKYPTi3UITeH 3epTTey
TEPMOJITHAMUKANBIK ~ MOJICNBACY  HOTIDKENEpiH
HaKTBI JKOFApBI TEeMITEPaTyPaIBIK
JKCIIEPUMEHTTEPMEH TOJBIKTBIPYFa KOHE

QTIOMOCHIMKOTEpMHSIIBIK Cr—Mn JratypachiH amy
Ke3IHJe KOXIBIH KBUTYJIBIK >KOHE PEONIOTHSIIBIK
MiHE3-KYJIIKBIH TepeHIpeK TYCIHIIpyTe OarbITTaFaH.
3epTTey HOTWXKENEepi TOMEH camaibl >KePTiUTiKTi

MUKI3aTTBl  KEeNIeHIl  MaijanaHyra,  MeTayll
IIBIFBIHBIH  a3aMTyFa JKOHE DHEPrus THIMALUIIT
JKOFaphbl Cr-Mn JUraTypajapblH OHIIIPY

TEXHOJIOTUSICBIHBIH FRUIBIME HETi37epiH KeTUIaipyre
MYMKIHJIIK Oeperi.

MATEPUAJIZAP MEH 9ICTEP

3eprTey KyMmbIchl OaprichiHAa KazaxcTaHHBIH
Kemmipcait xone Kepererac keH OpbIHAaphIHAH
aJbIHFaH TOMEH calaibl XpOM JKoHE TeMip-MapraHer
KeHJIepi 0acTamKpl MUKI3aT PETiHe Mali/[alaHbUIIbL.
TorbikebB3nanapiprbim — peringe  FeSIAl - xone
AISiMn KOpBITHAJIAPEI, COH/Iali-aK
(heppoCHIMKOXPOM OHAIPICIHIH ycakKTay Ke3eHiHZe
ty3inerin FeSICr maHpsl KOMAaHbUIABL bacTamker
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IMKI3aTTap MEH  TOTHIKCHI3AaHABIPFBIITAPABIH
XUMUSUTBIK KypaMbl XuUMHUSI-METaLTyprust
uHctutyteiablH — ISO/IEC 17025  crampapts
OoiibIHIIA AKKPEAUTTENTeH 3epTXaHachlHIa

XUMUSIIBIK ~ Tajujay — oMicTepiMeH  aHBIKTalbl.
ColHaManap anfplH aja KeNTipilil, YHTaKTalbII
KoHe OIPTEKTI KyHre KenTipingi. XUMUSUIBIK Kypam
HoTHXemepi 1 sxoHe 2-111 KecTenepae KeNTipiareH.

Kecrte 1 — Xpom xoHE TeMipili-MapraHel KeHIepiHiH XUMHSIIBIK Kypambl

Kypawmsi, macc.%

M
APHBT 05 MmOs  Fe0s  Si0: ALOs  MgO  CaO  P:Os S
Xpomkeri 39,86 - 11,84 1093 885 2785 064 001 001
Tewipr- 3509 3087 1674 257 015 234 003 00l
MapraHel] KCH1
Kecte 2 — KoniaHbUIaTBIH TOTBIKCHI3IaHIBIPFBIIITAPIBIH XUMHUSUIBIK KYPaMbl
Kypawmsl, macc.%

Marepuas Cr Mn Fe Si Al S P
AISiMn ; 29,04 13,97 48,39 8,55 0,020 0,021
FeSiAl ; : 40,52 48,62 10,82 0,010 0,024

FeSiCr mamsr 24,10 ; 42,10 32,22 1,51 0,049 0,018

JKorapbl Temrieparypajbik Taxipuoenep 16 kBt
KyaTThl JkoHe 500 A-re JediHri TOK KYIIIH
KaMTaMachl3 €TETIH 3ePTXaHajbIK HHIYKIIHSUIBIK
THTENBI1 KOHIBIPFBIIA Xyprizuimi. Toxipubenepain
MUXTa  KyYpaMbl  alfslH  ajga  JKYPri3UIreH
TEPMOJMHAMUKAIIBIK ~ €CENTeylep HATHXKeJepiHe
colfkec TaHIaIbBII, YIIT HYCKAa OOMBIHINA OPBIHIAIIIBL.

bipiami myckama 100 xr xpom keHi, 30 kr
AlSiMn xxone 60 kr CaO; exinmii Hyckamga 50 Kr Xxpom
keHi, 50 kr Temip-mapraner kexi, 30 kr FeSiAl sxone
90 kr CaO; ymiami ayckana 100 kr Temip-MapraHerr
keni, 50 kr FeSiCr maner »xone 100 xr CaO
KoimmaueuIapl. CaO Oapiblk ToxipuOenepae KOX
Ty3y1i GIIFOC peTiH/Ie mai1a aHbUIIbL.

BankpiTy amomuamil okcunineH xxacanrad 100 T
turenpae kypriziami. Temneparypa W-Re (5/20)
TepMomnapiapeiIMeH  OakpUTaHABl. — VHIYKTOPABIH
TYPaKThl JKYMBIC PEXHMIH KaMTaMmachl3 €Ty YIIiH
CyMEH CallKbIH/IATy XKYHeci KOJITaHbLUIIbL.

ANBIHFAaH MeETalJT JKOHE KOX YJTUIepiHiH
¢dazanpik  kypamel  PANalytical X’Pert PRO
mudppakromerpinne Cu Ko coymenenyimen (A =
1,5418 A), 26 = 10-90° apanerbiHAa koHE 0,05°
KaJlaMMeH aHBIKTaIAbL. Judpakiusiplk MaiMeTTep
X’Pert HighScore Plus 6arnapnamacs! sxoHe PDF-2
nepekTep 0a3achl apKbLUTBI OHEII.

Yurinepain MHUKPOCTPYKTYPaCHI MeH
aneMeHTTiK Kypambl ZEM20 (ZEPTOOLS, Kpirait)
CKaHepJIeyIIi 3JIeKTPOHIBIK MUKpocKorbiHaa Oxford
Instruments EDS nerekTopbIMeH 3epTTemnii.

Kok OanmkbIMaiapblHBIH TYTKBIPIIBIFEI JKOFAPhI
TEeMIEepaTypaibl SJIEKTPOBUOPAIHSITBIK BUCKO3UMETP

KOMETIMEH CaJKbIHIaTy OapbhIChIHAA aHBIKTAJIIBI.
Temmeparypa wMomuOAeH TepMomapsl  apKbUIBI
OaKbLIaHIEL. OKCIIEPUMEHTTIK HOTHXKEJIep/i
CaNBICTHIPY YIUiH KOXKIapbIH TYTKBIPIBIFE FactSage
8.4 OarmapimamacheIHBIH Viscosity MOZyNi apKbLIbI
eCenTen/Ii.

HOTUXEJIEP )KOHE TAJIKBIJIAY

Ym  ToxipuOemK HYCKAHBIH  OapBIFbIHIA
JKOFaphl TEMIIEPaTypaliblK TOTHIKCHI3ZAaHy IIPOIIEci
Kypir, Kypambiaaa Cr xxoHe Mn 6ap metamt (a3zacel
Ty3urmi. Merajan MeH KOXKIBIH THIFBI3BIKTaPBIHBIH
allBIpMAaIIBUTBIFBIHA OAIaHBICTHI OAJIKBITY COHBIHIA
OTNap/IbIH alKBIH TPABUTAIHSIIBIK OOITiHY1 OalKaIIbL.

Bipinmm Hyckama (xpoM keni + AlSiMn + CaO)
Oacramkpl  KBI3NBIPY  KE3EHIHAE  TeMmIeparypa
WHAYKIWSUTBIK,  TOKTBIH  JKOFapbUIayblHa  CoOHKec
OipkanpimTel octi. 340-380 A apamnbIFbIHIA CBIPTKHI
KBI3JBIPY PEXUMI iC XKY3iHAE TYPaKTHl OOJFaH Ke3le
OanmkpIMa TeMIEepaTypachlHBIH MmamameH 1285-TeH
1550 °C-ka neiiin KypT *KOFrapbuIaybl OaKamabl. by
KYOBUTBIC TOTBHIKCHI3/IAHY PEaKIHsIIaphl HOTHKECIHIe
KOCBIMINIA iIIKi KBUTy OOJIHTeHIH KepceTeni.
JKeimysplk ocep HeriziHeH XpoMm okcuarepiHin Al
JKOHE Si ocepiHEeH TOTHIKCHI3IaHYBIMEH OaiIaHBICTHL
Anromuaniiaig, Cr20s-mieH sxoHe kpemHuiaig CroOs-
MeH PeaKIUsIIaphbl )KOFapbl SK30TEPMUSIIBIK CHTIATTa
Oomplr, OasnKpIMara KOCBIMINIA JKBUTYy  Oepei.
Peakmusinan xeiiin Temneparypa mamameH 1470 °C
JICHTeHiH/IE TYPAKTaHBII, COHFBI KbI3ABIPY Ke3eHiH/Ie
1650 °C-ka xerTi (cyper 1).
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Cypert 1 - UHAYKIUSUIBIK KBI3ABIPY XKULTIriHE OaiiIaHbICThI OaJIKbIMa MEH THUT'€/Ib TEMIIEPATYPAChIHBIH ©3repyi

Exinmni Hyckaza (XpoM KeHi + TeMipiri-maprasery
keHi + FeSiAl + CaO) xburynblK ocep aHarypibIM
kypaem cunarra Oomael. [llamamen 950 °C-tan
Oacran KpI3IbIPYy KApKbIHBIHBIH ©3repyl OaiKasbill,
300-350 A apanbiFpiHIa OTKBIMA TEMITEpATypaChI
1240-tern 1440 °C-xa peiiH KorapbLIambl. By
TEeMITePaTyPaHbIH CHIPTKBI KyaT TYPaKThI JKaF Jaii 1aFbl
KYPT 6CYyi TOTBIKCBI3IaHy peaKiusIapbiHaH O6JIIHETiH
1K1 SKBUTYIBIH 9CepiH KepceTeni. by Hyckama Keury
HETI3iHEH MapraHen KOoHE XpPOM OKCHITEPIHIH
AFOMUHHIMEH TOTBIKChI3aHYBI Ke3iHe OemiHel, al

KEHIHIT  KPEMHUHTOTBHIKCHI3NAHY  PEaKIUsUIAphI
MPOLECTIH ~ JKBUIYJIBIK ~ 9CEPIH  JKAJFACThIPAIbL.
Kanbmrackan SiO; KOXIBIH CHIMKATTEl KYPaMBIH
TOJIBIKTBIPBII, OaKbIMaHbIH CYUBIKTBIFBIH apPTTHIPYFa
BIKIIAJ  erelnl. PeakuusulblK  Ke3€HHEH  KeWiH
temneparypa mamameH 1290 °C  neHreiinze
TYPaKTaHBIN, JKYHEHIH CaNBICTRIPMAIbl TYPAKTHI
KBUTYJIBIK, ~KYWT€ OTKEHIH KOpPCETTI, aJ COHFBI
kp13apIpyna 1640 °C-ka sxerti (2-cyper).
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o 1200 +
[=]
é 1000 } Marepuanaret Tirenseri
= T, °C T. °C I 230 =
= - s 25
2 800 r <
g o0} // 4 150
400 ¥ / v —3.9351x - 266, 1 “
200 1 /- R2=10,9536 -
e !
0 I I B B B B e B e B e e e e e e e e e e -50
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Toxk kymi, A

Cypert 2 - IHAyKUUSUIBIK KBI3IBIPY XKULIIrHE OaiiIaHbICTHl OAIKbIMA MEH THTeIIb TeMIIepaTypachIHbIH €3repyi

Yinmi Hyckana (temip-mapranen kei + FeSiCr
manbl + CaQ) KBUTYIBIK 9Cep allJIBIHFBI HYCKaIapra
KaparaHma TeMeH Oonmsl (3-cyper). 290-350 A
apajbIiFbHAa OallkbIMa TEMIIepaTypachl IaMaMeH
1080-nen 1230 °C-ka neitin ketepinai. byn Hyckana
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xpom  FeSiCr  maHeiHma  Meramn — KyHiHzge
OONFaHABIKTaH, XPOM OKCH[IHIH TOTBIKCHI3AHYbIHA
OailaHBICTBI ~ KOCBIMIIIA ~ 3K30TEPMISUIBIK ~ 9cep
Oaiikanmaiigpl. Herisri xputy Mapranen, OKCUATEpPiHIH
TOTBIKCBI3JaHYbl Ke3iHJe KPEMHHMHAIH KaThICYbIMEH
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Oemineni. ConbiMeH katap FeSiCr kypambiHmarbl  Peakiusulblk  Ke3€HHCH KeliH kyhe Oiprinaen
MeTaJu KOMITOHEHTTEPIiH 0aJKyBI MEH OKBUIYJIBIK  TYPakKTaHbIl, COHFBl  TEMIIEpaTypa
KbI3ABIPBUTYbIHA JKBUTYABIH Oip Oemiri >kymcanmagsl.  mamamen 1600 °C Gomimpl.
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Toxk kymi, A

Cypert 3 - UHAYKIUSUIBIK KBI3BIPY KHUUTITHE OaiyIaHbICThI OaIKbIMa MEH TUT€/Ib TEMIIEPATyPAChIHBIH ©3repyi

Ocputaiiiia, yimr TokipuOenik Hyckaza [1a
TOTBIKCBI3JIAHY ~PEAKIMSUIAPbIHBIH  K30TePMHUSIIBIK,
ocepl TemIrepaTypaHbIH KEPTiUTIKTi KOFaphIIaybIMEH
cumatTanapl. EH KapKbIHIBI JKBUTYJIBIK 9CEp XpOM
OKCHATEPIHIH afOMUHUN XOHE KPEMHUU apKbUIBI
TOTBIKCBI3AHYBl JKYPETIH OIpiHIN JKOHE eKIHIII
HyCcKajiapa OaiKaipl, ajl YIIHII HYCKala XpOMHBIH
Oacrankpiga MeTaul KyHiHZe OONybl HOTIDKECiHIe
KBUTYNBIK ~WMIYJIbC 9ci3  Oommel.  beminerin
PEAKIHSITBIK KBITY KOXK OaTKbIMaChIHBIH KYPBLUTHIMBIH
©3TepTill, OHBIH TYTKBIPIBIFBIH TOMEHAETYTe KOHE
TY3UITeH MEeTaJUT TaMIIbUIaPBIHBIH KOXKIaH OeJiHyiHe
KOJTAHIIBI JKaFaail KaJbIITaCThIPYyFa BIKITad eTTi.

TOTBIKCBI3aHy KOHE OAJIKBITY IPOIECTEPiHECH
KEeHiH aJmblHFaH METAUT JKOHE KOX (hazarmaphIHBIH
XUMUSIIBIK, KYpaMbl AHBIKTAJIBIII, HET13r1
KOMITOHEHTTEpIiH ~ (azajmap apachlHia Tapaiy
epeKIIeTiKTepl Oarananapl. Opoip TOKIpUOETIK HYCKa
OOMBIHINA aTBIHFAH HOTWIKETIEPIH HETI31HIe MeTall
JKOHE KOXK (pazaapbIHBIH OpTallia XUMHSUTBIK KYpaMbl
€CeITeNliN, CaNBICTRIpMANBl  Talfay O KYPTi3ULmi.
Herisri KOMITOHEHTTEpOiH MeTallT JKOHE KOXK
(hazamapel apacblHIa Kaiita OemiHyl TOTBIKCHI3TAHY
MIPOITECIHIH THIMIUTITIH JKOHE aJIBIHFAH KOPBITIIAHBIH
KaJbIITACy EpeKIIeNiKTepiH Oaramayra MYMKIHIIK
oepemi (kecte 3).

Kecrte 3 — Merat xoHE KOXKIbIH XUMUSIIBIK KYPaMbl

Hycka Merann Kox
Fe Cr Mn Si CaO Si0,  ALO3; MgO MnO CrO3 FeO
1 22,92 5395 1991 320 41,88 21,51 13,59 19,15 0,68 1,97 1,22
2 44,64 2392 28,21 322 53,60 2647 9,10 7,09 1,42 1,09 1,24
3 35,56 20,34 39,51 4,59 59,35 35,51 1,81 0,10 0,54 1,69 1,01
Meramn (a3achHBIH KYpaMbIH Taligay OapIbIK Kox  ¢aszacerama  Cr203  xene  MnO

yII HYCKaJa na Fe-Cr-Mn Heri3inaeri
KOIKOMITOHEHTTI KOPBITIIAHBIH TY3UITEHIH KOpPCETTi.
bipinmi nHyckama Cr memmepi 53,95 %, ekinmi
Hyckaza 23,92 %, an yminami ayckana 20,34 % 0oL
Mn menepi cofikecinmie 19,91; 28,21 xone 39,51 %
Kypaael. bys Oacrankpl muXTa KYpaMbIHBIH MeETalll
(a3achlHBIH KypaMbIHa TIKEIeH ocep ETETiHIH JKoHe
op0ip TOTBIKCHI3AAHABIPFBIITHIH IIPOLECTErl POiiH
Kepcerei.
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KaJIIBIKTaPBIHBIH CAJIBICTRIPMAITBEI TYPJIe TOMEH OOITyBI
XpOM MEH MapraHenTiH eadyip OeJiriHiH MeTamt
(azaceiHa eTkeHiH kepcereni. Cr203 memmepi 1,09-
1,97 %, an MnO memmepi 0,54-1,42 % apanbirpiHaa
OONIIBI. AJIBIHFAH HOTHIKENEP aTFOMOCHIIUKOTEPMUS
TOTBHIKCBI3J]AHY KaFJalblHAa MeTawl (ha3achIHBIH
KaJbINTACYbl JKOHE OHBIH KOXKJaH T'PaBUTALUSIIBIK
Oeminyi YILiH KOJIAMJIBI JKaF[aiapIbH
KaJIbINTACKAHBIH KOPCETE/I.
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Anpiaran metayl  (aszanapbiHbH - (pa3asbIk
KypaMbl MEH MHKDPOCTPYKTYPAJBIK EpPEKIIEIiKTepi
pentrennik-gazansik  Tanmay — (PDA) KOHE
CKaHepJIeyl AIIEKTPOHIBIK MuKpockonus (COM-
OM1C) omictepi apkpUibl 3epTTenmi. POA notnxkenepi
IBIHFAH  KOPBITHANAPIBIH  HETI3r  KPUCTAJJIBIK
¢dazanmapelH  aHBIKTayFa MYMKIHIIK Oepai. Y
TOKIpUOETIK HYCKaHbIH Ju(paKkTorpaMMaapbiHia
Fe-Cr-Mn Herizingeri wmerayur ¢aszanapblHa ToH
peduieKCTepMEH KaTap KpEMHHUHMEH OalIaHbICTBI
MHTEPMETANJIBIK  JKOHE CHIIMIMATIK  (ha3anapIbiH
Ty3iny Oenrinepi 6aiikamasl (4 cyper).

P®A notmxkenepi Gapnsik yiriiepae Fe-Cr-Mn
HEriziHjeri Meray (a3achlHBIH  KaJbIITACKAHBIH
kepcerTi. CoHBIMEH KaTap audpakTorpamMMaiapia
KPEMHUHIH KATBICYBIMEH TY3UICTIH CHIIMIMITIK
(azanapra ToH pedrekcrep Oaiikanaabl. Dazanap by
apakaThIHACHI OacTamlKpl IIMXTa KypaMblHa KOHE
KOJIIAHBUFAaH  TOTBIKCBI3JAH/BIPFBIIITBIH  TYPiHE
OaliyaHbICThl ©3repal. BipiHII HycKala XpPOMHBIH

MeTail (a3achlHAAFbl JKOFapbhl MeJIepiHe calikec
kenerin  Cr-kypamzael — ¢aszanapasly — peduiekcTepi
OaceIM Oosica, eKiHIII oHE YUIIHII Hyckamapna Fe
*KoHe  Mn  Kypamumel  dazamapaplH  yIieci
JKOFapblUlaranel  Oalikamaael.  bynm  HoTmxkenep
XUMHUSUTBIK  Tajjiay apKbpUIbl aHBIKTaJFaH MeTalll
(hazaceiabiH KypambiHgarel Cr, Mn, Fe »xome Si
MOJIIEpIIepiHiH ~ O3repiCTepiMeH  KaKChl — Calikec
keneni. Atam aiitkanna, POA-na Gatikanran (a3aibik
afBIPMAaIIBUIBIKTAD TOKIpHOEITIK HYCKajapza
KOJIaHBLIFaH OacTanKsl [IAKI3aT IeH
TOTBIKCBI3MAH/IBIPFBII  KYPAMBIHBIH ~ ©3repyiHe
OalnaHpICTBI ~ MeTanmn  (as3achlHAAFrbl  HETi3ri
JJIEMEHTTEP/IIH ~ apakaThIHACBHIHBIH  ©3repyiMeH
tycingipineni. COHbIMEH Kartap, aHbIKTaIFaH (a3zanap
Metail (azachlHbIH KaibmTacybiHaa Cr xoHe Mn
TOTBIKCBI3JIAHYBIHBIH, COHJAM-aK Si-IiH CHJIMIUATIK
KOCBUIBICTAD TY3YTr€ KATHICYBIHBIH MAaHBI3/IBl POl
aTKapFaHbIH KepceTei.
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CypeT 4 — OpTypi1i TOTBIKCBI3JaHABIPFBIIITAPABI KOJIIAHY apKbUIbl anbiaFad yiurinepaig PAT notmwxkenepi: V1
— AMC kopsbITnacklH Konaany apkeuibl; V2 — @CA KopbITHAChH KOJAaHY apKbUibl, V3 — OCX 1maHbIH
KOJIIaHY apKbUIBL

COM-D/IC  3eprreynepi anblHFaH  MeETall
(bazaceiHBIH OIpPTEKTI eMec MHUKPOCTPYKTypara ue
exeHiH kepcerti. Merann matpunaceiHga Fe, Cr, Mn
xoHe Si  3JeMeHTTepi  OIpKenki — TapajMaras,
JKEKeJereH aliMakTapza Cr JKOHE Mn
KOHLIGHTPALMSJIapbIHBIH ~ JKOFapbUlaybl — OalKasfpl.
CoHpIMEH KaTap KpeMHHH Memepi I KOFapsbl
JOKaNbJpl ~ aliMakTapAblH  OONMybl  CHJIMLMATIK
(azanapaplH TY3U1y MYMKIHIIrH Kepcereni. MyHai
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KYPBUIBIMIBIK epEeKILENIKTED TOTBIKCBI3JIAHY
peaKLsUIapbIHBIH - KapKbIHABL KYpyiMeH, OajKpIMa
KYPaMBIHBIH OipKENKiIEHY opeKeciMeH KoHe KeHiHT1
KpUCTAJIIaHy JKaraaiiapbiMeH OainanbicTel. COM-
OJIC wHormxkenepi XUMHUSIBIK Tangay MeH POA
HOTWXKEJIEPIH  TOJBIKTBIPBIN,  JIbIHFAH  METalll
(ha3achIHBIH KOIIKOMIIOHEHTTi KYPbUIBIMBIH PAacTabl.

Kamer  amranga, PDA xome COM-3JIC
HOTWIKEIIEPi AKOFaphl TEMITEPaTypaIbIK TOTHIKCHI3AaHY
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Oapeicbiga  Fe-Cr-Mn  Heriziggeri  meramn
(hazachIHBIH TYPaKTHl KAJBIITACKAHBIH XOHE OHBIH
KYPBUTBIMBI 0acTanKe! IIAXTa KypaMbIHa,
TOTBIKCBI3JIAHJIBIPFBINIT  TYPiHE  JKOHE  OaJKBITY
KaFJaiapblHa TOyeNn i eKeHiH KOPCeTTi.
ToOTBIKCHI3IaHy PeaKIUsUIAphl Ke3iHe TY3UICTIH
KOXKIBIH TYTKBIPJIBIFBI  OANKbIMAHBIH —~ XHMHSITBIK
KYpamblHa, OKCHATI KYpBUILIMHBIH KYHiHE >KoHE
TeMIiepaTypara TOYeNIi MaHBI3Ibl TEXHOIOTHSIIBIK
napamerp Oosbin TaObuTabl. OChIFaH OalJIaHBICTHI
Cr—Mn xyiiecinae Ty3UIreH KOKIapAblH TYTKBIPJIBIK
KacHeTTepi  SKCHEPUMEHTTIK  enmeyiaep  JKoHe
FactSage 8.4  OarmapiaMachlHiia  KYPri3iuireH
TEPMOJAMHAMUKAIIBIK, €CErTeyJIep apKbUTbl 3ePTTENII.
MyHjaii KelleHi TACUT KO KYpPaMbIHBIH KOHE
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TEeMIIepaTypaHblH OHBIH  aKKBILTHIFBIHA  9CEPiH
Oaranayra, COHJal-aK €CEeNTIK >KOHE TIKIpUOeNiK
HOTWDKEIEp/i CabICTBIPYFa MYMKIHAIK Oep/i.
ANJpIMEH YHI TOXKIpUOETiK HyCKara CoHKec
KOXKIapIbIH TYTKBIPJIBIFBI 1400-1800 °C
TemIeparypa apaJbIFbIHIA FactSage 8.4
Oarmapnamachl apKbUIBI ecernteni. bapibik yur kypam
YIIiH TeMIieparypa JKOFapbUIaFraH caibIH
TYTKBIPJIBIKTBIH OIpTiHACH TOMCHIACHTIHI aHBIKTaJIIbI
(5-cyper). byn Temmeparypa ocepiHEH OKCHITI
OaJKpIMaHBIH ~KYPBUIBIMIIBIK TOPBIHBIH — OY3bUTYEI,
OHBIH TIONMMEPIICHY JOPEKECIHIH TOMEHJIEYl >KoHe
CYWbIK  (Dazajmarbl  KYPBUIBIMIBIK  O6JIIIEKTEePIiH
KO3FaJIFBIIITHIFBIHBIH aPTYbIMEH TYCIHJIpiTIE .
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Cyper 5 - 3eprrenin/i Ko TYTKbIPIBIFBIHBIH TEMIIEpaTypara ToyeauIiri (a) sxoue Ing—1/T
KOOPAWHATTAPBIHIAFBI TOYEIALTIT (0)

S-m1i cyperTeH V2 KOXKbIHBIH OapiIbIK 3epTTeNreH
TEeMIIepaTypa apajbIFblHOAa €H JKOFapbl TYTKBIPIBIK
MoHIepiHe ue eKeHi, an V1 xxore V3 KypaMIapbIHBIH
CaITBICTBIPMAJIBI TYPAE TOMEH TYTKBIPIBIK KOPCETETiHI
Oalikamampl. byn  alBIpMamIbUIBIK  KOXKIAP.IBIH
XUMHSUIBIK KYPaMbIMEH KOHE OKCUATI KYPHUIBIMHBIH
yilbIMIaCy epeKIIenikTepiMeH OaimanbIcThl. In(n)—
1/T xoopAMHATTAPBIHIAFEI TOYEIILTIKTEPIIH KOFaphl
ChI3BIKTBUIBIFBI (R? > 0,97) 3epTTenren TemmepaTypa
apaJIbIFbIHIA TYTKBIPJIBIKTHIH TeMIiepaTypara
TOYEIIIIriH AppEeHNYC TUIITI TEHJEYMEH CHITaTTayFa
OomaTeiHBIH ~ KepceTeni. KuCBIKTapIbslH — Keibey
OYpBILITApBIHBIH, ~ AMbIPMAIIBUIBIFB  KOXAAPAbIH
TYTKBIPJIBIK ~aFBIHBIHBIH ~aKTUBTEHY AHEPIUSIApEI
OpTYpITi EKeHiH KepCeTei.

FactSage ecenTeynepi  uaeaniaHIBIPbUIFaH
OipTekTi Cy#bIK (pazaHbl CUNATTaWIbl JKOHE HAKTHI
Kokaa Oomybl MYMKIH  KaTThl — OeJIIeKTepni,
MUKPOKPHCTAIABIK (hazanappl *KoHE KYPbUIBIMJBIK
OipTekci3mikTi TONBIK  eckepMmeini. CoHIBIKTaH
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OanKpIMaHBIH HAKTHl TEXHOJIOTHSUIBIK JKaFIaiiarbl
KYHiH Oaranay YIIiH TYTKBIPIBIKTHIH SKCIEPUMEHTTIK
THIM1 MOHJIEP1 aHBIKTAJIIBL.

OKCIIepUMEHTTIK enmieynep rpacdut
KBI3JIBIPFBIIIBI 0ap KapCBUIBIKTHI IMEIIKEe OPHATBUIFAH
ANEKTPOBHOPALIMSIIBIK, ~ BUCKO3UMETP  KOMeTiMeH

Kyprizinmi. ¥cakramraH Kox yiaritepi 30-50 T
MeJIepiHAe MOIUOACH TUreNbIe OPHANACTHIPBUIIBL.
Yorinep 1550-1650 °C Ttemmeparypa apabiFblHIA
TOJIBIK OAJIKBITBUIBIN, OAJKbIMAHBIH XUMHSUIBIK JKOHE
TEMIIepaTypabIK OIpTEKTLTITH KAMTaMachl3 €Ty YIIIiH
mamMaMeH 5 MHHYT apaiacTeIppUiasl. OpaH KeiliH
MONUOJIEH 30HJ OaJKpIMaHBIH OPTANBIK Oelirine
EHTI3UIIN, TYTKBIPIBIK OaKpUIAHATHIH CAJKBIHIATY
KarfalblHOa ~ aHBIKTANABl. OIIiey  CaJKbIHIATy
Keupamaelrel  3—5 °C/mMuH  OonFaH Ke3le KaTy
Oacrayranra JACHiH KYypriziiii.

OKCHEPUMEHTTIK TYpA€ aHBIKTAJFaH THIMIL
TYTKBIPJIBIKTBIH TEMIIepaTypaFra TOYENIUIiri 6-1ibl
CypeTTe KOPCETLITEH.
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Bapisik yiir Hyckaza TeMmepaTypa sKorapblUiaFaH
CalbIH KOX TYTKBIPJILIFBIHBIH MOHOTOH/IBI TOMEH/ICY1
Oalikanmel. By JKoFapel TemIepaTypa ocepiHeH
CUIHKATTHI-ATFOMUHATTHI KYPBUTBIMIaFbI
OailaHbICTapABIH AJICIpEyIMEH XKoHE OKCUATI TOPABIH
TIOJIUMEPIICHY JIOPSKECIHIH TOMEHICYIMEH
6aiimanbicTel. Hotmxecinne Ca®f, Mg?*, Fe?* xome
Mn?* CHUSIKTBI MO (pHKATOP-KaTHOH AP IbIH
KO3FAJIFBIIITHIFBI aPThII, OAJKbIMAHBIH AKKBIIITHIFBI
YKOFapbUIAN bl

1400-1450 °C apaybirbiHaa KOX KypamIapbIHbIH
apachIHIarbl albIPMAIIBUIBIK alKbIH OalKaaabl. V2

TyTKBIpALIK (1) , IIa-c

1350

1450 1550

Temnepatypa, °C

1650

HYCKacbIHJa THIMAI TYTKBIPIBIK mamamen 7,5 Ila-c
MOHIHE JeWiH JKeTill, 3epTTeNreH YII KYpPaMHBIH
IIIiHAEr1 eH KOFaphl KOPCETKIITI KopceTTi. by Kok
KYPBUIBIMBIHBIH, ~ CANBICTHIPMAIIBl  TYPAE  KOFapEI
JIOpeKeIe MoMMEpIICHTeHIH kepcereni. V1 koHe V3
KOXKJApbhIHIa  TYTKBIPJBIK  TOMEHIpEK  OOJIBL
Temmeparypa 1550 °C-tan >koFapbuiaraH Ke3zie YII
HYCKaHBIH  TYTKBIPJIBIK  KHUCHIKTaphl  Oip-OipiHe
JKaKpIHIaH 0acTaibl, OYJ1 OANKBIMAHBIH KYPBLUTBIM/IBIK
OIPTEKTUNITiHIH apTybIMEH >KOHE KaTThl HeMece
MUKPOKPHCTAI/IBIK ~ KOCBUIBICTAPIBIH ocepiHiH
a3arobIMeH OalIaHBICTBL
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Cypert 6 - 3epTTenrer KoKAapabiH d3PPEKTHBTI TYTKBIPIIBIFBIHBIH TEMIIEPATypaFa TOYENIUIIr (a) )KoHe
Openkens-AHIpaze ToyenauTikTepi (0)

AppeHHyC  TeHIeyl  KOOpIMHATTAPBIHIAFHI
9KCHEPUMEHTTIK TOYEIIUTIKTEp KOFaphl TeMIepaTypa
aliMarbIH/a JKAKChl CHI3BIKTBUIBIK KOPCETTi, MYHJa
Koppemsiuus  Kod(durmentrepi R’ 0,94-0,98
apaJbIFbIHIa 00Nl TemIepaTypaHblH KpUCTAIIAHY
aiiMarplHa JKaKbIHIAybIHA Kapal TOYeIIiUTiKTeH
aybITKy Oalikamamel. by OankpIMaHbIH —OipTeKTi
CYWBIK KYHAEH KYPBUIBIMIBIK OIpTEKTI emec Kyire
aybICYbIMCH JKOHE aJFAIIKBI KPUCTANBIK (hazaiapabIH
Ty3lTyiMeH OailaHbICTHI.

TYTKBIPIBIKTBIH TEMIIepaTypara Ce31MTaIbFbI
KOXKJIBIH XHUMHUSUTBIK KypambiHa, ocipece CaO sxoHe
MgO CcHSKTBI KYPBUIBIM  MOAM(HUKATOPIAPHIHBIH
MeJIIepiHe JKOHE KBINIKBULABIK-KYPBUTBIM — TY3YIITi
OKCHUITEp/iH  apakaThlHACBIHA  TOYeNai  eKeHi
aHbIKTANBI. OCBIFAH COWKEC KOXKIBIH PEONOTHSIIBIK
KACHETTepi OHBIH OKCHTI TOPBIHBIH MOJHUMEpJICHY
JopexeciMeH JKOHE MOH/AP apachbIHIaF bl
OaitaHpIcTapAbIH OEpiKTIriMeH aHbIKTasa bl

OKCHEPUMEHTTIK HOTIKENEep/1i CAaH/IbIK CUTIaTTay
YIIiH AppeHHMyc TEHJEYiHiH NIapaMeTpiiepi MXoHe
TYTKBIDJIBIK ~ AFbIHBIHBIH ~ aKTHBTEHY  JHEPTHUSCHI
aHpIKTaNApl. V1 ymiH - Herizgiumik B 1,74,
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KpHUCTAIJaHyAbIH Oactaiy Temriepatypackl 1415 °C,
aJl TYTKBIPITBIK aFBIHBIHBIH aKTHBTEHY SHEPTHSICH B, =
189,8 x/Ix/Momnb 60mmpl. V2 Kokb! ymrie B = 1,69, Ty
= 1380 °C xone Ea=175,8 x[)x/M0oJb aHBIKTAIABL V3
KypambiHga B = 1,66, T, = 1435 °C xone E, = 161,7
k/[>k/MOITE MOHZEP1 ABIHTBL.

TyYTKBIPJIBIKTHIH AKTUBTEHY 3HEPrUsiChIHbIH V1-
neH V3-ke kapait 189,8-nen 161,7 xJx/mMonbre netiin
TOMEH/IEY1 KO KYPBUIBIMBIHBIH SJICIpEyiH jKOHE OHBIH
MIONIMMEPIICHY ASPEXeCiHiH a3arobiH KepceTeni. V1
KOXKBI CANBICTBIPMalbl TypAe OepiK CHIUKATTHI-

AMFOMUHATTEl  KYPBUIBIMBIMEH  cHIaTrajica, V3
KypaMBbIH/Ia KYPBUTBIMIBIK OeumexkTep iy
KO3FaJFBIITBIFEL  JKOFAPBl  JKOHE  TeMIeparypa

e3repiciHe ce3iMTan OanKpIMa KaJbITacaabl. V2 OChl
€Ki KYpaMHBIH apachlHa apallblK CUTIaT KOPCETTi.
Kpucrannanyasa Oacramy
TeMIIepaTypaiapbHbIH alBIPMAIIBUTBIFBI na
KOXKJApJbIH TEXHOJIOTHSUILIK ~KacHETTEepiHe ocep
ereni. Ex temen Ty, = 1380 °C V2 HyckachkiH/a, an V1
xoHe V3 yuiiH OyJ1 Temnepatypaiap colikecinme 1415
xone 1435°C Oonampl. bynm MoHAEp KOXAApIIbIH
CaNKbIHAAY Ke3iHAe KarThl (azanapapiH Ty3uIyi
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OacTanaThiH TeMIIepaTypaibiK mieKkapanapApl  KaJdblITacaThlHBIH Kepceremi. byn ocipece Cr-Mn

CHIIATTaIbI. JIUTaTypachlH 0aJIKBITY Ke3iHze MeTal
XKanme! anFana, yi KoK KYpaMbIHBIH OapJbiFbl  TaMIIBIIAPBIHBIH KO apKbUIBl KO3FaJbIl, Oipiryi

mamamed 1600 °C  kymbIc TeMmmepaTypachblHIa JKOHE TPaBHTAlMSUIBIK SKOJIMEH OemiHyl  YIIiH

JKETKUTIKTI CYWBIKTBIKTBI JKOHE TYPAKThl OajKbIMa  MaHBI3JIBL

KYHiH KaMTaMmacbl3 erefi. TYTKBIPIBIK, aKTUBTCHY 3epTTedreH KOX KYpaMAapblHBIH  (pazaibik

SHEPIusAChl KOHE KPHUCTAIJaHy TeMIepaTypachl

OOMBIHINIA aJBIHFAH HOTWKEIECP MeETallT MEH KOXK

(azanapbiHbIH THIMII OeJiHyiHe KOJIAMIbl JKarnai

Ca0 - MgO - Si0, - Al,O,
15 mass.% Al O,

sio,

oty .
———1" Protopyroxene

Anorthll "3}’0 ®
A

CaO+MgO /
Si0,+AL,05=1.74

JrarpaMmaapiarbl OpHAJIACYhI OJIAPIbIH TYTKBIPIIBIK

KacHeTTepiH KOChIMIIA TYCIHAIpyre MYMKIHIK Oepeni
(7-ui cyper).

Ca0 - MgO - Si0, - Al,0,
10 mass.% Al,0,

sio,

GactSage*

CaO+MgO/
Si0,+A1,0;=1.71

percent by weight

Al,

CaO+MgO /
Si0,+A1,05=1.59

MgO CaO
0, - Cao - SiO,

MgoO

Projection (Slag), 1 bar

Sio,

%
CasAl,0, Ga Al,C,

ALO,

percent by weight

Cypert 7 - 3epTTeireH Kox xKyienepinid (azanbik aparpammaiapsr: a — V1; b—V2; ¢ — V3.

V1 xypambl Merwinite/Periclase da3anapbsabig
LIEKapachblHa >KaKblH OpHaJachlll, mamameH 1550-
1600 °C apaJIbIFbIHJAFbI JIUKBUTYC
TeMIIepaTypacbIMeH cunaTranaasl. MyHzaail opHanacy
OHBIH JKYMBIC TEMIIEPaTYPACBIHIAFbl CaJIbICTBIPMAIIBI
KOFapbl CYHBIKTBIFBIH TYyciHAipemi. V2 Kypamsl
Merwinite  aliMarblHaH THIC OTHENl  alMakTa
OpHANACHII, TMKBUAYC TemnepaTypacsl 1600-1650 °C
apayblFbiHAa Oonanpl. Byl OHBIH 3KCIEpUMEHTTIK
TYPAE aHBIKTAJIFaH >KOFapbl TYTKBIPIBIFBIMEH OHE

)KOFapbl aKTUBTEHY SHEPTUSICHIMEH COlKec Kenemi. V3
KYPaMbl Rankinite/Belite (azanapbIHbIH

IIeKapachlH/Ia OPHAJIACHIIL, JINKBHU/TYC TEMIIEPaTyPachl
[OEEENISIN

mamMaMeH 1600 °C OOJIBL.
auarpaMManapiarbl  Oy1  opHasmacy OapiblK Yo
KYpaMHBIH 0aJKpITY JKaFIaiIapbIHIaF bl
TYPaKTBUIBIFBIH pacTaiinel, an V1 xone V3 meramn-
KO (azanapblHblH THIMII OesliHyiHE HEFYpIbIM
KOJIAMJIBI KaFAail KaJIbIITaCTBIPAIbL.
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KOPBITBIH/bI
3eprrey  Oapwickinma Cr-Mn  kyliecingeri
KOIIKOMITOHEHTTI OKCHTI OaJIKbIMaIapIbIH

KBUTYJIBIK  ocepiiepi, (aszajblK e3repicTepi KoHE
TYTKBIPJIBIK ~ KaCHETTEpl IKCIICPUMEHTTIK JKOHE
TEpPMOJIMHAMUKAIBIK 9ficTepAi OipiKTipe OTBIPHII
KeIIeH Ti TypJe 3epTreni. JKorapsl TeMrepaTypaibiK
Toxipubenep  Hotmwkecinae Cr  xoHe  Mn
OKCHJITEPIHIH  TOTBIKCHI3JaHYbl KE3IHIE KbICKa
Mep3iM1 SK30TEPMHUSIIBIK )KBUTYIIBIK UMITYJILCTEPIH
naiina OONaTHIHEI AHBIKTAJIIBL. Omnapasig
KapKBIHIBUIBIFBI 0acTanKbl [IUXTaHBIH KypaMbIHa
JKOHE  KOJJIAHBUIFAH  TOTBIKCHI3JIAHABIPFBIIITHIH
TYpiHE Toyenai OO IbI.

dazanelk Tangay Hotmwkecinge Fe-Cr-Mn-Si
HeTi3iHAerT KOMKOMIIOHEHTTI MeTail (azaiapbHbIH
TY3UIT€HI aHBIKTAJIAB. XPOM MEH MapraHenTiH
Herisri Oemiri Merain ¢asachlHa OTIil, OJap/IbIH
KOKJIAFbl KaJJIbIK OKCHATEPIHIH MeJIepi TOMeH
neHreiine cakrangel. PDA  xome COM-DJIC
HOTHIKENIEpl  TOTHIKCHI3J]AHY —peaKIusiIapbl MeH
KEeHIHI KpHUCTaaHy JKarJainapbiHa OalJaHbICThI
KypJemni, OIpTeKTi eMec MeTalul KypbUIbIMIAPBIHBIH
KaJIbIITACKAHBIH KOPCETTI.

Koxnapaeir — TyTkbIpaeirsel - FactSage 8.4
OarapramMachIHIaFbl TEPMOJAMHAMUKAIBIK
ecenTeyyiep  JKOHE  JKOFapbl  TeMIlepaTypajblK
3JIEKTPOBHOPALMSIIBIK ~ BUCKO3MMETPHS  9JIICIMEH
AHBIKTaJIIBL. 1400-1650 °C TeMIrepaTypa
apaibIFbIHAA OapIiibIK 3epTTENreH Kypamjaap YIIiH
TEeMITepPaTypaHbIH >KOFApPbIIAYBIMEH TYTKBIPJIBIKTHIH
OipTiHmen TeMeHICHTIHI OenriteHai. bym KyObuTBIC

JKETKUTIKTI ~ CYHBIKTBIKKA  JKOHE  TEPMHSJIBIK
TYPaKTBUIBIKKA W€ eKeHiH kepceTTi. KoxkabH ToMeH
TYTKBIPJBIFl METaJUl TaMIUbUIAPBIHBIH Oipiryi MeH
ONapIblH  KOXKIAaH TPaBUTAIMSIIBIK  OeiHyiHE
KOJIAMIIBI JKaFaail KanbInTacThIpasl. OChl HOTHKENEp
Cr-Mn KypaMapl KOpBITIANApABl aly Ke3iHae
METAUT-KOK  (Da3anmapblHBIH ~ THIMAI  OeJiHYIH
KaMTaMachl3 €TETIH TEXHOJOTUSIIBIK PEKUMICPI
HETI3Jieyre JKoHE TOMEH camajibl XpOM-MapraHell
HIMKI3aThIH )KOFapbl TeMIlepaTypaja oHJey MpoIeciH
OHTalIaHABIPYFa MYMKIHIK Oepei.

MY IJIEJIEP KAKTBIFBICHI
ABTOpiap Myzuenep KaKTBIFBICBIHBIH JKOK
€KEHIH MAJIIMIEN Il

KAPXbUTAHBIPY

3eprTey CBIPTKEI Kap KbLJIaH [bIPYChI3
KYPrizinmi.

AJIFBIC

ABTOp KO/mKa36aHbl MYKHUST KapacThIPHII,
MaKa/JlaHblH Ma3MyHbl Me€H calacblH efjayip
aKcapTyFra MYMKIiHAIK 6epreH KYH/ bl
eckepTyJiepi MeH YCBIHBIM/Iap bl YLIiH
)KYpHa/IAblH, pelaKTOpbl MeH pelleH3eHTiHe
IIbIHANbI aJIFBICBIH GUIAIpeni.

ABTOPABIK KYKBIK © 2026 aBTop(s1ap)ra
Teciii. by makana Creative Commons Attribution—

ShareAlike 4.0 International (CC BY-SA 4.0)
JIMIEH3UACHI OOMBIHINA AaIllBIK KOJDKETIMAl OOJIBII

CIUIMKATTHI-ATIOMHUHATTEL ~ KOK  KYPBUTBIMBIHBIH
TEPMUSANBIK ~ JEHONUMepieHyiMeH  OaiimaHpicTel.  TaObuiaibl. JIMUEH3Us TYNHYCKa €HOEKKE THICTI
TYTKBIPIBIKTHIH AKTUBTCHY SHEPTUACHI MeH TypAae cuiTeme >KacaiFaH Karfaima, Ke3 KelreH
KPUCTAJIAHyIbIH ~ Oactaqy — TemIepaTypajapblH — OpTaja IaijanaHyra, TapaTyra JKOHE Kaira
Tangay KOXKJTap/IBIH KYPBUIBIMABIK KOHE JKapusutayra pykcaT Oepenmi. TybIHABI MaTepuammap
PEOTOTHSITBIK epeKIIeNiKTepiHiH OJapiablH  OCHl JIMIIEH3WSHBIH [OJI OCBHIHAAW IIapTTapbIMEH
XUMHUSUITBIK KYPaMBIHA TOYEN Il eKeHiH KOPCETTi. TapaTbUIYBI THIC.

ANBIHFAaH  HOTIDKENEp  3€pTTeNreH  KOX
KyHenepinig JKYMBIC TeMmIepaTypaiapblHia
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Abstract — This paper presents the results of an investigation of the electrical resistivity of coals from the Borly and
Saryadyr deposits over the temperature range of 200-1600 °C. The experimental study was carried out using a high-
temperature laboratory Tammann furnace and a method for determining the electrical resistance of materials during
heating. It was established that the electrical resistivity of both investigated coals decreases systematically with increasing
temperature, indicating an increase in their electrical conductivity. Characteristic temperature regions associated with
moisture removal, volatile matter release, and structural transformations of the carbonaceous phase were identified. The
Borly coal was found to exhibit lower electrical resistivity than the Saryadyr coal over most of the investigated
temperature range. At elevated temperatures, the difference between the samples gradually decreases. The obtained results
are of practical importance for the selection of carbonaceous reducing agents and the assessment of the electrical
characteristics of furnace charge materials during ferroalloy production in electric ore-thermal furnaces.
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KOMIPTEKTI MATEPHAJIJAPABIH MEHIOIKTI 3JIEKTPJIIK KEAEPT'ICIH
3EPTTEY

Kaxan A.M.

K. Obiues amuinoasvl Xumusi-memaniypeus uncmumymel, Kapazanowr k., Kazaxcman
*Aemop-koppecnondenm e-mail: armat.medetuly@gmail.com

ABTOp TypaJibl aKNapar:
Kakan Apmar Meneryiabl, Kinn feutbiMu Kpi3MeTkep, JK.OOimeB aTbiHAaFbl XUMHUSI-METAIIYPTUSI UHCTHTYTHI,
Kaparannei k., Kazakcran, e-mail: armat.medetuly@gmail.com

Anoamna — Makanana 200-1600 °C rtemmepaTypa apanbirbiHga bopibel skoHe Capblafiblp KEH OpBIHIAPBIHBIH
KOeMipJIepiHiH MEHIIIKTI 3JEKTPIIK KEeAEPTiCIH 3epTTey HOTIKENIepl KeNnTipiireH. DKCIEPUMEHTTIK 3epTTeyiaep KOFaphl
TeMIepaTypajibl 3epTXaHaJdbIK TaMMaH IeMli HeTi3iHAe KacajFaH KOHABIPFRIAA MaTepHalIapAblH KbI3IBIPY Ke3iHIerl
ANEKTPIIIK KeIePriCiH aHBIKTAY 9JIiCi apKBUIBI XKYpri3unai. TemmepaTypaHbIH KOFapbUIaAYBIMEH 3ePTTEITreH eKi KoMipIiH
JIe MEHIIIKTI 3JIEeKTPIiK KeOepriciHiH 3aHAbl TypJe TOMEHACHTIHI aHBIKTAJABL, OYJI ONApIBIH AJIEKTPOTKI3TIIITITIHIH
JKOFapbUIaFaHbIH KepceTe/li. blaranabIH ®KONbUTybIHA, YIIKBIII KOMIIOHEHTTEPIIH O6JIiHYyIHE XKOHE KOMIPTEKTI (ha3aHbIH
KYPBUIBIMIIBIK ©3TepicTepiHe OaiffIaHBICTBI SIEKTPIIK KEHAEPTiHIH ©3TepyiHiH HeTi3ri TeMmIepaTypaiblK aiMakKTapbl
AHBIKTANIBL. 3epTTENTEeH TeMIlepaTypa NHANa30HBIHBIH OackiM Oedirinae Bopibl keMipiHIH MEHIIIKTI AIEKTPIiK
keneprici Capriagplp KeMipiHe KaparaH/ia TOMEH €KeHi aHBIKTanApl. JKOFapel TeMIiepaTypaiapaa 3epTTeIreH Yuriiep
apachIHIaFbl aifbIPMAIIBUTBIK a3asabl. AJBIHFaH HOTIKENEP (heppOKOpHITIANIapabl KeHIi-TEPMHSIIBIK IeITepae OanKbITy
Ke3iH/Ie KOMIPTEKTi TOTHIKCHI3IaHABIPFBIIITAP B TAHAAYFA XKOHE MHKIKYPAaMHBIH AIIEKTPIIIK CHIIaTTaMallapbIH Oaramayra
TIPAKTHUKAJIBIK HETi3 OOJBIT TaObLIABI.

Tyiiin  ce30ep — MEHIIIIKTI ~ DIEKTPIIK  Kemepri, KeMmip, JJEeKTPOTKITIMTIK, TeMIeparypa, KOMipTeKTi
TOTBIKCBI3JAHBIPFBII, KEH/Ii-TEPMUSUIBIK Tel, (heppOoKOphITIIaap.
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NCCIEAOBAHME YJIEJBHOI'O JIEKTPUYECKOI'O COITPOTHUBJIEHUSA
YIVIEPOACOJAEPKAIIIUX MATEPHUAJIOB

Kaxan A.M.

Xumuxo-memannypeuueckuil uncmumym umenu K. Abuwesa, . Kapaeanoa, Kazaxcman
*Ademop-koppecnonoenm e-mail: armat.medetuly@gmail.com

HNndopmanus 06 aBTope:
Kakan Apmar Menerynbl, Mnammuii HaydHbIM COTPYIHUK, XHUMHKO-METAIIYPIrUU€CKUN WHCTUTYT HMEHHU
JK.Abuera, r. Kaparanma, Kazaxcran, e-mail: armat.medetuly@gmail.com

Annomayus — B craTbe npecTaBlieHbl PEe3YAbTaThl HCCIEI0BAHUS YCTBHOTO 3JIEKTPUIECKOr0 CONPOTHBIICHUS yTIIeH
MectopoxkaeHuii bopnber u Capeiazplp B auanaszone Temmeparyp 200-1600 °C. DxcneprMeHTalbHBIE HCCICIOBAHUS
BBITIOJIHEHBI HA YCTAaHOBKE Ha 0a3e BBHICOKOTEMIIEPATYPHOI J1abopaTopHOi meur TamMMaHa ¢ MCIOJIb30BaHHEM METO/a
ONpe/IeNIeHHs] AJIEKTPUUECKOTO CONPOTHBIICHHSI MaTepHajoB NPH HarpeBaHUU. Y CTAHOBJIEHO, YTO C IOBBIIICHUEM
TEMIIEpaTyphl yJeIbHOE AJIEKTPUUECKOE CONMPOTHBIICHHE OOOMX HMCCIEAYeMBIX YIiield 3aKOHOMEPHO CHMXKAEeTCs, YTO
CBHJICTENILCTBYET 00 YBEIMYEHHUH HX ODJIEKTPOIPOBOJHOCTH. BBINENeHbl XapaKTepHbIE TeMIlepaTypHbIE 00JacTH
WU3MEHEHHs DIIEKTPHUYECKOTO COIPOTUBIICHHS, CBSI3aHHBIE C Y/IAJICHHEM BJIArd, BBIICIICHUEM JIETYYHX KOMIIOHEHTOB U
CTPYKTYPHBIMH ITpeoOpa30oBaHUsIMU yriieponuctoii ¢asel. [lokazano, uto yroip bopibl xapakrepusyercs 6oiee HU3KHUM
YIENBHBIM 3JIEKTPUYECKHM COIMPOTHUBIICHHEM MO CpaBHEHUIO ¢ yrieM Capblajplp B OONBINEH YacTH MCCIIEIOBAHHOTO
TEMIIepaTypHOro quana3oHa. [Ipy BBICOKMX TeMmepaTypax pa3jiduus Mexay oOpaslaMu yMmeHbliatorcs. [lonydeHHbie
PE3YIBbTAThl UMCIOT NPAKTHYCCKOC 3HAUYCHUC I B])I60pa YriaepoaucCThIX BOCCTAaHOBHUTENECH U OLCHKHU JJICKTPUYCCKUX
XapaKTEePUCTHUK IUXTHI IIPU TPOU3BOACTBE (PEPPOCILIABOB B PYIHO-TEPMUUECKUX TI€UaX.

Kniouesvie cnosa — ynenbHOe DIIEKTPUYECKOE CONPOTHUBIICHHE, YTojb, JJIEKTPOIPOBOIHOCTh, TEMIIEPaTypa,
YIIIEPOIUCTHIN BOCCTAHOBHTEID, PYIHO-TEPMUYECKas 1eub, (heppocIiIaBkl.

KEY FINDINGS range of physicochemical properties such as particle
The regularities of changes in the electrical size distribution, density, surface characteristics,
resistivity of carbonaceous materials as a function of  melting temperature, reducibility, and electrical
temperature were established. The effect of conductivity. Inindustrial steelmaking practice, these
temperature on the electrophysical properties of the  properties significantly affect the behavior of charge
studied materials was demonstrated, and materials during melting and, consequently, the
characteristic ranges of variation in their electrical efficiency of alloying and the overall performance of
resistivity were determined. The obtained results can  the metallurgical process.
be used to assess the electrical conductivity of The value of mineral raw materials is determined
carbonaceous materials under high-temperature by a combination of economic and metallurgical
conditions and to substantiate rational parameters for ~ characteristics. The economic value is associated
the electric-thermal processing of raw materials in  with the costs of extraction and preliminary

ore-thermal furnaces. preparation of the raw material, including crushing,
classification, and beneficiation. The metallurgical
INTRODUCTION value is determined by the content of the main

Analysis of the global raw material base for the  valuable elements, the amount and composition of
metallurgical industry indicates a continuous gangue, the resulting slag composition and volume,
depletion of high-quality mineral resources, whilethe the presence of harmful impurities such as
requirements for the quality of metals and ferroalloys  phosphorus and sulfur, the amenability of the material
are becoming increasingly stringent. Under these to beneficiation, as well as its physical and
conditions, the development of efficient technologies  physicochemical characteristics. Among the latter,
for processing complex and lower-grade raw strength, particle size distribution, porosity, moisture
materials requires a comprehensive understanding of ~ capacity, reducibility, melting temperature, and
their physicochemical properties. In particular, the electrical resistivity are of particular importance for
electrical properties of raw materials play an electric furnace processes.

important role in the operation of electric ore-thermal The electrical resistivity of charge materials has
furnaces used for the production of ferroalloys and  considerable practical importance in the production
other metallurgical products. of ferroalloys in electric ore-thermal furnaces.

The efficiency and applicability of ferroalloys Changes in the electrical resistivity of the charge
are determined not only by their chemical located in the furnace are directly associated with
composition, including the concentrations of the main  changes in the operating voltage, which is one of the
elements and accompanying impurities, but also by a  principal electrical parameters of the furnace. The
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furnace power, electrical and thermal losses, power
factor (cos ¢), and, consequently, the specific
electrical energy consumption, which is one of the
key technical and economic indicators of the process,
depend on the operating voltage and the electrical
characteristics of the charge.

Numerous studies have been devoted to the
electrical resistivity of individual charge components
used in electric ore-thermal furnaces. During the
development of high-power electric furnaces for
ferroalloy production, particular attention was paid to
the electrical resistivity of individual concentrates
and complex charge materials used for the smelting
of various ferroalloys [1-6]. The electrical resistivity
of manganese minerals [1,2,7], manganese
concentrates, and charge mixtures for the production
of manganese alloys [4-6] has been investigated. S.
Morgulev [8] studied the electrical resistivity of
carbonaceous reducing agents. S.I. Khitrik and Ya.F.
Tsybakin [9] investigated the electrical resistivity of
charge mixtures and individual charge components
used in ferrosilicon production. A.S. Mikulinsky and
L.V. Yumanova [10], as well as R.A. Chuguryan
[11], studied the electrical conductivity of charge
materials and their individual components used in
calcium carbide production. M. Dermel and V.
Marinchek [12] investigated the electrical
conductivity of raw materials used in electric blast-
furnace smelting.

Despite the considerable amount of research
devoted to the electrical properties of metallurgical
charge materials, the electrical resistivity of
individual carbonaceous materials can vary
significantly depending on their geological origin,
petrographic composition, ash content, moisture
content, porosity, degree of metamorphism, and
temperature. Therefore, obtaining experimental data
on the electrical resistivity of specific coal grades is

important for assessing their suitability as
carbonaceous reducing agents in electric ore-thermal
processes.

In this regard, the study of the electrical
resistivity of coals from the Saryadyr and Borly
deposits is of practical and scientific interest.
Determination of the temperature dependence of their
electrical resistivity makes it possible to establish
their electrical behavior under conditions relevant to
high-temperature furnace processes and to assess the
influence of the charge electrical characteristics on
the energy parameters of electric ore-thermal
furnaces.

Research Objective. The objective of this study
is to investigate the electrical resistivity of coals from
the Saryadyr and Borly deposits as a function of
temperature and to determine the characteristic
features of their electrical behavior under conditions
relevant to electric ore-thermal processes.
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Research Tasks. To achieve the stated objective,
the following tasks were formulated:

1. To determine the electrical resistivity of the
studied coals over the investigated temperature range
and establish its temperature dependence.

2. To compare the electrical behavior of the
Saryadyr and Borly coals and identify the
characteristic temperature ranges of changes in their
electrical resistivity.

3. To assess the practical significance of the
obtained electrical characteristics for the use of these
coals as carbonaceous reducing agents in electric ore-
thermal furnace processes.

Scientific Novelty. The scientific novelty of the
study consists in establishing the temperature
dependence of the electrical resistivity of coals from
the Saryadyr and Borly deposits and in identifying the
characteristic features of their electrical behavior
under heating conditions. The obtained experimental
data provide a basis for comparative assessment of
the electrical properties of the studied coals and can
be used to improve the selection and proportioning of
carbonaceous reducing agents in electric ore-thermal
furnace charge materials.

MATERIALS AND METHODS

The experimental study employed the method
proposed by V. I. Zhuchkov, which enables the
determination of the electrical resistivity of materials
at high temperatures while simultaneously recording
the degree of their softening (shrinkage) [2].

For measurements of electrical resistivity during
heating, the particle size of the initial material was
maintained at 3-5 mm. The measurements were
carried out in a Tammann high-temperature
laboratory furnace. The electrical conductivity of the
charge materials was investigated over a temperature
range of 25-1600 °C at a heating rate of 15 °C/min.
According to the Agroskin-Shumilov method,
electrical resistance measurements were performed at
50 °C intervals. To increase the information content
of the experimental data, automatic recording of
electrical resistance values in the computer memory
at 30-second intervals was implemented.

For this purpose, a special circuit was developed
for connecting the measuring transducers to the
Tammann laboratory furnace (Figure 1).
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3

1 — carbon-graphite tube; 2 — copper clamping ring;
3 — water-cooled cover; 4 — water-cooled housing;
5 —alundum tube; 6 — investigated charge material;

7 — protective lining; 8 — thermocouple; 9 — lower
electrode; 10 — digital ohmmeter; 11 — graphite base

for the alundum tube; 12 — upper electrode;
13 — water cooling; 14 — load; 15 — lever;
16 — electronic device for measuring shrinkage.

Figure 1 — Experimental setup for determining
electrical resistivity and shrinkage (cross-sectional
view).

The experimental setup consisted of a Tammann
furnace in which the investigated material was
heated. A sample with a height of 4 cm was placed in
a cavity of an alundum crucible (5) with an internal
diameter of 3 cm installed inside the furnace.

Data acquisition was performed using
transducers connected to a thermocouple (8),
electrodes (9, 12), and a device for measuring sample
shrinkage. Graphite electrodes (9, 12), one of which
was equipped with a hole for the thermocouple (8),
were positioned on opposite sides of the sample to
apply an electrical voltage across the material. The
lower electrode was fixed in position, whereas the
upper electrode was allowed to move downward as
the material contracted under heating. A load (14)
continuously pressed the upper electrode against the
sample, ensuring reliable electrical contact. The
pressure applied to the material was maintained at
0.02-0.04 MPa. The thermocouple was positioned
through the lower electrode and electrically insulated
from the alundum tube.

21

RESULTS AND DISCUSSION

A.A. Agroskin and S.N. Lyandyros investigated
changes in the electrical resistivity of coal during
cooling after preliminary heating. The studies showed
that, when coal heated to 400 °C is subsequently
cooled, its electrical resistivity returns to its initial
value. For coal heated to 600 °C, the value of Ig p at
room temperature decreases by approximately two
times compared with the initial value and corresponds
to the electrical resistivity of coal at 400 °C. The
electrical resistivity of coal heated to 800 °C partially
recovers during cooling, whereas for coal heated to
1000 °C, the electrical resistivity remains practically
unchanged [13].

The electrical resistivity of coal depends on its
degree of metamorphism. Coals at an intermediate
stage of metamorphism exhibit the highest electrical
resistivity. Coals at a lower stage of metamorphism are
characterized by somewhat higher electrical conducti-
vity, whereas materials at an advanced stage of carbo-
nization exhibit the lowest electrical resistivity [13].

The amount of mineral impurities also affects the
electrical resistivity. With increasing ash content, the
electrical resistivity of low- and medium-rank coals at
room temperature decreases, whereas at elevated
temperatures it increases. This phenomenon can be
explained by the fact that, in low-rank coals, the
electrical resistivity of the organic matter is
considerably higher than that of the mineral impurities.
Upon heating, the electrical resistivity of all coals
increases with increasing ash content [13].

The electrical resistivity of a bulk layer of
carbonaceous material consists of the intrinsic
resistivity of the material and the resistance of
transitional contacts between individual reducing-
agent particles. The electrical resistivity of the charge
increases with decreasing particle size of the
carbonaceous reducing agent. The bath of a ferroalloy
furnace acts as a bulk electrical conductor, and the
distribution of current and power within it depends
primarily on the electrical resistivity of the charge,
which, in turn, is determined largely by the electrical
conductivity of the reducing agent.

A high electrical resistivity of the charge makes it
possible to increase the operating voltage and,
consequently, the furnace power. At a given furnace
power, an increase in the conductive-current
component of the charge reduces the arc-current
component. High electrical conductivity in the upper
part of the furnace bath can lead to heating and
sintering of the upper charge layer (the so-called “hot
shock™) and to insufficient electrode penetration. In
contrast, the use of a carbonaceous reducing agent with
high electrical resistivity promotes deeper and more
stable electrode penetration, reduces the conductive-
current component of the charge, and contributes to



ISSN: 3134-8467, ISSN: 2309-1177

greater heat concentration in the lower zones of the
furnace bath [13].

Figure 2 shows the dependence of the electrical
resistivity of the Borly and Saryadyr coals on
temperature.

12
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Figure 2 — Electrical Resistivity of Coals as a
Function of Temperature

Figure 2 presents the temperature dependence of
the electrical resistivity of the Borly and Saryadyr
coals. The obtained curves demonstrate a pronounced
decrease in electrical resistivity with increasing
temperature, indicating a significant increase in the
electrical conductivity of both carbonaceous materials.
Based on the character of the curves, three
characteristic ~ temperature  regions can  be
distinguished. The first region extends from 200 to 400
°C and is characterized by a relatively moderate
decrease in electrical resistivity. The second region
covers 400-1000 °C, where a more pronounced
decrease in resistivity is observed. The third region
corresponds to 1200-1600 °C and is characterized by
very low resistivity values and a gradual approach of
the curves toward similar values.

The change in electrical resistivity in the 200-400
°C range can be associated primarily with the removal
of physically bound moisture and the initial thermal
transformation of the organic matter. At the initial
stage of heating, moisture evaporation and changes in
the contact conditions between individual particles
affect the electrical transport through the sample. As
the temperature increases, the contribution of moisture
to electrical conduction decreases, while the influence
of the carbonaceous phase becomes increasingly
dominant.

In the 400-1000 °C range, the electrical resistivity
continues to decrease as a result of progressive thermal
decomposition of the organic structure and the release
of volatile components. These processes are
accompanied by carbonization and structural
rearrangement of the carbonaceous phase, which
promote the formation of more electrically conductive
pathways within the material. A particularly
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pronounced decrease in electrical resistivity is
observed at approximately 800 °C [14], which may
indicate intensive structural transformations and an
increase in the degree of carbonization of the coal.

At temperatures above 1000 °C, the resistivity of
both samples decreases to very low values. In the
1200-1600 °C range, the difference between the Borly
and Saryadyr coals becomes considerably smaller, and
at 1600 °C their electrical resistivity approaches nearly
the same value. This behavior indicates that at high
temperatures the electrical properties of the samples
are increasingly controlled by the thermally
transformed carbonaceous phase rather than by their
initial structural and compositional differences.

Throughout most of the investigated temperature
range, the Saryadyr coal exhibits higher electrical
resistivity than the Borly coal. At 200 °C, the values of
lg p are approximately 9.8 and 7.6 Om-cm for the
Saryadyr and Borly coals, respectively. At 800 °C,
these values decrease to approximately 3.8 and 1.9
Om-cm, respectively. Thus, the Borly coal
demonstrates higher electrical conductivity over a
substantial part of the investigated temperature range.
The observed difference may be related to variations in
the petrographic composition, ash content, volatile
matter content, degree of metamorphism, and
structural characteristics of the two coals.

The pronounced decrease in electrical resistivity
with increasing temperature is of practical importance
for the application of these materials as carbonaceous
reducing agents in electric ore-thermal furnaces. A
decrease in charge resistivity leads to an increase in the
conductive component of the electric current and can
affect the distribution of electrical power and heat
within the furnace bath. Therefore, the experimentally
determined temperature dependence of electrical
resistivity should be considered when selecting
carbonaceous reducing agents and designing the
electrical operating conditions of ferroalloy furnaces.

CONCLUSIONS

The electrical resistivity of the Borly and
Saryadyr coals was investigated over the temperature
range of 200-1600 °C. The results demonstrated a
pronounced decrease in electrical resistivity with
increasing temperature for both materials, indicating
a significant increase in their electrical conductivity
under heating.

The temperature dependence of electrical
resistivity can be divided into three characteristic
regions. The first region (200-400 °C) is associated
mainly with moisture removal and initial thermal
transformations of the coal structure. The second
region (400-1000 °C) is characterized by a more
pronounced decrease in resistivity, which can be
attributed to the release of volatile matter and
progressive carbonization. A particularly significant
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decrease in electrical resistivity was observed at
approximately 800 °C. At temperatures above
1000 °C, the resistivity decreased to very low values,
and at 1600 °C the electrical properties of the two
coals became close to each other.

Throughout most of the investigated temperature
range, the Borly coal exhibited lower electrical
resistivity than the Saryadyr coal. Consequently,
Borly coal is characterized by higher electrical
conductivity, whereas Saryadyr coal possesses
comparatively higher electrical resistivity. The
observed difference may be related to variations in
the composition, ash content, degree of
metamorphism, volatile matter content, and structural
characteristics of the coals.

From the perspective of electric ore-thermal
furnace operation, the obtained results indicate that
the two coals may have different technological effects
on the electrical characteristics of the furnace charge.
The higher electrical resistivity of Saryadyr coal may
be advantageous for increasing the operating voltage,
reducing the conductive component of the current,
and promoting deeper and more stable electrode
penetration. In contrast, the higher electrical
conductivity of Borly coal may contribute to a greater
conductive-current component within the charge.

Therefore, Saryadyr coal can be considered more
promising when a carbonaceous reducing agent with
relatively high electrical resistivity is required for
stable operation of an electric ore-thermal furnace,

where higher electrical conductivity of the charge is
required. However, the final selection of a reducing
agent should also take into account its chemical
composition, fixed carbon content, ash content,
volatile matter, reactivity, particle-size distribution,
and mechanical properties.
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Abstract — The thermal transformations of rice husk obtained from rice cultivated in the Kyzylorda Region were
investigated to determine the appropriate conditions for its preliminary thermal treatment prior to silicon carbide
production. The study was conducted using differential thermal analysis (DTA) with a high-temperature simultaneous
thermal analyzer STA300. The main temperature ranges of the thermal transformations of rice husk were determined.
The DTA curve revealed an endothermic effect with a maximum at 150 °C, associated with moisture removal, as well
as exothermic effects in the range of 300-440 °C and at higher temperatures, which were attributed to the sequential
removal and transformation of organic components. It was established that the main mass loss occurred in the
temperature range of 300-600 °C. Based on the results of thermoxidative treatment, the maximum removal of volatile
components was achieved at 600-700 °C with a treatment duration of 10-20 min. The obtained results provide a basis
for selecting the temperature conditions for the preliminary preparation of rice husk and can be used in the development
of a technology for its further application as a silicon- and carbon-containing raw material for silicon carbide
production.

Keywords — rice husk, thermal analysis, differential thermal analysis, DTA, thermal transformations, pyrolysis,
thermoxidative treatment, volatile components, silicon carbide.
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AHnoamna — 3eptrey xymbIchiHAa KpI3pUiopna OONBICEIHAA OCIPUITeH KYPIINTEH AallbIHFaH Kypilll KaybI3BIHBIH
TePMISDIBIK TYpJICHYJEpi 3epTTENIN, OHBl KPEMHHH KapOHIiH aly ajAblHa aJJblH aja TePMISUIBIK OHACYIIH THiMII
KaFJaimapel aHBIKTANIBL 3epTTey >Koraphel Temmeparypanbl STA300 Oip mes3rinmeri TepMUSIIBIK aHATH3aTOPHIH
KOIIJaHa OTBIPHIN, MU(QepeHnnanabl-TepMusuiblk Tannay (JTA) omicimen xyprizimmi. Kypimm KayeI3BIHBIH HETI3Ti
TePMISDIIBIK TYPJICHY TIPOIECTepi JKYPETiH TeMIlepaTypaiblK apanbikrap aHbkTanapl. JITA xucererHma 150 °C
TeMIepaTypajga MaKCHMyMFa JKETETiH, BUIFAIIBIH KOWBUTYBIMEH OaiIaHBICTHI SHAOTEPMILIIBIK dcep, coHmaii-ak 300-
440 °C xoHE >KOFaphl TeMIlepaTypajap aiMarblHIa OpPTaHWKAJBIK KOMIIOHSHTTEPHiH OipTiHAEN >KOHBUIYBI MEH
TypJcHyiHe OalIIaHBICTHI SK30TEPMUSIIBIK dcepiep aHbIKTanasl. Herisri macca sxoramyel 300-600 °C Temmepatypa
apaibIFBIHAA JKYpETiHi OenriyeHmi. TepMOTOTHIKTBIPFBINI ©HJCY HOTIKeIepi OOWBIHIIA YINNa KOMIOHEHTTEpPIiH
6apsramia xoiteutysl 600-700 °C temmepatypanga 10-20 MUHYT ©HIEY Y3aKTBIFBIHIA KAMTaMAacChI3 €TUIETiHI aHBIKTAJI/IBL.
AJIBIHFaH HOTIDKENEp KYpill KaybI3blHA ANJBIH aja OHJEY JKYPTi3y[diH TeMIlepaTypasiblK pEeKHUMIEPiH Herizaeyre
MYMKIHAIK Oepeni koHe OHbI KpeMHHI KapOWIiH any YIIiH KypaMblHIa KpeMHHH MEH KeMipTeri Oap mmMKi3aT peTiHae
OJaH opi Naii1anaHy TEXHOIOTHACHIH 93ipiey/ie KOIAaHbLUTYbl MYMKIH.
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Annomayun — B pabore wuccienoBaHbl TePMHYECKHE NPEBPAIIEHUS PHCOBOH INENyXH, IOJTYYEHHOH W3 pHca,
BbIpalieHHOro B KBI3bUIOpANHCKONH 00J1acTH, C 1IENBI0 OINpPEEIeHUs] PallMOHABLHBIX YCJIOBUI €€ MpeaBapUTebHOM
TEPMUUECKOH 00pabOTKM JUIsi MOCIEAYIOLIEro MOdy4YeHus KapOuaa kpemHus. VcciegoBaHue MPOBOIMIIM METOIIOM
i depeHINaTbHO-TEpPMUYECKOr0  aHAIM3a €  HUCIONB30BAaHMEM  BBICOKOTEMIIEPATYPHOTO  OJHOBPEMEHHOTO
Tepmudeckoro aHanuzatopa STA300. YcTaHOBIEHBI OCHOBHBIE TEMIIEPATypHbIE HHTEPBAJIBI TIPOTEKAHUS TEPMUUECKUX
npeBpaienuii pucooii menyxu. Ha JITA-kpuBoii BbIsIBIEH dHAOTEpMUYECKHH dpdekT ¢ MakcumymoM mipu 150 °C,
CBSI3aHHBIN C yJaJeHUeM BIard, a Takke sk3orepmuueckue d¢p¢extsl B odmactu 300-440 °C m mpu NOBBIIICHHBIX
TeMIiepaTypax, OOYCJIOBJEHHbIE IOCIEAOBATENbHBIM YNAICHHEM W TIPEBpAIEHUEM OpPTraHMYeCKHMX KOMIIOHEHTOB.
VY cTaHOBNIEHO, YTO OCHOBHAS IOTEPS MACChl MPOUCXOMUT B TemnepaTypHoM auamnazone 300-600 °C. Ilo pesyapTatam
TEPMOOKHCIIUTEIBHON 00pa0OTKH ONpeeNIeHO, YTO MAaKCUMAIIBHOE YIaJIeHHE JIETYYHX KOMIIOHEHTOB JJOCTUTAETCsl IPU
temrnepatype 600-700 °C u mnpomomxurensHoctn o0padotku 10-20 mun. [lonydeHHble pe3ynbTaThl MO3BOJISIOT
000CHOBaTh TEMIIEPATYPHBIH PEKUM MPEABAPUTEIBHON IOATOTOBKH PHUCOBOW LICNYXH U MOTYT OBITH MCIIOJIb30BAaHBI
NP pa3paboTKe TEXHOJIOTUH €€ JajbHEHIero NPUMEHEHHs B KauecTBEe KPEMHHUII- M YITICPOICOAEPIKAILETO ChIPbS IS
MOJTYYeHHs1 KapOuaa KpeMHHSI.

Knwuesvle cnosa — pucoBas 1ienyxa, TepMHUYECKHH aHanu3, auddepeHuanbHO-TepMudeckuil anamms, JTA,
TEepMHUYECKHE NPEBPALIECHHUS, TUPOJIN3, TEPMOOKUCIHUTENbHASI 00pa00TKa, JeTy4le KOMIIOHEHTHI, KapOuI KPeMHHUS.

KEY FINDINGS The Acheson process [2] is an industrial

The thermal transformations of rice husk method for producing silicon carbide. The

were investigated by differential thermal analysis  synthesized silicon carbide obtained by this method
using a STA300 analyzer. The main temperature is used in the manufacture of abrasive tools, as a
ranges of thermal effects and mass loss were vapor source for crystal growth by the Lely method,
established, and the conditions for thermoxidative and for the production of silicon carbide-based
treatment ensuring maximum removal of moisture products by pressing and slip casting. According to
and volatile components at 600-700 °C for 10- this method, low-ash coke or petroleum coke is
20 min were determined. The obtained results can be  added to silicon dioxide, followed by heat treatment
used to justify the preliminary preparation of rice in which an electric current is passed through carbon
husk as a silicon- and carbon-containing raw electrodes and the core at a temperature of 2500—

material for silicon carbide production. 2600 °C. The process duration is approximately 40
h. Green or black polycrystalline silicon carbide is

INTRODUCTION also added to the charge.
Silicon carbide (SiC), owing to its unique Until the early 1980s, the Lely method [3] was

properties, including high  hardness and the only industrial method for producing silicon
refractoriness, is widely wused in electrical carbide crystals for the semiconductor industry.
engineering, semiconductor, radio engineering, Even today, SiCrystal (Germany) uses the Lely
tooling, and other industrial applications. Existing method to produce polished 6H- and 15R-SiC
industrial methods for producing silicon carbide crystals. The Lely method is based on the
from mineral raw materials are highly energy- evaporation of polycrystalline silicon carbide at
intensive and costly, while the resulting silicon temperatures of 2500-2650 °C, followed by vapor
carbide does not always meet the required quality  condensation on randomly formed nuclei.
standards [1]. The spontaneous nucleation characteristic of the
Lely method results in the uncontrolled formation of
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a large number of small crystals. The use of seed
crystals eliminates these limitations and enables the
growth of large-diameter bulk single crystals.
Currently, this approach is known as the Physical
Vapor Transport (PVT) method. The method is
based on the condensation of a supersaturated vapor
generated by the sublimation of synthesized silicon
carbide onto a single-crystal seed.

Industrial silicon carbide is produced in two main
varieties, distinguished by color: green and black.
They differ relatively little in chemical composition
and abrasive properties; however, green silicon
carbide contains fewer impurities and is considered a
higher-quality abrasive than black silicon carbide.
The production of silicon carbide by carbothermic
reduction [4] can be represented by the following
equation:

Si0,+3C—SiC+2CO (-1120cal) (1)

The formation of silicon carbide involves the
interaction of silicon dioxide with carbon at a
temperature of 2200-2300 °C. In the present study,
the production of silicon carbide from rice husk is
considered. Rice husk obtained from rice cultivated
in the Kyzylorda Region was used as the raw
material. To determine the main physicochemical
characteristics of the pyrolyzed rice husk, the
samples were subjected to thermal analysis using
differential thermal analysis (DTA).

Research Gap. Although rice husk has been
widely studied as a renewable silicon- and carbon-
containing raw material, insufficient attention has
been given to the detailed characterization of its
thermal transformations under controlled heating
conditions for subsequent silicon carbide production.
In particular, the temperature ranges of the main
thermal effects, the stages of moisture and volatile
component removal, and the relationship between
thermal behavior and the conditions of preliminary
thermoxidative treatment require further
clarification. Therefore, a detailed DTA-based study
of rice husk is necessary to establish rational
conditions for its thermal preparation prior to silicon
carbide production..

Scientific Novelty. The scientific novelty of
this study lies in the identification of the main
thermal transformation stages of rice husk using
differential thermal analysis (DTA) and the
determination of the corresponding temperature
ranges. The temperature conditions and duration of
thermoxidative treatment required for the effective
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removal of moisture and volatile components were
established. The obtained results provide a scientific
basis for the preliminary thermal preparation of rice
husk as a silicon- and carbon-containing raw
material for subsequent silicon carbide production..

MATERIALS AND METHODS

Differential thermal analysis (DTA) is a
thermal analysis technique used to investigate
thermal effects occurring in a material during
heating or cooling. The method is based on the
simultaneous measurement of the temperatures of
the sample and an inert reference material under a
controlled temperature program and determination
of the temperature difference between them:

AT=T«T, (2)
where T is the temperature of the sample and T, is
the temperature of the reference material.

In the absence of thermal effects, the
temperatures of the sample and reference material
change in a similar manner. When a physical or
chemical transformation occurs in the sample, a
temperature difference develops between the sample
and the reference material, which is recorded as a
peak on the DTA curve.

Differential thermal analysis was performed
using a high-temperature simultaneous thermal
analyzer STA300 (Figure 1). The method is based
on recording the temperature difference between the
investigated sample and the inert reference material
under a controlled temperature program. During
heating, changes in the thermal behavior of the
sample associated with physical and chemical
transformations were recorded.

The analysis was performed over a temperature
range from room temperature to 1250 °C. The
heating rate was set within the range of 1-80
°C/min, depending on the experimental conditions.
The instrument is equipped with a controlled gas
supply system that allows measurements to be
performed under inert, oxidizing, or reducing
atmospheres, as well as under static or dynamic
conditions. The temperature resolution of the
instrument is 0.1 °C, while the DTA/DSC
measurement range is 0 to £500 mW.

The obtained thermal curves were used to
determine the onset, peak, and endset temperatures
of endothermic and exothermic effects, as well as to
establish the temperature ranges in which the
corresponding  physicochemical  transformations
occurred.
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Figure 1 — Schematic diagram of the DTA equipment

RESULTS AND DISCUSSION
Within the investigated temperature range, the
DTA curve (Figure 2) shows a pronounced
endothermic effect with a maximum at 150 °C, which
is associated with moisture evaporation. An
exothermic effect at 300 °C is also observed,

indicating the onset of volatile component release and
continuing through the temperature range of 390, 440,
and 790 °C. The mass loss associated with moisture
removal and the release of volatile components
amounted to 7.5-10% and 50-60%, respectively.

Figure 2 — DTA curve of the thermal transformations of rice husk

Thermoxidative treatment (pyrolysis) of rice
husk (RH) was investigated to determine the mass
loss associated with moisture and volatile organic
components during heat treatment in the temperature
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range of 150—700 °C, at atmospheric pressure, and for
treatment durations of 10-60 min. It was established
that the mass loss of RH at 150, 200, 300, 400, 500,
600, and 700 °C was 7.02 and 11.88%, 7.07 and
10.53%, 23.92 and 43.46%, 52.32 and 52.74%, 57.32
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and 61.20%, 62.38 and 62.34%, and 62.20 and optimal for the maximum removal of moisture and
61.84%, respectively, for treatment durations of 10  volatile organic components from rice husk. The
and 60 min. Therefore, to achieve maximum removal  obtained results can be used to substantiate the
of volatile components from RH, thermoxidative conditions for the preliminary thermal treatment of
treatment should be carried out in the temperature rice husk prior to its further use as a silicon- and

range of 600-700 °C for 10-20 min. carbon-containing raw material..
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Abstract. This study develops a refined beam theory aimed at overcoming the limitations of classical models, such as the
Euler—Bernoulli and Timoshenko beam theories. These classical models often neglect transverse shear deformation and
rotary inertia effects, which become particularly important in the analysis of thick beams or beams made of advanced
materials. The proposed theory considers a beam with a constant rectangular cross-section made of a linear elastic,
homogeneous, and isotropic material. While retaining the simplicity and widely accepted principles of the classical Euler—
Bernoulli theory, the proposed theory provides high accuracy in the bending analysis of beams. A simplified governing
equation is formulated as a practical and efficient tool for engineering calculations. Analytical solutions are obtained for
thick isotropic beams under various boundary conditions. The considered cases include simply supported, cantilever, and
clamped beams subjected to uniformly and non-uniformly distributed loads. Explicit expressions are derived for
transverse displacements, strain and stress components, as well as internal force resultants. The accuracy of the proposed
theory is validated through comparison with advanced beam theories that account for transverse shear deformation. The
results demonstrate that the proposed theory provides reliable predictions while reducing computational complexity.
Furthermore, the applicability of the theory is demonstrated through representative numerical examples, confirming its
effectiveness for the practical design and analysis of structures. The obtained results indicate that the proposed theory can
improve the accuracy of engineering calculations, particularly in the analysis of thick beams and complex beam systems.
Keywords: refined beam theory; structural analysis; transverse displacement; longitudinal stress; transverse shear stress;
thick beams; analytical solutions.
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Anoamna. byn 3eprreyne euler-bernoulli ’koHE THMOIIEHKO TEOPHUSUIAPBI CHUSIKTBI KJIACCHKAJIBIK MOJECJIBAEPIIH
LIEKTEYJIEPIH >KOI0 MAaKCaThIHa apKaIbIKTap bl HAKThUIAHFaH TEOPHSCH d31pJIeH/1i. ATalFaH KJIaCCHUKAJIBIK MOJEIBAED
KeOiHece KeJ/IeHEH BIFbICY e(OpMaIMsICHIH JKoHE aifHaIMallbl MHEepLUs acepiepiH eckepMmeini. byn acepiep Kaiblg
apKaJbIKTapsl HEMEece 3aMaHayd MaTepHaljapjaH jkacajfaH apKaJbIKTap/Abl Talfay Ke3iHJe epeKIle MaHbI3JbI.
¥ CHIHBUTFaH TEOPHS KOJIJICHEH KUMaChl TYPAKThI TIKOYPBIIITHI MIITIH/1, CBI3BIKTHIK CEPIIMALT, OIpTEKTi )KOHE U30TPOIITHI
MaTepHaiabl KapacTelpanpl. Kiaccmkamslk —euler-bernoulli TeOpHsCHIHBIH KapamaWbIMABUIBIFEI MEH KEHiHEH
KOJIIAHBUIATBIH KaFUAAJIapBbIH CAaKTail OTBIPHIN, YCHIHBUIFAH TEOPHS apKalbIKTapAbIH HUTYiH Tajay Ke3iHae »KOrapbl
IOIIIKTI KaMTaMachl3 eTeli. MHKeHepIik ecenTeynep YIIiH TOXIpHOeTiK opi THIMII Kypan peTiHae KEeHUIIeTUITeH
HETI3Ti TeHICY TYKBIPHIMIANIBI. OPTYPIi MeKapanblK MapTTap jKaFrIadbIHAAFl KaJIbH H30TPONTH apKaJbIKTap YIIiH
AHAMTHUKANBIK IIeIIiMAep alblHABl. KapacThIppUIFaH jKarmaiiapra IIApHUPI TipeNreH, KOHCONBAlI JKOHE KaTaH
OeKITINIreH apKaJbIKTap JKaTaabl. ApKaJBIKTapra OipKenki jkoHe OipKenki eMec JKYKTeMenlep acep erefi. 3eprreyie
KeJIICHEH XBUDKYJIap, AeopManusiiiap MEH KepHeyJiep KOMIIOHEHTTep1, COHal-aK iIKi KyIITiK (hakTopJap yIIiH alilKbIH
OpHEKTEep YCHIHBIIFAH. ¥CHIHBUIFAH TEOPHSHBIH JQJIIIr BIFBICY Ae(OPMAIMACHIH €CKEpPETiH 3aMaHayd TeOopHsIapMeH
CaJIBICTBIPY apKbLIbI pacTainibl. HoTmkenep yChIHBUIFAH TEOPUSHBIH €CeNTey KYPACTIriH TOMEHIeTe OThIPHII, CEHIMI
HoTmKenep OepeTiHiH kepceTTi. COHBIMEH KaTap, TEOPUSHBIH KOJIJaHy MYMKIH/II HaKThl €CENTiK MbIcajiap apKbLIbI
KOPCETLNII, OHBIH KOHCTPYKIMSJIAPABl TOKIpUOETiK jkobajnay MeH Taljaylarbl THIMIUITT JonenaeHai. AJbIHFaH
HOTHOKEJIEP YCHIHBUIFAH TEOPHUSHBIH HHKCHEPIIK ecenTeyiepie, acipece KajlblH apKaJIbIKTap MEH KYPJesi apKabIKThIK
KyHenepi Tannay Ke3iHae, KOHCTPYKIUSUTapIbl eCeNTeYAiH AIIITiH apTTRIpyFa MYMKIHIIK OepeTiHiH KepceTei.
Tyiiin ce30ep: HAKTBUIAHFaH apKaJbIK TEOPUSCHL; KOHCTPYKLMSIAPIbI TANAAy; KOJOCHEH JKbUDKY; OOMIBIK KepHEY;
KOJIICHeH BIFBICY KepHEYi; KaJIbIH apKaJIBIKTApP; aHATUTHKAJIBIK [ISITiMIeD.
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Annomayun. B naHHOM wHccneoBaHMHM pa3paboTaHa yTOUHEHHAs Teopus OajoK, HampaBl€HHas Ha YCTpaHEHHE
OTpPaHMYEHUH KIIACCHYECKUX MOJIeNIel, TaKuX Kak Teopuu Ditnepa—bepHymnn u TumonieHko. YKa3aHHbIE KIaCCHUECKUE
MOJIETIN 3a4acTyl0 HE YYMTHIBAIOT Ae(OpPMAIMH IONEPEYHOro cIBUra 1 3¢ ¢eKThl BpamarelbHONH HHEPLUH, KOTOphIe
pruoOpeTaloT 0co0oe 3HaUCHHE MPU aHATIM3€E TOJICTHIX 0AJIOK MM 0aJIoK, N3rOTOBJICHHBIX U3 COBPEMEHHBIX MAaTepHAJIOB.
[Ipennaraemast Teopust paccMaTpyUBaeT JMHEHHO-YIIPYT Ui, OZHOPOAHBIA W N30TPOIHBINA MaTepuall OajKi MOCTOSTHHOTO
IPSIMOYTOJIBHOTO HomnepeyHoro cedeHus. CoxpaHss NMPOCTOTY U HIMPOKO MPHUMEHSEMbIE MPUHIUIBI KIACCUYECKON
Teopun Diinepa—bepHyiuH, npeyioKeHHast Teoprsi 00ecrieyrBaeT BEICOKYI0 TOUYHOCTh NP aHaiu3e ui3ruba Oanok. B
Ka4ecTBe NPaKTHIECKOro M 3((PEKTUBHOTO MHCTPYMEHTA IJIsl MH)KEHEPHBIX pacyéToB C(OPMYIMPOBAHO YIPOIIEHHOE
OCHOBHOE ypaBHEHHE. llOITy4eHBl aHAIWTHYECKHWE PEIICHHS U1 TOJICTBIX M30TPONHBIX OalOK TPH Pa3ITUYHBIX
TPaHIYHBIX YCIOBUSAX. PacCMOTpeHsI MapHUPHO OMEPTHIE, KOHCOJBHBIE U )KECTKO 3aIIeMIIEHHBIE OalIKi, HAXOIAIINECS
1O/l JEHCTBUEM PAaBHOMEPHO M HEPABHOMEPHO pacIpeleNEHHbIX HAarpy3ok. B MccinenoBaHuMM IpelCTaBIICHBI SIBHBIE
BBIPQKEHUS JJIS OIpENeNeHHs IOIEePEUHBIX IepeMEeNIeHNH, KOMIIOHEHTOB AeQopManuii W HampsKeHWH, a Takke
BHYTPEHHHUX CHJIOBBIX (pakTOpoB. TOYHOCTD IpeIOKESHHON TEOPHH TOATBEPKACHA ITyTEM CPaBHEHHSI C COBPEMEHHBIMHU
TEOPUSIMH, YYWTHIBAIONINMH JAedopMalMu IOIepedHoro ciasura. llosydeHHBIE pe3ynbTaThl IMOKa3ald, dYTO
IIpe/IoKEHHAs TEOpHst oOecTieunBaeT HaIEKHbIE Pe3yJIbTaThI IIPH CHIPKEHNH BBIYUCIUTENBEHOH clioxkHOCTH. Kpome Toro,
MPUMEHNMOCTh TEOPUU MPOAEMOHCTPUPOBAHA HAa KOHKPETHBIX pacu€THBIX INpUMeEpax, 4YTO MOATBEpPXKIAaeT €€
3G PEKTUBHOCTH JUIS TPAKTHYECKOTO IPOEKTUPOBAHMS M aHAJIN3a KOHCTPYKIMH. [oydeHHbIe pe3yabTaThl MOKa3bIBAIOT,
YTO MPEeIOKEHHAsI TEOPUS MOXKET OBITh HCIIOIb30BaHa IS IIOBBIICHNS TOYHOCTH HH)KCHEPHBIX pacU€TOB KOHCTPYKIIHH,
0COOCHHO TP aHAJIM3€E TOJICTHIX OAIOK M CIIOKHBIX OaJIOYHBIX CHCTEM.

Kniouegvie cnosa. yrouH€HHas Teopusl OaloK; aHaNINM3 KOHCTPYKIHMI; IIONEPEYHOE IEPEMEIIECHHE; MPOJOIBHOE
HaINpsDKEHNE; KacaTeIbHOE HAIPSDKECHHE TTOTIEPEYHOT0 CABHUTA; TOJICTHIC OANIKH; aHATUTHYECKHUE PEIICHNUS.
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KAJIIIBI EPEXKEJIEP

3eprTeyne KaJblH H30TPONTHI  APKAIBIKTAPIbIH
HUTyiH ecemTeyre apHajfaH HaKTBUIAHFAH —apKaJbIK
TeopHsCH d3ipneHAai. Teopus HETi3iHIE KCHUACTINTCH
HETI3ri TEeHJEY ajbIHBIN, OPTYPJi MIEKapaIbIK LIapTTap
MEH JKYKTEeMeJep YLIIH aHAJUTUKAJIBIK IIenriMiaep
yeoIHbUIIBL.  KenneHeH JKbUDKy, nedopmanms, KepHey
KoHE IMIKI KYIITIK (akTopiapabl aHBIKTayFa apHaJFaH
OpHEKTep aJbIHAbl. Y CBHIHBUIFAH TEOPHSHBIH QNI
KOJIIAHBICTAFBl  BIFBICY  JeOpMalMsACHIH  €CKepeTiH
TEOpHUSIIAPMEH CaJIBICTHIPY apKbUIBI TEKCEPiNi.

KIPICIIE
ApKanbIKTapAbIH HiTYiH Talaay KYPbIIbIC MEXaHHKACh
MEH MHXXECHEPIIiK ko0anay IblH Heri3ri acrekTiiepiniy Oipi

60JIBII TaObLIAIBI JKOHE apTypii JKYKTEeMe
KaraiaapblHIarbl  apKaJBIKTapJblH  MiHE3-KYJIKbIH
TyciHyzaiH HeriziH kypaiinsl.  Euler-Bernoulli  xoHe

THUMOIIEHKO MOJETBACPI CHUSKTHI KIIACCHKAIIBIK TEOPHSLIAp
Y3aK YakbIT OOWBI HiTy MEXaHHUKACHIH TaJAAayIbIH CEHIMII
HETi3IH KaMTaMachI3 etim kememi [1-2]. Amaifma Oy
TEOpUsIap KOJICHEH BIFBICY He(OpMaLHsiChl  MEH
aiffHaTIMaJIBl  MHEPLHUS 9CepliepiH  eCKepMey  CHSKTBI
OipkaTap KeHUImeTymri OoJpkamumapra HerizmenreH. by
MO/JIETIbJICP UUITILI apKAIBIKTAp YIIiH THIMAI OOJIFaHbIMEH,
aTaJFaH MICKTeyJep ONap/bl KajblH apKalbIKTapFa HeMece
KYpIeldi MEXaHWKaJbIK KacHeTTepi Oap MaTepuaijapra
KOJIJaHy MYMKIHZIriH ToMeHaetei. Ochifan OaillaHBICThI
aHAFYPJIBIM  OKCTULAIPUITEH  MOJENBICPAlI  93ipiey
KQXKCTTUIIr TYbIHIAHIBI.

Ochl Macenenep i menry YIIiH 3epTTeyIIiep KOFaphl
perti ®IFBICY gedopmanmscel TeopusutapeiH  (HSDT)
o3ipneni. Byn Mopenblnep KIacCHKaJBIK TEOPHSIAPIBIH
Oacramkel OOKaMIapblHAH Aachlll, KOJJCHEH BIFBICY
nepOpPMALMACHIHBIH ~ 9CepiH  OONIpeK  ecKepy  YIIiH
KOCBIMIIIA MyIIesep/ i KaMTH bl OCbl GaFbITTaFbl MaHBI3/IbI
xericriktepre Levinson [3], Shames xone T1.6. [4],
Rehfield sxone Murty [5], Krishna Murty [6], Baluch, Azad,
wone Khidir [7], conpaii-ak Bhimaraddi and
Chandrashekhara [8] ycbiHFaH mapabOJANBIK  BIFBICY
nedopmanusicel Teopusulapsl Kartaiusl. by Teopusiapia
KAJTBIHJIBIK KOOPJIMHATACHI OoiibIHIIA OOMITBIK
KBUDKYJIApIbIH HaKThUIAHFAH Tapaiybl eHIi3i1e/1i, COHBIH
HOTIDKECIHAE apKAaNBIKTBIH O KOFapFbl JKOHE TOMEHTI
OeTTepiHme >kaHaMa KepHEYNepIiH Heilre TeH 00y

LIeKapaJIbIK, apTTapbl aBTOMATTBI TYpae
KaHaraTTaHABIpeUIanel. OCBIFaH OaiIaHBICTBI BIFBICYFa
Ty3eTy  KOOPQOUIMEHTTEPIH  KOJJaHy  KaKeTTUIIri

KOMBUIBII, aPKANBIKTBIH Je(QOpMAaLUSIChIH MOJIENbACYIIH
aHAFYPIIBIM JI9JT TOCTI KAaMTaMachl3 eTUIeI.

KanbiH HeMece KbICKa apKaJbIKTapAbl Ty Ke3iHae
KOJJICHEH, BIFBICY Ae(POpPMAlMSACHIH €CKEepPYIiH MaHBI3bI
aliKbIH GalKamazpl. Winrim apKaJIbIKTapMEH
CAJIBICTBIPFaHJa  BIFBICY  Je(OpManMsICHIHBIH  acepi
nuTyJepiiH eayip apTybIHa, OPHBIKTBUIBIKTHI XKOFAJITYIBIH
KayinTi JKYKTEMeNepiHiH TeMeHJeyiHe >KOHE MEHIIIKTI
TepOenic SKUITIKTEPiHIH a3aloblHa oKelyl MYMKiH. byn
acepiepli CaHABIK Oarasay YLIH eJIeMCi3aeHaipyai
KoJIJaHy MaHpI3abel, Oy Shimpi sxoHe T.0. [9] eHOerinme
atan etinreH. ConeiMeH Katap, [10-12] 3eprreynepinme
neopMalMsHBIH ~ ©3TepyiH JoN  OoJbkayna KeJJIeHEeH
BIFBICYIBIH MaHBI3IBl peili KepceTinreH. bipinmn perti
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BIFBICY JIe(pOpMaLsIChl TEOPHATIAPHIHBIH IIEKTEYIEPiH
eHcepy MaKcaThIHIa 3ePTTEYIIJIep KOFAPHl PETTi BIFBICY
neopMaISICEIHBIH KOIITETeH TeOPUIaphIH d3ipmexi [13-
15]. Byn Teopusmap apKalbIKTapAbIH IeOpMaIisIChH
nmomipek Oarajayra MYMKIHAIK Oepeni, amaiina kxeOinece
KOCBIMIIa ~ OacKapyImibl — TeHAEylep MeH  Oenrici3
(GyHKIMSIApABl  EHTI3yAl Tamanm eTeadl, HOTHXKECiHze
ecenTey INBIFBIHAAPBI apTaasl. Wang xoHe T.6. [16]
MYHJIaii MOAEIBICPAIH KYPACIUTITI OMapIbIH TIOXKIPUOSTIK
KOJIZIaHBUTYbIHA Ke/IepT KeNTipyi MYMKiH €KeHIH aTarl oTil,
JIOIIIK TIeH €CenTey TUIMALIIT apachlHAAFbl TeNe-TCHIKTI
CaKTayAbIH MaHBI3IbUIBIFBIH KOPCETKEH.

Ocsl GarsITTHI JambITa OTHIpEIT, Ghugal sxoHe Sharma
[17] craTHKanbIK >KOHE IUHAMHUKANBIK Talgay YIOiH
TUNEpOOaNbIK  BIFBICY  Je(OopMamusicel  TECOPHSCHIH
yeeraapl, anm Ghugal sxome Dahake [18] »xome Oacka
seprreyminep [19-20] opTypnmi XKykreme XoHE Oekity
KaFTalmapelHAAFl HWUTy MIHE3-KYWIKBIH Taimay YIOiH
TPUTOHOMETPHSUIBIK ~ MOJENbIEpPAl  KOJIaHmsl. by
o3ipieMenep OYpBIHFBI  MOAENBACPIIH  IIEKTEYJIepiH
eHCepyleri MaHbI3IBI KamaM O0ojbIn Tadbutambl. OChI
cayara eneyni yiaec kockaH Canales »xome Mantari [21]
OpTYpJi  INeKapaiblK LIapTTap JKarJalblHAa  KaJblH
N30TPONTHl TIKOYPHIMITHl apKaJbIKTAPABIH CTaTHKAJIBIK
HUTyiH 3epTTeyHiH aHATUTHKAIBIK TOCUTIH o3ipiemi.
Iexapaneik  y3imicti  ®Dypbe  KarapiaapblH  BIFBICY
JIeGopMaIsiChl TeOpUsUTapEIMEH OIpiKTipy apKbUIBI Oyap
KEpHEYJIep MEH  JKbUDKYJApAbIH IMICHIMACPIH aJfbl.
Auaiina omapAplH JKYMBICBIHIA KeiOip acmexTijep, aram
aliTkaHma, KaraH OCKITUITGH YINTapAarbl HITy JKOHE
KOJIIGHEH  BIFBICY  KEpHEYJEpiHIH Tapalybl  TOJBIK
3epTTeiMereH, OyJl ataiFaH TOCULII OAaH api KETLIAIpy
MYMKIHJITH KepceTe/i.

Ghugal xone Shimpi [22] xone Sayyad sxone Ghugal
[23] xypri3reH KelieH i MOyJiap FHUIBIME 9/ie0HeTTepe
IIApHUPIIL TipENTeH apKaIbIKTap YiIiH HaBee THITI TYHBIK
AHATMTUKANBIK IIENIiMAepaiH 0acklM CeKeHiH KOpCeTeli.
Karayg OekiTiireH ymTapel HeMece apHaWbl JKYKTeMe
XKaraimapel 0ap apKalbIKTapra apHalfaH aHATUTHKAIIBIK
miemriMaep oM e IIeKTeydi, Oy ochl  OarbITTa
3epTTeYJIeP/i JKAIFACTBIPY JKOHE JKaHa TOCUIACPAl a3ipiey
KaxerTitirin  kepcereni. COHbIMEH Katap, KOJJICHECH
KBUDKYJTapAbl &KeKe KypamjaacTtapra 0erly CHUSKTH Oamama
omicremenep e YCHIHBUIFAaH. [24-25] 3epTreynepinme
JMHAMUKAJIBIK €CeTTep YIIiH WHEepUUSUIbIK OaillaHbICKaH,
I CTaTHKANBIK €CelTep YIIiH aXBIPaTBUFaH €Ki
Oackapylibl TEHICYJEH TYPaTblH JKYHE YCHIHBLIFaH.
Ocpiran  ykcac Ttocimaep [26-29] eHOekrepiHne ne
KapacThIPBUIBIN, BIFBICY Ae(dOpManusChiHAa OaiaHBICTBI
ecenTepl IIemyre >kaHa Ke3Kapac YCbIHaabl. bIFbicy
ocepiHeH OONATBIH  IIEKTEyre TO3IMII  aKBIPJIBI
JIEMEHTTEpAl d3ipieyre nae alTapiblKTail 3epTreynep
xkyprizinai [30-31]. Conrbel 3eprreynep [32-39] wIFbICY
neGopMaIsiChl  TEOPHSUIAPBIHBIH  Y3AIKCI3 JaMbII  KeJie
JKATKaHbIH KOPCETII, 0JIap/IbIH 3aMaHayH KOHCTPYKIHSIIBIK
TaJJaylaFbl ©3eKTUNrH alKeIHAalapl. By xeTicTikrep
3epTTey OaFbITBIHBIH OSJICEH I JaMYbIH KAMTaMachl3 €Tel,
OWTKEHI FalbIMIap KOJIAHBICTAFbl MOJAETBICPAl YHEMI
KETUIIIPIN, ONapblH KypAelli HWHXEHEpIiK ecentepre
KOJIZIaHy asiChIH KEHEUTY/Ie.

Bonamak 3eprreynepae Oyi1 »KEHUIETIITCH TEOPUSHBI
KOJIIaHy asChlH KeHeWTyre Oomanel. On  cepmimaini
HETi3JIer] apKaNbIKTapAbIH MiHE3-KYJIKBIH Tajjay YIIiH
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Oepik Heri3 Oombim TaObuTanbl [40-42]. OHBI KONIAaHY

ecenTey  TUIMIUICIH  CaKTail  OTBIPBIN,  HETI3IIH
KATTBUIBIFBIH JKOHE apKAIBIK TIICH HETI3JiH  e3apa
OpEKETTEeCY  OCEpJIEPIH  €CKepy  CHSIKTBI  KypJHeni

KOHCTPYKIHSUIBIK Macesesiep i MIenryre MyMKiHIiK Oepe/i.
CoHBIMEH KaTap, TSOPHUSIHBI OIpTEKTi eMec HeTi3aep HeMece
JUHAMUKAIBIK JKYKTEMe JKarmaillapbl CHAKTBI KypIewi
Karaalmapel 3epTreyre Oeitimaeyre 60amb.

ByJ1 »KyMBICTBIH MaKcaThl — KJIACCHUKAJIBIK TEOPHSHBIH
KEeMIIUTIKTepiH eCKepeTiH HAKThBUIAaHFaH TEOPHUSHBI 93ipiey
JKOHE HETI3T1 TOYSIAUTIKTepAl KapanaibIM opi TOKIpHOETiK
TYpJe, MH)KEHEPJIK ecenTeyiepe icke achlpyra bIHFalIIbI
Typze YCbiHY. TeopHsUIBbIK TYKBIPBIMIAP TiKOYPBIITHI
KOJICHEeH KuMackl 0ap Ka3blK OJJIEMEHTTEp YLIiH
KYprizizmi. Anaiiia TeoOMEeTpPHUsIIBIK —CUmaTTamaiapibl
©3TepTy apKbUIbl YCHIHBUIFAH TEOPUSHBI KOJIICHEH KUMAaChl
Ke3 KEJIeH MINIHACTi 3JeMEHTTEpre KOJAaHyra Ooajbl.

Karag  OekiTinreH — miekapaiblK —— [apTTapel  Oap
apKaNbIKTApABIH ~ CTaTHKAIBIK  WiyiHE  apHaiFaH
AQHAIUTUKAJBIK  [ICMIMIep  alblHABL ¥ CHIHBUIFaH

TEOPHSIHBIH THIMIUIITIH KOPCETy MaKCaTBHIHIA BIFBICY
neopManusaChl  €CKePUIeTiH HM30TPONTHl  TiKOYPHIIITHI
apKaJbIKTapAbIH CTAaTUKAIBIK MiIylHE apHaJFaH €CeNTiK
Mpicanap kentipinai. CaHmplk  HoTwkenep — Oacka
HaKThUIaHFaH Teopusap HeTi3iH/e aJbIHFaH
HOTHIKEJIEPMEH CaJIbICTBIPBUIIBI. ByJl YCHIHBIIFaH TICUIAIH
JI9JIZIITT MEH CEHIMUIITIH pacTayFa MyMKIHAIK Oepei.

TEOPUAHBIH HETI'I3I'T BOJIZKAMJIAPBI

¥ CHIHBUTFaH MOJEIIBIIIH TEOPHSLIBIK
TYKBIPBIMAAMAaChIHBIH ~ HETi3iHIe JKaTKaH OoJpkamIap
TOMEHJIET1/IeH:

1) 1l-cyperre KepceTiITeH KapacCTHIPHUIBII OTBIPFaH
apkaiblk 0 — X1 — X2 — X3 JEKapTTBIK KOOpJIUHATAIAp
XKyileciH/ie OpHaIaCcKaH JKoHe KeJleci ayMaKThl KAMTH/IBL:

0<x, <lI, —ngzsg, —-7<x%,<1, z:E
2 2 2

MYHJIAFbI, X1, X2 JKOHE X3 JCKAPTThIK KOOpAUHATaIap, ai |
JKoHe b coliKeciHIE Xi- JKOHE X OaFbITTapBIHIAFBI
apKaNBIKTBIH Y3BIHIBIFEI MCH C€HI. X3 ©Ci OOHBIHIaFrbI
apKAJIBIKTHIH KAJBIHIBIFEL h apKBUTEI OenTiTeHe Il

2) ApkanblK  OIpTeKTi, CBHI3BIKTBIK  CEpPIIMILII,
H30TPONTHl MaTepUANTaH TYpajbl, all OFaH TYCIpUIreH
KYKTEMeIlep CTaTHKaJbIK OOJNBIN  TaOBUIamBl  JKOHE
ApKAJBIKTBIH  Y3BIHABIFBI  OOWBIMEH OipKeNKi Hemece
OipKkenki emec Tapajasl.

3) ApKaJBIKTBIH HIEKapaiablK MmapTTapsl x3=0 jkoHe
X1=1, meTTepinae Oepinesi, MyHIa BapUAIUSUIBIK TYPFBIIAH
KEeJICUIreH meKapablK MapTTap KOJIIaHbBUIA b

4) Xz eci OoiibiHmarbl  gedopmandsiiap  MeH
KepHEYJCepiH Tapaaybl OepiireH 3aHAbLUIBIKTApFa COHKeC
e3repelli JKOHE HAKTBUIAHFAH AapKAIBIK TEOPUSCHIHBIH
KaFHJIaJIapbIMEH COMKECTIKTI KAMTaMachI3 €Te/i.
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1-Cyper. ApKaJbIKThIH F€OMETPHSICHI )KOHE KOOPIUHATTAp
JKyHeci.

5) Kennenex
GbyHKIUSFAa COWKec e3repe,
KOOpJHMHATAChlHA  TOYEJIUIIriH
oepei.

6) Kengenex >xpunkymap Ui KOMIIOHEHTI CO3BLIY
HEMece ChIFbUTYy JedopMalusichiHa YIIbIpaMaiabl, Oy
APKAJIBIKTBIH OCBTIK JKYMBIC ICTEY CHIIATBIH CAKTAy.Ibl
KaMTaMachl3 eTe/Ii.

BIFBICY JIedOopManmsIchl  OepiireH

Oyl OHBIH KAJIBIHIBIK
€CKepyre MYMKIHIIK

KOJJAHBICTAFBI TEOPUS: KBLIIXKY
OYHKIUACHI, IE@OPMALUSJIAP,
KEPHEVIJIEP, KOJITEHEH KUMAHBIH
HUIJTY MOMEHTI )KOHE KOJIIEHEH KYII

Teopusnut a3iprey

HaxTbl KOWBUIBIMIAFbl  KepHEYJiK-Ie(opMalusiIbIK
KYW CepHiMAUTIK TEOPUSCHIHBIH KeJiecl KaThlHacTaphl
apKbUIBI aHBIKTATAE [1, 2]:

- KepHey KOMIOHEHTTEp] apKblIbl OPHEKTENTeH Telle-
TEHJIIK TCHICYIIEePi:

0o, Ot or oo
Ly- By x=0 8 $4+Z=0, 1)
ox,  Oxg X,  Ox,
MyHIarbl  O;,03 COHKEC KOOPAWHATANBIK  OCBTEP

OOMbIMEH OarbITTalFaH KAJBIITEL KepHEYIep; Xi, X3, Ty3

colikec ochbTepre NEPIeHIMKYJSIP JKa3bIKTHIKTapaa acep
eTeTeiH ’kaHama KepHeynep, X, Z KOOPIUHATAIBIK
OarpITTap OOWBIMEH ocep eTeTiH KOeJEeMIIK KYLITepAiH
koMnoHeHTTepi. KnuHematukansik KatsiHactap (Komw):

ouU oJ ou, ou
gl: 11 83:731 7/13:71_'_ 31 (2)
aXl aXS aXS aXl
MyHJAFel &;,E3 CBIBBIKTBIK JAedopMaIusiIap, BIFBICY
nepopmammsmap, an  U;,U, X, Xy colikec
KOOpAWHATANBIK ~ OChTep  OOWBIHOAFBI  KBUDKYIIAP
KOMITOHEHTTepi. Du3ukanbIK KaTbiHacTap(I'yk 3aHpl):
1 1
&=—(0,-voy), &=—(0o3-voy),
E E €))
V=B G= _E
G 21+v)’
MyHmarel E  cepmimuimik Monmym, skoHe Vv Ilyaccon
K02 HHUITUEHTI. Byn  Teopuss  kepHeynep — MeH
KBUDKYTapABIH HHTETPAIIIBIK CUMaTTaMaiapbiHa
HET13/Ie/ITCH
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M= jalx3dx3, Q= .Z[rlgdxg,

M_ = ja3x3dx3, N = jgldxs' 4)
N6=j-03dxsy Wo:%ju3dx3,
QZUJ% 12jU X - dXs,

MyHAaFl Mg, Ng KanbInTel KEpHEYIHEH O3 TybIHAAHTHIH
HiTy MOMEHTI MeH OOHNBIK Kym, N Ooimsik xym, Wo, 0
KaJIBIITHl JKBUDKY JKOHE KOJJICHEH KUMAaHBIH OypbLLy

+ - s : _ —
Oypermibl, U, U, Tuicinme Ul(Xi, X3) X3=Z JOHE X3= -Z
0ChTpi OOMBIHIAFEI KONACHEH XKbUDKYIap

(1) TemmeyiH wWHTerpanmay >KOHE KOJIEMIIK KYIITep
OonmaraH xarnaia (4) KaTbIHaChIH eCKepy apKbUIbI 1IIKi
KYIITEp TYPIiHAETI TeTe-TeHAIK TCHICYICPIH alaMbI3:

dMm dQ

= -Q=0,

0, )
dx, ax, AT A7 o[,

Oceinaiiiia, ['yk 3anpiHaH (3) sxoHe (4) Oenrineynepin
€CKepe OTBIPHIIL, KeJIECi OPHEKTEP aIbIHAIbL:

deo

dx, B dx, ' (6)
3
,_bh®
12
MyHarel EJ Wiy KaTawueiFsl, adl A BIFBICY KaTaHIBIFBIH
oumipeni.

A=Gh,

(6) epHektepiH (5) xyHeciHiH OipiHII TeHIEyiHE
KOMHCaK, KeJiecl OpHEKTI aJlaMbl3:
d o dM dw,

2 +v —A(@+
d dx, dx,

)=0 O

(7) TewmeyiH OmepaTOpNBIK TypAe KalTa Ka3yra
OoaIbl:

Lo - p)=o,
dx, ®)
L(e)—E‘]df 0, P=W,—v M
A dx A

MYHJaFbl L CBHI3BIKTBIK OMEpaTop.

(8) TemmeyiHiH IwwemIiMiH KeJeci Typae OpHEKTeyre
0oIaIbl:

dp
g
L 1
Ocpl1aH XBIDKYyIap KOMIOHEHTTEPIH aTaMbl3:
2
pow_EIAW AW ©)

A dx? dx,

(5) xyieciniy exiHmi TenaeyiHeH (6) >xoHe (9)
OpPHEKTEPIH  ecKepe OTHIPHIT, W(xi1) dyHKIUACHIH
aHBIKTAyFa apHaJFaH HeTi3r1 TeH ey aJIbIHAIbL:

‘ d’M

EJd\QV=q+v72°' (10)
dx; dx;

I'yk  3aHBIHBIH (3) nangagaHelIMarad TEHL[eyiH

HHTETpangay *oHe (4) KaThIHACTAPHIH €CKepY apKbLIbI
KEJIECiHI aJlaMbl3:

2Jv do 20-v?)
—+
h dx,

M (11)

U, +U; =h .

:2\/\/0—

Conm 3aHHBIH Tarbl Oip WHTErpambsl Kelleci Typle
Ka3bUIaJIbI:

(12)

myszarst U, U, colikecinme U, (X, X;) Xs=z xoHe x3=

-Z OcbTepi OOMBIHIAFHI TiK KBUDKYIAP.

(11) xome (12) epHEKTEepiHEH U3+
Knaccukansix Euler-Bernoulli

xome U

JKbUUDKYJIAp AaHbIKTaJIalbl.

apKaJIBIKTap  TEOPHSACHl  HIEHOepiHIe  KepHeyJepni
KeJecinei kepceryre 6omasl [1]:
Xs h?f(x,)
o, =—M , O3 = o(x y T13 = ’
1 J 3 ( 3 )q 13 J Q (13)
1 1x° 1 3 x X,
f(x)==-2"2-, 6(x)=>+=-2-22
(%) 2 h? (%) 2 2 h h®

myHaarFsl | (X3) KOJJIeHeH KaHaMa KepHeyJIep IiH Tapairy
dyHKupsicsl, an O(X;) KaublnTbl KOICHEH KepHEyIepaiH
Tapaixy QyHKIHACH. 3 kepHeyiH (13) TypiHme xaObuimait
OTBIPBII, KEJIECIHI ajlaMbI3:

h2 gh

Moo ® Nemy

Koiiocynap epici:

A orapeiga kenTipinreH OopKammap MEH allbIHFaH
HOTHOKEJIEp HETI3IHJe KapacThIPbUIBII OTBIPFaH apKaJIbIK
TEOpWSCHIHAAFBl  XKBUDKYJIap  epici  keyeci  Typze
AHBIKTANIA/IbI:
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dw
U, (X, X)) =—X =X,0,
1 BdX1 3

Eh dZW

U3 00) =W0u) + (=) 5

L

} 4E

Eh d2W
) +

Lan

“lv
A

Jr(1—1/2)

Eh (14)

10

1

U;(x1)=W(x1>+%(v
1-v?)

=5

EJ d*W y gh?
A dx?  10A dx, '

uiry  ¢yskomsacel, G apKaibIK
g CBHIPTKBI KYKTEMEHIH

2
LAy gn

10 | A 4E

dw
W, (%) =W — -

MyHIarel  W(X1)
MaTEepPHUAJIBIHBIH BIFBICY MOJYJII,
KaPKBIH/IbUTBIFBL.

Hepopmayusnapza apnanzan eprexmep

CBIBBIKTBHIK CepIIMALTIK Teopusichl meHOepinme (13)
xoHe (14) TeHneynepiMeH CcUNATTaNaTbIH O KbUDKYNAp

epicineH aIbIHFaH KAJTBIITHI HKOHE BIFBICY
nehopManusapsl Kelecizielh epHEKTeNe i:
d?w 1-v) d?
&1 ="Xg 5 &= O(X3)q+V Xy ——,
dx; E dx;  (15)
h®f(x,) o 1% dw
= y = — dX = 0 .
Y13 GJ Q. 713 h:[713 3 dx,

Kepneynepze apnanzan meyoeynep

KanpInTel Winy KepHeynepi MEH KOJICHEH BIFBICY
KepHeynepl (13) xoHe (15) Oipemmemai (unKaIbIK
Teyenmnmepm naiianana OTHIPBIT AaHBIKTANAIbl KOHE
KeJlecifiel epHeKTemneni:

d°w
o, =—EXx, v +vd(x, )0, (16)
1
h? f(x
325()(3)(], T3 = J( 3)Q

Kuma oOotivinwa uiny momenmi KondeHney Kyuike
apHanzan epHexmep

APKAJBIKTBIH KOJJICHCH KUMAChIHIAFbl HUTY MOMCHTI
MEH KOJIJICHEeH KYIII KeJleci/Iel aHbIKTaIa bl

2
=—EJd 5 th
dx, 10 (17)
2
Q-—gydW h° da.
dx, 10 dx,

MyHAaFel M, Q coiikeciHIle nisly MOMEHTI )aHe KeJIIeHEeH
KyIII.

Hezizei oughghepenyuandviy meyoey dHcone weKapaivlk,
wapmmap

(17) TerneyniH exiHun TeHIeYiH (5) TeHACYIIH eKiHIIi
TEHJIeYiHe KOWBIT, HET13T1 TEHIEY/li aTaMbI3:

dw h? d?q

EJ—- —— (18)
ax; 10 dx;
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OraH colikec KeJIeTiH YiieciMai TaOWFU IIeKapajbIK
LIapTTap KeJeci TypAe >Ka3buIaibl:

1) Erep apKambIKTBIH YIOTapbl IMApHUPIL TipelareH
OoJica, meKapaiblK MapTTap Kenecigei 0omaub:

W =0 M=0 (19)

2) Erep apKajipIKTHIH YINTaphl KaTaH OeKiTireH 0oJca,

IIeKapabIK [IapTTap Keyeciaeit 6oma bl
W=0, =0 (20)

3) Erep apKaibIKTBHIH yIITaphl epKiH OekitinreH OoJca,
IIeKapabIK MIapTTap Kemecimeit 6omasl:

M =0, Q=0 (21)
Ocehnaiiina,  YCHIHBUIFAH  HaKTBUIAHFaH  TEOPUS
ApKAJIBIKTHIH KepHeYJiK-1e(GopMaIisIbIK KYHiH
aHBIKTayFa MYMKIHJIIK oepeni, apKAJIBIKTapIbI
KJIACCHKAJBIK HIUTYy TEOPUSCHIHAAFbl KaHIIBUIBIKTap bl
JKOSIIBI  JKOHE OChUIalIIa ecenteyiepil HaKThUIAaHFaH

KOHBUTBIMIIA JKYPTi3yTe MyMKIHIIK Oepei.

ApPKaJBIKTBI €CENTey aIrOPUTMI.

YCHIHBUIFAaH HAKTBUIAHFAaH TeOpHs OOMbIHIIA Ke3
KEJITCH apKaJIBIKTHI €CENTey Keleci anropuTM OoHbIHIIA
XKy3ere achIpbUIaIbl:

1) ApxansikTeiH nity QyHkmsace (18) termeyin (19)-
(21) Tenneynepinae KeNTIpUIreH IeKapajbIK MapTTapAblH
OipiH KaHaraTTAaHIBIPY apKbUIBI LIEHIy HOTHIXKECIHAES
AHBIKTAJIA/IBL.

2) XKpunxynap komnoHeHTrepi (14) dopmysna GoiibiHira
ecenrene/.

3) Hedopmarms
OOMBIHIIIA eCETTENET].

4) Keprey xommonenTtepi (16) gopmyna OolibiHIIa
AHBIKTAJIAIBL.

5) ApkanbeikTars! imki kymrep (17) popmynara colikec
ecernTele/i.

kommonentrepi  (15) dopmyna

CAH/ABIK HOTUKEJIEP

Byn OemiMae bIFbICYy JeOpMAIMACHIH ECKEPETiH
U30TPONTHI TPHU3IMAJBIK TIKOYPBIMITE  apKaTbIKTapIbIH
CTaTHKAIBIK HMUTYyIHC KATBICTBI ~CAHIBIK HOTIDKEIIED
Oepinren. Hotwxenep kectenmik Typae ne, rpaduKajbIK
TYP/E 1€ YCHIHBLIFaH.

ApKanpIK YIIiH eJImeMci3 JKbUDKy W, ermemci3
OOMIBIK KAJBINTHl KEPHEI[ G1, KOHE OJIIEMCI3 KOJJICHEeH
JKaHaMa KepHey T13 KeJleCiie aHbIKTalla Ibl:
WEJ _ob b
R

1-3 wmbIcangap YIIiH YCHIHBUIFAH TEOPHUSHBI Maiigana
OTBIPBIN, APKAJBIK KAJIBIHJBIFBIHBIH OHBIH Y3BIH/BIFbIHA
kateiHACHIHBIH (h/]) opTypii MoHIepi Ke3iHme ecenTenreH
W, o, *oHe 7,, YWIiH caHABIK HoTHACHEp 1-7 KecTenepe

W=

(22)

KeNTipireH. YCBIHBUIFAH TOCUIMIH OCUIIIH THIMAUITIH
KOpCeTy MaKCaThbIHIA albIHFaH HOTIDKEJep  Keneci
Teopusiap OOWBIHINIA aNbIHFaH COHKEC MOHJIEPMEH
CaAJBICTBIPBUTAJIBI: CEPIIMILTIK €KioMIIeM T TEOPUIChIMEH,
apKAJBIKTHIH OiprapamMeTpili TEOPHUACBIMEH, eKimapaMeTpii
TEOpHsAChIMEH, Levinson apKalbIFBIHBIH TEOPHSICHIMEH,
TuMoIIeHKO apKanbIFbIHBIH TeopusickiMer, Euler-Bernoulli
APKAJIBIFBIHBIH TCOPUSCHIMCH.
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1-7-kectenepne skxoHe 2-7-CypeTTepAe KenTipinreH
HOTIDKETIepIi ary Ke3iHJe KeJeci kaFJaiiap ecKepiiai:

1) ITyaccon ko3¢ durmenti 0.3 men KaOpUTTAHATEL.

2) 1 xoHe 2-MpIcanaap YIIiH apKAIBIKTHIH Y3BIHABIFEI
TypakTel Oombim 1=1m, an emi b=IM genm KaOpUIIAHAIHL
ApxansIkTeiH  OmikTiri (h) esrepmeni Oomelm, Keneci
Monep Kaobunananer: h=0.01m, h=0.05M, h=0.10Mm xoHe
h=0.15m. CokeciHmie, apKajgblK OHWIKTITIHIH  OHBIH
y3eiabiFbiHA KaTbiHach! (h/l) xeneci mongepre Tex 0.01,
0.05, 0.10, xone 0.15. 3 mbIcanma apKaIBIKTBIH OHIKTIT
h=Im >xoHe eHi b=IM TypaxkTel Jen KaObUIJaHABL.
ApkanbIKTBIH y3bIHABIFBL (1) e3repmeni OGoubim, Keneci
MoHzIep KaOpuimaHmel: 1=4m sxoHe l=10m. CoiikeciHre,
Y3BIHIBIKTHIH KaJIbIHABIKKA KaTbiHAack (S=1/h) 4 xome 10
MOHIEpTIe TEeH Jel KaObUIIaH bl

3) Levinson apKAJBIFBIHEIH ~ TEOPHSCHl  MEH
GipmapameTpti apKaJIbIK TEOPUSCH Heri3ine anpiarad W,
coHpaii-aK OiprmapamMeTpii apKajblK TEOpHUsCHl HEriziHje
albIHFAH o, JKOHE 7), OOMBIHINA CaHIBIK HOTHKEJep

Shimpi >xone T.6. eHOeriHAe Kenripinared [9].

4) W, o, , *KoHe 7,, YIUiH cepIiMILTKTIH eKiommem i

TEOPIMSICHIH  (JKa3blK  KEpHEYNi Kyd), eKimapameTpi
TeopusiHbl, THUMOIIEHKO APKAIBIFBIHBIH TEOPUSACHIH JKOHE
Bernoulli-Euler apkanbIifbIHBIH TEOPHSCHIH mMaiganaHa
OTBIPBITT AJIBIHFAH CaHABIK HOTIKenep aBTopiuap [37]
TaparnblHAH €CETENeH.

a) By ecenmrteymepmi Kyprizy YIIiH KecTelepiae
KOPCETUITeH THICTI ome0uerTepAe KeNTipiireH epHEeKTep
nai1agaHblUIbL.

b) TumonreHko APKAJIbIFbIHBIH, TCOPUACBIHAA bIFBICYTa

Ty3ery kodbduimenti  \(5/6\) momime TeH jen
KaOBLIIaHbI.
1-mbican. bBipkenki TapanraH KeJIEHEH JKyKTeme

oCepiH/Ier] MapHUPII TipeareH apkaibik (SS apkasik) by
MBICAa apKANBIKTEIH X1=0 jkoHe X1=| HYKTemepinmeri
YIITaphl MWapHUpIi TipenreH. SS apkaibiFbiHa coiikec W
YIIiH IeKapaiblK mapTTap Keneciaei 0omambr:

1. ApkanbIKThIH X1=0 YIIBIHIAFBI TIEKapaNbIK MIapTTap:

d2w
W(©)=0 M©)=-E "

X

2
g (@23)

+v
2. ApKanbIKThIH X1=| YIIIBIHIAFBI IIEKAPATIBIK MIAPTTAP:

d*w
W@l =0, M0)=-EJ o’

Xy

2
+v£ =0 (24

x=I
1-xecre. |-MBIcal YIIiH €JIIIEMCI3 KOJIIEHEH JXBITKY (

w ) (mwapHUpI TipelreH apKaiblK, 1-CypeT), YChIHBUIFaH
Teopus OolibiHINa ecentenred xoHe (h/l) apTypini MoHIEp

YIiH Genrini HOTHKeIepMEH CalbICThIpbiiFan ¥ = 03

OuneMci3 KeJIIeHeH KbIULKY Ke3iHaeri
x=1/2, W=WEJ] /(qol4)

(Kakmagarbl MOH/AEP NAMBI3IBIK
albIPMANIBLIBIKTBI K6pceTei)

Teopusiiap

h/I=0.01| h/I=0.05 h/1=0.10 | h/l=0.15

0.01302 | 0.01308 0.01329 0.01364
Y ChIHBUTFaH

(0.00 %) | (-0.15%) | (-0.22 %) |(-0.37 %)
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. 0.01302 | 0.01302 0.01302 0.01302
Bernoulli-Euler [4]
(0.00 %) | (-0.61%) | (-2.25%) |(-4.89 %)
0.01302 | 0.01310 0.01335 0.01375
TumoreHko [4]

(0.00 %) | (0.00%) | (0.23%) | (0.44 %)

. 0.01302 | 0.01310 0.01335

Levinson [9] -

(0.00 %) | (0.00%) | (0.23 %)

Bipnapamerpii teopust | 0.01302 | 0.01310 0.01335

[9] (0.00 %) | (0.00%) | (0.23 %)
Eximapamerpi teopust | 0.01302 | 0.01310 0.01335 0.01375
[37] (0.00%) | (0.00%) | (0.23%) | (0.44 %)
Ceprimainic TOpHACH| g 51307 | 001310 | 001332 | 0.01369

[43]

2-kecTe. 1- MbICa YIIiH OJIIIEeMCi3 OChTIK KEPHEY (0l )
YCHIHBUIFAaH TeOpHsl OOWBIHIIA €CENTEeNTreH XOHE JpTYpIi
MOHJEpi YLIiH KOJIZIAHBICTaFbI HOTHXEJIepMEH

CcaJbICTBIpbUTFaH ¥ = 03

OameMci3 ocbTiK KepHey KesiHae
x=112,2=h/2, &, =(cb)/q,
Teopusnap (PKaxkmaaarsl MIH/Iep NAMBI3IBIK
alibIPMAIIBLIBIKTBI KOpceTesi
h/I=0.01 | h/I=0.05 | h/I=0.10 h/l =
0.15
7500.12 300.12 75.12 33.45
Y CBIHBUIFaH
(0.00 %) | (0.00 %) (0.00 %) {(0.00 %)
7500.00 300.00 75.00 33.33
Bernoulli-Euler [4] (-0.60
(0.00 %) | (-0.07 %) | (-0.27 %)
%)
7500.00 300.00 75.00 33.33
TumoreHko [4] (-0.60
(0.00 %) | (-0.07 %) | (-0.27 %)
%)
Bipnapamerpai teopust | 7500.00 300.26 75.26
[9] (0.00 %) | (0.02 %) (0.08 %)
Exinapamerpini teopus | 7500.26 300.26 75.26 33.59
[37] (0.00 %) | (0.02 %) (0.08%) [(0.18 %)
Ceprimainix TeopuiC! | 7500 5g | 300.20 7520 | 33.53
[43]

. . T
3-kecte. 1 -MpIcal yIIiH eJeMci3 xxaHama kepHey (13
(mwapHUpl TipeNreH apKaiblK, 1-CypeT) YCHIHBUIFaH

v=03

)

Teopus ~ OOMBIHIIA  €CENTEeNTreH  JKOHE
KOJITAHBICTAFbl HOTHXEJIEPMEH CAJIBICTBIPBIIIFaH.

Ouuemcis KaHama Kepuey Ke3iHje
x=0,z=h/2, 7,,=(r,5b)/q,
Teopusinap (PKakmagarsl MOHAEP MANBI3IBIK
AlBIPMAIIBLIBIKTBI KOpceTeTi)
h/I=0.01 | h/I=0.05 | h/I=0.10 | h/l=0.15
75.00 15.00 7.50 5.00
¥ ChIHBUTFaH
(0.00 %) | (0.00%) | (0.00 %) | (0.00 %)
i 75.00 15.00 7.50 5.00
Bernoulli-Euler [4]
(0.00 %) | (0.00%) | (0.00 %) | (0.00 %)
50.00 10.00 5.00 3.33
Tumomrenxo [4]
(-33.33 %) [ (-33.33 %) | (-33.33 %) [(-33.33 %)
75.00 15.00 7.50 -
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bipnapamerpii Teopust -29999.88 | -1199.88 | -299.88 | -133.21
(0.00 %) | (0.00 %) | (0.00 %) Y ChIHBUIFAH
[9] (0.00%) | (0.01%) | (0.03%) | (0.06 %)
Exinapamerpui teopust | 74.92 14.92 7.42 4.92 . -30000.00 | -1200.00 | -300.00 | -133.33
Bernoulli-Euler [2, 4]
[37] (-0.11 %) | (-0.53 %) | (-1.07 %) | (-1.60 %) (0.00%) | (0.02%) | (0.07%) | (0.15 %)
CepriMALTIK TEOPHSACH 75.00 15.00 750 500 Tunomenko[3, 4] -30000.00 | -1200.00 | -300.00 | -133.33
[43] (0.00%) | (0.02%) | (0.07%) | (0.15 %)
. . . bipmapamerpii teopust | -29999.74 | -1199.74 | -299.74
2.-MBIC.aH. ElpKemq TapajFaH KeJJeHei JKYKTeMe 9] (0.00%) | (:0.01%) | (-0.02 %)
ocepinzeri koHcompal apkanblk (FC apkanbik) byn ' '
MbICAJI/Ia APKANBIKTBIH X1=0 HyKTeciHzieri meri epkiH, an Exinapamerpi teopust | -30000.00 | -1200.00 | -300.00 | -133.33
X1=Il HykTecinaeri meri katay OekiTinreH. FC — apkanbikka [37] (0.00 %) | (0.02%) | (0.07 %) | (0.15 %)
colikec W YIIIiH IIeKapalbIK mapTrap Kejecimaeh 6omaas: ivmi
Y PAJIbIK WapTrap s A Ceprimainix Te0pUACh!| 59999 g0 | -1199.80 | -299.80 | -133.13
1. ApKanbIKTbIH X1=0 IIeTiHAeri MeKapajbIK WapTTap: [43]

2 2
MO =-e) W, M g
dx, 10 - (25)
3 2
QU)=-Ey W M dal
dx, 10 dx,

% =0

2. ApKanbIKTHIH X1=I IIeTiHIer] meKapaiblK mapTTap:

wiy=o, o=-Y _o (26)
dx

1 =l

4-xecre. 2-MbIcal YIUIH OJILIEMCI3 KOJIJCHEH XKBUDKY (

w ) (KOHCOJNBII apKajbIK, 1-CypeT), YCHIHBUIFaH TEopHs
OolibiHIIa aHbIKTaIFal skoHe v =0.3ynrin KosnpaHbicTarbl
HOTHKEJIEPMEH CAJIbICTHIPBUIFaH.

OuneMci3 KeJ1/1eHeH KbIUIKY Ke3iHe
x=0, W =WEJ/(q,l*")
Teopusaap ((Kakmagarbl MOHep NaibI3IBIK
AlBIPMALIBLIBIKTBI KOpceTei)
h/1I=0.01 | h/I=0.05 | h/1=0.10 | h/1=0.15
0.12500 | 0.12545 | 0.12690 | 0.12858
Y ChIHBITFAH
(-0.02 %) | (-0.06 %) | (-0.13 %) | (-0.82 %)
. 0.12500 | 0.12500 | 0.12500 | 0.12500
Bernoulli-Euler [2, 4]
(-0.02 %) | (-0.41 %) | (-1.62 %) | (-3.58 %)
. 0.12501 | 0.12533 | 0.12630 | 0.12793
Timoshenko [3, 4]
(-0.01 %) | (-0.15 %) | (-0.60 %) | (-1.32 %)
. 0.12502 | 0.12549 | 0.12695
Levinson [9] -
(0.00 %) | (-0.02 %) | (-0.09 %)
Bipnapamerpni reopust| 0.12502 | 0.12549 | 0.12695
[9] (0.00 %) | (-0.02 %) | (-0.09 %)
Exinapamerpii Teopust | 0.12501 | 0.12533 | 0.12630 | 0.12793
[37] (-0.01 %) | (-0.15 %) | (-0.60 %) | (-1.32 %)
CepmiMuintik Te0pHACH! | 19505 | 012552 | 0.12706 | 0.12964
[43]

5-kecTe. 2-MbICAll YIIiH emeMci3 ockTik keprey (1)

. . T
6-kecTe. 2-MbIcall YILIiH eJIemMci3 )aHama kepaey (13
) (KOHCONBII apKalblK, |-CypeT) YCBIHBUIFaH TEOpHs

GOMbIHIIA AHBIKTAIIFAH KoHE V = 03 YILIH KOJIIaHBICTAFbI
HOTH)KEJIEPMEH CaNIBICTBIPBUIFaH.

Ouemcis KAHAMA KepHey Ke3iHje
x=1,2=0, 753 =(7,50)/ 0,
Teopusnap (PKaxkmajarsl MOHEP NAHBI3IbIK
albIPMANIBLIBLIKTHI KOpceTei)
h/1=0.01 | h/I=0.05 | h/1=0.10 | h/I=0.15
-150.00 -30.00 -15.00 -10.00
YChIHBUIFAaH
(0.00 %) | (0.00%) | (0.00 %) | (0.00 %)
. -150.00 -30.00 -15.00 -10.00
Bernoulli-Euler [2, 4]
(0.00 %) | (0.009%) | (0.00 %) | (0.00 %)
-100.00 -20.00 -10.00 -6.67
TumormeHko [3, 4]
(-33.33 %) | (-33.33 %) | (-33.33 %) |(-33.33 %)
bipnapamerpi Teopus | -150.00 -30.00 -15.00
[9] (0.00 %) | (0.00 %) | (0.00 %)
Exinapamerpai teopust | -149.92 -29.92 14.92 -9.92
[37] (-0.05 %) | (-0.27 %) | (-0.53 %) | (-0.80 %)
CepriMALLIK TEOPHICEI| 15000 | 3000 | -1500 | -10.00
[43]

3-MpIcair: ©3repMeni JKYKTeMe 9cepiHAeri MIapHHPI
Tipenred apkaibik. [lapHUpIi TipeareH apKajblK COJ Kak
TipekteH Oactanbin, X1=0 oHe X1=l, HyKTenepiHme
Xl)
|
e3repMmeni XKykTeme acep ereni . W YIIIH IIeKapabIK
mapTrap (23) xxoHe (24) epHEKTepiMH aHBIKTAJIA/IbL.

Tipene/ai. OHBIH Y3bIHIBIFBI OOMBIMEH q(xl) =0, a-

7-kecTe. 3-MbICaN YIIIH OJIIEMCi3 KOIICHEH KBUDKY (

W) x=0.25l,z=0
x=0.25l,z=h/2
x=0,z=0

, cesinme ocwrik kepuey ( 01 ),

Ke3iHzAe >kaHama KepHey ( f1s )
i

I-cyper),

YCHIHBUIFaH TEOpHsl OOMBIHIIA ecenTesreH V=03 xone

(mmapHupmi TipenreH apKaibIK,

(KOHCONBJII  apKaNblK, 1-CypeT) yYCBIHBUIFAH TEOpHusi YmiH KOJIJAHBICTAFbl HOTHMIKEJICEPMEH CaJIBICTBIPY
OOMBIHIIIA AHBIKTAJIFAH xome V' = 0.3 YILIiH KOJJTAHBICTAFBI 1 W (e} T13
epexKeo3ae
HOTHIKEJICPMEH CAJIBICTBIPbUIFAH . P ep S=4 S=10| S=4| S=10 S=4 [S=10
o . . . ¥ ChIHBUTFAH 0.6865 |0.5979]5.4456| 32.7212 | 2.0000 |5.0000
JTIIEeMCI3 OClekﬁpHey Ke3lH1e Bernoulli-EuIer
x=1,2=h/2, o, =(o,b)/q, 4 0.5811 (0.5811|5.2500 | 32.8125 - -
Teopusiiap = [4]
(OKakmajars1 MOH/Ep NabI3ABIK Tumomrenko [4] | 0.6877 [0.5981(5.2500| 32.8125 | 0.3452 |0.8631
Al BIPMANIBLIBIKTBI KOpceTei) Ghugal sxone
h/1=0.01 | h/1=0.05 | h/1=0.10 [ h/I=0.15 Sharma [17] 0.6870 [0.59805.4406| 33.0032 | 1.9253 (4.9159

37



e-ISSN: 3134-8467, p-ISSN: 2309-1177

K“Sh'Eg]M“”y 0.6867 |0.5980|5.4403| 33.0029 | 1.9166 |4.7917
Ghugal xone
Dahake [36] | 06864 |0.5979|5.4517 | 32,6939 | 19685 [5.0646

Wi(x)

Wi(x)

1 1 1 L
o1 0.2 04 0.6 0.8

X

Transverse displacement (Present)
* o o Transverse displacement (Ghugal and Dahake)

2-Cypet. S=10 emnmemiiik KaTbIHACTAFHI (3-MbIca)
e3repMelti JKYKTeMe dcepiH/Ieri apHUpIIi TipereH
apKanbIKThIH X=0.25] HYyKTecirie KaabIHIbIFbl OOHBIMEH Z
KOOpANHATACHIHA OalIaHBICTHI KOJIICHEH
KBUDKYTapeiHEH (W) e3repyi.

S=10
40 T T T T T

ol(x,2)

oll(x,2)

—4 1 1 1
0 0.04 -0.02 0.02

0 0.04
z
—— Axial stress (Present)
* o o Axial stress (Ghugal and Dahake)
3-Cyper. S=10 emmemaik KaTbiHacTarbl (3-Mbican)
e3repMeri KYKTEeME oCepiHIeri MapHUpIi TipenreH

apKambIKTEIH Xx=0.25] HyKTeCiH/Ie KAIBIHIBIFB OOMBIMEH Z
KOOpAWHATAChIHA OaMIaHBICTBI OCHTIK KEPHEYIIiH (O'l)
e3repyi.
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5=10

-
2| T T

T13(x,2)

T131(x,2)
*oe e

-035

1 I
-0.04 -0.02

0 0.02 0.04
z
—— Shear stress (Present)
e o o Shear stress (Ghugal and Dahake)
4-Cyper. S=10 emmemmik KaTbIHACTAFBl (3-MbIcai)
e3repMeri JKYKTeMe OoCepiHAeri MIapHHUpNi TipelreH

apKanbIKTEIH Xx=0.25] HYKTeciHIe KaJbIHIBIFB OOUBIMEH

. . T
Z KOOpJMHATAChIHA OailIaHBICThI )kaHaMa KepHeyaiH ( 13)
e3repyi,

Wix)

0.01
Wi(x)

L L I L
001 02 04 0.6 0.8

X

Transverse displacement (Present)
o ¢ Transverse displacement (Ghugal and Dahake)

5-Cyper. S=4 emmemIiKk KaTblHacTarel (3-Mblcan)
e3repMeri JKYKTeMe ocCepiHAeri MIApHHUpNi TipelreH
apkanbIKTeIH X=0.25] HYKTeCiHIe KaJIBIHABIFEI OOWBIMEH
Z KOOpJIMHATAChIHA 0alJIaHBICTBI KOJJCHEH JKbIJKYBIHBIH
(W) esrepyi.
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S=4

10 T T T

ol(x,z)
all(x,z)
LN
_ I | 1
—y 0 0.1
z
—— Auxial stress (Present)
« » » Axial stress (Ghugal and Dahake)
6-Cyper. S=4 emmemaiKk KaTblHACTarbl (3-MbIca)
e3repMelli JKYKTeMe ocepiHzeri IIapHUpNi TipenreH

apKanbIKTEIH X=0.25] HyKTeciHae KaNbIHIBIF OOWBIMEH Z

Y . : (o)
KOOpAMHATACHIHA OalNaHBICTEI OCBTIK KepHeymiH ( 1
)esrepyi.

S=4
0.0 T T T
0.6 .
713(x,2)
04} .
T131(x,2)
LN J
0.2f .
1 1 1
Y 0 0.1
z
—— Shear stress (Present)
e o o Shear stress (Ghugal and Dahake)
7-Cyper. S=4 emmeMIiKk KaTblHacTarbl (3-MbIcai)
e3repMelli JKYKTeMe ocepiHJeri IIapHUpNi TipeireH

apKanbIKTEIH Xx=0.251 HyKTeciHAe KaIBIHIBIFbI OOWBIMEH Z

. . T
KOOpAMHATAChIHA OalIaHBICTHI KaHaMa KepHeyIiH ( %)
e3repyi.

APKAJIBIKTBIH CTATUKAJIBIK UIJTYIHIH
CAHJBbIK HOTHKEJIEPIH TAJIKBIJIAY

Byn OexiMae BIFBICY JeOpManMsICHIH  €CKEpeTiH
W30TPONTHl TPHU3MAIBIK TIKOYPBHIITH ApKAJIBIKTapAbIH
CTaTHKAJBIK WUTyiHE KaTbICTBI CaHIBIK HOTWIKENepre
tanaay xyprisineni (1-3-mpicangap, 1-7-kectenepae xoHe
2-7-cyperrepne kenripinareH). Kasipri 3amaHfbl apKajbIK
TeopHsUIapel  OOMBIHIIA JKYPTi3UIT€H COHFBI 3epTTeyiep
[44] kennmeneH BIFBICY NePOPMAIMSICHIHBIH dCEPiH KOFAPhI
JOJNIKIIEH €CKEPETiH MOJENbJCY OMICTepiH IKETIIipy
KKETTUIIrH KepceTeIi.
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1-7 xectenepie emmemcis keimeHeH wumy W o,
OJIIEMCI3 OCBTIK KEPHEY o, JKOHE OJIIEMCi3 KaHama

KEpHEY 7, YIIH CaHIBIK HOTHXENEp KenTipiaren. 1-7-

KecTeNepe OJIEeMCi3 KeJIeHeH Hilly, ©JIIeMCi3 OChTIK
KEepHEy JKOHE eINIIeMCi3 XKaHamMa KepHey YIIIH CaHIBIK
HOTIKeNep KenTipinredn. bynm HoTwkenep ImapHHpIL
tipenreH (SS) xone koHconpni (FC, xataH OekiTinreH-
epKiH) apKaJbIKTapFa COHKec KeJemi. AJBIHFaH CaHIIBIK
HOTIDKENIEp HeTi3iHAe KeJleci TYKBIPBIMAAp JKacayra
Gonmansl:

1. 1-3 xectenepne KeNTIpUIreH apHUpPIi TipenreH SS
apKAIBIKTHIH (1-MBICad) CaHABIK HOTIDKENEPIH Tajay.
YChIHBUTFaH Teopusi OOMbIHIIA eCenTelreH LIapHUpIi
TipenreH (SS) apKajbIK YIIiH €JIIIEMCi3 KOJACHEeH HiTyi

W' aHbIKTayIaFbl MAKCHMAIIBI NAHBI3ABIK aHBIPMALIBLIBIK
-0.37% (h/1=0.15 xe3inze), enmiemci3 OCBTIK KepHEYy.i

ampikTayna 1 - 0.00% (h/1=0.15 kesinze), an emmemcis

KaHamMa KepHeymi aHbIKTayaa - 0.00% (h/I=0.15
Ke3iHae). BpKasblK KalbIHIBIFBIHBIH OHBIH Y3BIHIBIFBIHA
KaThIHACBIHBIH Oacka Moumepi ymid (h/1=0.01, h/1=0.05,
xone h/1=0.10), maibI3abIK aflbIpMAIIBLUIBIKTAD /12 OTC a3.
24-6 xectenepae kenrtipinreH koHcompai FC apkaipik
(2-mbican) caHABIK HOTWXKENEPIH Taifay. Y ChIHBUIFaH
Teopust OoitpiHma ecenrenreH koHconbdi (FC) apkambik

T13

YIIiIH eJImeMci3 KeNIeHEH Wiyl w aHBIKTAYIaFbI
MaKCHMAJI/Ibl MAWBI3IbIK alibipMaiibuibik -0.82% (h/1=0.15

Ke3iH/eoIIIeMci3 OChTiK KepHeyi anbikTayaa ©1 - 0.06%
(h/1=0.15 kes3inzme), am emeMci3 jkaHama KepHey/i

aHBIKTay/a ZE 0.00% ( h/I=0.15 ke3inme). ApKaibiK
KaJIBIH/IbIFBIHBIH OHBIH Y3bIH/IBIFBIHA KATBIHACBIHBIH 0acKa
monraepirae (h/1=0.01, h/1=0.05, sxore h/1=0.10), maibI3 61K
aibIPMAIIBUIBIKTAD MHUHUMAIBI OOJbIN TaObutamsl. by
HIEKapaJIbIK MIAPTTApIbIH OChI TYPl JKarJailblHIa BIFBICY
nedopmanusaceiHa  YIIBIPANTBIH apKaJbIKTapIblH MiHe3-
KYJIKBIH curarrayza YCBHIHBIIFaH TEOPUSHBIH
TYPaKTBUIBIFBI MEH JQJIIITIH KOPCETE Il

3. bipkenki emec TapajFaH JXYKTeMe ocepiHferi
mapHUpii  TipenreH SS apKadbIKTRIH - (3-MbIcan)
HOTIXKelepi. Bipkenki eMec TapaiFaH )KYKTeMe dcepiHaeri
mapHupI TipenareH (SS) apKaNBIKTBIH HOTIDKeNepi 7-
KecTelle JKoHe 2-7-CypeTTepie KeNTipinreH. ¥ ChIHBUIFaH
Teopus OOMBIHINA ecenTeNTeH OipKeNKi emec TapaiFaH
KYKTeMe acepinjeri mapHupini TipenreH (SS) apkaibik
yurid xoHe 1/h=10 ke3iHze Ke3iHJe emeMci3 KeJIeHeH

KBUDKY W' enmenmcis ocprik kepHey ©1 jxoHe eeMcis

T . .
KaHaMa KepHey 13 yIOIH MaKCHUMaJbl MaibI3IbIK

aifielpMaIIbUIBIKTap eneyci3. by HoTmwkemep e3repmernti
JKYKTeMe JKarFJaibIHIa apKaJbIKTapIblH OpPEKETiH Oonkay
Ke3iHAe YCBIHBUIFAH TOCUIMIH JONAIrT MEH CeHIMIUIITiH
kepcereni. Lllapaupmi tipenren (SS) sxxoHe koHcomba1 (FC)
apKAJIBIKTap YLIIH YCHIHBUIFAH TEOPHsl OOWBIHILA aJbIHFaH
HOTIDKEJIEp  CEpIIMIUIIKTIH  eKilmapameTpii  TeOpHSCHI
HETi31HJIe aJIBIHFaH JIAJT MICIIIMACPMEH OTE JKAKChl COHKeC
Kenexi. byn colikecTik yKa apKaJbIKTap YILIiH /€, BIFBICY
nedopmanuackl  ecKepijeTiH — apKalblKTap —YLIiH  Je
Oaiikanmansl. COHBIMEH KaTap, YCHIHBUIFAH TEOPHUSHBIH
HOTWXKEJIepl  BIFBICY  Jepopmanusicel  ecKepileTiH
apKaJbIKTap ymiiH Levinson apKaJbIFBIHBIH TEOPHUSICHI,
OiprapaMeTpili apKaJlbIK TEOPHUSCHI JKOHE eKirapaMeTpIi
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Teopust OOMBIHIIA AJIBIHFAH COMKEC HOTHOKEIEPMEH JKaKChl
yiteceni.

YCHIHBUTFAaH TEOPUSHBIH HETi3Ti epeKIIelNiri — OHBIH
KOJJICHEH BIFBICY Ae(hopManrsACHIH eCKepy MYMKIHAIT1. byt

KONJCHEH JKaHaMa KepHeyJepAi JKOFapbl IOJIIKIICH
aHBIKTayFa  MYMKiHOIK  Oepemi. bBym  kepHeymep
apKaNbIKTBIH ~ KaIbIHABIFBI  OOMBIHINA  KBaJpaTTHIK
3aH/IBUIBIKIIEH e3repell JkoHe z=+h/2  Oerrepinzeri

KEepHEYJCp/iH Hejire TeH OOy MIeKapasblK MIapTTapbIH
KaHaFaTTaHABIpAAbl. ByJl KIACCHKAJBIK TCOPUSIAPMEH,
aran aitkagga Bernoulli-Eule xome  TumorieHko
TEOPHSUIAPBIMEH CANBICTBIPFAHIA MAHBI3IBI AP THIKIIBUTBIK
Oonbi TaObUTanEl. ONTKEHI aTalFaH TEOPHSIAP BIFBICY
neOopMaMsCEIH He eCKepMeli, He OHBI KCHUIIETUITeH
TYpAE KapacThIpagbl, HOTIDKECIHIE KepHEYIepIi aHBIKTAY
nmommiri temeHaeiai. CoOHBIMEH KaTrap, BIFBICYFa TY3ETY
KOdQPHUIMECHTIH KONAaHy KaKSTTUIriHIH OoIMaybiHa
0alTaHBICTHI YCHIHBLUTFAH TEOPHS BIFBICY Te(OpPMAaLIHsICHIHA
VIIBIPAWTBIH ~ apKAIBIKTAPIBl  TAIAAyAbIH  (HU3UKAIBIK
TYPFBIZIaH HETi3/IeJITeH JKOHE CEHIMIII OMICIH KaMTaMachl3
ereni [45]. KopbIThIHIBUIAH Kelle, albIHFaH HOTMKENEp
YCBHIHBUIFAH TCOPHSHBIH OPTYPJ JKYKTEMelep MeEH
[ICKapalblK [IapTTap JKaFJalbIHIA JKYKA JKOHE KaJIbIH
apKaNBIKTApABIH ~ MIHE3-KYIKBIH ~ JKOFapbl  IOJIIKIICH
O0omkay MYMKIHAIMIH KepceTemi. by HoTmkenepiH
CepIIMAUTIKTIH Mo IIemiMAepiMeH >koHe Oacka [1a
3aMaHayH  apKajblK ~ TEOpMSUIApPBIMEH  JKYPTi3UIreH
CaANBICTBIPYJIAP APKBUIBI PACTATYbl YCHIHBUTFAH TOCUIIIH
CEHIMIUTITIH JKOHE NPAKTHKAJIBIK KOJMAHY THIMILTICIH
B N1 (S 01 ()7 D1V 8

KOPBITBIHAbI
YCBIHBUTFAaH ~ apKAJBIKTHIH ~HUTYiHIH HaKThUIaHFaH
TEOPHMSICHl  KIIACCHKANBIK  TOCUIAEPMEH  OalIaHBICTHI

Moceenep/i menryie MaHbI3bl KajaM OOJIbIN TaOblTambl.
KenneHeH birpicy neopManusCHIHBIH SCEPiH ECKepy JKoHEe
BIFBICYFa Ty3eTy Koa(dduumeHTTepiHn KojjaHynan Oac
TapTy apKbUIbl OYJ TEOpHs KOFapbl JQJJIKTI JKOHE KeH
KOJIJaHy MYMKIHJITIH KaMTaMachl3 €Tell, acipece KajbIH
JKOHE BIFBICY JeopManusicbiHa OeiliM apKaJbIKTap YILiH.
Kapanaiibim api yieciMi Typ/ie TYKbIpbIMIAJIFaH HEeTi3ri
TEHJIeyJIep MIeKapalblK MIapTTapibl KaHaFaTTaH/bIPATHIH
KOHE OpTYpl JKYKTEME >KaFfailapblH E€CKepeTiH g
mIenriMaep i ayFa MyMKIHAIK Oepeti.

CoHbIMEH  Karap, KOJJIaHbICTarbl  HaKTbUIAHFaH
TEOPUSUIAPMEH  JKOHE  CEpHIMALIIKTIH  eKirmapamerpii
TeopuUsIChl OOWBIHINA aNIBIHFAH MICMIIMIEPMEH XKYPri3iireH
CANIBICTBIPMANIbl  Talldy  YCHIHBUIFAH  TEOPHUSHBIH
TUIMALTITIH pacTaiiapl. CaHIBIK MBICAIAAP OHBIH QPTYPII
apKaJBIK ~ KOHCTPYKIMSJIAPHl  YIIH, COHBIH  IIIiHAE
MIApHUPI TipenTeH, KaTaH OEKIiTUITeH >XoHe KOHCOJbIi
apKaipIKTap ymniH, Oipkenki >koHe Oipkenki emec
KYKTeMellep JKarJalblHIa KOJJaHyra OOJaThIHIBIFbIH
kepcereni. KapanalbIMIBUIBIK, TQJIIIK XKaHE ToKIpHOeiK

Bonamakra OyJ1 TOCUTAIH MKEMIUTIrT MEH CEHIMILUTIT
OaH opi 3epTTeyiep JKYpri3yre MyMKIHIIK Oepermi.
TeopusHBl ~ KypHedi  T€OMETPHSUIBl  apKaJlbIKTapFa,
AQHU30TPONTHl ~ MaTepHaljapra JKOHE  JIMHAMHKAIIBIK
XKYKTeMeJlepre KeHEHTy OHBIH KOJIaHy asChIH enoyip
KEHEHTIII, TEOPHSUTBIK 93ipiieMeniep MeH HaKThl HHKEHEPIIK
KoJitaHOaIap apachIHAAFbl aJIIaKTHIKTHI OJIaH Jpi a3aiTyra
MYMKiHIIK Oepeni.

Bomnarrak 3epTreynep meHOEPiHAEC HEFYPIBIM KYpIei
LIeKapaJbIK MapTTap/Abl TEOPUSIIBIK MOJIETIbIE CHI13Y JKOHE
TEOPUSIHBI TOHKIPUOENIK WHXKEHEPINIK ecenTepre KOoJaaHy
JKOCTIapaHabl. Atan aliTkaHa, KOIKaOaTThI
Kydenepreri  apKaJbIKTapOpl — €cenTey,  JKBUILYJBIK
KYKTEMeJIlep, ChI3BIKTBIK €MEC ocepliep XKOHe aKayliapbl
Tanmay Mocemenepi KapacTeipbuianbl. COHBIMEH Katap,
CepIIMILTI HETi3/eri apKaJbIKTap 3CpTTEINill, HETi3IiH
KATTBUIBIFBIHBIH aPKAIBIKTBIH JKYMBIC ICTEY CHIIaThIHA
ocepi OaramaHanpl, Oyl HMHXCHEPIIK Ko0alay VIIiH
MaHBI3/(bl HOTHKEJIEp allyFa MyMKIHAIK Oepei.

CoHbIHIIa, KOHCTPYKIMSIIBIK 3JICMEHTTEPIIH kKobanay
carachkl MeH Iaianany THIMAUTITIH apTThIPY MaKCaTbIH/a
TEOPUSJIBIK MOJICNIbIC OHTAWIAHIBIPY OJICTEpPIH EHII3y
JKocmapiaHaael. bysr peTTe alblHFaH MCHIMACP/IIH HAKThI

WHKEHEepIIK  JKkoOamapia — TOXIpHOETK  KOJJAHBLTY
MYMKIHIIITT KAMTaMachI3 eTijei.
MYJJEJEP KAWIIBLIBIFBI

ABTOpIIap OCBI 3€pPTTICY JKYMBICHIH OpPBIHIAY JKOHE
MaKallaHbl JaiblHIay OaphICBIHIA 3ePTTEY HOTHIXKEIEepiHe
BIKIAJ Tyl MYMKIH KaHmall na Oip jkeke, Kocibm Hemece
KapXKbUIBIK ~ MYAJETep KANIIBUIBIFBIHBIH —OOJIMaraHbIH
MOJIIMAEHTI.

ABTOPJIAPABIH YJIECI
ABTOpIIap 3epTTEy KYMBICHIHBIH OPbIHAATYbIHA eIeyJIi
yJiec KOCTBI. ABTOpIApIBIH yJteci 3epTTey

TYXKBIPBIMJIAMAChl MEH OJIICTEMECiH d3ipiiey/i, €cenTikK
MiHZETTepAl KOIOJbI, TEOPHSUIBIK JKOHE AHAIUTHKAIBIK
ecenTeylep Kyprizyi, albIHFaH HOTIKENEPIi Tanaay MeH
TYCIHIOIpYIi, ONapAbl KOJJIAHBICTAFBI  TEOPHSIAPMEH
CaJIBICTHIPY/IbI, COHIAM-aK MaKajia MOTIHIH JalbIHIaY KOHE
peAaKuusIaygbl KaMThIIbI. ABTOpIAP MaKalaHBIH COHFBI
HYCKACBIMEH TaHBICBIII, OHBI XKapHsUIayFa MaKyJIIa bl

KAPXKBIJIAHABIPY
By 3eprrey KYMBICHI apHaiibl Kap KbUIAHIIBIPYCHI3
OpPBIHAANIBL.  3epTTEYHi KYprily IKOHE MaKaJaHBI
JMaibiHIay OapbICBIHIA MEMJICKETTIK, KOMMEPIHUSUIBIK
HeMece e3re e YWbIMIap TaparblHaH Kap>KbUIBIK KOJIIAy
KOPCETINTEH KOK.

AJIFBIC
ABTOpIIap 3epTTEY KYMBICBIH OpBIHIAY OapBICHIHAA
FBUIBIMU-OICTEMEITIK

THIMJIITIKTIH yitnecyi YCBHIHBIIFaH TeopHsHbIH ~ KOPCCTKCH _ KOJlHaybl,  KyHIbI
KOHCTPYKIMSUIApABl ~ MOJENbAEY JkoHe  HmKeHepnmik — KCHCECTCPL MCH 3CPTTCY HOTIDKCIICPIH TalKblIayFa KOCKaH
xKobanay yAepiCTepiH KeTUIIpyIeri aJieyeTiH KopceTe/i. YJIecl -yl AxaxanoB C.b.-fa IIbIHAMBI AFBICHIH
Ginnipeni.
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Abstract — The acceleration of technological development, the digitalization of production, and the widespread adoption of
artificial intelligence are transforming engineering activities and the requirements for professional training. The article
substantiates the need to transition from a reactive educational model to a strategy of anticipatory training for engineering
professionals. The relationship between the technology life cycle, the period required to update educational programs, the
duration of professional training, and the period during which professional competencies remain relevant is considered. A
conceptual model is proposed that links the monitoring of technological development, changes in engineers’ professional
functions, the identification of prospective competencies, the updating of educational content, and feedback from industry. It
is shown that anticipatory training should combine a strong foundation in engineering education with the ability of
professionals to independently master new technologies and maintain the relevance of their professional competencies. The
role of the instructor as an organizer of learning activities and a manager of contemporary knowledge is discussed. The
possibilities for the controlled use of artificial intelligence in educational and engineering design activities are considered. An
engineering verification principle is proposed for the professional evaluation of Al-generated results, requiring their
mandatory verification while maintaining human responsibility for the final engineering decision. The levels for implementing
the anticipatory training strategy at a technical university are identified: university, educational program, department,
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Abcmpaxm — TexXHONOTHSUIBIK JTAMYIBIH KeZemeyi, OHIIpiCTI Nu(pIaHAbIpy KOHE >KacaHIbl MHTEIUIEKTIHIH KEeHIHEH
Tapaybl HH)KEHEPJIiK KbI3METTIH Ma3MYHBI MEH MaMaH/ap Jasipiiayra KOWbIIaThIH TajlanTapasl e3repryae. Makanaaa Oinim
OepyniH KybIl KETyII MOIETIHEH MHXEHEPJIIK KaJpiap/ sl 03bIK Jasipiay CTpaTeTHsChIHA KONy KaKETTLIIr Heri3JesreH.
TexHomorusuIapAblH OMIpIIiK LUK, OiiM Oepy OarmapiamanapblH ©3eKTEHAIPY Ke3eHi, MaMaH Jaspliay Y3aKThIFbI KoHE
KociOM KY3BIPETTEpIiH ©3EKTUIITIH caKkTay Ke3eHI apachlHarbl e3apa OaiiiaHbIC KapacThIpbuFaH. TeXHONOTHSUTBIK JaMy/Ibl
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Oepy Ma3MYHBIH XaHAPTY/bI KOHE OHEPKACINIEH Kepi OainaHbICThl OIpPIKTIPETIH TYXKBIPhIMAAMAaIIBIK MOJIENb YCHIHBUIFAH.
O3BIK Jaspiay ipreii WHKEHepIik OiliM Oepyai MaMaHHBIH JKaHa TEXHOJIOTHSUIAPABI ©3 OCTiHIIEe MCHIepy JKOHE KociOu
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CIIeIMaICTOB. B crathe 000CHOBBIBaeTCS HEOOXOIMMOCTD Iepexoa OT AOTOHSIOMEH Moieny 00pa3oBaHUs K CTpaTeruu
olepexarollei MoAroTOBKH HHXEHEPHBIX KaJpoB. PaccMaTpuBaeTcst B3aUMOCBS3b )KU3HEHHOTO LIMKJIa TEXHOJIOTHHA, EpHoia
aKTyalu3aluyd o0pa3oBaTeNbHBIX MPOrpaMM, MPOJODKUTENFHOCTH MOJATOTOBKH CHELHAINCTa M IEepHOia aKTyalbHOCTH
npodecCHOHANBHBIX KoMIeTeHImit. [IpeioxkeHa KOHIIENTyanpHasi MOJENb, CBA3bIBAIONIAs MOHUTOPUHI TEXHOIOIHYECKOTO
Ppa3BUTHS, H3MEHEHHE PO ECCHOHATBHBIX QYHKIMIA HHKEHepa, OoNpeeeHHe MePCIIeKTUBHBIX KOMITCTESHIINI, OOHOBIICHHE
coJiepkaHusl 00pa3oBaHMA U OOpAaTHYIO CBSI3b C IIPOMBIIUICHHOCTBIO. [IoKa3aHo, YTO omepeskaromasi MOoAroToBKa JOKHA
coderaTh (PYHIAMEHTAJbHOCTh MH)KEHEPHOro O0pa30BaHHSA CO CIIOCOOHOCTHIO CIIEHHAIHMCTA CaMOCTOSITENIbHO OCBaMBATh
HOBBIE TEXHOJIOTUH U MOJIEPKUBATh aKTYaIbHOCTh NPO(ECCHOHANBHBIX KOMIIETEHIINH. PacKpBIBaeTCs poiib MpenoaaBaTess
KaK OpraHM3aTopa IIO3HABATENBHOH [ESITEIPHOCTH W MEHEKEpPa COBPEMEHHBIX 3HAaHMHA. PaccMOTpeHBI BO3MOXKHOCTH
KOHTPOJIMPYEMOT'0 NPHUMEHEHHsI NCKYCCTBEHHOTO MHTENJIEKTAa B y4eOHOW M MHXEHEPHO-TNIPOCKTHOW AesTenbHOCTH. Jls
Npo(eCCHOHAIBHOW OLIGHKH IIOTYyYaeMBIX C HCIOJIb30BAHHEM HCKYCCTBEHHOIO HHTENIEKTa PE3YJbTaTOB IIPEIIOKEH
MPUHOUN ~WHXEHEPHOH BepH(UKALMK, TNPEIyCMATPUBAIOMMA WX O00A3aTENbHYI0 MPOBEPKY TMPH COXpaHEHUH
OTBETCTBEHHOCTH YEJIOBEKA 332 OKOHYATENbHOE TeXHHW4ecKoe pemieHne. OmnpeneneHsl YPOBHH pPEaM3alii CTPaTeruu
OIIePEeXKAIOIIEH ITOIrOTOBKH B TEXHUYECKOM BY3€: YHHBEPCHTET, 00pa3oBaTeNbHasi IporpaMmMa, Kadeapa, mpernoaaBaTeib 1
obyuatommiics. IpenoxeHHbIe TOMOKEHNST OPHEHTHPOBAHBI Ha COBEPILICHCTBOBAHNE MOATOTOBKY MHKCHEPHBIX KaJpOB B
YCIOBUSIX HENPEPHIBHOT'O TEXHOJIOTNIECKOTO Pa3BUTHSI.

Knrwouegvle cnosa — omnepexaromasi IOArOTOBKA KaJpoB, MHXKEHEpHOE 00pa3oBaHME, NHU(POBHU3AIMSA, HCKYCCTBEHHBIN
MHTEIUIEKT, MPO(EeCcCHOHANbHBIE KOMIIETEHITNH, 00pa3oBaTenbHas IporpaMMa, HHKeHEepHas Bepr(uKamys.
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HET'I3I'T EPEXKEJIEP

1. TexHOMOTHSIIBIK ©3TepicTepAiH JKeaenaeyi
TEXHOJOTUSUIBIK OpPTAaHBIH JaMybl MEH WH)KEHepIiK
OiiM Oepy Ma3MYHBIHBIH >KaHAPTBUIYBl apachbIHAaFbI
COMKECCI3MIKTI KylueiTeni, Oyl Kaapiapasl KybII
KETyIIi aspiay MOAETIHEH O3bIK JaspiayFa KeIlyIiH
KaXKETTUIINH afKbIHAANIbL.

2. O3bIK naspiay MEPCIICKTUBAJIBIK,
TEXHOJIOTUSJIBIK ©3TepiCTep/Il, ONapiblH HHKEHEPIiH
KociOM (yHKUMANAphIHA BIKHAIBIH ECKEPYAl JKOHE
COFaH COWKeC KY3bIpeTTep MeH OiniM Oepy Ma3MyHBIH
©3CKTEHIIPY Al KO3ACHII.

3.  HWmxkenepnik  OimiMm  OepydiH  Herisri
HOTHKeNEepiHiH 0ipi MaMaHHBIH iprei OuTiMre, CbIHH
oitayFra oHE Y3IiKci3 OlTiM amyra cylieHe OTBIpHIIL,
KOCi0M KY3BIPETTEPIHIH ©3EKTLIIrH 63 OeTiHIIe CaKTai
Oy KaOineri O0ysI THIC.

4. JKacangpl UWHTEWIEKT JAepOec WHXKEHEPIiK
olijjay MEH KaObLIJIaHATBIH TEXHHMKAJBIK IICHIiMICD
YIIiH aJaMHBIH JKayarmKeplILUTIriH ajJMacTeipMai, oKy

JKOHE HHXKEHepJIiK-xKo0anay KBI3METIHIH
MYMKIHJIKTEepiH KEHEUTYi THiC.
KIPICIIE
OHeprociI JaMYBIHBIH ~ Ka3ipri  Ke3eHi
TEXHOJIOTHSIITBIK e3repicTepain XKenenaeyiMeH,
OHTIPICTIK  TPOIECTEPMiH  MUGPIAHIBIPEUTYBIMEH,

aBTOMATTaHIBIPY MEH pOOOTTaHIBIPY AayKbIMBIHBIH
KEHEIOIMEH, KacaHIbl UHTENJIEKT IIeH
HMHTEIUICKTYaIIbl OacKapy >KyHelepiHiH JaMybIMEH
cumartraianel. byn mporectep HWHXEHEPIIH KOCIOH
KBI3METIHIH Ma3MYHBIH ©3TepTil, Kaapiap aaspiay
XKYHeciHe KaHa TaJlanTap KOsiIbl.

XX FachIpIBIH €KiHIII JKapThICEIHAa-aK ..
ApPTOOOIEBCKII FRUTBIMU 3€PTTEY HOTIDKENEPiH aiy
MEH OJapApl MPAKTHKAJBIK KOJNJIAHY apachbIHIAFbl
YaKeITTHIH KBICKapy YpZiciHe Hazap aymaprad [1].
Kaszipri xarmaiima Oyl Mocene epekiie MaHBI3Fa He:
YKEKEINeTeH TEXHONOTHUSIIAPIBIH OMIPIIIK IIHKIT1 KOFaphI
OKY OpHBIH/Ia MaMaH Jasipiay Y3aKThIFbIMEH IIamajiac
Oomypl MYMKiH. TeXHONOTHSIBIK  ©3repicTepliH
KapKBIHBI MEH OiiM Oepy KYHecCiHiH onap/sl Aaspiay
Ma3MyHBIHJAa yaKTBUIBI ~KOPCETy  MYMKIHTIKTepi
apacblHIa COWKecCi3MIK TybIHIahasl. HHkeHepiik
OimiM Oepy caslachIHIAFBI 3epTTeyliepae Oy Macere,
atanm aifTkaHma, OuriMm Oepy OarmapiiaManapbiH
KAHAPTYIBIH KociOM KOHE TEXHOJOTHUSUIBIK OPTaIaFrbl
e3repicTep/ieH YakKbIT KaFbIHAH Kelleyiieyi perinie
KapacThIpbUIant [2].

OceiHmai xarganaa Heri3iHeH KOJIIaHBICTarbl
TEXHOJIOTUSJIApAbl MEHrepyre OaFbITTanFaH Oinmim
OepyAiH KyBII KETYIi MOJIeNi HHKEHEePITIK KaJapiaapbl
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03BIK Jlasipiay CTpaTerHsiChIMEH TOJBIKTBIPBUIYHI THIC.
Mynpaaii nasipiay Oonammakra maiiza OOyl MYMKiH
0apibIK TEXHOJOTMSUIApABl alAblH ajla MEHIrepyre
YMTBUTyBl €Mec, ipreni KociOm OLTiMIOi MaMaHHBIH
HIBIFAPMAIIBUIBIK SJIEyETiH JaMBITY JKOHE JKaHa dJIicTep
MEH TEXHHUKAJBIK IICHIMACPAI 63 OCTiHIIe MEHrepy
KaOUIEeTIMEH YIITACTHIPY/IbI KO3CH 1.

byn MIHIETTIH ©3€KTLIIr1 ’KacaHIbl
WHTCIUICKTIHIH JaMybIMEH OJIaH opi apTa TycCeli.
Wutennekryanapl wupablK Kypajigap akmapaTThl
i37ey MeH Tainay, MOJICNBACY JKOHE TEXHHKAIBIK
arenrMaepai  93ipiaey MYMKIHIIKTEpiH —KeHeiTeni,
anaiifa ipreli WHXXEHEPTIK JaspiiblK TeH ajbIHFaH
HOTIDKENEP/l ChIHU TYPFbIaH Oarajiay KaXKeTTLIIriH

skoManapl. COHBIMEH KaTap JKYMBICTIEH KaMTy
KYpPBUIBIMBI MeH KaciOu (byHKUMSIIAPIBIH
TpaHchOpPMAaLUsCEl MaMaHHBIH 63 KY3BIPETTEPiH

Y3IIKCI3 JKaHAPTBIN OTBIPY KaOUIETIHIH MaHBI3bIH
apTTeIpazs! [3].

Kazakcran PecriyGinkach! Yz KapacThIPbUIBII
OTBIPFaH Macerne 9KOHOMUKAaHBI UPPIBIK
TpaHcopManusaay >KOHE JKacaHIbl HHTEUIEKTIHI
JAMBITY JKOHIHJIEri CTPATEerHsIIbIK OAaFrbITIIEH ColKec
keneni. Memiieker OaciubICHIHBIE 2025 KBUIFBI 8
KpIpKyHekTeri Kazakcran xankeiHa JKonmaywiHzma
9KOHOMUKAHBI KaHFBIPTY LU (PPIaHIBIPYMEH, KaCaHIbI
WHTEUICKTIHI EHTI3yMEH J>KOHE aJaMH KaluTaJIabIH
caracbIMeH Tikenel OalmaHbICTRIPEUTAGT [4].

3epmmeyoiy  maxcamuol TEXHOJIOTUAJIBIK
e3repicTepaiH  JKemenaeyi, MOHGPIaHABIPY IKOHE
JKacaHIbl  WMHTEIUIEKTIHIH  JaMybl  JKarzailblHzaa
MH)XEHEPIIiK KaJpiapabl 03bIK nasipnay
CTPATErWACBIHBIH  TY)KbIPBIMAAMAJIBIK  €pEeXeNepiH
azipmey. Ocel  MakcaTka KON  KETKi3y  YIIiH
TEXHOJIOTHSUIIBIK JKoHE OLTiM Oepy JaMybIHBIH e3apa
OaliaHpIChl TaJJaHaAbl, AaspiayAblH KybII SKETYILI
JKOHE O3BIK MOJENBbAEP] CabICTBIPhIIAAbI, OKBITYIIBI
MeH OLTiM aTymibl peJiAepiHiH e3repyi KapacThIPhLIa bl
JKOHE MHXKEHEPIIK KaApyapabl O3bIK AaspiiayAblH
TYKBIPBIMAAMAaJIBIK MOZEN1 KaJbIITaCThIPbUIAIbI.

3epmmeyoezi oaxplblK. VHXeHEpTiK OlriM
Oepy canachlHIAFBl 3aMaHAYH 3epTTeyiep OuriM Oepy
OarmapnamanapblH OeiiMIen >KaHapTyAbl, KociOu
KY3BIPETTEePAiH TpaHCPOPMANHUACHH, Y3HIKCi3 OiTiM
almynpl JKOHE JKacaHIbl MHTEIUIEKTIHI KOJAaHYbI
HETi3iHeH »JKeKe OarbITTap pEeTiHAe KapacThIPaJbl.
Bomxamapt TEXHOJIOTUSLIBIK e3repicTepeH
WHXKEHEP/IH KociOM  (QYHKOMSITApDBIH — ©3TepTyre,
NEPCIIEKTUBANBIK KY3bIpETTepAl aHKbIHOayFa >KOHE
Jaspiay Ma3MyHBIH JKaHapTyFa KeImyIiH Oipryrac
MEXaHU3Mi JKETKUTIKTI  Jopexene  o3ipieHOereH.
CoHbIMEH  KaTrap  TEXHOJOTHSUIBIK  e3repicrep
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KapKbIHBIH MaMaH Jasipyiay Y3aKThIFBIMEH KOHE OHBIH
KY3BIPETTEPIHIH  ©3CKTLTIK Ke3eHIMEeH YHIecTipy
Maoceneci Je OJaH opi JNAMBITYIbI KaXeT eTejl.

Haspnaynelq ~ ipremijirin,  KociOm  oiinayablH
JIepOECTIriH )KOHE TEXHUKAJIBIK IIENIiM YIIiH aJlaMHbIH
JKAyanKepIIUTIriH ~ CaKTail  OTBIPBIN,  JKACAHJBI
HMHTEIUICKTIHI HHXCHEPJIIK oM Oepyre
WHTErpanysiiay KeKe MaHBI3[bl MIHJAST  OOJIbII
TaOBLIABL.

Fouivimu  ocananvizol. 3epTTEyNiH  FBHUIBIMU
’KaHAITBIFbI MHXKCHEPITIK KaJipIap/ibl O3bIK Aaspiay by
TYKBIPBIMIAMAIIBIK ~ HETI3AEPiH JaMbITya  OOJbII
TaOBLIAABL.

TexHOMOrUsHBIH OMIpJIIK MK, OuTiM Oepy
OarJapiaMachlH ©3eKTCHIIPY Ke3€Hi, MaMaH Jaspiay
Y3aKTBIFBl JKOHE KociOM KY3BIPETTEpIliH ©3eKTiiK
KE3CHI apachlHJIarbl e3apa OaiJlaHBIC HEri3iHe
TEXHOJOTUSUIBIK ~ JKoHE OumiM  Oepy  JaMybIHBIH
COWKEeCCI3/IriH Taniay TOCUI YChIHBLIFaH.

TeXHONTOTUSITBIK esrepicrepi
MOHHUTOPUHITEY/T HMHXXCHEP/IIH Kocion
(YHKIIHATaPBIHBIH TpaHchopManusIChIMEH,

MEPCIEKTUBAJIBIK KY3bIPETTEPl KaJbIITACTBIPYMEH,
OiriMm  Oepy Ma3MyHBIH ©3€KTCHAIPYMEH JKOHE
OHEpKACiNIeH Kepi OaiaHbIciieH OalIaHbICTBIPATHIH
TYKBIPBIMIaMaJIBIK MOJIENb 31pJIEHT eH.

JKacannmpl WHTEIIEKTIHI KOJMJTAHY HOTHDKEIEPiH
WHKECHEPITIK BepUUKAIHSIAY KaFAIaThI
TYKBIPBIMIAIIFaH. byJT KaFuAaT TYIKUTIKTI HHXEHEPITiK
IIeNTiM YIIH aJaMHBIH JKayalKepIIUIriH — caKTai
OTBHIPHITI, AaJIbIHFAH HOTMKENEePAl KOCIOM TYPFBIIAH
MIHZETTI TeKCepyIi KO3Aeh Ii.

MATEPHUAJIJAP MEH 9JICTEP

3eprrey TEOPHSUTBIK-TYKBIPHIMIAMAITBIK
CHUTIaTKa M€ JKOHE TEXHOJOTHSIBIK ©3repicTepIid
Kenenneyi, nupIaHabIpy JKOHE JKacaHIbI
WHTEIUICKTIHIH JaMybl OKarJailblHOa WHXXEHEpIIK
Kaapiapabl  O3bIK  Jaspiiay  CTPATETHSCHIHBIH
epexenepiH  o3ipieyre  OaFpITTanFaH.  3epTTey

MaTepuaiiapsl peTiHAe WHXEeHeplik OimiM Oepy,
FBUTBIMU-TEXHUKAIIBIK namy, 1 pITBIK
tpanchopmarust, Industry 4.0 skome Industry 5.0,
Y3Iikci3  kocibm  OimiM  Oepy  JKOHE  KacaHIBI
WHTEIUICKTIHI ~ KOJNJAaHy  MoceJeNnepiHe apHallFaH
FBUIBIMH JKapusulaHbIMAAp NaiganaHbuiabl. COHBIMEH
Karap OuriM Oepyni TaMbITyFa, MH(PIAHIBIPYFa KOHE

Kagpiap  JaspiayFa  KaTbICThl  XaJbIKapasbIK
TaJIJaMaJIbIK Marepuaniap MEH Kazakcran
PecniyOnukachIHbIH CTpaTErusiyIbIK KY)KaTTapbl
KapacThIPBbUIIBL.
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Martepuanmapasl  ipikTey — KOHE  Tanjay
OapbICBIHAA i QpraHabIpy KaFAalbIHIAFbl
WHKeHeplik  OimiM  OepyaiH  TpaHC(hOpPMaLUsICHIH
KOepCeTeTiH  3aMaHayl  3epTTeylepMeH  Karap,

TEXHHUKAJIBIK MPOTPECTiH Keaenaeyi, OUTIMHIH, agaMu
(haKkTOp/IBIH JKOHE MHXKCHEPJIH KICiOM AasipIIbIFBIHBIH
peili  Typasibl TYCIHIKTEpJiH JaMy 3BOJIOIHMSICHIH
3epJeneyre MyMKiHJIiK OepeTiH OypbIHFBI eHOEKTep e
ECKepUIi.

3epTTeyaiH  oJiCHAMAJBIK HETi31H IKYHENIK,
CaJIBICTBIPMAJIBI YKOHE PETPOCIEKTUBAJIBIK TACLIIEp,

KYPBUIBIMJIBIK-QYHKIIMOHANIJBIK ~ TaJjay, FbUIBIMU
aKmapaTrTbl  Tajjay  MEH  CHHTE3Zley  JKOHE
TY)KBIPBIMJIAMAJIBIK ~ MOJENbAeY Kypanabl. Kylenik

TOCUT MHXKEHEpPJK OUTiM Oepy/i TEeXHOIOTHSIIAP/IBIH,
OHEPKACINTIH JKOHE KOCIOM KBI3METTIH JaMybIMEH
e3apa OaiiaHpICTa KapacThIpy YVIIiH KOJJAaHBUIIbL.
CanpICTBIpMalbl TaNlIay AaspiayablH KybII SKeTYIIi
JKOHE 03BIK MoJIeNbaepi apachIHaFbI
alBIPMANIBUTBIKTAP/Ibl AHBIKTAY YIIIH TaljaaHbUIIbL.
PeTpocrieKTHBANBIK TOCUT TEXHUKAIBIK IPOTPECTiH
Kenenaeyi Typabl OypbIH KaJbINTaCKaH
Ke3KapacTapAasl  Kazipri  mudpraHAblpy — KOHE
WHTEJUIEKTYIIJIAHJIBIPY TPOIECTEPIMEH CaNBICTHIPYFa

MYMKIHAIK ~ Oepai.  KypbUlbIMABIK-(hYHKIIMOHAIBIK
Tanaay TEXHOJIOTHSTAPIAFhI, Kocion
(byHKIUSITapAAFbl, KY3BIPETTEpJeri JKOHE Jaaspiiay
Ma3MYHBIHJAFbl ~ ©3TepiCTep  apachlHJaFbl  ©3apa
OaliaHpICTap/Ibl aHBIKTAY YIIIH KOJIIaHBUIIbL.
TyKbIpBIMIaMaTBIK MOJCTBICY omici

WHXKEHEPIIK KaJapiapJpl 03bIK Jaspiay KYPBbUIBIMBIH
KaJIBIIITACTHIPY KOHE TEXHOJOTHUSIIBIK JaMy MeH OuTiM
Oepy IaMyBIHBIH ©3apa OalimaHBICHIH Tajmay YIIiH
MalgananpUIabl.  AJIBIHFAH —epexenep WHKECHEPIiK
OimiM Oepy cajachlHAAFbl 3aMaHayH 3epTTeyep.IiH
HOTHXKENIEpIMEH JKOHE e3TrepMelli TeXHOTOTHUSIIBIK OpTa

JKargablHOa MaMmaHzap Jaspiayra  KONbUIATBHIH
TaJanTapMeH CalbICTBIPBUIIBL
Ocel  3epTTey mIeHOEpiHAE IeJaroruKabiK

SKCIEPUMEHT KYPTi3iIreH KoK. JKacaHAbl MHTEIEKT
KypalapblH aBTOpiap AIKCHEPUMEHTTIK Oimim Oepy
TEXHOJIOTHSCHI PETIH/IE OKY MPOIECiHE €HT13TeH KOK.
Omapapl  KONmaHy ~ MYMKIHIIKTEpI — o3iplieHTeH
TYKBIPBIMIAMATBIK ~ MOJENB/IH dJJeMEHTI peTiHze
KapacThIPBUIA/IBI, a1 OHBI IIPAKTUKAJIBIK allpodanusiay
3epTTEyAiH KeHiHT1 Ke3eHiHe KaTaIbl.

HOTUWKEJIEP ) KOHE TAJIKBIUIAY
TexXHONMOTHIIBIK JKoHE OuTiM Oepy UHMKIAEpiHIH
e3apa OaillaHbIChI
XKypriziaren Ttangay TEXHOJOTHSIIBIK OPTaHBIH
JaMmybl MEH HWHXKEHEpIik OuriM Oepy Ma3MyHBIHBIH



Kapazanowr memnexemmix undycmpusiivlx yHueepcumeminiy xabapuivicot. Ne3(54), 20260xc.

’KAHAPTBUTYbl apachIHAAFbl YaKBITTBIK COHKECCI3MIKTI
KaJIpJIap/ibl O3bIK Jaspiay KaKeTTUIIrH aiKbIHAAWThIH
(hakTopnapaplH Oipi peTiHAe aHBIKTayFa MYMKIHIIK
oepai. OHBI TY)KBIPBIMAAMANIBIK TYPFBIIAH CHIATTAY
YIIiH e3apa 0aliIaHBICTBI TOPT YaKBITTHIK KOMIIOHECHTTI
KapacThlpy YCBHIHBUIAJbI: TEXHOJOTUSHBIH OMIpIIiK
nuKIi; OutiM  Oepy OarmapiaMachlH  ©3CKTEHIIPY
Ke3eHi; MaMmaH Jaspiay Y3aKThIFbl; KaJbINTACKaH
KociOU KY3BIPETTEp/IiH ©3€KTLTIK Ke3eHi.

Byn ke3eHnepAiH Y3aKTHIFBI callara, TEXHOJIOTHSI
TYpiHE XKoHE KOCiOM KbI3METTiH CHITaThIHA OaHIaHBICTHI
OoyFaHIBIKTaH, oJIap oMOeOam CcaHJIBIK IIamajap
perinae KapacTelpbuiMaiiiel. OnapplH apakaThIHACH
NPUHIUNTI MaHbI3ra He. TexXHOMOTMSUIBIK IHKIIIH
KBICKapybl —KaHa TEXHUKAIBIK JKOHE IHQPIBIK
HIemiMACPAIH MaMaHIbl Jaspiay Ke3eHIHIH ©3iHje
NPAKTHKAJBIK KOJJAHBICKA €HY  BIKTUMAJIBIFbIH
apTThIpazpl, anm  OuriM  Oepy  OaraapiiaMachlH
©3CKTEH/IIpY JKOHE YKaHAPTHUIFAH Ma3MYHJIBI MEHIepY
KOCBIMIIIA YaKBITTHI TAJaIl eTeIi.

TybIHIAUTBIH COMKECCI3MIKTI OKY aKapaThIHBIH
KeJIEMIH YIIFAlTy HeMece jKaHa MoHJCPAl YHEMI Kocy
ApKBUIBI FaHA JKOK0 MYMKIH emec. TeXHOIOTHSUIIBIK
JlaMy KeNeNJIereH Karaiaa oitiM Oepy HOTHKECI OKY
asKTaJFaH COTTE KAJIBINTACKaH KY3bIPETTEpIli FaHa
eMecC, COHBIMEH KaTap MaMaHHBIH OJ1ap/IbIH ©3€KTLIIrH
03 OeTiHIIIe caKTal, KociOr KbI3METTIH JKaHa TICUIAepiH
MEHrepy KaOUIeTiH Je KaMTybl THic. JleMek, 03bIK
Jaspiay WHXKEHEpHiK OiniM  OepyniH iprenitirid
MaMaHHBIH KEHIHT TEXHOJOTHIBIK e3repicrepre
JANBIHIBIFBIMEH YIITACTHIPYBI KaXKET.

JaspnaynplH — KybIl  KETYIII
MOJIEJIb/IEPIH CAIBICTBIPY

CanpICTRIpMalIbl TaJiIay HETi3iHAEe WHXXEHEPIIiK
KaJpjapisl AaspiiayAblH KybIIl JKETYIIl >KOHE O3bIK
MO/IEIbIEPi apachIHIaFbI TIPUHITHATITI
albIpMaIIBbUTBIKTap aHbIKTAN B (1-KecTe).

KOHEC O3BIK

1-xecte — MmxeHep ik Kaapiaapasl JaspiayablH KybII KeTYI KoHE 03bIK MOJIEIbAEPIHIH CaIbICThIPMAaJIbI

CHUITaTTaMACHI
No Kpurepnit KypIn sxerymii Mmojenb O3bIK MOJIENTB
Ma3smyHb1 Konnansicrarsl KonaaneicTarsl )KoHE NEPCIEKTUBANBIK
KJIBITITACTBIPY HET131 TEXHOJIOTHsIAp MEH KaciOn TEXHOJIOTHUSIIAP MEH Kocion pyHKIusIiap
(hyHKIUSIIAP

2 | TexXHOIOTHSLIBIK TexHomorust KeHiHeH Kanpmracein kene xaTkaH

e3repicTepre OpeKeT eTy TapaJFaHHaH KeHiH TEXHOJIOTHUSIIBIK YPIICTEPIi
MOHHTOPHUHITEY XKOHE eCKEPY

3 | birim Gepy Mep3imi JKytiem xxoHe OeimMmenTinr
OarmapiramMachiH
©3eKTEHIIPY

4 | Bimim O6epy HaTHXKECI bimim, OLTiK KoHE KOCiON Ipremi Oi1iM, K9CiOM Ky3BIpETTEp JKOHE

KY3BIPETTEP onap/iel 03 OETIHIIE )KaHAPTY Kabineri
5 | biniM anymsIHBIH peii Bepinren Ma3smMyHIBI MEHTEPY JKana 6imimzai e3 OeTiHIIe i37eYy, Tangay
JKOHE KOJJIaHy
6 | OKBITYIIIBIHBIH PO Oxy MaTepraibiH Oepy KoHe TaHBIMIBIK KBI3METTi YUBIMAACTHIPY,
TYCIHIIpY OimiMi ipiKkTey JKoHe ©3EKTEHAIPY
7 | OHepkacimmeH OaimaHbIC Komnnmansicrarst TypaxkTsl kepi OailmaHbIC KOHE
KaKETTUTIKTepre Oaraapiany MEPCIEeKTUBAJIBIK KAKETTUTIKTEP T
aHBIKTAY

8 | Uudpmbpik Herizinen okpiTy Kypanmapsl | OKBITY KYpangapsl )koHe KociOM OpTaHBIH
TEXHOJIOTHUSIIAP AJIEMEHTTep1

9 | XKacanap! HHTEIIIEKT KoceiMIma aknmapaTThIK Kypai Hormxenepai kacibu Texcepy

JKarIadbIHIA Talay KoHe xKobanay
KBI3METIHIH KYpaJbl
10 | ©3repicrepre AabIHABIK Ke3mer xargaitnapsl Ozrepmerni TEXHOIOTUSIIBIK OpTaa
e3repreHHeH KeliH OeriMeny KBI3MET €TyTe Jaspiay
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O3BIK MOZIENb KOJIaHBICTAaFbl TEXHOJIOT UsIAPAbI
3epueneyneH 0Oac TapTyael kesaemeiini. Omapabl
MEHTepy OIaH 9pi KociOu AaMy/bIH HeTi3iHe aifHana bl
CoHabIKTaH  JQCTYpi  «bOiny icmei  Oiny»
apaKaTBIHACKIH «JICAHAHLL 63 OemiHue Meneepe Oiny»
KOMIIOHEGHTIMEH  TOJBIKTBIpFAH  OpBIHABL. by
KOMIIOHEHT KOJIaHOaJibl OUTIMHIH O3EKTLIIK Ke3€eHI
KbICKapFaH jKaraiia epekiie MaHbI3Fa ue 0onajpl.

Unorcenepnix  kaoprapovt  03vlK  0asapaayovly
MYAHCHIPBIMOAMATILIK, MOOEE

Kytienik xoHe KypbUTBIMABIK-(QYHKIHOHAIIBIK
Tajajay Heri3iHAe WHXKEHEPIIK Kaapiiapabl O03bIK
JaspiayIblH TYKbIpbIMAAMasbIK Mojaeni a3ipienmai (1-
cyper). Onbig HETIi31H MEePCIIEKTUBAIIBIK
TEXHOJOTUSIIBIK ~ ©3repicTep  Typaibl  aKHaparThl
HMHXEHEPIIIH KociOM (yHKIMsIIapbIHa, KY3BIPETTEPiHE
XKOHE Jaspiay Ma3MyHbIHA KOWBUIATHIH TallalTapra
TYpJICHIIPY, COHJAii-aK OHEepKICINNeH KeWiHTi Kepi
0aliTaHBICTBI KAMTAMACHI3 €Ty Kypaiibl.
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©OHepkacin TexHonorMANapas!
MOHUTOPUHITEY

1-cyper — MrxeHeputik KaapiaapAbl O3BIK AasipiayablH
TYXKBIPBIMIAMAITBIK MOJIEII

Monensaig TIPUHITATITI SJIEMEHTI
TEXHOJNOTUSHBIH ©31H TangayJaH OHBIH  KociOu
KBI3METKE OKEJIeTIH e3repicTepiH Oaramayra KeIry
Oombin  TaOputanmel. by perre Oomkay Oomamak
TEXHOJIOTHSUIAPIBl T  aHBIKTAyAbl — Ke3JeMeni,
KepiciHmle, TYpaKTBl YpHOICTepAi JKOHE MaMaH
(hyHKISITaPBIHBIH BIKTUMAIT ©3TepICTePiH aiKpIHAAYFa
OarpITTananel. MEeICAllbl, WHXXEHEPIIK OIeparisHbl
aBTOMATTaHIBIPY HEMece  HMHTEIUICKTYalAaHABIPY
KociOM  KBI3METTIH  JKOMBUIYBIHA  €MeC, OHBIH
Ma3MYHBIHBIH ©3TepyiHe oKelyi MYyMKiH: MIHAETTi
KOI0, IIUQPIBIK XKYHeH] OanTay, ajJbIHFaH HOTHXENepTi
Tajjay KoHe TeKcepy, TYMKUTIKTI IenriM KaObuiaay.

binim Oepy OarmapiaMachl TEXHOIOTHSUTBIK OpTa
MEH MaMaH Jaspiiay apachlHIarbl OalIaHBICTHIPYIIBI
3JIEMEHT peTiHjie apekeT ereli. by perre nmxenepiik
OiriM OepyniH ipreminiri mOHAEPHiH BapUATHBTIK
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Ma3MYHBIH, OKBITY OJICTEpIH JKOHE >KOOAJBIK
TarchIpMaNiap/ibl  YaKThUIbl JKAaHAPTY MYMKIHIITIMEH
YIITACTHIPBUTYBl THIiC. OHepKacimmen Kepi OainaHbic
MOJIENBIIH MUKIIIK CUIIaThIH KAMTaMachl3 €Te/ll )KOHE
JKAOIBIKTap/IaFbl, TEXHOJOTUSUIapIaFbl, Kociou
(byHKIUSUTApAAFbl ©3repiCTepl, COHAAM-aK TYJEKTEep
KBI3METiHIH HOTIIKENEpiH ecKepyre MyYMKiHIIK Oepeti.

Oxbimyuuvl MeH OLIM AYUBIHBIY PO

O3bIK Aasipiay MOJACTIHIE OKBITYIIBI OLTiMI
KociOM  TYpFBIgaH  ipikTeynmi, Oaramayabl JKoHE
©3CKTEHAIPYIl JKY3ere achlpaThlH, IIOHHIH ipremi
epexernepi, KOJJaHBICTAFbl TEXHHUKAJIBIK IIEIIiMIep
JKOHE  caJlaHbl  JaMBITYABIH  IEPCIEKTUBAJIBIK
OarbITTapbI apachIHIaFbl 0aliIaHBICTHI
KaJIBIITACTBIPATBIH  3aMaHayu  OiliM  MeHeodxwcepi
peTiHe KapacThIpbLIabl.

biniM anyuisuiap sy MIbIFapMaIIbUIBIK SJ1€yeTiH
JaMBITy OepiireH MaTepHalbl Heri3iHeH MEHrepy/IeH
aHa OUTIMII e3 OeTiHIIe i3Jieyre, ChIHM TYPFBHIIAH
Oarajayra JKoHE KOJIJaHyFa KOIIyMEH OailJIaHbICTBI.
By perre akmapaTThiH KOJDKETIMILIIN OLTIMIL Jxal
FaHa aKnapaTTaHyYMEH aJIMACThIpyFa OKeIMEyl THIC:
Oonaiak MH)KEHEP TEXHHUKAJIbIK IICHIIMHIH Heri3iHe
JKATKaH 3aHbUIBIKTAPAbl TYCIHYl, 9IICTI TaHJIAY.IbI
Heri3zel Ouyi, ecenTteyiep/i TeKCepyi )KoHEe ajIbIHFaH
HOTWIKEHIH TMPAKTHKAJIBIK ICKE achIPhUTY MYMKIHIITIH
Oaranaii OUTY1 KaXkeT.

Byran GipHere TEXHUKAIBIK TYPFBIIAH MYMKIH
MIeNTMIepal KapacTeIpyFa MYMKIHTIK OeperiH jKoHe
JKETICIIEHTIH aKmapaTThl 13ey/i, OajaMa HyCKamapabl
CaJIBICTRIPYBI 9pi TaHAAYIB! AOJIEN Il HEri3Aey/ Il TaaI
eTeTIH TarnceipManap biKnai eremi. Ocpuiaiimma kocion
OlmiMAIl Y3IIKCI3 KaHAPTY KOHE HAKTHI WHXKEHEPIIK
KBI3METKe OaphIHIIA JKaKBIH JKaFaaiinapaa MiHIESTTep Il
IIenry KaOuTeTi KaJabITacaibl.

Kacanoet  unmennekm  03vlK  0AAPAAYObIH
onemenmi peminoe
YCBIHBUIBIT ~ OTBIPFAaH  MOZENBAE  KACaH[IbI

WHTEIUIEKT Kasipri kociOum opTaHBIH Kypampaac Oediri
KOHE COHBIMEH KaTap OKy, TaJJaMallblK >KOHE
YKOOAITBIK KBI3METTIH KYpabl periame
KapacTeIpbuta bl Kelik TexHuKachl OOWBIHINA apHANBI
HOHEPACH TaIlChIpMalap/bl, KypCThIK )KYMBICTap MEH
obanap/pl, an OoamakTa JUIUIOMABIK )KYMBICTap/Ibl
(>xo0amap/p1) OpeIHIAY OAPBICKIHA OHBI OAKBITAHATHIH
TYpIe KOJJaHy TIepCIEKTHBAJIBIK OarbiT  OOJBIIN
TaOBLUIAIBL.

XKacaHmpl HMHTEIEKT  FBUIBIMU-TEXHHKAJIBIK
aKmaparThl 13[ey OJKOHE OKYHerney, TeXHHKAaJbIK
menriMaepaiH 0ajamMa HYCKaJapblH KaJlbIITACTHIPY,
Oarnmapnamanay, JepeKTep i oHIICY KOHE
KOHCTPYKTHBTIK HYCKaJapAbl ajJlblH ajla CajbICTBIPY
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YUIH KOJJaHBUTYbl MYMKIH. AJaiima OuTiM amymibl
KOJIIaHBUIATHIH 3aHABUIBIKTAPIBl TYCiHYi, OacTamkbl
JepeKTep MEH ecenTeyiepai TeKcepyi )KoHe TaHAaIFaH
LICHIIMHIH TEXHHUKAJBIK TYPFBIIAH 1iCKE achIpbLLY
MYMKIHZIriH 63 OeTiHIIe Heriznei Oinyi Tuic.

OcBl HEri3e Hcacanovl UHMENIEKMIHI KOLOAHY
Hamuoicenepin UHdHCeHepIiK sepughuxayusiay
KaFuIaThl YCBIHBUIIBI, OJ1 MbIHAJIAPBI KAMTHIBI:
OacTamkpl JIepeKTep MEH TEXHUKaJbIK
aKnapaTThIH AYPHICTHIFBIH TEKCEPY;
aJIBIHFaH HOTWKEHIH,
3aHJIBUIBIKTApFa COMKECTIriH Oaranay;

- ©CeNTIK TAYeNIUTIKTEp/i, enmeM Oipiikrepi
MeH OJIIIeMIUTIKTEP/Il TEKCEPY;

MICMIIMHIH ~ TEXHUKAJIBIK TYPFBIJAAH
achIPbUTY MYMKIH/IITH OaFranay;

(hU3UKAITBIK

icKe

- KOJJaHBUIATBIH KaFjaiiapia HOPMAaTHUBTIK-
TEeXHHUKAJIBIK TaJanTapra COUKECTIriH TEeKCepy;

- TYNKUTIKTI WHKEHEpIIK IemimMal o3 Oerinmie
Heri3zey.

Ocpuiaiinia, >xacaHpl UHTEIUIEKTIHI Maliganany
ipremni qasipibIKThI, qepOec HHKEHEPITiK OMIay bl )KoHE
KaObUIJaHFaH  IIeNIiM  YOIH  JKayalmKepIIUTiKTi
aJMacThIpMai, OUTIM aNyIIbIHBIH TaJAaMajbIK *OHE
KO00AJIBIK MYMKIHAIKTEPiH KEHEeUTYi THiC.

Texnuxanvix JHrco2apel oKy
cmpame2usnbl icKe acblpy Mexanusmi

O3BIK gaspiay CTPATEerusChIH iCKE achIpy OLTIM
Oepy kyleciHiH Oec JCHIEHIHIH: YHUBEPCHUTETTIH,
OimiMm  Oepy  OarmapiaMachiHbIH,  KadeapaHbIH,
OKBITYIIBIHBIH JKOHE OUTiM aJIyIIbIHBIH —KeliciireH
e3apa ic-KUMbUIBIH Tajian erei (2-kecte).

OPHLIHOA

2-xecte — MiHkeHepItik KaJpiap/abl 03bIK Aaspliay CTPaTerusiChlH iCKe achlpy JeHrennepi

Henreit KpI3MeTTIH HEri3ri Ma3MyHbI

YHupepcurer TexXHONOTHSITBIK YpicTep/li MOHUTOPHHITEY; OHEPKACIIIIIEH KOHE FHUTBIMH
yibIMIapMEH e3apa ic-KUMBLI JKacay; naspiay sl OeiiMIIer xKaHapTy YIIiH xKaF ani
xKacay

Binim 6epy Kacibu ¢yHkiusuiap MeH Ky3bIpeTTep/Ieri e3repicTep/i Tanjay; naspiay Ma3MyHbIH

Oargapiaamachl ©3eKTeH1ipy; OarapIaMaHblH BAPHATHUBTIK OOJIriH IAMBITY

Kadenpa beitinmi kocimopeIHIapMEH 03apa ic-KUMBLI Kacay; JKaHa TeXHOJOTHsIIApAbl TalIay;
apHaiipl TOHACPAIH Ma3MYHBIH ©3€KTCHIIPY

OKBITYIITBI OKy MaTeprangapbl MEH OKBITY 9IICTEPiH JKaHAPTY; MPoOIEeMaNbIK JKOHE KOOATBIK
MIHJCTTEP Il KO0, OLIIM alylIblIap IblH ©31HIIK KbI3METIH YHBIMIACTHIPY

bimim amymirst Ipremi sxoHe KociOu OLTIMII MEHTEpY; MIBIFAPMAIIBLIBIK OJICYETTI JaMBITY; aKITapaTThI
03 OeTIHIIIe i3]Iy )KOHE ChIHU TaJIAay; KaHa IUQPIILIK Kypaaaapibl MEHICPY

O3pIKk  masgpmay  cumaTelH  OumiM  Oepy
OarmapiaaMachlH Mep3iMIIi TYPAE TY3€Ty apKbUIbI FaHa
KaMTaMacel3 €Ty MYMKIH eMmec. ©O3ekTeHaipy
JKYMBICTApBIHBIH eNoyip Oeriri kadempa MeH HaAKTHI
IIOH  JIHTeHiHae  JKy3ere  achIpbUIafgbl  JKOHE
OHEPKOCINIIeH  e3apa  iC-KUMBUIFa,  COHJai-aK
OKBITYIIBIHBIH JKaHA FBUIBIMH JKOHE TEXHHKAJIBIK
OimimMai OumiM  Oepy TIpOIeCiHE YaKTBUIBI EHTI3y
Kabinerine OaiIaHbBICTHL

CoHbIMEH KaTap Ma3MyHJBI JKelen >KaHapTy
iprem HmaspibIKTBIH Te3 ©3TepeTiH OarmapiraMaiblK
OHIMJIep, JKaOABIKTAp JKOHE NHQPIBIK CEPBUCTEP
TypaJbl aKNapaTHeH BIFBICTHIPBUTYBIHA OKEIMEYl THiC.
Crparerusi ©3eKTi KociOM Ky3BIPETTepAl TYJIEKTiH
OJIap/IbIH ©3EKTLIIriH KeliHHEeH o3 OeTiHIIe caKTaii 0Ty
KaOl1eTiMeH YINTacThIPY bl KAMTaMacChI3 €TYi KaXKeT.

OBIpJIEHTeH CTPATErWsiHBIH HEeTi3ri KaruJaThl:
uMdICeHepnik  Oinim  bepy  owcylleci  MAMAHObL
KOOAHbICMAZbl MEXHONI0UANAPObl NAUOANAHYEA 2AHA
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emMec, COHbIMeH Kamap oaapovly Keuinei oe32epyi
JrcagoaublHOa Kaciou Kvlzmem amkapyaa 0a 0asapiaybl
muic.

Texuonozusanvix 0amy srcedendezen i#az0anoazol
03blK 0asapaay

WmxeHepnik  Kaipiapabl — 0O3BIK  Jaspiay
KOKETTLTIr Ka3ipri [UQpIbIK TEXHOJIOTHIIAp MEH
JKacaHIbl WHTEIUIEKTIHIH TapalybIMeH FaHa eMec,
FBUIBIMU-TEXHUKAJIBIK JaMyIbIH XKenenaeyinig
HEFYpJBIM  JKQNIBl  YpHiciMeH ¢  OailIaHBICTHI.
FrmpiMu HOTIDKE aTy MEH OHBI ©HEPKOCINTIK UTepy
apachlHIaFbl KE3eHHIH KBICKApybIHA n.n.
AptoboneBckuii Hazap aymaprad [1]. XX racwIpabiH
OpPTachIHAA-aK TEXHUKAJBIK FHUIBIMAAPABIH JaMYBbI

MallliHAap MEH  TEXHOJNOTHSUIBIK  MPOIeCTep.i
ABTOMATTaH/IBIPYMEH e3apa OaiinaHeicTa
KapacTeipeuinel  [5].  Kasipri ke3eH — kemeHzi
nUQpIaHaBIPY, TEXHUKAJBIK Kyhenepai

HWHTCIUVICKTYAJIAAHABIPY KOHC JKaCaH/bl HWHTEJUICKTIHI



e-ISSN: 3134-8467, p-ISSN: 2309-1177

JaMBITy >KaFJalbIHa OChl YPJIICTiH >Kanfachl OOJNBII
TaObLIaIbL.

Ocbl 3epTTeyle aHBIKTAIFaH TEXHOJOTHSUIBIK
XKoHE OUTIM Oepy IUKIIEPi apachlHIaFbl COHKECCi3IiK
OypwiH cunarrtanran time lag dilemma — umxenepaix
OutiM Oepy OafFmapiamanapblH KaHAPTYABIH KOCiOU
XKOHE TEXHOJOTHSUIBIK ~ OpTaJarbl  e3repicrepieH
Keleyinaeyl  MmocerneciHe — coiikec  kememi  [2].
Curriculum Agility TyXbIppIMIamMachl HHXEHEPIIK
OiiM OepydiH Ma3MyHBI MEH YHBIMIACTBIPBUTYBIHBIH
OCHIMIENTIIITITIH apTTBIPy apKBUIBI OCBI OaFBITTHI
nambiTazbl [6]. ¥YChIHBUIFAH MOJENL OYJI Tociimuepi
TEXHOJOTUSUIAPABIH  OMIpIIK IHKIi, OimiM  Oepy
OarjapiaMachblH  ©3€KTCHIIpY, MaMaH Jaspjay
Y3aKTBIFBl KOHE OHBIH KY3BIPETTEpiHIH ©3EKTLIIK
Ke3eHl apachHJIarbl e3apa OaiJIaHBICTHI KapacThIpy
APKBUIBI TONBIKTHIPAIBI.

TexXHOMOTUsIBIK ©3repiCTepPAIH Kenenaeyl oKy
aKMapaThIHBIH KOJIEMiH Y3/IKCi3 apTThIPy KaXKEeTTUTIrH
oinnmipmeiimi. Kepicinmre, ipremi OUTIMHIH  JKoHE
MaMaHHBIH KoCiOM KBI3METTIH jKaHa TOCUIIEpiH 63
OeTiHIlle MEHrepy KaOUIETIHIH MaHBI3bl apTa TYCEIl.
ConpplkTaH OuLTiIM Oepy.IiH O03bIK CHIIAThI OOJaIaK
TEXHOJIOTHSIIAp Typallbl aKmapaTr KeJeMiMeH eMec,
HMHXKEHEPIIIH OJIapJblH ©3repyl jKarJaalblHIa KbI3MET
aTKapyfra JalbIHbIFbIMEH aKbIHAAIAIbI.

Aoamu  pakmop owcone Oinim,
OHEPKICINMIH UHMeZPayuscol

Aneiaran HaTokenep Technology Atlas skobacer
meHOepiHe 931pJICHTeH TEXHOJIOTHS Typasbl JKYHETIK
TyciHikeH yitecemi. OHIAa TEXHOJOTHS  TOPT
KOMITOHEHTTIiH e3apa apekerTecyi peTinae
KapacTeIpeUIafBl. Technoware — >kaOmpIKTap MeH
TEXHUKAIBIK Kypainmap, Humanware aZIaMHBIH
Oimimi, araplIapel, ToXipubeci KOHE
IIBIFAPMAIIBIIBIK ~ MYMKiHmikrepi;  Inforware
aKmapaTThIK KamTamMachi3 ery; Orgaware — yibIMIIBIK
KYpBUIBIMAAp MEH OairaHbIcTap [7].

MyHnaii TycCiHIK TUQPIAHABIPY KaFJaibIHAA
epeKie ©3EKTLTIKKE ue. KabnpIkTapapH,
OarmapramMaiblK  Kypanmap MEH HHTEIUICKTYAaIJIbl
KYHWENepAiH JaMybl OHIIPICTIH  TEXHOIOTHSIIBIK
MYMKIHAIKTepiH  KeHeWlTenmi,  amaiiga  omapsl
MaifanaHy THIMIUTITT aJamMHBIH OUTiMi MEH KociOm

EbllIbIM  MEH

KaOinerrepine OaimanbicTel.  bynm JI.  beminig
MTOCTUHAYCTPHSIIBIK KOFaMIaFbl ouTiM MeEH
aKnapaTThIH peniHig apTysbl Typaibl
TYXKBIpBIMIApeIMeH  colikec kemenmi [8].  Kasipri

aKmapaTThIK OpTaja aKmaparThl UENEHYJIH 631 eMmec,
OHBI OUTIMIE YKOHE HET13AEITeH TEXHUKAJIBIK MIEIIMIe
alHaNIBIPY KaOieTi KaciOn KYHIBUTBIKKA He OOoabl.
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K. Ommma TeXHOJOTHsIBIK HHHOBAIUSIIAPIbI
Oimim Oepy, TexHoJorusiap TpaHcdepi, 3epTTeynep,
o3ipjeMenep, KOMMEPLUSUIAHIBIDY  JKOHE  JKaHa
TEeXHUKAJBIK LICHIMIEpAl TapaTy apachblHIAFbl e3apa
OaitaHbICTa KapacThIpFaH [9]. MyHpaii
WUHTETPAlMSUIBIK  TOCUT  YHUBEPCHUTETTIH, FBHUIBIMU
OpPTaHBIH >KOHE OHEPKOCINTIH TYpakTel e3apa ic-
KAMBUIBI KOKETTUIINH pacraiifpl. O3BIK Jaspiay
KOCIMOPBIHJAP/BIH ~ KOJJAAHBICTaFbl  KaXCTTUTIKTEPI
TypaJibl FaHa eMec, COHBIMEH KaTap KaJbIITACKI Keje
JKaTKaH TEXHOJOTUSUIBIK OAFBITTap Typasibl Ja akmapaT
aJIyZbl TaJlal eTel.

XKorapel Oinim Oepyai JaMBITYABIH 3aMaHayH
Taciepi OutiM Oepy OarmapiiaMaiapblH ©3€KTEHAIPY
Ke3iHJ/Ie Ky3bIperTepre JlereH KaKeTTUTIKTepai Oomkay
HOTIKEJIepiH —makjgananynsl  Jga  ke3aedmi [10].
¥YCBHIHBUIBIT ~ OTBIPFaH  MOJENBJE €H  ajJIbIMeH
TEXHOJIOTUSIIAP/IaFbl  ©3TepICTEp IKOHE  CONapAbIH
oCepiHeH WHXEHEpAIH KociOn (YHKIUSIIAPBIHBIH
TpaHcopmanusacel  Ooibkay — 0OBeKTiCi  OOJIbIN
TaOBUIA B

Industry 4.0-mern  Industry 5.0-re kemry
TEXHOJOTHSUIBIK ~ JaMyJarbl — ajgaMd  (aKTOp/bIH
MaHbBI3bIH Of1aH 9pi kymierreni. [udpnanmsipy xoHe
aBTOMATTaH/BIPYMEH KaTap ajamra OarIapiaHyibIH,
TYPAKTBUIBIKTHIH ~ JKOHE  OHIIPICTIK  KyHeIepIiH
esrepicrepre OciiMaeny KaOiUIeTIHIH MaHbI3bI apTabl
[11]. Hdemex, wmxeHep IUQPIBIK TEXHOIOTHSIAPIBI
MEHT€pIIT KaHa KOWMaii, oJapabl KOJTaHy HOTHKEIEePiH
CBIHM TYPFBIIAH Oarajnam, KociOm mremmimMaepai o3
Oerinmre KaObUTIAl OLTYi THIC.

HUnocenepoiy  xysvipemmepi  oicone  Oinimoi
Y30IKCi3 dHcanapmy

Industry 4.0 xarmalipIHIAFBl KY3BIPETTEPTe
apHaJFaH  3aMaHayW  3epTTeyyiep  TEXHHUKAIBIK,
mU(PIBIK, TajdgaManblK, OacKapyIIbUIBIK  KOHE
TYJIFaapanblK KypaMaacTapAbl YHIECTIpy KaKeTTUTITiH
kepcereni  [12]. Industry 5.0  kxarmaitpiHma

TEXHOJIOTUSUIBIK TpaHc(opManus OapbIChIHIA aJaMH
KalnTaIIbIH JaMyblHa BIKHAT eTeTiH OuriM Oepy
OpPTachlH  KANBIITACTBIPY KAXKETTUTri JIe  aram
kepcerineni [13].

byn epexenep Oomamak WHXEHEPHIiH KociOH
©3iH-031 JKeTIIipyTe, 3epTTey KbI3METIHE JKOHE JKaHa
TEXHUKO-TEXHOJOTMSUIBIK ~ JKYHenepii  MeHrepyre
YMTBUIBICBIH KQJIBIITACTBIPY KAKETTUIINH pacTaiibl.
Y3nikci3 mamy KaOureri Herisri JaspIiblK MPOIEeCiHIH
e3inge Kambimracysl Ttumic. Continuing Engineering
Education camaceiHgarbl 3epTreynep e HHKEHEePIiK
KY3BIPETTEePiH ©3eKTUIIriH CaKTayIbl TYPAKTHI KOCiON
OiniM amymen OalimanbicThIpazsl [14].
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Ocpl TYpFBIZIaH aJFaH/a, OoNalIaK WHKEHEPIiH
TepeH KociOu OLTIMII CTYAEHTTIK Ke3eHHEH Oacran
MeHrepy Kaxerriniri typanel [1.C. Ocamguuiimig
TYXBIPBIMIAPEl ©3 MaHBI3BIH cakTaiiabl [15]. Anaiina
OUTIM OHBI TIPAKTUKAJBIK MIHACTTEPAl IICHIy/e
KoJliaHa OireH skariaiia FaHa KociOM KYHIBUTBIKKA Ue
Oomamel. Ipremi OuliM MEH OHBI MPAKTUKAJIBIK
KOJIIaHYIbIH ©3apa OailylaHbichl A. DHHIITECHHHIH
FBUIBIMU JKOHE OHEPTANKBIIITHIK KbI3METIH KapacThIpy
Ke3inze ae Oaiikamazsl [16].

Ocepunaiiiia, HHXeHepItik 0itiM O0epy Qaxrinepai
€CTe CaKTayMEH JKOHE TEXHUKAJBIK OKyHeraepai
CHMAaTTayMEH FaHa IIeKTenMeyi THic. AKMapaTThl
Tanaay, ceden-caiaapiblK OaliaHbICTAP/Ibl aHBIKTAY,
Koyiga Oap OUTIMHIH JKETKUTIKCI3IIriH 3 OeTiHIie
alKpIHJIAy KOHE WHXKCHEPIIIK MIHISTTEPAl IICHIy IiH
JKaHa OJICTEpIH MEHrepy KaOUIeTiH KaJbIITaCThIpy
Kaer.

Oxvimywivl 3amanayu Oinim meneddicepi peminde

MamaH  jaspjay ~— CHIIATBIHBIH  ©3Tepyil
OKBITYIIIBIHBIH peiiiH e e3repTei. n.Nn.
ApToOONeBCKMI TOH Ma3MyHBIH OasHIayMeH FaHa
HmIeKTeNMel, OuTiM  anymbliapra  FbUIBIM — MEH
TEXHUKAHBIH THICTI CalachIHAAFbl HETI3r Maceseliep i
JKOHE OHBIH JIaMy OaFbITTapbIH KOPCETY KaXKETTUIIriH
aram eTkeH [1].

Kasipri 1udpiaslk opTaga OKBITYIIBI OLIIM
aJqymbiFa KOJDKETIMII aKMmapaTThIH HETi3ri  Ke3i
OomymaH  Kamaapl,  amaiila  OHBIH  MaHBI3BI
TemeHaemenni. OHBIH KpI3MeTI Oimimai  Kociou
TYpFBIIAH IpIKTEYy MeH Oarajiayra, ipreji epexkenepmi
3aMaHayn TEXHUKAJIBIK HIenriMaIepMeH
0aifIaHBICTRIPYFa, HWHXKEHEPIIK MaceJenepai KOroFa
JKoHe OUTiM  aJyIIbUTapAblH — ©31HOIK  TaHBIMIBIK
KBI3METIH YHBIMIACTBIPYFa OarbITTaIa IbL.

Mymnnait TOCLT ouriM aTyIIbLTapABIH
IIBIFAPMAIIBUTBIK ~ QJIEYEeTIH JaMBITYyMEH  Tikeneil
OaitmanpicTel.  JKeTiCeWTiH  aKmapaTTel  137€ymi,
OipHelre HYCKaHBl TalAayAbl JKOHE TEXHUKAIBIK
MemiMal  JNenai Typae TaHJaydsl Ke3JAeWTiH
TancelpManap OenTiTi  anropuTMal  KaWTajaydaH
nepOec WHKEHEPIK KbI3METKE KOIIyre MYMKIHIIK
Oepeni. bynm karmaiima Oumim  Oepy kali FaHa
aKmnapaTTaHyMeH IIeKTEeTIMEH, oimim Kacion
MIHAETTEep/ Il eIy IiH KYpalblHa aifHaIa bl

WNuxenepnin KociOM AaspIBIFBIHBIH STHKAIBIK
kpippl ga Oap. I1.C. Ocamgumii WHXEHEpIiH KociOm
OTUKACBIH  MEHrepreH  OuTiMiHIH  TepeHmiriMeH
OaitmaHbicThIpFal [15]. Bynm »xacaHIbl WHTEIJIEKTiHI
naifanaHy Ke3iHJe epeKille MaHBI3Fa Hue, OWTKEeHi
MaMaH TEXHUKAJBIK IIIelIiM YIIiH >KayarmKepIIiTiKTi
WHTENIEKTYalngpl  kyiere ©Oepe anmaiinel.  Ocbl
typroiian U.M. ApToboneBckuiinig MHXEHep-MeXaHUK
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OUTIKTUTIriH ©3iHiIH KociOM OipereiyIiriHiH MaHBI3/IbI
Kypamac Oeliri periHje KoFaphel Oaraiaybl 1a Ha3ap
aynapyra Typapisik [1].

O3bix  Oaspaay — ocyuecinoeei  Hcacauovl
uHmesneKm

Wnxenepiik Oiim Oepyne  KacaHJbI
MHTEIJICKTIHI KOJJaHy BHUPTYaJIJbl DKCIIEPUMEHTTIK
opTajapasl, OlTiM oepy AQHAJINTHKACHIH,
UHTEIUICKTYaJI bl OKBITY KyienepiH,

aBTOMATTaHABIPbUIFaH Oaraay/bl XoHE OKY KbI3METIH
Koymayael Kamtuabl [17]. YokeH TUAIK Mojenbaep
aKmnapaTThl i3Iy JKOHE eHJey, Oarnapiamalay >KoHE
JKOOANBIK ~ MIHASTTEPAl  OpBIHIAYIBI  CYHEeMeNey
MYMKIHJIIKTEpiH KOoChIMIla KeHewTeni [18].

Anailila  TeJarorvKalblk  ocep  KacaHIbl
WHTEJUICKTIHI KOJJJaHy (hakKTICiHIH ©3IMeH emec, OuTimM
aJIyIIBIHBIH OHBIMEH ©3apa 9pEKETTeCy CHIAThIMEH
aHbIKTamaabl. JlaiplH  JKayanThl TYCIHOEH IKOHE
TeKcepMel maipanaHy jaepOec HMHTEICKTYasIbIK
KBI3METTI ajMacThIpybl MyMKiH. KepiciHime, acaHbl
MHTEJUICKTIHI OajlaMa HyCKajaapipl i37ey, AepeKTepi
Taj/ay JKOHE HYCKajapibl ajlJiblH ajna Oaranay VIIiH
nailaNnanbl, KeWiH HOTHKENepAl KociOM TYpFbIIaH
TEKCEPY HHKEHEPJIIK KBI3METTIH MYMKIHIIKTEPiH
KEHEeNTe anajbl.

Anamra OarmapiiaHFaH TOCUT aJaMHBIH JKETEKIIT
POIiH, aNbIHATHIH aKMapaTThl CHIHU OarajayJbl )KoHE
OHBl TAHJaNaHy VIOIH >KayalmKepIIUTIKTI CaKTaymbl
ke3merini  [19]. byr  yCRIHBUTFAaH — MHXKEHEPIIK
BepuUKaIWsl KaruJgaTbIMEH  YViliecemi: »KacaHJbl
WHTEIUICKTIHI KOJJIaHY apKbUIbI albIHFAH HOTHXKE
OacTamkbl AEPEKTEPMiH IYPBICTBHIFBI,  (PU3HUKAIBIK
3aHIBIIBIKTapFa ColKecTiri, ecenTeyaepaiy
IYPBICTBIFBI, TEXHUKANBIK iCKE achIPBUIy MYMKIHAIT1
JKOHE HOPMATHBTIK TajanTapra colkecTiTi
TYPFBICBIHAH KOCiOM TEKCEepyAeH oTyi THiC.

CoHIBIKTAaH KOJIK TEXHHUKACHIHBIH apHaibI
nmoHAepi OOWBIHINIA TarChpManapabl, KypCTBIK, ai
Oomamiakra JUILIOMIBIK SKYMBICTapbl (AKoOaapbl)

OpBIHIAY Ke3iHze YKacaH/Ibl WHTEJUIEKTiH1
OaKpUTAHATBIH TYp/E KOJJIaHY MEepCIIeKTHBAIBI OOJIBIT
TabblTambl. bynm perre OimiM  amymisl - anmbIHFAH

TEeXHUKAJBIK MICHIM/I TYCIHIIpim, OHBI €3 OeTiHIe
Herizzel Oinyi THic.

AnaM MeH jKacaHIObl WHTEIUIEKTIHIH e3apa

opekerrecy MYMKIHIIKTepi KY3BIPETTLTIKKE
OarmaprnaHraH WHXEHEPIIIK oM oepy
OarnapiaManapbeia azipney OaphIChIHIA na

Kapacteipbutanbl [20]. JleMek, »acaHIbl HHTEIUIEKT
OKY KYpaJibl FaHa eMec, Jaspiay Ma3MYHBIH Oeitimmen
YKaHAPTYIBI KONy KYPaJbl PETiHAe e KOIIaHBUTYhI
MYMKiH. bynm perre tymkimikti kociOm Oaramay
aJlaMHBIH KY3bIPETiHIe Kalyhl THIC.
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3epmmeyodiy  wexkmeynepi oicoHe 00aH i
AHCYMBIC bagvimmapul

O3ipJICHI eH MOJICIIb TEOPUSIIBIK-
TYKBIPBIMIAMAJIBIK CHITATKA UE XOHE Ka3ipri yakpITTa
MEIaroruKaiblK  anpoOamusgaH  OTKEH  JKOK.
CoHMBIKTaH  3epTTCY  HOTHXKENEPI  YCHIHBUIFAH
CTpaTErusHbIH THIMILJIIr] HeMece JKacaHIpl
MHTEIUICKTIHI MaiiananyaelH OUTIM  amylibLiapIsl
Jasipiay ~ camacklHa ~ ocepl  Typajbl  CaHMABIK
KOPBITBIHBLIAP Kacayra MyMKIHJIIK OepMeiii.

CoHBIMEH KaTap TEXHOJOTHSUIAPABIH OMIpIiK
LUKIIHIH KOHE KY3bIPETTEP/IiH ©3€KTUIIK Ke3CeHIHIH
Y3aKTBIFBI Cajla MEH HHXCHEPJIK MaMaHJbIKKa
0ailyIaHBICTBI EpEKINeNeHe (. YChIHBUIFAH YaKBITTHIK
KOMIIOHEHTTEPIIH  ©3apa  OailJIaHBIChI ~ YKaJIIbI
TYKBIPBIMIAMAIIBIK  HETi3 OOJbIN  TaOBUIAABl KOHE
KeKerereH OiuriM Oepy OarapiaManapsl YIiH oflaH api
HAKTBIIAY bl TaJlal eTeli.

3epTreyaiH  Keeci
OarbITTarbl MaMaHaap bl
CTpaTErusHbIH JKEKeJlereH 3JIEMEHTTEPIH
ampoOanusiay, OHBIH IIIIHAE KYPCTBHIK  JKOHE
JUIUIOMIBIK — JKoOamayma KacaHIbl HHTEUICKTiHI
0aKpUIAaHATBIH TYpJE KOJJaHy OOJlybl MYMKiH. By
perte OUTiM allylIbLIapIbIH JIePOECTIri, HHKEHEPIIIK
HETi3JIeMEeHIH calachl, aJIbIHFAH HOTIKEIEPIl TEKCEpy
JKOHE 1prei OUTIMII ’KaHA TEXHHMKAJBIK MIHIACTTEPIl
menryre KoigaHy Kabigeri Oaranmay HBICAHBI OOTYBI
THIC.

Mopensai omaH  opi JAMBITY  THICTI
TEXHOJIOTHSJIAp KEHIHEH TapaliFanFa JeHiH KociOu
(hyHKIUSUIITap MEH Ky3bIPeTTep/Aeri MepCIeKTHBAIBIK
e3repicTepi  aHBIKTAy MaKCaThIHAA ©HEPKICINTIK
KOCIITOPBIHIAPMEH Kepi OaiIaHBICTHI KYIIEUTyAl ne
Ke3IeiIi.

KE€3€HI  TEXHUKAJbIK
Jasipiay Ke3iHJ1e

KOPBITBIH/IbI

XKyprizinren 3epTTey Keneci KOPBITHIHIBLIAP B
TYKBIPBIM/IayFa MYMKIHJTIK Oepeti.

1. TexHONOTHSIITBIK JaMyIbIH  JKEAEIAeyi,
nupIaHABIPY XKOHE KacaHIbl MHTEIUICKTIHIH Tapatysl
TEXHOJIOT HSJIBIK OpTajarsl e3repicrep MEH
WHXEHepIiK OuUTiM Oepy Ma3MYHBIHBIH KaHAPTHUIYHI

apachHIAFBl COMKECCI3NMIKTI Kymedteni. MyHnuai
KaFmaiga Kyblll OKETyII  MOJENb  HMH)KEHEpIIK
KaapiapAbl  O3BIK  Jaspiay  CTPaTEerusiChIMEH

TOJIBIKTBIPBUTYBI THIC.

2. O3bIK Hasipray TEXHOJIOTHSUIAPABIH OMIpIiK
LUKJT, Oi1iM Oepy OarapiaMachiH ©3eKTeHIIpY Ke3€eH],
MaMaH Jaspiay Y3aKTBIFBl JKOHE OHBIH KociOH
KY3BIpETTEepiHiH ©3eKTLTIK Ke3eHi apachlHIaFbl e3apa
0aliJIaHBICTBI €CKEPY/i Tajlal eTei.
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3. O3ipeHreH TYXKBIPbIMAAMANbIK MOJENb
TEXHOJOTUSLITBIK JaMyIibl MOHUTOPUHTTEY/I,
WHXKEHEpIiH KociOu (yHKUMSIIApPBIHBIH — ©3TepyiH,
NEPCIIEKTUBANBIK ~ KY3BIPETTepAi  KaJbINTACTBIPY/IBL,
OimiMm  Oepy  Ma3MyHBIH  ©3CKTEHAIPYAl  JKOHE
OHEPKACITIEeH Kepi OaliIaHbICTHI e3apa
OaiinmanbpicTeipagpl. OHBI icke acelpy OuriM  Oepy,
FBUTBIM JKOHE OHEepKacin opTaJapbIHBIH
WHTETPALMSICHIH KO3ICHII.

4. O3bIK Jaspiay KyHeciHe OKBITYIIbI OLTIMII
ipikTey MEH ©3eKTeHIIpYyi, ipreii AaspibIKThIH
3aMaHayd TEXHUKAJIBIK IICHIIMACPMEH OaillaHbIChIH
JKOHE  OUTIM  ajyIlIbUIapAblH — ©3IHMAIK  KbI3METIH
YUBIMAACTBIPYIBI KAMTaMaChI3 €TeTiH 3aMaHayH OuTiM
MEHEeJKEepi PEeTiHJIe SpEKeT eTe/li.

5. Hmxenepmik OuriM  OepymiH MaHBI3JIbI
HOTHXKECI — TYJEKTiH KociOM  Ky3BIpeTTepiHiH
©3EKTLIIrH o3 OeriHIire cakrari, JKaHa

TEXHOJIOTUsIApAbl MeHrepe Oiny kaouteri. byn perre
iprei AasipiblK IIBIFAPMAIIIBUIBIK 9JICYETTI AaMBITY
JKOHE JKaHa WHKEHEPIiK MIiHAeTTepli Mieny YIIiH
alKbIHAAYIIBI MAHBI3bIH CAKTaN/IbI.

6. YKacaHpl MHTEIUIEKTIHI JepOec WHIKEHEPITiK
olaynpl aJMacThIPMANTBIH OKY JKOHE WH)KEHEpIIiK-
’ko0asiay KbI3METIHIH Kypajibl peTiHJIe Malgaiany
OpPBIHIBL. ¥CHIHBUIFAaH WHKEHEpNIiK BepupuKanus
KaFUJAThl TYOKUTIKTI TEXHHWKAJIBIK IIMEIIM  YIIiH
aJJaMHBIH JKayalKepIIUIITiH CaKTai OTBIPHII, KaCaHIbI
WHTEJUICKTIHI KOJIIAaHy HOTIDKEIIEPIH KOCION TYPFBIIaH
TEeKCEepyIi KO3aCH Ii.

7. CrTpaTerusHbl iCKEe achlpy YHHBEPCHTETTIH,
Oimim  Oepy  OarmapimamMachlHBIH,  KadeapaHbIH,
OKBITYIIBIHBIH JK9HE OiNliM alymIBIHBIH KeNiCUIreH ic-
KAMBUIBIH Tanamn erefi. Ma3MyHABI Kemen XaHapTy
JaspiayaslH IpTeliIiriMeH, eHEepKaCilmneH e3apa ic-
KAMBUIMEH KOHE YV3IIKCi3 OuriM  amy KaOureriH
JAMBITYMEH YIITaCTHIPBLTYHI THIC.

8. O3ipJIeHTeH MOJEITh TEOPHSITBIK-
TYKBIPBIMIAMANBIK CUTIATKA W€ KOHE IMPAKTUKAJIBIK
anmpobanusHbl Taman ereni. OmaH opi 3epTTeyniH
MEPCIEKTUBAJIBIK OaFbITBl — OUTIM  aNyIIbUIapabIH
JepOecTirin, MHYKEHEPITiK HeTi3/IeMeHIH CalachlH KoHe
aJBIHFaH HOTIDKENEpi KociOM TYpFBIIAH TeKcepy
KaOirerin  Oaramaii  OTHIPBIN, KypPCTBHIK  JKOHE
TUTUIOMIIBIK,  KYMEBICTapabl  (>koOamapbl) OpBIHIAY
Ke3iHJIe JKacaHIbl MHTEIUIEKTiHI OaKbUIaHATBIH TYpPJE
KOIIJTaHy.

Aemopnapoviy ynecin Koepcemy (MAKCOHOMUA
CRediT): Mynoacanues 3.A. — myoicvippimoamanay,
a0icHama, Homuoicenepoi manoay JHCcaHe
UHmMePNpemayusinay, KOadcazoanvl OaublHOay MHCoHE
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peoakyusinay. becmembex E.C. — myocvippimoamanay, — pedakyusaay. bapuvlx asmopnap Koncaz6anvly coyol
3epmmey JACypeizy, eblibiMu 20ebuemmepdi maiddy,  HYCKACbIMEH MAHbICHIN, OHbL HCAPUSIAY2A MAKYA0AObL.
Koacazbanvly dacmanivl MamiHiH OaublHOAY JCoHE
onvl nviceikmay. Aoyoeg E.3. — adicnama, Homuoicenepoi
BANUOAYUANAY, CLIHU MALOAYy JHCIHE KOJNAHCA30aHb
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Abstract - The article presents a systematized analysis of the application of various types of blast furnace slag in road
construction, based on scientific publications from 2000 to 2026. It has been established that the efficiency of material use
critically depends on its cooling method and subsequent processing. Dump blast furnace slag is predominantly used as an
aggregate, whereas ground granulated blast furnace slag serves as a binding component or mineral filler. It is shown that the
optimal degree of replacement for natural materials is not a universal value: for cement concretes, the best performance
indicators are often achieved when replacing 20-40% of the aggregate, but this applies only to high-quality raw materials.
Particular attention is paid to pre-treatment methods for dump blast furnace slag (selective crushing), which allow for reduced
water absorption and improved frost resistance. It is demonstrated that in asphalt concretes and road bases, the use of modified
slag contributes to increased rutting resistance and bearing capacity. A conclusion is drawn regarding the necessity of
transitioning from simple substitution of natural resources to the engineering of slag material properties, including the
assessment of the long-term durability of composites based on them.

Keywords - blast furnace slag, road construction, cement concrete, asphalt concrete, aggregate replacement, selective
crushing, ground granulated blast furnace slag, dump blast furnace slag.
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Anparna — Makanana 2000 - 2026 sxpiigap apaibIFbIHAAFE FRUIBIME KapHsUIaHBIMIAP HETi31He 5K0J1 KYPBUIBICHIHA JOMHA
TSI HIH KOXKbI OPTYPJIi TYpPJIePiH KOMAaHYIBIH KYHEICHIeH TaIaybl YCHIHBUIFaH, MaTepualiapl mainananyablH THiMITir
OHBI CYBITY OJIiCiHE >KOHE KCHIHTiI OHJEYre ChIHHM TYPFBIIAH TOYeIi €KEeHI aHBIKTANIbL J[OMHA TENIiHIH KOX HEri3iHCH
TOJNTHIPFBILI PETiHAE KOJIJAHBUIABI, A TYHIPUIKTENTeH KOX OaiIaHBICTHIPYIIBI KOMIIOHEHT HEMece MHHEpaIbIK
TOJNTHIPFBINI QYHKIMSICHIH aTKapazpl. TaOuFu MaTepuaiiappl aIMacThIPyAbIH OHTAMIIBL Jopeskeci amOe0an mama eMec ekeHi
KOPCETUITeH: LIEeMEHTOETOHAap YIIIH €H >KaKChl KOpPCETKIITep >kui TONTHIPFHIITHIH 20-40%-bIH anmacTeIpy Ke3iHae Ko
KeTKi3ieni, 6ipak OyJ1 Tek canaiibl HIMKi3aT YIIiH FaHa aypeic. JloMHa MenniHiH KOXKbIH aJIIIBIH ajla eHAeY sicTepine (ipikren
ycakTay) epeKIile Hazap ayJapbUIFaH, OWI Cy CIHIpyAi a3aiiTyra jKoHE as3fa TO3IMIUTIKTI apTTBIpPyFa MYMKIHIIK Oepeni.
AcdanprOeToHmapa )KoHe K01 Heri3aepinae MoauduKaysIanFal KOKThI Maianany i3 Tycyre To3IM/ILTIK IIeH KYK KoTepy
KaOeTiHIH apTyblHAa BIKNAJ eTeTiHI JdienjeHreH. TaOwru pecypcTapibpl KapamaibiM — anMacThIpyJaH —IIIaKk
MaTepUAIAPbIHBIH KACHCTTEPIH HWHXKEHEPJIeyre, COHBIH IIIHAE OJap HETri3iHIAeri KOMIIO3UTTEPAiH Y3aK Mep3imii
TO3IMJIUTITIH Oaranayra Keury KaXeTTUIITT Typasibl KOPBITBIHIIBI )KacallIbl.

KinT ce3nep — nOMEHAIK KOX, MOJI KYpPBUIBICHL, LIEMEHTOETOH, ac(anbTOETOH, TOJTHIPFBIITAP/BI AIMACTBIPY, ipIKTEl
ycakTay, TYHipIIKTeIreH JOMEH K KO, JOMHA TMEIIiHIH KOXKBI.
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Annomayusn - B craTtbe MpeACTaBlIeH CHCTEMAaTU3UPOBAHHBIN aHAIN3 IPUMEHEHHs PA3JIMYHBIX BUJIOB TOMEHHOT'O IIUIaKa B
JIOPOXKHOM CTPOMTEIILCTBE HAa OCHOBE HaydHbIX myOsimkaiuii ¢ 2000 mo 2026 romsl. YcraHOBIIEHO, 4TO 3((HEKTUBHOCTD
WCTIONB30BaHUs MaTephalia KPUTUIECKH 3aBUCHUT OT CIIOc00a ero OXJaXKICHHS M Tocieayromeil o0padotku. OTBaIbHBIHN
JOMEHHBII IIUIAK MPEeHMMYIIECTBEHHO NPUMEHSETCS KaK 3allOJHUTENb, TOrNa KaK I'PaHYJIUPOBAHHBIM LUIAK BBIIOIHSIET
(GYHKIMH BSDKYLIErO KOMITOHEHTa WM MHHEPaJbHOro HamonHuTensd. [loka3aHo, 9TO ONTHUMAaibHas CTEleHb 3aMEeHBI
NPUPOIHBIX MaTEpHaoB HE SBISETCS YHUBEPCAJIbHON BEJIMYMHOM: JUISl IIEMEHTHBIX OCTOHOB JIyYIIHE ITOKAa3aTeIH 4acTo
JocturaroTes mpu 3amene ot 20 10 40% 3amomHUTENs, OMHAKO 3TO CIIPABEUIMBO TOIBKO ISl KAYECTBEHHOTO CHIPhs. Ocoboe
BHUMAaHHE YIEIICHO METOIaM TPEIBapPUTENbHON 0OpabOTKH OTBAIBHOIO JOMEHHOTO IDIaka (M30uparenbHoe ApOOIIEHHE),
KOTOpbIC TIO3BOJSIIOT CHHU3UTH BOJOIOIJIOMICHWE M IOBBICHTH MOPO3OCTOWKOCTH. [IpomeMOHCTpUpOBaHO, 4YTO B
acgarpTo0eTOHAX W OCHOBAHUSIX JOPOT HCIOTH30BaHNE MOAU(DUIINPOBAHHOTO MITAKa CIIOCOOCTBYET POCTY YCTOWIMBOCTH K
KOJIee00pa30BaHHIO M Hecyllel criocoOHOCTH. [Ipon3BeneH BHIBOJ O HEOOXOOMMOCTH ITIEPexoia OT MPOCTOrO 3aMEIICHHUS
NPUPOHBIX PECYPCOB K MHKUHUPUHTY CBOMCTB IIIAKOBBIX MAaTEpPHAJIOB, BKIIIOYAs OLEHKY JOITOCPOYHOH JOITOBEYHOCTH
KOMIIO3UTOB Ha X OCHOBE.

Kntouesvie cnosa - TOMEHHBIN NIJTAaK, JOPO)KHOE CTPOUTEIILCTBO, IEMEHTHBIN 0ETOH, ac(hanbTo0eTOH, 3aMeHa 3al0THUTENeH,
n3buparensHoe ApobIeHne, TPaHyIMPOBAHHBINA TOMEHHBIN IIITAaK, OTBAJIBHBIA JOMEHHBIN IILIAK.
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OCHOBHBbIE MOJIOKEHUSL

JloMeHHBIH 1UIaK HE SBJISACTCS  OJHOPOTHBIM
MaTepuaioM; ero (yHKIMOHAaIbHOE Ha3HAUYECHHUE
CTPOrO  ONpeAessieTcsl  CocoOOM  OXJIaXKICHHS:
OTBaJIbHBIA JOMEHHBIN NUIAK CIIYKHUT 3alIOJHUTENEM, a
IPaHyJIUPOBAHHBINA BSXKYIIIMM MM HATIOJTHUTEIICM.

OnTumansHOe coJiepKaHue nIaka B
CTPOUTEIBHBIX KOMIIO3UTaX BapbUPYETCs B
3aBHCHUMOCTH OT KauecTBa 3€peH M  IeNeBbIX
XapaKTepucTuK; nuamna3oH 3ameHsl or 20 mo 40%
ABJISACTCA CTaTUCTHYECCKU 4aCThIM, HO HE
YHUBEPCAIBHBIM OIITHMYMOM.

[pensaputenbHas o0paboTtka
JOMEHHOTO IUIaKa  METoAaMH  H30MpaTebHOTO
npoOsieHus ©  ruApodoOU3anuy  CYIIECTBEHHO
yiaydimaer ero (U3MKO-MeXaHW4YeCKhe CBOMCTBA,
CHIDKask BOJIOTIOTIIONIEHNE 1 TIOBBIMIAS COMTPOTHBIIEHUE
pa3pyIIeHHIO.

[lepcriekTHBHBIM HampaBJICHUEM SBIISIETCS
KOMIUIEKCHBIA TOJXOJl, COUYETAIOUMNA YJIy4lleHue
Ka4yecTBa MUIAKOBOTO 3aIOHUTENS C MOJU(HKAINCH
BSDKYIIMX CHUCTEM JJisi 0OECIeUeHHUsl JOITOBEYHOCTH
JIOPOXKHBIX KOHCTPYKIIUM.

OTBAJIBHOI'O

BBEJEHUE
JIOpO’KHOE CTPOUTENBCTBO OTHOCUTCA K Hanbosiee
PECYPCOEMKHIM OTPACisiM, TTOTPEOIISIFOIMM OTPOMHBIE

00BEMBI TIPUPOAHBIX KAMEHHBIX MAaTEpHaJoOB U
LIEMEHTA. OnHOBpEMEHHO MeTaJulypruieckas
IIPOMBIIIIEHHOCTD TeHepupyer 3HAYUTEIBHOE

KOITMYECTBO TEXHOT'CHHBIX OTXOJOB, CPEIU KOTOPBIX
JOMEHHBIN [IIAK 3aHUMAET JTUJAUPYIOIIUE TO3UITHH T10
MOTEeHIANy yTiim3anuu [ 1, 2].

& s 5
S S

1 — oTBaJIBHBIA JTOMEHHBIN IIJIAK

Pucynox
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PucyHok 2 — rpaHynMpOBaHHBIN TOMEHHBIN IITaK

Hcnonp3oBaHue MUIAKOB TO3BOJISIET HE TOJBKO
PEIIUTH OKOJIOTHYECKNE HpOGJIeMI)I HaAKOIIJIICHUS
OTXOJI0OB, HO W CHHU3UTh YIJICPOJAHBIA  CIeN
CTPOUTCIBHBIX MAaT€puaioOB 3a CUCT YJaCTUYHOU
3aMEHbI KIIMHKEpa M MPUPOIHOro medHs [3, 4.

OH3UKO-MEeXaHUYECKHE XapaKTePUCTUKU
JIOMEHHOT'O TIIaKa OMNPENENSIOTCS TEXHOIOTHENW ero
noixydeHus. MeIieHHOe OCTBhIBAaHHE Ha BO3JyXE
NPUBOIUT K 00pa30BaHUIO KPUCTAJUTUYECKOT0, 4acTo
TIOPHCTOTO OTBAJIBHOTO  JIOMEHHOTO  IUIAKA,
UCIIONIL3YEMOr0 B KA4eCTBE 3aIlOTHHUTEIIS.

PucyHok 3 — MUKPOCTPYKTYpa OTBAJILHOTO JOMEHHOTO
nuraka x100

beictpoe  oxmaxkaeHue  Bomod  opMmEpyeT
CTEKJIOBUAHBIA TPaHYJIUPOBAHHBIA IIIAK, KOTOPBII
II0CJI€ TIOMOJIa MPOSIBISIET CKPBITYIO THAPABINYECKYIO
AKTUBHOCTh M IPUMEHsETCA KaK J00aBKa K LIEMEHTY
WJIM MUHEpaJIbHBINA OPOLIOK B acdanbToderone [5, 6].
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Pucynok 4 - COM-mukpodororpadus rpaHyTUpOBaHHOTO
noMeHHoro nuraka x2000

HecMmotrpst Ha OOHIMPHYIO HCCIIEIOBATENBCKYIO
0a3y, mpsMOe CpaBHEHHE pPE3YIbTATOB pPa3IHYHBIX
ABTOPOB 3aTPYJHEHO M3-3a Pa3IU4Mil B THIAX IUIAKa,
0a3ax pacdera JI03UPOBOK (IO Macce IeMEHTa,
3aIIOJIHUTEIA UIIN BH)KyHIeFO) " YCIIOBUAX TBEPACHUA.

Ilpoben 6 uccneoosanuu.  BOIBIIHMHCTBO
CYIIECTBYIOIIMX 0030pOB (hOKYCHUPYIOTCS Ha TIOMCKE
«ONTHMAJILHOTO IMPOIEHTa» 3aMEHbl KOMIIOHEHTOB,
WTHOPHUPYS BapUaTHMBHOCTh KayeCcTBa CaMOro IUIaKa.
HenocratouHo u3y4eHO BIUSHUE NPEABAPUTENBHON
00paboTKH (oborarmenHwus, ruapodoOu3aImm)
OTBAJIBHOIO JIOMCHHOTO IUIaKa Ha JIOJITOBEYHOCTH
KOHCUHBIX KOMITO3UTOB B PpEaNbHBIX  YCIOBHUSX
9KCIUTyaTanuu. KpoMe Toro, OTCYTCTBYyeT 4YeTKoe
pasrpaHUYEeHUE MEKIY MEXaHHYEeCKOW (yHKIHeH
nuUiaka Kak 3armoiHUTENsT U XUMHYECKOW POJbI0 Kak
BSDKYIIETO B KOHTEKCTE JOJATOCPOYHOU CTOHMKOCTH
JNOPOXKHBIX ~ ofieka. TpeOyercss cucTeMaTH3aIus
JIAHHBIX, CBSI3BIBAIONIAST KAUECTBO UCXOIHOTO CHIPhS U
METO/bl €ro MOJU(HKAINU € 3KCILTyaTaluOHHBIMH
XapaKTepUCTUKAMH MaTEePUAJIOB.

Hayunas nosuzna. B otnudne oT MpeabLIyIIIX
pabot, TaHHOE UCCIIeIOBAHNE aKI[EHTUPYET BHUMaHUE
HA  HEOMHOPOJAHOCTH  JOMEHHOrO  IJlaka |
HeoOxoauMocTH audQepeHITpPOBaHHOTO MOAX0Aa K
ero MpuMeHeHH0. BriepBrie B paMKax OTHOro 0030pa

comocTaBlieHbl  3(PQEeKThl  pa3TUYHBIX  METONIOB
mpenoOpabOTKM  OTBABHOIO  JIOMEHHOTO — IIITaKa
(n30uparenpHOe  apoOiieHHe, — OOOramieHHEe 110

IJIOTHOCTH, TuApodoOM3anms) M WX BIMSHUE Ha
KITIOUEBbIC TapaMeTPhl JIOPOKHOTO CTPOHUTENIHCTRA.
O6ocHOBaHa HEBO3MOXKHOCTh YCTAHOBJICHUS €AMHOTO
YHHBEPCAIBHOTO ONTHMYyMa COJCPXKAHMS IjIaka u
MPEATOXKEHA KOHIICTIUS WHXUHUPUHTA CBOWCTB, TJIC
Ka4eCTBO 3aIOJHUTENS M COCTaB BSDKYIIEH MaTpHIIbI
ONTHUMH3HUPYIOTCS COBMECTHO. BrrsaBiaeHbl
TIePCIEKTUBEI HCIOJIb30BaHUS C1a00I1ETOYHON
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aKTHUBallMU TPAaHYJIMPOBAHHOTO JOMEHHOIO NUIAaKa B
XOJIOJHBIX ac(allbToOOETOHAX KaK IMyTh K TIIyOOKOH
JiekapOOHU3AIIHY.

OB30P JIMTEPATYPHI
XHUMHUECKHM  COCTaB  JIOMEHHBIX  IIUIAKOB
BapbUPYETCS B IMIMPOKUX Ipenenax B 3aBUCHMOCTH OT
ChIpbeBOM 0a3pl M pekuMa IUiaBku. OCHOBHBIMHU
okcugamu siBisttorest CaO (29-50%), SiO2 (27-42%),
ALOs (5-22%) u MgO (mo 21%) [7, 8]. WmenHO
COOTHOILIEHUE YKa3aHHBIX KOMIIOHEHTOB OIpPEAEIAET

TUAPABINYCCKYIO AKTUBHOCTbH T'paHyJIUPOBAHHOI'O
JOMCHHOI'O oraka, OJTHAKO JJIS OTBAJIBHOI'O
JOMCHHOI'O  IJIaKa peumaruyro  pojib uUrparoT

(uzndeckas CTpyKTypa U MOPUCTOCTb.

B meMeHTHBIX O€TOHAX OTBAJILHOIO JOMEHHOI'O
LUIaKa MWCIONb3YEeTCd KaK KpYNHbIA WIA MEJIKUI
3amonHuTeNb. VccnenoBanus OKa3bIBaloT, YTO 3aMeHa
npupoaHoro mebHs Ha ypoBHe ot 20 no 40% wacro
JlaeT HAWJTydIni OaJlaHC TIPOYHOCTH | JOJITOBEUHOCTH
[9, 10]. OgHako 3TOT nuMama3oH HE aOCOJIOTEH: B
CaMOYIUIOTHSIIOIINXCS OETOHAX BBICOKHE JIONU IIIaKa
MOTYT CHWXXaTh TPOYHOCTh 0€3 JIOMOIHUTEIHLHOTO
YIIOTHEHUA, TOrAa KaK B X KECTKHUX JOPOXKHBIX OeroHax
HOJIHAsT 3aMEHA 3allOHUTENST MHOTIAa O0eCHeYrBaeT
IPEBOCXOACTBO HAJ KOHTPOJIEM IIO IPOYHOCTH Ha

ckatue [11, 12]. BaxkHbpIM acmeKTOM SBJISETCS
MOPHCTOCTh ~ 3€PEH:  BBICOKOE  BOJIOMOIIIOIICHHE
HeoOpaOOTaHHOTO  TIUTaKa  MOXET  HETaTHBHO

CKa3bIBATHCS HA MOPO30CTOMKOCTH, YTO TPeOyeT JIMOO0
OTpaHUYCHHS JIO3UPOBKH, JIMOO TIpelBapHTEILHON
obpabotku [13].

I'panynupoBaHHBII ~ OOMEHHBI  [UIaK KAk
BSDKYIMH KOMIIOHEHT 3(Q¢eKTHBHO padoTaeT Mpu
3aMeHax 1emeHta g0 30-40%, oOecneunBas

PaBHONPOYHOCTh WM TIPEBBIIICHUE I1OKa3aTenen
KOHTPOJIS B CPEAHKE M TIO3THUE CPOKH TBepaeHus [14,
15]. Bomee BeICOKHE cTermenn 3amensl (50-70%)
1enecoo0pasHbl IS CIEUABHBIX 3a7a4: MOBBIIICHUS
Cynb()aTOCTONKOCTH, CHM)KEHHS TEIJIOBBIIEICHUS UITH
YAy4YIIEHUS 3JCKTPOXUMHUYECKHX  XapPaKTEPUCTHK,
XOTS paHHSIS IPOYHOCTH MPHU ATOM CHIDKaercs [16, 17].
O} PeKTUBHOCTh BHICOKUX IO3WPOBOK BO3pACTAaeT B
TPOMHBIX CHUCTEMax C MHKPOKPEMHE3EMOM MM
M3BECTHSKOBBIM HAIOJHUTEIEM, TI/I€ KOMIIOHEHTHI
CHUHEPreTUYECKHU AOMONHSIOT ApYT Apyra [18].

B ocHoBaHMsX mopor M craOMIM3aluM TPYHTOB
HIIaK JEMOHCTPUPYET BBICOKHE 3HAYCHUS
Kamhopuwuiickoro KO3 uIeHTa Hecymien
cnocobHoctn) CBR (mo 153% nist BEIBETpEHHOTO
naka) [19]. Omaaxo Beicokuit CBR He rapantupyer
CTOMKOCTH K MCTHUPAHHIO; HEKOTOpHIEC IIIAKH HUMEIOT
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MOTEpI0 MacCchl B TOJOYHOM OapabaHe BBIIIC
HOpMAaTUBHBIX mpenenoB [20]. DTo mnomuepkuBaeT
HEOOXOJMMOCTh KOMIUIEKCHOW OIEHKHU, BKIIOUYAIOIICH
UCTBITAHUST  HAa  JMHAMHYECKHE  HArpy3Ku W
BJIATOCTOMKOCTb. lIpuMeHeHHne TpaHyIHMPOBAHHOTO
AOMCHHOI'O B COCTAaBEC I'COMMOJIMMEPHBIX BAKYIIUX IJIA
YKPCILJICHUA OCHOBaHMH MMO3BOJISIET COKpaTUTh pacxoq
uemeHTa Ha 80% u Oonee npu coxpaHeHuH TpedyeMoin
npounoctu [21].

B achanpTobeToHax OTBaJIbHBIN TOMEHHBIN IUIAK
3aMeHsieT IIeOCHb, a TPaHyJIUPOBAHHBIA JIOMEHHBIH
[UIaK 3aMEHSeT MUHEpadbHBINA mopomok. O0paboTka

IIOBEPXHOCTH  IIJJAKa LEMEHTHOW I1acTOM  WIH
WCIIONb30BaHME M30UPATENbHO JPOOJICHBIX 3€peH
MO3BOJISIET peluTh npobiemy BBICOKOT'O

BOJIOTIOTJIONIEHHS ¥ TIOBBICUTH YCTOWYMBOCTD K BJIare U
kosieeoOpa3oBanuio [22, 23]. B kauecTBe HAMOIHUTENS
TpaHyJIMPOBAHHBIM JIOMEHHBIA IIJIAK IOKAa3bIBAET
ONITUMAJTbHBIE PE3YIBTATHI MIPU JO3UPOBKaX 0K0OI0 3%
OT  Maccel  CMeCH, yiydmas  YCTaJOCTHYIO
JIOJITOBEYHOCTh M CTaOMIILHOCTh TI0 Mapmiamry [24].
OcoOblii  WHTEpeC  TPENCTABISAIOT  XOJOJIHBIC
OpraHOMHUHEPAJIbHBIE CMECH, TJie T'PaHyJIHMpPOBaHHBIH
JOMEHHBIA  NIIaK  aKTHBUPYETCSl  MIETOYHBIMH
pactBopamu, oOecrieunBas pPaHHIOK IPOYHOCTH,
COITOCTAaBUMYIO C TOPSTYMMH CMecsaMH [25].

MATEPHAJIBI U METOAbBI

HNannas pabota MPEACTaBIIACT co0oif
CHUCTEMAaTHUYEeCKUH 0030p JIUTEpaTyphl 3a IMEPUOd C
2000 mo 2026 rr. Ilomck ocymiecTBIsICS B 0a3zax
manuaeix Scopus, Web of Science, ScienceDirect u
eLIBRARY.RU 1o Takum KIIFOYEBLIM CJIOBAM Kak
«blast furnace slag», «pavement», «asphalt concrete»,
«cementitious composites». M3 1120 HaligeHHBIX

3anmceit nocne CKpPHHUHTA u TIPOBEPKH
TIOJTHOTEKCTOBBIX ~ Bepcuid  Obto  orobpano 80
pENeBaHTHBIX MyOIUKAIHH, coziepIKaIux

9KCTIEpIMEHTAIbHBIC JAHHBIE.

Jns Hacrosmero o63opa ObuUTH BBIOpaHBI 25
HamOoliee penpe3eHTATHBHBIX HCTOYHUKOB. AHAIN3
NPOBOMJICS TI0 YETHIpEM HANpaBJICHUSAM: IUIAK B
[IEMEHTHOM OeToHe, B KauecTBE BSKYIIETO, B
OCHOBaHUSX JOPOT U B acalbTOOETOHE.
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3TAN 2: NEPBUYHBIA CKPUHUHT

3TAN 1: NOUCK U NEPBUYHARA MAEHTUOUKALMA
(3ATONOBKYU M AHHOTALIUM)
BPEMEHHDBIE PAMKM: 2000-2026 rr. D
(Mowmcx 3avepwen 25 wona 2026 1)
GV s oo .
/' cusmanvey [§ Academia.edu
VICTOMNMKN RBHNBX W NONCKOBSH 3aNPOC
== ("blast furnace slag” OR "GGBFS” OR
1 "ACBFS") AND (‘pavement” OR “asphalt HEpeneBaNTHbIX
[ concrete” OR “road construction” OR 3anuceh
| “cementitious composites”) 07ces HepenesaHTHbIX Tem:
sl 30 PMIH HCCAEAOBINMS.
— OTOBPAHO
oy Nepen +— NOTEHUHANBHbIX
\ onck a WCTOMHUKOB
CHOPMMORAN CTAPTORbIA ; nepemHLI i 0160p,
CHD RaHHbIX OTNpBBAEHS! K3 ITAN NIOHCKA NONHOTEXCTOBbIX BEPCHIL
3TAN 3: NONHOTEKCTOBbIA AHANN3 3TAN 4: OUHAJIbHAA BbIBOPKA it
iy | e | COCTAB ®MHANLHOM BbIEOPKY
B Aoctynwocts
POMNYX TKCTOS |
S & AOCTYNHO lii
X g MONHbIX @
TEKCTA
W3 750 0T0BpasHbIx PAGOT NOMHbIE TEKCTH 77 NEPBUYHBIX 3 0B30PHBIE
JABNOCS NOMYWMTH U ACTANSHO HIYWHTE B WCCNEOBAHII CTATbH
AR 342 nyGruxaumi. | WUTOrOBbIA MACCHB: l WCNOAS308aNHDI ANA  [LNR TEPMUHONOTWM,
e e KOMNECTOOMIOTD  KOHTBHCTE B3R
OrcyrcTeme D Her aanmbix = Ceopwan eopowa 3
N0 AOMEHHOMY 1120
S iy | IE/ALI et moragat 750
Tocne Boex 3TaN0E GHALTPBLMN JocTyTocTe N eRcvos: 342
o Hacrmoh 6333 RaNHbix Gumansubii cocTas: 80
) "A79 NDOBEAENMA KaYNHOT0 0630pa 77 opurwHanswbix / 3 0630pa

Pucynok 5 - Cxema mporiecca morcka u orbopa
JUTEPATYPHI

CpaBHI/ITeJ'IBHaSI OLCHKA BBIIIOJHAJIACh C YUETOM
THNA [ITaka, 0a3bl pacuera J03MPOBKH W METOJIOB
MpeIBapUTEIbHON 00pabOTKY.

PE3YJIBTATHI U OBCYXJIEHUE
lnak kak 3aMo0/JHUTENb B IeMEHTHOM GeTOHe.
AHamu3 JaHHBIX MONTBEPKAAET, YTO pPEaKIUs

0eToHa Ha BBEJCHUE NIIAKOBOT'O 3AIOJHUTENS] HOCHUT
HEJMHEWHbIM  XapakTep. IIpu 3aMeHe MeJKoro
3aIOTHUTENS Ha TPaHYJIMPOBAHHBIN JOMEHHBINA IUIAK
ONTUMAJIBHBIM 4acTO OKasbiBaercsi ypoeHb 20-30%,
npd  KOTOPOM HAONIOJAaeTcss POCT TMPOYHOCTH |
Mopo3zoctorikoctr [10, 12]. IlpeBbImmenne TaHHOTO

mopora  MOXET  TPUBOAWTH K  YBEIHYEHHUIO
KaImAJUIIPHOM MTOPUCTOCTH " CHIDKEHUIO
JoiaroBedHOCTH.  JIms  KpymHOrO — 3amlONHHTENS

CUTyalusl CIIOKHEe: TMOpPHUCTasl CTPYKTypa 3epeH
TpeOyeT TIIATENFHOTO IMOAO0Opa COCTaBa CMECH.
UccnenoBanmst [9] mokazamu, uro 30% 3ameHa
o0ecrieunBaeT MUK MPOYHOCTH, TOTJa KaK B JIPYTHX
paborax [11] maxe 100% 3amena maBama
VIOBJIETBOPUTENEHBIE PE3YNbTAThI, HO TOIBKO MPH
YCIIOBUM Ka4yeCTBEHHOT'O0 YIUIOTHEHHA. KpuTudeckum
(haktopom siBisiercs MexdasHas TpaHWIA: HAINYHE
PEaKIMOHHOCIIOCOOHO IIJIEHKH Ha TIOBEPXHOCTH
[UIaka MOXKET YIY4IlaTh CIEIJICHHE C IIEeMEHTHBIM
KaMHEM, HO W30BITOYHAs MOPUCTOCTH CO3JAET 30HBI
cirabocTH.

IIpeaapurtenbHas 00padoTKa KaK KJIKH4YeBOMH
¢axrTop kauecTBa.

TpaaurroHHBIH TTOJTXOJT «3aMEeHBI 0e3
MomuduKanum» ucdeprnbiBaeT ceds. HoBble maHHBIC
CBUJICTENBCTBYIOT O  BBICOKOHM  3(dexkTuBHOCTH
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o0oramieHuss  OTBaJIBHOTO  JIOMEHHOrO  IUIAKa.
UzbupatenbHoe ApoOiieHue B mapoBoil MenbHuLe (30-
40 MWH) TO3BOJIUJIO CHU3UTH BOJIOIOIJIONICHUE C
4,96% no 2,38%, a nokazatens apooumoctu ¢ 30,98%
no 18,40% [23]. T'mapodobuzamnus JONOTHUTEITHHO
CHHXAeT BojomnorjomieHue 10 ~1%, 9To0 OTKpHIBaeT
BO3MOXKHOCTh ~ WCIIOJIb30BaHMS IIJIaKa B  30HAX
MEePEMEHHOT0 YBIIAXXHEHHUS U 3aMOPaKUBaHHUS.

a

8 2 0
Pucynok 6 — I30upatensHoe apobiieHne TOMEHHOIO
IIJTaKa: a) JOMEHHBIH IITaK 10 o0oramieHus; 0) morpyxeHue
JIOMEHHOr0  [Jaka B IIAPOBYI0  MENBHHUILYIS
n30UpaTeNbHOr0 IPOOJIECHHS; B) BBICKOIIOPUCTBIC YAaCTHUIIBI
(paspylieHHble W30UPATENBHBIM JIPOOJICHUEM); T) CUTO IS
MPOCENUBAHUS; 1) HU3KOIIOPHCTHIC YACTHIIBI.

BaxHO OTMETUTbH, UTO YJy4IlIEHHWE CBOMCTB Ha
YpOBHE arperata JOJKHO TPAaHCIIMPOBATHCS B CBOMCTBA
KOMIIO3MTa, YTO TPeOyeT AabHEHIINX UCCIICIOBAHUM.

Bskymine cuctemMbl M ac)aabTO0ETOHBI.

Hcnonp3oBanne rpaHyTUpOBAaHHOTO JOMEHHOTO
[IJIaKa B KA4ECTBE BSIKYIIIETO MO3BOJISIET CYIIECTBEHHO
CHU3HUTh YIVIEPOIOHBIM cnen. B TpoilHBIX cucTeMax
(TIeMeHT-IITaK-MAKPOKPEMHE3EM ) TIOCTUTACTCS
BBICOKas JOJNTOBEYHOCTh M CTOWKOCTh K XJIOpHUIAM
Jake TpU 3HAYATEIIBHOM CHW)KEHHU COACpIKaHUS
knuHkepa [18]. B acdamproberoHax mnpuMeHEHHE
TPaHyIUPOBAaHHOTO  JIOMEHHOT'0 IUIaKa  BMECTO
TPaJAUIIMOHHOTO MHHEPAIHLHOTO ITOpoITKa (0COOSHHO B
XOJOMHBIX CMeCSIX C MISNIOYHON aKTHBAIlMei) maer
KpaTHBI pPOCT MOy YOPYrOCTH W CHIDKEHHE
KoneiHocTH [25]. OmHAKO B TOPSYNX CMeECSX N30BITOK

TOHKOJIHUCIIEPCHOr0 IIIaka (>5%) MOXKeT yXyIIIUTh
PEOJIOTHYecKUe CBOMCTBA, TIO3TOMY ONTHMYM OOBIYHO
JEKUT B parione 3% [24].

3AK/IIOYEHHUE

JloMeHHBIN LIIaK SIBISETCA MEPCHEKTUBHBIM, HO
CIIOKHBIM MaTEPHAIIOM ISl JOPO’KHOT'O CTPOUTENBCTBA.
Ero Hemp3st paccMaTpuBaTh Kak MPSIMYyI0 3aMeHY
OPUPOAHOMY  CHIppIO  0€3  ydera  CHEHU(PHUKH
(hopmupoBaHus cTPYKTYpbl. OCHOBHBIE BHIBOBI:

1. dynkuMoHaNbHOE pa3lelieHHe OTBAIBHOTO
JOMEHHOr0 IUIaKa W TPaHYJIMPOBAHHOTO JIOMEHHOTO
niaka (BsoKylee/HalOJTHUTENh) 005132 TebHO.

2. TloHsATHE «ONITUMATIEHOM JO3UPOBKHY» YCIOBHO
Y JTOJDKHO MPHUBSI3bIBATHCS K KOHKPETHOMY THITY IILIaKa
U 1IeJIEBOH XapaKTePUCTUKE MaTepHaa.

3. Meronsl mpemobpaboTkn  (M30MpaTenbHOE
npo0JieHHE, ruapodoou3arus) SIBJISTFOTCS
HEOOXOAMMBIM YCJIOBHEM JUISl pacIIupeHus objacTei

MPUMEHEHUSI OTBAJbHOIO JOMEHHOrO IIJlaka B
OTBETCTBEHHBIX KOHCTPYKIIUAX.

4. byaymje HCCIEIOBaHUS  JIOMKHBI  OBITh
HaIpaBJIeHbI Ha H3y4yeHne JIOJITOCPOYHOM

JOJITOBEYHOCTH KOMIIO3UTOB C MO)II/I(I)I/II_[I/IpOBaHHI)IM
[UTAKOM H Pa3pabOTKy KOMIUIEKCHBIX TEXHOJOTHH
COBMECTHOW ONTUMU3ALUM 3aIOJHUTENS U BSKYLLEH
MAaTpPHIIBL.
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IMPROVING THE ACCURACY OF THERMAL CABLE MEASUREMENTS BASED ON
MULTI-POINT AVERAGING OF DS18B20 SENSORS
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Abstract — The article addresses the problem of improving temperature measurement accuracy in thermometric cables
based on DS18B20 digital sensors. The specified accuracy of a single sensor is £0.5 °C, which limits the use of standard
thermal cables for applications requiring an accuracy of £0.05 °C. The aim of the study is to substantiate the possibility of
achieving this accuracy by installing several sensors at each monitored horizon followed by joint processing of their
readings. A combined method is proposed, including spatial averaging of readings from 2-3 sensors, individual calibration
of each sensor, and temporal filtering. Calculations show that after individual calibration with a residual systematic error of
no more than 0.03 °C and spatial averaging of three sensors, the total error does not exceed 0.05 °C. The results can be used
in the design of systems for long-term monitoring of soil and borehole temperatures.

Keywords — thermometric cable, DS18B20, measurement accuracy, sensor averaging, calibration, temperature monitoring

DS18B20 JATYUKTEPIH KOITHYKTEJIIK OPTAIUNAJIAY HET'T3IHAE TEPMOMETPJIIK
KABEJIb OJIIEYJIEPIHIH A9JIAII'TH APTTBIPY

/epenok A.H.

Tomck memnekemmik cayrem-Kypuinvic yhusepcumemi (TMCKY), Tomck k., Peceti
* Koppecnonoenm E-mail: Ch_anna_d@mail.ru

ABTOpJIap TypaJibl aKNapar:
Jepenok AnHa HukogaeBHa, Tomck MemiekerTik coyier-Kypbutsic yHuBepcureTi (TMKY), Tomck k., Peceit
https://tsuab.ru/sveden/employees/pps/index.html

Anoamna — Maxana DS18B20 1upablk AaTYUKTEpi HETI3IHAE TEPMOMETPIIK KalOelbAeperi TeMrepaTypaHbl eJey
TOIIITIH apTTRIPY MocelieciHe apHanFaH. bip maTaukriH macmopTTelK Kartemiri £0,5 °C kypaiinst, 6yn +0,05 °C mommixTi
Tajam eTeTiH MiHICTTepAe CTaHAAPTTHl TEPMOMETPIIK KaOenmpAepli KOJNaHyHbl MIEKTeHmi. 3epTTeymiH MakcaTbl —
0aKpUTaHATHIH 9pOip TOpU30HTKA OipHEIIe JATYMK OPHATHIM, OJMapAbIH KOPCETKIITepiH KeHiHHeH Oipiiecin eHIey apKbLIbI
aTaFaH IONIIKKE KOJ JKeTKi3y MYMKIHAITIH Heri3ney. 2—3 NaTYNKTiH KOPCEeTKIMTepiH KEHICTIKTIK opTamanaymnsl, apoip
CEHCOPIBI )KEeKe KaTHOpIeyi JKoHE YaKbIT OOWBIHINA CY3TiIey i KAMTHTHIH OipiKTipiireH dfic YCHHBUIABL. EcenTik »omMeH
KanapIK okyienik katemniri 0,03 °C-TaH acmalThIH jkeKe KaInOpieyIeH JKoHe YII JaTYUKTIH KEeHICTIKTIK OpTallalaHybIHAH
Kelfin KubHTHK KaTemikTiH 0,05 °C-taH acmalThIHBI KepceTinmi. AJBIHFAH HOTIDKENEp TOIBIpaK IIeH YHFBIMAlap
TeMIepaTypachlH Y3aK Mep3iMIi MOHUTOPHUHITEY KYHEIEepiH Ko0anay Ke3iHAe maiIanaHbuTybl MYMKIiH.

Kinm ce30ep — tepmomerpitik kaberms, DS18B20, enmiey nommiri, JaT9NKTEpIi opTamanay, Kaluopiey, TeMIIepaTypalbiK
MOHHTOPHHT.
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HOBBIIIEHUE TOYHOCTHU U3MEPEHHUI TEPMOKOCHI HA OCHOBE
MHOI'OTOYEYHOI'O YCPEJHEHUSA JATYUKOB DS18B20

epenok A.H.

Tomckuil 2ocyoapcmeennulii apxumexkmypHo-cmpoumenvhoiil yhusepcumem (ITTACY) e. Tomck, Poccus
* E-mail koppecnondenma: Ch_anna_d@mail.ru

HNndopmanus 06 aBTopax:
Jepenok Anna HukomaeBna, ToMckuii rocynapcTBeHHBIH apXUTEKTypHO-cTponTenbHbl yHuBepenuTeT (TTACY) 1. Tomck,
Poccus https://tsuab.ru/sveden/employees/pps/index.html

Annomayun — CraTbsl NOCBSIIEHAa NPOOJIEME MOBBIIICHHS TOYHOCTH M3MEPEHHH TeMIlepaTypbl B TEPMOMETPHUYECKUX
Kocax Ha ocHOBe udpoBbix AarunkoB DS18B20. [TacnopTHast morpemHocTs OJUHOYHOr0 natyuka coctasisier £0,5 °C,
YTO OTPAHUYMBACT MPUMEHEHUE CTAHIAPTHBIX TEPMOKOC IJIs 3aaa4, TpeOyrommx Tounoct £0,05 °C. Lenpb uccrnenoBanus
— 000CHOBaTh BO3MOXKHOCTh JOCTWIKEHHSI YKa3aHHOM TOYHOCTH NMYTEM YCTAaHOBKH HECKOJBKHMX JIATYMKOB Ha KaXIIbIH
KOHTPOJIMPYEMBIA TOPU30HT C MOCICIYIONICH COBMECTHOW 00pabOTKOM WX moka3zaHuil. [IpemiokeH KOMOMHUPOBAHHBIN
METO/I, BKJIFOUAIOIIUH MPOCTPaHCTBEHHOE yCPEJHEHNE MTOKa3aHUi 2—3 NaTYMKOB, MHAWBUAYAIbHYIO KATHOPOBKY KaXKI0Tr0
CEHCOpa U BpeMeHHYI0 (uibTpanuio. Pacu€THeIM yTéM 1MOKa3aHo, 4TO I10CIe WHIUBHYAILHON KaJTHOPOBKH C OCTaTOYHON
cucreMaTniyeckoi mnorpemHocteio He Oonee 0,03 °C ¥ MpOCTPAaHCTBEHHOrO yCpeAHEHHs TPEX AATYUKOB CyMMapHas
norpeurHocts He npessbiniaer 0,05 °C. [loxyueHHbIe pe3yabTaThl MOT'YT OBITh MCIIOJIb30BAaHBI MPU MPOSKTUPOBAHUU CHCTEM
AOJITOBPEMEHHOI'O MOHUTOPHUHI'A TEMIIEPATYPHI 'PYHTOB U CKBAKHUH.

Knrwouesvie cnoea — tepmokoca, DS18B20, TouHOCTs M3MEpEHUH, ycpelHEHHE NaTYMKOB, KalIuOpPOBKa, TeMIepaTypHBIN
MOHUTOPHHT

KEY FINDINGS (RMSE) decreases to 0.057-0.169 °C. This creates

The study established that the specified error of a  Prerequisites for achieving the accuracy required for
single DS18B20 sensor (£0.5 °C) can be reduced to applications demanding highly reliable temperature

+0.05 °C through the combined use of spatial data _ . _

averaging and individual calibration. The proposed _Research gap. Despite the availability of studies
method showed that with three sensors installed at " individual calibration of DS18B20 sensors, the
each horizon and a residual systematic error of 0.03 Ccombined application of spatial averaging of several
°C, the total error does not exceed 0.047 °C. The SENSOrs and their individual calibration to achieve an
results can be used in the design of thermometric ~accuracy of £0.05 °C remains insufficiently studied.

cables for long-term monitoring of soil and borehole ~ EXisting studies either consider only calibration of
temperatures. individual sensors [7] or are limited to averaging

without accounting for systematic errors. This study
INTRODUCTION addresses this gap by proposing a combined method

Thermometric cables based on DS18B20 digital that integrates spatial averaging of 2—3 sensors at each

sensors are widely used for long-term monitoring of ~ horizon with their individual calibration. _
soil, borehole, and water-body temperatures. The main The aim of the study is to substantiate the
limitation of the standard single-point solution is the ~Possibility of achieving a temperature measurement

specified error of the DS18B20, which is +0.5 °C over ~ accuracy of +0.05 °C in a thermometric cable by
the range of —10...+85 °C. At the same time, the installing 2-3 DS18B20 sensors at each monitored

sensor resolution in 12-bit mode reaches 0.0625 °C, horizon_foll_o_vved by joint progessing of their readings.
which is substantially better than its absolute accuracy. Scientific novelty. This study proposes and

Recent studies show that individual calibration of ~ @nalytically ~substantiates, for the first time, a
DS18B20 sensors can substantially improve their combined method for improving the accuracy of
metrological characteristics. Rodriguez-Rama et al. [§] DS18B20-based ~ thermometric ~ cables  that
showed that after applying individual affine linear simultaneously applies spatial averaging of readings

correction, the mean absolute error (MAE) decreases from several sensors and individual sensor calibration.
to 0.046-0.130 °C, while the root mean square error Unlike known studies that consider either calibration

of individual sensors [6] or averaging without
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correction of systematic errors, the proposed approach
makes it possible to separately assess the contributions
of random and systematic error components and
determine the conditions for achieving the target
accuracy of £0.05 °C. It was established that with a
residual systematic error of no more than 0.03 °C and
three sensors per horizon, the total error does not
exceed 0.047 °C. Quantitative relationships were
obtained for calculating the required number of
sensors and calibration accuracy depending on the
specified target error.

LITERATURE REVIEW

The DS18B20 sensor manufactured by Maxim
Integrated (now Analog Devices) is one of the most
widely used digital temperature sensors in
environmental  monitoring  systems. Its  main
advantages are low cost, a wide operating temperature
range (—55...+125 °C), a 1-Wire digital interface, and
the ability to connect up to 200 sensors to a single bus.

The specified accuracy of the DS18B20 is +0.5
°C over the range of —10...+85 °C. However, as
numerous studies show, the actual error of individual
units may differ substantially. Rodriguez-Rama et al.
[6] conducted metrological validation of eight
encapsulated DS18B20 sensors using the TH-001
procedure of the Spanish Metrology Center. Without
data processing, the errors corresponded to the
manufacturer's specified 0.5 °C, but significant inter-
sensor bias was observed.

The use of correction models can substantially
improve accuracy. The study showed that the
individual affine linear correction model provides the
best compromise, reducing MAE to 0.046-0.130 °C.
Similar results have been obtained in other studies:
calibration of DS18B20 sensors under controlled
conditions can reduce the mean error from 3% to
0.85% and decrease the standard error by
approximately 48%.

An important aspect is the issue of sensor self-
heating. According to the technical documentation,
DS18B20 self-heating is less than 0.2 °C due to its
low power consumption. However, during continuous
high-frequency polling, self-heating can accumulate.
Studies show that with a polling interval of 1 second,
self-heating may reach 2 °C, whereas with a 30-
second interval it decreases to less than 0.5 °C.

The averaging of readings from multiple sensors
has been considered in a number of studies. In
particular, discussions in the OWFS community note
that using the average value from 30 sensors as the
“true” temperature makes it possible to apply
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regression analysis to compensate for each sensor's
readings. Linear regression showed a better fit
(deviations within —0.04...+0.06 °C) than quadratic
regression.

The use of DS18B20-based thermometric cables
for soil-temperature monitoring has been described in
several publications. Zaszewski and Gruszczynski [11]
presented a long-term soil-profile temperature
monitoring system based on Arduino and DS18B20.
After laboratory calibration, the mean absolute error
was 0.02 °C. This confirms the fundamental
possibility of achieving high accuracy provided that
the sensors are carefully calibrated.

Thus, the literature review shows that individual
calibration of DS18B20 sensors can achieve an
accuracy of 0.05 °C or better. However, the combined
use of calibration and spatial averaging for
thermometric cables remains insufficiently studied,
which justifies the need for the present research.

MATERIALS AND METHODS

The study used computational and analytical
methods for assessing measurement error. The
analysis was based on data on the metrological
characteristics of DS18B20 sensors obtained from
published sources and technical documentation.

A. Ethical Approval and Informed Consent

This study did not involve experiments with
human participants or animals. Ethical approval was
not required.

RESULTS AND DISCUSSION

A. Analysis of DS18B20 Error Sources

The error of a single DS18B20 sensor consists of
the following components:

1. Systematic error (bias). The individual bias of
each sensor relative to the true temperature. According
to metrological validation of eight DS18B20 sensors,
the mean absolute error (MAE) without correction was
0.28-0.31 °C, with substantial inter-sensor variation.
Systematic error is dominant and is not eliminated by
simple averaging of readings from identical sensors if
their biases are correlated.

2. Random error. This is caused by quantization
noise (0.0625 °C at 12 bits), fluctuations in supply
current, and thermal noise. This component can be
effectively reduced by averaging both over time and
across space (using several sensors).

3. Self-heating error. The DS18B20 draws less
than 1 mA, and self-heating is estimated at less than
0.2 °C; however, it may accumulate during continuous
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polling. With cyclic polling and pauses, self-heating is
negligible.
B. Spatial Averaging Method
At each horizon of the thermometric cable,
sensors (2 or 3) are installed within a single isothermal
zone. The resulting temperature value is calculated as
the arithmetic mean:\(n\)
T=2%1.T, (1)
If the random errors of individual sensors are
independent and have the same standard deviation
(SD) , the standard deviation of the arithmetic mean
decreases by times:\(a\)\(vVn\)
o = %
For a typical random component of
guantization step), we obtain:\(¢ = 0,0625\)

)

°C (one

Number of sensors

1 0.0625
2 0.0442
3 0.0361

Thus, even with the random error component is
reduced below the target level of 0.05 °C, and with —
with a margin.\(n = 2\)\(n = 3\)

C. Calculation of the Reduction
Systematic Component

Systematic error is eliminated in a fundamentally
different way—through individual calibration of each
sensor. Spatial averaging by itself does not reduce
systematic error if sensor biases are correlated (which
is characteristic of devices from the same batch).
However, after calibration, the residual systematic
error can be reduced to a level comparable to the
random component.

D. Combined Calculation of Achievable
Accuracy

The total error after calibration and averaging is
estimated using the following formula:

A).'.' = ’Agm:'r + GTZ (3)

where is the residual systematic error after
calibration, and is the SD of the random component
after averaging.\ (4cuc:\)\(07\)

Scenario 1: 2 sensors, calibration to MAE = 0.05
°C

Ay = /0,052 + 0,04422 = ,/0,0025 + 0,00195

~ 0,067 °C

Scenario 2: 3 sensors, calibration to MAE = 0.05

°C

in the
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Ay =4/0,052 + 0,03612 = ,/0,0025 + 0,00130

~ 0,062 °C

Scenario 3: 2 sensors, calibration to MAE = 0.03
°C (best-performing units)

Ay =4/0,032 + 0,04422 = ,/0,0009 + 0,00195

~ 0,053 °C

Scenario 4: 3 sensors, calibration to MAE = 0.03
°C

Ay = \/0,032 +0,0361%2 = \/0,0009 +0,00130

~ (0,047 °C

Thus, the target accuracy of +0.05 °C is achieved
under two conditions:

1. Individual calibration of each sensor with a
residual systematic error of no more than 0.03-0.04
°C.

2. Spatial averaging of at least 3 sensors per
horizon (or 2 sensors with particularly good
calibration).

E. Calibration Procedure

To achieve a residual systematic error of 0.03 °C,
the following procedure is recommended:

1. Temperature stabilization. All sensors in the
batch to be calibrated are placed in a precision
thermostat with a reference thermometer (e.g., Pt-
100). Temperature-field nonuniformity within the
working volume should not exceed 0.01 °C.

2. Multi-point calibration. Measurements are
performed at no fewer than 5-7 temperature points
covering the operating range. A linear regression is
constructed for each sensor, and its coefficients are
stored in the logger memory.\(T,e, = @ - Tps + b\),

3. Residual error assessment. After applying the
correction, the MAE is calculated for each sensor.
Sensors with MAE > 0.05 °C are rejected or
recalibrated.

G. Additional Measures to Reduce Error

1. Temporal averaging (moving average). In
addition to spatial averaging, time-series filtering is
applied. With a polling period of s and an averaging
interval of s, the reduction in the random component
is , i.e., the SD decreases from 0.0625 °C to 0.008 °C.
This provides an additional accuracy margin.\(T =
TO\(nT = 60\)\(1/V60 ~ 0,129\)

2. Median filtering. To eliminate anomalous
outliers (e.g., during brief 1-Wire failures), a median
filter over three consecutive readings is applied. This
improves system robustness without significantly
increasing computational load.

3. Self-heating control. Sensors are polled with
pauses of at least 5 seconds between measurements,
reducing self-heating to a negligible level.
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CONCLUSION microcontrollers ~ using the existing  1-Wire
The proposed method of multi-point averaging of infrastructure. Further work will involve experimental
DS18B20 sensors combined with individual verification of the calculated estimates on a calibration
calibration makes it possible to achieve a temperature  test bench.
measurement accuracy of £0.05 °C in a thermometric

cable. The key conditions for success are: CONFLICT OF INTEREST

- installation of at least 3 sensors at each The authors declare no conflict of interest.
monitored horizon; ACKNOWLEDGMENTS

- individual calibration of each sensor with a The authors thank the reviewers for their valuable
residual systematic error of no more than 0.03 °C; comments.

- application of temporal averaging and median Copyright © 2026 belongs to the author(s). This
filtering; article is distributed under the terms of the Creative

- control of self-heating through cyclic polling Commons Attribution-ShareAlike 4.0 International
with pauses. (CC BY-SA 4.0) license.

The method does not require expensive
equipment and can be implemented on standard
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Abstract - The hidden epidemic of musculoskeletal overuse injuries during routine military and athletic training is a
critical factor undermining personnel combat readiness, demanding a paradigm shift from reactive medicine to
proactive analytics. The objective of this longitudinal study is to develop, validate, and clinically test a hybrid
multimodal predictive analytics system based on machine learning (ML) algorithms to identify individual injury risk
with a 2-3 week forecasting horizon. The empirical foundation comprises continuous 6-month telemetry monitoring
datasets from 450 subjects (cadets of the Armed Forces of the Republic of Kazakhstan and civilian university
students). Data collection was executed using wearable inertial measurement units (IMU) and optical
photoplethysmography (PPG) sensors to assess autonomic status via heart rate variability (HRV). The integration of
high-frequency kinematic fatigue triggers and autonomic biomarkers was achieved through an ensemble architecture
combining gradient boosting algorithms (XGBoost) and Long Short-Term Memory (LSTM) recurrent neural
networks. The implementation of Explainable Al algorithms (SHAP) determined a multi-level hierarchy of risk
factors. The developed model demonstrated high discriminatory capability (AUC-ROC = 0.89, sensitivity — 849%,
specificity — 91%). The testing of the system as a Clinical Decision Support System (CDSS) led to an objective
23.4% reduction in the absolute incidence of overuse injuries. This research proves the synergistic effect of sensor
fusion and predictive ML-modeling in physical load management.

Keywords — machine learning, overuse injuries, heart rate variability, inertial sensors, military medicine, predictive
analytics, biomechanics.
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Anoamna - YXocnapisl OKy-KaybIHT€pIIiK JaHBIHIBIK KE31HIET] TipeK-KUMBUT anmapaThIHbIH IIaMaJaH ThIC )KYKTEIy
KapaKaTTapbIHBIH JKACBIPBIH SIHUIEMUSICH OCKEPH KOHTHMHI'CHTTEP/IH >KaybIHIepilik KaOileTiH TeMeHIeTeTiH
KPUTHKATBIK (hakTop OONBIN TaOBUIANBI, OV PEaKTHBTI MEIWIIMHAJAH TPOAKTUBTI AHAIWTHKAFA KOIIYdi TaJall
ereni. 3epTTeyAiH MakcaTel — 2-3 anTaiblk OoKay KeKKHETiIMEH KapakaTTaHYyIbIH JKeKe KayIiH aHbBIKTay YIIiH
MalMHATBIK OKbITYy (ML) anropurMmiepiHe Heri3fenreH THOPHATI MYIbTHMOAAIBIBI MPEAUKTHBTI aHAIUTHKA
KYHECIH 93ipiey jKOHE KIMHUKAIBIK ampoOarpsuiay. DOMIMpUKaIEIK O0a3a perinae 450 cyopekrtini (KP Kapysst
KymrepiniH KypcaHTTapsl MEH a3aMaTThIK JKOFapbl OKY OpBIHAAPBIHBIH CTYIOEHTTEpi) 6 aliIbIK Y3IIiKCi3
TEJIEMETPUSUTBIK MOHUTOPUHITEY JIEPEKTep MAacCHBTEpi aibIHABL JlepeKkTepai >KHHAY CBHIPTKBI KHHEMAaTHKAJIBIK
KYKTEMEHI TipKey YVIIiH TaFbUIaTBIH HMHEPIMSUIBIK emmiey Monynbaepin (IMU) »xoHe KypeK BIpFarbIHBIH
esreprimTirii (HRV) Ttanpmay apkpuibl BereTaTtuBTi crarTycThl Oaranay yuiH QoromternsMmorpadususy (PPG)
CeHCOpJIapbIH NalanaHa OTHIPBII JKY3€re achIpbUIIbl. Tpurrepiep MeH Ouomapkepiepai Oipikripy XGBoost meH
y3aK Kbicka Mmep3imai xax (LSTM) pexyppeHTTI HEHpOHIBIK JKENICpiH OIpiKTIpeTiH aHCaMOJIbIiK apXUTEKTypa
apKBUIBI iCKE achIPbUIIBI. O3IpJIEHIeH MPOrHOCTUKAIIBIK MOJENb KOFaphl TUCKPUMUHALMSIIBIK KaOlIeTTi KOpceTTi
(AUC-ROC = 0.89, cesimranmpik — 84%, epekmenik — 91%). XKyieni memimMm KaObUIIayapl KOamay Kypabl
(IIKKK) ¢opmatbiHga ampoOarsuiay TXKIpHOENIK KOropraja IaMaJaH ThIC IKYKTEIY JKapaKaTTapbIHBIH
abcomoTTi xuiirin 23.4%-ra TOMEHIETyre OKeIIi.

Tyitin ce30ep — MalIMHAJIBIK OKBITY, [IaMaJIaH THIC KYKTEIY yKapaKaTTaphbl, )KYPEeK bIPFaFbIHBIH ©3TeprillTiri,
WHEPUUSUIBIK JATYUKTEP, SCKEPH MEIUIINHA, IPEIUKTUBTI aHATUTHKA, OMOMEXaHHKa.
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Annomayun - CKpbITas SNUIEMHS IEPErPy30YHBIX TpPaBM OINOPHO-IBHTATEIBHOrO alllapaTa IpU IUIaHOBOH
y4e0HO0-00€BOIl MOATOTOBKE BBICTYNAeT KPUTHYECKUM (DAKTOpOM CHIDKEHHS O0ecriOCOOHOCTH BOMHCKHX
KOHTHHI'eHTOB. Llenb JaHHOrO JOHIHTIONHOTO HCCISNOBaHMS 3aKiIiodaeTcss B pa3pa0oTke M KIMHUYECKOH
anpobanuy THOPUIHON MyIbTUMOJATIBHON CHCTEMBI IPEANKTHBHOM aHAIUTUKH Ha OCHOBE aITOPHUTMOB MAIIHHOI'O
o6yuenuss (ML) mnst BBISBICHUSI WHIUBHIYAJIBLHOTO PUCKA TpPaBMAaTU3Ma C TOPU30HTOM MPOTHO3UPOBaHUS 2-3
Helend. OMIMpPUYEcKyl0 0a3y COCTaBHIM MAacCHBBI JIAHHBIX HENPEPHIBHOIO O-MECSYHOI'O TEeNeMETPHYECKOro
Monutopunara 450 cyowekroB (kypcantoB BC PK u crymentoB By3oB). COOp IMaHHBIX OCYIIECTBISLICS C
HCTIONBb30BaHUEM HOCHMEBIX HHepuuanbHeIx Moayner (IMU) u ontudeckux cencopos ¢ororuerusmorpaduu (PPG)
IUIsL OLeHKH BapuabenmpHOCTH cepreyHoro putma (HRV). HHTerpamms BBICOKOYACTOTHBIX KHHEMAaTHYECKHX
TPUITEPOB M BETETATHBHBIX OMOMAapKEpPOB pealiM30BaHa IOCPEACTBOM aHcaMOueBoi apxutTekTypsl (XGBoost u
LSTM). BaeapeHune anropuTMOB OOBSCHHMOIO HCKyccTBeHHOro wuHTewiekta (SHAP)  mo3Bommio
JeTepPMUHUPOBATE Hepapxulo (akTopoB pucka. I[IporHocTHYeckass MOHeNb INPOJEMOHCTPUPOBANa BBICOKYIO
auckpuMuHannonHyto crocobrocts (AUC-ROC = 0.89, uyBcrBurensnocts — 84%, crenuduanocts — 91%).
Amnpobarust cucteMbl B (popMaTe HHCTpYMEHTa noaaepkku npuasaTas pemrenuit (CIIP) npuBena k 00beKTUBHOMY
CHIYKEHHIO YaCTOTHI BO3HHUKHOBEHUSI IIEPETPY309HBIX TPaBM Ha 23.4% B 9KCIEPUMEHTAIBHON KOrOpTe.

Knioueswvle cnosa — MalmmHHOE 00YyUCHUE, TIEPErpy304HbIe TPABMBI, BApHaOEIbHOCTD CepICYHOI0 PHTMA,
WHEepIHAIIbHBIC TaTYMKH, BOCHHAS MEAUIINHA, IPEIUKTUBHAS aHAIUTHKA, OMOMEXaHHUKa.

OCHOBHBIE ITOJIOXKEHUSA BEreTaTuBHbIE OWOMAapKepbl, YTO OOECIeYusIo

Pa3zpaGorana MmynpTUMOmanbHasi THOpWUAHAS  TOYHOCTD MIPOrHO3UPOBAHUS pucka

apxuTekTypa riayookoro obyuenus (XGBoost + meperpy3ounHsix TpaBM Ha ypoBHe 89%
LSTM), HMHTEIPUPYOLLAs MPOAOJIBHBIE  ONEPEKAIOLUIMM F'OPU30HTOM B 2-3 HEENH.

HUHCPUHAJIBHBIC KHHCMATUYCCKHUEC MAaTTCPHBI U
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AHanu3 MapruHajibHBIX BKJIAJO0B INPU3HAKOB
JNETepMUHHUPOBAJ, YTO HaubOojiee BaJIUIHBIM
MIPEIUKTOPOM MMKpPOTPaBMAaTU3aLMH BBICTYIAET
HE H30JIMPOBaHHBIA  00bEM  Harpy3ku, a
yCcTOMUMBas ~ cymnpeccus  IapacUMIIaTHYeCKOro
roKa3aTens Ha ¢done HapacTarouien
KUHEMaTU4YECKON aCUMMETPHH.

Buenpenue  cnpOEKTUPOBAHHOW  CHCTEMBI
nomaepkk  mpunatus  pemenudt  (CIIIIP) B
peabHBbIHI KOHTYp BOCHHO-Yy4eOHOI0 u
Ipa’kAaHCKOTO TPEHUPOBOYHOTO npoiiecca
o0ecredniio CTaTUCTUYEeCKH 3HAYMMOE CHIDKEHUE
(dakTUyeckol  3a00JIEBAEMOCTH  MATOJOTHSIMH
OIIOPHO-JIBUTATENBHOr O anmnapata Ha 23.4%.

BBEJEHUE
CkppITast snueMHs] TEPErpy304YHBIX TpPaBM
OIIOPHO-IBUTATENBHOTO  alllapara, EXKEIHEBHO
nojpeiBafomas OOEroTOBHOCTh W HAHOCSIAS
HEBOCIIOJHUMBII CTpaTernyecKui YPOH
HallHOHAJIBHOMY KaJIpOBOMY pe3epBy,
HnpeAcTaBisgeT  coOOM  KPUTUYECKYIO  yrpo3y

HaI[MOHAJBHON 0€30MaCHOCTH, HE3aMETHO BBIBOIS
u3 ctpost oT 8% mo 12% nmaHOrO CocTaBa eIe Ha
JTarne MmIaHoBOH y4eOHO-00eBoi moAroToBku [1, c.
87]. TpagunmonHass  mapagurmMa  BOEHHO-
MEAUIIMHCKOT O u MeIUKO-OHOIOrHYECKOTr0
obecrieyeHus] HMCTOpUYECKH C(HOKYCHpOBaHA Ha
PEaKTHBHOM KYITUPOBaHUHU yKe
MaHHU(ECTUPOBABIINX OCTPBIX COCTOSTHHA.
[lomoOHBI  MOAXOA  OCTaBISET BHE  30HBI
anmapaTHOTO KOHTPOJIS KyMYJISITHBHBIE
MUKPOITOBPEXIEHUSI TKaHEW, (OPMHUPYIOIIHECS B
OTBET Ha MPOJIOHTUPOBAHHBIA AUCOATAHC MEXKITY

OKCTpEMAJIBHBIM ~ MEXaHHYECKUM  CTPECCOM H
HCOO0CTaTOYHBIM Cl)I/IBI/IOHOFI/I‘ICCKPIM
BOCCTAaHOBJICHHCM. CornacHo AKTyaJIbHBIM

SIMAEMHOJIOTHYECKUM cBoakaM, 10 80% Bcex
MOBPEXACHUH, MOJIy4yaeMbIX BOCHHOCTY)KaIlIMHU B
Mepro  MHTEHCUBHOW 0a30BOWM  IOATOTOBKH,
KJIaccu(UIMPYIOTCST UMEHHO KaK Ieperpy304HbIe
(overuse injuries), BKIIOYAIOIIME TEHAWHOIATHH,
CTpeccoBbIC MEpenoMbl W Muo(dacIuaIbHbIC
CHUHPOMEI [2, c. 115].

[Ipupoma meperpy304Hoii TpaBMBI TIIyOOKO
HeNuHelHa. [Tatorenes Oasupyercs Ha
MHUKPOTpPaBMAaTU3alMH KOJUIAT€HOBBIX CTPYKTYD,
CKOPOCTb pEreHepaniy KOTOPBIX OTCTAeT OT
CKOPOCTH TOCTYIUICHUSI pa3pyLIaoiuX CTUMYJIOB
[3, c. 42]. YcyryonstomuM (HakTopoM BBICTYIIAET
LEHTpaJIbHOE YTOMJICHHE, Hapylaromiee
MPONPHUOLETITUBHBIA KOHTPOJIb M KOOPAWHALIHMIO
JBUTaTeIbHBIX MAaTTEPHOB, YTO KCIOHEHIHAIBHO
YBEJIMUYUBAET NHUKOBbIE yJapHbIE HArpy3Kd Ha
OINOPHO-JIBUTaTeNbHBIN anmnapat. ClienoBaTenbHo,
3¢ ($eKTHUBHOE MPOrHO3MPOBAHUE TAKOTO HMCXOAA
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TpeOyer  HempephlIBHOTO  MOHHTOPHHra  Kak
BHEIIHUX ()aKTOPOB arpeccHy, TaK U BHYTPEHHUX
MapKepOB Pe3UCTEHTHOCTH.

Ilpoben 6 wuccnedosanuu. Hecmotps Ha
9KCHOHEHLIUAIBHBIA POCT BHEIPEHUS HOCHUMBIX
TEXHOJIOTUH U METOJOB TJIyOOKOro aHajm3a
JaHHBIX B cHopTuBHOW Hayke [4, c. 887],
TPpaHCIIAIUA 9THUX I/IHHOBaHI/Iﬁ B CTpOro
perIaMEeHTHPOBaHHYIO CPely BOCHHON MEIWIMHBI
MPOUCXOIUT KpaiiHe (parmeHTapHo.
I[OMI/IHI/II)YIOHII/IG AHAJIUTHYCCKUEC IoaAX oAbl
OIMPArOTCA MMPEUMYIIECTBCHHO Ha
peTpOCHeKTI/IBHBII\/'I aHaJIu3 HUHIUJICHTOB 501041
U30JIMPOBAaHHYIO OIICHKY KHHEMAaTHYECKUX
napamMeTrpoB 0e3 ydera TEKYIIMX BHYTPEHHUX
aJ[arTalMOHHBIX Pe3epBOB opranusma [5, c. 491].
Kputnueckum  meromoioruueckuM — mpobernom
OCTaeTcs OTCYTCTBHE (yHKIMOHATBHBIX,
KIIMHUYECKN BaJIMANPOBAHHBIX JIOHT'UTIOIHBIX
MYJIbTUMOOAJIbHBIX CUCTEM, CIIOCOOHBIX B pPEXUME
peanbpHOro BpeMEHH CHHXPOHU3UPOBATH
TCTCPOr€HHBIC MACCUBBI JAHHBIX O MeXaHn4YeCKOHU
Harpy3ke W  BEreTaTMBHOM  cTaTyce  Juisi
HETIPEPBIBHOIO  Ilepepacyera HHIANBUIYaJIbHOIO
npoduIIsl pUCKa B BOSHHOHN HOMYJISIUH.

Hayunas HOBU3HA. APXUTEKTYypa
HACTOSIIIIETO  HCCIIEAOBAHHUS  KOHIENTYaJlbHO
ycTpaHsieT O0003HAYCHHBIH MPoOeN MOCPeCTBOM
pa3paboTKu nepBou MYJIbTUMOJATBHON
TUOPHUIIHON CHUCTEMBl TPETUKTUBHOW aHAJUTHKH,
aJaTHPOBAHHON cnennpuaecku ozt
(msuonornyecknii  mpoduIb  KypCaHTOB U
CTYJIEHTOB PecryOmmxu Kazaxcras.
OyHIaMEHTATHHBIM OTINYHEM SIBIISIETCS TIIyOOKOE
aJTOPUTMHUYECKOE CIHSIHHE TOTOKOB JIaHHBIX
(sensor fusion) BEICOKOYACTOTHOW KHMHEMATHKH (C
uHepuaabHbIXx Moayneir IMU) u BapuaberpHOCTH
cepaeunoro putMma (HRV). UuaTerpanus meTromoB
OOBSICHUIMOTO ~ HCKYCCTBEHHOTO WHTEIUIEKTa
(eXplainable Al, xonmemmus SHAP-3nauenwmit)
BIIEPBHIE B KOHTEKCTE BOCHHOW OHMOMEXaHHKH
MO3BOJISIET HE TMPOCTO KOHCTAaTUPOBaTh (hakT
HAJBUTAIOMIECHCS TPaBMBI, HO M JAEKOMIIO3HPOBATH
BEPOSITHOCTHBIA ~ TPOTHO3  HAa  KOHKPETHBIS
OmoMexaHWYeCKHe JeTePMUHAHTHI.

OB30P JIUTEPATYPBI

I'enesnc HaydHOro nucCKypca B OOJACTH
MPOTHO3UPOBAHUS  TpaBMaTH3Ma mperepren
paMKAILHYI0 TpPaHCPOPMAIHUIO. DBOITOIMOHHBIN
CKa4OK ITPOW3O0MIET OT MPUMEHEHHUS OJHOMEPHOTO
CTaTHCTUYECKOTO PErpecCuOHHOTO
MO/ICIIMPOBAHUS K Pa3BEPTHIBAHUIO KOMILJIEKCHBIX
aHcamOniel TIyOOKOro OOy4eHHus, CIIOCOOHBIX
BEISBJISITH CKPBITHIE HENMHEHHBIE TATTEPHBI B
MacCUBax TEIEMETPUUYECKUX HaHHBIX [6, c. 915].
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CoBpemeHHast ~ OMOMEXaHMKa  paccMaTpUBaeT
TpaBMy  Kak  CHCTEMHBI  T@porecc,  TJe
MOBPEXKIEHUE TKAHEH BBICTYIMAET TEPMUHAIBLHBIM
pe3yabTaTOM KYMYJISTHBHOrO aucOanaHca [7, c.

11248].
IIepsriii MAaKpO-BEKTOP COBPEMEHHBIX
uccienoBaHuii  cokycupoBaH Ha LUPPOBOM

aHaJIu3€ BHEIIHEH KUHEMATUYECKOH Harpyskd ¢
WCIOJb30BAaHMEM  MHKPOIJIEKTPOMEXaHUUECKUX
uHepnuanbHeix  Monyned  (IMU).  Buenpenwue
aJIrOpUuTMOB MAalIIMHHOI'O O6Y'-ICHI/I$I JUISL
00paboTKH JAHHBIX MHOT'00CEBOM
aKcelepoMeTpun MIPOIEMOHCTPHPOBAIIO
MMPOrHOCTUYCCKYIO 3HAYUMOCTb B JACTCKIIUHU
OMOMEXaHWYeCKNX aHOMAJUH, MPEANIeCTBYOIIHX
MaHu}ecTanuu MAaTOJIOTHH. Pazpaborka
KJIACCHYECKUX KOHBEHEpPOB MAIIMHHOTO O0y4YeHUs
MO3BOJIMJIA CTPATH(QHUIMPOBATH PHUCK HAa OCHOBE
MaTTEepPHOB M30BITOYHOW yAapHOW Harpy3kd u
HapymeHnd KoHTakTHOH (asbl [8, c. 1052]. Tem
HEC MCHCEC, H3OHHpOBaHHBII>’I aHaJIn3 KHHEMAaTHUKHU
Hen30eXKHO yIHUpaeTcst B Mpees MPOrHOCTUIECKON
TOYHOCTH: 3HA4Y€Hus IUIOWAJU IO KpPUBOU
ommbok (AUC-ROC) mns rtakux Mojenei
BappupyloTcs B mpenenax 0.63-0.70 [9, c. 3].
@uKCUpyd BHEIIHUI CTpeccop, HaHHBIE CHUCTEMBI
UTHOPUPYIOT TeKyLIUH YPOBEHb
(hU3M0I0TNYECKOro UCTOLIEHHUS.

Bropoii BekTop pa3Buths Oazmpyercs Ha
HEMHBA3UBHOM MOHUTOpPUHTE BHYTPEHHETr0
¢usnonoruyeckoro  OTBera  4epe3  OLEHKY
BaprabenpHOCTH cepaednoro putMa (BCP/HRV).
WnTterpanus OIITHYECKUX CEHCOPOB
dhotormeruzMorpaduu (PPG) TTO3BOJTHIIA
OCYLIECTBIATh ~ MOHHUTOPUHI  BEr€TaTUBHOIO
OamaHca B KECTKMX TMONEBBIX ycioBuax [10,
c. 699]. Anamm3 mokazatens RMSSD mpouno
YIBEpAWICS B MHPOBOM IPAKTHKE B KadecTBE
Mapkepa HapacTaloLIero LEHTPaJIBHOTO
yromienus. ViccnenoBanus HOATBEPIMIN HATMUNE

YCTOHYHMBOM  OOpaTHOM  KOpPENsUd  MEXAY
MPOJIOHTUPOBAHHOU cymnpeccueit
MapacUMIATHYECKOr0 TOHyca M CHHXKECHHUEM

KOTHUTHBHO-MOTOpPHBIX (pyHKIwit [11, c. 4522].
Tperuii, Hambomee MPOTrPECCUBHBIA BEKTOP

npennonaraer MYJIBTHMOJIAJIBHOE CITUSIHUE
KHHEMAaTUYeCKHMX W  BETCTATUBHBIX  JIAHHBIX.
WHTerpanust BpeMEHHBIX pPSJIOB B apXHTEKTYPbI
peKyppeHTHBIX  HelpoHHbIX cereit  (LSTM)
POJIEMOHCTPHPOBAJIa CKauOoK KavecTBa

npenckazaanid, tae MeTpukun AUC  crabuibpHO
npesbimaror nopor 0.85 [12, c. 1565]. Ananus
JIOHTUTIONHBIX  JIAHHBIX C  HCIOJIb30BAHUEM
IpPaAMEHTHOr0 OyCTHHra TO3BOJIMJI  BBIABISTH
CKpBITBIE TATTEPHBI KYMYJISITUBHOM ycTanoctu [13,
c. 524]. Opnako ajanTanMs PpPeCypcOEMKHX
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MofeJeld TOJ YTWINTapHbIE HYKABI BOCHHOH
MEIUIMHBI CONpshKeHa ¢ (DEHOMEHOM «CMELIeHUSs
kiaccoBy (class imbalance) 1 a3pekroM «uepHOro
ammkay. Jas mpeomoneHus AaHHBIX OapbepoB
nepeoBbIe KOJUIEKTHBEI HavaJld BHEAPSATH METObI
obobsacaumoro WU [14, c. 14322]. B mocrymHo#i
JAUTEpaType OTCYTCTBYIOT HCCIIeIOBaHUS,
OpUMEHSIONEe THOPUIHBIE MYJIBTUMOJAAIbHEIC
¢dpeiimBopku ¢ o0bscauMbM MU (IMU + HRV +
SHAP) nnst  BOeHHO-yueOHBIX KOTOpPT, YTO
OIpeeNsieT MUOHEPCKUH XapakTep HACTOSIIEr0
W3BICKaHUSI.

MATEPHUAJIBI U METO/1bI
JIoHTHUTIONHOE KOTOPTHOE MCCIIEA0BAaHNE
MIPOBOJIUIIOCH ¢ ceHTsI0pst 2023 roma o mapt 2024
roga. OOmmii  BepuUIMPOBAHHBIH  00BEM
BBIOOpPKK cocTaBull 450 CyOBEKTOB MYMXKCKOIO
nona (cpemuuii Bospact 19.4 £ 1.2 roma). Berbopka
ObUTa paHIOMHU3MPOBaHA Ha JBa MapalIeNbHBIX
KJlacTepa: BoeHHbIH kiactep (n = 230, KypcaHThI) ¢

KECTKUM perJiaMeHToM yueOHO-00eBOM
MOATOTOBKH M TpakmaHcKuil kmactep (n = 220,
CTYJIICHTBI) c BapralebHbIM PEXUMOM
CIIOPTUBHBIX Harpy3oK.

COop wuH(bpOpMaLMH  OCYLISCTBISICI B
HENpepbIBHOM peskuMe (24/7) ¢ HCIONIb30BaHUEM
HOCHUMBIX YCTPOMCTB. HNuepunanbHbie
mmMeputenbasie  Momymu  (IMU, 50  TI'm)

(UKCHPOBATIM TMPOCTPAHCTBEHHYI0 KHHEMATHKY,
BBIYHCIISISI CYMMapHYIO yAapHyIo Harpy3ky (Impact
Force, g), kuHeMaTH4eCKy10 aCUMMETPHUIO LIara u
Bapra0enbHOCTh BpEMEHH KOHTakKTa. BcTpoeHHbIe
ornrrueckue ceHcopsl (PPG) cobupamm manHBIC
mis pacaera HRV. Pacuer mokazatenms RMSSD
IPOU3BOAMIICSA aBTOMATUYECKH BO BpeMs (a3bl
IyOOKOro CHa AJISi MUHMMH3ALMK ABUTATEIbHBIX
apTedakToB.

Pa3paboTaHHblii MaTeMaTHYECKW amnmapaT
0a3upoBajcsd Ha KOHLEHNIUHM IO3JHErO CIHSIHUA
(Late Fusion). Bpemenubie psiapl (pUIBTPOBAIUCE,
a Merpuku HRV ~ HopManmu3oBamuce €
UCIIOJIb30BAHUEM 3KCIIOHEHIIMAJIbHO-B3BEILICHHOT O
ckonp3smero cpexnero (EWMA) 3a 7, 14 u 28
maen. Jlns HuBenupoBaHWA IrcOanaHca KIIaccoB
INPUMEHSJICS QJITOPUTM T'eHepalii CUHTETUYECKHX

MIPUMEPOB MEHBIIHHCTBA (SMOTE).
[IporaosupoBanue OCYILIECTBIISIIOCH c
UCIIOIb30BaHNEM KaCTOMHOI aHcamOIIeBOH

APXUTEKTYpPbl: MOAYJIb PEKYPPEHTHOW HEUPOHHOM
cerm (LSTM) oOpabatbiBan CeKBEHIIMAJIbHBIC
panel usMeHenuit RMSSD, Torma kak MOAynb
3KCTPEMAJIbHOTO IpaJueHTHOrO OycTuHra
(XGBoost) aHAIIM3UPOBAIL arperupoBaHHbIE
BEKTOpPHBIE TPEIUKTOPbl KUHEMATUKH. BbIXonbl
obenx Mozenen KOHKaTEHHPOBAJINCH B
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MOJHOCBSI3HOM ~ clioe  kinaccupukatopa. Ha
(uHATBPHOM 3Tarle BHEAPEHUS MOIEIU B KOHTYP
CIIIIP wucnonn3oBanach OubOamoreka SHAP s
pacuera MapriuHajIbHOTO BKIIaJa MpU3HAKoB [15, c.
116581].

[Iporokon HCCIIeIOBAHUS 0100peH
JlokaJbHBIM HE3aBUCHMBIM 3THYECKHM KOMHUTETOM
(ITporoxon Ne14-2023 oT 12.08.2023).
JoOpoBonbHOE MHUCBMEHHOE WH(POPMUPOBAHHOE
corjiacue Mmojy4eHo OT BCEeX Y4aCTHUKOB.

[IporpamMMHasi apxXuTeKkTypa TrapaHTHpOBasa
MOJTHYIO KPHUIITOrpaUuEcKyIO Jen IeH THPUKAIHIO
MOTOKOB Ha JTame Tnepeqadd WH(opmarmu Ha
00JIa4HbIE CEPBEPHI.

PE3YJIBTATHI U OBCYKJIEHHUE
3a meprox MOHUTOpPUHTA 3a(HKCHPOBAHO 58
KJIMHUYECKH BEPU(DUITMPOBAHHBIX TEPErPY30YHBIX
TpaBM HWXHHMX KOHe4YHOcTed. OOmmii o0wnem
Habopa MaHHBIX MPeBbICHA 1.2 MUIIMOHA YacoB

BBICOKOYACTOTHOMN TEJIEMETPHH. Ananus
JUCKPUMUHAITMOHHOM CIIOCOOHOCTH
HPOJEMOHCTPUPOBAI HECOCTOSITEIbHOCTh

JUHEWHBIX KJIAacCU(UKATOPOB Tpu paboTe ¢

KYMYJIASTUBHBIM YTOMJICHUEM.

CpaBHI/ITCJ'II)HI)IG OHCpaHI/IOHHBIe
XapaKTepI/ICTI/IKI/I HpI/IMeHSIBH_II/IXCSI apXI/ITeKTyp
MAIIMHHOI'O 06yquI/1;1 Hp € CTAaBJICHBI B
Tabmune 1.

Tadanua 1 — Merpuku kadecTBa NpeAMKTUBHBIX ML-Mozeneil Ha TecToBOl BBIOOpKE

ApxHuTeKTYypa Tun ananusupyembix AUC-ROC | Uysersureasnocts Cneunduanoct F1-Score
MoOaeJIn JAHHBbIX b
Logistic Regression bazoBble MeTpukn 0.62 0.51 0.68 0.54
Random Forest Torbko KuHeMaTHKA 0.74 0.66 0.77 0.69
(IMU)
LSTM (Deep Tonbko hu3HoIOTHS
Learning) (HRV) 0.79 0.72 0.81 0.75
XGBoost My THMOLa L it 0.85 0.80 0.86 0.82
TaOIMYHBINA
Hybrid (LSTM + Sensor Fusion
XGBoost) (Crusnne) 0.89 0.84 0.91 0.87
HRV CBUJIETENbCTBYET 0
PaspabGorannas  ruOpuaHas — apXUTEKTypa  TrUNepaKTHBALMH CHMITaTHICCKOM HEPBHOU
(LSTM + XGBoost) nponemoHcTpHpoBama cuctembl u wncromenuu I1[HC, uyTo Bemer K
0e30rOBOpPOYHOE TIPEBOCXOJCTBO. APXUTEKTYpa IeUIUTy  HEHPOMBIIICUHON MIPOBOJUMOCTH.
NPEIOKEHHOM CHCTEMbI MOJUIEPKKU TPHUHATHS — CHIKAeTcsi CHOCOOHOCTh K OKCIEHTPHYECKON
peILICHUM, HILTIOCTPpUpPYIOIIas Iponecc  amMoOpTH3alMM, JOKCTPEMAJIbHbIE  KHHETHYECKHE

KOHKATCHAIIMMA CEHCOPHBIX JAaHHBIX, JIOTHYECKU
BBITEKACT U3 CTPYKTYpPhl KOHBeWepa, Tlie JaHHbIC
IMU u PPG oOwbenuHstorcst miepen (puHATBEHBIM
ClloeM KJiaccu(pHKanuu.

Buenpenue SHAP-ananu3a
JNETEPMUHUPOBAIIO  CHHEPTreTHYECKUH  TMaTTepH
pucka: HamOonee KPUTHYHBIM  TPEIUKTOPOM

MHKpPOTPaBMaTU3aLUU C TOPU30HTOM B 14-21 nenn
BBICTYIIAeT HE H3O0JMPOBAHHBIM CKadyoK OeroBoit
TUCTaHLIMM, A  CHHXPOHHas  Ko-Bapuauus
MIPOJIOHTHPOBAHHOM cymnpeccun HouHoro RMSSD
U COIYTCTBYIOUIETO pOCTa JTUCIEPCHUM BPEMEHHU
koHtakta cronbl (IMU-kunemaruka). Ilagenue

SHEPruM MEPEAAIOTCS HANPSIMYIO Ha CYXOXKUIBHO-

CB304YHBIN ammapar. VIMEHHO STOT MOMEHT
¢aTtanpHOTrO paccoryiiacoBaHusl yJIaBJIMBAET
ruOpuHas HeHpOCeTh.

Tpancpopmanmss  Mozmenu B CUCTEMY
noguepkkn  mpuHsTHA  pemeHuit  (CIITIP)  mns
MEIUIUHCKAX  CIOyX0  IpOIeMOHCTpPHpOBaia
Bb1aromuecd pe3ynstatel. Buenpenne CIIIIP B
3KCIIEPUMEHTAIBHOMN rpymnmne MTO3BOJIHIIO

JUPEKTHBHO MOAU(HUIHMPOBATH MATTEPH HATPY30K:
cyObeKkTaM B «KpacHOW 30He» (BEPOSTHOCTD
TpaBMbI > 75%) ynapHble Harpy3ku 3aMeHsUTUCDH
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Ha HU3KOUMIIAKTHBIE YIPaXHEHUS 10
crabunuzaimu HRV. B pesynprate mpoakTUBHON
MapupyTH3aLuu (akTHueckas 4acToTa
BO3HUKHOBEHHUS Meperpy304HbIX TpaBM
cokpatunace Ha 23.4% 1O CpaBHEHHUIO C
KOHTPOJIBHBIM IEPHOIOM.

BbIBOJbI

CuHTE3 BBICOKOYACTOTHBIX KHHEMAaTHYECKUX
METPHK M BEreTaTUBHBIX OMOMAapKEPOB OTKPHIBACT
NPUHIUITHATEHO HOBYIO HAaYYHO-TIPAKTUYECKYIO
3py B  BOCHHO-MEIUIIMHCKOW TNpO(dHUIaKTHKE.
HccnenoBanrne HEONMPOBEPKUMO JIOKA3bIBAET, YTO
neperpy3ouHasl TpaBMa sIBJISIETCS MPEICKa3yeMbIM
HUTOTOM KYMYJISITHBHOTO WCTOILICHHS
HEUPOMBIIIEYHBIX PE3EPBOB, KOTOPBIM MOXKET
OBITh AJITOPUTMHYECKH BBIYMCIICH 3a 2-3 Hemenu
N0 KIMHWYeCKOW MaHudectanuu. [ ubpumHas
Mojenb riybokoro odyuenns (LSTM + XGBoost)
MPOJIEMOHCTPHPOBATA MPEU3UOHHYIO
JIMCKpUMHHAIMOHHYIO TouHocTh (AUC = 0.89).

Ilepexom Kk OOBACHUMOMY HMCKYCCTBEHHOMY
WHTEIUIEKTY HUBEIHMPOBaJl Oaphep HENOBEpHUS CO
CTOPOHBI MEIWIIMHCKOTO COCTaBa, OOECIEYNB

BHEJPEHNE HHCTPYMEHTA IMONIEPKKU MPUHATHUA
pelieHuii, CHU3MBIIET0 TpaBMaTu3M Ha 23.4%.
MacmrabupoBanue MIPEIIOKEHHOM Al-
ApXUTEKTypbl Ha YPOBEHb BOMCKOBBIX YacTeil
o0lajaeT  KOJIOCCATbHBIM  TOTEHIMAJIOM  JUIS
COXpaHEeHHs 6oecrocoOHOCTH u
po¢hecCHOHATBHOTO JIOJIT OJIETHUS JTUYHOTO
cocrasa.

Kongauxkm unmepecos. ABTOPHI 3asBISIOT
00 OTCYTCTBUU KOH(INKTA HHTEPECOB.

Aemopckuii éxnad (maxconomus CRediT):
CynaxkoB B.B.: konuentyanuzanus (BedylIui),
METOJIOJIOTHsI,  AJMUHHUCTPUPOBAHUE  IPOEKTA,
KOOpJMHALUA B3aUMOJEHCTBHUA C BOMHCKUMHU
yactsamu;, [pesuoB J.B.: ¢opmansHblil aHamms,
MOCTPOEHHE anmapaTHou APXUTEKTYPHI,
MaTeMaTH4YecKoe MoAenupoBaHue, ooyuenne ML-
moneneit; CyaranoB H.M.: ouucTka JaHHBIX,
WHXXEeHepHus Tpu3HaKkoB, Busyanusauus SHAP,
HaIMCcaHUe - PELEH3UPOBaHUE U pelaKTHPOBaHHUE.

Bce aBropel omoOpwin  (UHAIBHYK) BEPCHIO
paboTHL.

bnazooaprnocmu. ABTOpHI BBIPAXKAIOT
TITyOOKYIO 0J1aro1apHOCTh KOMaHJIOBaHHUIO
BOGHHO'I/IH)KeHepHOFO HUHCTUTYTa
PaJMOdJIECKTPOHUKH W CBs3M W BoeHHO-
CIIOPTHBHOI'O KOJJIe1Ka NMCHH BaTLIpa
baybipkana  MoMbIIIyJabl 32 BCECTOPOHHEE

COJICHCTBHE B OPraHU3aIINU UCCIICIOBAHUS.

Qunancuposanue. UccnenoBanue
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Abstract - The paper addresses the design of a unified situational management platform for the Ministry of Emergency
Situations of the Republic of Kazakhstan integrating data from unmanned aerial vehicles, fixed sensors, the 112 emergency
call service, hydrological gauging stations and weather stations into a common operational picture at the command post. The
principal limitation of the current management loop is shown to be not a shortage of data but its institutional fragmentation
and the absence of mechanisms for automatic real-time consolidation. Foreign critical event management platforms are
compared and the requirements for a domestic solution are substantiated. A five-layer architecture with an end-to-end
information security contour is proposed; a unified event model and a JDL-based data fusion model are developed, including
a spatio-temporal association metric and a confidence aggregation rule for multi-source confirmation. Non-functional
requirements and a three-stage deployment model are formulated.
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OJIap/IbIH BEIOMCTBOAPAJIBIK OOJIEKTEHTEHJIITT KoHE HAKThl YaKbIT PEKHMIHIE aBTOMATThI TYpHAe OipiKTipy TeTiKTepiHiH
Oonmaysl ekeHi kepceriireH. Lllerenmik marmapbIcThl OKUFajapabl Oackapy IuiartdopMaiapblHa CajbICTHIpMalbl Tajllay
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KaMTBUTFaH Oec/IeHr el miatdopMa apXUTEKTypachl YChIHBLUIIBI, OKHFAHBIH OipbIHFai Mojeni xoHe JDL neHrelinik cxeMachl
OOWMBIHIIIA TEeTEPOTeHI JACPEeKTEepAi OipiKTipy MoJeNi o3ipiieHai, OfaH xa0apiamaiapibl KCHICTIK-yaKbIT OOWBIHIIA
aCCOIMAIUIAY METPUKACKHI XoHE OipHEIIEe TOyelNci3 Ke3Jep OKHFaHBI pacTaFaH Ke3Jle CEHIMJLUTIKTI arperarray epexeci
Kipeni. @yHKIMOHAIABIK eMEeC TalanTap MeH ayIaH/IbIK ITMIOTTHIK KOHTYPAAH PeCcITyOIMKaNBIK JeHreire IeHiHT1 Y Ke3eH i
CHTI3y MOJIENI TY)KBIPBIMIAJIIBI.
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THJPOJIOTHYECKUX TIOCTOB M METEOCTaHIUH B EIUHYI0 CHTYallMOHHYIO KapTHHY KOMaHAHOTo myHKTa. IlokasaHo, 4TO
KITIOUEBBIM OTPaHWYEHHEM JICHCTBYIOIIET0 KOHTypa YHpaBJIEHHS SBISETCS He AeUINT JAHHBIX, a UX BEJOMCTBEHHAS
Pa3pO3HEHHOCTh M OTCYTCTBHE MEXaHU3MOB aBTOMAaTHIECKOTO CBEJCHUS B PEealbHOM BpPEMEHH. BEIMOIHEH cpaBHUTENbHBIN
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6e30macHOCTH, pa3padOTaHbl eIMHAsT MOEb COOBITHSI M MOJEINb CIIMSIHUS Pa3HOPOJHBIX TAHHBIX M0 ypoBHEBOH cxeme JDL,
BKJIIOYAIOIAsi METPHKY MPOCTPAHCTBEHHO-BPEMEHHON accoManuy COOOLICHNH 1 MMPaBUIIO arperupoOBaHus JOCTOBEPHOCTH
NP TIOATBEP)KICHUHM COOBITHS HECKOJBKUMHM HE3aBUCHMBIMH HcTOYHMKaMU. CdopMynnpoBaHbl HEQYHKINOHAIBHBIC
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CHCTEM, TPaKTaHCKasH 3aIlINTa.

OCHOBHBIE ITIOJIOKEHUSA MpeJCcTaBleHUs]  JaHHbIX. Paspaborana  Mojenb
[lokazaHo, 4YTO OrpaHMYMBAIONMM (AKTOPOM  CIHSHUS Pa3HOPOAHBIX JAHHBIX MO YPOBHEBOH cxeMe
JIeHCTBYIONIETO KOHTypa CUTyalnoHHOro ympasienus JDL, BKJTFOYAIOIIAs HOPMHPOBAHHYIO

MUC Pecnyommku Kazaxcran BeIcTymnaet He AeUIUT — MPOCTPAHCTBEHHO-BPEMEHHYIO METPHUKY aCCOIMAIH
NepBUYHBIX  JAaHHBIX, a WX  BEIOMCTBEHHas cooOmenuit (1) ©W  TpaBWIO  arperupoBaHUs
pa3poO3HEHHOCTh W OTCYTCTBHE  MEXaHH3MOB JIOCTOBEPHOCTH TIPU  TOATBEPKICHUH  COOBITHS
ABTOMAaTHYECKOrO CBENEHHS B PEATLHOM BPEMEHH. HECKONBKMMH HE3aBUCHMBIMHU  HCTOYHHUKaMH  (2).
[IpennoxxeHa nsATHypoBHEBas apxurekrypa emuHoi  CdopMymupoBaHBl — I[eJleBble  HE(QYHKIMOHAIHbHBIE

1aThOPMBI co CKBO3HBIM KOHTypoM  TpeOoBaHUs K miuaTtdopme U TpEXdTarHas MofAelb e€
nHPOpPMAaIMOHHON Oe30macHOCTH, oOecrednBaromas BHEAPEHUS — OT PalilOHHOrO MUJIOTHOTO KOHTYypa JI0
HE3aBUCHMYIO IBOJTIOLHIO YpOBHEMN cbopa, pecHyOIMKaHCKOTO yPOBHSL

HOpMaJIM3alllHy, XpaHeHusl, AHAJIMTUKU u
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BBEJIEHUE

PecrryOmnmka Kazaxctan OTHOCHUTCS K
rocyAapcTBaM C IIMPOKHM CHEKTPOM TPHPOIHBIX H
TEXHOI'CHHBIX PHUCKOB: PETYISPHO PErHCTPUPYIOTCS
BECEHHHE TAaBOJIKW, CTENMHBIE M JIECHBIE ITOXApPHI,
3eMIICTPSICEHU S, CEJIU 1 JIABIHBI, aBAPUN HA XUMUIECKU
omacHbIX 00BeKTaX. OpraHW3alMOHHOW M TPaBOBOM
OCHOBOH pearnpoBaHus BeICTyHaeT 3akoH PecyOmmku

Kazaxctan «O  rpaxmaHckod — 3ammre»  [1],
OTIPEAEIIAIONTUN COCTaB u MOPSAA0K
(YHKIIMOHUPOBAHUS ~ T'OCYJAPCTBEHHOW  CHCTEMBI

TrPpaXIaHCKOM 3alMThl, BKJIOYas IOPSAOK OOMEHa
nHpOopMaue MexXay e€ STIeMEHTaMH.

[IpakTHKa JUKBUIAUMH KPYIHBIX YpEe3BbIYANHBIX
CUTyallMH IOCJHEOHUX JIET BbISIBUJIA XapaKTEpHYIO
3aKOHOMEPHOCTh. BeceHHHI NaBOJKOBBIA MEPUO
2024 rona oxBaTHI OOJIBITHHCTBO PETHOHOB CTPAHbBI U
noTpedoBaj dBaKyallud HAceJIeHHsI B MaciiTadax, He
HaOJFOIaBIINXCSI HA TPOTSHKEHUH JecaTuieTnit [16].
IIpu 3TOM CIIOHOCTH YIpaBJIeHUS ONpeAeisiach He
CTOJIBKO OTCYTCTBHEM HWH(oOpManuu o0 0OCTaHOBKE,
CKOJIBKO €€ pacpeaeaéHHOCThIO MEXKAY BETOMCTBAMU
W  UHPOPMAIIMOHHBIMHA CHCTEMaMHU: CBEIEHHUS O
MOJIOXKEHUH CUJI IOCTYNalId OT TEPPUTOPUAIIBHBIX
NoJpa3ieieHui, THAPOJIOTHUECKIE JaHHbIE — OT CETH
HaOIIFO/IaTeNBHBIX TOCTOB, OOpAaIeHUs TpakmaH —
yepe3 crayx0y 112, aspodorochémra oT
nonpasneneHuii  OecrnmiioTHOM aBuaumu. CBeneHue
OTUX TIIOTOKOB B CAMHYIO KAapTHHY BbIIIOJIHAIOCH
MIPEUMYILECTBEHHO BPYYHYIO, YTO BHOCHJIO 3aJEPKKH,
U3MEpsAEMbIE JIECATKAMH MHUHYT, U IOPOXKIAIO
pacxoXxJIeH!s B OlEHKE 0OCTAaHOBKH MEXy YPOBHSIMH
yIpaBJICHHSL.

Takoe mosokeHHe NTPOTUBOPEUUT COBPEMEHHBIM
IPEACTABICHUSIM O CHW)KCHHM pHUCKAa OEICTBUM.
Cenpaiickass pamoyHass mporpamma Ha 2015-2030
TOJIbl OTHOCHT Pa3BUTHE CHCTEM cOopa, 00paboTKH H
pacmpocTpaHeHusi UHPOPMAMM O PHUCKaX K YHCITY
MPUOPUTETHBIX HAIPABICHUNA JEHCTBUU TOCYAAPCTB
[4]. C TTO3UIIHIA TEOpUHU CHUTYaI[IOHHOU
OCBEIOMJIEHHOCTU nporecc yIIpaBJICHUS B
JMHAMUYECKOH OOCTaHOBKE BKIIOYAET TPH YPOBHS:
BOCTIPHSITHE DJIEMEHTOB OOCTaHOBKH, ITOHMMaHHE UX
CMBICIIAa ¥ TIPOTHO3UPOBAHNUE Pa3BUTHS CUTyaruu [§].
JeiicTByronme BeJOMCTBEHHbIE WH(POPMAIMOHHBIE
CHCTEMBI 00ECIIeUMBAIOT MPEUMYIIECTBEHHO IT€PBBIN
YPOBEHb — PETHCTPALUIO 1 OTOOpaKEHHE OTAEITBHBIX
(akToB, TOrNA KaK Mepexoji KO BTOPOMY U TPEThEMY
ocraéTci Ha CTOpPOHE 4eJlOBEeKa-omeparopa |
OrpaHUM4CH €ro KOTHUTHUBHBIMH BO3MOXHOCTAMMU.
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Lenpto paboTel  sBRASETCS OOOCHOBaHHE W
pa3paboTka  apXHTEKTYpbl  €IWHOH  MIaT(OPMBI
cutyanimonHoro  ympasinenuss MUC  PecnyOmmku
KazaxcraH, obecreunBaromen WHTETPAIHIO
Pa3HOPOAHBIX HCTOYHHKOB JAHHBIX B EJUHYIO
CUTYaI[MOHHYIO KAPTUHY KOMAHIHOTO MyHKTa. 3a/1a4uu
UCCJICJIOBAaHUS: TPOBECTH CPABHHUTENBHBIA aHAIN3
CYIIECTBYOIIMX miatdopm yIIpaBJICHHSI
KPUTHYECKUMH  COOBITHSAMH;  KJIACCH(PHUIIPOBATH
UCTOYHUKHN JaHHBbIX u OIpEaACINTDb nux
UH(OpPMAIIMOHHBIE  XapaKTePUCTUKH, pa3paboTaTh
MHOTOYPOBHEBYIO apXUTEKTYpPY IIaT(HOpMBI 1 ANHYIO
MOACIIb CO6BITI/I$[; MNpEAJIOKNUTL MOJACIb CIHAHUA
Pa3HOPOAHBIX JaHHBIX C OICHKOH JOCTOBEPHOCTH;
chopmynupoBaTh HeQYHKIIMOHATBHBIE TPEOOBaHUS U
MOJIEIb TIOATAITHOTO BHEIPEHHSL.

IIpoéen ¢ uccneoosanuu

HMmenno Pa3pbIB MEKIY peFPICTpaIIHeﬁ OTACIBbHBIX

(dakToB  OOCTAaHOBKM W WX  aBTOMAaTHYECKUM
OCMBICIICHHEM ONpeneNser Mpodell, YCTpaHseMbIid
HaCTOSIIIM HCCJIEIOBAaHHEM. 3apyOexHbie

m1aThOpPMBl YIIPABICHUS KPUTUYECKUMH COOBITHSIMHU
(eM.  pazmen «OO30p JHMTEpaTyphD»)  PEIIAIOT
NPEeUMYIIECTBEHHO 3a/lauydl  arpeTHpOBaHUSA  yXKe
c(hopMHUPOBaHHBIX COOOIICHUI U OMOBEIICHUS, HO HE
0o0ecreunBarT TITyOOKOW WHTETPAIUU C TEPBUYHBIMHA
BEJIOMCTBEHHBIMI HCTOYHMKaMHU JIaHHBIX W HE
YYUTBHIBAIOT OPraHU3AIMOHHYIO CTPYKTYPY CHCTEMBI
rpakaaHckod  3amuthl  PecnyOnumku  Kazaxcraw,
OTPaHUYEHHYIO TMPOMYCKHYIO CHOCOOHOCTh KaHAJIOB
CBS3M B OTHAJECHHBIX pallOHAX W TpeOOBaHUS K
pa3MEIEHUI0 JAHHBIX Ha TEPPUTOPHH PECITyOIHKH.
OTkpbITEIM ~ OcTaéTcsi  Bompoc  (OopMaIM30BaHHOM
IPOLIEYphl CBEAEHHS COOOLICHUH OT Pa3sHOPOJHBIX
WUCTOYHUKOB B EIUHYI0 CUTYAIMOHHYIO KapTHHY C
KOJIMYECTBEHHON OLEHKOH JOCTOBEPHOCTH Ka)KIOro
coOpITHs. Hacrosimee nccnenoBanue BOCIOMHSET 3TOT
mpoben pa3padoTKOH MHOTOYPOBHEBOM apXUTEKTYPhI 1

MOJEIM CIMSHHUS [JAHHBIX, aJalTHPOBAaHHBIX K
OTEYECTBEHHBIM OpraHU3alMOHHBIM u
UH(PACTPYKTYPHBIM YCIIOBHUSIM.
Hayunan noeusna

MeTono10rHuecKyo OCHOBY COCTaBHJIA
CHUCTEMHBI aHaJlNW3, METOAbl MHOIOYPOBHEBOIO

APXUTEKTYPHOTO TPOCKTUPOBAHUS HH()OPMAIIMOHHBIX
CHUCTEM, ypOBHEBas Mojeib cimsHus MaHHbIX JDL u
CpPaBHUTEIHHBIN aHanm3 (hyHKIIMOHATBEHBIX
BO3MOXKHOCTEH MporpaMmHeix Miaatdopm. Hayunas
HOBH3HA pabOThl COCTOMT B TOM, YTO BIEPBBIC IS
ycrnoBuii  PecnyOnuku  Kazaxcran — mpeanoxeHa
apXUTEKTypa €IMHOW TUIaTGOPMBI CHUTYAI[MOHHOTO
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yIpaBJeHus, alalTUPOBAHHAS K OPraHU3aIl[MOHHBIM H
HHPPACTPYKTYPHBIM YCIIOBUSIM CTpaHBbI:
YUYUTBHIBAIOIIASI BEJOMCTBEHHYIO CTPYKTYPY CHCTEMBI
Tpa)XIaHCKOM 3allUThI, OIPAHUYCHHYIO MPOITYCKHYIO
CIIOCOOHOCTh KaHAJIOB CBSI3M B OTJAJIEHHBIX paiOHaX,
TpeOOBaHUS K pa3MEINCHUIO W 3allUTe JaHHBIX, a
TaKke HEOOXOAMMOCTh 00pabOTKM oOOpamieHud Ha
Ka3aXCKOM M PYCCKOM sI3bIKax. BriepBbie Il JaHHOU
MpeIMETHONH 00JIacTH TIpe/IoKeHa HOPMHPOBaHHAsS
POCTPAHCTBEHHO-BPEMEHHAs METPUKA acCOIHAIH

pasHOopomHbIX  coobmermit (1) w  mpaBmIO
arperupoBaHvs  JIOCTOBEPHOCTH  COOBITHSI  IIpH
MOATBEPKICHUH  HECKOJIBKAMH  HE3aBHUCHMBIMH

UCTOYHUKaMH (2), dopmanu3yronme Mnpoueaypy,
KOTOPYIO ONEpAaTUBHBINA ACKYpPHBIH paHee BBITOIHSII
UHTYUTHBHO. HaydHast HIeHHOCTB pabOThI 3aKIII0YASTCS

B TOM, UYTO IPEAJIOKECHHBIE AapXUTEKTYpHbIE WU
AJIrOPUTMHYECKHE pelIcHAS CO3Jal0T
BOCIIPOU3BOIMMYIO OCHOBY JJsl Iepexona OT

Be):[OMCTBCHHOﬁ perucrpaiu OTACIJIbHBIX (I)aKTOB K
ABTOMATUYCCKOMY ITOHMMAaHUIO U IPOrHO3UPOBAHHIO
pa3BuUTUA 00CTaHOBKH.

OB30P JIUTEPATYPbI

Knacc nporpaMMHBIX IPOIYKTOB, PpELIAFOLIMX
OnmM3Kue 3a7aun, 3a pyOeKoM 0003HAYAOT TEPMUHOM
«yTpaBJICHHEe KPUTHUECKUMHU coObITHsIMI»  (Critical
event management). HanGonee n3BectHs! muardopma
Everbridge, obecreynBaroast arperupoBaHue
CUTH@JIOB O PHCKAaX, MAacCOBOE OIOBELICHUE MU
KOOpJIMHAIIMIO pearupoBanus [17], u aHamuTH4ecKas

mwiatpopma  Crisis24,  opueHTHpOBaHHAs  Ha
MOHHUTOPHHT YIpo3 M MH()OPMAIIMOHHYIO MOJIEPKKY
pemenuit  [18]. B rocymapcTBeHHOM  ceKxTope
pacmpoCcTpaHeHbl CEepPBHUCHI Ha JAHHBIX
JUCTAHIMOHHOI'O 30HIMPOBAaHUS 3eMJIHM: CIyx0a
Copernicus  Emergency  Management  Service
IpeAoCTaBiIsieT Kaprorpaduyeckue MpPOAYKTH IO

3ampocy YIOJIHOMOYEHHBIX OpraHOB B  PEXUME,
Oomuzkom K omepatuBHomy [19].  OrmenbHoe
HalpaBjeHHEe O0pa3yloT CUCTEMbI  OIOBEIICHHUS
HacelleHusl Ha OocHOBe mpotokoma Common Alerting
Protocol [5], a opranu3aioHHbIe TpPeOOBaHHS K
YIPABICHUIO WHIIUICHTAMU 3aKpETUICHBI CTaHIapTOM
ISO 22320 [6]. CpaBHUTENBHBI aHAIM3 IO
NpU3HAKaM, CYIIECTBEHHBIM I paccMaTpuBacMOn
MpeMeTHON 00JIacTH, MpuBeAEH B Taduie 1.

Tadoauua 1 — CpaBHUTeJILHBINH aHAIN3 IUVIAT(OPM YIPABJIeHUsS] KPUTHYECKUMH COOBITUAMU

Ilpu3Hak cpaBHeHUsI Everbridge Crisis24 Copernicus Tpedyemoe
EMS pelieHue
Nurerpanys OrpanuueHHas Her Her O0s3arenbHa
BE€IOMCTBCHHBIX
naTankoB U BITJTA
[Ipuopurtusauus yrpos YactuuHO YactuuHO Her O0s3arenbHa
cpeacteamu A
[Ipennoxenne cocrasa Her Her Her O06s13aTebHO
CHUJI M CPEJICTB
Pa6ora npu nerpapanvu | OrpanndenHast | OrpanudenHast | He mpumenmmo | OOsi3atenbHa
KaHaJIOB CBSI3U
O06paboTtka obparieHui Her Her He npumenumo | OOGs3atennHa
Ha Ka3aXCKOM SI3bIKE
Pasmemenne nanabIxX He He He O0s13aTenbHO
Ha Tepputopun PK oOecrieurBaeTcs | odecreynBaeTcsi | o0ecreunBaeTcs
Kak crnenyer w3 Tabmuubel 1, 3apyOekHble  arperupoBaHHs yKe CPOPMHUPOBAHHBIX COOOICHUN U

m1aTGopMbl  PEIIAIOT MPEUMYIIECTBEHHO 33/1a4d
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WHTETPallid C  BEJOMCTBEHHBIMH  HCTOYHUKAMH
NEepBUYHBIX HaHHBIX. VX NpuMeHeHHe B KadecTBe
OCHOBHOTO KOHTYpa VIIPaBJEHHS COIPSKEHO C
MPUHIHITAATEHBIMH OrpaHUYEHUSMHU:
HEBO3MOKHOCTBIO Pa3MEIeHHS OIEePATHBHBIX JAHHBIX
UCKIIFOYMTEIIbHO HAa  TEPPUTOPUH  pecryOJnKH,
OTCYTCTBHEM aJIaliTePOB K OTEYECTBEHHBIM CHCTEMaM
HaOnrofeHusi W mpuéMa OOpalleHuH, OTCYTCTBHEM
MOJJIEP>KKH Ka3aXCKOTO SI3bIKa, a TAKXKE 3aBHCUMOCTBIO
OT WHOCTPAaHHOTO TMOCTaBIIUKA MPH COMPOBOMKICHUH
KPUTUYECKH BaKHOH cucTeMbl. COBOKYMHOCTh 3THX
(hakTOpPOB 0OOOCHOBBIBAET IEJIECO00PA3HOCTH CO3TaHUS
OTEUYECTBEHHOW IJIaT(OPMBI, a TPU3HAKH MPaBOro
cronbna Tabimmpl 1 00pa3yloT UCXOIHBIN MepeyeHb
TpeOOBaHMIA K HEH.

MATEPHAJIBI 1 METO/JbI

A. Hemounuku 0annsix u npoonema ux
2emepozeHnocmu

HNudopmanmonHoe obecriedeHue CUTYaIMOHHOTO
yhopaBieHus:  GopMUpyeTCs — MATbIO  TpyMNIaMu
nctouyHuKoB. llepByro  00pa3yior  OecHHUIIOTHBIE
JieTaTeNbHble anmnapaTbl C ONTHUKO-3JEKTPOHHBIMH U
uHppakpacHBIMH ~ KamepaMmHu,  OOeCleunBaroNe
ONEPAaTHBHYIO  pa3BelKy, OOHApyXEHHE O0YaroB
TOpeHHs, ONpeielieHre TPaHull OATOIICHNS U TIOUCK
MOCTpaaBIINX; MPUMEHEHHe OECIIOTHON aBHAIn
npu JTUKBUIAIAN MOCTIe/ICTBUN OencTBUi
paccMmarpuBaeTcs Kak OJHO M3 Hauboiee JUHAMUYHO
pasBuBaroImmxcss HampasieHuit [9]. OcoO0eHHOCTHIO
MCTOYHUKA SIBIISIETCS BBICOKMI 00BEM IepenaBaeMbIX

JAHHBIX IPY OTPaHUYEHHOMN IPOITYCKHOM CIIOCOOHOCTH
paznrokaHana.

Btopyto rpymmy COCTaBiSIFOT — CTal[MOHAPHEIE
JIaTYNKA  MPOMBIIUICHHOTO  WHTEpPHETa  BEIEH:
TETIJIOBBIE U JIHIMOBBIE M3BEIATEINH, Ta30aHaIH3aTOPI
Ha XUMHYECKH OMACHBIX O0BEKTaX, MATYHKH yPOBHS
BOJBI, CEHMCMHYECKHE CTaHIMHU. B3auMoJelcTBHE C

HUMH  I[eJIECO00Pa3HO  CTPOUTh HA  OTKPBITHIX
craHaapTax, B 4yacTHocth Ha crerpdukammun OGC
SensorThings API, obecreunBaronieit

YHUQUIIUPOBAHHOE OMNHCAHWE HAaOMIOJACHUH M WX
MeTagaHHbIX [7]. Tperbs rpynmna — ruaposoru4ecKkue
MOCTBI U METEOPOJIOTNYECKUE CTAHIIMY HAIMOHAJIBHOM
THpOMeTeoposiornaeckoi  cimyx0bl  [20]; nmaHHBIC
peryJsipHbl, HO OOHOBJISIFOTCS OTHOCHTEIBHO PEAKO U
CIIy’KaT OCHOBHBIM BXOJIOM IIPOTHO3HBIX MoJelnel
MaBOJKOBOH OOCTAHOBKH.

UetBépras rpymnmna — MOTOK 0OpallleHUH rpa)IaH
B CIy’k0y 112 B BHJIE TOIOCOBBIX BBI30BOB, KOPOTKUX
COOOIIEHUH U TaHHBIX O MECTOIIOJIIOKECHUN a0OHEHTA.
JtoT UCTOYHUK obnamaer HanOobIIeH
WHPOPMAITMOHHON IIEHHOCTBIO HAa paHHEH CTaauu
COOBITUSI U OAHOBPEMEHHO HauWOOJBIIMM YPOBHEM
uryma: coo0IIeHus HECTPYKTYPHUPOBaHbI,
MHOTOKPAaTHO JAYONHPYIOTCS, COAEPX AT HETOYHbIE
npuBsi3ku K MecTHOCTH [10]. [IsTyro rpymmy oOpa3yroT
BHENIHWE JaHHbIC: MaTepuaibl JAUCTAHIIMOHHOrO
30HAMPOBaHMA 3€MJIM [UId OLEHKM MaciuTadoB
nopaxeHust Tepputopun [11], cBeaeHus omneparopoB
CBs3HU O IIJIOTHOCTHU a6OHeHTOB 1 OTKPBITEIC UCTOYHHUKHN
ceru  MutepHer.  CBOmHBIE  XapaKTEPUCTHKH
HMCTOYHUKOB MPUBEICHBI B TAOJHIIE 2.

Tadmuua 2 — UH(popManuoOHHbIe XapaKTePHUCTHKH HCTOYHUKOB IAaHHBIX

I'pynna IlepuoguyHocTh Tun jaHHbIX 3anepxkka | loctoBepHoCcTh
HCTOYHUKOB
BIUTA (BO/MK) HemnpepsiBHo B Buneornotok, 1-10c Bricokas
MOJIETE CHUMKHU,
TeNeMETPHUs
Hatunku [oT 1 c—5Mun UucoBble psb, 1-30¢ Bricokas
COOBITHUS
I'upponocte! 1 134 UYucnoBble psaabl JHolu Bricokas
METEOCTaHIINN
Cyxb0a 112 ITo dakry Aynno, TEKCT, 10-60 ¢ Cpenuss u
oOpareHus KOOPIMHATBI HU3Kas
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33 u BHemHMe Or64molcyr PacrpoBrie Yacer Cpenmsist
JTAaHHBIC N300paKeHusl,
TEKCTBI
OcHoBHasg HAay4YHO-TECXHHUYCCKas TPYAHOCTDH B. Apxume’(mypa nﬂam¢oprl
WHTETparnu COCTOHUT B TeTepOTeHHOCTH
[Ipennaraemasi apXuTekTypa MOCTpOE€HA IO
MEPEYMCIICHHBIX [OTOKOB: pa3nuyuu  (OpMaros,
MHOTOYPOBHEBOMY TIPWHIMITY U BKIIOYACT IIITh
CUCTEM  KOOpAMHAT W  BPEMEHHBIX  MIKall, M
. (YHKIIMOHANBHBIX YPOBHEW, OXBaU€HHBIX CKBO3HBIM
HECOIJITaCOBaHHOCTH MTOHSATHHHOTO armapara, 2
. KOHTYPOM MH(OpMaLOHHON 0€30MacHOCTH (PUCYHOK
JyOIMpPOBaHUH COOOIIIEHUH 00 OJTHOM ITPOUCIIICCTBHUH,
1). Takoe pa3neneHre oOecrieunBaeT HE3aBHUCUMOCTH
a TakkKe  CYIIECTBEHHO  pa3JIM4HOM  YPOBHE .
ABOJIOIMH YPOBHEMH: MOAKIIIOYEHUE HOBOTO UCTOUHHKA
JIOCTOBEPHOCTH VMCTOYHHKOB. CrnenoBaTenbHO,
HE 3aTParuBaeT aHaITMTHIECKOE SAPO, a 3aMEHa MOJEIIH
miatpopmMa  MOIDKHA ~— BKIIOYaTh  HE  TOJBKO
. MAIIMHHOT0 00y4€eHHs He TpeOyeT U3MEHEHHS CPEJICTB
TPAHCIOPTHBIM MEXaHW3M cOopa JaHHBIX, HO U
OTOOpaXKCHUSI.
(dhopMan30BaHHYIO MIPOLEAYPY MIpUBENICHUS
CcOoOOLIEHUH K  eIWHOMY  TPENCTAaBICHHUIO  C
TTOCIIEYIOUTUM CITUSHAEM.
s
BILTTA Jarauku T'mppomnocrtsl, Ciyx0a JI33, BHemI.
(20/UK) IoT MeTeo 112 JIaHHbBIe

VYposens 1. Coop H ajanTepbl HCTOYHHKOB (TPAHUYHBII CJI0i)

MQTT - OGC SensorThings * RTSP - CAP 1.2 - SIP/CTI - Gy¢epusaius IpH orepe cBsi3H

1
. =

-~

Yposens 2. HopMajuszanus H HOTOKoBasi 00padoTka

Emunas monens cobbrtus - WGS-84 n UTCHS - aexynmmkanus - oleHKa JOCTOBEPHOCTH

3\

-

Yposens 3. XpaHeHle H BUTPHHBI JaHHBIX

BpBMBHHBIG PpsiAklL - TEOJaHHBIC * 00BeKTHOE XpaHHIHINE BHACO H CHHMKOB - apXHB

Hudopmarmonnas
0e30I1aCHOCTb,
ayJIuT olepaluf,
pasrpaHIYeHe
JIOCTyIIa

YpoBens 4. AHAJINTHYECKOE AP0 (HCKYCCTBEHHBIH HHTE/LIEKT)

I[GTGKI.II/IX * OIICHKA yIpo3 - IIPOTHO3 * IJIAH PACIIPEACICHIA CIII U CPEJICTB

(]
. 2

~\

Yposens S. IIpeacrapiienne H B3anMojeicTBHe

Enunas curyannonHas kapruHa KIT - APM no poinsiM - MoOuiibHBle KineHTH - API BeioMcTB

J

Pucynok 1 — MHoOroypoBHeBasi apXuTeKTypa eAMHON NJI1aT(HOPMBI CHTYAllHOHHOTO YIIPaBJIeHUS

YpoBenb 1 — cOoOp W amanTepbl HMCTOYHHKOB.
Peammusyercs HaOopoM amanTepoB, KaxOblili U3
KOTOPBIX MHKAIICYJIMPYET OCOOEHHOCTH KOHKPETHOrO
nporokoma: MQTT wu OGC SensorThings s
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marunkoB, RTSP  gns  Bumeomorokos  BITJIA,
MHTErpanuio ¢ TenedonHoi moxacuctemord o SIP u
CTl mna cmyx06s1 112, mporokon CAP mns oOmeHa
OIMOBEIICHUSIMH ~ CO  CMEXHBIMH  BEIOMCTBaMH.
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[TpuHIMMUATEHBIM pELICHUEM SIBJIAETCS] Pa3MeIIeHHE
yacTd  aJalTepoB B TPAaHUYHOM  CETMEHTE,
HEMOCPENCTBEHHO Yy MCTOYHMKA. Takoi moaxonm [12]
MO3BOJISIET BBITTOJIHSTD NEPBUYHBIN aHaIn3
BUJ/ICONIOTOKAa Ha OOpTy OECHIIOTHOTO anmapara u
IepeAaBaTh B LEHTP HE IOJHOE BUJEO, & PE3yJbTaTr
JETeKUMH C ONOPHBIMHU KaJpaMmu, YTO COKpaIlaeT
TpaduK Ha OJIH-IBA MOPs/IKA, a TaKke Oyhepru30BaTh
JIaHHBIE [IPU MOTEPE CBSI3U C MOCIECIYIOMEH JOCBUIKOM.

VYpoBeHb 2 — HOpMamM3amUs M IIOTOKOBAas
oOpaboTka. Bxomsmme cooOmeHnss NpUBOISTCS K
€IMHON MOJEeNU COOBITHS, BKIIOYAIOLIEH YHUKAJIbHBIN
UICHTU(PHUKATOP, TUIT COOBITHS 1O BEIOMCTBEHHOMY
Knaccu(uKaropy, BpeMs HaONIOACHUS ¢ BpeMs
perucTpaimu, reoMeTputo B cucreme koopauHat WGS-
84, uaeHTUPUKATOpP W KJIACC MCTOYHWKA, OLECHKY
JIOCTOBEPHOCTH, MpeAMETHbIE aTpUOYTHI, CCHUIKM Ha
MenuamMaTepuanbl U craryc o0paboTku. BpemeHnHbie
METKU TIPUBOJAATCSA K SIUHOW INKaJle, YTO KPHUTHUYHO
i nocnenyroomed  accouuanuu.  OOpaborka
OpraHm3yercst  Kak  IIOTOKOBas ~ Ha  OCHOBE
pacrpeenéHHON MINHBI COOBITHH KypHAIBLHOrO THIIA
[14], 4TO obecreunBacT TOPU30HTAIBHOE
MacIITaOUpOBaHME H  TOBTOPHYIO  00pabOTKy
MCTOPHYECKUX TAaHHBIX IPU 00yYESHHH MOJIENEH.

YpoBeHb 3 — XpaHEHHE W BHUTPHUHBI JAHHBIX.
Paznensercs Ha TpM KOHTypa: TOPSYMA KOHTYP
BPEMCHHBIX  PSJAOB ISl TIOKA3aHWH  JaTYMKOB,
reONpPOCTPAHCTBEHHOE XpaHUJINIIE 00BEKTOB
00CTaHOBKH " 00BEKTHOE XPaHUJIHIIES
BHJICOMATEPUATIOB 51 CHHUMKOB; pasnencHue
00yCJIOBJIGHO pa3IMYHBIMU TPOMUISIMU HArpy3KH H

OIpECaACIIACTCA 3aKOHOAATCIbCTBOM 00

nHpopmaruzarmu [2].

YpoBenb 4 — aHanmuTHUECKOE AApO. BrImomHser
JETeKIHI0 OOBEKTOB W MPU3HAKOB YPE3BBHIYAHHON
CUTYaIll{, aCCOIMALMIO COOOIIEHU, OIEHKY Yyrpos,
MPOrHO3UPOBAHHE pa3BUTHS 00CTaHOBKU u
(dhopMupoBaHue MIPEIIOKECHU M mno COCTaBy
MPUBJIEKAEMBIX CHJI M CpeCTB. MOJIeNI 3TOro YpoBHsI
COCTaBJIIIOT TIPEMET OTIAEIBHOTO HCCIENOBaHUS U
30€Ch paccMaTpHBaIOTCA Ha YPOBHE WHTEpQencoB
B3aUMOJICUCTBUA. YPOBEHb 5 — TIPEJACTABICHUE U
B3aMMOJICHCTBHE — ¢dbopmupyer EIMHYIO
CHTYaIlMOHHYIO KapTHUHY Ha BHIEOCTEHE KOMaHIHOTO
IIYHKTA, POJIb-OPUEHTUPOBAHHbBIE
aBTOMAaTU3HpOBaHHbIE paboune MecTa, MOOWJIbHBIC
KJIMEHThl JUIsl TOApa3AENeHUMl U  IIporpaMMHbIE
uHTEepEHCH ISl CMEXHBIX BeoMCcTB. CyllecTBEHHO,
9TO  JUI1  K&XIOro  OoToOpaxkaeMoro  o0ObekTa
0OCTaHOBKM COXpaHSETCS BO3MOXKHOCTH MEpexofia K
MEPBUYHBIM JaHHBIM, Ha OCHOBAaHMU KOTOpPBIX OH
chopMUpOBaH: 3TO 00ECIIEUNBAET JOBEPHE OIEepaTopa
K aBTOMaTH4yecKH CBEIEHHON KapTHHE.

C. Mooenv cnusanus pazHopooOHbIX OAHHBIX

ChusHMe OpraHmM3yercsi B  COOTBETCTBHH C
ypoBHeBoi mopenpto JDL, mpemnoxkernnoit B [13] u
pa3BUTON MNPHMEHHWTEIBHO K 3ajadaM  OIEHKH
curyarm B [15]. Cxema o0pabGoTku mpuBeneHa Ha
pucynke 2: ©Ha ypoBHe LO  BemonHsercs
npenobpaboTka curHanoB, Ha L1 — omeHka
OTZICJIbHBIX O0BEKTOB, Ha L2 — OlleHKa CUTyaIluu Kak
COBOKYITHOCTH CBsI3€i MeX1y HUMH, Ha L3 — omenka
yrpo3, Ha L4 — yTouHeHue camoro mpomecca cGopa,

cpokamu  xpanenus. Ilopsmok  dopmupoBaHuUs
BKJIFOUas TIepCHAICTMBAHAE OCCIHMIOTHBIX aIapaToB U
COOTBETCTBYIOIIHX I/IH(i)OpMaHI/IOHHBIX PECYPCOB  yavienenne yacToTsl OIIpOca JaTYUKOB.
Lo 1 1.2 L3 14
IIpeno6padorka Onenka Onenka OneHka YrouHeHHe
CHCHAJIOB 00beKTOB CHTYAIINH yrpos npouecca
duIETpanus, JIeTeKIINA, CBA3H MEXITY HHJICKC yIpagieHne
KanuGpoBka TpEKH obLeKTaMu [pHOPUTETA JaTYRKaMK

obpamuas cesze: nepenayerusanue BITIA u usmenenue yacmomol onpoca OamyuUKos

Pucynok 2 — KonBeiiep ciMsiHMs JaHHBIX M0 YpoBHAM Moaean JDL
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KuroueBoii omeparwieil sBIsieTCsl accolyanus —
pEIIeHHe O TOM, OTHOCATCSA JIM JiBAa COOOIIEHHS K
OMHOMY COObITHIO. st cooOmmieHuid €-i u  e-j
npeJUlaraeTcss  HOPMHPOBAHHAs — IPOCTPAHCTBEHHO-
BPEMEHHAs METPHKA

d(ei, ej) =N/ s/ as)? + (At ] 67)? ]
1)

rime AS — paccTOsiHUE MeXITy KOOpAHHATAMHU
co001IeHn i, M; At — pa3HOCTh BPeMEH HAOJIIOICHUS,
C; ©0S W ot — XapakTepHble MaclITadbl
MPOCTPAHCTBEHHOW M BPEMEHHON HEOMPENEIEHHOCTH,
3aJlaBacMble JUIA KaXKIIOW Mapbl KJIACCOB MCTOYHHKOB.
Co00I1IeHHsT OTHOCATCS K OIHOMY coObIThio mipu d(e-i,
e-j)) < 1| ¥u COBMECTUMOCTH WX THIIOB IIO
BEJJOMCTBEHHOMY KJIaCCU(HUKATOPY.

3HavYeHHs GS U Gt CYHIECTBEHHO Pa3JIMYaroTCs 110
UCTOYHMKAM: JUIi  CTAalMOHApPHOIO  JlaT4ydKa
NPOCTPAHCTBEHHAs HEOMPEACIEHHOCTh COCTaBIISET
€JIMHUIBI METPOB, JJIsi OOpaileHus B ciyx0y 112 6e3
TOYHOW MPUBSA3KH aOOHEHTa — COTHH METPOB. JTO
JieNaeT HEMPUMEHUMBIM €IUHBIA TIOPOT acCOLHMAINN U

TpeOyer ero muddepeHIManun 10  KjaccaMm
HUCTOYHUKOB.

Bropas knmrodeBas omeparysi — arpermpoBaHHe
noctoBepHocTH. Ecmm  coObiTHE  TOATBEPIKACHO

HCCKOJIbKMMH HEC3aBUCHUMBIMH HCTOYHHKaMH, €ro
HUTOroBass MJOCTOBEPHOCTH JOJDKHA BO3pacCTaTrb, HE
IMpeBbIIas CAUHUIIBI, JJIA 4€T0 UCITOJIB3YCTCA IIPaBUJIO

Cle)=1—-]d—-rk-qgk), k=1, ..., m
)

rae r-k — xoadduimeHT HaaéKHOCTH UCTOIHHKA
K, ompenmensemblii 1O CTaTHCTUKE €ro JIOXKHBIX
cpabatpiBanuii; -K — yBEpEHHOCTH JETEKTOpa WU
orneparopa B KOHKPETHOM COOOLICHHMH; M — YHUCIIO
HE3aBUCHMBIX UCTOYHUKOB, ITOITBEPIMBIIHNX COOBITHE.

[Iparuio (2) dhopmanusyer mporeaypy, KOTOpyro
ONBITHBI  ONEPATHBHBIA  JCKYPHBIA  BBIIOJIHSET
WHTYWTUBHO: OJTHO COOOIIEHHE U3 CIIy:KObl 112 maét
HEBBICOKYIO UTOTOBYIO JIOCTOBEPHOCTh, OJHAKO TPH
HE3aBHCHUMBIX OOpaIlleHWsT W3 OJHOr0 palioHa B
COUETaHMM C IIOKa3aHWEM TEIUIOBOIO0 H3BEIIATEIs
MOBBIMNAIOT €€ J0 3HAYCHUM, NIPU KOTOPBIX COOBITHE
oroOpakaercsi kak mnoAaTBepkAEHHOE. KOHGMIMKTEI
MEXIy WCTOYHMKAMHU Ppa3pelialoTcss MO MPaBHITy
MPHOPUTETA: MHCTPYMEHTAIBHBIN HCTOYHHK C Oolee
BBICOKUM  KOD(PPHUIMEHTOM  HAAEKHOCTH  HMECT
MPEUMYIIECTBO NIepe/l COOOIICHUEM YeTIOBEKa, OJIHAKO
MPOTUBOpPEUHE 0053aTEIEHO (DUKCUPYETCS B KApPTOUKE
COOBITHS W TIPEIBSABISETCS OIEPaTOpy, MOCKOJIBKY
pacxoXkJieHHe WCTOYHMKOB 4YacTO YKa3blBaeT Ha
OBICTpOE M3MEHEHUE 00CTaHOBKH.

PE3YJIBTATBI 1 OBCYXKJIEHUE

A. Hedyynkuyuonansusie mpebosanus

OyHKIMOHAFHAS ~ MOJHOTA  TUIATQOpPMBI  HE
rapanTupyer e€ NPUTOAHOCTH JUIS OINEPaTUBHOrO
NPUMEHEHUSI — OIpe/IeIIIONee 3HAUYCHHE HMEIOT
He()yHKIMOHAIBHBIE  XapaKTePUCTHKH,  IIEJIeBbIC
3HA4YEHUs1 KOTOPBIX IPUBEIEHBI B TaOmMIe 3.

Tabauna 3 — HepynkumonanbHble TpeGoBaHus K miaTgopme

XapakTepucTuka

IesieBoe 3HaYeHUE

Ob6ocHoBanmne

3anepikka oT

He 6onee 15 ¢ qs

ConocTaBUMOCTh C TEMIIOM

COOBITHS 10 MHCTPYMEHTAJIBHBIX pa3BuTHs 00CTaHOBKHU
0TOOpaKeHHUSI HCTOYHUKOB

HoctynHocTs He Huxe 99,9 % B rox Kpyraocyrounsnii pexum
KOHTYpa HECEHUs IeXKypCTBa
yIpaBJIeHUS

ABTOHOMHOCTH TIpH
MOTEpE CBSI3H

He menee 24 1 6ydepuzanvn
Ha TPaHUYHOM Y3Iie

YcnoBus oTOanéHHbIX PaiOHOB

MacmrabupyemocTsb

Or paiioHa 10 pecryOauKH
0e3 CMEHBI ApXUTEKTYPBI

[ToaranHoe pa3BEpThIBaHHE
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IIpocnexuBaemocts | IlomHBI aymuT onepanuii u IOpuaueckas 3HaYNMOCTh
perieHuit MEPBUYHBIX JAHHBIX el CTBHI
3amura CootsetctBue TpeOoBanusiM | O6paboTKa oOpaleHuii rpaxian
MEePCOHATBHBIX 3aKOHOJATEIbCTBA
JTAHHBIX
OtpenbHOrO  BHUMaHMs — TpeOyeT — 3aliMTa HE pelIalouMX 3a7ady IJyOOKOM HHTerpauuu ¢

uHpopmanuu. B moroke obOpamennii ciyxoer 112
HEn30€XHO NPUCYTCTBYIOT IIEPCOHAJIBHBIE JIaHHbIE
3asgBUTENICH W TOCTpajaBIIMX, 00pa0dOTKa KOTOPBIX
perymupyetcss 3akoHoMm PecryOommkun Kazaxcran «O
MEpPCOHANBHBIX JNaHHBIX © UX 3ammre»  [3].
ApPXHUTEKTYpHBIM OTBETOM Ha 23TO TpeOoBaHUE
SBIISIETCS pa3/ie]IcHue KOHTYPOB: OIEPaTUBHBIN KOHTYP
pabotaer ¢ 00E3MMUEHHBIMH KapTOYKaMHU COOBITHH,
TOrJa KaK NepcOHU(HULINPOBAHHBIEC CBECHUS XPAHSITCS
OTJIENTEHO M JIOCTYITHBI OTPaHMYEHHOMY KPYTY POJIEH C
00s13aTeTbHONW pEeTUCTpAITUEeil KakIoro oOpalieHus B
JKypHaJje ayaura.

B. Mooenv enedpenus u oxcuoaemoliii 3¢hghpexm

Buenpenue 1aT(hOpMBI 1esnecooopasHo
MPOBOAWTH B TpHU 3Tamna. Ha mepBoM pasBopaunBaercs
MUJIOTHBIA KOHTYpP B OJJHOM IMaBOJKOONACHOM pailloHe
C  OrpaHM4YeHHBIM  HAa0OpPOM  HMCTOYHHKOB
THUAPOIIOCTHI, METEOJaHHBIE, OOpalIeHns CiTy>X0b1 112
W 7Ba-Tpu OECHMJIOTHBIX ammapara; Iedb dTana —
0TpaboTKa aganTepoB U MOJIETM COOBITHS Ha PEeaTbHBIX
JaHHbIX. Ha BTOpoM KOHTYp THpakupyeTcsi Ha 006JacTh
C MNOAKJIIFOYEHUEM JaTYNKOB ITPOMBIIIIJICHHBIX
00BEKTOB M UHTETpalueil co CMEKHBIMH BEIOMCTBAMH
no mnporokomy CAP. Ha Ttpersem Qopmupyercs
pecnyOJIMKaHCKUH ~ ypOBEHb C  arperupOBaHHOM
KapTHHOH 00cTaHOBKM. Takas MoclieqoBaTeIbHOCTh
JTa€T NPaKTUYECKUI pe3ynbTar y>Ke€ Ha IIEPBOM ITalle U
CHIDKACT PHUCK, XapaKTEepHBIA AJISl OIXHOMOMEHTHOrO
BHEJIPEHUSI KPYTTHBIX HH(OPMAIIMOHHBIX CHCTEM.

OrnieHKy 3¢ (heKTHBHOCTH Mpe IaraeTcs IPOBOUTh
MO MOKa3aTelsIM, U3MEPUMBIM JI0 U TIOCJIEe BHEIPEHUS:
BpeMsl (OPMHUPOBAHUS CBOJHOW OOCTAHOBKH IIO
paiioHy, A0 COOBITHI, MOATBEPKAEHHBIX OoJiee ueM
OJTHMM HMCTOYHHKOM, BPEMsI OT MOCTYIUICHUS IEPBOrO
COOOILEHUsT 1O NMOCTAHOBKU 33/1aul MOJPa3/IeIECHHUIO.
IIpennoxxennas merpuka accoruarwu (1) u mpaBwIiTo
arperupoBaHusl JOCTOBEPHOCTH (2) obecrnednBaroT
(bopMan30BaHHYIO U BOCIPOU3BOJUMYIO OCHOBY JJIS
pacuéra JSTHX TIIOKa3aTelied Ha JTane NHIOTHOTO
BHEJIPEHHUSI, YTO OTJIMYAET MPElaraéMoe peleHre oT
paccMOTpeHHBIX 3apyOexHbIX Miatdopm (Tadbmmua 1),
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MMEPBUYHBIMHA UCTOYHUKAMMU.

3AK/IIOYEHHE

B pabore 06ocHOBaHa 1 pa3paboTaHa apXUTEKTypa
eMHOW TIaT(OPMBI  CUTYAIIMOHHOTO YIPaBJICHUS
MUC Pecny6mukn Kazaxcran. Ilokazano, d9to
OTPaHUYMBAIOIINAM (PAKTOPOM JISHCTBYIOMIETO KOHTYpa
yOpaBjieHUs BBICTYHNAaeT HE AeQUIMT MEepBUYHBIX
JIaHHBIX, a WX BEJIOMCTBEHHAas pa3pO3HEHHOCTH,
BCJIEJICTBHE YET0 MEPEeX0]] OT BOCIPHUATHS 00CTAHOBKH
K €€ MOHUMAaHUIO U POTHO3UPOBAHUIO BO3JIAraeTcs Ha
oreparopa.

BbIonHEeH CpaBHUTENBHBIA aHAN3 3apyO0eiKHBIX
m1aThopM YIPaBICHUS KPUTUUICCKUMH COOBITUSMH W
MOKa3aHo, YTO MX MPUMEHEHHE B Ka4eCTBE OCHOBHOI'O
KOHTypa ymnpaBieHus B Pecnyomuke Kasaxcran
OrPaHHYCHO TPEOOBAaHMSMU K PA3MEILICHHIO JaHHBIX,
OTCYTCTBHEM  aJanTepoB K  OTEYECTBEHHBIM
MCTOYHHKAM H OTCYTCTBHEM IOIICPKKH Ka3aXCKOIro
s3piKa. [Ipe/yiokeHa TSTHYpOBHEBAs apXUTEKTypa

1aThOPMBI co CKBO3HBIM KOHTYpOM
nHpOpPMAIMOHHON  0e30macHOCTH,  pa3paboTaHbl
eIuHas MOJeNlb COOBITMS W MOJENb CIUSHUSA
Pa3sHOPOIHBIX JaHHBIX, BKJIIOYAOLIAs
HOPMHUPOBAaHHYIO IPOCTPAHCTBEHHO-BPEMEHHYIO

METPHUKY accoranuu coobmenuii (1) u mpaBuio
arperupoBaHUs JIOCTOBEPHOCTHU 2).
ChopmynupoBaHbl He(yHKITMOHAIBHBIC TPEOOBAHUS H
TpEX3TanHas MOJeNb BHeapeHusd. HanpasieHuem
JANBHEHINMX HCCIEOBAHNN SIBISIETCS pa3padoTKa U
SKCIIEpUMEH TAJIbHAS MPOBEpKa Mojeneit
aHAIMTHYECKOTO  sijipa  MAAaThOPMBI OLICHKH
MPUOPUTETA YIPO3 M paCHpeeNiCHUs CHJI U CPEICTB
pearupoBaHusL.

KOH®JUKT UHTEPECOB

ABTOpBI 3asBIAIOT 00 OTCYTCTBUM KOH(IHMKTa
WHTEPECOB.

BKJIAJI ABTOPOB
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Abstract — The article presents a theoretical, methodological, socio-philosophical analysis of the transformation of
humanities knowledge and creative education (art and design) under the influence of platformization and digital
communication. The scientific novelty of the study lies in the systematization and theoretical generalization of
contemporary academic discussions on the transformation of art education, as well as in the author's conceptualization of
a hybrid techno-humanitarian balance that preserves the reflective and critical potential of humanities knowledge in the
era of open platform knowledge. The research objectives are as follows:

- to identify the theoretical and methodological foundations for studying open knowledge platforms within the context of
critical theory and the sociology of communication (Th. Adorno, N. Luhmann, M. Foucault, B. Latour);

- to reveal the essence of the contradiction between the neo-Enlightenment concept of the operational democratization of
knowledge and the risks of superficial content assimilation (“playing at culture");

- to evaluate the impact of platformization on the academic status of educators, the precarization of intellectual labor, and
the spread of the "professional-amateur™ (ProAm) phenomenon under conditions of "normal anomie";

-to determine the specifics and limits of effectiveness when using open platforms in art and design education, where
reflexivity, practical craft, and live dialogue remain defining factors.

Amidst a total "spatial turn" and the shift of educational processes into open network environments, debates
intensify regarding the status of academic expertise, the risks of "normal anomie," and the devaluation of foundational
knowledge. The study consistently juxtaposes the concepts of critical theory (Th. Adorno), archaeology of knowledge
(M. Foucault), actor-network theory (B. Latour), and the sociology of communication (N. Luhmann) with modern
empirical research on Massive Open Online Courses (MOOCs) and educational platforms. Particular attention is paid to
the ProAm (professional-amateur) phenomenon, the precarization of pedagogical labor, and the challenges of integrating
generative artificial intelligence technologies (2024-2026) into the training of artists and designers.

Keywords — open knowledge platforms, art education, design education, spatial turn, culture industry, actor-network
theory, ProAm, precarization, techno-humanitarian balance, generative Al.

3AMAHAYH IBIFAPMAIIBIJIBIK BIJIIM BEPYJIEI'T AIIBIK
IHVIAT®OPMAJIAP JTUCKYPCbI ’)KOHE
TEXHO-I'YMAHHUTAPJIBIK TEIIE-TEHAIK

ABTOp TypaJjibl aKnapar:
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Kaszakcran, https://ORCID: 0000-0001-9954-6019, e-mail: hrizopraz-57@mail.ru

Ab6cmpaxm — Makanaia waTgopMaIaHIpIpy MEH CAaHABIK KOMM YHUKAIMSTHBIH BIKITATBIMEH TYMAHUTAPIIBIK OUTiM MEH
NIBIFAPMAITBUTBIK  OimiM - Oepymi  (eHep JkoHe IM3aiiH) TpaHCHOPMANMSUIAYIBIH TEOPUSUTBIK-OiCHAMAIIBIK JKOHE
ONIeYMETTIK-QUIOCOPUAIBIK ~ TalAaybl  YCBIHBUIFAH.  3epTTEyMiH  FBUIBIMH  JKaHANBIFBl  apT-Oimim  Oepymi
TparchopMaImsIIay Typaibl Ka3ipri 3aMaHFEl FRUTBIMH TIKipTaIacThl KYHeNey KoHe TEOPHSUTBIK KaJbUIay, COHAai-aK
amplK 1IaTGopMaiblK OUTIM [OyipiHAe TYMaHHTapibIK OUTIMHIH pe(IeKCHSUIBIK JKOHE CBIHH ONIEyeTiH CaKTaHTHIH
THOPHUATIK TEXHO-TYMaHHUTAPIBIK TEHrepiM TYKBIPBIMIAMACHIHBIH aBTOPIBIK HeETi3/eMeci OONBIT TaObUTaIbl. 3epTTey
MIH/IETTepi MBIHAJAPIaH TYPaIbL:

- KOMMYHHKAIWSUIAPIbIH CIHHA TeOpHsichl MeH oneymertanysl (T. Anopao, H. Jlyman, M. @yxko, B. Jlatypa) KoHTeKCiHIE
amIbIK O1iM 1aTdopManapblH 3epAeiey/IiH TeOPUITBIK-9/[iICHAMAJIBIK HETi3/IepiH aHBIKTAY;

- OlTiMAIl ONEepaLMSITBIK AEMOKPATHIIAHABIPY/IBIH HEO-aFapTYIIBUIBIK TY>KBIPBIMIaMachl MEH KOHTEHTTI YCTIPT MEHIepy
Toyekesnaepi (<MoICHHETKe OMHAY») apachIHIAFbl KAHIIBUIBIKTHIH MOHIH alIy;
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- m1atdopManay/iblH OKBITYIIBIHBIH aKaIeMISUIBIK MopTeOeciHe, 3USATKEpIiK eHOEKTIH IpeKapHu3alisIchiHa >KoHE
«KAJBINTHI AaHOMUSI» KaFJalbIHIa KKICiOH oyecKoiIbIK» (ProAm) deHoMeHiHIH TapanyblHa ocepiH Oaranay;
- pedIIeKCHUBTIIIIK, MPAKTUKAJIBIK KOJIOHEP KOHE Tipl AUANOr alKbIHAAYIIEI OOJBIN KalaThIH KOPKEM XKoHE AN3aHHEepIiK
MaMaHBIKTapFa OKBITY/Ja allbIK IU1aThopMaap/s! nainanany THIMIUTITIHIH epeKIIeNiri MeH IIeKTepiH aHbIKTAY.
XKanmait «keHicTIKTIK OypbUTy» >koHe OisliM Oepy IpolecTepiHiH albIK XKETUIK OpTara BIFBICYBI JKaFJalbIHIa
aKaJIeMISUIBIK capalTaMaHbIH MapTedeci, «KaJbIIThl aHOMHUS» TOyeKelzepl jkoHe ipreini OUTIMHIH JeBaJibBalUSCHI
Typajbl mikipranacrap mumeneniceni. XXympicra ceian Teopus (T. AnopHo), OutiM apxeonorusicel (M. ®yko), akrepiik-
xeninik Teopust (b. Jlatyp) xone xommyHuKarwst counonorusicel (H. JlymaH) TyKbIpbIMIaManapbl OYKapaiblK aibIK
onnaiH-kypcrapasiH (MOOC) xone Ginim Oepy miatdopmazapbiHBIH Ka3ipri 3aMaHFbl SMIMPUKANBIK 3epTTeyIepiMeH
JIOWEKTi calbICTBIphUIa bl ProAmM (kaciOu oyecKoWnbIK) (heHOMEHIHE, OKBITYIIBUTBIK €HOSKTI ITpeKapu3alusiIayra ;KoHe
CypeTmIiiep MeH Au3aifHepiiep/ii OKBITYFa >KacaH/bl MHTEIUIEKTTIH TeHEPaTHBTIK TEXHOJIOTHSUIAPbIH UHTETpalisIayra
(2024-2026 >0K.) epekiiie Ha3ap ayaapbUIIbL.
Kinm co30ep — ambik OiiM utatdopManapsl, apT-0itim, An3aiiH-011iM, KEHICTIKTIK OYpBUIBIC, MOJIEHH WHIYCTpUS,
aKTepJIiK-)KeNTIK TeopHst, PrOAM, npexapu3sanus, TeXHO-T'yMaHUTAPIIbIK TeHrepiM, renepatusti M.

JACKYPC OTKPBITBIX IIAT®OPM U TEXHO-TYMAHUTAPHBIN
BAJTAHC B COBPEMEHHOM TBOPYECKOM OBPA30BAHUU

HNnpopmanus o6 apTope:
HoBanasimko I'anuna HukosiaeBHa, Mex1yHapoHbI YHUBEPCUTET AcCTaHa,

010000, Kabaubas, 8, Acrana, Kaszaxcran, ORCID: 0000-0001-9954-6019, e-mail: hrizopraz-57@mail.ru.

Annomayun — B cratbe MpPEACTaBICH TEOPETHKO-METOMNONOTHYECKUIl M coluanbHO-GHIoCOpCKUil  aHamm3
TpaHcopMalui TYMaHUTAPHOI'O 3HAaHMM M TBOPYECKOro oOpa3oBaHusl (MCKYCCTBO W JU3aifH) MO BIMSHHEM
mwiatopmuzanuu 1 UQpPoBoil KOMMyHHKalK. HaydHass HOBU3HA MCCIIEOBAHHS 3aKJIIOUAETCSl B CHCTEMATH3alUH U
TEOpeTHYecKoM OOOOIEHNN COBPEMEHHON Hay4dHO#l IUCKyccMH O TpaHchopMaluu apT-o0pa3oBaHMs, a TaKkKe B
ABTOPCKOM OOOCHOBAaHUM KOHIIEMIIMU TMOPUAHOIO TEXHO-TYMaHUTAPHOTO OallaHca, COXPaHSIOUIEro pedaeKCUBHBIN U
KPUTHYECKUH IOTEHIMA] I'YMaHUTAPHOTO 3HAHUS B 9Py OTKPBITOrO IUIaT(OPMEHHOr0 3HaHWA. lcciemoBaTenbckue
3aJ]a4M COCTOAT B CIICIYIOLIEM:

- BBISIBUTH TEOPETUKO-METON0JIOTMYECKUE OCHOBaHUS U3Y4EHUA IUIATGOPM OTKPHITOrO 3HAHUS B KOHTEKCTE KPUTHIECKON
TEOPUH ¥ COLIUOIOTHN KOMMYHHKALIHI;

- PACKpBITH CYLIHOCTH IPOTUBOPEUUS MEXIY HEO-IIPOCBETUTENILCKOM KOHIENIHUEH ONepaldOHHON NeMOKPaTH3aLUU
3HaHUS U PUCKAMU NTOBEPXHOCTHOTO YCBOEHHS KOHTCHTA (KUTPHI B KYIBTYPY»);

- OLICHWUTH BIMSHUE IUIATGOPMHU3ALMM HA aKaJIeMHUYECKHH CTAaTyC MpernoAaBaTelis, IPeKapu3aliio HHTEIUICKTYyaIbHOT O
TpyZla W pacrpocTpaHeHne (eHOMeHa «IpoecCHOHAIBHOro JoduTenscTBay (PrOAM) B yCIOBUSIX «HOPMAaIbHOU
AHOMUN;

- ompenenuts crnenuduKy W TrpaHulbl 3(GEKTUBHOCTH UCHOIB30BAHUS OTKPBHITBIX IUIATGOPM B 00ydeHHH
XYIO)KECTBEHHBIM U IU3aIHEPCKUM CIIEHUATIBHOCTAM, TI€ OIPEIENAIONIIMMHI OCTAIOTCs pe(IeKCHBHOCTD, IPAKTHYECKOE
PEMECIIO U KUBOM IUAJIOT.

B yclOBHAX TOTaJbHOIO «IPOCTPAHCTBEHHOI'O MOBOPOTa» M CMEIIEHUS OOpa3oBaTENBLHBIX NPOLECCOB B OTKPHITHIE
ceTeBble Cpelbl 000CTPSIOTCS AUCKYCCHH O CTaTyce aKaIeMHYecKOH JKCIEPTH3bl, PHCKaX «HOPMAajbHOH aHOMHW» U
JeBaJIbBAlMK (YHIAMEHTAJIBHOrO 3HaHWA. B paboTe MmocienoBaTeNbHO COIOCTABIISIOTCS KOHLENTHl KPHUTHYECKOH
teopun (T. Amopno), apxeonmormm 3HaHus (M. ®Dyko), akropHo-cereBoir Teopuu (b. Jlatyp) u commonoruu
komMmyHuKanuii (H. Jlyman) ¢ coBpeMEeHHBIMU SMIIMPHYESCKIMH UCCIIEIOBAHUSIMU MAaCCOBBIX OTKPBITHIX OHJIAHH-KYPCOB
(MOOC) u obpasoBatensubix miatgopm. Ocoboe BHHMaHHe ymedeHo (eHomeHy ProAm (mpodeccrnoHaaIbHOTO
TMIOOHUTENBCTBA), NPEKApU3aLUK IIPEHoJaBaTeIbCKOrO Tpyda M BBI30BAM HHTETPAMH T'€HEPATHBHBIX TEXHOJOTHH
HCKyCCTBEHHOT0 nHTeIUIeKTa (2024-2026 rT.) B 00ydeHrnEe XyI0KHIUKOB U AU3AHHEPOB.

Kniouesvie cnosa — 1uaThopMBl OTKPBITOrO 3HaHUS, apT-00Opa3oBaHMe, AW3aiH-00pa3OBaHWE, NMPOCTPAHCTBEHHBIN
MOBOPOT, KYJBTYpHHIYCTpHUS, AKTOPHO-CeTeBas TeopHus, ProAm, mnpekapu3aims, TEXHO-TYMaHHTApHBIA OajaHC,
re”HepaTuBHbId NN

KEY FINDINGS amateurism (ProAm) creates a state of anomie, within
1. It has been established that open which the expert status of academic instructors is
knowledge platforms operate within the framework  devalued in competition with digital bloggers, and
of the culture industry, where the operational intellectual pedagogical labor becomes precarious.
accessibility of information is coupled with the risk 3. The specific limits of the effectiveness of
of transforming fundamental reflexive-discursive platform-based learning in the field of art and design
knowledge into a simulacrum “game of culture” and  have been identified; it has been shown that open
a superficial format of media “stories.” digital courses can serve only as a supplementary
2. It has been demonstrated that the large- educational resource but cannot replace live studio
scale expansion of the phenomenon of professional
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mentorship and the subject-specific, practical
foundation of training for creative professionals.

4. A conceptual model of a hybrid balance
between technology and the humanities in higher
education has been substantiated, ensuring the
integration of open digital competencies while
preserving the fundamental academic quality and
reflective autonomy of professionals in the fields of
art and design.

INTRODUCTION

1.1 The Relevance of the Study and the
“Spatial Turn” in the Humanities

An analysis of the current state of knowledge
in the humanities—both now and in the near future—
is a relevant and in-demand area of research; at the
same time, it is extremely complex due to the
diversity of humanities knowledge itself, which has
shifted into the realm of digital communication. The
overall situation at the beginning of the 21st century
is characterized by the rapid expansion of the
functional capabilities of digital communication in
virtually all spheres of social, economic, and cultural
activity. Digital communication processes, having
taken over the entire sociocultural space, raise the
broader issue of the status of the humanities within
digital platforms [1].

Against the backdrop of high demand for
remote and expedited methods of acquiring
knowledge, it is precisely the humanities and arts-
and-aesthetics segment that bears the heaviest burden
in the modern education system, as the flow of
uncontrolled, unverified content is particularly high
in this area. The evolving digital environment has
created unprecedented opportunities for various
educational projects tailored to the demands of a
dynamic and turbulent market.

In these circumstances, there is a pressing
academic need to reflect on the current state and future
prospects of education in the creative disciplines
(graphic design, architecture, digital art, media design).
In the humanities, the so-called ‘spatial turn’ has
become clearly evident, resulting from the dynamic
formation of a unified communicative space permeated
by information flows of total virtual reality [2].
However, in most existing monographs and articles, the
new digital reality is interpreted primarily in
technological or marketing terms — without a deep
humanistic dimension. Meanwhile, at the centre of this
space remains the individual, seeking dialogue with the
modern world, adapting to constant technological shifts
and capable of continuous self-learning. In the author’s
view, the humanities realise their true potential not when
they strive to be purely utilitarian and immediately
practical, but when they engage in the production and
accumulation of diverse modes of thought, and in posing
new questions and problems that shape culture and the
social environment.
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The education system’s response to the
pervasiveness of the global internet has been the
widespread emergence of open knowledge platforms
in the form of open online information and media
structures [2]. Within a short historical timeframe,
this process has transformed the nature and type of
cultural orientations within society, in which
operational criteria and the rapid accessibility of
knowledge have come to take precedence over
fundamental principles. The main research gap lies in
the fact that the phenomenon of open knowledge
platforms is primarily analysed without reference to
the humanities, whilst the issue of the effectiveness of
this form of learning as it applies to the specific nature
of creative disciplines in the fields of art and design
remains unresolved and insufficiently studied.

The scientific novelty of this work lies in
bridging the research gap whereby open knowledge
platforms are predominantly considered outside the
context of the humanities and anthropology. The
author has conducted a comprehensive socio-
philosophical analysis of the ‘platformisation’ of
higher education as it relates to the specific nature of
training specialists in creative fields (art and design).
The study conceptualises the risks of fundamental
knowledge being transformed into media ‘stories’
and of the devaluation of the academic status of
teaching staff in the context of the spread of the
ProAm phenomenon; it also provides a scientifically
grounded justification for the need to establish a
balance between technology and the humanities in art
universities.

1.2 Theoretical and methodological
discourse: from critical theory to actor-network
theory

Understanding platform-based knowledge
requires a robust theoretical foundation. Whilst
contemporary research perspectives have been
analysing platforms since the dawn of the new
century, the Frankfurt School had, much earlier,
warned of the danger of knowledge being turned into
a commodity. Theodor Adorno noted that the overall
consequences of the functioning of the culture
industry can be characterised as  ‘anti-
Enlightenment’. In the concept developed by T.
Adorno and M. Horkheimer, the progressive
technical domination of nature under the conditions
of mass industry turns into mass deception and
shackles for human consciousness, hindering the
formation of autonomous, independent individuals
capable of making independent and conscious
judgements [3].

Michel Foucault’s ideas are key to
understanding how discourse functions on open
platforms. In The Archaeology of Knowledge, M.
Foucault defines discourse as ‘the plane on which
objects, types of speech acts, concepts and strategic
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choices emerge’ [4]. In the context of platformisation,
the question arises: is this reflexive plane preserved
on open platforms, or is it replaced by a formalised
algorithm for algorithmic content delivery?

Niklas Luhmann’s sociological approach
draws attention to the space of possibilities for
experience and action, where communication is not
reduced merely to the transmission of information,
but requires a deep understanding of the message by
the recipient [5]. For his part, Bruno Latour, within
the framework of actor-network theory (ANT), re-
examines the category of the ‘social’, demonstrating
how an actor opens up a space in which the
components of the world are brought into being,
whilst the network acts as a medium for movement,
types of information and trials that draw the world
inwards and push it back outwards [6]. Interactions
within the global network shift the boundaries of
participants, creating a hybrid reality in which the
educational process ceases to be a local institutional
act.

1.3. Problem Statement and Research
Questions (RQ)

Despite two decades of research into online
learning, the specific nature of platform-based
education in the field of art and design remains a
subject of intense academic debate. In light of this,
this study formulates three key research questions
(RQs):

RQ1: Does the reflective, critical and
meaning-generating potential of humanities and arts
discourse remain intact when transferred to open
knowledge platforms?

RQ2: Are open knowledge platforms a fully-
fledged institution of art and design education, or do
they constitute a form of marketing-driven staging of
neo-Enlightenment?

RQ3: How will the phenomenon of ProAm
(professional amateurism), digital anomie and the
large-scale integration of generative Al (2024—-2026)
transform the status of the artist-teacher and the
professional identity of graduates in creative
disciplines?

MATERIALS AND METHODS

Methodological framework

The study is based on a comprehensive
interdisciplinary approach combining the following
methods:

1. Critical discourse analysis (CDA) was used
to examine academic publications, open platform
manifestos and the structure of educational content,
with the aim of identifying the hidden ideologemes of
‘neo-Enlightenment’ and platform capitalism.

2. Actor-network theory (ANT, B. Latour)
was applied to conceptualise the educational platform
as a hybrid network bringing together human actors
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(lecturers, students, tutors, ProAm bloggers) and non-
human actors (recommendation  algorithms,
interfaces, generative neural networks, data
structures) [6].

3. A comparative analysis enabled us to
contrast the fundamental institutional models of
university arts education with the didactic structures
of Massive Open Online Courses (MOOCs).

Source base and incorporation of concepts
for 2024-2026

The source base for this study is divided into
two interrelated sections. The core theoretical
framework comprises the works of leading figures in
philosophy and sociology (T. Adorno, M. Foucault,
N. Luhmann, B. Latour) [3, 4, 5, 6], as well as
fundamental works by Russian and international
researchers from 2014-2024 on the challenges of the
digitalisation of education (P. Kolozaridi, N.
Kuznetsov, G. Tulchinsky, I. Volnov, et al.) [7, 8, 9,
10]. The text incorporates the latest concepts of
platform capitalism in higher education (Platform
Capitalism in Education), theories of micro-
credentials (micro-credentials vs academic degrees),
the concept of generative design and algorithmic
mastery (Algorithmic Techne), as well as theoretical
models of hyperreal learning environments and
digital precarity in the academic sector.

RESULTS AND DISCUSSION

The Platformisation of Creative Knowledge:
Between Neo-Enlightenment and Marketing Illusion

The analysis showed that the academic
community’s response to the development of open
knowledge platforms ranges from cautious optimism
to radical criticism [1, 12]. Research by William G.
Bowen highlights that the use of third-party digital
platforms and Massive Open Online Courses
(MOOCs) in the university environment faces
significant organisational and technological barriers
[2]. The use of third-party platforms to supplement
traditional teaching highlights the problem of a
mismatch between the institutional environment and
the algorithm-driven delivery of material. E.
Shapinskaya and A. Lisenkova take a rather critical
view of the educational potential of commercial and
open media projects [1]. In their view, one should not
be misled by neo-enlightenment projects: they are, to
a large extent, a ‘game of culture’ that creates the
illusion for the consumer of gaining access to cultural
capital and fosters a comfortable but superficial
secondary reality. In contrast to formal university
education, which requires sustained effort and the
overcoming of the material’s challenges, open
platforms offer a lighter, more playful experience.

N. Kuznetsov highlights the ‘weak points’ of
distance learning, the main obstacle being the lack of
an established system for recognising the equivalence
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of online courses to traditional qualifications, as well
as the inconsistent and often extremely poor quality
of most of the mass-market courses available on the
market [8]. For their part, V. Fortunatova and E.
Valeeva emphasise that mass educational
technologies are predominantly of an enlightening
nature and can serve only as a supplementary addition
to the core of fundamental academic knowledge [12].

The interdisciplinary nature of internet
research, as pointed out by P. Kolozaridi, creates
additional  methodological  difficulties:  when
philosophers, sociologists and cultural studies

scholars study these platforms, the common language
is not determined by a single discipline, but by how
the research group formulates the subject and the
problem [7].

The ProAm (professional amateurism)
phenomenon, ‘normal anomie’ and the precarisation
of teachers

One of the most alarming consequences of
the platform shift is the transformation of the
institutional status of those involved in the
educational process. G. Tulchinsky rightly points out
that the widespread introduction of digital learning
resources serves as a means of administrative cost-
cutting on teaching hours [9]. This leads to the
transformation of teachers’ intellectual labour into
precarious labour — unstable, unguaranteed and
devoid of social protection.

O. Astafieva, E. Nikonorova and O. V.
Shlykova document society’s transition into a state of
normal anomie, in which trust is simulated against a
backdrop of individual vulnerability in the digital
environment [11]. The displacement of humanities
and arts knowledge from institutional spaces onto
open platforms gives rise to the large-scale
phenomenon of ProAm (professional amateurism),
conceptualised by C. Lidbiter and P. Miller [13]. In
the context of contemporary platformism, this
phenomenon takes on a pervasive character, blurring
the boundaries between institutional academic
expertise and networked amateur content production.
In digital reality, every user becomes a lecturer, an
expert and a bearer of ‘sacred knowledge’—roles
previously reserved exclusively for select specialists.
As a result:

1. university lecturers are forced to compete
directly with external bloggers in the marketing
arena;

2. fundamental academic knowledge is being
supplanted by the truncated, superficial format of
‘media stories’, clips and short videos;

3. the quality of the content consumed begins
to depend entirely on the basic digital literacy of the
user themselves, who is often unable to distinguish
imitation from scientific knowledge.
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The Specifics of Art and Design Education:
The Challenges of Generative Al and the Loss of
Tactile Craftsmanship

Unlike abstract and theoretical disciplines,
the training of artists, architects and designers has
always been based on the triad of poesis (inspiration),
mimesis (interpretation of nature) and techne (craft,
tactile mastery, physical work with materials).

A new challenge over the last 2-3 years has
been the widespread introduction of generative neural
networks (Midjourney, DALL-E 3, Stable Diffusion,
RunWay, ChatGPT) into design practice. Whereas
open-access platforms previously streamed pre-
recorded video lectures, today they offer algorithmic
generators capable of producing a finished visual
product in a matter of seconds. This is leading to a
radical transformation of the ProAm phenomenon:
now any amateur who has mastered basic prompt
engineering declares themselves a ‘digital artist’ or
‘designer’. As a result, there is a risk of losing a
fundamental ~ understanding  of  professional
composition, colour theory and art history, which are
being replaced by the mechanical reassembly of
others’ styles. A. Meron offers a different
perspective, arguing that the integration of generative
technologies and algorithmic services into practice
enhances the democratisation of visual production
[13]. This shifts the platform-based ProAm discourse
to the level of automated co-creation between humans
and Al.

I. Volnov, in analysing the balance between
technology and the humanities, rightly observes that
the hope for self-sustaining stability in an ecosystem
rests on a simple balance of technologies [10]. In art
education, this means that the increasing power of
generative algorithms must be offset by a
corresponding strengthening of the designer’s
philosophical, critical and conceptual training.

A comparison of  positions.
Enlightenment vs academic fundamentalism

Table 1 presents the results of the analysis,
comparing the two main positions in research on open
platforms.

Neo-

Table 1 — A comparative analysis of
conceptual approaches to open platform knowledge
Comparison The optimistic The critical
criteria approach approach
(neo- (the Frankfurt
enlightenment) School and
cultural
sociology)
Accessibility | The ‘Anti-
of democratisation | enlightenment’,
knowledge | of education and | the illusion of
the expansion of | cultural inclusion
ways of | and the ‘game of
knowledge’
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accessing
information
Status and Flexible, Fragmentary,
format of practice- superficial,
knowledge | oriented, reduced to the
operational format of social
knowledge media ‘Stories’
Role and Moderator, A precarious
status of the | facilitator —and | professional
teacher designer of the | forced to compete
educational with ProAm
programme. bloggers
Outcomes Developing A state of anomie;
and cultural | relevant cross- | the erosion of the
risks curricular fundamental
competences academic
foundation

A comparative analysis of the optimistic and
pessimistic approaches reveals a significant
conceptual contrast in the assessment of the
platformisation of creative education. The optimistic
paradigm views open platform-based education as a
tool for the democratisation of knowledge, where the
teacher acts as a coordinator of flexible educational
pathways, whilst the student acquires relevant cross-
disciplinary competences. In contrast, the critical
approach interprets digital transformation as ‘anti-
enlightenment’, where the fragmentation of the
academic foundation and the precarious nature of
teaching work lead to a state of anomie amongst those
involved in the educational process. Taken together,
this underscores the need to seek a hybrid balance
between technology and the humanities, leading to
the functional flexibility of networked platforms
without compromising the educational potential of
the traditional academic institution.

Platform capitalism and generative Al in
2024-2026

The phenomenon of platform capitalism in
education is clearly evident in the discussions of
2024-2026 [13]. Open-knowledge platforms are
ceasing to be purely altruistic educational projects;
they are transforming into gigantic data centres that
collect students’ digital footprints and monetise
attention. The phenomenon of platform capitalism
and the datafication of the educational sphere is
clearly evident. As a result, open knowledge
platforms cease to be purely altruistic educational
projects and are transformed into commercial
ecosystems that monetise students’ digital footprints
and attention. According to the latest critical research
[14], the transformation of the student from an active
learner into a ‘platform user’ (student as user) leads
to the educational process becoming heavily
dependent on algorithmic logic and the corporate
infrastructure of Big Tech.
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In the field of art and design education, this
trend is being exacerbated by the expansion of
generative Al services, which appropriate students’
digital drafts, sketches and prompts to train
commercial neural network models free of charge.
The result is an effect of aesthetic standardisation,
whereby the author’s individual reflective experience
is supplanted by averaged algorithmic templates,
whilst  students’  intellectual  property s
commercialised by platform capital. Educational
institutions become financially and technologically
dependent on external digital providers, which
significantly erodes the institutional autonomy of the
university and the digital sovereignty of higher
education. The emerging phenomenon of algorithmic
surveillance and the comprehensive collection of
behavioural metrics are replacing lively pedagogical
dialogue with dry analytics of engagement, narrowing
the scope for creative risk-taking, experimentation
and the deconstruction of canons. In these
circumstances, the key task of art education is not
merely to adapt to Al tools, but to foster critical
digital literacy among future designers and to
safeguard their conceptual independence in the face
of platform monopolisation.

Thus, in the field of design and the arts,
generative Al (in the terms of B. Latour) [6] emerges
asa new non-human actor. A neural network becomes
a cluster of actor-network relations, absorbing
millions of paintings and designs from past eras and
producing a compiled output. If education on open
platforms is reduced merely to training students to use
buttons and programme interfaces, graduates will be
helpless in the face of algorithms. The only
competitive advantage humans retain is their ability
to pose new problems, engage in critical discourse
and possess a deep understanding of cultural context.

Ways to Overcome Digital Anomie in Art and
Design Education

To maintain the quality of training for
designers and artists, a shift towards a hybrid model
striking a balance between technology and the
humanities is required. This model entails:

1. a clear division of functions, i.e. the
transfer of purely instrumental, technical and
software-based courses (software training, basic
coding, 3D modelling) to open platforms;

2. the institutional anchoring of values,
which entails the university retaining its role as a co-
working space where lively critique (reflection),
mentoring, working with materials and the formation
of the creator’s philosophical and ethical stance take
place;

3. the protection of authorship and expertise,
which entails fostering a legal and professional
culture amongst students (in the spirit of the historical
lessons of the ‘Hogarth Act’), enabling them to
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combat plagiarism and distinguish genuine design and a fundamental foundation, they create only

from ProAm imitations. an‘illusion of cultural engagement’ and exacerbate
the symptoms of ‘normal anomie’.
CONCLUSION Response to RQ3.
The present study yielded the following key The ProAm  phenomenon and the
findings, which address the research questions posed: introduction of generative Al (2024-2026) will
Answer to RQL. devalue superficial technical proficiency, blurring the

The transfer of knowledge from the boundaries between professionals and amateurs.
humanities and the arts to open platforms carries Higher education lecturers face the threat of
significant risks of discourse reduction. Instead of precarious employment and marketing competition
providing a space for the emergence of new meanings  from bloggers. Overcoming this crisis is only possible
and deep reflection (as described by M. Foucault), by shifting the focus of design education from
platforms often create a truncated, operational technical skills to conceptual thinking, critical
environment. However, with skilful methodological analysis and the development of complex socio-
integration, the reflective potential of the humanities  cultural meanings.

can act as a critical filter for analysing the digital Author Contribution Statement (CRediT
space itself. Taxonomy):
Response to RQ2. G. N. Povalashko: Conceptualization, Methodology,

Contemporary open-knowledge platforms, in  Investigation, Formal Analysis Data Curation,
their current form, are not capable of fully replacing  Validation, Writing—OriginalDraft.
academic art and design education. They represent an Funding. This research received no external
effective tool for mass education and professional  funding
development, but without studio-based mentorship

REFERENCES

[1] Shapinskaya, E. N., & Lisenkova, A. A., «Education vs. Neo-Enlightenment: Some Trends in Digital
Culture», Culture of Culture. no. 2, 2020. [Online]. Available: http://cult-cult.ru/education-vs-neo-enlightenment-some-
trends-in-digital-culture.

[2] Bowen, W. G. Higher Education in the Digital Age / trans. from the English. Moscow: Higher School of
Economics Publishing House, 2018, 224 pp.

[3] Adorno, Th., Culture Industry Reconsidered, Culture and Society. Contemporary Debates / ed. J. Alexander.
Cambridge: Cambridge University Press, 1995. p. 282.

[4] Foucault, M. The Archaeology of Knowledge / trans. from French. St Petersburg: Piter, 2004. 416 pp.

[5] Luhmann, N. The Reality of the Mass Media / trans. from German. Moscow: Praxis, 2005. 256 pp.

[6] Latour, B., Remaking the Social: An Introduction to Actor-Network Theory / trans. from English. Moscow:
Higher School of Economics Publishing House, 2014. 384 pp.

[7] Kolozaridi, P. V. «Internet Research as a Field within the Social Sciences: A Theoretical and Methodological
Analysis»: PhD thesis in Social Sciences. Moscow, 2017. 201 pp.

[8] Kuznetsov, N. V., «Online Education: Key Trends and Obstacles», E-Management, no. 1, pp. 19-25, 2019.

[9] Tulchinsky, G. L., «The digital transformation of education: challenges for higher education», Philosophical
Sciences, no. 6., pp. 121-136, 2017.

[10] Volnov, I. N., «Meanings in the Age of Digital Transformation. The Singular Human», Cultural
Observatory. 2019. No. 4. [Online]. Available: https://observatoria.rsl.ru/jour/article/view/774.

[11] Astafieva, O. N., Nikonorova, E. V., & Shlykova, O. V., «Culture in the Digital Civilisation: A New Stage
in Formulating a Strategy for the Future of Sustainable Development», Culture Observatory, no. 5, 2019 [Online].
Available: https://observatoria.rsl.ru/jour/article/view/686.

[12] Fortunatova, V. A., Valeeva, E. V., «Archetypalisation as an ideology and technology of the educational
process», Culture Observatory, no. 6, 2018. [Online]. Available: https://observatoria.rsl.ru/jour/article/view/686/0.

[13] Leadbeater, C., & Miller., The Pro-Am Revolution: How enthusiasts are changing our economy and society.
Demos, 2004.

[14] Meron, Y., Graphic design and artificial intelligence. Design Research Society Digital Library [Online].
Available: https://dl.designresearchsociety.org.

91


http://cult-cult.ru/education-vs-neo-enlightenment-some-trends-in-digital-culture
http://cult-cult.ru/education-vs-neo-enlightenment-some-trends-in-digital-culture
https://observatoria.rsl.ru/jour/article/view/774
https://observatoria.rsl.ru/jour/article/view/686
https://observatoria.rsl.ru/jour/article/view/686/0
https://dl.designresearchsociety.org/

Bulletin of Karaganda State Industrial University. No. 3(54), 2026.

Economy. General education, socio-humanitarian and fundamental disciplines

DOI: https://www.doi.org/10.53002/164

INVESTMENT AND FINANCIAL MODEL FOR THE DEVELOPMENT OF ASAFETIDA
PRODUCTION AND EXPORT IN AFGHANISTAN: RISKS, CASH FLOWS AND SCALE-UP
STRATEGY

Yolchi J.

School of Economics, Beijing Institute of Technology, Beijing, China

AUTHOR INFORMATION:
Yolchi Jamshid, PhD Candidate, School of Economics, Beijing Institute of Technology, 100081, No. 5 Zhongguancun South

Street, Haidian  District, Beijing, China; ORCID ID: https://orcid.org/0000-0002-2710-8092;  e-mail:
jamshidyolchi@outlook.com.

Abstract — This article develops an investment and financial approach to assessing a project for the cultivation, processing,
and export of asafoetida in Afghanistan. The study is based on an initial business plan containing five-year forecasts, a
structure of initial investments, a personnel model, a marketing strategy, and a risk analysis. It is shown that the specifics of
the project are determined by the long biological cycle of the crop, a high need for initial financing, and the need for
simultaneous investments in land, processing, quality, and export infrastructure. The author's "4 F - Hing " model is proposed:
Finance, Farming, Factory, Foreign Market —and a system of benchmarks for liquidity, investment sustainability, and export
performance. The use of phased financing, scenario analysis, and "investment gates" is substantiated, whereby the transition
to the next stage of scaling occurs after achieving specified operational KPIs. The results can be used by entrepreneurs,
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Annomayun — B cmamve paspaboman uneecmuyuOHHO-QUHAHCOBbIN NOOX00 K OYEHKe NpOeKma Nno 6blpaujU8aHuro,
nepepabomxe u sxcnopmy acagemudsi 8 Agpeanucmane. Hccredosanue oCHOBAHO HA NePBOHAYANLHOM OU3Hec-name,
BKIIOUAIOWEM NAMUTETNHUE NPOSHO3bI, CMPYKMYPY HEPBOHAUATbHBIX UHBECMUYUL, KAOPO8YI0 MOOelb, MAPKEeMUHIO8YIO
cmpamezuro u ananus puckos. Tlokasano, umo cneyugpuka npoexma onpeoensiemcs OMUmenbHbIM OUOIOSUYECKUM YUKIOM
KYIbMypbl, BbICOKOU NOMPEeOHOCMbI0 6 NEPEOHAYATLHOM —QUHAHCUPOBAHUU U HEOOXOOUMOCHBI)  OOHOBDEMEHHbIX
UHBeCTNUYUILL 8 3eMeTbHbLe PECYPChl, NepepabomKy, obecneuenue Kauecmad i IKCHOpmHYI0 un@pacmpykmypy. Ilpednosicena
asmopckas mooens «4 F - Hingy: Finance (¢punancet), Farming (svipawusanue), Factory (nepepabomxa) u Foreign Market
(HewHULl PBIHOK), a MAaKdce Ccucmemda OPUEHMUPO8 O OYeHKU JUKEUOHOCU, UHBECMUYUOHHOU YCMOUYU80CmuU U
akcnopmuvix nokaszameneti. OOOCHOBAHO UCNONB306AHUE NOIMANHOLO (DUHAHCUPOBAHUS, CYEHAPHO20 AHAIU3A U
CUHBECTNUYUOHHBIX BOPOM», NPU KOMOPBIX NEPEX00 HA CAeOVIOWULl SMan Macuimadupo8anus OCyuecmeisemcs nocie
docmudicenust  ycmanoeneHnvix  onepayuonnvix  KPI.  [lonyuennvie  pesynvmamuvl  mocym  Oblmb  UCHOIb3068AHbI
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NPeOnPUHUMAMENAMU, UHBECTNOPAMU U UHCIMUNYMAMU PA3GUMUS NPU CIPYKMYPUPOBAHUU NPOEKMO8 A2PAPHO20 IKCHOPMA
8 YCIIOBUSX 8bICOKOU HEONPEOEICHHOCMU.

Knrouesvle cnosa — acagemuoda; unsecmuyuu, (PUHAHCOBAL MOOeNb, OEHeNCHbIU NOmokK, Adeanucman; azpobusmec,
IKCNOPM,; PUCK, CYEHAPHBIL AHAU3; UHBECIUYUOHHAS YCMOUYUBOCb, NEPEPaboOmKa.
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Anoamna — Byn maxkanada Ayzancmanoa acagemudansvl 6cipy, oHOey JHcaHe IKCHOpmMmay Hcobacvli 6Aanayea apHaIeam
UHBECMUYUSLIILIK-KAPICOLILIK, MICLL d3ipiienzen. 3epmmey 0ec JHeblioblK 60aHcamoapobl, 6acmankvl UHEeCMUYUSAAPObLY
KYDbLILIMbIH, KAOPJbIK MOOENbOl, MAPKEMUHSMIK CIMPAMeSUsiHbL JHCaHe mayeKeadepoi mandayovl KaMmumoin Oacmaniyl
busnec-oicocnapea  Hezizoencen. JKobanvly epexwienikmepi  0axwliObly Y3aK OUOLOSUSAILIK YUKTIMEH, 0acmankul
KapoCLLIAHObIPYEA 0C2eH JHCOAPLL KANCEMMINIKIEH JHCIHE JCEP PeCypPCmapbina, ondeyee, Canambl KAMmMamacsl3 emyae HeaHe
IKCNOPMMBIK, UHOPAKEPHIILIMEA  Oip Me32i10e UHECCMUYUs CANy KANCeMMiNicIMeH aUKbIHOAIAMbBIHbL KOPCEeMil2eH.
Asmopnapowiy «4 F - Hing» mooeni yevinviiadei: Finance (kapoico), Farming (ecipy), Factory (endey) scane Foreign Market
(ColpmKbL HAPLIK), COHOAU-aK, OMIMOLIIKMI, UHEECMUYUSILIK MYPAKMBLIIKMbL HCOHE IKCHOPMMbIK KOPCEemKiumepoi
bazanayea apuanean unouxamopaap xcyieci ycoiuwiiean. Kesen-kesenimen kapocolianovipyovl, CyeHapuillik manoayosl
JHCOHE (UHBECTNUYUSIBIK KAKNANAPObLY KOIOAHY He2i30en2eH, MYHOa Macumabmayoviy Keieci Kesenine omy 6encinenzen
onepayusvik KPl xopcemxiuumepine kon sicemxizineennen Ketiin jcyzeze acvipvliadbl. AnblHaan Hamuicenepoi Hco2apul
Oenziciz0iK JHca20aiublHOa A2papivlK IKCROPM HCOOANAPLIH KYPHIILIMOAY Ke3inoe Kacinkepiep, UH8eCMOPAAp HCaHe Oamy
UHCIUMYmMmMapsl HANOAIAna anaodbsl.

Tyiiin co30ep — acagpemuda, uHeeCmMUYUALAD, KAPHCHLILIK MOOCIb, AKWA A8bIMbl, Ayeancman; azpobusmnec; SKCnopm,
mayeKen, CYCHapUIiiiK mandday, UHEeCMUYUSLILbIK MYPAKMbLIbIK, OHOeY.

The original project calls for significant initial
investments in equipment and land, a combination of
equity, loans, and grants, and a five-year
development period. This makes the project a useful
example for analyzing how financial architecture
should be synchronized with the biological cycle of
a culture and the stages of market formation [4; 7;
15].

1. Introduction.

Investments in perennial agricultural crops
differ from most commercial projects in that the cash
cycle begins significantly earlier than the
accumulation of stable revenue. For asafetida, this
gap is particularly significant: based on the source
materials, the period to the productive stage is
estimated at approximately three to four years. At the
same time, the enterprise must finance land,
personnel, training, infrastructure, processing,

certification, and marketing. Therefore, simply
comparing the future price of the product with
current costs is insufficient to assess the viability of
the project [1; 2].

The purpose of this article is to develop an
investment and financial model for the development
of an asafetida cultivation, processing, and export
enterprise in Afghanistan. The objectives include an
analysis of the investment structure, funding sources,
operating cash flows, liquidity risks, scaling
scenarios, and a system of investment KPIs. The
scientific novelty lies in the synchronization of four
components—agricultural, production, financial, and
export—within the framework of the "4 F - Hing "
model.

2. Materials and methods.

The empirical basis was formed by sections of
the original project devoted to sales forecasts, start-
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up costs, five-year cash flows, investment and
financial activities, personnel, and risks. The project
mentions equipment investments of approximately
$10,000, land acquisition of approximately $12,250,
a total investment outflow of $138,520, as well as
financing through the issuance of shares/stocks,
loans, and a grant. These values are considered
parameters of a specific project scenario, not average
market standards.

Cash flow analysis, scenario analysis, break-
even point assessment, stress testing, and risk-
adjusted investment logic were applied. Since the
initial project contained negative cash flows at
certain stages, the emphasis was on liquidity and
funding adequacy, not just accounting profit. This is
consistent with the nature of a startup with a capital-
intensive start-up period.

Table 1 - Financial blocks of the study

Block The key guestion Indicator
How many required Volume and
CAPEX structure
to launch ? ;
investments
What is it? price Operating
OPEX maintaining expenses

operations?

Enough whether

Liquidity monetary funds ? Cash runway

Sales How is growing Pace sales .
revenue ? /average price

Risk What violates plan ?  Stress scenario

3. Specifics of the investment cycle of
asafoetida.

A key feature is the misalignment of the cost
schedule and the harvest schedule. Land, planting
material, and maintenance require funding from the
first year, while a significant resin flow is generated
later. If a company simultaneously builds a
processing plant, a second investment cycle arises.
As a result, the project's risk is determined not only
by whether the crop will be profitable at maturity but
also by whether the company can finance the
transition period.

This allows us to formulate the principle of
financial synchronization: the term of the capital
raised should be no shorter than the period of
biological maturation plus the period of achieving
sustainable sales. Short-term debt requiring early
repayment can create a liquidity crisis even in a
positive  long-term  economic  environment.
Therefore, the financing structure should include a
sufficient share of long-term capital, grants, or
deferred repayment.

4. Structure of initial investments.

Start-up investments can be rationally divided
into five groups: land and site preparation; planting
material and fieldwork; processing equipment;
warehouse and logistics; quality, certification, and
commercial launch. This division allows us to
distinguish between assets that create production
capacity and expenses that create market access. For
an export project, both groups are critical: equipment
without certification does not ensure sales, and
marketing without consistent quality does not ensure
repeat contracts [4; 11].

Table 2 - Investment packages project

Plastic bag Content Effect type
A. Field Earth, seeds, care Future harvest
. Drying, grinding, .

B. Recycling paglkagingg g Added price
Laboratory,

C. Quality procedures, Market access
certification
Warehouse, A

D. Logistics  consolidation, Rellaplllty

supplies

transport

E. B2B sales, CRM, Contracts /

Commerce exhibitions revenue

Investment priorities should depend on the
project stage. At the initial stage, the field and
minimal infrastructure are critical; before the first
commercial harvest, processing and quality are key;
after stable batches are confirmed, marketing and
export network expansion are key. This prioritization
reduces the risk of capital being tied up in facilities
that are not yet supplied with raw materials.

5. Sources of financing and cost of capital.

The initial financial plan utilizes a blended
financing approach: equity, debt, and a grant. For a
project with a long lead time, this combination makes
economic sense, as different sources cover different
risks. Equity bears the entrepreneurial risk, the grant
can finance socially significant elements—training,
sustainable agriculture, employment—uwhile debt is
more appropriately allocated to assets with a
predictable cash flow.

The weighted average cost of capital in
Afghanistan is difficult to determine using a single
market rate due to the limitations of the financial
system and the high risk premium. Therefore, for
management decisions, it is preferable to use a range
of discount rates and test the stability of the NPV at
several values. Investors should see not just one
"exact" estimate, but rather a threshold beyond which
the project loses its attractiveness.
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6. Revenue and pricing architecture.

Revenue depends on four variables: the physical
volume of marketable resin, the yield of recycled
products, the average price, and the proportion of
batches sold directly. The initial project assumes
annual sales growth of approximately 10% in the
mature phase. For analysis, this rate should be
considered a baseline scenario, which should be
supported by contracts and actual order dynamics,
rather than assumed automatically [5; 6].

Pricing architecture must differentiate between
raw materials, industrially prepared resin,
powder/mixture, and premium certified products.
The more advanced the processing, the higher the
potential price, but the greater the demands on
quality, packaging, and working capital. Therefore,
average price growth is a quality indicator of
business development only when margins and sales
velocity are simultaneously monitored.

7. Operating expenses.

The initial staffing model includes
approximately 30 employees: field workers,
processing technicians, packers, quality control
specialists, logistics specialists, sales specialists, and
management specialists. This means that the payroll
is formed even before the plant reaches full capacity.
In the financial model, it's important to distinguish
between fixed and variable costs: administrative staff
and basic infrastructure create a constant workload,
while packaging, transportation, and some field work
grow with volume.

For monitoring, the recommended ratio is
OPEX - to - Sales = OPEX / Revenue. During the
startup phase, it may be higher than one, but in a
mature model, it should steadily decline. Logistics -
to - Sales and Quality - cost - to - Sales should be
monitored separately: excessive reductions in quality
costs can improve OPEX in the short term, but
worsen export prices and increase complaints.

8. Cash flow and liquidity problem.

The initial project shows negative operating
cash flows at certain stages and significant
investment outflows. For a startup, this is not an
automatic sign of non-viability, but it does require a
predetermined liquidity reserve. The critical
indicator is cash. runway: the number of months a
company can finance its liabilities without a new
influx of capital.

It is proposed Calculate Runway = Cash
Available / Average Monthly Net Cash Burn. If the
ratio drops below 9-12 months until the expected
next funding round or commercial harvest,
management  should implement a liquidity

e- ISSN: 3134-8467, p-ISSN: 2309-1177

conservation plan: deferring optional CAPEX,
accelerating prepayments on B2B contracts, grant
funding for training, and phasing in capacity.

Table 3 - Signals financial control

Indicator Green Yellow Red Zone
zone Zone
>12 6-12
Cash runway months. months. <6 months.
Share B2B It's _ Stable It's _
prepayments  growing decreasing
OPEX/ It's Without  It's
revenue decreasing changes  growing
Share It's
marriage / Low Hesitates .
discounts growing

9. Working capital.

The export model creates a working capital
requirement between the procurement/collection of
raw materials and the receipt of payment from the
overseas buyer. The longer the logistics route and the
longer the payment delay, the greater the gap. To
reduce capital requirements, partial prepayment,
letters of credit or other secure payment methods,
shipment consolidation, and negotiated delivery
schedules are advisable.

Particular attention should be paid to inventory.
Too little inventory increases the risk of contract
failure; too much inventory freezes funds.
Optimization should be based on ABC / XYZ logic
across product types and markets. For premium lots
with high margins, a higher safety stock is
acceptable, provided the storage quality is stable.

10. Break-even point.

The volume breakeven point can be defined as
QBE =FC/ (P — VC), where FC is the fixed costs, P
is the average unit selling price, and VC is the
variable cost per unit. For a multi-product model, the
weighted average marginal contribution must be
used. This formula is particularly useful when
choosing between selling raw resin and processed
product: a higher processing price is justified if the
increase in marginal contribution offsets the
additional fixed costs.

The managerial purpose of the break-even point
is to determine the minimum capacity of the
processing center. If in-house raw materials don't
provide this capacity, contract processing for third-
party farmers or the purchase of resin are possible.
This transforms the plant from a proprietary asset
into an infrastructural hub for the value chain.
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11. Investment indicators.

A mature investment decision requires
calculating the NPV, IRR, discounted payback
period, and profitability index. However, in
conditions of high uncertainty, these indicators must
be accompanied by an analysis of the underlying
assumptions. A positive NPV with an optimistic
price and ideal occupancy is not sufficient. The
investor must understand the sensitivity of the NPV
to yield, price, launch delay, and logistics costs.

A minimum stress set is proposed: a 15% price
reduction; a 20% vyield reduction; a 12-month
commercial launch delay; a 25% increase in logistics
costs; and a combined scenario. If a project maintains
acceptable liquidity in at least three of the four single
stresses, its financial architecture can be considered
more resilient.

12. Project risk matrix.

The main risks include political and regulatory,
agro-climatic, technological, quality, logistics,
market, and financial ones. These are interconnected:
transport delays can degrade quality, a decrease in
quality can degrade price, and a decrease in price can
degrade liquidity. Therefore, the traditional
"probability x damage"™ matrix should be
supplemented with an analysis of cascade effects.

Table 4 - Risk matrix and financial response

. Financial
Risk Measure
consequences

Delay harvest  Late revenue Reserve liquidity

rices | Fallmargine GO o
Grpvv_th of VC growth Alternative
logistics routes
Quality Discounts / QA_a_nd _
discrepancy Refunds certification
Regu_lat_ory Delay payments reserve +
restrictions compliance

13. Author's model "4 F - Hing *".

The "4 F - Hing " model includes four
synchronized circuits: Farming - biological readiness
and raw material base; Factory - processing and
quality; Finance - capital, liquidity and profitability;
Foreign Market — contracts and exports. An
investment decision is considered balanced only
when the development of one component does not
critically outpace the others. For example, a large
plant without guaranteed raw materials creates
underutilization, while expanding plantings without
a market creates excess inventory.

The proposed integrated readiness index is
calculated as R 4 F = min (Farm, Factory, Finance,
Foreign), where each component is scored from 0 to
1. Using the minimum rather than the average value
reflects the "bottleneck™ logic: the weakest
component constrains the entire system. If Finance =
0.45 and the other indicators are high, scaling should
be postponed until liquidity strengthens.

14. Investment gate (stage - gate).

, four investment gates are proposed. Gate 1 —
confirmation of agronomic suitability and contracts
with farmers. Gate 2 — confirmation of raw material
volumes and pilot processing. Gate 3 — obtaining the
necessary quality documents and the first B2B
contracts. Gate 4 — scaling capacity after
confirmation of repeat sales and positive marginal
profit.

Each gate links capital expenditures to actual
KPIs achieved. This approach is particularly useful
in conditions of high uncertainty, as it replaces one
major, irreversible decision with a series of smaller
ones. The investor retains the ability to adjust scale,
technology, and market as information becomes
available.

15. Scenario analysis.

The conservative scenario assumes slower sales
growth, a delay in reaching planned yields, and high
logistics costs. The baseline scenario assumes
moderate growth. The accelerated scenario assumes
early B2B contracts, a higher share of processed
products, and a reduction in intermediary margins.
The primary comparison criterion is not the
maximum profit in the accelerated scenario, but the
ability of each scenario to maintain solvency.

In the conservative scenario, the priority is to
preserve cash Runway; in the basic scenario,
achieving operational breakeven; in the accelerated
scenario, preventing working capital overload.
Therefore, the financial strategy should evolve with
the growth stage, rather than remain fixed for five
years.

16. Export strategy as a financial instrument.

Marketing is typically considered an expense,
but in B2B exports, contract structure directly
impacts financing. Advance payments, minimum
order quantities, long-term contracts, and delivery
schedules reduce cash flow uncertainty. Therefore, a
commercial team should be evaluated not only by
revenue but also by the quality of its contract
portfolio.

It is proposed Contracted Revenue Ratio =
Contracted Sales / Planned Sales. The higher the
proportion of planned revenue confirmed by
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contracts or firm orders, the lower the risk of working
capital investments. To scale up processing, it is
advisable to establish a minimum threshold for this
ratio, such as an internal corporate standard approved
by investors.

17. Social and environmental return on
investment.

The project creates effects not fully reflected in
the commercial NPV: jobs, training, development of
legal sources of income, and lower water intensity
compared to some traditional crops. For development
institutions, these effects may justify grant or
concessional financing of individual components
[3.4; 8; 9].

It is recommended to separate the commercial
and extended investment impacts. The commercial
impact includes the enterprise's cash flows. The
extended impact includes the number of jobs created,
increased farm incomes, the proportion of women
and youth in education, water savings, and the
volume of legal agricultural exports. This distinction
makes the project understandable to both the private
investor and the donor organization.

18. Practical recommendations.

1) Raise capital in stages, synchronizing it with
the stages of biological and commercial
development. 2) Do not finance large-scale
processing expansion until the feedstock base is
confirmed. 3) Maintain a liquidity reserve covering
the long gap until harvest. 4) Use B2B prepayments
and long-term contracts as a tool for financing
working capital. 5) Conduct an annual stress test of
NPV and cash flow. 6) Separate investments in
quality and certification from “ optional” marketing
expenses, as they determine market access.

e- ISSN: 3134-8467, p-ISSN: 2309-1177

For the investor council, a quarterly panel of
eight KPIs is recommended: R 4 F, cash runway,
OPEX [/ Sales, share of processed volume, share of
certified lots, Contracted Revenue Ratio, gross
margin, and revenue concentration by largest market.
This system allows you to see not only the financial
results of the previous period but also your readiness
for the next stage of growth.

Conclusion.

1. The investment attractiveness of asafoetida is
determined by high potential profitability and export
demand, but the financial sustainability of the project
is limited by the long period before the productive
harvest [4,6,12-15].

2. The main risk is the asynchronous nature of
investments and cash inflows. Therefore, the capital
structure must take into account the biological cycle
and provide for sufficient liquidity.

3. Mixed financing of equity, debt and grant
funds can be effective if the purpose of each source
is clearly defined.

4. The author’s model “4 F - Hing ” shows that
scaling is only possible with a balanced readiness of
the field, processing, finances and the external
market.

5. The stage - gate approach reduces the
irreversibility of decisions and allows the investor to
increase investments as raw materials, quality, and
contracts are confirmed.

6. For Afghanistan, the development of such a
project is capable of combining commercial returns
with employment, export diversification and
resource conservation [8-11].
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Abocmpakm — byn Makanaja TEXHHKaIbIK YHHBEPCHUTETTED CTYACHTTEpIHIH aFbUINIBIH TUTIH OWBIHFA HETI3JeNreH
OKBITYBIH/IA ’KAaCaH bl MHTEJUIEKT TEXHOJIOTHSIAPBIH KOJIJaHY IbIH JIeyeTi KapacThIpbuIapl. by 3epTreyain o3eKTitiri oimim
OepymiH mudpIbIK TpaHcHOpMAIMSICHIHAH, WHXKEHEPITIK CTYICHTTEPl T TUTIH YHPEHYre BIHTANAHABIPY KaXKSTTITITiHCH
)oHe OimiM Oepy oOpTachlHIA T'CHEPATUBTI KacaHIbl HHTCIUICKTTIH KCHCHO OJICYyeTIHCH TYBIHIaimel. Byn makamana
MHTEIUIEKTYaIIbl JKYHeIepai, TIAIK MOIENbAepAl KOHE OWBIH TEXHOJNOTHsUIapbhlH OiniM Oepy mporeciHe OipiKTipymdiH
3aMaHayn Tocinaepi tanmaHansl. bedtimnenrimn Oinmim Oepy optackiH Kypy ymiH Chat GPT jkxone Oacka na reHepaTHBTI
JKacaHJpl MHTEJUICKT MOJCIBJCPIH Malilaanyra epeKIle Ha3ap ayaapbuiaabl. Makaiaga skacaHIpl MHTEUICKT HETi3iHIerl
OWBIH CIIEHAPHIJIEPIH KOJJIaHYABIH IeJaroruKajiblK apThIKIIBLIBIKTAPHI )KOHE OJap/blH CTYJSHTTEPIiH KOMMYHHUKaTHBTIK
KY3BIDETTUIITIH JaMbITyFa ocepi 3eprreineni. CoHpaii-ak, aFbpUIIIBIH TUIIH OKBITYJa KAacaHIbl HMHTEJUIEKT IeH
redMuduKamsaHbl OIpIKTIPYIiH THIMAIITIH PaCTalTHIH 3aMaHayH FhUIBIMH 3€PTTEYJIEp/li Tanaay HOTHKeNepl YChIHBUIFaH.
OHja oOibIHFa HETI3JEeNreH OKBITyJa HHTEUIEKTYalibl TEXHOJOTHSUIApAbl KOJJAHy MOTHBAIUSHBI apTTHIPAJIbL,
CTY/IGHTTEp/IiH AepOecCTiriH AaMBITa/lbl KOHE TEXHHKAJBIK YHUBEPCUTETTEP CTYISHTTEPiHIH TULMIK NaHbIHIBIK CalachlH
JKaKcapTa/bl eTeH KOPBITHIHIIBI )KacallFaH.

Kinm ce30ep — YKacanapl UHTEIUIEKT, aFbUIIIBIH TiJI, )KOFapbl OLTIM, TEXHUKAJIBIK YHHBEPCUTET, OWBIH TEXHOJIOTHUSIIAPHI,
ChatGPT, uu¢piabK OKbITY, KOMMYHHKATHBTIK KY3BIPETTLTIK, XXEKEICHIIPIIreH OKBITY, OiiM Oepy TEeXHOJOTHWsIIaphl,
CTY/ICHTTIH MOTHBALIUSICHI.
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Annomayun — B craTthe paccMaTpHBAIOTCS BO3ZMOKHOCTH HCIOJB30BAHUS TEXHOJIOTHH HCKYCCTBEHHOI'O HWHTEIUICKTA B
UTPOBBIX (opMax oOydeHHUs aHIIMHCKOMY SI3BIKY CTYICHTOB BBICHIIMX TEXHHYECKMX y4EOHBIX 3aBeleHHH. AKTyalbHOCTb
HCCIIeIOBaHMA OOYCIIOBIIEHa TMporieccaMi IH(POBOH TpaHCPOpManuu 00pa30BaHUS, HEOOXOAMMOCTHIO IOBBIIICHHS
MOTHBAIIUH CTYACHTOB MH)XCHEPHBIX CIEHHUANTFHOCTEH K M3yYECHHIO HHOCTPAHHOTO S3bIKA U PACIIMPEHHEM BO3MOXKHOCTEH
NPUMEHEHHS TeHEPaTUBHOI'0 MCKYCCTBEHHOIO MHTEIUICKTa B 00pa30BaTENbHON MPaKTHKE. AHAJIM3UPYIOTCS COBPEMEHHBIE
TOAXOMbl K MHTErPAllMi WHTEIUICKTYaJIbHBIX CHCTEM, S3BIKOBBIX MOJENEH M WTPOBBIX TEXHOJIOTHI B 00pa3oBaTeNbHBII
mporecc. Ocoboe BHUMaHME yaemnsercs ucmonb3oBaHmio Chat GPT m nmpyrux reHepaTHBHBIX MOJeENell HCKYCCTBEHHOTO
WHTEJUIEKTa 11 CO3JaHMs AJalTHBHOH 00pa3oBaTeNnbHOW cpenpl. PaccMaTpuBaroTCs NEIarormdeckue NpenMyIecTBa
NPUMEHEHHSI UTPOBBIX CLICHApHEB, OCHOBAHHBIX Ha TEXHOJOTHAX MCKYCCTBEHHOTO MHTEIUICKTA, a TaKkKe MX BIUSHHE Ha
(opMHUpOBaHHE KOMMYHUKATHBHOM KOMIIETEHIIMN CTYAEHTOB. IIpencTaBieHbl pe3ynbTaThl aHAIN3a COBPEMEHHBIX HayIHBIX
WCCIIeIOBAaHMH, NOATBEPXKIAOMUX d()(EKTHBHOCTD HMHTETPAMM HCKYCCTBEHHOTO HWHTEIUIEKTa W TredMH(QUKAHd B
TIPENOIaBAaHUN aHITIMICKOTO s3bIKa. C1enaH BHIBOA O TOM, YTO MCIOJIb30BAHUE MHTEIJICKTYaIbHBIX TEXHOIOTHH B HTPOBBIX
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(opmax 00ydeHHsI CIIOCOOCTBYET MOBBIIICHHIO MOTHBALIUK, PA3BUTHIO CAMOCTOSITEIHHOCTH O0YYAIOMINXCS M YIYUIICHHIO
KauecTBa A3bIKOBOM MOJATOTOBKU CTYAECHTOB TEXHUUECKUX BY30B.

Knrwouesvle cnoéa — WCKYCCTBEHHBIN WHTEIUIEKT, AHIVIMMCKUI S3BIK, BBICIIEE OOpa3OBaHME, TEXHHYECKHH BY3,
reiimudukanys, urpossie TexHonorun, Chat GPT, mnppoBoe 00ydeHne, KOMMyHUKaTUBHAS KOMIIETCHIIUSI, TIEPCOHATN3ALHS
00yd4eHust, 00pa3oBaTeIbHBIE TEXHOJIOTUH, MOTHBALUS CTY/ICHTOB.

HET'I3I'lI EPEXEJIEP

I'eHepaTHBTI >kacaH/Ibl MHTEIUICKT MIEH OWBIHJIBIK
MHTErpaiys TEXHUKAJBIK cajlajlaplarbl CTYACHTTEP
YILiH TULIIK adBIHABIKTEI JKEKeIeICHIIPY
MYMKIHIKTEepiH KEeHEUTei.

[legarorukaiblk TYPFbIIAH €H MYMKIH OONaThIHBI
- TancelpMayiapibl  Kacay,  KapbIM-KaThIHACTBI
MOJIeTIb/Iey JKoHE Kepi Oaitanbic Oepy YIIiH KacaH/Ibl
WHTEUIEKT KOJJAHBUIATEIH KOC10M OarbITTaFaH OMBIH

clieHapuiIepi.
XacaHapl WHTEWIEKT KOIJAylibl (QYHKIUSHBI
OpBIHJAybl KepeK, MyFaliM OKYy MakcaTTapblHa,

Ma3MyHJIbl TEKCepyre, OarajgayFa JKoHE aKaJeMHUSIIBIK
ITHKaFra COMKECTIKKE JKayarThl.
Y CBIHBUIFAH TACULMIH THIMILIINT MOTHBALUA MEH

TUIMIK ~ OUTIKTUTIKTIH ~ ©JIIEHETIH KOpPCeTKIMTepiH
nmaijanaHa  OTBIPBIN,  KEHIHIT  JKCIEPUMEHTTIK
TecTiIey 1l KayKeT eTe.

KIPICIIE

Kaszipri 3amasnfbl xKorapbl OUTIM Oepy ITH(PIIBIK
TpaHchopmarms aschlHIa JaMBIT Kelemi, Oy OiumiM
Oepy TIpOIIECIHIH Ma3MYHBIHA, OMICTEpiHE KOHE
YUBIMIACTBHIPBLTYbIHA acep eTemi. byn
TpaHc(hOpPMAITUSHBIH €H MaHbI3bI OaFBITTAPBIHBIH 0ipi
- xacauap! HHTEIUTeKT (OK) TeXHOIOTHUsIaphIH CHTI3Y.
l'enepatuBTi  MOmenpmep OKy  MaTepHaIIapbIH
Kacayra, JHAIOTTHI KOJAayFa, TalChIpMaslapbl
CTYIEHTTIH OUTIKTUTIK JeHreiiHe OeliMaeyre >XoHe
Kenen Kepi OaimaHbIc 6epyre MyMKIHAIK Oepe/ti.

KN naiinanany TEXHUKAJIBIK YHUBEPCUTETTEPAC
[meren  TIMAepiH  OKbITyAa  epeKmie  MaHBI3JBL.
AFBUIIBIH ~ TUTIH JKeTiK OUTy Kas3ipri 3aMaHFbI
WHXEHEpIepaiH KociOW KY3BIPETTUIITiHIH  HETi3ri
Kypampac Oediri Oombirn TaObIIaAbI, ce0edi FRUTBIMU
YKOHE TEXHUKAJBIK aKMapaTThIH, Ky)KaTTaMaHbBIH KoHE
XaIbIKApamblK, ~ KOMMYHHUKAIMSIHBIH Al TapIIbIKTai
Oeliri arpUIIIBIH TUTIHAE YCHIHBUTAMBL JlereHMeH,
TEXHUKAJIBIK CallaiapaFbl CTyJeHTTEp KoOiHece meTel
TUIIEPIH €KIHII JOPeXeINi IMoH peTiHae KaObUIIa b,
OyJ1 onapIplH OKyFa JereH BIHTACHIH JKOHE TYPaKTHI
TUIIIK TOKIpUOE KOJIEeMiH TOMEHIETEeI.

Byn wmoceneni memrymiH Oip KOMBI - OHBIH
JNIEMEHTTEpiH OHBIH emec OiuTiM Oepy KOHTEKCTIiHIe
naiinanany. OWbIHFa HeETi3JeNreH  TalchlpManap
OKYIIBUTAPABIH KBI3BIFYIIBUIBIFEIH apTTHIPHI, OKyFa
OenceH/li KATBICYbIH BIHTANAHABIPA anmaabl [5; 6].
KekeneHnaipinren TancelpManapabl Kacald ajaTbiH,

Kocion KOMM YHUKAIIHSUTBIK JKaFaaimap b
MOJICNIBJICHTIH JKOHE Jie3le Kepi Oaitanbic Oepe
aJaThblH OWBIH 3JIEMEHTTEPIH JKacaHbl WHTEIUICKTIICH
OipiKTipyIeH KOChIMINIA MYMKIHAIKTED TYBIHAANIBI.

FOHECKO ychIHBIMIaphl TeHEpaTHBTI KacaHIbl
WHTEIUICKTTIH alTapibIKTald OuTiM Oepy alieyeTiHe ue
eKeHiH, OipaKk OHBbl MaijajlaHy MeIaroruKaJIbIK
TYPFBIJIaH HETI3JICNITeH, alllbIK OHE JKayanThl 00Tyl
Kepek ekeHiH atar kepcerei [1]. ConapikTan Gonamak
WHXXCHEPJIEPIH TULIIK JAHbIHIBIFBIHIA KAaCaHIbI
WHTCJUICKT IIeH OWBIHFA HEri3JeNreH  dicTepi
OipikTipy oneyeriH 3epTTey TEOPHSUIBIK  JKOHE
MPAKTUKAJIBIK MaHbBI3Fa He.

3epmmeyoezi OJIKbLIIBIZBL. KomnmarsicTrarst
OachUIBIMIAD HETi3iHEeH OumiM Oepyie KeH ayKbIMIIbI
TULNIK Moneibaepai nadgananyael [2—4] HeMmece
raMu(pUKaIUusIHbI Toyenci3 MEAATOr UKAJIBIK,
TEXHOJIOTHUS PeTiHAe KapacTeIpaasl [5; 6]. TexHuKaIbIK
YHUBEPCUTETTEPIET CTYZCHTTepre Kocion
OarpITTa]FaH aFBUIIIBIH  TUTIH OKBITyAa  OJIapiabl
OIpIKTIpim KOJNJAHy IIApTTaphl JKETKUIIKTI TypHe
JKyHeneHoereH. Tinmix opeKeTTepIi THIITIK
WH)KEHEPIIiK ~ TarchlpMaliapMeH  OallyIlaHBICTBIPATHIH
JKOHE JKacaHIbl HWHTEIUIEKT jKacaraH HOTIDKENIepIi
MearoruKanblK  OakpUTayapl KamMTaMmachl3 eTeTiH
CIICHapHUIIep e MEeKTeyi Type YChIHbUIFaH.

bynr 3eprreymiH Makcathl - TEXHUKAJIBIK
YHHUBEPCUTETTEP/IET1 CTYZAEHTTEpre OWBIHFa
HEri3eNreH aFbpUINIbBIH TUTIH OKBITYZa YKacaHIIbI
WHTEIUIEKTTI KOJNJAHYIBIH MEeNarOorvKalbIK oJIeyeTiH
Tajmay.

Ocpl MakcaTKa JKeTy VIIiH Keleci MakcaTTap
KOUBUIIKL:

* Tinmik OimiM Oepyme jkacaHOBl HMHTEIIEKTTI
KOIIJJaHyFa 3aMaHayH TCUIEp/Ii Kyieney;

. IeTell TUTIH OKBITYIaFbl
TEXHOJIOTUSUTAPBIHBIH, ePEKIIETIKTEPiH aHBIKTAY;

* JKacaHIbl WHTEIUIEKT TeH TeWMU(UKAIUSIHBI
OipiKTipy SJ€yeTiH aHBIKTAY;

* KociOW OaFrbITTanFaH OWBIH CIEHAPUUJIEPIHIH
MBICAJIIAPBIH J3ipIIey;

*  YCHIHBUIFAaH  TOCUIAIH  TEJaroruKalbiK
[IAPTTApPbIH, AapPTHIKIMIBUIBIKTAPEl MEH IIeKTeYJIepiH

OHBIH

AHbIKTAYy.
Fornvimu HCAHAIBIK. B¥J'I 3CPTTEYAC KAaCaHbL
HWHTCIIJICKT IICH FeﬁMH(bHKaI.IHH OKHIayJIaHtaH

Kypanjgap peTiHzae emec, KociOMm OarbITTaiFaH TUIAIK
OKBITY/IBIH ©3apa OaillaHBICTHI KOMIIOHEGHTTEp1 peTiHAe
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KapacThIpbUIalbl. VIHXKEHEpIiK cajlajapra apHajiFaH
Yl OMBIH Mozenl YCBIHBUIBITI, oJapibl
KayarKepIILTiKIeH naijganany IapTTaphI
TY)KBIPBIMIAJIFAH: KOCIOM OarbITTalFaH TarchklpMaap,
OcHiMIeNeTiH KUBIH/IBIK, MaTepHalIIap bl MYFaIiIMHIH
MIHJIETTI TYpJC KalTa Kapaybl, KacaHIbl HHTCIUICKTTI
allbIK TMaljanaHy JKoHE jKacaJfaH aKnapaTka ChIHH
KO3KapacThl  JaMBITy. 3€pTTEyHdiH IMPAKTUKAJIBIK
MaHBI3ABUIBIFEl  YCBIHBUIFAH —clieHapuinepai  «lller
Timy», «KociOu OarpITTaimraH afbUINIBGIH TUTD) JKOHE
«Ickepitik aFbUIIIBIH TUTD) TIOHAEPIH OKBITY/IA, COHIak-
aK 1UQPIBIK KypcTap MEH KochiMina OuriM Oepy

OarapiamManapbiH azipieyne nanjanany
MYMKIHAICIHAE KaThIp.
O9/IEBUET IIOJIYbI

JKacaHJpl HHTEIUIEKT - KOMITBIOTEPITIK JKyHenepre
o/IeTTE ajJaM MHTEUICKTIHIH 3JIEMEHTTEPIH KaKeT
€TeTIH Macenenep/ai IIemyre MYMKIHAIK OepeTiH
TEXHOJIOTHsAIIap KUBIHTBIFBI. Tin OimimMiHIEe
FCHEpPaTHBTI MOMACIBACP MEH TaOuFd TULAI OHJeY
TEXHOJIOTHSIIAPBl  €peKIie MaHbI3Ib, cebedi  onap
MOTIHAEPAlI JKacail anajpl, JUAJOrThl KOJIIAMIbI,
KayanTaplpl TalJaibl KOHE MAa3MYHJIBI JKeKe
OKYIIBUTAPBIH KaXKeTTUTIKTepine OedimMael anabl.

9. Kacueun xoHE OipiiecKeH aBTOpap ayKbIMIBI
TUIAIK  MOAETBICPIIH OJCYETIH IKEKEICHIIPUITeH
OKBITYMEH, UHTEPAKTUBTI ©3apa opeKEeTTECYMEH JKoHE
MyFaTiMIIep i KOJTayMeH OalIaHBICTHIPAIBI,
COHBIMCH KaTap CeHimci3 JKayanTap/biH,
OelTapanThIKTHIH JKOHE AaNbIHFAaH HOTIDKENEpHi CHIH
Ke30eH maiganany/IslH Kayinrepin aram eremi [2]. JIx.
3. UykByepe COHBIMEH KaTap >KOFaphl OiiM Oepymeri
ChatGPT APTHIKIIBUIBIKTAPBIH, COHJIal-aK
aKaJeMHUsITBIK TYTacTBIK TI€H JepeKTep carachlHa
KaTBICTHI IIEKTeYIep i aTam eteni [3].

Tin OKBITYya KACaHIBI WHTEJUIEKT
KOMMYHHKATHBTIK JKaF Tarimapap MOJIENBAEY,
KaTenepai Ty3eTy, opTYPJIi KUBIH/BIK JAeHTelepiHieri
KATTBIFYNapAbl JKacay JKoHE Jiepey Kepi OaimaHBIC
Oepy yuriH madmanansutysl MyMkid. I1. 1. Jlum sxoHe
T.0. XYpri3reH 3epTTey aFbUINbIH TUTIH eKIHII Tl
periame okpityna ChatGPT kommanymer >kazbarma
me0epIiKTi, KBI3BIFYIIBUTBIKTHI )KOHE OKY HOTHIKETIepiH
JaMbITyMeH OaimaHbICTBIpansl [4]. Jlerenmen, acepi
TeIarOT MKAJIBIK CIIEHapUIIIH, HYCKayJIap/IbIH
camachlHa JKOHE JKayanTapibl KeWiHHEH TeKcepyre
0aiIaHBICTHI.

letimuukanus MOTHBALUS MeEH
KBI3BIFYIIBUIBIKTE apPTTHIPY VIIIH OWBIH DJIEMEHTTepi
MEH MeXaHU3MJEPiH OWBIH eMeC KOHTEKCTE KOIJIaHy
periane anpikranans! [5]. K. M. Kamm makcattap/siH,
epexenepliH, Kepi  OalIaHBICTBIH,  KUBIHIBIK

JEHreHIepiHiH JKoHE MaFbIHaJbl TalchlpMalapAblH
MaHBI3BUIBIFBIH ~ aTalm  ©eTedi, TeK  CHIPTKBI
MapanaTTapielH faHa eMec [6]. TexHukambIK
cananapliarbl CTYAEHTTEp YIIIH KociOu Mmocenmenepii
HIeTyi ~ MOJCTBJACHTIH  CIEHApUWiIep  €peKIe
MaHBI3/IBL.

JKanme! refiMmudukanus 3JIEMEHTTEpiHE yraiuap,
JKETICTIKTEp, KUBIHIBIK JICHreiiepl, pEeHTUHITED,
BUPTyajAbl  Mapamarrap, OHTrIMere HerizJaenreH
CIICHapUiIep XKoHE KOMAaHJAIBIK KapbICTap KaTajibl.
OmnapnsiH OiniM Oepy KYHABUIBIFBI OHBIH MEXaHHKACHI
TUIIIK MakcaTTapMeH TikeJeld OalmaHbICThl OoOJFaH
ke3ne kepidemi. JKacaHIapl HMHTEIGKT MyHaal
opranapaplH ~ OeliMaenyiH  apTTepajpl,  Oipak
olliCHAMAJIBIK JW3allH MEH MYFaJIIMHIH OUTIKTLTIrIH
anMacteipMaiipl. @. ApTeikOaeBa MeH OipiieckeH
aBTOPJIAP/bIH KYMBICHI JKOFaphl OLTIM Oepyjae TUIIIK
JANBIH]IBIKTA KaCaHJIbl WHTEIJIEKT CayaTThUIBIFEI MEH
OWBIHJIBIK TEXHOJIOTHSIIAP/IBI Oipiiecinl KapacThIPYAbIH
©3CKTUIIrH Kepcereni [7].

MATEPUAJIIAP MEH 9AICTEP
By 3eprrey TEOpHSIIBIK JKOHE aHAIMTHKAIBIK
cunaTtTa. Matepuall reHepaTHUBTI KacaH bl HHTEIJUICKT,
KEH ayKbIMJIBI TUTJIK MOJIENbIEDP, TeHMUGDUKAITIS )KOHE
JKOFapbl OLTiM Oepyje MieTeN TiliH OKbITY OOHMBIHIIA

OTaHIBIK JKOHE  XalbIKapajblK  OachUIBIMAAPAaH
AJTBIHIEL. Tanmayra  KapacTBIPBUIBIII OTBIpPFaH
TEXHOJIOTUSIAPABI  KONTAHYIBIH  TEIarorHKalIbIK

QJIEYeTiH, MIEKTEYJIEPIH JKOHE IIapTTapbIH 3ePTTCHTIH
JKYMBICTAp Kipi.

Kemeci  omicrep  KOJNITAHBUIIBL: FBUTBIMHU
onebuerrepmi Tannay JKOHE CHUHTE3JIEY;
NEIaroruKaIbIK TEXHOIOTHSIAPIBIH  CaIbICTBIPMAIIBI
Tajmayel; FBUIBIMH JEpeKTepAl JKykeney; KociOn
OaFrpITTAIFAaH OWBIH JKaFJaislapblH  IeJaroruKajblK
MOJIENBICY; XKoHe O1TiM Oepyie kacaHIpl MHTEUIEKTT1
KOIIJaHy OOHMBIHIIIA 3ePTTEY HOTIKENEPiH TYCIHIIPY.

3epTTeyain HBICAaHBI TEXHUKAIIBIK
YHUBEPCUTETTEPJIEr1 CTYNEHTTEpPre AarbUIIIBIH TLUTiH
OKBITY TIporieci OOmpl. 3epTTey TaKbIphIObI OWBIHFA
Heri3enreH  OKy  iC-OpeKeTTepiHle  YKacaHIbI
MHTEIUICKTTI KOJIAAHYABIH II€arOTHKAJIBIK QJIeyeTi
OOJIIBI.

3eprTey Iporeaypachl yII Ke3eHHEeH Typabl: 1)
TUIAIK OKBITYyFa KOJJIAHBUIATHIH XKACaHbl HMHTEIUICKT
HIeH OWBIH MEXaHWKACHIHBIH (DyHKIMSIApBIH aHBIKTAY;
2) Oyn ¢yHKOMsIIapasl Oojamiak WHXEHepIepIiH
Kocion KOMM YHHUKATHSITBIK MIHJETTepIMEH
CaJIBICTHIPY; 3) MOTUBAIMSUIBIK QJIEyeT, epOecTeHIIpY,
KociOm OarbIT, Kepi OaliaHBIC XKoHE MYFATIMHIH
Oackapy KaOijieTi KpUTepuidiepiHe HerizenreH OWbIH
CIICHapUHJIEPiH 93ipJiey KoHEe OJapAbl canalibl Talaay.
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OTtukanelk ~ OekiTy. 3epTTey  KapHUsUlaHFaH
JEpPeKKe3Mepal  TanmayFa IKOHE II€AarOrMKajibIK
MOJIeTIbICyTE HeT13JIeNTeH; KeKe JepeKTep
KUHAJIMaraH,  KaTbICyIIbUIapFa  OKCIEPUMEHTTIK

apajacyiap OKYpPri3UIMEreH JKoHe axamiap MeH
KaHyapiapra KaThICTBl 3€pTTEyJiep JKYpri3iiMereH.
CoHMBIKTaH ATHKA KOMHUTETIHIH MaKyJJaybl KaXeT
emec.

AxnapaTTaHJpIpbUIFal  KemiciM.  KaTeicymibiiap
TapThIJIMaFaHIbIKTaH JKOHE ~ JKEKEe  JIepeKTep
JKUHAJIMaFraH IbIKTaH, KOJIIaHbUIMaIbl.

HOTUXEJIEP ) KOHE TAJIKBLJIAY

CoHFbI KBUIIAPAarbl FBUTBIMU
KapUsUTaHBIMAAP/IBl Tallfay 3epTTEyIIUIepaiH OuTiM
0epy KbI3METIH/IE )KacaH bl MHTSJUICKTIHI Makananyra
JIET€H KBI3BIFYIIBUIBIFBIHBIH TYPAKThl TYPJEC apThII
KeJle )KaTKaHBbIH KOpCeTTi. ABTOpIap/bH 0ackM Oetiri
HMHTEIUICKTYaIbl TEXHOJIOTHsJIAPIbIH CTYISHTTEPIIH
TUIIIK JaspJIbIFbIHBIH CallachblHa OH 9Cep €TETIHIH aTal
ereni [2; 4; 7).

XKyprizinren 3eprrey TEXHHUKAJBIK JKOFaphl OKY
OpPBIHIAPBI CTYACHTTEPIHE AaFbUIIIBIH TUIIH OHBIH
TEXHOJNIOTUSJIAPbl  apKbUIbI  OKBITYyJa  JKacaHIbl
MHTEIUICKTIHI KOJITaHYIbIH HETI3r IeAaroruKajibik
THIMAUTIKTEPIH alKpIHIayFa MYMKIHIIK Oep/Ii.

bipinmries, MHTEJUICKTYaJIIbl Ky#enmepi
naiijanany  CTYAEHTTEpJIH OKYy MOTHBAIHICHIH
apTThIpyFa BIKNAT eremi. JKacaHIpl WHTEIUIEKT
DJIEMEHTTEpPl  CHTI3UITGH  OWBIH  TamChIpMaJIaphl
IOCTYpPJI  OKBITY  TYPJAEPIMEH  CalBICTHIpFaHaa
CTYACHTTEPIIH KbI3bIFYIIBUTBIFBIH €I0YIp apTTHIPAIbL.

ExinmmineH, WHTEUIEKTyalasl TEXHOJIOTHSIIAD
Oimim Oepy yaepiciH aepOecTeHIipyre MYMKIHIIK
Oepeni. CTymeHTTep ©3[epiHIH TUMIK JaHBIHIBIK
JeHreili MeH KociOM KBI3BIFYIIBUIBIKTAphIHA COHKec
OPTYpPNI KYPACTUTIK ACHTEeHiHIEr1 TarchlpManIapIsl
OPBIHIaMTbI.

Y1riHmIigeH, TeHepaTHBTI KacaHIbl HHTEIUIEKTiHI
KOJNJaHy afbpUINIBIH  TUTIHAEri Kocidm  KapbhIM-
KATBIHACTBIH IIBIHAWBI JKaFJaiIapelH  MOJCIBICYTE
MYMKIiHAIK Oepemi, Oy Oojamiak WH>KEHepiep YIIiH
epeKIIIe MaHbI3bI.

3epTTey OapbIChIHIA Kelleci OMBIH ClieHapHilIepi
o3ipIeHin, TaJaaaHIbl:

1. Smart Factory

CryneHTTep BUPTYaIAbl KOCITOPBIHBI 0aCKaPHI,
aFpUIIIBIH TUTIHAE KOCiOM MIHIETTepAl OpBIHIANTHIH
OWBIH TYPiHJET1 OHIIPICTIK KBECT.

Herizri tanceipmanap:
— TEXHUKAJIBIK Ky’KaTTaMaHbl TaJlaay;
— ’ka0BIKTapIbIH aKayJapblH aHBIKTAY;

— OHJIIPICTIK ecenTepi JalbIHAAY;

- HICTENIIK cepikTecTepMeH iCKepIIiK
KOMMYHHUKALIUS KYPTi3y.

2. Al Debate

ChatGPT KOJIAaHBUIATHIH WHTEPAaKTHBTI

HiKipTanac ONbIHBI.

TaKbIPBIITHIH MBICAIBL

"Will artificial intelligence replace engineers in the
future?"

(«bonamakTa »acaHIbl UHTEIIEKT HHKEHEpIepAi
ajgMacThIpa Ma?y»)

JKacaHpl HHTEIEKT MOJIEPaTOp POITIH aTKapabl,
CTYJSHTTEP/IIH J2JIeNIepiH Oaraaiiibl )KoHe ONapiblH
TLTIK JIaF IbUTAPBIH KETUIAIpYTre apHaJIFaH
YCBIHBIMAAp Oepei.

3. Technical Escape Room

Hlerry yumiiH TUIIIK JKOHE KociOM TarceipMmanap
KEIIEHIH OpBIHAAY bl Tajal eTeTiH BUPTYyau sl Oenme
YJITICiHIEr1 OMBIH.

CryneHTTep Kejeci TarnceipMaiapabl OpbIHIaNi bl

— TEXHUKAJIBIK HYCKAYJIBIKTAp/Ibl ayaapy;

— KyKaTTaMaJlaFbl KaTenep/ii aHbIKTay;

— BUPTYaJIJIbl TaTCBIPhIC OepylIiMEH Keliccoszep

KYPri3y;
— WH)KEHEPJTIK MACEJICHIH MISIIIMIH d3ipJiey.
AtanraH OWBIH TYpJCPIHIH  IEJarOrmKajIbIK
qleyeTiH Tangay oJIapAbIH TEXHUKAITBIK

MaMaHbIKTap1a OUTIM ajlaThlH CTYACHTTEPAIH KociOu
KOKETTUTIKTEepiHE JKOFaphl JIeHTeiae OeiiMaenreHin
KOPCETTI.

1-xecTe — AFBUIIIBIH TUTIH OWBIH TEXHOIOTHSIaPhI
apKBUIBI OKBITYJIA KacaH bl MHTEIJICKTiH1 KOJIaHYIbIH
MeAArOTMKAIBIK THIMILTIKTEP1
Ocep ety 0arbiThl | llemarornkaibIk THIMILTIK
AFBUIIIBIH  TUTIH YHpeHyre

OKy MOTHBALIMSICHI | IET€H  KBI3BIFYIIBIIBIKTHIH
apTysl

KomMmyHuKaTtuBTIK | Ayp3ma JkoHe kaz0arma

KY3BIPETTITIK cellyiey IaFJbUIaphIH JaMBITY

.. Tinmik Tokipube KoIeMiH
O31HIIK )KYMBIC

YIFalTy
TanceipManapasl JKeKe
OKBITYIBI p . P .
) epeKIIeNiKTepre colikec
nepoecTeHmipy .
ipiKTEY
) Koacioun KOMMYHHUKAIIUS
Kacibu nasipibix yHHUKAL
JIAFTBTAPBIH KAJBIITACTBIPY
JKacaumer AHTEIIIEKT
Hudpreik
TEXHOJIOTUSIIAPBIMEH JKYMBIC
KY3BIpeTTep

ICTeY JaFABUIApBIH JaAMBITY

AJIBIHFaH HOTWXKENEP HHTEIUICKTyalabl OimiM
Oepy >KyiienepiH maiianaHy CTYIOEHTTEPIiH TUIIK,
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KociOU KoHE HUQPIBIK KY3bIPETTEPiH KeUIeH Il Typae
JaMBITyFa MYMKIiHIIK ~ OepeTiHiH KepceTei.
CTyneHTTepaiH OKY Y/EpiCiHE €H JKOFapbl JCHTehe
TApTBUTYbl OHBIH TEXHOJOTHSJIAphl MEH >KacaH[Ibl
WHTEIIEKT KypaiaapblH Oipiecin KongaHy OapbIchHIa
Oalikamaspl.

3epTTey HoTHXKENepi TUIIK OiniM Oepy canachiHaa
KacaHAbl WHTEUIEKTIHIH eJNeyli oyeyeTi Typalbl
Ka3ipri OTaHJABIK JKOHE MICTEIIK FaJbIMAAPIbIH
TYKBIPBIMAAPBIH pacTaiiael [1; 2; 4].

AIIBIHFaH JIepeKTep OWBIH TEXHOIOTHSIIAPHI
Heriziuae OKBITYZA MHTEJUICKTYaJIIbl
TEXHOJIOTUsIIAPAbI KOJNJIaHY aF bUTIIBIH TLTiH OKBITYABIH
JOCTYPIIi 9icTepiMEH CalbICThIPFaH/a CTYICHTTEPiH
OKYy  MOTHBAIMSACBIHBIH ~ aHAFYPIBIM  TYPaKTHI
KaJIbIITACYbIHA BIKIAJ €TETIHIH KOpCeTyre MyMKiH/IIK
Oepeni. byn Tmimainik  OipHemie  QaxTopiapAbIH
yitecyimMeH TyciHaipineni: OimiM Oepy OpTachIHBIH
WHTEPAKTUBTLIIr, TarchlpManapabl  JiepOecTeHaipy
JKOHE JKeJleN Kepi OailylaHbIC alry MyMKIH/IIT.

Kacion OariapiaHran KapbIM-KaThIHAC
JKarmaiiapelH MOJENbJCY MYMKIHIIT epeKiie Haszap
aymapyra Jaibik. JlocTypai TUIAIK KaTThIFyJIapaaH
adbBIPMAIIIBUIBIFBI, KAaCaHbl WHTE/UICKTIHI KOJJaHyFa
HETI3JIeNTeH OWBIH CIICHApUHIIepl TUIMIK AaspIbIKThI
CTYINGHTTEpAIH  Oomamak  KociOM  KBI3METIHIH
Ma3MYHBIMEH BIKIAIIACThIPYFa MYMKIHIIK Oepeni.

CoHBIMEH KaTtap, 3epTTey HOTIKenepi OiiM Oepy
YIepiciHIe OKBITYIIBIHBIH JKETEKII POJIIH CaKTayIbIH
MaHBI3IBUIBIFBIH  Kepceremi.  Kaszipri  3aMaHFBI
MHTEUICKTYAIAbl JKYWENEpIiH MYMKIHIIKTEpT KeH
OONFaHBIMEH, OJlap MEIArOrUKaJbIK KOJAAY/bl, OKBITY
camachlH OaKbUIayAbl JKOHE CTYICHTTEPAIH aJbIHFaH
aKmapaTka ChIHM KO3KapachlH  KaJBIITACTHIPYIbI
TOJBIKTAN aJIMacThIpa aIMauibl.

Ocpiran OaiimaHBICTBI €H THIMAI OKBITY MOJENI
peTiHae KacaHABl HMHTEIUICKTIHI  IMeTeN  TUTIH
OKBITYIBIH  JOCTYPJi  OMICTEpiH  TONBIKTHIPATHIH
KOCBIMIIIa OUTiM Oepy Kypamibl peTiHie maijanaHyra
HET13/IeNTeH TOCUT KapacThIPhUIaIbL.

KOPBITBIH/IbI
Kyprizinren 3epTTey >KOFapbhl TEXHUKAJIBIK OKY

MOTHBAIUSACHIH apTTHIPYFa, KOMMYHHKaTHUBTIK
KY3BIPETTUTIriH JaMBITYFa, O31HIIIK KYMBIC
JIaFIbITIapbIH KeTiuiaipyre KOHE Oonanrak
WHXCHEPIIEPIiH Kociou OarbITTAJIFAaH TULIIK
JaFrfpUIapblH  KaJbIOTACTBIPYFa  BIKMNANT  CTETiHIH
KOPCETTI.

Wutennekryanapl 4ar-00TTapipl, TEHEPaTUBTI

TULIIK MOJENBIEP/Il XKoHe OeliMueneTin OutiM Oepy
wiar@opManapblH TaiijadaHy HaKTbl CTYICHTTIH
KaXeTTUIiKTepiHe Oarmapianran JepOecTeHAipiireH
OimiM ©Oepy opTacelH KypyFa MYMKIiHZIK Oeperi.
Ocipece Kocion KOMMYHUKAIIUSTHbIH HAKTBI
JKarJainapblH  MOJEIBACHTIH OHBIH  CIICHApHiiIepi
JKOFapbl TUIMIUTIK TAHBITAIBI.

3epTTey HOTHIXKENEpi TEXHHUKAIBIK YKOFAphl OKY
OPBIH/IaPBIH/IA aFBUIIIBIH TUTIH OKBITY TaXipHOeciHe
JKacaH/ibl UHTEJUICKTIHI OIaH 9pi SHTI3YIiH OOoJaIIaFkl
30p €KEHIH pacTaiijibl. AJIJIaFbl yaKbITTa WHXKCHEPIIIK
OarbITTap OOWMBIHINA OLTIM alaThlH CTYISHTTEPIH
TUIMIK  KY3BIPETTEPIH KaJBINTACTBIPYFa  JKacaHIbl
HMHTEJUICKTTIH OPTYPII KypajaaphiHbIH 9CEPIH CaHIbIK
TYpFrbIaH Oarajayra OarbITTaJiFaH SKCIIEPUMEHTTIK
3ePTTEYJIEP JKYPri3y OPbIH/bI OOJIBIIT TaOBLIA B

MY JAEJEP KAKTBIFbICHI
ABTOpJap Myaenep KaKThIFbICIHBIH KOK €KCHIH
MOTIMAEHII.
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OpPBIHIAPEl CTYINSHTTEpiHE AaFBUIIBIH TUNIH OHBIH  JIMIEH3WSACH OOWBIHINA aIllbIK KOJDKETIMII OONBIT
TEXHOJOTHSNAPHl  apKbUIBI  OKBITYyZIa  JkacaHfbl  TaOblaambl. JIMIEH3Ms TYMHYCKA €HOCKKE THICTI Typie
WHTEIUICKTIHI TalJamaHyJplH Heri3ri OarpITTaphlH  CIITEMe JKacallFfaH >Karjaiija, Ke3 KenreH opTaja
afiKpIHIayFa MYMKIHJTIK Oep/Ii. naiijananyra, TapaTyra JKOHE KaiTa kapusiayra

3epTrey  HOTWXKeNepi JKacaHAbl HMHTEUIEKT pykcar Oepemi. TybslHOB  MaTepHanaBp  OCHI
TEXHOJOTUSIAPHl MEH relMu(UKAUSIHBI OimiM Oepy  JIMIEH3USIHBIH AT OCBIHIAM MIAPTTAPBIMEH TAPATHLTYbI
yaepicine KipiKTipy CTYIEHTTEPIiH OKy  THIC.
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Abstract — This study examines the development of an integrated Asafoetida (Hing) value chain in Afghanistan from
cultivation to export using bibliometric analysis and VOSviewer. Metadata from 494,420 Web of Science publications (2020—
2025) were analyzed to identify key research themes and relationships. The results highlight strong connections between
supply chain management, sustainability, resilience, logistics, quality, digital transformation, and international trade. The
findings suggest that integrating cultivation, harvesting, processing, quality control, storage, packaging, transportation, and
export activities can improve coordination, product quality, market access, and export competitiveness. Digital technologies
can further support traceability, information sharing, forecasting, and supply chain coordination. The analysis also
emphasizes the importance of collaboration among farmers, processors, traders, exporters, government institutions, and other
value-chain stakeholders. Improving logistics and quality-management practices can reduce inefficiencies and strengthen the
reliability of Asafoetida products in international markets. Sustainable production and resilient supply-chain practices can
also contribute to rural development and income generation. Therefore, an integrated farm-to-export approach can help
create greater economic value and strengthen Afghanistan’s position in the international Asafoetida market. The study
provides a conceptual basis for developing a sustainable, resilient, and digitally supported Asafoetida value chain in
Afghanistan.

Keywords — Asafoetida (Hing); value chain; supply chain management; agriculture; sustainability; logistics; digital
transformation; export; Afghanistan.
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dopmupyem KOHYenmyanoHyilo OCHOBY OJsi PA36UMUsl YCMOUYUGOU, AOANMUGHOU U NOO00EPIHCUBAEMOU YUPDPOBLIMU
MEXHON02UAMYU YEeNOUKU CO30aHUs cmoumocmu acagemuovl 6 Agpeanucmane.

Knrouegvie cnosa — acagpemuda (xume); yenouka co30aHus cMOUMOCHU, YNPAGIeHUe YenouyKamu NOCMABOK, CENbCKoe
X0351UCmME0,; YCmouuugoe pasgumue, 102UCmuKd,; yugdposas mpancgopmayus,; sxcnopm, Ageanucman.

AYFAHCTAHJA ACA®ETUIAHBIH (XUMHI'TIH) OCIPYJAEH DKCIIOPTKA JEMIHIT
WHTETPAIIUSJIAHTAH KYH TI3BETTH IAMBITY bl BU3YAJU3ALIASIAY

Moxaman Cazau @.

MurennexTyanapl MHXEHEPHUS KIHE 03BIK TEXHONOTHAIAP Kadeapackl, XKacaHabl MHTEIIEKT (akynbTeTi, Manaiisus
TEXHOJIOTHSUIBIK yHUBEpcuTeTi, Kyana-Jlymmyp, Manaiizus

ABTOpJap TypaJibl aKNapar:

Moxaman Csazau ®Partm, noueHt, VMHTennekTyanasl WHXEHEpHs JKOHE O3BIK TeXHoJjorusuap kadenpacel, YKacaumbl
MHTEIUICKT (akynbTeTi, Manai3us TeXHOJOTHsUIBIK yHuBepcuTeti, Jalan Sultan Yahya Petra, 54100 Kyana-JIymmyp,
Manaii3us; KypbsUIBIC MeHeKMeHTI canaceiHgarel PhD, Jlap6opo yuuBepcureri, ¥Yusiopurtanus; ORCID ID:
https://orcid.org/0000-0002-0474-6278; e-mail: syazli@utm.my.

Anoamna — Byn szepmmeyoe 6ubnuomempusiviy manoay owcone VOSVIEWer 6azoapramanvlk Kypaibl AapKblibl
Ayeancmanoazel acagpemudanviy (xunemin) ecipyoen bacman 3KCHOPMKA OeliiHel UHMeSpayusiaHean KYH mizoe2in 0amvimy
Maceneci Kapacmuipuliaobsl. Heziszi sepmmey bazeimmapel Men 01apovly 03apa 6aiianblcmapsii aHbIKMaAy MaKcamoiHoa
20202025 arcornoap apanvizeinoazer Web of Science oepexmep 6azacvinoaser 494 420 scapusinanvimuoiy memadepexmepi
manodanowl. Homuoicenep sicemkizy mizoecin backapy, mypakmol 0amy, HcemKizy miz0eciHiy mypaKxmoliblavl, 102UCMUKA,
cana, Yyu@pavlk mpancopmayus dKHcoHe XAnblKapanslk cayod apacblHod mulebl3 Oailianvicmap 06ap exeHin Kopcemmi.
Anvinean namuoicenep ecipy, Jcunay, eyoey, cananvl 6aKwvliay, caxmay, opay, macelMaiody JHCaHe IKCNOPMMAy CUAKmbl
Kbl3Mem mypaepin unmezpayusnay yuiecmipyoi JcaKcapmyed, OHiM canacvli apmmuipyaad, HapblKmapaa KoANCemimOLikmi
KeHelimyee Jcane 3KCNOpmmulK, bacekeze Kabiiemminikmi Hbl2aiumyaa MyMKIHOIK 6epeminin kepcemeoi.

Lugpreix mexnonocusanap omimMuiy KAOA2ANAHYbIH KAMMAMACHI3 emyze, aKnapam aimacyed, OO0JJICaM dHcacayea dcoHe
JHcemkizy misbecin yuniecmipyee KocuIMuida Koaoay xepceme anaovl. Tanday convimven xamap gepmepiep, enoeyuiinep,
cayoazepaep, IKCHOPMMAYUILILAD, MeMAeKeMMIK MeKemenep Heane KyH mizoeciniy 6acka 0a KamuiCywvliapsl apacbinoazsl
BIHMBIMAKMACMBIKMbLY  MAKbI30bLIbIZLIH  Kopcemeoi. Jlozucmuka Mmen cananvl 6ackapy maocipubecin dcemindipy
MUiMCi30IKmi a3aumoln, XaublKAPAILIK HAPLIKMApoazvl acagemuod OHIMOepiHiy CeHIMOLLZIH apmmulpy2a MYMKIHOIK
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The development of an integrated asafoetida agricultural productivity, promoting rural
(hing) value chain is a crucial aspect of improving livelihoods, and increasing the  export
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competitiveness of Afghanistan, where asafoetida is
recognized as one of the country's most valuable
medicinal and aromatic plant products [1].
Establishing an efficient value chain that connects
cultivation, harvesting, processing, quality control,
marketing, and export can enhance product quality,
reduce post-harvest losses, and create greater
economic opportunities for farmers and exporters.
Understanding the research landscape in this area is
essential for identifying the major themes, research
gaps, and emerging directions related to the
sustainable development of the asafoetida sector.

This section aims to visualize the scientific
literature on the development of an integrated
asafoetida (hing) value chain in Afghanistan, from
cultivation to export, using VOSviewer software. A
bibliometric visualization approach was employed to
analyze the co-occurrence of keywords and their
relationships, enabling the identification of dominant
research clusters, thematic networks, and knowledge
trends. The visualization provides a comprehensive
overview of the existing research and supports future
studies and policy development for strengthening the
asafoetida value chain in Afghanistan.

We exported metadata from 494,420
publications from the Web of Science (WoS)
database using the following query:

"TITLE:("asafoetida" OR "asafetida" OR "hing" OR
"Ferula asafoetida” OR "Ferula assa-foetida" OR
"Ferula foetida" OR ™asafoetida resin"or"value
chain" OR "value-chain™ OR "agricultural value
chain" OR "agrifood value chain" OR "supply chain"
OR "supply-chain" OR "commodity chain" OR
"value chain development” OR "cultivation” OR
"cultivation practices” OR "production” OR
"agricultural production” OR "farming" OR
"harvesting" OR "processing"” OR "post-harvest" OR
"postharvest” OR "storage" OR "marketing” OR
"commercialization" OR "market access" OR "trade"
OR "export™ OR "exports" OR "international trade"
OR "export development” OR "Afghanistan” OR
"Afghan"), timespan: 2020-2025. Indexes: SCI -
EXPANDED, SSCI, CPCI - S, ESCI. The
construction of a network of co-occurrence of
keywords and their clustering was carried out using
the VOSviewer 1.6.15 program [2].

The minimum occurrence of keywords selected
for consideration was four. The total number of
keywords in the 494,420 publications considered
(Authors and Keywords Plus generated by WoS) is
4002. The number of keywords that appear at least 4
times is 369, and further analysis was carried out on
them.
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To reduce the number of clusters into which
keywords (KW) are aggregated, an additional
restriction has been introduced: at least 100 KW per
cluster.

Table 1 presents the bibliometric visualization
of the development of an integrated Asafoetida
(Hing) value chain in Afghanistan, highlighting the
interconnected research areas from cultivation and
production to processing, marketing, and export. The
visualization was generated using VOSviewer to
identify key themes, keyword co-occurrence, and
relationships within the scientific literature.

Table 1- 40 most frequently occurring
keywords in a sample of 494,420 metadata
Key N- Key N- Key N- Key N -
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Notes: keyword is the name of the term; N-kw
is the occurrence of the term.
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The dominant keywords are related to the topic,
its management, impact, performance, supply chain,
sustainability, supply chain resilience, framework,
model, supply chain management, innovation,
integration, resilience, firm performance, dynamic
capabilities, capabilities, logistics, antecedents,
quality, strategy, and supply chain performance.
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Figure 1- Keyword Co-Occurrence Network
Visualization: 369 Most Frequent Terms in 494,420
Publications

If we consider separately the keywords of the
authors themselves, then with a total number of
2,756KW, 157KW occur at least four times, while
the total number of keywords plus (Keywords Plus)
generated by the WoS platform is 1,548KW and
those encountered more than four times are 221KW.

Table 2 - Comparison of the 30 most common
keywords used by publication authors and WoS
platform keywords
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Author Keywords N-kw Keywords Plus N-kw
supply chain 101 trade credit 16
sup_p_ly chain 68 artificial intelligence 14
resilience
supply chain 63 performance 14
management
supply chain 37 supply chain 13
performance digitalization
sustainability 37 firm performance 12
_supply c_ham 35 international trade 12
integration
resilience 27 industry 4.0 11
value chain 26 logistics 11
blockchain 23 digital supply chain 11
supply chain agility 23 information sharing 10

. sustainable

supply chains 23 development 10
supply chain 20 green supply chain 10
finance management

supply Ché}m 17 collaboration 9
collaboration

risk management 16 manufacturing 9
digital 16 literature review 9

transformation

Table 2 presents the result of a comparison of
the 30 most common keywords of publication
authors and keywords of the WoS platform. It shows
that authors often use more general terms to classify
their publications: supply chain, supply chain
resilience, supply chain management, supply chain
performance, blockchain, sustainability, supply
chain integration, resilience, supply chain agility,
supply chain collaboration, artificial intelligence,
supply chains, risk  management, digital
transformation, and performance.
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Figure 2- Overlay Visualization of 30 Most Common
Keywords: Author-Assigned vs. WoS-Generated Terms

The Web of Science (WoS) platform also
generates a list of “Keywords Plus” based on the
analysis of the full texts of publications. These terms
often describe the topic from a broader perspective
than the authors' original keywords. In this case, the
dominant terms include: impact, management,
performance, framework, dynamic capabilities, firm
performance, integration, innovation, model,
antecedents, capabilities, information-technology,
strategy, collaboration, sustainability, competitive
advantage, resilience, technology, logistics,
information, which collectively provide a deeper
insight into the implementation of the themes
addressed by the authors' keywords [3].
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Figure 3- Keywords Plus Co-Occurrence Network
Visualization: 221 Most Frequent in 494,420
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This is also reflected in the clustering of author
keywords, WoS platform keywords and the sum of
these keywords. Clustering is based on the co-
occurrence of keywords in a publication; the
clustering algorithm is described in detail in the
VOSviewer 1.6.15 user manual. Identification of the
dominant keywords in each cluster allows us to
reduce bias in the further collection of scientific
publications on a narrower issue, for example, to
compile a systematic review. A well-known problem
of narrow specialists: they see their topic well,
overestimate the importance of key terms close to
them and tend to underestimate other people’s topics.
At the same time, a significant part of innovations is
implemented at the intersection of research areas.

This study provides a comprehensive
bibliometric analysis of the research landscape
surrounding the development of an integrated
Asafoetida (Hing) value chain, with particular
attention to the interconnected stages of cultivation,
production,  harvesting,  processing,  quality
management, marketing, logistics, and export. The
development of such an integrated value chain is
particularly important for Afghanistan because
Asafoetida is an important exportable agricultural
commodity and can contribute to rural livelihoods,
agricultural income, and international trade. Existing
research on Hing production in Afghanistan also
identifies important challenges for producers,
including limited processing equipment, insufficient
market access, inadequate extension support, and
high input costs [4]. These challenges demonstrate
the need to examine Asafoetida not only as an
agricultural product but as an integrated value chain
involving farmers, processors, traders, logistics
providers, exporters, and international markets.

The present analysis used metadata from
494,420 publications retrieved from the Web of
Science database for the period 2020-2025. The
search strategy incorporated a broad range of terms
associated with Asafoetida, Ferula species, Hing,
cultivation, agricultural production, harvesting,
processing, post-harvest management, storage,
marketing, commercialization, market access, trade,
exports, supply chains, value chains, and
Afghanistan. VOSviewer was used to construct
keyword co-occurrence networks and identify the
major thematic relationships within the research
landscape. The analysis initially identified 4,002
keywords, of which 369 occurred at least four times
and were subsequently included in the analysis. [5]
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The results demonstrate that the literature
surrounding the development of agricultural and
supply-chain systems is highly interconnected. The
most frequently occurring terms identified in the
study include management, impact, supply chain,
performance, sustainability, supply chain resilience,
framework, model, supply chain management,
innovation, integration, resilience, firm performance,
dynamic capabilities, logistics, quality, strategy, and
supply chain performance. These findings suggest
that the development of an integrated Asafoetida
value chain should be approached from a
multidimensional perspective rather than being
limited to cultivation and production.

The strong occurrence of supply chain, supply
chain management, supply chain resilience, logistics,
and supply chain performance is particularly relevant
to Afghanistan's Asafoetida sector. An integrated
value chain requires coordination among producers,
collectors, processors, wholesalers, exporters,
transport providers, and foreign buyers. Without
effective coordination, value can be lost at different
stages through inefficient harvesting, inadequate
processing, poor storage, weak information sharing,
transportation constraints, or limited market access.
Therefore, strengthening supply-chain integration
can help connect agricultural production with
processing and international markets and can
potentially improve the overall economic value
generated by Asafoetida.

The importance of supply-chain integration is
also supported by the broader literature, which
increasingly  considers  supply chains  as
interconnected systems involving coordination,
information sharing, resilience, technology, and
sustainability. Bibliometric research on sustainable
supply chains demonstrates that major research
clusters include sustainability, technological
innovation, performance and competitive advantage,
sustainable business models, and supply-chain risks
[6]. This supports the findings of the present study,
where integration, resilience, innovation,
technology, sustainability, and performance appear
as interconnected research themes.

Fayez Wazani et al. [7] also demonstrated the
importance of digitalization in production processes
at JSC “Qarmet” within the framework of Industry
4.0. Their research emphasized automated process
control, real-time monitoring, automatic detection of
production defects, and the application of digital
technologies to improve product quality and
production performance. Although that study
focused on an industrial production environment, its
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findings are relevant to the proposed Asafoetida
value chain because digital technologies can
similarly support information sharing, quality
monitoring, traceability, inventory management,
production planning, and coordination among
participants in an agricultural value chain.

Digital transformation represents an important
emerging direction in the present research landscape.
Among the author-assigned keywords, digital
transformation, artificial intelligence, blockchain,
supply chain digitalization, and supply chain
collaboration appear as important themes, while
Keywords Plus includes information technology,
technology, and digital-related concepts. This
suggests that future development of the Asafoetida
sector could benefit from digital platforms that
connect farmers with processors, traders, exporters,
and international buyers.

For Afghanistan, digitalization could provide
several practical opportunities. A digital value-chain
platform could allow farmers to access information
about cultivation practices, harvesting schedules,
quality requirements, market prices, buyers, and
export requirements. Processors and exporters could
use digital records to monitor quantities, quality
characteristics,  processing  activities, storage
conditions, and shipments. Such systems could also
improve transparency between producers and buyers
and reduce information asymmetries that may
disadvantage small-scale farmers.

The appearance of blockchain and information
sharing among the identified research themes is also
significant.  Blockchain-based  systems  could
potentially support product traceability by recording
information about cultivation locations, harvesting,
processing, quality inspection, packaging, and export
transactions. For a product such as Asafoetida, where
product quality and authenticity can influence
international  market  acceptance,  improved
traceability could contribute to greater buyer
confidence and market transparency.

Another important dimension is quality
management. The keyword analysis identifies
quality as a significant theme, with quality appearing
40 times among the dominant Keywords Plus terms.
Quality management is particularly important for
Asafoetida because the product passes through
several stages between cultivation and final export.
Variations in  harvesting methods, drying,
processing, storage, packaging, and handling can
influence the final quality of the product. Therefore,
establishing consistent quality-control procedures
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throughout the value chain is essential for improving
market competitiveness.

Fayez Wazani et al. [8] examined data-driven
decision-making within  Quality Management
Systems based on ISO 9001:2015 and highlighted
the importance of statistical analysis for objective
process assessment, timely detection of deviations,
reduction of process variability, and improvement of
management decisions. These findings are relevant
to the Asafoetida value chain because data-driven
quality management can potentially be applied to
production volumes, product quality, processing
performance, storage conditions, market demand,
and export performance. Consequently, systematic
collection and analysis of value-chain data could
support more reliable decisions by farmers,
processors, exporters, and policymakers.

The research landscape also emphasizes
sustainability and resilience. Sustainability appears
69 times among the dominant Keywords Plus terms,
while supply-chain resilience appears 68 times.
These themes are especially relevant to Afghanistan
because agricultural value chains may face multiple
risks, including climatic variability, production
uncertainty, transportation constraints, market
fluctuations, limited infrastructure, and disruptions
in domestic and international trade.

A resilient Asafoetida value chain should
therefore be capable of responding to disruptions
while maintaining the flow of products and
information from producers to international buyers.
Research on sustainable supply-chain resilience
shows that sustainability, supply-chain management,
sustainable development, and risk management are
closely interconnected themes in the contemporary
literature [9]. For the Afghan Asafoetida sector,
improving resilience could involve diversifying
buyers and export markets, strengthening storage
capacity, improving transportation and logistics,
developing reliable processing facilities, and
increasing access to market information.

Logistics is another important theme identified
in the analysis, appearing among the dominant
Keywords Plus terms. Logistics is critical because
Asafoetida must move through several geographical
and organizational stages before reaching
international markets. Inefficient transportation,
inadequate storage, poor packaging, and delays can
reduce product quality and increase transaction costs.
Developing an integrated logistics system
connecting production areas with processing
facilities, domestic markets, border points, and
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international buyers could therefore improve the
efficiency of the overall value chain.

The role of logistics is closely connected with
supply-chain agility and collaboration, which also
appear among the major author-assigned keywords.
Effective collaboration among farmers, processors,
traders, exporters, government agencies, financial
institutions, and logistics providers can improve
information exchange and facilitate faster responses
to changes in demand and market conditions. In the
Asafoetida sector, stronger collaboration could also
help smallholder farmers obtain better access to
processing facilities and international markets.

Another important finding is the presence of
competitive  advantage, innovation, dynamic
capabilities, and strategy within the research
landscape. These concepts indicate that value-chain
development should not focus exclusively on
increasing production. Long-term competitiveness
depends on the ability of participants to develop
capabilities for innovation, quality improvement,
market adaptation, technological adoption, and
strategic coordination.

For Afghanistan, this means that increasing
Asafoetida production alone may not be sufficient to
maximize its economic contribution. Greater value
can potentially be created by improving processing,
packaging, branding, certification, traceability,
marketing, and export coordination. Moving from
the export of relatively unprocessed raw material
toward higher-value processed and standardized
products could provide opportunities to increase the
economic return to producers and other participants
in the value chain.

The comparison between author-assigned
keywords and Keywords Plus further confirms the
interdisciplinary character of the field. The authors'
keywords emphasize supply chain, supply chain
resilience, supply chain management, supply chain
performance,  sustainability,  supply  chain
integration, blockchain, supply chain agility, supply
chain collaboration, risk management, digital
transformation, and performance. Meanwhile,
Keywords Plus emphasizes broader concepts such as

management, impact, performance, framework,
dynamic capabilities, firm performance, integration,
innovation, information technology, strategy,

collaboration, sustainability, competitive advantage,
resilience, technology, and logistics.

This difference indicates that the development
of an Asafoetida value chain should be understood
through several complementary perspectives:
agricultural production, supply-chain management,
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logistics, digitalization, sustainability, quality
management, international trade, and strategic
management. Integrating these perspectives can
provide a stronger conceptual foundation for
developing an effective national Asafoetida value-
chain model for Afghanistan.

The findings also support the development of a
farm-to-export integrated value-chain framework for
Asafoetida. Such a framework could consist of
several interconnected stages: cultivation and
production; harvesting and collection; primary
processing; quality control; drying and storage;
packaging and branding; domestic transportation;
market  coordination; export logistics; and
international marketing. Digital information systems
could operate across these stages to improve
traceability, information sharing, forecasting, and
coordination.

The results of the bibliometric analysis can also
support the development of future research programs
and systematic reviews focused specifically on
Asafoetida production and value-chain development.
The clustering of keywords provides an opportunity
to identify research gaps and investigate the
relationships  between cultivation, processing,
supply-chain resilience, sustainability, digitalization,
guality, logistics, and export competitiveness. The
clustering approach can also help reduce the risk of
examining the topic from an overly narrow
perspective because innovations frequently emerge
at the intersection of different research areas.

Future empirical research should examine the
actual conditions of the Asafoetida value chain in
Afghanistan. Important areas include the economic
performance of farmers, cultivation costs,
productivity, harvesting practices, processing
capacity, post-harvest losses, storage conditions,
transportation costs, market structures, export
destinations, international prices, guality
requirements, certification, and the distribution of
value among different participants. Such research
could provide the quantitative evidence necessary for
designing an economically viable and sustainable
national value-chain model.

Future studies should also investigate how
digital technologies can be practically applied within
the Afghan Asafoetida sector. Potential applications
include mobile-based farmer platforms, digital
marketplaces, electronic traceability systems,
blockchain-based certification, demand forecasting,
geographic information systems, digital payment
systems, and data-driven production planning. These
technologies could help connect rural producers with
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domestic and international markets while improving
transparency and reducing information barriers.

Sustainability should remain a central
component of this development model. Sustainable
cultivation  practices, responsible  harvesting,
efficient resource use, appropriate processing
technologies, and improved waste management can
help ensure that expansion of Asafoetida production
does not create unnecessary environmental
pressures. At the same time, social sustainability
should be considered through improved rural
employment, farmer income, participation of local
communities, and equitable distribution of value
throughout the chain.

Also these findings demonstrate that the
development of an integrated Asafoetida value chain
in Afghanistan is a multidisciplinary issue involving
agriculture, supply-chain management, logistics,
international trade, technology, quality management,
sustainability, and strategic management. The
dominant research themes identified through
VOSviewer—including management, supply chain,
performance, sustainability, resilience, innovation,
integration, logistics, quality, strategy, and supply-
chain performance—provide a useful conceptual
foundation for understanding the sector.

CONCLUSION

The study demonstrates that developing an
integrated Asafoetida value chain can create
significant ~ opportunities  for  Afghanistan’s
agricultural and export sectors. The bibliometric
analysis highlights the importance of supply chain
integration, sustainability, resilience, logistics,
guality management, digitalization, and international
trade. Connecting cultivation, harvesting,
processing, quality control, storage, packaging,
transportation, and export can improve value

creation and market competitiveness. Digital
technologies, including blockchain and other
traceability systems, can further strengthen

coordination, transparency, information sharing, and
market access. Effective quality control and
standardized processing practices are also essential
for meeting international market requirements and
improving product value. Stronger cooperation
among farmers, processors, traders, exporters, and
government institutions can reduce supply-chain
fragmentation and improve overall efficiency.
Investment in logistics, storage, packaging, and
export infrastructure can further reduce post-harvest
losses and support reliable international distribution.
At the same time, sustainable and resilient
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production practices can contribute to rural stronger foundation for sustainable development,
employment, farmer income, and long-term sector higher product quality, and greater international
development. Therefore, an integrated and digitally competitiveness of Afghanistan’s Asafoetida sector.

supported farm-to-export model can provide a
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Abstract — In Indonesia, sungkai leaves (Peronema canescens Jack) are popular as herbal plants and have the potential to be
classified as a source of secondary metabolite compounds. This study aims to determine the characteristics of sungkai leaf
extract and its secondary metabolite content. This study used a 70% ethanol solution to extract secondary metabolite
compounds through the maceration method. Determination of antioxidant activity was carried out using the DPPH (2,2-
diphenyl-1-picrylhydrazyl) method. Initial characterization was carried out through phytochemical screening of flavonoids
and phenolics. Antioxidant activity was determined based on the extract's ability to inhibit DPPH radicals at a concentration
of 10-50 ppm, then expressed as an inhibition percentage and ICso value. The results showed that sungkai leaf extract with
70% ethanol solvent contained flavonoids and phenolics. Increasing the extract concentration resulted in an increase in DPPH
radical inhibition activity, with an inhibition percentage of 37.54-81.31%. Although the ICso of sungkai leaf extract is still
below the value of Vitamin C, the ICso of the extract was 21.98 ppm, categorized as very strong. Therefore, the results of this
study are still qualitative and require further quantitative study. This study also contributes to the support that sungkai leaf
extract has the potential to be developed into an antioxidant compound.

Keywords — secondary metabolite, herbal compound, antioxidant resource, maceration.
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Abocmpakm — VHnoHe3wsina cyHrkail skamblpakTapsl (Peronema canescens Jack) mopinmik eciMmik peTiHIe KeHiHEH
KOJIIaHBUIAIbI ’KOHE EKIHIIIIIIK MeTabONMNTTEp KOChUIBICTAPBIHBIH K031 peTiH/Ie KapacThIpbuIapl. by 3epTTeymin MakcaTsl —
CYHTKa# JKaIbIpaKTapbl CHIFBIH/BICEIHBIH CHITATTaMaJIapbIH jKOHE OHBIH KYPaMBIHIAFbl €KiHIILTIK METa0OIUTTEP Il aHbIKTay.
3eprrey OaphICHIHIA EKIHIIJIK MeTadonuTTepai Oemin aimy yiniH Marepanust smiciMern 70%-IbIK 3TaHON epiTiHAici
KOJIAaHBUIIBI. AHTHOKCHUAAHTTHIK OenceHaunikTi anpikray DPPH (2,2-mmudennn-1-nmuxpunruapasmin) omici  apKbUIbI
xyprizingi. bacrankel cumarramanap QiuaBoHOHATap MeH (GEHONIBIK KOCHUIBICTapFa (PUTOXUMMSUIBIK CKPHHUHT JKYPTri3y
ApKBUTBl  aHBIKTAJABL. AHTHOKCHIAHTTHIK OCNCEHAUTIK ChIFBIHABIHEIH 10-50 ppm koHneHTpamusuapeiana DPPH
panuKanaapheIH Texey Kabineri Heri3inne 6aranannsl. HaTikenep Texey naiibi3bl skoHe 1Cso MoHI TYpiHIE KopeeTini. 3epTrey
HoTmkenepi 70%-AbIK STAaHOJIMEH alblHFaH CYHTKai >KalbIpakTapbl CHIFBIHIBICHIHBIH KYpaMblHAa (IaBOHOWATAp MEH
(eHONIBIK KochUIbICTap 0ap ekeHiH kepcerTi. CHIFBIHABI KOHIEHTpalMsAchiHBIH apTysl DPPH panmukanmapei Texey
OeNCeHIUIITIHIH JKOFapbUlayblHa oKewim, Texey mnaibibl 37,54-81,31% apaneirbiana Gonapl. CyHrKail skanbIpaKTapbl
coIFbIHABICHIHBIH [Cso MoHI C IopyMeHIMEH calbICThIpFaHAa JKOFapbl OosFaHbIMeH, 21,98 ppm Kypazabl, Oy eTe >KOFapsbl
AHTHOKCHJAHTTHIK OCIICCHIUTIK CaHAThIHA colikec Keneni. OChiFaH 0aiIaHbICThI 3€PTTEY HOTIDKEIIEPI 931pTe canallbIK CHITaTKa
We JKOHE KOCHIMIIA CaHJBIK 3epTTeyJiep Xyprizynmi kaxer ereni. CoHbIMEH KaTap, OyJl 3epTTey CYHIKail jKarblpakTapbl
CBHIFBIH/IBICHIHBIH @aHTHOKCHIAHTTHIK KOCBUIBIC PETIHJE opi Kapail a3ipJeHy aJieyeTiH pacTaiibl.

Kinm co30ep — exiHminik MeTabOIUTTED, OCIM/IIK TEKTEC ASPIITIK KOCBUIBIC, aHTHOKCUIAHTTHIK PECYPC, Mallepaliusl.
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Annomayus — B Vumonesun nuctes cyHrkaii (Peronema canescens Jack) mmpoko HCIONB3YIOTCS B KauecTBe
JIEKapCTBEHHOT'O PACTUTENILHOTO CHIPhS M PACCMATPUBAIOTCS KaK MOTEHIMAIBHBINA HCTOYHUK BTOPUYHBIX MeTabonuToB. Llens
JaHHOT'O HCCIIENOBAHHUSA — ONPEACNUTh XapaKTEePUCTUKH IKCTPAaKTa JIMCTHEB CYHTKall U YCTaHOBHTH COAEpKaHHE B HEM
BTOPUYHBIX METa00NUTOB. [l W3BICUCHMS] BTOPHYHBIX MeTabonuTOB Hcmonb3oBaiu 70%-HBII pacTBOp 3TaHONA, a
SKCTPAKIUIO POBOIMIN METO0M Mariepanui. OnpeneneHie aHTHOKCHIAHTHOW aKTHBHOCTH OCYIIEeCTBIsUTH MeTogoM DPPH
(2,2-mudpennn-1-nukpriruapaswi). [[epBHYHYI0 XapaKTEPHCTUKY 3KCTPAKTa MPOBOMIINA MOCPEACTBOM (PUTOXUMUYECKOTrO
CKpMHHHIa Ha Haiduuue (IaBOHOMZOB M (DEHONBHBIX COCAWHEHHIH. AHTHOKCHIAHTHYIO aKTUBHOCTb OLICHUBAIH II0
CHOCOOHOCTH JKCTpakTa MHruOupoBath pagukansl DPPH mpu konuentpammsx 10-50 ppm. IlonyueHHble pe3yabTaThl
BEIPAXKAIX B MPOLEHTaX HMHrUOMpoBaHWs M 3HaueHUH |Cso. Pe3ympTaThl mOKas3anw, 4TO SKCTPAKT JIMCTHEB CYHIKai,
TIOJTy4YEeHHBIH ¢ ucnonb3oBanueM 70%-HOTro 3TaHOJA, COAECPKUT (IaBOHOMIBI U (eHONbHbIe coeauHeHHs. C yBemmYeHueM
KOHIIGHTPAILlM} IKCTPaKTa aHTHPAIUKANbHAs aKTUBHOCTh B oTHomeHnn DPPH Bo3pacrama, a mpomeHT MHruOHUpOBaHUS
cocrasist 37,54-81,31%. Hecmotpst Ha To uto 3HaueHHe |Cso SKCTpaKTa JIUCTHEB CYHTKail BhIlIE, YeM y BuTamuHa C, OHO
cocraBmiio 21,98 ppm, 9TO COOTBETCTBYET KAaTETOPHH OYCHH BHICOKON AaHTHOKCHIAHTHOW aKTHBHOCTH. TakuM o0pazom,
pe3yabTaThl JAaHHOTO HCCIEJOBaHUS IOKa MMEIOT MPEHMMYNIECTBEHHO Ka4eCTBEHHBIH XapakTep M TpeOyIT HalbHeHInero
KOJIMYECTBEHHOT 0 U3y4eHus. KpoMe Toro, oiaydeHHbIe JaHHBIE TOATBEP)KAAIOT ePCIEKTHBHOCTD NallbHeHIIeH pa3paboTKu
9KCTpPaKTa JIUCThEB CyHIKai B KAYeCTBE HCTOYHUKA aHTHOKCUIAHTHBIX COCTHHCHUH.

Kntouesvle cnoea — BTOpHIHBIE META0ONUTHI, COSAUHEHHS PACTHTEIEHOTO IPOUCK OXK/ICHNUS, UICTOYHHK aHTHOKCHIIAHTOB,
Mareparys.

MAIN PROVISION e Metode ekstraksi larutan etanol 70% dan maserasi
e Penelitian ini menunjukkan bahwa ekstrak daun sungkai menghasilkan rendemen 18.94%.
mengandung karakteristik fitokimia berupa flavonoid dan e Penelitian ini menunjukkan bahwa ekstrak daun sungkai
fenolik. memiliki 1C50 sebesar 21.95.
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INTRODUCTION

Indonesia is known as a country with a diverse
range of traditional herbal plants. One such plant is the
sungkai (Peronema canescens Jack), a member of the
Verbenaceae family. This plant is abundant on the
islands of Kalimantan and Sumatra [1]. Secondary
metabolites commonly found in herbal plants include
flavonoids, phenolics, saponins, steroids, alkaloids, and
terpenoids. The content of these compounds can vary
depending on the plant species, plant part, growing
location, and the method and solvent used in the
extraction process [2]. Several previous studies have
shown that sungkai leaves contain several secondary
metabolites, particularly  flavonoids, phenolics,
saponins, and steroids. The activity most associated
with secondary metabolites in plants is antioxidant
activity [3], [4]. This is because phenolic and flavonoid
compounds are known to scavenge free radicals,
making plants containing phenolic and flavonoid
compounds potentially suitable for development as
natural antioxidant sources.

Based on this description, sungkai leaves have the
potential to be a source of natural ingredients containing
secondary metabolites and possessing antioxidant
activity [5]. This study was conducted to determine the
characteristics of Peronema canescens Jack leaf extract
through yield determination, phytochemical screening,
and antioxidant activity testing using the 2,2-diphenyl-
1-picrylhydrazyl (DPPH) method. The results are
expected to provide information on the potential of
sungkai leaves as a natural antioxidant source and serve
as baseline information for further research [6].

Research Gap. Although research on sungkai
leaves has reported the presence of several secondary
metabolites and their antioxidant activity, studies
linking the characteristics of secondary metabolites to
the extract's ability to scavenge free radicals still need
to be developed. Phytochemical screening only
provides qualitative information about the compound
class, while DPPH testing provides information about
antioxidant activity without directly explaining the
chemical components that potentially play a role.
Therefore, this study was conducted to obtain an
overview of the relationship between the secondary
metabolite profile from phytochemical screening and
the antioxidant activity of the ethanol extract of
Peronema canescens Jack leaves.

Scientific Novelty. The novelty of this research lies
in the re-evaluation of the characteristics of the ethanol
extract of Peronema canescens Jack leaves obtained
through certain extraction conditions and the study of
the relationship between phytochemical screening
results and DPPH radical scavenging activity. This
study provides new experimental data on the
characteristics of the extract and its antioxidant activity

as a basis for further research on the bioactive
compounds of sungkai leaves.

LITERATURE REVIEW
A. Secondary Metabolites in Plants

The flavonoid, phenolic, alkaloid, terpenoid,
steroid, and saponin compounds are classified as
secondary metabolites. The presence of secondary
metabolites in plants indicates their potential biological
function. Flavonoids are a group of phenolic
compounds that possess an aromatic ring system with
several hydroxyl groups. These hydroxyl groups enable
flavonoids to react with free radicals. This reaction
occurs through the transfer of hydrogen atoms and
electrons [7].

Like flavonoids, the hydroxyl groups in the
aromatic structure of phenolic compounds also possess
antioxidant properties. These groups donate hydrogen
atoms to free radicals, producing phenoxy radicals. The
phenoxy radicals are then stabilized by electron
delocalization in the aromatic ring [2], [8].

Therefore, the presence of flavonoids and
phenolics can be identified by their free radical
scavenging ability. The presence of flavonoids and
phenolics is usually determined through color reactions
or complex formation using reagents in phytochemical
screening. However, these tests are only gualitative and
are therefore primarily used to provide initial
information regarding the chemical composition of
extracts.

C. Extraction of Secondary Metabolite Compounds
The process of separating specific compounds
from natural materials using solvents is called
extraction. The solvent used in extraction is selected
based on the solubility of the compounds to be
separated. The success of extraction depends on the
type and concentration of the solvent, extraction time,
particle size, and temperature [9].

One simple extraction method is maceration. In
maceration, powdered medicinal plants are soaked in
a solvent for a specified period of time, allowing
soluble compounds to be drawn from the plant tissue
into the solvent. Besides being simple, this method
does not require high heat, making it often used for
compounds that are relatively sensitive to
temperature.

The most commonly used solvent is ethanol.
Using ethanol in a mixture with water can help extract
compounds with varying polarities. In research on
sungkai leaves, ethanol at different concentrations has
been used to obtain extracts, which were then
analyzed for their phenolic content and antioxidant
activity. One study reported that ethanol extracts of
sungkai leaves had superior phenolic content and

117



Bulletin of the Karaganda State Industrial University. Ne3(54), 2026

antioxidant activity compared to water extracts under
these test conditions [10].

Therefore, the choice of ethanol as a solvent in
sungkai leaf research is expected to produce extracts
containing various secondary metabolites, particularly
polar and semipolar compounds that have the potential
to provide antioxidant activity.

MATERIALS AND METHODS

The main material used in this study was sungkai
leaves (Peronema canescens Jack) obtained from
Nagari Palembayan, Agam Regency, West Sumatra,
Indonesia. The chemicals used included 70% ethanol,
ethanol p.a., DPPH (2,2-diphenyl-1-picrylhydrazyl),
vitamin C, distilled water, magnesium powder,
concentrated HCI, and 10% FeCls. The equipment used
included an analytical balance, blender, maceration
vessel, glassware, test tubes, pipettes, rotary evaporator,
volumetric flask, and UV-Vis spectrophotometer.

A. Simplicia preparation

The sungkai leaves used were first cleaned of dirt
and unnecessary plant parts. The samples were then
dried in a place protected from direct sunlight until the
leaves were dry. The dried leaves were then ground
using a blender to obtain a powdered herbal medicine.
The powdered herbal medicine was stored in a closed
container and protected from moisture before being
used in the extraction process.

B. Extraction of Sungkai Leaves

Extraction was carried out using a maceration
method with 70% ethanol as the solvent. A total of 250
g of powdered sungkai leaves was placed in a
maceration vessel, then 70% ethanol was added at a
ratio of 1:10. The mixture was allowed to stand for three
days, protected from light, with occasional stirring.

After the maceration process was complete, the
mixture was filtered to separate the filtrate from the
pulp. The resulting filtrate was then evaporated using a
rotary evaporator to obtain a more concentrated extract.
The extract was then weighed and stored in a sealed
container before analysis.

This extraction step was used to obtain an extract
containing various sungkai leaf secondary metabolites
based on their solubility in 70% ethanol.

1. Collection of Leaves 2. Cleaning

3 Drymg

Leaves were washed thor wghly dried i the shade

»fi

Y

@+.

250 g ofleaf ponder vas macerated

Fresh sungkaileaves were

collcted from the research ~ vith ruing water o remove vithout direct sunlight unti sngablme o dm vith 70% ethancl (olicsolvent
location. irtand impurites constant weight (molsture: afine powder (smplicia). feto = 1:10) for 3 days at room
content £2.5%). temperature, protected from light
and stirred occasionally.
8. Thick Extract

A thick extract of sungkai leaves
was obtained and stored in an
airtight dark container for
further analysss

The mixture was fitered to
separate the fitrate from
the marc (residue),

Figure B1 — procedures for Sungkai leaf extraction

C. Determination of Extract Yield
The yield is used to determine the percentage of extract
obtained compared to the initial weight of the simplex.
The yield is determined by using the equation:

extract (g)

Yield (%) = x100 (1)

simplicia (g)

The yield results were used as one of the initial
characterization parameters for sungkai leaf extract.

D. Phytochemical Screening

Phytochemical screening was conducted to determine
the presence of several classes of secondary metabolites
in sungkai leaf extract. The compounds analyzed
included flavonoids and phenolics.

E. Flavonoid Test (Shinoda Test)

2 mL of the extract was placed in a test tube, then
magnesium powder and 2-3 drops of concentrated HCI
were added. The formation of an orange to red color
indicates a positive result for flavonoids. This color
change is used as a qualitative indicator of the presence
of flavonoid compounds.

F. Phenolic Test

2 mL of sungkai leaf extract was placed in a test tube
and 2-3 drops of a 5% FeCl: solution were added.
Antioxidant Activity Testing Using the DPPH Method

The antioxidant activity of sungkai leaf extract was
determined using the DPPH method. This method is
based on the ability of antioxidant compounds in the
extract to donate hydrogen atoms or electrons to the
DPPH radical, thereby converting the radical into a
more stable form.

G.Preparation of Extract Solution
A stock extract solution was prepared at a
concentration of 1000 ppm. A 10 mg extract was
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weighed and dissolved in ethanol p.a. in a 100 mL
volumetric flask to the mark. From this stock solution,
extract solutions were prepared at concentrations of 10,
20, 30, 40, and 50 ppm.

H. Preparation of DPPH Solution

A DPPH stock solution was prepared at a
concentration of 100 ppm by dissolving 10 mg of DPPH
in ethanol p.a. to a volume of 100 mL. The solution was
then diluted to obtain a DPPH solution with a
concentration of 35 ppm.

I. Antioxidant Activity Measurement

A total of 2 mL of the extract solution at each
concentration was mixed with 4 mL of a 35 ppm DPPH
solution. The mixture was then incubated for 30 minutes
at 37°C under conditions protected from light.

The absorbance of the solution was measured using
a UV-Vis spectrophotometer at a wavelength of 517
nm. Vitamin C was used as a reference. Vitamin C
solutions were prepared at several concentrations and
treated with the same procedure as the extract solutions.
The color change was then observed. A blue color
indicated the presence of phenolic compounds.

RESULT AND DISCUSSION

A. Characteristics of Sungkai leaves Extract

Sungkai leaf (Peronema canescens Jack) extraction
was performed using a maceration method with 70%
ethanol. The choice of 70% ethanol was based on its
ability to extract secondary metabolites with varying
polarities. The maceration process was carried out for
three days with a 1:10 ratio of the crude drug to the
solvent.

From 250 g of crude drug, 47.351 g of sungkai leaf
extract was obtained, with a yield of 18.84%. The
extraction results are presented in Table 1.

Table Al — Sungkai Leaves Extract

Parameters Results
Weight of simplicia 250 g
Solvent Ethanol 70%
Time duymg 3 days
maceration

Weight of extract 47.351¢g
Yield 18.94%

The yield of 18.940% indicates that the maceration
process was able to extract several components from
sungkai leaf extract. The use of 70% ethanol allows
for the extraction of polar to semi-polar compounds.
The water in the 70% ethanol solution facilitates

solvent penetration into plant tissue, while the ethanol
plays a role in dissolving various organic compounds.
Therefore, the resulting extract is expected to contain
a fairly diverse mixture of secondary metabolites.

B. Phytochemical Screening Results

Phytochemical screening was conducted to
qualitatively determine the presence of several groups
of secondary metabolites in the ethanol extract of
sungkai leaves. The test results indicated the presence
of flavonoids and phenolics.

Table B1 — Phytochemical Screening Results

Secondary metabolite

Results
group
flavonoids +
phenolics +

(+) detected; (—) not detected

These results indicate that the ethanol extract of sungkai
leaves contains several groups of secondary metabolites
with the potential to exert biological activity. The
presence of flavonoids and phenolics is of particular
interest because these two groups of compounds have
structures that allow them to react with free radicals [3].

Flavonoids

A positive flavonoid result is indicated by a color
change after the addition of magnesium and HCI. This
reaction is a commonly used qualitative method for
detecting flavonoids. Simply put, the reaction can be
described as:

1. Flavonoid (initial form) 2. Flavylium (flavilium) complex (colored)

OH OH
HO. 0. @ HO, o @
6 . + Mg + 2HCl —p A\ i + MgCl, + H0
NN
— W

oH 0 OH

4 Solution color
Orange — Red  Reddish purple
(Bmps # el s Hoddii prepis. |

Figure B1 — Reaction of flavonoid test

Magnesium acts as a reducing agent, reducing the
carbophilic groups of flavonoids under acidic
conditions. This reduction and ring rearrangement leads
to the formation of flavylium salts. Flavyllium
complexes are indicated by an orange to red color [11].
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Positive result
(color developed)

After addition
of Mg

Flavonoid extract
(before reaction)

Figure B2 — Color change during flavonoid test

The color change is related to changes in the
conjugation system of the flavonoid structure under
acidic conditions. Flavonoids have an aromatic ring
system and hydroxyl groups that allow for electron
stabilization through resonance. The presence of
flavonoids is also relevant to antioxidant activity. The
hydroxyl groups in the flavonoid structure can donate
hydrogen atoms to free radicals, thereby making them
more stable [12].

Phenolic
The phenolic test using FeCls yielded a positive result.
The reaction between the Fe*" ion and the phenolic
group produces a colored complex. The formation of
this complex causes a color change that can be observed
visually.

OH o +

+ FeCl; (aq) 6,,’:.93:\07 )

Ferric phenolate complex
(colored)

+ 3CF

Fe** + 3cCI

Figure B3 — Reaction of flavonoid test

In aqueous solution, FeClz decomposes to produce Fe®.
The Fe** ions react with phenolate oxygen (ArO") to
form a complex compound. The charge transfer in the
complex compound produces a blue color.

Positive result

Before adding FeCl; After adding FeCl;

+ FeCl,

Blue color
(positive for phenolics)

Sample solution
(yellow or brown)

Figure B4 — Reaction of flavonoid test

Phenolic compounds are a group of secondary
metabolites that have the potential to contribute to
antioxidant activity. The hydrogen atom in the phenolic
hydroxyl group can be transferred to a free radical,
while the resulting phenoxy radical is relatively stable
due to the delocalization of electrons in the aromatic
ring [13].

C. Antioxidant Activity

The antioxidant activity of sungkai leaf extract was
determined using the DPPH method. Tests were
conducted at extract concentrations of 10, 20, 30, 40,
and 50 ppm. The results showed an increase in the
percentage of inhibition with increasing extract
concentration.

Table C1 — DPPH radical scavenging activity of the extract

Extract Inhibition (%0)

. Absorbance
concentration (ppm)
10 0.343 37.84
20 0.292 47.37
30 0.235 58.99
40 0.176 68.51
50 0.108 81.42

Increasing the extract concentration from 10 to 50
ppm resulted in a decrease in absorbance from 0.343 to
0.108. At the same time, the inhibition percentage
increased from 37.84% to 81.42%. This pattern
indicates that the higher the extract concentration, the
greater the amount of antioxidant components available
to react with DPPH radicals. Consequently, the
remaining DPPH radical concentration decreases, and
the measured absorbance also decreases.

D. Mechanism of Extract Reaction with DPPH
Radicals

The antioxidant activity of extracts can be explained by
the ability of hydrogen or electron donor compounds to
reduce DPPH radicals. In general, the reaction can be
written as:

DPPH* + AH . DPPH-H+A*  (2)

AH is an antioxidant compound that releases a
hydrogen atom to the DPPH radical. DPPH, which is
originally in the form of a radical, changes to a more
stable form. For phenolic compounds, the reaction can
be described as:

ArOH + DPPH* ——» ArO*+DPPH-H (3)

ArO*, or phenoxy radicals, produced from the reaction
of phenolic compounds can be stabilized through
resonance within the aromatic structure [6], [13]. These
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two mechanisms give flavonoids and phenolic
compounds the ability to scavenge free radicals (act as
antioxidants). The color change is the basis for
spectrophotometric measurements at a wavelength of
517 nm.

E. ICg of Extract

Based on the relationship between extract
concentration and inhibition percentage, the ICso value
of the extract was 21.95 ppm. Table 4. ICso value of
sungkai leaf extract.

Table E1 — ICso value of sungkai leaf extract

Ssample 1C50 (ppm) Intrepretation
Sungkai leaf extract  21.95 Very strong
Vitamin C 4.18 Very strong

Thus, sungkai leaf extract has antioxidant activity in
the very strong category. However, the ICso value of the
extract is still higher than that of vitamin C. Higher
values indicate that the concentration required to inhibit
50% of DPPH radicals is higher, so that the radical
scavenging activity is lower. Based on these results,
sungkai leaf extract shows lower activity than that of
vitamin C. This indicates that not all elements in
sungkai leaf extract play a role in scavenging DPPH
radicals.

F. Relationship Between Secondary Metabolytes
And Antioxidant Activity

Phytochemical screening results indicated the
presence of flavonoids and phenolics in sungkai leaf
extract. These two groups of compounds are suspected
to play a role in the observed antioxidant activity. This
relationship can be explained by the ability of hydroxyl
groups to donate hydrogen atoms:

ArOH +R* —» ArO* + RH 4)

Phenolic compounds that have lost a hydrogen
atom form phenoxy radicals (ArO*). These radicals are
relatively stable because the unpaired electron can be
delocalized within the aromatic system. Flavonoids also
possess a structural system that allows radical
stabilization through resonance. Therefore, the ability to
reduce DPPH radicals depends on the number of
compounds that can donate H atoms or electrons. The
greater the number of donors, the greater the ability
[12].

In this study, the presence of flavonoids and
phenolics, along with the very strong DPPH activity,
indicates that flavonoids and phenolics play a role in the
antioxidant activity of sungkai leaf extract. However,
because the phytochemical screening analysis was only
qualitative, this relationship remains indicative.

CONCLUSION

This study showed that maceration using 70%
ethanol can produce 18.10% sungkai leaf extract. The
results also qualitatively confirmed the flavonoid and
phenolic content of sungkai leaves, which exhibited
very strong free radical scavenging abilities under the
test conditions used. These findings suggest that the
bioactive compounds from sungkai leaf extract can be
further developed. Chemically, this activity is thought
to be related primarily to the presence of flavonoids and
phenalics, which have hydroxyl groups and are capable
of donating hydrogen atoms or electrons to the DPPH
radical. Thus, the ethanol extract of sungkai leaves has
potential as a source of natural antioxidant compounds.
Characterization using FTIR and GC-MS can be carried
out in further research to obtain more specific
information regarding the functional groups and
chemical components that contribute to antioxidant
activity.
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Abstract — Betulin, a pentacyclic triterpenoid abundant in the outer bark of Betula species, represents a valuable natural
compound for pharmaceutical, biomedical, and cosmetic applications. Its further utilization, however, requires reliable
technologies capable of providing material with a consistently high level of purity. This review examines current strategies
for recovering and purifying betulin from birch bark, with emphasis on the relationship between physicochemical properties
of the compound and the efficiency of individual separation processes. Solvent-based extraction, recrystallization,
chromatographic procedures, and alternative purification techniques are discussed with consideration of solvent polarity,
temperature-dependent solubility, hydrogen-bonding interactions, and crystalline solvate formation. Reported experimental
procedures and patented technologies are evaluated with respect to product purity, solvent requirements, operational
complexity, recovery efficiency, and prospects for technological scale-up. Methods employed for structural identification and
purity control, particularly high-performance liquid chromatography and spectroscopic techniques, are also reviewed.
Analysis of the published data indicates that recrystallization remains a practical route for obtaining highly purified betulin,
although its effectiveness strongly depends on appropriate solvent selection and careful control of processing conditions.
Differences in the composition of birch bark associated with species and geographical origin are additionally considered, with
particular interest in less extensively investigated taxa such as Betula kirghisorum. The development of more selective,
resource-efficient, and environmentally sustainable extraction and purification processes is expected to improve the
production of high-purity betulin from renewable birch resources and expand opportunities for its subsequent chemical
modification and practical application.

Keywords — betulin; Betula spp.; birch bark; pentacyclic triterpenoids; isolation; purification; solvent extraction;
recrystallization.
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Aocmpakm — berynun — Betula TybichlHa JKaTaThlH KailblH TYpJIEPiHIH CBIPTKBI KaOBIFBIHZAA €9yip MeJliepe
KUHAKTANAThIH TaOWUFM TEHTAlMKIAI TpuTeprneHoua. OHBbIH OHONOTHSJIBIK KAaCHETTEPiHIH ajlyaH TYpJUIr IKoHe
(hapmarieBTHKa, OMOMEIMIIIHA MEH KOCMETOJIOTHS cajajapblHia NaiaagaHy MyMKIHAIr OYJ KOCBUTBICKA JEreH FhUIBIMU
KOHE TPAKTHKAIBIK  KbI3BIFYIIBUIBIKTEL  apTTHIPaAbl. beTynuH  HeriziHgeri eHiMaepAl  d3ipiey[diH  MaHbI3JbI
AIFBIIIAPTTAPBIHBIH 0ipi — KaXKEeTTi Ta3albIK AEHreWiHAeri KOCBUIBICTHI TYPaKThl dpi THIMJI alyFa MYMKIiHJIK OepeTiH
TeXHONOTUsapAbl Tanaay. OcChbl WOy KYMBICHIHIA KailblH KaObIFbIHAH OCTYyNMHII Oeuin ajxy jKoHe Ta3apTy YUIH
KOJIZJAHBUIATHIH 3aMaHayl TACULIEp KYHEJCHIM, ONapablH epeKIIeNniKTepi CalbICTRIPMAIIbl TYPIE KapacThipbuiabl. Herisri
Ha3ap epITKIIITIK OJKCTpakIusara, KaiiTa KpHUCTAIJaHIBIpyFa, Xpomarorpadusuiblk Oesnyre jxoHe (U3UKA-XHUMHUSIBIK
Ta3apTyAbIH 0acKa dicTepine aynapbuiibl. TazapTy HOTHIKECIHE dCep €TETiH epPITKIIITIH MOJSPIBIFbL, TEMIIEpaTypara Toyeii
epIrilITIK, MOJIEKYJIaapaliblK OpPEKETTEeCyJIep JKOHE KPHUCTAIIBIK COJNbBATTAPIBIH TY3UIyl CHUSIKTBHI (pakTopiap TajjaHIbl.
OzebnerTe cunarTaiFaH THKIPHOETIK 9IicTep MEH HMAaTeHTTEIIeH TEXHOJIOTHSIIAp aJbIHATBIH OHIMHIH Ta3allbIFbl, €PiTKiII
IIBIFBIHBI, TEXHOJIOTHSUIBIK Y/EPICTIH KYPIENUTri JKOHE OHBI OHJIPICTIK NeHreiire MacimTadTay MYMKIiHAITT OOWBIHIIA
CaJIBICTHIPBUIABI. BeTyMMHHIH KYpBUIBIMBIH COHKECTEHJIPY JKOHE Ta3allblK JOpEXeciH aHBIKTay YILIIH KOJIAaHBLIATHIH
AQHATUTHKAJIBIK 9J[iCTEpre, COHBIH IMIiH/E JKOFapbl THIMII CYHBIKTBIK XpOMaTOTpadusIChl MEH CIEKTPOCKOMISUIBIK Talliay
TocijzepiHe A€ Hazap aynapbUiibl. JKWHAKTanFaH NepeKTep KaiTa KpUCTAIIAHABIPYABIH KOFaphl Ta3aIbIKTaFbl OETYINH
TyIbIH TPaKTHKAJIBIK TYPFBIIAH THIM/I 9iCTepiHiH Oipi eKeHiH KepceTeai. Anaiifa OHbIH HOTMIKEIIIT epITKIIITI TyphIC
TaHJayFa JXOHE Y/EPICTIH TEXHOJOTHSUIBIK IapaMeTpJepiH OHTaiIaHIsIpyFa Tikeneil OaiinaHbicTbl. COHBIMEH Karap
KalBIHHBIH TYPJIK epeKmIelNiri MeH TeorpadusulblK ecy >XaFnaijapblHbIH OeTyJHH MeJmepi MEH KypaMblHa BIKIAJIbI
MaHBI3/Ibl 3epTTey OarbIThl OOubIN TadbuTaabl. Ockl TypreIAaH Kasakcran aymarbiH/a TapaiFaH, CABICTRIPMAIIBI TYPIE a3
3eprrenreH Betula kirghisorum Typi epekiie KbI3bIFYIIBUTBIK TYABIPaIbl. DKOJIOTHSIIBIK KAYIIICi3, pECYpPCThI YHEMICHTIH jKoHE
CEJIEKTUBTI IKCTPAKLMSUIAY MEH Ta3apTy TEXHOJOTHSUIAPBIH JKETUIAIPY KaHApThUIATHIH OCIMAIK HIMKi3aThIHAH JKOFaphI
Ta3aJIbIKTaFrbl OCTYNWMH OHAIPYIiH THIMJI TEXHOJOTHSUIBIK HETi3iH KalbITACTBIPyFa XXOHE OHBI opi Kapal XHMUSIIBIK
Mo (UKaIHsuIay MEH PaKTUKAIBIK KOJIJIaHy MYMKIHAIKTEpiH KEHEUTyre bIKIaj eTe/i.

Kinm ce30ep — Oerynun; Betula spp.; KaliblH KaOBIFbI; TEHTAMKIII TPUTEPIICHOUTAD; OOIII ajly; epiTKIMITIK SKCTPaKITHSL;
Ta3apTy; KalTa KpUCTaJIaHbIpy.
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UHTEpeC K JAHHOMY coequHeHuto. OJHUM U3 KIFOYEBBIX YCIOBHH NaTbHEWIIEro HCIOJb30BaHHS OCTYIUHA U CO3JaHHS
NPOJYKTOB HAa €ro OCHOBE SBISICTCS pa3pabOTKa TEXHOJIOTHUECKH 3()(GEKTUBHBIX CIHOCOOOB MOJYYSHHUs BEIIECTBA C
BOCIIPOM3BOJUMO BBICOKOH CTEMEHBIO YMCTOTHI. B HacTosimeM 0030pe CHCTEMAaTH3HPOBAaHBI COBPEMEHHBIC MOJIXOIbI K
BBIJICTICHUIO M OUHCTKE OSTYIIMHA U3 OepecThl M IIPOBEICHO X CPABHUTEIBEHOE paccMoTpenne. OCHOBHOE BHUMAHHE YEIECHO
OKCTPAKIMH OPTraHHYECKUMH PACTBOPUTEISAMH, MEPEKPUCTAILUTH3AIMH, XPOMATOTPpapUUIECKOMY Ppa3ieieHHI0O W IPyrUM
(H3UKO-XUMHYECKHM CIIOCO0AM OYHMCTKH. [IpOoaHaTM3MPOBAaHO BIHMSHHE TMOJSIPHOCTH PACTBOPHUTENS, TEMIIEPATypBhI,
PacTBOPUMOCTH, MEXKMOJICKYISIPHBIX B3aUMOJCHCTBUII U 00pa3oBaHHs KPUCTAUTHYECKUX COMbBATOB Ha 3((EKTHBHOCTD
pasJieneHnss U KauyeCTBO KOHEYHOTO MpOAyKTa. [IpencTaBieHHbIC B HAyYHOW JUTEpaType 3KCIEPUMEHTAIbHBIC METOIbI U
3aMaTeHTOBaHHBIC TEXHOJIOTUYECKHUE PEIICHUS] COMOCTABICHBI MO CTEMIEHH OYMCTKH OeTyJHMHA, PacXoy PacTBOpHTENeH,
CITO)KHOCTH TEXHOJIOTUYECKOTO MPOIlecca U MepCreKTHBAM MacIITabupoBaHus. PacCMOTpeHbl METO/IbI UACHTH(HKAIIMK H
KOHTPOJISI YHCTOTBHI IOJy4aeMOTO COEIMHEHHUs, B TOM 4YHCIe BBICOKOA((]EKTHBHAS KUAKOCTHAas Xpomartorpadus u
CIEKTPOCKONMYECKHE MeToAbl aHanm3a. OO0o00meHne OnyOJIMKOBaHHBIX JaHHBIX CBHJETEILCTBYET O TOM, 4YTO
MEPEKPUCTAILUTH3AIUSI OCTACTCS MPAKTHYESCKH 3HAYUMBIM CITOCOOOM MOIYYCHHUsI BRICOKOOUHINEHHOTO OETYINHA, OJIHAKO e¢
PE3YIbTAaTUBHOCTH B 3HAYUTEJILHOM CTEIEeHU OIpPEACIACTCA BI)I60pOM PacTBOPUTEIA U OHTHMHS&HHCﬁ TEXHOJIOTHYCCKHUX
napameTpoB. OT/eNbHOEe BHUMaHUE YAENEHO BIMSIHUIO BHUIOBOW NPUHAUIEKHOCTH M Teorpaduueckoro MmpoucXOoKIeHHs
PacTHTENBHOTO ChIPhs Ha XapaKTePUCTHKU BBIACIIEMOro OeTynuHa. B 3TOM acmekre OcoObIi HMHTEpeC MPEACTaBisieT
CpaBHMUTENbHO Masiom3ydeHHblii Bun Betula kirghisorum, pacnpoctpanennsiii Ha Tepputopun Kazaxcrana.
CoBepIICHCTBOBAHHE CEIICKTUBHBIX, PECYPCOCOSPEraoINX U AKOIOTHYECKH TPHEMIEMBIX METOJIOB SKCTPAKIIUK U OYHCTKH
MOXET CO3/1aTh TEXHOJOTHYECKYIO OCHOBY IS 3 ()EKTHBHOTO MOJTYYSHUs BBICOKOUYUCTOTO OCTYIIMHA 13 BO30OHOBIISIEMOTO
PaCTUTENFHOTO CHIPbS M PACHIMPHUTh BO3MOXKHOCTH €r0 IOCIEAYIOIICH XUMHUYECKOH MOIU(UKAINK M TPAKTHYSCKOTO
MPUMEHEHHS.

Kntouesvie crosa — Oerynun; Betula spp.; Oepecra; NEHTAUUMKIMYECKHE TPHUTEPIICHOUMBI;, BBIICICHUE, DKCTPAKIIUS

PaCTBOPUTCIIAMU,; OYUCTKA, MICPCKPUCTAIIIIN3 AL

MAIN PROVISION

A comparative analysis of published and patented
methods showed that recrystallization is one of the most
accessible and effective approaches for obtaining high-
purity betulin from birch bark extracts.

The efficiency of betulin purification is primarily
determined by the physicochemical properties of the
solvent, temperature conditions, betulin solubility, and
the formation of crystalline solvates.

The combination of extraction and recrystallization
with chromatographic and spectroscopic control
provides a reliable approach to the isolation,
identification, and purity assessment of betulin.

The selection of an appropriate solvent system and
optimization of purification conditions can reduce the
content of accompanying triterpenoids and other
impurities while minimizing solvent consumption and
process complexity.

The reviewed approaches provide a basis for the
development of scalable and environmentally
sustainable technologies for producing high-purity
betulin from renewable birch bark resources.

INTRODUCTION

Natural triterpenoids and their chemically modified
analogues continue to be of considerable interest as
promising sources of biologically active substances.
Among this broad class of natural compounds, betulin
occupies a particularly important position because of its
availability, diverse biological properties, and potential
for further structural modification. Highly purified

betulin has therefore become the subject of extensive
research and is increasingly considered as a valuable

starting material for the development of pharmaceutical
and cosmetic formulations [1-8].

Research on betulin has a long history extending
over two centuries. Early studies describing its
extraction from the outer bark of birch species and
subsequent isolation in crystalline form appeared
during the first half of the nineteenth century.
Nevertheless, interest in this triterpenoid has remained
substantial, largely because its practical utilization
depends not only on its biological properties but also on
the availability of reproducible methods for obtaining
material of appropriate purity and quality. Existing
extraction procedures allow betulin to be recovered
from birch bark; however, further improvement of its
isolation and purification remains important for both
laboratory  studies and potential large-scale
applications. Consequently, optimization of extraction
conditions, purification procedures, and reliable
approaches to compound identification continues to
represent an important area of research.

Particular attention may also be given to birch
species growing under the specific ecological and
geographical conditions of Kazakhstan. Investigation
of natural triterpenoids isolated from endemic and
locally distributed species, including the Kyrgyz birch
(Betula Kirghisorum), provides an opportunity to
compare the qualitative and quantitative composition of
bark-derived compounds among birch species
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originating from different geographical regions. Such
comparative studies may help clarify the relationship
between  geographical  origin,  environmental
conditions, species-specific characteristics, and the
accumulation of triterpenoid constituents in plant raw
materials. These data may ultimately provide a
scientific basis for evaluating B. kirghisorum as a
potential local source of betulin and related biologically
active compounds.

LITERATURE REVIEW
1. General Information on Betulin and Some of Its
Derivatives
Betulin 1 is a naturally occurring pentacyclic
triterpenoid belonging to the lupane-type triterpenes. Its
systematic name is 3f,28-dihydroxylup-20(29)-ene,
also referred to as lup-20(29)-ene-3f3,28-diol (Fig. 1).

v [

HO

“,
7,
3

24 23

Figure 1. Betulin (3f,28-dihydroxylup-20(29)-ene or
lup-20(29)-ene-33,28-diol).

The structure of lupane-type triterpenoids is based
on a complex polycyclic system containing a
cyclopentanoperhydrophenanthrene  (sterane)  core
composed of four fused cyclohexane rings and one
saturated cyclopentane ring. According to the
conventional numbering of the carbon skeleton, the
rings are designated A, B, C, D, and E in order of
increasing carbon atom numbers (Fig. 1). A
characteristic structural feature of betulin 1, indicating
its classification within this group, is the presence of a
five-membered E ring and an a-isopropenyl group at
the C-19 carbon atom [9].

Birch bark consists of two clearly distinguishable
layers: the outer bark and the inner bark. The outer bark
is particularly rich in extractive compounds. Betulin 1,
which is responsible for the characteristic white color
of birch bark, is the major component of nearly all birch

bark extracts. Lupeol 2 is a common accompanying
compound during the isolation of betulin (Fig. 2). In
addition to betulin 1, birch bark extracts contain several
oxidized derivatives, including betulin aldehyde 3,
betulonic aldehyde 4, betulinic acid 5, methyl
betulinate 6, and 3-oxobetulinic (betulonic) acid 7 (Fig.
2).

Figure 2. Terpenoids 2-7 accompanying betulin 1
during its isolation from birch bark.

The chemical composition of the bark of several
birch species, including Betula pendula Roth. (B.
verrucosa Ehrh.), Betula pubescens Ehrh. (B. alba L.),
and B. davurica Pall., has been extensively studied [10].
The betulin content of the outer bark varies from 10 to
40%, depending on the birch species, geographical
location and growing conditions, tree age, season, and
other factors [11,12].

The diverse properties of betulin are closely
associated with its biological role in plants. Betulin is
synthesized and accumulated predominantly in the
outer protective tissues, where it contributes to the
plant’s defense against adverse environmental factors.
As a component of the protective bark layer, betulin
contributes to resistance against radiation, bacteria,
fungi, viruses, and insects. The remarkable durability of
birch bark is illustrated by its ability to remain
preserved in soil for more than 1,000 years without
substantial decay, as demonstrated by the well-known
birch-bark manuscripts discovered in Novgorod.

METHODS FOR BETULIN PURIFICATION

Betulin (1) is generally obtained as a white
crystalline solid that may also display partially
amorphous  characteristics. ~ Crystallization ~ from
commonly used organic solvents does not always
produce well-developed large crystals. This behavior
can be associated with the structural features of the
molecule, particularly the predominance of weakly
polar and lipophilic hydrocarbon fragments.

Structurally, betulin (1) contains an olefinic double
bond together with two hydroxyl groups of different
types: one primary and one secondary alcohol group.
The presence of these functional groups substantially
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affects its interactions with organic solvents and
explains its comparatively greater affinity for media of
intermediate polarity than for strongly nonpolar
solvents. Betulin has the molecular formula CsoHsoO2
and a molar mass of 442.72 g/mol. Literature data
indicate some variation in its reported melting
characteristics. A melting point of 261 °C and an optical
rotation of [a] = +20° in pyridine have been reported
[14], while Hausmann reported a melting temperature
of 258 °C [15]. The compound is odorless and
demonstrates good stability upon exposure to
atmospheric oxygen and light. It is also generally
regarded as non-toxic. According to the literature,
betulin (1) is not encountered naturally in an unbound
free form [16].

From a physicochemical perspective, betulin is
characterized by relatively low chemical reactivity and
practically no solubility in water. After isolation, it
commonly forms pale or nearly white prismatic
crystals. Its solubility increases considerably in several
organic media, particularly at elevated temperatures.
Betulin dissolves comparatively well in boiling
alcohols and is also soluble in ether, chloroform,
benzene, pyridine, tetrahydrofuran, and dimethyl
sulfoxide. Among alcohols, the reported solubility
trend is 1-butanol > 1-propanol > ethanol > 1-pentanol
> 1-hexanol > methanol. For ester-based solvents, the
corresponding sequence is ethyl acetate > methyl
acetate > ethyl formate = methyl formate [17].

In contrast, betulin exhibits limited solubility in
nonpolar organic media [18,19]. Its solubility, however,
is strongly dependent on temperature as well as solvent
properties. This effect can be illustrated by comparing
acetone and cyclohexane. At 15.2 °C, approximately
5.2 g/L of betulin can dissolve in acetone, whereas its
solubility in cyclohexane is only about 0.1 g/L.
Increasing the temperature to 35.2 °C raises these
values to 13.7 and 0.67 g/L, respectively. These data
demonstrate the pronounced influence of both solvent
polarity and temperature on the dissolution behavior of
betulin.

Despite its lower solubility in hydrocarbons, the
use of nonpolar media can provide important
advantages during purification [20]. In particular,
recrystallization from such solvents minimizes the
formation of solvent-containing crystalline phases.
Polar solvents, by contrast, are capable of participating
in hydrogen-bonding interactions with the hydroxyl
groups of betulin. Hydrogen bonds may therefore be
established both between betulin molecules themselves
and between betulin and solvent molecules, facilitating
solvate formation [20].

Most conventional procedures used for the
purification of crude betulin rely on recrystallization
from polar protic or aprotic media [21]. Typical
solvents include lower aliphatic alcohols, acetone,
chloroform, ethyl acetate, and dichloromethane.
Although these solvents are suitable for dissolving and
recrystallizing betulin, their application has several
limitations. In particular, betulin may form crystalline
complexes or solvates with the solvent. Furthermore,
the selectivity of such systems toward structurally
related accompanying components is often insufficient.
Crude birch-bark extracts may contain lupeol,
polyphenolic compounds, and oxidation products of
betulin, including betulinic and betulonic acids as well
as related aldehydes. Their efficient separation during
conventional recrystallization can therefore be difficult.
Another important disadvantage is the loss of the target
compound, which may reach approximately 40%
during purification.

An alternative strategy aimed at improving the
purity of betulin involves recrystallization from high-
boiling hydrocarbons. Nonane, which has a boiling
point of approximately 151 °C, has been investigated as
a representative solvent for this purpose [22,23]. In this
procedure, crude betulin is heated under reflux with
nonane until complete dissolution of the target
compound is achieved.

Recrystallization using nonane has been reported to
produce betulin with a purity of up to 98%. The
principal advantage of this approach is that a high-
boiling hydrocarbon medium reduces the likelihood of
forming stable betulin—solvent complexes. At the same
time, differences in the physicochemical behavior of
the individual components of crude alcoholic birch-
bark extracts make their selective separation possible.

The nonane-based procedure may therefore provide
not only highly purified betulin but also additional
valuable fractions containing polyphenolic compounds
and phytosterols. Betulin obtained at approximately
98% purity can be employed in subsequent chemical
transformations without an additional purification step.
Another technological advantage is the possibility of
recovering nonane after the purification process and
returning it to the production cycle. Consequently,
solvent consumption and overall processing costs can
potentially be reduced.

High-purity betulin can also be prepared indirectly
through the hydrolysis of its ester derivatives. In
particular, betulin diacetate can be hydrolyzed by
heating in ethanol in the presence of excess potassium
hydroxide. This transformation has been described as
an effective route for producing betulin with a purity of
approximately 98%.
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Chromatographic techniques provide another
approach to the purification of lupane- and oleanane-
type triterpenoids. Studies [24,25] examining betulin,
betulin diacetate, and allobetulin demonstrated
favorable results when column chromatography was
performed using aluminum oxide as the stationary
phase and acetone as the mobile phase. GC-MS
analysis indicated that chromatographic treatment
increased the proportion of the target triterpenoids by
approximately 4-7%, with the final purity reaching
about 95-98%. The procedure effectively removes
accompanying substances and yields materials suitable
for further wuse in organic synthesis and in
electrochemical, microbiological, spectroscopic, and
related investigations. Its reported practical benefits
include relatively straightforward operation, short
processing times, and the ability to obtain highly
purified products.

Other purification strategies have also been
described. For example, benzene and chloroform have
been employed to separate polar and nonpolar
contaminants from betulin-containing materials [26].
Another procedure combines alkaline treatment with
subsequent removal of accompanying substances using
xylene as an aromatic hydrocarbon solvent [27]. These
approaches illustrate the variety of solvent systems that
have been investigated to exploit differences between
the physicochemical properties of betulin and those of
associated extractives.

Crystallization conditions have a pronounced effect
on the morphology and dimensions of the resulting
betulin crystals. In study [26], crystallization of an
ethanolic betulin extract produced small, flat,
transparent, colorless crystals with an average size of
approximately 0.2 mm. In contrast, gradual cooling of
a hot saturated ethanol solution to room temperature
resulted in substantially larger crystals, with lengths
reaching approximately 12 mm. Structural studies have
shown that crystallization from ethanol produces an
orthorhombic betulin phase containing ethanol in the
crystal lattice. The resulting solvate contains betulin
and ethanol in a 1:1 ratio, with the two components

associated through hydrogen-bonding interactions
[20,28,29].

Melting behavior remains one of the traditional
physicochemical parameters used for evaluating the
identity and purity of isolated betulin. Published
melting temperatures cover a relatively broad interval
of approximately 251-261 °C [27], although values
near 255 °C are reported most frequently. Thermal
observation of ethanol-derived betulin crystals reveals
several successive transformations. At approximately
130-140 °C, darkening of the crystals accompanies the
release of ethanol. Sublimation becomes noticeable at
around 160-170 °C, while heating to 180-200 °C leads
to the appearance of new transparent microcrystalline
formations on the surface of the initial crystals.
Complete melting occurs at approximately 255-256 °C.
Subsequent cooling does not restore the original
crystalline structure; instead, the material solidifies as
an amorphous, glass-like phase. Atmospheric-pressure
sublimation has likewise been reported to produce
bright white powders consisting of amorphous
spherical microparticles [26].

Overall, the available data demonstrate that the
efficiency of betulin purification is governed by several
interrelated  factors, including solvent polarity,
temperature, hydrogen-bonding ability, solvate
formation, and differences in the solubility of betulin
and accompanying birch-bark constituents.
Conventional recrystallization, hydrocarbon-based
purification, hydrolysis of betulin derivatives, and
chromatographic separation each provide different
advantages and limitations in terms of purity, product
recovery, solvent consumption, and technological
complexity. Further optimization of these processes is
therefore important for obtaining betulin  of
reproducible quality and for improving the utilization
of birch bark as a renewable source of valuable
triterpenoids. Efficient isolation and purification may,
in turn, broaden opportunities for the subsequent
chemical modification and practical application of
betulin and its derivatives.
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MAIN PROVISION
The study demonstrated that polyurethane-based
sorbent architectures achieve high oil sorption
capacities ranging typically from 18 to 22 g/g, with
specialized low-density formulations (<20 kg/m?)
reaching up to 50 g of oil per 1 g of material.
Polyurethane matrices exhibit high operational
stability and structural retention, maintaining effective
sorption performance across at least 10 mechanical
regeneration cycles (pressing/extraction) without
significant loss of absorption efficiency.
Optimization of structural morphology -specifically
the formation of a bimodal porous network combining
macropores (>100 um) for rapid absorption and
micropores (<10 pm) for retention-significantly
accelerates hydrocarbon uptake kinetics and selective
retention over water.
The incorporation of natural fillers, such as rice or
buckwheat husks up to 60 wt%, reinforces the
mechanical strength of the polyurethane matrix while
preserving high oil capacities of up to 40 g/g in
granular formats.
The proposed collection and disposal method enables
chemical-free remediation and circumvents high-
temperature thermal incineration, making it a reusable,
circular-economy-compliant ~ solution for  both
freshwater and sub-zero marine environments.

INTRODUCTION

Environmental pollution by petroleum
products remains one of the most urgent environmental
problems. According to the International Tanker
Owners Pollution Federation (IPPF, 2023), up to
10,000 oil spills are recorded worldwide each year,
70% of which affect aquatic ecosystems. The
economic damage from such accidents is enormous:
for example, the elimination of the consequences of the
spill on the Deepwater Horizon platform cost $§ 65
billion. Oil spills also pose a threat to biodiversity, the
sustainability of marine and freshwater ecosystems, as
well as the safety of drinking water and food chains
[1]. Modern methods of eliminating oil pollution
include mechanical removal, the use of dispersants,
combustion and sorption. Of these, the sorption
method is recognized as the most environmentally
friendly and universal [4].

The scientific community is paying more and
more attention to the development of new generations
of sorbents: textile, biodegradable, nanomodified,
magnetic and superhydrophobic. Studies have shown
that the use of natural materials (cellulose, coconut
fibers, sphagnum) after chemical modification
provides efficiency comparable to synthetic analogues
with a smaller ecological footprint [2-3].

Research Gap. Although numerous studies
have reported synthetic sorbents with high initial oil
absorption capacities, the systematic integration of

structural ~ modification, cyclic  mechanical
recovery, and circular lifecycle management
remains insufficiently investigated. Existing

literature predominantly focuses on pristine
laboratory prototypes operating in idealized static
conditions, leaving critical questions unanswered
regarding pore-collapse mechanisms under cyclic
compression, selective phase separation in
turbulent oil-water emulsions, and low-temperature
kinetic performance. Furthermore, a coherent
synthesis bridging patented technological advances
(such as bimodal open-cell tailoring and bio-filler
reinforcement) with practical scalable
manufacturing and non-thermal regeneration is
currently lacking. This study fills these gaps by
analyzing the direct correlation between
microstructural  architecture and multi-cycle
durability, providing a consolidated framework for
sustainable PU sorbent deployment.

Scientific Novelty. This study provides a
unified comparative assessment that directly
correlates  specific  microcellular  parameters
particularly the synergy between macroporous
transport conduits (>100 pum) and microporous
retention cells (<10 um) with multi-cycle
mechanical pressing resilience and operational
longevity across diverse hydrocarbon grades. For
the first time, this work integrates an analytical
patent-landscape  evaluation  with  technical
performance benchmarks to establish quantitative
trade-offs between chemical hydrophobization,
natural  byproduct incorporation (such as
agricultural biomass up to 60 wt%), and non-
thermal regeneration efficiency. It extends
conventional sorbent research by identifying

the precise mechanical and thermodynamic
boundaries required to retain up to 90% sorption
capacity over 10 consecutive cycles without
generating toxic secondary emissions. The scientific
value lies in establishing an actionable structural-
property guideline for engineering low-cost, bio-
augmented polyurethane matrices ready for industrial
transition within a circular economy framework.

LITERATURE REVIEW
Foamy (porous) sorbents: They are porous
materials that have many micropores and
macropores. This allows them to effectively absorb
liquids and gases.
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Powder sorbents: These are materials

consisting of polyurethane powder or granules that are
used to adsorb pollutants.

Film sorbents: Used for surface treatment or
filtration, have a thin film structure.

Granular sorbents: Polyurethane granules that
can be used to remove various pollutants from water or
air.

Amorphous sorbents: These are materials
without a well-defined crystal structure. They can
absorb large amounts of liquid, as they have a
disordered porous structure.

Crystalline sorbents: They have an organized
structure that limits their absorption capacity, but they
can be more stable and durable under -certain
conditions.

Microporous sorbents: They have small-
diameter pores that are capable of adsorbing small
molecules.

Mesoporous sorbents: Medium-sized pores
suitable for capturing larger molecules.

Macroporous sorbents: With a large pore
diameter that absorb molecules with a larger
molecular weight.

Currently, various technologies are used to
eliminate oil spills:

Mechanical methods:
vacuum installations.

booms, skimmers,

Chemical methods: dispersants,
coagulants.
Biological methods: the use of

microorganisms for biodegradation.

Sorption methods: the use of sorbents of
various origins (organic, inorganic, synthetic).

Each of these methods has its advantages
and disadvantages. For example, mechanical means
are effective only under certain conditions,
chemical reagents can be toxic, and biological
purification requires a long time. Among sorption
materials, polyurethane sorbents with high
absorption capacity attract special attention.

Table 1 — Table of comparative parameters of oil collection and utilization methods.

Method Effectiveness Cost Environmental
friendliness
Mechanical Medium High Neutral
Chemical High Low Toxic
Biological Low Medium Safe
Polyurethane High Medium Safe
Despite the widespread use of traditional temperatures, which limits their use in

methods of oil spill response, their use is associated
with a number of significant limitations. In particular,
the effectiveness of most technologies is significantly
reduced in conditions of high seas and low

marine and Arctic regions [6]. In addition, the high
cost of chemicals and specialized equipment makes
it difficult to implement them into
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operational environmental
especially in hard-to-reach

areas [7]. An equally important factor is the
likelihood of secondary environmental pollution by
processed products resulting from the use of chemical
and thermal methods. It should also be noted the
duration and energy intensity of the recycling process
of collected petroleum products, which reduces the
overall effectiveness of emergency rescue measures
and requires additional logistical and financial
resources [8]. These disadvantages emphasize the need
to develop new solutions, in particular, the use of
polyurethane sorbents, which demonstrate high
efficiency and environmental friendliness.

programs,

MATERIALS AND METHODS

The patented method of collecting and
disposing of petroleum products is based on the use of
polyurethane sorbents with high sorption capacity,
resistance to repeated use, as well as ease of handling
and environmental safety. The sorbents used are
characterized by a developed porous structure, which
ensures effective absorption of oil and petroleum
products from the water surface even in difficult
climatic conditions. The process includes immersion
of the sorbent in the contamination zone, mechanical
extraction and subsequent extraction in order to extract
oil, after which the material can be reused. Modern
research confirms that modified polyurethane
compositions retain their performance properties at
low temperatures and at high salinity, and also allow
up to 10 regeneration cycles without significantly
reducing efficiency. Such characteristics make this
approach particularly promising for use in emergency
situations, including remote and hard-to-reach regions,
as well as within the framework of a sustainable
development strategy and a circular economy.

For a more detailed analysis of the
effectiveness of the patented method, it is advisable to
consider its comparative advantages over existing
technologies. First of all, polyurethane sorbents can
significantly reduce the total oil spill response time
compared to biological and chemical methods, which
is especially important in rapid response conditions.
An important advantage is economic efficiency: the
possibility of repeated use of sorbents significantly
reduces the cost of both consumables and waste
disposal. In addition, the proposed method does not
require the use of toxic chemicals, so its impact on the
environment is minimal, which makes it preferable
from the point of view of environmental safety.

RESULTS AND DISCUSSION
In recent years, sorption purification methods

using polyurethane materials have received
significant ~ development, which is

reflected in numerous patent developments.

However, the practical application of polyurethane
(PU) sorbents faces significant limitations, among
which it should be noted low selectivity when
working with oil-water emulsions, gradual
degradation of the structure during multiple
regeneration cycles, as well as a pronounced
dependence of efficiency on external conditions -
temperature, salinity of water and degree of
turbulence. Within the framework of this review
article, special attention is paid to the analysis of
experimental data presented in modern patent
solutions, which makes it possible to identify the
main areas of improvement of PU sorbents. Modern
research demonstrates three key areas of
modification:  optimization of the porous
architecture by creating a bimodal structure with a
combination of macropores (>100 microns) for
rapid absorption and micropores (<10 microns) for
effective retention of petroleum fractions;
introduction of functional additives, including
magnetic nanoparticles and fluorinated polymers;
development of advanced regeneration methods
such as mechanical heat treatment and solvent
extraction. A special emphasis in the review is
placed on the correlation between the structural
features of sorbents and their operational
characteristics in real conditions.

Bembel V.M., Basova S.P., Safonov G.A.
[9] developed a sorbent based on cellulose fibers
(cotton wool, industrial wool) modified with
styrene-butadiene block copolymer. The invention
is intended for the removal of oil and petroleum
products from the surface of water and soil,
including emergency spills and wastewater. The
sorbent is not wetted with water, is easy to assemble
and can be regenerated repeatedly. The production
method involves applying a polymer from an
organic solution followed by drying. The authors
achieved high oil capacity at low cost and
simplicity of technology. The composition is
resistant to aggressive environments and retains its
structure after several cycles of use. This makes the
solution particularly suitable for emergency
situations and cleaning of polluted reservoirs.

Grebenkin A.A. and Grebenkin A.N. [10]
proposed a method for obtaining sorbent from pulp
and paper production waste modified with sodium
methyl silicate. The main purpose of the invention
is to create a material capable of staying on the
surface of water for a long time without the risk of
immersion, which is critical in the elimination of
emergency spills. The sorbent is obtained by the
method of aerial spontaneous drying followed by
heat treatment, which increases its hydrophobicity.

The developed
composition does not sink even after
saturation with oil and effectively absorbs
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hydrocarbons. The authors achieved an increase in the
"buoyancy" time of the sorbent to full saturation. It is
easily collected from the surface of the water and must
be disposed of. The solution is relevant for cleaning
reservoirs and oil sludge barns.

Abdullin 1.Sh., Gafarov 1.G., Mishulin G.M.
and others [11] developed a sorbent based on rice husk
enriched with silica. The material is obtained by heat
treatment in plasma at reduced pressure with the
introduction of silicon oxide powder. The resulting
porous matrix has a pore size of 5-30 microns, and sio2
particles have a pore size of 50-250 nm. The sorption
capacity is 24-45 g of oil per 1 g of sorbent. This
approach makes it possible to use cheap vegetable raw
materials and ensure high efficiency of wastewater and
natural water treatment from hydrocarbons and heavy
metals. The sorbent is environmentally friendly and
applicable to a wide range of contaminants.

Sirotkina E.E., Safonov G.A., Bembel V.M.,
Boltrukevich E.P. (patent RU2061541C1) have
developed a sorbent for collecting oil and petroleum
products from the surface of water. The invention
relates to the field of obtaining new adsorption
materials and can be used to clean the water surface
from contamination. The sorbent contains fibrous
materials: textile waste, industrial cotton wool and
other cellulose-containing materials treated with
oxidized atactic polypropylene at the following
component ratio, % by weight: oxidized atactic
polypropylene 3-7, fibrous cellulose material 93-97.
This composition provides high sorption capacity and
resistance to water. The sorbent is easily collected from
the surface of the water and must be disposed of. The
solution is relevant for cleaning reservoirs and oil
sludge barns.

Sergey Baskakov and the staff of the
Laboratory of Nanomaterials Spectroscopy at the PHC
PHB iMH RAS [12] have developed a
superhydrophobic aerogel based on graphene and
polytetrafluoroethylene (Teflon) for collecting oil and
petroleum product spills. The sorbent has a density of
only 8 g/l and a wetting angle of 169°, which ensures
its high hydrophobicity and efficiency in collecting
hydrocarbons from the surface of water and land. The
material is capable of absorbing up to 61 g of oil per 1
g of sorbent and retains its buoyancy even in stormy
conditions. The sorbent can be used repeatedly due to
the possibility of restoring sorption properties after
heat treatment. The invention is relevant for use in
Arctic zones and other difficult conditions. The
development has aroused the interest of Russian oil
companies and sorbent manufacturers.

Dedov A.G., Ivanova E.A., Belousova E.E.,
and others [13] proposed a biodegradable composite

sorbent based on a copolymer of
acrylonitrile with methyl acrylate and a crushed
plant of the genus Sphagnum. The sorbent is

intended for collecting oil and petroleum products
at the bottom of water areas. The material has a low
buoyancy, which allows it to sink to the bottom and
adsorb hydrocarbons from the water surface. The
sorption capacity is 35 g of oil per 1 g of sorbent,
and for fuel oil — up to 70 g/g. The sorbent is able
to retain sorbate for at least 10 minutes when
removed from the surface of the water area. The
inclusion  of  sphagnum  promotes  the
biodegradation of polymer fiber, eliminating the
need to recycle waste materials. The sorbent is
effective for cleaning ballast water from ships and
wastewater.

Dmitrieva Z.T., Bystritskaya M.A. and
Bylina I.V. [14] developed a sorbent for collecting
oil, oils, fuel oil and other hydrocarbons from the
surface of water and land. The invention relates to
the field of sorbents and can be used to clean
contaminated surfaces. The sorbent is highly
effective in removing petroleum products,
preventing contamination of water bodies and soil.
The material provides fast and efficient absorption
of hydrocarbons, reducing environmental damage
from oil spills. The sorbent can be used in various
conditions, including emergency situations on seas
and rivers. The development helps to preserve the
ecological balance and prevent the death of flora
and fauna.

Melnikov  IN., Olshanskaya L.N.,
Zakharchenko M.Yu., and others [17] proposed a
powdered magnetic sorbent for oil collection
containing iron oxide in the form of Fesos and
coconut activated carbon. The sorbent has a high
sorption capacity and activity in a magnetic field,
which ensures effective removal of oil from various
surfaces. The use of this sorbent makes it possible
to quickly and effectively clean contaminated areas,
reducing environmental damage. The sorbent is
easily collected from the surface of the water and
must be disposed of. The solution is relevant for use
in emergency situations and for regular cleaning of
reservoirs. The development has the potential for
wide application in various climatic conditions. The
sorbent can be used in various industries, including
oil and gas and chemical.

Lektorskaya  V.E., Prutenko D.A.,
Pomogaibo S.B., and others [15] developed a
sorbent for collecting oil and a method for its
production. The sorbent consists of powdered
carbon, polyamide fiber, rubber chips and a
hydrophobizer. The manufacturing process
involves grinding the rubber material to a crumb
about 4-6 mm in size, treating the polyamide fiber

with a hydrophobizer, and mixing the
components in a specific sequence. This composition
provides high sorption capacity and resistance to
water. The sorbent is easily collected from the surface
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of the water and must be disposed of. The solution is
relevant for cleaning reservoirs and oil sludge barns.
The development contributes to the effective removal
of petroleum products from contaminated surfaces.

M.V. Abramov, L.A. Zekel, V.D. Ivanov, and
others [16] have developed a sorbent for collecting
petroleum products from the surface of water and a
method of its application. The sorbent is based on
hydrophobized ash xenospheres treated with bitumen,
which ensures high efficiency in the collection of
petroleum products. The use of this sorbent makes it
possible to effectively clean water surfaces from oil
pollution, ensuring environmental safety. The
development is relevant for use in emergency
situations and for regular cleaning of reservoirs. The
sorbent is easily collected from the surface of the water
and must be disposed of. The solution helps to reduce
environmental damage from oil spills. The
development has the potential for wide application in
various climatic conditions.

Research by the team led by Kuznetsov, A.V.
(2002) showed that polyurethane sorbents with an
apparent density of <20 kg/m3 and a micropore
fraction >50% demonstrate a sorption capacity of up to
50 g of oil per 1 g of material. Experiments have
confirmed that such sorbents remain effective after 10
cycles of regeneration by pressing.

Yerofeevskaya L.A., Sivtsev S.1., Vit A.A., and
others [18] have developed an oil biosorbent for
cleaning and restoring oil-contaminated lands. The
sorbent has the ability to activate the processes of
microbiological activity in oil-contaminated soils in a
wide range of ambient temperatures from +5 to +40
°C. The use of this sorbent makes it possible to
effectively clean and restore contaminated areas,
ensuring environmental safety. The sorbent is easily
available for execution and does not require expensive
and time-consuming operations. The solution is
relevant for use in various natural and climatic
conditions. The development has the potential for wide
application in various industries, including oil and gas
and chemical. The sorbent helps to reduce
environmental damage from oil spills.

Petrov, S. I. and co-authors (2008) found that
the addition of buckwheat husks or rice (up to 60% by
weight) The polyurethane matrix increases the
mechanical strength of the sorbent without reducing
the oil capacity (up to 40 g/g). Field tests have shown
that the granular form (0.5—4 cm) is suitable for use on
polluted soils.

The results of experimental studies indicate
that the sorption capacity of polyurethane sorbents
directly depends on the morphology of the porous

structure and the methods of chemical
modification used. It has been found that, on
average, such sorbents are capable of absorbing
from 18 to 22 grams of oil per gram of material,

which makes them highly effective in comparison
with a number of alternatives. A significant factor
affecting the kinetics of sorption is the preliminary
hydrophobization of the surface, which promotes
faster and more selective absorption of
hydrocarbons. In addition, polyurethane sorbents
demonstrate resistance to degradation of their
characteristics during reuse: their efficiency is
maintained for at least ten sorption and regeneration
cycles without significant loss of oil capacity. Such
properties confirm the potential of polyurethane
materials in the context of sustainable and reusable
solutions for oil spill response.

Minimal environmental pollution. Unlike
chemical reagents, PU sorbents do not contain toxic
components and do not form dangerous by-
products during operation. Reducing the amount of
waste. Thanks to repeated regeneration, sorbents
can be used up to 10 times without significant loss
of efficiency, which reduces the amount of waste
generated. High selectivity. Polyurethane materials
absorb mainly petroleum products, practically
without  absorbing  water.  This  avoids
contamination of the treated environment with
secondary impurities. Reduction of greenhouse gas
emissions. Traditional recycling systems often use
the incineration of contaminated materials. PU
sorbents make it possible to dispense with thermal
recycling, which reduces emissions of CO: and
other greenhouse gases. The possibility of
environmentally  friendly  disposal. Modern
polyurethane matrixes can be recycled or used as
secondary raw materials, which corresponds to the
principles of circular economy. Absence of
negative impact on biocenoses. Sorbents do not
harm flora and fauna, as they do not release harmful
substances into the aquatic environment and do not
break down into toxic fragments. Together, these
factors make polyurethane sorbents an effective
and safe solution for environmental protection in
both the short and long term.

Application and development prospects
Polyurethane sorbents are widely used in various
fields due to their versatility, high sorption capacity
and the possibility of repeated use. First of all, they
are in demand in the elimination of emergency oil
spills in open water bodies, including seas, rivers
and coastal zones. Their use is especially important
at low temperatures, as modified polyurethanes
retain elasticity and

functionality even at subzero temperatures. One of the
promising areas is the use of PU sorbents in the oil
production and refining industries. In such conditions,
it is possible not only to promptly eliminate emergency
spills, but also to organize constant monitoring and
local wastewater treatment. In addition, polyurethane
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materials can be used for wastewater filtration and
reuse of purified water at technological stages. In the
future, nanomodification of polyurethane matrices will
become a key area of development. The addition of
nanoparticles (for example, metal oxides or carbon
nanostructures) will increase the specific sorption
capacity, increase selectivity to certain pollutants, and
improve the mechanical characteristics of the material
[19]. In addition, it is expected to develop "smart"
sorbents capable of changing their structure under the
influence of external factors (pH, temperature,
magnetic field), which will provide more flexible and
precise control of the purification process. Thus,
polyurethane sorbents represent not only an urgent, but
also a strategically promising solution for combating
environmental pollution, having the potential to
integrate into innovative technological platforms of the
21st century.

CONCLUSION
The analysis shows that polyurethane sorbents
represent one of the most promising areas in the field
of collection and disposal of petroleum products. Their
high sorption capacity, selectivity, resistance to reuse
and environmental safety make them especially
valuable in the context of modern environmental
protection  requirements. Unlike  traditional
mechanical, chemical and biological methods, the use
of polyurethane sorbents makes it possible to achieve
higher cleaning efficiency at lower cost and minimal
impact on nature. In addition, the ability to regenerate
and possible inclusion in the circular economy
favorably
distinguish PU sorbents from their
analogues. Patented technologies based on

polyurethane compositions demonstrate a variety
of development paths: from simple porous
structures to nanomodified matrices with controlled
properties. It is especially important to create
materials adapted to different climatic and
operational conditions. In the future, in-depth
research is needed to increase the durability of
sorbents, reduce the cost of their production and
develop environmentally friendly methods of their
regeneration and disposal. The development of
smart and biocompatible polyurethane systems
may be the next step in the evolution of oil pollution
control methods. Thus, polyurethane sorbents are
not only an effective tool for environmental
cleaning, but also an important element of
sustainable development, integrated into the global
environmental protection agenda.
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