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Anaarna. MyHali nutaMbel — MYHal ©HEpKOCiOiHIH >kaHaMma eHiMmi Ooia
OTBIPBIT, KYPaMBIH/IA JIACTAYIIBI 3aTTap KOI OOJIFaHBIKTaH, KOpUIaFraH
opTa MEH aJaM JeHCayJblfblHa eNeyli Kayill TOHIIPeTIH MaHbI3/bI
DKOJIOTMSUTBIK ~ Macene Oonbim  oThlp. EKiHINI  KaFblHaH, MyHai
[IIAMBIHBIH 0ackiM O6JiriH KaiiTa eHaeyre >KOFapbl KYHABUIBIFBI Oap
IIMKI MyHail Kypaiibl. COHIBIKTaH MyHall IUIAaMBbIH ©HJIEY JKOHE KoJlere
xKapary oOJICiH JAypbic TaHaay aca MaHb3abl. Ocbkl Ke3re JeiiH
KOJIJIAHBUIBIN KEJITeH KOITEereH oAICTEepJIH IMIIHJErlT MUPOIH3 dJici
apKbUIbI OHIMJAEPII BIABIPATKAH Ke31€ KOpILIaFaH OpTaHbl JacTaWThIH
3artap a3 OemiHeni. COHBIH HOTHXKECIHAE OYJI OMICTIH THIMJIUIITT
XKOFapbl exeHl Oenrimi. byn mony makanaga MyHail [IUIaMBIH OpTYpIi
HIMKI3aTTapMeH/KaJlbIKTapMeH (aybll LIapyallbUIbIFBI  OHOMaccachl,
aralll )kKoHEe pe3eHKe KaJABIKTaphl, IjlacTMacca *oHe T.0.) apanacThIpbln
MUPOJIU3JAEYNIH COHFBl JKETICTIKTepl KapacThlpblianbl. Hotwkecinzae
MyHall MeH ra3 CHUSKThl KYHIbl OHIMJIEpPMEH Karap, aacopOeHTTep,
KApThUTAl KOKC, Karajlu3aropiap, TONBIPAKTHl KaJlbIHA KEJTipy
areHTTepi *oHe 0ackaaa MaTepuaiap ainy YIIH Haijgananyra 6001aThiH

KaTThl KaJIIbIK Ty3utemi. MyHail TUlaMblH —KocmajgapMeH Oipre
MUPOIMU3ACYNIH HETi3rl apTHIKMIBUIBIKTAphl MEH Oy Kocmanap
apaylacTBHIPBUIFAH  MHUPOJIM3  TPONECIHIH  THIMAUITIHIH  ocepi

cunartanrad. CoHpaii-ak opTypii KocmaiapislH (MHKpoOaiIsIpiap,
KYpilll KaybI3lapbl, araml YTiHAUIepl, yIina Kyl >koHe T.0.) opTypii
XUMUSUTBIK-TEXHOMOTUSJIBIK JKaFaiapbeiHa (MIpoIiece TeMIeparypachl
MEH YaKbITBI, PEaKTOp TYpi, MYHall IIJaMbl MEH KOCBIMIIIA MacCaJIbIK
apakaThIHACHI XKoHE T.0.) OallIaHBICTHI OHIM IIBIFBIMBIHA dCEpPiHE TaJay
)KacaJraH.

MyHail muamMblH — KocmajapMeH Oipre MUPONU3JeY TEeXHOJIOTHSCHI
KeJeImeri 30p HOTWKENep KOPCETKeHIMEH, TIPOIECTIH JKOFaphbl
DHEPIreTHKAJIBIK  CHIMBIMIBUIBIFBIHA ~ JKOHE  IIMKI3aTThIH  KypAewi
KYPBUIBIMBIHA OaiJIaHBICTBI KOCBHIMIIIA 3epTTEyJepAl KakeT eremi. by
KOMITOHEHTTEP/IH XUMUSUIBIK TaOWFaThl peakius MeXaHu3MiHe Kaai
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ocep CeTeTIHIH TEpeHIpeK TyCiHyre MyMKiHZIK Oeperl JkoHe OIpIKTIpUITEH IHPOIH3
TEXHOJIOTHSICBIHBIH, THIMAUITIH OJaH opl apTThIPy MaKCaThlHIAa CHHEPTeTHUKAIBIK oCepiIepaiH
HET131H/Ie JKaTKaH 3aHAbUTBIKTAP/IbI AaHBIKTayFa KOMEKTECE/I1.

Tyiiin ce3aep: MyHal 1U1aMbl; KOcajaap; KajlAbIKTap; MUPOJIU3; MyHail; ra3; KaTThl KaJIbIK.

1. Kipicne

MyHaii mambl — Oyl MyHail eHEepKacCiOiHIH aHama eHiMi OOJIbI TaObUIATBIH, Cy-MyHai
SMYIIbCUSIAPbIHAH KOHE KaTThl O6JIIIEKTepMEH apajlacKaH >KapTbUIail KAaTThl Kypaenil KalIbIKTap
(Xie, Q. xone T1.60., 2023). MyHaii nutaMbl MyHail KEH OpPBIHIAPBIH MTEpy, IIMKI MYHAHIbl OHJIEY,
TachkIMajay JKoHE CakTay yepicTepiHe Ty3iiaemi. OjieM OOMBIHINA KbUT CAallbIH OHIIPIICTIH MyHai
[IJTAMBIHBIH KesieMi 60 MUJIJTMOH TOHHA/IaH acajibl, ajl )KMHAKTaJIFaH MYHal IIJIaMbIHBIH MeJmepi 1
MuIHapa ToaHagan kem (L, J. skome T.6., 2021; Li, J. xone 1.6., 2012; M. M. I., 2019; Wang, X.
*oHe 1.0., 2012).

Mymnaii nutambiHbIH Kypambl 30-85% cynan sxoHe 5—46% KaTThl 3aTTapJaH TYpajibl, COHBIMEH
Karap KypambIHIarbl MyHaugeiH yiieci 30—80% OonaThlH KONTereH KOMIPCYTEKTEp Je Ke3lecei
(Zhao, M. xomne 1.6., 2020; Gao, N. xone T1.6., 2021). Byran Koca, MyHaill IIJIaMbl KypaMbIHIa
KAaHBIKKAH JKOHE apOMaTrThl KOCBUIBICTAp, ac(aibTeHaep MEH MIalbIpiiap CUSKTHI KYHIBI KOMIPCYTEK
KOMIIOHEHTTEP1 00JIaIbI.

Byt 3arTap OTBIH jKOHE XMMHSUIBIK OHIMJICp PETiHIC KaiTa maiinananyra skapamabl (Francis
Prashanth, P. sxone T.6., 2021). Ochbl cebenTi MyHail NUTaMbl KaiiTa eHIeyre OONAThIH dJI€yeTTi
MYHail pecypchl peTiHIEe KapacThIPbUIAIbl JKOHE OHBI KOJIETe KapaTy Moceleci FajabIMaap MEH
OH/IIPIC OKIUIJEPiHIH HAa3apbIH ayAaphIIl OTHIP.

Anaiiia MyHail OutaMbl KYpaMmbIHIA KONTETeH YIbl JKOHE KaHLEpOoTeHAl 3artap (ayblp
mertasimap) (Tian, Y. sxone 1.6., 2019; Fu, Y. xone 1.6., 2022), conmaii-ak GHOJOTHSIIBIK TYPFbIIaH
eTe KayiIlTi 9pTYpJIi OPraHUKAJIBIK JIACTAYILIBI 3aTTap Ke3ECEIl.

OHBIH YBITTBUIBIFBI K©0iHe >xannbel MyHail kemipcyrektepi (PKMK), ayblp merannap MeH
paaroaKTHBTI Marepuanaapra Oaitmanbictel Oonaabl (Li, J. xone 1.6., 2021; Gao, N. xone T.0.,
2020), an TyranFbiuThiFbl HeriziHeH JKMK Kypambina GaiinanbicTsl TybIHaM bl (YU, H. xxone T.0.,
2024). Ocpiran OailylaHbICTBI, MyHall IIJJaMbl MYHall JKOHE MyHail-XUMHUsI ©HEPKICIOIHJIET1 Heri3ri
JacTayIsl 3aTTapasiH 6ipi 6ok cananaasl (Quan, C. xaue T.6., 2022).

MyHaii nulaMbpl  KYpaMbIHIAFbl JKajdllbl MYHald KOMIPCYTEKTEpi TOIBIpaKTa KYIITi
azicopOLMATIBIK KaOlleTke He, all MHUKPOOPTaHU3MAEPiH TIPUIUIIrT HOTHXKECiHJe OeiHEeTiH ras
KOpIIlaFraH OpTa MEH ajiaM JieHcayJbIFsl yiniH aca kayinti (Wen, Y. sxxone T.0., 2021; Ma, M. xoHe
1.0., 2022).

MyHaii mamMbIH JIyphIC KO/IETe JKapaTnay ajgamaapra, oCiMIIKTepre, Cy aiIbIHIapblHa JKOHE
KaHyapiapra eneyni Kayin TeHaipeai. COHABIKTAH MyHail NUIaMbl YHEMi SKOJOTHSJIBIK Kayill
TyIbIpajbl KOHE KOMTEreH eljepie aca KayinTi Kaaablk peringe tansiirad (Gao, N. xone T.0.,
2020). ConbIMeH KaTap, MyHail IJIAMBIHBIH KYpaMbIH/IaFbl MYHaHIBIH JKOFapbl MOJIIIEP] MEH JKbLTY
HIbIFapy KaOiJeTiHIH )KOFApbUIBIFBI OHBIH 30p YHEPreTUKANBIK djeyeTi bap ekeHiH kepcereni (Sun,
B. xxone 1.6., 2023).

DHeprusira JereH CYpaHbIC MEH KOpIIaFraH OPTAaHBI KOpFay KaXKETTITITiH ecKepe OTBIPHIIL,
MYHail HUIaMbIH OHJICYAIH TYNKI MakcaTbl — KayilTi 3JeMEHTTepAl KaJlJblK KypaMbIHIA
MMMOOUIM3aMsAIay *KoHE KypaMbIHAAFbl IIMKI MYHalJbpl OapblHINA TUIMJII MaijganaHy OOJbII
tabbutagpl. Ochl cebenTi MyHail HUIaMBIH a3aliTy MEH Kayilci3 eHJey Macelleci MyHall eHIIpy
cajacelHIa opaaibiM e3ekTi Oonbim kememi (Liu, Y. skone T.6., 2021). ConbiMeH Katap,
pecypcTap/bl KaiiTa nmaiiiajgany MEeH KOplIaFaH opTara 3UsHIbI a3aiTy/Ibl KaTap KaMTaMachl3 €TeTiH
THIM/II KQJIETe jKapaTy TEXHOJIOTHSIIaPhIH 33ipiey aca manb3abl (Hui, K. sxone 1.6., 2020).

MyHail mIIaMbIH ©HJEY MEH KoJIeTe JKapaTyIblH dPTYPIi o/icTepi KONTEreH FhUIBIMU LIOTY
Mmakanaigapsiaaa cunarranran (Wang, C. xone 1.6., 2020; Niu, A. xone T.6., 2022; Johnson O. A.
xoHe T1.0., 2019; Teng, Q. xone 1.6., 2021; Bridgwater, A.V., 2012; Hasan, A.M.A. xaHe T.0.,
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2024). Kaszipri yakpITTa MyHail [IJTAMBIH OHJIEY Tocianepi Gu3nKanbiK 06y, XMMUSUIBIK 001y XKoHe
TEPMUSIIBIK TYPIACHIIPY daicTepin Kamtuabl (Al-Zahrani, S.M. xone T.6., 2013; Hu, G. xomne T.6.,
2013).

Ou3HKaIBIK 06JIyre MEXaHUKANBIK, YIbTPaIbIOBICTHIK, MUKPOTOJIKBIH/IBI )KOHE MY3/IaTy-EpITy
ozicTepi KaTaabl, ajl XUMHIIBIK 06y HeTi3iHEeH epiTKIIINEH dKCTpakiusiay MeH OeTTik Oencenai
3aTTap apKbLIbI JKy3ere acajbl. Amaiiia Oy oicTep/IiH MYHaH MIJIAMbIH KOJIeTe )KapaTy MyMKIHIIT
IIEKTEYJi, COHBIMEH KaTap CYWBIK KaJIJBIKTApJbIH KON MeJIIepae TY3idyl CHSAKTHl KEeMIILTIKTepi
6ap (Ju, Y. sxone 1.6., 2021).

ATanFaH KeMIIUIIKTEPAEH apbUIFaH TEPMUSUIBIK TYPJACHIIPY OIiCi — NHUPONU3, ©3iHIH
THIMJIUTITIMEH €peKIICNICHIN, MyHall IIIaMBIHBIH KOJEMIH a3alTy MEH pecypcTapibl KajlblHA
kenripyne oH HotTmwkenep kepcerti (Hamilton, J. xone 1.6., 2020; Suntivarakorn, R. >xoHe T.0.,
2018). bynman Geiiek, MUPOJIM3AIH Tarbl Oip ApTHIKIIBLIBIFEI — apOMATThl KOCBLIBICTAPABIH YIIIIA
TypAe OemiHyi, Oy )KOFapbl canaibl OTBIHJIBI TOKIPHOE JKY31HAE almyFa MYMKIHIIK Oepeti.

[Muponuz — 6y 500-800°C apansIFbIHIAFBI OpTallla TEMIIEpATypaia OTTEKCI3 opTaja Kys3ere
aChIPBUIATHIH TEPMUSUIBIK KPEKUHT rporeci. Hotnmxkecinae cyiblk MyHaid, CHHTE3-Ta3bl )KOHE KaTThI
KaiaelK Ty3izeni (Akhtar, J. sxone 1.6., 2012).

MyHaii nutamMbpl KypambIHIa OpPTaHMKAJbIK KOMIIOHEHTTEp Korl OOJIFaHIBIKTaH, OJapIbl
KOCBIMIIIA KYHBI Oap eHiMIepre aifHaIIpIpyFa 00J1a/1pl, MbICAJIbI: XKOFaphl canaibl oThiH (Sankaran,
S. xone T.0., 1998), depmentnen biabipaiitein kommounentrep (Ho, C.C. sxome T1.6., 1992),
apOMAaTThl TUCTHIUIATTApP JKOHE KATThl KaJIBIKTap. by muponn3 eHiMIepiH 9pTypili eHEepKacil
cajayiapblH/ia KalTa eHJeN, Maijananyra 0onanel. Ocipece, MHPOIU3 Ta3bl KBULY JKOHE DIIEKTP
SHEPTHUSICBIH OHJIPYre apHAJIFaH JHEPreTUKANBIK OThIH peTiHae Hemece cuHTes-raz (CO, Hz)
perinne kosganyra skapamiabl (Kasenova, Z.M. xone T1.6., 2018). CoHbIMEH Karap, HHPOJIH3
HOTH)KECIHJIE allbIHFaH KeMipTek (char KypaMmbIHAa) opTypii MakcaTTapia KOJAaHbUTYbl MYMKIH,
MBICAJIBI: OCIICCHIIPUITCH KOMipJiep, akKyMyJIATOpiap YIIiH aHoaTap skoHe karanuszaropiap (Doja,
S. xoHe T.0., 2022; Kusmierek, K. xone T.0., 2022; Kusmierek, K. xone T.6., 2021; Jones, 1. xoHe
1.0., 2021; Bowles, A.J. xone T1.0., 2023). Conpaii-ak, HHPOIU3ACH KEHIHI KaJbIKTap
a/IcopOEHTTEp, KapThUlail KOKC, KaTaJln3aTopJiap jKOHE TONBIPAKThl PEKYIbTHBALIUIIAyFa apHAJIFaH
areHTTep peTiHje MaiiianaHbpuTybl MyMKiH ekeHi ne Oenrinmi (Ermagambet, B.T. xone T.0., 2018;
Ermagambet, B.T. xxone 1.6., 2019; Yang, P. xoue 1.6., 2018; Xie, S. xone 1.6., 2020; Wang, X.
xoHe 1.0., 2019).

XKyprizuiren 3eprreynepai Tajajaay HOTHXKECI KOpCeTKeHAeH, MyHall IUIaMbIH MUPOJIHU3JAEY
KeJleci apTHIKIIBUTBIKTAPFa He:

-MyHaipl OapbIHIIA THIMII TypAe Oelqin ajmyFa MYMKIHIIK Oepell *oHE COHBIMEH KaTap
JacTaylibl 3aTTapIbIH O6JIIHYIH a3ailTaibl, OyJ1 MyHall HulaMbIH 0acKapyIblH MaKcaTTapblHa Colikec
keneni (Sajadi, M. sxone T.6., 2023);

-MyHall IUIaMbl KypaMbIHJIaFbl *aunbl MyHail kemipcytektepin (OKMK) TombikTaii sxorora
KOHE KYHJIbI pecypcrapbl Oeninm amyra MyMKiHAIK Oeperi. Byn pecypcrap »eke Hemece Oacka
TEXHOJIOTUsIIapMeH OipikTipin KoimaHbeutybl MyMKiH (Yu, H. xone T.0., 2024);

- OTTEKCI3 OpTaJla MyHaW bl )KOFapbl KYHIbI CYMBIK jKOHE ra3 TOpi3/i OThIHAApFa bIAbIpaTyFa
MYMKIHIIK Oepeni, Oyi perre NOX >xoHe SOX Topi3Al 3uUSH[BI razap a3z Meuiuepiae Ty3uienl, aji
aybIp MeTanaap/IbIH Ke0i KaTThl eHimMae Kanaasl (Teng, Q. skone 1.6., 2021).

bynan Oesiek, mUpONIM3 KOpIIaFraH OpTara CaIBICTHIPMAIBI TYpPJE 3HUSHCHI3 OJIC OOJIBIT
caHaiajpl, ce0ebl o JUOKCHMHAEP MEH KaTThl OeJIIEKTep CHUSKTBI 3HUSHJbI KOCBUIBICTApAbI a3
meJepae rana tyseni (Sajadi, M. xomne 1.6., 2023). Kasipri 3epTreynepre coikec, mupoian3 6acka
OHJICY SJIICTepPIMEH CaJIbICThIPFAH/Ia SHEPTUsSHBI MalianaHy TUIMAUIIT KOFapbl 9pil KYMBIC icTey
nporieci oHait 6onbim keneai (Wu, Z. sxaue 1.6., 2020).

MyHaii nUTaMbIH THPOJIM3/ACY TEK IIJIaM KOJIEMiH a3allThil KaHa KoiiMail, COHbIMEH KaTap
SHEPTUSHBI KaJbIHA KENTIpyre >KOHE MYHAH-XUMHS PEeCypCTapbIHBIH CapKbUIYbl CalIapblHAH
TYBIHJAWTBIH KBICBIMIIBI a3aiiTyFa MyMKiHaik oepeni (Wu, Z. xone 1.0., 2019; Gong,Z. xoHe T.0.,
2019; Chen, Y. xone 1.6., 2019). Anaiina >xorapbia alThUIFaH apTHIKIIBLIBIKTAPhIHA KapaMacTaH,
MUPONIM3IIH Oenrii Oip KeMIIUTKTepl ae Oap: »KOFaphl SHEPrusl TYTHIHY, KYJIiH KOl MeJllepe
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TY31Tyl )KOHE IIJIaM K31 MEH KaCHETTEpPiHiH dCepiHeH OHIMIEP/IiH KYHBIHBIH TOMeH Oomysl (Han, L.
xoHe T.0., 2022). byran Koca, MyHail IIJIaMbIH MMHPOJIM3AEY OapbIChIHIA aabIHATHIH OHIMIEPIiH
carachlHa KaTbICTHI YII HEri3ri mMacene Oap: MUPOIU3IIK MYHAWIbIH Camachl, KaTThl KaJJbIKTaFbl
MYHal KaJIJIbIKTaPBIHBIH MOJIIIEPi XKOHE KaYIITi JIEMEHTTEP MEH aybIp METaIap,IbIH MUTPALIUSCHL.
MyHaiiiblH ayblp ¢pakuusigapbl MEH KOPPO3HSIIBIK KOMIOHEHTTEpi (MbIcaibl, achaibTeHaep,
KYKIPT KOCBUIBICTAphl ’KOHE KapOOH KBIMIKBUIAAPHI) — MYHAM carachblHa ocep €TEeTiH 0acThl eKi
npobaema 6osbin Tadbbuta s (Chang, C.-Y. xone T1.6., 2000).

[Muponm3nik MyHalgaFbl OTTEKTI JKOHE TETEPOIMKIII KOCBUIBICTAPIIBIH TOMEH JKBLIY Oepy
KaOlJIeTi, TePMUSUIBIK TYPAKCHI3IBIFBl KOHE KOPPO3HSUIBIK ocCepl CalJapblHAH KOJAKWCHI3 OOJIBII
tabbutazel (Miskolczi, N., 2013). ConbiMeH Katap, OyJI KOMIOHEHTTEPIIH KaHTHIMIBI PEaKIHsIIaPhI
MUPOJIM3 MAWbIHBIH IIBIFBIMBIH TOMEH/ICTII, OHBIH apOMATThUIBIFBIH apTThIpabl (Assumpedo, F.N.
xkone 1.0, 2011). Ocel  oKydem  mody — Makajlajga ~ MyHal — IIaMblH - 0acka
MIMKI3aTTapMEH/KaJIBIKTapMEH (MBICAJIbI, MUKPOOAABIpIap, KYPIll KaybI3[aphl, araml yriHaiaepi,
JKAHFAK JKOHE OpIK KaOBbIFbI, VIIIA KYyJ, MYHail IUIAMBIHBIH KYJi, OCJICEHIIPUIreH KeMip, €cCKi
mHaIap, 00JIaT NMUIAKTAPBI, KBI3BUT IIJIaM JKOHE T.0.) KOCHII MUPOIH3ACYAIH COHFBI JKETICTIKTEpI
KapacThIPBLIFaH.

OpTypii Kocmanapabl MyHail OUIaMbIMEH Oipre NMUpONU3ey Ke3iHIe TY3UIreH OHIMICpAiH
(MyHaii >KoHe ra3) INbIFBIMBIHA ocepi TanganraH. CHHEPreTHKANbIK dCepJliH apKachlHIA
KocmajapMeH Oipre NUponu3aey Ke3iHAe MyHail MEH Tra3[bplH HIBIFBIMBI  €1I9yip apTaThIHBI
OaiikasiFaH.

2. Iluposiu3 TeXHOJIOTHACHI
2.1 Ilpoyecmiy nezcizei npunyunmepi

[Tuponu3 — OyJ1 TEPMOXUMHUSAIIBIK OH/I€Y TEXHOJIOTHICHI, OJ1 MyHal IUTaMBbIH KOChIMIIIA KYH/]IbI
eHiMIepre (MbICaJbl, KOHICHCAIMsUIAHATBIH CYHBIK Mail, KOHJCHCAIIUSUIAaHOAUTBIH Ta3 KOHE KaTThI
KaJJbIK) aHadpOOThI XKaFdaiina aiiHanapipa anaasl (Ma, W.C. xone T1.0., 2019; Chang xone T.0.,
2000). Opnerre, MyHall IUTAMBIHBIH MUPOJIN3 TMPOLEC] €Kl HEeri3rl Ke3eHHEH TYpajibl — OpraHUKaJIbIK
KOCBUIBICTAP/IbIH A€CTPYKLUACHI )KOHE MUHEPAIAAP/IBIH blbIpaybl. OpraHUKaIbIK KOCBUIBICTAPIbIH
nectpykuusicel HeriziHeH 100-550°C rtemmeparypa apaiblfblHAA OTEIl JKOHE YII 1IIKI Ke3eHre
OeuniHenl: xeHT keMipcyTekTepaiH Oynaanys! (100-200°C), sxeHin keMipCyTeKTep/AiH AeCopOLUsACHI
xoHe TepMusiIbIK KpekuHri (200-380°C), conaaii-ak ayblp KOMIpCYTEKTEP/IIH TOMEH MOJIEKY/IaJIbIK
Maccaibl KocbuiblcTapra Aedin kpekuHri (380-550°C) (Chang, C.Y. xone T.6., 2000; Wang Z.Q.
xoHe T.0., 2007; Qu, Y. xone T.6., 2019). [Tuponus kenTereH KapanaibiM peakiusiapIsl KAMTATHIH
KYpJeli XUMUSUIBIK Mpoliecc OOJFaHABIKTaH, COHFbI Ke3/le KOMIPTEeKTI KaJlIbIKTapJAblH TY3UIyiHe
OKEJIETIH peaKkusIap, MbICAlIbl apOMaTTaly, KapOOHWIICHY, IUKIIJCHY JKOHE TIOJTHMEPIICHY CHUSKTHI
peakuusanap aa xypiryli MymkiH (Qu, Y. xxone T.0., 2019; Gao, N.B. xone T.6., 2020). Op06ip
KE3CHI'e TOH TeMIepaTypalblK IIEKTep SPTYpii MyHall muiamaapbl MEH MUPOJIH3 HapaMeTpliepiHe
OaiimaHpIcThl ©3repim, Oip-OipiMen Kabarracysl MyMkiH (Qu, Y. xoHe T.6., 2019). Mricamnsl,
KBI3BIPY JKBULAAMIBIFBIHBIH JKOFapbhl OOJYBI JKOHE TIHMPOIU3 YaKBITBIHBIH Y3apybl aybIp
KOMIPCYTEKTEpAIH JECTPYKIMAChIHA BIKIAJl €Till, MPOLECTiH TeMIIepaTypajblK MHIEKTEpiH ajFa
KbUDKBITaAB! (Gong, Z.Q. xoHe T.0., 2017; Chen, L. xone 1.06., 2016). MunepannapabIH blIbIpaybl,
HETi31HEH, OpraHUKaJIbIK 3aTTapAblH BIAbIpaybl asKTadfaHHaH keiiH, 550 °C-tan >orapsl
TeMIlepaTypajaa Kypei.

XKanne! anranjga, MyHail IUTAMBIHBIH MUPOJIM31 YIINA 3aTTapAblH O6NiHYiHIH €Ki Ke3eHIHEeH
TYpybl MyMKiH: OacTankel biasipay <380°C xoHe exiHmIl peTTik peakuus >380°C. bacTankel xeHin
KOMIPCYTEKTEp/iH YIINa KOMIIOHEHTTEpl MEH ayblp KOeMIpCyTeKTep[iH eKIiHII peTTiK
PEeaKIMsICHIHIAFbl COHFBI OHIMIEP] apaiblK OHIMAepAiH Tiz0eri apkputbl Kanbinracansl (Cao, J.
xoHe T.0., 2020). MyHall nuUIaMBIHBIH MUPOIU3IHACTI COHFbI OHIMJIEP/IH UIBIFBIMBI MEH KYpaMbl
OCBbl apajblK OHiMzepre OaiaaHbicTel. Bactankel biasipay Kesinge CnHanri” xome CpHap®
¢bparmenTTepi aKaHAapAbIH 6-0eminyi (>Cs) jxoHe oneduHaepAiH amTmi-0einyi Ke3iHae Ty3ineni,
a1 KerOip KEeH1T apoMaTHKAJIBIK KOCBIIBICTAP, MBICAJIBI, METHITHAPTATINH XKoHE TUMETUITHADTAIINH,
ann(aTUKaIbIK KOCBUIBICTAPABIH bIIbIpaybl Ke3inge Oemineni (Nie, F. sxone 1.0., 2020). Exinmi
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PETTIK peakius OapbIChIHIA ayblp KOMIpCYTEKTep (PppaKiusIapbIHAAFbl ApOMATHKAIBIK SAPOJIapMEH
OalTaHbICTBl  AMM(ATHKAIBIK KYPBUIBIMHBIH JIECTPYKIHSCHI OCH30J MEH TOJIYONBIH HETi3Ti
KOMIIOHEHTTEp PETiHJe TY3ULIyiHe OKesedi, COHBIMEH Karap ajkaHjaap MeH onedunaep ne 0acTsl
anmudaTtukaaslK eHimaep Oonbim Tadbutambl (Nie xone T1.6., 2020). N/S/Cl anmacThIpbLIFaH
reTepoaTOMIBIK KOCBUTBICTAPFA KEJICEK, OJap/bIH apanblk eHiMaepi Kypambina NH3, HCN, HNCO,
NOx, CS», CH3SH, SOy, HCI xone keii6ip N-/S-/Cl-kypamabl kocbuisicTap Kipeai (Chen sxone T.0.,
2020). Anaiiga OyJ1 apayibIK ©HIMACPAIH OMip CYPY YaKbITBIHBIH KBICKAJIBIFBI OJIAPBbIH KUHATYBIH
JKOHE CHIIaTTaMajlapblH aHbIKTayabl KublHAataawsl (Mettler, M.S. sxome T.6., 2012). Mynait
[UIAMBIHBIH TMHPOJIM3 MEXaHW3MIH amly YOIiH Ja3epiik JIMarHOCTHKA, in-situ HMHQPaKbI3bUI
CIIEKTPOCKOIHSICHI JXOHE MOJICITBICY CUSIKTBI JKETULIIPUITECH Tallfay 9/IiCTEPiH KOJIAaHY KaKeT.

2.2 Iluponu3z npoyecine sxcymuic napamempiepiniy acepi

MyHalIITaMHBIH TTUPOJIU3 OHIMIEpiHEe ra3, CYHBbIK MYHail >KOHE KaTThl KaJJbIK >KaTajbl.
MyHaiifipl 06l amy *KoHe Kayirci3 Typ/e KoJere xapaTy CUSKThI KOCapIibl MaKCaTKa OaiaHbICTHI,
MUPOJIM3/ICH KEHIHT1 MyHal MIBIFBIMBI MEH KaTThl KAJIBIKTaFbl MYHAUIBIH MOJIIIepi — Oaraiay/biH
€Ki MaHBI3Ibl KepceTKimi Oonbin TaOblIaabl. I[luponu3 eHiIMAEpiHIH IIBIFBIMBIHA TTHUPOJIN3
TEMIIEPATYPaChl, KbI3IbIPY KbUIIAMIBIFBI, ITHPOJIU3 YaKBITHI JKOHE PEAKIUSIIBIK aTMOC(epa CHSIKTHI
napameTpJIepAiH 9cepi TOMEH/Ie KOPBITBHIHIbLIAHABI.

Temnepamypanwiy acepi. Iluponu3 TemmepaTypachblHBIH JKOFApBUIAYBIMEH Ta3 IIBIFBIMBI
apTazpl, aJl CYHbIK MyHail MEH KaTThl KaJIJIBIKTHIH IIBIFBIMBI a3asnbl (Li, F.Z. xone 1.6., 2020).
CoHbIMEH Karap, TBIM TOMEH TeMIleparypa MHPOJHU3MIH TOJBIK XXYpYiHE Kemepri kenmrtipemi, Oy
MYHaipl a3 MemmiepAe anyra okenenl. [luponus TemmeparypachblHBIH apTybl OpPTaHUKAJIBIK
3aTTapblH KOHACHCAMSIIAHOAWTHIH Ta3/lapFa aiHalyblHA BIKHAJI €Tei, Oy KOFapbila aTajraH
HoTmxkenepre okeneni. [Tupomus temmneparypacsl 800°C-TaH ackaHAa OPraHUKAIBIK 3aTTap.bIH
maMamern 80 MaccanblK MaibI3bl Ta3 Topi3Al eHiMmuepre aifHanaael. MyHaWABIH €H JKOFaphl
mbiFbIMBL 500°C-Ta mamamen 40 maccanblK maibi3Fa skeTyi Mymkin (Wang, Y. sxxone 1.0., 2019; Lin,
B.C. xoHe T.6., 2019). XuMMsUIIBIK KPEKUHT Ke31H/1€ MyHall ra3 Topi3/l eHiMmepre aifHanabl, Oipak
noMMepH3aIisl ocepi MyHall WIBIFBIMBIH KaiTagaH apTThipa anaabl. COHABIKTAH OHIMIEPIiH
TapaJllyblH KPEKMHI II€H TMOJMMEpHU3alusi oCEpJIepiHiH apachlHAAFrbl TeMe-TeHAIK peTIHIe
KapacTbIpyFa 0oNabl.

Kuo13061py orcvinoamovievinwiy acepi. Iluponus Ke3iHe aqblHFaH MYHal MOJIIIIEpiHIH 0aCcTaIKbl
MyHail (pakiusChiHa KaTbIHACKI PETIHIE €CEeNTEeNEeTIH MYHaWIbl aly THUIMIUIIN — MHPOIU3IIH
SHEPTEeTUKAIBIK oJIEYeTiH Oarayiay Kypasibl Ooyia amanel. MyHaiabpl aly THIMAUIT KBI3ABIPY
KbIIAaMIbIFel 5—18°C/MUH apaiblFblHIa apTKaH caiiblH skoFapbiiaiiasl (Qu, Y. xoHe T.0., 2019).
KbI31b1py KbUTIaMIBIFBIHBIH JKOFApbl OOIYBI JKbUTY OeplaylH KYLIEHTIN, eKIHII PeTTIK peaKiusiap
YIIiH YaKbITThI KbICKapTaabl, OYJ1 ©3 Ke3eTriHAe MYHall IIBIFBIMBIHBIH apTYbIHA BIKIAT €TETIH MYHaH
IUIaMBIHBIH  bIAbIpaybiHa skopaeMaeceni (Qu, Y. sxoHe T.6., 2019). OcbiHmail KyObuIBICTap
Oromaccaja oHe KarThl KalablkTapaa aa Oaiikanansl (Zhu, X.F. xone 1.6., 2019; Xiao, Q. xoHe
1.0., 2019; Tao, Y. xxone T.0., 2020).

THuponuz yaxwvimuinviy acepi. 1Iuponu3 yakbITBIHBIH Y3apybl MYHaWAbl ady THIMILUIITIH
apTTHIpaAbl XoHE OyJI THIMAUTIK mamamMeH 60 MUHYTTa €H JXorapbl MoHTe >kereli. OmaH KeiiH
MYHAMIbI ally THIMJIUTITT TYPaKTaHbIN, KeWiH azas Oactaiinbl. by MyHaliaplH Ta3Fa Aeiinri ogaH opi
BIIBIPAYbIHA JKOHE MYHAWJBIH KAaTThl KOMIPTEKTI KAIJIBIKKA pPEIoJIMMepHU3aIusIaHybIHa
OaitmanpicThl (Tian, Y. xkoHe T.0., 2019; Zhou, X. xoHe T.0., 2017).

Peaxyusnvix opmanwiy acepi.

Gong, Z.Q. xoHe T1.0., (2017) 3eprreyinne 600°C temneparypana CO: armocdepacbinaa
MYHail MEH Ta3JIbIH JKaJIbl IIBIFBIMBI KOFAPhI, ajl KATThl KAJJIBIKTHIH IIBIFBIMBI TOMECH OOJIFaHBI
kepceriireH. byn N2 armocdepachiMeH CalbICTBIPFaHA AaWBIPMAIIBIIBIFEI a3 OOJFaHBIMEH,
MaHbI3Bl  e3repicTep OabikanraH. CO: MEH J>kaHa TY3UITEH KaTThl KaJJbIK apachIHIaFbl
ra3uuKanys peakusIChl MUPOJIU3 TPOLECIH KEACNACTIN, AKTUBTI TONTAPAbIH (THAPOKCHUII,
METHUJIEH KoHE T.0.) KPEKUHT1 MEH paJuKaaaap/IbIH TY3UTyiHE BIKIAT €TKEH.

15



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 151(2)

Kim, J.H. xxone T.6. (2019) 3eprreyinne eki carbuibl muponus (anaeiMer 20—720°C, conan
keiin 650°C Temneparypana u3orepMusuibiK Typae) kesinge CO: armocdepacbiHaa ra3ablH Kerl,
Oipak MyHaiablH a3 Oeminreni Oadikanael. KarTel kanaeik memmiepi Nz xone CO: xarmaiibiHIa
Oipaeil OonraHbIMEH, MUPOIM3 TrazgapblHBIH MaccanblK yieci 74,2% (N2)-man 80,3%ra (CO-)
neitin aprtel. CO:2 ocepiner H., CHa, C2Hs, C2H4 xxone C2H> memmiepi ne aptrtsl. bByn KyObLibIC
720°C-Tan  KoFapbl TeMIlepaTypaja VIINa KeMIPCYTEeKTepAiH TEPMHUIBIK KPEKUHIT MEH
JeTUPICHYIHIH XKeenIeyiMeH OailllaHbICThI 00Tyl MYMKIH.

Tarer Oip 3eprreyne (Lee, T. xone T1.6., 2018) OyHkepiik MyHaiiMEH »KacaHIbl TYpPJE
nabiHnanFal TeHi3 KyMbl (Si0:2) KonjgaHbuiFaHga ykcac HoTwkenep aibiaFaH. CO: mupoim3Iik
myHaii mMeHn CO: apacblHAaFrbl BIKTUMaJ pEaKIHs apKbUIbl KOCHIMIA KOMIPTEK IE€H OTTEeK
aroMIapeiH ycbiHbI, 600°C-Tan XKorapsl TeMIieparypajga KeOipeK rasiblH TY3UIyiHE BIKMal €TTi
(Lee, et al., 2017; Lee, et al., 2018). byn xargaiina CO2 MeH NUpPOIU3IIK MyHail apachIHIaFrbl ©3apa
opekerrecy HoTIKeciHme kebipek CO Ty3ineni, HOTHXKECIHAEC NHUPOJIM3 OHIMACPIHIH >KajIbl
SHEPTETUKAIBIK THIFBI3/IBIFBI aPTA/IbI.

2.3 Duepeemuxanvix manoay

XKanmer  amranma, MyHald NUIAMBIHBIH — [MHPOJIW3  OHIMIEPIHIH  Tapaylybl  opTypdi
rmapameTpIIepIiH e3apa KEIICHII opeKeTiHe OalaHbICThI OO0JIabl, ONAPIBIH 1IIiHAE OacThl pesii
COHFBI Temmeparypa arkapanpl. Qin, L. sxone T.6., (2015) 3eprreyinae opTypi TeMIeparypaiap
Ke3iH/Je MUPOIN3 eHIMIEpiHIH »3Heprus Tapanysl ecentengi. 500°C Ttemmeparypaia >Kajribl
SHEPTUSHBI Ay eH >korapbl neHrevire - 81,0% xetin, sHeprus xorauty 19,0% O6onmel. by
KarJaiila SHEeprusiHbIH MYHAalFa, ra3ra »KoHe KaTThl Kajjablkka Oeininyl TuiciHie 58,8%, 19,9%
xoHe 2,3% Kypajbl.

Cheng, S. xone T.6., (2017) »yMBICBIH[A J1a YHEPTETUKAIBIK THIMILIIK €CENTENil, KaIbl
sHeprusiHbl any 78,6% OoiiraH, alm SHEPrUsSHBIH Tapanybl MyHaira - 38,4%, razra - 10,9% sxone
KAaTThl KalJIbIKKa - 29,3% yneciHme Kypri3iireH. DHeprus >KOFaiTyaapbl HETi31HEH peakTopAaH
XKOHE TMHPOJIU3 OHIMACPIHEH KBUTy MIANIbIpay CalJapblHAH TYBIHAAWIe. MyHail MEH MNHpOIU3
ra3plH TiKeJled »XaFy apKbUIbl ra3 TypOMHACBIH ICKE€ KOCY OHEprusi THIMAUIIIH apTThIpyFa
MYMKIHJIK Oepesil, OTKEeH1 MUPOINU3 Ta3bIHbIH CAJIKbIHAAybIHA OalIaHbICThl SHEPT U LIBIFBIHIAPbIH
oonneipmayra Oomaasl (Cheng, S. xone T.6., 2017). Gong, Z.Q. xoHe T.6., (2019) 3epTreyinme
MyHail LUIaMBIHBIH OlpjeckeH NHUpoin3l MeH xary mnporeci Aspen Plus Oarnapmamanbik
KacaKkTaMachl apKbUIbl MOJIEJIBACHIIN, SHEPTUSHBI MaiaNany THIMAUIIN MEH KCeprusl THIMILIIr
comikecinme 61,0-68,0% xone 56,0-71,0% apanbiFpiHaa OaraaHraH.

3. MyHaii nuiaMbIH KOChIMIIAJIApMeH Oipre NuMpoJIn3AeyaiH Heri3ri apThIKIIbLIBIKTAPbI

Xorapbina aranmFaH Heri3ri MocemelepiAl MIelly MakcaTblHAa MYHAal [UIaMbIH SpTYpIi
KOCBIMIIIAJIapMeH Oipre mnupoiu3iaey (COmMponn3) KEHIHEH KOJJaHbUIaAbl. byl KochIMIaiap
pETiH/Ie OHEPKOCIN TMEeH aybUl MIapyallbUTBIFRIHAH IIBIKKAH OPTaHUKAIBIK JKOHE OelopraHMKaIbIK
KIIBIKTap KU1 maimananbuianbl. COHBIMEH Karap, MUPOJU3 TPOIECIH JKaKCapTyAblH THIMIL
onicTepiHiH Oipi — MyHail nuTaMbIH 0acka 3aTTapMeH Oipre MUPONU3AEreH Ke3/1e KaTalu3aTopiaapabl
konmany (Li, Q. sxone 1.6., 2020; Song, Q. sxaue 1.6., 2019; Jeon, M.J. xome T.6., 2013).

Conuponu3 NUPONN3 OHIMJEPIHIH MeJIIepi MEH camachlH apTTHIPYIBIH KapamaibiM opi
THIMII Tocimi periHae kKapacteipbuianel (Chen, W. sxone T1.6., 2017). CoHABIKTaH MHPOJIH3
MIPOLIECIH/IE KaTalu3aTop PETIHJE OPEKeT €Te allaThlH KOJAWIbl KOCHIMINAIAPIbI KOCY THUPOIU3/IIH
peaknus YaKbITBIH KBICKAPTHIN, TEeMIEpaTypaHbl TOMEHJETYre, MYHall MEH Ta3/blH IIBIFBIMBIH
apTTHIPyFa JKOHE OHIM CarachlH )aKcapTyFa MyMKiHaik Oepeni (Yang, P. sxone T.0., 2018; Cheng,
S. kone T1.0., 2016). OchifaH OaiIaHBICTBI COHFBI JKBULAAPBI FalbIMIAp MYHAH IUIaMbIH
MUPOIU3ACYNIH TUIMIUIITIH apTTBIPY KOHE OHIMIEPIIH TapalyblH OHTAWIAHABIPY MaKcaTbIHa
OpTYp:l KOCHIMIIIAJIADMEH MYHaill IUIaMbl apachlHIaFbl CHHEPTETHKANIBIK dCepl 3epTTey OOWbIHINIA
opTypii 3eprreyiep xkyprisyne (Tang, Y. xone 1.0., 2019; Chen, Z. xone 1.6., 2019).

Kopmmaran opTanbsl KOpray *oHE SKOHOMHUKAIBIK THIMAUTIK TYPFBICBIHAH aliFaH/aa, ap3aH opi
VBITTBI €MEC KaTaau3aTopliap MEH OPTYPJIi KOCBIMIIANAP/Ibl TAHAY MYHAM MUTAMBIH TUPOJIA3ICY/IH
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TUIMAUIITIH apTTBIpyAa IIEHIylli peJsl arkapaabl. Mpicanbl, OHoOMaccaaH alblHFAH IHUPOJIN3
MaibIH/Ia OTTEK MOJIIICPIHIH KOFapbl OOJYbI, OHBI TOMEH Calalibl )KaHaMa OHIMI€ aifHAaJIBIPHIIL,
OHBIH KOMMEPIUSIIBIK KOJJAHBUTYBIH IICKTeHmi. Auaiiga, OuMomMacca CyTEKTiH JOHOPHI JKOHE
CUITUTIK MeTalJapAblH KO3l PETIHAE OpeKeT eTedi, COHJIBIKTaH OJ MyHal IIaMbIMEH Oipre
MUPOJIHM3/ICY Ke31HAe MUPOIN3 MAWBIHBIH CalachlH apTThIpyAa THIMJI KoyjgaHbuia amaasl (Xu, H.
xoHe T.0., 2022).

3eprreynepai Tanmay OapbIChIHIA, MYHAW MUIAMBIH MUPOIHM3JACY IMPOIECIHE KOCBIMIIAIAP
EHTI3UITeH/IC KeJlecl HOTIKeNep OalKaiab:

- MUPOJIU3 OHIMJICPIHIH IIBIFIMBI APTAIbBI;

- MHUPOJIM3MIK MYHAM camachl jkKakcapaabl (MbICANIbI, ayblp KOMIPCYTEKTEpIiH MeJIiepi
a3ailbll, XKEHUT KOMipCyTeKTep/iH MeJIIepi apTaabl, eHIMIACPAiH KbUly Oepy KaOijeTi apraibl,
KYKIPT IeH a30TThIH MYHal (pa3achIHAaFbI YJIeCi a3asasl )KoHe T.0.);

- JacTaylibl 3arTapiblH, dCipece aMMHaK TIeH KYKIPTTI CyTeK CHSKTbl ra3 TYpiHJETi
OHIMJIEPIiH TY311yi MEH mibIFapbuTybl Oakbutanaasl (Wang, Z. xone 1.0., 2021).

Mpicainbl, apoMaTThl KOCBUIBICTAPIBIH BIIBIPAYbl THPOJIA3 TPOIECIHAC KATThI 3arTap —
xuMusIbIK Taaut (YU, Y. skone T1.6., 2020), meramn okcuarepi (Wahab, M.A. xone 1.6., 2023;
Zhao, K. xone T.0., 2023) sxone meonurrep (Lin, B. sxone 1.6., 2017; Milato, J.V. xone 1.6., 2020)
KaTBICBIHA KYIICHETIHI Typalibl MaJliMeTTep Oap. Byl MyHaii 1uiaMblH ©HJIEY HOTHKECIHJIE YIIKCH
MeJIIIep e KYH/IbI OTBIH allyFa MYMKIHIIK Oeperi.

JlereHMeH, MyHai UIaMbIH TYPJIi KOCBIMINIATAPMEH Oipre MUPOIU3ACYyre KaTbICThl 3ePTTEYIIED
MICKTEYl. Ocipece, OpPTYpJi KOCTalapJIblH MYHail NUIAMBIH THPOJIM3ILY MPOLECiHe ocepiH
CaJIBICTBIPMAJTBI TYPJIC TAJAUTBIH 3€PTTEYICP a3 XKYPri3iireH.

4. MyHaii nuiaMmbIMeH OipJecin mupoJiu3aeyre apHaJaFaH THIMALI KOCBIMIIAIAP

Kexn aykpiMmbl Kke3aepre wue OONybl JKOHE OJKOFapbl OHIMIUITIHE  OailJIaHBICTHI
Ouomaccakaz0anbl OThIHFA Oanmama peTiHAe MaiganaHyra OONaThIH Tamallla MIMKi3aT OO
cananaznsl (Yang, H.oxone 1.6., 2007). buomaccaHblH KpEeKHUHT TeMIepaTypachl TOMEH. Amaiiia, Tek
OuomaccaiaH ajgblHFaH OMOMYHAaWKa31pri OHAIPICTIK CYPaHBICTHI KaHAFaTTaHIbIpa ajaMaiiibl, cebebi
MyHai 6nomyHaiina H/C kareiHacsl ete ToMeH, an O/C KaTbIHAChl KEPICIHIIE, OTE KOFapbl 001a]IbI
(Yang, Z. xone T1.6., 2017).buomyHaiira ToH cumarTamanap — JKOFapbl KbIIIKbUIABUIBIK, TOMEH
KblTy Oepy KaOuieri, OoTTeriHiH xorapbl Menuiepi (35-60%-Fa neiiH) KoHE KOFapbl TYTKBIPIBIK
(Guillain, M. sxome T1.6., 2009; Abnisa, F. xone 1.6., 2014; Chiang, W.-F. xone T1.6., 2008).
CoHbIMEH KaTap, OHBIH Hallap TEPMUSUIBIK TYPAKTBUIBIFBI MEH JKOFapbl KOPPO3USIIBIK OEICEeHATIr
OMOMYHAMIbl ©HEPKACINTIK OHIIpICTe KOHE KYHIENIKTI eMipAe KOJJaHyFa eleyill Keaepriiep
tyrbi3ansl (Chen, C. xone 1.6., 2022).

bruomaccara KaparaHaa, MyHail IIUIaMbIHAH aJIbIHFAH MUPOJU3AIK MYHall KypaMblHIa CyTeri
KOIl KOHE KbUTy IIbIFapy KaOuieri skorapbl. CoHbIMEH Oipre, Omomacca MEH MYHail IIJIaMbIHBIH
XUMUSIIBIK KOHE (DM3UKAIBIK KacueTTepl (KYJAUIK, YIINa 3aTTaplblH MeJIepi, OTTeri Kypambl)
opTypii, Oy Oipiiecim TUPOIU3ALY KE31HIe CHHEPTEeTUKAIIBIK 9CEp/IIH Naiaa 0omyblHa BIKIAT €Te/l
(Hu, G. xomne 1.6., 2017).

buomMaccanpl MyHail Heri3iHAeri KaJabIKTapMeH (IlacTMacca, MaiJajaHbUIFaH IIHHAIAp,
MyHail 1IaMbl) Oipre NUponu3aey — MyHail eHIMJEpiHiH MeJlepi MEH camachlH jKaKcapTyFa
OaFpITTaJFaH KapamaiblM, THIMJII JKOHE YHEMJI 9JIic peTiHAe KapacTeipbuiaiasl (XU, H. xoHe T.0.,
2024).

MyHail nulaMblH NHPOIM3ACY Ke3iHIe TY3UIETIH MyHall KeMipcyTeKTepl OuoMaccaHbIH
BIJIBIpaybl HOTHIKECIHJIE Taifj1a O0NaThlH OTTEKTI KOCBUIBICTApMEH apekerTece anazbl. COHIBIKTaH
MyHail 1mjamMbl MeH OuomaccaHbl Oipiecin MUPONH3ey MyHal OHIMJAEpIHAEri OTTErl MeJIIEPiH
TUIMAL Typae TeMmeHzaereai. bynan 6acka, MyHail utaMbl KypamMblHAAFbl MHUHEPAJIAAP COMUPOIIN3
KE31H/Ie KaTaJTUTHKAJIBIK areHTTep PETIH/IE OPEKET €Til, KOKCTIH TY3UTylH a3aiThIM, aybIp ra3 Topi3ii
KOCBUIBICTApABIH KPEKUHTCiH )kakcapTaabl (XU, H. xone 1.0., 2024).

byn ¢dakropnap Omomacca MeH MyHall NUIAMBIH OIpIKTIPIN MHPONM3ACYAIH THIMIUIITIH
aptTeipa Tyceni (Xu, H. xone 1.6., 2022). bBruomaccaHblH KypamMbIHIa VIITa 3aTTapAblH KETKUTIKTI

17



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 151(2)

Memepae Ooiypl MyHall mUIaMbl MeH OuomaccaHbl OIpIKTIpiN MUPONM3AEreHIe MyHail
OHIMJICPIHIH MIBIFBIMBIH apTTHIPHII, TPOLECTIH THIMAUIITIH KOFapblIaTyFa MYMKIHIIK O6epemi (XU,
H. xone 1.6., 2024). MyHaii nutaMpl MEH OMOMAacCaHbl CONMHMPONHU3/CY MOHI — MYHAil IJIaMbIH
KaTaJIMTUKAJIBIK KOJIMEH MUPOIHU3ICYIH KYIIEHTy, MyHall MEH Ta3/bl aly KbUIJAM/BIFBIH apTTHIPY
’KOHE OJIapJIbIH CarachlH KakcapTyra HerizaenreH. Anaiina H/C kaTelHACBl calbICTBIPMAJIbl TYPAE
KOFapbl OnoMacca epKiH pagukanaapasiH (Mbicansl, H xone OH) xenm Mesiepin KaMTamachl3 eTe
aJIaTBIHBIH aiiTa KeTy Kepek, Oy eKiHII PeTTIK peakuusUIapAblH aJIblH ajdyFa JKoHE NUIAMHBIH
BIJIBIPAY KBUIJAMIBIFBIH apTTHIPYFa BIKHAJ €Tel, COHBIH HOTMI)KECIHJE MYHAH IIBIFBIMBI YIIFasi bl
(Yang, Z. xone T.0., 2019). Con cebenri, MyHai 1aMbl MEH OMOMAaccaHbl OIPIKTIp 1M1 TUPOIU3ICY
— MYHall IUTaMbIH THIMJI KaliTa OHJeY KoHE SHEPIHs ally TYPFBICHIHAH YJIKEH dlieyeTKe ue 0oabl.

buomacca perinze MyHail OUIAMBIMEH apajacThIPBIT MHPOJIU3ACYNE KU1 KOJIAHBLIATHIH
IIMKI3aT TypJepi: Kypilll KaybI3aapsl, )KaHraK KaOBIFbI, aralll YriHaiaepi xone opik Kaobrsr (Hu, G.
xoHe T.0., 2017; Di, X. xone 1.0., 2021; Lin, B. xxone 2018; Zhao, S.;xone T.0., 2018).

Aram yringinepi CHSAKTbI OnoMacca KajIbIKTapblH MYHall IUIAMBbIH MUPOJIU3/EY MPOIeciHe
KOCYy ra3 Topi3lli OHIMIEp/IiH camacklH apTThipyFa MyMmKiHaik Oepeni (Wang, X. xone 1.6., 2012).
Yringinep MyHall NUIAMBIMEH apajlacThIPBUIFAH Ke37le, MOJIEKYyJaapajblK KYIITEpIiH aicipeyi
HOTH)KECIH/IE TYTKBIpIBIKTEI TemeHnmereni (Ahmed, A. xone 1.0., 2020). ConbiMeH KaTap,
YTIHAUIEpIiH YIIIma 3aTTap MeJIIepi JKOFaphbl, ajl KyJ MeJmepi TeMeH, Oy ojapabpl MyHal
[IJJAMBIMEH apajiacThIPy apKbUIbl MUPOJIHM3 KACHETTEpPiH jKaKcapTyra MyMKiHIiK Oepemi (Zhu, J.
xoHe 1.0., 2018; Park, S. sxone 1.6., 2019).

Kypimr kaybsI3pIHIAFEI CUITLUTI METaIIap MYHaH IIJIAMBIHBIH MAPOJU3IH KaTATH3ACYAC THIMII
0017161, HOTHXKECIHIE KOFaphl Kanopusisl ra3 (sfau, Ha2, CO, Ci—C2 keMipCyTeKTep) KoHE HKaKChl
canayil Mait aneiHAbl (Lin, B. xone 1.0., 2018). CoHbiMeH KaTtap, Kypilll KaybI3bIHAH TY3UICTiH
THIPOKCWIZ PaMKajIlap MYyHail IUTaMBIHBIH KPEKUHI TEMIIEpPaTypachlH TOMEHICTTI, ajl MyHai
[UIaMbIHAH OOIHETIH CyTeri paguKangapbl OipJecKeH MUPOIN3 Ke3iHae KYPIll KaybI3blH BLABIPATY
napexecin aptteipasl (Wen, Y. xoane 1.6., 2021).

MyHail nutaMpIMeH OIpIKTIpIN MUPOJIU3AEYre apHalFaH IIMKI3aT peTiHjae OuomMacca FaHa
eMec, COHbIMEH KaTap KeMip, MOJUATUIICH JKOHE IIMHANIAP KaJABIKTaphl CHSAKTHI JKAHFBIII 3aTTapFa
0aii OTBIH TYpJIepl MEH OHAIPICTIK KaabIKTap J1a kui Koimansiians! (Silva, D.C. xone T.60., 2017,
Li, X.Y. sxoHe T.6., 2011; Oneng, S. sxone T.6., 2012).

3eprTeynepre coiikec, pe3eHKe, IIMHA JKOHE TIJIACTUK OIpJIECKEH TePMMSUIBIK peakiusuiapia
MUPOJIM3 OHIMAEPIHIH camacelH )akcapty aneyerine ue (Martinez, J.D. sxone T.6., 2013; Kwon,
E.E. xone 1.6., 2019; Siva, M. xone T.0., 2013; Quek, A. xone T.0., 2011).

(Cheng, S. »xone T1.6., 2016; Shie, J.-L. »xome T.6., 2004; Aimin Li, S.C., 2015)
3epTTeysepiHie MyHall NUIAMBIHBIH KYJI KaTaJUTHKAJIBIK dCep KOpCEeTeTIHI aHbIKTainraH. MyHait
[IJIAMBIH MUPOJIM3/EY MPOLECIHE OChI KYJ1I KOCY MyHail @HIMIEpiHiH LIBIFBIMBIH apTTHIPHINT KaHa
KOoMMal, COHbIMEH KaTap OJlap/IblH CalachlH jKaKcapTajbl, aTan aiTKaHAa, MyYHail eHIMJEpiHJAEeri
KOMIPTEKTI KaIbIKTapIbIH (HeMece acanbTeHAep/liH) MeJIIepiH a3aiTaibl.

MyHaii niaMbpIMeH THIMAL TUPOJIU3/IEY YUIIH TaFbl O1p MepCreKTUBANIbI MIMKI3aT — YIIa KyJl.
Byn — KaTThl OTBIHABI JKaFy MPOLECIHIE TY3UIETiH oHAipicTik xkaHama eHiM (Yao, Z.T. xoHe T.0.,
2015). Kenteren 3eprreynep/e yimna Kyl THIPOKPEKUHT, KOMIPCYTEKTEP/AiH TOTBIFYbI, KATThI
TUTACTUKTEPl MHUPOJIM3/ACY JKOHE EpITKILICI3 OpraHUKaIbIK CHHTE3 MpOLECTepiHAe THIMAI Kocma
peringe kepcerinred (Wang, S., 2008). ¥mma Kysn KypaMblHBIH KYPACIUIITIMEH epeKIeleHe/Ii
’KOHE OHBIH KYpaMbIH/Ia aTIOMUHHNA, TEMIp, KalbLIUN, XPOM, MBIC, MBIPBIII, HUKEIb JKOHE KOPFAChIH
CUSKTBI MeTanaap 6ap. On coHpaii-aK CUITUTIK JKOHE CLITUTIK-Kep MeTanaapbiH (Mbicansl, Mg, Ca,
K sxone Na) xamTuIbl, OyJ1 MUPONK3 OHIMJIEPIHIH TapaylyblHa acep €Tyl MyMKiH. byn momumep
KYPBUIBIMBIHBIH ~ BIIBIPAYBIH  JKENENJETI, TOMEH MOJICKYJaldbl KOCBUIBICTAPIBIH  YKOFaphI
mibIFbIMbIHA okeeai (Mahadevan, R. sxane 1.0., 2016).

KewmipcyTekTi mMatepuanmgapabiH OipJiecKeH MUPOW31 Ke3iHae OacTamKbl MaTepHayapaaH
CYTeTi ra3 jKoHEe CYHBIK eHIMepre eTei, al KeMipTeK HEeri3iHeH KaTThl KaJlAbIKTa HIOFBIPIaHajIbl
(Suelves, 1. xome T1.6., 2002). Mynaii uLIAMBIH OPTYPJIi KOCHAJIapMEH apaiaacThIPBII
MUPOJM3JETeHHEH KeHiHri KanFaH KaTThl Kamabikra C—O sxoHe C=0 (QyHKIMOHAIIBI TONTAPHI
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Oonazpl JKOHE OJ1 JKOFaphl KEYEKTUIIK KYPBUIBIMBIMEH €peKIIENICHEeTIH (DYHKIIMOHAIABI MaTepual
perinae Konaany aneyerine ue (Gong, Z. xone T1.6., 2020; Gong, Z. xoue 1.6., 2020; Du, M. xoHe
1.0., 2021; Wang, J. sxone 1.0., 2018).

Temipre 6aif KanabIKTap, 9A€TTE, MaTepUaIgapIblH OCTiH eHJIey, 00JaT OHIIPY KOHE CYIbI
Ta3apTy MPOIECiHAC Cy Ta3apTy KOHIbIpFeLIapeiHaa Ty3uieai (Liu, J. sxone 1.6., 2018; Qu, Z. xoHe
1.0., 2020). MyHaii KajaasIKTapsl KYpaMbIHIa TEMIp OKCUTHAPOKCHITEPI, TEMATHUT KOHE MArHETHT
cusAKTHI opTypii Fe-kypammac 3atrap Gonansl (Zhu, S. xone T1.0., 2020; Li, T. xone 1.6., 2023)
’KOHE OJIap OPTaHUKAIBIK KOCBUIBICTAP/IBI aICOPOIHsIIAYy HEMeCce KaTaTUTHKAJIBIK KOJIMEH BIIIbIPaTy
kaoOinerine me (Liu, Y. xoHe T.0., 2020). Ocipece KaTaaMTUKAIBIK BIIbIpay Kesinae Oertki Fe
TOTBIFY-TOTHIKCBI3JJAaHY PpEaKIMsUIapblHa KaThICAIbl JKOHE KaTallM3aTOp/Abl OCICeHIEHAIPY YIIH
Fe?*/Fe** muknaik esrepyin kepceremi (Wang, Y. xone T1.0., 2023; Yu, C. xoHe 1.6., 2022), Oy
OpPTaHUKAIBIK 3aTTapAblH  BIIBIPAYBIH OKeHenaeTeni. Temipkypampaac 3aTTapAarbl TOTBIFY-
TOTBIKCBI3JIAaHY PpEaKIUsUIapbl KOFaphl TEMIIEpaTypaja JAa >KYPETIHAIKTeH, TeMmipre Oail TyHOa
MYHail [UIaMBIMEH apajacThIPBUIBII MUPOIHU3JCY/IE KK KOJJAHbICKA We, OipaKk MyHIAd MUpOJIN3
TYP1 Typajbl IepeKTep oTe as.

Tewmipre 6ait Tarbl Oip 3at — 6oxat nwarsl. byn — 800~1600°C temmneparypana OeliHETIH,
OostaT OaNKBITY OHIIpiCiHIC Maiiga 00MaThlH KaTThl KaIABIK (Sun, Y. xone T.0., 2020; Santos, J.
xoHe T1.0., 2020). bomar nutareiaeiy Kypambinga Fe, Ca, Al sxone MQ CHSKTBI MeTangap Kol
(Haghanimanesh, M. xone 1.0, 2022), oap Katajau3aTop peTiHae KOJIIaHbLTy KaCUETIHE He.

5. MyHaii nuiaMbpIiHa KoCHaJdapAbl apajacThIPbIN MUPOJIM3IEYde 0JapAbIH 6HIM MIBIFbIMbIHA
THUTi3eTiH Jcepi

MyHail naMbIHBIH TUPOIN31 MUKPOOAIIBIP KAIIBIKTAPBIH KOCY apKbpUIbl TT'A KoHE apHalbI
)KacajaraH KyOBIpIBI IIEII peakTOpbl OKyihecinae okyprizimmi (Zhu, J. xome T.6., 2020).
Muxpobanabipiapast (30%-Fa aeiiin) KOCKaHAa THUPOJIN3 Maiibl MEH Ta3bIHBIH IIBIFBIMBI IIAMAMEH
5%-Fa apTThl, a1 KaTThl KAJABIK Memepi mamameH 10%-ra TeMeHael.

MyHail nutaMbl MEH arail YriHAUIepl jKOHE ONlap/iblH KOCHaJIapbIHBIH OIpJIECKEH MUPOIN31
TG-MS ananuzatopbl ’xoHE TypakThl KabarTel peakrtopaa 900 °C neifiHri Temmeparypana
xyprizimi (Hu, G. »xone T.6., 2017). Xoraper temmneparypa (700 °C-taH >kOFapbl) Ta3/IbIH
(nerizinen CO xoHe CO2) Ty3ulyiHe bIKMad erTi. YTiHAIHIH Memmepi 20-gan 80 mac.% naeiin
apTTHIPBUIFaH/Ia, Mail MLIFBIMBEL 8,65 mac.%-ra (20,65-ten 29,33 mac.% neiiH), ajl ra3 MIBIFBIMBI
8,08 mac.%-ra (31,48-nen 39,56 mac.%peitin) ecti. KarTel KamawlK IIbIFBIMBI 16,76 Mac.%-fa
(47,87-nen 31,11 mac.% peitin) Toemenaeni. 60 mac.% yriHIl KOCY KE31HJIE€ Ta3lbIH €H >KOFaphl
mbIFbIMBL 39,59 mac.% 6onabl (onga Ha+CO memmepi 61,34 xeneM.% kypazabl). YTIHIIHI MyHait
[JIAMBIHBIH TTUPOJIM3iHE KOCY Maik MEH Ta3[blH IIBIFBIMBIH apTTHIPyFa CHHEPTETHKAJBIK 9cep
eTeTiHi Oacka 3epTreynepae Ae kepcerinreH (YU, H. xome 1.6. 2024). Byn »xymbicTa YTiHI1
meummepi 20-80 mac.% OosFaHma, Mail MEH Tra3blH IMIBIFBIMBL THiCIHIIE 14,5% (22,4-TeH 36,9%)
xoHe 11,2% (11,9-nan 23,1%) ecri.

TypakTel KabaTThl peaxkTopAa XKYPri3uireH 3eprreyne A€ YriHAUlep MyHail eHIMIepiHIH
IIBIFBIMBIH apTTBHIPABI, MYH/1A YTiHAI Menepi 25-75% Oonran ke3ne Mail mbiFbIMbI 8,7% (40,2-1eH
49,2%) aptTel, Oipak Ta3melH WHIFBIMBL 9,7%-fa Tomenmemi (Hu, G. xome 2017). Aram
KaJ/IBIKTapblH MyHail I[UTaMBIMEH apajlacThIPbIl MHPOJM3/EY MaijanaHybl OOWbIHIIA YKcac
3eprTeyiep TYpakThl KabarTel peakTtopaa skyprisinren (Tian, Y. skone T1.0., 2019). Amnaiina,
QJIJIBIHFBI 3€pTTEYJCPMEH CaJbICTBIPFaH/Ia, aFall KajuabkTapbiH 10 xone 20 mac. % Meuiepinae
KOCY JKaJlmbl MYHall KOMIPCYTEKTEPiHIH aJbIHYbIH apTThIPMaJbl, KEpiCiHIlE TOMEHIETTi. MyHbBIH
cebebi peTiHAe aBTOpIIap aFall KaJAbIKTApbIHAAFbI CIATUIIK JKOHE CIITLTIK-KEep MeTaldapbIHBIH
POIIiH KepCeTTI.

3eprrey HoTmxkeci kepcerkenaei, 400°C temmeparypaga 20% aram  KaJabIKTapbIH
KOCKaHJarbl MHUPOJIN3 MYHall NUIAMBIH OHJICYMIH €H THIMIlI 9Mici OOJBIN IIBIKTHI, MYHAHIbI
KaHaFraTTaHAPJIBIK JOPEXKEIe alyFa )KoHE ToyeKel MHCKCIHIH 54,1 OomybIHa KOJI )KETKI3UII.

MyHali miaMbeIH OpTYPJIl aybUl HIApyamIbUIbIK OMoMaccaiapbiMeH (KYpill KaybI3aaphl, aFaril
YTiHZICi, KaHFaK j>KOHE 6piK KaOBIFbl) TOMEH TemIiieparypaga OipikTipin mnupomusaey 723 K
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TeMIIepaTypaaa dJEKTp MEIIKe OPHATACTHIPBUIFaH KBApIThl KOJIEHEH peakTtopaa 3 carar Ooifbl
xyprizinmi (Zhao, S. sxome T1.6., 2018). Buomaccansin wmemmepin 0-gen 0,2 Mmac.% geiiin
apTTBIPFAHJIa MalJbl ally THUIMAUIr >koFapeiiaabl, Oipak 0,2 mac.%-ten 1,0 mac.% nedin
YIFalTKaHa OipTiHaen ToMeHaeal. MpIcaibl, Kypill Kaybl3bIMeH coruposn3 ke3inae (< 0,2 mac.%
MeJIIepinie KocKaHaa) Mail mbiFbIMbl 53%-nmaH 60%-ra neiiH apTThl. YTiHALIEp MEH Kypiml
KaybI3bIH KOCKaHJ]a MailiblH ajblHYbl XKaHFaK HeMece OpiKk KaObIFblHA KaparaHJa KOFapbl OOJIIbI,
OUTKEHI1 COHFbUIAp/A IIEJUII0I03aFa KaparaHja JMTHUHHIH yieci sxorapel. Kypim KaybI3elH MyHan
nuUlaMbIMEeH Oipre TypaKTbl KaOaTThl peakTopla opTYpil CaJMaKTBIK KaTblHAcTapia (MyHai
nuiaMel/Kypim Kaybeizel = 2/1, 1/1, 1/2) 600°C temmieparypaaa mUpoJid3 OHIMIEPIHE 9CEPiH 3ePTTEY
yurin Konganasl (Lin, B. skone 1.6., 2018). Hotmkenep kopceTKeH EH, KYPilll KaybI3bIHBIH MOJIIIEPI
apTkaHga mMail meFbIMBL 59,8%-n1an 49,0%-Fa neiiH a3aiipl, al KarThl KAJIABIK MIBIFBIMBILS,9%-
nan 27,7%-ra aeitin ecti. ['a3aplH MIBIFBIMBI OMOMacca KyJli 9CEpiHEH YINIa 3aTTap/IblH eKiHII
peaKkuusIaphl )KoHE Cy-Tra3 aybICy PeaKIUsIapbl apKbUIbl apTThl. bysr KyOsuisic razna Hz, CO, CO:
xoHe C1—C2 KOMIIOHEHTTEPiHIH KOOCI0iHEe OKeIIi.

[Muponu3 eHiMAEpiHIH HIBIFBIMBIHBIH apTybl COHMAAN-aK Kypiml cabaHbIH MyHail HUIaMBIMEH
Oipre Toppedukamus onicimen 250°C Temmeparypaia KYpri3uireH CONUPOIM3 Ke3iHIe [e
OaliKaabl, MyHIa Maid MEH ra3iblH MIBIFBIMBI colikecinme 3,22% sxone 5,4%-ra apTThl (TEK Kypill
cabaHBIHBIH MTUPOJIM3IMEH canbIcThIpranaa) (Xu, H. sxone 1.0., 2022).

¥Ymma KyJiai Kocla peTiHAe KOCYy MYHal IIJIaMBIHBIH TEPMUSIIBIK CHIIAThIHA, OHIMICPiHIH
TapallyblHa XOHE KacHeTTepiHe ocepiH 3epTTey YIIIH TYpPakThl KabarTel peaktopaa xoHe TIA
apkpiel 600 °C Temneparypana xyprizuiai (Gao, N. xone 1.0., 2020). Kynaig memmepi 50 mac.%
Neiin OosiFaHa, Mail MEH Ta3/bIH IIBIFBIMBI colikecinmie 13,85% sxone 2,24%-ra apTThl. Maii xoHe
ra3 IIBIFBIMAAPBIHBIH MakcuManasl memmepi 30,43 sxone 11,56 mac.% Oomasr (50 mac.% xyn
MenuiepiMen) (1-cyper).
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Mymnait Ta3 KarThl KalapIK

Cypert 1. MyHail IUTaMBIHBIH MTUPOJIM3 OHIMIEPIHIH YIINA KYJIIIH 9PTYpPJi MeIIEepiHe Tapalysl.
MoniMeTTep opTaliia MOHACP KOHE CTaHAapTThI aybITKyaap Typinae kentipiaren (Gao, N.xkone
T1.0., 2020)

MyHaii 1amMbl KyJli KOJJIaHBUIFAH JKaFIaia 1a ocbiHaai MaimbireiMel (Shen, Y. sxoHe T.0.,
2016) »xyMbIChIH/IA AJbIHFAH, OHJIAa MYHA# IUTaMAapblHaH (MBICAJIbl, MYHAH KOCIMIIUIIK MUIaMbI—
MKII >xoHe MyHail pesepByapiapblHbIH HUIaMbl-MPII) OTBIH amyablH TYpakThl 9fici peTiHAe
NUPOIN3-puGOpPMHUHT TIponeci YChiHbUTFaH. EH kofapbl mMail msiFeiMbl 35,5% MPII men MKIII
KyJniH OipikTipin nuponu3aey kKesinge ansinFaH, Oyn MKII kymiazmeri Temip MeH KYKIipT
aNeMEeHTTEPIHIH OomybiHa OalmaHbICTBl 001yl MyMKiH. MKIII-men cansicteipranga, MPII-gan

Mail ajy aHaFypJIbIM KOFapbl OOJIFaH.
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MyHaii maMblHBIH KYJIl COHbIMEH Karap Oy eHrisiireH wuHeptti opraza 450°C
TeMIIepaTypaja apaiacThIPFhINIbI 0ap peakTopaanupoiu3 npouecinae ne konaansiiasl (Cheng, S.
xoHe T1.0., 2017). By wbirbiabiHbH 0-1eH 0,8 MII/MHUH JeiiiH YiIFarobl MallIbIFbIMBIH 12,45%-naH
18,33%-ra aeitin apTThIpAThIHBI AaHBIKTAIIBI. AJI MYHa MIJJaMbl/MYHAH IIJIAMBIHBIH KYJI1 KaTBIHACKI
1/1,5 Gonranma, maii mbFeIMbl 17,82%-Fa neitin ecti. Anaiga, kyn memmepi 1/2 KaThlHACBIHA
KETKEH/I€ Mail MIBIFBIMBI a3/1all TOMEHIEI].

By mbIFbIMBI apTKaHIA >KOHE MYHAll INIIAMBIHBIH KYJIi KOCBUIFaH/IA Ta3 JXOHE KOKCTHIH
HIBIFBIMBI KalTbl ToMeHjered. Opranukanblk ra3abiH (CxHy) mibiFbiMbl Oy HIBIFBIMBI apTKaHa
63,59%-nan 44,86%-ra, an xyn memmepi aprkanaa 63,59%-man 48,06%-ra neiiH TOMEHJIETCH.
KokcThIH MmIbIFbIMBI Oy HIBIFBIMBI MEH KYJI MOJIIIEpPiHiH apTybIHa Kapail Tuicinme 5,82-1,72% xone
5,82-1,3% apanbIFblHIa TOMEHICTEH.

MyHali eHIMJIEpIHIH IIBIFBIMBIH apTTBIPYFa COHJAW-aK TYHIPUIIKTENTeH OeceHIipiireH
kemip (TBK) biknan ereni. byn marepuan MyHail nulaMblH MUKPOTOJIKBIH/IBI MUPOJIMU3CY KE3iHe
konmaneuibin, TBK memmepi 10% npeitin apTkannma, mMaii mblFbIMbl 56,3%-man 77,5%-Fa neliin
yiraitral (Oys1 kepceTkimTia mamamer 70%-b1 TU3eIb xKoHe OeH3UH (QpaKIUsIapbIHAH TYPFaH).

Karter kanapik Menmepi 32,3%-man 8,3%-ra AeiliH TOMEHAETeH, all Ta3[blH LIBIFBIMBI Oasty
11,4%-nan 14,2%-ra neitin aptkan (Chen, Y.R., 2016). Anaitna, TBK memnmepi 10%-nan 15%-ra
NeHiH apTKaH1a Mail bIFbIMBI 8,9%-Fa TemenaereH (77,5%-nan 68,6%-ra newin).

ABTopnap Oy KYOBUIBICTBI THIM >KOFAphl KbI3y JKbUIIAMIBIFBI CallTapblHAH OOJATBIH KOKC
Ty3inyiMeH Tycinaipred. COHbIMEH KaTap MUPOJIU3IACH KeHiHT1 KaTThl KanablkTarsl Cr, As xoHe Pb
CHUSIKTBI ayblp METaJAApAbIH IIalbUTYbl O9CEHIETeH (IIEKTEIEH).

lunanap MeH MyHail IUTAMBIH apallaCTIPBIN MUPOJIU3ACY HOTIDKENEpl MIMHA/MYHAH [UIaMbl
KaTbIHACHI 75/25 GonFaHa €H OHTAWUIIBI HOTH)KE OepeTiHI KOPCeTiIi.

by — KaTThl KanAbIKTBIH OETTIK KaCHETTEepiHIH KaKCapybIMEH KOHE MUPOJIN3 MailbIHIaFbl
OTTEK TICH a30T MOJIIIEPiHiH ToMeHairiMeH OaitnanbicThl (Gao, N. xone T.0., 2020).

En >xorapbl Mail mbiFbIMBI — 64,9 Mac.% — 500°C Temmneparypasna, mIMHA/MyHail NUTaMBbl
katbiHackl 0/100 6onranna Oavikanabl. An kateiHac 100/0 (Tek mmHa) OoFaHaa Mai MIBIFBIMBL 56,8
Mac.% JeiiH TeMeHAereH. byl mMHa KypaMbIHIAFbl KOMIPTEKTIH KOFapbl OOIybIMEH
TYCIHIPiIeIi—01 TEPMUSIIBIK bIABIpay KEe31H/Ie KOl YIIIma 3aT Ty3eadl (2-cyper).

CoHIBIKTaH, IIMHA KOJJaHy MYHal eHJIpYy VIIIH COHINANBIKTHI THIMAI emec, anaiiga 100%
IIMHA KOJJaHbUIFaHAa €H Kol KaTThl Kaiuablk (33,4 mac.%) anpiHFaH, OyJ1 OHBIH KYpPaMbIHIAFbI
KyleHiH Ken 00IybIMeH OailIaHbICTHI.
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Cypert 2. lllunanapMeH MyHail nUIaMblH OipIKTIpiN MUPONM3ALY Ke31HAEr1 eHIMAEPIiH Tapaitysbl
(Gao, N. xone 1.6. 2020)

Kasmaiipl mutarslH MyHail OUIAMBIMEH OIpIKTIPIN MHPONM3IAEYre ocepl Y3AIKCi3 MUPOIIU3-
MarHuTTIK cenapamus mnporeci apkbuiel 3eprrengi. Hotmxecinge, 550°C temmneparypama CII

21



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 151(2)

memepi 15 mac.% neitin aprTeippuiFania maislp memmepi 10,63 mac.%—nan 14,03 mac.%—ra
JeiiiH apTKaHbl aHbIKTaNb! (3-cypert, b) (Song, Q. xaone 1.6., 2019). An Temneparypa 650°C aeiiin
KOTEpUITCH/Ie, MAWblp IIBIFBIMBI  a3fganm  Temenuern, 9,79% OGonmer  (3-cyper, a). byn
TeMIIEpaTypaHbIH KOFaphUIaybl YINMAa 3aTTapAblH EKIHIII PEeTTIK TEePMUSIIBIK KPEKHHTIHIH
KapKbIHIAyblHa oKeneTiHiMeH tycinmipiaeni (Lin, F. »xone t1.6., 2022). CoHbIMEH Katap,
MakKCUMaJibl Ta3 MIBIFbIMBL 25,79% Oonran »oHe Oy kepcerkimn OosiaT HuiarbiHBIH 20%
MeJIepin/e OalKabl.

- %% = S B A T =
MyHaH a3 CY  maMep KaITRIKaLmeIK O0TT . o pagnp KaTTI KaTOeK

mars g N mzars:

]_L[x,n—_v(?/b) 100 I 100

S @

45 850 5% 10% 15%
Temneparypa(°C) Bomnar nutarsis Kocy
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Cyper 3. bomar mmarbl MeH MYHail [UIAaMbIH OIpIKTIpin MUPONU3IEY Ke3iHAETi OHIMAEPAiH
mbIFbIMBIL (SONG, Q. sxoHe T.0., 2019)

CanpicThIpMasibl  Typae anranga, (Song, Q. skone T1.6., 2019) kymbicTa KOpCETUITeH
HOTHXKeNepre Kepicinme, Oacka 3eprreyne Oonar nwuiarbiH (BI) Kocy Mail IIBIFBIMBIHBIH
TeMeH ieyiHe okenreHi Oaiikanast (Lin, F. sxxone 1.6., 2022). by 3eprreyne Bl MeH KbI3bLT MUTAKTHI
(KII) myHait mmaMmbiMeH OipikTipin nuponuszaey acepi Kapacteipeliabl. BII xone KII kocy (30
Mac.%) mall MBIFBIMBIH coiikeciHme 95,98 mac.%-man 89,22 mac.% xone 84,59 mac.%-ra neitin
TeMeHJeTkeH. COHBIMEH KaTrap, ra3/iblH WbIFbIMBIL 3,60 Mac.%-nan 18,28 mac.% xonel9,55 mac.%-
ra neiiin aptkan (Lin, F. sxone T1.0., 2022).

KII xocy Temen Ttemmeparypana (400-500°C) maiifbplH HIBIFYBIH KakcapTca, >XOraphbl
temreparypazaa (600 °C) raz MeJIiepiHiH e19yip apTybiHa ceden OoFaH.

Ocbutaiiiia,  KapacTBIPbUIFAaH  3€pTTEydep  OpTYpii  HOTIDKeNep  Kepcereai, Oy
KOCBhIMILIAJIap/blH KaCUETTEPIMEH MUPOJIU3 KYPri3y HIapTTapbIHBIH SPTYPIIUIriMEH OailaHBICTHI.
Jorapbina alThUTFaHIAp/Bl KOPBITHIHIBUIAN Kere, (Zhu, J. xone 1.6., 2020) xone (Yu, H. xoHe
1.0., 2024) xyMmbIcTa YTiHIUIEpAlI  apajacThIpFaHIa, COMHUPOJIHM3 OKYPTi3ymiH OpTypdi
KaFalaapelHAa MYHall MEH Ta3/blH IIBIFBIMBIHBIH aNTapibIKTall KOFapbulaybl TYPFBICHIHAH
[IaMaMeH YKcac HoTuxenep OaiikanaTblHbIHA Tam eTyre Oosansl. by 6acka *KyMmbIC MapaMeTpiH
OTEHTIH Oip KYMBIC TapaMeTpiHe OaitaHbIcThl 00Tyl MYMKiH. MbIcansl, (YU, H. sxoHe 1.6., 2024)
Makanaga TemeH Temneparypa (500°C) xorapel TemmeparypameH (900°C) xoHe TypakThl
Kabartarbl peaktopmeH (Zhu, J. sxoHe T.0., 2020) cambIcThIpFaHIa KO3FalIaThlH KaOaTTarbl
peakTopMeH eTeNesll *oHe KepiciHiie 0oiybl na MyMkiH. TemeH temmeparypana (500°C) myHnaii
IUJIaMBIH  YTIHAUIEpMEH apanacTelpbll  nuponusaey mnpoueci (Hu, G. xome T1.6., 2017)
KYMBICTapbIHJAa JKOHE CTAI[MOHAPJIBIK PEaKTOpla MYHAil IIBIFBIMBIHBIH CaJIBICTBIPMAIIBI TYpIIE
TOMEH OCyi, TINTI ra3 MIBIFBIMBIHBIH TOMEHJEYl OalKanFraHbl OYJI JKaFaaibl Tarbl Ja pPacTalIbl.
bBacka xocma TypiepiMeH CallbICTBIPFaH/a CABICTHIPMAIIBI TYPJE JKOFAphl Mail IIBIFBIMIBLUTBIFBIH
KOPCETKEeH Tarbl Oip KOcCIa aKTUBTEHAIpiAreH keMip 6ommbl, on 0-gen 10%-Fa neitin KochUTFaHaa
Mail MBIFBIMBIH 56,3%-m1an 77,5%-ra neitin aptreipael (Chen, Y.R., 2016). backa kocmanap
MaiJIbIH HIBIFBIM/IBIIBIFBIH a3 MOJIIIEP/Ie apTTHIP/bl HEMECe MYJIIEM apTThIpMa/ibl.
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6. KopbITBIHABI

COHFBI XbUIIAphl MYHAll ©HEPKOCIOIHIH YHEMI JaMyblHA OAIaHBICTBI IOCTYPJII €MeC MYHa
MEH ra3 KeH OpbIHJapbIH UTepy OeNICeH 11 KYPiI *KaTslp. by 03 ke3erinje Korapbl TYTKBIPIBIKTAFbI,
YAIBI KOHE KBIIIKBUIIBI MYHal HUIaMJIapbIHBIH OHIIPICIH apTThIpAbl. MyHall HUIaMbIH ©HJIEY SICIH
TaH/araH/a OHBIH KypaMbIHAA ayblp METaap, TeTepoaTOMAbIK KOCBUIBICTAp JKoHE 0acka aa yibl,
3USHBI JACTAFBIII 3aTTap Kem OOJIaTBIHBIH eckepy KaxeT. OcChl ceOenTi opTypili eHACY omicTepi
Kacalrad, OlpaK oJapJblH IMIiHAEC MUPOIU3 — OYJI MYHAl MUTAMIAPBIH OHJICYIIH OOoNamarsl 30p
TEXHOJIOTHUSICHI, OUTKEHI OJ1 PHEPrus ajy MEH Kayilci3 Kojere apary MYMKIHJIIrH Oip yakbITTa
YCBIHA/IBL.

bynan Genek, muposn3 mpouLeciHae maiansl Kocnauiapabl KOJAaHy MUPOIU3Ci3 KYPri3uireH
MPOIECTEPMEH CaJBICTHIPFAaH/Ia MYHAil OHIMJEpiHIH SKOHOMHUKAIBIK KYHIBUIBIFBIH apTTHIPYFa
MYMKIHIIK Oepe/i.

bipnecken mnuponu3 (COMMPOIM3) peakius YaKbITBIH KbICKApTaIbl, TEMIIEPaTypaHBbI
TOMEHJIETEll JKOHE OHIMHIH TapaldyblH HAKTBUIAWIBL. OPTYPIi 3epTTEYAEpIiH TalJaysbl
KOPCETKEH/IeH, TTMPOJIM3/IIH TEXHOJIOTHIIBIK IapaMeTpiepi (peakrop Typi, TeMneparypa, ITHpOIu3
YaKbIThI JKoHE T.0.) ©HIM IIBIFRIMBIHA KOCHIATAP/ABIH 63 KacueTTepiMeH Oipeit Jopexene acep eTei.
Conpnaii-ak, MyHall IUTAMBIH OPTYPJIi KAIIBIK TYpJIepiMeH Oipre MUpOIH3Iey MpOoLeci MHKi3aTThIH
KypambiH (ocipece H/C xkartbiHacel) perrediai. byn e3 keseriHme CONUPOIU3IIH THIMILIITIH
apTThIpyFa MyMKiHAIK Oepeni. COHBIMEH Karap, KOMIpCyTeKTi OTHIH MyHail IIJIaMbIMEH Oipiiecimn
MUPOJIM3/ACYTe apHAJFaH IIUKI3aT PETiHAE TaHIAJIbIN, CYTeKIIeH OallbIThUIFaH ra3, CyHbIK OHIMIED
KOHE KOMIPTEKIIeH OalbITBUIFAaH KAaTThl KAJIIBIKTAp allyFa Karaal jkacaiuel. by cyTekTiH Kaiita
OemiHy ocepiMeH TyciHaipuieai. An 6acka OopraHUKalbIK KalAbIKTapAbl KapacThIPFaHa OJapAbIH
TEPMUSUIBIK BIJIBIpAY KAaCHETTEpl MEH XHMMHSUIBIK KYPBUIBIMBIH €CKepy KakeT. Erep omap Mymnai
[JIaMBIMEH YKcac 60J1ca, CHHEPTeTHKANIBIK 9cep dJICi3 O0Iyhl HeMece Myliae OaifkaaMaybl MyMKIH.

[Tuponu3 xoHE COMUPONIN3 TEXHOJIOTHSIIAPHI THIM/II HOTH)KE KOPCETKEHIMEH, MYHAH IUIaMBbl
MEH KOCBIMIIAJApAbIH KyplAedl KypaMbl 3>KOHE OHEprus TYTHIHYBIHBIH JKOFapbl OoNybIHA
OailmaHpICTBI OYJ1 cajlajja KOCBIMINIA 3EpTTEyJep MeEH Jd3ipiieMenep KaxkeT. bysn e3 keserinje
CHUHEPreTHKAJIbIK JCepliH Maiga 0oy MexXaHM3MiI MEH TaOHFaTblH TEPEHIPEeK TYCIHyre »xXoHe
COMUPOU3IIH TUIMIUTITIH apTThIPYFa 5KOJI alllaJIbl.

7. KocbiMina matepuajgap: by makana yiiiH KOCbIMIIIa MaTepraigap *okK.
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Co-pyrolysis of oil sludge and additives: an analytical review

Yelaman Aibuldinov, Nurken Nurgaliyev, Mikhail Petrov, Gaziz Abdiyussupov, Madi
Omirzak

Abstract: As a by-product of the oil industry, oil sludge has created a serious problem because it
contains a large number of pollutants and therefore poses a significant threat to the ecological safety
of the environment and human health. On the other hand, most of the oil sludge is crude oil, which
has great value for processing. Therefore, the choice of the method for processing and recycling oil
sludge is of paramount importance, and among the many existing methods, pyrolysis stands out for
its reasonable distribution of products and lower emissions of pollutants. This review article
presents the latest achievements in the field of co-pyrolysis of oil sludge with various types of raw
materials/waste (agricultural biomass, wood and rubber waste, plastic, etc.) to obtain such valuable
products as oil and gas, as well as a solid residue that can be used to obtain adsorbents, semi-coke,
catalysts, agents for soil reclamation, etc. The main advantages of co-pyrolysis of oil sludge with
additives and their effect on the efficiency of the co-pyrolysis process are described. An analysis
was conducted of the influence of various additives (microalgae, rice husk, wood sawdust, fly ash,
etc.) on the yield of co-pyrolysis products depending on various chemical and technological
conditions of co-pyrolysis (temperature and time of the process, type of reactor, mass ratio of oil
sludge/additive, etc.).

Keywords: oil sludge; additives; waste; pyrolysis; oil; gas; solid residue

CoBmecTHBI MUPOIHN3 HeTenIaMa U 100aBOK: aHAJIMTHYECKUH 0030

Enaman AnOyabaunos, Hypken Hyprammes, Muxana Ilerpos, I'asu3 Adauiocynos, Maan
Ommup3sak

AHHoOTanus. SIBIssACh NOOOYHBIM MPOAYKTOM HE(PTAHOM MPOMBINIIEHHOCTH, HETEIUIaM co3aall
Cephe3HyI0 NpoOIeMy, Tak Kak COACPKHUT OOJbIIOE KOJIWYECTBO 3arpsA3HAIONIMX BEIIECTB H
MO3TOMY MPEJCTABISIET CYIIECTBEHHYIO Yrpo3y Ui SKOJOTUYHOW O€30MacHOCTH OKpy’Karolei
cpenbl U 310poBbs yenoBeka. C Ipyroil cTOpoHbl, OOBIIYIO YacTh He(TelIaMa COCTaBISIET ChIpast
HeTh, KOTOpast UMeeT OOJBINYIO IIEHHOCTh s iepepadoTku. [TosTomy BEIOOp MeTOma 00pabOTKH
U yTWIM3alMK He(TeliaMa UrpaeT MepBOCTENEHHOE 3HAYCHNUE U CPEIH CYIIECTBYIOIIMX MHOTHX
METOZIOB TMHUPOJIU3 BBIIEISETCS Pa3yMHBIM paclpeleleHHeM MpPOIYKIUU W MEHBIIUM BBIOPOCOM
3arps3HAIONMX BewlecTB. B 3Toil 0030pHON cTaTbe MpEACTaBICHBI MOCIEIHUE JOCTHXKEHHUS B
o0lacTi COBMECTHOTO MHUpOdM3a HedTenulaMa C pa3jdMdyHbIMH  BHJIAMHU  CHIPbs/OTXO/IOB
(cenbCKOXO3MCTBEHHAss OuoMmacca, JpEeBEeCHbIE W PE3WHOBBIE OTXOABI, IUIACTUK M JIp.) C
MOJTyY€HUEM TaKUX ILIEHHBIX MPOAYKTOB, KaKk HEe(Th W Ta3, a TakKe TBEPIbId OCTATOK, KOTOPBIH
MOXHO HCHOJb30BaTh NPH MOITYYEHUH aJCOPOEHTOB, MOJYKOKCA, KaTalu3aToOpoB, areHTOB IS
peKyIpTHBAallMM MMO4YBbl M JAp. ONHUCaHbl OCHOBHBIE JIOCTOMHCTBA COBMECTHOIO IHMPOJIM3a
HedTenuiaMa ¢ A00aBKaMM M MX BIUsSHHE Ha 3(QEKTUBHOCTH Ipolecca conupoiusa. [IposeneH
aHAJIU3 BIMAHUS PA3IMYHBIX 100aBOK (MHUKpPOBOIOPOCIH, PUCOBAs ILENyXa, JAPEBECHbIE OMMIIKH,
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JICTy4ad 30J1a U I[p) Ha BBIXOJ MPOAYKTOB COBMCCTHOI'O IMUPOJIM3a B 3aBUCUMOCTHU OT pPa3JIMYHBIX
XMMHKO-TEXHOJIOTHYECKUX YCIOBUI TMPOBEACHHS COMUPOSIU3a (TeMIeparypa U Bpems Ipolecca,
THUII PEaKTOpa, MaCCOBOE COOTHOIICHHE HedTenuram/o0aBka u ap.).

KuroueBsble ci1oBa: HedTenuiam; J00aBKU; OTXOABI; TUPOJIN3; HEPTH; ra3; TBEPbIH OCTATOK.
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AngaTtna. byn Makanaga TEeKTHH aiy, Ta3apTy JKOHE KYPBUIBIMBIH
Tannay, OWMONOTHSUIBIK OEJNCEeHIUIINT MEH opTYpii canajga KoJJaHy
MaHBI3ABUTBIFBI OOWBIHIIIA 910U IOy KenTipiireH. [IekTHH any mmkizat
HBICAHJAPbl PETIHJE alMa, IUTPYC >KEeMiCTepi, KbI3bLIIIA YKOHE TaFrbl
Oacka mmWKi3aTTap naimanaHbpiiagbl. [IeKTHH MIBIFBIMBIHBIH KOFAPBI
OoiybiHa OpTYpai (axkToprap: ©CIMAIK HBICAHBI, €PITKIIl TaOUFATHI,
IKCTPAKIUS YaKbITTaphl MEH TEeMIlepaTypa KepCeTKilTepi ocep erei.
[lexktunal Oenty XoHE Ta3zapTy oOIICTEpiHE THUIPOIU3 (KBIIIKBUIIBIK,
CUITLTIK, EPMEHTATHBTI), TYHIBIPY KOHE XpOoMaTorpadusuIbIK daicTepi
naiagsaHbpUIaabI. [ToTeHITMOMETPHITBIK, KOHJYKTOMETPHUSITBIK
3epTTeysep MEeKTUHHIH KYPBUIBIMBI MEH METOKCHJIICHY JIOpPEKeci OHBIH
TYTKBIPJIBIFBl KOHE Telb TYy3y KaOuleTi CHSAKTHl (DYHKIMOHAIIBIK
KacHMeTTepiHe ocep ereTiHiH kepcereni. IIeKTHHHIH KYpBUIBIMBIH
anbikTayra UK, macc-, SIMP cnektpomerpus omicTepi KOMIaHBLIAbIL.
[TexTuHaepaiH OMOOEICEHUIIr HETI3r1 TYCTaphl ayblp METajiap MEH
TOKCUHAEPAl OalmaHBICTBIPYy KaOijeTi, COHAaii-aK IIIeKTe KOoJailibl
MUKpPOQUIOpAHbIH ©CYylHE BIKMAJl €TeTIH NPeOMOTUKAIBIK KacHeTTepi
xkatanpl.  CoHbIMEH  Karap, JauabeTke, OakTepusra  Kapchl,
AHTUOKCHJIAHTHIK, IIMTOTOKCUKAJIBIK, KATEPJIl ICIK aypyJIapbIH ajl/IbIH ajy,
npoMIAKTUKAIBIK JKOHE Tarbl Jja OeNCeHIUTIK KabijJeTTepiH KepceTe .
XuMust OaFbITBIHAAFBI 3€PTTCYJICP TEKTHHJI KOIOJAHIBIPFBINT JKOHE
TeNiK KacueTiHe Kapail — MeIuIlMHala, KOCMeTHKa, (apMalieBTUKaa,
TaMak >KOHE aybll MapyallbUIBIFBl CAJTACBIHIA THUIMII Al aTaHyIbIH
J)KaHa OKOJJIapbhlH aliafbl, OHBIH JKOJOTHMSUIBIK KAyilCi3miri MeH
OMOJIOTHSUIBIK OEJICeHAUTITTH 0acThl Ha3apbl ay1apaibl.

MEH

TyiiiH ce3aep: MEKTHH, TeTEePOIONINCaXapul, THAPOIU3, OUOIOTHUSIIBIK
OeJceHaimiK.

1. Kipicne

COHFBI OHXBUIBIKTa TIEKTHHHIH MOJIEKYJAIBIK KYPBUIBIMBI MEH
(U3MONOTHSIIBIK 9CepiH TikeNned TyciHyJeH OacTam eHAIpICTIH jXKaHa
oiCTepl MEH OJIAPIBIH KOJAAHBLUTYbIHA JICHIH alTapIIbIKTall TepeH OLTiM
naiina 6om1b1. XKaHa ozicTep CIMIIKTEp MEH JKeMicTepie KUl Ke3/1eCeTiH
KYpACN TeTepONoucaxapuarTi TaFaMIbIK THUAPOKOJUIOU pPETIHIE
JOCTYpil TaijananynaH oiJeKaiia >KOFapbl JKaHa >KOHE KYTIHEreH
KOJIJaHyJIapFa koJ amazbl. [IeKTuHAl 3aTTapablH OMOJIOTUSIIBIK JKOHE
(bYHKINOHATIBIK KacuerTepi MaHbI3/IbUTBIF bIH AHBIKTANTHIH
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OOJFaHIBIKTAH XUMUS, MEIUIIMHA, KOCMETHKA, TAMaK OHEPKICciOl ykoHe Oackana maigaaHbUIabL.
Tamak eHepkaciOiHzIe — KOOIHECE JKelle, JDKeM KOHE MapMernaa eHipicinae Komanbuiaabl. O KaHT
IIEH >KEMIC HIBIPBIHBIH Telb TOpi3Ai eHiMjepre aiHannelpy yiniH kaxeT (Rosaria et al., 2022).
OJIEMIIK TEeKTUHAI OHAIpY HapbiFbl 2025 xblFa Kapaid 27,9 Mipa goJuiapra jKeTelli Aen KYTUIye.
[lexTHH — cya epuTiH aHMOH/IbI OMOTIOIMMEDP, KOMMEPLUSIIAHATHIH OMONOIMMEP/IEH epPEKILEICHEI].
2019 xputel 1 MuIMapn mosuiapra OaranmaHfaH >kahaHIBIK MEKTHH HapbiFbl 2025 xbutbl 1,5
MUJUTHAP]T ToJapra xkerel nen kytinyae (Freitas et al., 2021). [TekTurmik 3aTTap ©CIMIIK IMIHUKI3aThI
MEH ally 9JiciHe OalIaHBICTBI OPTYPJ KYPBUIBIMAAPALI KepceTe anaabl. OChl TYpFbIa NEKTHH
(U3UKaIBIK, XUMISUIBIK HeMece (PepMEHTTIK e3repicrepre yublpaiiabl. [IeKTHHHIH KYpbUIBIMBIH/IA
KE3IECETIH KONTEreH (DYHKIIMOHAIIBI TONTAp oPTYPI (PYHKIIMOHAIIBUIBIKTHI IaMbITa allajbl )KOHE
Oenrim 6ip MoaMQUKAIUSIIAp MEKTHHII OPTYPJl KoyigaHOanmapaa KOJNJAaHyFa MYMKIHAIK Oepei.
Ce0e01 0J1 Kayirci3, yiIbl eMec, OHIIPIC KYHbI TOMEH JKOHE KOFaphl KOJKETIM/II OOJIBITT CaHAIA IbI.
Bipereii kacueTTepiHiH apKachlHa TIEKTHH 9PTYPIIi calanapia CypaHbICKa He 3aT OOJIBIT TaObLUIa bl
JKOHE OHBI KoJJlaHy KeHeiie Oepermi. OpTanblk A3usaga ©TKEH FachIpAbIH 90-IIbl KbULIAPBIHBIH
0achIH/Ia aIMaHBIH CHIFBIHIBICHI MCH MAKTaJIaH MMeKTHH TeK ©30eKkcTanaa rana eHIipuiai. OTaHIbIK
NEKTUHHIH KETICTIEeYIITIriH KKEeTTUTIKIICH CalbICThIPFaHa caThlll any KepcerkimiMmeHn 20 ece a3
(Velyamov et al., 2020). Byrinri TaHa meTeNiK OHAIPYIIISPAiH KO MeKTHHI ipi )KEeMiCTi
HUTPYCTHIK kemictepaeH, Kapub TeHi31 apanaapblHaH 3KCHOPTTANATHIH TpedndpyT, MaHIapUH,
JMMOH ULEJUTI0N03ackiHal ananpl. 1IMKi3aTThIH KypaMbIHAAaFel TEeKTHH Memmepi 20-25 maiibizra
xereni (Enkuahone, 2018). byn camama xKypai-)aOaplKTap MEH OHIIPIC TEXHOJIOTHSCHI, FHIIBIMHU
3eprreyiep Hamap gambiFad. Ocpiiaiimma, Oyl OTaHIBIK OHMIPICTEPIIH IMETSNIIK OHIM
KETKIZYIIIepiHEe KATThl TOYESJIIUIITIH Ty AbIPaIbl.

MakanaHblH HET13T1 MaKcaThl — KOJOTUSIIBIK JKaFbIHAH THUIM/II MIMKI3aT KO3ACpIHEH MEKTHH/II aly
omicTepi, MEKTUH KYPBUIBIMBIH aHBIKTAY JKOHE OMOJIOTUSIIBIK OeJICeHiTiriHe OailIlaHbICThl KOJIIaHy
cayiajiapbIHa IIoJTy JKacay.

2. IleKTHHHIH KYPbLIBIMBI MEH KacueTTepi

[lextunaep — Oyl JKOFapbl MOJEKYJAJbIK KOCBUIBICTAp, XUMUSUIBIK TaOWFaThl OOMBIHIIA
rereponojucaxapuarep ToObIHAa >karaabl. OnapAblH KYPBUIBIMIBIK HETi31 MOJIMTallakTypoH
KBIIITKBUTBIHBIH TYBIHIBUIAPEI 0061 TaObuTaabl. [lekTrHal 3aTTap, Heri3ineH, 1,4 - L - TIMKO3UuITIK
OaiinanpicTapMeH OalnaHbICKaH D-ramakTypoH KbIIIKbUIBI KAJABIKTApbIHAH TYPATHIH MOJIEKYIAJIBIK
T130€KTEH Kypasabl, )KoHE OJIap/IblH KOHPUrypauuschl mupaHo3aAblK 6ombin kenexi (Shkolnikova et
al., 2017).

[lexTHHHIH KYpbUIBIMABIK (hOopMyIachl CypeT 1-/1e KopceTuIreH.

COOCH;,
H1® O_ H
OH H
o ol
H OH
n

Cyper 1. [IekTuHHIH XUMUSIBIK (HhOpMYIIachl

[TexTUHIK 3aTTapFa epiIMEUTIH MIPOTOMEKTHH, €PUTIH MEKTHH/IIK MMOIUCcaXapuaTep, COHIa-aK
rajJlakTaHjgap, apaOWHaHIap J>KOHE apaOWHOTaNaKTaHAap ’karaael. [IeKTHHII IOIHCaxapuaTep
[IIMKaHOTAIAKTYPOHAAPABIH K€H TOOBIHA Kipeli, 0Jap KhIIIKBUIABI OCIMIIK TOoTHucaxapuaTepi O0bI
TaOBUIA bl a1 OJIAPbIH HET13r1 KeMipcyibl Tiz0eri 1,4-0alimanbickaH o-D-ramakronupano3uaypoH
KBIIIKBUTBl KANABIKTAphIHAH TyYpaabl. [IeKTHHII 3aTTap OCIMIIK jKacyliajdapblHaa KapOOKCHI
TONTAPBIHBIH METUJ dUpIIepl TypiHAC Ke3aecel, oap keOiHece HATpU, KaJIbIMK KoHE MarHui
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TY37aphl TypiHae 6onaspl. by 3aTTap eciMik kacylia KaObIpraaapbIHbIH MEXaHUKAIBIK OCPIKTITIH,
CEepPHIMIUTITIH KaMTaMachl3 €Te/ll, KypFayFa, TeMIIepaTypaHblH ©3repyiHe TO3IMAUTIKTI apTThIPabl
JKOHE OCIMJIIK aypyJIapbIHbIH KO3IBIPFBIIITAPbIHA KAPCHI KOPFAHBIC KBI3METIH aTKapabl. [lekturmep
METOKCHIIJICHY JA9pekeciHe Kapaill sxorapbl MeTokcuigeHreH (50%-maH >Korapbl) >KOHE TOMEH
metokcuigaeHred (50%-nan TtemeH) Oombin OemiHeni. MeTOKCHIIEHY JAdpexeci MEKTHHIEPIiH
TUAPOJIN3re TO3IMIUTITIHE, epITiTIriHe XKoHE TelbAiK KacueTrTepine ocep ereni. I[lommmeprneny
JIOpek,eCi MEeKTUHIIK 3aTTapAblH TeIbJACHY KAOUICTIH aHBIKTAWIbI, Al OJIAPJBIH MOJIEKYIAIbIK
Mmaccachkl 50 000-uan 200 000-ra aeitinri apangbikTa O0JIFaH Ke3/e THIMAI reibAcHy OaiKaaManIbl.
Monexynansik canmarbl 150 000-man 200 000-ra neiiin Oonranaa, MEKTUHACPAIH TeIbIIK KadineTi
€H JKOFaphl 00JaIbl.

[TexTUHNI OHILY XKOHE OHIMIEPTe KOCY 9MICTepl, OHBIH I'elib/IiK KaCUETTepiHe TeMIepaTypa,
pH >xone Oacka hakTopiapabIH acepi OeIceH 11 3epTTey HbICAHbI 00JIBITT Ta0bLTa Ibl. COHFBI KBLIIAPhI
OHJICY KaOBIFbI CHSKTBHI KaHAMa OHIMJICPACH aJblHFaH IEKTHHJI HEFYPIIbIM TYPAKThl >KOHE
SKOJIOTHSUIBIK Ta3a IIMKI3aT peTiHAe NaiianaHyFa KbI3BIFYIIBUIBIK apThinl Kenemi. OcbiFan
OailJIaHBICTBI, OPraHU3MHEH 3WSHIBI 3aTTapibl IIBIFAPYFa KOMEKTECETIH OCIMIIK TEeKTUHIH
naiijanany Heri3iHJe XaJbIKThl JICTOKCHUKAIMIAYIIbl KacHeTTepi Oap a3bIK-TYJIK ©HIMJIEpiMeH
KaMTaMachI3 €Ty 6T€ ©3CKTI )KOHE MaHBI3/IbI JICYMETTIK MOHTE HE.

[lexTH KemTereH OCIMAIK TYPJEPiHIH Kacylla KaObIPFACBIHBIH KYPFaK 3aThIHBIH IIaMaMeH
yiITeH OipiH KypalTbIH MONMCAXapuATEpAiH KypAedl Kocmajapbl pEeTiHJe aHBIKTaJaJlbl.
OcimaikTeperi NeKTUHHIH KbI3METI jkacylla KaObIPFACBIHBIH KYPBUIBIMABIK TYTACTBIFBIH JKOHE
Kacylanap apachlHAarsl aAre3usiHbl KAMTaMachl3 €Ty OOJIbI TabbuIaabl. OCIMIIK TEKTHHIIEPI Cya
€pUTIH, XeJIaTop/ia €pUTIH HEMece MPOTOMEKTUHAEP OO0NIybl MYMKiH. DKCTpakKIus 9icTtepi apbip
HaKTBl ©CIMIIK TYpIHIH HAaKTbl KypaMblHa OaWJIaHBICTBI e3repeni. MpIcajbl, MPOTONEKTUHACPI
BICTBIK CYUBIITBUIFAH KBIIIKbUIAAp epiTedi. IIeKTHHHIH >Kanmbl Kypambl OCIMAIKTIH >KETLTyiHe
OaillaHBICTBI ©3repelil KoHE OCIMAIK TypiHe OalIaHbICThHl epiTiHAire oHail alHamanel. [lekTuHml
KOMMEPILHUSIIBIK OH/IIPY HETi31HEH UTPYC KaObIFbIHAH KOHE aliMa CHIFBIH/IBICHIHAH alIbIHA/IbI, Oipak

KaHT KbI3BUIIIACKI MEH KYHOAFbIC OacTaphl CUSKTHI OipHelie Oacka ke3aep 6ap (Andriyantseva et al.,
2022).

3. IlekTHHAI KellleH aJ1y JKoHe Ta3apTy KOJIaphl kdHe KYPAMbIH aHBIKTAY

OHEpPKCINTIK JIeHIrel/1e MEKTUH HET131HEH LUTPYCTHIK KeMICTep/iH KaOblFbIiHaH (85%), anmma
ceirbIHBICEIHAH (14%) sxoHe Kbi3buTmaAaH (1%) anbHans! (Ma, X et al., 2020). Anaiina, Ka3ipri
3epTTeyNiep MEKTUHII TaMaK ©OHEpPKICIOIHIH KeITereH j)aHaMa OHIMJEpIHEH aidyra OOJIaThIHBIH
KepceTelll, Oy arpOeHEpKACINTIK KalIbIKTap/bl Oaranayra MyMKiHAIK Oepeai. COHFBI >KbUIAAphI
3epTTeNreH Kenoip skanaMma eHiMepre naccuduiopa kKaowirsl (Freitas et al., 2020), manro KaOBIFHI,
xy3im ceiFbIHABICH (Colodel et al., 2020), mxekdpyT KaObIFbl, kuBu KadbiFsl (Karbuz et al., 2020),
KapTON IIeJUTI0NI03aChl, KayblH KaObIFbI, KapObI3 KaObIFbI, Kode memmtono3ackl (Reichembach et al.,
2020), xakao KaObIFbI, 0aHaH KAOBIFbI, aHAP KAOBIFbI, TypUaH KaObIFbI, 0aMusi OypIIIakTapbl, acKadaK
KaOBIFbI oHe namaiis KaowiFel (Lalnunthar et al., 2020) >xaTaab!.

OHEpKACINTIK ayKbIMJIa EKTHH aly YIIH 9JeTTe KhIIIKBUIABIK AKCTPAKIUS KOHE CIHUPTIICH
TYHBIPY OIICTEPl KOJIIAHBUIA/bI, OWUTKEHI OJApJbIH OPBIHIATY KYPACIUIIrT TOMEH, JCTeHMEH
SHEprus MeH epiTKill MWeIFbIHAAPHI )koFapsl (Freitas et al., 2020). KpIIKbUTABIK SKCTPaKIUs, SAETTE,
INPOTONMEKTHH/II KOFapbl TeMIlepaTypajga TUIApONM3Aey TMpolieciHe HeriznenreH. Kemnreren
3epTTeyLIIep SPTYPIl KBILKbUI epiTKIIITep MEH SKCTpaKLus karnaitnapeiabiy (pH, Temneparypa,
YaKBIT JKOHE KaTThl 3aT: CYMBIKTHIK apaKaThIHACKI) 3KCTPAKIIMS OHIMJILIITIHE, KYPBhIIbIMbIHA KOHE
NEKTHHHIH (PU3UKa-XUMISIIBIK KacueTTepiHe acepiH 3eprreai. Ker skarnaiiia KyKipT KbIILIKbUIBL, TY3
KBIIIKBITBI HEMECE JIMMOH KBIMIKBUIBI JKOFaphl TeMireparypana (60—90°C) y3ak yakbIT 00iibl (1-6
caraT) KOJIJaHbUIBIIN, KeHiH CIUPTIIEH TYHBIPY >Kypriziiarex (Sun et al., 2020).

COHFBI KBULAAPBl OYJ1 JOCTYpJl oicTepre OalJlaHBICTBI aFbIHABI CYJNApPIbIH TY311ylHEH
TYBIHIAUTBIH 3KOJOTHSIIBIK MOceNeNep/li MIeny YIIiH KbIIIKBUIIBIK 3KCTpaKIHsiFa OanaMa aiicTep
seprrenai. JKachkul XUMHUSHBIH KEH TapallybIMeH J>KaHa OKCTPAKIMS ONIICTepl pETiHAE Keeci
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TEXHOJIOTUSUIAD YCHIHBUIFAH: MHUKPOTONKbIHIABL d3kctpakuus (MAE) (Arrutia et al., 2020),
yasTpanbiObIcThIK 3KcTpakius (UAE) (Jafarzadeh-Moghaddam et al., 2020), cyOkpuTHKaIBIK Cy
skctpakiusicel (SWE) (Li et al., 2019), tepeH 3BTeKTHKAIBIK epiTKimrepmen skctpakuus (DES),
TaOWFH TEPEH IBTEKTHKAIBIK epiTkiinrepmen sxcTpakius (NADES) (Liew et al, 2018), ummynbcTik
anektp epici (PEF) xone ocwl omictepain koMmOuHanmsicel (Gharibzahedi et al., 2019). Ilexktun
AKCTPaKIHUSACBIHBIH Oanama o/icTepi Typaibl TOJBIFBIPAK aknapar dpeitac »oHe OacKaliapIblH,
COHJIali-aK AJIETYHJIXKH jKOHE OacKalapabIH 1oy eHoekrepinae oepinren (Adetunji et al., 2019).

Kasipri ke3jie MeKTHH alyablH ASCTYPIIi TEXHOJIOTHSICHI «KBIIIKBUI-CITUPTY SKCTPAKIIHS JJIICI.
[lexTuHAi amy caTbulapbl MIMKI3aTTHl AalbIHIAY, ©CIMAIK MAcCachlH THIPOIHM3/ACY, MEKTUH/I STHI
CHHMPTIMEH HEMece MeTaul TyY3JapbIMEH KOaryisiusiay Ke3eHACpPIHeH Typaabl. OcCiMIiK
YInaJapblHaH TEKTUH aly YIIiH BICTBIK CY, TY3, KYKIPT, a30T, KYKIPT J>KOHE KBIMBI3/IbIK
KBIIITKBUIIAPBIHBIH  €PITIHAUIEp], aMMOHHMM OKCalaThl MEH aMMOHHUW IUTpaThl, mosmdocdaTrTap
KOJIJIaHBUIAAbl. DKCTPAKIUsUIAHFAH MEKTHHHIH KAaCHETTepl TEK SKCTPAKIHS dMICTEpiHE FaHa eMec,
COHBIMEH KaTap »aHa, >KaKChl KENTIPUIreH HeMece >KapThUaail KenTipuireH OONybl MYMKiH
MIMKI3aTThIH KYHiHe OaitmanbicThl. KypampiHna TeKTHHI Oap MIMKI3aTThl JOCTYPJl OHAIPICTIK
chI30aHyCKachl OOWBIHINA THIPOJIM3 MHHEPAJJIbI, OPTaHUKAIBIK KBIIIKBUIAAPMEH JKOHE OJapiblH
KOMOWHAIMSIIAPbIMEH, COHBIMEH Karap CUITIIEpMEH KYpPTi3iiemi. DKCTPaKIHUSIBIK areHTTep MEH
THJIPOJIM3 PSKUMJICPIH TaHJAay IMIMKI3aTThIH TYpiHe OaiyiaHbICThl. [IpOTONEKTUHHIH KhIIIKBUIIBIK
TUIPOJTU31HIH TEXHOJIOTUSCH KIS KoHe KeHOip skaFmaiinapaa y3ak. Metui aupiiepidiy imriHapa
TUAPONIN31 METOKCUTONTAPABIH TOJBIK THUIPOJIHM3l Ke3iHAE TeNbliK KaOilIeTiHIH TOMEHJeyiHe
OKEJIETIHIH eCKepy KaKeT, OJlap TMOJHMTAIAKTYPOH KBIIIKBUIBI OOJBIT TaOBUIATHIH MEKTHUKAIBIK
KBIIKbUIAAp Ty3eni. llekTuHAik 3arTapiasl  almy Ke3iHae NeKTUHAI Oemim aixy mporneci
METOKCUTONTAP/IBIH THAPOIU3IH OOJNABIPMANTHIHAAN ETIl JKYPri3inyl Kepek, OyJI TelbIcHY
KaOl1eTiHiH TeMeHJeyiHe okenenai. [IpoTomekTuHIepAiH NEKTUHAEpPre alHATYbIHBIH €H TOMEHT1
Jopexeci cabi3ne, eH KorapbIchl anmaaa Oalikanansl. L{UTpyc meH KbI3bpUIlIa MPOTONEKTUHIEPI
apanblK OpBIHABI  amajabl. AJIBIHFAaH HOTWDIKENEp 3€pTTENeTiH IIUKI3aTThIH  >KaCyIIaNbIK
KYPBUTBIMBIHBIH €PEKINEeTIKTepIMEH FaHa eMeC, COHBIMEH KaTap TAJIIBIK NeH MEeKTUH apachIHIaFbl
Kypaeni >Qupiik OallaHBICTHIH aKTUBTEHY SHEPTUACHIMEH JKOHE KBIIIKBUIABIH MIa0ybUIIaYIIIbI
nporoHbIMeH Tycinaipineni (Goryachiy et al., 2006). 3epTTey *KyMBICTapbIH Tajiail OThIpa TUAPOIIH3
NPOILECIHIH JKbUIIaMBIFbIHA OCEep €TeTIH Herisri QaxkTopiap: ©cCIMAIK YINAChIHBIH ICIHY
KBUIAMJIBIFBI KOHE KBIIIKBUIBIH JKacyllara €HY JKbULAAMJBIFBI, dKCTPAreHTTET! KBIITKBUIIBIH
KOHIIEHTPAIUACHI, MPOLIECTIH TeMIlepaTypachl *oHe OHBIH Y3aKThIFbl. byl (daktopnapiabiH e3apa
opekerTecy cunathl Kypaeni. [Ipouectin opTypii ke3eHaepinae Oipaeit hakTop opTypai oacep eryl
MYMKIH >KOHE HOTH)KECIHJIe THUAPOJIU3MIH KbUIJAMABIFBI MEH OaFbIThl KaXXETTIIEH alTapIiibIKTai
aybITKYbl MYMKiH. MBpICAlIbl, TEMIIEpaTypaHbIH >KOFapbUIaybl IMPOIECTIH KONTEreH Ke3eHIEepiH
KbUIAaMIaTaabl (IPOTOMEKTHH/II BIABIPATY YIIIH ©CIMIIK >KacyllachblHAa KBIIIKBUIIBIH ICiHYI JKOHE
eHyi), OlpaKk MEKTUH MOJIEKYJACBhIHBIH BIIbIpaybl MEH JEMOJUMEpPU3AlMIChIHA BIKIAT €TeAl KOHE
OChUTalINA Mmaiiia 60FaH MEeKTUHHIH calachlH alTapibIKTal HalapIaTabl.

OcCIMIIK IIKKI3aThIHAH 9PTYPJl TeMmIeparypaja, SKCTpareHT TaOWFaThl JKOHE TYpPJl YaKbIT
napaMeTpiH e3repTy apKbUIbl MEKTHH/II KellleH anblHaabl. JKorapeiga aTairaH ©CIMIIK IIUKi3aThIH
aNAbIH-aJIa JaubIHOAI, AUCTUIACHTEH CYy apKbUIbl dKCcTpakuusuianagsl. CocblH Tuaponus 37-80°C
TeMIieparypaja xKyprizijeni, yakpITel 1-5 caraT apaiblFbl albiHaAbl. [IeKTHH/I KaFa3 Cy3rici apKbLIbl
Cy3eqi, ayasia KenTipe/l »oHe ycakraiasl. Mpicansl, Peceit rapimaapsl Tpel A.B. sxone Maxeesa
JI.A. 3epTTeynepinzie, opTYpJii KHUIAEKTEp MEH JKEMICTEep/IeH IIBIPhIH ChIFy OapbIchiHIa 00C TOMEH
3(upiIeHreH, TOMEH MOJIEKYJIaNbIK MeKTUHAep ainblHFaH. [lekTunaep nemnonao3amMeH OaillaHbICKaH
Kyiae (IpoTOMeKTUHIEep) momaaa Kaiaabl, onap 55-90°C temmepaTypana KbIIIKbULIAHIBIPBUIFAH
(pH=1,5-3,1) cymeH skcTpakuusiiaHa bl. DKCTPaKIUSHBIH MIAPTTApPhl KAXKETTI MEKTUH (paKIHsIChIHA
OailIaHBICTHI ©3TEpIll OTHIPAAbl. AJIBIHFAH CHIFBIHIBIIAH MEKTUH CIUPTICH TYHIBIPBLUIAABI, COJAH
KeWiH »Tepudukanus Iopekeci METOKCHIACHY apKbpuUibl perreneni. CoOHFBI Ke3eHIe NEKTHH
KeMTIpiJeai, YHTaKTala/Ibl )oHe CTaHaapTTay npoieci xkyprisiteni (Try et al., 2014).
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Backa ranbiMap sxemMic-KeKeHIC OHIIpiCiHIH KaliTallaMa eHIM/IepiHEH NEeKTHH ChIFbIH/IbLIIAPbIH
QITYIBIH JKETUIAIPUITeH TEXHOJIOTHSACHIH YCHIHABL OCIMIIK IIMKi3aThIHAH TEKTUHII aJIyAbIH
CBhI30aCBHIHYCKACHI: aJIBIMEH LIMKI3aTTHI )KYY, KENTIpy, YCaKTay caThbUIapbIMEH JXypeai. ¥ caKTalFaH
HIMKI3aTThl LIBIPBIHFA 06J€ OThIpa, CY3y apKbUIbl DKCTpaKIMsIFa JaiblHAaNabl. JKCTPAKIHUSIMEH
QIIBIHFaH NEKTHH (QUIIBTPJICH OTKI3UIII, CIIUPTTIK TYHABIPbUIFaHHAH Keiin kentipineni (Matvienko et
al., 2023; Preethi et al., 2017).

Kakao KaObIFbIHAH MEKTHH/II SKCTPAKIUSIAY YIIIH JIMMOH KBIIIKBUTBI HEMECE TY3 KbIIIKBUIBIH
9KcTpareHT peTiHae PH aeHreii 2,5 Hemece 4,0 Gosrran ke3ne naganadapl. JIMMOH KbIIKeUIBI PH
2,5 kesinge 95°C temneparypaza 3,0 carat 60iib [1:25 (W/V)] mapTrapbinia IEKTHHHIH CH XKOFaphl
HIBIFBIMABUIBIFBIH (7,62%) KepceTTi. Anaiiia, ypoH KbIIIKBUIBIHBIH €H jKorapbl Memiepi (65,20%)
NEKTHH/IC aHBIKTAJIbI, OJ CY/Abl Haiganana oteipsin [1:25 (W/V)] 95°C temneparypana 3,0 carar
OoWbI anbpIHFaH. AJl, IEKTUHI ajMa KaJlJbIFbIHAH SKCTpaKuusiaay yiuiH 5% JIMMOH KbIIIKbUIBIMEH
opTyp:i yaksIT apansikrapsigaa (30-80 muH.) sxoHe Temneparypaiapaa (50-100°C) kepcerkimTepin
©3repTKEH/IC MEKTHUHHIH €H XOFapbl IBIFBIMABUIBIFBL (16,8%) sxorapel Temmneparypana (100 °C)
xoHe 80 MUHYTTBIK YaKbIT apalibiFbIHIa Kol skeTKiziiarex (Vinay et al., 2022).

ABtop T'ombibun B.A. >xoHe Tarbl na Oacka FaimpIMIap KbI3bUINIA LEJUIIOJI03aChIHAH
IEKTPOXUMUSIIBIK OCIICEHMIPIITCH CYAbl IMalJaIaHbIl TEKTUH ally TEXHOJIOTHSCHIH 3epTTe/i
(Golubin et al., 2015).

[MexTrHai eHAIpyRiH Oamama 9aicTepi ©CIMIIK KacymanapbiHa (PU3UKAIBIK 9CEP €T€ OTHIPHIIL,
JOCTYPIIl KBIIIKBUIMEH OHJIEY/IH OpPHBIH Oacynbl Ke3AeW . DKOJOTHSUIBIK Ta3a TOCLT OOJbII
TaOBUIATBIH ~ aKyCTHKAIBIK KaBUTAUMsUIBIK dKcTpakimus (ACAE) rpeiindpyr KaOBIFBIHBIH
KaJIbIKTapblHAH MEKTUH/II €Ki CaThUIbl AKCTPAKIMsIAay YIIiH apHaibl €Ki Ke3eHl jKoHEe KaOBIKTHIH
opTYpIIi OeNIIeKTePiHIH OIIeMICPiH eCKepe OTHIPHINT KOMIAHBUIAILL. Op TYPIIl MeJIIepaeri KoHe
OpPTYpii caThlaFbl KaOBIK OeJIIeKTepiHEH ajblHFaH IeKTUHIACP/IH IIBIFBIMIBUIBIFBI, (HU3MKa-
XMMHUSUTBIK KACUETTEPi MEH KYPBUIBIMBIH O0JDKay €Ki onicrieH canbicThipbiaa st (Wenjun et al., 2017).

OKCTpakuusi JKOHE THAPOIU3 TMPOIECTepiHAe TaHIAMANJbUIBIFEI  KOHE  Oeuim-any
MYMKIHIIKTEpIHIH 00IMaybl KaKETC13 KOCBUIBICTAp MEH TINTI KajJKbiMa OOJIIeKTEp/Al KO0 YIIiH
KOCBIMIIIA OMIICTEp/li KOJJaHyAbl Tajman erefi. [IeKTHHAIK oaurocaxapuarepli TazapTy OOWBIHIIA
YCBIHBICTAp YIIIH OipHele oic KOJDKETIMAL, OJapiblH 1IIiHJAE LEeHTpudyranay, OynaHaslpy,
TYHBIPY, a7copOIMs KoHE CY3y dicTepi cama »KarblHaH KEeHIHeH KoJmaHbuiaasl (Joseane et al.,
2024). MemOpanaibiKk 0eny mpoueaypaiapbl MukpoduibTpanus (MF) xoHe ynbTpaduibTpaims
(UF) muadwmnstparmsmen (DF) mekTuHAI Ta3apTyablH SKOJOTHSUIBIK Ta3za Oanamachl peTiHIe
YCHIHBUTFAaH. MeMOpaHaiblK ~ oJicTep  MONHMCAXapUATEPJCH, MbICAlbl, IIEJUII0NI03a  MEH
TeMULIEITI0N03aaH OOJIiHIN IIBIFATHIH MOHOCAaXapUATEpIiH KypaMblH TOMEHAETYre MYMKIHIIK
Oepenti, OYJ1 IOCTYpIIl TEXHOJIOTUSIJIAPMEH CabICTBHIPFaH/1a aJIbIHFaH MEeKTUHHIH canachiH (MbICAIIHI,
OHBIH TeJb TY3yIll KacuerTepiH) aprThipaasl. CoHbIMEH Karap, Oyi opictep OacKapyablH
KapanaibIMIbLUIBIFBIMEH, KBICBIM MEH TeMITepaTypaHblH KaJIBIITHI ITAPTTapbIMEH, COHa-aK TOMECH
naiianany >koHe TEXHHUKAJIBIK KbI3MET KOPCETY IBIFbIHAApbIMEH epekieneHeni (Munoz-Almagro et
al., 2020; Baghdadi et al., 2023).

KpI3buiia  CHIFBIHABICBIHAH ~ (PEPMEHTATUBTIK OKCTPaKIMsUIay OMIiCi KAHTTapAbl >KOHE
MOJIMCAXapUATEePACH Taszajlay YINH KOJNJAaHbUIaAbl. [IeKTHHII anyIblH €H 3aMaHayH >KOHE
SKOJIOTHSUIBIK  Ta3a oMiCl — MHKPOOTBIK TEKTeri (epMEHTTEpIiH JCepiHe Heri3JeNreH
OMOTEXHOJOTHSIIBIK dJIiC, OJlap THUAPOJIM3CYIi areHTTep peTiHae Konaansuiaasl (Velyamov et al.,
2016; Filho et al., 2024). ®epmeHTAaTUBTI THAPOIHM3/iH OipHEIIIE TEXHOIOTHSIIBIK AP THIKIIBLTBIKTAPHI
Oap, onapiblH €H 0acThIChl — MEKTUHHIH CTYJEH TY3YylIl KacHeTTepiH CaKTail OTBIPBIN, OHBIH
IBIFBIMABUIBIFBIH  apTThIpy. CoHAail-ak TeKTUHII AKCTPaKIUsUIay YIIIH  YJIbTPaAbIObIC
KOJIJIaHBIAAbl, dCIipece OKCTPaKIMs MPOLECTepiH JKbUIAAMAATy YIIIH. YJIbTPaJablObICTHIK
TepOeiCTepAiH 9CepiHeH jKacylla KaObIprajJapbIHBIH OTKI3TIIITIIT apThIl, MEKTUH 3aTTapbIHBIH
JKacyIanbIK KypsUIBIMIapBIHBIH Oy3bUTybIHA oKesemi (Sun et al., 2024; Larsen et al., 2021).

[TexTHH amyJbIH €H THIM/II SJICTEePiHiH 0ipi - MUKPOTOJIKBIH/IBI TETITIH KOMETIMEH SKCTPaKITHUS.
MuxkpoTonksiH b coyneneny — 0ysr 300 MI't-ren 300 I'T'-ke meiinri >KUUTIKTET1 QJIEeKTPOMAarHUTTIK
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TOJKBIHHBIH Oip Typi. MUKPOTOJKBIHIAp SKCTPAKIMAIBIK OpTajlapra CHill, MaTepHuajiap.IbIH
HOJISIPIBl KOMIIOHEHTTEPIMEH OpEKeTTece ajajibl, oJap/bl MOHMABIK OTKI3TILITIK KOHE IUIOJIBIIK
aifHaTly MeXaHu3MJepl apKbUIbI JKbUTy SHEPrHsChIHA alHANIbIpabl. BeliHeTIH JKbUTy MacCaHbIH
aJIMacy HpPOLECIH XKeJeNJeTiN, MEeKTUH, LEUI0I03a )KOHE T'eMULIeIUII0NI03a apachiHAArbl KypAesi
OaiiyaHbICKaH KYpBUIBIMIApAbI Oy3yFa BIKMAN eTelll, Oyl MEeKTUHHIH epirilTiriH apTThIPHIN, OHBI
6ocary neHreiiin sxorapeutatansl (Wu et al., 2023).

Crnimneit M. sxone O0acKaiapbl MUKPOTOJIKBIH/IBI TEXHOJIOTHSIHBI ’KY31M CBIFBIH/IBICBIHAH TIEKTHH
aJly YIIIH KOJIAAHBIIN, SKCTPAKIUSAHBIH OHTAMIbI IIAPTTAPbIH aHBIKTa/Ibl: MUKPOTOJKBIH KyaThl 560
B, pH 1,8 xoHe skcTpakiius yakeIThl 120 ¢, HOTHXECiH/e MeKTHH mbIFbIMbI 11,23% Gomabl (Spinei
et al., 2022). TIpakamr Mapan xoHe Oackaa FalbIMIap MUKPOTOIKBIH/BI 9MICTEPIl Ko/Ii KaObIFbIHAH
NeKTHH aly YIIiH MaiJanaHbll, €H J>KOFapbl MBIFBIMIBL (25,79%) kemeci »xarjaiina amnjabl:
MHUKPOTOJIKBIH KyaThl 477 BT, coyneneny yaksIThl 128 ¢, pH 1,52 oHe KaTThI 3aT MIeH CYHBIKTHIKTHIH
katbiHacel 1:20, 3 r/mu (Prakash Maran et al., 2014). Ocsuiaiimia, opTypii ©CiMJIiK IUKI3aThl YIIiH
MHUKPOTOJIKBIHBI SKCTPAKIUSHBIH KyaThl MEH Y3aKTbIFbIH OHTAHIAHbIPY MEKTUHHIH IIBIFIMBI MEH
carachlH KAMTaMachl3 €Ty 1€ MISUTYIIi pell aTKapaIbl. MUKPOTOIKBIH/IBI SKCTPAKIIUS dIiCTePl HEKTHH
IIBIFBIMBIH APTTHIPBIN KaHa KOHMai, COHbIMEH KaTap JSCTYpJIl SKCTPaKLUs o/iCTEpiHE KaparaH/a
yHeMi O6anmama ychiHanbl. MUKPOTOIKBIH/BI CoyJeNieHyre OalIlaHbICThl KbIIIaM KbBI3ABIPY OHICY
YaKbITBIH €J10yip KbICKapTa/bl, OyJI SHEPTus TYTHIHYABIH TOMEH/ICYiHE KoHE €HOCK IIbIFbIHAAPBIHBIH
azatoptHa  okeneni. COHBIMEH  Karap, MHUKPOTOJKBIHIABI ~ OKCTPAKIHs  Ke3iHIe TEeKTHH
KYPBUIBIMIAPBIHBIH TYPAKTBUIBIFBl 3KCTPAaKLIMs IIapTTapblHa Tikedaed OalnaHbicTbl. OHTaNHIIbI
Karaaiimapaa OKOFapsl TeMIleparypa IEKTHHHIH epyiH JKaKCapThill, OHBIH ()YHKIIMOHAJIBIK
KACUETTEPIH CakKTail OTBIPBIN, JOCTYPNi KbI3ABIPY OMICTEPiHIH Y3aK OCEPIHEH TYBIHJIANWTHIH
JeTpaIallusIHBI O0JIIBIpMayFa MYMKIHIIK Oepei.

OIICTIH apTHIKIIBUIBIKTAPbIHA IEKTUHHIH KOFaphl IIbIFbIMIBUIBIFbL, 3TepU(UKaLIU Topexeci
JKOFapbl, Teiab OepikTiri OackiM. 3eprreyiaepre CyHeHceK, Trpelndpyrran 2 MHUHYTTBIK
MHUKPOTOJIKBIH/BI TEII KOMeriMeH ajblHFaH MNeKTUHHIH Meimepi 90 MUHYTTBIK KapamaibiM
IKCTpaKIIMs Ke3eHIHEH albIHFaH MeiepiMen TeH 6onaasl (Homa et al., 2011).

MukpoOTHIK (hepMeHTaIHS 9/1iCi HOTHKECIHE OCIM/IIK YIINagapblHaH NEKTUHAL THIMA1 Oemin
HIbIFapaThlH (epMeHTTep Ty3lienl. byl ¢epMmeHTTep eciMaiK MaTepHallbiHAa OOoJaThIH KypJeni
HoJMcaxapuATepi TaHJamalbl TYPAE bLABIPATY apKblIbl MNEKTUHAI OocaTansl. L{UTpyCThIK
KEMICTep/IH KaOBbIFbIHAaH MEKTHH ally YUIIH MHUKpPOOTHIK (hepMEHTALMSHbI KOJIJIAHBIIN, Kelecl
OHTAIIBI >KaFJaimap/pl aHBIKTaAbl: MHOKYIoM Memmepi 10%, depmenrtanus yakpithl 40 carar,
amrpITy Temneparypacel 36°C, cyoctparteie PH 7,0 sxoHe 1% ModeBHHA KOCY, HOTHKECIH/IC IEKTHH
OKCTPAKIUSACBIHBIH ©H JKOFapbl KbUTIaMabiFbl 21,5% Oommel. Liu koHe Oacka FalsIMIapiablH
Aspergillus terreus xemeriMeH QepMeHTalusi KYprizy apKbUIbl XypMa KaObIFbIHAH TTEKTUH
srcrpakiusiaasl (Liu et al., 2015). Onap (epMeHTAIUSHBIH OHTAWJIBI MIAPTTAPhIH AHBIKTAJIbIL:
ambiTy yakeiTel 30,09 carat, temmeparypackl 25°C sxoHe Oacrankel opTaHblH PH 6,9. Ocwr
KaFJaiaapaa MeKTUH IIBIFBIMBI €H XKOFaphl JeHreire xerin, 0,449 r/r (3kcTparupieHreH MeKTHH
Maccachl/IIMKI3aT Maccachl) Kypaabpl. AiTa KeTy Kepek, MUKpPOOTHIK (pepMeHTauus oaicTepiMeH
JIBIHFAH TEKTHH >KOFapbl MOJIEKYJalblK Maccara He, XUMISUIBIK peareHTTepAl a3 KakeT eTell,
KOpIIaFraH OpTaHBI JJaCTaMaii/Ibl, COHJIali-aK JKaKChl TeJlb T3y KacHeTTepi MEH TYPaKTHI carackl 6ap
(Qi et al., 2020).

OcCIMIIK [IMKI3aTbIHAH KypaMbIHAA JKaINbl NEKTUHAI KEHIeH ally TEeXHOJOTHSIIBIK
CBhI30aHYCKAChI CypeT 2-7e KeNTipiirex.
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| IITHKi3aTTHI JXKYY, KEOTipy |
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DKCTpaKIst

| COHpTTiK TYHOBIPY |

!

| Kyprak IeKTHH |

Cyper 2. [IekTuH/1 KENICH alTy TeXHOJIOTHSICHI

OKOHOMUKAJIBIK TYPFbIIAH alfaH/a, MUKPOOTBHIK (pepMEHTalMs MEKTUH SKCTPAKLUSACHIHBIH
YHEMJII 9pi TYPaKThI 9Jlici OOJIBINT TaObUIAABI, OUTKEHI OJ XHMHSUIBIK PEareHTTEPAIH a3 MOJIIIepPiH
KaXeT eTeJll koHe TaOuFu MUKpOOTHIK IpoliecTepre Herizaeneai. bys Tocinm AocTypiii sKCTpakuus
omicTepiMeH OailylaHBICTBl OHJIPIC IIBIFBIHAAPBIH A3aWTHIN KaHa KoiMail, >KOFapbl ©HIMALIIII
apKachlHIa JKaINbl THIMAUTIKTI apTThipazbl. COHBIMEH KaTap, (epMEHTAlMSHBIH KYMcaK
KaraalIapel TEKTHHHIH MOJICKYJIAIBIK KYPBUTBIMBIHBIH TYPAKTBUIBIFBIH CAKTayFa KOMEKTECIIT, OHBIH
JerpajalMsachiH OapbIHIIA a3aiTajbl kKoHE (PYHKIMOHAIIBIK KaCUETTepiH caKTalabl. by orapsl
canaJibl IEKTHH TaJlall eTIIETIH KOJJIaHy cajlajapbl YIIiH epekiie MaHbI3/1bl. Ochlaiiiia, MUKpOOTHIK
(depMeHTaLus OpTYPIIl OCIMIIK KO3/IepIHEH NEKTUH aTyAblH OOJalIaFsl 30p JKOHE SKOJIOTUSIIBIK Ta3a
oaici OoJIbIN TaObLIaabI.

[TexTuHai Oeminm amdy >KOHE OHBIH CHUMATTaMajapblH 3€pTTey YINIH TelbAl OTKI3rill
xpomarorpadust oficiH Koimganyra 6omaasl. KeOGiHece omapbiH MOJIEKYyIaIbIK caIMarbl OOWBIHIIIA
akplH yII noauMep ¢paxausicsl 6ap: ~17-20, ~10— 12 xone ~0,5 k/la. Monekynaiablk MaccaibIK
cUmarramaiap XpoMaTorpadusuiblK OaraHaHbl MaiaaHBIl CYHBIK XpomarorpadTa aHBIKTalaIbl:
MbIcalibl, Y3bIHIBIFBL 300 MM oHe imki quamerpi 8 Mm 6onateiH PLAquagelOHMixed GaranbiMeH
(Anrnus) Agilent 1260 Infinity. Connaii-ak, 6acTankpl MIKMKi3aTKa JKOHE OKLIayJay jKaraaiaapbiHa
OailaHBICTHI IEKTHHI OKIIAyJay yiIiH Oacka omictepai Konganyra 6onansl (Semenycheva et al.,
2020; Khaytmetova et al., 2022).

DKCTpaKIMsIaH KeWiH MEeKTUH CYIBIK (a3zaaa epir, SKCTPAKT TYy3€/i, OHbI IEKTHUH 3aThIH OOl
ajTy YIIiH opi Kapait 6ery KaxxeT. byt mporecc meKTHHHIH (PU3UKATBIK KOHE XUMUSIIBIK KACHETTEPIHE
Herizneneni. KonganpbuiaTelH Ta3zapTy oficTepl NMEKTHHHIH XUMHSUIBIK KYpaMbIHA, MOJIEKYJAIbIK
MaccachlHBIH TapalyblHa, oOpTalla MOJEKYyJalblK MaccacblHa »oHE Trellb Ty3y KaOineTiHe
aiftapiplKTail ocep €Tyl MYMKiH. IIeKTHH CBIFBIHJABICHI CYHBIK J>KOHE TYTKBIp CYHBIKTHIK, 1,8-2%
NEeKTUHHEH 0acka KochIMIla 3aTTapbl 0ap. [IeKTHH KypaMbIHIaFbl KbIIIKbUIIBIK €pITIHALIEp e Hallap
epuTiH OeJoKTap, JKeKe MoyucaxapuaTep, noumdeHonnap xoue 1.60. by 3aTrapabH 6apiabFbl COUPT
epITIHAIEPIHAE epiMeiill, COHIBIKTaH MEKTUH/I CIUPTIEH TYHJbIpFaH/ia OHbIMEH Oipre TyHOara
TYCEIll OHE COJI apKbUIbI TalbIH OHIMHIH camachiHa Kepi ocepid Turizei. [IeKTUH/I ChIFBIHIBIHBI
KOCBIMILIA 3aTTap/laH Cy3y apKbUIbl Ta3apTy MYMKIH eMec. byl mpouecke ChIFbIHIBIHBIH >KOFapbl
TYTKBIPJIBIFBl Kenepri kacaiabl. EH KeH Tapanran Oeily »KOHE TazapTy oJICTEpiHE CHHMPTIICH
TYHBIPY, Ty30€H MIOTIHIITe TYCIPY )KOHE MeMOpaHaJIbIK 06Ty KaTaIbl.
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KpiTaii FanbiMaapbl HUTPYCTHIK XKEMiC KaOBIFbI KaJIABIKTapPbIHAH MEKTUH ajly YIIiH CIHUPTIICH
TYHJBIPY KoHE TY30€H IIeTiHAIre TYCipy SJICTEpiH KOJIIAHBIN, CIUPTIEH TYHIBIPYIBIH OHTANIIBI
MIAPTTapbIH aHBIKTA/IbI: 3TAHOJ €PITIHIICIHIH KOHIIeHTpanusickl 75%, remnepatypa 45°C-taH TeMeH
JKOHE TYHABIPY YakbIThl 60 MuHYT. Ty30€H meriHjire Tycipy YIIiH OHTaiabl mapamerpiaep S0 mi
HEKTHH SKCTPAKThIHA 5 MJI TEMIp XJIOPUAiHIH KaHBIKKAH epiTiHaiciH Kocslr, 60°C temneparypana 60
MUHYT 00¥bI OH1ey A1 KaMThIIbl. OChI 9/1ICTIEH aJbIHFaH NEKTUH YIITTHIK CTaHAAPTTapFa COMKEC Kei.
Yapo xoHe Tarbl 0acka FaJbIMAAp yJAbTPACY3riiey apKbUIbl Ta3apThbUIFaH, COJaH KEHiH CIHUPTIICH
TYHIBIPBUIFAH TEKTHUHAC KYJ MEH aKybl3 Meumepi coikecinme 1,9 xone 4,6 ece a3aliraHbIH
anbikTagsl (Yapo et al., 2009). Vabrpacysriiey aiasiHAa MOJEKYJIAIBIK OTKI3TIIITICI JKOFaphl
MeMOpaHa KOJaHy apKbUIbl CIIUPTIEH TYHJBIPY MPOIEC] JacTaylibl 3aTTapibl, dcipece Kyl MeH
aKybI3Ibl, TUIMII TypAe >XOsAbl, OyJl TEeKTHH OHIMIiHIH camackl MEH Trellb TY3y KacHeTTepiH
KaKCapTabl.

[lexTHHI Ta3apTy ©T€ MaHBI3/bI, OWTKEHI OHBIH Ta3aJIbIFl MEH KaCHETTEepi OHBIH KOJJaHY
TUIMJIUTIriHE Tikened ocep eredi. Kasipri 3eprreynepie CIUpTHEH TYHIBIPY, Ty30€H IIOriHiire
TYCIpy XKoHE MeMOpaHAIBIK 06y CHSIKTHI IICTep KCHIHCH KOJIIAHBUIBIN, OJlap MEKTUHII THiIMII
0eJ1in, OHBIH OHMOJIOTUAJIBIK OEJICEHILTITT MeH (PU3UKAIBIK KACUETTEPiH caKTayFa MYMKIHIIK Oepe/i.
TyHapIpy mapTTapsl MEH HapaMeTpliepiH (CIUPT KOHIEHTPAIUACH], TEMIIEPATypa, OHJIEY YaKbITHI)
Jon1 OakplIay apKbUIbl 3€pTTEYIILIep cara CTaHIapTTapblHA COMKEC KENEeTiH MEeKTUH OHIMJEPiH ana
anaapl. bonamakra TEXHOJOTHSUIBIK JKETICTIKTEp MEH WHHOBAIMSUIAPIBIH apKachblHIA NEKTHHII
TazapTy 9MIiCTePl OJIaH 9pi KETIAIpIIeal AeT KYTuTyne, OYJ1 OHbIH TaFaM, (papMarieBTHKa jkoHe 0acka
cayanap/ia KeHiHeH KOJIJaHbUTYbIHA BIKIAJT €TEI.

berne 3aTTapiaH MeKTHH CHIFBIHABICHIH Ta3apTyAbIH €H TUIMIII ofici HeHTpudyranay OOk
ta0bUIanbl. LleHTpudyranayapiy HeTi3Ti KepceTKinn 0oy ko3 huimeHTi Oipkarap KOPCETKIIITepre
OailIaHBICTBI: 3aTTHIH THIFBI3JIBIFbIHA, [IEHTpU(YyTansay paguyChblHa, OPTAHBIH TEMIIEPATypachl MEH
TYTKBIPJIBIFBIHA, allHANY >KBUIJAMIIBIFbIHA koHE T.0. Erep meHtpudyramay pamumychbl, OpTaHBIH
TYTKBIPJIBIFBI, TYHJABIPBUIFAH 3aTThIH TEMIIEpaTypachl *OHE THIFBI3JBIFBI TYpaKThl OoJica, OHAA
aifHaITy JKbIJIIAMJIBIFBIH ©3TepPTY apKbUTbI 06y K03ddunrenTin backapyra 6omazst (Kholdorov et al.,
2019).

[lexTnHHIH OONYBIH JoMnenjey YIIIH MEeKTHUHTe Kalui THUJIPOKCHIlI MEH Kalui
HepMaHraHaThIHBIH EpITIHAUIEpPIMEH TYC TY3YMEH €Ki camalblK peakuus xyprizizeni. ITextunmi
3aTTap CUITUIEpMEH capbl Tyc Ty3eTiHi Oenrimi. CoHpaii-ak, TEKTHHAI 3aTTapibl Kajaui
HepMaHraHaThIHBIH 25% epiTIHIICIMEH OpeKeTTeCy apKblIbl aHBIKTayFa OOJIaThIHBI O€NTii, OJ1 9JICi3
JKachlT TYCTI (hiryopeciieHIIMsIMEH KapKbIH/IbI alThiH Tycke e 6omaabl (Ugrekhelidze et al., 2019).

[TexTHH KypaMbIH CaHJBIK aHBIKTAY OpKaIllaH epiTiHUIEepIe XKYpri3ijeli, COHABIKTaH 3epTTey
HBICaHBI epireH Kyiae 0oyl kepek. KaTTsl Kocnanapaarbl NEKTUHI 3aTTapAbIH €PITIHIITE aybICYbl
camajbl aHbIKTay OJICTEpiH CHUIATTay Ke3lHJIe CHUIaTTalFaH, Oipak KeOiHece eCIMIK HBICAaHBIH
aHBIKTayMEH aiHaJbICyFa Typa Kenell. OCIMIIK IIMKi3aThlHAaH MEKTHUHAIK 3aTTapibl ally Ke3i1HIe
OKCTPaKLMs OMICTepiH NaianaHFaH >KOHE KaraH CaKTaJFaH JKafjaiia FaHa CaJbICTBIPMAJIbI
HOTIDKENIepre KOJ JKeTKizyre Oonaapl. [lekTHHTE TOH KOPCETKIIITep: MOJICKYNAIBIK Maccachl,
METOKCHII CaHbl, alleTUJI CaHbl, Cy/a ePITilITIT1, €pITIHAIHIH TYTKBIPJIBIFHI, TeIbAIK Ka0ineTi. dusmnko-
XUMUSIIBIK KaCHETTepl Oenrim omicTep apKbUIbl aHbIKTaaabl. COHBIH Oipl MOTEHIIMOMETPHSIIBIK
TUTPJICY 9liciMeH O0C kaHe ApHpiIeHreH kapOokcui TonTapbiHbiH KypaMbl -COOH, -OCH3s sxanrsr
mommepi  koHe MEMCT  29186-91  OodibiHma  sTepudukamus  JTopekeci  ecenTemi.
[ToTeHIIMOMETPUSIIBIK TUTPJIEY OepuireH oJiC HeTi3iHIe, aIKATMMETPUSUIBIK THUTpJIEY HEri3iHzae
xyprizineni (Bodyakina et al., 2019).

[TexTH MoONeKymnazapblHAaFrel 00C JXKOHE A(PHpIIEHTeH KapOOKCHII TONTAPbIHBIH KypaMbIH
aHBIKTAy YIIiH SKBHUBAJICHTTIK HYKTEJIEPIi HE apajiac MHIMKATOpJIapMeH, HEe KOHIYKTOMETPHSIIBIK
OeKiTeTiH KBIIIKBULABIK-HETI3IK TUTPIIEY o/icTepl KoygaHbuiaabl. bipiHmn omic eTe KapamaiibiM,
Oipak Kaszipri Ke3je Tamnmibl KOpCeTKITepi MaimanaHyabl Taman eteal. KoHaykToMmerpusia
KOCBIMILIA PEareHTTep — HMOH AJIMACTBIPFBIII INANBIPIAp KOJAAHBUIAABI, OJap ASKBUBAICHTTIK
HYKTEJEPAl aHBIKTAyJbIH JKETKUIIKCI3 MOIAITNIMEH Kartap Oy OICTIH eNeysi KEeMIIIri OOJIbI
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tabbutaapl. OchUIaiiina, TalJaHFaH MEKTUH EPITIHAUIEPIH OHBIH COpOUMsATIaHyblHA OaillaHBICTHI
aHMOH AaJMAaCTBIPFBINIIEH ©OHAEY METOKCHJIEHI'€H TOINTapJblH KypaMblH >KoHE 3Tepudukanus
JIOpEeKECiH aHbIKTayAa YJIKEH XKyHeni Karemik xkioepeni. I[IeKTrH MoJeKyaanapbIHbIH KYpaMbl MEH
sTepudUKaIUs JOPSKECIH aHBIKTAy YINIH 013 SKBHUBAJCHTTIK HYKTEJEP/l JKETKUIIKTI CEHIMIl
OpHATYyFa ’koHEe KOCHIMILIA peareHTTEep MEH Talllllbl MHAWKATOPJIAP/bI Mai1adany bl OOJAbIPMANTHIH
HOTEHIIMOMETPHUSUIBIK  TUTPJIEYy OICTEepiH YCBhIHAAAbl. IIOTEHIIMOMETPUSIIBIK THUTpIIEYy QMicCl
KOHIYKTOMETPHSUIBIK 9IICTICH IEKTHHHIH 00C KapOOKCHII TONTApBIH aHBIKTAaY Ke3iH/e FaHa Oakpuiay
perinae koimansuiasl (Vogt et al., 2016).

[MexTunni 3arrapasin MK-criektpiepi oigapablH KypaMbl MEH KYPBUIBIMBI, MpernapaTTapIbiH
Ta3JIbIFbl, (PYHKIIMOHAIJIBIK TONTAPIBIH AOCOIOTTI KOHE CaJBICTBIPMAJIBl MOJIIEpi KoHE T.O.
TypaJibl aKIapaTThl KAMTH/IBI.

[Textunai 3atrapapiH MK-CHeKTpOCKONUACH cajachbIHIAFbl 3€pTTEyNIep ©T€ a3 KOHE €H
aJJIbIMEH Ke3 KeIreH (yHKIMOHAIBIK TONTAapAbIH O0ybIH aHbIKTayFa OarbiTTanral. Cenakosa B.A.
xoHe ['pomoBa E.C. nexTuH 1 3aTTap/IbIH calayIblK TaJIJayblH KYPIi3y YIIiH LIUTPYC, KbI3bLIILIA XKOHE
anva mektunaepi yarinepiniy MK cnextp apkpuibl 3eprreni. 3epTrey OapbIChIHAA YII NMEKTHH
yiriciaig UK crniekTpiiepinae NMEKTUHIASPAIH TOH TEpOENiC »KOJIaKTapblHA COMKEC KeJeTiH OapiibIK
Tepbenic Gap: 1740-1700 cm nuamasonbia coiikec kenedi koHe dduprieHOereH KapOOKCHI
TONTAPBIHBIH OONYBIH KepceTe . Monekynsapiblk KaHKaHbIH Tepoenic aitmarbiHaa 1155 cmt, 1105-
1000 cmt, 1075 em?, 1050 emt, 1025 emt, 1010 emt kepcerinren (Khatko et al., 2008). Ilekturnepai
Macc-CIEeKTPOCKONUS OICIMEH Tajijay KUbIHFA COFaJbl. Bya onapIblH KOFapbl MOJIEKYJAJIbIK
MaccachbIMEH, JKOFaphl 3apsAATBHIK KYHJIEpIMEH KOHE ailyKTTapAblH XHHAIYbIMEH OaillaHBICTHI,
Macc-CIeKTPOMETP/IIH aXbIpaTy LIEKTepiHe acep eTyl MyMKiH. Arara Ko3uon xoHe Gacka HOJISK
FaBIMIApPBl  3€pTTETeH (EPMEHTATUBTI OICIIEH aiMa NEeKTHHIEPIH Tajgay YIIiH Macc-
CIIEKTPOMETPHS JICIH KoJAaHFaH. Macc-creKkTpiiepi Herisri Oip3apsaarsl nonaap [M*-H]— apkpuibt
Tajaay apKbUIbl pacTainasl, onap m/z 731 xone 635 monnepinge GalAsMeiAc: xxone GalAsMeiAc:
YIIiH colikeciHmie aHbIKTanabl. CoHbIMeH Katap, m/z 634 (GalAs-MeiAcz) xone 555 (GalAsMen)
MOHJIEpiHAeri Oacka Oip3apsAnThl MOHIAp Ja Keibip kimactepiik uoHmapmeH [2M*-H]— Oipre
aHBIKTANIbl. AJIMa CBIFbIH/IBICBIHAH AJIBIHFaH NMEKTUH/I 3epTTEY/Ie, ChI3BIKTHIK MTOJUMEPIIIK aiiMaKTa
kepiHeTiH D-rajgakTypoH KelmKbUTBIHBIH (GalA) sxorapbl KypaMbl Oap exeHiri anbikranasl (Koziot
etal., 2022).

Macc-crieKTpoMeTpusi SIICTepl M30MEPIIIK KYPBUIBIMIAPAbl aHbIKTayAa KOJJAaHbLIAbl, Oy
HNEKTHUHJEPIH KYPbUIBIMBIH OHE OJap/AblH KYPBUIBIMJBIK OaiJlaHBICTAPBIHBIH, COHBIH I1LIIHJE
NEeKTUH KYpbUIbIMAphl apachlHIaFbl ©3apa OallIaHbICTapbIH TEPEHIPEK TYCIHYTe MYMKIH/IK Oepei.
CoHbIMEH KaTtap, SAPOJBIK MAarHuTTiK pe3oHaHc (SIMP) cnekTpockomusicel MEKTHHJI Tajjaayna
CaJIBICTBIPMAJIBI TYPJIE MEKTEYJI 9/1ic OOJIBIT TaObLUIAIbl, OUTKEH1 OHBIH aXKBIPATHIMIBUIBIFBI TOMEH.
[TexTun yarinepinex ansiaFad IMP criektpnepi keH curHainaslk Tizoextepme (sikHu CH3s sxone CHz
tontapeiMeH) 0-2,5 w™.y. apanmeiFpiHga cunattaiansl. SAMP  cmekTpriepi anma  TEKTUHIH
KOMMEPIMSIIBIK KopkeTimMl ekTHH (PectaSol-C) canbIcThIpy YIiH KOJIaHbIIFaH.

byn makamaga (Hu et al., 2014) SIMP omiciMen Oip Me3riage MEKTHHHIH METHIIACHYIH,
aleTWIIeHyiH, (hepyrsuus JopexKeciH JopekeciH aHbIKTay bl O1piKTIPETiH )KOFapbl OHIM/II TalAayFa
6onanpl. TexHUKaNbIK TyprblaaH anranga, 80°C kenrtereH keH TapanraH SIMP yunrinepi yuriH eq
JKOFaphl pyKcaT e€TUIreH Temreparypa OoJbln TaObliaabl, Oy oficTepAiH KOJIAaHBUTy MYMKIH/ITIH
HIEKTEMHI].

4. TleKTUHHIH OMOJIOTUSIJIBIK OeJICeHAUTIri MeH KOJIaHbLIYbI

[TexTuHaepaiy Tipi aF3ara OMOJIOTHSUIBIK OCEpiH 3€epTTEreHNe OJapAbIH ICIKKE Kapchl,
aJUIeprHsiFa KapChl, OaKTepusiFa Kapchl OCICEHAUTIK KOHE acKa3aH-IIeK >KOJAAPBIHBIH IIBIPBIIITHI
KaOBIFBIHA KOPFAHBIII dcep €Ty MEXaHU3MiHE KATBICATBIH aare3WsUIbIK KacHeTTepiHe YIKEH MOH
Oepineni. OpTypal (GU3NKA-XUMUSIIBIK KAacHeTTepl Oap MEKTUHIEPAIH aare3usuiblK KaOuIeTiH
aHBIKTAY YIIIH OJlapblH aaAre3usUIbiK Oencenaitiri 3eprreneni (Belyaev et al., 2022; Herrera et al.,
2022; Emran et al., 2022; Devasvaran et al., 2021).
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In vitro >xoHe IN VIVO 3epTTeyepiHiH HOTHKeNIepi OOMbIHINA, TIEKTHHHEH aJbIHFAaH XUMHUSITBIK
3aTTap OKacyllaJapAblH ©cCyiH OasylaThill, AamonTO3[bl bIHTAJAHABIPATHIHBI AHBIKTAJFaH.
Momudukanusianrad TUTPYCTHIK NekTHH (MCP) cuHepreTHKasbIK jKoHE aJITUTHBTIK ocepIiepi agam
cyT 0e3i KaTepJi iciriHiH xacymanapbiaaa 3eprrenred. MCP-men Gipre konnanbsuiran BreastDefend
(BD) nemece ProstaCaid (PC) monmnboTaHUKaIbIK KOCBUIBICTAPBI dKOFAPhl METACTA3/IbIK KACUETKE e
MDA-MB-231 cyt 6e3i Karepi iCiriHiH JKacylIaJlapbIHBIH MHBA3UBTIK IMOTEHIINAIBIH TOMCH/ICTE/II.
Conpnaii-ak, MCP ThImikangapaa cyT 0e3i KaTepii iCITiHIH JaMybIH TEXeTl, ICIKTiH eCyiHiH HerTi3ri
MeXaHu3Mi O0JIbIN TaObLIATHIH aHrHoreHe3 i azaitysl Mymkin (Roohallah et al., 2024).

[lexTUHHIH AHTUOKCHUIAHTTHIK KaOUeTI OHBIH METaul HOHJAPBIH XellaTTay KacHeTIMEH
TYCIHIIpiieai, COHbBIMEH KaTap OyJI KacHeT IIWKi3aTKa, SKCTPAKIUs OICiHE XoHE TNEKTUHHIH
TepuUKaAIMA IopexeciHe OaimaHpICThl OoMajpl. OpPTYpHl IIUKI3aTTaH ajJbIHFAH METOKCHIIBJII
NEKTUHHIH TaJJaKTypOH KBIIIKbUIBIHBIH Meiiepi 60%-1aH skorapbl 00JaThIH dKOFaphl KypaM/bl TYpl
aJIbIHAJIBl. OHJETIMETeH MIMKI3aTTaH ajblHFaH MekTuH (¢eHonmapra (19,83—5,94 Mr raymn KeIIIKbUTBI
SKBUBAJICHTI/T yJITi) 0aii 00JIBIT, aHTHOKCUIAHTTBIK OCJICEHIIIIT1 )KOFapbl KOPCETKEH. ¥ HKbI OC31HIH
XOJIECTEPUH 3CTEPa3achl, MAaHKPEATHKAJIBIK JIMITa3a )KOHE (-TJIIOKO3M/a3a (hepMEHTTEepiHIH TexXemnyi
Oaiikaabl, ai nonudeHoaIapMen OalbIThUIFaH MIEKTUHHIH OeJICeHIiIIr sKoFapbIpak 6oiabl (Jiao et
al., 2023).

[Tonucaxapuarepaen 0Ooc paguKamaapAbl KOK MEXaHHU3MI ol TOJNBIK 3€pTTEIMEreH,
NEKTUHCP/IIH aHTHOKCHIAHTTHIK OCJICEHIUTITT XUMHSUTBIK KYPaMHBIH JKOHE aMUHKBIIIKBUTIAPBIHBIH
KaJABIKTaphl, METHJIJCHOCTEH KBIIIKbUT TONTAPBIHBIH HOTHKECI Jen Ooimkayra Oonafbl.
[MekTuHIEPIIH AHTHOKCHUIAHTTHIK KaOUIETI OJapIbIH KYPBUIBIMBIHIA OOC pajuKalgapibl KeTipy
YILiH TPOTOHAAPbl HEMECEe IEKTPOHIAp bl TackIMallayFa Ka0ineTTi Oeicen i KapOOKCUI HeMece
runpokcuit tontapbl 6ap GalA ¢parmentrepinin O6omybsiMeH OaitnanbicTel. S¥Hu, Gala memmepi
HEFYPJIBIM KOFapbl 00Jica, paJuKalFa Kapchl OEJICEHITIK COFYPIbIM KOFapbl Oonansl. COHbIMEH
kKarap, RG-| aliMakTapbl Kell, TapMakKTaidy TopeKeci JKOFapbl jkoHe OyHip Ti30eKTepi y3aHKbIpaK
NEKTUHEP KAKChl aHTHOKCUAAHTTAp 00Iybl MYMKiH. TOMEH MOJIEKYNAIbIK CaTMaKTaFbl EKTUHIED
OenceHll aHTUOKCUAAHTTAp OOJBIN TAaObUIAJbI, all TYTKBIPJBIFBI JKOFApbl €pPITIHILIEPAE NEKTHH
Tiz0ekTepiniH Gala ruppokcui TonTapsl MeH OOC pajuKajjap apachbHAArbl ©3apa dpeKeTTecyi
KEHUIIETY MYMKIHAIrN mekTeyni aen OomkanraH. COHbIMEH Karap, Oy OeinceHIuIik KeOiHece
MOJIMCAXapUANEH KOHBIOTAIIMSUIAHFAH TEKTUHAIK eMeC KOMIIOHEHTTi, SIFHU  (DEHONIBIK
KOCBUIBICTAP/IBI, allMIIICHTeH aHTOIMAHWHAEPAI HEMece aKybI3ZapAbl KOJJaHy apKbUIbl Kyleiei
JKOHE OYJT SKCTpaKIMs 9/IiCiMEH Tikenel OaitnanbicThl. DEHOMABI KOChIIbICTAp KOOiHECe CyTeri MEeH
ruipoQoOThl ©3apa OpEeKeTTeCy apKblUIbl MEKTUHJEpPMEH Oipre emip cypeni, an Oeiokrtap N-
TJIMKO3UATIK OaitmanpicTap Ty3emi. MyHpmail Au3aiiH YIIIH CHIPTKBl aHTHOKCHUIAHT KaKET eMec,
OUTKEeH] MEKTUHHIH MNOJU(PEHOT KOMIIOHEHT! Ka3lp[iH ©31HJE OChl KOCHIMINA KYHJBLIBIKKA HE.
AHanac KaObIFbIHBIH LMP-1€H TypaThiH NMEKTHUH TUICHKATAPhIHBIH aHTHOKCHIAHTTHIK OeJICeH Iiiri
CyJbl JKOHE MAaiJIbl TaraMapFa apHaJfaH TaFaMIIbIK aHaJOrTapFa COMKeC KeNJi j>KOHE TEeKTHH
KOHIICHTPAIUSCHIHBIH JKOFapbliaybiMeH oH Koppesiusuianabl (Picot-Allain et al., 2022). Jlumon
KAaOBIFBIHBIH KaOBIKIIaJapbl AaHTHOKCHJIAHTTBIK OEJCEHIUTIKKE He OHE OJapJblH KypaMbIHIA
SPUOLIMTPHH, HEOIPUOLMTPHUH KHE 6,8-11-C-B-TIIIOKO3UIIMOCMUHHIH KOl MeJIIepiHiH 0oyybiHa
OailTaHBICThI paIUKAIAAPABI XKOsAbI. AbOe0 rpedndpyT keMicTepiHiH IUIEHKaIaphbl (p1aBOHOUITHI
KEIIEH PEeTIH/E aNbIHABI )KOHE HAPUHTHHHIH XKOFapbl 00NyblHA OalIaHBICTBI aJaMHBIH HEUPOHIBIK
JKacyliajiapblHa in vitro aHTHOKCUJAHTTBIK dcep eTeTiHl xabapnansl. ['peiindpyt anb0eno nekTuHi
MUTOXOHJIPHSUIAPABIH MEMOpaHANIBIK TOTEHIIMAJIBIH JKOHE TOTHIFY CTPECiHe YIIbIpaFaH jkacymianapaa
KacymaiblK Mop@oJoTUsHbI cakTaiapl. KayblH jkeMicTepiHiH KaObIFbIHAA, 1HXKIp KaOBIFBIHAA,
MaHTOCTaH KaOBIFBIHAA, Kapa co0i3 CHIFBIHABUIAPBIHIA, KYHOAFBIC OacTaphl MeH cabaKTapblHIA,
JKaChlT )KaHFaK KaOBIFBIH/IA, OYTOHBEP/IIH XKambIpakTapbiHaa, Oytansl LMP in vitro mosara Toyemnmi
aHTHUpaIUKaJbIbl OeJICeH T Typaisl Xabapiaanasl. CoHbIMEH KaTap, byTainsl Tay KyIiHiH HEKTHHI
TBHIIKAHJAPIAFhI IN VIVO JKBUTY TITIPKEHIIPTIIITEPIHE OPTAIBIK aHTHHOIUIIENITUBTI 9CEp €TTi, OHBI
Tpamanon MeH mapaneTaMoiiIMeH calbICThipyFa Oonanel. [lekTHH onmumouaTapra yKcac MeXaHU3M
OOMBIHILIA CYIPACIIMHAB/bI )KOHE JKYJIBIH PEIeNTOpIaphl apKblIbl aybIPChIHYbI OacaThIH oCepre ne
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Jien Gomkabl, Oy aybIPChIHYFA JKayanThl skacymanapaarsl Ca?* Memnepin apTThIpaThiH 60C OTTeri
paavKaagapblH KO KaOuteTriMeH OainmaHbICThl. Kapa ¢o0i3 TaMBIPBIHBIH CHIFBIHIBUTAPBIHAH
anbiaFad LMP o-kapoTuH, B-KapoTHH, JIOTEHH XOHE 0-TOKO(hEeposMeH Oipre albIH/bl, OYJ1 TOTBIFY
CTpECiHEH KOPFayIAbIH THIMIUIITIH apTThIpYFa BIKIAJ €TTi. AJIMa ChIFBIHABLUIAPHI KaFaabiHaa LMP
J03aFa Toyenai in vitro pagukanabl OelTapanTaHIblpy OENCEHAUTITT KOpCEeTUIMEreH, Oy
MHUKPOTOJIKBIHJIAPABIH Y3aK YaKbIT 9Cep €TYiHJE KYPri3UIeTiH 3KCTPAKIUS MPOIECiHAC MEKTUHHIH
KYPBUIBIMABIK MOAU(DHUKAIMSACHIHA OAWIaHBICTHI KAJIbIHA KEATIPUIETIH MOJUCAXapUATEPIIH COHFBI
TONTAPBIHBIH HIbIFAPBUTYbIHA OaillaHbIcThl 0O0NMybl MYMKIH. byn karjmaiina aHTHOKCHIAHTTHIK
OenceHIUTIK TeH Mou(EeHOT KYpaMbl apachiHAaFbl OalIaHbIC alKbIHBIPAK 007161. COHBIMEH KaTap,
rpedndpyT KaObIFbIHAH, KbI3bUI amelbCUH KAaOBIFBIHAH, alMa I[IOMaJachblHAH, KbI3bUI YN
KaOBIFBIHAH, aCKa0aK »KEMICIHIH IIeJIII0I03aChIHAH KOHE OakiIakaH KaOBIFBIHAH ajJbIHFaH KOIITET€H
yKaHama eHIMJIep aHBIKTAJIJbl, OJlap Jl03aFa TIyeJNl aHTUOKCUIAHTTHIK OenceHaitikke ue. Ochiran
0ailJTaHBICTHI KBI3BIKTH HOTIIKEJICP MAaHJIAPHH JKEMICiHIH KaObFbiHIaFel HMP-Te KaThicThl 00JIIbI,
ol anMa nomaaaceiHaarsl HMP-re kaparanaa >kakcbl aHTHOKCUAHT OOJIBIIN MIBIKTHI, O1paK eKkeyi e
00cC paMKaIIap Ibl T03aFa TOYEIJIl TYpAe THIMII Typ/e kosibl. COHBIMEH, KapaKaT KarbIparbl KOHE
TeMEeKi TaMbIpbl MeKTUHEpl ae TeMeH GalA (<25%) OonraHbIHa KapamacTaH aHTHOKCHUIAHTTHIK
oencenaimikke ue (Tsirigotis-Maniecka et al., 2024).

Cynbdatrany xoHe CeNIeHUIICY MeKTUHACPAIH aHTUOKCUAAHTTHIK OCIICEHAUTITIH apTThIPaIb.
Bipinmi xarmaiiga cynbhaT TOnTapsl epiTiHAiIepAe KOFapbl KbIIIKBULABIK OPTAHbI Kypa anazsl, Oyt
oJlapra jKacylla 3aKbIMJaHyblHa 00C pajuKangapibl TyAbIpybl MYMKiH, Mbicanbl: -OH sxone 2,2-
mudennn-1 mukpunruapasun (DPPH) pagukangapelH 3J€KTpOCTaTHKA apKbUIBI OHAW JKOIOFa
myMKkingik 6epeni (Ogbonna et al., 2022).

ABBIK-TYJIIK TaIIIBIKTAPBIHBIH IIIIHAE MEKTHH €H KCH TapajfaH MAaTOTCHIIK KOHE IIapTThI-
MaTOTCHJIIK MHKPOOPTaHM3M/IEPAIH THIMII TEXKerimi Ooibin TalObutanbl. JlojaHa eciMairiHeH
alblHFaH TEKTHUH Oenruti Oip JAopekelne TMEKTHMHAa3aMEeH TUIPOJIM3re YIIbIparaHia OHbIH
(epMEHTAaTUBTI BIABIPAY OHIMZAEP] KYIUTIPEK aHTUMHKPOOTBHIK OEICEeHAUTIK KepceTyl MYMKIH.
[lextunnep maxpodartapIplH UMMYHABIK O€JICEHIUTITIH TiKeJIeW BIHTANaHBIPBIN, LUTOKUHAEP
OHJIIPICIH KYIICWTei, OChIalIIa MMMYHABIK >KYyHeHi OipHemne naeHreiine perredai. Jlumon
NEKTUHIHIH (PU3UKa-XUMUSIIBIK KACUETTEP1, MbICAJIbI, STepUPHUKAIUS KOHE MTOJIMMEPIIEHY IopeKect,
ONapJbIH MMMYHJIBIK JKYHere ocep €Ty MYMKIHJIITIH aHBIKTaiabl, OyJ MEeKTHHAEPAT UMMYHIBIK
KYHEHI jKakcapTy MakcaTbhlHJa KOJJaHYIbIH MaHbI3IbUIBIFBIH Kepcerenl (Miletica et al., 2019;
Nguyen et al., 2019; Palou et al., 2015). CoHFbI )KbUTAAPbI 3USHCHI3 KOHE TAlaIbl TaFaM OHIMICPIiH
OH/IpY YIIH TaOMFM MHUKPOOKa Kapchl >KYHesepll mMaiialiaHy epekile Hazap ayaapyjaa.
[lextunaepnain 6akTepusFa Kapchl OEICEHAUIIN MUKPOOPraHU3MAEpre OH YKoHE Tepic MOHIAP/bIH
ocepiHeH OaKTEepUIUATIK opeKkeT KepceTemi. I[lekTuHAepaiH MHUKPOOKA Kapchl OeIceHIUTIr
KO3JIBIPFBIIINECH WHAYKIUSAIAHFaH OaKTepUsHBI, TepiHi, JKYMCaK TiH WHQEKUIUAIApbIH, TIOTI agam
JIeHCayNIbIFbIHA Kaylll TOHIIPETIH MPOTE3/AIK HMIUIAHTAaHTTapMeH OaiaHbICThl MHQEKIUSIapIbl
emzaeyae mainansl. [lekTUHAEpAl CO3BUIMANBI AEKYOUTYC OWBIK KapajlapblHAa, WHTYUIHUSIIAHFaH
HayKacTapia JHIOTpaxealbIbl TYTIKTEpHE, HECEN KaTeTepiepiHae, XUPYPTHUsIIBIK ydacKelepie
aHTHOMO(UIBM areHTi peTiHje Je nainananyra 6omap eai. OHBIH YCTiHE MEKTHH]IEP MAllMEHTTEpre
BIHFAIIBI aybl3 KYBICHl KOJJIaHY YILIiH OaFiapiiaHfaH KbI3BIKTHI MUKPOOKa Kapchl €piTiHJl OO0yl
My™mKiH. [pelindpyr anbbenockiabiH LMP-dmaBoHOMATH KemieHi 15 Mr/mi KOHIIEHTpanwusia
Staphylococcus aureus »xone Pseudomonas aeruginosa mraMmmaapbiHa Kapchl BUTPOIa OaKTepHsFa
KapChl ©TE KOFaphl OEJICEHAUTIK KopceTTi. byi MaHbI3 bl KOPBITHIHIBI, ce0ebi S. aureus memece P.
aeruginosa aHTUOMOTHUKTEPre TO3IM/I ONIMOPTYHHUCTIK IITAMMBIHAH Taiia 00JiFaH HH(EKIUsIIApIbI
eMiey oTe KHbIH. byl mTammaap UMMYHIBIK MHUKpOOKa Kapchl MENTUATEp MEH OipHele
AHTUOMOTHKTEPTE OTE TO31IM/I1, KOOIHECE aybIp HAyKacTap MEH UMMYHOCYIPECCHSUTBIK HayKacTapaa
ONIM-KITIMHIH KOFapbl OomybiHa okeneni. ['pedndpyT MEKTHHIHIH epekine OakTepusra Kapchl
OenceHAUIIr TEeKTUHMEH Oipre eciMiK MaTepualblHaH ajblHFaH MEeKTUH MeH (IaBOHOUATAp
(HOOWIIETHH KOHE TAaH)KEPETHH) apachlHIAFbl CHHEPTUSHBIH HOTHIKEC] JIeT YChIHIBI. Ic )Ky3iHme 0y
nonudenongap Herisri ¢pepmentTik Kpi3meTTi (GTPase) Texen, 6akrepusuiapaarsl TeMIeparypara

45



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Drorozus cepuscol, 2025, 151(2)

ce3iMTal aKybl3 CHHTE3IHIH JKIMIIeNepiH e3repTyre KaOileTTi, akblp COHBIHAA Kacyllla eJiMiHe
okeneni. bytan 6acka, MEeKTHHHIH MUKPOOKa Kapchl OSICEHIUTIK MEXaHU3MI JKacyIIajapablH O6JiHy
mporeci Ke3iHJe aKaylnapJblH WHAYKIUACHIHA XOHE KacyllalapJblH y3apybl HeMece KyJlayblHa
OKEJIN COFaThIH OaKTepHSUIBIK jKacyiagap MOp(hOIOTUICHIHBIH ©3repyiHe cyieHnyai YCbiHAbl. Ochbl
epekiie rperndpyT GeHON-MeKTHH KEIICeH]I JKaFaaibIHIa OyJI BE3UKII IIPOIICCIH TINTI OaKkTepusiap
acymia MeMOpaHachIHBIH OEHIONSPIBIK aiiMaKkTapblHa €HETIH XOII HMICTI KOCBUIBICTap KYIIeWTe
ajajibl, COHBIH HOTIIKECIHJIC CYHBIKTHIK (DH3UOJIOTHSUIBIK e3repeii. Kakao MEeKTHHI MYpHHIIK
IIEPUTOHEANbIbI MaKpodartapaarsl a30T OKCHIIHIH JKOJIBIH IN Vitro-ga 6encenaipei, an oHaipiaeTin
NO Mukpoopranusmaepre ote ybITThl. [lIeHKamapra KOCBUIFaH KbI3FBUIT Capbl )KEMIC KAOBIFBIHBIH
HMP narorenai Micrococcus luteus, Bacillus cereus, Enterococcus facalis :xone Enterobacter sp. in
VItro >xarbIHa Kapai OakTepusFa Kapchl OCJICCH IUTIKTI apTThIPATBIHBIH PacTaibl. PUKOTTA ipiMIIiTriHe
apHaJFaH opay IJICHKAChl PETIH/AE KOJJIAaHBUIATBIH KBIFBUIT Caphbl MEKTUH KOMIO3HUIUSICHI OHBIH
OeTiH/e alIbITKBI MEH 3€HHIH 6CYIH KeHIHre KauabIpbll, mekrel. [llamacel, KbI3FbUIT capbl IEKTUH
OaKTEpUSIIBIK Tapaly MeH OTTeri AU(y3uschiHa KaPChl TOCKAYbUT KANBINTACTHIPYFa KOMEKTECKEH.

MenuuuHaa NEKTHH acKa3aH-iIIeK KOJbI aypylapelH eMAeY, KaHT AuadeTi MeH KaTepi icik
aypyJapblHBIH alblH any YyiliH Koimanbutaael. 2020 xbuibl onemue 19,3 MMWImuoH icik aypysl
TipKemi, OHbIH 10 MUJUTMOHBI ©JTIMMEH asKTanabl. MyHai xaraainapasH cansl 2040 KblTFa Kapai
47% - ra aptaabl gen ecenteneai. XUMHOTEPANUs, paAUOTEpanus, UMMYHOTEpANUs KOHE TeHIIK
TEpanusHBIH Y3MIKCi3 KETUINIplTyiHe KapamacTaH, ©JiM HeTi3iHeH MeTacra3zjgapra OailaHBICTEHI.
CoHbpIMEH KaTap, ICIK »Kacyllalapbl KOpCETeTiH Aopire TO3IMAUTIK TepamnusHbl KUBIHIATAJIbI.
[lekTuHMeEH, aranm aWTKaHIa, JCHE CIHIpE alaThlH MOJCKYJIAIBIK CalMarbl TOMEH Killipek
dparmentrepre (MP) bIIbIpaliThIH MEKTUHMEH KYPTi3UIreH 3epTTeyliep MeTacTaslbl TeXKEyAe pol
KepceTTi. KypbUIBIMIBIK ©3repicTep MakpoMoJieKyiana GU3NKAIBIK KOHE XHUMHSUIBIK ©3TepicTepai
TyObIpazbl, Oyl ONapAblH OHOXKETIMAUIINT MEH OHOAaKTHBTUIINIMEH OalIaHbICThl. XUMHSIIBIK
3aTTapMeH, IKBUIYMEH, paJWalHusIMeH koHe (QepMeHTTepMeH Moaudukanusuianradn  MIIT
MoauduKausIanOaran MEKTHHIe KaparaHa icikke Kapcol oencenaiaikke ue (Freitas et al., 2021).
3eprreynep kepceTkeHaet, MP kypambinia OeliTapan, TOMEH TapMaKTaJIFaH KaHT Ti30eri 6ap >koHe
rajnakro3ara 6ail. byn komrnoneHT ranektuH-3 (Gal3) KypamMbIHAaFb! KOMIpCyJap/ibl TAHY JOMEHIMEH
OaillaHBICY/IbIH KepeMeT KabluieTiHe OallIaHbICThI TOK, 1IEK KaTepJIl 1Ciri skacyliaiapblHbIH 6Cyl MEH
KOII-KOHBIH TeXeWai. byn kem KbIpibl jkKOHE MPOMETACTATUKAJIBIK aKybl3 ICIK jKacyllaaapblH
XUMHUOTEPANMSUTBIK ~ eMJIeyre OaFbITTay YVIIH TapThIMABI  0O0JIa  OTBIPHIN, OHKOJOTHSIIBIK
MATOJIOTUSIHBIH OPTYPJi Ke3eHaepine Kateicansl. JKacyma imriazaeri Gal3 Herisri peni-amonTo3 bl
perrey. byn Oaitmansic Gal3-TiH Oacka aKybI3mapMeH JKOHE MENTHATEPMEH ©3apa dpPEKETTeCyiHe
TOCKAYybUT KOIOBI MYMKiH, OYJ1 JKacylanapAblH aJre3uscbl MEH MUTPAIUSACHIHBIH JaMybIH TEXKEyTe
JKOHE ATIONTO3/IBIH aJIIbIH anyFa okeneni. CoHABIKTaH MoauduKanysianOaraH MEKTUH CIHIPY JKOHE
ocep eTy YIIiH ThIM YJIKEH OOJBIN caHaIabl.

HeormacTrkanbIk ’KacyIra anonTo3bIH HHAYKIHSIIAY YIIiH IIUTOTOKCHUKAIBIK IIperapaTTapMeH
KykreareH MP noctypii XuMuoTepanusHbIH THIMIUIITIH apTThIpybl MyMKiH. MP-kaHIeporeHes g
alJIBIH Ay HEeMece a3alTy VIIIH Kayirci3 >KoHe yibl eMec Tocia. 3eprreynep MP icikke Kapce
MEXaHHU3MJIepi OHBIH aroNTO3/bl TEXKEWUTIH OeNceHIuTriMeH OailaHbICThl eKeHiH kxoHe MP icik
JKacymaJlapelH XUMHOTEPANUSIIBIK TIperapaTTapra CeHCHOMIN3ANMSIIAy apKBUIBI OPEKEeT CTETiHIH
Kepcereni. Amaiina, Oyn OaillaHBICTHI HAKTHUIAY JKOHE amoNTO3/bl TYABIPATBIH KYPBUIBIMAAP/IBI
cunarray KaxeT. Gal3 MHrHMOMTOpBIH OHTAMIAHIBIPY YUIIH MOAU(DUKAIMSIIAHFAH NMEKTUHAEPIIH
KYPBUIBIM-0€JICeHIUTIK KoHE (papMaKOKHMHETHKA OaillaHBICHIH 3epTTey YIIiH CKPUHUHITIK XaTTama
Kacay KakeT. TaraMJIbIK MEKTHUH TOK 1IIEKTE KhICKA TI30€KTI Mail KbIIIKBUIIApbIHA AIIBITA I, OJIap
1IIIeK MUKPOOHMOTACHIH KaJbIMKa KENTipe/i, TaleKTUH JKeTiCiHe ocep eTell, TOK iIIeK KPUNTIHAeT]
anoONTOTHKANBIK AaKybI3Jap[bl PETTeiAl KOHE KPHUIT KOJOHOUUTTEPIHIH OCYylH >KaKcapTalbl.
XKorapeina aiTeUIFaHAapaaH Oacka, KeiOip monenjep NMEKTHHHIH MMMYHIBIK JKYHEHI jKakcapTa
aJaTBhIHBIFBIH KopceTeai. Kazipri yakpITTa KypKyMHUH CHSIKTBI ©CIMIIK TEKTEC KaTepJil 1ICIKKE KapChl
areHTTep XUMHOTepanusra Oanama perinnge Oocekenec Oomnbin TalObLIanbl. byn Kypangap TaOuru
Ke3JIep/ieH aJblHFaH, TINTI JKOFaphl KOHIIGHTpAlMsAAa Ja YJIbl e€MecC »oHe jKaHaMma ocepiepi
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CAJIBICTBIPMAITBI TYPJIE a3 JCM caHalalbl. AJaiiia, KypKyMUHI aybI3ina KaObUIIay IbIH KIMHUKAFa
JIEH1HT1 )KOHE KIIMHUKAJIBIK JIEPEKTEP1 OHBIH TOMEH JKYHEIIK OMOKETIMAUIITIH )KOHE METa00JIMKAIIBIK
OEJICeHIUTIKKE JKOFaphl CE3IMTAJBIFBIH aHBIKTAbl, OyJl KypKYMHHHIH iIIeK NeH Oayblpia KeH
METa0OJIMKAJIBIK ©3TepicTepre YIIbIpaFaHbIH KepceTedi, Oyl KaTepii ICIKTI eMJeyae >KyHemiK
naiganbUIbIKKa KeAepri Kenripedi. by mekreyni >KeHy YOIiH MOJMMEpIl  MHIeuiaiap,
HAaHOKOMILJIEKCTEP, HAHOIMYJIIbCHUSIIAP, JIUIIOCOMANap, KOHBIOTaTTap JKOHE JIMMUATI HAHOOOJIIEeKTep
CHSIKTBl KYPKYMHMHHIH OMOXETIMILIITIH jKaKcapTy YIIiH OipHeIle >KeTKi3y Kypaygapbl ChIHAJIBL.
Jopi-nopMeKTep/l JKETKI3YIiH MEePCIeKTUBAIBIK JKyHelaepl THAPOTENIbIeP MEH HaHOOOJIIeKTED
CHSIKTBI TIOJIMMEPII AOPUTIK TachIMalaylIbUIapFa A9pi-IopMeKTep i KOPBITHIHIBUIAYABl KAMTH/IBL.
KypkyMUHHIH NepcHeKTUBalIbl HAaHOTAChIMANAaylIbUIAPbIHBIH apachblHAa MEeKTHH acKa3zaH-illeK
MUTENUNIH THIMAI Kecill OTyiMEH epeKIIeJIeHeIl, COHIBIKTAH acKa3aH-IIIeK >KOJIBIHIAFbI
MeTa0OJIMKAIBIK IIEKTeyIepAl aiiHambin eTeli. COHbIMEH KaTap, ToKcopyounnH (Dox) OHKOJIOTHSHBI
emMieylie KCHIHCH KOJIJIAaHBUIATBIH THIMJII XMMHOTEpAIis SKEHIH aTram ©TKCH XoH. Allaija OHBIH
TUIMIUTII CyJa epirillTiriHiH TOMEHAINIMEH, KaHHaH Te3 IIbIFapbUIybIMEH, ICIKTEpIiH TOMEH
CCJICKTHBTUIINIMEH, XUMHOTEPANHs Ke3iHAC KAPAHOYBITTHUIBIFBIMEH JKOHE IHTOYBITTHUIBIFBIMEH
tanacaapl. COHIBIKTAH 3€PTTEYILLIED IoPi-TdpPMEKTEPIl dKETKI3YAIH MAaKPOMOJIEKYIANIBIK KyHenepin
3eprreni. [lekTuHHIH Oyl MarblHaJga KOINTEreH apTHIKIIBUIBIKTAPHI 0ap, COHBIH IMIIHAE XKaKChI
OuoyilieciMIUTK , OMONOTUSIIBIK BIABIPAUTHIH TUAPOPUIBII KACUETTEP KOHE peTTeNeTiH Oocary
KacueTTepi.

Conpaii-ak MeKTUH KaH KbICBIMBIH TOMEHJIETYTe, XOJIECTePUH I OpraHU3MHEH IIbIFapyFa, 3aT
aIIMAacy/Ibl KAJIBITIKA KEJITIPYTe, IIIIeK MOTOPUKACKI MEH MepuepHsUTBIK KaH alfHAIBIMBIH JKaKCapTyFa
KOMEKTEeCe/ll JKOHE [MEeTaNbIK TaMaKTaHyJla KEHIHEH YCHIHBUIAJbI, acaHIbl Ne3UH(EKIUSIIBIK
3aTTapra KaparaHjia Kayircis.

Taburu moymMMepJIi MEKTUH THIPOTrebAepl ©31HIH €PEeKIe KaCUETTEPiHIH apKachIHIa JTOPLIIK
3aTTap/bl  JKETKI3y cajachlHIa KeHiHEeH KojjaHbic TanTbl. Omap OHOCOMKECTITITIMEH,
YBITCBI3IBIFBIMEH, MKEM1 OHIIpiCIMEH >KoHEe (YHKIIMOHATH3AIUs MYMKIHIITIMEH epeKIIeNeHeI].
Jopimik 3aTTap Il )KETKI3y KYHECIHIe THIPOTeITh TACKIMAIAYIIBICHIHBIH JETPaTallHs )KbUTIAMIBIFBI
OenmceHal 3aTThl MakcaTThl ailiMakKka »JKETKi3y TMPOILECIHIE MaHbBI3ABl POeJ  aTKapassl
(Magamedeminova et al., 2021; Zhang et al., 2022).

Orepudukaius nopexeci 25%-1aH xKorapbl eMeC TOMEH MOJIEKYTANbIK CaTMaKThl IEKTUHAED
PaAMOHYKJIMJTEP MEH aybIp MeTanjap KaTHOHIApbIH €H TUIMAL Typae kosaasl. Ilektunaepain Oy
TYPiH JOPUTIK MIeNnTepMeH OipIKTIpY TUIMALIITT KOFapbl eMIIK-IPOQHIAKTUKAIBIK OHIMAEP/IH KaHa
TYPIH *acayFa MYMKIHIIK Oepai. [lekTWHIl AQpUIIK IIENTEPMEH KOMIIO3ULMsUIapAa KOJJaHy
NEKTHHHIH ©31HIH eMJIIK 9CepiH apTThIpyFa MyMKIHAIK Oepe/i >koHe COHbIMEH Oipre KOChIMIa eMIIK
acepre ue. YPpoH KbIILKbULIAPbIHBIH 00JTYbI IEKTUHIEP/IIH OPraHU3MHIH TO3IMUIITIH apTThIPaThIHbIH
kepceteli. COHbIMEH KaTap, NEKTHHJIEP JIOPLUIIK Mpernaparrap eHAIpiCiHAe KOChIMINA 3aT peTiHJIe
KOJIJIAaHBUTBIIN, TACTHIIKATIAp, CYNIO3UTOPHUILIep, THIPOTENbIep, TabJeTKamap, KYMCAK JKEITaTHHI
MOHE TIK 1IIeK KalCyJaiapblH JaibIHAay 1a HeT13T1 IUKI3aT 006N TaObu1azbl. OnapIblH Y3aK yaKbIT
acep eTeTiH KacHeTTepi TabjeTKamap MEH MpermapaTTapablH KypaMbIHaa KoaaHbuiaas! (Zaitseva et
al., 2020; Potryasov et al., 2015).

[TexTHHHIH TIHIIK UHXKEHepHsiia OipHellle apThIKIIBLUIBIFEI 0ap: 0J1 OMOJIOTHUSIIBIK BIIbIpanIbl,
OMOCOMKECTI, YBITTBHUIBIFBI TOMEH, aHTHOAKTEepHANbl KACHETTEpre He KOHE IOPUTIK 3aTTapiblH
OakpUTaHATBHIH OOcam MIBIFYBIH KaMTaMmachl3 €TeTiH mosmmMep Oonbin TaObimaasl. COHFBI OH KBUI
IIIHAe TMEeKTUHHIH TIHAIK WHXEHEepUsAIa KOJIAaHBLTYbl OOMBIHINA KY3[ETeH FBUIBIMH Makasaiap
xapusnauabl. TiHIIK WHXKeHepust — Oyl 3akbIMAaliFaH TiHIAEpHl OuoMarepuaniap KeMeriMeH
KaJmblHA KENTipy cTpaTeruschl. Komaliapl yakbIT TeH KOpIIaFaH oOpTa >KaFAalblHAAa TEeKTUH
Herizigaeri KaHkamap (ckaddonmap), ayTOJOTHSUIBIK JKacymiaiap KoHe OHWOMOJIeKyJaiap/iaH
TYpPaThiH TIHIIK WHXCHEPUSJIBIK TpHaTaHbl KoJgaHy. by skyiie in Vitro skarmaiiga TiHACPAIH
pereHepanusIChlH KaMTaMachl3 €Til, KeHiHHEeH ojapibl IN ViVO TpaHCIUIaHTAIMsIay MYMKIHIITIH
ycbIHa bl [IeKTHH TIHIIK MHXXEHEpHsia oTe NEpCHeKTHBAIbl MaTeprai OOJIbII caHalabl, OUTKEH1
OJI TIHIK KaHKa peTiH/e MalbIHAIFaHIa, JopUIep i Oocarl MBIFYbIH THIMII OaKbLIam, KEepriaiKTi
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pereHepaTHBTI OencenaunikTi xenenaere ataasl (Rambhia et al., 2015). ConbiMeH Katap, MEeKTHH
OPTYpJIi KOCBUIBICTap MEH Oacka OmomojuMepsep apKbUIbl MOIU(MUKAIUAIaHybl MYMKiH. TiHIIK
WH)KEHEpUsl CHSKTHI KOJJIaHy cajlajiapbl YUIIH TMEKTUH Heri3iHaeri Ouomarepuanisl OeriMiey
KE31H/Ie, OHBIMEH JKAKChl OPEKETTECETIH KOHE YKAJIbl KOMIO3UIIUSIIBIK MAaTepUaIAblH THIMIAUTITIH
apTTHIPAThIH OMOIMOIMMEPIIEP MEH KOCBUIBICTAP/IBI TAHIay MaHBI3IbL.

[TonucaxapuaTep MEH KOCBLIBICTAp apachlHAa €Ki HEri3ri apekerrecy Mexanumsmi Oap: (1)
CTEPEOXUMHUSIIBIK IIEKTEYJIEp apKbUIbl TeOUTy koHE (2) MOJNEKylanap apachlHIAFbl TapTHUIBIC
Kymtepi.  MpIcalbl,  TEKTHH  OJHUTONEINTHI-apTHHUH-TJIUIIMH-ACTIapariH  KBIIIKBUIBIMECH
Mou(UKAIMSUIAaHFaH Ke37e, ajJbIHFAaH KOMITO3HUT KACYIIAIBIK aare3us MeH TudhepeHIHaiusHbI
KYILEHTIN, MPeoCcTe00IacTTapAblH TY3UIyiH IEKTHHIC KaparaHaa THIMAIpeK bIHTamanabipaas (El-
Batal et al., 2018).

CoOHFBI 3epTTeYJIep/Iec XUTO3aH Heri3iHae MoaudUKanysIaHFaH NEeKTUH TIHIIK WHXEHEpHUsIaa
CYWEK TIeH Tepi CHSIKTHI 3aKbIMJAIFaH TIHISPHl KaJIblHA KENTIpyre apHaJfaH KaHKa pPETiHIe
3epTTenyae. OJeTTe, KeYyeKTi IeKTHH HeT131H/1er] TIHAIK KaHKaJlap CTaHIapTTajFaH 9JIiCTep, MbICAJIBI,
CyONMMaNMsIIBIK KeNTipy apKbUIbl jKacalaabl. XWTO3aH MEH NEeKTHH OipiKTipinrenme, omap
TOJIMRJICKTPOJIUTTIK KEIICH Ty3ill, HOTIKECIHIE «aKbULIbI» KaHKa Mmaiga Oomansl. by kaHka
KAKCAPTBUIFAaH MEXaHUKAIBIK OCpIKTIKKe, KEYeKTI MUKPOCTPYKTYpara, iCiHy KaOiJeTiHe, TYpaKThl
CIIKBKara KoHe OnocoiikecTiaikke ue 6omansl (Bombaldi de Souza et al., 2019).

5. KopbITBIHABI

1825 xbuTbl IEKTHH TaObUTFaHHAH Oepi SKCTpaKIuWs YIIiH IMaijaJaHbUIaThIH IIUKI3aT KO3iHe,
9KCTPAKLUs OMICTepiHE, KYpPBUIBIMIBIK MOAU(UKALMUIApbIHA JKOHE OChl MOJUCAXapUITIH
KOJIJAHBUTYBIHA KATBICTBI KOITETeH JKETICTIKTEepre Ko KeTKi3unmi. Ochl camara KbI3BIFYIIBUIBIK
TAaHBITKAH 3EPTTEYIIIep KEHIHTT OHEPKOCINTIK KoJAaHOamapAbl KEHUIIETY YIIH 3KCTPaKIUSHBI
OHTAIaHIBIPY MPOIIECIH MaiaamaHbl. OPTYPIIl KoJianOanap yuriH OapraH CailblH MaHBI3/bI )KOHE
KEH TapajJfaH NeKTHHJep OoWbIHIIA 3epTTeynepiH kebOetoi Oaiikananasl. [lereHMeH, TYpaKThUIbIK,
ueanabl MOJIEKYJIANbIK CalMakK »oHe 0acKa KOCBUIBICTAPMEH e3apa dpPEeKeTTecy Typajbl Keidip
aKmapaTThl oJli J1e 3epTTey KaxeT. [IeKTHH IUIeHKanapblH TaMakK eHIMIepiHAe KOJJaHyFa KaTbICThI
KONTETeH 3epTTeyyiepre KapaMacTaH, OJ1apAblH €T OHIMJEPIHE KOJIIaHbUTYbIH 3€pTTEHTIH )KYMBICTap
a3 FaHa, OyJI MEeKTUH IJICHKAChIHBIH T'UAPO(UIIbII CUMaThIHA OalIaHbICThl TAaFAMHBIH OCBI TYPIHJIE
OHail epyiHe OainaHbICThl Oosybl MYMKiIH. Ochuiaiimia, Oyn ¢uabMaepAl a3bIK-TYJIIKTIH KeH
ACCOPTUMEHTIH/IE KOJJIaHY/bl )KaKcapTy YIIiH OYJI KMBIHJIBIKTHI )KEHY KepeK JeTl caHayFa OoJapl.

OPTYpJil IpenapaTTapAblH IbIFAPbUTYbIH XKoHE (PU3UOIOTUSIBIK YIIECIMIUTITIH XKYKTEY KOHE
Oakputay KaOuteTiHe OaillaHBICTBI MEKTUHIECPAIH >KaHAPTBUIATBHIH TACUITe CYpaHBICHI apThI Kelle
*aTblp. bonamakra eHaipicTep/IiH JKajIbl 1aMybl KYTUIye, OiTKeH1 Oosamak 3epTrey OarbITTapbl
OouonoauMepiepre, OMOTEXHOJOTHsIIApFa XKoHE KaHAPThUIATBIH KO3/epre Heri3eneTiH 0oaibl.

KopeiThiHap1al Kesie, MeKTHUHAl jKaHa KoJiaHOamapsl apHalbl jkacayra OOJajbpl, OWTKEHI
KYPBUIBIMIIBIK ©3TepicTep opTYpili (GyHKIMSIApFa )KOHE YIKeH OMOaKTUBTUIIKKE oKenei. JlereHMeH,
MEeKTHH/II TaMaK ©HEPKICiIOiHIH jkaHaMa eHIMIEpi 00J1a OTBIPHIN, €H alyaH TYPJl Ke3/epAcH amyra
00JIaTBIHBI €peKIIeTICHEe I JKachll IIeMIiM (arpOeHEPKACINTIK KaJJBIKTApblH BalOpU3aLUsAChIHA
OailaHbICThI), OYJ1 SKOJOTHSUIBIK Ta3a oJAICTepMEH OalllaHbICTBI, TYpPaKTbhl OHJIIPYre KoHE
9KOJIOTUSUIIBIK Ta3a OHIMIe MYMKIHJIIK Oepesi. OChl 1I0Ty/1a CUIIATTaIFaH TeXHOJOTHSUIAP/IbIH 11I1H/Ie
013 OCBI IoNIMcaxapuaTi )kKaHa OMOAKTUBTI KYPbUIBIMAAPMEH KOHE 9PTYpIIi caslanap/a KOJIJaHbLIaThIH
(GyHKUMsITapMEeH ajly YIIiH MeKTUHHIH Jerpajalusichl MeH OarbITTalfaH MOJIU(HUKAIMICHIHIAFbI
KyaTThl YIBTPAABIOBICTBIK TEXHOJIOTHSHBIH QJICYETiH aTarl oTyre 0oJabl.

Bonamak KUbIHABIKTAPBIH 1IIIH/E JKAaChUl XUMUSIHBIH OECiHINII MPUHIUIIH KaHaFraTTaHAbIPy
YIIIH €pITKINICI3 HEMECe HEOTEPHUKIICH MEeKTHHII alxyAbl epekine aram oTyre Oomanbel: Kayimcis
epITKIIITep MEH KOMEKIII 3aTTap. byl MpUHIUT MEKTUHHIH KYPBUIBIMIBIK MOIU(UKAIUIIAPHI YIIIIH
Jie KaObUIIaHybl Kepek. [lereHmMen, skachbul epiTKIIITep/i maianaHa OThIPIN, MYHIal SKCTPAKIIUS
omictepiH KoigaHy oaebuerte cupek kesaeceni. Ocbuiaiina, i 16 TOATHIPBIIATHIH OUTIMIET] Oy
OJIKBUTBIK Oap JKoHE JKaHa 3epTTeyiep TepeH dBTeKTUKaIbIK epiTkim (DES), Taburu Tepen

48



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Drorozus cepuscol, 2025, 151(2)

aBTeKTHKANBIK epiTkim (NADES) >xone wnonnblk cyibIkTbikTap (ILS) cuAKTBI epiTkimrepai
naigana”nyaIbl KapacTelpybl Kepek. [lekTuHai eHaipy Ouo3ar peTiHae MeauinHa, (apMaleBTHKA,
TaMakK eHepKaciOi, OMOXMMUsiIa TaFbl OacKa cananapa KoJJaHy KbI3bIFyIIBUIBIK TYABIPaabl. OCiMIIIK
IIMKI3aThl PETIHJE SKOJOTHSIIBIK JKaFbIHAaH Ta3a, KOJDKETIMI JKOHE Kayilci3 opTypJi JKemic-
KHUJIEKTEP MEH KOKOHICTep KojaaHblIaabl. [IeKTHHAI SKCTpakIusiayFa apHAJIFaH KOMMEPIUSIIBIK
Ke3JIep OTe IIEKTeYIl, COHABIKTaH KaKETTl canaliblK cHIaTTaMmaliapbl 6ap MEKTUH ajy YIIiH >KaHa
MIMKI3aT KO3AEpiH 1371ey HeMece KOJJIAHBICTAFbl IIMKI3aTTap bl TYPIACHIIPY KAXKETTIIIT1 TybIHAAI
otbIp. [lekTHHHIH KOJAaHy asichl KEH, OJ TEIbIIK XKoHEe TYpaKTaHAbIPY KaCHETTEepiHIH apKachlHa
TaraM oHe (hapMarleBTHUKAIBIK OHIMICPIIH MaHbI3Ibl KOMIIOHEHTI 00BN TaObuTaIbl. HapbIKTarsl
NEKTUHTE JIETeH CYpaHbIC KbUI caiiblH ecin keienl. COHIBIKTaH MEKTHHIIK MOJUcaxapuATepiH
KYpPBUIBIMBI MEH KaCHETTEpiH TEepEHIpeK 3epTTey KOHE Taljay oMICTepiH >KeTUInipy OoibIHIIA
3epTTeyyep aca MaHbI3bl.

[Texturai Oeity »oHE TaszapTy oOAICTEpiHE IOCTYPJ OHICTEep: THUAPONH3, SKCTPAKIHS,
xpomaTorpadus naiganaHelIaAbl. 3aMaHayd SICTEpl YIbTPAAbIObIC KOHE MUKPOTOIKBIHJIBI eIl
apkbuTbl TeKTHHAI SKkcrpakmusuiay. MK, macc-, IMP  cnexTpomeTpusi NEKTHH KYpPIBIMBIHBIH
(yHKIIMOHAIBABIK TONITAPhl aHBIKTAIA/IbI.

Ocpnaiiiia, NMEKTUHHIH KYPBUIBIMIBIK EPEKIISTIKTEPI MEH (U3NKA-XUMUSUIBIK KacHeTTepi
TaHJAJNAThIH OCIMJIIK MIMKI3aThbIHA Kapaill >kaHa SJICTepli KOJIaHYFa, >KETUIAIpyre >KOHE HaKThI
(GYHKIMOHANIBIK MYMKIHIIKTepre OarbITTayFa MyMKiHAIK Oepeni. bonmamakra mekTHHII aimy yIIiH
JKaHa OCIMJIIK IIUKi3aThIH, OHBIH 1II1H/IE aYbUIIIAPYaIIbUTBIK KAJIIBIKTAPbIHBIH ©CIMIIKTEPIiH 3epTTEY
KQXKETTUTITH KOHE SKOJOTHIBIK Ta3a, TUIMIL KOHE SHEPrHsi YHEMJACHTIH AKCTPAKIUS SMiCTEpiH,
MBICaJIbl, YABTPAIBIOBICTHIK HEMece PepMEHTATUBTI 911CTEP Il OJIaH i 3ePTTEY 1l YCHIHAMBI3.
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Pectin: methods of extraction, properties and application
Ainur Bekbolat, Nurgul Sultanova

Abstract: This article provides a literature review on the extraction, purification, and structural
analysis of pectin, its biological activity, and its significance in various fields of application. Apples,
citrus fruits, beets, and other raw materials are used as sources for pectin extraction. Multiple factors
influence the high yield of pectin, including the type of plant material, the nature of the solvent, the
extraction time, and temperature conditions. Methods such as hydrolysis (acidic, alkaline, and
enzymatic), precipitation, and chromatographic techniques are used for pectin separation and
purification. Potentiometric and conductometric studies show that the degree of pectin methylation
affects its viscosity and gel-forming ability. Infrared (IR) spectroscopy, mass spectrometry, and
nuclear magnetic resonance (NMR) spectroscopy are used to determine the structure of pectin. The
key aspects of pectin’s biological activity include its ability to bind heavy metals and toxins and its
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prebiotic properties, which promote the growth of beneficial intestinal microflora. Additionally,
pectin exhibits antidiabetic, antibacterial, antioxidant, cytotoxic, and cancer-preventive properties.
Chemistry research is opening new ways to effectively utilize pectin in medicine, cosmetics,
pharmaceuticals, the food industry, and agriculture due to its thickening and gelling properties, as
well as its environmental safety and biological activity.

Key words: pectin, heteropolysaccharide, hydrolysis, biological activity.

IlexTHH: METOAbI MOJYYCHUS, CBOMCTBA M NMPUMEHECHUE
Ailinyp bekooaar, Hyprya Cyaranosa

AHHOTauus: B naHHOM cTaThe NpUBEIEH JIUTEPATYPHBIN 0030p IO MOITYYEHHIO, OUYMCTKE U aHAIIU3Y
CTPYKTYpbI [IEKTUHA, €ro OMOJIOTMYECKOM aKTHBHOCTU M 3HAYMMOCTH NPHUMEHEHHs B Pa3IMYHBIX
oTpaciiax. B kauecTBe ChIpbsl 715 NOJYyYEHUS IIEKTUHA UCIIONb3YIOTCS sI0JIOKH, LINTPYCOBBIE, CBEKJIA
U JIpyrue pacTUTeNabHble MaTepuanbl. Ha BbICOKMIT BBIXOJ MEKTUHA BIUSIOT pa3ivyHble (aKTOpPbI:
BU/J] PaCTUTENIBHOTO ChIPbs, IPUPOA PACTBOPUTENS, BPEMS SKCTPAKLUU U TEMIIEPATYPHBIE YCIOBUS.
JUis BbIAETCHUS U OYMCTKU NMEKTHHA HMPUMEHSIOTCS METOJbl TUAPOIN3a (KUCIOTHBIH, IIEIOUHOMH,
(epMEeHTaTUBHBIN), oOcaxJAeHUEe U Xpomarorpapuyeckue meroabl. lloTeHImoMerpuueckue u
KOHAYKTOMETPUYECKUE HCCIIEN0BAaHUA I10Ka3bIBAIOT, YTO CTEIEHb METOKCHWJIMPOBAHMS INEKTHUHA
BJIMSIET HA €T0 BSI3KOCTh U CIIOCOOHOCTH K 00pa3oBaHuIo reiid. [{iist onpeneneHus CTpyKTypbl HEKTHHA
ucnons3ytorcss meroasl MK-cnexrpockonuu, Macc-cnektpomerpun u  SAMP-cnektpockonuu.
OcHOBHBIE aCIEKThl OMOJOTNYECKON aKTUBHOCTH NEKTHUHA BKJIIOYAIOT €r0 CIIOCOOHOCTh CBSI3bIBATh
TSDKETIble METaUlbl M TOKCHHBI, a TaKkkKe MPeOMOTHYECKHUEe CBOWCTBA, CIIOCOOCTBYIOIME POCTY
OnaronpusTHOM MHUKpOQIOpHl KumedyHuka. KpoMe Toro, mekTuH 00J1aJaeT aHTHIUA0ETHIECKOM,
aHTHOAKTepUAIbHON, aHTUOKCUJJAHTHOM, INTOTOKCUYECKONW aKTUBHOCTBIO U MOKET UCTIOIb30BATHCS
JUIsL TIPOQHIIAKTUKY OHKOJIOTMUECKUX 3aboneBaHuil. MccnenoBanus B 0651aCTH XUMHUU OTKPBIBAIOT
HOBbIE BO3MOYKHOCTH 3(()EKTUBHOTO MPUMEHEHHS NEKTHHa B MEIUIMHE, KOCMETOJIOTHH,
(dapmalieBTUKe, TMUIIEBOW U  CEIbCKOXO3SMCTBEHHON IMPOMBIIIEHHOCTH Ojarogaps ero
3arymialomuM | resieoOpasyroliMM CBOMCTBaM, a TakkKe HSKOJOTMYecKoW O0e30MacHOCTH U
OMOJOTrNYEeCKON aKTUBHOCTH.

KuioueBble cj10Ba: IEKTUH, TETEPOIIOINCAXAPUI, TUIPOIU3, OMOJIOrHYecKasi aKTUBHOCTbD.
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Abstract: Catalytic reforming of gasoline is a pivotal industrial process
among those aimed at enhancing the octane rating of motor fuels -
products that are projected to maintain high demand in the foreseeable
future. Extensive research has been devoted to improving the design of
reforming processes, reactor configurations, and catalyst formulations.
Given the complexity of catalytic reforming - which involves a
multicomponent feedstock and product mixture, a bifunctional catalyst
system, numerous parallel and sequential reactions, and catalyst
deactivation mechanisms - mathematical modeling remains the principal
tool for process investigation and optimization.

This paper provides a concise review of the evolution of Kinetic
modeling approaches for catalytic reforming, beginning with
foundational work from 1959. Particular attention is given to the
research conducted at the National Research Tomsk Polytechnic
University, where a well-established scientific school has focused on
developing mathematical models for petrochemical and refining
processes. Using the catalytic reforming of gasoline as a case study, the
paper outlines a methodological approach for constructing non-
stationary models and describes the key principles underlying their
development. The modeling results presented demonstrate the potential
for optimizing reactor design, maintaining the balance between the
catalyst’s acidic and metallic functions, and minimizing coke formation
on the catalyst surface.

The results of improvement of the mathematical model of catalytic
reforming with a stationary catalyst bed taking into account the
involvement of additional feed streams are presented.

Keywords: catalytic reforming, mathematical model, bifunctional
catalyst, reactor, deactivation, coke formation, organochlorine
compounds, optimisation, raw material flows

1. Introduction

Production of high-octane fuels that meet modern environmental
and operational requirements is one of the primary tasks of Russian oil
refining. The catalytic reforming process is the key industrial technology
for production of high-octane components of motor fuels in Russia and
abroad. According to forecasts (Organization of the Petroleum
Exporting Countries), in almost all regions of the world, except Europe,
reforming takes and will take a significant share in production. By 2050,
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the total capacity of reforming units is expected to reach 200 million tonnes per year, alkylation - 85
million tonnes per year, isomerization - 10 million tonnes per year, MTBE/ETBE - 15 million
tonnes per year (Organization of the Petroleum Exporting Countries). Currently, Russia operates 51
reforming units with a total capacity of about 30 million tonnes per year.

Improving the resource efficiency of high-octane motor fuel production requires practical
tools, chief among them being mathematical models grounded in fundamental knowledge of the
kinetics and thermodynamics of oil refining. These models serve not only to describe but also to
predict the behavior of complex processes like catalytic reforming. Similar to other petroleum
refining and petrochemical operations, catalytic reforming poses significant challenges due to the
multicomponent nature of the feedstock and the numerous reactions occurring on bifunctional
catalysts that combine both acidic and metallic sites.

The yield and octane number of the reformate - the main product of reforming - are strongly
influenced by catalyst activity (Gyngazova et al., 2010; Sharova et al., 2009). However, one of the
main side reactions in this process is coke formation, which gradually deactivates the platinum-
based catalyst. This ongoing catalyst deactivation, coupled with the dynamic nature of the reaction
system and catalyst surface, necessitates continuous adjustments to the operating and regeneration
modes of these heterogeneous precious-metal catalysts.

Against this backdrop, a critical direction in fuel processing technology is the development of
strategies to extend catalyst life. This can be achieved through the applied use of mathematical
modeling to simulate catalytic hydrocarbon processing under non-stationary operating conditions.

The improvement of catalytic reforming process is the subject of a large number of works
aimed at modernization of technological and apparatus design, development of catalysts with
improved properties, as well as creation of mathematical models of the process (Ali et al., 2005;
Ancheyta, 2011; Arani et al., 2009; Belyi, 2005; Dyusembaeva & Vershinin, 2019; Elizalde &
Ancheyta, 2015; Hamied et al., 2022; Hongjun et al., 2010; Hou et al., 2006; Krane, 1959; Lid &
Skogestad, 2008; Petrova et al., 2021; Rahimpour et al., 2013; Ramage et al., 1980; Smith, 1959;
Wei & Prater, 1962; Yusuf, Aderemi, et al., 2019; Yusuf, John, et al., 2019; Zagoruiko et al., 2014,
2021; Zaynullin et al., 2020; Ostrovskii, N. M., Sokolov, V. P., Aksenova, N. V., & Lukyanov, B.
N., 1989; Reutova & Iriskina, 2000).

Among the notable achievements in the field of modeling gasoline reforming technology, the
work carried out by scientists at Tomsk Polytechnic University, under the guidance of Professors
A.V. Kravtsov and E.D. Ivanchina, stands out. Their scientific school has produced a substantial
body of research dedicated to the catalytic reforming process, employing both newly developed and
refined mathematical models. The researchers of this group have accumulated extensive expertise in
modeling various oil refining processes and have made significant contributions not only to
enhancing the resource efficiency of catalytic reforming but also to establishing methodological and
scientific foundations for the field (Abramin, 2010; Galushin, 2004; Gyngazova, 2011; lvanchina,
2002; Koksharov, 2023; Konstantinovich, 2016; Kostenko, 2006; Poluboyartsev, 2007,
Pchelintseva, 2019; Sharova, 2010).

2. Theoretical foundations and methods of kinetic description of catalytic reforming of
naphtha, taking into account non-stationarity

Catalytic reforming remains a fundamental technology for producing high-octane fuels,
having undergone few radical changes over the decades (Antos & Aitani, 2004; Arab Aboosadi et
al., 2011; Ciapetta & Wallace, 1972; Demirbas, 2011; Ding et al., 2013; Hui et al., 1995;
Khobragade et al., 2012; Pujado et al., 1992; Roddy, 2012). A valuable by-product of this process is
hydrogen (Namioka et al., 2011; Taghvaei et al., 2012). The evolution of catalytic reforming has
primarily focused on improving catalyst stability, increasing feedstock conversion rates, enhancing
process selectivity, and optimizing operational conditions, particularly through pressure reduction
(Rahimpour et al., 2013). Reforming catalysts serve dual functions: metallic and acidic. Maintaining
the optimal balance between these functions is achieved by the continuous introduction of water and
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chlorine into the reaction zone. A shift toward stronger acidic functionality enhances hydrocracking
reactions, which, although beneficial in some contexts, ultimately lowers the yield of the main
product, high-octane reformate (Benitez et al., 2007; Benitez & Pieck, 2010; Mazzieri et al., 2009).
Naphtha, the typical feedstock for reforming, is a highly complex hydrocarbon mixture containing
more than 300 individual components (Stijepovic et al., 2009). These components undergo a range
of reactions, including dehydrogenation and isomerization of naphthenes; dehydrocyclization,
isomerization, and hydrocracking of paraffins; and side reactions such as coke formation, which
contributes to catalyst deactivation (Ancheyta-Juarez & Villafuerte-Macias, 2000; Rodriguez &
Ancheyta, 2011). In kinetic modeling, a key challenge lies in aggregating these numerous
components in a way that preserves sensitivity to changes in the hydrocarbon composition of the
feedstock. The first major attempt to simplify this complexity was made by Smith in 1959, who
proposed a model comprising three lumped component groups - paraffins, naphthenes, and
aromatics - undergoing four key reactions: dehydrocyclization, isomerization, hydrocracking, and
aromatization (Smith, 1959). His model consists of three group components (paraffinic, naphthenic,
aromatic hydrocarbons), which enter into four reactions (dehydrocyclisation, isomerisation,
hydrocracking, and aromatisation). Subsequent models have progressively increased in complexity,
aiming for greater accuracy and predictive power (Arani et al., 2009; Hongjun et al., 2010; HOU et
al., 2006; Hu et al., 2004; Kmak & Stuckey, 1973; Krane, 1959; Marin et al., 1983; Padmavathi &
Chaudhuri, 1997; Rahimpour et al., 2003; Taskar & Riggs, 1997; Zhorov et al., 1980).

Scheme of hydrocarbon transformation on a bifunctional catalyst

Based on the analysis of chromatograms of the hydrotreated feedstock and catalyst, along
with the calculation of thermodynamic parameters and examination of catalyst samples, substances
were grouped according to the physicochemical properties of individual hydrocarbons. As a result,
both individual components and pseudocomponents participating in the reforming process with
continuous catalyst regeneration were identified. The complete list of these components is provided
in Table 1.

Table 1. Hydrocarbon groups aggregated according to the results of tests and calculations (for
compiling a kinetic model of the process of catalytic reforming of petrol with continuous catalyst
regeneration)

Neo Component Ne Component

1 ethane 2 Propane

3 i-butane 4 n-butane

5 i-pentane 6 n-pentane

7 dimethylbutanes 8 Methylpentanes

9 n-hexane 10 Dimethylpentanes
11 methylhexanes 12 n-heptane

13 trimethylpentanes 14 Dimethylhexanes
15 n-octane 16 Methylethylpentanes
17 methylheptanes 18 Dimethylheptanes
19 trimethylhexanes 20 Methyl ethyl hexanes
21 n-nonan 22 C9 and above

23 i-C9 24 Cyclopentane

25 cyclohexane 26 Methylcyclopentane
27 dimethylcyclopentanes 28 Ethylcyclopentane
29 methylcyclohexane 30 dimethylcyclohexanes
31 trimethylcyclopentanes 32 naphthenes C8
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33 naphthenes C9 34 benzene

35 toluene 36 ethylcyclohexane+ethylbenzene
37 p-xylene 38 m-xylene

39 o-xylene 40 aromatic hydrocarbons C9 and higher

In a general form, the scheme of reagent transformations in the process of catalytic reforming
of petrols for 40 components (Table 1), is presented in Figure 1.
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Figure 1. Formalised scheme of the mechanism of hydrocarbons transformation on Pt - catalysts:
Ar, Ar' - aromatic hydrocarbons, He, Hs - cycloalkanes, iso-Cs-1> - isoalkanes, n-Cs-1, - normal
alkanes, UISP - unsaturated intermediate products of compaction

The proposed approach allows for the achievement of sensitivity of the model to the feedstock
composition. Unlike aggregation by homological groups, the main characteristic of the target
product in the production of commercial petrol-octane number is taken into account. Deactivation
of catalysts plays an exceptional role in the reforming process. The study of the composition of
coke deposits is one of the important tasks in studying the peculiarities of reaction progress in the
reforming process. The causes of catalyst deactivation can be divided into three groups
(Bartholomew, 2001; Chen et al., 2004): sulphur, nitrogen and heavy metal poisoning; thermal
deactivation or aging due to a decrease in the active surface area; and coke formation. The first two
causes are examples of irreversible catalyst deactivation, while the third is a reversible type of
catalyst deactivation, provided the catalyst is regenerated or self-regenerated. Coke formation is the
most important and controllable non-stationary process (Barbier et al., 1980, 1985; Ren et al.,
2002). Predicting the dynamics of coke formation is a complex and multifactorial problem, which
can be solved most effectively by mathematical modelling (Delmon & Yates, 1987; Figoli et al.,
1982; Garcia-Dopico et al., 2006). In (Bishara et al., 1984), the effect of temperature and pressure
on the intensity of coke formation was investigated.

Reducing the temperature, increasing the pressure and the hydrogen/hydrocarbon ratio
reduces the coke content on the catalyst. The hydrocarbon composition of the feedstock also affects
the amount of coke produced. The coke content is lower when processing light naphthenic
feedstock.

Samples of uncoked, regenerated, and coked industrial Pt-Sn/Al,Oz reforming catalyst were
investigated. The studies were carried out by thermogravimetry and BET methods. The results of
thermogravimetric analysis of samples of industrial gasoline reforming catalyst are presented in
Figures 2-3.
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Figure 2. TG-DTA (thermogravimetric and differential thermal analysis) result of reduced Pt-Sn/y-
Al>O3 industrial reforming catalyst
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Figure 3. TG-DTA result (thermogravimetric and differential thermal analysis) of Pt-Sn/y-Al2O3
encrusted industrial reforming catalyst

Thermogravimetry studies have shown that the average content of coke on the catalyst at the
outlet from the reactor zone is 5-6 % wt. Coke deposits have a ‘loose’ structure, which is the so-
called amorphous coke saturated with hydrogen.

The combustion of this type of coke occurs at the temperature of 450-550°C. On the reduced
catalyst, the coke content varies within 1.0-2.5% wt. The results of the BET analysis are presented
in Figure 4.
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Figure 4. Results of catalyst-specific surface area analysis by the BET method

Analysis of the catalyst surface area using the BET method (Fig. 4) revealed a significant
reduction in specific surface area following multiple regeneration cycles. In particular, the coked
catalyst exhibited a surface area 22% lower than that of the fresh catalyst. This decline is a clear
indication of catalyst degradation due to coke deposition. As a result, in reforming processes
utilizing a stationary catalyst bed, both the maximum achievable depth of feedstock aromatization
and the duration of inter-regeneration cycles are consistently below optimal (equilibrium) levels.

By contrast, processes employing a moving catalyst bed with continuous regeneration offer
distinct advantages. These include deeper aromatization, lower system pressure, increased feedstock
throughput, and higher reformate yield. However, to fully realize these benefits, it is essential to
maintain catalyst operating conditions that allow the system to approach thermodynamic
equilibrium, particularly for key reactions such as the formation of target aromatics and the
hydrogenation of heavy by-products. Achieving this requires careful control over catalyst
circulation and adjustment of the catalyst movement speed along the reactor’s length, ensuring
sustained equilibrium activity.

Most existing models describing catalyst deactivation in reforming are empirical. In such
models, the parameters often lack clear physicochemical interpretation, as they are derived from
statistical processing of large experimental datasets, typically using the method of least squares.

In the adopted formalized scheme of hydrocarbon transformations, coke was included as one
of the reaction components and, therefore, the amount of coke on the catalyst can be found from the
equation (1) of coke formation reaction kinetics. It was found that the activity of the catalyst in turn
depends on the coke content and the catalyst circulation rate as follows (Gyngazova et al., 2011):

aj = AO . e_“'Ccoke/hu (])
Here Ao-is a linear component determining the number of active centres; o is the poisoning
factor, a non-linear component determining the different degrees of deactivation of corner and rib

atoms when coke is deposited on them; for metal centres, for acid centres.
The catalyst circulation rate can be determined using the following equation:

h = U Psm
“ ¢ - pcat 2
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Determining the hydrodynamic regime within the contact reactor is a critical step in
developing an accurate mathematical model of the reforming process. For systems utilizing a
moving catalyst bed, it was established that the Reynolds number (Re) is approximately 5, while the
modified Reynolds numbers for mass and heat transfer (Rep and Rer) are around 700 and 900,
respectively. These values indicate laminar flow conditions (Re < 50), with convective transport
processes dominating over diffusive transport within the catalyst bed (Rep > 200, Rer > 200). This
suggests that the hydrodynamic regime within the reactor closely approximates ideal plug flow.

The catalyst movement velocity is significantly lower than the velocity of the main fluid
stream (¢ << u), allowing the associated effects on mass and heat transfer to be considered
negligible.

Further calculations for industrial platinum-tin reforming catalysts show that the Thiele
modulus (®i) for various reaction types remains below 1, and the catalyst effectiveness factor
ranges from 0.9 to 1.0. These findings confirm that internal diffusion limitations are negligible. As a
result, catalytic reforming of gasoline with a moving bed operates within the kinetic regime, free
from diffusion complications.

Therefore, diffusion complications are absent in the process of catalytic reforming of petrols
with a moving catalyst bed, and the process proceeds in the kinetic region.

The design of a catalytic reforming reactor with a moving catalyst bed and explanations of the
developed model are presented in Figure 5.
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a) Reactor segment with moving catalyst bed b) Catalyst bed, elementary
volume

Figure 5. Schematic volumetric representation of the reactor with continuous catalyst regeneration

The mathematical model of the catalytic reforming process with a moving catalyst bed taking
into account catalyst deactivation by coke is represented by the following equations of material and
heat balances for components according to the formalised mechanism of hydrocarbon
transformations:

oc  oCc  oC 1
i o L 2 W (Das (DI
oz o a0 ~
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In the above system of equations (3) and (4), the residence time of reagents in the reaction
zone, which depends on the hourly feedstock flow rate G and catalyst volume V, is replaced by the
‘reduced time’ z = G-t, which is equal to the total volume of processed feedstock for time t in
conditions of unstable feedstock load of the industrial plant.

The concentration of components varies depending on u - the speed of the gas-raw mixture
movement along the radius of the catalyst bed (raw materials are fed radially). The content of
components in the mixture is also affected by ¢ - the speed of catalyst movement along the reactor
height, since the coke content in different catalyst layers is different, and the catalyst activity
changes differently along the layer height due to coke formation processes. The reaction rate Wj for
the i-th hydrocarbon according to the transformation scheme depends on the catalyst motion
coordinate | and catalyst activity a.

The developed mathematical model, in comparison with analogues, takes into account the
catalyst movement along the reactor course and the corresponding change of its activity along the
bed height, as well as the dependence of activity on the catalyst circulation ratio.

The values of kinetic parameters of the reforming process with continuous catalyst
regeneration for industrial Pt-Sn/Al,Osz catalyst were determined for calculations using the
mathematical model. It was shown that for Pt-Sn catalyst the rate of isomerisation of five-
membered naphthenes into six-membered ones with subsequent dehydrogenation of cycloalkanes to
aromatic hydrocarbons has the highest value. Isomerisation reactions of normal paraffins also
proceed with high speed. As the molecular weight of hydrocarbons increases, the bonding energy
decreases and the rate constants increase in proportion to the number of the hydrocarbon in the
homologous series. The hydrocracking constants of lighter hydrocarbons are close in their values.
For heavy hydrocarbons, a significant divergence is observed, with the hydrocracking constant of
normal paraffins increasing faster than the hydrocracking constant of isoparaffins.
Dehydrocyclisation of paraffins to five- and six-membered naphthenes occurs at approximately the
same rates.

The developed model was checked for adequacy to the real process using experimental data
from the industrial unit of catalytic reforming of petrol with continuous regeneration of catalyst L-
35-11/1000. The results of calculation and experiment are given in Table 2 and Table 3.

Table 2. Calculation results of the process of catalytic reforming of gasoline with continuous
catalyst regeneration on the mathematical model (at T=510°C, P=0,7 MPa, feedstock flow rate 160
md/h, catalyst circulation rate 0, 008 m%/m?)

Number of n-paraffins i-paraffins naphthenes-5 | naphthenes-6 flavouring

carbon atoms

in a molecule calc exp calc exp calc exp calc exp calc exp
4 1.50 1.53 0.54 0.53 0 0 0 0 0 0
5 1.49 1.51 2.57 2.49 0.21 0.22 0 0 0 0
6 1.85 1.89 5.12 5.07 0.19 0.16 0.11 0.12 | 5.06 5.07
7 1.33 1.37 5.16 5.11 0.13 0.09 0.09 0.07 | 20.07 | 20.09
8 0.32 0.34 1.53 1.49 0.17 0.15 0 0 26.16 | 26.18
9 0.03 0.04 0.20 0.20 0 0 0 0 20.34 | 20.35
10 0.16 | 0.19 | 0.09 0.09 0 0 0.5 0.56 | 5.08 | 5.09
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Group composition
s 668 | 687 | 1521 | 1498 | 07 o062 ]| 07 [o075] 7671 | 7678
Octane number of the catalyst by i.m. 103.2
Product yield 90.35

Table 3: Calculated and experimental values of coke content on the catalyst after the reactor block
(calculated for experimental conditions)

Coke, % wt.
Pt-Sn/y-ALOs catalyst experiment calculation
sample 1 5.54 >.63
sample 2 4.13 4.03

It is shown that the error of the calculated and experimental values does not exceed 3%. The
proposed mathematical model can be used to perform predictive calculations when modeling the
process of catalytic reforming of gasolines with continuous regeneration of the catalyst (in our case,
the calculation error is determined by the error of the chromatographic analysis). Using the
mathematical model, the main patterns of the catalytic reforming process in a reactor with a moving
bed were studied (Figures 6-8).
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Figure 6. Changes in the concentration profile of reactants when passing through a catalytic reactor
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Figure 8. Changes of the profile of catalyst activity by the volume of the catalytic reactor
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Research has shown that when the reaction mixture moves in the reactor at a higher rate, the
conversion of components occurs at the beginning of the feedstock movement along the radius of
the catalyst, since the mixture temperature and contact time are maximum (the catalyst volume
decreases when moving along the radius with the same step from the periphery to the center). Along
the length of the catalyst bed, there is a gradual conversion of alkanes and naphthenes and the
formation of aromatic hydrocarbons and isocomponents. The concentration of coke deposits is
higher at the inlet of the reaction mixture (along the radius), since in these zones, dehydrogenation
of naphthenes to aromatic compounds, which are precursors of coke, occurs at a high rate. The
temperature value is also maximum at the beginning of the reaction mixture movement. When the
catalyst moves along the height of the reactor, a cumulative accumulation of coke on the catalyst
occurs. At the outlet of the reactor block, the coke concentration on the catalyst is about 4% by
weight in the central and 6% by weight in the peripheral parts of the reactor. Thus, the uneven
distribution of the concentration profile of the reagents and temperature is the cause of the uneven
distribution of coke along the radius of the reactor - the difference in coke concentrations between
the extreme points is 2% by weight. The catalyst activity profile by the reactor volume is an
accurate reflection of the degree of its coking. It is shown that the highest values of catalyst activity
are in the upper part of the reactor, and the radial activity is lower at the points of introduction of
the reaction mixture (i.e., for the real case under consideration, closer to the periphery). Figures 9
and 10 show the results of model calculations of the concentration of coke formed on the surface of
the catalyst depending on its circulation rate.

It is shown that with an increase in the catalyst circulation factor, the coke content at the
reactor outlet decreases. The catalyst passes the reactor at a higher speed, the active centers do not
have time to deactivate, and the content of target components in the reformate increases. With a
twofold increase in the catalyst circulation factor, the coke concentration decreases by about 2% by
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weight, depending on the specific composition of the feedstock stream. The working range of
changing the catalyst circulation factor is 0.008-0.010 m*/m3. To increase the octane number of the
product and reduce the coke content on the catalyst, this parameter can be varied by making
preliminary calculations using the model.
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Figure 9. Dependence of the coke content on
the catalyst at the outlet of the reforming
reactor block on the catalyst circulation rate
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Figure 10. Change in coke content when the
catalyst moves along the reactor for different
values of the catalyst circulation rate:

h1=0.008 m*/m’; h;=0.010 m*/m?; h3=0.016

m>/m? (according to the model)

Reactor design. The reactor design determines the change in the operational properties of the
catalysts (activity, selectivity, and stability). In a multilayer tubular reactor with a fixed catalyst bed,
the thermal scheme of the process is effectively implemented - the thermal energy of the exothermic
hydrocracking reaction is used as a heat source for the endothermic reactions of naphthene
dehydrogenation and paraffin dehydrocyclization (Koksharov et al.,, 2015; Rahimpour &
Bahmanpour, 2011). The direction of movement of the gas-feedstock flow of hydrocarbons is of
great importance. With radial input of raw materials, the hydraulic resistance of the flow is
significantly reduced. Membrane reactors are devices that implement a combined process of
chemical conversion and product separation with subsequent removal of target components to shift
the equilibrium towards the formation of aromatic hydrocarbons (Arab Aboosadi et al., 2011;
Choudhary et al., 2000; Iranshahi et al., 2012; Pereira et al., 2010; Rahimpour et al., 2010, 2013;
Teixeira et al., 2010; Zhu et al., 2010). The catalytic reforming process is classified according to the
catalyst regeneration technology into three groups: 1) with continuous regeneration and a moving
catalyst bed; 2) with cyclic regeneration and a fixed catalyst bed; 3) with periodic regeneration of
the catalyst located in the reactor as a fixed bed. In industry, catalytic reforming units for gasoline
with a number of reactors with a moving bed from 3 to 5 are usually used. With a decrease in
catalyst activity, the yield of aromatic hydrocarbons and the concentration of hydrogen in the VSH
decrease. To determine the optimal number of reaction apparatuses, calculations were carried out
using a mathematical model. The nature of the effect of increasing the number of reactors from 3 to
5 on such process parameters as octane number, catalysate yield, aromatic compound content, etc.
was established. The calculation was carried out for the operating conditions of the process. The
results of the calculation of the octane number and reformate yield are shown in Figure 11.
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Figure 11. Effect of the number of reactors in the process flow chart of catalytic reforming with
continuous catalyst regeneration on the yield and octane number of the reformate: ratio of
paraffins/(naphthenes+aromatics): for feedstock 1=0.50; for feedstock 2=0.68; for feedstock
3=1.04; for feedstock 4=1.58

Based on the calculation results, it was established that an increase in the number of reactors
has a beneficial effect on the process, since the temperature difference during the transition from
one reactor to another decreases, the contact time increases, which entails an increase in the octane
number, an increase in the content of toluene, xylene and the content of aromatic hydrocarbons in
general.

On the other hand, if the process is carried out in a reactor block of five reactors using a
cascade scheme, the resulting catalysate does not differ significantly in target indicators from the
catalysate obtained using a four-reactor scheme (with an increase in the number of reactors from 3
to 4, the main indicator of the reformate quality - the octane number increases by 4 points, and
when switching from a four- to a five-reactor scheme - by only 1 point). In turn, a cascade of 3
reactors showed the worst results, since in this case, the greatest temperature difference will be
observed when moving from reactor to reactor. Therefore, despite the fact that an increase in the
number of reactors and bringing the process closer to isothermal conditions has a favorable effect
on the process, in this case, taking into account the economic component, the optimal number of
reactors will be 4.

Further studies showed that the direction of movement of the feedstock flow in the cascade of
reactors also affects the efficiency of the process. To determine the optimal direction of feedstock
movement in reforming reactors with a moving catalyst bed, calculations were performed using a
multi-zone mathematical model. In such a model, zones are formed by a cross-section of coaxial
cylinders to account for changes in the volumetric and linear velocity of the gas-feedstock flow
when moving along the radius of the reactor with radial feedstock input (Figure 12). The catalyst
volume in the reactors was conditionally divided into 4 zones with the same step along the radius.
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Figure 12. Schematic volumetric representation of the segments of a reactor with a moving catalyst
bed for different options for the direction of feedstock movement: a) from the periphery to the
center (implemented in existing installations), b) from the center to the periphery

The volume of each zone increases with radial movement from the center to the periphery
(therefore, the volumetric velocity decreases), the temperature decreases, since the total thermal
effect of the reforming reactions is negative, and the process is endothermic. The model is a system
of equations of material and heat balances for each hydrocarbon and the entire set of reactions.
Within each zone, the change in the concentration of components is written as follows in equation

(5):

oC oC  oC 1! 5
S, L W as (D (5)
o o 2o a0

n

at z=0 Ci=0, T=0; at 1=0 C;i=C;,0, T=T; (at the reactor inlet); at r=0 Ci=Ci,0, T=T;, where n is
the reactor zone number; z is the volume of processed feedstock, m3; G is the feedstock flow rate,
m3h; u is the linear flow rate, m/h; 1 is the length of the catalyst bed in the reactor, m; ¢ is the
catalyst velocity, m/h; Wj is the total reaction rate, mol/(m? h).

The results of calculations using the model for changing the feedstock feed direction are
shown in Figure 13, indicating improved aromatic yield and octane number when switching to
center-to-periphery flow.
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Figure 13. Change in the octane number of the flow and the yield of aromatic hydrocarbons when
moving raw materials from the center to the periphery and from the periphery to the center

According to the calculations, after changing the direction of feedstock flow, the yield of
aromatic compounds increases by approximately 5% by weight. Changing the direction of the gas-
feedstock mixture to movement from the center to the periphery will allow obtaining a product with
a higher-octane number, all other process parameters being equal (an increase in the RON of about
2 points for different compositions of the feedstock and process conditions).

Thus, to obtain a catalyzate with a given octane characteristic for a reactor with a feedstock
flow direction from the center to the periphery, it will be possible to reduce the "rigidity" of the
process (reduce the temperature by 10-15°C) compared to the traditional option of feedstock
movement in the reactor.

Numerical studies have shown that reactor devices with a feedstock feed direction from the
center to the periphery are more effective for reforming gasolines. Firstly, the non-stationarity of the
coke deposition process determines that the flow from the center to the periphery leads to more
uniform deactivation and, as a consequence, to a higher yield of the target product due to an
increase in the degree of conversion of paraffins and cyclopentanes. Secondly, high values of the
volumetric velocity in the initial zones of the catalyst when moving from the center of the reactor to
the periphery (movement along the opening cone) are compensated by a higher temperature.
However, the temperature profile changes quickly, since the reforming process is endothermic. In
this case, the octane number of the catalyst increases by about 2 points.

Optimization of reforming process conditions to reduce coke accumulation on the
surface of the Pt catalyst. The studies have shown that the high stability of the target products —
aromatic hydrocarbons — under catalytic reforming conditions is the theoretical justification for
choosing this criterion as an indicator of the activity level. With an increase in the coke
concentration, the catalyst activity with respect to the cyclohexane dehydrogenation reaction and
the number of surface Pt atoms decrease. This confirms the possibility of using the naphthene
dehydrogenation reaction to aromatic hydrocarbons as a test for Pt center deactivation. When the
acid centers of the support are deactivated, the rates of isomerization, cyclization, and
hydrocracking change simultaneously. Deactivation of Pt centers has little effect on the
isomerization rate. At the same time, a decrease in the dehydrocyclization reaction rate at the same
coke concentration is noticeably higher than a decrease in the deactivation rate of isomerization
reactions, and therefore cannot be explained only by the deactivation of acid centers. A decrease in
the rates of dehydrocyclization reactions is a result of the complex effect of Pt and acid center
deactivation. The n-paraffins/isoparaffins ratio in the product remains virtually unchanged at the
same catalyst activity. The degree of cyclopentane conversion also remains practically unchanged at
the same catalyst activity. When the catalyst is deactivated by coke deposits, both the metal and
acid functions of the catalyst decrease, while the water-chlorine balance in the catalysis zone
ensures optimal acid activity of the catalyst. The steady-state or optimal catalyst activity
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corresponds to the conditions of thermodynamic equilibrium of the reaction of coke formation,
hydrogenation of intermediate compaction products. In this case, the coke concentration does not
increase on the metal, but its growth occurs on the surface of the carrier, and the catalyst has
maximum selectivity. The formation of coke from hydrocarbons is predetermined
thermodynamically.

Thermodynamic calculations indicate a general direction of hydrocarbon conversion towards
the formation of graphite-like structures. The kinetics of hydrocarbon conversion, which is
determined by the process mode and catalyst activity, ensures an increase in the rate of
hydrogenation of intermediate compaction products and the formation of liquid hydrocarbons.

Hydrocarbon aromatization reactions are competitively associated with coke formation
reactions.
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Figure 14. Hydrocarbon conversion reactions during gasoline reforming

All reactions depicted in the reaction scheme are reversible, with the exception of stage W8
(Figure 14), which results in the formation of graphite-like coke. Mitigation of coke formation can
be achieved through two primary strategies: (1) increasing the ratios W3/W4 and W6/W5 to
promote hydrogenation over polycondensation, and (2) directly reducing the rate of the irreversible
W38 reaction.

Notably, the order of the target reforming reactions is lower than that of the coke formation
reactions. Therefore, by regulating catalyst activity, it is possible to prevent the progression toward
coke graphitization and subsequent pore blockage, which is especially critical since graphite-like
coke embedded in the catalyst structure can only be removed through oxidative regeneration.

The equilibrium conditions for polycondensation—hydrogenation pathways are defined by the
reversible reaction pairs W3-W-3, W4-W-4, and W5-W-5. At suboptimal catalyst activity (a <
a_opt), coke tends to form as carbon filaments, which can still be hydrogenated back into
hydrocarbons. At optimal activity (a = a_opt), two-dimensional polar particles are formed, which
begin to polymerize as the activity increases further. This progression in coke structure is governed
by the thermodynamic equilibrium of the polymerization reactions.

An increase in process temperature or a reduction in feedstock throughput can induce
desorption of carbonaceous species into the gas phase, where they may undergo further
polymerization into three-dimensional coke structures. On the catalyst surface, however, coke
depolymerization occurs, leading to the formation of alkylaromatic compounds. The conditions for
depolymerization depend on several factors, including the feedstock’s hydrocarbon composition,
reactor operating mode, and the current state of catalyst activity.

To restore catalyst activity and hydrogenate intermediate compaction products in the L-35-
11/600 reforming unit, optimal hydrochlorination conditions were determined using the developed
mathematical model. Under this mode, the shift in thermodynamic equilibrium for coke formation
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and hydrogenation reactions was achieved by modifying the process parameters and increasing the
hydrogen content in the hydrogen-rich gas.

The operating and target parameters for the hydrochlorination regime are summarized in
Table 4. Under these conditions, the temperature in the reforming reactors was lowered to 420 °C,
and the pressure increased to 3.0 MPa. As a result, the hydrogen concentration in the circulating gas
rose to 93 vol.%, enabling favorable thermodynamic conditions for hydrogenating non-graphitized

coke and reducing its content from 5.09 to 3.2 wt.%.

Table 4. Results of the calculation on the hydrochlorination process model

Ne experiment 1 2 3 4

Catalyst activity, rel. units 0.58 0.6 0.57 0.37
Volume of processed feedstock, t 816000 817100 831400 856685
Hydrogen content, vol. % 93.1 76.9 75.1 83.6
Hydrogen yield, wt. % on feedstock 0.6 1.8 1.93 2.42
Inlet temperature, °C 420 498 511 507
Feedstock flow rate, m%/h 60 60 106.4 69.9
Steam/(Naphth+Ar), rel. units 1.6 15 1.6 1.19
n-Steam/i-Steam in feedstock, rel. units 1.28 1 1.29 0.74
Circulation rate, nm%/ m® 1130 1554 1130.8 1311.4
Degree of isomerization, wt. % 44 34 51 39
Degree of aromatization, wt. % 1.48 23.65 24.26 13.33
Aromatics, wt. % 24 56.73 56.29 57.4
Coke, wt. % 3.2 5.09 5.19 5.21
Octane number, purity index 76 95.3 91.1 91.8
Reformate yield, wt. % 95 82.08 83.82 86.61

Also, when the temperature in the reforming reactors decreased, a decrease in humidity, HCI,
and H.S concentrations was observed. This effect indicates that these substances were absorbed by
the catalyst surface. The main parameters of the reforming unit after the hydrochlorination
operation are given in Table 5.

As a result of the hydrochlorination operation of the reforming catalyst of the L-35-11/600
unit, a positive effect was obtained, which is confirmed by obtaining an octane number analysis of
95.0 p.

Table 5. Comparison of the operating modes of the reforming unit during the hydrochlorination
process

Mode parameters Before hydrochlorination After hydrochlorination
Input P-2, °C 498 497
Input P-3, °C 495 495
Input P-4/1, °C 493 493
AT P-2,°C 55 56
T P-3, °C 20 21
AT P-4/1, °C 7 9
AT P-4/2, °C 7 8
Plant loading, m*/h 65 60
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Circulation rate, nm®/ m? 1554 1667
Input P-2, MPa 2.6 21.5
Octane number, purity index 93.8 95.0
H., concentration, vol.% 76.5 76.9
HCI consumption, mg/kg 3.0 -

The obtained data show that the hydrochlorination process allows partial restoration of the
catalyst activity without stopping the production of products. Before the hydrochlorination process,
the product quality had a deviation from the required indicators, as a result of hydrogenation of
unsaturated products of compaction, the catalyst activity increased, and a product corresponding to
the required quality indicators was obtained.

Balancing of acid and metal sites on bifunctional Pt reforming catalysts

A critical condition for the optimal operation of bifunctional platinum-containing reforming
catalysts is achieving a balance between their acidic and metallic functionalities. The acidic
function is provided by the alumina support, which is promoted with organochlorine compounds.
An excess of acid sites can lead to undesirable hydrocracking reactions, thereby reducing product
yield and selectivity. Organochlorine compounds, when introduced into the reforming reactor block,
decompose to form hydrogen chloride, which enhances surface acidity and promotes the selective
conversion of hydrocarbons. This, in turn, deepens the conversion of feedstock hydrocarbons and
increases the octane number of the reformate.

A well-developed physicochemical model of the reforming process enables the determination
of optimal process conditions and feedstock compositions to ensure high efficiency through
balanced acid and metal activity. Such a model allows for reactor optimization under various
industrial operating conditions. Addressing the multifactorial challenge of optimizing reforming
parameters - accounting for catalyst deactivation via coke deposition, fluctuations in feedstock
composition and flow rate, and changes in system humidity - is made possible by regulating the
feed rate of organochlorine compounds.

Based on extensive experimental and numerical studies, a working range for the
organochlorine compound flow rate has been established. This range ensures a concentration of 1 to
4 ppm in the reaction mixture, depending on feedstock moisture content and reactor temperature. A
non-stationary kinetic model of the industrial catalytic reforming process has been developed and
successfully implemented at several industrial sites in Russia. This model supports predictive
simulations of reactor performance under varying conditions of organochlorine dosing, system
humidity, catalyst activity, and feedstock composition.

Implementation of the model has enabled the determination of optimal hydrochlorination
conditions that promote the hydrogenation of non-graphitized coke, thereby reducing coke
accumulation on the active catalyst surface by 3—4 wt.%. Process efficiency is further enhanced by
optimizing the operational regime and maintaining optimal catalyst activity over time. The primary
control parameters influencing catalyst performance during feedstock cycling are temperature and
the organochlorine feed rate.

Experimental data show that chlorine adsorbed on the catalyst surface increases the acidity of
the catalyst, thereby accelerating both the desired reforming reactions and accompanying side
reactions. However, there exists an optimal chlorine loading that maximizes hydrocarbon
conversion selectivity. This optimal value depends on the feedstock composition, catalyst activity,
and operating conditions. The chlorine content on the catalyst is governed by the thermodynamic
equilibrium of the chemisorption process, which is itself influenced by the water-to-hydrogen
chloride molar ratio in the reaction zone, temperature within the catalyst bed, and the extent of
catalyst deactivation due to coking, poisoning, or aging.

Research findings indicate that increased acid site activity is associated with the replacement
of surface hydroxyl groups on alumina by chloride anions - an essential mechanism (6) contributing
to the enhanced performance of the catalyst under reforming conditions.
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Operational experience from industrial reforming units has demonstrated that insufficient
chlorine levels lead to a reduction in catalyst activity, particularly in key alkane isomerization
reactions, adversely affecting the quality of the resulting reformate. Moreover, the loss of chlorine
from the catalyst surface accelerates the deactivation of platinum active sites, diminishing catalytic
performance in paraffin dehydrocyclization and decreasing the overall selectivity of the process.

Conversely, an excessive chlorine concentration can overstimulate the acidic function of the
catalyst, thereby promoting hydrocracking of paraffins. This results in reduced process selectivity, a
higher proportion of light hydrocarbons - such as methane and ethane - in the circulating hydrogen-
containing gas (CHG), and increased hydrogen consumption. For polymetallic reforming catalysts,
the optimal chlorine content is typically within the range of 0.9-1.1 wt.%. Maintaining chlorine
levels within this range is critical for maximizing process selectivity.

It is important to note that both a deficit and an excess of chlorine negatively affect the yield
of stable catalyze. According to the reaction equation (8), catalyst chlorination is a reversible
process, with equilibrium determined by the partial pressures of the gaseous components in the
system. Specifically, hydrogen chloride present in the reaction volume reacts with hydroxyl groups
on the catalyst surface, replacing them with chloride anions and forming strong covalent bonds
between aluminum atoms and chlorine. This mechanism can be interpreted as chemisorption of
chlorine atoms onto the catalyst surface.

The quantity of chlorine accumulated on the catalyst surface can be calculated using the
following equation (7).

1

Anax e
cen=——-=»= @
1+K, —
"M

where C(Cl) is the amount of surface chlorine; Amax is the total number of active centers on the
catalyst surface; Kp is the equilibrium constant of the chemical reaction; M is the molar ratio of
water and hydrogen chloride in the reaction volume. After simple algebraic transformations, this
equation is reduced to the following form:

Anapr
C(CI)_M+Kp (8)
From equation (8) it follows that the amount of surface chlorine is inversely dependent on the
ratio of water and hydrogen chloride in the system. By changing the flow rate of organochlorine
compounds and water, it is possible to regulate the chlorine content on the catalyst surface. In
addition, the amount of chlorine will depend on the process temperature, which affects the value of
the equilibrium constant of the chemical reaction. The process temperature and the molar ratio of
H>O:HCI are the main control parameters, the change of which can affect the activity of the catalyst
(Barbier et al., 1985).
The equilibrium constant of the reaction of substitution of hydroxyl groups on the surface of
aluminum oxide with chlorine anions can be represented in Equation (9).
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Further studies on the influence of changes in the thermal effect of hydrogen chloride
chemisorption on the product yield showed that the change in the enthalpy of the reaction of
substitution of the hydroxyl group by chlorine atoms depends on the bond energy between the
atoms on the catalyst surface. The catalyst surface is non-uniform due to coke formation, and
therefore, it can be assumed that there are active centers on its surface with different bond energies
between the hydroxyl group and aluminum. In this case, hydroxyl groups that are least strongly
bound to aluminum will be replaced by chlorine atoms, and therefore, the thermal effect of such a
reaction will be lower than expected from calculations. A comparison of the calculated and actual
product yields showed that, depending on the volume of processed raw materials and coke
accumulation on the catalyst, the thermal effect of hydrogen chloride adsorption was slightly lower
than theoretical (10).

3680

Kp _ e4,787T (10)

Using this equation, the values of the equilibrium constant of the reaction of substitution of

hydroxyl groups on the surface of aluminum oxide by chlorine anions in the operating temperature
range of the L-35-11/600 unit were calculated (Table 6).

Table 6. Dependence of the equilibrium constant of the catalyst chlorination reaction on
temperature (calculation on the model)

Ne Average temperature in 1 K Average temperature in K
Experiment reactor, °C P reactor 3, °C P
1 452 0.74 479 0.89
2 455 0.76 483 0.91
3 452 0.74 480 0.90
4 455 0.76 481 0.90
5 458 0.78 486 0.93
6 463 0.80 491 0.96
7 467 0.83 496 0.99
8 471 0.84 499 1.01

Further studies showed that with an increased chlorine content on the catalyst, an increase in
the yield of aromatic hydrocarbons is observed, but the yield of reformate decreases by more than
1.5% by weight. In this case, the rates of chemical reactions of hydrocarbons will depend on the
concentration of chlorides on the active surface of the catalyst:

Wi= ) Ky oo f(fufofs); (1)
J aj
fiml, gl o o Ouo @2
Dy ' Fo ’ Crer - CI(-)ICl

D,, Do — active surface of a catalyst deactivated due to aging and a fresh one;
F..xe, Fo — active surface of coked and fresh catalyst;
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Finally, Equations (11) and (12) express the influence of coke accumulation and surface

chlorine concentration on the active surface area and catalyst performance.

Table 7. Effect of chlorine content on the catalyst on the quality of reformate

Chlorine content, % wit. 0.94 1.00 1.04
Degree of feedstock isomerization, % wt. 50 51 52
Degree of feedstock aromatization, % wt. 2.0 2.74 3.15
Reformate yield, % wt. 87.48 89.10 | 88.88
Hydrogen yield, % wt. 1.85 1.88 1.89
Processed feedstock, t 260000
Cracking number, rel. units 2.3
Hydrogen content, % vol. 85.5
Inlet temperature, °C 483
Feedstock flow rate m%h 60
Paraffins/(Naphthenes+Arom. hydrocarbons) in feedstock, rel. units 1.32
H2S circulation rate, nm%/m3 1333.3
n-Steam/i-Steam feedstock, rel. units 0.95

Table 7 demonstrates how variations in chlorine content on the catalyst surface affect product

yield, aromatization degree, and isomerization activity.
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Figure 15. Chlorine concentration on the catalyst surface, wt%
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Modeling results indicate that, according to the original plant configuration prior to
reconstruction, introducing the organochlorine compound into the first reforming reactor results in a
chlorine deficiency on the catalyst surface by the time the stream reaches the third reforming stage
(Figure 15). While the optimal chlorine content on the catalyst in the third reactor should range
between 0.9 and 1.1 wt.%, only 0.8 wt.% is achieved under this configuration. This deficiency
reduces both the selectivity and stability of the Pt-Re catalyst, ultimately impacting the quality and
yield of the main product, stable catalyst. Specifically, the observed chlorine deficit leads to a
reduction in the octane number of the reformate by one unit, as measured by the research octane
method.

One proposed optimization strategy involves modifying the reactor system design to inject the
organochlorine compound directly into the third reforming reactor instead of the first, as illustrated
in Figure 16. This change enables direct control over the chlorine concentration on the catalyst
under its actual operating conditions. By regulating the humidity of the circulating H-O:HCI stream
and maintaining the required molar ratio, it becomes possible to ensure a stable balance between the
acid and metallic functions of the catalyst. Under such conditions, maximum catalyst selectivity and
long-term stability can be achieved.

Humidity in the reaction zone is controlled during the stripping stage of the hydrogenate in
the stripping column of the hydrotreating unit. However, any disruption in the column’s operating
regime - without corresponding adjustments in chlorine feed rate - can result in the complete
deactivation of the catalyst due to chlorine loss from its surface.

|Init for awtomatic chlorine
feed to reforming reactors

g e |
ad =
” o ul] T 'y
o o
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_ l L —
Input of raw gas modure )
Fumace

Figure 16. Scheme of chlorine feed to reforming reactors in L-35-11/600 unit: P-1 first-stage
reforming reactor; P-2 second-stage reforming reactor; P-3/1.2 third-stage reforming reactor. It has
been established that continuous feed of chlorine to the reaction zone is necessary to maintain
balance of acid and metal activity

In an oxidizing environment, such as during the oxychlorination stage, chlorine facilitates the
formation of an intermediate activated complex, denoted as Ptc,CIO,L;. In contrast, under the
reducing conditions typical of the reforming feedstock cycle, chlorine plays a critical role in
maintaining the catalyst at its optimal activity level. This optimal state enables the effective
hydrogenation of intermediate polymerization products - commonly referred to as amorphous coke -
into hydrocarbons, thereby facilitating their removal from the catalyst surface.

The quantity of chlorine required for additional dosing into the reactors, in order to maintain
the desired water-to-hydrogen chloride molar ratio and ensure optimal catalyst performance, is
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calculated based on the data presented in Table 4. These values are further adjusted to account for
catalyst aging and the associated decline in activity due to the progressive accumulation of coke

deposits, as indicated in Table 8.

The results suggest that during the sixth feed cycle, the chlorine supply to the reforming
reaction zone was suboptimal. This insufficient dosing led to a measurable reduction in catalyst
activity (Figure 17) relative to conditions with optimal chlorine supply, ultimately resulting in a
decline in product yield.

Table 8. Supply of chlorine to the reactor block of the L-35-11/600 unit in the sixth feed cycle

Chlorine | Factual Yield
Humidit _ Chlorine | supply, | yield, % | calc., %
Ng_ y Chlorine Temp., © supply, mg/_kg, mass. mass.
experim VSH supply, C ' M _mg/kg, ta_lklng
ent mg/kg mg/kg includin into
g coke account
aging
1 23.3 1.0 484 21.7 1.0 1.2 82.4 83.6
2 22.5 1.0 485 21.3 1.0 1.3 82.7 84.1
3 24.9 1.0 485 22.4 1.0 1.3 82.3 84.2
4 21.4 1.0 483 21.9 0.9 1.1 82.3 83.5
5 23.8 1.0 485 21.9 1.0 1.3 82.8 84.2
6 21.6 1.0 485 22.0 0.9 1.1 82.3 83.6
7 20.6 1.0 490 22.9 0.8 1.0 82.5 82.5
8 18.6 1.0 487 22.4 0.8 1.0 83.1 83.1
9 194 1.0 486 22.2 0.8 1.0 82.9 82.9
*M — molar ratio of water/hydrogen chloride.
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1
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=
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Figure 17. Change in the activity of the L-35-11/600 unit catalyst in the sixth feedstock cycle

The studies described above have demonstrated the feasibility of a comprehensive approach
to optimizing the dosing of organochlorine compounds into the reactors of the L-35-11/600
reforming unit. This optimization is primarily achieved by regulating key process control
parameters - namely, temperature and the water-to-hydrogen chloride molar ratio. Experimental
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data on chlorine surface concentration as a function of temperature suggest that the most effective
chlorination of the Pt-Re catalyst occurs in the third reactor. Therefore, targeted introduction of
organochlorine compounds at this stage is essential to ensure complete activation of the catalyst's
acid function.

Traditionally, catalytic reforming utilizes straight-run naphtha with a boiling range of 85—
180°C as its primary feedstock. However, modern refinery operations increasingly incorporate
additional secondary streams, including gasoline fractions from thermal cracking processes,
hydrocracking naphtha, and degassed gas condensate (Ancheyta, 2011). These alternative
feedstocks are typically richer in olefinic hydrocarbons, which are prone to polymerization under
reforming conditions, leading to the formation of high-molecular-weight species. These, in turn,
promote coke formation, block active catalytic sites, and accelerate catalyst deactivation.

Given the broader range of feedstocks now being processed in catalytic reforming units, it
became necessary to update and enhance the mathematical model for reforming processes
employing fixed catalyst beds. At Tomsk Polytechnic University, using advanced analytical
instrumentation, researchers conducted a detailed compositional analysis of various feedstocks,
including straight-run naphtha (85-180°C), hydrocracking naphtha, and degassed condensate. It
was determined that reforming feedstocks may contain olefins in concentrations ranging from 0.10
to 0.81 wt.%.

Based on a combination of experimental results and numerical simulations, the existing
mathematical model was significantly refined. The updated model incorporates 200 elementary
reactions involving 51 components and includes a formalized reaction network that explicitly
accounts for olefin hydrogenation and polymerization pathways. Thermodynamic and Kinetic
parameters for these reactions were also determined, enabling more accurate predictions of reaction
behavior and catalyst performance under varying feedstock compositions.

To describe the kinetic model, a matrix method was used, which makes the new scheme
flexible to the changing composition of the feedstock. The updated model is implemented in the
interpreted Python programming environment, and its adequacy is confirmed by calculations
(Pchelintseva, 2019).

3. Conclusion

The results of the non-stationary process studies discussed above demonstrate that
mathematical modeling is a powerful tool for addressing the challenges associated with catalyst
deactivation. While complete prevention of deactivation is not feasible, the development of an
effective catalyst management strategy offers a practical solution. The most significant
technological improvements can be achieved through the controlled application of physicochemical
models that account for both the reactivity of hydrocarbon fractions in the feedstock and the
specific activity characteristics of the catalysts employed.

Extensive experimental and theoretical studies conducted at various industrial facilities have
confirmed that optimal dosing of water, chlorine, sulfur, and other promoters in the reaction and
regeneration zones plays a critical role in enhancing resource efficiency. Notably, the relative
activity of the catalyst - calculated using a non-stationary physicochemical model - serves as a key
indicator for balancing the acidic and metallic functions of the catalyst. This relative activity
typically ranges from 0.5 to 1.0, depending on the feedstock’s hydrocarbon composition,
throughput, and the operating parameters of the reactor (such as temperature and pressure).

A novel method for dosing organochlorine compounds into the reactor unit has been
developed, enabling a 1.5-2% increase in the selectivity of the target aromatization reactions by
precisely regulating the flow rate of the organochlorine feed. Specifically, introducing the
organochlorine reagent into the final reforming reactor helps maintain the balance between the
catalyst’s acid and metal activity, provided that the required H.O:HCI molar ratio is preserved under
the reactor’s operating conditions.
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Overall, the industrial application of the developed mathematical reforming model has led to
the establishment of optimal operating regimes that extend catalyst life, prolong the duration of
inter-regeneration cycles, reduce the total number of regeneration events, and mitigate the effects of
catalyst poisoning, thermal degradation, and coke formation.
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Anjaarna. beH3uH/ KaTaIuTHKAIBIK PUPOPMUHT — MOTOP OTHIHAAPBIHBIH OKTaH CaHBIH apTTHIPYFa
OarpITTaJIFaH MaHBI3/IbI OHEPKACIIITIK Mpoliecc. by eHiMIepre IereH cypaHbIC alJlaFbl yaKbITTa J1a
KOFapbl Oosbi Kaja Oepmek. OChl TPOIECTI KETUIAIpyre, peakTopiapAblH KOH(DUTYpalusChiH
KaKCapTyFa JKOHE KaTalu3arop KYpaMblH OHTAaVIaHABIpYFa apHAJFaH 3epTTeyliep KCeHiHEH
xyprizimyne. Karanutukanslk puoOpMHHT KypAedi mpomecc Oonbin  TaObUIamel:  OHAA
KOIIKOMIIOHEHTT] IIMKi3aT IMEH OHIM KOCHacChl, €KI(QYHKIUSIbI KaTalu3aTop >Kyheci, KeNTereH
napajyiesib JKOHE Ti30eKTI peakuusuiap MEH KaTajau3aTOpIbIH JIE3aKTHUBAIMACH KaTap >KYpenl.
CoHaplkTaH OyJI MPOIECTI 3epTTey MEH OHTaWIaHIBIPYABIH HETI3TT  Kypalbl pPETiHJe
MaTEeMaTHKAJIbIK MOJEIbACY KeHIHEH KOJAaHbUIa/IbI.

by makanana KaTadMTHUKaIbIK PUGOPMUHITIH KHHETHKAIBIK MOJENIBICPIH TaMBITY TapHXbIHA
KBICKAIIIA I0JTY >Kkacaubir, 1959 xpuinan 6acTam Kypri3iireH >KyMbIcTap KapacTeipbuiaabl. Epexiie
Ha3zap TOMCK MOJUTEXHUKAIBIK YITTHIK 3€PTTEY YHHUBEPCHUTETIHJE JKYPTi3iireH 3eprreyiepre
aynapsUTFaH. byn kepae MyHall-XuMUs jKoHE KalTa ©HJEY MPOIECTEPiH MOJENbICYTre apHaIFaH
FBUIBIMM ~ MEKTEN  KaJIbINTACKaH. bBEH3WHII  KAaTAIMTUKAIBIK  PUGOPMUHT  MBICAIBIHIA
OeiicTallMOHAPIIBIK MOJICIBACPAl KYPYABIH 9ICTEMENTIK TOCUII KOPCETUTIN, OJap/IblH d31pJICHYIHIH
HETI3T1 KaFuJaJlapbl CUIIATTa’ abl. MOJEIbIey HOTIKENIEPl peakTop KYPhUIBIMBIH OHTAWIAHIIBIPY,
KaTaJIM3aTOPABIH KBIIIKBULABIK XOHE METAUIIBIK (YHKIMSJIAPBIHBIH TENe-TeHIITIH CakTay XoHE
KaTaan3aTop OETiHe KOKC TY3UITYiH a3aiiTy MYMKIHIIKTEPiH KOpCETe/I.

Conpaii-ak KOCBIMINIA IIUKI3aT aFbIHAAPBIH €CKEepPEe OTBHIPHIN, OEKITIAreH KaTaau3aTopIabl
pUGOPMUHT MPOLIECIHIH MAaTEMATUKAIIBIK MOJICIIH JKETUIAIPY HOTHXKENepi OepiireH.

Tyliin ce3aep: KaTaIUTUKAIBIK pUDOPMHUHT; MaTEeMAaTUKAIBIK MOJENb, €Ki yHKIUSIIbI
KaTajanu3aTop; PeakTop; Je3aKTUBAIIMS; KOKC TY31Iyl; OPraHOXJIOPIIBI KOCBUIBICTAp; OHTAWIAHIBIPY;
IIMKI3aT aFbIHAAPBI

JlocTH:KeHHsT M MEePCHEeKTUBbI B 00JIACTH MaTeMATH4YeCKOro MOJAeJTHPOBAHMS
KATAJIUTHYECKOr0 pU(PpOPMHUHTra OeH3UHA

Enena UBamkuna, Exarepuna Yepusikosa, Muna Iyenunnesa

Annoraunusa. Karanutuyeckuit pudopMUHT O€H3MHA SIBISETCS BAKHEUIIUM MPOMBIIUICHHBIM
MPOIIECCOM, HANpPABJICHHBIM Ha TMOBBIIICHHE OKTAHOBOT'O YKCJA MOTOPHBIX TOIUIMB, CIIPOC Ha
KOTOpBIE, KaK OKUIAeTCs, COXPAaHUTCA B 0003puMoM Oyayiiem. BenyTcs oOmmmpHbIie nucciae10BaHus
10 COBEPIIEHCTBOBAHUIO KOHCTPYKIIMU PUGOPMHHTOBBIX MPOIECCOB, KOHPUTYpPAIUA PEAKTOPOB H
coCTaBa KaTaau3aTOPOB. YUUTHIBAS CIOKHOCTh KAaTaTUTHUYECKOTO PHPOPMHUHTA, BKIIIOYAIOIIETO
MHOTOKOMIIOHEHTHYIO CMECh CBIpbS W TPOAYKTOB, OMGMYHKIIMOHAJIBHBIE KaTaJlU3aTOPHI,
MHOTOYHUCJIEHHBIE TMapajyiebHblE W TOCIEIOBaTEIbHBIE PEAKUUHU, a TaKKe MEXaHU3MBI
Ne3aKTUBAllUM  KaTalu3aTropa, MaTeMaTHYeCKoe  MOJEIUPOBAHHWE  OCTA€TCi  OCHOBHBIM
WHCTPYMEHTOM JJIs1 U3Y4YE€HHS ¥ ONITUMM3AIUMU IIpoLiecca.

Hacrosimass pabota mpeacTaBisieT KpaTKHil 0030p JBOJIOIUHU TMOJXOJOB K KHHETHYECKOMY
MOJICTTUPOBAHUIO KAaTaTUTHUECKOTO pudopmuHra, HaunHas ¢ pabot 1959 rona. Ocoboe BHUMaHUE
YACNSETCS WCCIEIOBAaHUSM, TMPOBEAEHHBIM B HarmoHanmpbHOM HccaeaoBaTelbckoM ToMcKkoM
MOJIMTEXHUYECKOM  YHUBEpcHUTeTe, TrAe chopMHUpOBaHa HayyHas IIKoJa MO pa3paboTke
MaTeMaTUYeCKUX MoJieleil HeTeXUMUYECKUX U TepepadaThiBalommMX mporieccoB. Ha mpumepe
KaTaJuTH4ecKoro pudopmuHra OeH3MHA WU3JOXKEH METOJOJOTHYECKU TOIXO0J K IOCTPOSHHUIO
HECTallMOHAPHBIX MOJIEJCH, OMUCaHbl OCHOBHBIC MPHUHIUIBI WX paszpabotku. [IpencraBieHHBIC
pe3yabTaThl MOJIETUPOBAHUS JEMOHCTPUPYIOT BO3MOKHOCTH 10 ONTHUMHU3ALMHU KOHCTPYKIIMH
pPEaKTOpoB, MOJJCPKAHHMIO OangaHca KHUCIOTHOM M METaUIMYECKOW (YHKIMN KaTaliu3aTopa H
MUHHMMH3ALUA KOKCOBAHUS €r0 MOBEPXHOCTH.
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[IpencraBieHbl pe3yNbTaThl COBEPIICHCTBOBAHMS MAaTEMAaTHUYECKOH Mojaenu pudopMUHTa C
HEIIOABMKHBIM KaTaJIu3aTOpOM € y4ETOM MOJAYU JOIIOIHUTEIBHOIO ChIPhS.

KutoueBble cjioBa: KaTanmuTH4ECKU puOPMUHT; MaTeMaTHUecKasi MOJeIb; OU(yHKIIMOHATbHBIN

KaTaJIu3aTop, pCaKToOp, AC3aKTHUBALIUA; 06p330BaHI/IC KOKCa; Opra”HoOXJIOpCOoACpKaAIIUC COCAUHCHUA,
OIITUMHU3ALMA; IIOTOKU CBIPbHA.
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KCHIHCH  KOJJAHBUIATHIH  ()EPPOKOPHITIIA  KaTaIM3aTOPJIAPBIHBIH
XUMUSIBIK ~ TYPAKTBUIBIFBI ~ MEH  KaTQJUTUKAJIBIK  OeJIceHiir
3epPTTEIIHTCH.

3eprTeyaiH  MakcaThl  (eppokyiimManap Kocmackl 0ap  KOOaibT
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ConbiMeH KaTap (eppokyiiMarapMeH MOJU(PHUIMPICHI€H HUKEIbIIK
OaiimaHbICTap IBIH (bU3MKa-XUMUSIIBIK, KYPBUTBIMIIBIK KOHE
aIcOpOLMSITBIK cCUIIaTTaMallapbl AHBIKTAIbI.

Makanana *yMBICTBIH HET13r1l ©3eKTUIr (eppokyiimanapabl OMHAPIIbI
HUKENb/I KaTalu3aTopiap/AblH KypamMblHa €HTi3y, ojapisl Oip yakbITTa
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JKOFapbUIaJIbl. OHIIpICTET] JIUrepieylll MeTanap/iblH TaOUFAaThIH JKOHE
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KiaccuukanusceiHa Herizaeneni. Hukenb kartamuzaTopiapbl MeTall
deppokyiiMa KoChIMIIATapbIMEH KECIHIl HeMece YHTaK TypiHae
SHI 13111, 3K30TEPMHUSIIBIK peakuus HOTIKECIHIIE OanKy
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KypaMbIHa HAKThI 9Cep eTe/Il.
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MaHBI3/Ibl POJI aTKapajabl, OUTKEH1 0J1 KaXeTTI eHIMIEp/Il KOFaphl Ta3a
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AJBIHFAH HOTHIKENIEp Herisinge 3eprrenren Katanuszartopiap Ni-Al-OMn>Ni-Al- ®MoMn>Ni-Al-
®TiMn.Co-(70%  Al). Kopeitbiaaet  Oobibiaiia  Ni-Al-OMn  xone  Ni-Al-OMoMn
KaTaJM3aTopiap bl Maigagany Mep3iMi OChl YaKbITKA JCHIH OHIIPICTe MalalaHblUIbI KypreH Ni-
Al-TiMn karanu3zatopiapbIMEH CaBICTBIPFaHIa €Ki €Ce apThIK EKECH/IIr KapacThIPhLIJIBL.

Tyiiin ce3mep: meran Kyiimanapbl, CUHTE3, (heppoKyiimanap, KaTaau3aTop, MOIUHUIMPICHTEH,
apoMaTThl KOCBUIBICTAP.

1 Kipicne

OHepKacinTe THAPOreHU3aIMsAIay MPOIeCTepl METAUT OKCHUATEPIHIH KaTalu3aTopiiapbiHia
KaTaH J>Karnaimapaa (OKOFapFbl TeMIlepaTypa JKOHE CYTeri KBICBIMBIHAA) JKY3€Tre acChIPBUIAJIBI,
oHJarbl MeTaliblH Kypambl — Co, Mo, Ni jxoHe Tarbl 0acka aybICIajabl METalfapJaH TYpabl.
Conrbl Ke3llepi THAPOTCHU3ANMSIAY TPOIECTEPIHAE OTE ap3aH KOHE TYPAKTHl KaTajau3aTopiiap
naibinaay Kosra ansinynaa (Andre, R., Meyniel, L. xone 1.6., 2022).

Hukenbni  xaranu3atopiapAblH — MEXAaHUKAJBIK  OCpIKTITiH,  TYPaKTBUIBIFBIH  KOHE
OCNCeHAUTINH apTThIpy VIIH JaHa OJICTePAiH alllbUIybl XHUMHUSJIBIK OHJIPICTE MAaHBI3IbI
xKeTicTikrepaiy Oipi Oonbin TabbutaAbl. byn omictep KaTanm3aTopiiapIblH KYPBUIBIMBIH, KYpaMbIH
KOHE JIalbIHIAY TEXHOJIOTHSJIAPBIH KETIIIPY apKbUIbI XKY3ere achipbiiaibl. OpTanblk A3us eHipi
YILiH MYHaHIBIH KEHIT (paKkIHsIapblH, OHBIH iIIiH/e OCH3WH/I [eapoMaTH3aIsIIay mporecTepi ic
XKY3iHIE KypriziuiMeiai. MyHbsiH ce0ebi, OipiHIIIIeH, TOMEH OHIMIUIK »oHE KbICKa Mep3ime
naiilaaHbIaThIH  OHEPKACINTIK  KaTalu3aTOpJapAblH KbI3METTEpl, eKiHIIIJeH, OHEPKACINTIK
MaHBI3Jbl KATalU3aTOpIap MEH TEXHOJIOTHSUIAPAbIH JKeTKiIikci3 accoprumenti (Andre, R.,
Meyniel, L. xone 1.0 2022; Andrade, L., Muchave, G.,xone Maciel, S., 2022). CoHabIKTaH
OHEPKACIINTIH XOII MICTI KOCBUIBICTapJbl CENEKTUBTI TUApPIEY OHIMJIEpiHE AETeH KaKeTTUIIriHIH
apTyblHa KapamacTaH, Mocejie jKaHa >KOFaphl THIMIl KOHE KOJJAHBICTaFbl MOAM(pHUKALUSIapbI
93ipJiey OHEPKICINTIK MaKcaTTaFbl KaTaIU3aToOpiap OChl YaKbITKA JIeH1H MICHTiIMEreH.

AJBIHFaH KaTalu3aropiiap OCH30JI THAPJICY YIIiH KoHE (DU3MKA-XUMHUSIIBIK 3epTTeyIepe
naigananeUiAbl. ['Uapiey apacklHIaFbl XUMUSIIBIK peakius Mojekynanbik cyreri (Hz) sxkone Gacka
KOCBUIBIC HEMECE JJIEMEHT, OJIeTTe HHKENlb, MallaJuii HeMece IUIaTHUHA CHUSKThI KaTaau3aTop
KATBICYBIMEH JXypeai. byt mporece o1eTTe opraHiKaiblK KOCBUTBICTApAbl KAJIBIHA KEJITIPY HeMece
KaHBIKTBIPY YIOiH Kosmanbutazel (Antoniak-Jurak, K., Kowalik P. sxome Narowski, R., 2011).
Peakmmst yoriH karanm3aTopiiap KaXeT, KaTAIMTHKAIBIK eMeC THIpJiey Oyl eTe KOorapbl
TeMIieparypaja FaHa KojigaHyra O0oianbl. [uaprey KOMIOHEHTTEp: KaHbIKIAFaH cyOcTparT, CyTeri
(Hemece cyTeri Ke31) jkKoHE, TYpaKThl, KaTalu3aTop/aH Typaabl. Peakiust op Typii Temmeparypana
KOHE KBICBIMJIA JKY3ere achIpbUlafpl CyOCTpaTKa »>KOHE KaTalu3aTOpIbIH OelceHIimirine
OaiimanbicTel Ooaner (Ashirov, A.M., Satybaldieva, N.K., 1.6. skone Dyysebekova A.M., 2015).

Anbaran kopbeitiia Kypambiaaa Ni, Al NiAl, NiAlz 6ap. Kenrteren ransivaap (Chakraborty,
S., Piszel, P., xxone Brennessel, W.A., 2015). ex Oencenni katamuzatopiaap NiAlz sxone Ni2Alz
KOMITIOHEHTTIK KOCBUIBICTaphl Jen caHaiabl. KypbutbiIMHBIH KajbinTacybl Ni2Alz karanmsarops
KaHKa CaTBICHI JICTI aTajajbl, OHJAa KaHKAHBIH O1p O6JIiri BIIbIpar, HUKEIb/IH YCaK OeJIIeKTepiH
Ty3eni. JKorapel camaibl KaTalu3aToOplbl alyJa OHall TOTHIFATBIH KaTaau3aTopiap MEH KaHKaHBI
KEeNTIpy OJICIH TaHjaayra HUKeNb MaHb3abl pen Oepineni (Claude, V., Mahy, J.G T1.6., xoHe
Lambert, S.D. 2019; Ibragimova, D.I., xxone Kedelbaev, B.Sh., 2006). Karanu3zaropiapabl cymeH
Kyylda METAaHOJIMEH Hemece anudarTel Karapiarbl 0Oacka CHUPTTEPMEH MYKHAT JKYPTri3y
ycoiabuianpl. COHBIMEH KaTap, KaTaau3aTopiapbl €H KaKChl TOCUIl CyIbl KETipy MpOoIeci TOMEH
KbICBIM MEH TeMmreparypana kenripineni ( Kameoka, S., Kimura, T., sxone Tsai, A.P., 2009).

KaHnka HuKenb KaTaim3aTopiiapblHbIH OenceHmimiri KopbiTmanapaarsl  NiAls da3aceiHbig
HETi3IMEH aHBIKTaJda/bl, COHJABIKTaH OepiareH ¢asza IeKCi3 OpraHUKaIbIK KOCBUIBICTApIbIH
THJIPOTEHU3AIMS peakIusIapbiHaa Oencen i 6obin Tabbutaabl. byn peakuusiapabl Kyprizy yiuiH
enepkacinrte Ni2Alz, Ni (50% Al) kopbITmacsiHaH KaHKa HUKET KOJJAHBLIAAbI, OJ1 HETi3iHEeH
MmbiHanmapaaH typanasl amoMmuHuid, NiAls, Ni2Als. Ni-Al-ra oprypni Mertamn KocmaiapblH €HTI3y

88



A.H. Tymuaes amvirdazor Eypasus yammotx yrusepcumemittiry xabaputvicol. Xumus. Feozpadus. Ixorozus cepuscet, 2025, 151(2)

KOpBITIIATap YKOFaphl OHIMAI MOIU(UKAIMIAHFAaH HUKEIh KaHKa KaTajlu3aTopiapblH alyJIbIH CH
THIM/II JKOJIBI OOJIBIN TaOBUIAIBI, )KOFAPBI OCICEHAUTIKKE, CEJICKTUBTLUTIKKE )KOHE TYPAKTHUIBIKKA HE
ruaporenusanusuibiK npomecrep 6onansl (Kedelbaev, B.Sh., Lakhanova, xone Turabdzhanov, S.,
2021). Huxens KopbITHANApbiHA MOAMMUKAIMSIBIK KOCHAJNApAbl €Hri3y aram aiTKaHzia
ATIOMUHUJITED, CUITIJICHTCH KOPBITHAJIAP/IBIH SFHU KaHKa KaTaln3aTopIIapbiHbIH (ha3aiblK KYpaMbIH
e3reprei, xaHa Kocbimina Oencenpainik kepcereni (Kedelbaev, B.Sh., sxone Satybaldieva, N.K.,
2015), Hukens Katanu3aTtopiapsl KETKUTIKTI Typae 3€pTTEITeHIIKTEH, 013 (a3aablK KypbLIBIMHBIH
JEpeKTepiH  KEeNTIpyMEH MICKTENIIK; aJTIOMHHHA-HUKEIh HETI3IHIErli KOpBITIAiap MEH
KaTaJlu3aTopiapAblH MEHIIIKTI OeTi (eppokopbITHaapMeH Moau(UKaMsUIaHFaH KOpBITHAIAP.
AliTa KeTy Kepek, ofeOueTTe KOphITIAa ATIOMHHUN-HUKEIbAIH (U3UKA-XUMISUIBIK KacueTTepiHe
apHayFaH (HeppOKOPBITIATAD KaTallU3aTopiiap dcepi JKETKUTKTI Typae KamThiiMmarad. OcCbIFaH
OaiianbICThl 013 (eppocrmimkoxpomubiH (Oyaan api PCX), peppomonudaen (Oynan opi ®Mo),
dbepporutan (OTi) xone peppocrmmrokanbiiuii (Oymaan opi ®CK) anroMuHUi-HUKENbAIH (Da3anbiK
KypaMbl MEH KYpBLIbIMBIHA KOPBITIIANAP MEH Karanuszaropiap acepi 3eprrenren (Kedelbaev, B.
xoHe T.0.2015). Typnenaiprimi KOMIIOHEHTTEp peTiHIe TaHaay (eppOoKOpbITHANapIbIH KaHKa
KaTaJM3aTopiapbl OJApAbIH OHal KOJI JKeTiMaimiriHe OaimaneicTel xymbicta (Leont’ev, L.I.,
Zhuchkov, V.1, sxone T.0., Mikhailova, L.Yu., 2022), kepcerinrenaeii, Hukenb KaHkacbiHa C, Mo,
Co, Fe kochIMIIanapblH €HTI3TCHIE — OCH3OJIIbI THUAPICY KE3iHJIe HUKEIb OCJICeHIUTITiHE acep
ereni. MeHIIikTi O€JICEHIUTIKTIH a3 FaHa ©3repyiH, aBTOpiap ObUIall TYCIHAIpeni, SFHU Oy
MeTajIap YJIKEH eMec Iopexene HHUKEIbMEH Oipre KaTThl epiTiHZIre Kipeai >KoHEe AJIEKTPOHIBI
KYPBUIBICBIH ©3TrepTIeiIi. ApajiackaH OalaaHbICTapbIH OEJICEHAUNr, KOCBIMIIA CHTI3reH/IC
KaTaJIMTUKAJIBIK TPOLECTIH Oip CATHICBIHBIH ©3TepyiHe HeTi3/ene .

Makanaga (Maclntosh, K., sxkone Beaumont, S. 2020, >xone Masenova, A.T., 2008). Ni-Co
KYHeciHIeri Kydmanap 3epTTeli, ojlap COJl MeTalJapislH KapOoHaTTapbIMeH Oipre TyHOara
Tycipin  anbiHanel.  Karanuzatopmap — OenceHauniri  OGH30IABI  THAPIEY  PEaKIHSICHIHBIH
KBUTAMIBIFBIMEH aHbIKTaNabl 140 - 170°C TemmepaTypa HHTEPBAIBIH/IA, PEAKITUS YKBUTIAMIBIFBI
OeH301 OOMBIHIIA HONBAIK PETTUTK TEHJEYyIMEH CHUIaTTanaThlHbl TaOblAbl. JKOoFaprel GeTTepiHiH
YATUIEpIH aHBIKTAy, HUKEJIbIe KOOaJdbT KOCKAHJIA KaTaJlW3aTOPJIBIH MEHIIIKTI KOFapFbl OCTIHIH
HAKThl apTKaHBIH KOpCEeTTi. MEHIIIKTI KaTaTuTHKAIBIK OeJICeHITIK KyiMaga KOoOambT Kypambl
ke0eiireH cailblH TY3y ChI3BIK OoiibiHIIA sxoFapbutaiiabl (Mejia, H., Vogt, C. xone Weckhuysen,
B.M., 2020).

byn 3eprTey KOHIEHCATTalFaH >KOHE MOJHUSAEPNi XOILI WICTI KOCBUIBICTAPABIH TUIpPICY-
JEeTUApIey peakiusuiapbl HEri3iHAe JKYMbIC ICTEMTIH KaTaJUTHKAIBIK KYHelepAe CYTeKTI cakTay
oniciH »kacayra apHanfaH. OJ eHEpKocill YIIIH CyTeri TeHepaTOpbIHJA, (YHKUHMOHAIIbL, OHJA
OHJIIPICTIK OHEPKICINTIK TIeHepaTopiapAa, AaBTOMOOWIbIEpIEri >KaHap Maill 3JIeMEHT-TepiHAe,
COHBIMEH Katap 0Oackajga CyTeKTI KO3FaITKBIIITApMEH KaOJbpIKTamFaH  KOHJIBIPFbLIApIA
naiigananeitysl MyMkiH (Pina, G., Louis, C., xxone Keane, M., 2005).

Kypamaarsl apoMaTThl KOMIpPCYTEKTEP/Ii TOMEHIETY MACceNIeCl KONTETeH 9/IiICTEpPMEH eIyl
MYMKIiH, OHBIH 1IIIH]I€ OJap/bl aICOPOIMIMEH HEMECe KCTPAKIIUIMEH OOJIiM amy jkoHe e 0acka a3
KayinTi Kocnajuapra ayslcTelpy. JKaHapmaiinap/slH naiananeic KacHeTTepiH, acipece OCH3MHHIH,
KAKCApTYABIH €H THUIMII OJICTepiHiH Oipl peTiHIe KaTaau3aTopiap KAaThICYBIMEH apoMaTThl
KeMIpCyTeKTep/ii TUApIIey MPOLECiHe HeTi3/1ereH ruapoieapoMaTTay OoJIbI TaOblIabI.

OnpipicTe TUAPOTEHU3IEY TPOLECTEepPl KaTaH IapTTapa (Korapbl TEMIEpaTypa sK9HE CyTeri
KbIcbIMBI) Temip, Co, Mo, Ni, Cu, W »xoHe Oacka na aysicnaibl MeTanaapnaa sxypeai. CoHFbI
yakpITTa THUIPOTEHU3ACY TPOIECIHIEr €H ap3aH »J>KOHE OHAall KOJI KEeTKi3yre OOJaThIH
Kataju3aropyiap MOAUGUIMPIICHICH KyiManbl HHKelb Oonbin  TaObuiagbl  (Popova, N.M.,
Salakhova, R.Kh., 1.6., sxone Tungatarova, S.A., 2008).

benzonapl cyibIK ¢azana rupiey ra3faarbifa KaparaHaa KelemeKkTi OONbIn Kenesl, oWTKeHi,
€H TOMEHT1 TeMIlepaTypaja IIbIFBIMBI KOHE Ta3allbIK JOPEKeci JKOFaphl IUKIOTEKCAHIbI aTyFa
MYMKIHJIIK Oepeni.
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Onebuerti (Prakash, M., Mahalakshmy, R., sone Krishnamurthy K., 2017) mony
KOPCETKeHIeH TUAPOTCHU3ANNS TPOIECIHIC COHFBI YaKbITTa (eppoKyiiMaMeH MOAU(PUITUPICHTCH
KyHMalbl HUKEJIbJII KaTaau3aTtopiap ¢H ap3aHbl )KOHEe OHal KOJI )KETKI3epJIiKTeH OO0JIbIN TaObLIa Ik,

2. MaTtepuajjgap MeH daicTep

Kenreren 3eprreynep HoTmwkenepi Akrebe deppokopbiTna 3aybIThiHBIH — (ADK?3)
beppokyiiManapblH 3epTTey KYMBICTaphIH/IA KOJIJaHyFa OoJjaThiH OipHeIlle FhUIBIMH Makalanap
MEH 3epTTeyJiep/li aHBIKTail OTBIPHIN, METAJUIYprHs 3aybITTApAbIH JKapThUIAil eHiMuaepl -
(dbeppokyiiMaliap KCUII03aHbl THIPJICY Ke31HIe KyHMaibl MbIC KaTaJlu3aTOPJIaphIHBIH OeJICEHIUTITIH
apTTHIPATBIH MOAUPUITUPICYII KOCTalap PeTiH/e MaiaalaHbUTybl MyMKIH €KSHJIITIH KapacThIPHIIL,
coHmaii-ak Makananga akagaemuk J[.B. CokonbCkuiIiH OacHIbUIBIFBIMEH OPTYpJIl MeTajlgapMeH
MomudummpieHnres  (KaHAPTBUIFAH)  KYWMalnbl — KaTaluu3aToOpyiap  KATBICBIHIAA  TOJIYOJIIBI
TUIpOTeHU3alusIay peakusichl HaKThl 3epTTenreH. PeppokyiiMatapMeH MPOMOTPIICHIeH HUKEIh
KaTajM3aTopjapblHaa TOJYOJAbl CYTEKTCHIIPY peakKIUsAChbiHA Ka3ipri yakKbITKa ACHIH 3epTTey
XKYpriziiMereH. ABTOPJBIH ©31 KYPri3reH 3epTTeyJIepaiH MakcaThl — (heppOKYMMaIbl KOCTanaphbl
0ap MOAM(UIMPICHTCH OHIIPICTIK-MAaHBI3IbI KaTAIH3aTOPJIAPABI aTyJIbIH TEXHOJIOTHSCH MEH
CUHTE3/IIH FBUIBIMH HETI31H jkacay OoJbIll TaObLIaAbl. BYphIH KapHsUIaHFaH 3€pTTEYJEpal ecKepe
oteipbIn, A.Slccaym ateianarsl [IIM MKTVY-HiH ToxXipuOETiK-IKCIIEPUMEHTAIABI OHIIPICIHIE KOHE
M.Oye30B ateinarsl OKMY-HIH 3epTXaHachlHa KaTalu3aTopiiapibl ChIHAY aKTUIEpIMEH pacTalia
OTHIPEIN, (eppoKyHMalapMeH MPOMOTHPJICHICH >KaHA HHKENb/l, THAPJICY KaTalu3aTopiiapbl
aHBIKTAJIFaH.

AHBIKTay OapbIChIHIAa KYHAMaJbl HUKEIBII KaTaIM3aTOPIApIbIH CEPHUSICHI 3EPTTEITeH
OonatbiH, onmap aysicmanbsl metanmgapmeH (V, Cr, Mn, Fe, Nb, Mo, Ta, W, Re, Ir) xone
nanTanouaTapmed (Sm, Gd um LaOs) mpomotprnenren. Kyiimamapabl Oenrinmi omic OoMbIHIIIA
YKOFapFbI Ta3alIbIKTaFbl JKOHE JKULTIKTEr1 OalKBITKBIII memrepae aaipinaaiael (Satybaldieva, N.K.,
Kedelbaev, B.Sh., »xome Kudasova, D.E. 2008). AreIMABIK KaFfaiiapiaa 3epTTENCTiH
karanuzaropaapasl 20% NaOH epitinaicimen 373 K Temneparypa ke3iHzne 1 caraT apajiblFblHAA
aktuBTedal (Gencenaumnirin aprtreipaasl) (1 r kyiimara 80 mun 20% NaOH). Coman coy
KaTajau3aTopbl OelTapanTtay peakiUsChHA ACHIH CyMEH JKYBIN, BUIFAIIbl dTAHOJIMEH KENTipesi.
CranuoHapibl KaTalu3aToOpIbIH aKTUBALUACHIH Kenecifei oic OoiibiHIma xyprizeai. Karanuzatop
KaMmepachblHa, OJ1 peakTop imiHAe opHanacanbl, 170 r kyiiMa camanel xoHe 10% cynst NaOH
epITIHIICIMEH CIUITIeHAl, al CINTUIeYOiH [OpeKeciH ra3 ecemTerimi OoWbIHIIA OaKbLIal k.
Kyiimanan 20% amomuHuiigig OesinyiHe SkBuBalieHTTI Hz memmiepi OeniHTeH COH, CUITUIEYI
TOKTaTa/bl, KaTalW3aToOpAbl OeiTapanTtay peakiusChiHA NEHiH Iasabpl, BUIFANABl ATAHOJIMEH
worantein, 123 K ke3inge Hz arbimbinzma kentipemi. ComaH COH peakTOPIbI IHKIOTEKCAaHMEH
TOJITHIPAJIBI KOHE OEH30JIIBI CyTEeTIMEH Kibepe/i.

Kywmsbic ke3inne 0,25 11 keneMiHIeT1 Ke3eH 11K SPEKETIeH aBTOKJIAaB KOHE KOJIOHHA TYPIHJAET]
(Vxon=0,1 1) aFbIMIOBIK KOHIBIPFBI KOJJIaHBLIAAbl. Peakiiusi OHIMICpiH, ChIHAYBIKTAPIbI
xpomotorpadus SAiCIMEH aHaIU3IeH 1.

KyiiManbik kaTanmu3aTopiaapAblH MEHIIIKTI JKOFapFbl OTIH TOMEHT1 TeMIiepaTypajia aproHHbIH
anmcopOIust oniciMeH KyimanapabiH ¢a3anslk Kypambia (Prakash, M., Mahalakshmy, R., xone
Krishnamurthy, K., 2017) omicteme Ooitbiniia MHWM-7 wmetamiorpadukaiblk MHKPOCKOIITA
anpikTaiinpl.  Kecingi  cwi3pikrap kemerimen Ni-Al-kyiiMamapeiasii  La2O3, Sm men Gd
KOCBIHJIBIIIApPbIMEH (pa3anapbIHBIH KOJIEMIIK KYpaMbl €CerTeN Il KOHE OJIapAblH MOJIIEpiHe KaiTa
ecenrey yprizuni (kecre 1).
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Kecte 1. [IpoMOTpJIeHT€eH HUKeJIb-AJIOMUHUN KYIMaJIapbIHbIH (a3aJ1bIK KYpaMbl

®a3a aynansl, %0
Kyiima Kypambl, Maiina nonni .
cajm.,% Niail lﬁ?/g? 3BTEKTUKA HeBor dx NI{I;QIS/
2 § Al+NiAl; o
Ni-Al=50:50 440 53,0 3,0 Kansik ax 1,20
JKOJIaKTap
Ni-La,03-Al=49,8:0,2: 47,4 50,8 1,8 - 1,07
:50,48:2:50 36,4 63,0 - 0,6 1,73
Ni-Sm-AIl=49:1,0:50 60,0 30,0 10,0 - 0,50
Ni-Gd-Al=49,5:0,5:50 60,5 39,2 - 0,3 0,65
Ni-Fe-Al=48:2:50 46,2 50,4 34 - 1,09
Ni-Fe-V-Al=46:5:2:50 34,4 64,0 0,9 1,0 1,88
Ni-Fe-Nb-Al=43:2:5:50 42,0 56,0 0,8 1,0 1,33
Ni-Fe-Mo-Al=43:2:5:50 58,0 40,8 - 1,2 0,70
Ni-Fe-Mn-Al=47:2:1:50 42,0 54,8 1,1 2,1 1,30

Ni-A1l = 50:50 aneiaran Kyiima, Ni2Alz (ak Tycrec) daszacein Kypaiabl, NiAlz (KaHBIK) )KOHE
Maiiga AoH/II 3BTEKTHKA, 3% XybIK aymauabl anaasl. Ni-Al kyliMaceinna LaxO3 kypambiH keOenTy
NiAlz ¢a3acel anaTbiH koraprbl OeTTiH aynanbiH 50,8-neH 63% neiliH keHelTeni xoHe Oenricis
dazanbin (0,6%) maiina 6omybiHa ocep eremi. Sm xkoHe Gd kocwiHmbiiapsl NiAls/Ni2Alz=30:60
(Sm) men 39,2:60,5 (Gd) xarsictel Ni-Al=l:1 ¢a3amapbl OpbIH anaTblH ayAaHIap KaTbIHACHIH
e3repteni. Camapuil sxaraiibIH/1a YBTEKTHKA KOFapFbl OCTiHIH ayAaHbl IaMaMeH 2 ece keOelei,
an Gd enrisren ke3me Oenriciz ¢asa (0,3%) maiina Gonmaael. Fe, Fe-Nb, Fe-Mn KkocwIHIbLTapHI
NiAlz/Ni2Al3 (1,09-1,33) karbiHackiH a3 e3reprefdi, 6ipak NiAls nHTepMETAUTHANIEH OPBIH aJaThiH
aynaH, Kyiimara 01p yakeitta Fe men V (2% Ooiipinina) enrizrenae 64% neiiin kebeiieni, ain Fe men
Mo kockaH ke3zae 40,8% neiiin ToMeHaei .

XKywmsbicta 3eprrey Matepuangapel perinae ywTik Ni-Al 50% Al (mynna ®TiMn, ®Mn,
®MoMn) xyliecinae nalbIlHAaIFaH HUKEh HeTi3iHaeri KaHkaiael 80 karamu3aTopiap KypaMbIHBIH
(bu3MKa-XUMUSIIBIK KaCHETTepl OChI KYMBICTa 3epTTenesi. Jlurepneyin metangapablH TaOUFaThIH
KOHE MeJIILIEPIH TaHAay MOIU(ULIMPIEHTe€H KOChIHAbUIAP KiIaccu(UKaIMsIChIHA HET13/1ee1l.

Kyitmanap (2 kecrene kepcerinrenneit) sxorapsl sxuinikreri OKBb-8020 mapkainbl GamKbITKBIII
MENIHAE TeXHOJIOTHSCH OOMBIHINA MaWbIHAANAbl. KBapurel TUrensre ecenrtenreH mesmepae Al
KyiiMa TYpiHJe OopHanacThIpasl koHe Oiptingen 1000 - 1100°C neiiin KBI3JIBIPA/IbI, COJIaH KEeWiH
€CETITENITeH MOJIIIep/Ie HUKENb KaTalu3aTop-JIapblH MeTal (eppoKyiiMa KOChIMIIaJapbIMEH
KECIHJIIJIep HeMece YHTaK TYpiHAE eHrizell. OK30TePMUSUIBIK peakius HOTHXKeciHIe Oalky
temmepatypachl 1700-1800°C neitin KeTepine i, MHAYKIIMOH/IBI aiiMaKTa apanacTeIpy 3-5 MUHYTKA
NeiiH co3puiansl. ['paduTTi Kameimrapaa KyiiManapabsl ayaaa cybITaabl xkoHe 0,25MM oHIHE ACHiH
Marinanaiiael. KyliManapaplH akTHBAlMACHIH Kenecimend Typae xyprizeni: 1,0r kyiimansr 40 cm3
kesnemzae anbiiFaH 20% cymnbl KyWaiprim HaTpuil epitingiciMeH 1 caraT Goiibl KalfHam TypFaH Cy
MOHIIIAChIHA KOWBIM CIATUICHI, COJaH KeWIH KaTaau3aTopabl CUITiIeH ¢eHon(TallenHMeH
OeiiTapanTaHy peaklUsAChiHA JAeiiH kyaabl. OcbIHAAaW TYpA€ alblHFaH KaTalu3aTopiapabl
TOJTYOJIIBI THUAPIICY XKoHE (PM3UKA-XUMUSIIBIK 3epPTTEYJIep YIIiH KOJIaH/IbIK.

@eppoKOpBITIIa  3ayBITBIHBIH ~ KYJIUIAM  KaJAbIKTapblHAaH  (EppOKOPBITIIA  OHIIpICi
KaJJBIKTaphl HETI3iHAE aJblHFaH KaTaJu3aToOpJiapAblH  JJIEKTPOHABI - MHUKPOCKOMHSIIBIK
3epTTeyJepiHiH HOTIXKenepi kentipinren. Karanuzarop TyHipuikrep OeTiHiH MOp(]OIOTUsiCH MeH
KatanuTukanblk Oencenai Fe, Cr »xoHe Mn Merannap KpUCTaJUTUTTEPIHIH O€TKI Tapaiybl
cunartanrad. Kartanmuzatopasl  gaibiHaay — OapbIChIHAA  METaul  KPUCTAJUIMTTEPIiHIH  ipi
arioMepaTTapblHBIH KOPIHOCHUTIH OipKenki, KeyeKTi O€Ti aJblHFaHbl, METaul KOMIIOHEHTTEpI
Kypamzaac 6emikTepiHiH Oipkenki 0071ybl, KpUCTAIUTTEPIH emeMi Oipaei ekeHairi, OemeKTepain
yCakK IUCIIEPCTLIITT KOPCEeTUII.
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DK30TEepMUSIIBIK ~ PEAKIUs HOTIWKeCiHae Oanky Ttemmeparypackl 1700-1800°C  nmeitin
KeTepileni, al WHAYKIMUIBIK aiiMakTa apanactelpy 3-5 MHHYTKa JAediH co3buiafsl. ['padurri
KaJbImTapaa KydManapabl ayaga cybiTanbl skoHe 0,25 MM JIoHIHE JediH  Maijayiaiibl.
Kyiimanapasiy aktuBanusicsl keneciget xxyprizineni: 1,0 T kyiimansr 40 cm® kenemaeri 20% cymsl
KYWHIiprim HaTpuil epiTiHaiciMeH 1 carar OOWBI KaiiHaN TYpFaH Cy MOHIIIACHIHA KOMBIN CLITEHI,
COJZIaH KEHiH KaTamu3aTopIsl cinTineH deHondTarenHMeH OelTapanTaHAbIpy peakusIChiHA JeHiH
kyaabl. OCbl OficCIieH albIHFAH KaTaJIMW3aTopiiap TOJXYOJIbl THIPICY JKOHE (U3UKA-XHMUSIIBIK
3epTTeyJiep YUIH KOJAaHbUIbl. Karamuzarop peTiHae KaHKaldbl HUKEIb, TaChIMaJaFbIIITaFrbl
HUKENb, MOMHOaeH, Bojdbdpam cynbhumi Hemece okcuai (Kedelbaev, B.Sh., Satybaldieva, N.K.
2015) xommanbuianbl. HwuKenpal KaTaim3aTopiiap CTEPEOCCICKTUBTUIINIMEH MEHTON TY3y/e
MbiHamai Katapra opHanacaasl: Ni-Cro03(55%)~ Ni—Al.Oz (55%)~Ni-popmuarter (55%)> Ni-
KaHKabl (48%)> Ni-km3enbryp (35%) anpiHagpl. bactanmkelr TuMoONIeIH KoHBepcusichl 99-100%
Kypanpl.

3. Hotmkenep

AJBIHFaH HOTHKEJIepre coiikec, 3eprrenreH katanusatopiuap Ni-Al 50% Al (myana @TiMn,
®dMn, ®MoMn) xylieciHae NalbIHAAIFaH HUKENIb HET131HIEer KaHKalbl KaTalu3aTopiiap OOJIbII
Ta0BLIABI, OJAPABIH (U3HKO-XUMHUSUIBIK KACHETTEPl OCHI )KYMBICTa KApaCTBIPBUIFaH. 3epPTTEITCH
KaTaJM3aTopJIapIblH HOTHKEIepi OobIHIIA onap TeMenzaeriaeii pernen opHanactel: Co-(70%Al)
<Co-Mo<Co-Fe<Co-Ti<Co-Nb<Co-Cr<Co-Zr<Co-Ru.

Jlurepneyun MertangapablH | cypeTte KepceTuIreHaed TaOuFaThl MEH MOJIIEPiH TaHaay
Moau(HUKaNUsUTAHFaH KOCBIHIBUIAPIBIH KiTacCU(DUKAIMSICHIHA HET131eIIe 1.

e

x1,000 10pm SElI  20kV WD9mm $830 x1,000 10pm
72 c Samole 5

Cyper 1. @eppokophITiia 3aybITBIHBIH KYJIUIAM KaJABIKTapblHaH (eppoKOphITIIa ©HAIpici
KaJIABIKTaphl HET131He aJbIHFaH KaTaln3aTopiaapIblH AIEKTPOHAbI - MUKPOCKOMHSUIBIK HOTHKEIepl

KyiimManpslk ~ amoMoO-HUKENb  KaTalu3aTOpJIaphlHBIH  (PM3HKa-XUMUSIIBIK — KacHeTTepiHe
beppokyiimManapIbH ocepi 9eduerTepie TONbIKTal KapacTelpbuiMarad. Ockbl cebenti 013 anmomo-
HUKEJb KyliMallapbl MEH KaTalu3aTOpJIapbIHbIH KYPBUTBIMBI MeH (a3anblk KypambiHa @TiMn, ®Mn
xoHe ®MoMn aceprepi OolibiHIIA 3epTTeyiep Kyprizinai. Hotmkenep 1-kectene kepceTirenaei
MOTUGUKAISIIAYIIBl MeTaimap OacTanmkbl KylMalap MEH KaTalu3aTOpJIapIblH KYpbUIBIMBIHA,
COHJal-aK CaHJIBIK JKOHE camalblK KypambiHa HaKThl ocep ereri. Ni—Al (50:50) kyiimanaps! yix
NiAlz, Ni2Als—¢a3zaceiven (NiAls+Al) aprekTrkagan O6acka, aii aHbIKTaaMarad Px kaHa ¢aszanap
naiina Gomagsl. Kubuibicy ofici apKbUIbl XKeke (aszanap OpbIH alaThlH ayJaHJapblH IIamMallapbl
AHBIKTAJIIBL.
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Kecre 2. ®eppokyiimanapbl KOCBUIFAH KaTalu3aTopjap MEH AIIOMOHHKENbIl KyHMallapIbIH
CHUIIaTTaMachl

Kyiimanap Karanausatopaap
MOHH@H.HHP asa aynaes, %6 Kpucrann MeH1ik-
feyril . NiAl; | TOpBIHBIH KpHCTaH.H Ti YKOFAPFBI
KOCBIM- NiAL | NiAls Al+NiAl; Ni,Als | napaverps eJIIIeMI 6eri (S)
manap IBTEKTHKA . (L), am 9
epi (a), HM M“/T
Ni — Al =50 -50
- |50 |40 | 10 | [125 10,353 | 5,4 |15
Ni — 50% Al — ®TiMn
3-10,0 |50 |39 | 7 | 1,28 ]0,353 | 4,7 | 110
Ni —50% Al — ®Mn
3-10,0 |45 ]33 | 11 10 [1536 [0,353 | 34 | 1125
Ni — 50% Al — ®MoMn
3-10,0 |44 |39 | 11 |8 1533 [0,353 | | 122,4

* EckepTy: JepeKTep Heri3iHae KypacThipbuiraH [25]

NiAls xone Ni2Als dhazanap aynanst 44 -50 meH 33 - 44% apabIFblH/Ia aYBITKHUIBI )KOHE OJIap
KyiMaJarsl MeTalAapblH KOHIIEHTpAlMs 6ciMiMeH ToMeHael 1. KypaMbIHaa 3BTEKTHKAIBIK KOCTa
xoHe @Dx Ooiybl KyiiMaja KOChIMINANApP MeJmepi ockeHme 12% AciiH IKOFapbUIAMIbL.
IMpomorpaenren kyiimanapaa NiAls/Ni2Als kateiHacer koceiMinackids Ni—Al (50:50) kyiimaceina
kaparasna (1,25), »xoraper 6omansl (1,28-1,37); nerupieyini MeTangap KOHICHTPAIUACH 6CIMIMEH
TOMEH/IeH 1l Hemece (eppOCHIIMKOKAIBINN KypaylblaH (peppoTuTaH Kypaylbl KyiManapra aeiin
YKOFapbLIaNIbI.

Karanuszaropnap kankanel HukenbaeH y—Al203, Ni2Alz sxone ®x dazanapbiH Kypaiiibl.
Moauduuupieym KochIMIIanap HUKENb KPUCTAUT TOPJApbIHBIH MapaMeTpiiepiHe acep eTmeinl,
O0lpak OHBIH KpUCTalJapblH aiTapnblkrail Mainanaiael (5,4-ten 3,2 HM-Te JeifiH), Oyn
KaTaau3aTopAbIH MeHIIKTI 6eTiHiH aynanbiH 130,0 M?/r-Kka aeiiin apTTeipaasl. Ocklnaiiina, Ni-50%
Al kyiimaceiHa (eppokyiimanap KOCBIMILANApbIH €HTi3y (a3za KypaMmblHa, KYpBUIbICHIHA >KOHE
KaHKaJIbl HUKeb KaTaJu3aTOpJapbIHbIH MEHIIIKTI dKOFapFbl OETIHE e/19yip ocep eTef.

byn xymeicra (Popova, N.M., Salakhova, R.Kh., T.6., sxone Tungatarova, S.A., 2008).
deppokyitmanapmer — ¢eppocuiukoxpom (PCK) men ¢peppomonubdnen (PMo) cyiiblk (aszana
MOJTUGUIMPIICHTeH KYHMaJbIK HUKEIh KaTalu3aTopiiapja MOAENbAl KOCBUTBICTAp — OEH30J1 MEH
TOJYOJIIbl THAPIEY MPOLECIHIH 3epTTeY HOTIIKENepl KenTipiareH. 3epTTeNeTiH KaTaau3aTopiiap
apOMaTThl KOCBUIBICTAP/ABI THUAPIICY KE31HIE OPTYpJl OEJICEHAUTIK MEeH CEJICKTUBTUIIK KOPCETE.
deppokyiiMantapMeH MPOMOTUPJICHIEH HHMKeNb KaTalu3aTopJIapblHAa OpTYPJl JKbULAAMIBIK IE€H
KOHBEpPCHsI JOPEKECIHJIE apoMaTThl CaKWHA IMKIOTeKcaHra feiin ruapiaeHeni. Conpaii-ax
€CKEepeTiH Hopce, CaKMHaHBl allly peakIMsAChIHAA — XXYPri3UIreH TaxipuOenepne HadTeHAepAiH
JIECTPYKIUACH OaliKanmMaiapl. ApoMaTThl KOMIpCYTEKTEpl THIAPIEY PEaKIUsSCHIHBIH OTE YIJIKEH
OacTamnKhl XKbUITAMIBIFBL, Kekenerenae oenszonna, Ni-Al-OCX karanuzaropeiHna Oaiikanaabl, OHIA
Ni-Al-®Mo kaTanu3aTopbiHia TYPAKTHUIBIK KOFapbl 00JIa bl

KyiiManplk HUKETBA1 KaTamu3aTopiapblH OCNCEHAUNIr OJapplH MEHIIKTI OeTiHe Toyenmi
oomanel, an on 363-373 K temmeparypa kesinme NisAl, NiAls, Ni2Als urtepmeramauarepin
KaJBINTACTBIPYFa KaOUIeTTI aJlOMUHUM MeJmiepi, ciaTiuieHaipy y3akTeirbl (0-50 MuHYT) *XKoHe
KyliMaZia HUKeNIbIiH Meimepl keOeirenne ynkedeni. Ni-Al KyiiMacblH CUITIIEHAIPY Ke3iHAET1
ATIOMUHHIII epiTy HOTWXKeciHae cyreri Oemineni. Hukenb »ofaprel OeTiHIE aacOopOIUsIaHBII
Hatpuit amromuHaThl NaA 1(OH)2 sxone ruapoaprumut Nas[Al (OH)g] Ty3i1yi, OHBIH OeICeHAUTITIH
TOMeHJeTell, Oacka »>KarblHAH ajFaHia OeJiHeTIH CyTeri HHKENbJIH JKOFapFbl OeTi MeH
CaHbUIayJdapblH  KaHBIKTHIPAAbl  KOHE  OalIaHBICTBIPFBINTHIH ~ O€JCeHAl  KYPBUIBICHIH
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KaJbInTacTeipaanl, oiiTkeHi NiAlz kaparanma, Ni2Als dazacer 6asy cintineneni, conapikrad NiAls e-
(dazachlIMeH KAaHBIKKAH KaTaJau3aTopyiap Kell copoumsinanran  Hp Kypaliapl >koHE YIIKEH
OeJICeHIUIIKKE ¥e OoJIabl.

Ocpuraiinia, Kaakasiel Ni-KaTaau3aTopiapbIHbIH (U3UKa-XUMUSIIBIK KAaCHETTEPl )KOFapFhl OeT
KabaTTapblHBIH XHMHUSUIBIK KypaMbl MEH KeJIeMJIiK KacuerTepine toyenai Oomaael (Kedelbaev,
B.Sh., Satybaldieva, N.K. 2015).

KenTipisiren Marepuali, ONTHMAabIbl TEXHOJIOTHSJIBIK CHITATTaMallapFa He (TYPaKTBUIBIK,
OeJICeHITIK, TaH/Iay MYMKIHJIIT1) KaHKAJIbl HUKEIh KaTalu3aTop-JapblHbIH opi Kapaid JaMbITBUTYbBI
THIC €KEHIITTH KOPCETE/Il.

4. Tanpay

@DeppoKOpBITIIa  KATaTU3aTOPJIAPBIHBIH ~ XUMUSJIBIK ~ TEXHOJOTHSIAFBl  MAaHBI3IBUIBIFBIH
apTThIpy YUIIH JKaHAa 3epTTeyJiep MEH TEeXHOJOTMsUIbIK Iuenrimaep Kaxker. Kazipri Tanzma
HAHOTEXHOJIOTHSIIAPIBIH aMybl (PeppOKOPHITIIATAPABIH KaTaTU3/iK KaCHETTEePiH KaKcapTyFa 30p
MYMKiHIIKTep O6epeni. HanoKypbuibIMABI (heppOKOpPHITIA MaTepUANIAPbIH Kacay apKbLIbl OJapIblH
OeTTIK ayJmaHbIH YIFAUTyFa JKOHE peaKIHsFa KaThICAaThIH O€JCEHAl OpTaJbIKTapblH CaHBIH
apTTeipyra Oosiampl. byn 3 Kke3erinjue KaTalu3aTOpAbIH OENCEHAUNIrH, CEJIeKTHBTUIIrH >XOHE
TYPaKTBUIBIFBIH apTTHIpyFa MYMKIHAIK Oepei.

®dMoMn, ®TiMn xone ®Mn deppokyiiManapblHbIH KOChIMINIAIAPhl 0ap KaHKaJIbl HUKEIb
KaTaJau3aToOpPJIapbIHBIH ~ TPaHYJOMETPUSIIBIK ~ KypaMbl — 3epTTeNAi.  3-KecTele  KeNTIpUIreH
MUKPOCKOIIHS JKOHE 3JIEKTPOHIBI-MUKPOCKOIUSIIBIK 3€PTTEYJIEPAIH HOTIKEIepiHeH OaiiKkanaTbIHbI
bpaknustap  OoWBIHIIA  OONICKTEpiH  OpHAjJacy  CHIATTaMmachl, OacTamkpl  HUKEIhb
KyHManapelHIaFbl MOIUGUUMPIIEYIIl KOChIMIIANAp KypaMbIHA JXOHE TaOuFaTbiHA OalIaHBICTHI
Oomazpl.

Bapawik karamusaropiapaa R=0-2mxkm Gesmektepi OachiM, OJapIbIH KOHIICHTPALMICHI 75-
89% sxereni. Kyiimanapna xoceiMmmanap mesmepi 3-teH 9% JeiiiH oCKeHJe KaTaau3aropiap/a
aTanraH OIIEKTEp KOHIEHTPALUSACH! JIETHP-JIEYIll MeTalJapAblH TaOurarbiHa OalmaHbICTBI §9-
75% apanbirpinga ToMeHen 1. bynan 6acka, Mogudumpieyin KockMIanap, conaaii-ak R=2-4
MKM OeJIeKkTep KOHIICHTPAIUSICHIH KOFapbuiaTaasl. ONTHUKAIBIK MUKPOCKOIMSHBIH HOTIKEepi
KOpCEeTKeH/IeH, OapiblK 3epTTENIHETIH KaHKaldbl HUKENb KaTanu3atopiapbl Ryae = 1-5 MM
oenmexTepiMer 90-99 % KaHBIKTBIPBUIFAH.

Ruaxe<] MKM  OenIekTepAl  OpHAlacThIpy MONIIMETTEPiH, COHJAN-aK 3JIeKTPOH]Ibl—
MUKPOCKONHUSIIBIK 3€pTTeysiep KoMeriMeH anyra Oonazbl. 10- kecTeneH kepiHETiHl (COHFBI OaraH)
HNPOMOTPJICHIeH HHUKEJb/l Kartanu3aropiap OemmeKTepiHiH opTaiia xorapbl OeTiHiH enmemi (T3)
0,35-0,45 MKM apaibiFbIHIa AYBITKHJIBI, OYJI KOCBIMINACKI3 KaHKAIBI HUKenbre (50% Al) kaparanma
1,6-4,0 ece xxorapsl [154].

Kecte 3. ®eppokyiimMamap Kocnambl KaHkKanel Hukenbai (50% Al) karanmzaTopmapibl
MUKPOCKOITHSITBI KOHE JICKTPOHIBI-MUKPOCKOITHSIIBI 3ePTTEYIICp HOTHIKEIEpi

Karanusartop BeamekTepai R, MmkmM emmemaepimen xikrey, (%0)
0-2 2-4 4-6 6-8 >8 Ts
Ni (50% Al) 77 8 6 2 7 0,12
Ni—3-10% ®TiMn 78 8 8 4 2 0,45
Ni—3-10% ®Mn 85 6 5 2 1 0,35
Ni—3-10% ®MoMn 83 6 6 3 1 0,36

Ocpinaifima, TpaHYIOMETPUSUIBIK KYpPaMBbIH —3€pTTE€y HOTIDKENEepi KaHKalbl HUKEIh
KaTaJIn3aTopJIapbIHbIH ~ OOIIEeKTEPMEH KaHBIFYbl Ryae = 1 MKkM MeH T3 < 1 coiikec KeneTiHiH
nenenaeini. Monudunupneymi meranaap 0-6MKkM emmemal OemeKTep YIeciH )KOFapbuIaTa/bl.

Hukenp kaTanuzaropiapbl ®KETKUTIKTI TYpAE 3epTTENTeHIIKTeH, 013 Tek OepinreH (azaHbIH
KYpaMmblH, KYpPBUIBICBIH, COHIai-ak (eppokyiiManiapmMeH MoaupUKalUsIaHFaH aTioMO-HHUKENb
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KYWMaJlapbIHBIH ~HET131HJEr1 KaTalau3aTopJjiapAblH MEHIIIKTI KOFaphl O€TiH KapacThIpyMEH
MICKTEITIK.

Ocpnaitma, Ni—50% Al kyiimaceiHa (eppokyiimManap KOChIMIIAJapblH €Hri3y (dasa
KYpaMmblHa, KYPBUIBICHIHA XKOHE KaHKAIbl HUKEIh KaTalu3aToOpJapbIHBIH MEHIIIKTI KOFapbl OeTiH
enQyip esrepyl Taiganibl. bacranmkpl KyliMamap MeH KaTaau3aTopiapAblH XUMHSUIBIK KypamblHa
JOKaJb/Ibl ~ PEHTTCHCHEKTpaibabl  aHanmu3  oniciven Careca  ¢upmaceiHblH — "CareBbIX"
MUKPOAHAJIU3aTOPbIHIA Tayaay Kyprizuiai. Hotmwkenep 4-kectene kepcerinren. Kecrenen kepiHin
TYpFaHaai, KydMamapibplH XUMISUIBIK Kypambl IIHXTajdayFa CoWKec Keneli, al OaKbUIaymaFrsl
alBIPMAITBUIBIKTAD OJIIICY KATeNITriHIH meriHae 0osapl. MoauduIMpiIeHreH KaTajim3aTopiap/a
ATIOMUHHIA Kypambl KOCBIMIIAchI3 KaHKaibl Hukenbre (50% Al) kaparannma 2,3-3,2 ece >KOFapsbl.
byn 6enriciz kypamaarsl DX KOCBUIBICBIHBIH KOPPO3USFa KOFAphl TYPAKTHUIBIFBIMEH OaliIaHBICTHI.
Komno3utTik MaTepuangapabl KoJiJaHy Aa (eppoKOpHITIIa KaTalIU3aTOPJIAPBIHBIH THIMAUIITIH
apTThIpynbIH Oip kosbl Oonbinm  TaObutafbl. DeppoKopbITHanapasl 0Oacka MaTepuaigapMeH
(MBICanbl, METal OKCHUATEpi, LEOJUTTEp, KOMIPTEKTI HAHOTYTIKIIenep) OipiKTipy apKbLIbI
CHUHEpPreTHKANBIK dcepre KoJ JKeTkizyre Oonaapl. MyHgall KOMIO3UTTIK —MaTepuasaap
(EppPOKOPHITIIAHBIH ~ aAPTHIKIIBUIBIKTAPBIH ~ CAKTail  OTBIPBIN, OHBIH KEMINUTIKTEPIH KOKFa
KOMEKTECE].

ConbiMeH Kartap, (EppOKOPHITIIAHBI JKOFAphl OCTTIK aydaHbl 0ap TachIMAIAayIILIMCH
(mogmepkka) OIpIKTIPY OHBIH AMCIEPCTUIINIH apTTHIPBIN, arjioMepalusuIaHyblH OOJABIPMAii bl
AKoHe .0eTTIK Moau(UKaMsIIay SHICTEPIH KOJIJaHy apKbUlbl (PEpPOKOPHITIIA KaTaIu3aTOPIapbIHbIH
KacueTTepiH jkakcapTyra Oomanel. CuiTiiey, KbIIKbUIAAY, IJIa3MalbIK OHIEY CHSKTHI OAiCTep
KaTaJIu3aTOPABIH OCTTIK KYypaMblH ©3TepTyre >KOHE OHBIH PEaKUUSIIBIK KaOlIeTIH apTThIpyFa
MYMKiHAIK Oepemi. byn omicrep deppokopeiTiianblH —OeTiHAE OCJICEHII  OPTAIBIKTApIbI
KaJIBIITACTBIPYFa KOHE PEareHTTEPAIH aCOPOIUACHIH KaKcapTyFa bIKIA €TeI.

@DeppoKOpHITIIa  KATAIU3ATOPIAPBIH 3€PTTEy JKOHE JaMBITy OaFbITBIHIAFBl JKYMBICTAp
XMMUSITBIK OHEPKACINTIH KOIITETEH calajapbhlH/a KaHa TEXHOJOTHIIAp MEH MPOIECTepli eHTi3yre
KOJ amanael. byn e3 ke3erinjae eHAIpic TUIMIUIITIH apTThIpyFa, KOpIIaraH opTara 3USHIBI dcepi
azaiiTyFa jKoHE jKaHa eHIMJep ajlyFa MYMKIHJIK Oepe/i.

Kecre 4. Karanuzatopnap MeH  0OacTtanmkbl — KyHMalapIblH  XUMHSUIBIK ~ KYPaMBbIHBIH
PEHTTEHOCTIEKTPasIbbl MUKPOAHAIU31HIH HOTHXKENEepl

. KomnonenT Kypamsl, % macc.
Kypambi Yari Ni Al Me
Ni—Al IUXTa 50,0 50,0 -
KyiiMa 48,7 51,3 -
KaTajan3aTop 96,8 3,2 -
Ni—Al-OTi IUXTAa 450 50,0 50
Mn KyliMa 432 52,0 48
KaTaJlu3aTrop 83,0 7,5 9,5
Ni—-Al- LIAXTA 45,0 50,0 50
dMoMn KyliMa 44,15 51,0 4,85
KaTaJlnu3aTrop 79,9 10,5 9,6
Ni-Al-®dMn LIAXTA 45,0 50,0 50
KyliMa 4415 51,0 4.85
KaTaJn3aTop 81,02 9,0 9,98

* Eckepry: nepekrep Herizinne Kypacteipsiira (Satybaldieva, N.K. sxone 1.6., 2008).

PenTreHorpaukanblK KOHE PEHTI€HOCIIEKTPAJIbAbl 3ePTTEYJep HOTHXKEIepl KOpPCEeTKEH e,
AJIEMEHTTEP/IIH TapaJlyblH aHBIKTayFa MYMKIHAIK Oepesl >koHe MOAuMUIMPICYI MeTalaapblH
JMCTIEPCTIK HeMece T'OMOTEH/l TapalFaHblH KepCeTil, KaTalu3aTopiapaa MOIUGUIHMPIeyIi
MeTanaap 00c Kyiae emec, epireH Kyiae Ke3zieceni.
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Oceunaiimira, Ni-Al-nge ®MoMn, ®TiMn xone ®Mn deppoKyiMaTapeIHbIH KOCHIMIIATAPHI
0ap KaHKaJIbl HUKENIb KaTaJu3aTOPJApbIHBIH KyiMajaap MEH KaTalu3aTopiIapAblH KYpBUIBICHIH,
XUMUSUIBIK ~ KypamMJIapblH 3€pTTeY HOTIDKENepl KOPCETKCHICH, MOAM(PHIUPICYII MeTalaap
kyiimanapaa NiAls/Ni2Als kateiHackiHa acep eTejli, KpucTanaap/ bl OOIIeKTeH Ii, KaTaau3aTopiiap
O6JIIIICKTEPiHIH OJIIEeMIH YJIKEHTeml, OJapIblH MEHIIIKTI >KOFapFbl OCTIH >KOFapbUIATaJlbl JKOHE
YJIKeH eJmeMIepaeri caHpllay KeJIeMAEpiH >koHe Oip yaKbITTa MHKPO JKOHE CYHNEPMHUKPO
caHplIaymap yieciH keOeWTenl. 3epTTENETIH JIETHpJSyIll MeTajjap CUITiIe epIMeWl JKOHE
KaTalu3aTtopAa epireH Kyisepae Oonaabl. AJBIHFAaH HOTHXKeNEpre CYMEHIN KaTaau3aTopJap.bl
MbIHA KaTapra opHanacteipyra 6omazasr: Ni-AKDOMn > Ni-Al-bDMoMn >Ni-AlDTiMn.

Pentrenorpadusipik (XRD) xone pentrenocnektpanbasl  (EDS/XRF)  3eprreynep
HOTIDKENEepl  KepceTkeHaed, Oapnblk  3eprrenreH  Ni-Al  Herizingeri  ¢eppokopbITIa
KatanuzaTopiaapbinaa Moaudumupaeymi metangap (Mn, Mo, Ti) 6oc¢ kyiine emec, heppoKOphITIIa
MaTpUIAaChIH/IA €pireH Kyiae opHajlacKaH. bBbyin onapIblH TOp KYphUIBIMBIHA BIKIAJI €Till,
KaTaJIM3IIK KaCUETTEPiHE TiKeJeH ocep ereli. AJIBIHFaH KYPBUIBIMIBIK KOHE JJIEMEHTTIK Tajuay
HOTIDKEJIEpPIHE CYHEHE OTBIPHIN, KaTalu3aTopiapAbl KaTalu3IiK OeyiceHnainiri OoWbIHIIA Keneci
KaTapMeH opHanacteipyra 6omazpr: Ni-Al-d_Mn > Ni-Al-d_MoMn > Ni-Al-®_Ti Mn.

By xatap MoguduuupIeymri 31eMEeHTTepAIH KaTaln3aTop KYPhUIBIMBIHA 9Cep €Ty JCHTeHiH
KepceTe/i:

Mn — deppokopeiTna TOpBIHAA JKAaKCHl epuii, OipKenki Tapaimanbl, Oy OelceHmi
OPTAJBIKTAPJIbIH  KAJBIITACYbIH KAaMTaMachl3 €Telli JKOHE KaTajJu3aToOpIblH OCJICeHIUTIrH
apTTBIPAJIBL;

Mo - mekrteyni TypAe epuii, Kedl >karmaiinmapna ckeke ¢azamap Ty3yl MYMKiH, Oy
OeJICeHIUTIKTI opTala JeHreie yCTan Typabl;

Ti — (deppoKOpHITIIa TOPBIHAA HAIIAD EPUTIH JKOHE KeKe (as3a peTiH/e MIOFbIpIaHyFa OciiM,
OyJ1 OeJICeH/ I OPTATBIKTAP IbI JKAYBITI, JKAIIBl KATATH3IIK OCTICCHAUTIKTI TOMCHICTEII.

Ocbutaiiiia, peHTreHorpausUIbIK KOHE PEHTTeHOCHEKTPab/Abl JICTep KaTaau3aTopiap
KYPaMBIHJAFbl KYPBUIBIMBIK ©3repicTep MEeH OJapAblH (YHKIHOHAIIBIK KaCHETTEpi apachiHIaFrbl
GaiimaHbICTHl Joneni Typae 6aramayra MyMmkiHaik 6epeni. Temmeparypansl 50-nen 100°C neitin
KOTEPreH e TONYONIbIH TUApIey Kbouiaamasirbl Ooecenai emeC Ni-Al-3% ®TiMn-te 1,5 ece, an
oencenai Ni-Al-OMn-ne 2,0 ecere eocenmi. EkiHIm KochMmiaiap jxoHe (eppoKyiMazapIbH
MPOMOTPJICYII 9oCcepiH OacTankpl KyWMallap >KOHE KaTaJlu3aTopJiapAblH aJCOPOIUSIIBIK >KOHE
¢bu3nKa-XUMHUSIIBIK KacueTTepiMeH TyciHaipyre Oonaabl. Ocbhl Ke3lle KOCBIMINA >kaHa (a3zanap
TY3UIIIT MOJIIIEepl ©3repeil.

Hukenps kaTanm3aTOpBIHBIH KATHICHIHAA TONXYOJIbI THAPJICY MEXaHH3Mi MEH KHHETHKAachlHA
cyTteri KbICBIMBIHBIH ocepiH [[.B. CokoibCckuii MEH OHBIH KbI3METKEpJIEPIMEH TOJBIK 3€PTTEITCH
oonateiH (Sheldon, G.S., 1.0., xone Keane, M.A. 2016). Kepcerinrenaeii, ruaplieHy *KbULTaMIbIFbI
MPOTIOPIIMOHANBIBI TYPAE CYTEeri KbICHBIMBIHBIH apTybIMEH Oenrisi apaibikka aeiid ecemi. Illexri
KBICBIM OJIIIIEMi THIPJICHETIH KOCBUIBICTHIH, €PITKIIITIH, KaTalu3aTOPAbIH TAOWFAaThIHA, COHJIAN-aK
CBIHAK TeMIIepaTypachkiHa Toyemai 6omaapl. CyTreri OOMBIHIIA peaKIus peTTUIIr OipIeH Helre AeiiH
e3repe/Ii, ajl FHIPJICHETIH 3aT OOMBIHIIA MPOLIECTI KYPTi3y JKaFnaiibiHa OailIaHbICThI

OnepkocinTe katanu3arop Kypambiaa Co, Mo, Ni sxoHe 6acka aa aybIicnaibl MeTaaap Kipei,
THJIpOTeHU3aIsIIay MpollecTepl MeTallll OKCHATEPIHIH KaTalu3aTopiapblHAa KaTaH sKarnailiapia
(>KoFapFbl TeMIlepaTypa MEH CyTeri KbICBIMBIHIA) JKy3ere achipbuianbl (Subotin, V.V., Ivanytsya,
M.O., xxone Terebilenko, A.V., 2023)..

CoHFBI yaKpITTa THAPOTCHU3AIINS TPOIIECIHIC KeHIHEH KOJIaHBLIBII )KYPreH KaTaau3aTropiaap
KaTapblHa CHUPEK J>Kep JJIEMEHTTEPiHIH KOCBIHABUIApPHI Oap KaTajau3aTopyiap >KaTajbl, ©WTKEHI
OoNapAbIH  OHMIPICTe  KOJJAHBUIYBIH  JOJCNCUTIH  HOTWIKENep  Ka3ipri  TaHga  Oap.
I'uaporenuzanusiay mporeci MyHail (pakiusuiapbIHBIH KYpamblH JKOHE KOMipCyiapAbl peTTey
yiriH  eHepkacinte Kommaneuiaael (Tashkaraev, R.A. T1.6., xone Ormanova, A.B. 2020).
I'maporeHu3anusiay mpolecTepiHi Herisrici - aperaepai ruapney (Tashkarayev, R.A., Kedelbaev,
B.Sh., 1.6., :xone Mahkmudov, Z.U., 2018).
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Mymnaii kypambigaa apennep 15%-ten 50%-ra neiiin 6omanbl. ApoMaTThl KOMIpCYTeKTepIl
THJIPOTEHU3AMIIAy MPOLECIH 3epTTey Kas3ipri YakbITTa, 9cipece TOIyosl KYpaMBIHIArbl MOTOP
OTBIHBIHBIH TaJlalTapbl KaTaH OOJIFaHIBIKTaH, OPTaHUKAJIBIK CHHTE3IIH MaHBI3bl MAceseIIepiHiH
6ipi OotbIn TaObLTAIbI.

ApoMaTTel  KOMIpPCYTeKTep, ocipece  NMOJUIUKIABIK  KOCBUIBICTAp,  IMIKI  KaHy
KO3FANTKBIIITAPBIHAA KOMIPTEK KAJIIBIKTAPBIHBIH TY31LTyiHE BIKINAN eTeni, Oyl 3 Ke3eriHae
HIBIFapbUIaThIH Ta3faapaarkl CO2 TeHreHiHIH apTybIiHa OKeIIe/Ii.

ApomarTel KeMIpCYTEKTepIiH KYpaMblH TOMEHJIETY MAceleci KONTereH oJiCTepMEH
HIENIUIe/l, COHBIH IMIIHJE aACOPOIMs MEH SKCTPaKIMUIBIK OeJin aiy, COHAai-ak ojapibl 0acka
3USIHCHI3 3aTTapFa alHAIABIPY apKbUIbI JKy3ere achIpbuIajibl. JKarapmaiiibiH, ocipece OSH3WHHIH
KOJIZIaHy KACHETTEPiH JKaKCapTyAbIH THIMII SJICTEpiHIH Oipi — OHBI JeapoMaTHU3alusiiay, MyH7a
KaTaau3aTopiapblH KaThICHIHIA apOMATThI KOMIPCYTEKTEp CYTEKTEHE/] .

byt acriekTiie KaTaau3aTopapIblH CEIEKTUBTLIIN MaHbI3AbI poll aTkapaabl, (Zakarina, N.A.,
Djumabaeva, L.S., xone Akulova, G.V., 2020). eiTkeHi 07 KaKeTTI OHIMIEpP/i >KOFapbl Ta3a
KYHIHIE CHHTE3JIeNl ajyFa JKOHE KOChIMILIA OHIMAep TY3UIylH asaiiTyra MYyMKIHIIK Oepei.
@epporuranmapraner; (PTiMn), ¢eppomapranenr (PMn) xoHe (DeppoMonndaeHMapraHer]
(®MoMn) deppokyiiManapbIMEH KaHAPTHUIFAH KYWMaJIbl HUKEJb KaTaau3aTopapbiHa TOIYOJIbI
THJIPJICY apKBUIBI METHIIUKIOTEKCAHIBI KOFaphl Ta3a KYWIHJE JKOHE >KOFaphl IIBIFBIMMEH iy
MYMKIHIT1 KOPCETITeH.

5. KopbITBIHBI

Maxkanana deppokyiManapabl OWHAPIBI HUKENBIl KaTalln3aTopiaplblH KypamblHA CHTI3Y,
onapbl Oip yaksITTa (heppoKyiManapablH KypaMbiHaa O0iaThiH OipHEIle MeTaniapMeH KaHapTyFa
MYMKIHIIK ~Oepemi JKOHE KaTalM3aTopJiapAblH TYPAKTBUIBIFBI MEH THIMAUITIH — endyip
KOFapbLIATabl.

®deppokyiiManap Kocrackl 0Oap KoOambT KaTadu3aTOPJIAPBIHBIH, KCHUJIUT OHIIPICIHIET
KaTaau3aik OeJCeHMLTIrT  KapaCTHIPBUIBIN, TONYOJNAaH METHIILIHUKIOTEKCAHIbl aNyAbIH THIMII
TEXHOJIOTHSUTAPBIHBIH ~ FBUIBIMHU-TEXHHUKAIBIK  Herizgepi  aHbIKTainael.  COHBIMEH — Kartap
deppokyiimManapMeH  MOAU(PUUUPIECHTeH HHUKENIbAIK OaljaHbICTapablH  (DU3MKA-XUMHUSIIBIK,
KYPBUIBIM/IBIK KOHE a/ICOPOIMSIIBIK CHIIaTTaMallapbl aHBIKTAJIbI.

Maxkanana OJKYMBICTBIH HETI3T1  ©3eKTUIr  QeppokyiManapipl OWUHApIbl  HUKEIbIl
KaTaJln3aTopiap/AblH KypaMblHa €Hri3y, osiapibl Oip yakbITTa (eppoKyiManapiblH KypaMmbIHIa
0onaTbiH OlpHelle MeTanJapMeH »aHApThUIyblHA MYMKIHAIK Oepill KOHE XUMMSUIBIK Kypambl
OolibIHIIA JAWBIHAANBIN, HUKENb HETi3iHAeri KaHkauel 80 KaranuM3aropiapbl JKacajblll,
KaTaJau3aTopiapAblH TYPaKThUIBIFBI MEH THIMAUII endylp Xorapbiiaabl. Karamuzaropiap.isl
(beppoKOphITIIa HETI3iHAE ally JKOHOMHUKANBIK KOPCETKIIli  aHBIKTAJbIM, OHEPKACIMNTIK
KosinaneicTarbl Mn—Fe >xoHe Ni—Fe Herizinzaeri karamu3aTopiapMeH CajbICThIpMaibl Tajaay
KochulIpl. JKaHafaH anblHFAH KaTajau3aTopiapAblH OEJICeHMATIr KOFaphl opl ap3aH eKeHi
AHBIKTAJIIBI

Mynnait  kopwIThiHABl OOMBIHIIA Ni-Al-OMn xoHe Ni-Al-OMoMn kartaiu3aropiapibl
naiijanany Mep3iMi OChl yaKbITKa JeiliH eHuipicTe maigamaHbUibil kypred — Ni-Al-TiMn
KaTaJIn3aTopJIapbIMEH CAJIBICTBIPFaH/a €Ki ece apThIK eKEHAIr KapacThIPbLUIIBL.

Kanxkanbr Ni (50% Al) xaTanu3aTOpbIHBIH TYPaKTBUIBIFEI MEH OEJICEHIUNrH >KOFapblIaTy
MakcaTbIH/Ia OHBI QPTYPJII MeTanJapMeH MOIU(PUIUPICY KOJIBIMEH TOIYOJAbl Ke3eHJIK TUApiey
PEaKIMSICHIHIAFBI OPTYPJIi METalAap KOCHIMINATAPBIMEH KAaHKAIbl HHUKENh KaTalH3aTOpIapbIHBIH
KaTaJIMTUKAJIBIK KaCHETTepl 3epTTeI/Ii.

BacTankpl HUKEIb-aTFOMHHAN KYHMAachlHa JISTUPIICYIT METaIAapabl eHTi3y KOCBIMIIIA JKaHa
da3a kypamaapeiH Ty3yre ceben Oomanmbl, omap FeAl, MoAls, CrAlz, TiAls, NbAls3, TaAls,
CoAl,,CoAls, ZrAls sxone Oackamap. Kyiimana sxana ¢azansiy (MexAls) Memnepin sxorapbliaTy
NiAl KOHLEHTpalMACHIHBIH TeMeHAeyiMeH Oipre »xypemi. Kpucramn TopablH mapamerpiepi
TYpaKThl OOJIBIN Kasaabl, OipaKk OHBIH KPUCTAINAPBIHBIH eojmeMi esrepemi. Monudurupaeyri
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KOCBIMITIAJIAPIBIH  MOJIIIEPl KoHE TaOWFaThiHA OalIaHBICTBI, KaTalu3aTopiapblH MEHIIIKTI
KOFapPFBI OCT1 OPTYPIIL OOJIBII KOFAPHLTANTBI.

Makamana (5 xecrene KopCeTUITeHACH) KyWMalaplaH ajblHFaH KYHMaJblK HHKEIh
KaTaJIn3aToOpJIapbIHBIH KaTaIUTUHKAIBIK KacueTTepi 3eprrenai. Kockimmanap peringe - Fe, Cr, Ti,
Mo xoHe ¢eppokyiimanap — dheppomonudaeamapraner; (GPMoMn), deppomapranen (OMn) xoHe
dbepporuranmapraner; (OTiMn) KommaHpLIABL. S5 KeCTeAC KOPCETETUITCHACH, MPOMOTPJICHTECH
(dbeppomapranen Karaanu3aTop-IapbIHBIH OCICEH LTI, KAHKAJIBI HUKEIIbIe KaparaH/1a, )KOFaphl JKOHE
KyiiMaJia MpoOMOTOPABIH Kypambl 1-1eH 3 can.% neliin eckeHjae OipeH KoFapblIaiabl, al opi Kapai
deppomapranen memmepin 10,0 camn. % ngeiiiH ecipy Ke3iHIAe KaTaau3aropiap OeNCeHIUTITHIH
TeMeHJeyl Oaiikanmazpl. OTe YJIKEH KaTaIWTHKAIBIK OeJICeHAUNKTI KypambiHAa 3 canMm. %
rafoJiuHuid 6ap OaMIaHBICTBIPYIIBI KOPCETEMl, OHJAFbl METHIIUKIOTEKCAHHBIH IIBIFBIMBI 60
MUHYT immiHaeri ruapieyae 88,3% xeremi.

Kecre 5. MIla sxome 160°C kesinme (eppoMapraHer] KOCHIMIIANAPHIMEH KAHKAJIbl HHUKEIb
KaTaJu3aTOpbIHA TOJYOJAbl THApIEYAiH HoTwkenepi. JKarmaiipl: 200 M TOJyoJI, KaTaauzaTop
modepi — 0,5 T, ruapiey y3akTeirsl — 60 MHHYT

Ne Caamakrarbl Kyiima YakpIT 00ibIHIIA (MUHYT) METHJIHHKJIOT€KCAH MIBIFBIMbI, %0
Kypamsl, cajim. %0
10 20 30 40 50 60
1 | Ni:Al=50 9,4 18,8 30,4 40,8 51,0 60,5
2 | Ni:dMn:Al=49:1:50 11,4 22,2 33,0 44,5 56,3 70,7
3 | Ni:®dMn:Al = 47:3:50 24,7 37,8 56,3 66,4 78,0 88,3
4 | Ni:®dMn:Al=45:5:50 16,0 31,3 48,6 59,9 72,3 85,8
5 | Ni:®@Mn:Al =43:7:50 12,3 22,8 34,6 47,2 60,0 78,6
6 | Ni:®Mn:Al =40:10:50 8,5 13,0 26,4 37,3 56,1 67,4

XKyprizuiren peHTreHorpaQusUIbIK >KOHE PEHTI€HOCHEKTPAIb/Abl 3epTTeyep HOTHXKeIepl
¢beppokopeiTiia  Herizigzeri Ni-Al karanuszatopiapblHa KOJJAHBUIFAaH — MOAMPHUIMPICYII
MmetamaapabiH (Mn, Mo, Ti) Goc kyiae emec, (eppoKOphITIAa MaTpHULlachlHAa epireH Kyiine
TapaJraHblH KOpPCeTTi. Byl KypeUIBIMABIK e3repicTep KaTaln3aTopiaplblH (QH3UKa-XUMHUSIIBIK
KacHueTTepiHe, ocipece KaTanu3AiK OeNCeHAUTINHE TIKeNel ocep eTeTiHl AIeNeHI].

DNeMeHTTIK Taljay HOTIKenepi MoaudukaTtopiap TopAa Oipkenki Hemece OelHOipkenki
Tapaixybl MYMKIH €KeHiH KepceTTi. Mn MonupukaTopsl GeppoKopbITIa KYPhUIBIMBIHA KAKCHI €Hi,
Oipkenki Tapanca, Mo kapTellai eHir, Keioip keke (azamap Ty3eyi MyMKiH, an Ti1 kebiHece Keke
Oenmiex TYpiHJAE KaJblll, aKTUBTI OPTAJBIKTApIbl KalKaH. 3epTTey HOTIKENepl Heri3iHae
KaTaJn3aTopJIapAblH KaTalu3/IiK OeJICeHIUTIrH Keaeci Katap OoitbiHina Oaramayra 6omaasr: Ni-Al-
®Mn>Ni-Al-dOMoMn>Ni-Al-OTiMn. byn  xarap MOIUBUIMPIIEYIIT AIIEMEHTTEPIIH
(dheppoKOphITIIa MaTPUIIACKIHAA €py KaOljaeTiHe, OoJapblH KYPBUIBIMIBIK TYPAKTBUIBIKKA OCEpIHE
KOHE KaTalU3/JIK OpTAJBIKTApJbIH KaJbIITACyblHa BIKHAJbIHA HETI3JeNreH. byn sinemeHTTep
eJiMi3/ie KeHIHEH TapajfaH KoHe SKOHOMUKAJBIK TYPFbIa TUIMI1, cebell omap KepriulikTi MHKi3aT
HETI31HJIe albIHYbl MYMKIH JKOHE CHPEK Ke3/IeCEeTiH >KOHE KbIMOAT »JeMEeHTTepl mnaiiianaHyra
KaparaHja, Mn HeTI3iHAETl Karaau3aTopiapblH OHIIpICI ap3aH opl OTaHIBIK pecypcTapra
cylieHei.

Conmpikran, Ni-Al-OMn kaTamu3aTopsl TEK KOFapbl KaTATUTHKAIBIK OEJICEHIUIINIMEH FaHa
€MeC, COHBIMEH KaTap SKOHOMHUKAIBIK TYPFBIIAH THIMAUIITIMEH, PECYpCTBIK KOJDKETIMAUIITIMEH
JKOHE OKOJIOTHUSUIBIK Kayirci3miriMeH epekiieneneni. bynm onbl Ka3zakcTanmgarbl ©HEPKOCINITIK
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nporectepie (MbICabl, KOMIPCYTEKTEpl KaiTa OHACY, CYTeK OHIIPY HEMece Ta3faH CYUBIK OTHIH
aJly) maiijananyra KoJaiiabl YMITKEp eTei.

Mn wmomudukaTopbl O€JICEHII OpPTAJBIKTAPABIH TY3UTyiH OHTAWJIaHIBIPBIN, >KOFapbl
KaTanu3Iik OeJCceHauniK kKepcerce, Mo oprama acep erTi, an Ti MOIupUKATOPHl aKTUBTIIIKKE
Texey canapl. DeppoKophITHa KaTau3aTopIapbl XUMHUSUIBIK TEXHOJIOTHSAAA THIMII, TYPaKThl XKOHE
SKOJIOTHSUIBIK JKaFbIHAH KOJAiabel mmenriM Oonbin Tadbutaabl. OnapablH KEeHIHEH KOJJaHBUTYBI
OHEPKICINTIK MPOIECTEPAIH THIMIUIITIH apTTHIPBIIN, OHIM CalachlH KaKCcapTyFa MYMKIHJIIK Oepei.
Annarpl yakpITTa HAaHOKYPBUIBIMIBI (EPPOKOPBITIIA KaTaJIM3aTOPJIAPBIH d3ipiey Oyl callaHbIH
JTaMybIHA YKaHa CEPITiH Oepyl MYMKIH.

6. KocbIMIIa MaTepuaJiap: KOChIMILIA MaTEpUaIap KOK.

7. ABTOPJIBIK YJiecTep

Konuenryanuzamus, omicremenepai o3ipney, skerekminik — H.C.; TymHycka Xo0achlH
naibpiHaay, Kamramaced ety — A.b.; 3errey marepuanmapmen kamramachkid ety — JK.E.; moTinmi
OHJIeN JKoHe KepceTkimTepidn anbikTay — C.A.; Busyanuzanusa — C.A.

8. ABTOp TypaJibl aknapar

CarsibanaueBa Hypryn Keiprei30aeBHa — XuMUsi FRUTBIMBIHBIH KaHaunatel. K. Cornaen
areiHarel Kasak ¥iurTeik Texuukanslk 3eprrey yHuBepcureti (Satbayev University) Corbaes 22a
komeci, Anmarel, Kazakcran, 050013; 51 moura: n.satybaldiyeva@satbayev.university,
https://orcid.org/0009-0002-7133-5011

bepxunbaeBa Axnyp CaburoBHa — PhD mokrop. K.M. CornaeB ateiHgarel Kazak YITTHIK
Texnukanelk 3eprrey yHuBepcuteTi (Satbayev University) CorbGaeB 22a kemieci, AJMAaThl,
Kaszakcran, 050013; sm moura: aknur.berkinbayeva@satbayev.university, https://orcid.org/0000-
0002-1115-5644

Ecen6aesa XXanap XKenickpizsl — PhD noktop. K.M. CornaeB atsinnarel Kaz¥ T3V (Satbayev
University), Corbaes 22a  kemeci, 050013  Anmare, Kasakcran; 51, moudra:
zh.yessenbayeva@satbayev.university. ORCID: https://orcid.org/0000-0002-7737-548X

AbunkacoBa Canayram OpblHOaeBHA — TEXHUKA FHUIBIMBIHBIH KaHAWAATBL. AJIMAaThl
Texunonormwsutblk YHUBepcuteTi, Tene 6u kxemreci 100. 050012, «XxuMusl, XUMUSUTBIK TEXHOJIOTHS
KOHE OKOJIOTHs» KadenpachlHbIH Tmpodeccop accHCTeHTi. 3. modra: sandy ao@mail.ru,
https://orcid.org/0000-0001-8322-4592

AnmaramberoBa Cayne TynereHoBHa — TEXHHMKAa FHUIBIMAAPBIHBIH KaHAWAATHL. AJMAaThI
Texnomorusuiblk YHuBepcureti, Tene O6u kemeci 100. 050012, «XuMusi, XUMUSIIBIK TEXHOJIOTHS
’OHE DKOJIOTHS» KadeIpachlHbIH KaybIMIACTBIPbUIFaH mpodeccopsl. 3. mouta: S.almag@mail.ru,
https://orcid.org/0000-0003-4779-8243

9. Kapxbputanabipy: bys FeUTBIME MaKalia CBIPTKBI KApKbIIaAHIBIPY/IbI aJIFaH JKOK.
10.AunfbicTap: KOK
11. Myaaenep KakTbhIFbICTapbl: Myaenep KaKThIFBICH )KOK JIeTT MOJIIMISHMI3.

12. 9neduerTep Tizimi

1. Andre, R., Meyniel, L., Carenco, S. (2022). Nickel carbide (NizC) nanoparticles for catalytic
hydrogenation of model compounds in solvent. Catalysis Science & Technology, 12(14),
4572-4583. https://doi.org/10.1039/D2CY00894G

2. Andrade, L., Muchave, G., Maciel, S. (2022). Vegetable oil and derivates hydroprocessing using
Ni as catalyst for the production of hydrocarbons. Chemical Engineering.
https://doi.org/10.1155/2022/6402004

3. Antoniak-Jurak, K., Kowalik, P., Narowski, R. (2011). Investigations on hydrogenation of

99



mailto:n.satybaldiyeva@satbayev.university
https://orcid.org/0009-0002-7133-5011
mailto:aknur.berkinbayeva@satbayev.university
https://orcid.org/0000-0002-1115-5644
https://orcid.org/0000-0002-1115-5644
mailto:zh.yessenbayeva@satbayev.
https://orcid.org/0000-0002-7737-548X
mailto:sandy_ao@mail.ru
https://orcid.org/0000-0001-8322-4592
mailto:s.almag@mail.ru
https://orcid.org/0000-0003-4779-8243
https://doi.org/10.1039/D2CY00894G

A.H. Tymuaes amvirdazor Eypasus yammotx yrusepcumemittiry xabaputvicol. Xumus. Feozpadus. Ixorozus cepuscet, 2025, 151(2)

selected organic sulfur compounds on the Ni-Mo/Al;O3 catalyst in terms of natural gas
desulfurization. Chemia, 66(1), 106-114. https://doi.org/10.2478/v10063-011-0011-0

4. Ashirov, A.M., Satybaldieva, N.K., Erimova, A.Zh., Dyysebekova, A.M. (2015). Issledovanie
vliyaniya granulometricheskogo sostava poristyy alyumo-nikelevykh katalizatorov pri
gidrirovaniya toluola. [Study of the effect of particle size distribution of porous alumino-
nickel catalysts during toluene hydrogenation] KazKKA Khabarshysy [The Bulletin of
KazATC] 2-3, 93.

5. Chakraborty, S., Piszel, P., Brennessel, W.A. (2015). Single nickel catalyst for the acceptorless
dehydrogenation of alcohols and hydrogenation of carbonyl compounds. Organometallics,
34(21), 5203-5206. https://doi.org/10.1021/acs.organomet.5b00824

6. Claude, V., Mahy, J.G., Douven, S., Pirard, S.L., Courson, C., Lambert, S.D. (2019). Ni- and Fe-
doped y-Al203 or olivine as primary catalyst for toluene reforming. Materials Today
Chemistry, 182-197. https://doi.org/10.1016/j.mtchem

7. Ibragimova, D.l., Kedelbaev, B.Sh. (2006). Optimizatsiya protsessa gidrirovaniya ksilozy na
splavnykh katalizatorakh [Optimization of the xylose hydrogenation process on alloy
catalysts.]. Yasaui universitetiniy khabarshysy: Khimiya, tekhnologiya [Bulletin of Khoja
Akhmet Yassawi University: Chemistry, Technology] 3, 15-20.

8 .Kameoka, S., Kimura, T., Tsai, A.P. (2009). A novel process for preparation of unsupported
mesoporous intermetallic Ni-Zn and Pd-Zn catalysts. Catalysis Letters, 131, 219-224.
https://doi.org/10.1007/s10562-009-0045-5

9. Kedelbaev, B.Sh., Lakhanova, K., Iztleuov, G. Turabdzhanov, S. (2021). Research of the process
of continuous hydrogenation of benzene with modified catalysts. Technical Science and
Innovation. https://doi.org/10.51346/tstu-01.21.1-77-0099

10. Kedelbaev, B.Sh., Satybaldieva, N.K. (2007). Modifitsirovannye katalizatory gidrogenizatsii
toluola [Modified catalysts for toluene hydrogenation]. Respublikanskaya nauchnaya
konferentsiya «Innovatsionnoe razvitie i vostrebovannost nauki v sovremennom Kazakhstaney
Seriia khimicheskaia [Republican Scientific Conference «Innovative Development and
Demand for Science in Modern Kazakhstan» Series Chemistry]. Almaty, 4, 129-130.

11. Leont’ev, L.I., Zhuchkov, V.I., Zayakin, O.V., Sychev, A.V., Mikhailova, L.Yu. (2022).
Potential for obtaining and applying complex niobium ferroalloys. lzvestiya. Ferrous
Metallurgy. https://doi.org/10.17073/0368-0797-2022-1-10-20

12. Maclintosh, K., Beaumont, S. (2020). Nickel-catalysed vapour-phase hydrogenation of furfural:
Insights into reactivity and deactivation. Topics in Catalysis, 63, 15-18.
https://doi.org/10.1007/s11244-020-01341-9

13. Masenova, A.T. (2008). Gidrirovanie aromaticheskikh uglevodorodov dlya polucheniya
ekologicheski chistykh topliv. [Hydrodearomatization of aromatic hydrocarbons for the
production of environmentally friendly fuels] Izvestiva Natsional noy akademi nauk
Respubliki Kazakhstan. [Proceedings of the National Academy of Sciences of the Republic of
Kazakhstan]

14. Mejia, H., Vogt, C., Weckhuysen, B.M. (2020). Stable niobia-supported nickel catalysts for the
hydrogenation of carbon monoxide to hydrocarbons. Catalysis Today, 343, 56-62.
https://doi.org/10.1016/j.cattod.2018.11.036

15. Pina, G., Louis, C., Keane, M. (2005). Nickel particle size effects in catalytic hydrogenation and
hydrodechlorination: Phenolic transformations over nickel/silica. Physical Chemistry
Chemical Physics, 3. https://doi.org/10.1039/B212407F

16. Popova, N.M., Salakhova, R.Kh., Shapovalov, A.A., Umbetkaliev, A.K., Dosumov, K.D.,
Tungatarova S.A. (2008). Termodesorbtsiya vodoroda iz Ni-Cu-Cr katalizatora na
modifitsirovannom tseriem. Kinetika i kataliz. [Thermal Desorption of Hydrogen from a Ni—
Cu—Cr Catalyst Supported on Cerium-Modified Carrier] Kinetics and Catalysis, 50, 567-576.
https://doi.org/10.1134/S0023158406060140

17. Prakash, M., Mahalakshmy, R., Krishnamurthy, K. (2017). Nickel based catalysts for selective
hydrogenation of cinnamaldehyde — influence of support phases. European Chemical

100



https://doi.org/10.2478/v10063-011-0011-0
https://doi.org/10.1021/acs.organomet.5b00824
https://doi.org/10.1016/j.mtchem
https://doi.org/10.1007/s10562-009-0045-5
https://doi.org/10.51346/tstu-01.21.1-77-0099
https://doi.org/10.17073/0368-0797-2022-1-10-20
https://doi.org/10.1007/s11244-020-01341-9
https://doi.org/10.1016/j.cattod.2018.11.036
https://doi.org/10.1039/B212407F
https://doi.org/10.1134/S0023158406060140

A.H. Tymuaes amvirdazor Eypasus yammotx yrusepcumemittiry xabaputvicol. Xumus. Feozpadus. Ixorozus cepuscet, 2025, 151(2)

Bulletin, 6(3). https://doi.org/10.17628/ecb.2017.6.125-131

18. Satybaldieva, N.K., Kedelbaev, B.Sh., Kydasova, D.E. (2008). Alyumo-nikeldi katalizatorlar
fiziko-khimiya kasietterin zertteu [Study of the physicochemical properties of alumino-nickel
catalysts. In Proceedings of the VIII Satbayev International Scientific Conference.
https://www.rusnauka.com/17.2015/Chimia/8 194809.doc.htm

19. Sheldon, G.S., Ding, E., Park, C., Keane, M.A. (2016). Vapor phase hydrogenation of phenol
over silica supported Pd and Pd-Yb catalysts. Catalysis Communications, 3,
https://doi.org/10.1134/S0023158416010110

20 Subotin, V.V., Ivanytsya, M.O., Terebilenko, A.V. (2023). Air-stable efficient nickel catalyst for
hydrogenation of organic compounds. Catalysts, 13(4), https://doi.org/10.3390/catal13040706

21. Sunil Kumar, T. (2024). Valorization from waste: Combined reduction of chromite ore
processing tailing and sub-grade manganese ore to produce 200 series stainless steel scrap.
Mining, Metallurgy & Exploration, 41, 297-309. https://doi.org/10.1007/s42461-024-00915-5

22. Tashkaraev, R.A., Kedelbaev, B.Sh., Makhmudov, Z.U., Ormanova, A.B. (2020).
Promotirovannye ferrosplavami nikelevye katalizatory dlya gidrirovaniya benzola [Nickel
catalysts promoted with ferroalloys for benzene hydrogenation]. Chemical Journal of
Kazakhstan, 4, 60—609.

23. Tashkaraev, R.A., Kedelbaev, B.Sh., Makhmudov, Z.U., Ormanova, A.B. (2020).
Promotirovannye ferrosplavami nikelevye katalizatory dlya gidrirovaniya benzola. Chemical
Journal of Kazakhstan  [Nickel catalysts promoted with ferroalloys for
benzene.hydrogenation]. Vestnik Natsional noy akademii nauk Respubliki Kazakhstan
[Bulletin of the National Academy of Sciences of the Republic of Kazakhstan].

24. Zakarina, N.A., Djumabaeva, L.S., Akulova, G.V. (2020). Synthesis of nanosized Pd-catalysts
on activated and Al-Zr-pillared montmorillonite and their catalytic behavior in the
isomerization of n-hexane. Journal of Nanoscience and Nanotechnology, 20(7).
https://doi.org/10.1166/jnn.2020.17867

Prospects of using ferroalloy catalysts in chemical technology

Nurgul Satybaldieva, Aknur Berkinbayeva, Zhanar Yessenbayeva, Sandugash Abilkasova,
Saule Almagambetova

Abstracts. This article examines the chemical stability and catalytic activity of ferroalloy catalysts,
which are widely used in the metallurgy and petrochemical industries.
The purpose of this study is to determine the catalytic activity of cobalt catalysts with ferroalloy
additives in the production of xylitol, and to consider the scientific and technical foundations of
effective technologies for the production of methylcyclohexane from toluene. In addition, the
physicochemical, structural, and adsorption characteristics of nickel compounds modified with
ferroalloys were determined.
The main relevance of the work in the article is the introduction of ferroalloys into the composition
of binary nickel catalysts, allowing them to be simultaneously updated with several metals
contained in ferroalloys and prepared according to their chemical composition, and the stability and
efficiency of the catalysts were significantly increased. The choice of the nature and amount of
alloying metals in production is based on the classification of modified compounds. Nickel catalysts
are introduced into the metal ferroalloy in the form of pieces or powders, which are obtained at the
melting temperature as a result of an exothermic reaction, and also have a significant effect on the
quantitative and qualitative composition.
In this aspect of the article, the selectivity of the catalysts plays an important role, since it allows for
the synthesis of the desired products in a high-purity state and reduces the formation of by-products.
The possibility of obtaining methylcyclohexane in a high-purity state and high yield by
hydrogenation of toluene on cast nickel catalysts upgraded with ferrotitanium manganese (FTiMn),
101


https://doi.org/10.17628/ecb.2017.6.125-131
https://www.rusnauka.com/17.2015/Chimia/8_194809.doc.htm
https://doi.org/10.1134/S0023158416010110
https://doi.org/10.3390/catal13040706
https://doi.org/10.1007/s42461-024-00915-5
https://doi.org/10.1166/jnn.2020.17867

A.H. Tymuaes amvirdazor Eypasus yammotx yrusepcumemittiry xabaputvicol. Xumus. Feozpadus. Ixorozus cepuscet, 2025, 151(2)

ferromanganese (FTmn), and ferromolybdenum manganese (FTmoMn) ferroalloys was
demonstrated.

Based on the results obtained, the studied catalysts were Ni-Al-FTmn>Ni-Al-FTmoMn>Ni-Al-
FTiMn.Co-(70% Al). In conclusion, it was determined that the service life of Ni-Al-®Mn and Ni-
Al-®MoMn catalysts is twice as long as that of Ni-Al-TiMn catalysts used in production until now.

Keywords: metal ingots, synthesis, ferroalloys, catalyst, modified, aromatic compounds.

IlepcniekTUBBI UCMOJB30BAHUSA (PEPPOCIVIABHBIX KATAJIU3ATOPOB B XUMHUYECKOM
TeXHOJIOTHH

Hypryas CarbibangueBa, Axnyp bepkunOaesa, 7Kanap Ecen0aeBa, AoOmikacosa
Canpyram, Cayjie AnmaramoeroBa

AnHoTanus. B cratbe uccienyercs XuMuyeckas CTaOMJIBHOCTb M KaTaJUTHYECKas aKTUBHOCTb
(GeppoCIUIaBHBIX ~ KaTalW3aToOpoB,  IIMPOKO  HCHOJB3YEMBIX B  METAIyprU4ecKod U
HEe(PTEXUMHUECKOW IPOMBIIIJICHHOCTH.

Ilenpto uccrenoBaHUs  SIBISETCS  ONpEAETCHHE KaTaJIUTHUYECKOW aKTUBHOCTH KOOaJbTOBBIX
KaTaJau3aTopoB ¢ Ao00aBKaMu (eppocIuiaBOB B IPOU3BOJCTBE KCHUJIMTA U HAYUYHO-TEXHHUUYECKOE
o0ocHOBaHHE H(PGEKTUBHBIX TEXHOJIOTUH MNOJYYEHUs METHJILUKIOreKcaHa M3 Toiyosa. Kpome
TOr0, OBLIM ONpeeNeHbl (PU3UKO-XUMHUECKUE, CTPYKTYPHBIC U aJICOPOIIMOHHBIE XapaKTEPUCTUKU
HUKEJIEBbIX CBA30K, MOJU(UIMPOBAHHBIX (eppOCIIaBaMH.

OcCHOBHasl aKTyaJbHOCTb padOThl B CTaTh€ 3AKJIIOYAETCS BO BBEJCHWU B COCTAaB OWMHAPHBIX
HUKEJEBbIX KaTaJu3aToOpoB (eppocliaBoB, YTO TO3BOJISIET OJHOBPEMEHHO OOHOBIATH UX
HECKOJIbKUMH MeETajlllaMH, COJepKalluMucs B (eppociuiaBax M IMPUTOTOBICHHBIMU IO HX
XMMHUYECKOMY COCTaBYy, B PE3YyJbTaTe YEro CO3LAIOTCS KapKacHbIE KaTaJlu3aTOpbl HAa OCHOBE
HUKEJIS, YTO CYIIECTBEHHO TMOBBIMIAET CTAOMIBHOCTh M 3((HEKTUBHOCTH pabOTHI KaTaIM3aTOPOB.
BeiOop mpupoiasl M KOJMYECTBA JIETHPYIOLUIMX METAUIOB B MPOU3BOJACTBE OCHOBAaH Ha
KJaccupukauuu Moau(pUUUpyeMbIX coenuHeHuid. HukeneBble KaTanu3aTopbl BBOISTCS B
METaJUINYeCKUi (eppocIulaB B BHJE KYCKOB WM IMOPOLIKOB M TOJIy4alOTCsl MpPHU TeMIleparype
IUTABJIEHUS B PE3yJIbTaTe SK30TEPMHUUECKON peakliy, a TAK)KE OKa3bIBAIOT CYLIECTBEHHOE BIIUSHUE
Ha €ro KOJINYECTBEHHBIN U Ka4eCTBEHHBIH COCTaB.

B sTOoM acnekre cTaTbu CENEKTHUBHOCTh KaTalM3aTOPOB WIPAeT BaXKHYIO pOJb, TaK Kak OHa
MO3BOJISIET CHUHTE3UPOBAThH IIE€JIEBbIE TMPOIYKTHI BBICOKOH UHCTOTBI M CHUXKAET OOpa3oBaHME
MOoOOYHBIX MpOAYKTOB. IlokazaHa BO3MOMKHOCTH IIOJIyYE€HUS METHIILHMKIOI€KCaHa BbICOKON
YHUCTOTHI M C BBHICOKMM BBIXOJIOM THIPHPOBAHUEM TOJIyOJIa Ha JIMTHIX HUKEJIEBBIX KaTaln3aTopax,
MOJIEpHU3UPOBAaHHBIX (eppocminaBamu Gepporutanmapranen] (FTiMn), ¢eppomapranen (FMn) u
beppomonubaenmapraner; (FMoMn).

Ha ocHOBaHWMM TOJy4EHHBIX PE3YJIbTATOB HCCICIOBAHHBIMH KaTajau3aropaMu sBisirorcs Ni-Al-
OMn>Ni-Al-OMoMn>Ni-Al-OTiMn.Co-(70% Al). B 3akiroueHHe yCTaHOBIEHO, YTO CpPOK
cnyx0bl katanmu3atopoB Ni-Al-OMn u Ni-Al-OMoMn B 1Ba pa3a NPeBBIMIACT CPOK CIYKOBI
katanu3aropoB Ni-Al-TiMn, nCHONB3yeMbIX B TPOU3BOACTBE IO HACTOSIIEIO BPEMEHH.

KiroueBble cioBa: CINTKU MCTAIJIOB, CHHTC3, @CppOCHJ’IaBLI, KaTaJm3aTop, MOI[I/I(I)I/II_II/IpOBaHHLIC,
ApOMAaTUYCCKHUEC COCIUHCHU .
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AHHoOTauusi: B 1aHHOHN cTaThe MpeACTaBICH KOMIUICKCHBIM 0030p M
CPaBHHUTENbHBI aHAU3 JBYX KIIOUYEBBIX METOAOB MOIU(PUKALNN
MOJIMIIPOIIMJIEHOBBIX KOMIIO3UTOB - PaJUAlMOHHOM M MNEpOKCHIHOU
ciumBky. [lonunponuneH, o6inagas BBHICOKUMH (DU3HKO-XUMUYECKHUMHU
XapaKTepUCTHUKAMH,  ILIUPOKO  INPUMEHSETCSI B  CTPOMUTENBHOM,
ABTOMOOWIJIBHOM, 3JEKTPOTEXHUYECKOM H Jpyrux otpacisx. OmHako
HEO0OXOJUMOCTh IMOBBILIEHUS] €r0 TEPMOCTOMKOCTH, HPOYHOCTH U
JIOJITOBEYHOCTH TpeOyer JOTIOJTHUTEIBHOU Moau(UKAITIT
MAaKpOMOJIEKYJISIPHOM CTPYKTYpbl. PaccMarpuBaeMble METOIbI CIIUBKH
oOecrieunBarOT (HOPMUPOBAHHE MPOCTPAHCTBEHHO-CIIUTON CTPYKTYpBHI,
YTO 3HAYMTENIBHO YJIY4YIIAeT HKCILTyaTallMOHHBIE CBOMCTBA MarepHaa.
B cratee mpoaHanM3upOBaHBI MEXaHW3MBl O0pa30BaHUS CETUATOM
CTPYKTYpBI, BIHSHUE TapaMeTpoB mpolrecca Ha d(PPEeKTUBHOCTD
CHIMBKH, & TaKXe MPUBEIICHO CPABHEHHUE IMOITYYEHHBIX KOMIIO3UTOB IO
pany  (UBHMKO-MEXaHUYECKUX U  TEPMHUYECKHUX  XapaKTEPUCTHUK.
O0ocHOBaHa aKTyalbHOCTh BBIOOpa MeETOJAa B 3aBUCUMOCTH OT
crienupuku KOHEYHOTO MIPUMEHEHUS, 9TO MOTYEPKUBAET
MEPCIeKTUBHOCTh JANIBHEUIINX HCCIEI0BaHUN B 00JIACTH MOJIUMEPHON
MHXeHepuu. PaccMarpuBaroTcs NOTEHUMANIbHbIE 00JIaCTH MPUMEHEHUs
MOIU(UIIMPOBAHHBIX KOMIIO3UTOB, BKJIIOYas HMX HCIHOJIB30BaHUE B
BBICOKOTEXHOJOTHUYHBIX OTpacisix, TIAe TpeOyloTcsl MOBBIILIEHHBIE
XapaKTEPUCTUKKA TMPOYHOCTH U  YCTOMYMBOCTH K  BO3ACHCTBUIO
oKkpyxaromeit cpeabl. Kpome TOro, ocBemaroTCs SKOJOTMYECKHE U
SKOHOMHUYECKHUE AaCMEKThl BHEAPEHUSI CIIUTHIX MOJUIPONMUICHOB B
MIPOMBILUIEHHOCTb. Ocoboe  BHMUMaHHE  YAEJIEHO  BOMpOCaM
MacIITa0OUPOBAaHUSI TEXHOJOTUH, a TaKkKe HWHTETpaIlui IOJIY4eHHBIX
pELICHUH B CYLIECTBYIOIIHE IPOU3BOACTBEHHBIE IIPOLIECCHI.

B To xe Bpems aHAIM3HPYIOTCS TPYIHOCTH, CBS3aHHBIE C KOHTPOJIEM
CTENeHH CIIMBKA M HEOOXOJUMOCTHIO CTaHAAPTH3AIMH IOJy4aeMbIX
MarepuasioB. B 3akirodeHue MOTYEPKUBACTCS BaXKHOCTH BBIOOpA
ONTUMAIBHOTO METOJA CIUMBKHU JJisi JOCTHUXKEHHUS >KEeJIaeéMbIX CBOWCTB
MOJIUIIPOITMIIEHOBBIX KOMIIO3UTOB, YTO MOJKET CYIIECTBEHHO MOBJIUATH
HA WX KOHKYPEHTOCIIOCOOHOCTh Ha pbIHKE. IIpuBeneHb TpPHUMEPHI
YCHEIIHOW pealu3aldy JaHHBIX TEXHOJOTMH B MPOMBIIIIEHHOM
IIPOU3BO/ICTBE.
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KiarwueBble cjioBa: MMOJIMIIPONUIICH, CHIMBKA IMOJIMMCPOB, paJUuallMOHHAA CHIMBKA, IMCPOKCHUIHAA
CIIMBKa, KOMIIO3UTBI, ITOJIMMCEPHBIC MaTCpHUalbl, (1)I/ISI/IKO'XI/IMI/ILICCKI/IC CBOﬁCTBa, MO,Z[I/I(I)I/IKaHI/Iﬂ
MMOJIMMEPOB, CTPYKTYPHBIC UBMCHCHH A, IIPOMBIIIIJICHHBIC IPUMCHCHU .

BBenenue

[Momunporunen (1) - omamH wu3 Hamboliee MUPOKO MPUMEHSEMBIX TEPMOILJIACTOB,
OTJIMYAIOLIMKCA XOPOIIMMHU MEXAaHUYECKUMHU XapaKTEPUCTUKAMHM, XMMHYECKON HHEPTHOCTHIO WU
JOCTYITHOM CTOUMOCThIO. OJIHAKO TPU BCEX €ro JOCTOMHCTBAX JaHHBIM Marepuas HMeeT
OTPAaHUYEHHYI0O TEPMHUYECKYIO CTaOWUJIBHOCTh M CHIDKEHHYIO MPOYHOCTh IPH TOBBIIIEHHBIX
temreparypax. JJis mpeososieHuss dTHX HEJOCTATKOB M pacmupeHus cdep ucmoibzoBanus 111
aKTUBHO HCCIEAYIOTCS METOJbl MOAU(PHUKAIIMU, B YACTHOCTH, (POPMUPOBAHUE CIIUTON CTPYKTYPHI,
MO3BOJISIOIICH 3HAYMTEIBHO YITYYIIUTh SKCILTyaTallMOHHbIC KadyecTBa martepuaia (Czakaj, J., 2024;
Alsabri, A., 2023; Uyor U. O., 2023; Han, I.S., 2023; Banu, R.D., 2024). CxemaTtuueckoe
M300paXeHUE pa3IMIMid B CTPYKType JHHEHHOTO, pPa3BETBIEHHOIO M CIIUTOTO TIOJMMEPOB
MIPEACTABJICHO HA PUCYHKE 1.

Ry - W %

JIuHeliHBIE TONUMEPBI
PaseeTeneHHbIE TONMMEpPEI

IIpocTpaHcTEeHHBIE (CIUTEIE)
TTOIMMEpPEI

Pucynok 1. Paznuuus Mexay TMHEHHBIM, pa3BEeTBICHHBIM M CIIMTHIM nosnuMepoM (Mimtoctpanus
Ha OCHOBE OOILENPUHATHIX MOJIETEeH MOJIEKYJISIPHBIX CTPYKTYP HOJIMMEPOB)

IIpouecc co3nanus NPOCTPaHCTBEHHO-CBSI3aHHBIX MAKPOMOJIEKYIISIPHBIX CETEH, WM CLHIMBKA,
o0ecreurBaeT TMOBBIIMIEHUE KECTKOCTH, YCTOMYMBOCTHM K TEMIEpPAaTypHbIM M MEXaHUYECKUM
Harpy3kaMm. Cpenu OpHUMEHSEMBIX IOJIXOJ0B 0c000€ BHUMAHHUE YJeNseTcsl paJualliOHHOW u
MEePOKCUIHON MoauduKaluu Kak HanOosiee 3((HEKTUBHBIM U YacTO HCHOJIb3YEMbIM B IMPaKTUKE
(Han, 1.S., 2023; lvanov, I.1. 2023; Fomicheva, T.A., 2023).

PannannoHHBIT METOA OCHOBAaH HA MCHOJB30BAHUM MOHU3MPYIOIIETO W3JIY4EHHS - ramma-
KBAHTOB WJIM DJIEKTPOHHBIX MYYKOB - JUIsI MHULIUHPOBAHUS MPOIECCOB, (POPMUPYIOLINX CETYATYIO
CTPYKTYpY B TOJIUMEpHON maTpuiie. JlaHHBIA croco0 oOecrnednBaeT TOYHBIN KOHTPOJb U MOMKET
OBITh aITalITUPOBAH KaK JIJIsl YACTHIX TOJIMMEPOB, TaK M JIJIs MX HanoJHeHHbIX ¢opm (Lenfeld, P., et
al., 2020).

IlepokcuIHBIM MyTh BKJIIOYAET MCIIOJIB30BAaHUE OPraHMYECKUX WHHUIIMATOPOB, KOTOPBIE MPHU
HarpeBaHuM pasjiaratoTcsi ¢ oOpa3oBaHHEM aKTUBHBIX PAJMKAJIOB, CIIOCOOCTBYIOIIMX CIIWBAHUIO.
OTOT METOA TAaK)Ke MO3BOJIAET 3HAUUTENBHO YIYULIUTh (PU3UKO-MEXaHUUECKUE MTapaMeTphl, OJHAKO
TpeOyeT TIIATeNbHOT0 KOHTPOJIS YCIOBUH npoTekanus peakuuu (Pzybysz, M., et al., 2019).

Hacrosmast crathsi mpencTaBisieT OOOOIIEHHBIM aHATNU3 COBPEMEHHBIX HCCIICIOBAaHUN B
o0nacTu paAuallMOHHOW M MEPOKCUAHON MOAM(UKAIIMN KOMIIO3UTOB Ha OCHOBE MOJUIIPONHIICHA.
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[TpoBeneHo cpaBHeHue (Tabnuia 1) yka3aHHBIX METOJIOB, PACKPHITH UX MEXaHU3MbI, 0COOCHHOCTH,
nocTouHcTBa U orpanndenust (Han et al., 2023).

Taoauna 1. CpaBHeHHE IEPOKCUIHON U paIMAIlAOHHOMN CIIMBKHU MMOJUATUIICHA

Ne IMapameTp IlepokcuaHas cuimBKa PaguanuonHasi cuiuBka
n/n
1 [Mpunyn Tepmuueckoe paziokeHue Ob6nyuenue
OpPTaHUYECKOT0 MEPOKCHAA C BBICOKOHEPreTUIECKUMH
o0Opa3oBaHreM CBOOOIHBIX qacTHIaMHU (y-ITydd, B-Iydd,
paguKaIoB DJICKTPOHBI)
2 Temmepatypa nporecca Bericokast (130450 °C, yacrto Oxkoo 20-80 °C (mouru
>300 °C) KOMHAaTHas)
3 Cpena mpoBeaeHUS WneptHas atmocdepa (00bI1HO Boszmyx, a3or mim Bakyym
azor)
YcTaHOBKM pavalluOHHON
BynkaHu3zamoHHbIe TPYyObI 00pabOTKH (3JIEKTPOHHBIC
4 Oo6opynoBaHue y ! PYORL, p ( P
IKCTPYAEPHI YCKOPUTEIIN, UCTOYHUKH Y-
U3TY4YEeHUS)
PaBHOMEpHas MO TONIIMHE, HO
3aBHUCHUT OT BPEMEHH BBIIEPKKHI
5 ['myOuHa cimBkH 3aBHCHT OT TUIOTHOCTH MaTepraia
U pacupeneeHus TeEMIIEpaTyphl
1 3HEPTHH U3ITYyYEHHUS
Uepes TEXHOIOTHUYECKHE TpynHee TOYHO KOHTPOJIUPOBATE;
6 KOHTpOJ’II) CTCIICHU CHINBKHU rnapaMeTpbl, MATCMATHYCCKHUEC 3aBUCHUT OT O3Bl U BpEMCHU
MOJIEIH o0my4yeHust
Hcnonb3yroTes XUMHUYECKUe
OKOJIOrn4ecKue u be3 ncnonb30BaHUs XMMHUKATOB,
7 ar€HThI, BO3BMOKHBI OCTaTKH1
TEXHOJIOTMYECKHE aCTIEKThI HO TpeOyeT 3alIUThl OT PaAHALIIH
MEPOKCHIA
Ob6opynoBanue u CpaBHUTENBHO JIEIIEBIIE, HO
Joporas ycTaHOBKa, HO
8 9KCIUTyaTallMOHHBIE TpeOyeT sHepro3aTpaT Ha
9HEPro3aTpaThl HUKE
3aTpaThl Harpes
9 ITIpumeHuMoOCTS K Jlyuuie st TOJICTOCTEHHBIX U O¢ddexTuBHA 111 TOHKOCTEHHBIX
Pa3IMYHBIM HU3ACIHSIM KPYITHBIX U3ACITHH W3JeNUI U TIICHOK
10 Peonoruueckue u MO>HO TOYHO PEryJupoBaTh C 3aBHCUT OT PaBHOMEPHOCTH
MEXaHUYECKHE CBOMCTBA IIOMOILIBIO PELENTYPHI 00JTyYeHHMSI U 03I
BricTpoe npoTekanne CUIMBKH
11 CkopocTs nporiecca OTHOCUTENBHO MEJIEHHOE
IIPY BBICOKHX TEMIIEpaTypax
Oco0oe BHHUMaHHE€ YJEJIEHO BIUSHUIO pPa3IMYHBIX (aKToOpoB Ha 3PPEKTUBHOCTH

CEeTKOOOpPa30BaHUSA U OKCITyaTal[MOHHBIE KAdyecTBa IOJIYYCHHBIX MaTepuanoB. Takod MOIX0[
MO3BOJISIET TIIYO’Ke IMOHATH TMEPCIEKTHBBI KAKJIOTO MeTofa M 00OCHOBAaTh BBHIOOP KOHKPETHOM
TEXHOJIOTUH B 3aBUCUMOCTHU OT MOCTABJICHHBIX 33]1a4.

Pesynbrarhl aHanmm3a JEMOHCTPUPYIOT, YTO 00a METO/a CIOCOOHBI CYIIECTBEHHO MOBBICHTH
TEPMOCTOMKOCTh, TMPOYHOCTh U XUMHUYECKYIO CTAOMIBHOCTH MOJUIPONIICHOBBIX CHCTEM. OJTH
KadyecTBa OCOOCHHO BOCTpEOOBaHBI TMPH  CO3MAHUM  M3JEIUN  JJIT  TEXHUYECKOTO W
KOHCTPYKIIMOHHOTO MPUMEHEHHUS, YTO MOAYEPKUBACT aKTYalbHOCTh U MPAKTHUECKYI 3HAYUMOCTh
MIPOBEAEHHOTO UCCIIEIOBAHUS.

Takum 00pa3oMm, CpaBHUTENBHOE PACCMOTPEHUE METOJOB MOIUGPHUKAIUU MOJUIPONUIICHA
OTKpBIBAaCT IyTh K CO3JaHHUIO OoJiee HAAEKHBIX M KOHKYPEHTOCIIOCOOHBIX ITOJTMMEPHBIX
MaTepUajoB, BOCTPEOOBAHHBIX B PA3TUYHBIX OTPACIISIX.

[TonydyeHHblE C MCMONB30BAaHUEM PAIUALMOHHOTO M MEPOKCUAHOIO IMOAXOJI0B MOJUMEPHI
HAXOJAT NIMPOKOE IPUMEHEHHE B COBPEMEHHBIX MaTepuaiax u texnosorusx (Tanjung, F.A., 2022;
Du, B., 2022; Wasti, S., 2022; Jamnongkan, T., 2022; Abdukarimova, S.A., 2022).
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[IpocTpaHCTBEHHO-CBSI3aHHAs CTPYKTypa IOJMIIPONMIIEHA CIIOCOOCTBYET 3HAYUTEIHHOMY
pPOCTYy €ro MPOYHOCTHBIX XapaKTEPUCTUK U YCTOMYMBOCTH K AedopmanusiM, 4TO JeJIaeT €ro
NEPCIIEKTUBHBIM JUIsl SKCIUTyaTalluy B YCIOBUSX BbICOKHX Harpys3ok (Das, O., et al., 2022).

Takas momudukanus pacmupser TeMIepaTypHbI guana3oH MPUMEHEHUs MaTepuala,
BKJIIOYast chepbl aBTOMOOHMIIECTPOCHUS U 3JEKTPOTEXHUKHU, /1€ MOJMMEPHI TIOABEPKEHBI HArpeBy
(Alshammari, B.A., 2021; Shirvanimoghaddam, K., 2021; Varga, L.J., 2021; Zhao, W., 2021,
Ajorloo, M., 2021; Khan, T., 2021; Tsai, C.-Y., 2021).

JIOTIOJTHUTEIBHBIM TPEUMYIIECTBOM SIBJISIETCSl MOBBIIICHUE YCTOMUYMBOCTH K arpecCUBHBIM
XUMUYECKUM BEIIECTBaM, YTO Ba)XHO JJIsi AKCIUTyaTallid B MPOMBINUICHHOW cpene (Bazunova,
M.V, 2021).

Takue Marepuansl JEMOHCTPUPYIOT YIYyUIIEHHYK) CTOMKOCTh K Y@D-U3IydEeHHIO U
OKHCJICHHUIO, YTO CIIOCOOCTBYET HPOIJICHUIO CPOKa CIYXObl U MOBBIIICHHIO Han&xHocTU. Kpome
TOT0, OHU MOTYT OBITh IepepaboTaHbl, YTO CHIDKAET 0OBEMBI OTXOMOB M OTKPBIBAET IyTh K Ooee
IKOJIOTMYECKH YHUCTHIM TEXHOJIOTHSIM B CTPOHMTENBCTBE M YIAKOBOYHOH mHAycTpuu (Zhang, Z.,
2022; Liu, J., 2025; Mhaske, S.T., 2022).

OgnuM W3 pUCKOB TMPU HCHOJIB30BaHUU Kabeneill sBISETCS UX CHOCOOHOCTh K
BOCIIJIAMEHEHHIO, YTO CBS3aHO C TOPIOYECTHI0 000JI0YEK M M3OJSAIHMOHHBIX MaTepuanoB. [luponu3
TUX KOMIIOHEHTOB - KIIIOUeBasi CTaaus pa3BUTUS Bo3ropaHus. lcciemoBaHue TepMHYECKOTO
Pa30oKEHUsI TAKUX MOJMMEPOB UTPAET BAKHYIO POJIb B OIICHKE MOXKapHOW onmacHocTH. Hampumep,
CIIUTBIN TOJTUATUIICH HAIIEN NIMPOKOE IPUMEHEHHE B CTpOUTENIbHOM 3ekTpuke. (SKroznikov et al.,
2011)

B pa6ore (Mo S.J., et al. 2013) paccmarpuBarOTCsS XapakKTEPUCTHKH KaOEIbHOI0 Marepuaia
Ha ero ocHoBe. lIpuBenéH aHaM3 MOBENEHHS MPH TEPMHUYECKOM PA3JIOKEHUH C UCIOJIH30BAHUEM
TI'A u JACK. DT0 mNO3BOAWIO HW3YYHTh KHUHETUKY IMIPOLIECCOB MHUPOJIM3a U MEXaHU3MbI
TEPMOICCTPYKIIHH.

HecMmoTpst Ha BBICOKOE KayecTBO CIIMTOTO MOJIMITHIIEHA, €ro IepepaboTKa 3aTpyAHEeHa U3-3a
HEBO3MOXKHOCTH TUiacTu(ukanuu. OIHAKO TEPMOXMMHYECKHE METOJIbI, BKIIIOYAs CHKWKCHHUE WU
00paboOTKy  CBEpXKPUTHYECKOM  BOJOW, TMO3BOJSIOT  BOCCTAHOBUTH  TEPMOIUIACTHYHOCTB.
Texuomnorusi, npeaoxennas (Watanabe S., et al. 2003), no3BosisieT paccekaThb CHIMTBIC PPArMEHTBI
U TIONTy4YaTh mepepadaThiBa€MbIil MaTepuall ¢ XapaKTePUCTUKaMH, COTTIOCTABUMBIMH C UCXOHBIMHU.

B mHacrosmem wucciegoBaHMM OBUIO H3YYE€HO TEPMOTPAaBUMETPHUYECKOE TIOBEICHHE
MOJIMATHIICHOB C Pa3fMYHON CTENEHbIO CIMMBAaHUS KaK B MPUCYTCTBUU KaTanu3aTopa, Tak U 0e3
uero (Aguado et al., 2000). YcraHoBieHO, YTO caM MPOIECC CIIMBAHUS HE3HAYUTEIHHO YCKOPSET
TEPMUYECKOEe pa3jiokeHue mnonudTuiaeHa. OIHaKo B YCIOBUSAX KAaTAIUTHYECKOTO IMUPOJIN3A
HaOJI0OAAaeTCsl TMPOTUBOIIOJIOKHBIA d(PQEKT: CIIMBAHWE CHIKAET aKTHBHOCTH KaTajau3aTopa, uYTo
BBIp@XKAeTCsl B TOBBIINICHUHM TEMIEpaTyphl Hayana KpekuHra. [Ipm 3TOM dYeM BhINIE CTENEHb
CIIUBKH, TeM MeHee d(PPEKTUBHO KaTAIM3aTOP HHUIUHPYET MPOIECC PA3TIOKCHHUS. ITH pa3THUHsI
ObUIM TPOAHAIM3UPOBAHBI KAUYECTBEHHO, YTO TMO3BOJWJIO CJeNaTh BBIBOJA O BO3MOXKHOCTHU
WCTIOJIh30BaHUS KaTATUTHUECKOTO MUPOJIHA3a IS pa3imdeHuss 00pas3IioB MO CTENEHH CIIMBAHUS, B
OTJINYHE OT TEPMHUYECKOTO Pa3JIOKEHHs, IJie TaKas YyBCTBHTEIBLHOCTH oTcyTcTBYyeT (Marcilla A.,
2006).

B  orgensHON  paboTe  paccMaTpuBaliach  TEPMOIUIACTH(HKAIMA  MOJMITHIICHA,
MOJUGUIIMPOBAHHOTO CHJIAHOM, TPUMEHSIEMOT0 B KadyeCTBE H3OJSIMOHHOTO MaTepuana s
kabeneil 1 mpoBooB. [l nepepaboTKN TaKUX CHUIMTBHIX CTPYKTYP LI€1€c000pa3HO BOCCTAHOBJICHUE
TepMOTIIaCTUYHOCTH. C TIOMOIIBI0 XMMHUYECKOH pPEaKIUU B CBEPXKPUTHYECKOM CIUPTE OBLT
YCIIEIIHO MOJIY4eH TepMOIIACTUYHbIN monudyTuiieH. [lomydeHHbI MaTepuan npoJeMOHCTPUPOBal
VIIOBJICTBOPUTEIHHBIE MEXaHHUUECKHE U DJICKTPUYECKHE XapPaKTCPUCTUKU, TOIXOMSANINE LIS
MpUMEHEeHHS B u3oysnuu. [IpumedaTenbHo, 9TO CTaHAapTHBIE aHTUOKCUIAHTHI, HCIIOIb3yeMbIe IS
MOJIMATUIICHA, OKa3auch J(PGEKTHBHBI M B OTHOIICHWM IEepepabOTaHHOTO MPOAYKTA, UTO
OTKpPBIBAET TMEPCIEKTHBY JJS CO3JaHUS 3aMKHYTOTO [HMKJIA YTHIH3AIMH TOJUATHIICHA,
mouduipoantoro cuianom (Goto T. et al., 2004).
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KommMmepueckne o00pasibl MOTUATHICHA TOJIBEPrallCh KAaTATUTUYECKOMY PAa3IOKCHHUIO C
HCIIONb30BaHueM 11eoyiuToB H-ZSM-5 u Y-tuma. VMccnenoBanusi MpOBOJAMINMCH C NMPUMEHEHHUEM
tepMorpaBuMeTpudeckoro ananusa (T['A) u B peakTope ¢ nuknundeckumu chepamu (Marcilla et al.,
2006).

N3mepenust O3BOJIMIIM OIEHUTHh KATAIUTHYECKYIO aKTUBHOCTh MU YCTOWYMBOCTD IIEOJIUTOB K
nesaktuBanud  (Aguado et al., 2000). Bapbupys COOTHOIIEHHE «IUIACTHK—KaTaau3aTopy,
OTIPEICIISUTH ONTUMAIIBHBIC YCIIOBUS KaK JUISl CKPHHHMHTA KaTaJIM3aTOPOB, TaK U s 3PPEKTUBHOMN
pabotel peaktopa. Lleonmutsl Y-Tuma AeMOHCTpUpOBald Oojee HU3KYK0 aKTUBHOCTb U Ooee
OBICTPYIO J€3aKTHBAaLMIO MO cpaBHeHUIO ¢ H-ZSM-5. VBenuuenue Moayns KpemHe3eMa B
CTPYKType KaTajau3aTopa CHH)XaJl0 aKTUBHOCTb, HO 3aMEUIANIO Mpolecc [e3akTuBanuu. [lpu
KaTaJTUTHYEeCKOM MHUPOJIM3E HAOTIOMANCS BBHICOKUN BBIXOJ KUIKUX YTIIEBOJOPOIOB, B OCHOBHOM B
muanazone Cs4—Cio, B OTIMYME OT TEPMUYECKOTO pAa3jOkKEeHUs, TIJ€ MPEUMYIIECTBEHHO
oOpa3zoBbiBasick Bocku (Schirmer J., 2001).

CpaBHuTeNbHBIN aHanu3 (Tabnuia 2) METOJOB IPaBUMETPHUUECKOTro aHaiu3a (B 4acTHOCTH,
TI'A) B paMKax KaTAIMTHYECKOTO Pa3JI0KEHUS TOJUITUICHA C IICOJTUTAMH, TJIC HCIIOIh30BAIUCH TE
K€ WM CXOXKHE KaTanu3aTopsl (tieoautsl ZSM-5, Y u ap.).

Taoauma 2. CpaBHuTenbHbIM aHanu3 MeTojioB TI'A B wucciaeqoBaHMSAX KaTaJUTHYECKOTO

PAa3JI0KCHUS TOJIUITUIICHA

Ne | Karanusaropsl Yceaosusa TT'A IMapameTpsl OcHOBHBIE BBIBOJbI
n/n OIIEHKH
H-ZSM-5, Y-type Temn. paznox. 400— [ToTeps macchl, H-ZSM-5 akTuBHee Y-Tura,
500°C, YCTOHYHBOCTH ipu BeIcOKOM Si/Al
BO3/IyX/UHEpPTHAS KaTaJln3aTopa, CHIDKAETCSl aKTHBHOCTB, HO
1 atMmocdepa, BBIXOJIbI (ppakiiuit pacTét cTabUIBLHOCTD;
epeMeHHOe nuponu3 1aét C4—Cio
cootromenue PE: (Schirmer J., 2001)
KaTaJIn3aTop
HZSM-5, USY, Tr'A: 10°C/mun 1o TemnepaTypsl ZSM-5 obecrieunBaeT
MCM-41 600°C, atmocdepa N Hayvana/Makc. MaKCHMaJIbHOE CHHIKEHHE
5 Ppas3IoKeHHS, TEeMIIepaTypbl Pa3IOKEeHUS
OCTaTOYHas Macca, PE; MCM-41 — uuskas
DTG-niuxu aKTUBHOCTH
(Marcilla et al., 2007)
HZSM-5, HY, Ni- | TT'A npu 20°C/muH, N, Kuneruka, Ni-MoauduIupoBaHHbIH
ZSM-5 PE:xatammzatop = 10:1 | ocrtaTouHas macca, ZSM-5 akTHBHEE U
3 JIe3aKTHBALIUS crabunsHee; HY — OpicTpas
KaTajaM3aTopa ne3aktuBanus (Aguado et al.,
2000)
HZSM-5 pa3nbix TT'A, DSC, TPR TemnepaTypsl 1 [obruenue Si/Al
Si/Al MeXaHU3MBbI MOBBIILIAET YCTOWIMBOCTD, HO
4 PpaszoKeHUsI CHIDKAET KUCIOTHOCTh U
AKTHBHOCTb
(Serrano et al., 2003)
TT'A no 700°C, 5— TemnepaTypsl Beta u ZSM-5 natot 6onee
20°C/MuH, HHEPTHAS pazioxKeHus, BbICOKY1O Aerpajanuio PE o
5 ZSM-5, Beta, Y atMocdepa KWHETHKA, CpaBHEHUIO ¢ Y
ocrarouynas macca | (Lopez-Urionabarrenechea et
al., 2011)

[TapameTpsl cpaBHEHUS:
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Temmneparypa Hayana ¥ HHKa Pa3JIOKEHUS: KATAIUTUYECKOE PA3JI0KEHHWE HAUYMHACTCS MpU
OoJiee HU3KUX TEMIIEpaTypax, YeM TEPMHUECKOE.

OcrtaroyHast Macca: IO3BOJIICT OLEHHUTh IOJHOTY pa3loKeHHss U KokcoBaHUe.CKOpPOCTh
Je3aKTHBAIIMU: U3MepsieTcst o cMenieHuo DTG-TIMKOB M HAKOTUICHUIO OCTATOYHOM MacChl.

Beixon ¢dpaxmmii (Henpsimoir Mmetox B TT'A): moaTBepxmaeTcst CONOCTaBICHHUEM C MUPOJIN3-
razanueit i GC-MS naHHEBIX.

Bnusiaue Si/Al: yem Boitie Si/Al, Tem BbIllie yCTOWYMBOCTH, HO HHMXKE KHUCIOTHOCTh U, KaK
CIIe/ICTBUE, aKTUBHOCTH (Serrano et al., 2003).

BeiBogsr: (Skroznikov et al., 2011)

B pa6ore (Aguado et al., 2000) MeToIOJOrHYECKH COrJIacyercs ¢ Oosiee MO3THUMHU
UCCIICIOBAaHMSIMY, BKIIO4Yasg mnpuMmeHeHne TIA s OLEHKM aKTUBHOCTH M YCTOHYMBOCTH
KaTaJIn3aTOpPOB.

ZSM-5 ocraércs Hanbosee aKTHBHBIM [EOJIMTOM, 00ECIIEYMBAIOIINM HU3KHE TEMIIEPATypHI
pasioKeHus ¥ BRICOKHE BBIXOBI Ppakiuii Tortusa (Marcilla et al., 2006).

Yuer Si/Al Monyns — BaKHEWIIMHA TapaMeTp s OICHKA KaK aKTHBHOCTH, TaK U
YCTOHYMBOCTH, 4TO OBLIO MOUEPKHYTO B padboTte (Serrano et al., 2003).

TT'A naér xauecTBEHHOE NPECTABICHUE O HAYalle Pa3JIOKEHHsI, MAKCUMyMeE JeTpajalii U
OCTaTKax, 4To JeJaeT ero YHHBEPCaJIbHBIM METOIOM B CKpUHHHIE KaTaiau3aropo (Aguado et al.,
2000).

B npyrom wucciemoBaHWM TIOJIMATHIIEH HU3KOM W BBICOKOW IUIOTHOCTH, a TaKXkKe
MOJIUIPONIAJICH TOABEPrajich AETPAJallid B PEAKTOpe C HEMOABIKHBIM CIIOEM B HHTEpBaie
temrepatyp 375-550 °C kak ¢ katanuzaropoM (H-ramnocunukar), Tak u 6e3 wero (Aguado et al.,
2000). Tepmuyeckoe pa3aoKeHHE MPUBOIUIIO K 00pa30BaHUIO BOCKOOOPA3HBIX MTPOIYKTOB, TPUUEM
BBIXOJI CHJILHO 3aBHCEII OT THITA UCXOJIHOTO MoJIMMepa. B To ke Bpemst KaTaluTuieckas Aerpaiamus
Ha/I TAJUIOCWJIMKATOM oOOecreunBaia IOJMyYeHHE IPEHMYIIECTBEHHO JIETKUX YIIIEBOJAOPOIHBIX
¢bpakuuii, 00OrameHHbIX apOMATHYECKUMU COETMHEHUSAMHU - OEH30JI0M, TOJIYOJIOM U KCHJIOJaMH.
Pacnpenenenne mpoIyKTOB 0Ka3ajoch Ca00 3aBUCSIIUM OT MPHUPOIBI HCXOTHBIX MOJIMMEPOB, YTO
OOBSICHAETCSI MEXaHM3MOM, BKJIIOYAIOUIMM CKEJETHYI0 H30MepH3aluio H  (GopMHUpOBaHUE
TEPMOJIMHAMUYECKH YCTOMYMBBIX H30MepoB. Karamuzatop mNpoAEMOHCTPUPOBAT XOPOIIYIO
CTaOMJIBHOCTh MPU MHOTOKPAaTHOM HCIIOJIb30BaHUM 32 CUET HM3KOTO YPOBHS KOKCOOOpa3oBaHHUs
(Takuma K., 2001).

B pa6ore (Hamidi N 2013) Gbuta pa3paboTaHa yabopaTopHas yCTaHOBKa JUIS MUPOJIH3a
IUIACTUKOBBIX OTXOJIOB, HA OCHOBE JaHHBIX TepMorpaBUMeTpuueckoro anamusa (Aguado et al.,
2000). B kauecTBe 00pa3llOB HCIOJB30BAIMCH TMEHOMOIMCTHPOJIbHBIE Tapenku (SDP),
yrnakoBouHbld mneHoruiact (SPFB) u momustunenoBwsie maketrsl (CPB) (Lenfeld et al., 2020).
[Tponiecc muponusza mpoBoauics Npu Temmeparypax no 650°C Ge3 karanusaropa. Kunkue
MPOAYKTHl  aHAIM3UPOBAINCH METOJOM Ta30BOM xpomaro-macc-cnekrpomerpun  (I'X-MC).
PesynpTaThl MoOKa3anu, YTO TEMIIEPATypHBIE XapaKTEPUCTHUKU Pa3JIOKEHUS 3aBHCAT  OT
XUMHAYECKOTO COCTaBa moimMepa. [loJMCTUPONBHBIE OTXOIBI pa3liarajich C MaKCUMalbHOU
ckopocThio rpu 418—440°C, npou3BoAs CTUPOI U €ro Mpou3BoAHbIe, Toraa kak CPB oOpa3oBbiBai
MAPOKYIO yriaeBogopoaHyto cMech (C4—Coz4), BKIFOUAIONIYIO aNKaHBI U alKeHbl. llodydeHHBIC
bpakuuu conxepKaid PeaKIMOHHOCIOCOOHBIE KOMIIOHEHTHI, TpPeOYIOUIHe CTaOMIU3aluKu s
MOCTIETYFOIIETO UCIIOB30BAaHMS B KAY€CTBE TOTLINBA.

Metoabl NEPOKCUIHOM M paJuallMOHHOM CIIMBKM  YCHEIIHO HHTETPUPYIOTCS B
CYIIECTBYIOIIME TPOU3BOJCTBEHHBIC TIPOIIECCHI, 00ECTIEYMBasi KOHTPOJIb Ha/l CTETICHBIO CIIMBAHMUS
U, KaK CII/JICTBUE, - HaJl CBoWcTBaMH KoHeuHoro mpoxaykra (Skroznikov et al., 2011). Dto nenaer
TaKkye MOIXO/bI IKOHOMHUYECCKH M TexHojormuecku ompasmanabsivu (Wakimoto, S., 1982; Alfred,
M., 1992; Han et al., 2023).

Hacrosimast crates npeacTaBiasieT 0000MEHHBIN aHAIN3 COBPEMEHHON HAYyYHOU JIMTEPATYPHI,
MOCBAMIEHHON MOAM(UKALNK TOJIMIIPONMIEHA ITOCPEACTBOM PAJAUALMOHHOW W TEPOKCHIHOU
CIIIUBKH.
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AKTyaqbHOCTh TEMBI OOYCIIOBJIEHA IIUPOKUM TNPUMEHEHHEM CIIUTBIX IOJIMMEPOB,
o0JlafjafoIuX YJAyYIIEHHbIMH (U3UKO-XMMUYECKMMHM CBOWCTBAMH, B PAa3JIMYHBIX OTPACIIX
npombinuieHHocty (Han et al., 2023). B pabote paccMOTpeHbl OCHOBHBIC NPHHIUITBI YKa3aHHBIX
METO/OB, IPOAHAIM3UPOBAaHbl MX [PEUMYILECTBA, OIPAaHUYEHHUS U BIMSHUE HA KIIOYEBbIE
9KCILTyaTallMOHHBIE TApaMETPbl MaTEPUAJIOB.

IIpoBen€HHBI CpaBHUTEIbHBI aHAINW3 MO3BOJIMI BBIIBUTH HaubOosiee IEpCIEeKTUBHBIC
HAIpaBJICHUS MCIOJIb30BAaHUS OSTUX TEXHOJOIMH IS CO3/1aHUS IOJUMMEPHBIX CHCTEM C
MTOBBIIICHHOW TEPMHYECKOM U XUMUUYECKON CTOMKOCThIO. Oco00€ BHUMaHHUE YEJICHO IapaMeTpam,
BIMSIIOIIMM Ha 3(PQEKTUBHOCTh CIIMBAHHUS W CTAOMIBHOCTH IOJYYEHHBIX KOMIIO3UTOB. OTO
OTKPBIBAET HOBBIE BO3MOKHOCTH Ul pa3pabOTKH KOHCTPYKLMOHHBIX U TEXHUYECKHX MaTepUaloB,
COOTBETCTBYIOIIMX COBPEMEHHBIM TpeOoBaHMsIM K Haaé&xHocTH u poiaroseunoctu (Korelin, AA.,
2019; Ren, Y., 2021; Han et al., 2023).

[IpumeHeHne NEPOKCUIHOM W PpPaJUALMOHHOM CHIMBKM 00ecreduBaeT BO3MOXKHOCTh
LIEJICHANPABICHHOTO YIPaBJIEHUS CTPYKTYpOH M CBOMCTBAMH IOJIMIIPONMIIEHA, YTO OCOOEHHO
BOXHO TMPH TPOU3BOJACTBE TMPOAYKIHMHA IS BBICOKOTEXHOJIOTUYHBIX M JKOJIOTHYECKU
OpPUEHTUPOBAaHHbIX oOTpaciiell. CpaBHUTENBHBIH MOIXOA CIOCOOCTBYeT Oosee IIyOOKOMY
MOHMMAHWIO MEXaHW3MOB M BBIOOpa ONTHUMAIBLHOTO METOAA MOIU(PHUKAIUN B 3aBHCHUMOCTH OT
KOHKPETHBIX YCJIOBHI 3KCIUTyaTaliuu U TpeboBaHmii Kk koHeunomy npoaykry (Wehtje, E.W., 1996;
Kazalini, A., 2013; Korelin, A.A., 2019; Skroznikov, S.V., 2019; Ren, Y., 2021; Han et al., 2023).

PagnanumonHasi CIIMBKA

B pa6ore (Novikov, G.K 2017; Han et al., 2023) npexacraBieH 0030p pa3IHYHBIX
BYJIKAHU3YIOIIUX areHTOB, MPUMEHSIEMBIX B MPOLIECCAX CLIMBKHU MOJIMMEPOB, OCYILECTBIIEMON B
BYJIKQHW3AIMOHHBIX TpybOax mpu Temmeparypax cBbime 250°C. OmpHuM W3  HampaBICHHMA
s pexTrBHON MOAUBUKAIIMY ABJISETCS paJHaliioOHHas 00paboTKa.

KoMOuHMpOBaHHBIM TOAXOJ, COYETAIOUIMI paJAMAllMOHHYIO CIHIMBKY M HCIOJb30BaHUE
CBEPXKPUTUYECKOTO Juokcuaa yriaepoja (SCCO2), 6bu1 MPUMEHEH ISl TOJTyYeHHs TIEHOMAaTepHalioB
Ha OCHOBE CMecH HU3KoIoTHOro nonudtwieHa (LDPE) u cononumMepa sTriieHa ¢ BUHUIIALETaTOM
(EVA) (Han et al., 2023). B pamkax uccienoBaHus U3y4eHO BIHSHHE paIdalliOHHON 00pabOTKH Ha
Mopdosoruto u coiicta nen LDPE/EVA nipu pasiuynbix cooTHomeHUsX kommnonenTos (Lenfeld
et al., 2020). OntuManpHBIM cocTaBOM okaszaiack cMech LDPE/EVA B mponopruu 70/30, npu
KOTOpO! MOBBIIIEHHUE J103bI O0IY4YEHHsI CIIOCOOCTBOBAIO CHUKEHHUIO pa3Mepa Mop U YBEIMUYEHUIO
IUIOTHOCTH Marepuana. YcTaHoBieHo, yTo jo3a 50 k['p obecnieunBaer Hanbosee paBHOMEPHYIO
CTPYKTYpy BCHEeHHMBaHMs. PannannoHHo Moau@uuupoBaHHbIE 00pa3lbl TAaKKE XapaKTEpU3YHOTCS
OoJiee MUPOKUM IMANIa30HOM TeMIlepaTyp NEHOOOpa30BaHUs 110 CPAaBHEHUIO C HCXOTHBIMHU.

MexaHu3M CHIMBKH OOBSICHSETCS POCTOM BSI3KOCTH  paciulaBa, CIOCOOCTBYIOIIMM
CTaOMIIN3aluN TOPUCTON CTPYKTYphl. OnHako mpu yBenudeHuu 10361 10 100 k['p Habmromaetcs
YXYALIEHUE OJHOPOAHOCTH H3-3a YPE3MEPHOM CIIMBKHM, OCOOEHHO B aMOp(dHBIX OO0IaCTAX.
Jlo6asnenne EVA B Oomnbliell KOHIIEHTPAIIMH MOBBIIIACT CTENEHb CIIMBKU, HO CHIDKAET BSI3KOCTH,
YTO BJIMSIET Ha MPOYHOCTHBIE XapaKTEPUCTUKH BCIIEHEHHOTO MaTepHaia.

AxTyanpbHOM  3amayeil  sgBisieTcs  pa3paboTKa  BBICOKOI((EKTUBHBIX  TEXHOJOTMH
pamuanoOHHONW CINUBKMA IS TIOJMMEPHBIX H3OJSIMOHHBIX MaTepHaliOB, MPHMEHSEMBIX B
anexTpudeckux kabemsx (Han et al., 2023). Ocoboe BHUMaHKE YAEISIETCS MOJHITHICHY BBICOKOW
(HDPE) u uu3ko#t mwiotHoctu (LDPE) (Lenfeld et al., 2020). Ctenenb CHIMBKH OIEHUBANACH 110
resb-(ppakiuy, onpeaesEHHON MocIe PaCTBOPEHHsSI B MApaKCUIIONE, a /1032 00JIyUYeHUsT U3MepsIIach
C MOMOIIBIO JTO3UMETPHH. DKCIIEpUMEHTANIbHBIE PE3YyJIbTaThl MOKA3aJIM, YTO MPOBEIEHHUE Mpoliecca
npu Temreparype 100°C u naBiaenun 10 aT™M 1mo3BOJISI€T MOBBICUTH 3(P(PEKTUBHOCTH CIIMBKH Ha
40% 10 CpaBHEHHUIO C TPATUIIMOHHBIME MeTonamu. CyIecTBEHHOE yaydlIeHHe JTOCTUTACTCS TpU
BBenaeHun 0,1% muokcuma cBunia (PbO:2), 4ro yBenuyMBaeT MOIJIONMIEHHE PEHTICHOBCKOTO
M3JIYYCHHUSI W yCKOpsieT (OpMHUPOBaHHWE CIIUTOW CTPYKTYphl. [lpm mo3e S50 kI'p renb-dpakmms
cocrasisiet 40% s HDPE u 32% nns LDPE B cpene aprona ¢ no6asienuem PbO., Torna kak B
BO3/IyXe 0e3 100aBOK JaHHBIN Moka3aresasb He mpesbimaeT 17-19%.
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[IpennoxxeHHas METOUKA CIIOCOOCTBYET CHIKEHUIO PAJIMAllMOHHBIX PUCKOB U SHEPro3arpar,
oOecnieurBas cTabUIIbHOE MPOTEKaHUe mpoliecca 6e3 yXyaAmeHus Gu3nKo-MeXaHM4eCKUX CBOWCTB.
OT0 nenaet €€ MepCrneKTUBHOM [Tl POMBIIIUICHHOTO TIPUMEHEHUS B KaOeThbHON MPOMBIIIIIICHHOCTH
(Gunewardena, A. et al., 2008).

B npyroii paboTe npuBeneHbl CpaBHUTEIBHBIC UCCIEIOBAHMS CBOMCTB M30JSIIMKA HA OCHOBE
ciuroro LDPE, mnonmyueHHoil ¢ mnpuMeHEHHWEM PEHTI€HOBCKOI'O H3IY4YEHHs, T€HEepUPYEMOro
aniekTprueckuM razoBeiM paspsaom (OI'P) (Lenfeld et al., 2020). DxcniepuMeHTbI, MPOBEAEHHBIC HA
obpasmax coriacHo crannapty 'OCT IEC 60811-2-1, a taxke Ha MOTHOMACIITAOHBIX KaOeIbHBIX
KOHCTPYKIHUSX, MO3BOJMIN OLICHUTh TTIyOMHY MMPOHUKHOBEHUS W3ITyYEHUS M BIMSHUE TEXHOJOTUU
Ha OJeKTpodu3NuecKue M MEXaHMYeCKHWe CBOWCTBAa Marepuala. bpllo ycTaHOBIEHO, 4YTO
peHTreHoBckoe obmydenne OI'P  crmocoOCTByeT yINydIIEHHIO XapaKTepUCTHK H3O0JSIHMUA B
CpaBHEHMH C 3JICKTPOHHO-ITyuKoBbIM MeTomoM (Wu, J. et al., 2014).

ComBKa TOJMATUIICHOBON HW3OJSIIMM METOIOM PaJHANMOHHOTO BO3JCUCTBUS TIO3BOJISET
CYIIECTBEHHO MOBBICUTH €€ HaAEKHOCTh U CPOK ciry:x0bI (Han et al., 2023). Oxgnako onTuMU3aIMs
YCIIOBU OOJIydeHHUsI MMEET pelIaoliee 3HaueHUE, MOCKOJIbKY MPH HEOJArompHsITHBIX PEeKUMax
BO3MOXKHO yxymmerue cTpyktypbl (Dadbin, S et al., 2002; Lenfeld et al., 2020). Cucremarndieckue
WCCIICIOBAHMS TOATBEPAWIIM, YTO paJAWanuoHHas Moaudukamus ¢ wucnoib3oBanuem OI'P-
U3Iy4eHUsT TO3BOJIAET JOOUTHCS  YIYYIICHHS  MEXaHMYECKUX M DIEKTPoPHU3nuecKux
XapaKTePUCTHK.

PaguanmoHHO-UHIyIUPOBAHHOE  BCIEHUBAHUE TOJUIPONIIICEHA MPEACTaBIsSeT CcOOOM
3¢ heKTHBHBIA METOT MOAU(DHUKAITNH, 00CCIICUNBAIONIUHN yIydlIeHHE (PU3NICCKIX U MEXaHUICCKHX
xapaktepuctuk (Lenfeld et al., 2020). B oxHoii u3 paboT pacCMOTPEHBI KIIKOYEBBIC CTaJUU
mporiecca: CMEIeHne KOMIIOHEHTOB, 00JydeHrne M TepMOoOoOpaboTKa. B kauecTBe BCIIEHMBAIOIIETO
areHra npumeHs azoouchopmamuy (10 mac. 4. mHa 100 Mac. 4. MOMMMOPOIUIIEHA), @ B KaYECTBE
CIIMBAIOIINX areHTOB - JAWBUHIIOCH30JI W JIPYrHe MHOTO(YHKIIMOHAIBHBIC coeauHeHus. CMech
nojBeprajiach sKcTpyaupoBanuto npu 463 K, 3atem obOnyuamack no3oit 8§ Mpan, mocne yero
npeccoBanach npu 473 K ¢ ucnonb3oBaHMEM BOASIHOIO Mapa, 4To obOecrednBaio 0O0pa3oBaHUE
MIEHBI C PABHOMEPHON CTPYKTYPOH U TIIOTHOCTHIO OKOJIO 50 Kr/m>.

[Ipu ymenblieHnu 3Hepruu odiydenus a0 2 unu 3 Mpan Ha0J1101a710Ch CHH)KEHNE KauecTBa
crpyktypbl (Lenfeld et al., 2020). Takxe ObLIM HCCIEAOBaHbI ATbTEPHATHBHBIC CIIMBAIOIINAE
areHThl, TaKWe, Kak JHAUIMIPTANAT, OTHICHTJIMKOIBJIUAKPUIAT ¥ TPUATUIMIN3OIHAHYPAT.
[Tocmeguuii  moka3an  BBICOKYIO  3(PQPEKTUBHOCTH TpPH  HCIOJIB30BAHUM COBMECTHO C
azobuchopmamugom. O0IydeHne 3eKTpOHHBIM TyuykoM (1 Mpam) u mocneayroriee HarpeBaHue 10
473 K obecrieunBanu (GOpMUPOBaHHE TI€HBI C 3aJlaHHBIMH CBOWMCTBaMHU. TakuM o00pa3oM,
paMaMOHHO-UHAYIIUPOBAHHAS CITUBKA M BCIICHUBAHUE OTKPHIBAIOT IUPOKHE TEPCIEKTUBBI IS
CO3/1aHUS HOBBIX ()YHKIIMOHAJIBHBIX MAaT€PUAIIOB HA OCHOBE MOJUIPONUIICHA.

HaxoHer, akTUBHO MCCIIeAyeTCs paJlaliOHHas CITUBKA CyNepadbcopONpyOMUX THAPOTeIeH
Ha ocHoBe mnonuakpmiamuga (PAAM) c goGaBieHWeM NPUPOIHBIX MOJIMMEPOB — allbTHHATA
Hatpus W xuro3ana (Han et al., 2023). CuHTe3 TakMx MaTepHaJOB OCYIIECTBISCTCS C
WCIOJIb30BAaHUEM Y-WU3IIyYEHHs, TMO3BOJSIONIETO (HOPMHPOBATH YCTOHYHMBYIO TPEXMEPHYIO CETh.
[TomoOHBIE THAPOTETH JAEMOHCTPHPYIOT BBICOKYIO BOJOYICPKHBAIOIIYIO CIHOCOOHOCTh U
MEePCTIEKTUBHBI I TPUMEHEHUS B CEIHCKOM XO3SUCTBE 7S YIYUIISHUS BOJHOTO PEXXHUMA MOYB.

OOpa3mpl MpeaBapuTebHO 00padaTHIBAIUCH PACTBOPOM Iepokcuia Bojgopoaa (H20:z), 3atem
CMEUIMBAIIUCH U MOJIBEPTAIUCH Y-00JIydeHHI0 B quana3oHe 103 oT 5 g0 30 k['p (Schirmer, 2001).
JIJIs. OIIEHKHM XapaKTePUCTHK TMOJTYICHHBIX THAPOTeNIed MPUMEHSITUCh PA3IUYHBIC aHATUTHYCCKHE
METOJIbI, BKIIIOUasi CKAaHUPYIOIIYI0 JJIEKTPOHHYIO MuKpockonuio, WK-cmekTpockonuio wu
tepmorpaBumMeTpuyeckuii ananus (Lenfeld et al., 2020).

Cpenu  W3y4yeHHBIX COCTaBOB  HAWOOINBIIYIO  BJIArOYACPKHUBAIOUIYID  CIHOCOOHOCTH
MIPOJEMOHCTPHUPOBAJ THAPOreb Ha ocHOBe mosmakpuiamuaa (PAAM) u anerunara Hatpus (Alg),
MPEeBOCXOJIs MO 3TOMy Tokaszareno kak PAAM/CS, tak u tpexxkommnoHentHsii PAAM/AIG/CS.
Uepes 24 gaca BoIOMOTIIONICHHE TOCTUTANIO0 86%, Torna kak yucteii PAAM ynepxusan nauib 38%
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Biard. [loyieBble UCTIBITAHUS HA KYKypy3e MOKa3alii, 4To npuMmeHenue ruaporens PAAmM/AIG npu
00paboTKe TMOYBBI CHOCOOCTBOBAIO YBEIUMYECHUIO ypokahHOCTH Ha 50%. DOTu pe3ynbTaThbl
MOJTBEPKAAIOT IMOTEHIMA TaKUX KOMIIO3UIMA B KadecTBe J(P(EKTUBHBIX MOYBEHHBIX
KOHIUIIHOHEPOB.

PaguanoHHO-CIINTBIE THAPOreIM Ha OCHOBE IMOJMAKPWIAMMUIA U MPUPOAHBIX NOJUMEPOB
MIPEJICTaBISIOT CO0OM MEepCleKTHUBHbIE MaTepuajbl JJid arpapHoro cexkropa. Mx cmocoOGHOCT
COXPAHATH BJIAry M CO3/1aBaTh OJIArONPHUATHBIE YCJIOBMS JUIsl pOCTa PAaCTEHUH OTKPHIBAET HOBBIE
BO3MOXXHOCTH JJIS UCIIOJIb30BaHUS B CEIBCKOM X03diicTBe. JlanmpHelme uccie1oBaHus B TaHHOM
00JIaCTH MOTYT CIIOCOOCTBOBaTh pa3paboTKe Ooyiee COBEPIICHHBIX PEIICHUH, HANpaBICHHBIX Ha
MOBBIIICHUE YPOKANHOCTH U YCTOMYMBOCTH arpoCHCTeM K KJIMMaTH4YecKuM ctpeccam (Zhang, C., et
al., 2022).

Cuuteii obmyuenuem mnonudTwiieH (PEX) wm  ero momuduiupoBaHHBIA —aHAIOT C
HaToJHUATENeM U3 TexHuueckoro yriepoga (CB-PEX) sBnsioTcss oTXomamMu MpOW3BOICTBA
kabenpHOM mponykimu (Lenfeld et al., 2020). B manHoii paboTe wu3ydaeTcss WX MHUPOJH3 C
npumeneraneM TI/JICK, UK-®ypbe-CIeKTpOCKONTUU ¥ KUHETHYECKOTO aHAIN3a. DKCIIEPHUMEHTHI
npoBoAWIKCh Tpu Temieparype HarpeBa 10 °C/mun B atmocdepe a3oTa. YCTaHOBIEHO, YTO
OCHOBHAS CTaJUsl TEPMHUECKOTO pasniokeHus nmpoucxoaut npu 395-503 °C mst PEX u mpu 408—
515°C nns CB-PEX. [Tocnennuii matepuain TpeOyeT OOJBIIEro TEMI0BOrO BBOJA HA IaHHOM JTalle,
JEMOHCTpHpPYsI OoJiee BBIPAKEHHOEC KOKCOBaHWE W (OPMHUPYS OCTaTOK, OoraTelii yriepoioMm. B
000MX cIydasix OCHOBHBIMH MPOIYKTaMH TEPMUUYECKOTO Pa3I0KEHUS SBISIOTCS OJIe(hUHBI, OJTHAKO
UX COCTaB U pacHpelieieHne MOJEKYJISIPHBIX MacC CYIIECTBEHHO paszinuydarorcs. [IpakTuuecku Bech
PEX MOXHO mpeBpaTUTh B JIETyude KOMIIOHEHTHl, B To Bpemsa kak CB-PEX ocraBnser
3HAYUTEIBHOE KOJIMYECTBO ocTaTo4Horo yriepoaa (Du Y., 2017).

Taxxke wu3ydanach BO3MOXKHOCTh MEpPEPaOOTKH MOIUATHIIEHA, CHIMTOrO IO CHUIAHOBOMY
MexaHnusmy (cunan-XLPE), B TepmonnacTuuHblil MaTepuan 3a CU€T CENEKTHUBHOTO pPa3pyLIECHUs
CHJIOKCAHOBBIX CBSI3EH.

B wuccnenoBaHuM MCHONB30BAINCH CBEPXKPUTHUECKHE >KUIKOCTH - CIHUPT M BOoAa - B
aBTOKJIABHBIX YCIOBMAX. [loydeHHbIE MPOMYKTHl aHATM3UpOBamuch Meromamu 2°Si-SIMP, UK-
@Oypbe-CrIeKTPOCKONHH, TeIb-PPAKIUOHUPOBAHUSA U  OIpPENEICHHUs] MOJIEKYJISIPHOM Macchl.
IToka3zano, 4to pu 006pabOTKe CBEPXKPUTHUECKUM CIUPTOM CHUIOKCAHOBBIE MOCTHKH 3(PPEKTUBHO
paspyliajinuch, B pe3ysibTaTe 4ero CTPYKTypa BOCCTAHOBJIEHHOI'O IMOJMATUIIEHA NMPUOIMKaIach K
CTPYKType MOJNMATUIICHa, IpuBHTOro cuianoM (Aguado et al., 2000).

JUis TpoBEpKHM OCTAaTKOBOM CIIOCOOHOCTHM K CIIMBAHUIO IepepadOTaHHBIM MaTepuai
OTBEP’KIAJIM B HACBIIIEHHOM BOJSTHOM Iape U CPaBHUBAIM C MCXOTHBIM CHJIAaH-TIpuBUTHIM [13, a
TaK)Xe ero BapuaHTOM C JoOaBJIeHHEM Karaiau3aTopa. Pacuér kuHeTHYecKux rnapameTpoB MoKasal,
4TO MepepaboTaHHbIM MaTepuall COXpPaHsI CIIOCOOHOCTh K MOCJIEAYIOIIEeH CIIMBKE, a €ro 3HEprus
aKTUBAIMU ObLIa OJIM3Ka K 3HAaYeHUSAM 1t mpuBHuTOrO [19 6€3 Karanu3zatopa. ITO CBUACTEIBCTBYET
0 MoTepe aKTHBHOCTH KaTajHM3aropa IIoJ JelcTBHEeM cBepXxkputuueckoro crupra (Goto T. et al.,
2008; Hong S.M. et al., 2008).

PagnanmoHHble TEXHOJIOTUU HAaXOAAT BcE OoJiee MUPOKOE MPUMEHEHUE B MPOMBIIUIEHHOCTH,
oOecrnieurBasi BO3MOKHOCTh HalpaBJI€HHOTO0 U3MEHEHHS CBOICTB MaTepuasoB 3a CYET BO3AEHCTBHS
noHusupytomiero n3nydenus (Han et al., 2023). KiroueBbiMU (DU3UKO-XUMHUECKUMHE TPOLIECCAMU
IIPU 3TOM SIBJISIIOTCS BO30YXKJIEHUE MOJEKYJ, MOHU3alUsg U 00pa3oBaHUE CBOOOJHBIX pajHKajoB,
KOTOpbIE MHUIMUPYIOT PEaKkIMH pa3pbiBa M OOpa30BaHUS XMUMHYECKHX CBS3€H. DTO MO3BOJIET
MOAU(DUIIMPOBATh CTPYKTYpPY HOJUMEPOB, MPOBOJIUTH CUIMBKY, yJIydllaThb MEXaHMYECKHE U
TEPMHUUYECKHUE XapaKTEPUCTUKU MaTEpUaJIOB.

Tax, paguanuoHHas MoOAM(UKAIUS MOJUITHIEHA C UCIOJIb30BAaHUEM AJIEKTPOHHOIO ITydKa
COCOOCTBYET (POPMHPOBAHUIO MPOCTPAHCTBEHHOM CETKM 3a CUET MONEPEYHOIo CIIMBAHUS, YTO
3HAYMTEIBHO MOBBIIIAET IPOYHOCTHBIE CBOMCTBA U TEPMOCTOUKOCTH u3aenuii (Han et al., 2023).

111



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 151(2)

KaGenpuble n3omsiuuu, oOpaboTaHHBIE JAaHHBIM METOJOM, CIIOCOOHBI BBLIEPKMBATH Oosee
BBICOKHE TEMIIEpaTypHble M D3JIEKTPUYECKHE Harpy3kd, MO3BOJSAS 3aMEHUTh Oosiee J0porue
(bTOpHOIUMEPHBIE TOKPHITHUSI.

WHTepec kK TepMOIUIACTUYHBIM [TOJIUMEpPaM, TaKUM, KaK MOJU0Ie(QUHBI, BKIIIOYast MOJIMITUIICH
Y TIOJHIPOIMIICH, TOCTOSHHO BO3pacTaeT. JTHU MaTepHalbl OTIUYAIOTCS HHU3KOH IIOTHOCTHIO,
BBICOKOM XMMHUYECKOW MHEPTHOCTBIO U XOPOUIMMHU IKCIULyaTallMOHHBIMU XapaKTEpUCTUKAMHU, 4TO
JenaeT WX BOCTPEOOBAHHBIMU B CTPOUTENLCTBE, HHEPreTUKE M KOMMYHAJIBHOM XO3SIHCTBE,
0co0eHHO B crcTeMax TpybornpoBoaoB u BogocHabxkenus. (SKroznikov et al., 2011)

CBoOogHOpaavKanbHass MpuBHBKa ManenHoBoro anruapuna (MA) ma momumaktun (ILVIA)
Obula OCYIIECTBICHA METOJIOM PEAaKTUBHOW 3KCTpy3uu. Bce sKcrepuMeHTbl NPOBOAMIINCH C
nobasnennem 2 ™ac.% MA B TOpUCYTCTBMM HMHUIMATopa - 2,5-numeTwin-2,5-au(Tpert-
oyrunnepokcu)rekcana (Lupersol 101).

UccnenoBanmu Brnusiaue temmeparypsl (180 u 200°C) u xonuentpanun uHunuatopa (0,0—
0,5mac. %) Ha creneHb nNpuBUBKU. IlomydeHHble 3HAaueHMs cojaep)kaHUs mpuBuTOoro MA
BappupoBaiuck or 0,066 mo 0,672 mac. %. Jns xapakrepuctuku moauduimpoBannoro I1JIA
NPUMEHSIJTHCh METOJIbI SKCKIF03HOHHOM Xpomarorpaduu (TriSEC), u3aMepenus vuHAEKCa TEKYIECTH
pacriaBa ¥ TEpMOTPaBUMETPHH.

PesynpTaThl Moka3anu, 4YTO YBEJIMUYEHHE COJCpXKAHUA HWHHULIMATOPA IOBBIIACT CTENEHb
IIPUBUBKU, HO MPUBOAMT K CHIKEHUIO MOJEKYJsipHOW Maccel. Monuduxarus [1JIA manenHoBbIM
aHTUAPUIOM CYILECTBEHHO YIydllwia Mexda3Hoe B3aUMOACWCTBUE C HATUBHBIM KYKYPY3HBIM
KpaxMajoM B KOMIIO3UTaX, IMOJIy4CHHBIX METOJ0M paciuiaBHoro cmemmuBanus (Carlson D. et al.,
1999).

IMepoxcuanas clMBKa

Cummrteiii nonustuiieH (CIID) mupoko npuMeHseTcs B KadyecTBE U30JISILIMOHHOTO MaTepuana B
Ka0ensX CpeIHero M BBICOKOTO HANpsHKEHHWsS Onarojapss MPEBOCXOMHBIM MEXaHUYECKUM,
TEPMUYECKMM M 3JEKTPUYECKHM CBOMCTBaM, CYIIECTBEHHO IPEBOCXOISIIUM XapaKTEePUCTHKH
nuHerHoro moaudtuieHa (Carlson, D., 1999).

OnuH u3 Hambosee pacHpoCTpaHEHHBIX METOJIOB €ro IMOJy4YeHMs - MEpPOKCHAHAs CIIMBKA,
OCyIIECTBIIsieMasi B ByJKaHU3aIMOHHOW TpyOe mpm Temreparype cBbime 400°C B uHepTHOU
atMocdepe, damie Bcero B cpeae aszora. O¢(EeKTUBHOCTh MJaHHOTO TIpoliecca BO MHOTOM
OTIPENIENIICTCSl  PAllMOHAIFHOCTBIO BBIOOpPA TEXHOJIIOTUYECKHX TIapaMeTpoOB, OO0ECIIEUHBAOIIIX
BBICOKYIO CTEIIeHb CIIMBKH.

B pamkax wuccienoBaHusi ObUIM SKCIIEPUMEHTAIbHO 3a(UKCUPOBAHBI TEMIIEPATYPHBIE U
CKOpOCTHBIE TOJIs 110 BceMy 00beMy pacueTHOM obmactu. IlocTpoensl TemnepaTypHble Mpohuin Ha
MOBEPXHOCTH W3OJSIMA M TOKOIPOBOJSAIICH KHIIBI, OIpPEICIICHbl KWHETHYECKHE MapaMeTphl
mpolecca CHIMBKH, a TaKXe MPOAHAIM3UPOBAHO BIMSHUE TEIUIOPU3MUECKUX M KHHETHUYECKHX
XapaKTePUCTHK M3OJSIIMOHHOTO MaTepHalia Ha pacrpe/ie]ieHue TEMIIepaTyphl U CTENEHb CITUBKU.
Ha ocHOBaHMM TOJY4EHHBIX JaHHBIX BBIIEICHBI KIIOYEBBIE U BTOPOCTENEHHBbIE (DAKTOPHI,
BIUsIONIME HA 3(()EKTUBHOCTD BYJIKaHU3AIINH.

PazpaGoranHas mMaTeMaTHuUecKass MOJIENIb ONMCHIBAET TEIUIOMACCONEPEHOC M XMMHUYECKHE
npeoOpa3oBaHusl, NPOUCXOAIIANE B TIPOIECCe CIIUBKH, C YYETOM TEOMETPUYECKHX U
TEIUIOPU3NYECKUX XAPAKTEPUCTUK Kabenell pa3muuHbIX TUIIOpa3MepoB. Mojenb MO3BOJISET Kak
KOJIMYECTBEHHO, TaK W Ka4eCTBEHHO MPEJCKA3bIBaTh PACIPENEIICHUs] TEMIIepaTyp W CTENeHb
CIIMBKU IO JJMHE U CEUCHUIO M3JIENHs, TEM CaMbIM OOeclieunBas BO3MOXKHOCTb ONTHMH3AIIUH
TEXHOJIOTUYECKAX PEXKUMOB JIMHWW BYJIKAHW3ALWW JUIS TIOBBIIICHHWS KAdecTBa MPOIYKIHMH H
CHIDKeHMsI SHepreTuueckux 3arpar (Park, H., et al., 2019).

CmmBKa MOMATUIICHA MOXKET OCYIIECTBISITECS KaK PaJHalldOHHBIMHU, TaK ¥ XHUMHUYECKHUMHU
Metoaamu. Hanboree TeXHOIOTHYECKU TOCTYIHBIM ABISETCS MEPOKCUAHBINA CIOC00, B KOTOPOM B
KayecTBE CIIMBAIOIIEIO areHTa IPUMEHSIOTCS OpPraHWYeCKHe IMEePOKCUIbI, pa3iararoluecs ¢
o0pa3oBaHMEeM CBOOOIHBIX PAJAMKAJIOB B Ipolecce mnepepadoTku. Peryiaupys KOHLIEHTpAIUIO
MHUIIMATOpa, MOYKHO KOHTPOJHMPOBATh CTPYKTYpPY MOJHMMEpa, IMepexoas OT JHMHEHHOH K
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IIPOCTPAHCTBEHHO-ceTyaTol. Hampumep, cmuuThlii mosmsTwiieH Bbicokod motHoctu (IIOBII) ¢
coJiep>kaHueM HepacTBOpuMoOil ¢a3bl cBbiiie 70 % TepseT CHOCOOHOCTh K TEPMOIUIABICHUIO U
CBapKe, MPHU 3TOM MOBBIIIAIOTCS KECTKOCTh, MOJIYJb YIIPYTOCTH U TEPMOCTOWKOCTh MaTepHaia.

B uccnenosanuu (Gu, J., 2020) MeTOI0M PEaKTUBHOM SKCTPY3UH OBUIH IMOTYYEHBI 00Pa3IIbl
[I9BII u cmeceit [IDBIVIII, ciutbie ¢ ucnonb3oBanueM aukymuia nepokcuaa (AKIT). Uzydeno
Biusinue KoHuentpanuu JIKII na peonornyeckue u MexaHU4eCKHE XapaKTEPUCTUKU. Y CTAHOBIIEHO,
yTo C yBenuyeHuem conaepxkanus [IKII moblmaercs mMosieKynsipHas mMacca U paclIupseTcs ee
pacnpenenenue. [Ipu Hu3kux koHneHrpausax (a0 0,1 mac. %) HabnrogaeTcs pocT yIIMHEHUS MIPU
paspbiBe, B TO BpeMs Kak npu Oojiee BHICOKMX JIaHHBIM MOKa3areib cHikaercs. Beenenue I1I1 B
CUCTEMY MPUBOIUT K HEKOTOPOMY CHUKEHHMIO MPOUYHOCTHBIX XapaKTEPUCTHK, OJJHAKO J100aBIeHUE
JKIT ynydmaer coBMecTUMOCTh (Da3, YTO MOIATBEPKAAETCS MOPQOIOrHUECKHUM aHAIH30M
MOBEPXHOCTEN U3JI0Ma U MPUBOAUT K YBEIMUEHUIO yIAPHOH BS3KOCTH.

Moudukanys TMOJMATHICHA C TMOMOIIBIO TEPOKCHUIOB TaKXKe IT03BOJISIET CYIIECTBEHHO
MOBBICUTH €T0 IKCIUTyaTalluOHHBIE XapaKTepUCTHKU. CIINBKA MOBBIIIAET CTOMKOCTh K XUMHUYECKOM
KOPpO3HH, PACTPECKUBAHUIO TMOJ[ BO3ACUCTBHEM OKPYXKAIOMIEH Cpeapl, TMOI3YYEeCTH, a TaKKe
ANEKTPUYECKYI0 MPOYHOCTh. Temrieparypa UIMTENbHOW JKCIUTyaTanuu kabens Ha ocHoBe CIID
MoxeT nocturath 90°C, a mpu KpaTKOBPEMEHHOM TOKE KOPOTKOTO 3ambIKaHus - g0 170-250°C
(Mamedli, U.M., 2018).

OcoOblii MHTEpEeC TPENCTABISAIOT OPTraHWYECKHE TIEPOKCHIBI LUKIMYECKUX KETOHOB,
obOnagaronue BBICOKOW 3(pdekTHBHOCTRIO TIpH Moaudukanuu (co)mosmMmepoB. Kak mokazaHo B
pabote (Skroznikov, S.V., et al., 2011), ucnoap30BaHne KOMITO3UIHA, coaepxarux He meHee 20 %
aKTUBHOTO KHUCJIOPOJa, CBSI3aHHOTO C IUKIMYECKHMMH KETOHaMH, CIOCOOCTBYeT 3(¢eKTUBHOMN
CIIMBKE U YJIYYIICHUIO SKCIUTYaTallMOHHBIX XapaKTEPUCTHK ITOIYyIEHHOTO MaTepHara.

MaremaTrueckue MOEIH, mpeactaBieHdsie B padorax (Likozar, B. & Krajnc, M., 2011;
Akbarian, D., 2019; Chaudhary, B.l., 2010; Kruzelak, J., 2020; Liu, S.-Q., 2014; Yeoh, O.H., 2012;
Kryzhanovskij, V.K., 2016; Kovalenko, D.V., 2025; Korelin, A.A., 2024), T03BOJAIOT
KOJIMYECTBEHHO OIMHUCHIBATH MPOIECCHI TETUIONEPEHOCA, KHHETHKY CIIMBKH, a TAK)KE PaCCUNTHIBATH
ONTUMAJIbHBbIE TEXHOJOIMYECKHE PEXHUMBI JUIsl KOHKPETHBIX YCIOBHH mpou3BojacTBa. [IpoBepka
MOJIENI Ha TPAKTHKE TOATBEpANIa €€ BBICOKYIO TOYHOCTh M NMPUMEHHMOCTH JISi ONTUMH3AINN
IIPOIIECCOB B CYIIECTBYIOUIMX U MPOEKTUPYEMBIX POU3BOJICTBEHHBIX JIMHUIX.

Takum o0Opa3oM, TIepOKCHIHAs CHIMBKA TPEICTABISACT COOOHW YHUBEPCAIBHBIA U
BbICOK0?()(PEeKTUBHBIM MeTO MOAM(UKALMU TMONUITHIICHA, TO3BOJIIONINN MOJYyYUTh MaTepHuai ¢
VIY4HICHHBIMHA XapaKTEPUCTHKaMH, BOCTPEOOBAHHBI B IIMPOKOM CIEKTPE MPOMBIIIICHHBIX
NpUMEHEHHH, B TIEPBYIO 0Yepe/ib, B kabenbHO# npombiiienHocTr (Chaudhary, B.1., Peterson, T.H.
2010).

Pe3ynpraThl BepuduKanuy pa3paboTaHHOM MaTeMaTHUYECKOW MOJENN CBUJETEILCTBYIOT O €€
BBICOKOW TOYHOCTH, YTO JIEJIA€T BO3MOXKHBIM €€ NMPUMEHEHHE JUIsi COBEPIICHCTBOBAHMS KaK BHOBb
CO3/1aBaeMbIX, TaK U JICHCTBYIOIIMX TEXHOJOTHYECKUX JIMHUH. DTO, B CBOIO OYepe/b, MO3BOJISIET
ONIPENeNIATh ~ ONTHMAaJbHBIE  TApaMeTphl  BYJIKaHHW3AIMH, OOECNEYMBAIONIME  TIOyYCHHUE
Ka4eCTBEHHOT'O MPOAYKTa IPU MHHUMAaJBHBIX dHepro3arparax (Cui, S., 2017).

B oxgHOM u3 nccnenoBanuii Oblia IpoBeeHa OLEHKa BIUSHUS MOIU(UKALNN C TIPUMEHEHUEM
OpraHuyveckoro rmnepokcuaa u cuctembl nepokcu/ TMIITA Ha peonmormueckue u  (HU3MKO-
MEXaHUYECKHE XapaKTePUCTUKU CMECe TOJHMIPONMWICHA W JTHUJICHIIPOMMICHOBOTO KaydyKa
(IIII/CKO3IIT) B cootHomenuu 80/20 mac. %. B kauecTBe monumponuieHa UCIoIb30Balach Mapka
ITIT 21030 ¢ moka3zarenem TekydecTH paciiaBa 3 1/10 MuH, a B KayecTBE »yacToMepa - JIBE
pazHoBuaHoctd CKOIIT, ornmyarommecs MOJEKYJIIpHOW Maccod M BA3KOCThIO. B KkaudecTe
uHUIMaTopa npuMeHsin 1,4-0uc(2-Tper-0yTHiINepoKCUU30MPONHil) OEH305, @ COAreHTOM CITY K
tpumetmionnponanTpuakpunar (Ryzhikova, I.G., et al., 2013).

DOKCrepuMEHTBl TOKa3zaldk, 4YTO MaKCHUMajbHas yJapHas BS3KOCTh JOCTUTaeTcs MpH
MCTOJb30BAHUU TOJIBKO TEPOKCHIHOTO WHHUIMATOpa. BBICOKOMOJNEKYISpHBIE MapKH KaydyKa
oOecrnieunBalOT GOPMUPOBAHKE YAAPOIIPOUYHBIX KOMITO3UIIUHN MPEUMYIIECTBEHHO MPU MEPOKCUAHON
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moudukanun. [Ipu s3Trom cuctema Ha ocHoBe nepokcuaa u TMIITA cnocoOCTByeT ymydIIeHUIO
KOMIUIEKCa (PU3MKO-MEXaHUUECKHX CBOWCTB cMece ¢ Hu3KoMoyeKyasipHbiM CKOIIT-2 u
MO3BOJISIET COXpPaHUTh MOAydb yrpyroctu B cuctemax c¢ CKOIIT-1. TlpoBenéuubiii anaims
Mopdosorun cmecerd [ITT/CKDOIIT, mMoaudumpoBaHHBIX CHUCTEMON OpPraHUYECKHH TEPOKCHI -
oM YHKIMOHALHBI BHHUIMOHOMED, TIOKa3al 3aBUCHUMOCTh MOJYYaeMBIX XapPaKTEPUCTUK OT
MOJICKYJISIPHOM Macchl 3nacromepHoro kommonenta (Djatlov, 1. Ja., 2023).

B npyrom uccnenoBaHuu OLICHUBAIOCh BIUSHUE KOHLEHTpanuu aukymuinepokcuaa (AKIT),
ceHcHOuIn3aTopa - OJIMrodupakpuiaara ¥ MOJIEKYISIPHONM MacChl MOJIMATHIIEHA HAa KUHETUKY
OTBEPXKJICHUS, TUIOTHOCTH IMONEPEUHBIX CIIMBOK M MPOYHOCTHBIE XAPAKTEPUCTUKHU IMOTYYEHHOTO
ciuroro nonudtwieHa (CIID) nmpu nosbleHHbIX TemnepaTrypax. JlobaBieHue ceHcuOuIM3aTopa
MO3BOJIMJIO CYHIECTBEHHO COKpaTuTh HeoOxomumoe konumyectBo HKII (mo 1-1,5 mac. %) u
YCKOPUTH MpOLIecC CIMBaHus B 2—3 pa3a. [Ipu 3ToM HabIt01a710Ch yBEIUYEHUE MIIOTHOCTH CETKH U
IIPOYHOCTU MaTepuana 10 YpOBHS, COOTBeTCcTByrowlero cranpapram MOK. Bpems mnosHoro
otBepxkaeHus npu temmneparype 260-280°C coctaBuno 10-20 cexkyHA, a 2Heprus aKkTUBAIUU
camsmitack 10 40 x/x/moins (Sadirova, S.N., 2022).

B o0nactu uWHXEHEpHBIX KOMMYHUKalUUM{A HaONOgaeTcs TEHACHUUS K 3aMEIICHUIO
MOJIMIPONUIICHOBBIX TPYOOIIPOBOJHBIX MAaTE€pUAJIOB Ha W3JEIUS M3 CIIUTOTO TIOJMATUIICHA,
00Ja1aloIero yIy4lIeHHBIMH ASKCIUTYyaTallMOHHBIMH XapakTepucTukamu. COBpPEMEHHBIE METOJIbI
aHaJln3a, OCHOBAaHHBIE HAa OOpa0OTKE HAYYHBIX JAHHBIX M WHTEIUICKTYAIBHBIX aJTOPUTMAX,
MOATBEPKIAIOT 1EI1eCO00Pa3HOCTh Takoro BbIOOpa. CpaBHUTENbHBIA aHAIU3 PA3IUYHBIX TUIIOB
M30JILUOHHBIX MaTepHUasioB Il KaOeled IEeMOHCTPUPYET, YTO KaXAbld M3 HHUX HMEET Kak
JOCTOMHCTBA, TaK M OTPaHUYEHUS, OOYCIOBIEHHBIE UX CTPYKTYpOHl M CIOCOOOM MOAM(HUKAIUU
(Abdukarimova, S.A; Das, O., et al., 2022).

B TO ’xe BpeMs pacTyllee KOJIMYECTBO IOJUMEPHBIX OTXOJO0B TpeOyeT 3(pQeKTUBHBIX
perieHuit B 00JaCTH WX YTWIM3AIMU M TMOBTOPHOTO MCMOJB30BaHUSA. OJHUM M3 MEPCIEKTUBHBIX
HaIlpaBJICHUN SBJSETCS BKIIOUEHHE BTOPUYHBIX MOJIMMEPOB B COCTAB CTPOUTEIBbHBIX KOMITO3HIIMM,
B YaCTHOCTH, - JiJIsl Mojudukanuu achanbTooeToHHbIX cMeceld. CoriacHO MpUBEAEHHBIM JIAHHBIM,
UCIIONIb30BaHNUE  PEHUKIMPOBAHHBIX  IJACTHKOB HE  TOJBKO  CIHOCOOCTBYET  CHHIKEHHIO
9KOJIOTUYECKON HArpy3KH, HO U YJIy4IlIaeT CBOMCTBA TOPOKHBIX MOKPBITHIA.

AKTyanbHOU 3amadyeil ocTaéTcsi pa3pabOTKa HOBBIX BSDKYIIMX CHUCTEM, OOECIEUMBAIOIINX
BBICOKYIO TPOYHOCTH, T€PMOCTAOMIBHOCTh, YCTOWYMBOCTh K JMHAMHUYECKUM U TEMIIEPATYPHBIM
Bo3zeiictBusiM. B paborax (Dadbin, S., 2002) mnomuépkuBaeTcsi 3HAYUMOCTH MPUMECHEHHS
MaKpOMOJIEKYJIIPHBIX OTXOJIOB - TOJIUATUJICHA, TMOJUIIPOINIIEHA U PE3UHOBBIX KOMIIOHEHTOB - B
KauecTBe (DYHKIIMOHAIBHBIX J00aBOK K OuTymy. Takuwe momumepbl JEMOHCTPUPYIOT BBICOKHUI
MOTEHIIMAA B YINPOYHEHHH ac(aibTOOCTOHHBIX KOMITO3HMIIMN 3a CYET TMOBBIIIEHUS CIETUICHUS
MEXIy OpraHMYeCKMMHM M MUHEpaTbHBIMU (a3zaMu, yIydlIeHUS THOKOCTH U YCTOWYMBOCTU K
nedopmarusm.

Oco0oe BHUMaHHUE yIENSAETCS HUCHOIB30BAHUIO aJITe3MOHHBIX KOMIATHOWIM3AaTOPOB -
CIEIUATU3UPOBAHHBIX  J0OABOK,  CIIOCOOCTBYIOIIMX  TOBBIIMICHUIO  TEPMOJIWHAMHYECKOU
COBMECTUMOCTH MEXAY MOJUMEPHBIMU M OUTyMHBIMH (a3amu. [IprMeHEHHe TakuX BeElIeCTB
o0OecrieunBaeT yAydIIEHHYIO JIUCIIEPCHUI0 TIOJMMMEPHBIX YacTUIl B OWUTYMHOM MaTpHIle,
crocobcTByeT (hopMupoBaHUIO O0Jiee OJHOPOTHON MUKPOCTPYKTYPHI U CHIKAET PUCK PaCCIOCHUS
unu  neopmainii TMOKpPBITHS B TpOIecce OKCIuryaTanuu. Kak TIoka3aHo B HCCIIEIOBaHHH,
BHEJpEeHUE MOIUGUIIMPOBAHHBIX TMOJMMEPHBIX KOMIIOHEHTOB MO3BOJIIET MOBBICUTH MPOYHOCTH
JIOPOKHOTO MOKPBITUS Ha 27% MO CpaBHEHHIO ¢ 00pa3liaMu Ha OCHOBE TPAJUIIMOHHOIO OUTyMa.
Kpome Toro, cpok ciykObl TakMX TMOKPBITHN yBEeITWYHBAeTCS B cpeqHeM B 1,5 pasa, 4uro nemaer
JTAHHYIO TEXHOJIOTUIO HE TOJIBKO TEXHUYECKHU 3((HEKTUBHOM, HO U YKOHOMUYECKH OIMPaBIaHHOM.

B pamkax skcriepuMeHTa ObLITH U3y4eHbl OUTYMHBIE KOMIIO3UIINH C T0OABICHUEM PA3INIHBIX
UHTPEUEHTOB: HW3MENbYEHHBIX  YTHJIM3UPOBAHHBIX PE3WHOBBIX M3AeNud (B  4YaCTHOCTH,
ABTOMOOWIILHBIX IIWH), TEXHOTEHHBIX 30JIONUIAKOBBIX OTXOJOB, a TAaK)XE Pa3HOOOpa3HBIX THIIOB
MOJIMMEPHBIX KOMITAaTUOMIN3AaTOPOB U MoauukaTopoB. [IpoBenéHHbIE MCTIBITAHUS MTOATBEPIIIN

114



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 151(2)

MIOBBIIIEHUE YCTOMUYMBOCTH COCTAaBOB K YCTAJIOCTHBIM HAarpyskam, TEPMHUYECKOMY CTapeHHUIO U
BOJIOHACBILIIEHUIO, YTO OCOOEHHO BaXKHO JII PETHOHOB C JKCTPEMaJIbHBIMU KIMMATHUYECKUMU
YCJIOBUSIMU U BBICOKON MHTEHCHBHOCTBIO TPAHCIIOPTHOT'O IOTOKA.

Taxum 00pa3oM, npeAcTaBIEHHOE UCCIIEOBAaHUE JEMOHCTPUPYET 3HAUUTEIbHBIN MOTEHIIUAT
NpUMEHEHHs TepepadoTaHHBIX IOJMMEPHBIX OTXOAOB B JOpOXHOH chepe. MHTErpamus Takmx
MaTepuajgoB B acQaJbTOOETOHHBIE CMECH TIO3BOJIAET HE TOJBKO pellaTh aKTyaJlbHbIe
9KOJIOTMUECKUE 3aJauM, CBSA3aHHbIE C YTHJIM3alMEW IOJIMMEPOB, HO M IIOJIydaThb MaTepuaibl C
YIy4IIEHHBIMU  (PU3UKO-MEXaHWYECKUMH  XapakTepucTukamu. KoMIIeKCHbI  moaxon K
nepepaboTKe M BHEAPEHUIO MAKPOMOJICKYISAPHBIX OTXOJIOB OTKPHIBAET HOBBIC MEPCHEKTHUBBI IS
YCTOWYMBOTO Pa3BUTHS MHOPACTPYKTYPHBIX MPOEKTOB U ONTHUMHU3ALUU TEXHOJOTHH JOPOKHOIO
crpoutenberBa (Wakimoto, S., et al. 1982).

B coBpeMeHHBIX CHJIOBBIX KaOesiX CpelHEro U BBICOKOTO HAMPSHKEHUS MPUMEHSETCS
CIIMTHIN NOJUATUIIEH, 00JIaIal0UI 3HAYUTENBHO YIy4YIIEeHHBIMU MEXaHMYECKMMH CBOWCTBAMU 110
CPaBHEHHUIO C JIMHEHHBIM MOIUATUICHOM. [Iporecc CiMBKY peanu3yercs MepoKCUAHBIM METOIOM B
ByJIKaHU3allMOHHOW TpyOe mpu Temmeparype cBoime 400°C B azorHod armocdepe. s
o0OecrieueHrs KAayeCTBEHHOW U3OJSIMU HEOOXOJUMO OMNPEIeNIUTh ONTUMAIbHBIE MapaMeTphbl
TEXHOJIOTUYECKOI0 IIPOLECcCca, TapaHTUPYIOIIME BBICOKYIO CTENEHb CIIMBKM mojumepa. llenb
paboThl - pa3paboTka MaTeMaTHYECKOH MOJENU TEIJIOMacCoNepeHoca B ByJIKaHU3AIMOHHOW TpyOe
Y BBISIBJICHHE KITFOUEBBIX (PaKTOPOB IS BBIOOPA PALIMOHATIBHOTO PEXKUMa 00pabOTKH.

[IpoBeneHa oOlleHKa CXOAWMOCTH BBIYUCIUTEIBHOW MOJETH, TOJXYYECHBl paclpeneaeHus
TEMIIEpaTypbl W CKOPOCTM B HccleAyeMoM OOBbéME. OKCIEpUMEHTAIBHO  OINpeeeHbI
KMHETUYECKUE TMapaMeTphl BylkaHuzaluu. lIpoaHanu3upoBaHO BIHMSHHE TEIIOPUIUYECKUX U
KMHETUYECKUX XapaKTEepUCTUK Ha TEMIEPaTypHOE I0JIe U CTENEHb CIIMBKU HU3O0JIALIMOHHOIO
marepuaina (Korelin, A.A., 2020).

Pa3paboranHas MOzeNb ONMUCHIBAET MPOILECCHI TEIUIOMACCONEPEHOCAa W BYJIKAHU3ALMU IS
pa3IMYHBIX THIOpa3MepoB Kabemnel, 4To crmocoOcTByeT 3¢ (HEeKTUBHOMY HCIOIB30BAHUIO JIMHUU
BYJIKAHM3allMd C Y4ETOM CBOWCTB M3OJSLMOHHBIX MaTepuanoB. Monenb JAEeMOHCTpUPYET
pacmpesienieHue TemrepaTyp M CKOpPOCTel B pacdeTHOM 00JacTH, a TakkKe IMO3BOJISIET OIICHHUTH
BIIMSHUE KUHETHYECKUX U TEIUIOPU3NYECKUX TapaMeTpoB Ha YPOBEHb CIIMBKH. [lomydeHHBIE
pe3yabTaThl JAOT BO3MOKHOCTh BU3YyaJIM3UPOBATh MPOIIECC TEIJIOMACCONEPEHOCAa U ONPEIEIUTh
ONTHMAaJIbHbIE TEXHOJIOIMYECKUE YCIOBHS [ Kabenel pa3inyHbIX MapoK.

B cratpe (Buev, S.A., 2021) paccmatpuBaroTCs OCHOBHBIE METOJIbI CIIMBAHUS MOJTMATUIICHA,
CTENEeHb CHIMBKM M €€ BJIMSHHE Ha CBOMCTBA CIIMTOTO MaTepualla, a TakKe NpEeuMyIlecTBa U
HEJOCTaTKU KaXKAO0ro crocoda u chepbl UX MPUMEHEHHUS.

CumBKa He BIMSET Ha KPUCTAIIMYHOCTH MOJIMMEPA, MOCKOJIbKY OHA 3aAa€Tcs P BBEACHUU
cwiaHa. B mepokcuaHONW W paJualMOHHON TEXHOJOTHAX OO0pa3oBaHHE TMOMEPEYHBIX CBs3ei
MIPOUCXOJUT CIy4ailHbIM OOpa3oM, YTO JEJaeT CUJIAHOBYIO METOJUKY OoJiee MOAXOASIIEH AJis
COXpaHEeHHs KpHcTautndeckor cTpykTypsl (Han et al., 2023). Mexannueckre CBOHCTBA YKa3bIBAlOT
Ha 0oJiee OJHOPOJIHOE CIIMBAHUE MPHU MEPOKCUIHOM CIIOCO0E, XOTS pa3Inyusi MUHUMAaJIbHBI. Bce
METOABl O00ECHEeUMBAIOT CXOXKHME TI0Ka3aTeNd, MPHU YCIOBUHM COONIOJCHHUS TEXHOJIOTMUYECKUX
pErIamMeHTOB.

[lepokcunnas cmumBKa TpeOyeT CHeNHaIM3MPOBAHHOTO OOOPYAOBaHMS M3-32 BBICOKOTO
MIPOTUBOAABIIEHUS U TPeOYeT OCTOPOKHOIO 0OpaIIeHUs ¢ IEPOKCUIHBIMU coelnHeHusIMU. CTeneHb
CIIMBKM 3aBUCUT OT JO3UPOBKH TMEPOKCHAA, COJEp)KAaHUS aHTHOKCHJIAHTOB M TEMIIEPaTyphl
npouecca. CHIMTHIN MOJMATUIIEH XapaKTepU3yeTcsl YHUBEPCAIbHBIMU TOKa3aTeNIIMU MMPOYHOCTU U
TEPMOCTOMKOCTH, YTO JIENAeT €r0 ONTUMAIIbHBIM ISl IPUMEHEHHs B HAMIOPHBIX TPyOax, CUCTEMax
OTOIUJICHUSI, U30JISIIUN BEICOKOBOJIBTHBIX KaOeJIel M CTPOUTENHHBIX KOHCTPYKITUIX

[MonoxutenbHbIE CBOMCTBA ciuToro moiaudtwieHa (Haque, S.M., et al., 2021; Ryzhikova et
al., 2013) o0ycioBIIeHBI TPOIIECCOM 00pa30BaHMs MOMEPEYHBIX CBSI3EH MEKIYy MaKpOMOJIEKYTaMH,
dbopMupyromux TPEXMEPHYIO CETYaTyl0 CTPYKTYpy, KOTOpas H OTpEIeNsieT BBICOKHE
ANIEKTPUICCKHE U MEXaHUUECKHE TTapaMeTpbl MaTtepuania. [Ipu nmpons3BoacTBe Kabemneit ¢ u30amuen
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n3 CIID nanpsoxenueM 10 kB mpuMeHstOTCS 1B€ TEXHOJIOTUU CIIMBKU: MEPOKCUAHAS - HA JIMHUIX
ra3oBoM ByJkaHu3anuu st kadenen cpemnero (10-35 kB) u Beicokoro Hampspkenus (110 kB u
BHIIIIE), a TAK)KE CHJIAHOBAS JJIsl Kabesel Hu3koro u cpeanero Hanpsixerus (0,66—20 kB).

Haubonee pacnpocTpaHEHHONM TEXHOJOTHEH SABISETCS MEPOKCUIHAs CIIMBKA, MPH KOTOPOI
MOJIMATIIICH MOTUQPUIIUPYETCS ¢ MPUMEHEHUEM OPTraHUYEeCKHX TEPOKCUIOB B MHEPTHOW Ta30BOM
cpele MpU CTPOro KOHTPOJIHPYEMbIX TEMIIEPATYpPHBIX M JAaBICHUYECKHX YCIOBHUSX. DTOT MOIXOJ
o0ecrieynBaeT BBICOKYIO CTENEHb MONEPEYHON CIIMBKH, MCKIOYAET (OPMHPOBAHUE BO3AYIIHBIX
BKJIIOUEHUH W M[puAaéT MaTepuaqy IPEBOCXOAHbIE JJIEKTPUYECKUE U  MEXaHMYeCKue
XapaKTePUCTHKH, YTO JIEJIAeT €ro ONTHUMAJIbHBIM BBHIOOPOM JIsi M30JISALUHU Kabeneill cpeaHero u
BbICOKOr0 Hanpspkenus (Sadirova, S.N. 2022).

OpHMM U3 IPEUMYILECTB JJAHHOTO METOJA SIBJISIETCS MCIIOJIb30BaHUE MEPEKNUCU JUKYMUIIA B
KauecTBE MHUIMATOPa peakluu. B mnpoiecce MexaHHUECKOTro BO3JCHCTBUS Ha U30JISIIMOHHBIN CIOM
HaOJII0/TaeTCSl XapaKTEPHBIH 3arax, OTIHYTHBAIOINIUN TPHI3YHOB W HACEKOMBIX, YTO TIOBBIIIACT
AKCIUTYyaTAlMOHHYIO HAaJ&KHOCTh MPOAYKIUMU B MOJI3EMHBIX WIM TEXHUYECKUX IOMEUICHHSIX.
Hecmotpst Ha GoJtee BBICOKYIO C€0€CTOMMOCTD, 3NN Ha OCHOBE ciuToro noymdtwieHa (CIID)
JEMOHCTPUPYIOT YAYUYIICHHbBIE IKCIUTYyaTallMOHHBIE XapaKTEPUCTHKHU M0 CPAaBHEHUIO ¢ KaOeIsIiMu Ha
0a3ze oosraHOrO0 MosmdTIIIeHa (BITN), 9To AenaeT ux MpUMEHEHHE SKOHOMUYIECKH 000CHOBAHHBIM.

B pabore wuccrienoBaHbl pPEOJOTHYECKHE MapaMeTpbl IMepepadOTaHHOTO MOJUIPONUICHA,
MOJU(DHUIIMPOBAHHOTO  MHUHEPAIbHBIMA  HATIOJHUTEISAMH  (MEJIOM W QJIFOMOCHIMKATHBIMU
MUKpocepaMu), TpU TEPMOIUIACTUYHON TMepepadoTKe MEeTOJaMU SKCTPY3UH M JIMThS O]
naBiaeHueM. KoMImo3uImoHHble MaTepuaibl ObUIM TMOJIYYEHBI MPECCOBAHUEM M HH)KCKIIMOHHBIM
dbopmoBanuem. Bsa3kocTs paciiaBa u3Mepsuach ¢ HCIojab30BanneM peomerpa Haake Mars 111,

Bce o00pa3mpl  MpOAEMOHCTPHPOBAIM HEHBIOTOHOBCKOE TIOBEIACHHWE C BBIPAKCHHBIMU
BSA3KOYIIPYTUMH M TICEBOIUIACTUYHBIMH CBOMCTBAMH, a TaKXe CHIDKEHHEM BS3KOCTU MIpH
YBEIUYEHUU YacTOThl Aedopmanui. Ha OCHOBE 3KCIIEPUMEHTATBHBIX JIaHHBIX OBUIM MOCTPOCHBI
MOJENIH, TO3BOJIAIONIME TPOTHO3UPOBATh IMOBEACHUE CUCTEMBI B  YCJIOBHUSX PEAIBbHOIO
MIPOM3BOJICTBA. YCTAHOBJIEHa B3aUMOCBSI3b MEXKJIYy pAacUCTHbIMHU 3HAYEHUSIMH BS3KOCTH U
M3MEPEHHBIM MOJYJEM YIPYrOCTH, YTO PACIIMPSET BO3MOKHOCTH MAaTE€MaTUYECKOIO0 ONUCAHUS
rpoiiecca nepepadoTKu.

VYaydiieHHbIE CBOWCTBA CIIMTOTO TONUATHIIEHA OOYCIOBIEHBI TpaHchopMaluein ero
MOJIEKYJISIPHOM ~ apXWUTEKTypbl B IIpolecce o00pa3oBaHHA MNPOCTPAHCTBEHHOM  PEIIETKH.
@opMHUpOBaHUE TMONEPEUHBIX CBS3€M MEXJIYy MaKpOMOJEKyJaMU MPUBOAUT K TOSIBICHUIO
TPEXMEPHOU CETYATOM CTPYKTYpPBI, KOTOpasi 00ECIeUYnBaeT BHICOKUU YPOBEHb TEPMOCTONKOCTH
MEXaHHYeCKOH Mpo4YHOCTH. B kabenbHOM MPOMBIIIIIEHHOCTH MTPUMEHSFOTCS JIBa OCHOBHBIX CIIOCO0a
MoAuUKAIIMU U30JAIMKA sl HanpspkeHus 10 10 kB: mepoKCHAHBIA I8 U3IEIUil CPeaHEro u
BBICOKOTO HANpsDKEHMs, a TaKKE€ CUJIAHOBBIM - ISl HU3KOBOJBTHBIX M MPOMEKYTOUHBIX JIMHHUI
(Zjuzin, A.M., et al., 2022).

Kabenn, ocuoBanaple Ha CIID, CTaHOBATCA KIIOYEBBIM JJIEMEHTOM DHEPreTHYECKOM
unppactpyktypsl ctpan CHI'. Pacmmmpenuve npuMeHeHUs CHIAHOBOM TEXHOJOTHH I1O3BOJIUT
YBEJIUYUTH CPOK CITYKOBI MPOAYKIIUHU, TOBBICUTH CTAOMIBHOCTh PA0OTHI JHEPTOCUCTEM U YIYUIIUTh
skoHOMHU4Yeckue nokaszarenu (Zhigalov, D.V., 2010).

Cornacuo nmanueiM (Timakov, E.A., et al., 2020), B oGsacTu mOporoBoil KOHIIEHTpAIMU
MIPOBOJISIIETO HATIOJIHUTENS CTPYKTYpa MOJIMMEPHBIX KOMIIO3UTOB Ha OCHOBE ATHJIEHBUHUJIAIETATa
pauKalbHO W3MEHSET XapakTep TeMIepaTypHOM 3aBUCHMOCTH  YACIBHOTO OO0BEMHOIO
conporusiienust p(T). [Ipu MoOBBIIEHHN COACPIKAHUS TEXHUIECKOTO YIiIepoia HaOI01aeTcsi pe3koe
CHIDKEHHE MAaKCHUMAaJIbHOTO 3HAUEHHsI OTHOCHTENIBHOTO conpoTtuBieHus p(T)max/p20, uto csizaHO
C MepexoJ0M MeXaHHu3Ma IPOBOIUMOCTH.

CymiecTByeT HECKOJBKO TMPOMBIIUICHHBIX TEXHOJIOTUH TIOMEPeYHON  MOAM(PUKAIIUN
nonusTIiIeHa. OCHOBHBIE U3 HUX:

-PEX-a - Tepmuueckoe CIIMBAaHUME C HCIIOJIB30BAHMEM OPIaHUYECKUX IIEPOKCUIOB;
(Skroznikov et al., 2011)

116



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 151(2)

-PEX-b - xumuueckast MoauduKkaius ¢ MpUMEHECHUEM CHJIAHOB;

-PEX-cC - pagunanmoHHasi akTUBAIU;

-PEX-d - a3oTrpoBaHue MOTMMEPHOI MATPHUIIBI.

[Tpoxykuunst U3 CHIMTOTO MOJHMATHIICHA, BKIIOYAsk TPYOOIPOBOJBI, CIIOCOOCTBYET CHHYKEHHUIO
3aTpaT Ha YCTAHOBKY, YNPOIIAET MOHTAXX W IMOBBIIIAET AKCIUTYaTAlMOHHYIO 0€30MacHOCTh, YTO
OKa3bIBAaeT IOJIOKHUTEIFHOE BIMSHUE Ha OOIee KaueCTBO MH)KEHEPHBIX CHCTEM. B To ke Bpems
MapKETUHTOBAs KOHKYPEHLIUS MEXY TPOU3BOAUTEISIMA MOXKET JI€30PUEHTHPOBATH MOTpeOuTeNei,
YTO MOAYEPKUBACT 3HAYMMOCTH JIOCTOBEPHOW TEXHWYECKOW JOKYMEHTAllMd W IIPO3pPavHbIX
XapaKTePUCTHK MPOIYKIIUH.

[TpumepoM mprMEHEHHsI KaueCTBEHHON TEXHOJOTHU MOXKET CIIY’KUTh MPOAYKIHS KOMIIAHUU
VALTEC, Beinyckatomas Tpyost VALTEC PEX-EVOH, usrorosnennsie o trexnonoruu "PEX-b".
OHu mnpenHa3sHAa4YeHBl IS HMCHOJB30BAaHHMSA B HU3KOTEMIEpPATypHBIX CHCTEMax OTOIUICHHS, HE
CoZiepKaT MPOTHBOPEYUBBIX YTBEPKACHUH O MPHUMEHUMOCTH M COBMECTUMBI C Hamboiee
pacnpocTpaHEHHBIMU (QuTHHTaMu. [Ipy paBHOM ypoBHE KadecTBa OHHM OCTAIOTCS IKOHOMHYECKH
JOCTYITHBIMH aJIbTEpPHATHBAMHK MTpoayKiuu KoHKypeHnTos (Tzelepis, D.A,, et al., 2023).

[TpoGnema coBepLICHCTBOBAHHS MPOLIECCOB MEPEPAOOTKH MOTHOIC(HUHOB, B YACTHOCTH, TIPU
BCIICHUBAHWU C WCIOJB30BAHUEM MEPOKCUAHBIX HHULUATOPOB, OCTAETCS AaKTYAIbHOW BBUIY
TOKCUYHOCTH M0OOYHBIX mpoaykToB (Gunewardena et al., 2008).

Cornacuo pesynstatam (Timakov, E.A., et al., 2020), npemraraercss 3aMeHa BBICOKOOIACHBIX
NEPOKCUI0B MEHEE TOKCUYHBIMU areHTaMu, HallpruMep, TpHaJUTMIIIUanypaToM. I10CKoIbKy cTeneHb
00pa3oBaHMs TMOMEPEUHBIX CBS3EH KOPPENHUPYET C BA3KOCTHIO CHCTEMBI, JUISl OLCHKH IOCIEIHEH
UCTIONIB30BaJICA IIacToMeTp bpabenzepa. YCTaHOBIGHO, YTO ONTHUMAIbHAs CTENEHb CHIMBKU
JIOCTUTAETCA NP KpyTsiieM MoMeHTe B auamna3zone 1700—-1900 r-m.

YcTaHOBIIEHO, YTO BBE/IEHHE 2 Mac. 4. TPHAJUTWIIHAHypaTa MO3BOJISIET CHU3UTh COAEPKaHNE
nepekucu aukymuia Ha 50% 06e3 moTepu HEOOXOAWMOI CTENEHM CIUUMBKU. Takoe yMEHbIIEHUE
KOJINYECTBA HHUIIMATOpa TAaKKe CIHOCOOCTBYET CHH)KEHHUIO YpPOBHS JIeTydero anerodeHoHa -
TOKCHYHOTO TIOOOYHOTO TPOIYKTa TEPMHUECKOTO pAa3JIOKEHUSI TIEPEKUCH, KOTOPBIA MOMKET
HaKaIUTUBaThCs B BO3ayxe paboueii 30oubl (Du, B., et al., 2022). N3y4eHa 3aBUCHMOCTD TTOKa3aTelsl
KPYTSIIEr0 MOMEHTa OT KOHIIEHTPAI[MH TPHAJUIMINHAHYpaTa ¥ TEPOKCHIHOTO WHHUIIMATOPA, YTO
MO3BOJIMJIO ONPEAETUTh MUHUMaJIbHOE KoiauuecTBo nocienHero (0,2 mac. 4.), obecneunBaroliee
TpeOyeMyro CTeneHb TONepeyHoil CcmuBKU. [IpuMeHeHHMe TpHUaTWIMaHypaTa B KadecTBe
COMHHMIIMAaTOpa JaeT BO3MOXHOCTb TMOJYy4YaTh II€HOMATepHanbl, HE YCTyMNAloIlue II0
OKCIUTYaTalMOHHBIM XapaKTEPUCTUKAaM TPAJAMIMOHHBIM cocTaBaM. JIaHHBIA TOIXOJA yiydllaer
YCJIOBHS TPyJla M CHI)KAeT TOKCHUYECKYIO HArpy3Ky HpPOHM3BOJICTBEHHOTO IpOlecca, CIIOCOOCTBYS
MOBBIIIEHUIO €T0 YKOJIOTHYECKOo# Oe3omacHoctH (Du, Y., et al., 2017).

B mnpencrasnennoii pabore (Gunewardena et al., 2008) paccmatpuBaercs mnpoOiema
nepepadoTKH  MONMONICPUHOBBIX MaTepUANIOB, TPH W3TOTOBICHHH KOTOPBIX TPUMEHSFOTCS
CILIMBAIOIINE areHThl HA OCHOBE OPraHMYECKUX MEepOKCUAOB. IlepokcuiHast TEXHOIOTHS MOTyYEHHS
BCIICHEHHBIX TIOJMMEPOB SIBISIETCS OJHOW M3 HamOoJee pacinpoCTpaHEHHBIX BO BCEM MHUpE, YTO
MOTYEPKUBACT aKTyaJIbHOCTh €€ COBEPIICHCTBOBAHMS.

OcHOBHasi TPYTHOCTh TPU pabOTe C TAKMMH HWHUIIMATOPAMH 3aKJIIOYaeTCs B 0Opa30BaHHUU
3HAYUTEIBHOTO KOJMYECTBA MOOOYHBIX COEIMHEHHUH, 00JalaloMX TOKCHMYHBIMH CBOMCTBaMHU WU
OKa3bIBAIONINX HETaTHBHOE BO3JCHCTBHE Ha OKPYKAIOUIYI0 Cpeay M 3[0pOBbe TepcoHana. B
uccnenosanuu (Sipaut, C.S., 2008) mpemiokeHO YMEHBUIMTH COACP)KaHHE BPEAHOW MEPEKUCH
MOCPENICTBOM ~ NTOOABJICHHST B COCTaB MEHEEe OMAacHOTO COWHHWIMATOpa CHIMBAHUS -
TpUayuIIIKManypara. IIocKobKy CTeneHb CIIMBKY MOJUITHIICHA NIPSIMO KOPPETUPYET € BSI3KOCTHIO
CHCTEMBI, JUI OLIEHKH 3TOTO TapameTpa HCIONb30Bajics Iuactomerp bpabennepa. B pesymbrate
ObUIO OIpEeNeNIEHO, YTO ONTHMAIBHOM CTENEHBbIO CIIMBKM 00J1aAaloT 0o0pas3ibpl ¢ IOKa3zaTeleM
KpyTdamero mMomeHta B auamnazonHe 1700-1900 r-m. IloarBepkaeHo, 4TO BBEIECHHE 2 Mac. H.
TpUAJUTWIILIMAHYpaTa IO3BOJIIET COXPAaHUTHh TpeOyeMylo CTENeHb NONEPEeYHON CIIMBKH NpU
OJTHOBPEMEHHOM CHIDKEHHM KOHIICHTPAIlMM TIEPEKHCH JuKymuiaa BaBoe. COOTBETCTBEHHO,
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CHIDKAETCS U KOJIMYECTBO aneTodeHona, 00pa3yromerocs: Ipu pasiioskeHuH naumnuaropa. [lokazana
3aBHUCHUMOCTh KPYTSIIEr0 MOMEHTa OT COJEp)KaHUSA TpHAJUTWIUAHypaTa U IEpPeKUCH, a Takke
BBISIBJICHa MUHUMaJIbHAs J03a nHunuaropa (0,2 mac. 4.), odecrieunBaronias HEOOX0JUMYIO CTEIIEHb
CIIMBKHU. YCTaHOBJICHO, YTO 3aMEHA YacTH MEPEKUCH Ha TPUAJUTMIUAHYpaT MO3BOJISET MOIy4aTh
NeHOMaTepHalIbl, IO CBOUM CBOMCTBAM HE YCTYNAIOIINE TPAJAULMOHHBIM aHAJIOTaM.

KiieeBble KOMMO3UIMM HAa OCHOBE MOJUYPETAHOB M IOJUMOYEBUHBI HAXOMAAT LIMPOKOE
NPUMEHEHHE B TaKUX HAyYKOEMKUX OTpaciisiX, KaK aBTOMOOWJIECTPOCHHE, DJICKTPOHMKA,
MEIUIMHCKAs TeXHHKa M crpoutenbHbie Texuomoruu (Cui, S., et al., 2017). Ux momyaspHOCTH
00yCJIOBJI€HAa BBICOKOH  aQATe3MOHHOW  CIIOCOOHOCTBIO, YCTOHYMBOCTBIO K  XUMHUYECKUM
BO3JICHCTBUSIM M IIMPOKUM JUANa30HOM MEXAHUYECKUX XapaKTepucTHK. OCHOBOIOJAraroIiM
(bakTOpOM, OIpPEENAIONMM SKCIUTyaTallUOHHbIE KauecTBa MaHHBIX MAaTEpHANIOB, SBISETCS WX
penentypHbiii coctaB. ONTUMHU3aLUs COCTaBa, HAIpPABJICHHAs Ha YCTAaHOBIICEHUE CBSI3U MEXKAY
KOMIIOHEHTaMH, MOP(OJIOTHUECKUMH OCOOCHHOCTSIMH M (PU3UKO-MEXAaHMYECKUMH CBOWCTBAMHU
(KOHIIETIIIUSA «COCTaB—CTPYKTYypa—CBOWCTBAY»), SIBISETCS KIIIOYEBBIM HaIlpaBJICHHEM B pa3paboTke
HOBBIX KJICEBBIX CHCTEM.

B pa6ote (Du Y., et al., 2017) uccienoBaHo BIHSHHUE MAcCOBOM JOJH KECTKOTO CErMEHTA
(HSWF) u xonmuecTBa OTIICTYIIUBAOIIMXCS TpadeHOBbIX HaHOMIACTHHOK (XGNP) Ha JnuHE#HO-
BA3KOYIIPYTHE CBOMCTBA HAHOKOMIIO3MTOB C MaTpHileii Ha OCHOBe mojuMoueBuHbl (PUA),
CHHTE3MPOBAaHHOHW C HMCIoNb30BaHueM n3odoponaupenmiaumnzonuanara (IPDI). Ins crpykrypHo-
MEXaHHYECKOTO aHAJIU3a MPUMEHSITUCh METOIbI CKAHUPYIOIIEH 3JIEKTPOHHON MHUKpockonuu (SEM)
U IMHAMUYECKOT0 MexaHuueckoro ananusa (DMA).

DKcrepuMEHTANIbHBIE  JaHHble TMoKa3anu, 4Yro yBenudenune HSWF  cnocoberByeT
3HAYUTEIHHOMY TOBBIIICHUIO JKECTKOCTH MaTepualia: MOIYJIb XPaHEHUS MPH PaACTHKCHUU
Bo3pactaetr oT ~10 MIla npu 20% HSWF no ~100 MIIa npu 30%, nocturas ~250 MIla npu 40%.
OTO CBHIETENBCTBYET O CYIIECTBEHHOM BIIMSHUHM CTEMEHH CITUBKM KECTKUX CETMEHTOB Ha
IIPOYHOCTHBIE XapaKTEPUCTUKU cHcTeMbl. OddexT oT npobaBneHuss XGNP okazancs MeHee
BbIpaXeHHBIM; Toibko mipu 20% HSWF nobGaBnenne rpadeHOBBIX HAHOIUTACTUHOK BBI3BAJIO
OPUPOCT MOIYNs XpaHeHHss npuMepHo Ha 80%, 4YTO yKa3plBae€T Ha CHHEPreTHYecKoe
B3aMMOJICHCTBHE TIPU OTIPEICIIEHHOM COOTHOIIEHHH KOMITOHEHTOB.

JU1si KOpPPEKTHOIO OMMCAaHUS MOJYYEHHBIX PEOJOTMYECKHX XapaKTepUCTHK pa3paboTaHa
HOBas MOJETb, OCHOBAaHHAs Ha MPHHOUNAX JpoOHOro  wcuucieHwus. llpemmoskeHHAs
MaTeMaTHYecKasi CXxeMa I03BOJIIeT TOYHO ONHUCHIBATh MOBEACHHE MOJAYJIEH XpaHEHUs U MOTeph B
mpokoM uHTepBaie temieparyp (ot —70°C o +70°C) u gacrot (ot 0,1 go 100 c¢™'), ucnons3ys
BCEro IIeCTh NapaMeTpoB, oONajaroImuX (U3NYECKUM CMbICIOM. Takass mapaMeTpu3anus
oOecrieynBaeT  BBICOKYIO TOYHOCTh  aNNpPOKCHMAIlMM H  OOJIer4aeT aHalW3  BIWSHUS
MopdoJoruueckux (HakTopoB Ha BI3KOYIPYTHe XapaKTEPUCTUKH KIIEEBbIX HAHOKOMITIO3UTOB.

[Tonmy4yeHHbIE pe3yabTaThl OTKPHIBAIOT BO3MOXKHOCTH ISl II€JICHANPABICHHOTO CO3IaHUs
KJIEeBBIX ~CHCTEM Ha OCHOBE TOJMMOYEBMHBI C  3aJaHHBIMU  OKCIUTyaTallHOHHBIMU
XapakTepucTuKkamMu. KOHTPOIHPYS COOTHOIICHHWE MKECTKHX CETMEHTOB W HAIOJHUTEINS, MOXHO
peryaupoBaTb MOJYyJdb YIPYrOCTH W aJalTUPOBaTh MaTepual K YCIOBHSM KOHKPETHOTO
MIPUMEHEHHSI.

CumBka nomunpormieHa (IIII) sBusercss 3¢ ¢GEKTUBHBIM  CPEICTBOM  IMOBBILIICHHUS
TEPMUYECKOH yCTOMYMBOCTH, TIPOYHOCTHBIX XapaKTePUCTUK M XUMHUYECKOW HWHEPTHOCTH
Mmatepuana. Cpenu pa3IMyHBIX MOJXO0A0B K CTPYKTYPHOH MOAM(DUKALUU MOTUMEPOB HAUOOIbIINN
WHTEpEC MPEJCTABISAIOT PaJHallMOHHAs W MEPOKCHIHAS CITUBKA, OCOOCHHO B KOHTEKCTE CO3IaHMUS
KOMIIO3UIITMOHHBIX MAaTEPUANIOB C IieieBbiMu cBoiicTBamu (Han et al., 2023).

[lepokcumHasi TEXHOJOTHS OCHOBaHAa HAa NMPUMEHEHHH OPTaHWYECKHX IMEPeKHcei, KOTOphIe
MHUIMUAPYIOT 00pa3oBaHME CBOOOJHBIX  PaJMKAJOB, CIIOCOOCTBYIOMIMX  (POPMUPOBAHUIO
MOTEPEYHbIX CBSI3eH MEXAY MAaKpOMOJEKyJlaMu. OTOT METOJ XapaKTepu3yeTcsi BbICOKOU
PEaKIIMOHHON aKTUBHOCTBHIO M OTHOCHUTEIHHO MPOCTHIM TEXHOJIOTMYECKHM OCHamleHueM. K unciy
€ro MPEeMMYIIECTB MOXKHO OTHECTH JIETKOCTh MHTETPALUU B CYHIECTBYIOIINWE MPOU3BOJCTBEHHbIE
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JMHUM, BO3MOXHOCTH YIPABJICHUS CTEIEHBIO CHIMBKH ITyTE€M HW3MEHEHHs KOHLEHTpAIHU
MHULMMPYIOIIEIO0 areHTa, a TakkKe JIOCTYHHOCTb HCXOAHBIX peareHToB. OCHOBHBIMHU
OTPaHUYEHUSMH SIBJSIFOTCS PUCK TEPMHUYECKOW NECTPYKIMHU TOJIMMEpa MPHU HU30BITKE MEPEKUCH U
HE00XO0AUMOCTh YAAJICHUs OCTaTOYHBIX IPOAYKTOB Pa3JI0KEHUSI MHUIIMATOPOB.

PagnanmonHasi CIIMBKa peanu3yeTcs MOJ BO3ACHCTBHEM HOHU3HUPYIOMIETO W3TydeHus (-
Jy4yel, YCKOPEHHOIO »SJIEKTPOHHOIO IydykKa M Jp.), 4To oOecneyuBaeT Oojee pPaBHOMEPHOE
pacripe/ieieH|e MOMepPeuHO CUIMTHIX YIacTKOB B 00bemMe MaTepuaiia (Han et al., 2023).

OTtcyTcTBHE XMMUYECKMX MHUIIMATOPOB CIIOCOOCTBYET MOJTYYEHHIO 00J1e€ YUUCTON CTPYKTYpPbI
C MUHHMAaJIbHBIM YpoBHeM 1o0ouHbIxX npoaykToB (Lenfeld et al., 2020).

Kpome Toro, cTeneHpb CHIMBKH MOXET TOUYHO PEryJIMpPOBaTHCS MOCPEICTBOM U3MEHEHHUS J103bl
o0xydeHHst U ycinoBui 00paboTku. OJHAKO BBICOKAs CTOMMOCTh O00OPYIOBaHMS, HEOOXOIUMOCTh
COOJIFOJICHHUSI CTPOTUX HOPM paJUALMOHHOM O€30MacHOCTH M TpeOOBaHUN K HSKPAHUPOBAHMIO
pabouux 30H CHEPKUBAIOT HIMPOKOE IPHUMEHEHHE JJaHHOTO MET0/a, OCOOCHHO B YCIOBHSX
MEJIKOCEpUITHOTO MJIM MOOUIIBHOTO IIPOU3BO/ICTBA.

CpaBHHUTENBHBIM aHAINW3 I[IOKA3bIBa€T, YTO BHIOOp MeToga MOIM(UKAIUU JIOJKEH
OCHOBBIBAaTbCSI Ha XapaKTEPUCTUKAX KOMIIO3UIMOHHOIO Marepuana, TpeOyeMbIX KOHEUHBIX
CBOWCTBAX M3/ENUS M SKOHOMHUECKUX MapaMeTpax MpOH3BOJICTBA.

IlepokcunHas cumBKa Haumbosee 1enecooOpa3Ha HMPU U3TOTOBICHUU TPYO, MICHOYHBIX U
JMCTOBBIX MAaTE€PHUAJIOB, TIe TPEOYIOTCSI yMEPEHHBIC XapaKTePUCTHKH IPH MHHUMAJIBHBIX 3aTpaTax.
PaguanmoHHblii MOJIXOA ONpaBlaH IPH IMPOU3BOJACTBE M3IENUIM, K KOTOPBIM MPEIbSBIISIOTCS
MOBBIIIEHHBIE TPEOOBAaHHUS IO TEIUIOBOH CTAOMIBHOCTH, YCTOWYMBOCTH K PACTPECKHUBAHHUIO H
CTEPHJIBHOCTH (HampuMmep, B MEUIIMHCKOM UM MUILEBOM yIIaKOBKe).

[lepcnieKTHBHBIM HAIIPaBIICHUEM SIBJISIETCS KOMOMHUPOBAHHBIA METOM, IPU KOTOPOM ITOJIUMED
CHayajla IOJBEepraercsi MepoKCUIAHON aKTHUBAlMM, a 3aTeM - paJualMoHHOM oOpaboTke. Takoi
TUOPUAHBIA  MOJXOJ MOXET O0ECNeYyuTh CHUHEpPreTH4ecKuit HQQeKT, Mo3BOMISISI MOTYyYUTh
MaTepHaibl ¢ YHUKAIbHBIM OanancoM cBoiicTs (Han et al., 2023).

Takum oOpa3zom, o006a Meroma o00JagalOT ONpEeAENEHHBIMU  MPEUMYIIECTBAMH U
OTpaHUYEHUSIMHU, a UX F3PPEKTUBHOCTH ONPEENAETCS KOHKPETHBIMUA TEXHOJIOTMUECKUMHU 3a/1a4aMHu.
Bynymue wuccrenoBaHus NODKHBI OBITH HAlpaBlIEHBl HA ONTHMH3AIMIO TApaMETPOB CIIMBKH,
pa3pabOTKy HOBBIX WHUIMMPYIOUIMX areéHTOB, COBMECTUMBIX C MOJIMIIPOIMIEHOBON MaTpuleH, a
TaK)Xe Ha BCECTOPOHHEE M3yUCHHE IKCIUTYyaTal[HOHHOTO TIOBEJICHHS TIOJTYYCHHBIX KOMITO3UIIHOHHBIX
MaTepHaoB.

5. 3ak/04eHue

[TpoBen€HHbIl 0030p METOOB TMEPOKCHIAHOW M PAAUAIMOHHOW CIIMBKH TOJIMITUIICHA
MIPOJIEMOHCTPHUPOBAIL, UTO 00a MOAX0/1a CIOCOOHBI YPPEKTUBHO MOBBIIIATH (HU3UKO-MEXAaHUUIECKHE
U TEPMOCTOMKHME XapaKTEPUCTHKW MaTepuasia, paciupsss o0JacTH €ro MPOMBIIUICHHOTO
UCIONIb30BaHUsA. TeM He MeHee BBIOOp KOHKPETHOW TEXHOJIOTMH JIOJDKEH OCHOBBIBATHCS Ha
KOMILUIEKCHOM OIlEHKE MPOM3BOICTBEHHBIX, IKCILTyaTalIMOHHBIX M SKOHOMUYECKHX (hakTopoB (Han
etal., 2023).

[lepokcnaHas cHIIMBKA OTJIMYAETCS TEXHOJIOTMYECKOW MPOCTOTOM, IIMPOKOJOCTYITHBIM
000pyIOBaHUEM U BBICOKOH 3(PPEKTUBHOCTHIO MPH CEPUIHOM MPOHU3BOJCTBE, OCOOEHHO B TaKUX
00JacTsAX, KaK W3TOTOBJICHWE TPYOHOU mpoaykiuu. OIHAKO MaHHBIA CIIOCOO COMPOBOXKIACTCS
o0Opa3oBaHHEeM MOOOYHBIX COSCAMHEHUU, YTO MOXKET CHIIKATh DKOJIOTHUYECKYIO YUCTOTY KOHEUHOTO
MIPOJIYKTA.

PanuanmonHas cimmBka, HAPOTHB, OOecreYnBaeT 0ojiee OJHOPOIHYIO U KOHTPOIUPYEMYIO
CTPYKTYpY MaTepHalia, MCKIIOYaeT HEOOXOAMMOCTh MPUMEHEHHUS XUMHUYECKUX HWHHUIIMATOPOB W
HAaWTy4IuM 00pa3oM MOIXOAMT ISl M3ACIUN C TOBBIIICHHBIMU TPEOOBAHHMSIMH K CaHUTApPHO-
TMTHCHUYCCKUM M (YHKIHOHAIBHBIM Xxapaktepuctukam (Han et al., 2023). Bmecte ¢ Tem,
peanu3anus TaHHOTO METO/1a TPeOyeT CI0KHOM, TOPOTOCTOSIIICH anmaparypbl U COOJIIOICHUS HOPM
paguamoHHON 0€30MMacHOCTH.
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CrietoBaTeIbHO, BBIOOP HAWIIYUIIErO METOAa MOAM(DHUKALIUK MOJIUITUICHA OMPEACISCTCSI
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B3aMMO/IOTIOJIHSAIONIME - 3TO IMO3BOJISIET CO3/aBaTh MaTepPHAbl C 3aJaHHBIMH CBOMCTBAMH IS
PEIICHH S IHPOKOTO CIIEKTPA TEXHOIOTUYECKHX 3a/1a4.
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[Mosmnponusied HeriziHae pagMaUUsUIbIK 3KOHE IMEPOKCHATIK JAicTepMeH
KOMITIO3UTTEP/I aJIy: LIOJIY KIHE CAIBICTHIPMAJIBI TAJIIAY

ApaiiabiMm  TypcebinoBa, Jlszar ToabimOexoBa, Iaiinm CelitenoBa, I'ayxap Ta:kkeHosa,
3apuna EsnemecoBa

Anaarna. Ocbl Makanaaa MOJUIPONUICH KOMIIO3UTTEPIH MOAU(DUKAIMSIIAYIBIH €Ki HEeT13T1 9JIiCl -
panuanysuIbIK JKOHE MEPOKCUATIK TITUIYAl JKAH-KAKThl ILIOJIy JKOHE CalbICTBIpMalbl Tajiiay
ycoiHbUTFaH. JKoFapbl (PM3MKa-XUMUSUIBIK KaCUETTEepre Me MOJIMIPOINMIECH KYPBUIBIC, aBTOMOOUIIb,
JIEKTPOTEXHUKA JKOHe Oacka Ja cajajapia KeHIHeH KoJJaHblIajael. Ajaiiia OHbIH
TEPMOTO3IM/IUTITIH, OEPIKTITIH JXKOHE Y3aK MEP3IMALIITIH apTThIPy KaXKETTUIIr MaKpOMOJIEKYIIAIbIK
KYpPBUIBIMBIH KOCBIMIIIA MOJU(pHUKaNMsIayabl Tanan eredi. KapacThlpbUIbll OTBIpFaH TIirUINeH
KYpbUIBIMJApbl ~ KAJIBIITACTBIPY QJICTepl MaTepuaiJblH MaijJalaHy KacHeTTepiH elndyip
KAKCApTaThIH KEHICTIKTIK TOPJBI KYPBUIBIMHBIH TY31TyiH KamMTaMachl3 eTeli. Makamzaga TOpIbI
KYpBUIBIM TY31UTyiHIH MEXaHU3MJIEpi, Mpolecc MapaMeTpiepiHiH Tirily THIMIUTITIHE acepi
TaJJaHabl JKOHE aJbIHFaH KOMIIO3UTTEpAIH Oipkarap (QHU3MKa-MEXaHHKAJBIK >KOHE TEPMHUSIIBIK
cumnarraMaiapbl OOWBIHINA CcalbICTBIpMAchl Kenrtipiieni. KongaHy callachIHBIH —epeKIIelnirine
OalIaHBICTHI QMICTI TaHAAYABIH ©3EKTLIIri HEri3/ein, Oy MmoiuMep WHKEHEPHUSCHI CalachbIHIaFbl
Oouamiak 3epTTeyepAiH NepCcleKTUBANBUIBIFBIH KopceTeai. MoaudukanusianFaH KOMIO3UTTEPI1H
oNleyeTTi KOJNJaHy canajapbl, OHBIH IIIIHAE J>XOFaphl OEpIKTIK IMeH KOpIIaraH opTa ocepiHe
TO3IMAUIIK Talall eTUIETIH >KOFapbl TEXHOJOTHSUIBIK cajlajlapjia KOJIJaHbUIYbl KapacThIPbLIaIbl.
CoHBIMEH KaTap, TITIITeH MOJUIPONHICHIEPl OHEPKICINKE EHTI3YAIH JKOJOTHSUIBIK KOHE
HKOHOMMKAJIBIK acrleKTiiepl OasHaanaapl. TeXHOIOTusIapabl ayKbIMIaHABIPY, COHIaii-aK aJbIHFaH
mIenrnMAep/Il KOJIIaHBICTAaFbl OHIPICTIK MPOIECTEPTe UHTErPaLMsIIay MICeNIeNiepiHe epeKIle Ha3ap
aynapeinanel. CoHbIMEH Oipre, TIrUTy JAopekeciH Oakpllay MEH albIHFAH MaTepuangap/sl
CTaHAApTTAay KaKETTUIITIMEH OallIaHbICThl KUBIHABIKTAp TalgaHadbl. KOpBITBIHABUIANH Kelle,
MOJIUNPOTIUJIEH KOMITO3UTTEPIHIH KaXKEeTTI KAaCHEeTTepiHe KOJI JKeTKi3y YILUiH OHTAMJIbl TIrl1y 9IiCiH
TaHJayJblH MaHbI3/IbUIBIFBI aTam eTijenl, Oyl oJlap/AblH HAapbIKTarbl Oocekere KaOUIeTTLIIriHe
eneysai ocep €Tyl MyMKiH. by TexHonorusmapibl ©HEpPKOCINTIK ©HAIPICTe COTTI EHTri3YIiH
MBbICAJIAAPBI KEJITIPUITEH.

TyiiiH ce3xep: MOIUNPONUIIEH, MOIUMEPIIH TYHIHIECYl, pajualusiblK TYHIHIECY, MEPOKCUATIK
TYHiHJECY, KOMIO3UTTEP, NOIUMEPIIIK MaTepuaniap, pu3nKa-XuMHIsUIBIK KacueTTep, MoJimMepiaepai
Mou(pUKaysIay, KYpbUIBIMIBIK ©3repicTep, OHAIPICTIK KOJIAaHY.

Radiation and peroxide methods for composite preparation based on
polypropylene: a review and comparative analysis

Arailym Tursynova, Lyazat Tolymbekova, Gaini Seitenova, Gaukhar Tazhkenova, Zarina
Elemessova

Abstract: This article presents a comprehensive review and comparative analysis of two key
methods for modifying polypropylene composites—radiation and peroxide crosslinking.
Polypropylene, with its high physicochemical properties, is widely used in construction,
automotive, electrical engineering, and other industries. However, the need to improve its thermal
resistance, strength, and durability necessitates additional modification of its macromolecular
structure. The crosslinking methods under consideration enable the formation of a three-
dimensional network structure, which significantly enhances the performance characteristics of the
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material. The article analyzes the mechanisms of network structure formation, the influence of
process parameters on crosslinking efficiency, and provides a comparison of the resulting
composites in terms of various physical, mechanical, and thermal properties. The relevance of
choosing a method based on the specific end-use application is substantiated, emphasizing the
potential for further research in the field of polymer engineering. Potential application areas for the
modified composites are discussed, including their use in high-tech industries where enhanced
strength and resistance to environmental factors are required. Additionally, the ecological and
economic aspects of implementing crosslinked polypropylene in industry are addressed. Particular
attention is given to issues of technology scale-up and integration of developed solutions into
existing manufacturing processes. At the same time, challenges related to the control of the degree
of crosslinking and the need for standardization of the resulting materials are analyzed. In
conclusion, the importance of selecting the optimal crosslinking method to achieve the desired
properties of polypropylene composites is highlighted, as it can significantly influence their market
competitiveness. Examples of successful industrial implementation of these technologies are
provided.

Keywords: polypropylene, polymer crosslinking, radiation crosslinking, peroxide crosslinking,

composites, polymer materials, physicochemical properties, polymer modification, structural
changes, industrial applications.
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Abstract: This paper presents a software implementation of an
algorithm for processing experimental data obtained using the
probabilistic-deterministic design of experiments (PDDoE) method in
the R environment. The tool enables the construction of partial and
generalized dependencies between results and varying factors, supports
templates of different dimensionalities, automates the selection of
approximation models, and evaluates their quality using R? the
nonlinear multiple correlation coefficient (Rm), and its significance
(tRm). Implementation is carried out entirely in R using packages such as
openxlsx, dplyr, and tcltk. The system supports arithmetic, geometric,
and harmonic averaging methods, automatic orthogonality checks, and
prioritized model selection based on tRwm, with emphasis on physically
meaningful functions. Generalized equations are constructed by
enumerating combinations of significant partial dependencies until the
maximum tRwm is achieved. The tool provides result visualization, table
export, and a modular structure allowing easy extension. Users can load
custom plan templates, add new metrics and approximating functions,
and manually define the form of both partial and generalized models.
Designed for researchers, educators, and engineers working with
multifactorial systems, the tool is applicable in scientific research,
chemical technology, and education. The ChatGPT language model was
used in R code generation. Potential applications of Al tools in
experimental data processing are briefly discussed.

Keywords: probabilistic-deterministic design of experiment; R;
approximation; modeling of chemical-technological processes.

1. Introduction

Methods of describing complex processes through one-factor
dependencies, traditionally used in scientific research, became resource-
intensive, economically inexpedient and inefficient in modern
conditions. There is a growing interest in mathematical methods of
experimental planning (Design of Experiments, DoE), which allow to
significantly optimize time and resource consumption while maintaining
sufficient accuracy of results.

Historically, the foundation of DoE was laid by Ronald Aylmer
Fisher (Fisher, 1926, 1935), who developed the principles of Latin
squares, randomization, and analysis of variance. Subsequently, George
Edward Box, who worked with G. Jenkins, proposed steepest ascent and
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sequential experimentation methods, and justified the approach to time series modeling and
experimental data processing (Box et al., 2015). These methods gave impetus to the application of
DoE in chemical engineering and process engineering problems. Current reviews (Jankovic et al.,
2021; Lee et al., 2022; Eriksson et al., 2014; Barad, 2014) confirm that DoE remains important, but
classical full-factor plans become unwieldy with the increase of the number of factors.
Significantly, any of the classical approaches allows only one response function to be optimized at a
time, and linear functions are used for approximation.

More flexible methods are required to describe processes with pronounced nonlinearity and
interaction of factors. One of them is probabilistic-deterministic design of experiment (PDDoE),
developed based on the ideas of M.M. Protodyakonov and R.I. Tedder (Protodyakonov & Tedder,
1970), who proposed to use multiplication of partial dependencies instead of polynomial
regressions. The main contribution to the formalization and development of PDDoE was made by
V.P. Malyshev, a scientist from Kazakhstan, who demonstrated its applicability in metallurgy and
chemistry, and pointed out a number of advantages over classical multifactorial design (Malyshev,
1981, 1994 Belyaev & Malyshev, 2008).

Simultaneously, the method of G. Taguchi was developing in the world, oriented at increasing
the stability of processes. His approach differed in criteria and structure, not being an alternative to
the PDDoE. As in most classical DoE approaches, Taguchi's method optimizes one aggregate result
- the so-called loss function, which includes dispersion and deviation from the target, but still
represents the only output indicator. G. Taguchi's approach is well explained in his classic work
(Taguchi, 1986).

PDDoE is actively used in the Republic of Kazakhstan and CIS countries in chemical-
technological experiments (Akberdin et al., 2018; Akhmetkarimova et al., 2017; Gogol et al., 2023;
Ibishev et al., 2017; Troeglasova, 2020), as well as for the tasks of optimization of settings and
calibration of physicochemical analysis instruments (Fomin et al., 2021a, 2021b, 2022, 2024
Turovets et al., 2024). In general, the PDDoE method yields stable mathematical models with
predictive power in most of the mentioned works and many other works.

However, with the growing interest to the method, examples of methodological errors have
also appeared: not well-founded attempts to describe generalized dependencies through polynomial
regressions, as well as the use of six-level plans, which is mathematically impossible, since it is
strictly proved that there are no orthogonal Latin squares of order 6 (Bose et al., 1960).

Existing software for PDDoE is extremely limited and is often represented by Excel macros.
Only two programs implementing the core functionality of the PDDoE are available (Author's
Certificate RK No. 26, 2018; No. 5515, 2019). The first one implements almost all the functionality
required in the “classical” PDDOE, from plotting to quality assessment of the generalized equation,
but its further development is difficult for a number of reasons, and the reports generated by it need
manual refinement to use the data in publications. The second one is intended for work with atomic
emission spectra and is not very convenient for general tasks. For some time, the program analiz3
was available for purchase, distributed through the analiz3.com website (No authors, 2013). The
program used a manually set “reference point” and grid search for approximation. Currently, the
website is not functioning, and the program is not officially distributed. This raises the need to
develop flexible, reproducible, and accessible software tools oriented to the current scientific
practice of using and further developing PDDoEs.

Modern approaches to processing chemical information increasingly rely on machine
learning, text mining, and scientific programming. In particular, tools are being developed for the
automated extraction and interpretation of knowledge from unstructured sources. Large language
models (LLMs) have been shown to be highly efficient in recognising chemical entities (Kumari et
al., 2025), extracting synthesis conditions (Shi et al., 2025), and automating the structuring of
synthetic protocols (Ai et al., 2024).

Rampal et al.'s (2024) work represents a step towards building comprehensive knowledge
bases for training Al systems to synthesise substances. These approaches are enhanced by
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specialised chemical language models, such as ChemLM, which have demonstrated a high level of
accuracy in predicting molecular properties (Kallergis et al., 2025).

Particular attention has been paid to constructing mathematical models and optimising
experimental conditions. For instance, Mahmood et al. (2025) demonstrate how the kernel ridge
regression method can be improved when applied to chemical datasets. Song and Sun (2025)
analyse the potential for local optimisation of reaction conditions using active learning and
Bayesian approaches. These efforts generally aim to reduce the amount of experimentation required
and increase its informativeness.

Integrating machine learning into the study of natural compounds (Shi et al., 2025) and the
structural analysis of texts (Schilling-Wilhelmi et al., 2025) highlights the transdisciplinary
potential of these methods. However, the interpretability, verifiability, and universalisation of
algorithms remain matters of debate, as discussed in Cooper's (2025) review of the Faraday
Discussion on data-driven chemistry.

Together, these studies emphasise the necessity of tools that combine the rigour of
mathematical modelling, the flexibility of the R statistical language, and the adaptability of modern
Al tools, which is the essence of the proposed PDDoE approach.

The present work aims at automating the construction and correctness checking of experiment
plans by the PDDoE method using the R programming language. It is based on both classical
approaches and the author's own developments, including publications and registered certificates of
authorship.

2. Materials and methods

The mathematical basis of the data processing procedure implemented in this work is based
on the classical publications of V.P. Malyshev (1981) and subsequent joint work with S.V. Belyaev.
These sources describe an approach based on the use of Latin squares for constructing orthogonal
plans of experiment, sampling values by factor levels, and obtaining partial dependencies with their
subsequent combination into a generalized multifactorial equation.

At the current stage of implementation of the methodology, the R environment of versions 4.4
and 4.5 was used. The main packages involved in the scripts are:

openxlsx - for working with Excel files, including experiment plan files;

dplyr and tidyr - for data transformation;

tcltk and shiny - for interactive interaction with the user;

base and stats - for basic calculations and approximation.

The experiment plans constructed from the literature data are stored in the Excel file
Plans.xIsx. However, the presence of Microsoft Excel on the user's computer is not required -
interaction with the files is performed through the openxlsx package. Adding new plans is possible
by simply extending the structure of the file, without changing the code of the scripts.

The development scripts were created in the RStudio environment version 2024.12.1. During
the development OpenAl ChatGPT v4o system is used, which provides automatic generation of
code blocks in R language and logic of their interaction by text description of necessary algorithms.
All final scripts were manually checked, finalized and debugged on real data.

The detailed processing algorithms, including the implementation of averaging functions,
construction of partial dependencies and selection of approximation models, are presented in the
next section.

3. Results
3.1. Implemented experiment plan templates

As a part of the development of the software tool, templates of experiment plans
corresponding to orthogonal Latin squares of various orders were implemented and tested. The raw
data on such plans were obtained from previously published sources (including Protodyakonov,
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Malyshev, and Belyaev) and adapted to an electronic format in the form of Excel spreadsheets. All
plan templates are stored in the user-accessible file Plans.xIsx.

At the time of this article, the following plans are implemented in the file:

3x2 plan, 3 factors, 2 levels, convenient for combining PDDoE with Box-Wilson type
methods;

4x3 plan;

5%4 plan;

the popular 6x5 plan, for six factors with five levels;

8x7 plan;

9x8 plan;

several test and auxiliary variants for debugging and experimentation.

Each of the plans is constructed with consideration of orthogonality conditions: each level of
one factor meets each level of the other factors once and only once. Validity of the plans is checked
automatically during loading and transformation. A validity checking mechanism is added in case
the user changes or adds plans.

The user can select any of the available plans or add a new one by saving it as a separate sheet
in the Plans.xlIsx file. No changes to the script code are required in this case.

When starting the script, the user is prompted to select a plan by entering its number (Fig. 1).

R - R45.0 - ~/R/DoE2/
The following objects are hidden from “package:stats™:

filter, Tlag
The following objects are hidden from “package:base”:
intersect, setdiff, setequal, union

[1] II3x2II "3X3" H4X3H ”4X4” “3X5” YIGXSH ”5X4“ II8X7II ”9X8”
Choose an experimental design

3x2
3x3
4x3
4x4
3x5
6x5
Ex4
: 8x7
: 9x8

OO~k wMnE

Choice:
Figure 1. Interface for selecting one of the available experiment plans when running the script in
the R console

After selecting a plan, the script automatically receives information about the number of
factors conceived by the experimenter and the number of levels of their variation.

3.2 Dialog for describing the results

The next step is to describe the results to be measured. The user is asked to specify how many
different results will be recorded in the experiment (e.g. element content, mass of residue, recovery
factor, etc.). For each result it is necessary to enter its designation, which will be used in tables and
formulas (Fig.2).

After that, for each result the number of repetitions is specified - how many times the
measurement will be performed for each combination of factors. Thus, the system forms a table
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structure, in which each result is represented as a set of columns by the number of repetitions (e.g.
Y1 Rep_1,Y1 Rep 2).

All dialogs are implemented in the interactive console of the R environment and do not
require a separate interface. If necessary, the script can be supplemented with a shiny-based user
interface, but at the current stage the focus is on providing the necessary functionality.

The requested information is used further to form the final experiment plan and further
processing of the results.

Selection: 4
How many different measurement results will there be? 2

Enter a designation for the result 1: As
Enter a designation for result 2: Ds

How many repetitions for result As? 3
How many repetitions for result Ds? 3

Fill in the Factors.xlsx table and save it. Press Enter to continue...

Figure 2. Dialog for describing the structure of measurement results in the R console interface

3.3. Filling the table with factors

At the next stage, the user needs to fill in the table Factors.xIsx, automatically generated by
the script. This table contains the names of factors, their symbols, types (N - normal, V - vacant),
and specific values for each level of variation (Fig.3). The "Label™ field contains the desired
designation of the factor in the formulas, and the "Dependence” field contains the numerical
designation of the type of approximating function (0" - automatic selection).

The file is opened and edited in an external table editor. Currently, this requires Microsoft
Excel or compatible software (LibreOffice, OnlyOffice, WPS Office, etc.). The possibility of
interacting with this table through the interface provided by R extensions has not been implemented
yet.

g5 Plansxlsx |85 Factors.xlsx

A B C D E F G H
1 Factor Label Type Dependence Levell Level2 Level3 Leveld
2 |Energy,ml E N 0 3.1 5.6 7 10
3 Temper.,,C T N 0 100 150 200 240
4 |Time, min t N 0 60 120 180 220
5 Vacant V \ 0 1 2 3 4
6

Figure 3. Example of completing the Factors.xIsx table with description of factors, their labels,
types and levels

3.4 Forming the working plan of the experiment

After loading information about factors and results, the script automatically generates the final
matrix of the experiment. During the generation process, the validity check is performed:

correspondence of levels to the number of factors;

automatic replacement of level numbers in the plan template with their values;

consistency of names and designations;

orthogonality of the plan.

If all conditions are met, the script generates a table that includes:

the ordinal number of the experiment;

combinations of factor levels;
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empty columns for entering experimental results for each repetition (Fig. 4).

The file is saved in Excel format and is ready to be filled in. The user can enter values at any
time and then proceed to data processing using the second script.

After completing the table, the user returns to the console and confirms the completion of
editing by pressing Enter. Then the data is loaded back into R and used to form the final experiment
plan with substitution of actual values of factors.

R -~ R45.0 - ~/R/DoE2/

Fill in the F;ctors.xisx fabie and save it. Press Enter to continue...
Verification of the correctness of factor levels in the final design...
Testing the orthogonality of factors...

The final plan is correct. You can start taking measurements. Fiil in the columns with the results and move on to the second script-for data
processing!
Experiment Energy, m] Temper., C Time, min Vacant As_Rep_1 As_Rep_2 As_Rep_3 Ds_Rep_1 Ds_Rep_2 Ds_Rep_3

1 EXp.# 1 3.1 100 60 1 NA NA NA NA NA NA
2 Exp.# 2 3.1 150 120 2 NA NA NA NA NA NA
3 EXp.# 3 3.1 200 180 3 NA NA NA NA NA NA
4 Exp.# 4 3.1 240 220 4 NA NA NA NA NA NA
5 EXp.# 5 5.6 100 120 3 NA NA NA NA NA NA
6 Exp.# 6 5.6 150 60 4 NA NA NA NA NA NA
7 EXp.# 7 5.6 200 220 1 NA NA NA NA NA NA
8 Exp.# 8 5.6 240 180 2 NA NA NA NA NA NA
9 EXp.# 9 7.0 100 180 4 NA NA NA NA NA NA
10 Exp.# 10 7.0 150 220 3 NA NA NA NA NA NA
11 Exp.# 11 7.0 200 60 2 NA NA NA NA NA NA
12 Exp.# 12 7.0 240 120 1 NA NA NA NA NA NA

Figure 4. Final view of the experiment plan generated automatically by the selected scheme

3.5 Processing a filled plan

After the user has entered the measured values into the corresponding columns of the plan, the
main data processing script (Partial2.R) can be run. This script automatically loads the table with
the results, checks the presence of all necessary data and immediately proceeds to the generation of
generalized models by searching possible combinations of partial dependencies. The user is not
offered to view the partial models separately - they are used in the background only for quality
assessment and selection.

Partial dependencies are formed by averaging values over the levels of the corresponding
factor. Three types of averaging are available so far:

arithmetic: X = (1/n) * Xx;;

geometric: x@) = (I1x;)(1/n), applies only for all positive values;

harmonic: Xy = n/ X(1/x:), also not applicable in the presence of zero and negative values.

The choice of averaging type can be made by the user or determined automatically by the
presence of corresponding columns in the table. If all three types of averages are present, the
comparison of models based on them is allowed.

Before averaging, the user can choose the way of working with repetitions:

simple averaging;

Cochrane homogeneity test with rejection of suspicious values and averaging.

For each partial dependence the selection of models from the set is performed:

linear function;

step dependence;

exponential,

logarithmic;

inverse;

extended forms of exponential and logistic approximation.

Dependences with integer degrees 2 and 3, as well as 1/2 and 1/3, are considered separately
from the stepped dependence with automatically fitted degree. Each model is characterized by
coefficients A, B (C if necessary), and evaluated by the metrics R?, RM, and tRM. In the first step,
the three best models per factor for each outcome are selected, prioritizing the physical (basic,
intrinsically linear) functions (linear, stepwise, exponential, logarithmic, hyperbolic, inverse). In the
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case of a two-level plan, only the linear approximation is used. If there are not three functions with
tRM > 2 among the basic ones, then interpolating functions are added to the set (polynomial of the
second (number of levels n>3) and third (n>4) orders, exponential-degree function). If n > 5,
logistic function can be used. A total of 15 approximating functions are implemented.

At the second stage, all possible combinations of the selected models are enumerated in order
to construct generalized dependencies. For each such combination the values are recalculated,
compared with the initial values, and the final values of R2, Rm, tRm for the generalized model are
calculated. Among them, those that satisfy the significance criterion (usually tRm > 2) are selected.

The results are stored in R environment variables and can be additionally exported, visualized
or analyzed by the user manually or by R tools.

3.6 Visualization and output of results

The script automatically generates a console report containing brief information on all results,
models built, values of quality metrics (R, Rm, tRm) and selected functions. The report allows the
user to immediately evaluate the success of the approximation and identify cases in which none of
the models passed the quality criteria.

A graphical comparison of experimental and calculated values (e.g., via ggplot2 or plot) can
be plotted for clarity. The user can also visualize distributions of residuals, comparison of different
models or the result of generalized approximation (Fig.5).

Comparison of experimental and calculated values

12 ® P
R?=0.884 7 o o
Rm = 0.900 P °
s
tRm =10.12 .2 °
10 ,9.’
wv - [ ]
] -8
= .
> [ J ,/,
D 8 e o
© -’e
= [ ] -,
o S
g .
6 /,’
® e
//
° - °
/’,.
4 - °
4 6 8 10 12

Experimental values
Figure 5. Visualization of comparison of experimental and computational models by means of R

The output can be saved in HTML, PNG or PDF format. Tables with model coefficients,
metrics and selected feature numbers are also saved, suitable for further analysis or inclusion in
reporting documentation.

3.7 Co-working with ChatGPT

The OpenAl ChatGPT artificial intelligence system was used extensively during the script
development process. Initially, the model had no built-in information about the methodology of
probabilistic-deterministic design of experiment, which required step-by-step additional training
based on the literature provided by the author (including the works of Protodyakonov, Malyshev,
and modern applied research).

Special attention was paid to correctly distinguishing the PDDoE from more popular methods
such as the classical DoE and Taguchi approaches. The model tended by default to substitute
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specific elements of the method for more widely known analogs. Gradual refinement and
refinement training allowed the model to stabilize its behavior and achieve meaningful dialogue on
a highly specialized topic.

Due to the limitations of the system architecture, there is currently no way to directly execute
the R code inside the model. This required external debugging of all proposed fragments manually
in the RStudio environment. Despite this, interaction with the language model significantly
accelerated the formation of the script structure, automation of template sections and development
of solution algorithms for all stages of data acquisition and processing by the PDDoE method.

4. Discussion

The choice of R language and environment for the implementation of the PDDoE method,
including the selection and filling of the plan, statistical processing of parallel measurement results
and automated selection of the generalized function by the maximum tRM, is explained by the
initial focus of the language on statistical data processing, the free distribution and cross-platform
nature of the environment, its popularity among scientists in the world. R, unlike “classical” PLs,
natively supports vectorized computations, which is very convenient when working with objects
like PDDoE plans.

The implemented algorithm allows the user without deep knowledge of mathematical
statistics or programming to obtain adequate models of dependence of experimental results on
factors. At the same time, the flexibility of the method characteristic for PDDoE is preserved: it is
possible to use plans of different dimensionality, different functions for approximation of partial
dependencies and averaging methods.

The presence of the mechanism of automatic model search and tRM filtering provides high
sensitivity of the method to the adequacy of approximation, while the use of physically interpretable
functions at the first stage makes the models not only statistically but also physically meaningful.

Compared to existing software solutions, the list of approximating functions has been
significantly expanded. If necessary, any known methods of approximation can be implemented in
the script.

One of the significant limitations of the current implementation is the lack of a full-fledged
user interface: interaction with the program is performed through the R console and external table
editors. This may be difficult for users without experience in the corresponding environment.
However, the structure of the code and the packages used make it possible to implement a graphical
interface in the future using shiny, golem or flexdashboard.

It also seems promising to add the calculation of dCor, Chatterjee's xi (see, e.g., Székely et al.,
2007 for dCor; Chatterjee, 2021 for xi), and other dependency metrics that may be useful in
problems with a large number of factors and weak linearity of the relationship.

The possibility of adapting the script for problems with specific constraints deserves special
attention: for example, in the presence of fixed groups of factors, composite variables (Fomin et al.,
2017; Fomin & Dik, 2015), or the need to interpret the result as a mixture of contributions. These
directions are under active development.

The author invites colleagues to discuss, criticize and jointly develop the tool, including in
terms of expanding the model library, adaptation to specific subject areas and integration with other
software tools for analyzing experimental data. The ultimate goal is to publish the scripts as an R
package in the official CRAN repository to promote the PDDoE method.

5. Conclusion

This paper describes a software tool for processing experimental data obtained using the
technique of probabilistic deterministic design of experiments (PDDoE). The implemented
algorithm allows to automate key stages: from the selection and generation of the experimental plan
to the construction of generalized models with the assessment of their quality.
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The principal features of the approach are the flexibility of the system, the preferred use of
physically interpretable functions in the approximation of partial dependencies, as well as the
automatic search of models according to the tRym metric to identify the best combination of partial
dependencies. The introduction of automatic processing and the possibility of adding new patterns
makes the tool suitable for a wide range of tasks in chemical-technological, physical-chemical and
other applied research.

The possibility of productive interaction with the ChatGPT artificial intelligence system is
shown, allowing to speed up the development without reducing the scientific validity of solutions.
The work is performed in the console environment R with preservation of maximum openness and
possibility of code modification.

The proposed tool is already used in laboratory practice, and its further development involves
expanding the model library, integrating additional metrics, and creating a user interface. The
results obtained can be useful both for researchers mastering or using the PDDoE method and for
teachers interested in its implementation in the educational process.
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R nporpammanay TiliHAe XUMHSJIBIK 3JKCIEPUMEHTTIH BIKTHMAJIBIK-
JAeTePMUHMPJIEHT €H KocapJiaybiH OaFaapjaMajibiK KaMTaMachI3 eTy

Burtanuii ®omun

Anparna. Makanaga R opTachlHAa BIKTUMAIIBIK-IETCPMUHUPIICHICH JKCIEPUMEHTTIK jKoOanay
(BIJIDXK) omiciMeH albIHFaH SKCIEPUMEHTTIK JEPEKTEPi OHICY alrOpUTMiHIH OarmapiamMalibik
iCKe achIpbUIybl YCBHIHBUIFAH.O3IpJCHIeH Kypajd HOTIDKEIep MEH aiHbIMaibl  (akTopiap
apachlHIAFbl JKEKE JKOHE JKajIbllaMa TOYSIIUNKTEPAl KaJbIITACTBIPYFa, OPTYpPJi eJImeMIi
YKOCTapiapIblH Ma0IOHIaphIH Ak AalaHyFa, )KYBIKTAY MOJIENIbICPIH TaHIay Ibl ABTOMATTAHIBIPYFa
KoHe oapAblH canachlH R* MeTpukackiHa, Rm CBI3BIKTBI eMec eceik Koppemsius KodQppuiueHTine
koHEe OHBIH tRMm MaHBBABUIBIFBIH Oaranmayra MyMKiHIIK Oepeni. Icke aceipy amram per R
opraceiHga openxlsx, dplyr, tcltk »xone Gacka makerTep apkbuibl OopbIHIANAbl. Opraria amyabiy
oprypii  omictepiHe  (apu(METHUKAIBIK, T'€OMETPUSIIBIK, TapMOHUSJIBIK), >KOCHApJIApIbIH
OpPTOTOHANBIBIIBIFBIH ~ aBTOMATTBI TYPAC TEKcepyre, (HU3WKAIBIK HETI3MEITeH IKYBIKTAY
GYHKIUSIIAPBIH TaHJIAY KOHE OachIMABIK Oepy apkbUibl tRv OoibIHIIIA MOJENbAEPAIH OACHIMIBIK
peiiTuHTricine Konmay kepcerineni. JKanmbutanFaH TeHACY €H JKOFapbl tRm MoHiIHE JKeTKeHie
MaHBI3/Ibl epeKiie (PpyHKUUAIapIblH KOMOMHALMATIAPBIH CaHAy apKbUIbl KypacThIpbuiaibl. JXKyiie
HOTWDKEINIEp/ll  BU3yalu3alusiaylbl, KecTeJepJi OKCIOPTTaydbl KaMTaMachl3 €Telll JKOHE
(GYHKIIMOHATABUIBIKTEI KEHEHTYre MYMKIHAIK OepeTiH MOAYNbIAIK apXUTeKTypara ue. TeHIIeneTiH
KOCTIap YITUIEPiH KYKTEyre, j)KaHa KOPCETKIIITEePAl KOHE TEHIIENETIH JXYbIKTay (YHKIUSIaphIH
KOCyFa, IilliHapa JKybIKTay (YHKUMSHBIH TYPIH JKOHE IKalIbUIAaHFaH TEHICYAl KOJIMEH
TaraiibIHAAYFa )KOHE HAKTHI IIOH aliMaKTapBIHBIH TallChIpMaiapbiHa OefiiMmaeyre 6omansl. Kypair ke
(bakToOpibl OKCHEPUMEHTTEPMEH JKYMBIC ICTEHTIH 3epTTeylIliepre, OKBITYIIbUIApFa >KOHE
WHXCHEpJIepre apHaliFaH, COHBIMEH KaTap FhUTBIMH KBI3METTE, XUMUS HHKCHEPUSCHIH/IA )KOHE OKY
Toxipubecinae KougaHbutybl MyMKiH. ChatGPT ynkeH Tinm yiarici KOATHI jkacay >KOHE JKOHJEY
Ke3iHAe TaiaamaHbpuUIIbl. XHWMHS JKOHE XUMUSIUIBIK TEXHOJIOTHS MOCEJeNIepiH Iemy YIIiH
KojjaHOanbl  Oarmapiamanayia TULNIK — MOAENBIl  MaigaiaHy  MYMKIHAIKTepl — KbICKalla
KapacThIPBLIAIbI.

TyiliiH ce3aep: SKCIEPUMEHTTIH BIKTUMAaIbI-IETEPMUHUPICHTEH >XKocmapiaybl; R; >KybIKray;
XUMUSIIBIK-TEXHOJIOTHSUTBIK, ITPOLIECTEP Il MOJIEIIBALY.

IIporpammuas peaju3aunus BE€POSITHOCTHO-1eTEPMHUHHPOBAHHOIO
IUVIAHMPOBAHNUSI XUMHMYECKOI0 JKCIiepuMenTa Ha R

Buranuii ®omuu

AHHOTaIUS. [Ipencrasnena porpamMmMHast peanu3anms anropuTMa 00paboTKu
OKCIIEPUMEHTAJIBHBIX JaHHBIX, NOJYYEHHBIX 10 METOJUKE BEPOATHOCTHO-AECTEPMUHUPOBAHHOTO
wianupoBanus skcnepumenta (B/AIID), B cpene R. Pa3pabGoTanHHBIf HHCTPYMEHT MO3BOJISIET
¢dbopmHpoBaTh YacTHbIE W OOOOIIEHHBIE 3aBUCUMOCTH MEXKIY pe3yJIbTaTaMd U BapbUPYEMbIMH
(dakTopaMu, UCMOIb30BaTh AOIOHBI TUIAHOB PA3IMYHON pa3MEPHOCTH, aBTOMAaTU3UPOBATh BHIOOP
MoJIeJIel anmpoKCUMAIMK U OLIEHUBATh UX Ka4yeCTBO MO MeTpuKaM R?, koa¢huimenTy HenuHeinHon
MHOXECTBEHHOM Koppemsiunn Rm m ero 3HaumMoctu tRm. Peanmzanmsi BnepBble BBINIOJIHEHA B
cpexne R ¢ ucnons3oBanneM naketoB openxlsx, dplyr, teltk u nqpyrux. Ilogaep:xuBarorcst pa3anyuHble
METOABl ycpeaHeHus (apu(pMETHUECKOe, TI'eOMETPUYECKOe, TapMOHHYECKOE), aBTOMaTHYeCcKas
IIPOBEPKAa OPTOrOHAIBHOCTU IUIAHOB, HPUOPUTETHOE pAaHXUpOBaHHE Mojeneil mo tRm ¢
BBICTICHUEM W TpuopHTe3anueil (u3ndecku OOOCHOBAHHBIX aNMPOKCUMUPYIOMUX (DYHKIUH.
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O06o00uIeHHOEe YpaBHEHUE CTPOUTCS METOIOM Iepedopa coueTaHWi 3HAUYMMBIX YACTHBIX (DYHKITHIA
10 AocTHXeHHsT MakcumyMma tRm. Cucrema oOecrieunBaeT BHU3yallM3allMI0 PE3yJbTaTOB, SKCIOPT
TaOJUI] U UMEET MOAYJIbHYIO apXUTEKTYPY, JOIYCKAIONIYI0 pacimupenne GyHknuoHana. Bosmoxxna
3arpy3Ka MoJb30BaTeIbCKUX IA0JOHOB IJIAHOB, 100ABIEHNUE HOBBIX METPHUK M I0JIb30BATEIbCKUX
aNMpPOKCUMUPYIOMUX (YHKIMIA, pyYHOE HA3HAYCHHE BUJIA allIIPOKCHMHPYIOIICH YaCTHON ()YHKITUU
U O00OOLICHHOTO ypaBHEHHMs, ajalTalys I0J 3aJaud KOHKPETHBIX IPEIMETHBIX O0JIaCTeH.
WMHCTpyMeHT mpenHazHadeH JAjsl UCCIeoBaTeNel, MpenoaaBareseil 1 MHKEHEPOB, paboTAIOIUX C
MHOIO()aKTOPHBIMU 3KCIIEPUMEHTAMH, U MOXET OBITh MCIIOJIb30BaH B HAy4YHOW JAEATENbHOCTH,
XMUMHAYECKOH TEXHOJOTHH M B 00pa3oBaTeNbHOU mpakTuke. bonbmas s3pikoBas monenbs ChatGPT
UCIOJb30BaJach Ha JTale reHepaluu U oTiaaaku koxaa. KpaTko oOCyxmaroTcsi BO3MOKHOCTH
HCIIOJIb30BaHUS SI3bIKOBOM MOJENU B IPUKJIAJHOM POrPpaMMHUPOBAHUM Ul PELICHUs 3a7ja4 XUMUU
Y XUMHYECKOM TEXHOJIOTHH.

KarueBbie cjoBa: BCPOATHOCTHO-ACTCPMHUHUPOBAHHOC IIJIAHUPOBAHHUEC OKCIICPHUMCHTA, R,
armpoKcumanus; MOACINPOBAHUEC XUMHUKO-TCXHOJIOT'MYCCKUX ITPOLECCOB.
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Abstract: Tourist destinations such as Imantau-Shalkar, Borovoe, Altali,
and Baikal, located across Kazakhstan and Russia, are increasingly
struggling with infrastructure problems. One major reason is the lack of
advanced digital systems that accurately forecast tourist flows. During
peak seasons, inefficiencies in these areas often exceed 30%, leading to
congestion, poor service delivery, and safety risks. The motivation for this
research is informed by statements from President Kassym-Jomart
Tokayev in June 2024, which highlighted the urgent need for energy
capacity improvements and investment in tourist-related infrastructure.
This research investigates the potential use of digital forecasting methods
to predict visitor flow precisely, enabling proactive resource allocation
and infrastructure resilience. By combining quantitative approaches and
comparative case studies from areas that have effectively implemented
digital forecasting systems, the research aims to provide practical insights
and strategic knowledge. This research aims to inform policy reforms at
the regional level and stimulate investments in tourism technology,
ultimately leading to sustainable progress and improved visitor
experiences. Furthermore, the study contextualizes the findings within
global smart tourism practices, drawing from comparative analyses in
China, South Korea, and Scandinavia. It highlights the regional research
gap in Central Asia. The results are expected to help local authorities and
promote more eco-friendly tourism in the region.

Keywords: digital forecasting; tourist flow; infrastructure resilience;
resort areas; smart tourism; Imantau-Shalkar; Russia; Kazakhstan

1. Introduction

Resort regions in Russia and Kazakhstan, such as Imantau-Shalkar,
Borovoe, Altai, and Baikal, face systemic infrastructural vulnerabilities
exacerbated by unpredictable tourist influxes. Operational inefficiencies
— exceeding 30% during peak seasons — manifest as overcrowded
transport networks, energy shortages, and strained waste management
systems, undermining service quality and visitor safety. These issues are
made worse by climate variability, which amplifies seasonal demand
fluctuations. For example, studies show that shifts in temperature can
change visitor numbers by up to 25%, which puts more pressure on
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already weak infrastructure. President Tokayev’s 2024 directive for infrastructural modernization
aligns with empirical evidence from China, where industrial integration and digital technology
adoption boosted tourism enterprises’ productivity by 18-22% and operational efficiency by 15%
(Deng, T., Wan, G., & Ma, M., 2024). However, Central Asian destinations have been slow to adopt
such tools, even though they have proven effective in similar contexts around the world.

Globally, digital forecasting systems leveraging big data analytics (BDA) and machine learning
(ML) have reduced forecasting errors to <2% in destinations like Bali and Barcelona, enabling
proactive resource allocation. For example, LightGBM models applied to tourist flow projections
achieved 98% accuracy by integrating weather variability and historical visitation data, starkly
contrasting the reactive frameworks currently employed in Kazakhstan’s Imantau-Shalkar, 15%.
Similarly, China’s integration of IoT and Al in smart tourism platforms improved destination
management efficiency by 30%, reducing overcrowding and energy waste. However, regional
disparities persist: while Europe and North America dominate 68% of smart tourism research output,
Central Asia remains underrepresented, with fewer than 5% of studies addressing its unique climatic
and infrastructural contexts (Aguirre Montero, A., & Lopez-Sanchez, J.A., 2021).

The study aims to fill the abovementioned lack by evaluating adaptive machine learning
algorithms specifically tailored for Russia and Kazakhstan. It links case studies on China’s upgraded
resorts with climate-resilient systems in Scandinavia. This study proposes a hybrid model merging
BIRCH clustering for periodic trend analysis and LightGBM for real-time tourist flow projection.
The quantitative studies aim at a 40-50% reduction in peak-period inefficiencies by implementing
forward-thinking energy planning and dynamic pricing protocols. At the same time, qualitative
studies informed by lJilin Province’s green-digital governance initiatives highlight digital
infrastructure's twofold purpose of enhancing resilience and enhancing tourists' welfare (Huang, T.,
Fang, C., Dukhaykh, S., Bayram, G.E., & Bayram, A.T., 2024). The results shall inform policy
renewals in light of Kazakhstan’s Tourism Development Strategy for 2024-2030, supporting
investments in Internet of Things-powered grids and Al-powered crowd governance systems in
correspondence with the United Nations Sustainable Development Goals. As it fills in the regional
lacuna in scholarship, this investigation fulfills Tokayev’s call for infrastructural resilience and puts
Central Asia's resorts at the forefront of climate-responsive, evidence-based tourism stewardship.

The economic impact of such inefficiencies is considerable. For example, in Kazakhstan, the
tourism sector saw over $150 million in losses annually from 2020 to 2023, largely due to
infrastructural deficiencies and service disruption (Abilov & Nurmagambetov, 2023). Conversely,
areas that have adopted predictive digital systems, like the Swiss Alpine resorts, registered a 22%
decrease in energy wastage during peak seasons through the enablement of smart grid technologies
(Fischer et al., 2022). However, the relevance of these models to Central Asia is hindered by unique
geographical and climatic conditions. The vastness of the Altai region, along with its extreme
temperature fluctuations (-30°C to 35°C within a year), requires forecasting systems capable of real-
time dynamic adaptation (lvanova & Petrov, 2023). Advances in modular artificial intelligence
frameworks offer feasible solutions. These provide the potential for scalable upgrades to
infrastructure without full replacements (Kim et al., 2023). By combining geographic information
systems (GIS) with machine learning algorithms — an approach tested on South Korea’s Jeju Island,
which recorded a 92% accuracy rate in forecasting tourist flow (Lee et al., 2021) — this research
promotes a context-adapted framework. The anticipated outcomes are aligned with Kazakhstan’s
national interests as expressed in the 2024-2030 Tourism Development Strategy, prioritizing 10T-
enabled sustainability and targeting a 40% enhancement of tourist satisfaction indicators by 2030
(Ministry of Tourism, Kazakhstan, 2024).

The Imantau-Shalkar resort area, located in northern Kazakhstan, presents a relevant example
of the infrastructural and digital gaps compromising the region's tourism development potential.
Though it can receive up to 400,000 tourists per year, it receives only 7.5% of that capacity (around
30,000 visitors), mostly from Kazakhstan and Russia (Kazakhstan Tourism Bureau, 2024). Though
investments directed toward infrastructure improvement, like the renovation of 150 kilometers of
roads and the development of 37 recreational sites, have successfully shortened travel times and raised
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accommodation capacity, these efforts are not sufficiently integrated with digital forecast capabilities
(Regional Development Authority, 2023). For instance, despite an expenditure of 4.2 billion tenge
(around $9 million) over two years for road construction and facility refurbishment, the inability to
deploy predictive models for tourist arrivals has led to ongoing traffic congestion, especially during
peak visit seasons (RDA, 2023). This lack of integration is particularly evident in the area of energy
infrastructure: President Tokayev’s complaint in 2024 about power outages in tourist facilities comes
on the heels of data that 60% of Imantau-Shalkar facilities rely on outdated Soviet-era electrical
systems that are unable to support even the current number of visitors (Tokayev, 2024; Energy
Ministry of Kazakhstan, 2023).

These deficiencies have complicated tourism implications. A 39% annual increase in tourist
arrivals has put severe pressure on waste management and transport infrastructures, while plans for
ecotourism development in the form of glamping parks and ethno-villages threaten to exacerbate
these issues in the absence of concurrent investments in cutting-edge infrastructure (Kazakhstan
Tourism Bureau, 2024). Abroad, regions such as Jeju Island (South Korea) have shown that
integrating geographic information systems (GIS) with machine learning has the potential to reduce
peak season inefficiencies by up to 40% (Lee et al., 2021). Yet Kazakhstan’s master plan for Imantau-
Shalkar, developed with the help of international consultants, prioritizes physical infrastructure over
digital resilience (Ministry of Tourism, Kazakhstan, 2024). This oversight persists despite evidence
from Jilin Province (China), where loT-facilitated crowd management systems improved tourist
satisfaction by 35% while reducing energy wastage simultaneously (Wang et al., 2023).
Domestically, tourism’s economic significance is uncontested: in 2024, the industry generated 450
billion tenge in investments, driven by a record 9.6 million domestic tourists (National Statistical
Bureau of Kazakhstan, 2024). Without adaptive digital foundations, even promising developments
like Imantau-Shalkar’s ecotourism expansion may falter. Caravan tourism and eco-hotels, for
example, require access to real-time data on visitor dispersal to prevent ecological degradation — a
capacity that current planning lacks. This study argues that benchmarking Kazakhstan’s
infrastructural investments to Al-supported forecasting models, including LightGBM and modular
Al architectures, could resolve this deficiency, enabling sustainable development in alignment with
the UN Sustainable Development Goals.

From traditional time-series models to hybrid machine learning frameworks, tourist flow
forecasting has evolved. Ghalehkhondabi et al. While integration approaches (e.g., ARIMA-ANN
hybrids) can minimize forecasting errors by 15-20% against those yielded from stand-alone models,
mainly under climates that have volatile seasonal patterns. In Kazakhstan’s Imantau-Shalkar, for
example, the lack of such systems has resulted in over 30% operational inefficiency during peak
seasons as infrastructure fails to cope with surges in visitor numbers. Recently, spatiotemporal models
seem to perform better. Li et al. using mobile signaling data, to forecast multi-attraction demand in
Beijing and Xiamen, achieving an accuracy rate (MAPE) of 8.11% (Sun, H., Yang, Y., Chen, Y., Liu,
X., & Wang, J., 2023). Similarly, LightGBM models that combine both weather and historical
visitation data achieved 98% accuracy in Bali, which is in stark contrast to the reactive frameworks
adopted in Central Asia. The other Linear regression (Bayesian) algorithm was validated in
forecasting Japanese restaurant traffic, ranking high accuracy; however, scalability was limited for
extensive resort zoning.

Adaptive governance and tech-driven resource deployment are cornerstones of tourism
infrastructure resiliency. Zhang et al. identify collaborative planning and loT-enabled systems to be
the key to disaster recovery: in China’s Jilin Province, IoT technology increased tourists' satisfaction
by 35% and lessened energy waste by 18%. In Kazakhstan, ageing Soviet-era grids — still used for
60% of facilities in Imantau-Shalkar — worsen power shortages, underlining President Tokayev’s
2024 raps on energy lacks. These overlay frameworks, as defined by Sarantakou (2025), argue for
climate resilience in coastal and mountain areas through spatial planning. In Scandinavian resorts, for
example, modular Al architectures are reducing peak-season inefficiencies by 40-50% through
predictive energy allocation. Despite experiencing extreme temperature fluctuations, ranging from -
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30°C to 35°C in Altai, Central Asia, it is lagging, contributing fewer than 5% of studies developing
resilience frameworks in smart tourism (Sabyrbekov, R., & Overland, 1., 2023).

Adoption of digital forecasting differs markedly around the world. The remaining continents
represent only 31% of the researched regions, indicating that smart tourism research is concentrated
on Europe and North America, with only 1% for Central Asia (Ye, B.H., Ye, H., & Law, R., 2020).
Switzerland’s Alpine resorts, for example, eliminated 22 percent of wasted energy from harnessing
smart grids, while Kazakhstan’s tourism industry experienced $150 million (2020-2023) in annual
losses from infrastructural congestion. China’s industrial synergies between Al and loT raised
tourism productivity by 18-22%, providing the foundation for Kazakhstan’s 2024—2030 Tourism
Development Strategy. The UN Tourism Data Dashboard (2024) underlines the economic stakes:
global tourism incurred $2.5 trillion in losses during 2020—2022, and recovery will depend on digital
resilience. Graham Harper (2024), an loT-enabled crowd management and diversified tourism
portfolio to mitigate climate risk, underscores the importance of adaptive capacity across coastal
destinations. Future studies ought to integrate GIS-ML frameworks demonstrated at Jeju Island (92%
accuracy) into divergent expanses like Imantau-Shalkar to solve for Central Asia’s unique
complexities.

2. Materials and Methods

This study uses a combined approach that includes digital forecasting methods, infrastructure
resilience evaluation, and comparisons with international examples. The study focuses on four
regions that were selected, and Imantau-Shalkar was chosen as the main case based on its identified
infrastructural shortcomings, including a substantial 30% efficiency loss during high seasons and
reliance on energy networks formed in Soviet times. The data were collected using government
databases and regional tourism departments, with daily records of tourist arrivals, seasonality-driven
occupancy patterns, and total energy consumption data, complemented with geospatial and climatic
data. The dataset from 2019 to 2023 covers pre- and post-pandemic dynamics. At the preprocessing
level, linear interpolation was used to handle missing data, the min-max scaling method was used for
scaling tourist arrivals, and Z-score normalization was applied to energy loads. Weekly aggregates
were used to match infrastructure reporting periods. The digital forecasting component employed a
hybrid modeling strategy combining conventional time series methods, including SARIMA, tuned to
include seasonality, with sophisticated LSTM neural networks tuned to identify non-linear dynamics.
An ensemble model was then created by combining both predictions, with weights assigned based on
each model’s validation accuracy. Forecasting accuracy was measured using standard metrics such
as RMSE, MAE, and R2.

Statistical analysis was performed using IBM SPSS Statistics 27. Descriptive statistics, RMSE,
MAE, and R? were computed to validate model accuracy. Correlation analysis (Pearson’s r) was used
to assess the relationship between projected tourist flows and infrastructure stress. A significance
threshold of p < 0.05 was applied.

Infrastructure resilience was assessed by comparing projected tourist numbers with historical
energy usage, transport data, and waste system loads. An overall resilience index was developed and
combined with factors like energy stability, transportation efficacy, waste management, and adaptive
capacity. Comparative studies based on case studies from around the world, including Jilin Province
in China and Barcelona, Spain, produced further insights, reporting that the integration of smart
tourism technologies could enable substantial improvements in operating efficiency while potentially
decreasing energy losses by up to 22% by 2026. All data, materials, source code, and methodological
information have been preserved in a publicly accessible repository, with accession numbers to be
made available in advance of publication. Compliance with all applicable ethical standards
throughout the research was carefully observed, with no human subjects involved in the studies.

146



A.H. I'ymunes amvindazvt Eypasus yammuik ynusepcumeminity xabapurvicol. Xumus. Ieozpagus. Dxorozus cepuscol, 2025, 151(2)

3. Results

The hybrid ensemble model successfully combined forecasts from the SARIMA and LSTM
models. Denoting the SARIMA forecast as Fs (t) and the LSTM forecast as F.(t), the ensemble
forecast Fe (t) is computed as follows:

Fz(t) = 0.40 X Fg(t) + 0.60 X F,(t) 1)
In assessing infrastructure resilience, a composite index was developed by assigning weighted

contributions to energy stability, transport efficiency, waste management, and adaptive capacity. For
each dimension with a normalized score Si(on a 0-100 scale), the resilience index R is calculated as:

R = 0.30 X Sepergy + 0.25 X Siransport + 0-25 X Syagie + 0.20 X Sy gaptive (2

Where Sdimension represents normalized scores (0-100 scale) for energy stability, transport
efficiency, waste management, and adaptive capacity.

For example, with Imantau-Shalkar’s dimension scores set at 45 (energy), 50 (transport), 40
(waste), and 55 (adaptive), the index is computed as:

leantau-Shalkar = 030 X 4‘5 + 025 X 50 + 025 X 40 + 020 X 55 = 4‘7

Table 1. Resilience indices for study areas

Region Enel_rgy Trqn_sport Waste Adapti_ve C_:qmposite
Stability Efficiency Management | Capacity | Resilience Index
Imantau-Shalkar 45 50 40 55 47
Borovoe 65 60 58 65 62
Altai 75 70 65 75 71
Baikal 60 65 55 60 60

This value is consistent with field data indicating suboptimal resilience levels.

Scenario simulation calculations further illustrate potential improvements through digital
interventions. Assuming a baseline energy waste rate Enaseline Of 85%, and a projected reduction of
22% from loT-enabled optimizations, the revised energy waste Erevised IS determined by:

Erevised = Ebaseline X (1 - 0-22) (3)
Erevised = 85\% X 0.78 ~ 66.3\%

Table 2. Simulated efficiency gains (2026 Projections)

Intervention Operational Efficiency Energy Waste Reduction
Improvement
loT-enabled solutions 15-25% 18-22%
Smart grid implementations 20% 25%
Dynamic pricing models 12% 10%

The comparison with case studies in regions including Jilin Province (China) and Barcelona
(Spain) gave useful context. Simulated scenarios show that these digital interventions could
considerably improve operational efficiencies across all of the study areas. Main findings from the
simulation include:

— Operational efficiencies could improve 15-25% through loT-enabled solutions;
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— Smart grid implementations can significantly minimize incidences of power outage during
peak seasons.

— Optimized digital forecasting allows us to allocate and prepare resources proactively, thereby
reducing energy waste by an estimated 22% in the next three years.

In addition to validating the model’s accuracy, these calculations substantiate a quantitative
basis for recommending infrastructural upgrades. The comprehensive computational steps outlined
enable researchers to fully reproduce the methods of this study. However, the ensemble forecasting
model combining SARIMA and LSTM outputs (Saeed et al., 2021) outperformed the individual
models significantly. Final results on the 2023 test dataset: RMSE = 12.8; MAE = 9.4; R2 0.91. In
comparison, the single SARIMA and LSTM models produced higher RMSE metrics of 18.3 and 15.6,
respectively. This hybrid model proves to be highly effective in capturing seasonal trends and non-
linear variations in tourist flow, as these results indicate.

A concise summary of performance metrics is as follows: RMSE: 12.8; MAE: 9.4; R 0.91.
The composite resilience index was calculated by assigning weighted contributions from four
dimensions: energy stability, transport efficiency, waste management, and adaptive capacity.
Imantau-Shalkar recorded a score of 47/100, which is significantly lower compared to the other resort
Zones.

Composite Resilience Index by Region
80
70
60
50
40
30

20
-
0 I

Imantau-Shalkar Borovoye Altai Baikal

Resilience Index (0-100)

Resort areas

Figure 1. Summary sustainability index for the studied resort areas, showing standard deviation

Figure 1 shows the level of infrastructural sustainability of four key tourist areas (Imantau-
Shalkar, Borovoye, Altai, Baikal), calculated on a scale from 0 to 100 points. It is visually confirmed
that the Imantau-Shalkar region has the lowest level of sustainability, 47 points, while Altai shows
the highest performance, 71,3 points. The error bars show possible variations in values depending on
the statistical variability of the input parameters: energy efficiency, transport, waste management, and
infrastructure adaptability.

This visualisation helps to quickly compare regions and understand which ones require the most
attention and investment. This is important when implementing Kazakhstan’s Tourism Development
Strategy 2024-2030 to direct resources to where they will do the most good.

In contrast, Borovoe and Altai obtained indices of 62 and 71, respectively. Baikal, while not as
extensively documented in our digital flow analysis, shows intermediate resilience characteristics,
reflecting moderate infrastructural robustness with challenges in energy and waste management
systems.
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Table 3. Composite resilience index calculation

. Transport Waste . Composite
Region Energy Sotab'"ty Efficiency Management Adgptlveo Resilience
(30%0) (25%) (25%) Capacity (20%0) Index (R)
Imantau- _ 50*0.25 = _ _
Shalkar 45*0.30=135 125 40*0.25=10.0 | 55*0.20=11.0 47.0
* _ 60 *0.25 = - _ - _
Borovoe 65*0.30 =195 15.0 58*0.25=145 | 65*0.20=13.0 62.0
* —_
Alai | 75%030=225 | 07027 | 65%025=163 | 75%020=150 | 713
. - _ 65*0.25 = * _ * -
Baikal 60 *0.30 =18.0 16.3 55*%0.25=13.8 | 60*0.20=12.0 60.1

Statistical evaluation of expected tourist flows vs actual infrastructure disruptions showed a
strong (r=0.78) correlation. This indicates that higher bursts of tourism, as projected by the ensemble
model, consistently match important stress points in energy and transport systems, especially in areas
with lower resilience indices. Results were consistent across the zones studied, though with
distinctions that reflected the baseline infrastructure of each area:

— Imantau-Shalkar is expected to benefit the most from targeted interventions, as its
resilience was lowest at the start.

— Borovoe and Altai, which expect gradual gains in performance that further entrench their
already moderate to high resilience;

— Baikal followed best practices elsewhere by getting much-needed help when it comes to
the adoption of smart tourism technologies and an amazing opportunity to align its performance with
advanced regions.

The findings provide a strong rationale for implementing digital forecasting or modular
infrastructure upgrades as priority components of Kazakhstan’s 2024-2030 Tourism Strategy.
Imantau-Shalkar could replicate Altai’s resilience index (measured on a 0 - 100 scale) of 61/100 by
2030 through targeted investment in loT-enabled grids and Al-powered resource allocation in 2026.

4. Discussion

The findings of this study confirm that using digital forecasting methods with the evaluation of
infrastructure resilience can help tackle the challenges encountered by resort areas in Kazakhstan and
Russia. The composite model, which manifested better performance than the individual effectiveness
of both SARIMA and LSTM methods, is consistent with prevailing literature and justifies the view
that the integration of statistical and neural network methods can yield more accurate forecasts of
tourist influx. There was a clear link between predicted peak seasons and real stress on infrastructural
breakdowns, highlighting the critical role played by real-time monitoring in averting service
disruptions. The comparative analysis revealed considerable differences between the four resort areas.
Imantau-Shalkar was found to have the lowest resilience level, thus supporting previous indications
of infrastructural deficiencies. On the contrary, the high resilience levels manifested in Altai, as well
as the moderate values registered in Borovoe and Baikal, suggest that prevailing management
practices in these zones offer a better buffer against peak-load adversity. These findings validate the
validity of the composite resilience measure and underscore the need for targeted digital
interventions.

The study highlights the potential of 10T and smart grid technologies in reducing energy waste
and increasing operational efficiency. Scenario simulations, projecting up to a 22% reduction in
energy waste, illustrate the transformative impact of digital innovations in resource-constrained
settings. As highlighted in the latest report of the Intergovernmental Panel on Climate Change (IPCC),
the integration of digital tools for monitoring and managing tourist flows is recognized as one of the

149



A.H. I'ymunes amvindazvt Eypasus yammuik ynusepcumeminity xabapurvicol. Xumus. Ieozpagus. Dxorozus cepuscol, 2025, 151(2)

priority adaptation strategies for areas vulnerable to climate impacts, especially in mountainous and
coastal regions (Lee, Hoesung, 2023).

Despite these promising results, the research is not without limitations.

The results of the study indicate that the proposed forecasting model could be effectively
integrated into the existing tourism management infrastructure in Kazakhstan. Instead of replacing
current systems, the model could serve to enhance them, for instance, by expanding the functionality
of platforms like eQonag. Introducing such tools into daily operations would help anticipate a
significant increase in tourist numbers and allow for more efficient resource planning, thus
minimizing strain on infrastructure during high seasons. This is particularly significant for resort areas
like Imantau-Shalkar, where current management approaches often fail to adapt to seasonal
variations. The proposed solution aligns with national goals for promoting sustainable and digitalized
tourism development.

The reliance on historical data and the inherent variability in tourism trends necessitate ongoing
model refinement. Future research should focus on expanding data sources, integrating real-time
monitoring systems, and exploring adaptive algorithms that can dynamically adjust to sudden changes
in tourist behavior and infrastructural demands.

5. Conclusion

In summary, the holistic framework developed in this study — integrating digital forecasting
methods with a detailed analysis of infrastructure resilience — offers a replicable and effective method
of solving infrastructural problems in resort destinations. The hybrid forecasting model proved to be
highly accurate in predicting rises in tourist numbers, while the resilience index allowed for the
determination of key vulnerabilities, especially in Imantau-Shalkar. Comparative analyses with
Borovoe, Altai, and Baikal identified the varying levels of infrastructural resilience in these
destinations, highlighting the need for tailored digital solutions. The promising findings of this study,
including important potential improvements through the integration of loT and smart grid
technologies, provide the basis for future studies focused on further improving and applying these
tools and methods to varied contexts. These findings contribute to the broader debate on smart tourism
by emphasizing the need for proactive, data-driven measures for enhancing sustainable development
and operational efficiency in resort destinations.
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Typucrik arbiHAaApABI HUPPJIBLIK 00/Kay THIMIALIINH JKOHE KYPOPTTHIK
aiiMmakTapaarbl HHPPAKYPbUIBIMHBIH TYPAKTbLUIBIFbIH APTTHIPY

Epxkexan JIoyerxanosa, Akmapay CanueBa, Auna Kanunesa

Annarna. WMwmantay-llankap, bypaGaii, Antaii xone baiikan cusktel Kazakcran men Peceit
ayMaFrbIH]Ia OpHAJIACKAH TYPHUCTIK OaFrbITTap HHPPAKYPHUTBIMIBIK KHBIHIBIKTAPFA KU1 YIITBIPAIT OTHIP.
Omnbiy OacTbl cebenTepiHiy Oipi — TYPHUCTIK aFbIHAAPABI 1971 OOJpKal alaThlH 3aMaHayd LHUQPIIBIK
KyhenepaiH kericrieyl. MaycbIMABIK Ke3eHaepe Oy aliMakTapAarkl TUIMCI3AIKTIH JeHreil keOiHe
30%-man acklm, KemTemicTepre, KbI3MET KOPCETY CamachlHBIH TOMEHACYiHE >KOHE KayilcCi3iK
ToyeKenepine anbln Keneni. byn 3eprreyniy kyprizutyine 2024 xbutFbl MayceiMzaa [lpesuaent
KaceiM-)KomapTt TokaeBThIH SHEPTeTHKANIBIK KyaTTap/ibl apTTIPY XKOHE TYPUCTIK MHOPAKYPBUIBIMFA
WHBECTHIIMS TapTy KKETTUIIT Typasibl MajiMaeMeci TYpTKi Oomnabl. 3epTrey upiblK Oomxay
ONICTEpiH KOJJAHY apKbUIBI TYPHUCTIK aFbIHABI AN OoJpKay, pecypcTapAbl ayJblH ana Oemyni
KaMTaMachl3 €Ty *oHe MH(PAKYPBUIBIMHBIH TYPAKTBUIBIFBIH apTThIPy MYMKIHAITIH KapacThIpabl.
CanppIk omicrep MeH mUQPIIBIK O0Kay JKyienepl COTTI eHIi3UIreH alMaKTapAarsl CaIbICTBIPMAIIbI
MBICAJIIapABI O1PIKTIPE OTHIPHII, 3€PTTEY MPAKTUKAIBIK MOJIIMETTEP MEH CTPATETUSIIBIK OLTiM Oepy i
Kke37ei . byn 3eprTey eHipiik neHreiae cascaTTsl peopmanayFa )KoHE TYPUCTIK TEXHOJIOTUsIIapFa
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WHBECTUIUSUTAPABI BIHTAIAHBIPYFA BIKMAT €Tyl MaKcaT eTefl, OYJI 63 Ke3eriHJe TYPaKThl 1aMyFa
KOHE TYpPHCTEp TOMKIPUOECIH jkaKcapTyra anbin kejaeai. COHBIMEH KaTap, 3epTTeY KOPBIThIHIbLIAPHI
Kprrait, OxTycTik Kopes sxone CkaHaIuHaBHSA €1/1€piHiH TOXipuOeIepine cyiieHe OThIPbII, kahaHabIK
smart-rypusm ToxKipuOeci aschiHIA KapacThIpbUiaabl. 3eprrey OpTanblK A3HSIAarbl FHUIBIMU
3epTTeyNCepIiH JKeTKUTKCI3Airin aran ertexi. HoTwxkenep >keprimikTi OWIIIK OpraHIapblHAa XOHE
OHIP/Ie FKOJOTHSIIBIK TYPU3M/I1 TaMBITyFa KOMEKTECE/I1 1T KYTUIy/Ie.

Tyiiin ce3aep: upiblK O0KAY; TYPUCTIK aFbIH; HHPPAKYPBUIBIMHBIH TYPAKTBUIBIFbI; KYPOPTTHIK
animakrap; smart typusm; Mmanray-Illankap; Peceii; Kazakcran

IoBbimenne 3¢pPekTnBHOCTH HUPPOBOr0 MNPOTrHO3HMPOBAHUS TYPHUCTCKHUX
NMOTOKOB M YCTOMYMBOCTH MHPPACTPYKTYPHI B KYPOPTHBIX 30HAX

Epxkexan laynerxanoBa, Akmapan CanueBa, Auna Kaimnepa

Annoranus: Typuctckue HanpaBieHus, Takue, kak Umanrtay-Ilankap, bopoBoe, Anraii u baiikan,
pacnonoxkeHnHsle Ha Teppuropun Kazaxcrama u Poccum, BCE dalle CTaJKUBAKOTCA €
UHPPACTPYKTYpHBIMH TipoOneMamu. OJHOW W3 OCHOBHBIX TIPUYMH SIBJSIETCS OTCYTCTBHUE
COBPEMEHHBIX IHU(PPOBBIX CUCTEM, CHOCOOHBIX TOYHO IPOTHO3MPOBATH TYPUCTCKHE IMOTOKU. B
MTUKOBBIE CE30HBI YPOBEHb HEAPPEKTUBHOCTH B 3THX 30HAX 4acTo npesbimaet 30%, 4To MpUBOAMT K
neperpys3Kam, CHIDKEHUIO KauecTBa OOCIY)KMBAaHUS M pUCKaM Juid 0e3011aCHOCTH. MOTHBOM st
IIPOBEACHUS JTAHHOIO UCCIIEN0BAHMS NOCTyKuiu 3asBiieHus [Ipesunenra Kacsim-XKomapra Tokaesa
B ntoHe 2024 rona, B KOTOPbIX ObLIa MOJYEPKHYTA HEOOXOAUMOCTh HOBBIIIEHHUS 3HEPreTUYECKUX
MOIIIHOCTEH M MHBECTHUIMHM B TypUCTCKYI0 MHOPAcTpyKTypy. B mccienoBanuu paccmarpuBaeTcs
MOTEHIMAJ HCIOJb30BaHUs IHU(POBBIX METOJOB MPOTHO3UPOBAHUS A TOYHOIO OTNpeAeTeHHUs
TYPUCTCKUX MOTOKOB, YTO IMO3BOJIUT 3apaHee paclpeAeisiTh PeCypchl U MOBBIIATh YCTOHYMBOCTH
uHOpacTpyKTyphl. IIyTéM 0oOBenMHEHHsS] KOJMYECTBEHHBIX METOJIOB M CPABHUTEIBHOTO aHaIU3a
YCHEWIHbIX KeHCOB BHeApeHUs LU(POBOro IMPOTHO3ZUPOBAHUS, HCCIEIOBAaHUE HAMpaBiICHO Ha
MIOJIyYEHUE TNPAKTHUYECKUX BBIBOJOB M CTpPaTETMYECKUX 3HAaHMMU. llenbro MccnenoBaHus sBIsSETCS
COJICHICTBUE pPErMOHaIbHBIM pegopmMaM B 00JacCTH MOJMTUKH M CTUMYJIHMPOBAHHE WHBECTULUN B
TYPUCTCKHE TEXHOJIOTUH, UYTO B KOHEYHOM UTOTE NPUBEAET K YCTONUNBOMY Pa3BUTHIO U YIIYUILIEHHUIO
TypucTCKOro ombiTa. Kpome TOro, pesyiabTaThl pPAacCMaTpUBAIOTCS B KOHTEKCTE II00ANBHOM
IIPaKTUKU yYMHOro Typusma Ha npumepe Kwuras, IOxnoit Kopen m CxangunaBun. OTmedaercs
HEJ0CTAaTOK Hay4yHBIX HMcciaenoBaHuil B peruone LlenTpanbHoit A3uun. Oxunaercs, 4To pe3yiabTaThl
MOMOTYT MECTHBIM BJIACTSIM U IOCIIOCOOCTBYIOT Pa3BUTHIO 00JIe€ IKOJIOTMYECKH OPUEHTHPOBAHHOIO
Typu3Ma B pETHOHE.

KiaroueBble cjoBa: 1udpoBoe MPOTHO3UPOBAHUE; TYPUCTCKMM  IOTOK, YCTOHYMBOCTH
UHPACTPYKTYPHI; KypopTHBIE 30HbL; Smart Typusm; Mmantay-11lankap; Poccus; Kazaxcras.
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AnHoTanus. [Ipy n3ydyeHun JIaBUHHOW ONACHOCTH B TOPHBIX panlOHax

Bocrouno-Kazaxcranckoi obmacTuy» (BKO) HCIIOJIb30BAJIMCh
COBPEMEHHBIC  TEXHOJOTHHM  JHCTAaHIIMOHHOTO  30HJUPOBAHUS  —
OecrmtoTHBIE JieTaTeabHbIe anmapatsl (BITJIA).

Haunbonee pacnpocTpaHeHHBIMH — (PAaKTOpaMu  JTaBHHOOOpPA30BaHHS

ABIISAIOTCS: TeoMopdonoruueckue (penbed, IKCIO3UIUS CKIOHA U IPYTHe
napaMmeTpsl), reoboTaHn4eckue (T Janamadra) u MmereopakTopsl (BUJ,
KOJIMYECTBO M MHTEHCHBHOCTH OCAJIKOB, CKOPOCTh BeTpa, oTTemnenu). B
JAHHOW  CTaTh€  MCCIEOBAaHUS  TOCBSIIEHBI B OCHOBHOM
reoMopdonoruueckomy GaxTopy.

BITJTA ucrnonb30Baguch Ajsl A€TaTbHOTO U3YYEHUs pelibea MeCTHOCTH
KaK OJTHOTO M3 OCHOBHBIX (JaKTOPOB MpPHU OOpa30BaHUU JaBUH, TaK Kak
reomopdonorust jaHamadTa BIUSET HA YCTOMYMBOCTH CHEKHOTO
MMOKPOBa M BO3HUKHOBEHHE JIaBUH. MopoMeTpruueckne XapakKTepUCTUKU
penbeda, Takue, Kak YKIOH, BBHICOTAa M DIKCHO3UIIMS CKJIOHOB peibeda
OTPEAEISAIOT YCIOBUS 00pa30BaHUs JJaBUH.

Cuexsble naBuHbl B BKO - pacnpocTtpaneHHOe TPUPOIHOE SIBIEHUE,
MPEJICTaBIISIONIEe YIpO3y MECTHOMY HACEIeHHMIO M HaHocsllee yIiepo
uH(ppacTpykType Tepputopun obmactu. [Ipu mpoBemeHuu paboT 1O
M3Y4YEHUIO JIAaBUH OYEHb BAXKHO WUMETh JETalIbHBIC IH(PPOBBIC MOJEITH
penbepa (LIMP) Ha wmccnemyeMyro TEppUTOPHIO, KOTOPHIE MOXKHO
Noy4uTh Tocie o0pabotku manHbix  BIIJIA, ob6ecneunBarommx
MOJTyYeHUE TOYHBIX XapaKTePUCTHK penbeda, Takux, KaK BBHICOTA,
YKJIOHBI U SKCTIO3HITUS CKJIOHOB.

OaHUM U3 pacTpOCTPAHEHHBIX METOJOB 3aIIUTHl OT JIABUH CUYUTAETCS
MIPOTHO3UPOBAHKE JIABUHHOW OTIACHOCTH TeppuTOopur. UeM neranbHee U
ToyHee Oynmer wuHpopMamus o penabede, TEeM TouyHee Oyjaer
MIPOTHO3UPOBAHUE.

PesynbraTamu wHcciieioBaHusl CTajdd CO3JaHHUE BBICOKOTOYHBIX L[MP,
nudposeix moneneit MectHoctu (LIMM), oprodorormanoB u 3D-
MoJieJiel JTaBUHOCOOPOB, YTO TO3BOJWIO TOBBICUTH JOCTOBEPHOCTH
BbIOOpA MPUOPUTETHBIX YYACTKOB JJII pa3MEUIeHHs] MOHUTOPUHIOBBIX
CHCTEM JIABUHHOM OMaCHOCTH.
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Pe3y.]'II)TaTI)I pa60T CHOCO6CTBYIOT ONTUMHU3AIMK pPasSMCIICHUSI MOHHUTOPHUHI'OBBIX CHCTEM H
MOBBIIICHUIO TOYHOCTH ITPOTHO30B JIAaBUHHOM YIpO3EbL.

KuroueBble cioBa: nucraniuonnoe 3onaupoBanue; BIUUIA; IMP; IMM; 3D-monenupoBanue;
penbed MECTHOCTH; CHEXKHBIC JIABUHBI, JJABUHOOMACHOCTh; 00padoTka manHbX; ['MIC; Bocrouno-
Kazaxcranckas 001acTh.

1. BBegenue

OOBeKTOM WHCCHeNoBaHMs SBISIOTCS JaBuHOOmNacHele Tepputopun BKO. Muoronernue
HaOJI0ACHUS 32 JJaBUHAMHU OCYIIECTBIISIFOTCS Ha3€MHBIMM METOJAaMU M IIPOBOJSATCS Ha Hambosee
OIACHBIX YYaCTKaX C PEryJSIpHBIMM METEOPOJOTMYECKMMHU M CHETOJIaBUHHBIMU HAOJIIOJICHUSIMHU.
OCHOBHBIM HEJOCTATKOM Ha3eMHbBIX METOJIOB CUMTAETCS ()ParMEHTApPHOCTb JAHHBIX O COCTOSIHUU
CKJIOHOB B CBSI3H C TPYAHOJOCTYITHOCTBIO IPOXOXKACHUS B TOPHOM MECTHOCTU B 3UMHEE BPEMSI.

M3yueHuto JaBUH MOCBSIEHO MHOTO Pa0OT Kak 3apyOeKHBIX, TAK U OT€YECTBEHHBIX YUEHBIX
(Washington et al., 1996; Zhuravleva et al., 2010; Marshall et al., 1994; Seidel et al., 2016; Yang et
al., 2020; Zhdanov, 2021 et al).

JlaBuHBI BO3HUKAIOT IPEUMYLIECTBEHHO B TOPHBIX palOHAaX C KPYTbIMU CKJIOHaMU U
BBI3BIBAIOTCS CJIOKHBIM B3aUMOJIEHCTBUEM METEOPOJIOIMYECKUX YCIOBUI, ocobeHHOoCTel penbeda u
XapaKTEePUCTHK CHEXKHOTO mokposa (Varol, 2022).

OObluHO JaBMHBI 00pa3yloTCs BO BpeMs WM IIOCI€ CHJIBHOTO CHeromajga, Korua
HAKaIlJIMBAIOTCS HOBBIE CJIOM CHEra, 3HAYMTEJIbHO YBEJIWYMBAas BEC CYLIECTBYIOLIEIO CHEKHOTO
MOKPOBA. DTO HAKOIUIEHUE JI€CTAaOMIN3UPYET CHEXKHBIN MOKPOB, 3acCTaBilsAs OOJBIIYIO MacCy CHera
OTPBIBATHCS U CIIOJI3aTh BHU3 IO CKIIOHY, YHOCS C COOOM JOIOJIHUTENbHBIN CHET U COMYTCTBYIOLIUI
Mmycop Ha cBoeM 1yt (McClung, 2016). JIlaBuHBI IpH CX0/1€ HETraTUBHO BIUSIOT HA UHPPACTPYKTYPY
MECTHOCTH, MOJBEPrasi ONIACHOCTH KU3HU JIIO/IEH.

BricoTa penbeda MECTHOCTH CIYKUT KPUTHYECKUM MOAU(DUKATOPOM YCIOBUI OKpYyKarolen
Cpelbl, KOTOpPBIE OINpPENENAI0T XapaKTePUCTUKU CHEKHOTO MOKPOBA, HEOOXOIUMBIE ISl JIABUHHOMN
akTuBHOCTH (Yang et al., 2022) u Bauser Ha GopMUpPOBaHME JABUH, HA KIMMAaTUYECKUE YCIOBUS,
Takue, Kak CHeromaj, Berep U Temneparypa. Kak mpaBuiio, 0ojiee BBICOKHE BBICOTHI CBSI3aHBI C
OOJIBIIIMM KOJIMYECTBOM CHErONa/oB U MPOJOKUTENIbHBIM CHEXXHBIM TOKPOBOM, YTO YBEITUYHUBAET
BEPOATHOCTH CX0J1a JIaBUH B 3UMHHUH ce30H (Kumar et al., 2017). Onnako Ha BbicoTax Huke 1000
METpOB Oo0Jiee TeIUIble YCIOBUS YacTO MPUBOAAT K 00pa30BaHUIO MEHEE CBA3HBIX CIIOEB CHEra, UTo
CHIDKAET YacTOTy M MHTEHCHUBHOCTH cxoja jaBuH (Varol, 2022). MI3MeHYMBOCTh KIMMAaTHUYECKUX
YCIOBUI Ha pa3HBIX BBICOTAX HAIPSAMYIO BIUSET HAa MPOCTPAHCTBEHHOE PACIpPENEICHHUE CIIydacB
CXO/Ia JIaBUH, JieJiasi BRICOTY KIIFOUEBBIM (PAaKTOpPOM B OlleHKe pucka jiaBuH (Selcuk, 2013).

Beicota penbeda, yKIOH, SKCHO3UIMS W JApPYrHe IMapaMmeTpbl HaNpsAMyI0 BIHAIOT Ha
YCTOMYMBOCTh CHEXHOTO MOKpoBa (Andres-Anaya et al, 2023; Ramtvedt et al., 2023), a meToIBI
JUCTAHIIMOHHOTO 30HINPOBAHNUS MO3BOJISIOT TOUHEE KAPTUPOBATh U aHAJIM3UPOBATh JIABUHOOIIACHBIE
30HBI, BBIJIEIAS NPUOPUTETHBIE YYAaCTKU JUI NpeBeHTHUBHbIX Mep. Cosmanue IIMP mmpoko
UCIOJB3YIOTCS Ha IMpakTUKE, HampuMmep, MAJdd H3Y4YEHHMs] IOYB MPUMEHSUIUCh JaHHBIE C
kazaxcraHnckoro criytHuka «KazEOSat-1» (¢ mpocTpancTBeHHBIM pa3pemieHueM 1m) (bakTeioexoB u
ap., 2019), B nanno# pabote paccmarpuBaetcs npumeHerue BITJIA mist BEISIBICHHS TaBUHOOACHBIX
TEPPUTOPUI C TOYHOCTHIO TPOCTPAHCTBEHHOTO pa3peIIeHNs MOJIEH J10 5 CM.

Taxxke Ba)XKHO y4HTBHIBaTh METEOPOJOTHYECKHE MapaMETPhl, HAIIPUMED, NPUBEIAEM IPUMED -
anp0eno. bonblioe KOMMYecTBO HPHEPrUM MOCTYMAET K IMOBEPXHOCTH CHEXHOTO MOKpOBa B BUIE
NpSIMOIl U PAaCcCesTHHON COJIHEYHOM paaualvy, OJHAKO JIMIIb HeOOJIbIIas €€ 4acTh MOTJIOLIaeTCs
CHETOM, a OCTaJIbHAsI OTPaKaeTCs OT MOBEpXHOCTH cHera (BoiiTkoBckui, 1989). Anbpbeno CHEXXHOTO
IIOKpPOBA SBJIAETCA OAHMM M3 BAKHEHIIMX IApaMETPOB, ONPEACIIIOIIMKM KIMMATOJIOTMUYECKHE
W3MEHEHUS CUCTEMBI aTMOC(ephl - mocThIatomas mosepxHoctsb (Voitkovskiy, 1989; Zhuravleva et
al., 2010; Marshall et al., 1994). CraenctBueM mNpOCTPAaHCTBEHHO-BPEMEHHBIX BapHaIUi
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OTPa)KarOIMX CBOMCTB CHEXHOIO MOKPOBA SIBJIIOTCS 3HAYUTEIbHBIE U3MEHEHHUS PaguallMOHHOTO
O10/KeTa TEPPUTOPUI, TOKPBITHIX CHETOM B TEUCHHE JUIUTENILHOTO neproaa Bpemenu (Washington
et al., 1986). B ropusix paiioHax, rje HaOIOJaeTCs CE30HHBIM CHEXKHBIN MOKPOB, aab0EI0 CHera
CHJILHO MEHsIeTCsl B IpocTpaHcTBe u Bpemenu (Seidel et al., 2016). laxke cpaBHUTEIBHO HEOOIBIIOE
yYMEHbILIEHWE allb0e0 CHEra MOKET MPUBECTH K YBEJIWYCHHUIO TOIVIOMIEHHONM MM COJIHEYHOU
pamuanuu (Stroeve et al., 1997) u, kak clieACTBHe, OKa3aTh CYIIECTBEHHOE BO3JICHCTBHE HA
MPOTEKaHKEe TUIPOIOTMUECKUX MTPOLIECCOB (HanmpuMep, U3MEHUTh CPOKU U MHTEHCUBHOCTH IIpoliecca
TasHUS cHera). Kpome Toro, BhICOKOE anb0el0 CHEXHOTO MOKPOBA SIBISIETCS OJHOW W3 NMPUYHMH
YMEHBIIIEHUS TeMIIepaTypbl BO3lyxa B HIbKHEH Tponocdepe (Baker et al.,1992; Picard et al.,2020).

[To nmanHbM «HanuoHANBFHOTO JIOKIAAa O COCTOSHUHM OKpYXKamImed cpeabl u 00
WCIIOIB30BaHUM TPUPOAHBIX pecypcoB Pecnyonmuku Kazaxcran 3a 2023 rom» (HamwonanmbHBII
JOKJIa/1), €KEroJHO OT BO3ACWUCTBUS CHEKHBIX JIABUH CTPAAAIOT HACENICHHBIE IMYHKTHI, OOBEKTHI
XO3SIIICTBOBaHUS. M aBTOAOPOTH TOPHBIX pallOHOB pecryOnuku. B ropHbeIX paiioHax pecimyOonuku
umerorcs 619 naBuHOONAacHBIX y4yacTkoB (M3 HuX B BKO — 325), B 30HY BO3JCHCTBHS KOTOPBIX
nonanatotr 6Oonee 4,6 Thic. yenoBek, 234 oObekta U 159 kM aBTOHOpOr (pecmyOIuKaHCKOTro,
00JIACTHOTO ¥ MECTHOTO 3HAYCHUIA).

B naBunoonacHbeiii mepuon 2022-2023 roma 3apeructpupoBaHo 177 caMONpOM3BOJIBHBIX
CXOJOB CHEeXHbIX JaBuH (B ToMm uucie, BKO — 14). B 2023 rony oOueHKy U MOHUTOPHHT
THIPOMETEOPOJIOTUYECKON 00CTaHOBKM M HAONIOEHUS 32 JIABUHOOIMACHBIMU  y4acTKaMu
obecrieunBanl 67 KpPYrJIOTOAMYHBIX TOCTOB, 29 AHCHETYEPCKUX IYHKTOB, 25 CHETOMEPHBIX
MapuipyToB ['Y «Kazcenezammray. Cnenuanucramu I'Y «Kazcenezamura» coBmectro ¢ JJHC u PI'TI
«Kaszrunpomer» nposeneHsl 692 HazeMHBIX U 16 aspoBU3yalbHBIX 00CIEI0BAaHUIN JaBUHOONACHBIX
yuacTkoB. [lns oOecnedeHus O€30MaCHOCTH aBTOJOPOT M TOPHBIX PAOHOB pPECIyONMKU Ha
ocHOBaHMM pekoMeHaanmii Kasrugpomera nposeneno 134 mpouiaakTHHECKMX CIYCKa CHEXHBIX
JaBHH 00IIKUM 00beMOM cHexxHOM Macchl 443 780 m?, u3 Hux B BKO — 101. 3amuTa ropHbIx pailoHOB
ropoga Anmatel U BKO oGecneunBaercs 1903 cHerosagepXuMBaoIIMMK IIMTaMd M Ha
JaBUHOOMACHBIX yYacTKax BbicTaBlieHO 116 nHpopmannoHHbix mmToB (HannoHambHbIN oK),

UccaenoBanns naBuH B Kazaxcrane Havammch B 50-x rogax XX Beka, MacmTaOHBIE
uccnenoBanus npopoauaucsk B MuctutyTe reorpaguu AH KazCCP, nanee ¢ 60-x rozoB Habm0qeHNs
3a naBuHamMu npoBoauT «Kasruzapomer», ¢ 70-X romoB BOmpocamu 3allUThl OT JIABUH 3aHMUMAETCS
Kascenesamura Komurera no upe3BbiyaiiabiM cutyanusam Peciyonnku Ka3zaxcran, Takum o6pasom,
BONpOCaMU 00pa30oBaHMs JIaBUH B TOPHBIX pailoHaX pecnyOJIMKH yXe 3aHMMAIOTCS HECKOJIBKO
JECSITUIIETUH U C KaXKIbIM FOJIOM BO3PACTaeT POJIb MPUMEHEHMsI JaHHbIX /(33 11 TpyIHOIOCTYIHBIX
TEPPUTOPUH.

Lenb uccnenoBanus — ucnonb3oBanue BIIJIA mpu n3yyeHun jJaBUHOONACHBIX TEPPUTOPUI
BKO, xoTopoe npoBoauiIocs B paMKax HayqHOro nmpoekra «lcciaenoBanue JJaBUHHON aKTUBHOCTH B
Boctouno-Kazaxcranckoit oOmactu Juist  pa3pabOTKM CHCTEM MOHMTOPUHTa M HAy4HOTO
00OCHOBaHHUS UX PA3MELICHU».

Pe3ynbraTammu wHccienoBaHusA SABISIETCA CO3JIaHME BbICOKoAeTanbHbIX [[MP, I[IMM,
optodoromianoB u 3D-moneneit mo ngaHHbIM BIIJIA kak OCHOBBI MOJyd4eHHsS TOCTOBEPHON U
JeTanbHON nHpopManuu o pesnbede MeCTHOCTH.

Bnepseie B BKO ObutH KCIIONIB30BaHBI JAUCTAHIIMOHHBIE METOABI, a uMeHHO BIUIA, mns
U3Y4eHUsS] MOP(OMETPUUYECKUX XapaKTEPUCTHK pelbeda TOpHBIX TEPPUTOPUM C LIETBI0 U3YyUEHUs
JIAaBUHOOIIACHBIX Y4aCTKOB.

2. MarepuaJjibl 4 METOABI

B mccienoBaHnM MCITONB30BAaHBl AUCTAHIIMOHHBIE METONBI McCclenoBanusa:. gaHHuble ¢ BITJIIA
i co3aanus BeicokoaeTanbHbix [IMP, [IMM, oprodoTtornanoB u 3D-Moaeneit Tepputopuil.

B pa6ote ucnonb3oBansl coBpeMennbie Mozenu BITJIA: DJI Matrice 350 RTK u DJI Matrice
300 RTK.
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Matrice 350 RTK - mmardopma s OECHHIOTHBIX JIETATCIBHBIX allllapaToB OCHAICHA
COBEPIICHHO HOBOH CHCTEeMOH Tmepenayd BHACO W BO3MOXHOCTSIMU yIIpaBlIeHUs, Oojee
3¢ PEeKTUBHON CHCTEMON aKKyMYJATOPOB M 0Oojiee KOMIUIEKCHBIMU (DYHKIIMSMHU O€30MacHOCTH, a
TaKkKe HAJACKHOW TIOJNE3HOW Harpy3kod U Bo3MOXKHOCTsMH pacmmpenus (Mudopmarus o
oecrmmtoraukax DJI Matrice 350 RTK; DJI Matrice 300 RTK).

Hpon DJI Matrice 300 RTK - »to Oecnmnotnas miardgopma ¢ momynem RTK, ammapar
OTJIMYAETCS MIHPOKUM (DYHKIIMOHAJIOM C HCIIOJIb30BAHMEM HMHTEJIEKTYaJIbHBIX CHUCTEM, KOTOpPbIE
CIOCOOCTBYIOT MPoU3BOAUTEIbHON padoTe (Mavic.kz ; Matrice-300-rtk; Matrice300).

Jlis BBIOpAHHBIX TeppUTOpUN (MTOTEHLMATBHBIX U Pa3MELIEHUS HA3eMHBIX ITYHKTOB
HabmroeHunit) Obl1a BRIOMTHEHA cheMKa ¢ ucrnonb3oBanreM BITJIA DJI Matrice 350 RTK ¢ mone3noii
Harpy3Koi, TuaapoMm Ajisl OJy4eHUs AeTaJbHbIX U BBICOKOTOYHBIX MOJENIell MECTHOCTH U penbeda.
Tounocts no3unnonupoBanus BIUJIA cocrasisier 1 cm mo ropuzonTanu Giarogaps cucteme RTK
(Real-Time Kinematics), 4To obecriednBacT BEICOKYIO TOUHOCTh ChEMKH U TI03BOJIsAET co3aaTh [IMP
C MMPOCTPAHCTBEHHBIM PAa3PEIICHUEM 5 CM.

Jlis aHanM3a XapaKTepUCTHUK ObUIM BbIOpaHb OCHOBHBIE JaBuHOCOOpel BKO ¢
MCTOJIB30BaHNUEM TONOTPAQUIECKUX TTapaMETPOB (BBICOTA, SKCIIO3UIIHS, YKIOH) C HCIIOJIb30BaHHEM
IIMP cpenuero mpoctpanctBeHHOro pasperienus — SRTM (¢ npoctpaHcTBeHHBIM pazperieHrueM 30
M), BeIoJHEeHHOM ["eonornueckoit ciayx6oit CIIA (USGS) (Shuttle Radar Topography Mission) u
nmoyieBbIX wHccienoBanuii. Ha BoiBiaenHbix naBuHocOopax BKO HeoOxomumo mpoBOIUTH
MIPEBEHTUBHBIC MEPHI /IS MIOBBIICHUS O€30MTACHOCTH HACEIICHHIO.

BIUIA mpenocTaBisitoT BO3MOKHOCTh OBICTPO M C BHICOKOM TOUHOCTHIO MOJy4aTh OOIIUPHbBIE
HaOOpBI JaHHBIX O pelibed)e MECTHOCTHU, BKIIIOUYAsT PAOHBI, JOCTYI K KOTOPHIM OOBIYHO 3aTPyAHEH
WJIH TTOTEHIMATFHO OMACeH M3-3a PAa3NUYHbIX (DAKTOPOB OKPYXKAIOIIEH Cpe/ibl.

s obpabotku manHbiX ¢ BIIJIA ucnonws3oBanocs mporpaMMHoe oOecrnedeHue: Agisoft
Metashape Professional (PykoBoactBo nons3oBarens, 2023; DJI Terra User manual, 2024).

IIpouecc o6padoTku ganubix ¢ BIIJIA noka3an Ha pucyHKe | ¥ BKIIOYAaeT HECKOJIBKO ITAlOB:
1) c6op nnpopmanuu ¢ nomouisio BITIA; 2) 06paboTky m300paskeHH B crieUaTu3upOBaHHOM
nporpaMMHOM obecrieueHnn Agisoft Metashape Professional u DJI Terra; 3) xiaccudukanuo u
(GUIBTPALIMIO MOJTYYEHHBIX TAaHHBIX JJIS BbI/IEIeHUs penbeda u 00bEKTOB MECTHOCTH; 4) MOCTPOCHHE
OpTO(OTOINIAHOB M LU(POBBIX MOAENeH penbeda M MECTHOCTH, OOECHEeUMBAIOIINX JeTaIbHbIH
aHAJIN3 UCCIEAYEMON TEPPUTOPHH.

ABroMaTuyeckas

—> o DJI TERRA ? 06paboTKa TAHHEIX ¢
IMP
C6op u
JAHHBIX C IOMOIIBIO Kuaccuuumposats DubTpaHL
BIUIA — s - e - Tloctpoenne IIMP
TIO Agisoft BripasHuBanue Toctpoenue Tloctpoene Toctpoenne

= PI;’Ieftasl}apel —>  chumkos > obnakatouek — > LIMM > opthoTornnana > OprooTonnan
ofessional

IToctpoenne
>
MM

2
=

Pucynok 1. Cxema nporecca o6pabotku ganubix ¢ bITJIA
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OOpa0oTKka JaHHBIX CBEMKH OblJa BBINOJIHEHA C HCHOJIb30BAHUEM IPOIPAMMHOIO
obecnieuenusi: Agisoft Metashape Professional u DJI Terra, B pe3ynbraTe KOTOPOTro OBLIH MTOTYYESHBI
LIMP nis ganpHEHIIEro AeTalbHOIO aHalN3a MECTHOCTH.

LIMP - pactpoBoe n300paxeHue, coaepkaliee 3HaueHHsI BBICOTHBIX OTMETOK, YTO TIO3BOJISIIO
BOCIIPOU3BOJUTE penbed MECTHOCTH KaK B JIByXMEPHOM, TaK U B TPEXMEPHOM IIPOCTpaHCTBE. B
pesyabTare  IMOJNyuYeHHble LU(POBbIE  MOJEIU  JIABUHOCOOPOB  OOECleYMBajIM  TOYHYIO
Tonorpagpuueckyro nHpopMalnoo, He0OX0IUMYIO I AajdbHEHIEro MophOMETPUUYECKOrO aHAIN3A.

1) Coop unpopmanuu ¢ momoinso BITJTA

C6op wuH(OpPMaLUM OCYLIECTBISUICA C HCHOJIb30BAaHMEM OECIUIOTHOIO JIETATEIbHOIO
anrmapara, OCHAIlEHHOIO CUCTEMOM JIMJIapHOrO0 CKaHMPOBAHUS M KaMepOH BBICOKOI'O pa3pelleHUsl.
[ToneTsl BBINOJHSAINCH 110 3apaHee 3aJaHHbBIM MapUIpyTaM C Y4€TOM ONTHUMAaJIbHOI'O MEPEKpPBITUS
cHUMKOB He MeHee 70% mno mnpopoiabHOoMy U 60% 1O NONEpEYHOMY HAIpPABICHUSM, 4YTO
o0ecreynBajo MaKCUMaJlbHOE KaueCTBO PEKOHCTPYKIMHU MecTHOCTH. [lepBoHaudasibHblE JaHHbIE
BKJIIOUAJIM B ce0sl nuaapHble (ailibl, coAepkKalliue NPOCTPAaHCTBEHHbIE KOOPJAMHATHI, [1apaMeTphbl
Ja3€pHOr0 CKAaHUPOBAHMS M JaHHbIE MHEPLHUAIBLHONW HaBUralMM, a Takke (POTOCHUMKH B opmare
JPG c BbICOKMM pa3pelnieHreM, ojaydyeHHble BCTpoeHHoU kamepoit BITJIA, npennazHaueHHbIE 1S
cozanust oprodoromnaHoB U 3D-moneneit mectHoctu. Beero Obiio BbimonHeHO 781 CHUMOK €
BBICOTHI 152 M, ¢ pa3zpemennem 4,33 cM/IUKCeb, 0XBAaTHIBAIOLIHIA TUTOMAAb 1,39 kM2

2) O6paboTka n300pakeHUH B CHEIMAIM3UPOBAHHOM IporpaMMHOM obecrieueHun Agisoft
Metashape Professional u DJI Terra

ITocne 3arpy3ku mcxoansix mganHbeix B I10 DJI Terra m Agisoft Metashape Professional
YCTQHOBJICHBI ONTHUMAJIbHBIE TapaMeTpbl O0O0paOOTKH, YTO MO3BOJMIIO CO3AATh IUIOTHOE OOJaKO
Touek, nmoctpouth L IMM wu crenepupoBats [IMP, uckimrounB BpeMeHHBbIE OOBEKTHI, Takue, Kak
3laHUsl U PaCTUTEIBHOCTh. /[ MOBBIMIEHUS TOYHOCTU TE€ONPHBS3KH HCIOJIb30Bajach 0azoBas
craniuss GNSS D-RTK-2, obGecneunBaromast aud@epeHnnanbHy0 KOPPEeKIHI0 KOOpJIMHAT B
pexume peanbHOro BpeMeHu. llporiecc BwipaBHMBaHUST 781 KaMmepsl OBLT  BBITIOJHEH C
ucrnons3oBanueM cucrteMbsl koopauHat WGS 84 (EPSG:4326), npu stom cpemusisi ommbka pe-
npoekiuu coctaBmwia 0,157981 mukcens. CpenHuii pazMep CBS3YIOIMIMX TOYEK cocTaBwi 2,63
nuKcess npu obieit ommbke pe-npoexuuu 0,518 mukcens.

JononuurenbHble napamerpsl 00padotku B [1O DJI Terra Bxitouanu ucnonszoBanue LiDAR-
cuctembl DJI Zenmuse L1 ¢ yacroToit ckanupoBanus 720 kI’ u mynbcoBoit yactoroit 240 kI'u. s
IIEpPBOTrO JIpOHA BbICOTa mosiera cocraBuina 35,03 M, a nus Broporo - 56,67 M. CpenHsast CKOpOCTb
moysera cocraBisiia 5,57 M/c u 5,63 M/c cooTBercTBEHHO. IlimoTHOCTL 00MaKa TO4deK Oblia
ycraHoBieHa Ha ypoBHe 100% c a¢d¢dextuBHBIM quana3oHoM paccrostHui oT 3 1o 300 m. Ilocne
ONTHMHU3AIMY TOYHOCTU O0JIaKa TOUYeK ¢ Kiaccu(uKkanyved HazeMHOM Touku U reHepanuein [IMP ¢
pasmepom nukcens 0,05 m nanHble OblTH 9KcriopTHpoBanbl B hopmaTtax PNTS, LAS u GeoTIFF.

3) Knaccudukanust u punmbTparius mory4eHHBIX JaHHBIX IS BBIJEICHUS peibeda u 00beKTOB
MECTHOCTHU

[Tocne ¢opmupoBanus TIOTHOrO oOJaka ToYeK, BKIouaromero 294851528 Touek,
BBIMOJIHSATIACh WX KiIaccupukanusg W (UIbTpalus, HarpaBlieHHbIE Ha BbIIEIEHUE penbeda u
00BEKTOB MECTHOCTU. B xo/1e 00pabOTKM MCKIIOYAIUCh BPEMEHHBbIE U UCKYCCTBEHHBIE OOBEKTHI,
TakHe, KaK 3/1aHusl, TPAHCIIOPTHBIE CPENICTBA U PACTUTEIBHOCTD, & TAKXKE BBINOIHSIIOCH pPa3/IeJICHUE
TOYEK Ha KJACChl, BKJIOYas 3E€MHYI0 IIOBEPXHOCTh, PACTHUTENIbHBIM IOKPOB M HWHKEHEpPHBIE
coopykeHus. @uiabTparys penbeda MpoBOAMUIACH C MCIIOIB30BAaHUEM arpecCUBHON (uiabTparmu
KapT TIyOMHBI, YTO IO3BOJMJIO YCTPaHUTh IIYMbl U apredakTbl. MakcuMaabHOE MOTpediieHne
naMsTH IpU TOCTPOeHUH obiaka Touek coctaBuio 12,02 I'b.

4) Iloctpoenne opToPOTOIIaHOB U IUPPOBBIX MOJIeNel penbeda U MECTHOCTH

[Toctpoenne MUGPPOBBIX MOJENEH BBIMOJHIOCH MO3TANHO, HauWHas ¢ co3manus [IMM c
paspenieHueM 8,65 cM/TIUKCENb U TNIOTHOCTHIO 134 Touek/m?. Janee Ha 3Tane BTOPUYHOM 00paObOTKH
dbopmupoBanack [IMP nytem ynaneHusi 00bEKTOB, HE OTHOCSIIUXCS K penbedy, TAKUX, KaK JICPEBbS
U CTPOEHHUsS. 3aKIIOYUTENIBHBIM JTAllOM SIBJISAJIOCH CO3JaHHE OPTO(OTOIUIAHA C TMPUBSA3KOH K
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koopauHatHo cucreMe WGS 84 (EPSG:4326), dYro mo3BOJSIIO HCIIONB30BaTh €ro B
reonH()OPMAIMOHHBIX CHUCTEMAX JUIS JabHelero ananusa. OprodoTorian OblI CO3/IaH B PeKUME
CMEIIMBaHus «Mo3anukay. toroeie Mojaenu coxpansuiuch B popmare GeoTIFF.

TIO Agisoft Metashape

Professional
Buipasunsanne
CHUMKOB
TIpecenexuyma: Tpecenexupa no npuessKe:
Tounocrs: Beicokas
Bxnoucna Hcxogumie sHaueHna

ocrpocsue naoTHOTO
ofimaka Togex
l
| I |
5 Hcxoanute ganmie: Duaprpanns kapr
Kauccrso: Beicoxoe
Kapra ray6unst raybuns: Arpeccuan
I I Hocrp TIMM
DuErpanns ofraka l
Meroj primrpanun: G
ArpeccHBHEIH "
[CXOAHBIH
YoancHuc mymos Uc i l
Wnrep » Axenopr IMM (.tiff)
Pasgenciue 0dbekToB || Koneommii demnn
110 BRICOTE ’
Hckawuenue | | Kuaccndurauns 1 -
BuIGopos 06maKa Touex % 1 2 Mocrpoere
Oprodoronan
Mocrpocnuc LIMP Pesxcim cMemmpans
| |
| | |
Hcxopnuii Hurepnonsuns Knace rouex Tosepxnocts
[ I | I
+
Axcnopr LIMP (.tiff) Hpoeruns
Axenopr Oproporonian
(tiff jpg .pog)

Pucynoxk 2. biok-cxema npouecca o6padotku nanubix ¢ BITJIA B ITO Agisoft Metashape

3. Pe3yabTarsl

B pesynprate BbIMOaHEHHBIX paboT Ha Tepputopun BKO cozmaner [IMP, IIMM,
opTtodoTomiansl U 3D-Moaen TaBUHOCOOPOB, YTO MO3BOJIMIIO TOYHO OINPENEIUTh MPUOPUTETHBIE
YY4acTKM JUIsl pa3MEUIeHHs] MOHUTOPUHIOBBIX CHCTEM JIABUHHOM ONAcHOCTH, THPOBECTH
reoMopQOMETpUUYEeCKU aHaAJIM3 CKIOHOB M BBIABUTh Yy4YacTKH, HauOosiee TOJBEpKEHHBIE
JTABUHOOOPa30BaHUIO.

Jns neranpHOro monydeHus: uHpopmanuu o pensede mectHocth BKO Bmepsbie Obutn
ucrionb3oBanbl BITJIA m 00paboTka MaHHBIX, TMOJYYCHHBIX 3TUM METOJOM JIHCTAHIITMOHHOTO
30HAMPOBAHMUS, YTO TO3BOJWJIO IIOJYYUTh BBICOKOAETAJIbHBIE JAHHBIE C CAHTUMETPOBOM
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TOPU30HTAJILHONW TOYHOCTBIO. B KayecTBe mpumepa B cTaTbe€ HCIOJIB30BAaH YYaCTOK MECTHOCTH
TaubiaTel (PucyHok 3).

BocrotHo-KasaxeTaHeks

YCNOBHAIE OEOIHAYEHHA

Pucynok 3. O630pHas kapra BKO, ¢ ykazanuem yuactka TaubIHTBI

Ha pucynke 4 (a) mokazana [IMP na mpumepe ywyactka TaubIHTBI, I71€ OTOOPaXXEH TOIBKO
penbed MECTHOCTH, a Ha pucyHke 4 (0) mokazaHa [IMM Toii ke TeppUTOPUH, HO YK€ C y4ETOM
JIEpPEBbEB, HAXOIALINXCS HA ITON TEPPUTOPUH.

T —— . L1OPORaR MOMeNl MECTHOCTH YHACTKa TailbiHT I

Rerenaa
Unposan Mogens Penuedba (m)

@ ©)

Pucynok 4. [IMP (a) u [IIMM (6) yuactka TaubIHTHI 110 pe3ynbTataM 00padboTku gaHHbX ¢ BIUJIA
Ha pucynke 5 oroOpaxxeH opTodoToriaH MECTHOCTH ydacTka TaubIHTBI, Ha KOTOPOM

MpeJICTaBJICHA 3eMHAasl MTOBEPXHOCTh U OOBEKTHI HA HEW C TOYHON MPUBSI3KON K 3aJaHHON cHCTEeMe
KOOPJIMHAT.
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Pucynok 5. OprodoTtoruian yuactka TaubIHTHI 110 pe3yibTataM o0paboTku gaHHbIX ¢ BITJIA

83G0E BIENE 23°TIE

HazemHble naHHble B pa3HbIX TOPHBIX pailoHaX IOKAa3bIBalOT, YTO Yallleé BCErO JIABHUHBI
o0pa3yroTcst Ha ckJloHax KpyTusHod or 30° mo 40° rpamycoB. OgHAKO W3BECTHBI CIIydad CXOja
CHEXKHBIX JIJABHH KaK C MEHBIIMMM, TaK U ¢ OOJIBIIMMU YIJaMU HaKJIOHA. B CBSA3M ¢ 3TUM HEKOTOpbIE
UCCIIEIOBATENU Mpe/Ularald CHU3UTh KPUTHYECKYI0 KpYTHU3HY CKJIOHA 10 15°-17° rpamgycoB unu
BOBCE OTKAa3aTbCsl OT MapameTpa “KpUTHUYECKas KpyTU3HA™ JIAaBUHOOINACHOIO CKJIOHA (AKKYpaToB U
ap., 1967). Tak, Hanpumep, U3MEpPEHUs KPYTU3HBI CKIIOHOB B MECTax OTpbIBa JiaBuH B Mine Anatay
MoKa3aJiy, 4TO Yallle BCEro JIABUHbI (HOPMUPYIOTCS Ha CKIIOHAX KpyTu3Hoi 30-35°, a MUHUMalIbHON
KpYTHU3HOM, JOCTATOYHOM AJIs CXOJa JIaBuH, siBisieTcs ykioH 25° (OKnanos, 2021).

B nienom, npoaHanu3upoBaB JUTEpaTypHble HCTOYHUKH, B JaHHOW pabOTe BBIAETIECHBI YYaCTKU
CKJIOHOB C YKJIOHaMU OT 25° o 50° kak HauOoJiee moABEPKeHHbIE 00Pa30BAHUIO JTaBHH.

ITocne moctpoenuss LIMP, IIMM wu optodoromnana Obul MpoBeAeH MOpP(HOMETPUUYECKHI
aHaJIN3 JJaBUHOONACHBIX TEPPUTOPUHN M COCTABIIEHA KapTa YKJIOHOB MecTHOCTH (PucyHok 6) yyactka
TaubIHTHI ¢ Tpajanuei B 25°, rie A1 HarsAHOCTU BBIIETEHBI BCETo 3 Ipajallud U 0TOOpaKeHbI B
TpEX IIBETOBBIX FAaMMax: 1) KeJIThIM LIBETOM MTOKA3aHbI YYaCTKH C YKIOHOM J10 25°, T/ie HaMMEHBIINE
ycIoBHsI 00pa30BaHUs JIABUH M3-32 MAJIbIX YKJIOHOB; 2) KpPacHbIM LIBETOM IOKa3aHbl yYacTKH C
YKJIOHOM 25°-50° - MakcUMallbHbIE YCIOBHS JJ11 00pa30BaHUsl JIaBHH; 3) roJyObIM IIBETOM ITOKa3aHbI
YUYaCTKH € YKJIIOHOM Oojiee 50°, riie n3-3a KpyThIX YKJIOHOB HEBO3MOKHO HAKOIIJIEHHE MOIIIHBIX CIIOEB
CHera M OTCYTCTBYIOT KpynHble aBuHbl. Ha pucyHke 6 KpacHbI IBET COOTBETCTBYET
JIABMHOOTIACHBIM CKJIOHAM Y4YacTKa MECTHOCTU. Mcmoib30BaB pe3yibTaThl OOpabOTKM JaHHBIX
BITJTA, MOXXHO HarJsIHO BBIAEIUTH CKJIOHBI, HanOoJiee TOJIBEpKEHHBIE OOpa30BaHUIO JIABHH,
paccuMTaTh IUIOIIAAM M O0BbEM IpPEBEHTUBHBIX paboT mpencraButesssiMm MUYC M MecTHBIM
MCIIOJIHUTEJIbHBIM OpraHaMm.
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PucyHnok 6. KapTbl yKIIOHOB MECTHOCTH C rpafaiueii uepes 25° Ha npuMmepe ydacTka TaubIHThI
B Ttabmuue 1 mpuBeneH pacyeT MmomaAed ¢ y4eToM Tpajallid YKJIOHOB, 3TO HArJsIHO
MTOKAa3bIBAET, YTO Ha JIIOOYI0 TEPPUTOPHUIO MOXHO CIENaTh pacyéT IJIOLAAEH MO pe3ysbTaTaM

CbCMKH.

Tab6amnune 1. Pacuet momazei no ykjionam ¢ rpajanuei kaxisle 25°

Ne Yki0HBI pesbeda, rpaxychl Iaomanb, KB.KM

1 0-25 0,77083

2 26-50 0,58734

3 91 -75 0,03183
Hroro 1,39

[Ipn BbIMONHEHHMH pPabOT Takke ObUIM co3naHbl 3D-monenu (mUpoBbIE JBOWHUKH)
JTaBUHOCOOPOB (pUCyHOK 7) o naHHbIM LIMP.

Jst cozmanust 3D-moneneit 1aBUHOCOOPOB B HCCIEAOBAHUU MPUMEHSIIUCH MPOTPaMMHOE
obecnieuenue Surfer Bepcuu 22 ot Golden Software u ArcGIS Pro ot ESRI, npencrasnstomme co6oit
CTICIMATM3UPOBAHHBIC HHCTPYMEHTHI JUTSI Pa3paOb0TKH KOHTYPHBIX U TPEXMEPHBIX KapT Pa3IUIHBIX
penbedHbIX TMoBepxHOcTe. CoznaHue HHU(POBBIX JBOWHUKOB MECTHOCTH MO3BOJSET JETATbHO
BOCIIPOM3BOIMTH PeabHbIC JTaHAMAPTH ¥ TPOBOIUTH MMPOCTPAHCTBEHHBIN aHAIIN3, B TOM YHCIIE IS
3agad YC npu BIABICHUU JJABUHOONACHBIX TEPPUTOPHIA.

brok-cxema pabodero mpomecca o6padotku nanubix B ArcGIS Pro coctout mu3 ocHOBHBIX 4
sTamnoB: co3ganue padoueit obmactu (Create Workspace), Hactpoiika 6moka (Block Adjustment),
reHepanus npoaykToB (Generate Products) u monmydeHne KOHEYHBIX PE3YJIHTATOB.
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Pucynoxk 7. Ilpumep 3D-monenu yuactka Taubiatel B [TO ArcGIS Pro

Takum o00pa3om, UCHONIB3YS W aHAIM3UPYS JI€TAIbHBIE W BBICOKOTOYHBIC JaHHbBIE
aucTaHuoHHOTOo 30HAMpoBanHus ¢ BITJIA, nonyuensr [IMP, IIMM, optodoToriansl u 3D-monenn
naBuHoonacHeIX Tepputopuii BKO, xoTOpble MOXHO COBMELIATh C HMMEIOIIMMUCS BEKTOPHBIMHU
CJIOSIMU MICCIICTYEMOU TEPPUTOPHUU JIJIsi OBICTPOTO PEarupOBAHMSI U MIPHHSITUS PEIICHUS CITy>KOaMHu
MUC PK u MecTHBIX UCMONHUTENbHBIX opraHoB (Ha kaptax MUC PK B uBeroBoii raMmme OyayT
pa3JesieHbl YYaCTKU CKJIOHOB FOp HA I[BETA: KEJITHIA I[BET ¢ HANMECHBIIUMH YCIOBUSIMH 00pa30BaHMS
JIaBUH; KPAacHBIN LIBET C MaKCUMAJIbHBIMU YCIOBHUSMH JUIsl 0Opa3oBaHUs JIaBUH; TOJIyOOW IBET C
OTCYTCTBHEM KPYITHBIX JIaBUH), TaKXXE CBOECBPEMEHHOI'O OIIOBEUICHHS HACEICHHs 00JacTH 00
HMMEIOIIMXCA YIPO3ax U NPOBEICHUS IPEBEHTUBHBIX MEPOIIPUSITHUM.

4. O6cyxnenue

VYuuTbiBass COBPEMEHHOE pPAa3BUTHUE TEXHOJOTMH JAMCTAaHIMOHHOIO 30HJAUPOBAaHUS U
Bo3pactatomieit poiau BITJIA npu naBUHHBIX MCCIeIOBaHUAX, HEOOXOIUMO Ui pemieHus 3agad YC
UCIIOJIb30BaTh pe3yJbTaThl O0paOOTKH MJAHHBIX C ILEJIbI0 TMOJIY4YEHHs JETalbHOro penbeda B
TPYAHOAOCTYIHBIX MecTax (Harmpumep, B ropHoit MectHocTH BKO).

CnyrauxoBble 1anHble U BITJIA ucnonp3yroTcst B TpyIHOAOCTYITHBIX TEPPUTOPUSIX, U Pa3HUILIA
3aKJII0YAeTcsl B JETAIBHOCTU U3ydeHHs (popM penbeda, KOTOpble, B UTOTE, BIUSIIOT HA MPOTrHO3
naBuHoonacHoctu BKO. B nenom ans monutopunra Bceit BKO mnpuemiieMo ucnonb3oBaHue
CITYTHMKOBBIX JIaHHBIX, a JJIs IOBBILIEHUS I€TAIbHOCTH JJABUHHOOIIACHBIX TEPPUTOPHH AP PEKTUBHO
HCII0JIb30Banue gaHHbix BITJIIA

B Kazaxcrane c¢ 2014 roma BBeAeHBI B OKCIUIyaTallMI0 OTEYECTBEHHbBIE CITyTHUKHU
JUCTAHIIMOHHOTO 30HAMPOBAaHMS 3€MJIM, C MPOCTPAHCTBEHHBIM pa3pelleHueM CO CITyTHUKa
«KazEOSat-1» cocrasnser 1 M, a npoctpancTBeHHOe paspemieHue ¢ BIIJIA cocrasnser 5 cm, T.e.
JETalbHOCTh M TOYHOCTh H3YY€HHs penbeda TMOoBbIMIAETCS B JAecaTku pa3. [lostomy s
3G GEKTUBHOCTH TPOBENEHUS MPEBEHTHUBHBIX Mep W JanbHeimero MoHutopuHra UYC BaxHO
MCIOJIb30BaTh JIMCTAaHIIMOHHBIE METOJbl 30HAUPOBAHUS, B TOM YHCII€ U JAHHBIE, MOJyYE€HHBIE CO
CIyTHUKOB Pa3HOr0 IMPOCTPAHCTBEHHOro pazpemieHus, a takxke u ¢ BIIJIA, koTopble Mmo3BossT
MOBBICUTH TOYHOCTh MTApaMETPOB MeNKUX (opM penbeda. B To jxe Bpemst HEOOX0AUMO YUUTHIBATH,
yto BIIJIA mMMerT orpaHMYe€HHUs B WCIOJIb30BAHWM: MOTOJHBIC YCIOBHUS, JJIMUTEIBHOCTh IMOJETA,
3aTpatrhl HAa 00CTYXUBaHUE TEXHUKHU, TPAHCIOPTUPOBKA U T.[I.

Opnaxko ucnonbszoBanue BIIJIA mo3BosisieT cCOKpaTHTh BpeMsi M CpelCTBa Ha IMPOBEICHUE
MOJIEBBIX paboT B TpyaHOAOCTYNHBIX MecTax BKO, MOBBICHTH ONEpaTUBHOCTH U JOCTOBEPHOCTH
nH(pOpMalIUU 33 CUET CAHTUMETPOBOM TOPU3OHTAIILHON TOYHOCTH, MO3BOJIAIONIEH BBISBIATH paHEe
HE yYTeHHBIE POPMBI perbeda, KOTOpbIe HEBO3MOXKHO BBISIBUTh HA KOCMUYECKUX CHUMKAX BBICOKOTO
MpocTpaHcTBeHHOTO paszpemieHus (1 m) u, Tem 6omee, Ha SRTM ( 30 m).
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Pa3pa60TaHHBIe B pa60Te KapTbl U MOJCIMW BAXXHO HMCIIOJIB30BaTh IS CHUCTEM PAHHETO
OINOBCHICHUSA WX IIPOTHO3UPOBAHUS JIABUH.

5. 3akiar04eHue

B pesynbpTaTe BBINOJHEHHBIX paboOT ajs yyacTkoB Tepputopuu BKO BmepBbie Mo JaHHBIM
BIUJIA cozpansl BeicokoTounble LIMP, IIMM u oprodoToriansl, mpoBeaeH MOPPOMETPpUIECKUN
aHanu3 penbeda; co3aanbl 3D-monenu (nudpoBbie TBOMHUKHN) JIABUHOCOOPOB, HcIonb30Banbl [ C-
TEXHOJIOTUH ISl pacyeTa JJaBUHOOIACHBIX YUYaCTKOB (pacdyeT yKIOHOB MECTHOCTH).

Ha kapre ykJIOHOB MECTHOCTM ydyacTka TauWbIHTBI BBIJEICHBI 3 OCHOBHBIE TIpajallid M
0TOOpa)KEHBI B TPEX I[BETOBBIX raMMax:

1) KenThIM LIBETOM IOKa3aHbl YYAaCTKH C YKJIOHOM 10 25°, TJe HauMeHbIIHE YCIOBUS
00pa3oBaHMs JaBHH W3-32 MaJIbIX YKJIOHOB;

2) KpacHBIM IIBETOM IIOKa3aHbl YYaCTKU C YKJIOHOM 25°-50° — MakcHUMallbHbIE YCIOBUS IS
o0Opa3oBaHMsI JIABUH;

3) romyObIM IIBETOM MOKa3aHbl yYacTKU ¢ YKIOHOM Ooisiee 50°, rie u3-3a KPYTHIX YKIOHOB
HEBO3MO>KHO HaKOIJIEHUE MOUIHBIX CJIOEB CHEra U OTCYTCTBYIOT KPYIIHBIE JIaBUHBI.

KpacHblii 1BET COOTBETCTBYET JABUHOONACHBIM CKJIOHAM Y4acTKa MECTHOCTH.

B pab6ore mo BKO mnpumeHeHbl COBpEeMEHHBIE METOAbl JAUCTAHIIMOHHOTO 30HAMPOBAHUS C
BIUIA, ¢ 06paboTkoii OONbIIMX JAaHHBIX, YTO MO3BOJIUJIO PAH)XUPOBATh CKIOHBI MO KPYTHU3HE H
BBISIBUTH HauOOJee JIAaBUHOOIACHBIE YYaCTKM, TEM CaMbIM, MOBBICUTH TOYHOCTb IPOTHO30B
JABUHOOTIACHBIX TEPPUTOPUIA 332 CUYET MPOCTPAHCTBEHHOIO pa3pelieHus], Oiaronapsi IeTalbHOCTH
CO3/IaHHBIX MPOAYKTOB o00paboTkn mauHbIX (LIMP, IIMM, oprodoromians, 3D-monenu
MECTHOCTH).

J11g noBBILIEHUS! O€30M1aCHOCTH HACEJIEHUSI U COXPAHHOCTU MHPPACTPYKTYPHI UCIIOJIb30BAHNE
BITJIA no3BoJsieT COKpaTUTh BpeMsl Ha M0JIEBbIe Ha3eMHbIe 00CIIEIOBAaHUS U YCTAHOBUTH IPUOPUTET
30H /7151 NPOQMIAKTUYECKUX CITYCKOB JIABUH, ONTUMHU3UPOBATH TPYAOBbIE U TPAHCIIOPTHBIE PECYPCHI
IIpY TPOBEIACHUM TNpPeBeHTUBHbIX Mep UYC u yinydlmieHus IUIaHUPOBAHME MEPONPUATHN I10
MIPeIOTBPALIEHHIO JIJABUHHBIX ¢Xx0/10B B BKO.

B kadecTBe MpPaKTHYECKUX PEKOMEHJALUN OTMETHUM, YTO IOJYYEHHBIE PE3YJIbTaThl MOTYT
WCIIONB30BaThCs MoABeAOMCTBEHHbIMU opranuzauusmu MUYC PK, PI'TI “Kasruppomer” win
JOPYTUMH CITYK0aMu U1 IIJIaHUPOBAHUS NPOPUIAKTHUECKUX MEPOIPUATHUH.

B naneheiimeit nepcnextuse ucnoibszoBanue BITJIA nist uzyuenus penbeda g1aBUHOONACHBIX
30H MOXXHO NMPUMEHHUTh M B JIpyruxX pervoHax KaszaxcraHa, MHTErpUpys C CHUCTEMaM{ pPaHHETo
OTOBEIIEHHs JUII MOHUTOPHMHIA TOPHBIX TEPPUTOPHHM Ha peryaspHOl OCHOBe, oOecrmeunBas
0€30MMacHOCTh HacelIeHUsl Oaroiapsi CHUKEHUIO PUCKOB B JJaBUHOONAcHbIX parionax BKO.

6. BcmoMorarebHbBII MaTepHaJI: HET BCIOMOTaTEIbHOIO MaTeEpHAaIa.
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P.K.; amunanus - 1.Y., O.I1. u I'.K.; dopmansnsiii ananus - J[.U.; uccnenosanue - H.JI. u P.OK;
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HIsirpic KazakceTaH 00/1bICBIHAAFBI KAP KOLMIKIHI KayIi 0ap ailMaKTapabl 3epTTey
ke3inge YYA Koagany

Haranba /lenncoBa, Ouabra IlerpoBa, I'yabxkan JlaymoBa, [danuxep Yenmames, Pyciaan
Kunkubaes, I'yibxusan Kadaynosa

Anparna. lsireic Kazakcran o6asiceiabiH (LLIKO) Taysibl ayqanapbHIarbl KOIIKIH KayIIiH 3€pTTey
Ke3iHJIe Ka3ipri 3aMaHFbl KAIBIKTHIKTaH 30HTAY TEXHOJIOTUSIIAPHI — YIIKBIIICHI3 YTy alapaTTapbl
(¥¥A) KonaaHbUIIbL

Kemkinaepaiy maiiga 0oiyblHa BIKIAA €TETIH HEri3ri ¢axTopiapra reomopdosorusuisik (Oemep,
OeTKelIepaiH SKCIIO3UIMACH )KoHe OacKa mapaMeTpiep), reoboTaHuKanbIK (JaHamadT Typi) KoHe
METEOPOJIOTHSUIBIK (KaybIH-IIANIBIHHBIH TYPi, MOJIIEPI MEH KapKbIHIBLIBIFbI, e JKbUIIAMIIBIFbI,
KBUIBIMBIK) (hakTOpiapbl >karaabl. byn Makamana 3eprreyiep HeriziHeH IeoMop(hOIOTUsIIBIK
(dakTopra OarpITTAIFaH.

Y YA Oenepai erkei-Terkeii 3epTTey MakcaTblHa KOJIIaHbLUIIbI, OWTKEH1 Oe/iep KOIKIHHIH naiaa
OoxyblHA TiKeNel ocep eTeTiH Herisri ¢akropnapasiH Oipi Oosbin canamansl. JKep OenepiniH
reoMop(OIOTUsIIBIK EpeKIIeNIKTepl Kap KAMbUIFBICBIHBIH TYPAKThUIbIFbIHA KOHE KOLIKIHICPAIH
naiina OonyblHAa aWTapibIKTaii ocep ereni. benmepaiH MophOMETpHSIIBIK cUMarTamaiapbl —
OeTkeinepaiH eHicl, OMIKTIT )KoHE SKCIO3ULUACH — KOIIKIH TY31Ty JKaFIaiaapblH aHbIKTANIbI.
INKO-narsl  Kap KOLIKIHJAEpl — JKEePruUllKTI XallbIKKa Kayll TeHIIPETIH KoHe alMak
MHOPAKYpbUIBIMBIHA 3MSH KENTIPETIH KeH TapaifaH TaOuru KyOwuislc. Kemkinaepai 3eprrey
JKYMBICTaphl YIIiH 3€pPTTENETIH ayMaKThlH erKei-Terkein mudpiubik 6enep mozaenbaepi (IIBM)
Oomysl MaHbI3IBl. MyHnait Mozenbaepai ¥YY¥YA KeMeriMeH ajblHFaH KalbIKTBIKTaH 30HJTay
JIEPEKTEPIH OHJIEY apKbUIbI JKacayFa 0osiazibl, Oy €3 Ke3eriHe xep OelepiHiH OUIKTITI, €HiCl MEH
HKCHO3MLMUACH CUSKTBI CHITaTTaMaIapbl 1971 aHbIKTayFa MYMKIHJIK Oepeti.

KemkinaepaeH KopraHyAblH KeH TaparaH 9JICTEpiHIH Oipl — KOIKiH KaymiH 0omkay. XKep Oenepi
TypaJibl aKnapaT HeFypJIbIM TOJIBIK 9pi 1o 6osica, 6oikaM Ja COFYPIIbIM CeHIM/1 00a bl

3epTTey HOTHIKECIH/IE )KOFaphl TAIIIKTI I pIbik Oeaep moaebaepi (LIBM), tudpibik xep OeTiHiH
mozenbaepi (LIXKM), oprodoToxocnapiap MeH KOIIKiH )KUHATAThIH yuackenepain 3D-monenbaepi
KYpbULIbI. AJIBIHFaH HOTHIKEJEp KOIIKIH KayliH MOHUTOPHUHTLIEY JKyHelepiH opHaTyFa 0achIM/IbIK
OepiyieTiH yuyackenep/li aHbIKTay/AbIH JQJAINIH apTThpyFa MYMKIHAIK Oepai. 3epTTey HOTHXesepi
MOHHUTOPHHT >KYHeJepiH OpHaJacThIpyIbl OHTAMIAHABIPYFa XOHE KOIIKIH KaymiH OoyrKayJbIH
TOIAITIH apTTHIPYFa BIKIAT €Te/Il.

Tyiiin ce31ep: KAIBIKTHIKTaH 30HJITAY; VIIKBIIICHI3 VITy amnmapaTTapbl; *KepJiH CaHIbIK MO,

penbedTiH caHaeIK Moxeni; 3D momenbiey; Jkep Oenepi; Kap KeIIKiHI; Kap KOIIKiHI Kayiri;
nepexrepai enzaey; I'AXK; Leirpic KazakcTan 0OIBICHL.

The use of unmanned aerial vehicles (UAVS) in the study of avalanche areas
within the East Kazakhstan region

Natalya Denisova, Olga Petrova, Gulzhan Daumova, Daniker Chepashev, Ruslan Zhilkibayev,
Gulzhiyan Kabdulova
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Abstract: When studying avalanche hazards in the mountainous regions of the East Kazakhstan
Region (EKR), modern remote sensing technologies — unmanned aerial vehicles (UAVS) — were
employed.

The most common factors influencing avalanche formation include geomorphological (relief, slope
aspect, and other parameters), geobotanical (landscape type), and meteorological factors (type,
amount, and intensity of precipitation, wind speed, thaw conditions). This article primarily focuses
on the geomorphological factor.

UAVs were utilized for detailed terrain studies, recognizing relief as one of the critical factors in
avalanche formation. Landscape geomorphology significantly affects snowpack stability and the
occurrence of avalanches. Morphometric terrain characteristics, such as slope angle, elevation, and
slope aspect, largely determine avalanche formation conditions.

Snow avalanches in EKR represent a common natural phenomenon, posing risks to the local
population and causing infrastructure damage in the region. Detailed digital elevation models (DEMs)
of the study area are crucial for avalanche research. These DEMs can be derived from UAV -based
remote sensing data, enabling accurate assessments of relief characteristics, including elevation,
slopes, and slope aspects.

One of the most widely used avalanche protection methods is forecasting avalanche hazards. The
more detailed and precise terrain information is available, the more accurate such forecasts can be.
The study resulted in the creation of high-precision DEMSs, digital terrain models (DTMs),
orthophotoplans, and 3D avalanche accumulation zone models. These outputs significantly improved
the reliability of identifying priority sites for installing avalanche monitoring systems. Consequently,
the results contribute to optimizing the placement of monitoring systems and enhancing the accuracy
of avalanche hazard forecasts.

Keywords: remote sensing; UAV; DEM; DTM; 3D modeling; terrain; snow avalanches; avalanche
hazard; data processing; GIS; East Kazakhstan region.
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Abstract: The assessment of the ecological and recreational potential of
protected natural areas in the Southern Altai is an important area of
ecological research. This article investigates the ecological condition and
recreational opportunities of protected natural areas in the Southern Altai
region. Using GIS technology, an electronic map of natural, historical,
and cultural monuments in the area was created, and the ecological
condition of protected areas and the preservation of their natural
resources were evaluated. The relevance of evaluating the ecological and
recreational potential of the Southern Altai's specially protected natural
areas is explained by the need to preserve unique ecosystems alongside
the development of tourism. The study used cartographic materials at a
scale of 1:100,000, remote sensing data, and field route results (2015-
2024). Firstly, the boundaries of strictly protected areas and point objects
(geological, hydrological, botanical monuments) were digitized in the
ArcGIS software suite, after which the entire area was divided into 80
hexagonal cells, each with a size of 5x5 km. For each cell, attribute data
was collected: the number and type of monuments, the accessibility of
infrastructure, and the degree of anthropogenic impact. The important
results of this study include the identification of natural monuments and
the areas of particular importance for their protection. The Katon-
Karagay National Nature Park, the Markakol Reserve, and the
geological monuments in the Kurshim district, specifically the Kiyn-
Kerish and Kyzyl-Kerish stones, are considered as sites requiring
ecological protection. The natural monuments and natural resources in
these areas are of particular significance for ensuring ecological stability
and preserving the recreational potential of the region.

Keywords: specially protected natural areas, GIS, operational territorial
units, state nature reserve, state national nature park, state natural
monument, recreation, tourism.

1. Introduction

The Altai transboundary mountain region is divided into 8
physical-geographical provinces of the Altai-Sayan mountain area: the
Altai and Mongolian Altai physical-geographical regions. The Altai
region includes the following provinces: Charysh-Bashelak, Bukhtyrma-
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Ubi, Markakol, Katyn-Terekty, Chulymshan, and Ukok-Shui; while the Mongolian Altai includes
the Tabyn-Bogda-Ola-Khovda and Achitnurs-Olgii physical-geographical provinces. In this study,
the Markakol region is considered as part of the Southern Altai region. Since 1997, the former
Markakol area has been integrated into the Kurshim district, which is now called the Kurshim
district.

In order to evaluate the territorial-recreational system of Southern Altai, located in the
transboundary area, modern complex assessment methods for the tourist-recreational potential
based on geographical research are becoming increasingly relevant. Among these methods, the
importance of Geographic Information Systems (GIS) is significant. GIS is a comprehensive
information system that ensures the collection, storage, processing, visualization, and dissemination
of geographic data in space (Longley et al., 2021).

The research work utilizes GIS technology to develop innovative methods for creating maps
of the territorial-recreational potential of Southern Altai, aimed at determining the ecological
condition of the area. The term "innovation” was introduced into economic sciences by American
economist and sociologist J. Schumpeter. The innovative method used in this study is based on the
methods proposed by A.M. Berlyant (Berlyant, 1988, 1997; Kraak et al., 2020), V.A. Chervyakov
(Chervyakov, 2005, 1998; Foody et al., 2006; Gartner et al., 2018; Janelle et al., 2003; Simangan et
al., 2023), and further developed by A.N. Dunec (Dunec, 2011; Zoltan et al., 2016), D.A. Dirin,
E.P. Krupochkin (Dirin et al., 2014; Geneletti et al., 2013; Garcia-Hernandez et al., 2017; Nepal et
al., 2002; UNEP-WCMC, 2023; Minghini et al., 2019; Sehra et al., 2017). This work introduces
new approaches to the creation of tourism and recreational specialization sectors and recreational
maps using GIS technology.

Since the Southern Altai is a transboundary region, the research focused on evaluating one of
the factors of the tourist and recreational potential - its unique and attractive locations, or natural
monuments (geological, hydrological, and other landmarks) preserved with their small biological
diversity (such as reserves, etc.).

The assessment of the natural-recreational systems potential in the region was carried out in
several stages by scientists from the Geography Faculty of Altai State University (Barnaul)
(Rotanova et al., 2014).

For this purpose, cartographic and textual materials obtained from published or archival
sources were used. Additionally, in the initial phase of evaluating the tourist and recreational
potential, field research conducted between 2015 and 2024 played a crucial role in data collection
and analysis. The use of monitoring in key areas of the Katon-Karagai, Kurchum, and Markakol
natural-recreational regions in Southern Altai was suggested, and data was collected for each
operational territorial unit. Thus, this information became the basis for GIS cartographic integration.

Operational Territorial Units (OTUs) refer to areas covered with a one-dimensional,
trapezoidal-shaped operational grid, convenient for conducting cartometric work and transferring
the obtained data onto map sheets.

2. Materials and methods

In the Southern Altai transboundary region, the assessment of recreational potential was based
on the map titled "Protected Natural Areas and Objects of the Altai Region”, with a scale of
1:100,000, developed by specialists from the Water and Environmental Issues Institute (Barnaul).
This map was used to evaluate tourism and recreation in the functioning and planned specially
protected natural areas (SPNAs). Later, in ArcGIS software, the map was georeferenced to its
primary geographical coordinates (edited by Rotanova et al., 2002).

In the next stage, an operational grid with parallel trapezoidal cells was overlaid on the
primary map of the Southern Altai region. The operational grids are designed to be convenient for
transferring the collected data onto map sheets.

The size and dimensions of the Operational Territorial Units (OTUs) can vary. Most often, a
rectangular (trapezoidal) operational unit with latitude and longitude coordinates was used. The size
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of the cells was determined based on the research tasks and scale. To optimize regional studies, the
cell size was designed to range from 2x2 km to 10x10 km (Dirin et al., 2014).

To assess the accuracy and reliability of the obtained data on the geometric and topological
characteristics of OTUs, numerous calculations and experiments were conducted. As a result, it was
recommended to use hexagonal operational units with a size of 5 km, as they represent the
accessibility of objects along pedestrian (excursion) routes within an average one-day span. During
the creation of OTUs, the principle of equivalency was applied (explained in geographic terms),
meaning that when determining the properties of a specific object, it was deemed optimal to define
its neighboring space (Krupochkin et al., 2012).

To optimize regional spatial analysis and improve the accuracy of data interpretation, hexago-
nal operational territorial units (HOTUs) with a size of 5x5 km were adopted. This specific resolu-
tion was chosen after comparative tests with other grid sizes (2x2 km, 10x10 km), as recommended
by Dirin et al. (2014). The 5x5 km scale strikes a balance between spatial detail and data managea-
bility, particularly suitable for analyzing landscape-level recreational features while avoiding exces-
sive data fragmentation.

The use of hexagonal cells instead of square or trapezoidal units was based on their mathe-
matical and geographical advantages. Hexagons minimize edge effects, provide uniform adjacency
(each cell has six equal neighbors), and offer a better approximation of natural phenomena, which
tend to be more isotropic in distribution. This makes hexagons particularly effective in regions with
varied topography and fragmented accessibility, such as the Southern Altai, as they better represent
pedestrian and ecological connectivity over the landscape (Birch et al., 2007).

Furthermore, the 5 km size corresponds to the average distance covered by visitors during a
one-day excursion, making it an ecologically and behaviorally relevant unit for recreational plan-
ning. This granularity allows for both local-level interpretation and regional synthesis, ensuring sen-
sitivity to environmental heterogeneity while avoiding overgeneralization.

Afterward, the boundaries of the SPNAs of Southern Altai were identified, digitized, and
point objects (natural, water, geological, botanical, and complex monuments) were placed. Separate
layers were created for all these point objects and boundaries.

Once the digitization process was completed, the number of monuments in each cell was
calculated. In this case, the number of monuments became a specific indicator that described each
cell.

To assess the recreational resources of the Southern Altai region, the obtained data were
converted into a five-point scale based on the formula (1) proposed by V.A. Chervyakov (1998):

g 30 %) 1)

Thus, the Bi index played an important role in the development of various types of
recreation. Therefore, for each selected type of activity, it was necessary to perform a scoring
“measure”. For this purpose, the Bi index was multiplied by a weight coefficient (K). In this case,
the weight coefficient was given a maximum value of 1.0 (representing the presence of various
natural monuments).

In the framework of this evaluation, the Bi index served as a pivotal analytical instrument in
quantifying the territorial differentiation of recreational suitability for distinct types of tourism and
leisure activities. For each delineated recreational typology, a weighted scoring procedure was ap-
plied, wherein the Bi index was multiplied by a corresponding weight coefficient (K), reflecting the
relative significance of contributing landscape features. Notably, a maximum coefficient value of K
= 1.0 was attributed to sites characterized by the presence of unique and diverse natural monuments.

To ensure interpretative clarity and operational applicability, the resultant Bi values were
categorized according to the following gradation of recreational potential:
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e 1.0-1.9 — Very Low Recreational Potential: landscapes exhibiting minimal attractiveness
and limited suitability for tourism development;

e 2.0-2.9 — Low Recreational Potential: areas with constrained opportunities, often requir-
ing significant infrastructural intervention to support recreational use;

o 3.0-3.9 — Moderate Recreational Potential: territories with a balanced combination of
natural and infrastructural features that permit seasonal and moderate-intensity recreational activi-
ties;

o 4.0-4.4 — High Recreational Potential: areas that are inherently suitable for diverse rec-
reational uses, requiring minimal development for tourism facilitation;

e 4.5-5.0 — Very High Recreational Potential: ecologically and aesthetically valuable land-
scapes with exceptional recreational capacity, recommended for strategic planning, conservation
prioritization, and sustainable visitor flow management.

Such a classification not only enhances the transparency of the Bi index interpretation but also
facilitates its integration into applied spatial planning contexts, including the delineation of func-
tional recreational zones, optimization of visitor carrying capacity, and identification of areas neces-
sitating protective measures within the regional ecological framework.

The evaluation indicators were based on the expert evaluation conducted by A.N. Dunec,
D.A. Dirin, and E.P. Krupochkin (Dirin et al., 2014). The expert survey involved independent pro-
fessionals recognized for their expertise in the field of recreation and tourism. Following extensive
discussions, a list of 30 indicators was compiled to evaluate the region’s recreational potential.
These indicators were grouped into three main categories:

1. Natural factors — 19 indicators reflecting climate, geomorphology, hydrology, biodiversi-
ty, and landscape aesthetics;

2. Cultural and natural factors — 3 indicators related to the availability and accessibility of
cultural heritage sites integrated into natural settings;

3. Socio-economic factors — 8 indicators reflecting tourism infrastructure, transport accessi-
bility, population dynamics, and employment in the tourism sector.

Criteria for inclusion were based on relevance to recreational attractiveness, availability of
consistent data across regions, measurability, and potential impact on tourist experience. Indicators
that lacked data consistency, or whose impact on recreational value was negligible, were excluded
after expert discussion.

The data sources include national and regional statistical services, open geospatial datasets
(topography, land use, climate), field observations, and thematic maps. To ensure data quality, only
official or peer-reviewed sources were used, and the information was cross-validated by independ-
ent experts.

To assess the relative importance and interaction of indicators, we applied the Hierarchical
Analysis Method (HAM), which uses pairwise comparisons to derive weights based on expert
judgment. Each indicator was rated on a standardized scale from 1 to 9, enabling the transformation
of qualitative assessments into quantitative scores. The derived weights reflect both the direct and
indirect contribution of each factor to the overall recreational potential.

Expert evaluations were processed using the Expert Choice software, which supports con-
sistency checking and automated ranking. This process ensured the scientific reliability and repro-
ducibility of the assessment results (Dunec, 2009).

The result of applying such a method is the analysis of many discussions and the
identification of optimal methods. The hierarchical analysis method ensures precise and accurate
determination of indicator calculations. Thanks to specially prepared questionnaires, experts
identified all important indicators. The data from the questionnaire were entered into the Expert
Choice program in automatic mode.

Each indicator, measured with a score (Bi), was determined using the following formula (2):

Bil=Bi x k 2)
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In this case, k is the coefficient of measurement obtained from the results of the expert
questionnaire.

A final score was given for each cell based on the calculations performed.

The creation of the synthetic map of the region's tourist and recreational potential is based on
the methodology proposed by B.C. Tikunov (1997) (Tikunov, 1997). According to B.C. Tikunov
(1997), a synthetic map is the result of the combination of several indicators, which collectively
represent natural objects on the map. In this study, the term “several indicators” refers to the
natural-recreational potential, including natural monuments such as geological, hydrological,
archaeological, and other types of landmarks.

To synthesize various indicators, integral characteristics were calculated, meaning the
evaluation of the future of the studied region and key areas for tourism development, based on the
indicators assessed. The evaluation models for creating synthetic maps should be organized in a
hierarchical order, ensuring the territorial integrity of recreational regions. This algorithm allows for
the acquisition of unified synthetic characteristics of territorial units based on the evaluation criteria
and their assessment based on these values.

As the final phase of the study, Grid isoclines were plotted — the surface map of the natural-
recreational areas of Katon-Karagai, Kurshim, and Markakol was created. As a result of this study,
interesting and unique natural objects in the South Altai, as well as protected areas (EPA), were
identified (Figure 1).

Field research in the South Altai natural-recreational areas identified several natural
landmarks between 2015 and 2018, which enhance the region's tourism potential. Many of these
sites have not been included in public information sources.

3. Results

The total number of operational territorial units in the natural-recreational areas of the South
Altai was covered by 80 cells. Each of these cells had distinct features for identifying various
natural monuments in the region. Among them, unique natural sites in the natural-recreational areas
were highlighted (Tablel).
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Figure 1. Map of the Assessment of the Natural-Recreational Potential of Protected Natural Areas
Compiled by the author based on the studied data
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In the South Altai region, the natural-recreational areas distinguished by the number of natural
monuments (geological, hydrological, and other types of monuments), which stand out among
protected natural areas (PNA), include the Katon-Karagai Natural National Park area, the Markakol
Reserve area, and the southwestern part of the Kurshim district, where numerous natural
monuments (geological monuments, such as Kiyn-Kerish, Kyzyl-Kerish No. 1, 2) are located.

Table 1. Assessment of the Natural-Recreational Potential of the South Altai Region

studied Weight Coef- M
. . ficient (Pres- | X._. —X... | Natural Monuments (Geological,
Operational Location . max . )
o . ence of Vari- Hydrological, etc.), List of
Territorial Coordinates
Units (OTU) ous Natural B Protected Areas (PAS)
Monuments)
1 2 3 4 6
Kurchum RA
OTU Ne55 85°7'56,001"E 1.0 15 Kalzhyr Gorge, Kalzhyr Planned
48°32'7,933"N 5 Protected Area (PA)
OTU Ne62 84°16'42,476"E 1.0 12 Water Monuments: Kalguty,
48°16'50,351"N 3 Confluence of Rivers Monument
OTU Ne39 83°33'11,49"E 10 Monument to Baraq Batyr, Hydro-
48°48'21,922"N 1.0 ) logical Features, Petroglyphs, etc.
OTU Ne51 83°56'58,852"E. 1.0 15 Moynak Petroglyphs, Kurchum
48°30'57,614" N 3 River, Spring of Jumakhan
Kasymjanuly, etc.
OTU Ne72 84°36'13,879"E 1.0 20 Geological Monuments: Kiyn-
48°6'18,302"N 4 Kerish, Kyzyl-Kerish Nel, Kyzyl-
Kerish Ne2
Katon-Karagay RA
OTU Nel3 85°51'16,761"E 1.0 9 Yazevy Waterfall, Yazevy Lake
49°30'7,292"N 3
OTU Ne33 85°38'27,826"E 1.0 12 Katon-Karagay Nature Museum,
49°1'8,536"N Z Katon-Karagay NP Center
OTU Nel5 86°39'38,981"E 1.0 15 Kokkol Mine, Kokkol Waterfall,
49°2523,075"N 3 Katon-Karagay Natural National
Park
OTU Ne24 86°28'5,077"E 1.0 10 Hydrological: Arasan Waterfall,
49°19'53,446"N ? Rakhman Springs, Rakhman Lake,
etc.
OTU Ne34 85°56'31,352"E 1.0 20 Berel Mounds, Ak Berel, Katon-
48°59'27,553"N 4 Karagay Natural National Park
Markakol RA
OUT Ne65 85°24'58,336"E 1.0 9 Mynshunkyr Muddy Therapeutic
48°16'56,614"N 3 Swamp, Kyzyltas Planned PA
OUT Ne64 84°53'48,329"E 1.0 20 Kyzyltas Planned PA, Kalzhyr
48°21'17,621"N 5 Petroglyphs, Kalzhyr River
OTU Neo58 86°18'35,731"E 1.0 16 Kaba Planned PA, Bugimuiyz
48°35'3,615"N Z Water Monuments
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OTU Ne74 85°2324,407"E 1.0 20 5 "Ashutas" Geological-
48°3'47,434"N T Paleobotanical Natural Monument,
Black Irtysh
OTUNe46 86°2'51,243"E 1.0 10 5 Markakol Reserve, Markakol Na-
48°53'11,208"N ? ture Museum, Austrian Road, etc.

When considering the ecological condition of the natural and recreational areas of South
Altai, it is crucial to maintain ecological balance in the region’s specially protected natural areas
and efficiently utilize its recreational potential. Each natural unit of South Altai is characterized by
its unique ecological conditions. The division of the region into 80 cells allows for research that
identifies the specific ecological characteristics of each natural site. The evaluation of ecological
conditions in these cells reveals that natural monuments are not only significant for recreational
purposes but also for their ecological importance.

The unique natural sites and monuments located in the South Altai region, including
geological, hydrological, and other natural monuments, are of great ecological value. The ecological
conditions of the Katon-Karagay Natural National Park and the Markakol Reserve ensure the
preservation of diverse ecosystems. These areas are rich in biological diversity and serve as key
centers for maintaining ecological stability. The high level of preservation of the natural wealth and
ecological value of these areas depends on the correct distribution of tourist load. To prevent
ecosystem changes in these natural monuments, it is essential to conduct ecological monitoring,
scientific research, and continuous environmental protection measures in the protected areas.

Geological monuments located in the southwest of the Kurchum district, such as the Kyiyn-
Kerish and Kyzyl-Kerish stones, are clear evidence of the region's geological history and natural
geological processes. The ecological condition of these sites contributes to the preservation of the
unique natural phenomena they represent. However, the impact of tourist flows and human
activities on such exceptional natural monuments can lead to a disruption of ecological balance. For
example, rock degradation or damage to the surrounding ecosystem could occur. Therefore, it is
necessary to implement an ecological monitoring system in these areas, which should include
measures for the protection of geological monuments and the monitoring of the ecological condition
of plant and animal life.

Currently, the ecological condition of natural-recreational areas is largely related to the
development of ecotourism. Ecotourism has both positive and negative effects: on the one hand, it
can contribute to the economic development of the region and provide financial support for nature
conservation activities; on the other hand, the overuse of natural resources can lead to the
destruction of ecological values. In this regard, it is essential to establish a sustainable management
system to preserve the ecological potential of regions during the development of ecotourism
(Chlachula et al., 2021).

To preserve the ecological condition of the protected areas in South Altai, several key
measures need to be implemented. Firstly, efforts should be made to raise ecological awareness and
provide information, helping local communities and tourists develop an ecological culture.
Secondly, it is necessary to promote scientific research and develop an ecological monitoring
system for nature conservation. Thirdly, by introducing new concepts for the development of
ecotourism, the possibility of maintaining the ecological balance of natural areas should be
enhanced (Mammadova et al., 2022).

In conclusion, the natural and recreational potential of South Altai is closely linked to the
region's ecological condition. Comprehensive ecological measures must be adopted to protect
natural monuments and ecosystems. Only in this way can the region's biodiversity and natural
values be preserved, ensuring the harmonious development of ecotourism and nature conservation.
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4. Discussion

As a result of research conducted on the ecological and recreational potential of South Altai's
specially protected natural areas, an integrated image of the interaction between natural, historical-
cultural, and socio-economic factors was formed, identifying opportunities for sustainable tourism
development and the preservation of unique ecosystems. Cartographic materials at a 1:100,000
scale, remote sensing satellite data, field survey results conducted between 2015-2024, and a large
geodatabase based on nature reserves were created. These materials allowed for the detailed
reconstruction of the boundaries of protected areas and the identification of all significant natural
monuments, including geological structures, hydrological features, and areas with high botanical or
historical-cultural value.

For the systematization of the area, a hexagonal grid with a cell size of 5x5 km was used,
which, taking into account the terrain features, was considered suitable for covering the area
corresponding to an average daily walking tour. Each cell represented a spatial unit that included
quantitative and qualitative indicators: the number of identified monuments, the degree of landscape
preservation, the presence of infrastructure, and the level of anthropogenic load. The obtained
information was analyzed using a hierarchical method of expert analysis, which allowed for an
objective distribution of weighted factors among thirty different indicators. The integral indices
calculated based on the five-point scale formed the basis of the map, which clearly delineates the
boundaries of areas with varying degrees of recreational attractiveness.

Based on the research results, the South Altai area was divided into 80 hexagonal cells, with
each cell assigned a five-point integral index calculated based on 30 indicators. Although the
average index ranged between 3.6 and 3.8 points, parts of the Katon-Karagai National Park and the
Markakol Reserve showed higher levels, with scores ranging from 4.4 to 4.7 points, making them
the most attractive areas in terms of recreation and ecology. The geological monuments of Kiyin-
Kerish and Kyzyl-Kerish scored between 4.2 and 4.5 points, placing them in the category of
secondary objects in the study. These results are marked as distinctive "red" areas on the map, with
an emphasis on prioritizing central monitoring and the development of ecotourism infrastructure in
these zones.

The areas of the Katon-Karagai National Park and the Markakol Reserve are clearly visible on
the map, with their integral indices surpassing those of other regions. This is due to the diversity of
their landscapes - mountainous terrains, valleys, lakes, powerful waterfalls, healing mud springs,
and an already established infrastructure capable of accommodating tourist flows. In these areas,
historical and cultural values blend harmoniously with natural ones, providing visitors with a
unique experience. Local residents' active involvement also plays a crucial role, as tourism becomes
both an additional source of income and an opportunity for preserving traditions.

Important conclusions were drawn regarding the geological monuments of Kiyin-Kerish and
Kyzyl-Kerish, which have high recreational potential and are made up of ancient crystalline rocks
in the form of labyrinths, set against the backdrop of alpine meadows. These monuments are located
far from main roads, and tourist traffic is correspondingly low. However, for tourism development,
it is necessary to establish monitoring platforms and organize tourist routes. Conducting scientific
and educational excursions with experienced guides not only promotes ecotourism but also helps
prevent damage to the ecosystem.

The scientific significance of the study is as follows: the integrated approach combining
traditional cartographic methods and the latest GIS technologies allows for a comprehensive
understanding of the conditions for year-round tourism in mountainous regions.

The practical value is as follows: the developed map can serve as a working tool for the
management bodies of reserves and national parks. It helps identify areas that require priority
monitoring, as well as regions where the expansion of tourism infrastructure can take place without
disrupting ecological balance.

However, the methodology used also has some limitations. Firstly, new routes and projects
established after 2024 were not taken into account, so the map data must be regularly updated.
Updating information through satellite monitoring and voluntary expeditions should be the next key
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direction of the study. Secondly, there is insufficient data on socio-economic indicators, such as
tourism revenue and the economic well-being of residents, as collecting reliable statistics proved to
be challenging. In the future, sociological surveys and economic calculations are recommended in
this area.

Further detailed development of infrastructure elements requires special attention. Currently,
the analysis only covers major facilities, such as museums, information centers, and road junctions.
For better tourist navigation and visitor comfort, aspects such as campsites, parking lots, sanitary
facilities, and safe crossing points over mountain rivers should be considered. Including these
parameters in the next versions of the methodology will allow for more accurate load predictions
and optimization of tourist flows.

In this regard, it is important to conduct large-scale efforts to raise ecological literacy among
residents and city guests. The environmental education program should include open lessons in
schools, interactive lectures at information centers, and the participation of volunteer naturalists.
Such activities not only foster a responsible attitude towards nature but also promote the
development of project culture, which will allow the younger generation to demonstrate their
initiative in preserving natural heritage in the future.

A promising direction is the digitalization of tourism services. Developing a mobile app that
integrates interactive maps, routes of varying complexity, GPS navigation, guides for flora and
fauna, as well as a feedback system between users and administrators, will improve service quality
and allow for the collection of additional data based on the user's preferences. Having access to
such data will enable more accurate forecasting of seasonal peaks and the need to introduce
temporary visit restrictions.

Furthermore, the study highlights the importance of interregional and international
cooperation. As the Southern Altai is a border area with Russia and Mongolia, it is rich in natural
sites extending beyond national borders. Harmonizing protection standards and coordinating tourist
routes can help create a transboundary eco-zone that attracts large flows of tourists while
contributing to the preservation of a unified ecosystem. A pilot project to combine efforts is already
being discussed in the scientific community, and the proposed results could serve as a basis for
developing joint programs.

The conducted research can be said to form a reliable analytical basis for the strategic
management of the protected natural areas of Southern Altai in the context of ecological tourism.
The methods used have proven their effectiveness and versatility, showing that the integration of
modern geospatial technologies, expert knowledge, and field observations enables a more
comprehensive understanding of the complex system of relationships between humans and nature in
the environment. The next step is continuous data updates, expanding the range of indicators, and
deepening socio-economic analysis, which will not only preserve unique ecosystems but also ensure
sustainable tourism growth that benefits all stakeholders.

To maintain the relevance and practical value of the results of the assessment of the
recreational potential of the region in the long term, it is necessary to ensure continuous updating of
the data. The effectiveness of the Bi index and the corresponding assessment categories largely
depends on the level of updating of spatial and socio-ecological data. In this regard, it is
recommended to form a structured data management system that combines remote sensing
technologies, seasonal field studies, and mechanisms for data exchange with local environmental
and tourism institutions. Such an approach will allow for continuous improvement of the
assessment model in response to changes in recreational conditions (land use, infrastructure, visitor
flow).

In addition, it is necessary to consider the socio-economic consequences of tourism in the
South Altai region in a broader sense. Although the development of recreational infrastructure
contributes to the growth of jobs, the development of local entrepreneurship, and an increase in
regional income, some of its negative effects are also observed. In particular, social tensions may
arise among the local population due to the unequal distribution of income, instability of seasonal
employment and an increase in the flow of tourists. Given these contradictions, it is important to
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develop balanced development strategies that support economic diversification and preserve the
integrity of local culture and society.

Specific policy recommendations should also be developed to reduce the negative impacts of
tourism on environmentally sensitive recreational areas in the region. These include functional
zoning, visitor restrictions, environmental education, and promotion of sustainable use of nature. In
addition, it is necessary to introduce flexible management plans, developed with the participation of
local communities, accompanied by continuous scientific monitoring. Such an integrated approach
will allow for the sustainable development of tourism while preserving natural and cultural heritage.

5. Conclusion

In conclusion, the results of the integrated maps created through digital assessment with GIS
demonstrate a promising future for the development of the tourism and recreation sector in the
studied area. Both active (water tourism, rafting, fishing, etc.) and passive (recreation by the water)
types of tourism can be developed in the region.

The practical significance of the study lies in the fact that, based on this methodology, the first
electronic map of the natural monuments of the studied area was created, and an attempt was made
to comprehensively assess the region’s cultural and historical potential.

The results of the assessment of the ecological and recreational potential of the protected
natural areas of Southern Altai clearly demonstrate the importance of preserving the region’s
natural wealth. This study identifies the need to ensure the future protection of the natural
monuments and the ecological status of the 80 grid cells of the region. Using GIS technology, the
structure of these areas was clarified. The features and ecological conditions of the natural sites in
each grid cell were carefully studied, which in turn allows for the creation of effective strategies for
the protection of natural and recreational resources (Chernykh et al., 2021).

In this study, several methodological approaches were applied to assess the natural and
recreational potential of the Southern Altai region. Initially, the results of field research conducted
between 2015 and 2018 were used, based on specialized cartographic and textual materials. Then,
data was collected and analyzed for each operational territorial unit (OTU) using GIS technology.
During this process, operational grids were applied, and digital maps of geographical coordinates
and natural sites were created. For the assessment, various ecological and recreational indicators
were defined based on expert opinions and converted into a five-point scale. The accuracy and
reliability of the methods were verified through several experimental calculations, resulting in an
effective evaluation of the region’s recreational potential, considering various natural monuments
(Kulikova et al., 2023).

The natural monuments in the Southern Altai region, including geological, hydrological, and
other natural landmarks, are of significant ecological importance. These monuments, particularly
located in protected areas such as the Katon-Karagai National Park and the Markakol Reserve,
serve as key centers for biodiversity conservation. These natural monuments ensure the preservation
of ecological stability, the protection of natural resources, and the effective use of their recreational
potential. These areas are not only ecologically significant but also attract great interest for
ecotourism and scientific research. Therefore, it is crucial to strengthen monitoring and protective
measures for their ecological status (Vancura, 2016).

Overall, a comprehensive approach is necessary to preserve the ecological status of the
natural and recreational areas of Southern Altai. This approach will ensure a balance between the
development of ecotourism and the protection of natural resources. Measures such as ecological
monitoring, scientific research, ensuring the sustainable development of ecotourism, and fostering
the ecological culture of local communities will contribute to maintaining the ecological stability of
the region. Additionally, considering the positive and negative impacts of ecotourism, targeted
management systems and regulatory acts are required to maintain ecological safety.

In conclusion, the ecological and recreational potential of Southern Altai’s protected natural
areas is extremely high. To preserve the ecological value and importance of the region’s natural
monuments and ecosystems, sustainable management, scientific research, and the development of
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ecotourism should be approached in a comprehensive manner. These measures will help preserve
Southern Altai’s natural wealth and prevent disruptions to the region’s ecological balance. Only in
this way can the ecological sustainability of the region be ensured.
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OHTYCTIK AJTalbIH epeKile KOpPFayFa AaJIbIHFaH TAa0UFrd ayMaKTapblIHBIH
Ta0UFHU-PeKPeannsJIbIK dJIeyeTiH OaraJiay

Ha3sryas Kencukoaesa, Hypryuas PamasanoBa, Aliryas Erun6aeBa, Hazepke AmManrenasl

Anpgarna. OHTYCTIK ANTaliIbIH epeKile KOpFayFa aJlblHFaH TaOUFU ayMaKTapbIHbIH KOJOTHSUIBIK-
peKpealMsuIbIK  QNieyeTiH Oaranay »SKOJOTHMSUIBIK 3€pTTeysiep YIIIH MaHbI3Abl OarbIT OOJIbIN
tabbutanpl. byn makamaga OHTycTik Autail ayMarbIHIAFbl KOpFaJaThlH TAaOMFU ayJaHIap.IbIH
SKOJIOTHSUIBIK KaFJaibl MEH peKpealusIblK MYMKIHAIKTepl 3epTreiredH. ['AXK TexHOoIorusachHbIH
KOMETiMeH ailMaKkTa Ke3JeceTiH TaOWfH, TapuXH XOHE MOJCHM ECKEePTKIIITEPiH 3JIEKTPOHIbI
KapTachl KYPacTHIPBUIBIN, KOPFAJATBIH ayMaKTap[blH OSKOJOTHSUIBIK JKarJaiibl MeH TaOuFu
pecypcTapblHbIH cakTadyblHa Oara Oepinmi. OHTYCTIK ANTaiJIbIH epekile KOoprajlaTblH TaOuUFu
ayMaKTapbIHBIH SKOJIOTHSUIBIK JKOHE PEKPEAIMsIIBIK OJieyeTiH OaraliayAblH ©3€KTUIIr TYpU3M/Il
JaMBITYMEH Katap Oipereil skoxxyienepsi cakray KakeTTuliriMeH Tycinaipineni. 3eprreyae 1:100
000 macmTaOTarsl KapTOrpaUsUIIBIK MaTepUaAap, )KEPCEPIKTIK KAIIBIKTBIKTaH 30HATAY AEpeKTepl,
JanaiblK MapupyTTapAslH HoTkenepi (2015-2024 xok.) xonmaneuiasl. bipinmigen, ArcGIS
OarmapramManblk KEUICHIHJIE  KaTaH KOpFaJaThlH aiMaKTap MeH HYKTENiK HBICAHIapIblH
ekapauapbl (TeOoJOTUSIIBIK, THIPOJIOTUSIIBIK, OOTaHUKAIBIK ECKEPTKIITEp) HU(PIaHIBIPBLIIBL,
coflaH KeiiH Oykin aymak 5x5 kM enmemi 80 anTblOyphIITH YAMBIKTapFa 0emiHl. OpOip YAIIBIK
yuriH arpubyrrap OoilblHIIA JAepeKTep SKMHAJABL: eCKEePTKIITEepJiH CcaHbl MEH Typi,
MH(PaKYPBUIBIMHBIH KOJDKETIM/UIIT, aHTPOIOTeHIIK acep eTy aAapexkeci. byt 3epTTeyniH MaHbI3 bl
HOTH)KECl peTiHze, TaOUFH E€CKepTKIIITEP/l aHBIKTAY >KOHE OJlap/lbl KOpFay MakcaThIHJa epeKIle
MoHi 6ap aynangap kepcetinai. Katon-Kaparaii Taburu yinTThIK casgOarbl, MapKakes KOPBIFbI kKoHE
Kypmrim aynanbiHAaFbI TEONOTHSIIBIK €CKepTKimTep, aran aiTkaHga KubiH-Kepim sxone Kpi3pii-
Kepimr Tacrap, OKONOTHSUIBIK TYPFBIJAH KOpFayJbl KaXXeT eTeTiH HbICaHAap peTiHzae
KapacTeIpbUIaabel. bysr aynanmapiarsl TaOUFH €CKEePTKIIITEp MEH TaOWUFU pecypcTap SKOJOTHSUIIBIK
TYPaKTBUIBIKTBl KaMTaMachl3 €Ty JKOHE aliMaKThIH PEKpealMsUIbIK OJI€YeTIH cakTay YIIiH epeKIie
MaHbI3Fa ue.
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Tyiiin ce3aep: epekine KoprajaThlH TaOuru aymak, ['AJXK, omepamusiablKk ayMakThIK OipiikTep,
MEMJICKETTIK TaOMFU KOPBIK, MEMJIEKETTIK YJITTHIK TaOWFH THapK, MEMJICKETTIK TaOWfu Kaymail,
pekpeanusi, Typu3M.

OuneHka NMpPUPOIHO-PEKPEANUOHHOI0 MOTEHIHAJNA 0000 OXpaHsAeMbIX NPHUPOJ-
HbIX Teppurtopuii FOxHoro Anras

Hasryas KencukbaeBa, Hypryar Pama3zanoBa, Aiiryas ErunoaeBa, Hazepke AMaHre/ bl

AHHoTanus. OLEHKa KOJIOTHYECKOTO U PEKPEALMOHHOI0 MOTEHLHala 0CO00 OXpaHsIEeMbIX MpH-
ponHbIx Tepputopuil KOxxHOrO Asntas sBisieTCs BaKHBIM HaIlPaBJIEHUEM DKOJIOTMUYECKUX HCCIENO-
BaHUN. B 1aHHOH cTaThe MCCIEAYETCS IKOJIOTHUECKOE COCTOSIHUE U PEKPEALIMOHHBIE BO3MOXKHOCTH
OXpaHseMbIX MPUPOAHBIX Tepputopuii FOxknoro Anras. C nomompio ['MIC-texHonorun Obuta co-
CTaBJICHA DJIEKTPOHHAs KapTa IMPUPOJHBIX, UICTOPUYECKUX U KYJIbTYPHBIX ITaMATHUKOB, BCTpPEUaro-
IIUXCS B PErHOHE, J1aHa OLIEHKA 3KOJIOTMYECKOT0 COCTOSHUS OXPaHSEMbIX TEPPUTOPUN U COXPAH-
HOCTH NPUPOJHBIX PECYPCOB. AKTYaIbHOCTh OLEHKU 3KOJIOIMYECKOIO M PEKpEallnOHHOIO IOTEH-
uaia 0co00 OXpaHsSEMBIX MPHUPOIHBIX TeppuTopuii FOxHOTO AnTasi 0OBACHSAETCS HEOOXOAUMO-
CTbIO COXPAHEHUS YHUKAIBHBIX 3KOCHCTEM Hapsy C pa3BUTHEM TypusMa. B uccienoBanuu npen-
CTaBJIeHBI KapTorpaduueckue marepuainsl B Mmacmrade 1: 100 000, qaHHBIE CITyTHUKOBOTO JAMCTaH-
[IMOHHOTO 30HJAMPOBAHMS, Pe3yNbTaThl MOJEBbIX MapuipytoB (2015-2024 rr.). [Ins nauvama B
ArcGIS Opn onM(poBaHBI TPAHUIBI CTPOTO OXPAHSEMBIX 30H U TOYEUHBIX O0BEKTOB (T€0JIOTHYE-
CKHE, THUJPOJIOTUYECKHE, OOTaHMYECKUE TaMSITHUKHU), @ 3aTeM BCs TEppUTOpHsl ObUla pas/ieneHa Ha
80 mecTHyroJbHBIX siYeeK pazMepoM S5x5 kM. [l kaxmol saeliku ObLIM cOOpaHbI JaHHBIC 1O aT-
puOyTaM: KOJIMYECTBY U TUIY MAMSATHUKOB, JOCTYITHOCTH MH(PPACTPYKTYPHI, CTETIEHN aHTPOIIOTeH-
HOro Bo3jelcTBUA. Kak BaXHBIM pe3ynbTaT JAaHHOIO HUCCIIEJOBAHMSI OBbLIM BBIJCIIEHBI PailoOHBI,
UMeroIre 0co00e 3HaueHHUe, C LEeNbI0 BBISBICHHUS MaMATHUKOB MPUPOAbI U MX 3amuThl. KaToH-
Kaparaiickuil npupoHblii HAaMOHAJIBHBIN MAapK, MapKaKkOJIbCKUNA 3allOBEJHUK M I'€OJOTHYECKHE
namsaTHukn Kypuymckoro paiiona, B yactHoctd, KniiH-Kepum n Kei3pu1-Kepum paccmarpubarorest
KaK 00BEKTbI, TPEOYIOIINE 3KOJOTHYeCcKor 3auThl. [IprpoaHble MaMATHUKN U IPUPOJIHBIE pecyp-
Chl B JIaHHBIX palloHaX UMEIT 0c000€ 3HaYEeHUE TSl 00eCTIeYeHUs HIKOJIOTHUECKOW YCTOMUMBOCTH U
COXPAaHEHHUs PEKPEAMOHHOTO MTOTEHIINAajIa PEruoHa.

KuroueBrble ciioBa: oxpansemas npupoanas teppuropusi, 'C, onepanrionHsle TeppUTOpUaIbHbIe

€AVHULBI, TOCYIapCTBEHHBIN IIPUPOAHBIN 3aIIOBEJHUK, TOCYIapCTBEHHBI HALUOHAJIBHBINA IIPUPOJI-
HBIN IIapK, TOCYIapCTBEHHBIN TPUPOJHBIN 3aKa3HUK, PEKpealns, TYpU3M.
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Anjaarna. ['maponorusuiblK TYpFbIIAH KaparaHja, JKaiiblk-Kacnmii cy
HIapyallbUIbIFel aJ1aldbl a3 3€pTTENINeH ayldaHJap KaTapblHa >KaTajbl.
3epTTey aymaHbl THAPOJOTHSIIBIK OeKkeTTepAeri OakpuiayIapblH KbICKa
Mep3IMIUTIr MEH OJIapbIH ayMak OOMbIHIIA OipKeNKi OpHajIacmaybIMeH
cunarranaael. ['mapoOekeTTep IiH KapThIChIHAA OakplIay aepexrepi 10
KBUIFA JICWIH Kypaca, ymTeH Oip OeiiriHae 5 J>KbUIJAH acIiaidJibl.
CoHBIMEH KaTap, ajanTa 3epTTeIMETeH IaFbIH ©3€Hep MEH 3ePTTENreH
©3€HJIep/IiH cajanapbl 0OJbIl TaOBUIMAMTHIH cailap KenTen Ke3aecel.
by xarnaiina, eseHaep pexuMi Typajibl aknapaT TEK eKi-yII KbUIIBIK
OakpUIayap apKbpUIBI OCPIITeH HEMece MyJJieM OOJMaraHIBIKTaH, a3
3epPTTENreH JKOHE 3epTTENIMEreH ©3€H/IePiH aFbIHIbl HOPMAChIH €CenTey
- TUOPOJOTHSUIBIK — ecenTeyiep  TakipuOeciHIeri eH  Kypzenl
AKyMBbIcTap/blH Oipi Oonbin Tabbutaabl. JKaiibik-Kacruii anaGblHBIH a3
3epTTENTeH )KOHE MYJIZIEM 3€PTTEIIMETEH ©3€H IEPiHIH aFbIH bl HOPMAChIH
aHBIKTAy YIIIH Makajaja arblHAbBl MOAYIIHIH Cy JKMHAY ayJaHbIHA
OaiaHpICThl  aiiMakThIK  Toyenmautiri  Mo=f(F)  malimanaHbUImbL.
Hotwxecinne, cy mapyamblibiFbl alaObIHBIH THAPOJIOTHSUIBIK OipTEKTI
ayJaHIIApbIH CHITATTAWTBIH CETi3 aMaKTBIK KUCHIKTApbhl TYPFBI3BUIIBL.
O3eH aFblHBl PECYpPCTApbIHBIH ayMaKTBIK Tapaly 3aHJbUIBIKTapbIH
3epTTey HOTHIKENEpl allanThlH aFbIHIBI MOJYJII KapTaChlH KYPacThIpyFa
MYMKIHIK Oep/ii. AFBIHIBI KapTaChIHBIH U30ChI3bIKTaphI 0,1-3,0 1/cxxm?
apanbplFplHAA Kyprizuial. JKammbl, aFbIHABI  MOJIYJIHIH — Tapanysl
KJIMMATTBIK ~ CUNATTaMalapJblH  COJTYCTIKTEH OHTYCTIKKE Kapai
allMaKkTBhIK ©3repyiHe CoMKec Kesell, COHbIMEH KaTap >KepriuliKTi Kep
OenepiHiH  epeKIIeNiKTepiH  eckepeai.  AJIBIHFAaH  HOTIDKENep
OakputaymapMeH KaMTBUIMaraH ©3CHJIEp YIIiH aFblHAbl HOPMACHIH
ecenrTeyre, CyAbl  HaijamaHyasl  JKOCHapiayra,  KOJOTHSUIBIK
CTaHIAPTTApABl J3ipieyre >KOHE ©o3repMelli KIMMaT KaFdalblHaa Cy
[IapyallbUIBIFBl  iC-IIapajiapblH JKYpri3yre Heri3 Oomjanel. 3eprrey
HOTIDKENIEpl  JKOFaphl  MPAKTHKAIBIK ~ MaHBI3JBUIBIKKA M€  JKOHE
THJIPOJIOTUSAJIBIK ~ €cernTeysieplie, Cy OOBeKTiIepiH kobalayna KoHE
allMaKTBIK Cy CascaThlH KaIBINTACTHIPYa KOJIJaHyFa YCBIHBLUTYBI
MYMKIH.

Tyitin  ce3aep: Kaitpik-Kacruit cy  mapyambUibiFel  anmaOsl,
3eppTeIMETreH ©3CHJep, THAPOJOTUSAIBIK OIpTeKTi aynaH, alMaKTBIK
TOYENIITIKTEP, aFbIH/IbI MOJIYJIIHIH KapTachl, H30CHI3BIKTAP.
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1. Kipicne

KazakcranublH aymak OOMBIHIIA ©3€H aFbIHIBI PECYPCTapBIHBIH OipKeNKi TapaiMaybl —
KJIMMATTBIH ©3repyl MEH aHTPOIOIeHJIIK OCEpAlH YJIFalobl JKarJaiblHAa, COH/lal-aK KeITereH cy
MIapyallbUIBIK alalTapbIHBIH TPaHCUIEKApPAIbIK CHUMATBIMEH Oipre cy pecypcTapbl TalIbUIBIFBIH
apTTHIPBIN, ETIMI3AIH TYPaKThl JaMyblHA eJeyili Keaeprijiep TyFbizaabl. Memeker O6acmibichl K.K.
ToxkaeBTsiH 02.09.2022 xbuarbl KazakcTan xankplHa kojaayblHAa «2. HaKThl CEKTOPABI AAMBITY»
OarbIThl OOMBIHILA, Cy PECYpPCTapbIHBIH TaIIIbUIBIFBl €JAIH TYPAaKThl SKOHOMHKAIBIK ©CyiHe
alTapIBIKTal Kayill TOHAIPETIHIH )KOHE YITTBIK Kayilci3 ik Moceneci MopTeOeciHe e eKeHIITiH aTall
KOPCETTI.

Kaiibik-Kacnuit ¢y mapyamsuieirel ana0bber  (CHIA) - Kaszakcran PecmyOnukachbiHBIH
QJIEYMETTIK-?PKOHOMMKAJIBIK JJaMybl MEH 3KOJIOTHSUIBIK TYPAaKTBUIBIFBIHIA HISHIYIIl e aTKapassl
(Tursunova xoHe T.0., 2022). AnantelH eadyip OeJiri bUIFall KETKUTIKCI3 KOHE BUIFal TAallllbl
ayJaHjap KaTapblHa Kipeai, Oyl jkarail aymMaKTarbl TYPFBIHAApD MEH Cy MaiJalaHylIbulap YIUiH
TYIIBl Cy MEH Ta3a CYABIH JKeTiCIeymumriH Tyasipabl. Kasipri 3aMaHfbl KIUMATTHIH KBUIBIHYBI
ayMaKTarbl Cy TaIlIbUIBIFBI MaceleciH ojaH opi kymentyne. (Exxeromusiii Oromierenb, 2023)
3epTTey HoTIKenepi OoibiHma, 1976-2023 kpUimap Ke3eHIHIEC eMiMI3Jeri opramia KbUIBIK
TEeMIepaTypaHbIH 6cyl 0,36°C/ 10 b1t Kypaca, bateic Kazakcran aymarbiHia 0,56OC/ 10 >xpUIFa AEHIH
KapKbIHIBl TYPJAE XOFaphUiaybl Oaiikanisl. by esrepictep o3 KeseriHjae ajanm ayMarblHa TOH
KyaHILIBUIBIK [1€H CY TaCKbIHIAPbIHBIH Maia 001y JKULIIr MEH Y3aKThIFbIHBIH apTybIHA BIKIAJ €TT1
(Wang xone T1.6., 2025; Birimbayeva xone 1.6., 2024; Waqgas xone T1.6., 2024). CoHbiMeH Katap,
aHTPOIIOTeHIK (DaKTOpIIap ayMaKTarbl KIMMATTBIK ©3TrepiCTep 9CEPiH KEASNIETII, OHBIH JKaFbIMChI3
cayapbiH apTTeipyaa (AmuMkynoB xoHe T.0., 2024; Maxmymnosa xoHe T.0., 2024). XKammer, XX
FAchIpbIH COHBIHJA KYPri3UIr€H Cy IapyalllbUIbIK ic-IIapanap KemleHi (Cy KoWManapblHbIH
canbiHybl) JKaiibik-Kacnuii anaObIHBIH CyMEH KaMTaMachl3 €Ty MOCEJIECIH TONBIKTal IIelle alnMai,
HOTWXKECiHJe OipKaTtap JKarbIMChI3 OJKOJOTHSUIBIK 3apjanTapFa >KoHE ©3€HAEpHAIH TaOuFu
THPOJIOTHSIIBIK PEXKUMIHIH Oy3bUTybIHA ajbin kel (Marpunkuii skoHe T.0., 2017; Smagulov sxone
T1.0., 2024).

I'unponorusiiblk TyprelgaH Kaparanna, JKaiibik-Kacrmii CHIA a3 3eprrenreH aynaHaap
katapbiHa katajwl. «Kasrugpomer» PMK nepekrtepi OoiibiHmia, 2021 >kpuisl amanrta 53
TUIPOJIOTUSIIBIK OEKET KYMBIC 1CTe/I1, OYJI KOPCETKIII SPTYPJIl yaKbITTa )KYMBIC iCTETe€H OEKEeTTep/IiH
xannbl caHblHBIH 30% acmaiiasl (6apibiFsl 182 ruapobekeT). KapacThIpbliblll OTHIpFaH alamTarbl
©3€H/IEP aFbIH/IBICEIHBIH THAPOJIOTHSIIBIK 3€PTTEIYIHIH CUTIATTHI €PEKIIETITT — KONITETeH OeKeTTep/Ie
0akpUIay KaTapblHBIH KbICKa OOJIybl *OHE OJIap/blH ayMak OoWbIHIIA OIpKeNKi OpHalacHaysl.
AyMaKTarbl THAPOJIOTUSIIBIK OEKETTEeP/IIH KapThIChIHAA OakplIay nepektepi 10 sxplaFa Aeiiin Kypaca,
yuTeH 6ip Geirinie 5 sxpuigaH acnaiiibl. COHBIMEH KaTap, ajlanTa 3epTTeIMEreH IaFblH ©3€HIep
MEH 3€pTTEeNreH ©3€HJIEep/iH cajanapbl OOJbII TaOBUIMAWTBIH cailap kenrten kesgeceni. by
Karaaia, e3eHAep PeKUMI Typajbl aKnapaT TeK eKi-YII JKbUIIbIK Oakbulayiaap apKbUIbl OepiireH
HEMece MyJjieM OoJMaraH JKarjaiga, a3 3epTTeNreH >KOHE 3epTTeIMEreH ©3€HAEPAIH aFbIH[IbI
HOPMACBIH €CEIITEY - 3epmme) HCYMbICbIHbIH He2i3el MaKcambl OO0bII TaObLIAIbI.

bakputay mepekTepi jKOK HEMece JKETKITIKCI3 OoJiFaH Ke3/eri aFbIH/Ibl HOPMAChIH aHBIKTAY
THJIPOJIOTUSAJIBIK ~ €CenTeyiep ToxipuOeciHAeri eH KypAeli JKyMbICTapablH Oipi. MyHnaii
JKaFIaiiapaa THIPOMETEOPOJIOTHSIIBIK OaKbUTay JEPEKTEPIH KANMbIIAy HOTH)KEIIEepiHe HeT131eNTeH
THJIPOJIOTUSAJIBIK CHUMATTamMajapibl ecenTeyiH alMakTBhIK oficTepl KOJNJIaHbUIaJbl. YJIECTipy
napameTpiiepl MEH €CENTIK MOHJIEp KeJleCl HEeTI3T1 9MiCTepii KOJJIaHa OTBHIPHIN aHBIKTANAIbl: CY
TEHJECTIr1, TUAPOJIOTUSIIBIK aHATIOTHs, OIPTEKTI ayJjaHAa opTalianay, Cy >KUHay anaObIHBIH HETi3Ti
du3uKanbIK-reorpadusIbIK (hakTopiaapsiHa OalIaHBICTHI AFBIHIIBI CHTIATTaMalIaPBIHBIH aiMaKThIK
TOYEINAUIITIH KYpPY, U30ChI3bIKTap KapTackH cany (Meromuueckue pekomenaaruu, 2009).

Anramker areiHABI KapTanapbl AKII aymarer ymriH, Heroemn skymbictapsinga 1892-1893
Kbuaapsl xkapusianab! (JIsBouy, 1974). Bypeinrel Kenec ykiMeTi aymarbIHIa aFbIH]IbI KAPTATAPBIH
KypacTelpy KeHiHeH Tapamabl. 1927 xbeutbl «kKCPO Eyponansik Oediri» OoiipiHia HeGopi 30
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TUIPOJIOTUSIIBIK OaKplIay OCKeTTepiHiH aepekTepiH Koimana oTeipbin, .M. KouepuH arbiHIBI
u30ChI3bIKTapeiH KapTara Tycipai (Kouepun, 1927). 1937 sxbutet KCPO 6Gapiblk aymaHgapbiH
KamMTuTBIH 1280 emmey OekerrepiniH nepekrepi Herizinge b. JI. 3aiikoB men C. 0. bennnkos
aFbIH/IBI KApTaChIH kacazpl (3alKoB xoHe T.0., 1937). Atanmblin kapraga A3us ayMarbl ChI30aIIbIK
TYpAE JoHE OWiK Taynbl alMakTapchl3 KepceriareH. 1946 >kpuibl arbiHABI Kaprackl 2360
TUAPOOEKETTEPAIH JepeKTepiMeH TonbIKThIpbuica, 1961 xbutel K. I1. BockpeceHckuit arbIHIIbI
kapTaceiH 5690 6akplnay gepekrepiMmer HakThiIaabl (CokomoBckuit, 1968; Bockpecenckuii, 1962).

2. Martepuajiiap MeH djaicTep

KonnanbicTarbl a3 3epTTEIreH JKOHE MYJJIEM 3€pTTeIMEreH ©3eHACepiH arblHAbl HOPMAChIH
€CerTey 9/IiCTepl apachblHAH CY KHHAY aJIa0BIHBIH HET13T1 (PU3UKAIBIK-TeorpadusiIbIK (akTopiIapbIiHa
OailTaHBICTHI aFBIH/BI CHUIIATTAMANIAPBIHBIH aiMaKTBIK TOYEIAUIIIH KYPY *KOHE aFbIHJIbI MOAYJIIH
KapTara TYCIpY o/1iCTepi TaHJIAJIbII aJTBIH/IBI.

by sxicTepiH apTHIKIIBUIBIFBI — 3€PTTENTCH ©3€HICPIIH aFbIHAbI )KOHIHAET] THIPOIOTHUSIIBIK
0aKpUIay AEpEKTEePl MEH CY KUHAY AIa0BIHBIH MOP()OMETPHSIIBIK JePEKTEPIH MaianaHy MyMKIHIIr1
0oJBINT TaOBLIAABI, Al Cy TEHIECTIT 9ici ©3 Ke3eriHae KeIl €CeMTiK Kipic MaiiMeTTepiH (e3eH
aFbIHJIBICHI, JKAybIH-IIAIIBIH, Cy OeTiHeH OylaHy, TpaHCIUpanus, HHQWIBTPALUsI) KaXeT eTyiMeH
Katap KeiOip cumarramanapblHa MyJigeM Oakbliay >KYpPri3UIMEreHIIKTeH KOoJJaHy OipiiaMa
KUBIHIBIK TYyFbI3a1el. COHAl-aK, COHFBI YaKbITTa THIIPOJOTHSUIBIK YITUICY, HEHPOHIBIK XKeIiep,
CIOYTHUKTIK Taljay oSAICTepl TaHbIMAJAbUIBIKKA e Oona Oactanbl, ajmaiia Oyi omicTep YJIKEH
KOJIEM/II METEOPOJIOTHSUIBIK JKOHE THAPOJIOTHSUIBIK KIpIiC JEPEeKTEpiH KOHE aIllblK KOJDKETIMIi
JKOFaphl canajibl >kep OenepiHiH caHObIK yaruiepin Ttamanm eremi. Con cebemnri, alMaKThIK
TOYCIIUTIKTEPl KYPacThIPy JKOHE KapTara TYCIpy omicTepi d3ipre KODKETIMII KOHE MEMIICKETTIK
ruaponorusiblk UHCTUTYT (MIU) (Metomuueckue pexomennanuu, 2009) ycwinran, CIT 33-101-
2003 (Ceox mpaswit, 2004) KkepceTiIreH FRIIBIMA HET13ACITECH 9IICTep OOJIBI TaOBLIATHI.

AFBIHIBI CHUTIATTAMANIAPBIHBIH AaWMaKThIK TOYENAUTIKTEPIH KYpy — Cy JKHHAY anaObIHBIH
¢dusnKanbIK-TeorpadusUIbIK (pakTopiapsl HETi31HIE Ky3ere acbipbuiajsl. Herisri rugporpadusiibik
kKoHe (QU3MKaIbIK-TeorpausubIK (akTopiapra: Cy JKHHAY ayJaHbl, Cy apHACHIHBIH OpTalla
OJIIIIEHIeH €HICl, ©3€HHIH TUAPOrpaUsUIbIK Y3bIHIBIFEL, Cy >KMHAY alaObIHBIH oOpTalia OWIKTIr1
xkatanpl. Taynbel aiimMakTapia, sKOFapblga aTam eTIreH (akTopiapablH OenaeMIiiiri Oy3blUIFaH
JKarnaiina, e3eH CYJbUIBIFBI Cy apHACBIHBIH OpTalla eJjmeHreH eHicine Mo=f(H.,) Toyenmaimiri
HETi31HAe aFbIHIBIHBI €CeNTey oJici KeH TaparaH. Au, ka3plk KaszakcTaH >karnailbiHIa ©3¢H
CYJIBUTBIFBIHBIH CY kuHay aynanbina Mo=f(F) Toyemnainiri keninen Konnansuiaasl (I"ansnepun, 2012;
Pecypcsl, 1970).

O3eH arbIHbl CUMaTTaMallapblH KapTaFra TYCIpy 9/IiCl — KIIMMATTBIK JKOHE e3re /1€ (PU3UKAIIbIK-
reorpausuIbIK (pakTopiaapAbIH TapadyblHa COMKec ofap/blH ayMak OoMbIHIIA O1pKaJIBINThI ©3repyiH
0oJpKayFa HETI3JIeNreH. OJeTTe, MayChIMIBIK JKOHE JKBUIIBIK aFbIHIABl KaOaThl, aFbIHIBI MOJYJII,
arbIHABl KOA((UIIMEHTI, Cy TaCKbIHBI KaOATHIHBIH ©3TEPTilITITT MEH JKBUIABIK aFbIHABIHBI KapTaFa
Tycipeni.

Feimeimu  3eprreyne Oacrankbl nepektep petinge JKaitpik-Kacnuit CIIIA  e3eHnepiHiH
3aMaHayH CyJbUIBIK (pa3achlH jKOHE OHIPAET1 KIIMMATThIH TYPaKChI3AbIFbIH eckepeTiH 1974-2021 xok.
KE3CHJIeT1 aFbIHJIBIHBI OaKbUTAYAbIH KOIDKBUIABIK KaTapbl, SFHH OpTalla XbUABIK Cy OTIMIEpiHIH
MoHNepi  maimanmaHpuiapl.  COHBIMEH — Kartap, THAPOJIOTHSUTBIK — OEKEeTTepIiH  OpHajIacysl
(koopIMHATaNapel) MEH Cy JKMHAy anaObIHBIH ayJaHbl KOHIHJETl JepeKTep KOJJaHBUIIbI.
Marepuanmap «Kasruapomer» PMK xemiciHIH MyparaTTBIK KoHE JCPEKTEP KOPHI KO3CpiHECH
anbiaael (Iuaposnoruueckuit exeroquuk, 1948-1982; INocynapcTBeHHbIH BOaHBIN KagacTp, 1981-
2014; TocymapctBennsiii Bogablid kamactp, 2000-2016; ba3wl maHHBIX, ExeromHblii OMOJIICTEHB,
2021). ArwIHABI KapTachIHBIH OAacTamKbl Kipic Jeperi peTiHie jkep OelepiHiH CaHABIK YJTici
www.srtm.csi.cgiar.org (L{udposas 6a3a T1aHHBIX) CANTHIHAH AJTBIH/IBL.

AWMAaKTBIK TOYSNIUTIKTepAl aHbIKTay yimiH (3aruayuinHa skoHe T.0., 2024) KyMmbIChIHIA
KOPCETUITeH TUAPOJIOTHSIIBIK OIPTEKTI ayJaHaap HETi31HJIET1 JKbUIABIK aFbIHABIHBIH MOHACPI MEH
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3epTTENreH ©3CHACPAIH Cy )KHHAY ayJaHbl MaialaHbUIIbl. Tannay >KyMbICE OapbhICHIHAA, KEHOip
TUAPOOEKETTEP CYy JKUHAJIATBIH ayMaKThIH OporpadusIbIK JKOHE KIHMMATTHIK EpeKIIeTiKTepiHe,
OpHaNacy ayJaHblHA JKOHE aFbIH/BI CYJIApPBIHBIH KAIBINITACy JKaFdaiyiapblHa Kapaid OeiHal jKoHe
HIaFblH ayfgaHgapra Oipiktipinmi. Areiaabl Moayitiain Mo=f(F) cy »wunay aynanbiHa GaillaHBICTBI
TOYEJIUTIT aHBIKTAJIIbI, 9ICTTE OYJI TOYEIIUTIK Ka3bIK )KOHE KYPFaK ayMaKTbl ©3€H/IECp/IiH CUITaThIHA
ToH (["anmbriepun, 2012).

OJliCTEMEHIH carachl MEH KOJJAAHBLUTY KPUTEPHill peTiHae S/G KaTbIHACKHI AJBIHJIBL: TEKCEPY
OoypKaMIapbIHBIH OpTalla KBaJpPaTTHIK KaTeNiriHiH OOJpKaMJibl IIaMachIHBIH OpTalla MOHIHEH
CTaH/IAPTTHI AYBITKYbI HEMECE OHBIH aJIJBIH-AJIa )KacaJIFaH Ke3CHIET1 03repyiHe KATHIHACHI AJIbIHAIBI.
Tekcepy OoimKaMIapbIHBIH PYKCAT €TUINEH KATENITiHIH BIKTUMAJABLIBIFEI OOJKAHATHIH IIaMaHBIH
opTama MOHIHEH BIKTMMal aybITKYBIHBIH KaMTamachl3 eriryineH keminnge 10 % apteik Ooca,
Oopkay omicTeMeciH Toxipouene maimananyra 0omanbl Aen Kapacteipansl (I"aiimykoBa xoHe T.0.,
2021; Bockpecenckuit, 1962).

AFBIHJIBI KaPTACHIH KYPACThIPY MaKCaThIHA aFbIHBI KANBIITACATHIH ayMaKTa opHanackad 103
TUIPOJIOTHSIIBIK OCKET OOMBIHINA aFbIHIBI MOIYIIIHIH aepekTepi (M, JI/CXKMZ) koimanbeiasl. 111, VI
xoHe VII ruaponorusiblk aygaHaap JAepeKTepl aFbIHABIHBIH TOMEHI1 Tapally ailMarbIHJIa
OpHaJIaCybIHA OAMIAHBICTHI 3EPTTEY/IC Tak 1aTaHbIIIMAIbI.

Kapransl kypacteipy ArcGIS Oarmapnamaceinna, ArcToolbox makeTiHIH KOMKETiMIl
KYpaJlIapblH KOJIJIaHy apKbUIbI JKY3€Te achIpbUIIbl. bactramnkeima opOip THAPOOCKET YIIiH CaHJbIK
penbed yiricine HEri3feNreH cy >KUHay aylaHbl OemiHIN anbiHAbl (penbedTiH TOomorpagusIbK
KapTacelH naigananyra 6onansl). Coman keitin «Feature to Pointy KypalbIHBIH KOMETIMEH aFbIHIbI
MOJlyJliHEe OalIaHBICTBIPBUIFAH Cy JKMHAY ayJaHBIHBIH aybIPIBIK HEHTPi (Cy >KMHAY ayJaHBIHBIH
TCOMETPHSUIBIK  IICHTPi) aHBIKTAIABL. Opi  Kapaid, arblHABI MOIYJiHIH Oipaei MoHAepi
W30CBI3BIKTADMEH KOCBULIBI. JlepekTep KOpBI IKETKUIIKCI3 JKOHE KaMThLIMaraH JKEKeJeTreH
ayJmaHaapja arblHIbl W30CBI3BIKTAPBI OJIAPJBIH JKAIIBI OaFbITBIH €CKEpPe OTBIPHIN, MaMaMeH
CBHI3BLIIBI.

3. HoTu:keutep

AHBIKTaJIFaH aifMaKThIK Toyes Tk Kuceikrapbl Mo=f(F) 1-cypette kepcerinred. ToMbIKKAH/IbI
Tanjgay OapbIChIHIA aJlbIHFAH TUAPOJOTHSUIBIK OIPTEKTI ayAaHIapAblH KapTa-chl30achl 2-cypeTTe
KOPCETUITEeH.

I ayoan (OKaliblK ©3€HIHIH COJ »arajay cajiajapbl) €Ki Kimi aynanfa OemiHreH: | a — Enex
e3eHiHiH anadsl (05.01.07.05 cy mapyamsuibik yuackeci (CIIY)), I b — lsmareipaay (05.01.07.01
CIY), Kob6na (05.01.07.04 CILY), Op (05.01.07.06 CILY) e3enaepiHiH ajmantapbl, COHAaN-aK
Tamnp! sxone Kaparanas! e3enaepi Enek e3zeninin ana0eina xatansl (05.01.07.05 CLIY). | a marein
ayZnasbl - Enex e3eHi anaObIH/Ia allbIHFaH TOYENUTIKTIH Koppensaius kodgduuenti R=0,97 monimen
cUmarTanajbl, Oainaneic camachkl S/6=0,24, ecenTeyiH calbICTRIpMabl oprarira Katemiri 15,1 %
Kypanel. |b marein aymanel — IlsiaFeipnay, KobGma, Op e3eHmepi anmaOblHAa TOYENIITIKTIH
Koppensus  kodpdunuenti R=0,69 mamackiMen cumnartanaapl, Oaimanbic camacekl S/0=0,70,
casibICThIpMalibl opTama Karedik 13,9 % TeH.

Il ayoanea XKanmwer CeIpT KbIpaThIHBIH OaThic OedmiriHiH e3eHaepi: EmMOymatoBka, Illaraw,
Hepken, Isrxen 1, Henkeia 2, Kapaesen, Capblo3eH, ANIblo3eK >KAaTKBI3BUIALI (SFHH, OYpBIH
anpikTanFan Il sxome VII aymanmap Oipiktipuial). bepinreH ToyenaulKTIH — KOppesSus
kodp¢umenti R=0,81 mamacekimMen cumarrananbl, Oaimanpic camacekl s/6=0,58, ecenTeymiy
CaITBICTBIPMAJTBI OpTama Kareniri 35,8 % Kypansl.

IV ayoanea Opan anasl YCTIpTIHIH OHTYCTIK OejiriHeH araTbiH e3eHzaep: bapbactay,
[Honakankatsl, Kenepankars! (05.01.07.01 CIIY), ©nenti, Winepti, bynabiptel, KanasiraiTsel,
Mumi, XKakcei6aii (05.01.07.03 CIIIY), bab6araii, Kubut, [srsipasikkymast (05.05.00.01 CLIY)
e3eHiepl karanpl, Koppemnsaius kodddumumenti R=0,75, Oaitmanbic camacel S/0=0,63, oprarmia
CaJIBICTBRIpMaITBI Katemik 29,1 % Kypamsl.
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V ayoan (OHTYCTIK ©3€HIep) YII Kilni aymnangapra 6emnineni: V a — Oiibin sxoHe XKem e3eHaepi
ana6el (cy xunay anabsl 1000 kM2 acIaiThIH IAFBIH e3eHIep/eH 0acka), MyHna Mo=f(F) Toyemmtimiri
R=0,82 xoppemsiuus ko3(pUIMEHTIHIH IaMackIMEH cumarTanajsl, Oainmaneic camacel S/6=0,43,
opraiia caibicTeipMaibl Karemik 14,4%; Vb — Carbi3 e3eni amadbl, Mo=f(F) Toyemainirinin
koppemsius kodddunmenti R=0,69, 6aiinansic canacel S/6=0,66, ecenteyaid opramia KBaJIpaTThIK
Katediri 40,0%; V¢ — OiibIT e3eHi anaGbIHBIH Killli o3eH1epi (cy xuHay anabs 1000 kv?sxysik) I,
Wierbipnbl, Mlumicai, Jlumancaii, Kusikcait, Tepekricair, Kypnmakrte, Mo=f(F) Toyenninirinin
koppessinus kodddurmenti R=0,79, Gaitnansic camacel S/6=0,62, oprama KBaapaTThIK KaTewiri
18,3% xypansl.

AWMAaKTBIK TOYCIIUNIKTEPIIiH CHUIMATTaMalapbl 1-KecTeqe KepceTUIreH. [ MapOoIOTHsUIbIK
ecenTeyyep HOTMKECIH/IE alIbIHFaH JePeKTep Kapamabl OOJIBI TaObLIa b, ce0e0l TOYeIIUTIKTEP IIH
koppemsanus kKodhdunuentrepinig mamacel 0,60-0,70 xorapsl MOHTe He. AWMMAKTBHIK TOYENIITIK
HOTIDKENIEPl JKBULABIK aFbIHIBI HOPMAchIH Oaranayna KOHE 3epPTTEIMEreH ©3CHICPHiH AaFbIHIbI
KapTajapblH KypacThIpy/ia KOJAaHbUTYbl MYMKIH.

a) 0)
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M, n/cxxm?
0,80
0,60 Ve
y =0,13x + 0,01

R? = 0,62 X
0,40 X
0,20 XK x
0,00 IgF

0,00 1,00 2,00 3,00 4,00

Cyper 1. Mo=f(F) aiimakTeik Toyemmiaikrepi: a) | a — Emex e3eni amadsr, | b - Op, KoOxa,
[eHFpIpaay e3enaepi anadsl; 6) I - XKannsr CeipT KpIpaThIHBIH 0aThic OeiriHiH e3eHaepi; B) IV -
Opast anjapl YCTIpTiHIH OHTYCTIK OetiriHeH arathiH e3eHaep; r) V a — XKem, Oiibl1 e3eH1epi anaob;
V b — Carpi3 e3¢eHi anabsr; 1) V ¢ — Olibl1 63eH1 aaObIHBIH Killli ©3¢H1epi

Kecre 1. Mo=f(F) anbiaran ToyeqauTiKTep/IiH CUIIaTTaMaIapbl

C'uapoaorusiabik Osennep Cy mapyambLIbIK R, KoppessuHst
ayjaH yuyacke K03 dpuumenTi
la Enex o3eni ana0bl 05.01.07.05 0,97
b Op. Koo, Wrpay | o2 07070y 069
e3eHiepi anadbl 05.01.07.06
05.01.07.01,
1 Kanmer CeIpT KbIpaTHIHBIH 05.04.00.01, 081
OatbIic OeJIiTiHIH 63eHaepl 05.04.00.02, '
05.04.00.03
Opau angsl YCTIpTiHIH 05.01.07.03,
v OHTYCTIK O6JIIriHeH araThlH 05.01.07.01, 0,75
e3eHIep 05.05.00.01
Kem sxone Oiibut e3eHaEpl 05.05.00.01,
Va AaGLl 05.02.08.01, 0,82
05.02.08.02
Vb CarbI3 o3eHi anads! 05.05.00.02 0,69
Ve OiibL1 03€H1 aJ'Ia6B'IHBIH KIIII1 05.05.00 01 0,79
e3eHIepi
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Cyper 2. ['uaposiorusuiblk OIpTEKTI ayAaHaapIbIH KapTa-Chi30achl

Mo=f(F) ailiMaKkTBIK TOyeNIUTIKTEPiH KOJJAaHa OTBHIPBIN, AaFbIHIBI MOMAYJIHIH KapTachl
KypacTeipbuiasl (3-cyper). Kypacteipbutrad arbiHbl KapTachkl JKaibik-Kacnuii cy miapyamnibuibIK
aa0bl OOMBIHINIA OpTAIlIa KBUIABIK aFbIHIBIHBIH ©3TePYiHIH JKaJIbl 3aHIbUTBIKTAPBIH KOPCETE/II.

AFBIHIBI MOYJIHIH M30CBI3BIKTAPHI Keyeci MoHAep Ooitbiama xyprizinmi: 0,1, 0,2, 0,4, 0,6,
0,8,1,0,1,2,1,5, 2,0, 3,0 i/cXkm?. AyMakTbIH CYJIBUIBIFBI €H TOMEHT1 OOJIT1H/Ie U30CHI3BIK [IIaMaChl
0,1 51/cXKM? JKYPTi3U1JI1 KOHE HYKTEINI ChI3bIK TYPIH/IE KOPCETLIAI.

Oprama KeIDKBUIABIK aFbIHABl MOIYMIHIH Tapalxybl Kallbl KIAMATTBIK (hakTopiapabiy
ayMaKTBIK ©3repylHe CoiiKkec Kelle[l >KOHE ajanTaFbl >KayblH-UIAIIBIHHBIH a3alobl MeH OyiaHy
[IAMACHIHBIH YJIFalObIHA OalIaHBICTBI CONTYCTIKTEH OHTYCTIKKE Kapail aFbIHBIHBIH TOMEHACYIMEH
cunarranaapl. JKeprimikTi xkep O6enepi aFbIHIBICHIHBIH TapadyblHa ailMaKTHIK JEHTEHIe ocep eTel.
AFBIHIBIHBIH HET13T1 KanbinTtacy aimarsl (Enex, Op, Ynken Ko6na, sinreipiay, aran, Jlepken,
[IbpKbIH  ©3eHAepl ananTtapbl) MIAPTTHl TYPAE «Taylbl ayAaHaapra», xep OenepiHiH OHiK
Hykrenepinae (Myramkap cinemaepi, Kanmsl CeIpT KblpaThl) opHanackaH. COHBIMEH KaTap,
JKOFapbIia aTaliFaH ayJaHAap/a aFbIHABIHBIH €H KOFaphl MoHepi OenrinenreH: TepicOyTak e3eHi -
4,65 n/cxxm?, IIpokeia 1 e3eHi - 3,13 1/cXKkM?. AFBIHIBI MOJYJIIHIH €H TOMEHT1 MOHJEPl OHTYCTIK
e3cHnep aymarbinaa: Carbi3 o3eHi Carbi3 TycTamacel (0,1 1/cxkm?), Kem o3¢HI AKMEUIIT aybLIbl
(0,27 n/cxxm?), Oitbin e3eni Tanroraii aysuisl (0,42 n/cxkm?) Kepinic Gepeni. byn aymarmapaa
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JKaybIH-IIAIIBIHHBIH TOMEH MOJIIIEepi )KoHe OyIaHyIbIH KapKbIHABI TYPAE KYPYi ©3€H aFbIHABICHIHBIH
Oipiama a3aroblHa, TINTI JKa3Fbl MayChIM/Ia TOJIBIKTAN KOFATybIHA JKaFAail xKacaiIbl.
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Cyper 3. XKaiibik-Kacnmii anadbl ©3eH1epiHiH OpTallia KbUIIBIK aFbIHIbl MOAYJIIHIH KapTachl

4. Tannay

JKyMbIC GapbIChIH/IA KOJI JKETKI3TeH aFbIH/IBIHBIH Cy )KHHAY ay/laHbIHA OalIaHbICThI AfMaKTHIK
toyenaimiktepi  Mo=f(F) ruaponorusiabik Typreigan onci3 3eprreireH JKaitbik-Kacouit ¢y
[IapyalIbUIbIFbl AJTA0BIHIAFBI ©3CH aFbIH/IBI PECYPCTAPBIHBIH KAJIBIITACY 3aHIBUIBIKTAPbIH TYCIHYTE
MYMKIHJIK Oepeni. AiMakThIK ToyenautikTepaid (Mo=f(F)) xorapsl koppensiuus kosddunreHTrepi
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(0,69-0,97) 3eprrenMereH e3eHACpP/IH aFbIHIbl HOPMAChIH Oarayiayja OJIapJbIH CEHIMIUIIrT MeH
KOJ1J1aHOaJIbl MAHBI3IbLIBIFBIH alKbIHIAMIBI.

Kazakcran aymarbiana XKaiibik-Kacrmii cy mapyamsuibiebl anadbl O0ibIHIA Ka3ipri 3aMaHFbI
arpiHIbI KapTanapbl KP ¥urreik Atnaceinga (Hamumonanensiéi atiac, 2010), «Ka3zakcTtaHHBIH Cy
pecypcrapsl: b6aranay, 6omkay, 6ackapy» artel 30 Tomabik MoHorpadusaceiHaa (Iansnepun, 2012),
cogmaii-ak  (damnerramues, 2009; JlaBmerranmen, 2016; AnumMkymoB koHe T1.0., 2020)
JKYMBICTapbIH/IA KapbIK KopreH. KolmaHplCTarbl OpTamia KOIDKBUIIBIK aFbIHABI KapTajdapbl OHBIH
KEHICTIKTIK CHUIaTTamMallapblH ©Te MaKChl Kepceredl. Auaiijia, 3aMaHayl KIMMATTBIK ©3repicTep
JKaFJalbIHIA JKEKENIETeH ayMaKTap blH aFbIHIBI HOpMaapbl e3repicke yiibipanbl. Con cebenteH
3epTTey ayAaHbIHBIH KJIUMATTHIK (haKTopiapbl KaiiTa Kapaiblll, HAKTbUIAHFAH aFbIH]IBI MOJYJIHIH
KapTachl TYPFHI3BLUIIBL.

KanapTbuiFan JepeKTep HEri3iHAe KypacThIpbUIFaH arbIHABI MOAYIIHIH KapTachl ajamnThbliH
KaIIbl CYJIBUIBIFBIHBIH KOPIHICI MEH ©3€H aFbIH/Abl PeCypCTapbIHBIH KEHICTIKTIK TapatyblH
BU3yalJlayFa MYMKIHIIK Oepeni. 3epTrey JKYMBICBIHBIH HOTHIKEJepl OOWBIHINA, aFbIHJbI
KaJIBIIITACATBIH HET13T1 yUacKeJep alanThlH CONTYCTIK-IIBIFBIC )KOHE OPTAIBIK OemikTepi (Myramkap
»koTackl MeH JKanmbl ChIpT KbIPAaThIHBIH KOFapFbI OMiK OeikTepi) O0JbIN TaObLIaabl, COATYCTIKTEH
OHTYCTIKKE Kapaii aFbIH/IbI MOAYJTIHIH a3at0bl KIIMMATTHIK (JaKTOPIIap IbIH — XKaybIH-IIAIIBIH MOJIIIepi
MeH OynaHy KapKbIHABUIBIFBIHBIH ©3repyiMeH, COHJai-ak OWiKTIK OeijeylepMeH Tikeneil
0ailIaHBICTHI.

3epTTey HOTIKECIHAE albIHFaH MaTepuaijap, CyIbl YTHIMIABI MaifalaHylabl *Kocmapiay,
KJIMMATTBIK ©3repictepre OediMaeny mapanapblH 33ipiey, COHIai-aK ayMaKThl CyMeH KaMTaMachl3
€Ty CIICHapUIJIepiH YITIey Ke31H/ie MaHbI3IbUIbIKKA He.

5. KopbITBIHABI

Kyprizinren 3eprrey >xymbichl JKaiibik-Kacnuil cy mapyambuibiFsl anaObl ayMarblHIa ©3€H
aFbIH/Bl PECYPCTAPBIHBIH TAPATYBIHBIH KEHICTIKTIK 3aHABUIBIKTAPBIH aHBIKTayFa MYMKIHIIK Oep/Ii.
OpOip TMIPOJOTUSIIBIK OIPTEKTI aylaH YIIIH aFblHIbl MOAYJIHIH Cy KWHay aynaHbiHa Mo=f(F)
allMaKTBhIK TOYENIUTIrT OpHAThUIABL. AlnbHFaH Toyenautikrep 0,69-0,97 apanblFblHAAFBl KOFAPHI
KOPPEJSALMS IOPEKECIH KOPCETTi, OYJI 03 Ke3eriHjae 3epTTeIMEreH ©3€HACP/IH KbUIIBIK aFbIHIbI
HOpMachIH Oarasiayra MyMKIHIIK Oepei.

AFBIHJBI MOJYJIIHIH KapTajJa Tapaidybl HET131HEH COJNTYCTIKTEH OHTYCTIKKE Kapail KIUMaTThIK
cUMarTamajapblH alMakTBIK ©3repiciHe Colkec Kenell, COHBIMEH Karap Jkep OelepiHiH
EpeKIIeTKTepIH eckepeAl. Myraipkap TaylapblHBIH CLIEMIEpl OpHAJACKaH COJTYCTIK-IIBIFBIC
ayMaKTarbl ©3€H/Iep CYbIHBIH MaKCUMaJIAbl MOHAEpiHeH (3 J1/cXKM? acTaM) alanThlH OHTYCTIK-0aThIC
JKOHE OHTYCTIK OOJIIKTepIHJer1 J>KapThUIald IIeJAl KoHE IOl ayJaHJapAarbl arbIHIBIHBIH
a3al0bIMEH, JKOFaJlyblHa JIeiiH Oaiikanaabl.

AFBIHIBI MOJYJIHIH KapTackl Heri3iHnme JKaiblk-Kacrmii amaObIHBIH a3 3€pTTENTeH KOHE
3epTTEIMEreH ©3€HIePiHIH aFbIHAbl HOPMAchlH aHbIKTayFa 00J1a/1bl, acipece 6aKbuIay JIepeKTepiMeH
KaMTBIJIMaFaH ajJanThlH OHTYCTIK OOJIKTepl YIIiH ©Te MaHbI3Ael 0okl TaObuiansl: XKem, OHbLI,
Carb13 e3enzepi anadbl, XKannel ChIPTTBIH OHTYCTIK CLIEMJEpiHEH araThIH Killll ©3eHJAep, aramn
alfTKanza AIble3eK e3eHl, Apall eHIpiHIH COJTYCTIK OeJjiriHe >kaTaTblH Myfamkap TaybIHBIH
OHTYCTIK JKOTaJlapblHaH araThiH yakbiTiia cy arbiaaapsl (05.02.08.03 CIIY) xone Lsirpic Kacnmii
ayMarbIHBIH yakbiTiIa cy arbiaaaps (05.06.00.00 CIIY).

Cy pecypcTapblH HEFYpIIbIM CEHIMII Oaranay >koHe THiM/I O0acKapy YIIIH ©3€H aFrblHAapbIHIa
Oaxpliay OEKeTTepiHIH CaHBbIH apTThIPY KaXeT, OHBIH 1II1HJIe: IIaFblH e3eHAep OoMbIHIIA (KOKTEMTI1
Cy TacKbIHBI Ke3iHJie OOJaTbIH aFbIH/ABIHBI Oarajay VIIiH), aFbIHIbl KaJIBINTACATHIH ayMaKTaFrbl
e3eHJiepae (aFbIHIBl KAJNBINTACy ayMaFbIHBIH pECYpCTapblH Oaraiay YIIiH) JKOHE aFbIHIBIHBIH
TOMEHT1 Tapaly ayMarbIHJIa (Cy/IbIH )KOFaTybl MEH aFbIHABIHBIH ©3TepyiH Oaranay yIiH).

3epTTey HOTHIXKENIEPIH Cy PecypCTapblHbIH TalllIbUIBIFBl JKaFlalblHAA CyIbl MaliJalaHy/bl
xKocmapiay Ke3iHJe THAPOJIOTHSUIBIK JKOHE Cy IIapyalllbUIBIFBl €CenTeyliepl YIIiH, COHJai-ak cy
canacbiHga Kei3MeT atkapatblH PMK «Kasrugpomery, «KasrumpoBoaxo3 uHcTUTYTHI» JKIIC,
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Regularities of the territorial distribution of river runoff in the Zhaiyk-Caspian
water basin

Alfiya Zagidullina, Aigerim Dostaeva, Akgulim Sailaubek, Oirat Alzhanov

Abstract: In hydrological terms, the Zhaiyk-Caspian water basin is considered to be one of the least
studied regions. It is characterized by the short duration of observations at most hydrological stations
and their uneven spatial distribution. Half of the hydrological stations in the basin have observation
records of no more than ten years, and one-third have no more than five years. Additionally, the basin
contains a significant number of unstudied small rivers and ravines that are not tributaries of the
monitored rivers. Under these conditions, estimating the runoff norm for poorly studied and unstudied
rivers becomes one of the most challenging tasks in hydrology. To determine the runoff norm of
poorly studied and unstudied rivers in the Zhayik-Caspian basin, the article employed a regional
dependence of the runoff modulus on catchment area: Mo = f(F). Eight regional curves were
developed, characterizing hydrologically homogeneous areas of the basin. Analyzing spatial patterns
in river runoff distribution enabled the construction of a runoff modulus map. Runoff modulus
isolines were drawn within a range of 0.1 to 3.0 1/s’km?. The distribution of the runoff modulus
generally reflects the zonal variation in climatic conditions from north to south and also accounts for
the relief and characteristics of the underlying surface. These results allow us to make it possible to
calculate runoff norms for rivers not covered by observations and serve as a basis for water use
planning, development of environmental standards, and water management measures under changing
climate conditions. The study's results are of high practical significance and can be recommended
for application in hydrological calculations, design of water bodies, and formation of regional water

policy.

Keywords: Zhaiyk-Caspian basin, unstudied rivers, hydrologically homogeneous area, regional
dependencies, flow modulus map, isolines.

3aKOHOMEPHOCTH TEPPUTOPHAJIBLHOIO PACHIPeAeIeHUsI PEYHOr0 CTOKa KalbIK-
Kacnuiickoro Bo10X031iiCTBEHHOT 0 DacceiiHa

Anbdus 3arunyanuna, Aiirepum Jocraesa, Axkrynum Caitsiayoek, Oiipat AJIbKaHOB

AnHoTtauus: B ruaponornueckom otHomeHuu JKaitbik-Kacnuiickuii Bo10X03HCTBEHHBIN Oacceiin
(BXDB) otHOCHTCS K crnabou3ydeHHbIM. OH XapaKTepU3yeTcss KpaTKOBPEMEHHOCThIO HAOIIOACHUI Ha
OOJBIIMHCTBE THUIPOJIOTHYECKUX TMOCTOB U HUX HEPABHOMEPHBIM pPa3MEIICHUEM [0 TEPPUTOPHH.
[TomoBrHA MOCTOB MMEET MEeproa HAOIIOIeHU HE OoJiee ecATH JIET, TPETh - He 0oJiee TATH JIeT.
Kpome Toro, B 6acceiiHe MMeETCsl 3HAYUTEIILHOE KOJMUYECTBO HEM3YyYEHHBIX MaJbIX PEK U JIOTOB,
KOTOpBIC HE SIBJIIOTCS MPUTOKAMHU PEK, OXBAUYCHHBIX HAOIIOJCHUSIMH. B Takux ycioBUsSX 0COOyIO
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aKTyaJbHOCTh MPHOOpETAaeT 3ajadya pacyera HOPMBI CTOKA CIA0OM3YyYCHHBIX W HEU3YUYEHHBIX
BOJIOTOKOB - OJIHA U3 CaMbIX CJIO’KHBIX B THUIPOJIOTHH. {151 olpeneneHuss HOpMbl CTOKA TaKUX PEK B
Kaiibik-Kacnuiickom OacceifHe B CTaThe UCIOJIb30BaHbBI PETHOHAIBHBIE 3aBUCIMOCTH MOJTYJISl CTOKA
ot trouraau Boxocdopa: Mo = f(F). Bcero mocrpoeHo BoceMb pernoHaIbHBIX KPUBBIX, OTPAKAFOLIHX
THJIPOJIOTMYECKH OJHOPOJAHbIE palloHbl OacceiiHa. Pe3ynbTaThl MccaeoBaHUS MPOCTPAHCTBEHHBIX
3aKOHOMEPHOCTEH DPACIPENEICHUS] PEYHOTO CTOKA IO3BOJWIM IOCTPOUTH KapTy MOAYJS CTOKA.
W3onunum Momynsi ctoka nposeneHs! B auanaszone ot 0,1 mo 3,0 n/cxkm?. Pacnpenenenue Momyis
CTOKa B LIEJIOM COOTBETCTBYET 30HAIbHOMY U3MEHEHHUIO KJIMMAaTHYECKUX YCIOBUM C CEBEpa Ha 0T, a
TaKXe YUYUTHIBACT penbed n 0COOEHHOCTH MOACTHIIAIONICH TOBEpXHOCTHU. [lomydeHHbIe pe3yabTaThl
HO3BOJISIIOT IPOU3BOAMUTE PACUET HOPMBI CTOKA JIJISl PEK, HE OXBAYEHHBIX HAOIIOIEHUSAMMU, U CIIyKaT
OCHOBOW JJIsl TUIAHHUPOBAHHUS BOJOIOJIB30BAaHUS, Pa3padOTKU HKOJOTHUYECKUX HOPMATHBOB U
IIPOBEJCHUS BOJOXO3SAMCTBEHHBIX MEPONPUATUN B  YCIOBUAX M3MEHSIOLIETOCS — KJIMMAaTa.
HccnenoBanue o0magaet BBICOKON MPAKTHUECKOW 3HAYNMOCTBIO H MOXKET OBITh PEKOMEHIOBAHO IS
IPUMEHEHUS B THUJPOJIOTHYECKUX pacyéTaX, MIPOEKTUPOBAHUN BOIHBIX OOBEKTOB M (POPMHUPOBAHUU
PETUOHAIIBHOW BOJHOM MOJIUTHKH.

KialoueBbie cioBa: JKaitbik-Kacnmiickuii OacceilH, Heu3ydeHHbIE pPEKH, TUIPOJIOTHYECKH
OJIHOPOJIHBIN PaiiOH, PETHOHATIBHBIC 3aBUCUMOCTH, KapTa MOIYJISI CTOKA, U30JIMHUH.
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AnHotaumsi. Cpenu nemorpaduyeckux IOKazaTellell Ba)kKHOE MECTO
3aHMMAET II0JIOBO3pACTHAsl CTPYKTypa HAceleHUs. BBICOKMH ypOBEHb
COLIMAJIbHO-3KOHOMHUYECKOT0 Pa3BUTUSl CTOJIMLBI  A3epOailkaHCKOi
PecniyOnmku, rtopoma baky, ero poib Kak OCHOBHOTO IIEHTpa
ypOaHu3aLuu CTpaHbl ¥ Apyrue (PakTopbl OKa3bIBAIOT HEMOCPEICTBEHHOE
BIMSIHAE Ha JeMOoTpa(uuecKue IMPOIECCHl, BKIIOYasl MOJIOBO3PACTHOM
coctaB HacenaeHHsl. OCHOBHOM LIEJIBIO JAaHHOTO HAYYHOT'O UCCIICOBAHMS,
00Ja/1al01ero  IPaKTUYECKONM 3HAYMMOCTBIO, SIBJSIETCSI  U3y4YEHHE
W3MEHEHHUH B II0JIOBO3PACTHOM CTPYKType HaceneHus baky B mepuon c
1999 mo 2023 romel, a Takke (AKTOPOB, BIHUSAIONIMX HA €€
dopmupoBanue. ['eHepHas CTpyKTypa HacelIeHus IpoaHaIM3UpOBaHa Ha
OCHOBE CTAaTUCTUYECKHX JIaHHBIX Kak 1o ropoay baky, Tak u 1o
BXOJSILIIMM B HEro aJIMMHHUCTPATHBHBIM paiioHaM. Take paccuuTaH H
CpaBHEH MEJHMAHHBIM  BO3pacT  HaceleHus  A3sepOaiiKaHCKOU
Pecnnybnuku u ropoma baky. [lns Hacenmenust ropoga baky Obuin
paccuuTanbl Ko3(h(PUIMEHTHl BO3pAacTHOM 3aBUCMMOCTU. B pesynbrate
aHaJIM3a YCTaHOBJIEHO, YTO HA MPOTSHKEHUM MHOTHX JIET HapyLICHHAs
reH/iepHasi CTPYKTypa HAaceJIeHUs B TOPOJIE MOCTENEHHO BbIPaBHUBAETCS.
B BO3pacTHOW CTpPYKType HaceleHHMs B CBSI3M C IOCTENEHHBIM
CHI)KEHMEM €CTEeCTBEHHOIO0 MPUPOCTa U  YBEIWYEHHEM CpeaHel
IIPOJOJDKUTEIBHOCTH KU3HU MTOCTENIEHHO YBEIMYHUBAETCS YAEIbHBINA BEC
HacelleHus crapue 65 JieT — MpPOMCXOAUT CTapeHUuEe HaceJIeHUs.
MenuaHHBII ~ BO3pacTHOM  IOKAa3aTeNlb  HAcEJIIEHHs B TOPOJE
YBEJIMYUBAETCS, U OH OTJINYAETCS TEM, YTO BBIIIE OT IOKa3aTess 10
cTpaHe. UTo kacaeTcst BO3pacTHOU ieMorpaduiyeckoil Harpy3KkH B ropoJie
(3a wmccnmegyeMbld Tepuoid), TO AemMorpaduueckas Harpyska cpeau
MOJIOJIE’KU CHUYKAETCSI, @ CPENIN JIULL TIOXKHIIOTO BO3pacTa yBEIUUMUBAETCS.

KuroueBble cioBa: reHaepHas CTPYKTYpa, BO3pAacTHas CTPYKTYpa,
MEIUaHHBI  BO3pacT; KOA(PPUIIMEHT BO3PAaCTHOM 3aBUCUMOCTH,
nemorpaduueckre mporeccsl; JeMorpapuueckuii mepexo/.

1. Beenenue

OpHMM M3 BaXHBIX JeMorpaduyecKux IOoKa3zaTelell HaceleHus
ABJISIETCS TIOJIOBO3PACTHOM cocTaB. [10710BO3pAaCTHON COCTAB CTPYKTYPHI
HaceJeHus GOpMHUPYETCst O/ BIUSHUEM JeMOTrpaduuecKuX, COIHaIbHO-
HSKOHOMHYECKUX ¥ mojutudeckux (akropos (bamanos, 2016). Cpeau
3TUX (HaKTOpOB OoJsiee BIMATEIBHBIMH SBIAIOTCA JeMOrpagpuuecKkue
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(dakTophl, BKIOYAs POXKIAAEMOCTh, CMEPTHOCTh W MHrpanuio. I[lormoBo3pacTHas CTpPyKTypa
HacelJleHus ropojia baky moCTOsIHHO MEHsIach MO/ BIUSHUEM MTEPEUHUCICHHBIX BbILIE (PaKTOPOB.

baky, cronuna AsepOaiixanckoil PecyOnuku, cocTouT u3 12 aIMUHUCTPATUBHBIX PaiiOHOB
u 59 nacencHubix myHKTOB (Puc. 1). Ero Hacenenue cocraBiser 2344,9 Thic. 4eI0BEK, U3 HHUX B
ueHtpe ropoaa npoxkuaet 1184,0 Teic. uenosek win 50,5%, B npuropogax — 1160,9 teic. yenosek
unu 49,5%. Ha nomnto ropona npuxonurcs 23,0 % Hacenenus crpanbl U 42,3 % Bcero ropoJickoro
nacenenus (01.01.2024) (State Statistical Committee of Azerbaijan, 2024b).
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Pucynok 1. UnciieHHOCTh U FeHAEpHBINA cOCTaB HaceleHus ropoja baky u ero aiMUHUCTPAaTUBHBIX
paloHOB

Co3nanue HOBBIX pabouux MecT B ropojie baky u mpuseraromux pailoHax B LIEJIOM BBICOKOE,
COIMATbHO-9KOHOMUYECKOE PAa3BUTHE PETHOHAa OO0YCIaBIMBAET KOHIICHTPAIMIO 3/1€Ch HACEJICHHS
(Odbenaues, 2015). B pesynabraTe €CTECTBEHHOTO M MUTPAIIMOHHOTO IIPHPOCTA MOCTOSIHHO MEHSIETCS
M0JI0BO3pacTHOM coctaB HaceneHus (Mup3aesa, 2021). C 3Toii TOUKH 3pSHUS H3y4YECHHE N3MEHECHUI
B II0JIOBO3PACTHOM CTPYKType HaceleHus Tropojaa baky, HMEIOIIero BBICOKOE COIHUAIBHO-
SKOHOMHMYECKOE pa3BUTHE, M HU3yUYEHHE UX XapaKTEepPUCTHUK, pacuyeT Kod()PUIHEHTOB
aeMorpaduueckoi Harpy3Ky Ha MOJIOJIBIX M CTapbIX, METUAHHBIM BO3PACT UMEET OOJIbIIOE 3HAUCHHE
Kak JUIs 6oJiee rIyOOKOro MOHMMaHUs TeKYyILIeH CUTyalluH, TaK U Uil IPOTHO3UPOBAaHUS OYyTyIIuX
AeMorpapuuecKux TeHICHIIUH.

2. MaTepuajibl 1 MeTObI

CTaTHCTUYECKYIO OCHOBY MCCIIEZIOBAaHHS COCTABHIIM MaTepHaibl nepenuceid HacemeHus: 1999-
2009 ronoB u craructuueckue nokaszarenu 2000-2024 ronoB. 'ennepHas cTpyKTypa HaceleHUs
MpOoaHaJM3UpOBaHa Ha OCHOBE CTAaTHCTUYECKHX JaHHBIX 10 Topoay baky, Bkmodas Kak
LEHTpaJIbHbIE, TaK W MPUTOPOJIHBIE pailoHbl. Ha OCHOBE MEpBUYHBIX JAHHBIX OBLIM PacCUUTAHBI
CpeIHUe 3HAYCHHSI, CTaHAaPTHBIE OTKJIOHEHUS U CTaHJAapTHBIE OITHOKH 110 00IIEMY HACEIICHUIO U TI0
nony. Ctatuctudeckas 00paboTKa OCYIIECTBIIATIACH C UCTIOIb30BAHNEM O(UITHAIBHBIX MaTEPUAIOB
['ocymapCcTBEHHOTO KOMHUTETa CTATUCTUKU A3epOaiikanckoit Peciyonuku B mporpamme Microsoft
Excel.

Taxke paccuuTaH U CpaBHEH MEeIMaHHBIM BO3pacT HaceseHus A3epbaiikanckon Peciyonuku
u ropoja baky. [Ins nacenenus ropoma baky Obumm paccuuTanbl Ko3(G(UIHMEHTH BO3PACTHON
3aBucuMOCTH. [Ipy  TOATOTOBKE CTaTbu  HCIOJIB30BAINCH ~ MAaTEMaTUKO-CTaTUCTHYECKUM,
CPaBHUTEIbHBIN aHAIU3 U AP. METO/IbI UCCIICIOBAHMSL.
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JU71st OIICHKH COBPEMEHHBIX M3MEHEHUH B BO3PACTHOM CTPYKTYpE HaceNIeHHs ObUTH pPacCUMTAHBI
KO3QQHUIMEHTB JeMorpapuueckoil Harpy3kd MOJIOAOIO U IOXKUJIOIO HAacelleHHs, a TaKxke
MeMaHHBINA Bo3pacT HaceneHus. [lpu aTom st pacdyera kodpuIeHTa BO3pacTHON 3aBHCUMOCTH
UCIOJb30BATKCH creaytole GopMyisl: O0mii Ko3pGUIMEHT 3aBUCUMOCTH:

P;15+P55+

—Pt15_64 X 100 (1)

KoadduimeHT 3aBUCUMOCTH MOJIOICHKH

P§15
pl5-64 x 100 (2)
t
KoadduimeHT 3aBUCUMOCTH TTOKUIIBIX JIFOJICH:
PES+
_Pt15_64 x 100 (3)

3necs P<® — rpynma nacenenns no 15 ner, P®" — rpynma nacenenns crapme 65 ner, a P% —
pasHuIila Mex Iy ooenmu Bo3pactHbiMu rpynmamu (Yusuf et al., 2014).
Jlist pacueTa MeIMaHHOTO BO3PACTa UCIOJIb30BaIach GhopMyIia:

Median =L +w X @ (4)
f

3,[[60]: L - HmxHUM nmpeaci BO3p€lCTHOfI T'PYIIIIbI, KOTOpOﬁ COOTBCTCTBYCT ME€IMaHA, W - KOJIMUCCTBO
JIST B BO3PACTHBIX Ipymnmax, n - 06[11215{ YUCJICHHOCTb HACCIICHUA, C - KYMYJIATUBHAA 4YacCTOTa

Hpe,[[Me,[[HaHHOI}'I T'pYIIIIBI, F - uyncieHHOCTH HacejleHUs B rpyirie, KOTOpOI71 COOTBCTCTBYCT MC/IMaHA
(Yusuf et al., 2014).

3. Pe3yabTaTnl

B nepuoa ¢ 1999 no 2023 roapl ObUIM M3ydeHBI MOJIOBO-BO3PACTHASI CTPYKTypa HAaCEICHUS
ropoja baky, MenquaHHbIN Bo3pacT U KOG (UIIMEHTH BO3PACTHOMN 3aBUCUMOCTH.

3a roJipl UCCIIEI0BAaHUS YNCIECHHOCTh KaK MY)KCKOI'0O, TaK M )KEHCKOr0 HacelaeHus ropoaa baky
yBenuuuiach B 1,3 pasza. B neHTpanbHO# 9acTu ropoAa pocT YMCIEHHOCTH O0OUX IOJIOB COCTaBHII
1,1 pa3a, Torma kak B IpUropoJHOM 30HE YNCIEHHOCTh MYXKYHMH BO3pociia B 1,7 pa3a, a >KeHIUH —
B 1,6 pa3a (Tabawuma 1, 2).

Tabauua 1. 'eHaepHsbIl cOCTaB M CTPYKTypa HaceleHUs ropojaa baky M ero aiMHUHUCTPATHUBHBIX
pailoHOB (ThIC. YEll.)

1999 2009 2015 2023
06. 06. 06. 06.
Hac. Myx. | Ken. Hac. My:x. | Ken. Hac. Myxk. | 7Ken. Hac. My:x. Ken.
r. baky 1788,9 | 869,7 | 919,2 | 2045,8 | 1012,2 | 1033,6 | 2225,8 | 1105,8 | 1120,0 | 2344,9 | 1150,0 1194,9
Lentp 1084,2 | 524,8 | 559,4 | 1140,8 | 568,1 | 572,7 | 1240,5 | 611,6 | 628,9 | 1184,0 572,4 611,6
Hpuropox | 704,7 | 3449 | 359,8 | 9050 | 444,1 | 460,9 | 9853 | 4942 | 4911 | 11609 577,6 583,3

[Tpumeuanue: ["'ocymapcTBEHHBIN KOMUTET MO cTaTUCTUKE A3epOarmxanckon Pecyomuku. (2000).
Ilepenucs nacenenus — 1999 2. baky. ['ocynapcTBeHHBII KOMHUTET 110 CTATUCTHKE A3epOailIyKaHCKOM
Peciyomuku. (2010). Ilepenucov nacenenus — 2009 e. baky. ['ocygapcTBEeHHBIM KOMHUTET IO
cratuctuke  AsepOaimpkanckoit  Pecryomuku.  (2024b).  emorpaduueckue — TOKa3zaTelH
AzepOarimxana. baky.
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Tabauna 2. Craructudeckas oopadorka Tabmumsr 1 (1999-2023 rr.)

CrarucTaecKas Cpennee 3HAYEHHE Crannapruoe CranaapTHas omuoKa
o0padoTka OTKJIOHCHHE
(1999-2023) I-(I)aﬁc My:x. Ken. I-(I)aﬁc Myx. | Ken. I-(I)aﬁc My:x. Ken.
r. baky 2101,35 | 1034,42 | 1066,93 | 241,88 | 123,94 | 118,5 | 120,94 | 61,97 | 59,25
Llentp 1162,38 | 569,22 | 593,15 | 66,2 355 | 3254 | 331 | 17,75 | 16,27
ITpuropoxn 938,98 | 4652 | 473,78 | 189,24 | 97,28 | 92,11 | 94,62 | 48,64 | 46,05

AmnHanu3 BO3pacTHOW CTPYKTYpbI NOKa3al, YTO YHCJICHHOCTh HACEJICHUSI B BO3PACTHOU Ipymiie
0-15 net coxpaTtunack B 1,3 pa3a, YuCICHHOCTh HaceJIeHUs B Bo3pacTe 15—65 net yBenuuunace B 1,5
pasa, a YMCICHHOCTh HaceJIeHHsI B Bo3pacte 65 yieT u crapiie - B 1,7 pasa (Tabnuua 3, Pucynok 2).

Tab6amnuna 3. Pactipenenenue Hacenenus baky o Bo3pacTHbIM rpynmnam

Hacenenmue, ThIC. YeJl. YnciieHHOCTDh HaceJleHus1, B %
Toner 1999 2009 2015 2023 1999 | 2009 | 2015 | 2023
Monoxe TpyRocrocobHoro | paqg | 3954 | 4378 | 4189 | 299 | 194 | 197 | 17.9
BO3pacTa
Tpynocnocobroro 1101,1 | 14688 | 16381 | 16693 | 616 | 71,8 | 735 | 71,2
BO3pacTa
Crapie TpyI0cnoco6HOro | 100 g | 1895 | 1499 | 2566 8,6 8,8 68 | 10,9
_BOBpaCTa

HpI/IMGLIaHI/IGZ Ilokazarenu pacCuuTaHbl aBTOPOM HAa OCHOBC CTATUCTHUYCCKUX MAaTCPUAIIOB.
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Pucynok 2. IlomoBo3pacTHple mupamuabl HaceneHus r. baky B 1999, 2009, 2015 u 2023 rr.
(nacenenue, ThIC. 4en.). VICTOYHHMK: pacCUMTAHO ABTOPOM IO MaTepHaiam I ocyaapCTBEHHOTO
KOMUTETa 10 cTatucTuke Azepbaiixanckoi PecrryOmmku

CornacHo JauHEHHOMY MporHo3y, K 2030 roay YHCICHHOCTh HACEIICHUS TPYAOCIOCOOHOTO
Bo3pacta B ropoje baky Bo3pacTér u coctaBuT 1920,4 Thic. yenoBek. UMCIEHHOCTh HaCeJIEHUS
MJIAJIIIe TPYAOCIOCOOHOTO BO3pacTa COKpaTutTes 10 367,5 ThIC. 4eJIOBEK, TOT/Ia KaK YUCICHHOCTD
MOXKUJIBIX (CTapiie TPYJA0CIOCOOHOTO BO3pacTa) Bo3pacTET A0 251,5 Thic. 4yemoBeK. ITH TEHACHIIUU
MPUBEIYT K CYIIECTBCHHBIM U3MEHEHHSIM B BO3PACTHOU CTPYKType HaceneHnus ropoaa (Puc. 3).
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Pucynok 3. JluHeitHas Mozelib MPOTHO3a YHUCICHHOCTH HACEJICHUS MO BO3PACTHBIM TPYIIaM It
ropoga baky. Hcrounuk: IloaroroBieHo aBTOpPOM Ha OCHOBE CTAaTUCTUYECKUX JAHHBIX C
HCIIOIb30BaHUeM mporpaMmbl Microsoft Excel
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Menuannbiii Bo3pact yBenauuwica ¢ 27,6 ser B 1999 rony no 36,6 ner B 2023 rony. Ha
MPOTSDKEHUHM BCEX MCCIIENYEMBIX JIET MEIMaHHBIA BO3pacT B ropoje baky mpeBblmian cpeaHuid
nokasartesb 1o crpane (Tabmuia 4).

Tabamnna 4. MenuaHHbIi BO3pacT HACEIEHUS

Tonbl 1999 2009 2015 2023
Asepbaiikan 25,1 28,8 31,6 35,9
I'. Baky 21,6 29,8 32,8 36,6

ITpumeuanue: IlokazaTenu paccuuTaHbl aBTOPOM HAa OCHOBE CTATUCTUYECKMX MAaTEpUAIOB B
cooTBeTCTBUM ¢ PopMyioii 4.

OO6mwmit K03 (HUIMEHT BO3PACTHOM 3aBUCUMOCTH CHH3MICS ¢ 62,5 B 1999 roay no 40,5 B 2023
rony. Koaddumument 3aBucumoctu Mosonexu coctaBui 48,5 B 1999 rony u causuics no 25,1 B 2023
ronxy. KoaddummeHnt 3aBucuMocTr moKMWIbIX Jitoaei yBenmmuwmics ¢ 13,9 no 15,4 3a ToT e nepuos
(Tabmura 5).

Ta6auma 5. BospactHas 3aBucumocTh HaceneHus T. baky (Ha 100 denoBek TpyaocrnocoOHOTO
BO3pacTa)

TI'oanl 1999 2009 2015 2023
OO0t 62,5 39,3 35,9 40,5
Monozsle 48 5 26,9 26,7 25,1
[Toxwnnsie 13,9 12,3 9,2 15,4

ITpumeuanue: IlokazaTenu paccuuTaHbl aBTOPOM Ha OCHOBE CTaTHCTUYECKUX MAaTepHalloB B
cootBercTBHH ¢ Dopmynoii 1, 2, 3.

Jlons HaceneHus B Bo3pacte 65 neT u crapiie cocrasisiia 8,6 % B 1999 roay u yBenuuumiach
o 10,9 % B 2023 romy. CormacHo knaccudukanuu Opranusanuu OObenuHEHHBIX Harui,
HaceJieHue ropojia baky oTHOCHTCS K KaTeropuu aemMorpaduyecku CTaporo.

4. O6cyxnenue
4.1. I'endepuas cmpykxmypa

ITo cratuctuke 2024 rona B baky 1150,0 ThIc. yenmoBek, T.e. 49% Bcero HaceJICHHS COCTABIISIOT
Myx4uHbl, 1194,9 ThIC. YenoBek, T.e. 51% - sxeHmuHbl (PKeHIMHBI 1 MyX4uHBI B A3zepOaiikane,
2024). B nepuon uccnenoBanus (1999-2023 roxawl) B ropoae baky, kak M B HACEJICHUU CTPAHBI,
KOJIMYECTBO JKEHIIIMH MTPEBBIIAJIO KOJIUYECTBO MYKUMH, U 9TO COOTHOILIEHUE CHUIKAETCS.

I'ennepnast cTpykTypa HaceiaeHus! popMUpPyeTCs MO BIUSIHUEM TPEX OCHOBHBIX (pakTopoB: 1)
T'eHJIEpHOE COOTHOLICHHUE CPe/li HOBOPOXKIECHHBIX; 2) TeH/IepHOE COOTHOIIEHUE CPEH cMepTei; 3)
TeHJIEpHOE COOTHOIIIeHNEe B MHTeHCUBHOCTH Murpanuu (bopucos, 2001). Otu dhakTops! 0Ka3bIBalOT
Ba)XHOE BJIMSHHE HA COLMATBHO-PKOHOMUYECKHE U TOJIMTHYECKUE COOBITHS, MPOMCXOJUBIINE B
otaensHbIe Toabl (Bloom et al., 2015).

B nepuon uccienoBaHus B COOTHOLIEHUH MOJIOB MPH pokaeHuu B baky Bcerna mpeoOiananu
Manbuuku. OJHAKO KOJIMYECTBO MAlbUYMKOB M JIEBOYEK B CTaplIMX BO3PACTHBIX TIpyMIax
OTHOCHUTEJIEHO PaBHOE B CBSI3U C BBICOKON CMEPTHOCTBIO CPEIM MAIbYMKOB, OCOOCHHO B Bo3pacTe 1
- 5 ner. Cpenu MOJONIEKH B pe3ynbTaTe MuUrpanuu (0ojiee MHTEHCHBHOE YYacTHE MYXXYUH B
MUTPAIMK) YBEIUYMBAETCS KOJIMYECTBO MY>KUYMH, OCOOCHHO B NpUropojax. OmsTh xe B pe3ysbTare
0os1ee BBICOKOHM JOJMU YMEPLINX MYXXYHMH >KCHIIUHBI COCTABJISIIOT OOJBIIMHCTBO CPEAU MOMKUIOTO
HaCEJICHUS.

B Ttabaume 1 mpeacraBieHa YMCIEHHOCTh M TIOJOBOW COCTaB HaceleHUs ropoaa baky u
BXOJAILIMX B HETO aIMUHUCTPATUBHBIX PallOHOB, a TAaK)Ke LIEHTpa ropoAa U MpUropoaos 3a 1999-
2023 romel. B 1999-2009 ronmax kak B IIEHTPE ropojia, Tak U Ha OKpawmHaX KOJIMYECTBO JKCHIIUH
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MPEBBIIIANIO KOJIWYECTBO MY)KUWH. B a0COTIOTHOM BBIPOKEHHWU YHCIEHHOCTH MY)KUYHUH B TOPOJIE
yBeJIMYMWJIach Ha 142,5 ThIC. 4eNoBEK, a KeHIIUH Ha 114,4 ThiCc. 4eTOBEK, OCHOBHAS YacTh MPHUPOCTA
MIPOM30IILIA 33 cUeT MUrpanuu u3 peruonoB ([lepenuch Hacenenus AsepOaiipkanckoi PecriyOnuku,
1999, 2009). B mesom 3a roisl HE3aBUCUMOCTH Ha 3TOT IMEPHO/] IPUXOIATCS CAMbIC BHICOKHE TEMITBI
npupocta Hacenenus baky (114,4 %), a 80,7 % mnpupocta HaceleHUs ropoia MPUXOJIUTCA Ha
npuropobsl (Mup3saea, 2022). B pe3ynbpTaTe KOITUYECTBO MY>KUYHMH B PUTOPOAaX YBEIUYUIOCH B 2,3
pasa 1o CpaBHEHUIO C LIEHTPOM, a KOJIMYECTBO JKEHILIUH B 7,8 pa3a.

3a2009-2023 ro1bl KOTMYECTBO MY>KUYUH YBEIUYHIIOCH OOJIBIIE, YeM KOJIMYECTBO KEHIITHH (4,6
THIC. YEJIOBEK), OCHOBHAsI 4acTh MPHUPOCTA CPEIUd MYXYHH MPHILIACh HA TPUTOPOJIBI, a CPEIAH
KEHIIUH, Haobopor, B 1eHTp ropoxa (Tabmuma 1). HaGmromaemble 3Ha4YeHHS CTaHIAPTHOTO
OTKJIOHEHHSI ¥ CTaHIAPTHOW OIIMOKHM YUCIICHHOCTH HACEJICHHS TOJTBEPKIAIOT CTATHCTHUYECKYIO
BapUaTUBHOCTH IO MPU3HAKAM TI0J1a ¥ TePPUTOpUAIbHON npuHaaiekHocTh (Tabmaumna 2).

CpaBHUTENIBHBII aHAIU3 MOJOBOM CTPYKTYpBI HaceileHus ropoaa baky m Apyrux KpymHbIX
ropoJoB cTpanbl - ['sHmxu u CyMmraiibitTa - MOKa3bIBAaeT, YTO U B 3TUX ropojax A0S *KEHIIUH B
oOmIeH YHCIIEHHOCTH HACEJICHUS HE3HAYMTEIHHO NPEBBINIACT JOTI0 MYXKYMH. OTa TEHICHIIHS
COXpPaHsJIaCh Ha MPOTSHKEHUHM BCEX MCCIEAYyeMbIX JIeT U MMela yCTOMUMBBIN Xapaktep. CorjiacHo
cTaTUCTUYECKUM HaHHBIM 3a 2023 rox, B ['sumke myxuuHbl cocTtaBimsuin 48,7% HaceneHus,
xeHuuHsl - 51,3%; B CymraiibiTe, COOTBETCTBEHHO, 48,9% u 51,1%, 4To cX0Xe C moka3areiasiMu 1o
ropony baky. DTH naHHBIE CBUICTEILCTBYIOT O CTA0WJIIBHOM M CHCTEMATHYECKOM XapaKTepe
YHCJIEHHOTO MTPEBOCXO/ICTBA JKEHIIUH B KPYIHBIX ropoaax pecnyoauku (State Statistical Committee
of Azerbaijan, 2024a).

4.2. Bospacmuas cmpykmypa

Tak ke, Kak U U3y4YEHHE T€HJIEPHOTO COCTaBa HACENICHUs, U3y4YE€HUE BO3PACTHOIO COCTaBa
Ba)XHO C JIeMOrpaduyecKoii, COIMaIbHOM U SKOHOMHYECKO Touek 3peHus (Lee & Mason, 2017). B
Kax10il cTpaHe KO3(QQUIMEHThl POXIAEMOCTH, CMEPTHOCTH, MMWIPALUH, YHCICHHOCTU
TPYJAOCIIOCOOHOTO HaceleHUs (POPMUPYIOTCS B OCHOBHOM B 3aBHCHUMOCTH OT BO3PAacTHOT'O COCTaBa
Hacenenus (pen. MamenoBa, 2015a). Bo3pacTHast CTpyKTypa HacelleHUs OKa3bIBaeT Ba)KHOE BIIUSTHHE
Ha pa3IMYHbIE acCTIEKThI )KU3HHU OOIECTBA: TEMITBl 3KOHOMHUYECKOI'0 POCTa, ydyacThe B paboueil cuie,
o0pa3oBaHMe U 3]JpaBOOXPAHEHUE, PBIHKU KUJIbs U JP.

CylIecTBYIOT pa3iMuHbIE METOIbI M3YYeHHs BO3pacTHON CTpykTypbl Hacenenus (Linddle,
2000). K wuuM OTHOCATCSA JaeMorpadMuecKue IMOJOBO3PACTHBIE MUPAMHIBI, KO3(P(UITHEHT
3aBUCHMOCTH, CPEIHUN BO3PACT U JOJIS ONPEAEICHHBIX BO3PACTHBIX IPYII B OOIIEH YUCIEHHOCTH
Hacenenus (Harper, 2014).

[Tupamu bl HaceneHus HarJIgJHO 0TOOpaXatoT AeMorpaduyecKyro CTpYKTypy HacesleHus (pes.
Mawmenoga, 2015b). [Tupamuisl mpeACTaBISAIOT KO (UIIMEHTHI MOMYIISIHIA JTFOIeH 0THOTO BO3pacTa
U moja. B 3aBucuMoCTH OT LE€AM HCCIENOBAaHUS BBIIEISIOT OJHOBO3PACTHYIO U IOBBILIICHHBIE
BO3PACTHBIE TPYIIBL MATH- U JECATHIETHIOW. B03pacTHO-MONOBBIE MUPAMUIBI HE TOJIBKO
aHAIM3UPYIOT JeMOrpapuuecKylo UCTOPHUIO, HO U MO3BOJISIOT MPOTHO3UPOBAThH JAeMOrpaduyecKyro
CUTYAIUIO B OYIyIIEM.

Bei1ie npecTaBieHbl MUPaMUIbI, XapaKTEPU3YIOIIHE MOJIOBO3PACTHYIO CTPYKTYPY HACETICHUS
baky B 1999, 2009, 2015 u 2023 rogax (Puc. 2). Eciiu mocMoTpeTh Ha pamMuy, IPUBEICHHYIO 32
1999 roa, ToO MOKHO YBUAETH, UTO MMPAMHUJIA CYXKAETCS CHU3Y, UTO SIBISAETCS pE3yJIbTaTOM CHUKECHUS
POKIAEMOCTH M3-3a TPYJHOCTEH IEpPEXONHOro nepuoaa. M3-3a BBICOKOM pPOXKIaeMOCTH B
MPEIBIAYIINE TObI MUPaMHUIa BHOBb PACHIMPSETCS B CTAPIINX BO3PACTHBIX TpyIax. B Bo3pacTHBIX
rpynmnax 20-24 u 25-29 ner Habmonaercs yOblIb Kak B pe3yjbTaTe MUIPALlUM U3 TOPOAA, TaK U B
pesynbrare Kapabaxckoii BoiWHBI (rHOens MyxuuH Ha BoiiHe) (MmupsaeBa, 2024). Cyxenue
NUPaMU/Ibl K BEpILIMHE CBHJETEIBCTBYET O CMepTH. B Bo3pacTHhIX rpymmax ctapme 50 ner
YHCJIEHHOCTh HACeJIEHUsl pacIpeiejieHa MOYTH PAaBHOMEPHO, a MO IOJOBOMY COCTaBY >KEHIIUH
oosnbiie, yeM myxuuH (Puc. 2).

B nupamune, npuBenennoi 3a 2009 r., noJist Bo3pacTHOM rpynibl 0-4 jieT yBeIU4YniIach 3a CHeT
pocTta poxaaemMoct (1o cpaBHeHHUIO ¢ 1999 r. poxxnaemocTs yBenuuuiack B 1,4 pa3a). Hauunas co
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Bropoii monoBuHBI 90-x rr. XX Beka u g0 2003 r. HaOmonaeM CyXEHHE MHPAMHUIBI CBEPXY
(Bo3pacTHas rTpynma 5-9 ser, Bo3pactHas rpymma 10-14 gjer) 3a cyeT Ppe3KOro CHUIKEHUS
POKIAaEMOCTH KaK B CTpaHe, Tak U B ropoJie baky u ¢ yBennueHneM rokasareiei CMEpTHOCTH Y J€Tel
or 1 roma mu go 5 ner. B crapmux BO3pacTHBIX Tpymmnax HaOM0JAeTCsl MPEUMYILECTBO
«aeMorpapuuecKoro IMBUACHIA» MPOIUIBIX JIET M MHpaMHIa BHOBb pacimupsercs. YTo kacaercs
TEHJIEPHOTO COCTaBa, TO BBICOKA JIOJSl MY>KYMH J0 BO3pacTHOM rpynmbl 20-24 jier, a KEHUIMH B
Bo3pactHol rpymie 20-24 net u crapiie (Puc. 2).

B nmupamu e, npusenenHoit 3a 2015 r., Mbl BUAMM, YTO J0JIsI BO3pACTHOM rpymibl 0-4 JeT mupe,
yeM B MUpaMuax, MPUBEICHHBIX 3a MPEIbIAYIIHE TOAbl. JTO ObUIO OOYCIOBICHO TEM, YTO
POXKIAEMOCTh JIOCTUIJIAa HAaUBBICIIETO ypoBHS B ropojie B 2011-2013 rr. 3a uccineayemMbiii iepuo.
HaceneHnne B OCHOBHOM OTHOCUTCS K BO3PACTHOM rpymiie 25-29 jieT, u reHAepHbli COCTaB HAaCEJIEHUS
B OTOHl Tpymnme MNpakTUYECKH OAMHAKOB. ITOT (akTop Takke OBLI OJHOM U3 NPUYMH,
CTUMYJIUPOBABIINX POXKIAEMOCTb B TOT nepuoz. [Tocie 2015 r. abcomoTHOE YUCTIO POKICHUN CTAI0
MOCTETIEHHO CHIDKAThCs. BrnusHue nemorpaduueckux mporeccoB, MPOUCXOIUBIINX B PEIbITYIINE
roJipl, OTYETIIMBO MPOSBISIETCS B CPEIHUX BO3PACTHBIX rpynnax. Takum oOpa3oM, BBICOKas
pPOXKIaeMoCTh, HaOmoAaBmascs Bo BTopoil mosnoBuHe 80-x romoB XX Beka, SBISETCS MPUUMHON
OoubIIION JToNM BO3pacTHO# rpymmbl 25-29 ner (Puc. 2). Apyrum (akTtopoMm SBISETCS MUTpAIUs
00JIbIIIEr0 KOJIMYECTBA MOJIOABIX JIOZEH B TopoAd. Beicokas poxaaeMocTs, Habmoapmasics B 60-e
rozibel 20 Beka, MpUBelia K YBEJIMUEHHIO uKcia Jronei crapine 50 ger (State Statistical Committee of
Azerbaijan, 2016).

B nupamune, npuBenennoit Ha 2023 roa, BUIHO, YTO POXKIAEMOCTH 3a IOCJIEAHHE TOJbI
cHu3uiach. llepeuncrneHHble BbIlIE JAeMOrpadUyecKue MPOIECChl HANPSIMYIO MOBIMSIIA Ha
KOJIMYECTBO BO3PACTHBIX I'PyHH B 3ToM nmupamuje. B nupamuzae, npuBeJeHHONW 3a 3TOT rojl, Mbl
BIIEPBBIC HA0II0/1aeM, YTO KOJMYECTBO JKEHIIMH B BO3pacTHOU rpymie crapie 70 jet Oonblie, yeM
B Bo3pacTHo# rpymre 0-4 (21,7 teic. genoBek) (Puc. 2). Cpean My»XUuH 3Ta pa3HHIlA OCTEIIEHHO
yMeHbIIaeTcs. B nenom nupaMuaa pacumpsieTcs CBEpXy, MO3TOMY KOJHYECTBO TPYIOCIIOCOOHOTO
HACEJIEHUsl U TMOXXWJIBIX JIIOEH YBEIMYMBAETCS, a KOJMYECTBO JETEH MOCTENEHHO YMEHbILAETCs
(State Statistical Committee of Azerbaijan, 2024a).

B 1894 r. mBenckuii craructuk u gemorpad A.I'. Cynndepr pa3zaenui BO3pacTHYIO CTPYKTYpPY
HACENICHUs] HA TPU THUIA: NMPUMHUTHBHBIN, CTalMOHapHBII W perpeccuBHbii (bopucos, 2001).
CoryacHO 3TOMY pacrpesiesieHnio, HacejaeHue ropoaa baky B 1999-2015 romax u3MEHUIIOCH OT
CTaLlMOHAPHOT' 0 TUNAa (YMEHbILIEHHE AeTel, IPUPOCT PabOTAIOIIEr0 HACEIEHHUS - 3 CUET MUTPALUU U
MIPEKHET0  «IeMOorpauueckoro IUBUIEH/AA», OTHOCUTENbHBIM MPUPOCT MOXKUIBIX JIOAEH B
pe3ynbTaTe yaydlieHus KUIUITHBIX YCIOBH) K perpeccuBHOMY Tuity B 2023 roxy. Takum oOpazom,
KOJIMYECTBO JIETEH U HaceIeHUs TPYA0CIIOCOOHOT0 BO3pacTa B rOpo i€ MOCTENEHHO YMEHBIIAIOCh, a
KOJIMYECTBO MOKUIIBIX JIFOIeH yBeanuuBaioch (Tabmuia 3).

BozpacTHasi cTpykTypa HacelleHus MOAABIIAIONIEro OOJBLIIMHCTBA CTpaH MHUpa MpeTeprierna
3HAYMTENIbHbIE H3MEHEHUS, COITPOBOKIABILIUECS MIEPEX0I0M OT NMPE0OIIaaHus MOJIOIOTO HACETIECHUS
(U3-32 OTHOCHUTENBHO BBICOKOW POXKIAEMOCTH M CMEPTHOCTHM B MPONUIOM) IO MpeodsiagaHus
noxwunoro Hacenenus (Wilson, 2016). Ilo mepe ymy4mieHus riio0albHOTO 3JPaBOOXPAHEHHS H
CHIDKEHUS CMEPTHOCTH OXHJJAeTCs, YTO JIIOJU, >KUBYIIME CErofHs, OyAyT >KUTb JOJbIIE, YeM
IIOKOJIEHUSI J0 Hac. B pe3ynbrare COOTHOLIEHHE POXKIAEMOCTH W CMEPTHOCTH CHHXKAETCH,
KOJIMYeCTBO MOoxmiIoro HaceneHus pacret (Howdon & Rice, 2018). Dtu usMeHeHUs IBASIOTCS OHUM
U3 TposBIeHHA naemorpaduueckoro mepexoxa. Jlemorpaduueckuit mepexojy  sBIsAETCA
YHUBEPCATBHBIM SBJICHUEM, €r0 BPEMsI M TEMITbl OTIIMYAIOTCS MO CTpaHaM M perrnoHam (Harper &
Hamblin, 2016). Baxnoe BiusHue Ha jaeMorpaduyeckuii IMEpexo]] OKa3bIBAIOT W3MCHCHHS
BO3PAaCTHOM CTPYKTYphl HACEICHHS W JApYyrue aemMorpaduyecKkue MpPOIECcChl (POXKICHHS, CMEPTH,
MUTpaluu, Opaku U pa3Bobl), a TAKXKe COIMAIbHO-A)KOHOMHUYECKOE Pa3BUTHE CTPaHbl. Tak, COrflacHO
kinaccudukanmun OOH, ecnu monst HaceneHus: crapiie 65 et cocraBiseT MeHee 4 %, HaceleHue
CUMTAeTCs IeMOorpaduuecku MOJIOABIM, ecii MeHee 7 %, TO OHO HaXOJUTCS Ha TPaHU CTapeHUs, a
eciau coctaBisier 7% wu Oosiee, cuutaercs aemorpaduuecku crapbiv (OmunoB, 2005). CoriacHo
aHanu3y, B 1999 u 2009 romax nonst Hacenenus crapie 65 net B baky cocrasnsina 8,6% u 8,8%,
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cooTBeTCTBEHHO. B 2015 1. 1051 HaceneHus 3TOM rpymnmsl CHU3MIACh 10 6,8% B CBA3U C BBICOKOM
MHTEHCUBHOCTHIO MHIpalud (IPEUMYIIECTBEHHO MHIPAallMd MOJIOACKUM B TOPOJ) U POCTOM
poxnaemoctu. B 2023 romy ona cHoBa yBenwumiack W jpocturia 10,9% (Tabnuma 3). Ilo
pacnpezielieHrI0 MOKHO cKa3aTh, UTO HaceleHue ropoaa baky nemorpaduuecku cUMTaeTcsi CTapbiM.

CpaBHUTEINIBHBIN aHATN3 CTPYKTYPBI HaceJIeHUs ropojia baky mo TpyaocnocooOHOMY BO3pacTy,
a TaKkKe J10Je MJIAAIIUX M CTapIIUX BO3PACTHBIX TPYII MO CPaBHEHHUIO ¢ ropojnamu ['sHmxka u
CyMraibIT MOKa3bIBa€T, YTO B YKAa3aHHBIX TOPOJaX MOJIS MOXKHIOTO HACENIEHUSI HECKOJBKO HIDKE.
Tak, mo craructuyeckum AaHHbIM 3a 2023 roj, AOJS JHI[ CTaplie TPYAOCHOCOOHOrO BO3pacTa
cocraBiseT 8,9% B Cymraiibite u 10,5% B ['stHmke. AHanoOrudHas TEHICHIUS HAOIOMAETCS U B
MJIAIIMX BO3PACTHBIX rpymmax: B CyMmraibiTe ux nois coctasiset 13,2%, a B I'samke - 11,8%.

JlaHHasi cuTyarusi MOXeT ObITh 00BsICHEHA 0oJiee BBICOKMM ypOBHEM ypOaHu3anuu B baky u
MUTpalell B TOpOA MOJIOABIX CeMed, B pe3yjbTaTe 4ero Ao JeTeil B oO0Iield YHCIEHHOCTU
HACEJICHUS CTOJIUIIBI OKa3bIBaeTCs Bhile. OTHOCHUTEIIBHO BBICOKASI IOJISI TIOXKUIJIOTO HAaceeHus B baky
TaKkkKe MOKET OBITh CBf3aHA C JIy4llIed JOCTYMHOCTBIO M Pa3BUTHEM CHUCTEMbl MEAMIIMHCKOTO
o0CITyKHBaHUS.

Jlons HaceneHuUs: TPYAOCIOCOOHOTO BO3pacTa, HAMpOoTUB, Bbilie B ['sHmke u Cymraiibite 1mo
cpaBHeHHIO ¢ baky, mnpeBbimas B oboumx rTopomax 77%. DTO CBUICTENLCTBYET O Oolee
cOanmaHCHUpPOBAaHHOW CTPYKType paboueld cuiabl U MpeodlafaHud HSKOHOMHUYECKH aKTUBHOTO
HaceJIeHUsI.

B nenom mexnay Tpems ropojamMu He HaOIIOAeTCsl Pe3KUX CTPYKTYPHBIX pa3ivudid, U Ha
MIPOTSHKECHUHM BCEX HCCIEAYEMBIX JIET (DUKCHPYIOTCS CXOXKHE JeMorpadudecKue TCHICHIMH. JTH
TEHJCHIIMH XapaKTEePU3YyIOTCS MOCTENEHHBIM POCTOM JOJIM IMOXHIJIOTO HACENeHUs, COXpaHCHHEM
TPYIOCIIOCOOHBIX TpaXkJaH B KadecTBE OCHOBHOW BO3PACTHOW TPYNIBI U OTHOCUTCIHHBIM
CHIDKEHUEM J0JIH JIeTeH.

UKCIIeHHOCTh W YIEIbHBIA BEC TPYAOCIIOCOOHOTO HACEICHHS, a TakKKe OOBEMBI TPYII
HACEJICHUS MOJIOXKE M CTapIlle TPYIOCIOCOOHOTO BO3pacTa UrParoT BaXKHYIO pOJib B (POPMUPOBAHUN
Oynyiiei BO3pAaCTHOM CTPYKTYpbl HACEJIGHHs W TIOBBIIIAIOT 3HAYMMOCTH JAeMoTpaduuecKux
MPOTHO30B. B 3TOM KOHTEKCTE B paMKax MPOBEIEHHOTO MCCIEIOBAaHUS C UCIOIB30BAHUEM METO/1a
JUHEHHON DKCTPAIOJSIIIMA OBITM PACCUUTAHBI IMPOTHO3HBIC MOKA3aTEIM YUCIICHHOCTH HACEJICHUS
ropoga baky k 2030 roay mo cleaylOIIMM BO3PACTHBIM TpYIIaM: TPYIOCIOCOOHOTO BO3pacTa,
cTapiie TPyI0CIOCOOHOTO BO3pacTa M MOJIOKE TpyaocmocodHoro Bo3pacra (Puc. 3).

B pesynbrare uccrienoBaHHs C HCIOJB30BAHHEM METOJA JHHEHMHON JKCTPAroNsaiuud ObLI
CIIPOTHO3WPOBAH BO3PACTHOM cocTaB HaceneHus ropoja baky Ha 2030 rox. [Ipoenénnbie pacy&Ts
MOKAa3aJi, YTO YMCICHHOCTh HACENEHUS TPYAOCIOCOOHOTO Bo3pacTa OyleT yBeIWYHBaThCs, TOTIa
KaK YMCIIEHHOCTh HACEJICHUsI MOJIOXKE TPYAOCIIOCOOHOTO BO3pacTa MPOJEMOHCTPUPYET TEHIEHITUIO
K CHIDKEHHIO, a YHCJICHHOCTh MOXHWJIOTO HACENeHUs - KaKk B a0CONIOTHOM BBIPDAKEHUHU, TaK U B
YIETHEHOM Bece - BO3pacTér. DT aeMorpadudeckne N3MEHEHUSI MOTYT MPUBECTH K CTPYKTYPHOMY
nucbanmaHcy Ha phIHKE Tpyda B OyIyIIeM U COMPOBOXKIATHCS YCUJICHHEM JaBJICHUS HA CHCTEMY
COIMAJILHOTO olecredeHUsT © 3japaBooxpaHeHus. C TebI0 MHHHMH3AIMH TOTCHIIMAIBHBIX
COLIMATIbHO-O)KOHOMUYECKUX  TOCJIEACTBUN  JaHHBIX TEHACHIMH  HEOOXOAMMO  TPUHATHE
TOCYJIapCTBCHHBIX MEp 110 CTUMYJIUPOBAHUIO POXKIAEMOCTH, PETYJIUPOBAHUIO MHTPAIIMOHHBIX
MMOTOKOB U a/IalITAI[UU PhIHKA TPYy/a K U3BMEHEHHUSIM BO3PACTHOMN CTPYKTYPHI HACEICHUS.

B nacrosmem uccnenoBanuu gemorpaduueckuii mporao3 10 2030 roma ObUT BBITTOJHEH C
UCIIONIb30BaHUEM TMPOCTON JNHHEWHOH Moxenu. OmHako 1 Oojiee TOYHOTO MOJACITHPOBAHUS
JTUHAMHKHU HaceleHus Topoja baky B Oyaymiem 1ieirecoo0pa3Ho MPUMEHSATh COBPEMEHHBIE METOJIbI
MPOTHO3UPOBAHUS, TaKue, KaK KOTOPTHO-KOMIIOHEHTHBIA METOJ, MapKOBCKHE LENU U
MMUTAIIMOHHBIE MOJIEIM HAa OCHOBE BO3pPAaCTHOW CTPYKTyphl. [lomoOHBIE TOAXO0ABI 00J1aAI0T
BBICOKOW TMPaKTUYECKOW 3HAUYMMOCTHIO, OCOOCHHO B KOHTEKCTE IOJTOCPOYHOrO TUIAHUPOBAHUS
COLIMAJIbHO-9KOHOMUYECKOM MOTUTUKH.
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4.3. Meouannwiii 6o3pacm

MeauaHHbIii BO3pacT OCHOBAaH Ha HCIOJNb30BAaHUHM E€AMHOIO I0Ka3aTeiass B BO3PACTHOM
pacrnpenaenenuu HaceneHusl. Hacenenue nenutcs Ha AB€ paBHbIE IO YUCICHHOCTH YacTH, T. €. IO
CTaplie MeTUaHHOTO BO3pacTa CTOJIBKO K€, CKOJIBKO JIto/iel MoJioke ero. Ecnu MeauanHblil Bo3pact
HU3KUN, TO 3TO 03HAYAET, UTO JI0JIs1 MOJIOJIC’KU B HACEJICHUH BBICOKA, & €CJIM OHA BBICOKA, TO OOJIbIIIE
noist moskusoro Hacenenus (Yusuf et al., 2014). B crpanax ¢ 6ojice HU3KMM CPEIHHM BO3PAaCTOM
TEMITbI IPUPOCTA HACEJICHUSI BBIIIEC M BBICOKA JIOJISI MOJIOJICKU B HACEJIEHUH, TOT/Ia KaK B CTpaHax C
0oJ1ee BRICOKUM MeUaHHBIM BO3pAacTOM HaOIt0qaeTcs oOOpaTHas cUuTyanus. Y IydllIieHHe COLUAIbHO-
YKOHOMHYECKUX YCIOBHIA KU3HH HACEJTICHHS, TIOBBIIIICHUE YPOBHS MEIUIIUHCKOTO OOCTYKHUBAHUS U
ap. pakTophl MPUBOIAT K CHUKEHUIO MTOKa3aTeleld CMEPTHOCTH M YBEJIMYEHHUIO CPEIHEr0 BO3pacTa
nacenenus (Cylus & Al Tayara, 2021).

Menuannbiii Bo3pacTt Hacenenus mupa B 2023 rony cocrasisut 30,4 yier. DTO 03HAYaET, 4TO
NOJIOBUHA HaceleHus: mupa crapiie 30,4 net, a mosnoBuna monoxke (https://ourworldindata.org/age-
structure). Ha ocHoBaHMM CTaTUCTHMYECKUX MAaTEpHalloB M B COOTBETCTBUU ¢ Dopmysol 4 Mbl
paccyuTaii MEIUAHHBIN BO3PAacTHOM IMOKa3aTeNlb Kak s HaceleHus AsepOailpkaHa, Tak U JUIs
HaceneHus ropoaa baky. B pesynbrare Hamumx pacueToB ObLIO OMpEAeNeHo0, YTO CPEAHUNA BO3pacT
HacesnieHus1 B AzepOaiimpkane B 2023 rony coctasisieT 35,9 €T, 4TO BBIIIIE MUPOBOTO MTOKa3aTesl, a
B Baky - 36,6 ner. (Tabnura 4).

Kax Buano u3 Tabnuubl 3, cpeqHuii BO3pacT HACENICHUsI YBEJIMUYMBAETCS KaK MO CTpaHe, Tak 1
o ropoxay baky. 3a 1999-2021 roas! B ropoae baky nabmtogancs poct B 1,3 pasza. Bo Bce nepuozst
HCCIIeI0BaHMS CpeIHUi Bo3pacT B baky ObuI BhIlle, 4eM B CTpaHe. ITO MOKHO OOBSICHUTH BHICOKUM
YPOBHEM MEIUILIMHCKOTO OOCTYXHBAaHUS B TOPOJE M BBICOKUM COLIMAJIBHBIM OJIArOCOCTOSIHUEM
HaceJIeHUsI.

4.4. Koaghhuyuenm so3pacmuotil 3asucumocmu

B nemorpaduu HaceneHue IeIUTCS Ha TPU BO3PACTHBIE TPYIIIBL: MOJIOXKE TPYAOCHIOCOOHOTO
Bo3pacta (10 15 ner), TpyaocnocobHoro Bo3pacta (15-65 net), crapiie TpyaocrnocoOHOro Bo3pacta
(65 net u crapuie). bonbmas 4acTe TPyLOCIOCOOHOTO BO3pacTa HaCEICHHUs CUMTAETCS BAXKHOM /IS
MojJepKaHusl SKOHOMHUECKOTO U COLMANbHOIO pa3BuTHs. [Tockonbky 00bIYHO paboTaeT MEHbIIAs
YacTh MOAPOCTKOB M TOXWJIBIX JIOAEH, 3TH JB€ TPYNIbl (UIYpUPYIOT B JieMorpaduyeckux
OTMMCAaHMSAX KaK «MKIUBEHIBI». JleMorpadbl BBIPKAIOT JOJO 3aBHCHMBIX BO3PACTHBIX TPYII C
oMOIIbI0 KO3 duimeHTa, Ha3pIBaeMOro «koddduireHt Bo3pacTHoii 3aBucumocti» (Bloom et al.,
2010).

OH wu3MepseT OTHOILEHHE <«MKJIMBEHIIEB» (CyMMa MOJIOJBIX M CTapblX) K HACEJIECHUIO
TpynocrnocoOHoro Bo3pacta (ot 15 mo 65 ner). pyrumu cinoBamu, K03(GOUIIMEHT BO3PaCTHOMN
3aBHCUMOCTH — 3TO OTHOILICHHME 3aBUCUMOTr0 HaceJeHHs K paldoTaronieMy HaceneHHio. Onpenenser
KOJIMYECTBO JIeTel W MOXuUibIX Jrojedt Ha 100 yenoBek TpyaocmocoObHoro Bo3pacta. Yem Ooiee
3aBHCHUMOE HaceJIeHHe B CTpaHe, TeM OoJjbllas Harpy3ka JIOKHUTCS Ha SKOHOMHUYECKH aKTHBHOE
HacesleHue. boinblias 107151 3KOHOMHYECKH «3aBHCHMBIX», Ye€M B TPYAOCIOCOOHOW BO3pacTHOM
KaTeropuu, MOKeT HEraTUBHO CKa3aTbCs HA MPOU3BOAMTEIBHOCTU TPYJa, HAKOIUIGHUH KaluTala u
HopMme cOepexenwii (Lee et al., 2011).

B Tab6nune 4 ko3 duiiment Bo3pacTHoil AemMorpaduueckoil 3aBUCUMOCTH HaceleHHs TOpoia
baky 3a uccneayemslii mepuoJi pacCuuTaH Ha OCHOBE CTaTUCTUYECKUX MAaTepHAJIOB ¢ TPUMEHEHUEM
®opmyn 1, 2 u 3. Kak BuaHO 13 Tabauisl, B 1999 r. o6umii koad@uiineHT Bo3pacTHON 3aBUCUMOCTH
ObUT O4YeHb BBICOKMM. B mocrienyromue necsiTh J€T MaccOBblE MUTpPAlMUd B TOpOJl, OCOOEHHO
MUTpaIKs MOJIOJICKH, IPUBEITU K YBEJIIMUESHUIO YUCIIEHHOCTH HACeJIeHUs TPYA0CIIOCOOHOT0 BO3pacTa
U CHWXEHMIO neMorpadudeckoi Harpysku. B 2009 r. stor nokazarens coctasisn 39,3 na 100
yenoBek, a B 2015 r. — 35,9. B 2023 rony ona cHoBa yBenuuuiach u gocturia 40,5 yenoseka. 31o
MO’KHO OOBSCHUTH CHU’KEHHEM TEMIIOB IIPUPOCTA PabOTAIOIIEr0 HACEIEHHs B PE3yJIbTaTe CHUKECHUS
MHTCHCUBHOCTH MUTpAallMd B TOPOA, YBEIMYCHHEM CpeIHEHl MpPOJOIDKUTEILHOCTH >KHU3HHU,
YBEJIMYEHUEM YUCICHHOCTH MOKWIBIX JIIOJIEH B CBA3H C MOBBIILIEHUEM YPOBHS MEULUHCKUX YCIIYT.
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Xotst o0mui KO3(PGUIMEHT BO3PACTHONW 3aBUCHMOCTU SIBIISIETCS TOJIE3HBIM IOKA3aTEIeM,
TaK)X€ BaXXHO H3YUUTh KOA(D(PUIIMEHTHI 3aBUCHMOCTU MOJOJBIX U TMOXKUIIBIX JIOACH, MOCKOJIBKY
noTpeOHOCTH, OBEJICHNE U Oy TyIIHE IYTH MOJIOBIX U MOKMIIBIX JIIOJCH CUIIBHO Pa3nyaTcs. ITo
TaK)K€ Ype3BbIUAHHO BAXXHO JUIsl HAIMOHAJIBHOIO IUIAHUPOBAHUS, OXBATHIBAIOLIEIO BCE - OT
o0pa3oBaHMs U 3IPAaBOOXPAHEHUS JI0 IPEIOCTABIICHUS paboueii CHITbI U TICHCHIA.

B 1999 r. sror mokasarens ObuT paBeH 48,5 yen., B MOCIERYIONIUME IEPUOABI YOBLIb
€CTECTBEHHOTI'0 IIPUPOCTA IIOCTENEHHO YMEHBIIATIACH 3@ CUET OTTOKA TPYAOCIIOCOOHOIO HacEIEHUs B
ropoa u B 2021 r. paBHsnack 28,9 den. CHmwkeHrne Ko3hUIMEHTa 3aBUCUMOCTH TTOXKHUJIBIX JIFOICH
Habmonanock 10 2015 rona, a 3aTem HabmOgAI0CH yBenmuueHue. Tak, B 2015 1. 3T0 COOTHOIICHHE
nocturino 9,2 gein., a B 2023 r. yBenmuumiock 10 15,4 yenosek (Tabmuma 5). D10 mpou3onnio, B
IIEPBYIO OYEpENb, 32 CUET COKPALLEHUS MMUIPALMM U3 PETMOHOB B ropoja (OCOOEHHO HacejleHUus
TPYIOCIIOCOOHOTO Bo3pacTa) Onaromaps peanu3yeMbiM ['0cyaapCTBEHHBIM IpOorpammam, a TaKkxke
YBEIUYCHUSI CpeIHEN MPOJOJDKUTEILHOCTH KU3HU 32 CUET MOBBILIEHUS YPOBHS MEIUIIMHCKOIO
o0CITyKHBaHUSI.

5. 3ak/04eHue

CornacHo pe3ynbTaTaM UCCIEIOBaHMS, KEHIIWHBI TPeo0IIaaay B TEHACPHOM COOTHOIICHUU
HacelleHus ropoaa baky u neHTpa ropoaa Bo Bce Mepuoibl uccienoBanus. 3a mociennue 10 ner B
pe3yabTaTe MUTPAIIUH JIOJISI MY>KYHH B TOPOJE YBEIUYMIACh OOJIbIIE, YeM KEHIIHH.

B nonoBo3pacTHOM cocTaBe HacelIeHHs TOpoja 0JiA MaJbuMKOB B BO3pacTHIX rpymnmnax 0-15
Jer (3a cueT mpeobianaHus B MOJOBOM COCTaBE POXKICHHBIX), @ TAKXKE YHCICHHOCThH JKEHIIUH B
BO3PACTHBIX Ipymmax 65 neT u crapiie ( u3-3a MEHBIIIMHCTBA B TEHAEPHOM COOTHOIIICHUU YMEPIIHUX )
Oombire. B Bo3pacTHBIX rpynmnax 15-65 net (B CBSA3HM ¢ OTHOCUTEIIBHO 00Jiee BEICOKOH CMEPTHOCTHIO
MaJbUMKOB OT 1 ¥ J10 5 JIeT U MHUTrpalyeil) COOTHOILIEHHE MOJIOB TPUMEPHO PABHOE.

3a uccneayeMblid IEPHOJ CPEIHUN BO3paAcT HaceleHus ropoja yeenuuuics B 1,3 paza. On
Bcerja ObUT BBILIE 3TOr0 MOKa3aTels MO CTpaHe. DTO MOXHO OOBSICHUTh OTHOCHUTENBHO BBICOKUM
YPOBHEM OBITOBBIX YCIOBUN M MEAUIIMHCKOTO OOCITY’)KHBaHUS B TOPO/IE.

O6muit kod(pPuIMeHT BO3pacTHON 3aBUCUMOCTU CHIDKaics B 1999-2015 rr. B cBs3HM C
WHTCHCUBHOW MHUTpaIMell TPYAOCIOCOOHOTO HaceneHuss B ropoxa, a B 2015-2023 rr. BHOBB
YBEIUYMBAJICA B CBSI3M CO CHIDKEHHEM MHTEHCHMBHOCTH MHUTpAlMM U YBEJTUYEHUEM CpeaHei
MIPOJOIDKUTEFHOCTH JKU3HU. B TeueHWe wucciieyeMoro mepuoja oSl TOXKHIIBIX FKIMBEHIEB
YBEIMYMIACh, & JI0JISI MOJIOJIBIX MKIMBEHLIEB CHU3MIIACH.

OmpeneneHo, 4To BO3pacTHAsl CTPyKTypa HaceneHus: ropoaa baky B 1999-2015 romax Obina
CTallMOHApHOM, a B 2023 roxy - perpecCuBHOM.

Cornacno mMexayHaponHsiM kputepusim ctaperns OOH, nacenenne ropona baky siBisercs
JeMorpagpuuecKy CTapbIM.

Takum 06pazom, mporuo3 Ha 2030 roj BEIIBUII YTITyOJIEHHE TTPOLIECCOB CTAPEHUS HACEIICHUS U
CHIDKEHHE JI0JM MOJIOJIEXHU, UTO CO3AaET MOTEHIIUAIbHBIE PUCKH Ul YCTOMYMBOCTH PHIHKA TPYyZa U
counanabHOU ceprl. B 3T0il cBsizu HeoOXonMMa CBOEBpPEMEHHas aganTalusl TocydapCTBEHHOM
neMorpaguueckoi ¥ TPYI0BOH MOJUTUKU K U3MEHSIOIIUMCS BO3PACTHBIM PEAIUSIM.

6. BcnomoraTte/ibHBIN MaTepUaJs: HET BCIIOMOTaTeIbHOIO MaTepuaa.
7. Bki1a/ibl aBTOPOB: ABTOD BBINOJIHUII BCE 3TAIbl HCCIEIOBAHUS CAMOCTOSTENBHO.

8. Uudopmanus od aBTope:

Mup3aeBa 3eiiHa0 A3ep KbI3bl — JIOKTOPAHT, HAYYHbI COTPYAHHMK OT/eNia MEAUIIMHCKOU
reorpapuu HMuHctuTyra reorpaguu umMeHu akaaemuka [.A. AnueBa, MHMHUCTEPCTBO HAyKH W
oOpazoBanus AszepOaiimkanckoit Pecnyonmwkm, ym. I'. JIxaBunma, 31, r. baky, AzepOaiimkan, AZ
1143; e-mail: mirzeyeva.zeyneb.92@mail.ru, https://orcid.org/0000-0001-7000-1875
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Baky Kajiachbl XaJKbIHbIH KbIHBICTBIK 7KAC KYPbLIBIMBIHBIH JIMHAMHKACHI MEH
Ka3ipri TeHJAeHIHusJIapbI

3eiinad Mup3aeBa

Anaarna. [lemorpadusuiblKk KOPCETKIIITEPAIH IIIIHAE XaJIBIKTBIH JKBIHBICTBIK-)KAC KYPBUIBIMBI
MaHBI3/Ibl OPBIH anajbl. O3ipOaiikan PecnyOnukachlHbIH acTaHackl baky KamachbIHBIH OlI€yMETTIK-
SKOHOMUKAJIBIK JaMYBIHBIH JKOFAapbl JEHT€H1, OHBIH €JIiH YpOaHU3AIUsACHIHBIH HETI3T1 OPTaJIBIFbI
peTiHferi pei jkoHe 6acka ¢akTopyap AeMOrpaUsUIbIK MpolecTepre, COHbIH 1IIIHAE XaJIbIKThIH
KBIHBICTBIK-Kac KypaMbIHa Tikenel acep etel. [IpakTukanbik MaHbI3bI 0ap OYJ1 FBUIBIMU 3€pTTEYIIH
Heri3ri Makcatel 1999-2023 kpigap apanbiFbIHAAFl  baky XalKbIHBIH — KBIHBICTBIK-XKAcC
KYPBUIBIMBIHJIAFBI ©3TepicTep/Ii, COHal-aK OHBIH KaIBIIITACYbIHA 9CEP €TETiH (PaKTOPIIAPIbI 3ePTTLY
00JbIN TaObLIaAbl. XaNBIKTBIH TeHIEPIiK KypbUlbIMBl baky kamacel OoifbiHINA Ja, OFaH KipeTiH
OKIMIIIUJIIK ayJaaHjap OOWBIHINIA Ja CTATUCTUKAIBIK JCPEKTEP HETI3IHJAE TalJaHnabl. O3ipOaiikan
PecniyOnmkacel MeH baky Kanmackl XalKbIHBIH MEIMAHANBIK JKachl Ja €CeNTeNreH >KOHe
CAJIBICTBIPbUIFAH. baky KajachblHBIH TYPFBIHAAPbl YIHIIH JKacKa TOYeNIUNK Kod(pUIUeHTTEepl
ecernrrenai. Tangay HOTHXKECIHE KOIITETeH XKbUIIap OOWBI KallaJarbl XalbIKThIH OY3bUTFAH TeHACPIIK
KYPBUIBIMBI OIpTIHAET TEHECTIPUIreH1 aHBIKTAIbI. XaIBIKTBIH jKac KYPBUIBIMBIH/IA TAOUFU ©CIMHIH
OipTiH/EN TOMEH/ IEYiHe )KOHE OpTallla eMip CYPY Y3aKTHIFbIHBIH YJIFAIObIHA OalIaHbICTHI 65 KacTaH
aCKaH XaJbIKTBIH YJI€C caJMarbl OIpPTIHACH apTalbl-XaJbIKTHIH KapTaiobl Oaifkanmanel. Kamama
XaIIBIKTBIH OPTAIlla 5Kac KOPCETKIII apThIT KEeJIe i )KOHE OJI eJIJIETT KOPCETKIIITEH KOFaphl 00IybIMEH
epekmeneneni. Kamamarel jkacblHa OalIaHBICTBI JeMorpadUsIIbIK JKYKTeMere KeleTiH Ooscak
(3epTTeNeTiH Ke3eHJEe), JKacTap apachlHIAarbl JIeMOrpadUsUIBIK KYKTeMe TOMEHIEHIl, an erae
JKacTarbl aJjamIap apachlH/Ia apTaIbl.

Tyiiin ce3xep: reHaepiiK KYpbUIbIM; >Xac KYpPbUIBIMBI, MEIMAHAJBIK Kac;, jKacka TOYeJJILIIK

kod(duimeHTi; AeMorpadusIIbIK MPOLeCTeP; AeMOTPa(USIIBIK aybICy

Dynamics and current trends in the gender and age structure of the population
of the city of Baku

Zeynab Mirzayeva
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Abstract. Among demographic indicators, the age-gender structure of the population occupies an
important place. The high level of socio-economic development in Baku, the capital of the Azerbaijan
Republic, and its role as the main center of urbanization in the country directly impact demographic
processes, including the age-gender composition of the population. The main objective of this
practically significant scientific study is to examine the changes in the age-gender structure of Baku’s
population during the period from 1999 to 2023, as well as the factors influencing its formation. The
gender structure of the population has been analyzed based on statistical data for both the city of Baku
and its administrative districts. In addition, the median age of the population of the Azerbaijan
Republic and that of Baku have been calculated and compared. Age dependency ratios have been
calculated for the population of Baku. As a result of the analysis, it was found that over many years,
the disrupted gender structure of the city’s population has gradually balanced out. In the age structure
of the population, due to the gradual decline in natural increase and the increase in average life
expectancy, the proportion of the population over 65 years old is gradually increasing — a process of
population aging is taking place. The median age of the city’s population is rising, and it is higher
than the national figure. Concerning the age demographic burden in the city (over the study period),
the demographic burden among the youth is decreasing, while that among the elderly is increasing.

Keywords: gender structure, age structure, median age, age dependence coefficient, demographic
processes, demographic transition
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onsHec

Angatna. Koprraran opTaHbIH aHTHOMOTHKTEPMEH JIaCTaHy Macereci
IKOJIOTHSUIBIK Kyhene OipkaTap 3apianTapra oOKelleli >KOHE ajaMm
JICHCAyJIBIFbIHA alTapibIKTall Kayin TeHzipeai. by camamarsl 3eprrey
OarpITTapbl KEH AayKbIMIbl MIHJCTTEp MEH OOBEKTUIepAl KaMTHIIBIL.
Makanaga aHTHOMOTHKTEpHAIH KOpIIaraH opTa OOBeKTiIepiHAeri
JTMHAMHKAChl MEH Tapallybl ’oHE CYy HBICAHIapPhIHBIH aHTUOMOTUKTEPMEH
JaCTaHYBIHBIH HET13T1 KO3/1epi Typallbl OTAHJIBIK JKOHE IICTENIIK FHUTBIMH
oneduer JepeKTepine I10J1y yKacalibll, AHTHOUOTHKTEPIIH
THIPOOMOHTTApFAa  9cep €Ty  MeXaHW3Mepi  KapacThIPBUILIBIL.
AHTHOMOTUKTEPIIH TY3Uly Ke3JepiHEeH Tapaly >XOJAaphl, COHJai-aK
OJIApAIBIH ~ MEAWIMHAIBIK MeKemenep, (papMareBTUKAIBIK —OH/IIpIC,
TYPMBICTHIK IIAPYalTbUTBIK, aybLT MIapyalllbUIBIFBIHAA THIHAWTKBIIITAPIbI
naianany, Maja MIapyalibUIBIFBl KOHE aKBaJaKbUI IIaPyaNIblIbIFBIHBIH
apacblHa CaKTalybl CUNaTTaJIFaH. ['unpoOuoOHTTapIBIH
AHTUOMOTHKTEPTe TO3IMILTITIHIH KaJbITACYbl KOHE OJIaH opi Tapairy
Mocenenepine Hazap ayaapbuinel. Kopmmaran opTagarsl  A9pLTIK
npernapaTTapAblH SKOTOKCUKAJIBIK KOHIICHTPAUSIIAPBIH 3€PTTEY epeKIIe
KBI3BIFYIIBUIBIK TyJbIpazbl. Kopimaran opTana aHTHOUOTHKTEP MeEH
OpraHMKaNIbIK 3aTTapAblH Oy3bUIYbl, a30T IeH (OoCcPOpAbIH  YIIbI
(dbopManapbeIHBIH JKUHAKTATYBI )KOHE SBTPO(UKAIUS apKBUTBI IKOKYHEIIK
MPOIIECTEP/IIH TYPAKCHI3AaHYbl apachIHIaFbl OalIaHBICTAp AHBIKTAIIBI.
Kanmsr aiFaHaa AHTUOUOTUKTEPIIH JTMHAMHUKACHI MeH
HKOTOKCHUKOKMHETHKACBIHBIH op TYpPJII MEXaHU3MJIEPiHIH OOJybIMEeH
Kartap, I9PUTIK MpenapaTTap/IbIH KOpIIaraH OpTa SJIeMEHTTEpiHE TapaTybl
MEH dcep eTyiHiH OapJibIK >KOJAaphl e3apa 0alIaHBICTHI, ©3apa TOYeNIl
JKOHE  OCBHIHBIH OapIBIFBIH OMOTCOXUMISIIBIK ~ TIPOIECTEeP/Ii
TYPaKChI3aHABIPYABIH OIpTyTac *yiheci peTiHae Kepceryre 0oJaThIHbI
AHBIKTAIIBL.  3epTTeylepAl  IIONYy  HETi3iHAe  aHTUOMOTHUKTEpIi
naiiananyael  Oakpuiay, peTTey JKOHE OSKOTOKCHKAHTTapJaH CYJbl
Ta3apTy/bIH *KaHa TEXHOJOTHSIIAPBIH KAMTUTHIH [Iapanap YCHIHBIIIHL.

Tyiilin ce3mep: cCy OpTachIHBIH JacTaHybl, (hapMaleBTHKAIBIK
mpenaparrap, arFblHABl  CyJlap, AaHTUOWOTHKTEp, PE3UCTEHTTLIIK,
HKOTOKCUKAHTTAp, THAPOONOHTTAp, OMOAKKYMYIISIIUS, MUKpOAF3aap.
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1. Kipicne
CoOHFBl OHXXBUIABIKTAa FalbIMIApAbl KOpIIaFaH oOpTaja AaHTHOMOTHKTEPIiH >KUHAKTAIYBI
aJlaHaTy/aa. AHTHOMOTHKTED MUKpOAaF3ajapbIH TipIILTIK OeJCeHauIIriH Oacyra

(bakTepuOCTATHKANIBIK) HEMece oylapabl >Koiora (OaKTEpHMIMATIK) apHAJfaH 3aTTap pETiHIe
Kosiganbuiaapl. Onap TaburH, *KapThllaid CHHTETUKAIBIK KOHE CHHTETUKANBIK KOJIMEH >Kacayajbl.
Kopmiaran oprazna, OHBIH IOIiHAE Cy HBICAHAAPBIHAA, AHTUOMOTHKTEPAIH  KMHAKTATYBI
9KOTOKCHKAIIBIK dcepre okeneni (Bunorpanosa sxone T1.0., 2013). Kopiiaran opTaHblH aHTHOHOTHK
KQJIJIBIKTAPBIMEH JIaCTaHybl aHTHOMOTUKTEpPre TO3IMI1I OaKTepUsIIapAblH KOOCIOIHE aJIbINl KEJeTiH,
MaHbI3/IbI Mocenere aifHanbim oTelp (Huong et al., 2025).

Cy MHKpoar3aiapbl SKOJIOTHSUIIBIK XKYUEIEPIiH Tere - TSHIrH caKTayia, 3aTTap aifHaJIbIMbIH
KaMTaMachI3 €TyJe, CYbl Ta3apTy/a KOHEe KOPEKTIK TI30eKTep Il KOaayaa My pe aTKapabl.
Onap cy opracbiHAa Oenriti Oip KbI3METTEpl aTKapaTblH OakTepusuiap, BUpycTap, Oaiasipiap,
CaHBIpayKyJIaKTap »JKOHE KapamailbIMabulapiaH KypaiaraH. Jlopimik mpemapaTrTtapablH — Cy
MUKpOaF3ajapbIHa dcepi OJapIblH KbI3METTEPIiHIH OY3bLUTybIHA OKENIE/I.

Ararn alTKaH/1a, aHTHOMOTHKTEP MUKPOAF3aIapAblH TYPIIK KYPaMbIH ©3T€PICKe YIIBIPATHII, CY
OHMOLIEHO3BIH/IAFBI TETIC - TEHIIKTIH OY3bUTYbIHA OKeJel. Anaiia, aHTUOMOTUKTEPAIH Y3aK Mep3iM/Ii
ocepi cy KoWMauapblHa TYCKEHAE OaKTepusyiapAblH TO3IMIUTTIH apTTBHIPBIN, CYPHINTATY XOHE
Oeitimenny MexaHu3MIepiH icke Kocybl kepek (Akbayeva et al., 2024).

Kymvicmoiy maxcamor: Cy dKOXKyHenepiHe aHTHUOMOTUKTEPHIH TyCcyiMeH OalIaHBICTHI
KayinTep/i, oJapblH OHOJIOTHSUIIBIK SPTYPIILIIKKE dKOHE SKOJOTHSUIBIK MTPOLIECTEPTe 9CEPiH Talay.

Hezizz2i minoemmep:

o Cy HBICAaHAAPBIHBIH AHTHOMOTHKTEPMEH JIACTAHYBIHBIH HETI3T1 KO3JCpiH aHBIKTAY.

e AHTHOMOTHKTEpAIH Cy MHKpOar3ajapbl MEH MaKpoOar3ajapblHa ocep €Ty MEXaHH3MIEpPiH

aHBIKTAY.

e AHTHOMOTHKTEpAIH Cy ar3ajlapblH/ia OMOAKKYMYJISAIMICHIH KOHE KOPEKTIK Ti30€K apKblIbl

OeplulyiHiH calJapblH KapacThIpy.

e AHTHOMOTHKTEpre TO3IMIUTIKTIH TapalyblHa Cy 9K0XKYHECIHIH PeJliH KapacThIpy.

e AHTHOMOTHKTEPMEH JaCTaHyIbIH SKOJOTHUSIIBIK CaliapblH Oaranay.

e JlactaHynblH OCBHl TYpiH TOMEHIETy OOibIHIIIA MYMKIH OOJNaThIH CTpaTerusiap MeH

TEXHOJIOTUSTAP/BI YCHIHY.

2. OneduerTepre moJay

Cy HbICaHAApPbIHAAFBI AHTUOMOTHUKTEPAiIH TypJjepi koOHe AHTHOMOTHKTEPMEH
JIACTAHY/JbIH Heri3ri ke3aepi.

EH kem TapanraH aHTHOMOTHKTEpIiH apachlHIa, TAaOWFH cylapja Ke3JeCeTiH JXoHE aaaM
JICHCAYJIBIFBl MEH KOpIaFaH OopTara Kayiln TeHAipeTiH HUTpodypaH npenaparrapsl (Zhang et al.,
2024), propxunononaap (Yinetal., 2024), spurpomunud (Zhou et al., 2025), supodokcarua (Yang
et al., 2025) anbIKTaIIBI.

[[3s10wKO0Y MIBIFaHAFBIHAFBI CYJIBI - 0ATIAKTHI AJIKANTap/IaFkl )Kep YCTI MOTIHIITIEPIH/IET] CeTi3
XUHOJIOH/IBI aHTHOMOTUKTEPIH (XA) Tapanysl, Ke3/1epi KoHe OpBIH aJlaThlH KayinTepi Oaranaysl
3epTTeNai.

AJBIHFAH HOTHXKEJep XWHOJOH[bl AHTUOMOTHKTEPAIH OapibIK YATLIepAe aHBIKTAIFaHbIH
KOPCETTI, ajl WeriHAlIep/ie XUHOJIOHIbI aHTUOMOTUKTED *Kalmbl KoHIeHTpanuscel 0,276 nan 5,229
HI/T IIaMachlHJa aybITKbIABL. EH *oFapbl KOHIIEHTpalus SIH ©3€HiHiH CyJbl - OaTMaKThl ankaOblHa
Kipe Oepicte Oaifkanapl. Herisri KOMIOHEHTTEpl Taiaay XWHOJIOHJB aHTHOWOTHUKTED HETI31HEH
aypyxaHajap/aH, TYPMBICTaH, aKBaJaKbUl ©HEpPKICIOIHEH TeruleTiH aFblHAbI CyJapjAaH maiina
6omazel gen 6omkayra mymMmkiagik 6epeni (Liu, K et al., 2018).

AFBIHIBI  CyNapjAarbl  TETPALMKIMHACPAIH  (OKCHUTETPAUMKINH, JOKCULUKIMH >KOHE
TETPAIMKJINH) KypaMbl KeHineH TanbiMan (Gudda et al., 2023).
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BanTek TeHi3iHAE €H KU1 aHBIKTaJFaH KOCBUIBICTAp CyJIb(paMeTOKCa3oJl, TPUMETOIPHUM,
MIOT1H/ITIEP/Ie OKCUTETPAMKINH JKOHE CYy TYOIHIE Cynb(haMeTOKCa30Jl MEH TPUMETONPHUM OOJIIbI
(Siedlewicz et al., 2018).

Ogunbanwo, O. M., Kay, P., Boxall, A. B., skoHe Tarbl 6acka ranbimaap HUrepusHbIH OHTYCTIK
— OarbIchIHAAFRI JIaroc KalackIHIAFI JKEP YCTI CyJIapbIH/Ia )KOHE aFbIHIBI CylapbiHaa 19 TepaneBTik
ChIHBINIKA aTaTbiH 37 (apmalieBTUKaNbIK MpenapartapiblH OOJXyblHA MOHUTOPUHT 3KYPTi3[l.
Adpuka e3eHAepiHIH Cy ananTapelHIAFbl (apMaleBTUKAIBIK JIACTAaHY TYypalbl IKYPri3reH
3epTTeynepl onemjae OypblH — COHABI OOJMMaraH €H JKOFaphl KOHIIEHTpALMsUIapAbl KOPCETTI.
AHBIKTaJIFaH KOCBUIBICTAP/IBIH €H JKOFaphl KOHIICHTpAIUACHl 75 — TeH 129 Mkr/im — re meidin, an 13
KOCBUIBICTBIH ~ OpTalla KOHILEHTPalUWsAChl MKI/1 merinae Oongel. Hurepuss esennepinne
(hapMaleBTUKAIIBIK TIpermapaTTapAblH KOHIIEHTpaluschl EBpona MeH AMeprKka Kypama IraTTapbiHa
KaparaHaa OipHele ece >korapbl. JlacTaHyIbIH HEri3ri Ke3l aFbIHABI Cyiap, OipaK PEeTTeIMEUTIH
JacTaylIbl Ke37ep Typasbl oJaH api 3epTreynep Kaxet (Ogunbanwo et al., 2022).

Wilkinson, J. L., Boxall, A. B. A., Kolpin, D. W., xone Tarbl Oacka rameiMmap 137
reorpadUsIIbIK aliMaKTarbl JyHUE Ky3iHiH 258 e3eHiniy BPU - men (Oencenmi hapMaleBTHKAIBIK
HWHIPEIUCHTTEP ) JaCTaHybIHBIH )ahaHIbIK 3epTTeyiH x)acazpl. 104 ennen 1052 opbiHHAH ChIHaMasap
anpIaFaH (imrHae 6apiablK KOHTHHEHTTEp XKoHe BOU - men mactany OypeiH 3epTTenMereH 36 e 6ap)
)oHe 61 BOU — nbIiH Kypambl TYpii aHATUTUKAIBIK dicTepMer TangaHabl. bBOU — abIH skoFapbl
KBl KOHIeHTparusckl CaxapaHblH oHTYcTiriHae Adpukana, OHTycTiK A3usaa xoHe OHTYCTIK
AmMepukana Oaiikanael. ABTOpiap €H KON JacTaHFaH OpPBIHAApP KYHKepICI TOMEH KoHE opTalla
enyepae OOJFaHIBIFBIH JKOHE aFbIHIBI CYJIap MEH KaJIBIKTapabl Oackapy HH(PPaKypbUIBIMBI HAIIap
aliMakTapMeH OailJIaHBICThI €KCHIITIH aTal oTTi. OJIEMHIH KOITEereH eJACPiHIH OChI 3epTTCYJIEPICH
THIC Kalybl, aTaJfaH MOCEJICHIH ayKbIMBIH >KahaHIBIK TYpFbIIaH Oaraiayabl KHBIHIATAIIbI.
3epTTeyuriiepaid aiTysl OolbIHIIA (apMaleBTUKAIBIK MeprapaTTapMeH jJacTaHy KOpIaraH opTa
JKOHE aJiaM JIeHcayiblFbl COHbIMEH Katap bY' ¥ — HbIH TypakTsl JaMy MakcaTTapblHA KETY JKOJIBIH/IA
»ahanaeik Kayin Teraipeai (Wilkinson, J. L., Boxall, A. B. A., Kolpin, D. W_, et al., 2022).

AHTUOMOTUKTEP/IH Cy ailAbIHAAapblHA dp TYpPJl KOJAAPMEH TYCETiHl Oenruli, oJiapablH
HET13TiIepi: MeAUIIMHATIBIK MEKeMeNepaeH, (papMalieBTUKAIBIK OHEPKICINTEPICH KOHE TYPMBICTHIK
HIapyalbUIBIKTaH KYpaMbIH1a aHTUOMOTHK KaJIBIKTaphl 0ap aFbIH/bI CyJIapabl arbi3y (cypet 1):

e AHTHOMOTHKTEpAl aybul MIAapyallbUIBIFBIHAQ, dcipece ipl Kapa Maj, IMIOIIKAa, KYC >KOHE
aKBaJIaKbUT OCIpy/Ae OCy/i BIHTATAHIBIPY YIIIH XoHE WH(EKIHUIIapAbIH alfblH aly YIIiH
KOJIJTaHA/IbI.

o Jlopinmik mpemapaTTapIslH KaIBIKTaphl epManap MEH OaJIbIK IIapyaniblIbIFbIHBIH aFbIH]IbI
CylapbIMeH cy aiiapiaapsiaa tyceai (Cowieson et al., 2019). Emik sxoHe npodUIIaKTHKAIIBIK
MakcaTTaH 0acka aHTUOMOTHKTEP/I1 a3bIKTHIK KOCIIa PETIH/IE )KaHyapIap/IblH J€HE MacCaChIH
YJIKSUTY YIIIH )KOHE MaJl a3bIFbIHBIH KOHCEPBaHTHI peTiHe Koynanaas! (Bacanli et al., 2019).

e AFBIHIB CyJapApl  Ta3apTy  KOHABIPFBUIAPBIHBIH  TUIMIUTITIHIH — KETKUTIKCI3IIT,
AHTUOMOTHKTEP/Il TOJBIFBIMEH KOIOFa KaOUIETCI3/Ir oJap/IblH ©3€HIepae, Koaepae KoHe
TeHi3Jepie TapanybiHa okeneni (Zeng et al., 2022).
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Cypert 1. AHTUOMOTUKTEP/IIH HET13T1 TachIMaaHy KOJ1aphl

AFBIH/BI CYJapAbl TA3aPTY KOHABIPFbLIAPHI

AFBIHJIBI CyJIap/ibl Ta3apTy KOHBIPFbLIApbl AHTUOMOTUKTEPAL OapiIbIK yaKbITTa THIM/II XKOIOFa
Kali1eTTi emec, OYJI oNaplblH ©3€HIepre, Kejaepre »oHe TeHi3Jepre TycyiHe okeneni. MyHbIH
Heri3ri ceOenrTepi MaMaHAaH/bIPBUIFAH Ta3ajlay TEXHOJIOTUSJIAPbIHBIH O0JIMaybl, OMTKEH1 aFbIH]IbI
CyJlapAbl Ta3apTy KOHJBIPFbUIAPBIHBIH KOIIIUIIrT OpraHMKAaJbIK JIACTAFbINl 3aTTapibl, a30T IEH
docdopab! kor0Fa OarbITTaNFaH, OlpaK aHTUOMOTUKTEP CUSKTHI KYpJeil XUMUSUIIBIK KOCBUIBICTAp Ibl
*orora apHanMaraH. COHbIMEH KaTap J9puUIiK MpenaparTap CTaHJapTThl Ta3anay dAicTepiHe Te31MI1
exeniri oenrim (JIeikos xone T.0., 2020; Jlsrenes sxaune 1.6., 2023).

AHTHOMOTUKTEPIH METa0OIMKANIBIK ©3repicTepre YIIbIpAMaUTBIHABIFBIH JKOHE aFbIHJIbI
CyJapJibl Ta3apTy KOHABIPFbUIAPHI apKbUIbI COJ KYHIH/IE LIeCIIT MIbIFAaThIHABIFBIH Spielmeyer A, Petri
MS xoHe Tarbl Oackaiap 3epTTereH. ABTOpJap arblHIbl CYJIapAbl Ta3apTy KOHABIPFBUIAPBIHAA
TazapTy UUKIJapblHAH KeWiH cy KaObUIJaFbllIKa TYCETIH CyJap KOpIIaraH opTara TYCETIH
AHTUOMOTHUKTEP/IIH eNeyli Ko31 eKeHAIrH aHbIKTa bl Kyp/em aHamuTUKAIBIK 9IICTEP KOJIaHBLIFaH
y3aK Mep3iMJll JIM3UMETPUSIIBIK JKOHE JajlalblK 3epTreylep OyKia onemiae KOJJAaHbUIAThIH
BETEPUHAPJIBIK TpenapaTTapAblH >KOHE OJap/AblH METaOONUTTEepiHIH opi KapaWfbl SKOJIOTUSIIBIK
TaF/IbIPbIH €TKel — TerXKeini 3epTreyre MYMKIHAIK OepeTiHiH aHbIK KepceTTi. TeTpauuKInHIep
TONBIPAKTBIH OeTKi KabaThlHIa KOFapbl KoHLEeHTparusaa (>100 MKI/Kr) cakTauaabl KoHe
TOMBIPAKTHIH TEPEHIPEK KabaTTapbIH/1a HEMECE KEP acThl CyJapblHa MANbLTy 00IMalIbl.

Cynbpanmiamuarep  Kem  OKbuigap — OOWBl  aybUIIIApyalllbUIBIK  TOIBIpaKTapblHA
eHTi3inMelTiHiHe KapaMacTaH, ToMeH KoHneHTpamusaaa (ng L) Tomsipak humsTpaTsiHaa TaObIIFaH.
Ocbiran OaiimaHbICTBl aBTOpJIAp KeWOip BeTepuHApibIK MpenapaTTapAblH KYTUITEHHEH Jie
TYPaKThIpAK EKEHIITIH JXOHE KOJIIaHFAaHHAH KeWIH OHJaFaH >KbUIAApJaH KEWiH e TONbIpaKTa
KaJaThIHbIH AaHBIKTaJbl. AHTHOMOTUKTEpre TO3IMIUIIKTIH KaJbIITACyblHA KOpIIAFaH OpPTaJarbl
aHTHOMOTHK KaJIIBIKTAPBIHBIH MapAbIMCHI3 MeJIIIepi Ae acep ereai (Spiclmeyer et al., 2020).

Buonorusnbik eHaeyAiH THIMALUIIT Oyl xKaFaaiaa TeMeH, ce0ebl arbIHIbI CyJaapibl Ta3apTy
KOHJIBIPFBUIAPBIHBIH OHOpEaKTOpJapbIHa OPraHUKAIbIK 3aTTapAbl bLABIPATATHIH OakTepusiap
KOJIJIaHBLIa b, OipaKk aHTHOMOTHUKTEP OJAP/IBIH TIPLIUTIK OSICEHAUTITIH Texel ananbl. HoTmkecinae

214



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. Ieozpagus. Dxorozus cepuscol, 2025, 151(2)

JacTaylibl 3aTTapbIH OMOJerpaanus mpoieci Oasyaaiabl, aa aHTUOMOTHKTED CyJa 9pi Kapal aa
Kaya 6epeni. bomamarer 6ap omicTepre XUMHUSIIBIK, KeHOIp PU3NKa-XUMUSIIBIK J)KOHE apajiac dJicTep
xaranpl. Kemrteren emnzaepne cyasl Taszajay CTaHLUMSUIAPBIHAA O30HIAY HEMeECe YIbTPaKYJIriH
coyJiesiepMEH OHJEY XJIOpiay oICIH bIFBICTBIPY/A.

Cynbl (apmaneBTUKAJIBIK IpernaparTapJal Ta3apTyAblH (U3MKa-XUMUSUIBIK HEMece apaiac
Ta3apTy 9AICTEPIHECH KeJecCl 9MiCTep/ Il YChIHABI:

® SICKTPOXMMHUSUIBIK (MEMOpaHAJBIK 3JCKTPOAHAIN3, DJICKTPOAKTHBALIMSA, OTTEriH Oepe
OTBIPBII AIEKTPOXUMHUSUIBIK TA3aJIay);

e (OeJceH/Il KeMip HeTi3iH/e afcopOnusay;

e MeMOpaHaJbIK (HAHOQHUIBTPALIKS + KEpi 0CMOC KoHE T.0.);

e KaTalu3aTopiiap KaThICBIHIA YIbTPAIAbIOBICTHIK OHIELY;

e cyabl GepMEHTTEPMEH KOHE MepcybhaTTapMeH OHJIEY.

@dapmaineBTUKAIBIK TpenapaTTapMeH CYAbIH JIACTAHYBIH JKOI0 YIIiH SKOJIOTHSUIBIK Taza
npenaparrapbl eHaipyre Koy Kaxet (lonuHa sxoue T.6., 2018).

Ken sxarnaiina arbIHIBI CyJapabl Ta3apTy KOHABIPFBUIAPBIHBIH THIMCI3/iri COPOLUSIIBIK KOHE
MeMOpaHaNbIK Cy3riiepAid 6oaMayblHaH TybIHAAlAbI. KenTereH aHTHOMOTHKTED Cy/ia epiriil xKoHe
o/leTTeri KYM MEH MEXaHUKAJBIK Cy3riiepae ycTanMmaiinel. MemOpaHanbIK TeXHOJIOTHsuIap (Kepi
0CMOC) KYHBIHBIH KbIMOATTBHIFbIHA OailIaHbICTHI CUPEK KOJIaHbLUIAIbI.

XUMMSIIBIK Ta3apTy Ke3iHIe XJIopiay JKoHe KoaryJsius aHTHOnoTukTepre THiMci3. O30H1ay
JKOHE YJIBTPAKYITIH COyJelIepMeH ©HIEYy aHTUOMOTUKTEpHAl bIAbIpaTabl, Oipak KYHBIHBIH
YKOFApBUIBIFBI MEH HEPTUSHBI KO TYTHIHYbIHA OalIaHBICTBI Ta3apTy KOHABIPFBUIAPBIH/IA dpIaiibIM
Koimanbuta Oepmeriai (Huang et al., 2021). DkomOrusuIbIK THIMII TEXHOJIOTHSFA KATKAHBIMEH CY
Ta3apTy CTAHLMSIIAPBIH KaiTa )KaOIpIKTay )KOHE KaiTagan Kypy KbiMOaTKa Tycezi. COHFBI )KbUIIAphI
TOTBIFY TEXHOJOTMsJIapblHAa HETI3eNreH >aHa npouectep naiina Gomnael: «Ilepokcon» mporeci,
YATPAKYJITiH CoyleleieHy Ke3iHae 030Haay, cyTeri acKbiH TOThIFbIHBIH (H202) KarbicybIMeH
yABTPAKYJTiH coyJeneHy KesiHae o30Hpay; «Kap6ozon» mnpoueci, «CoHO30H» mpolect,
TOTBIKTBIPFBIII Ta30€H TOTHIKTHIPY; «DEHTOH» MpOIECi, CYMEePKPUTHUKANBIK CYIaFbl TOTHIFY,
dorokaranuTukanbik npouecrep (Jonuna xone T.6., 2018).

AHTUOMOTUKTEpP OpraHUKaJIbIK OeJIIIEKTEPMEH OailylaHbIChIN, TYNTI IIETiHJALIEpAE TYHBIII,
coJlaH KeHiH KaiTtagaH 6ocan MIbIFaabl. AFBIH/BI CyJap/bl Ta3apTy KOHIBIPFbUIAPBIHBIH TYHOATaphl
KkoOlHece aybll MIapyallbUIBIFBIHAA THIHAMTKBINI PETIHAE TMal1ajaHbUIagbl, Oy aHTHOMOTHK
KaJIIBIKTApBIHBIH TOTBIPAK MEH Cy KoMMaapbiHa TycyiHe siknai erefi ([eTbman sxone T.6., 2013).

bipkarap »xarnaitnapaa KeTKUIKCI3 Ta3apThUIFaH aFbIH/IbI CyJIap bl TIKEJICH aFbI3a Ibl: AKOFapbI
KYKTeMe Ke3eHIepiHae (’KaHObIp, Cy TACKbIHBI) Ta3apTy KOHBIPFBIIAPHI XKETKUTIKTI Ta3apThlJIMaFaH
arbIH/bI CyJap bl aFrbI3ybl MyYMKiH. Kimni e3eHnep MeH Kesaepae MyHail TacTaHblap aHTUONMOTHK
KaJJIBIKTapbIMEH JIAaCTAHY/IbIH >KOFaphI JIEHrefiHe dKemeIi.

Haciosmanoglu >xoHe Tarbl Oacka FajmpIMIap ©3 3epTTeylepiHle KEeH TapajfaH TepT
(TOPXMHOJOHABIK ~ aHTUOMOTUKTEPHIH  (OQIIOKCOIMH, HOPQIIOKCALMH,  IHMIPOQIOKCAIIHH,
SHPOQIIOKCAIIMH) aJACOPOIMSIIBIK JKOMBUTYBIH Oajama aacopOeHT peTiHAe TaOMFU KOJIEMaHHUTTI
naiianana oOTBHIpbINT Oaranaapl. M30TepMUsIIBIK 3epTTeyiep OapbIChiHAa (HTOPXMHOIOHIAP
KOCITaChIHBIH, COHBIMEH KaTap >KeKe KOCBUIBICTApIBbIH Mep3iMl aacopOIusichl OOWbIHIIA OipKaTap
TOXIpuOenep Kyprizai. AncopOuusHbIH THIMALTIriHE pH kKoHEe TeMIepaTypaHbIH dcepi aHBIKTaJJIBL.
AJBIHFaH HOTHXKENEp aJCOpPOLUMSHBIH YHAOTEPMUSIIBIK JKOHE O3ITHEH KYPETIHIH KOpCeTTl. Op
Typmi pH  MoHzepiHzeri aAcopOLMSUIBIK — 3epTTeylep KOJEMaHUTIEH  aJIcOpOLUsIaHFaH
(bTOPXMHONOHAAPBIH MeJIIepl KbIIIKbUI XKoHE Oeirapan oprajga TypakrTbl, ai pH — TbIH Herisri
MOHJIEpiHJle TeMeHJel OacTalfThiHbl Oailikanapl. TepMoaMHAMHUKANBIK 3epTTeyjep aacopouus
MPOIIECIHAEC KaTThl JEHE — CYHBIKTHIK OOJIHYIHIH IIeKapachlHIa Ke3JCHCOKTBIK >KOFapbliaraH
a/ICOpPOLIMAHBIH ©3/IITHEH XYPETiHIH >KOHE OHBIH SHAOTEPMUSUIIBIK €KCHIITH KepceTTi. ABTOpiap
aZICOPOIUSIIBIK TOXKIpHOenepre NeliH >KOHE OJlaH KEeHWIHT1 MaTepHall CHUIaTTaMallapblHa CYHEHE
OTBIPBIT, aacopOLUMs MeXaHu3Mi (TOPXUHOJOHJAPABIH NPOTOHNAIFAH AaMUH TONTAaphl MeEH
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KOJIEMaHMTTIH Tepic 3apsaATanFan 0opat OipiiKTepi apachIHAAFBI 3JEKTPOCTATUKAIBIK TAPTHUIBICTIEH
0aiiIaHbBICTHI AT KOPBITHIH B! xkacaran (Haciosmanoglu et al., 2023).

Ocwl perTe Ta3apTy KOHIBIPFBUIAPHIHBIH AaFBIHILI CYJIAapAbl AHTHUOMOTHUKTEPACH Ta3apTy
THIMJIUIITIH apTTRIPY YIIIH KOJEMAaHUT MHHEPAJIblH NalJalaHyAbIH THIMIUIITIH KapacThIpyFa
Oonampl. Konmemanut OoparTap KIJacklHa JKaTaThlH MHUHEpald, XUMUSUIBIK (opmyrmackl
Ca2B6011°5H20. bopabiH Taburu k631 OOJFaHABIKTaH OJaH O00p KBIIMIKBLIBI, 0acKa Ja KOCBUIBICTAp
enpipineni. byn Kazakcran Pecnyonukaceinga Mnaep ken opubinaa ke3neceni. Konemanut Getinne
AHTUOMOTHKTEPAIH aAcopOIusIany peakiusachl >xypeai. Ilpomecti TyciHmipy YIIiH KapamaibiM
MOJIeTh YChIHYFa OoNajbl: aHTUOMOTUK MosiekynaceiHaarel —OH (tumpokcun) amemece —COOH
(kapOokcwit) GYHKIMOHAIABIK TOOBI KOJEMAaHUT MHUHEPAIBIHBIH OCTIMEH OpEKETTeCE/I.
Munepanasiy 6eti ruapokcunbai (~-OH) xoHe kanbuuii nonaapsina (Ca®") 6ait GoaranabIKTaH, O
AHTHOMOTHUK MOJICKYJIaJIapbIH HOHIBIK KOHE CYTEKTIK OalIaHbICTap apKbUIbI OEKITE aaibl.

KapanaiibiMm Moi€mb:

AB+(Ca—Borate)surface—ABe+(Ca—Borate)adsorbed Q)

AHTUOMOTUKTEp/IH KOpIIaraH oOpTara IIBIFAPBUTYBl, MHUKPOOTHIK KaybIMIACTHIKTHIH
KYPBUIBIMBIH, OPTYPJUIITiH JKoHEe OICEeHAUIITiH ©3repTy apKbUIBl YJIKEH OSKOJOTHSIIBIK Kayil
Tynblpagpl. OU3MKANBIK aacopOIus, XUMHUSAIBIK TOTBIFY 0acka Ja aFbIHABI CyJIapisl Ta3apTy
KOHBIPFBUIAPHI AHTUOMOTUKTEP/I1 TOIBIKTAN KOS aJIMal bl )KOHE EKIHII PETT1 JJaCTaHY/IbI TYIbIPYFa
Ka0i1eTTi. AHTHOMOTUKTEPAl MEKTEH ThIC MaiifanaHy >kKoHe oJlap]ibl alJIbIH — ajla eHAEeMel Koere
JKapaTy KOpIlIaraH opTajia aitapiblKTail 3apaanrapra okeneai (Apreja et al., 2022).

KenTeren Ta3apTy KOHIBIPFBUIAPHI €CKIPIreH TEXHOJOTHSJIApPMEH >KYMBIC ICTEial >KoHE
xaHapTeutMaiapl. [llaFbiH el MeKeHJep MEH aybULABIK JKepJeple arblHIBl CyJIaplbl Ta3apTy
KOHBIPFBUIAPHI KOK, OONFaH KYHHIH ©31HEe aHTHOMOTHKTEpJEH Ta3apTy YIIiH >KaOAbIKTaaMaraH
AypyxaHanapjna OakTepusfa Kapchl TIperaparTapiblH Kol  KOJJaHBUTybIHa OalIaHBICTHI
MEJMIIMHAIIBIK MEKEeMeJep aFbIHIbI Cylap/arbl aHTUOMOTUKTEPAIH HET13T1 Ke3i OOJBIN caHallajbl.
by 3arrapabiy Oip Oenirt KanabIKTapMeH Oipre Kapire Tyceal )KOHE TOIbIFbIMEH KON bIIIMAIbI.

TypMBICTHIK JKaFiaiija Ja aHTUOMOTUKTEp MaijalaHbIMaFraH AOpUIIK TMpenaparrapabl
TacTaraH Ke3Jle HeMece eMJeYy KypChl asKTalFaH COH Kopi3 >KyHeciHe Tycel. XalbIKThIH JAOPLIiK
npenapaTTapAbl K010 TOCUIAEp] Typabl XKETKUTIKTI Xabapaap 0oMaybl Oyi1 MOCeNeH] YIIBIKTBIPA bl
(Ekwanzala et al., 2020).

KenTeren nmamymibl enaepae aypyxaHalaplblH Ta3apTbUIMaraH arbIHABI CyJIapbl KalallbIK
arbIHABl CyJapMeH Oipre arbp3bUIaAbl. Anaiia, erep aypyxaHaHbIH aFbIHABI CyJlaphl Oelek
TazapThlIMaca, ojlap MHUKpPOOKAa Kapchl TeHACP MEH MHUKPOOTapIblH KOpIIaFaH OpTaFa CHYIHE
OaillaHBICTHI aJaM JIeHCAyNbIFbIHA Kayill TeHJipeni. MyHaall aFbiHABI Cynap Oipkarap >KyKIambl
MUKpOAF3ajap/IblH, MaigalaHbIFAaH MHUKPOOKa KapChl KOCBUIBICTAPJIBIH KOHE MHKPOOKa KapChl
TO3IMIUTIKTIH JaMyblHa BIKMAT €TeTiH JacTayllibl 3aTTapJblH HYKTENIK JacTaylibl Ke3i OOJBII
caHaJIaJIbl.

Byn nacraymibl 3aTTapasl arbi30actaH OyphIH KO0 MHUKPOOKA Kapchl 3aTTapiblH KOpIIaraH
opTara dCepiH JKOHE cynepOaKTepusIap IbIH maiiaa 00y KaymiH azaiTaibl.

AFBIHIBI CyNapbl Ta3apTaThlH OPBIHAApAA MUKPOOKA Kapchl 3aTTapbl O0ap aFbIHIIbI CYJIap/abl
aJIJIbIH — aJla Ta3apTy aJlaM JeHCayJbIFbIHA TOHETIH KayilTi a3aliTyra MYMKIHAIK Oepei.

Ocwl Mocenere OaitmanbicThl Sharma, M., oHe Tarbl 0acka FanbIMAap €3 3epTTeyJepiHIe
arbIHBl CyJTapJaFbl MHUKPOOKa Kapchl MpenapaTTapblH KOHICHTPAIUSACHIH TOMEHICTY YIIiH
OpTaNbIKTaHIBIPBIIIMAFaH Ta3apTy >OKYHeNnepiH maijanaHy MYyMKIHIIKTEpiH JKOHE €H KHl
KOJIJIaHBUIATBIH 9MIICTEPIH KapacThIpJbl. AJIBIHFAH HOTIDKENIEp MHMKPOOKa Kapchl Mpenaparrapibl
TUIMJII JKOIO0 YIITH THOPUATI OICTEP IIH THIM/II €KSHITIH Jaeae/1i. OKIMIIUTIK BEIOMCTBOJIAP/IbIH,
JIEHCAYJIBIK ~ CaKTay OpBIHAAphl, CYIbl Ta3apTy MEKeMeNepiHiH Oipirim  opekeTr eTyi
OpTANBIKTAHIBIPBIIIMAFAH Ta3apTy TEXHOJOTHSUIAPhl MHUKPOOKAa KapcChl MpenapaTTapibl KOO
THIMILTITIH apTTHIPa aajbl A€l KOPBITHIHIBI kacayra 0osaasl (Sharma, M at al., 2022).
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AHTHOMOTUKTEP/IH YJIKEH KOJieMi Mall IMIapyallbUIbIFbl CEKTOPBIHAH Tyceai, ce0edi a3bIK -
TYJIK KayilCI3diriH caKTay YIIiH XaJblK CAHBIHBIH Y3MIKCI3 ©Cyl HOTHXKECIHIC AYHHE KY31HE Mall
IapyalIbUIBIFbI OHIPiCci KApKBIHABI 1amMbll Kemneni. Colikeciniue, OyJ1 xkaHyapiaapAbIH )KbUIIaM eCyiH
BIHTAJIAHJBIPY JKOHE >KaHyapJapAblH TYpJl aypylapblHbIH alfblH ajly YIIIH aHTHOWOTHKTEpIi
KEHIHEH KOJIaHyFa aJblll Kelfi. JlereHMeH, aHTHOMOTHUKTEp JKaHyapiapMeH TOJBIK CiHIpiIMeii,
HOTHDKECIHJIE OJIap HECEMIIeH KOHE HOXKICIEH IIbIFapblIajibl, KOpIIaraH opTaja Oysl KalJbIKTap
AHTUOMOTHUK KaJIIBIKTAPBIHBIH, aHTUOMOTHKTEPre TO3IMALIIK TeHIePiHiH, aHTUOHMOTHKTEpre To3iM1Ii
OakTepusIapIbIH HETIi3Ti pe3epByapsina aiHazaas! (Kenneth et al., 2023).

AnTtHOnoTukTepaiy Kanabikrapel Kprraid, XKanonus, Ourycrik Kopes, Espona, AKI, Kanana
oHe YHJICTaH CUSKTHI eNACpiH JKep YCT1 XKoHe aybl3 CyJlapblHa, Kapi3 CyJapbIHAa, TOMBIPAKTa,
HIeT1HIIEep Ie JKOHE OCIMIIKTEpIiH Keit0ip Typiepinae kesneceni (Akhter et al., 2024).

Kazakcran ayMarbIH]Ia, arpo3KoXKyHenepaix KaHyapJiapra TaraibIHAANAThIH
AHTHOMOTUKTEPMEH JIaCTaHy Xardaiibl Oap: aHTHOMOTHUKTEp ipi Kapa MaiFa, KOifa, IIOIIKara,
KYCTapra >koHe OanbIKTapra Oakbuiaychl3 KONJaHbLIaabl. Ka3akcTaHHBIH KONTEreH ayMaKTapbhIHIa
arpoOeHEPKACIN  KEIIeHIHIH KOHI OCIMIIK IIapyallbUIbIFBIHAA AallblK ETICTIKTepAe JKoHE
KBUTbDKAMIAapAa OpraHUKajiblK THIHANTKBIII peTiHAEC KOJJaHbLIaAbl. bipak ochl yakbpITKa JediH
Kazakcran PecniyOiimkaceiHja KOpIaran opTa KOMIOHEHTTEPIHIET1 IOPUTIK MpermapaTTap bl CaHIbIK
aHBIKTAY JKYHeIN )KYpri3ijIMereH.

KeiTaiina xacanran OipkaTap FBUIBIMH 3epTTEyJiep KOHII THIHAUTKBINI PETiHIC MaliJaiaHy,
OapJbIK JKaFaaia TOMBIPAK, JKep YCTI KOHE XKep acThl CylIaphl, OCIMIIKTEP CHIKTHI KOpIIaraH opTa
HBICAHIaPBIHBIH JIACTaHybIHA oKeJeTiHiH aaenaeni (Lyu et al., 2020).

KeiiGip TypakTel aHTUOMOTUKTEpAIH Oip Oemiri >kaHOBIp, Kap CyJapbl aFbIHBIMEH CYy
aiipIHIApbIHA TYCin, OanbIKTapaa >KuHakTanmaabl. OnmapiaslH cymarsl 0acka na Tipi ar3asiapra
NOTCHIIMAJIBI YBITTRUIBIFGI astaHaaTazpl (Zhang et al., 2023; Herrero - Villar et al., 2024).

Foutbimu 3epTTeynepid TanmayblHaH KOPIll OTHIPFAHBIMBI3AN, Kep IIapbIHBIH KONTereH
IKOXKYHenepl MeIUIMHANBIK >KOHE BETEpUHApPIBIK MpenaparrapMmeH jactanrad. dapmareBTuka
OHEPKICIOIH/IE MIBIFAPBUIATHIH JI9PI-TOPMEKTEP ajlaM MEH xkaHyapiap ar3zaceiHa 10-20% cigeni, an
KaJFaHbl KanaeikTapra keteni (Jomuna xone 1.6., 2018).

OKoxyHenepiH aHTUOMOTHKTEpPMEH JIacTaHybl OoJamiakra FajamIblK Kayll TeHIIpenl.
AHTUOMOTUKTEP/IH KOpIIaFaH OpTaJarbl TYPAKTBUIBIFBl OJApAblH JTUNO(PHIBAI TaOWFaThIHA
OaillaHbICTBl. AHTUOMOTHKTEP/IIH KaJJIbIKTApbIH Ta3apTyAblH €H TUIMIl OHE TamThlpMac 9Sici
Oouopemenuanus nen aityra Oonaabl. AHTHOMOTHUKTEPHAIH KOMIIUII MHKpPOAF3alap/blH KoHE
onapAbiH  (EpPMEHTTIK KYHelepiHiH KeMeriMeH Ouojerpaganusra yiblpaiasl. MHUKpPOOTHIK
(dbepMeHTTEp TOTHIFY, TOTBIKCHI3IaHy T.0. OPTYpil MEXaHU3MIEP apKbUIbl YBITTHI AHTUOMOTUKTEP/I1
a3 YBITTBl KOCBUIBICTApFa JIEHIH TYypJICHIpe anaabl. AHTHOMOTHKTEP/l BIABIPATy YIIIH MUKPOOTap
MEH OJIap/blH (epMEeHTTEepiH Naijianany SKOoXKyHe YIIH 3KOJIOTHSUIBIK Kayilci3, SKOHOMUKAJIBIK
xarbiHaH THiMIl (Apreja et al., 2022).

AHTHOMOTHKTEPAIH aKBaJaAKbLI 6CipyAe KOJAAHbLIYbI

banplk mapyalbUTBIFBIHAA AHTHOMOTHUKTED TYWBIK Cy aWIbIHAAPBIHAA WHQEKIUSIIAPIBIH
QIIBIH any YIIH Konmaneutagel. CymeH Tikeneidl OaiinmanpicTa OOJNFaHABIKTAH, AOPLTIK
npenapaTTapbiH e19yip 06JIiri KopiiaraH opTara TYCil, OaKkTepusiapAblH aHTHOMOTHUKTEPTe TO3IM/II
[ITaMM/JIAPBIHBIH Taiia 00ybIHA BIKIAJ eTEe/Il.

KapkpIHIIbI aKBaIaKblI ©CIPY 9JIETTE MIEKTENTeH KEHICTIKTE OCIPUIeTIH KONTEreH ar3aiap/ibl
KaMTHUIbI, OV TapasuTTEpiH >XKoHE OaKTepUsUIbIK HH(EKIMUIapAblH TapalyblHa BIKIAT €Tyl
MYMKiH, COHABIKTaH CEKTOP YIIIIH alTapIbIKTail SJKOHOMUKAJIBIK IITBIFBIHIAPIBIH OPBIH ATy KayIli 0ap
(Lulijwa et al., 2020; Rigos et al., 2010).

Ocpl Typreiga WH(QEKIUSIIAPMEH JKOHE OJIApIBIH JKaFBIMCBI3 dCepiepiMeH Kypecy YIIiH
aKBaJaKbUI ecipyre TeTpanukiuuaep, rpumeronpum (TMII), cynspanunamuarep, XuHojaouaap, 3 -
JaKkTamaap, GTopxXxuHOJOHAAp KOHE (DEHHMKOJIAP CHUSKTHI aHTUOMOTHKTEP KEHIHEH KOJIaHBLIAIbI
(Gorito et al., 2022).
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CoHFBI yII OHXBUIIBIKTa KpITallIbIH aKBaJaKblI ©CIpY cajachl iIIKi KOHE QJIEMAIK HApPBIKTa
T3 OCIIT KeJie )KaTKaH CYPaHbICThI kopceTTi. KpiTalt OyriHri TaHa onemaeri 0anblK KOPBIHBIH YIITCH
OipineH actambid eHaipin oTeip (Cao et al., 2015; Wang et al., 2019).

[mxi OanblK mapyambUIBIFBIH [IaMalaH ThIC UTEPY JKaFAalibIHAa, KApKBIHIBI JKOHE KOFAPFBI
TBIFBI3JIBIKTA ©CIPY KOFaphl OHIM/UIIK NEH NailaHbl KaMTaMachl3 €Ty YIIiH KOJJaHblIaabl, Oy o3
Ke3erinjge OalbIKTapAbIH aypyjiapbl MEH eojiMiHiH apTysiHa okeneni (Mallory et al.,, 2012).
CoHIBIKTaH aHTUOMOTHKTEP OCBHI AypyJlapAblH ajJblH aly YIIiH JKOHE eMJey YUIIH KeHiHEeH
kosmanbutazel (Kimmerer et al., 2009; Hu et al., 2016). Anaiina, aHTHOMOTHKTEP/II IIaMaaH ThIC
KOJIJIaHy OanbIKTapaa JKoHE TaOWFU Cy OpTachlHIA AaHTHOMOTHKTEPIIH KaJJABIKTAPBIHBIH Taiia
OoJrybIHA OKeJei, OyJI KOPEKTIK Ti30eKTep apKbUIbl aJlaM ar3achIHAa )KWHAKTAJIBII, JICHCAYJIBIFbIHA
noTeHIMasIbl Kayin Teraipeni (Postigo et al., 2014; Wang et al., 2016; Urbano et al., 2017; Tang et
al., 2022).

HIerrpic KpiTail 0anbik eHiMaepiHiH eH ipi eHaipymrici 6onbin Tadbuiaasl. Ban Lgas, 1O Sn
XKOHE Oackamapbl TYNTI TyYHOAmapAblH KYpPaMBIHAAFbl KCEHOOMOTHMKTEpMEH KaTap, Typdi
AQHTHUOMOTHUKTEPl /1€ aHBIKTAJbl, OJIAPJBIH TYPAKThl OPTaHUKAIBIK JIACTAYIIbUIAPALIH (DOHBIHIA
JKaJIMbI YBITTBIIBIKKA KOCKaH yiieci a3 6ouipl sxone 0,076 % kypazast (Qian et al., 2024).

AHTHOMOTUKTEP/IIH Cy DJKOXKYHEeNepiHe ocep €Ty MeXaHH3MJIEpi HeTi3iHeH Cy ar3ajapblHa
TiKeJIEH YBITTBUIBIK 9cep/i, MUKPOOTHIK KaybIMAACTBHIKTAp MEH OJIApZbIH aTKapaThblH KbI3METiH/eT1
e3repicTep/ii, OIpiHII PETTIK MPOAYyLEHTTepre (MUKpOOAIABIpIap, NHUaHOOAKTEpHUsIap) OCEpiH
KaMTUJbl. AHTUOMOTUKTEPAIH OipiHIII PeTTi MPOAYLIEHTTEPre acepi cy KOXKyHenepiHaeri oTTeri
MEH OpPraHUKAaJBIK 3aTTApJAbIH HETi3Ti eHIIpymIiiepi OOJbIN TaOBUIATBIH MHKPOOAIIBIpIap MEH
[IMaHOOAKTEePUSIIAP.IBIH OCYIH TeXEeyre AeHiH arnapasibl.

Keiibip aHTHOMOTHKTEp OanAbIpIapAbIH KOMIPKBIIIKBUT Ta3blH OekiTy KaOileTiH XKoHe
SKOJIOTHSUIBIK JKYHENIepIH OHIMIUIINIH TOMEHACTE OTBIPBIN, OJapAblH (HOTOCHHTETHKAIBIK
OenceHaUIriH e3repre/l, OUTOMIAHKTOH MOMYJISALUICHIHBIH OY3bUTYbl 300IIaHKTOHAp, OaIbIKTap
MKOHE KOFaphl KBIPTKBIIITAPFA 9CEpP €Till, KOPEKTIK TI30EKTEep/AiH TEHrepiMCI3IiriHe dKeIyl MYMKIH.
bykin onempue 3eprreyuriep cy Ke3AepiHIEri (papMaleBTHUKAIbIK MpernaparTapiblH TYFbI3aThlH
KayinTepiH J>KOHE OJapiblH KOpLIaraH opTara ocepiH 3eprreyne. KazakcTaHIbIK FajabIMAAp
Tulegenova, S., Zhantokov, B., Beisenova, R »xomne tarbr 6ackazap Chlorella sp. ecy kapkpsiHbl MmeH
ecy TeXeJyiH 3epTTeH OTHIPHIN, (papMalleBTUKAJIBIK IPenapaTTapAblH Cy OMOTachbIHA 9CEpiH TeKCepy
YILIH TecT - )yHeHi naiinanannael. 3eprrey OECD Test No 201: 2011, IDT (tyms! cy 6anasipiapsl
MEH LIHaHO OAaKTepHsUIap/IbIH OCYIH TeKEY ChIHAFbI) 3epTTEY dICIHE COMKeC KYpriziiai.

KazakcTanHbIH Cy pecypcTapblH JacTay oJeyeTi JKOFapbl KETOKOHAa30J, TepOuHaduH,
JIPOTAaBEPUH THJIPOXJOPHUJ, TEIMHUCAPTaH, OCH3WINEHIM/UIMH JKOHE a3UTPOMHUIMH CHSKTHI
npenapartap 3eprrenai. Asutpomuia Chlorella sp. yurin aca yeitter 60sbin mbikTsl (0,33 + 0,05
MI/JT), aMOKCHUIIMJUTHH a3/IaFaH YBITTHI dcep kepcetTi (853,54 + 0,27 mr/mn). Asurpomunus Chlorella
Sp. Te3IMAuUIriHEe aMTapiblKTall ocep erTi, Oy ocipece MHHUMAIAbl 3KCIEPUMEHTTIK
KOHIIEHTpausiaa 6aiKkanipl. ASUTPOMUIIMH OaKbUIayMeH calblcThipranaa 0,2 Mr/i1 KOHIEHTpausiia
ecy KapKbIHbIH €Ki ece TeMeHnaeTTl, 0,15 mMr/n koHueHTpanusaa ecyaiy texenyl 87 % - naH acThl
(r2=0,89). Chlorella sp. aMmokcHIIMIUTMHHIH >KOFapbl KOHIIEHTPAIUACHIH/IA OCY/II a3/1all TOMEH/ICTI,
MUHHMAJIIBI Ce3IMTaIABIKTEI KopceTTi (1 mr/i - ge 2 %, 1000 mr/i - ge 57 %) (Tulegenova et al.,
2024).

AHTHOUOTUKTEP/IIH TOMEH KOHIICHTPAIUSACHI MHUKPOOATABIPIAPIALIH OCYIH KYIIEHTEedl, am
AQHTUOMOTUKTEP/IiH JKOFapbl KOHIEHTPAIMSICH MUKpOOAIABIPIap IbIH ocyiH Texeyi MymkiH (Chen et
al., 2017). Keitbip 3epTreynepaiH ecenTepiHjie MUKPOOAIIbIpIapAbIH TYpJepiHiH OaKTepHsIIbIK
TYPJIEPMEH CaJIbICTBIPFaH/1a aHTUOMOTUKTEP/IIH KOFapbhl KOHLEHTPAIMACHIHA TO3IMIUIIr Oap eKeHi
kepcerinren (Liu, X et al.,, 2018). XKaceu1 mukpoOanabIpiap MeH NHaHOOAKTEpUsAIAp CY
IKOXKYHenepinae KOpeKTiK Ti30eKTiH MaHbI3bl Oeuiri 6osbin Tabbutansl. Kemnmrinik 3epTreynepae
Chlorella sp. Men canbIcThIpranaa, IHAHOOAKTEPHSIAP KOII JKaraaiia aHTHOMOTHKTEPIAIH TOMEH
KoHLeHTpanusicbiHa Te3e ananbl (Valitalo etal., 2017). Hakreipak aiiTcak, iuanobakTepusiap )Kachbul
OannbIpiapra Kaparanaa aca ce3iMrtan Oonbin kenedi. COHBIMEH Katap, MUKPOOAABIPIAPIALIH Op
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TYpJai Typiepi TIpIIUIIK eTedi JKOHE KOK >Kachll OanaplpiapIblH MYMKIHIIMT MEH Typii
aHTHOMOTHKTEPre Ce3IMTAIABIFBIH 3epTTEY Ke3eK KyTTipmeiiai (Zhong et al., 2021).

AHTHOMOTHKTEPIIH Cy ar3ajapblHAa OHOAKKYMYJSIIMSJIAHYBI ’K9He KOPEKTIK Tiz0ek
apKbLIbI Oepinyi

Manyi - Loh C, Mamphweli S. »xone 6ackaigap aHTHOMOTHKTEPMEH JIaCTaHy KOpIIaFaH opTaja
KOPEKTIK TI30€KTIH JKOJIIapbIH, OMOAKKyMYJISIHUSHBI )KOHE OroMarHu(UKaAIUsHBI KAMTHUTBIH TYHBIK
IUKJIJE JKYPETiHIH aHBIKTAAbl: AybUIIIAPYaIlIbUIBIFEl JAKbUIAAPBl Ta3apTy KOHIBIPFBUIAPHIHBIH
arbIHJIbl CYJApbIMEH CyapbLIaJbl XOHE COJl Ke3/le TONBIPAKTBIH CY aiJbIHIApbIH JIaCTaybl OpbIH
anaapl. MyHail sxaraiia aHTHOMOTHKTEp aKBaJaKbUIIApAbIH (OalbIKTap jKOHE TEHI3 MIastHIaphl)
TIPIIUTIK OpPTAChIHAA KHHAKTAIBII TPOMUKAJIBIK JAeHreiaep apkpuisl 0epineni (Manyi - Loh et al.,
2018).

AHTHOMOTUKTEPIIH aKBaJaKbuIJapAa aKKyMYJSLUSUIAaHYbl Typajbl KbI3BIKTBl KYMBICTap
Bpaswmusneik  Faneimpapmer okyprizingi. Cynbsganmaszun  (Sulfadiazine), axBamakpul ecipyze
KEHIHEH KOJIJaHbUIAThIH aHTUOWOTUKTEp KaTapblHAa >KaTajlbl KOHE TYIIbI Cy OpTajapblHaH
aifTapibIKTail KOHIEeHTpanusia Tabsurran. CoHbIMEH Kartap, cynbhanunasunnig (Sulfadiazine) 6anpik
[IapyallbUIBIFbIHAA KOJJAHBUIYBl TaHbIMal OOJIFAHBIMEH, OHBl KOJJIaHY peTTEeIMEreH KoHe
Bpasunust 3aHHaMachiHIa MaKCUMaJIbl Kaiaablk meri yreiMbl koK (MKII). Amepuka Kypama
[ratTapeiga xone Eyponansik Ogakra cynbdaanasus (Sulfadiazine) ymiH MakcuMamnabl KajaabIK
mreri 100 MKT/Kr Kypaiabsl. By KOCBIIBICTBIH OaJIbIKTarbl OMOAKKYMYIISILUSACH a/1aM JICHCAYIIbIFbIHA
JKOHE CY IKOXKYHenepiHiH OMOMOTUSIIBIK OPTYPIIUIITiH caKkTayFa Kayin TeHaipyl MyMKiH. Ocbliaiiia
MaJl [IapyallbUIBIFBIHIA aHTHOMOTUKTEPIl KOJNJAHYABIH apTybl Oy KOCBUIBICTApIBIH CY
JKOXKYHMenepiHe ocepl Typalbl FajamJIblK aJaHJATYIIbUIBIKKA OKeJal, OWTKEHI aKBaJaKbul
[IapYaIIbUTBIKTAPBIHBIH aFBIHJIBI CYJIapbl aHTUOMOTHKTEPAIH MaHBI3bI Ko3iHe aifHamabl. JlamOGapu
OanbIK IIapyallbUIbIFEl IIaFbIH OHIIPYLIUIEp ©CIpill OThIpFaH, bpazuiausiarel JamMbll Kelle jKaTKaH
HapBIK, OHBIH ©HI1pic )kbUTbIHA ITamameH 1000 Tonna. by Typai ecipymeH Kartap, skabaiibl 1ambapu
OanbIFBIH TYIIBI CY HBICAHAApbIHBIH MaHbIH/AA KOHBICTAHFAH TYPFBIHIAP KEHIHEH TYTBIHA/BI.
JlamGapu ammoXToH bl (KeMicTep, TYKbIMIAP JKOHE KepJieri OyHaKIeHeiIep/i1) )KOHE aBTOXTOH/IBI
(CKOHIIKTEp, Cy OCIMAIKTEpl, KaObIpLIaKTap kKoHE OOLUUTTEp T.0.) pecypcTap/bl TYThIHA OTBIPHIIM, dp
TYPJIi KOpEKTeHY oieTTepine ue. Onap 0apiblK TpoUKAIBIK JEHIeHIepIl HeeHEe 1, SIFHU 0acTanKbl
(eciMIIKTEpMEH *oHE (PUTOMIAHKTOHAAPMEH KOPEKTEHEl), eKIHIIl peTTi HeMmece YUIIHIII PeTTi
(300ITAHKTOH, XKOHIIKTEP *KOHE OalIbIKTapMEH KOPEKTEHE/I1) TYThIHYIIBI OoJ1a anajiel. TyHOamap MmeH
KaJIJBIKTap/Abl Jla KOpPEeK peTiHAe TyThiHA anajabl. KopekTeHy[iH MyHAail CcHUIaThl OJIapJIbIH
aHTUOMOTHKTEPAl Jie Koca KaObuimaybiHa ocep ereni. Ocwuiaiina, cynbdanuasun (Sulfadiazine)
OpenapaTblHbIH ~ SKOJIOTHSUIBIK ~ TaFJbIPbIH  JKaKChl  TYCiHY  YIIiH, JilamOapulieri  OHBIH
OMOaKKYMYJISAIIUSCH MEH CapKbUTYbIH Oaranay ete Manbi3abl (Evangelista et al., 2023).

AHTHOMOTUKTEp CYy OpTachlHa €HE OTBIPHIN, (PUTOIIIAHKTOH, 300IJIAHKTOH, OMBIPTKACHI3
KaHyapIap KoHe OaJbIKTap/Ibl KOca alFaHa THIPOOMOHTAPIBIH aF3aJlapblH/Ia )KHHAKTAIIBII, aybIp
3apjanTapra oKenei.

Cy ar3anapblHbIH @aHTUOMOTHKTEP/I1 CIHIPYI:

e MuxkpoOanapipiaap MeH (QUTOIUIAHKTOHJIAP AaHTUOMOTUKTEPAl CyJaH CIHIpe anajbl, Oy
oNapiblH ecyiHe, (OTOCHMHTE3 MpoleciHe OHE )Kacylla MeTOOOJM3MIHE acep eTel.
MpIcalibl, TETPAIUKIINH KOHE )PUTPOMHUIINH CUSKTHI aHTHOMOTHKTEP MUKPOOAIIBIPIIapIbIH
(OTOCUHTETHKAIIBIK OSJICEH ILTITIH TeXEHTiHI KOPCETIITEH.

e 300IUTAHKTOH (DUTOIJIAKTOHMEH KOPEKTEHY apKbUIbl aHTHOMOTUKTEpIi CiHipenai, Oy
oJlapJIbIH Ke0eroiH OasynaTajibl )KoHe KOPEKTEHY 9JIETTepiH 03repTe/i.

e Cy TtyOinmeri ar3amap (MbICaJbl, MOJUIIOCKANap, IIasiH TOpI3AUIEp) o3 yirnajapblHaa
AHTUOMOTHKTEPAl KUHAKTAN anajabl, Oy oJlapJblH TIPLIUIIK OeNCeHIUTIriHe, 6CyiHE KoHE
penpoaykTuBTI Kbi3MeTine acep eremi (Liu, S et al., 2017).

Kypambinga aHTtuOMOTHKTEp Oap ycak ar3ayjapiabl ipi JKBIPTKBIITApD TYTBIHFAH Ke3Je

OmoMarHu(pUKaIMs MPOIEC] KYpeal — >KOFapbl TPOPHUKAIBIK JACHICHIepae JTacTayIIbl 3aTTapIAbIH
KOHIICHTPALUSCHIHBIH )KHHAKTATYbI.
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e baibikTap MEH 0acka Ja Cy JKbIPTKBIIITAPBl 3aKbIMIIAHAFaH OMBIPTKACKHI3IAPMEH >KOHE
TUTAKTOHIapMEH KOPEKTEHII, OJ1ap/IbIH SHAOKPHH/I XKYHECiHe, oCcyiHe )KoHe HH]EKIHsIapra
TYPaKTBUIBIFBIHA OCEP €TETIH AHTUOMOTHK JI03JIAPbIH aJIajIbl.

e TeHi3 KycTrappl MEH CYTKOPEKTUIEp J¢ aHTHOMOTHKTEPIIH ocCepiHe VibIpam, Oipas
YaKbITTapAaH KEeHiH OJap/blH UMMYHIBIK (YHKIHsUIAphl MEH (PU3UOJIOTHACHIHIA ©3Tepic
tyabipajasl (Llyneruna sxone 1.6., 2015).

e TeHi3 eHiMAEpiH TYTHIHATBHIH afaMjap 1@ aHTHOMOTHUKTEPIiH KAaJAbIKTAPBIHBIH dCEpiHE
yiIbIpaybl MYMKIH, OJaH QJUICPTHSJIBIK  pPEaKUWsUIapAbIH  JaMy  Kaymi, iliek
MUKPO(DIOPACHIHBIH ~ Oy3bUTybl OpBIH  ajlafbl JKOHE TMAaTOreHIi OaKTepusIIapablH
aHTHOMOTHKTEpre To3imaitiri apraasl (Huang et al., 2020).

AHTHOMOTUKTEPIH OMOKMHAKTATYBIHBIH 3KOJOTHSUIBIK JKYHere >Kalmbl ocepi MOMyJIsIus
OaylaHCBHIHBIH ~ OY3bUTYbIHAH, HETI3TI TYPJEPIAIH CaHBIHBIH TOMEHJICYIHEH, T'€HETHUKAJIbIK
MyTal¥sUIapJaH XKoHE PE3UCTEHTTUTIKTEH KOPIHE/Ii.

Ocpinaiimia, cy ar3anapblHia aHTHOMOTUKTEP IIH OMOKHHAKTAITYbI 9KOJIOTUSIIBIK XKYyienep MeH
ajlaM JIeHCayJbIFbIHA YJKEH Kayinm TeHuipeni. by mporecc KOpekTik Tiz0eKTep/iH Oy3bUIybIHA,
OMOJIOTUSUIBIK OPTYPJUIIKTIH TOMEHJEYiHEe >KOHE aHTHOMOTHUKTEpre Te3iMIl OakTepusiapIbIH
TapayblHa OKEJIe/I.

AHTHOMOTHKTEpre TO3IMAIIIK 2KIHEe Cy IKOKYHeiepi

Cy oxkoxyienepi Tipi ar3ajmapjga aHTHOMOTHKTEPre TO3IMIUTIIKTIH KAJbIITACybl MEH
TapalyblHAa IMIEHIyIIl pei aTkapaibl, ce0ebi omap opTypii MHKpOAr3alapiAblH, COHBIH iMIHJEe
AHTHOMOTUKTEpre  TO3IMIUTIK  TIeHAEPIH  TachIMaajgalTeiH  Oakrepustiapabiy (ARG —
anmubuomukmepee me3imMoinix 2endepi) pesepByapbl Oonbin TadblIanbl. byn renaep Oakrepusiap
apacsIHIa Oepistin, IKOJOTHSIIBIK XKYHeTe Je, ajaM JAeHCay IbIFbIHA 1a Kayill TOHIPETiH )KaHa Te31M i
mrrammaap skacaii anazasel (Zhou et al., 2025).

Chukwu, K, B., Abafe, O, A., Amoako, D, G., cuskTel FajbIMaap KOpIIaraH oOpTaja
MHKpoar3ajapJa MUKpoOKa Kapchl TO3IMILTIKTI IaMbITyFa BIKMAN €TeTiH cTpecc (haKTOpIapbIHBIH
acep eTy MeXaHMU3M/JIEpi dJTi )KETKUTIKTI 3epTTenmMeren jaen canaianl (Chukwu et al., 2023).

AHTUOHOTUKTEPTe >KOFaphl TO3IMIITIKTIH ce0ebi — aHTHOMOTHKTEPI METUIIMHAAA KOJIIaHy
FaHa e€Mec, COHBIMEH KaTap OJIap/bl BETEpPHHApHS MEH aybUIapyallbUIbIFbIHAAa OaKbUIAYCHI3
naiiananyaeiH apTybl. CTaTUCTHKAa KOPCETKEHJEeW, BeTepuHapusga aHTUOMOTHKTEpAl KaObuiaay
MeIuIMHara KaparaHaa eki ece Kemn. BerepuHapusga aHTHOMOTHKTEpPIl TYTHIHYIBI €CETKe ailry
QJNIeMHIH OapibIK enjepinae kyprizinMenai. COHIBIKTaH aybUIIIApyallbUIbIK KOCIMOPBIHAAPbIHAH
KOpIIaFraH OpTaFa TYCETiH SKOJOTHSJIBIK JKYKTEME dJIeM/IE YIKEH SKOJIOTHSIIBIK MOCEe TYABIPHII
oteip (Tumodeena xane 1.6., 2021; Akbayeva et al., 2019).

AHTUOMOTUKTEpPre TO3IMAUTIKTI KalbINTACTHIPYABIH HETI3T MeXaHU3MJIepi OaKTepHUsIIBIK
TeHJepAeri MyTalusulap >KOHE TeHAEpIlH KeJJIeHeH TachiMaijanybl Oosbin Tabbutagel. Cy
OpTachIHJIa TeHJEP/IIH KOJJECHEH TachbIMalJaHybl dcipece MUKPOOTHIK KaybIMIACTBIKTBIH KOFaphl
TBIFBI3JIBIFBIHA, OPTAHUKAJBIK 3aTTapAbIH OOJybIHA >KOHE AaHTHOMOTHKTEPHIH TYPAKTHI OeIICeHIi
ocepiHe OaiIaHBICTHI.

baktepusiblk TeHAepAe MyTalusiap aHTHOMOTHKTED y3aK Mep3iMi ocep eTKEHJIe maiina
Oomanpl, colaH KeWiH OakTepusuiapla akybI3AapAblH, (EPMEHTTEpAiH >KoHe MeMOpaHaNbIK -
TPAHCTIOPTTBHIK JKYHeNlepiHiH KYpPBUIBIMBIH ©3TepTeTiH CTUXMSUIBIK MyTalusuiap maijga Ooiybl
MYMKiH. MbIcaiibl, OakTepusiap aHTUOMOTUKTEP/IIH ocepiHe YIIbIparaHia aKybl3 cUHTe3iH Oy30ac
yIIiH, puOocoManap/blH KYPbUIBIMBIH ©3repTe alabl.

Ienpepain keanenen tacbimainanysl (HGT — horizontal gene transfer) .

baktepusiiap Te3IMIUTIK TeHJIEPIH YII HET13r1 JKOJIMEH aaMacTblpa ajajbl: TpaHchopManus,
TPaHCAYKIUS, KOHBIOTAIMS — OaKTepHsIapMeH OaillaHbICKaH Ke3/1e MIa3MHUITeP apKbLIbl TO3IMATIK
reHepiHiH Oepiyi.

CoHrbl Ke31epi MUKpOOKa Kapchl Mpernapartapra Te3iMIi OakTepusiiap KOFaMJIbIK J€HCAYIIbIK
caKTayra YJKEH Kayill TOHIIpim OoThIp. AHTHOHOTHKTEepre Teo3imaiaik renaepi (ARG - antibiotic
resistance genes) TeHAEPHiH KOJJICHEH TachIMalIaHybl apKbUIbl Tapanansl. OckLiaimia,
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MUKpPOOTapIbIH OpTYpJIi JKarmaiinapaa TEHIEPIiH KOJJCHEH TachIMalJlaHybl apKbUIBI TeHAEPIH
aIMacTBIPy MEXaHU3MCPIH TYCiHY OakTepusiapJblH SBOJIONMIACHI MEH OeHiMIelmyl JKOoHE
AHTUOMOTHUKTEPre TO3IMIUTIK TeHePiHIH TapaTybIHbIH HUEMHUOJIOTUSIIBIK HET'131 Typaibl MaHbI3/IbI
tycinikrep 6epeni (Tokuda et al., 2024).

Pe3ucTenTTiNiK pe3epByaphl peTiHae Cy KoHMalapblHIa TYPAKTBUIBIKTHIH TapalyblHa BIKIAI
eTeTiH (QaxkTopiap aHTUOMOTHKTEpPMEH JacTaHy, ayblp MeETajJapiAblH KoHe Oacka Ja
JacTaylIbUIapABIH OOTYHI.

Cy opracblHBIH aHTUOMOTUKTEPMEH JIaCTaHybl OPbIH AJIFaHAAa aHTUOMOTUKTEPAIH KaJAbIKTaphl
CEJIEKIUSUIBIK KBICBIM TYIBIPBII, TO31M/I1 OaKTepHUsIapAbIH OMip CypyiHe jKoHE ce3iMTall ITaMaapIbl
BIFBICTBIPYBbIHA bIKNad erefl. COHbIMEH KaTap, aHTMOMOTUKTEpPIIH TOMEH KOHLEHTpalMAChl Ja
TO3IMALTIKTIH JaMybIH BIHTAJAHBIPAIbI XKOHE TEHAEPAIH KOJACHEH TachIMalIJJaHy MEXaHU3MJIEPiH
Oencenaipei.

AFBIHBI CyNapblH KYpaMmbIHIa ayblp METaJUl TY3JapbIHBIH (MBICANbI, CHIHAI, KOPFACHIH,
KaJaMui) ’oHe 6acKa JIacTayIlbl 3aTTap IbIH 00Tyl OaKTepUsIAPIbIH TO3IMILIITIH TYBIPYbl MYMKIH,
ce0ebi KenTereH TO3IMALTIK reHaepi aHTHOMOTUKTEpre FaHa eMec, 0acKa J1a TOKCHKANBIK 3aTTapra
Kapchl KOPFaHbIC MexaHu3MepiH icke Kocasl (Qiu X al., 2021).

AHTHOMOTUKTEp MEH ayblp METaJapiblH apajac ocepl MHUKpoar3allapiblH OeliMerny
MIPOIIECIH TEe3ACTE .

Pe3ucteHTTiIiK pe3epByaphl peTiHAE Cy IKOXKYHECIHIH OMOIeHO3Maphl 3 Heri3ri opMaMeH
YCHIHBUIFaH:

- Cy kenTereH OakTepusIapAbIH TIPUIUIIK €Ty OpTachl OOJIBIN TaObLIAIbI, OJAPIBIH apaChIHIA
KO3IBIPFRIITAp  (MbICANbl, IIIEK TasKUIajJapbl, CaJlMOHE/UIa, ThIPBICKAK, BHOPHOHAAD),
KOMMeHcaIIIap koHe OacKamapbl 00JIybl MYMKiH, COHBIH IIITIH/IC JIACTAHY 9CEpiHEH aHTUOMOTUKTEPTe
TO3IMJIUIIK KaJBIITACTBIPATHIH TYPJIEP J1e Oap.

- Cy KoiiManapelHJa TO3IMA1 FeHAep/iH TapalyblHa BIKIAN €TeTiH OakTepusiaap apacblHAa
TeHJIEp/IiH KOJIEHEH TaChIMalAaHybl KYPei.

- ©3/71epiHIH aHTUOMOTUKTEPre TO3IMALIITIH apTTHIPHII JK9HE aJjamM/Iap MEH aHyapJiap/a eMJIIK
TepanusHbIH TUIMIUIIMIH TOMEHJETE OTBHIPHII CUMOMOHTTAp MEH MaTOreHjl OakTepusuiap cyna
PE3UCTEHTTUTIK TeHaepiMeH miasmuarepmen anmacaasl (Liu, Y et al., 2020). Kenrteren te3imi
MHKpOar3ajap 3K30I0JUcaxapu MaTPUKCIMEH KOpFalIFaH KypJeli Kemll TYpJi KaybIMIacThIKTap -
OuoreHkanap Ty3enl. buorenkanap Te3IMIUIKTIH TapajlyblHa bIKIAN €Te/Al, OJapJblH 1HMIHAET]
OakTepusIap TeHeTHKAIAaK MaTepralIMeH OeJICEeH 11 alIMaca/bl.

Tynri merinauiepae kxoHe TyHOanapaa MEXaHMKAJIbIK dCep €Tyl apKbUIbl Tapajlybl MYMKIH
AHTUOMOTHUKTEpPre PEe3UCTEHTTUIK TeHjepi Oap Oakrepusuiap Ja >KHHaKTanaabl (MbICalibl, Cy
TacKbIHBI, Cy TYOiH TepeHIEeTY, Ka3y KyMbIcTapsl ke3inze (Zhang et al., 2022).

Cy skoxyilenepiHeH KYpJIbIK dKOXyHelepiHe aHTHOMOTHKTEepre TO3IMIUIIK TeHAepl Tapaia
OacraraHaa, Kepi IpOIECC Te KOKKA IIbIFapbuIMaiiabl (AHAPIOKOB jkoHe T.0., 2022). AFbIHIBI
CyJlapAbl Ta3apTy KOHJBIPFbUIAPbl apKbUIbI, €CKIpreH >kaOJbpIKTa OakTepusaap MeH Te3IMILIIK
reHepl dpAabIM THIM/II TYPJE XKOWbIIMAca, aHTHOMOTUKKE TO31M/II OaKTepusapbl 6ap Cy CyMeH
xaOpIKTay KYHECiHEe eHil, afaMIapAblH aypy KYKTHIPY KayIiH apTThIpajibl.

buonnenka Ty3eriH Oakrepusuiap, KeOiHece onapAbl aHTUOMOTUKTEPre, YIbTPaKYJriH
coynesnepre, XUMUSJIBIK OMOLUATEpre, UECIHIH MMMYHJIBIK peaklusIapblHa jKoHE 0acKa CBIPTKBI
CTpecTepre TO3IMAUTITIH apTThIpAaThIH KacHeTTepre ue OoJansl. buornneHkamap keaepri KbI3METiH
aTKaphlll, MUKpOaF3ajap/sl SKCTpeMallb/bl Temreparypa, pH, skorapbl TY3JbUIBIK, KBICHIM, HalIap
KOPEKTIK 3aTTap >KOHE aHTHOMOTHKTEp T.0. CHSKTHI KOpIIAFaH OPTaHBIH KaTal jKarIaillapblHaH
Koprail ananel. KypbUIBIMIBIK Kenepriiep, OMOIUICHKA INIiHJAEri Te3iMal >KacyliajgapMeH Oipre
AHTUOMOTHKTEpre  TO3IMIUIIKTE IIEHIyll pesl  aTKapaibl. 3epTreyliep  KOpCEeTKEHJEH,
OMoIUIeHKaNapMeH OalmaHbICThl MH(peKuusuiapapl emaey KublH. ColikeciHine, aHTUOMOTHUKTEp.i
TaraiiplHIay OWOTUICHKaMeH OalIaHbICTBl  MHQPEKIMSUIApALI  OJApIbIH ~ aHTUOMOTHKTEPTe
TO3IMLIITIHE KOHE TeHETHKAJIBIK MyTalMsapblHa OaiaHbICTHI jKOMMalasl. bruomneHka kasipri
yaKbITTa CO3BIIMATBl WHOEKIUIAPABIH HET13ri ce0eOl OOMbIn caHamagbl KoHE aHTHOMOTHUKTEpPTre
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Te3imai 6akTepusuiap ockl popmaza xui kezaecedi. CozpuiMabl HHGEKIUSIIBIK aypynapasiH 80 % -
JlaH acTaMbl OMOIUICHKAMEH TYBIHJAFaH JeN eCeNTelel XOoHE OJCTTerl aHTUOMOTHKTED Oy
UHOEKIMsIIAp/ 6 TOJIBIFBIMEH K051 anMaiiel (Abebe et al., 2020).

AybUT mIapyalibUIBIFbl OHIMIEPI MEH Cyapy apKbUIbl Ja TO3IMAl OaKkTepusiapIIblH Tapaaybl
pIKTUMaN. JlacTaHfaH Cy ericTikrepiai cyapy YVUIH MaiijanaHbuiajabl, calJapblHaH Te31MIi
OaxTepusIap aybUIIapyallbUIbIK JaKbUIIapbIHA TYCE/I].

Cou cUSIKTBI, aHTHOMOTHUKTEPre TO3IMAUIIK Cy ar3ajapbl apKbUIbl Ja Tapajajbl: afaM KOpEK
pEeTiHIE TYTHIHATBIH OaJIBIK TEH TEHI3 OHIMIEpl Te3iMial OakTepusuiapabl >KMHAKTald ayajibl.
3aKpIM/IaHFaH Cy MEH KOPEKTI TYTBIHATHIH Kabaibl KycTap MEH aHyapiap Te3iMIi MaToreHaepai
aJIbIC KalIBIKTBIKTapFa TackiMaigail amaael (Brunton et al., 2019). Taburu cy aiiabiHIapbIMEH
OaiinanpicTa OOJFaH Ke3[e ©3€HIepAe, Keyaep/e KoHEe TEHI3Iep/e IOMBUIATRIH afaMaap JOpLIiK
npenaparTapra Te31M/1l MUKpoar3aiap 0ap Cy/bl KYThII, eMeTyl KUbIH HH(EKIUIIapAbl KYKTBIPY
KayIiH apTThIpybl MYMKiH. ByHmai xarmaiiga OaybIKIIbLIAp, aKBaJaKbUT OCIpYMEH aifHaIBICATHIH
dbepmepiiep koHe TazapTy KOHABIPFBUIAPBIHBIH KYMBICIIBUIAPHI )KOFAphI Kayil TOObIH/Ia O0TaIbI.

AHTHOMOTUKTEP/IIH KOpIIAaFaH OpTaja, aTan aifTKaH/a >Kep YCTi CyJapbhlHIa Tapaitybl Kejieci
MEIUIIMHAIIBIK KOHE SKOJOTHSJIBIK 3apanTapra okeayi mymkin (Munita et al., 2016).

e AHTHOMOTHKTEp THUIPOOHMOHTTApAbIH  (OajbIKTap, MOJUIIOCKANap),  yiINamxapblHAA

YKHHAJa bl OYJI )KBIPTKBIITAp MEH aJlaMAapFa Kayin TOHIIpesi.

e baktepusiapJplH aHTHOMOTHUKTEPre TO3IMIUIITIHIH apTybl agamaap MEH jKaHyapiapaa
KOITereH HHGEKIUsIapabl eMIAey/ Il KUbIHAATaIbl.

e MukpoOTHIK KaybIMIACTBIKTAPABIH KYPaMbIHBIH ©3Te€pyl OpraHuKaiblK 3aTTapjblH,
KOPEKTIK 3aTTap/IblH ailHABIMbI KOHE CY alIbIHIAPbIHBIH OHIMIUTITT CHUSKTHI IKOXKYHENiK
nporectepi Oy3ybl MyMKiH.

e Vibrio cholerae (xosnepa) memece Salmonella (caapmoHenna) CHIKTBI HaTOTE€HACPAIH
TO3IMIUTITIHIH apTYhl STUAEMUSIHBIH BIKTUMAJABIFBIH apTTHIPA/IbI.

Cy ar3anapbIHbIH OMOJIOTHSIIBIK dPTYPJILITiHIH a3210b1

TaOuru cy KoiiManapbIHa Tyce OTBIPBII, aHTUOMOTHKTEp Tipl aF3ajapra yibl )KOHE CEJEeKTUBTI
acep erexi (Buschmann et al., 2012).

Keit6ip aHTHOMOTHKTEp (MbICAJIBI, TETPALUKINHAEP) (GUTOIUIAHKTOHIAD MEH CYy ©CIMIIKTepi
YILIH yJIbl, O TKEeH1 oJap (OTOCHHTE3 MPOLECiHE KeAEepri KenTipeal )koHe KoOero 11 TeXEn/1l.

AHTHOMOTHUKTEP 7KaC OMBIPTKACHI3Aap MEH JEPHICUIIEPIHIH METOOOIU3MIH ©3repTy apKbIIbl
OJIapABIH JaMybIH Oy3anbl. Onap masH TOpI3AUIep/IiH, MOJUTIOCKATAP/IbIH, KOHIIKTEP/IIH 6Cyl MEH
kebetoine kenepri kentipeai. CyablH ¢uibTpanus npoueci 0y3butajispl, 6MTKeHI MOJUTIOCKaIap MEH
300IJIAHKTOH/AApP OHBI Ta3apTylda MaHbI3ABI pei aTtkapansl. CanmapblHaH 300IUIAHKTOH CaHBIHBIH
a3alobl, JKOHE OHBIH AapTHIHIIA OJIap KOPEK pEeTiHJe TYTHIHAThIH OajlbIKTap MOMYJISAIHUACHIHBIH
KBICKapybl OpbIH anajibl. MoJITIOCKaIap IblH €1IM-KITIMIHIH CajlJlapblHaH CYbIH ©3/ITHEH Ta3apybl
Oacennen i

AHTUOMOTUKTED YIBbI oCep €T€ OTHIPhIN, OaiblK YJINajapblHAa >KUHAKTATybl MYMKIH.
MyTranusiiapra KoHe PenpoayKTUBTI KaOUIETIH KOKFa 9KeJie OTBIPHIN, OabIKTapAblH FOPMOH/BIK
KbI3MeTTepiH e3repredl. [lomynasuusHbIH Tipl KalyblH TOMEHJIETIN, SMOpHOHAAp MEH Kac
0coObTapabIH JaMyblH Oy3anel. HoTmxkeciHae OalibK CaHBIHBIH, 9CIpece KBIPTKBII TYPIEPiHIH
a3arobl, TYpPJEP apachIHAAFbl KOPEK VIIH OJCEKENECTIKTIH apTybl, OalbIK KOPBIHBIH a3ar0bI
OaifKanapl.

KeIpTKBII KycTapaa (aKKyTaHaap, maraansanap, KbIpanaap) )koHe CYTKOpeKTiiepae (Ky3eHaep
MEH WTOANBIKTAap) 3aT ainMacyabl Oy3aTbIH YJbI KOCBUIBICTap JKMHAKTanajbl. AHTUOMOTHKTEP
YKaHyapJIapJblH UIMMYHUTETI MEH ac KOPBITYBIH HAIapJIATHII, iMeK MUKPOQIIOpackiHA dcep eTei.
I'opmonanb! Oy3bpUIBICTApMEH OailIaHBICTHI, KaHyapapIblH MiHE3 KYJIKBIHBIH ©3repyl OaiiKkaa bl
CanpapplHaH KYCTapIblH JEHCAyJbIFBIHBIH HalllapjayblHA >KOHE KOPEKTIK Oa3aHblH a3aroblHa

0aiIaHBICTBI KYCTap MEH CYTKOPEKTUIEP/IiH CaHBIHBIH a3atobl OpbIH anaabl ( [1ackoBuy koHE T.0.,
2010).
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BronorusuIbIK OpTYPIUTIKTIH TOMEHICYIHIH XKoHEe aHTHOMOTUKTEPre TO3IM/I1 OaKTepHsIIap IbIH
KOOCIOIHIH calijapblHaH Cy KOWMaJlapbhIH/Ia MYJIJIEM TIPIIUTIK JKOK «6Jli alMakTapy maiaa 0oJajbl.
Keiibip Typrep >KeprijmikTi KoHE FallaMIbIK JEHTeW e JKOUBLIBIN, Cy AKOXKYHECIHIH KYpPBUIBIMBIH
e3repTe/l.

JKOoKYHeTiK mpoueccTepAiH TYPaKChI3AaHYbI

AHTUOMOTUKTEp OpPraHUKAIbIK 3aTTaplblH bIAbIpayblHA JKayanTbl OaKTepUsUIapAbIH CAHBIH
azaiita amangel, OYI Taiganbl AIEMEHTTEPIIH aWHAIBIMBIH, MBICAJBI, KOMIPTETi, a30T KOHE
dochopapiH OMXMMUSIIBIK, UKIAapbIH OasynaTtansl (Zhu et al., 2017).

KopekTik 3aTTapablH aiHaJIBIMBIHBIH OY3BLTYBI 3KOJOTHSUIBIK KYHEIEpIiH JerpatanusicbiHa
JKOHE ©31H - 031 peTTey KaOuIeTiHIH Oy3bUTYbIHA QJIBIT KeJe/Ii.

AHTUOMOTUKTEP/IIH YBITTB dCepiHe OaiJIaHBICTHI 300TUIAHKTOH MEH OalbIKTapAblH HETi3ri
TYPJEPiHIH a3al0bl IKOJIOTUSIIBIK JKYiie/le KaCKaIThl Scepiiepre Kene/Il.

bakrepusnapaply atam aiTKaHga, CyAbIH ©31H - €31 Ta3apTyblHA jKayanThl TeTepOTPOdTHI
OakTepusIapIblH OMOJOTHSUIBIK ANTyaHTYPJLUIITIHIH TOMEHAEYl MUHEpalJaHy MPOIECIH XKOHE KOJ
KETIMII  KOMIpPTETiHIH  JKMHAKTaNyblH  Oasymaraapl. byn  okarmaiiga — aHTHOMOTHKTED
(UTOMIAHKTOHHBIH KYPBUIBIMBIH ©3repTell, OJI CyAarbl OTTEriHiH MemepiH azaittein, OXK men
OBK aprreipagsl. COHBIMEH KaTap TaOWFU CyJapIblH ©3iH - €31 Ta3apTyblH KHBIHIIATAJlbL.
baktepusnapasiH GyHKIMOHAIIBI TONTAPBIHBIH apaKaThIHACKIHBIH OY3bUTYBI Cy KOMMACHIHBIH ©31H -
©31 Ta3apTy KabijeTiH TeMeH eTin, 3BTpoduKanus nporecin xeaenaereai (Akbayeva et al., 2020;
Akbayeva et al., 2014). AHTHOMOTHKTEp MHUKpOar3ajap/blH KaTbIHACBIHA OCEp €Till, «CYAbIH
TYJIJICHYIHE» BIKIA €TETiH Te3iMAI MHUKPOOAIbIPIapAbIH (MBICANIBI, KOK - KaChUI OaybIpiap)
Oencenai keOeroiHe okeneni. bysl 1a OTTeriHiH JeHreiin ToeMeHaeTe 1, OanblKTapAblH KbIPbUTybIHA
JKOHE Cy carachlHbIH HamapiaybiHa anbin keneai (Akbayeva et al., 2025).

AHTUOMOTUKTEpPre TO3IMIl MHUKpoar3ajap KOMIPKBIIKBII Ta3bl MEH OpPraHUKaJbIK
KOCBUTBICTAP/IBIH apachIH/IaFbl OAIAaHCTBI ©3TePTil, KeMipTerin TuiMci3 exaeiini (He et al., 2021).

Tynri merivaiiepaeri koHe Cynarbl OaKTepHsUIBIK KaybIMIACTBIKTHIH KYPaMbIHBIH ©3repyi
KOPEKTIK TI30€KTeP/IIH KYPhUIBIMBIHA 9CEP €Till, Cy KOMMaJIapbIHBIH OHIMIUTITIH TOMEHIETE/I.

AHTHOMOTUKTEp a30T MeH (ochop KOCBUIBICTAPBIMEH XMMHUSJIBIK peakIusulapra Tikelaen
KaTbICIIal b1, O1pak ojap OMOreoXUMUSIIBIK IPOLECTEPAl PETTEUTIH MUKPOOTHIK KaybIMIAaCThIKTapFa
acep eTy apKblIbl OChI AJIEMEHTTEP/IIH aifHaJIbIMbIHA jkaHaMma ocep eTyi MyMKiH (Cyper 2).

1. AHTHOMOTHKTepHAiH JcepiHeH HUTPUPUKANUSHBIH (230T aHHAJBIMbBI) OY3bLIYBI
Antubuotukrep  HuTpubukauuwsaymbl  Oaktepustiapasiy - (Nitrosomonas,  Nitrobacter)
OeNceHAUNIriH  TeXKENUl, 07 AaMMOHUNAIH J>KMHAKTalIyblHA >KOHE HUTpPATTaplblH TY3UIYyiHIH
TOMEHJIeyiHE SKelNe/Ii.

KanabinTsl xarnaiiaa (AHTHOMOTHUKTEPAIH KATHICHIHCHI3):

e NHs +1,502 - NO2 + 2H" + H20 (autpudukanus, 1 - catel — Nitrosomonas)
e NO2 +0,502 — NOs ( Hutpudukawus, 2 - catel — Nitrobacter )
AHTHOMOTHKTEPAIH KATBHICHIH/AA:
e  bakrepusnapbiH OelCeHAUTITIHIH TOMEHIeYl = peakius Oasysaysl.
e Awmmonuiinin (NHg) xone nutpurrepiid (NO2)KHHATYybl, ONap YBITTHI OOIYBI
MYMKIH.

2. AHTHOMOTHKTEP/IH dcepiHeH JeHUTPUPUKALUSHBIH 0Y3bLIybI

Jenutpudukaiusiiayimsl  O0akrepusuiap (Mbicanbl, Pseudomonas, Paracoccus, Bacillus)
HUTpATTAP/Ibl MOJIEKYIAIBIK a30TKa AeiiH (N2) TypiaeHaipeni:

KaabInTel kaFnaiiia (AHTHOMOTHKTEPIIH KATHICHIHCHI3):

e NO3z — NO2” — NO — N20 — N1 (Ta3 topi3i a30T aTMOocdepara KeTei ).

AHTHOMOTHKTEPAIH KATBHICHIH/A:

o depMeHTATUBTI OCICEHIUTIKTIH OY3bLTYHI.
e Hutparrapasie (NO3") sxoHe a30T okcuarepinid (NO, N2O) )kuHaKTamybl — TapHUKTIK
raszjap KoHe IBTPOPHUKAIIHSL.
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3. Opranukaibik (pochopabl MUHEPATNZANUATIAYFA BIKIAJIbI
AHTHOUOTHKTEp OakTepHsuIapabiH (HochoTazanbIK OSICEHIUTITIH TeXEH 1, OV OPraHUKAJIBbIK
dochop bopmanapbIHBIH MUHEPATH3AIUACHIH TOMEHICTE/II:
KaabinTsl sxaFgaiga (AHTHOMOTHKTEPAIH KATBICHIHCHI3):
e CeH1309P (oprammkamsik ¢ochar) — POs> + KeMiprekTi KOCBUIBICTAp
(pocdarazanapasiH OCEpiHEH).
AHTHOMOTHKTEPiH KATBHICHIH/A:
e @ocharazajapablH TeKeayi =  opraHukagblKk  (GocPOpablH  KOJDKETIMII
PO+ hopmachina aybiCybIH GasymaTaibl.
e  AHTHOMOTHKTEpre Te3iMji ar3ajapIblH ©Ji OuoMaccachl bIIbIparaH Ke3[e — Kol
MeJTIep/ie PO, Gosinil mbFaas = 3BTpOUKAIUSIFA OPBIH aJIaIbl.

e ~
AHTHOMOTHKTEP

A 4

~
MHuKPOOTEIK 0eJICeHILTIKTIH

OY3BLIYbI
\ J

A N

[ | Hutpupukanas ] [ | Menntpuduxanms ][ | ocdopasm ]

MHHEPAJHIANDHACHI

T NH:", NO» TNO:;, N.O T PocPopabin

OPraHHKAJBIE, (hopMATIAPBI

v

3arrap afHAIBIMBIHBIH
OY3BLIYBI

IBTpodHKaAHA
Ikoxyiienepain JecTabHIHIATAACHI

Cypert 2. AHTHOMOTUKTEP/IIH a30T jkoHE (pocdop allHaIBIMIapbIHA dcepi

TesiMai MuKpoar3aiapAblH KeOeroi keilbip OakTepusiiapAblH MeTaOOJU3MIHIH e3repyiHe
BIKITAJI €Till, CAAPbIHAH a30T aifHAIBIMBIHBIH THIITIK €MEC YKOJIaphIHBIH Maiiia O0TybIHA JKEeTi.
OUTOMIAHKTOH YVIIH HUTPATTAPABbIH JKETICHEYIIUIIr OalabIpiapAblH OHIMAUIITIH MISKTEeHII.
Cynarel ammoHuit a3oTeiHbIH (NH4") KypaMbIHBIH apTybl OanblKTap MeH Oacka ar3ajap YIIiH
YBITTBUIBIKTBl  apTThIpajabl. JleHUTpUKAIUIHBIH TOMEHACYl «CYIbIH TYJJCHYiHe» OKeJeTiH
HUTPATTAP/IbIH KHUHAKTATYBIH TYABIPAIbI.

Jenutpudukanus caranblK oHE >KaralaysblK AKOXKyHelepAeri a30TThl KETipy >KoHE a30T
okcumiH (N20) eHAIpy[iH MaHBI3IBI KOJbI OOJBIN TAOBUTANBI KOHE a30TTHIH MIaMajaH ThIC
KYKTEMeJIEpIHEeH TYBIHIAUTBIH Cy 3BTpO(UKAIMAChIHA KapChl TYpY/a MaHbI3/Ibl pei aTkapaas! (Hou
et al., 2015).

Ocbutaiiina, CynblH XUMHUSUIBIK KYPaMbIHBIH ©3repyl (apThlK aMMOHHH MEH HHUTPUTTED
TUAPOOMOHTTAP YIUIH YIIbl); OMOXMMMSUIBIK MPOLECTep]l ©3repTeTiH aHTHOMOTHKTEpre Te3iMl
OakTepusIapabIH Ko0erol; Cy KOWMacCBhIHBIH 3BTPO(UKALMACHIHBIH )KOFApPbUIAYbI, aTal alTKaH/1a KoK
- JKachul OanawIpiapIblH OCJICEeHI ecyl, OTTerl ISHIeHiHIH TOeMEHCYl, ar3ajapiblH Kamrman
KbIPBUTYbI OPbIH aJ1aJIbl.
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Con cusakrel dochop aitHampiMbl Oy3butaabl. KanbITel Kargaiiga opraHukaiblk ¢dochop
(buomaccaman  biAbIpaiiTeiH)  (ocdartapasl  (PO+*7) mbiFapa OTHIpHIN, OakTepusiiapMeH
MuHepanaanaael. Docdarrap (GuUTOMIAHKTOHIAP JKOHE Oanmeipiaapmer ci”ipineni. Illery
nporecinae GochopasiH Oip Oeiri TynTi TyHOAmapra eteni, OipaK OaKTEpHUsIIAPMEH BIABIpAN CyFa
KaiiTa TyCcyl MyYMKiH. AHTHOMOTUKTEDP (PochaTThl MUHEPAITANTHIH OaKTepUsIapAblH OeICeHAUTITIH
TOMEHJIETE/I1, OChUIaiIIa OpraHukainblK (GocopasiH Kom skerimai (docdarrapra ailHaTYbIHBIH
TEXXETyiHe aJIbIll KeJieAi. bakTepusibIK KaybIMIACTHIKTBIH KYPaMBIHBIH €3repyi TYNTi TyHOaIapaaHn
docdarrapapiH O6JiHyiHE BIKIAJI €TeTIH aHa’3poOTHI MpOIECTepAl KyleuTeai. AHTHOUOTHUKTEpre
TO3IM/Ii IMaHOOAKTEPUSIIAPIbIH KO0CI01, KOK - ’Kachll OanabIpiaapAblH KODKeTiMIl (ocdarrapast
OcJICeHII TYTBIHYbIHA OKeNeni, OV «CYIbIH TYJIEHYiHEe» BIKNad ereni. HoTmkeciHIe KOPEeKTIK
3aTTapJblH TEHrepiMCi3llirine OaillaHBICTBI IBTPOPUKAIMS JKOFAPbUIANIBI, yIbI METOOOIUTTEPl
(MUKpoLMCTHHIEP) OeJIeTiH YBITTHI Oanjablpiap AaMUbl; OPraHUKAIBIK 3aTTApAbIH bIABIPAYbI
Oastymaiiipl; xkac OaapIKTap MEH JCPHICULICP/IIH 1aMybl OY3bUIBII, Tipi KTy MYMKIHJIIT1 TOMCHICHII.

KykipT aliHa/IbIMBI Cy 9KOKYHeNepiHaeri Heri3ri 0MoreoXuMHUSITBIK MTPOLIECTEP/IE, OHBIH 1IIIH/Ie
kykipreyrerinig (Ha2S) Tysinmyinge, cynbdarrapasie (SO4*7) TypieHyiHAe ®KOHE MUKPOAF3aapIbIH
SHEeprus ajMacyblHa KaTbhICyblHJAA Ienrymi peid arkapaisl. Cy HbIcaHAapblHA TYCE OTBIPHIIL,
AHTHUOMOTUKTEp KYKIPTTIH OanmaHChiH Oy3yFa aibll  KEJeTiH, KypaMblHIa KYKIipTi Oap
KOCBUIBICTAP/IbIH TpaHCPOpMAIIMAChIHA Kayarn OepeTiH MUKPOOTHIK KaybIMAACTBIKTBIH TIPUILTITiH
mekreiiai (Turosa xoue T.0., 2017).

Cy »osKoxyienepi KypaMmblHIA KYKIpTI 0ap KOCBUIBICTapAbl ©HJAEyre KaTbICaThlH
MUKpOaF3ajapJelH KbI3MeTiHe Toyenmi. Taburu sxarmaiima kykipreyreridid (H2S) cymbdarrapra
(SO+*) peitin  ToThIFYBl Kypemi. OchLiaiiiia a’poOThl KyKipT Oaktepusuiapel  (Beggiatoa,
Thiobacillus) yner kykipreyrerin kykiptke (S) Hemece cynbgarrapra (SOs*") AediH TOTHIKTHIPAIBI.
Bbyn mpomecc cy ar3amapel yIIiH KayinTi KYKIpTCYTEriHiH >KMHAaKTalyblHA koJ Oepmeiiai. bip
mesrinze cynbdarrapabiH (SO4*") kykipreyrerine (HaS), neliin TOTBIKCBI3aHybI )KYpEl, aHadpOOTHI
necynbgarop - Oakrepusuiap (Desulfovibrio, Desulfotomaculum) cynbdatrapasl kykiprcyTerine
JefiH TOTBIKChI3aHabIpanbl. byn mpouecc oTrerici3 aiimakrapnaa (TYNOTi IIeriHALIEp, OTTerl
TalIIBUIBIFBl Oap aiimakTap) kypeni. banapipmap MeH OakTepusuiap KypaMblHIa KYKipTi Oap
AMUHKBIIIKBUIAAPEl MEH aKybI3Jap/blH OWOCHHTE31 YIIH Cyab(arrapasl CIHIPreH Ke3le opTaja
KYKIPTTIH OpPraHUKAJIBIK 3aTTapFa MHTErpalusiiaHysl xKypeai. OpraHukanblK 3aTTapAblH bIIbIpayh
Ke3iH/e KYKIpT aiiHaibIiMFa KaiTein opanaasl (Wasmund et al., 2017).

AnTHOMOTHKTEp KYKipTCyTeriHiH (H2S) TOTBIFybIHA >XayamnThl a’3poOThl OakTepusIap/bIH
OenceHAUNIriH Texeiai, Oyl KYKIpTCyTeriHiH TynTi TyHOanapJa >KUHAIYbIH KOHE OTTETIHIH
CapKbUTybIH TyAbIpaabl. KykipTcyTeri 6ansIKTap MeH MOJUTIOCKaiap YIIiH yiabl. CanjapblHaH CyIbIH
KYKIPTCYTET1HEH ©3/IrHEeH Ta3apybl ToMeHaAen 11, HaS - TiH ynbuIbIFbIHAH TUAPOOHOHTTAP/IBIH 6J1IMI
apTajbl, a3po0Thl XKardainapaa KyKipT aiHanbiMbl Oasynaiasl. Kykipreyrerinig (HzS) Ty3inyine
JKOHE aHa’pOOTHl OaKTepusUlapAblH OCyiHe oOKeJeTiH cyhabdarpenykuus OelceHAl >Kypei.
Desulfovibrio ocone Desulfotomaculum cusikter  cynbdatpeaykuusiaaymsl  OakTepUsIIapIbIH
OpEKeTIH KYIIEeHTy, TINTI aHTUOMOTUKTEPAIH TYCYlH TOKTaTKaHHAH KEHiH Je a’dpoOThl >KoHE
aHadpOOTHI KaybIMIACTBIKTAP apachIHJAFbl TEHIepiMCi3liKKe aKemneni. by KyObUIBICTHIH canaapsl
CyZla DKOXYHEHIH Tere - TeHAITiH Oy3aThiH aHa’pOOTHI 30HATIAP IbIH KOO€t01 (TUIIOKCHS, aHOKCHS);
aTMoc(epara KYKipTCyTeTiHIH IIBIFapbLTYbI; a3pO0THI aF3anapra KbIckiM xkacay (Becerraetal., 2024).

OpraHukanblK 3aTTapjarbl KYKIpT OallaHCBIHBIH OY3bUIYbl (UTOIIAHKTOHJIAP  YLIIH
cynb(haTTapAbIH KOJDKETIMIUIITIH a3aiThIN, Cy KOWMaIapbIHBIH 0aCcTanKbl OHIMIUIITH TOMEHAETE;
JNETPUTTEH KYKIPTTIH Oeminyl Oasynaiabl. HoTwkeciHie (QUTOIIAHKTOH CaHBIHBIH a3aroblHa
OKeJeTiH, KypaMbIHJa KYKIpTi 0ap KOCBUIBICTapAbIH kericreyuriiiri Oaiikamansl. TynOamapna
TEHIrepiMCi3 OpraHuKajbIK 3aTTap KUHAIA IbI.

Cyna xoHe TynTi TyHOanmapaa KykiprcyreriHiH (H2S) KOHIEHTpaIMsChIHBIH apTybl OTTETI
JKETICTICYIIUNINIHEH JKOHE TOKCUKAJBIK OCEpACH OaNbIKTapIbIH, MOJUTIOCKAIAPIBIH  JKOHE
300IIJIAHKTOH/IAP/IbIH OJTyiHE QKeMeIi.
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Tex KaHa Te31MJi aHa’pOOTHI OaKkTepUsIap FaHa OMIp Cype alaThiH OTTErl KETICIEHTIH «ei
aliMakTapJbIH» AamMybl opbiH ananel. Cynsduarepain maiga 0oiysl calgapblHaH CY MOJIIPJIriH
XKOSAIBI, KYH COyJIeCiHiH eHyi TeMeHaen . byn 6annpipnapna ¢poTocuHTE3 MPOIECiH 0achll, OTTET1H
OHIIPYAl TOMEHICTE/I].

APTBIK KYKIPTCYTETi OpraHUKaJbIK 3aTTapAbIH a3poOThl )KOJIMEH BIIBIPAYybIH TEKEii, 011 03
Ke3€eTiH/Ie ACTPUTTIH )KUHAKTATYBIH apTThipazbl. OTTEriHIH TalIIbUIBIFBIHA KOCBIMIIIA BIKIAJ €TETIH
BIJIBIPAY MPOIIECTEP1 KBUITAMIANTBI.

AFBIHCBI3 Cy KOMMaIapbhIHIAFbl (KOJIep, TOFaHIap, Cy KoWManapbl) KyKipTCYTETriHiH apThIK
MOJIIIEepl «IIIPITeH KYMBIPTKAHBIHY» OTKIp Hici 0ap TOKCHUKANIBIK HIBIFAPBIH/ABI PETIHE CYAbIH OeTKi
KabaTbIHa KeTepiieni. XKaranaynarel aynanaapaa MyHIal IIbIFApbIHBIIAP aya canachblHa ocep eTill,
aJlaMIapAbIH THIHBIC ATy >KOJIIAPBIH TITIPKEHAIPYl MYMKiH.

Cunarranrad OapJbIK TPOIECTEp FallaMJBIK ASKOXYHeJIep YIIiH MYMKIH OOJIaThIH Y3aK
Mep3iMIi ocepai KOKka mbiFapmaiigel. Cy oprachiHaa OakTepHsuapIblH aHTHOHOTHKTEpTe
TO3IMIUTITIHIH apTybl eMACIMENTIH UHPEKIUAIapMeH OaiaHBICThl FATAMIIBIK JITHIEMUSIAp/IbIH
Kaymid aptreipaabl (Mancuso et al., 2021). AHTHOMOTHKTEp Cy jKaHyapiapblHbIH aF3achIHIA
JKUHAKTANbIN, OOJallakTa oJap[blH ©JliMiHE HeMece MYTAIUSChIHA OKenell. AHTHUOMOTUKTEPAiH
OKOJIOTHSUTBIK  JKYHenepre y3ak Mep3iMJi ocepi OJIapJAblH JIeTPaJalusChiHa, OHOJOTHSIIBIK
OPTYPILUTIKTIH TOMEHJIEYIHE >KOHE KOMIpTeri, a30T >KoHE KYKIPT ailHalbIMAapbiMeH OailllaHbICThI
KITUMATTBIK ITPOLIECTEPIIH ©3TepyiHe OKeIyl MyMKIiH.

bi3 kapacTeIpraH 3epTTeyiiepai aHTHOUOTUKTEP IIH KOPIIaFaH OpTara YKOTOKCUKAIIBIK 9CEPiHIH
JIMHAMHKAJIBIK JKYHecl peTinae kepceryre 6osaasl (cyper 3).
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Kazipri ke3ne Cy HbICAHIApBIHBIH AHTUOMOTHKTEPMEH JIACTaHy KayIliH a3aiiTy XoHE cy
alBIHAAPBIHAA AHTUOMOTHUKTEPre TO3IMAUNKTIH TapadyblH TOMEHIETYMEH Kypec JKYpri3yue
Kesecinen kemen i Taciaaep yebibutaasl (Okeke et al., 2022).

J Cy aiinpiHOapbiHOa AHTHOMOTHKTEP JKOHE TO3IMII MHUKpOAar3aslapJblH OOJybIHA
MOHMTOPHHT jkacay. TaOuru cy ailIbIHIapbIH/Ia aHTHOMOTUKTEP/IIH KOHIIEHTPAILMCHIH JKOHE
OJIapJIbIH OMOJOTHSUIBIK OPTYPJIUIIKKE SCEPiH aHBIKTAY YIIiH MOHUTOPHHI OarnapliaMachiH
JAMBITY.

. buonorusnbik GunsTpiepai, 6eaceHaipiires KoMipai )koHe HAHOTEXHOJIOTHsIIap MEH
030HJ1ay/Ibl KOJIJIaHY bl KOCa ajJFaH/ia, aFbIHAbI CYJIapAbl Ta3apTy TEXHOIOTUACHIH KETUIIIPY.
J MenunnHanga *oHe aybUIIapyalllbUIbIFbIHAA AaHTUOMOTUKTEPAl KOJIaHyIbl a3alTy,
Oamamanbl emzey OICTepiH nambITy (OakTepuodarrap, MUKpoOOKa Kapchl MENTHATED,
poOMOTUKTED). XaJbIK IEH MEAUIIMHA KbI3METKEPIIEpi apachlH/1a aHTUOMOTUKTEP/Il YTHIMIbI
nanana”y/ibl HaCUXarTay.

. Te3IMAUTIKTI TYIBIPMANUTBIH KOHE KOpIIAFaH OpTara Kayilci3 MHUKpPOOKa KapChl
Oanama mpemnaparTapibl i37ey, TaOUFu KOCBUIbICTApFa HET13/IeTeH kKaHa aHTUOUOTUKTEPi
azipney, bakTepuodarrapapl, MUKpOOKa Kapchl ETHITEPTI, MPOOUOTHKTEPl KOHE TeHJIIK
TepanusiHbIH THHOBALIUSJIBIK 9[IICTEPIH KOJ/IaHY.

. BHONOrUsIIBIK )KOJIMEH bIIBIPaWThIH aHTUOMOTUKTEP/II 931pIiey:

- Kasipri 3epTTeyliep KOpIIaFraH opTajga yiabl OHIMIAEp TYy30eCTeH, BIABIPANTHIH
aHTHOUOTHKTEP/I )KacayFa OarbITTaJIFaH;

- MUKpOaFr3ajiapblH dCEPiHEH BLIBIPANTHIH KOCBUIBICTAp HETi3iHAE MpenapaTTapabl a3ipiiey
MEPCIEKTUBTI OAFBIT OOJIBINT TAOBLIAIBI,

- Ccydarbl AaHTUOMOTHUKTEPIIH JKapThUIAM BIABIPAY MEP3IMIHIH KbBICKApyhl OJIapJIbIH
KUHAKTATYBbIH KOHE SKOJIOTHSUIBIK JKYHere ocepiH azalTyra MyMKiHAIK Oepeni (Smola -
Dmochowska et al., 2023).

o AybUIIapyanbUIBIFBIHIA KOHE MEIUIIUHANA aHTHOMOTHUKTEP/i KOJIaHyIbl KaTaH
0aKpLIay XKOHE PETTey:

- MaJ IapyambUIBIFbl, KYC IeH aKBaJaKblI ©Cipy/le aHTHOMOTHUKTEp.i KOJJaHYAbIH KaTaH
HOpMaJapblH €HTi3Y;

- MPOOMOTHKTEpP MEH BaKI[MHAJIApAbl KOCa ajFaH/a, aypyJapIblH aJJblH alyIslH Oamama
oficTepiH a3ipIey;

- aHTUOMOTUKTEpJl caTyAbl KOHE KOOIl Oakbuliay, oOJapAbl MEIUIMHAAA >KOHE
BeTepHHApHsIa 0aKbUIAYChI3 MalJaNaHy bl a3aiTy;

- Mep3iMi ©TKEH aHTUOMOTHKTEPIl AYPHIC KOO — OJIaJbl KIpi3re HEMece KOKBIC JKOIIITIHE
Tactayra O0JIManIbl.

o AHTHOMOTUKTEP/l OaKbLUIAyChI3 KOJIAaHY bl a3aiTY jKOHE OJIap IbIH KOpIIIaFaH OpTara
eHyiHe *oJ Oepmey yiiH Ou1iM Gepy OarnapiaManapbl MEH 3aHHAMAJIBIK PETTEY.

AHTUOMOTUKTEpAIH  JMHAMUKACHI  MEH  JKOTOKCHKOKMHETUKACHIHBIH  9p  Typdi
MEXaHU3MJIEpIHIH OOJIybIMEH KaTap, IOPUIIK TMperaparTapAblH KOpIIaraH oOpTa JJIEMEHTTEpIHE
Tapalybl MEH dcep €TYiHiH OapJbIK KOJAapbl e3apa OallaHBICTHI, ©3apa TOYEIN Il JKOHE OCHIHBIH
OapibIFBIH  OMOT€OXMMMSUIBIK TPOLECTepAl TYPaKChI3NAHABIPYABIH OlpTyTac XKyilecl peTiHJe
KepceTyre 00JIaThIHBI aHBIKTAIBI.

3. KopbIThIHABI

1. AHTHOMOTHKTEP/IIH Cy OpTachlHa €HYIHIH €H YJIKEH Ke3/epl KypaMblH/a MpenaparTap/IbH
KaJIBIKTaphl 0ap MEIUIIMHAIBIK MEKeMeIep/liH, (hapMaIleBTUKAIBIK OHIIPICTeP/IiH )KOHE TYPMBICTHIK
[IapyaNTbUTBIKTHIH aFbIHJIBI CYJIAPBI; aHTHOUOTUKTEP Il OCY/l BIHTAIAHABIPY JKOHE HHPESKITUSIAPIbIH
QIJIBIH ally YIIH KOJJAaHATHIH aybll MIapyallbUIbIFEL, 9Cipece Mall IapyallbUIBIFEl MEH aKBa JIAaKbLI
ecipy cajachl; aHTHOMOTUKTEP Il TOJBIFEIMEH KOs AJIMANTBIH JKOHE OJIapIbIH ©3CHIEPAC, KoIepae,
TEHi3ep/ie TapalyblHa SKEJIETIH THIMILTIT )KEeTKITIKCI3 Ta3apTy KOHIBIPFbUIAPHI.
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2. Cy skoxyienepinae aHTHOMOTUKTEPTe TOIIMAUTIKTIH KAJIBINTACYbl MEH Tapaybl FaaMJIbIK
9KOJIOTHSUIBIK JKOHE MEIUUUHANBIK Mocene Oousibin Tadbuianbl. Cy opracblHAa aHTHOUOTHKTEP
Te3iM/1i OaKTepUsIapAbIH YBOJIOIUACHIH KeJIENIETY apKbUIbl CeIEKIMSIIBIK KbICHIM jKacaiiibl, COIaH
KEHiH oJlap KYPJBIK SKOXKYHEJIepiHe eHill, aaM JIeHCayJbIFbIHA Kayill TOHIIPEII.

3. Cy opracbiH/ia aHTUOMOTHUKTEPiH OOyl SKOKYUETIK MPOIecTep i TYPAKChI31aHAbIPaIbL:
OpraHMKANBIK 3aTTapAblH bIABIPAYbIH TOMEHJETYTre, a30T HeH (ochopAblH yibl (opMantapbIHbIH
KUHAKTAJIYbIHA, CYABIH 3BTPO(UKALMACH MEH CallachIHbIH HaIIapJiayblHA, YKOJIOTUSIIBIK KYHEHIH
MeTO00MM3MIH Oy3aThlH aHTUOMOTHKTEpPre To3IMIi OakTepusuIapiblH KoOCIiHE OKeJICTiH
OMOTEOXUMUSIIBIK alHAIBIMIIBI OY3a/Ibl.

4, Cy aHTHOMOTHKTEpre Te3iMal OakTepHsUIapbIH pe3epByapblHa alHaIaabl, Oy JoCTYpII
emzieyre KenMelTiH nHGEKIUUIBIK aypyJaapblH Haiaa 0omyblH TyAbsipaasl. MyHail GakTepusiiap
TEK Cy aF3ajlapbIHbIH apachlHJa FaHa TapajMaii/ibl, COHbIMEH KaTap CyMeH OalaHbICKaHla HeMece
3aKbIMIAJIFAH OHIMIEP Il TYThIHFaH A aJ]aM aF3achIHa Jia OTeIi.

5. AHTHOMOTHKTEp Cy OpTachlHIa a’poOThl KOHE aHa’dpPOOTHl MPOIECTEpP apachIHIAFbI
TEeHrepiMIi Oy3aabl, Cyab(aTThl ACCTPYKIUSUTAUTEIH OaKTEpHUsIIAPIbIH OCICEHIUIITIH apTTHIPAIbI,
Oyl ynbl KYKIPTCYTETiHIH >KMHAKTalTyblHa, ©J1 aWMakTapAblH JaMyblHa, CYIbIH XHUMHSIIBIK
KYPaMBIHBIH ©3TepyiHE dKOHE TUITOKCUSHBIH KYIICIOTHE aJIbII KIS/,

6. Kopmaran opraga aHTHOMOTHKTEP/iH IKOXKYHEINIK MpolecTepre Tepic acepiMeH Kypecy
AHTHUOMOTUKTEPAl  KOJNJaHyAbl OakpUIayAbl, pPETTEYAl KOHE CyAbl Ta3apTyAblH JKaHa
TEXHOJIOTHSUIAPBIH 931pJiey CUSKTHI KeIIEeH/ 1 apaaap/Isl KaKeT eTell.
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Risks to the ecosystem when antibiotics enter water bodies

Lyailya Akbayeva, Zhumabike Bakeshova, Eseniya Tihomirova, Nurgul Mamytova, Yerbol
Pangaliyev

Abstract: The problem of antibiotic pollution in the environment has serious consequences for
ecosystems and poses a threat to human health. Research in this field covers a wide range of tasks
and objects. This article reviews domestic and international literature on the dynamics and
distribution of antibiotics in environmental components, the key sources of antibiotic contamination
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in aquatic environments, and the mechanisms of antibiotic impact on hydrobionts. The migration
pathways of antibiotics from their sources, as well as their persistence in various environments,
including wastewater from medical institutions, pharmaceutical production, households, agricultural
fertiliser use, animal husbandry, and aquaculture, are described. Particular attention is given to the
formation and further spread of antibiotic resistance in hydrobionts. Particular interest is given to
studies on ecotoxic concentrations of pharmaceuticals in the environment.

The role of antibiotics in environment processes is examined, including their impact on the
decomposition of organic matter , the accumulation of toxic nitrogen and phosphorus compounds,
and eutrophication. It has been found that, in addition to the existence of various mechanisms of
antibiotic dynamics and ecotoxicokinetics, all pathways of pharmaceutical distribution and their
impact on environmental components are generally interconnected and interdependent. All of this can
be seen as a unified system of biogeochemical process destabilization.

Based on the research review, a set of integrated measures has been proposed, including monitoring,
regulation of antibiotic use, and the development of new technologies for removing ecotoxicants from
water.

Keywords: aquatic contamination; pharmaceuticals; wastewater, antibiotics, resistance,
ecotoxicants, hydrobionts, bioaccumulation, microorganisms.

Pucku pyis1 3kocucTeMbl IIPpHA NMonmagaHuu AHTHOMOTHUKOB B BO/JIHBIC 00bEeKThbI

JIaiasa AxkoOaeBa, ZKymaOuke bakemona, Ecenuss Tuxomuposa, Hypryas MambiToBa, Epoou
ITanranues

Annoranus. [IpobGnema 3arps3HeHUss 0OBEKTOB OKPYKAIOMICH Cpeibl aHTUOMOTHKAMHU BJICYET 3a
co00#l cephe3HbIEe TMOCIEACTBUS B JKOCHCTEME W TPENCTaBIsIET Yrpo3y 370pPOBBIO YeNOBEKa.
Hamnpanenus uccnenoBanuii B 3To 001aCTH OXBATHIBAIOT ITUPOKUHN CIIEKTP 33724 U OOHEKTOB.

B cratbe mpencraBieH 0030p OTEYECTBEHHBIX U 3apyOeKHBIX JTUTEPATYPHBIX JaHHBIX MO JHHAMHKE
U paclpeneleHUI0 aHTUOMOTHKOB B OOBEKTaX OKPYXKAIOIIEH Cpelbl, O KIIOYEBBIX HMCTOYHHKAX
3arpsi3HEHUs] AHTUOMOTMKAMU BOJHBIX OOBEKTOB, PACCMOTPEHBI MEXAaHHU3MBI BO3ACHCTBUS
AHTUOMOTHKOB Ha TUIPOOUOHTHI. BBIITH OMHCaHbl MyTH MUTPAIIMH AaHTUOMOTUKOB OT UCTOYHHKOB UX
o0pa3oBaHMs, a TaKKe WX MEPCUCTUPOBAHUS MEXIYy TaKUMH OOBEKTaMH, KaK CTOYHBIE BOJIBI,
MEUIIMHCKHUE YUpexKACHUS, (PapMalieBTHIECKOE MTPOU3BOICTBO, JOMAIIIHUE XO35IHCTBA, TIPUMEHEHUE
ynoOpeHuil B CETbCKOM XO3SMCTBE, >XMBOTHOBOJICTBO U aKBAaKyIbTypa. YJIEIEHO BHUMAaHHE
npobiemMaM (HOPMHUPOBAHUS M NATbHEHIIEr0 PacHpOCTpPaHEHUsI YCTOWYMBOCTH THAPOOMOHTOB K
anTuOuoTHKaM. OcoOBI WHTEpEC MPENICTaBISIOT PAOOTHl MO HCCIEIOBAHUIO AIKOTOKCHYHBIX
KOHIICHTpAIUi JIEKApCTBEHHBIX MPENapaToB B OKpYKarOIIeH cpesie. BhIsABICHBI CBsI3M aHTHOMOTHKOB
B cpene C Jaecrabuim3aiuedl HIKOCHCTEMHBIX IMPOILIECCOB Yepe3 HapylIeHHE pas3lioKeHUs
OpPraHMYECKOT0 BEIECTBA, HAKOIUIEHHIO TOKCHUYHBIX (GopMm a3zoTa u (ocdopa u 3BTpopuUKaLUu.
BrisiBneHo, 4ro Hapsay € TEM, UYTO HMMEIOT MECTO pa3jIMYHble MEXAHW3Mbl JMHAMUKA U
9KOTOKCHKOKWHETUKH aHTHUOMOTHKOB, B I[€JIOM BCE MYTH PACIPOCTPAHCHUS U BJIMSIHUS MPENapaToB
Ha DJIEMEHTBl OKPYXKAIOIIeH Cpelbl B3aWMOCBSI3aHbBI, B3aUMOOOYCIOBIEHBI M BCE 3TO MOXKHO
MPEICTABUTH KaK €MHYI0 CUCTEMY JIeCTa0MIN3ali OMOTeOXUMHYECKUX TTporieccoB. Ha ocHoBaHnmn
o030pa HccleNOBaHUN  TMPEVIOKEHBI  KOMIUIEKCHBIE MEphl, BKIIOYAIONINE MOHUTOPHHT,
peryaupoBaHUe UCIIOJIb30BaHUSI aHTHOMOTHKOB U pa3pabOTKy HOBBIX TEXHOJOTHH OYMUCTKU BOJBI OT
HSKOTOKCHUKAHTOB.

KiroueBble cjioBa: 3arpsi3HEHHE BOAHOM cpelibl, (hapMaleBTHUECKUE Mpernaparbl, CTOUYHbIE BOJIBI,

AHTUOUOTHKH, PE3UCTEHTHOCT, 9KOTOKCHKAHTHI, TUJIPOOHOHTHI, OMOAKKyMYJISIIHS,
MUKPOOPTaHU3MBI.
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Abstract: The Esil River Basin, located in northern and central
Kazakhstan is a key industrial-agricultural region where agriculture
dominates. The basin is characterized by high variability in annual runoff
and uneven intra-annual water distribution, making water a critical factor
for sustainable development. The region is facing some challenges that
could potentially jeopardize its socio-economic and environmental
stability, including increasing water scarcity, pollution, inefficient water
management, and a growing demand, particularly from the capital city of
Astana. This study presents the first integrated scenario analysis for the
basin, combining inter-basin water transfer from the Irtysh River, the
development of the Buzuluk Reservoir, the expansion of irrigated
agriculture for high-value durum wheat, and small-scale hydropower
generation. These measures are framed within an eco-engineering
approach to enhance the region’s sustainability and resilience.

Findings indicate that transferring up to 1.5 km?® of water annually from
the Irtysh River, supported by improved storage and renewable energy
generation, could significantly strengthen water, food, and energy
security while contributing to Kazakhstan’s decarbonization goals. The
proposed interventions demonstrate the practical application of the water-
energy-food-ecosystem (WEFE) nexus and eco-engineering principles,
providing policymakers with evidence-based strategies to enhance
resilience against environmental and economic challenges.

Future research should incorporate environmental impact assessments,
socio-economic feasibility studies, and participatory approaches to ensure
the effective and sustainable implementation of these strategies.

Keywords: sustainable development; water resources management;
territorial redistribution of water resources; sustainable agriculture; small
hydro

1. Introduction

The Esil River Basin, situated in the northern and central parts of
Kazakhstan, is a critical industrial and agricultural region, with
agriculture being the predominant sector. Water availability plays a
pivotal role in sustaining the region’s economic activities, yet the basin
experiences high variability in annual runoff and extreme irregularity in
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intra-annual water distribution (Kazhydromet, 2023). Such hydrological instability is further
exacerbated by climate change impacts, which lead to prolonged droughts and pose serious threats to
water security (Kakabayev et al., 2023).

Previous studies have addressed various aspects of water management and climate vulnerability
in Northern Kazakhstan (Yessenzholov et al., 2024; Makhmudova et al., 2023). However, there
remains a significant gap in integrated scenario-based assessments that combine water, energy, and
food security strategies, particularly incorporating eco-engineering practices (Zeng et al., 2024). The
relevance of applying water-energy-food nexus approaches in transboundary and arid regions has
been well documented in the global literature (Ali & Acquaye, 2024; Bazilian et al., 2011),
highlighting the need for holistic frameworks to address sectoral interdependencies.

At the same time, eco-engineering methods have shown promise in mitigating environmental
degradation and enhancing sustainability in river basin management (Skoulikaris & Zafirakou, 2019).
In Kazakhstan, water resource management remains fragmented, and the lack of comprehensive
approaches integrating inter-basin water transfer, renewable energy development, and sustainable
agriculture limits the region’s capacity to adapt to emerging challenges (Ramazanova et al., 2019).

In this context, this study aims to provide the first integrated scenario analysis for the Esil River
Basin, combining inter-basin water transfer from the Irtysh River, the construction of the Buzuluk
Reservoir, the expansion of irrigated agriculture for high-value durum wheat production, and the
development of small-scale hydropower facilities. The research applies eco-engineering principles
and the water-energy-food-ecosystem (WEFE) nexus framework (Saidmamatov et al., 2023;
Decoppet et al., 2023) to assess the potential of these measures to enhance regional resilience and
support Kazakhstan’s sustainability and decarbonization goals.

2. Materials and Methods
2.1. Materials

The materials used in this article included historical data on precipitation, air temperature, water
use of the Esil River, hydrological maps of the region, data on soil cover and the proportion of
irrigated land, as well as irrigation standards and gross yield of durum wheat. The economic data
included market prices for wheat. The infrastructure data covered the existing water management
infrastructure and plans for the construction of new water management facilities and an inter-basin
water transfer project.

The Esil River basin is distinguished by a sharply continental and arid climate. During the warm
months, the region experiences high temperatures, low precipitation, and significant air dryness.
Precipitation distribution within the basin is strongly influenced by orographic features and altitude
(Duskayev et al., 2021). The annual precipitation difference across various Esil stations can reach up
to 75 mm (351 mm at the Petropavlovsk meteorological station, 276 mm at the Esil meteorological
station). The primary water source for the basin’s rivers is the seasonal precipitation, with 60-75%
occurring in the warm months and 25-40% during the cold months (CAWater-Info, 2025). In this arid
climate, a considerable portion of precipitation (300 to 325 mm) evaporates from the land surface

The Esil River originates on the northern edge of the Kazakh lowlands and discharges into the
Irtysh River in the neighboring territory of the Russian Federation. The total length of the river is
2,450 km, and the catchment area is 155,000 km2 (Kazgiprovodkhoz Institute, 2006).

The primary tributaries of the Esil River, Kalkutan, Zhabai, and Terysakkan, originate in the
Akmola region, which is also the river’s primary feeding area. The Akkanburlyk and Imanburlyk
tributaries in the North Kazakhstan region also have an impact on the river’s path. The river runs west
into the Siberian lowlands below the Imanburlyk confluence. No more tributaries enter the river until
it reaches the lower sections after the point where it joins the Imanburlyk. The Esil River above the
Astana reservoir experiences drought throughout the summer, but the river below the reservoir flows
continuously.

The location map of the Esil water management basin is shown in Figure 1.
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Figure 1. The Esil water management basin location (Source: compiled by the author based on basin
boundary and hydrological data)

On the territory of the Republic of Kazakhstan, the Esil River traverses a valley that ranges in
width from 2 to 12 kilometers. The river has a distinct floodplain that increases mostly downstream
for almost its whole course. The water regime of rivers in the Esil River basin is characterized by a
high degree of variability in annual runoff. The highest average annual discharge exceeds the average
perennial discharge by a considerable margin, with extreme irregularity in the intra-annual
distribution of runoff (85-98% of the annual runoff occurring in the spring). In the steppe part of the
basin, very low minimum water discharges are observed, with river drying being a common
phenomenon.

One of the peculiarities of the multi-year flow of the Esil River and its tributaries is the tendency
to grouping of high-water and low-water years (Mustafaev et.al., 2023), which complicates its use in
economic sectors. According to available data, the duration of low-water years can be up to eight
years.

Total surface water resources in the Esil River basin amount to 2.46 km3 and decrease in low-
water years with a frequency of once in 4 years (P=75%) to 1.16 km3, with a frequency of once in 20
years (P=95%), to 0.49 km3 (Kazhydromet, 2023).

The main water sources in the basin are the surface runoff of the Esil River and its tributaries.
Underground waters of fresh and slightly brackish deposits are used mainly for domestic and drinking
water supply, sometimes for irrigation and industrial and technical purposes, but they are
characterized by relatively small operational reserves. Re-used treated wastewater is practically not
involved in covering the needs of the economy due to the lack of necessary legislative,
methodological, and technical tools (Bekniyazov, 2019).

At the same time, in the Esil water basin, there is a high pressure on local water resources, 96%
of which are used for domestic needs.

The water supply of the city of Astana, the capital of Kazakhstan, is an acute problem due to
the pressure on water quality (Sataeva et al., 2022; Makhmudova et al., 2023), but also the constant
growth of the population, which increases water consumption. Until 2020, the water consumption of
the capital’s residents was 269 thousand m3 per day, and in 2022, 311 thousand m3 per day.
According to forecasts, due to the active development of the city with residential neighborhoods,
water consumption will reach 340 thousand m3 per day by 2026.

The natural and climatic peculiarities of the zone determine its grain and cattle breeding
specialization. However, given that the moisture regime is very severe, the sustainability of grain crop
yields depends on the observance of agrotechnical practices aimed at accumulating and conserving
soil moisture. The zone has high potential for the production of durum wheat varieties.
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The following adverse climatic conditions have been identified as collectively affecting crop
growth: inadequate precipitation, extremely low relative humidity, late spring and early autumn
frosts, low winter temperatures accompanied by strong winds, and limited snow cover. These factors
contribute to droughts, freezing, and crop destruction, all of which hinder crop development. As a
result, agriculture in the region can only be viable with the implementation of irrigation systems.

Within the basin, the total area of irrigated land amounts to 116.11 thousand hectares, including
54.7 thousand hectares of land under regular irrigation and 61.41 thousand hectares with first
irrigation. The proportion of irrigated land constitutes 0.55% of the total agricultural land, with
irrigated arable land covering 0.27% of the total arable area. It is worth noting that, as depicted in the
map below (Figure 2) (Ministry of Ecology and Natural Resources of the Republic of Kazakhstan,
2021), these figures are among the lowest in comparison to other regions of the country.
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Figure 2. The share of irrigated land by region of their total area (Source: Ministry of Agriculture of
the Republic of Kazakhstan (2023)

In the river basin, cereal crops predominate, occupying 86.58% of the cropped area structure,
followed by forage crops (11.96%), industrial crops (0.69%), and potatoes, vegetables, and melons
(0.77%). On irrigated lands, the main part of the cultivated area is occupied by forage crops (68.28%),
while on irregularly irrigated plots potatoes, vegetables and melons account for 31.72%, according to
the Bureau of National Statistics of the Agency for Strategic Planning and Reforms of the Republic
of Kazakhstan (Bureau of National Statistics of the Agency for Strategic Planning and Reforms of
the Republic of Kazakhstan, 2023).

The territory under consideration is considered one of the leading industrial-agricultural regions
of the republic, where agriculture is the dominant branch of the economy, being a large consumer of
water resources (Mustafaev et al., 2023).

Surface water resources serve as the main water supply for various economic sectors.
Approximately 45% of the total water consumed is allocated for agricultural needs, around 30-35%
is used by public utilities, and about 20% is directed towards industrial use. As shown in Table 1
below, agriculture is a sector that shows a growing trend in water consumption.

Table 1. Summary of water consumption in the Esil River basin for the period 2020-2025*

Types of water consumption Total water withdrawal, min m?
2020 2025
Utilities 151.399 199.854
Industry 86.344 103.389
Agriculture, including: 193.692 242.372
regular irrigation 71.300 90.0
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limanic irrigation 60.740 87.0

agricultural water supply 49.85 52.750

pasture watering 11.802 12.622
Fishery 3.60 4.500
Recreation and other needs 3.99 4.460
Total 439.025 554.575

*Source: Developed by the author based on data from the Bureau of National Statistics, Agency for
Strategic Planning and Reforms of the Republic of Kazakhstan

In this context, it is important to recognize that restricted access to water resources limits the
economic development potential of the region, affecting sectors such as agriculture, utilities, and
industry. At the same time, energy stability is crucial to ensuring the region’s sustainability, even
when water resources are adequate.

The energy sector in the study region is based on hydrocarbon fuels, particularly natural coal
combustion. The energy sector in the study region is primarily reliant on hydrocarbon fuels, with
natural coal combustion representing the predominant energy source (Huang et al., 2025).

In parallel, Kazakhstan is implementing a decarbonization strategy in alignment with the Paris
Agreement. Kazakhstan has declared its objective of achieving zero CO. emissions by 2060.
Nevertheless, the country continues to face significant challenges in reducing CO2 emissions, with
levels remaining high and reaching 271 Mt CO2 in 2022. This places Kazakhstan in 24" place in the
ranking of CO2 emitting countries, according to the Global Carbon Atlas (n.d.). The goal of achieving
carbon neutrality will be accomplished through the incorporation of alternative energy sources;
nevertheless, the necessity for significant financial investments and the relatively short payback
period have resulted in a relatively slow rate of implementation.

2.2. Methods

This study applied an integrative approach combining scenario analysis, engineering
calculations, and eco-engineering principles to evaluate water, food, and energy security strategies
for the Esil River Basin. The methodological approach incorporates eco-engineering techniques, such
as optimizing water redistribution systems to minimize environmental impacts, enhancing local
biodiversity through sustainable irrigation practices, and integrating small-scale hydropower
solutions to support green infrastructure. This study will concentrate on the relationship between food,
energy, and water security to thoroughly examine the sustainable development of the Esil River
Basin. In order to achieve sustainable development in the most significant economic sectors in the
region, an integrated strategy that transcends sectoral borders is required. Statistical processing of
data (means, standard deviations, and errors) was not applied in this study, as the research relies
primarily on official statistical reports, engineering calculations, and projected estimates, which do
not involve variability from sampling or experimental uncertainty. This study did not involve
experimental sampling or modeling uncertainties, as the analysis was based on engineering
calculations and secondary data from official sources. This article does not take into account thorough
modeling of inter-basin water transfer because it is a component of a broader study. Subject to the
water transfer project’s successful completion and the potential for local energy production, the
primary focus is on the potential for developing sustainable irrigated lands.

Scenario analysis was used to assess potential interventions, including the inter-basin water
transfer from the Irtysh River, the construction of the Buzuluk Reservoir, and the installation of a
small hydropower plant at the Astana Reservoir. These scenarios were evaluated in terms of their
contribution to regional sustainability, water security improvement, agricultural productivity
enhancement, and energy diversification.

The hydropower potential was calculated using standard hydrological and energy conversion
equations proposed by Subbotin and Khaustov (2012), considering available reservoir data (storage
volume, discharge rates, head height). Estimates of irrigated land expansion and potential grain
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production were based on irrigation norms and durum wheat yield benchmarks derived from national
and international sources.

This article provides an overview of the proposed measures using statistical analysis and
forecasting methods, as well as a diagram of the transfer channel, aggregated calculations on gross
wheat production, and the estimated potential of a small hydroelectric power plant in the region under
study.

3. Results
3.1. Water security

In areas experiencing a deficit of water resources, it becomes necessary to employ a range of
water management measures. The sequence of implementation of these measures is determined,
firstly, by economic indicators, and secondly, by their environmental friendliness — that is to say, by
the degree to which they result in adverse effects on the environment.

The study will explore the method of territorial redistribution of river flow as a strategy to
ensure a sufficient water supply for water-scarce regions. This approach is also comprehensive and
interconnected, transcending sectoral boundaries to foster the sustainable development of the region’s
key economic sectors (Ali et al., 2024; Bazilian et al., 2011). The comprehensive nature of the study
emphasizes the interconnections and complementarities that exist between the different aspects of
sustainable development in the Esil River Basin.

The Irtysh Donor River, which forms up to 33% of Kazakhstan’s total surface runoff, is the
only source that may expand the water supply of the Esil basin on its territory.

According to the United Nations Economic Commission for Europe’s Committee on Water
Problems’ recommendations, water use intensity of less than 10% of river runoff is deemed
satisfactory; if it exceeds 20%, water use must be limited and flow-regulating measures must be put
in place; and if it exceeds 20%, the water body will not be able to support the socioeconomic
development of the region.

With equal water allocation of this runoff with the Russian Federation, it is possible to take
water from the Irtysh River for transfer to the central region of the country up to 4.5 km?, which is
less than 15% of the runoff.

In this sense, the maximum volume of withdrawal concept was used to evaluate the volume of
transfers in this study, taking into consideration the economic, political, and environmental elements
of water consumption. In this sense, the annual amount of water that can be drawn from the Irtysh
River to serve Northern and Central Kazakhstan can range from 1 to 1.5 km?®, however, the amount
of water that can be irrevocably taken out of the river cannot be greater than 10% allowed. The level
of water use intensity will be categorized as moderate.

The proposed canal will draw water from the Shulba Hydroelectric Power Station (hereinafter
referred to as the HPP). With a usable reservoir capacity of 7.5 km3, the second stage of the Shulba
HPP will raise the normal retention level mark to 252.5 meters. The Kazakh shallow-slope, which is
defined by the overall elevation of the region with a range of altitudes from 200 to 1500 meters, is
where the proposed canal to serve the Esil River basin can be built. Figure 3 depicts the proposed
canal’s layout.
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Figure 3. Scheme of the projected canal (Source: compiled by the author)

Water transfer schemes, when designed effectively, are widely recognized as beneficial from
environmental, economic, social, and political perspectives. By adhering to established principles,
correct methodologies, and efficient processes, major economic, ecological, social, cultural, and
political concerns can be properly addressed. Water transfer planning should be guided by acceptable
hydrologic, ecological, fiscal, and social values, most of which are already incorporated into water
supply planning and management. Case studies highlight the importance of considering all principles,
particularly the principles of solidarity and precaution. As a result, applying the right methods and
approaches can lead to further improvements in the preparation of appropriate water transfers. These
case studies illustrate how the meaning of water transfer evolves over time. Initially, the shift from
unilateral to cooperative efforts presents both opportunities and challenges within changing political,
governance, and trade environments. The transition from water sharing to hydro-solidarity, optimal
joint use, and profit sharing is providing a new momentum for cooperative initiatives. Furthermore,
land use intensification, such as runoff management and small dams, leads to increased
evapotranspiration and groundwater recharge, unintentionally resulting in water transfers. There is
also a growing recognition of the potential for areas facing water scarcity to adopt demand
management strategies rather than relying on inter- or intra-basin water transfers. The demand for
water transfers will fluctuate based on the import and export of water between basins and the impact
of virtual water transfer on water demand.

Currently, there are two multi-year regulation reservoirs on the Esil River within Kazakhstan:
the Astana and Sergeev reservoirs. Additionally, the Petropavlovsk water-engineering system
includes a small reservoir that provides seasonal flow regulation. The Astana reservoir, situated in
the upper reaches of the Esil River, has a total capacity of 419.4 million m?, with an annual effective
yield of 95 percent, equating to 72.0 million m*® of water availability. The Sergeev and Petropavl
reservoirs form a single water management complex, which has a total volume of 712.2 million m?
and an annual useful yield of 95% of security equal to 290.0 million m?. Thus, the total annual useful
yield (95% availability) of these reservoirs is 362,0 million m? of water per year.

In recent years, there have been cases of severe floods and droughts (Makhmudova et al., 2023),
the trend of growing water shortage in the region, even for the municipal and drinking needs of the
region and the capital. In this regard, the Government of the Republic of Kazakhstan (2024a, 2024b,
2024c, 2024d) is planning a set of measures aimed at increasing water availability in the region
through additional regulation of the flow of the Esil River, in particular, the construction of the
Buzuluk reservoir. The location of the proposed Buzuluk reservoir is shown on the map below (Figure
4).

The Buzuluk reservoir construction project on the Esil River allows solving the problem of
using the basin’s own resources by regulating and accumulating part of the flood flow, as well as
ensuring the safe passage in the lower reaches of the Esil River and the stable operation of the
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downstream Sergeev and Petropavl reservoirs. The Government of the Republic of Kazakhstan
planned to develop a project for the construction of the Buzuluk reservoir with expected
commissioning by 2027 (Year results: Development of water infrastructure, 2024).

e

" Tengiz Lake

Figure 4. Map-scheme of the Buzuluk reservoir location (Source: adapted from Wikipedia with
author modifications)

Meanwhile, it is planned that the reservoir be filled by drawing water from side streams on the
Esil river — Akkanburlyk and Imanburlyk rivers, which do not provide guaranteed filling to cover all
necessary water demands, especially in low-water years.

In this regard, within the framework of this article it is proposed to transfer part of the flow
from the Irtysh River basin to the Esil River basin through part of the existing structures of the Kanysh
Satpayev Canal from the water intake structure to the Hydrosystem No. 8, further — through the
proposed new canal to the Astana Reservoir. At present, the capacity of the Kanysh Satpayev Canal
is used not more than 40% of the design capacity, i.e., 0.7 km?® per year on average.

3.2 Food security

The region of Central Kazakhstan boasts favorable agro-climatic conditions for the cultivation
of hard wheat (durum), which has a higher market price than soft wheat on the global market. Durum
wheat is characterized by resistance to drought and high temperatures, and also has resistance to
diseases such as rust and hard heading. In addition, grain losses during cultivation are low compared
to soft wheat.

International experience shows that the productivity of durum wheat in the zone of risky
farming can be increased 5-6 times by irrigation and competent agrotechnology (Amanov et al., 2019;
Golubova et al., 2022). Comparison shows that durum wheat yield on irrigated lands is significantly
higher both in Kazakhstan and globally (Lobell et al., 2011; Karimov et al., 2014). In Kazakhstan,
the difference in durum wheat yield between irrigated and rainfed lands can be up to 3 times, while
globally this difference can be 2-3 times. In the region under study, irrigated farming for growing
durum wheat varieties will be the most profitable.

In the agro-climatic conditions of the study region, under inconstant humidification, autumn
irrigations for the accumulation of moisture in the soil are considered to be of higher priority, while
vegetative irrigations are prescribed as necessary as additional measures. Moisture-charge irrigation
rates for durum wheat varieties can vary between 600-1500 m3/ha, irrigation rates can range from 600
to 800 m/ha, which is much less than required compared to other crops.

According to aggregated calculations, at the useful volume of the Buzuluk reservoir of 0.8 km?®
taking into account the attracted additional volume, which increases the guaranteed return of the
reservoir, it is possible to irrigate about 200-330 thousand hectares of irrigated land, which at the
projected yield per year of 4.8 t/ha gives a gross yield of wheat up to 1 million tons worth about
250 million USD.
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3.3 Energy security

One of the most effective methods of utilizing small local energy resources of renewable energy
sources in Kazakhstan is the use of energy from small watercourses, which have significant potential
and can be used with comparative simplicity through the construction of small hydropower plants
(hereinafter referred to as HPP). It should be noted that the economic potential of small hydropower
exceeds the economic potential of such renewable energy sources as wind, solar, and biomass
combined (Purwanto, A. et al, 2021; Rivotti, P. et al, 2019). The value of hydropower plants is that
they utilize renewable natural resources to produce electricity. Because there is no need for additional
fuel for hydropower, the final cost of the electricity generated is significantly lower than with other
types of power plants.

As an example, we can consider the project of a small hydropower plant on the Astana reservoir
and calculate its capacity, having the data of the reservoir.

Astana reservoir is one of the reservoirs of the Esil River basin, located in the Akmola region.
Its length is 11 km and its width is 10 km.

The reservoir was built in the upper reaches of the Esil River in 1969. The area — 61 km?,
volume — 0.411 km?. It carries out perennial flow regulation and is used for energy and irrigation. In
2002, a water pipeline from the Irtysh-Karaganda canal, which was built in 1968 to supply water to
industrial areas and agriculture in Central Kazakhstan, was laid to the reservoir to supply water to the
capital of the country. Figure 5 below shows the dam on the Astana reservoir.

Figure 5. Spillway dam on the Astana reservoir

Having established the water head at the Astana reservoir by means of the level difference of
the reservoir embankment (H), as well as the data of the average water discharge (Q), the calculations
of the potential capacity of the proposed small HPP can be made. Using general formulas by A.
Subbotin and V. Khaustov, “Hydraulic engineering and land reclamation” textbook (Subbotin et al.,
2012), the aggregated potential capacity of the HPP can be calculated as follows: Eq. (1), (2):

Nupp = 9,81-Q-H-neng, 1)
where,
Nnpp — the generation capacity (kW);

Q — flow rate (m®/s);
H — effective head (m);
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Nt — turbine efficiency;

ng — generator efficiency.

Then,

Nhpp = 9.81-24.32-18-0.75 = 3320.8 kW

The annual energy production (AEP) will be equal to:

AEP = (Whpp-Hnpp ntmg)/367,2 2)

where,
Whep — flow volume;
Hupp — actual power with which the HPP operates in the time interval AT.
Then,
AEP = (767 000 000-18-0.88-0.95)/367.2 = 31 431 960.8 kW/h

The construction of small hydropower plants holds significant potential for development in
various regions of the world with transboundary river basins. Small hydropower plants are free from
many of the disadvantages of large HPPs and are considered one of the most cost-effective and
environmentally friendly methods of generating electricity, especially when utilizing small
watercourses.

The proposed inter-basin water transfer scheme and small-scale hydropower projects contribute
directly to reducing regional CO: emissions, promoting ecological stability, and improving ecosystem
health, demonstrating the practical application of eco-engineering principles.

4. Discussion
4.1. Water security

Growing water deficit, surface and groundwater pollution, excessive water losses in water
management systems, escalating issues with providing the population with clean drinking water, and
interstate water distribution issues all impede the development of economic sectors in the studied
region.

The vulnerability of Astana, the capital of Kazakhstan, and the Esil River basin as a whole has
also been identified. In this regard, attention should be paid to the ecological condition of the Esil
River, the hydrological regime of which was changed as a result of the construction of the Astana
reservoir. In fact, as part of the capital’s territory improvement, a dam was built and the riverbed was
significantly widened. At the same time, to maintain the water level, the river was divided into
sections separated by a number of spillway-type dams, which significantly reduced the speed of water
movement and, consequently, worsened the ecological condition of the Esil River.

Thus, at present, there are real threats to the sustainable development and environmental
sustainability of the territory of the study region.

There are also problems with water supply to the residents of the capital city due to the increase
in water consumption associated with population growth. Today water supply of the capital is carried
out from the only source — Astana water reservoir, built in 1969 and designed for 500 thousand people.
Due to the growth of the city’s population (1.3 million people), the need to create a reserve source of
drinking water for the city of Astana is becoming more acute. Therefore, to achieve sustainable
development of the region, the priority task of the study is to develop recommendations to reduce
water deficit in the Esil River basin.

Water resources redistribution can be defined as the complex of hydraulic and other structures
that provide water withdrawal from regions with excessive water supply and its delivery through the
watershed to low-water or remote catchments. The tasks of redistribution are associated with the
solution of a wide range of environmental problems relevant for both the source and receiving areas
(Zeng et al., 2024).
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The classification of transfer systems depends on the geographical characteristics of the area
and the distances over which water is transported. Inter-basin, which connects river basins with
independent outlets to the sea, ocean, or inland water body; intra-basin (local), where the transfer
system stays within the basin of a river with an independent outlet to the sea, ocean, or inland water
body; and interregional (or interzonal), which connects river systems across different physiographic
regions, are the three main categories.

It is also feasible to classify flow transfer systems according to the size of the water resources
involved, in addition to geographical categorization. The average yearly volume of the transferred
flow is the most important factor in this case. Systems that move less than 1 km? per year are roughly
classified as small, those that transfer between 1 and 5 km? as medium, and those that transport more
than 5 km? as large. Usually, the river that receives the runoff is referred to as the recipient, while the
watercourse from which the runoff is redirected is called the donor.

Large-scale transfers are not always warranted, according to global experience, for a variety of
reasons, such as substantial environmental effects, geopolitics, and expensive project implementation.
However, a significant number of water transfers have been planned, built, and run globally. They
have an annual worldwide volume of roughly 400 km?*. They solve issues with energy, transportation,
irrigation, recreation, and employment while serving vast areas in conjunction with flow regulation.
One of the most urgent problems in water management is the design and administration of such
systems.

As practice shows, the most feasible projects are an inter-basin transfer of part of the runoff,
which involves relatively small volumes of water intake. Many projects were not supported due to
significant volumes of transfer, for example, the turn of the Siberian rivers to Central Asia and
Kazakhstan.

The Kanysh Satpayev Canal, also known as the Irtysh-Karaganda Canal, is a prime example of
how the territorial redistribution of river flow has been successfully implemented. By the end of 1940,
Central Kazakhstan was experiencing an increasing number of water scarcity issues. Only 5.5 percent
of Kazakhstan’s 2174 rivers — including the Irtysh, Syr Darya, Ili, Ural, Esil, and others — flow through
the country’s central region. The canal’s construction took place during a ten-year period, from 1962
to 1974. The city of Karaganda’s water shortage issue was promptly resolved, and irrigated
agriculture, mining, the chemical industry, heating, and power all started to grow quickly. Half of
Kazakhstan’s electricity is produced by the Ekibastuz State District Power Plants 1 and 2, which use
the canal’s water. Additionally, it is exported to Russia and supplies several other industrial firms as
well as the nation’s largest metallurgical complex in Temirtau. These two instances show that it has
been beneficial to shift a portion of the Irtysh River flow to the Nura-Sarysu and Esil river basins.

The development and building of new manufacturing facilities were made possible by the
Kanysh Satpayev Canal, which emerged as a crucial strategic water management facility. The canal
is 458 km long in total, with 272 km going through the Pavlodar district and 186 km via the Karaganda
region. The canal contains 34 sections, 14 reservoirs and 22 pumping stations (Interstate Coordinating
Water Management Commission of Central Asia, 2016). Moreover, the canal has water outlets,
duckers, storm pipes, spillways, bridges and blocking structures. Currently, the canal is expected to
supply 1200 million cubic meters of water annually. The Irtysh-Karaganda canal’s construction
preserved nearby water supplies while promoting the active growth of metallurgical production. The
development of ferrous metallurgy in Karaganda and coal mining and energy in Ekibastuz would not
be feasible without the canal.

The canal route will primarily follow the western section of the Kazakh plateau, which features
two low-lying massifs: the Kokshetau Upland (947 m) and Ulytau (1133 m), separated by the
expansive Tengiz-Kurgaljin depression, characterized by a flat plain relief. The route is designed to
use gravity transport for most of its length and to minimise the elevation of the pumping stations.
This approach will undoubtedly increase construction costs, as it will require the construction of
additional gravity transport structures (aqueducts, tunnels, and culverts). On the other hand, it will
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reduce the construction costs of the pumping stations and, most importantly, the operating costs of
the mechanical lift.

More than half of the cost of water supplied by the Kanysh Satpayev Canal accounts for the
payment of electricity consumed by pumping stations for lifting water. Tariffs for the payment of
water supply services do not contribute to the use of it for the needs of irrigated agriculture, the profit
is minimal, and it often brings losses. In this regard, at present, the Kanysh Satpayev Canal capacity
IS used by 30-40%, and only about 30-40% of the design capacity is provided. The irrigated area in
agriculture decreased in the same way.

Furthermore, high energy costs contradict the green economy and low-carbon growth concepts.
In this regard, the methods of gravity transfer and maximum use of the terrain were used when
determining the canal’s route.

An additional volume of 1 km3 proposed to be accumulated in the Buzuluk reservoir is
expedient to be used for the creation of an irrigated array in the studied region. Also, in the ongoing
study, the proposed reservoir is considered as a counter-regulator of the Sergeev reservoir. In this
case, it is possible to ensure the long-term sustainable operation of the planned Buzuluk complex
reservoir.

The inter-basin water transfer project and optimization of the Buzuluk reservoir resource use
proposed in this article can become key tools for local executive bodies and farmers in planning and
developing the agricultural sector in the region.

These measures will enable more efficient water management, which is critical for sustainable
farming. The implementation of these projects will help improve irrigation infrastructure, increase
crop yields and ensure a stable water supply, which ultimately contributes to economic growth and
food security in the region.

4.2 Food security

The projected potential for durum wheat production under expanded irrigation in Central
Kazakhstan demonstrates a promising scenario for strengthening both regional food security and
economic diversification. Given the agro-climatic conditions of the region, the shift toward
cultivating high-value, drought-resistant durum wheat varieties are not only agronomically justified
but also economically advantageous. Studies from other semi-arid regions, such as southern Italy and
parts of North Africa, have confirmed that targeted irrigation combined with advanced agronomic
practices can significantly improve durum wheat yields while maintaining resource efficiency (De
Vita et al., 2007; Katerji et al., 2008). Moreover, as global demand for durum wheat remains strong
due to its use in pasta and premium semolina products, Kazakhstan’s positioning as a net exporter of
this crop aligns well with international market trends. However, the viability of this strategy depends
on the timely implementation of water infrastructure projects such as the Buzuluk reservoir and the
optimization of water use. The scenario analysis suggests that if irrigation development is scaled
efficiently, the region could reduce its vulnerability to climatic fluctuations and stabilize grain output
in the long term. Nevertheless, careful water budgeting, supportive policy mechanisms, and farmer
training programs will be essential to ensure that increased irrigation does not compromise
environmental sustainability. Therefore, the proposed expansion of irrigated durum wheat cultivation
can be considered a robust element within the broader pathway toward sustainable development of
the Esil River Basin.

4.3 Energy security

One of the key advantages of small HPPs is their contribution to reducing CO2 emissions,
which helps mitigate the environmental impacts of global climate change. These stations require
minimal flooding and development of surrounding areas, which significantly reduces their impact on
the environment. They also contribute to local and regional development by creating jobs and
improving infrastructure in rural areas. Additionally, small HPPs help in maintaining the health of
river basins, which includes regulating water resources and improving water quality.
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Another important aspect is the role of small HPPs in rural electrification, providing a stable
and affordable power supply. During their construction and operation, the natural landscape is
preserved, and the strain on ecosystems is minimal. Compared to coal and gas power plants, small
HPPs have low electricity production costs and low operational expenses, as well as relatively
inexpensive equipment replacement and longer service lives (40-50 years). Furthermore, these
stations allow for the integrated use of water resources for multiple purposes, including power
generation, water supply, irrigation, water protection, and fisheries. The disadvantages of small HPPs
include slow return on investment, which is at the level of 5-10 years. For comparison, cogeneration
plants and mini-TPPs built on their basis currently have a payback period of 2 to 4 years (depending
on regional tariffs for electricity and heat, as well as gas prices).

The projected small HPP with a capacity of 3320.8 kW at the Astana reservoir will provide
electricity generation of 31,431,960.8 kW/h for the neighboring settlements, which contributes to the
regional development of green infrastructure. Moreover, the development of small hydropower plants
contributes to Kazakhstan’s commitments under the Paris Agreement and the national strategy for
carbon neutrality by 2060. By providing decentralized, clean energy, small HPPs support the
diversification of the energy mix and facilitate the integration of low-carbon technologies in rural and
peri-urban areas. Despite the slower payback period, the adoption of small hydropower aligns with
sustainable energy goals and reduces dependence on fossil fuels, making it a viable alternative for
regional energy security. However, further improvements in technology, financing models, and
integration with other renewable sources are needed to enhance efficiency, reduce costs, and
accelerate adoption.

Integration of eco-engineering approaches in water management practices and renewable
energy development not only mitigates negative environmental impacts but also enhances ecological
resilience, providing multiple benefits for biodiversity conservation, improved ecosystem services,
and overall environmental sustainability.

5. Conclusion

This study assessed integrated strategies to enhance water, food, and energy security in the Esil
River Basin, applying scenario analysis and engineering calculations within the eco-engineering
framework. The proposed combination of inter-basin water transfer from the Irtysh River,
development of the Buzuluk Reservoir, expansion of irrigated agriculture, and small-scale
hydropower generation demonstrates a holistic approach to addressing the basin’s sustainability
challenges.

These interventions, aligned with the water-energy-food-ecosystem (WEFE) nexus and
Kazakhstan’s decarbonization commitments, offer an effective pathway to strengthen regional
resilience, diversify the economy, and reduce environmental pressures. By integrating water resource
management, sustainable agricultural intensification, and renewable energy development, the study
contributes to a comprehensive framework for long-term sustainable development in the Esil River
Basin.

Further research should focus on detailed environmental impact assessments, optimization of
water transfer schemes under climate change scenarios, and socio-economic feasibility studies.
Additionally, participatory planning involving local communities and stakeholders will be essential
to ensure the sustainable and socially acceptable implementation of the proposed measures.
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Ecis 63eHi 0acceiiHiHIH TYPaKThI JaMYbl. CAJIAaPAJIbIK TICLI KIHE CHEeHAPHILIIK
Tajagay

Toma3s [lentunno, I'yinyp Cacnyraesa, 9ceu Kaken

Anparna. Ecin e3eniniH OacceifHi — KazakcTaHHBIH CONTYCTIK JKOHE OPTAJbIK aifMaKTapbIHAAFbI
MaHbI3/[bl ©HEPKACINITIK-arpapiblK OHip, MYH/a aybll IapyalblIblFbl 0ackiM. bacceiinne KbUIAbIK
arbIH Cy KOJIEMiHIH JKOFaphl ©3reprilliTiri jKoHE Cy pecypcTapbIHbIH Oipkenki 6eninbOeyi Oalikanaibl,
Oy cyapl TYpakThl namyablH Oactel ¢aktopsl eremi. Cy TanmIBUIBIFBIHBIH apTyBI, JACTaHY, CY
pecypcTapblH THIMCI3 OacKapy *oHe acipece AcTaHa KaJlachIHJIAFbl Cy TYTBIHYBIH €Cyl aiMaKThIH
QJIEYMETTIK-2KOHOMHKAJIBIK KOHE YKOJOTHSUIBIK TYPAKTHUIBIFBIHA KaTep TOHIIPEI.

byn 3eprrey Ecin e3eniniy OacceifHi yIIiH anFaml peT WHTErpalyusUIlaHFaH CIEHAPUIIIK Talgaybl
ychiHanbl. YCHIHBUIFAH mapanap EpTic eseminen skpimbiHa 1,5 kM® feifiH cy TachIMamiayjsl,
By3buIbIK Cy KOMMAChIH calyfbl, cyapMaslbl €TICTIKTI KEHEMTyIl »oHE IIaFblH Cy 3JEKTP
CTaHUMSUTAPBIH JAMBITYbl KaMTHIBL. byl mmmapanap SKOMHXKEHEPJIK TOCLI HeTi3iHAe eHIpIiH
TYPaKThUIBIFbIH apTThIpYFa OarbITTaJIFaH.

Hotmxenep xepceTkeHel, YCHIHBUIFaH MIapanap Cy, a3bIK-TYJIK JXKOHE JHEpPrus Kayirci3Iirin
HbIFalTaabl koHe KasakcTaHHBIH JekapOOHU3alMsIay MakcaTTapblHa coiikec keneai. bomamrak
3epTTeyJiep SKOJIOTHSUIBIK dcepii Oaranmay/pl, QJIEYMETTIK-9KOHOMHUKAIBIK OPBIHABUIBIKTBI KOHE
MY/I€TI1 TapanTapIblH KaTbICYbIH KAMTYBI THIC.

Tyiiin ce3aep: TypakThl JaMy; Cy pecypcTapblH 0ackapy; cy pecypcTapblH ayMakThIK KaiiTa Oeiy;
TYPAaKThI ayblJl IIapyalIblIbIFbL;, MIAFBIH CY 3JIEKTP CTaHLUAIAPbI

YcroiiuuBoe pasBurue OacceilHa peku Ecmib: MeKCeKTOpabHBIH MOAX0A H
CLHEHAPHBIN aHAIN3

Toma3s [lentunno, I'yinyp Cacnyraesa, Aces JKaken

Annotauus: bacceitn pexu Ecuib, pacronoxkeHHbIN Ha ceBepe u B nieHTpe KazaxcraHa, sBrsercs
B2XHBIM TPOMBINIICHHBIM M CEIhCKOXO3SMCTBEHHBIM PETHOHOM, TJIe JOMHUHHUPYET CEIhCKOe
X03sCTBO. bacceiiH oTnmuaeTcsi BHICOKOW HM3MEHYHMBOCTBIO T'OJIOBOTO CTOKA UM HEPaBHOMEPHBIM
BHYTPHUTOJIOBBIM PACIPE/ICIICHHEM BOJBI, YTO JIeJAaeT BOJHBIE PECYpPChI KIIOYEBBIM (HAaKTOPOM
YCTOMYMBOTO PA3BUTHUS. Y CWIHMBAIOMIMICS JePUIUT BOABI, 3arps3HeHue, HedhdekTuBHOE
yIIpaBJIeHUE BOJHBIMU PECypcaMH M PACTYIIHH CIPOC, OCOOCHHO CO CTOPOHBI CTOJIHMIIBI ACTaHBI,
CO3/IaI0T CePhE3HBIE YTPO3bI COMMATBEHO-YKOHOMHYECKOHN M KOJIOTHYECKON YCTOMUYNBOCTH PETHOHA.
B crathe mpencTaBieHO TeEpBOE KOMIUIEKCHOE CIIEHApHOE MOJINIMPOBaHUe, OO0BEeIUHSIONIEee
MexOacceifHOBYI0 mepeOpoCcKy BOAbI U3 VIpThIlia, CTPOUTENHCTBO BOAOXpaHWIMIA by3ynyk,
pacImpeHre OpoIIaeMoro 3eMJyIeIeus ¥ Pa3BUTHE MaJIOH THIPOIHEPTETHKH B paMKax MOJX0Ja
SKOMHKUHUPHUHTA. Pe3y/bTaThl IOKa3BIBAIOT, 4TO epedpocka 10 1,5 kM BObI B TO/ B COUETAHHH C
yIYYIIEHUEM PETYIUPOBAHUS CTOKA M BO3OOHOBIISIEMON YHEPTETUKU MOKET 3HAYUTEILHO MOBBICUTH
BOJIHYIO, TIPOJIOBOJIBCTBEHHYIO M DJHEPreTHYECKyI0 Oe30MacHOCTh, a TaKXkKe TMOJJIepKaTh IENn
nexapbonuzanuu Kazaxcrana.
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[Ipemnaraembie Mepbl JEMOHCTPUPYIOT MPAKTUUECKOE IPUMEHEHHME IMOJX0Ja BOAA-dHEPrusi-
npogoBoibcTBue-3kocuctema (WEFE) u skoummkunupunra, obecrnieuuBasi pEeKOMEHAALNUU IS
MOBBIIICHHUSI YCTOMYMBOCTH pPETrMOHA. B OymyiemM uccieoBaHUS JOJKHBI OBITH JIOTIOJHEHBI
OLICHKOW 3KOJIOTUYECKUX MOCIEICTBUN, COUAIBHO-DKOHOMUYECKOH I(P(HEKTUBHOCTH U y4acTHEM
3aMHTEPECOBAHHBIX CTOPOH.

KiiroueBble cjioBa: yCTOMYMBOE Pa3BUTHE; YIPABJICHHE BOJHBIMH PECypCaMH; TEPPUTOPUATBHOE

nepepacrnpesielieHie  BOJHBIX ~ PECYpCOB;  YCTOMYMBOE  CENbCKOE  XO3AHCTBO,  MaJble
TUAPOIIEKTPOCTAHIINH.
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Abstract: Understanding the granulometric composition of urban soil
is essential for assessing pollution levels and managing soil resources
effectively. The particle-size distribution of soil significantly affects
the movement and accumulation of pollutants, water infiltration,
chemical interactions, and biological processes, including microbial
activity and nutrient cycling. This study investigated the mechanical
composition of soils in Astana by collecting samples from 60 sites
across various administrative districts, including Esil, Baikonur,
Almaty, Saryarka, and Nura. The analysis showed that heavy loamy
soils dominate throughout the city. The average clay content in the soil
samples was 44.9% in Esil, 45.7% in Baikonur, 45.0% in Almaty,
42.6% in Saryarka, and 45.4% in Nura. These types of soils are
beneficial for agricultural and landscaping purposes because they
retain moisture and nutrients well. However, they also have limitations,
such as a higher susceptibility to erosion, anthropogenic
contamination, and reduced permeability under dry conditions, which
may affect vegetation growth. Given these challenges, proper
management strategies are needed to protect urban soils from
degradation and ensure long-term functionality. The results of this
research provide valuable data for environmental zoning and decision-
making. They can support sustainable land use planning, pollution
prevention, and long-term soil quality monitoring in Astana,
contributing to the city’s ecological safety, resilience, and green
infrastructure development.
Keywords: soil, granulometric soil
urbanisation, anthropogenic impact.

composition, fertility,

1. Introduction

Intensification of urbanisation in the last decades is bringing new
environmental problems and challenges, as population growth
concentrates population, activities, and infrastructures in increasingly
large urban areas.


mailto:onayturg@boun.edu.tr
mailto:zandybai_a@enu.kz
mailto:aidanasalamatkyzy@mail.ru
mailto:aidanasalamatkyzy@mail.ru
https://doi.org/10.32523/2616-6771-2025-151-2-255-269
https://doi.org/10.32523/2616-6771-2025-151-2-255-269

.H. T'ymures amwuindazvt Eypasus yammuix ynusepcumeminir, xabapuioicol. Xumus. eozpagus. Dxoroeus cepuscol, 2025, 151(2)

Urban expansion and the activities associated have significant impacts on land use and soil
health: urban growth and infrastructures occupy and/or destroy fertile soils, which are also sealed
and/or compacted, submitted to pollution processes from industry and traffic, as well as from waste
disposal (Béchet et al., 2019). Since the middle of the 20th Century, the global urban population
has been rapidly increasing, from 751 million individuals in 1950 to an estimated 4.2 billion in
2018, which accounts for roughly 55% of the total global population (United Nations, 2018).

It has been estimated that whilst less than 0.5% of the total global land surface is covered in
built-up urban developments, this small percentage represented a total of 0.5 million km2 at the
turn of the last century (Goldewijk et al., 2010), although estimates vary (Potere and Schneider,
2007).

These urban ecosystems not only provide services to their inhabitants but are also often
hotspots for global change factors such as increased temperature (Arnfield, 2003), salinisation
(Equiza et al., 2017), and the presence of pollutants such as heavy metals (Plyaskina and Ladonin,
2009). Hence, urban soils can provide valuable information when it comes to understanding the
impacts of global change factors on soil ecosystems and their functioning, which might impact
human health (Brevik and Burgess, 2014).

In these systems, anthropogenic interference is commonplace; this can include the
management of soils (e.g. mowing and irrigation in urban parks), transportation of soils (e.g. due
to construction; Hooke, 2000), soil sealing, and the addition of waste and construction material,
such as building sand (Bridges, 1991). Urban landscapes have previously been associated with
generally high levels of compaction (Lehmann and Stahr, 2007), although this may only be true in
localised areas of high intensity usage (Edmondson et al., 2011).

Urban soils provide a range of important ecosystem services themselves, such as
hydrological control through infiltration, and as the substrate for plant growth (Morel et al., 2015).

Via this impact on local flora, they not only support food production but also the parks and
green spaces which have been demonstrated to support the wellbeing of urban residents (Tzoulas
et al., 2007; Diaz et al., 2018).

Inputs of fertilisers, elevated levels of N deposition and altered irrigation, as well as the
removal of organic matter, cause altered nutrient cycling compared to natural ecosystems (Lorenz
and Lal, 2009), with the new equilibrium varying across climatic regions, parent materials and
socioeconomic areas (Pickett et al., 2001).

The functioning of soil is closely related to its structure, which determines the availability
of air, water, nutrients, and pollutants to the microbial life that inhabits it. In addition, the
granulometric composition of soil is one of the key factors that directly influences both the level
of contamination by toxic substances and the soil’s self-purification capacity. Therefore, to
objectively assess the contamination status of soil, it is first necessary to determine its mechanical
composition. Based on this scientific rationale, a research study was conducted to determine the
granulometric composition of the soil in the city of Astana. To achieve the goal of the study, soil
structure analyses were carried out for each administrative district of the city, and zoning work
was implemented (Galos et al., 2007).

The results of the granulometric analysis indicated a predominance of heavy loamy soils
throughout Astana’s territory. Such soils typically contain a high proportion of fine particles (silt
and clay), which enhance their water retention capacity and nutrient-holding properties. While
these characteristics make them favourable for certain types of land use, such as green landscaping
and limited urban agriculture, they also present specific management challenges. For instance,
heavy loamy soils are more susceptible to waterlogging and compaction, particularly in areas with
high foot or vehicle traffic, which can impede root development and diminish soil aeration
(Hiemstra et al., 2003).

Additionally, these soils are more likely to accumulate pollutants, including heavy metals,
hydrocarbons, and excess salts, especially in areas adjacent to roads, industrial zones, or poorly
managed waste disposal sites. This accumulation arises from their smaller pore spaces and lower
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permeability, which slows the movement of contaminants and facilitates their binding to soil
particles. Therefore, regular monitoring of chemical contamination in such areas is essential to
prevent long-term degradation and protect urban biodiversity and human health (Li, X. et al.,
2018).

Understanding the granulometric composition also plays a crucial role in urban planning and
environmental zoning. By identifying soil types and their vulnerabilities, urban developers and
municipal authorities can make informed decisions regarding infrastructure placement, green
space allocation, and pollution mitigation strategies. For example, areas with fine-textured soils
may require specific engineering approaches to reduce runoff and increase infiltration or may be
prioritised for green infrastructure development such as bioswales or rain gardens (Zhu, Y et al.,
2019).

Moreover, this data can serve as a baseline for future environmental assessments, providing
a scientific reference point to evaluate changes over time due to urban expansion, climate change,
or remediation efforts. In this context, the integration of soil studies into broader urban
sustainability frameworks becomes vital. Ultimately, the research conducted in Astana
underscores the importance of incorporating detailed soil analysis into city planning processes to
foster resilient, healthy, and ecologically sustainable urban environments.

2. Materials and Methods

The city of Astana is situated in the northern region of Kazakhstan, along the Ishim River.
Its geographical coordinates are 51°11' N latitude and 71°25" E longitude. The climate is sharply
continental. Winters are cold and last for 5 to 5.5 months, with snow cover typically present from
mid-November for approximately 130-140 days. The average temperature in January is - 17°C,
while the average temperature in July ranges from 20°C to 24°C. Summers are hot and dry,
accompanied by occasional dust-laden winds. Maximum temperatures can reach 35°C. The
average wind speed in Astana is 5 m/s, and the average annual precipitation is 200-300 mm.

The city of Astana is divided into several administrative districts (Figure 1). Each district is
distinguished by its own infrastructure and social status. Almaty District was founded on May 6,
1998. The land area is 154.71 km?. The number of inhabitants is 402,547. Saryarka district was
established on May 6, 1998. 67.76 km?. The number of inhabitants is 351,118. Baikonur district
was established on February 26, 26.02.2018. The area is 181.29 km?. The population is 228,378.
Esil district - Esil district was established on August 5, 2008. The area is 200.22 km?. The number
of inhabitants is 287,035. Nura district - the district was established in 2022. The area is 181.29
km?. The population is 233,024.
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Figure 1. Administrative districts of Astana (as of 2023)

According to the geographical zoning of soils, the territory of Astana city belongs to the type
of dark chestnut soils (Redkov, 1961; Uspanov, 1967). The soil cover of Astana city consists of
the following types: dark chestnut soils and their varieties, meadow-chestnut soils and their
varieties, solonetz soils, and urban soils (urbanozems). The majority of the city's soil cover has
undergone technogenic changes under the influence of anthropogenic pressures. This situation can
be associated with intensive construction and the impact of industrial enterprises. Additionally,
long-term snow cover and deep soil freezing also affect the soil formation process.

According to studies conducted on the soil cover of Astana city (Development plan of Astana
city until 2035), it was determined that urbanised soils occupy 40-50% of the city's soils. The
mentioned urbanised soil cover was divided into two types. Completely transformed soils (typical
urbanozems) mainly cover the central part of the city. They are heavily compacted, mixed with
crushed stone, various wastes, and covered with asphalt, concrete, and special pavements. Partially
transformed soils (with transitional differences) are found in the peripheral areas of the city and
on new construction sites. These soils consist of a mixture of natural soil with construction,
household, and plant waste during the construction process (see Figure 3).

The soil cover of Astana city to a depth of 50 cm, characteristic of the urbanisation process,
contains about 5% anthropogenic inclusions (construction and household waste, industrial
residues). Additionally, technogenic deposits and dusty atmospheric sediments accumulate in the
surface layer of the soil cover. This phenomenon is mainly typical for industrial zones, major
highways, and district heating plant areas. Meanwhile, soils that have preserved their natural state
are found in areas adjacent to forests, parks, riverbanks, and reserve categories of land.

The master plan for Astana city until 2035 includes the following measures aimed at
preserving the natural condition of the soil cover, eliminating pollution, and restoring the soil:

e Allocating undamaged sites (“cores™) unaffected by anthropogenic activities that can
be used for creating landscapes with natural soil and vegetation;

e Land reclamation;

e Design and exploratory works: soil research and other field studies, laboratory
analysis, and cartography;
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e During construction, removing, transporting, and preserving the fertile soil layer;
placing potentially fertile rocks and layers in restoration areas; maintaining and
replenishing fertility annually through the application of mineral fertilisers;

e Monitoring land pollution and developing protective measures;

e Creating suitable planting sites with new soil for trees and lawns;

e Controlling pollutant emissions and preventing soil contamination.

Soil samples for granulometric composition analysis were taken from a depth of 0-30 cm,
based on clause 4.4 of the standard 1SO 12536-2014.

To determine the granulometric composition, the soil sample undergoes a dispersion
procedure that fully separates soil particles from aggregates and allows for the identification of
their true mechanical composition. The dispersion process involves mechanical (physical) and
chemical methods.

Using this method, the mechanical composition of the soil (sand, silt, clay) is identified,
which helps describe its agronomic properties. The procedure must be performed in accordance
with the 1SO 12536-2014 standard.

The sizes of mechanical elements in the soil vary depending on the soil formation process.
Soil particles of various sizes define specific soil properties. These properties are distinct and
sharply variable, which led to their classification into groups or fractions. This classification is
called mechanical fractionation. Currently, N.A. Kachinsky’s classification is widely used in
science (see Table 1).

There are several classifications based on the volume of soil fractions.

The first classification is simple: particles larger than 1 mm are called the soil skeleton, and
particles smaller than 1 mm are called fine soil.

The second classification is more significant and classifies the soil by granulometric
composition: particles larger than 0.1 mm are physical sand, particles smaller than 0.01 mm are
physical clay.

Clay and clayey soils are better supplied with nutrients and humus and are better connected
than sandy soils, with higher moisture capacity. That is, the reserves of moisture and nutrients in
clay and heavy clay soils better support plant productivity. However, these soils require more
energy and cost for cultivation and special care. Such soils are prone to water erosion and can lose
fertility if neglected.

3. Results

Soil samples were collected in 2023 from 60 different locations across the territory of Astana
city to analyse the granulometric composition of the soil.

To determine the mechanical and agrochemical composition of Astana city’s soil, a total of
60 soil samples were taken. The sampling points covered all residential districts of the city,
including Almaty, Saryarka, Esil, Baikonur, and Nura (see Figure 2).
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Figure 2. Sampling locations in Astana city for determining the granulometric and agrochemical
composition of the soil

Clay content analysis of soil samples from 12 points within the Esil district yielded the
following results (Table 1, Figure 3). In this district, the average clay percentage in the soil was
44.9%, indicating heavy clay soil. The lowest value was recorded at point 2 (N 51.185385, E
71.405608) with 29.3%, which corresponds to light clay soil. The highest value was observed at
point 11 with 49.9%, indicating heavy clay soil.

Table 1. Granulometric composition (%) of soil in the Esil district (2023) (mg/kg)

. Less
Coordinates 0.5- 0.25- 0.01- 0.002-
Ne N E 1-0.5 0.25 01 0.1-0.05 | 0.05-0.01 0.002 0.001 than
0.001
N 51.131297,
1 E 71.504347 | 0.7408 | 2.2242 | 2.8729 | 27.1425 15.8744 18.9149 7.0185 25.2118
N 51.156562,
2 E 71.413823 | 0.8545 | 2.3687 | 2.7946 | 47.7272 16.9474 8.4752 6.6467 14.1857
N 51.156188,
3 E 71.421675 | 0.9802 | 2.1475 | 2.2364 | 33.4184 16.4494 12.7483 6.3149 25.7049
N 51.151601,
4 E 71415371 | 0.8611 | 2.1054 | 2.9748 | 31.2691 16.6145 16.5734 7.7833 21.8184
N 51.147582,
5 E 71.421822 | 0.8478 | 2.941 2.2874 | 42.2679 13.0282 11.1471 6.7495 20.7311
N 51.146995,
6 E 71.415454 | 0.8129 | 1.8527 | 2.4311 | 33.1242 17.1648 15.1218 7.5181 21.9744
N 51.144376,
7 E 71419896 | 0.8821 | 2.7487 | 2.6487 | 33.4902 16.9712 16.1724 6.8127 20.274
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8 | E71.437816 | 0.782 | 2.4197 | 2.3714 | 31.2811 | 17.0847 | 11.1456 | 6.1149 | 28.8006
N 51.129057,

9 | E71.431707 |0.8215 | 2.4141 | 2.2784 | 28.6149 | 16.9042 | 13.1907 | 6.1746 | 29.6016
N 51.126125,

10 | E 71414594 | 0.8384 | 2.1149 | 3.8497 | 295173 | 14.6474 | 12.7946 | 6.849 | 29.3887
N 51130670,

11 | E71.408821 | 08134 | 22115 | 2.8049 | 327219 | 11481 | 14.3249 | 6.0918 | 29.5506
N 51131117,

12 | E71.404956 | 0.6193 | 2.9147 | 2.6131 | 33.4217 | 12.482 | 12.8921 | 6.7132 | 28.3439
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Figure 3. Clay content (%) in the soil of the Esil district

Soil samples taken from 12 locations in the Baykonur district revealed that the average clay
content was 45.7%, which corresponds to heavy clay according to N.A. Kachinsky’s classification.
The lowest clay content was recorded at point 9 (N 51.165812, E 51.408003) with 36.2%,
indicating medium clay. The highest clay content was found at point 11 (N 51.158153, E
51.405402) with 51.7%, characteristic of light clay soil (Table 2, Figure 4). Additionally, point 7
(N 51.174650, E 51.412181) also showed characteristics typical of light clay soil.

Table 2. Granulometric composition (%) of soil in the Baykonur district (2023) (mg/kg)

Physical clay content, %
Coordinates Less
Ne 0.5- 0.1- 0.01- 0.002-
N, E 1-0.5 0.25 0.25-0.1 0.05 0.05-0.01 0.002 0.001 than
0.001
N 51.190381,
1 E 71.451860 | 0.9311 | 1.4051 1.0744 | 43.1338 | 15.4061 | 18.0854 | 4.4025 | 15.5615
N 51.190286,
2 E51.401785 | 0.8316 | 1.2875 1.9781 | 33.2794 | 18.645 16.2784 | 6.2481 | 21.4516
N 51.176048,
3 E 71.400771 | 0.7892 | 2.2491 2.0312 | 29.2581 | 16.2894 | 12.8416 | 8.2319 | 28.3095
N 51.175604,
4 E 71.405662 | 0.8215 | 1.9481 3.1284 | 27.8561 | 18.3492 | 11.4219 | 9.1576 | 27.3172
N 51.175125,
5 E 71.410764 | 0.8384 | 2.4819 | 4.8497 | 30.4653 | 19.7564 | 12.7946 | 7.8419 | 20.9718
N 51.174416,
6 E 71.410961 | 0.7134 | 2.9215 2.0809 | 32.3719 | 12.4814 | 15.3829 | 7.0918 | 26.9582
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N 51.174650,
7 E 71.412181 | 0.5149 | 1.9917 2.0631 | 31.4972 | 13.0742 | 14.1126 | 6.8872 | 29.8591
N 51.165788,
8 E 71.415026 | 0.7785 | 2.5314 1.7519 | 36.2711 | 11.0492 5.0121 8.6716 | 33.9342
N 51.165812,
9 E 71.408003 | 0.8215 | 1.7315 2.7287 | 44.2067 | 14.2405 | 14.1716 | 6.0571 | 16.0424
N 51.158699,
10 E 71.402973 | 0.8201 | 1.8942 2.5516 | 37.0945 | 12.7403 | 14.9902 | 6.1875 | 23.7216
N 51.158153,
11 E 71.405402 | 0.8106 | 2.1054 2.0781 | 33.2691 | 15.0645 | 13.2134 6.748 26.7109
N 51.157965,
12 E 71.407898 | 0.6802 | 2.3471 2.8376 | 27.2144 | 15.2094 | 11.9418 | 7.3345 32.435
y
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Figure 4. Clay content (%) in the soil of the Baykonur district

The average clay percentage in the granulometric structure of the soil in the Almaty district

was found to be 45%, indicating heavy clay soil (Table 3, Figure 5). Medium clay structure was
observed at two points (points 2 and 7), while light clay structure was identified at points 3 and 6.

Table 3. Granulometric composition (%) of soil in the Almaty district (2023) (mg/kg)

Physical clay content, %
Coordinates Less
N, E 105 | oo | % 90 oos001| 0010002 | 99 | than
Ne ' ' ' ' 0.001
N 51.158374,
1 E 71.410329 | 0.6999 | 1.5415 | 2.4581 | 45.4485 | 0.9039 2.4025 0.4460 46.0994
N 51.147887,
2 E 71.486624 | 0.5245 | 1.2654 | 2.2478 | 61.2950 0.8034 1.2149 0.1715 32.4775
N 51.145361,
3 E 71.494109 | 0.8425 | 2.1701 | 2.3121 | 31.1011 | 12.0149 14.3716 6.1875 31.0002
N 51.143864,
4 E 71.489106 | 0.8764 | 2.8942 | 3.7416 | 34.4975 | 14.3491 13.4972 8.1875 21.9565
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N 51.132936,
5 E 71.456477 | 0.8213 | 2.3802 | 1.9851 | 31.3612 | 14.3341 14.0211 5.9892 29.1078
N 51.129879,
6 E 71.452480 | 0.8288 | 2.3709 | 1.9114 | 29.2944 | 12.9871 16.7467 6.9709 28.8898
N 51.122063,
7 E 71.465574 | 0.8391 | 1.3717 2.467 | 33.4902 | 15.5712 16.264 6.1827 23.8141
N 51.121332,
8 E 71.451997 | 0.8755 | 2.1367 | 2.0719 | 37.7121 | 17.2094 8.1112 6.1667 25.7165
N 51.121918,
9 E 71.480924 | 0.8248 | 1.7194 | 2.1128 | 40.2706 | 12.5402 12.6711 6.1705 23.6906
N 51.118808,
10 E 71479771 | 0.8129 | 1.8527 | 2.4311 | 33.1242 | 17.1648 15.1218 7.5181 21.9744
N 51.154358,
11 E 71.465045 | 0.7512 | 2.8642 | 2.0946 | 25.0842 | 22.5317 15.4072 6.1892 25.0777
N 51.134981,
12 E 71477349 | 0.8413 | 2.1852 | 2.0816 | 32.9713 | 17.8146 14.9329 6.8019 22.3712
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Figure 5. Clay content (%) in the soil of the Almaty district

The clay content in the soil structure from 11 sampling points in the Saryarka district

averaged 42.6%, indicating heavy clay soil. Medium and light clay soil structures were observed
at five points within the district, specifically points 3, 4, 5, 6, and 7. Light clay soil structure was
found at points 8 to 11 (Table 4, Figure 6). Thus, in the Saryarka district, three types of
granulometric soil composition - light clay, medium clay, and heavy clay - were all identified.

Table 4. Granulometric composition (%) of soil in the Saryarka district (2023) (mg/kg)

Coordinates 0.5- 0.25- 0.1- 0.05- 0.01- 0.002- Less than

Ne N, E 1-0.5 0.25 0.1 0.05 0.01 0.002 0.001 0.001
N 51.185664,

1 E 71.405463 | 0.8912 | 1.527 | 1.1134 | 38.2412 | 12.4681 | 13.2811 3.1851 29.2929
N 51.185385,

2 E 71.405608 | 0.7215 | 2.2648 | 1.964 | 23.4802 | 21.5713 | 18.2047 5.8219 25.9716
N 51.185471,

3 E 71.406088 | 0.6134 | 1.8215 | 2.1806 | 42.3719 | 16.4816 | 18.3029 4.0918 14,1363
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N 51.182337,

4 | E71.412008 | 0.8124 | 24917 | 2.631 | 51.4972 | 11.5742 | 19.0826 5.1872 6.7237
N 51.182546,

5 | E71.412972 | 0.6218 | 1.3285 | 2.3849 | 48.2134 | 10.5481 | 15.4219 6.1804 15.301
N 51.182879,

6 | E71.413128 | 0.5008 | 2.6482 | 2.9784 | 51.5403 | 15.6417 | 5.6794 7.8118 13.1994
N 51.188998,

7 | E71.421163 | 0.6781 | 2.1306 | 1.8219 | 46.2781 | 10.492 8.9127 7.6231 22.0635
N 51.188015,

8 | E71.421426 | 0.8215 | 2.0315 | 1.9127 | 34.067 | 10.2415 | 12.1716 6.1875 32.5667
N 51.187327,

9 | E71.421392 | 0.7294 | 1.8942 | 1.7416 | 31.4975 | 15.3491 | 16.4972 6.1875 26.1035
N 51.187618,

10 | E71.448427 | 0.8213 | 1.1892 | 1.1875 | 34.1628 | 12.3749 | 13.2719 3.1852 33.8072
N 51.193255,

11 | E71.442090 | 0.5218 | 2.2791 | 2.2164 | 31.2908 | 10.2846 | 18.2461 6.2719 28.8893
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Figure 6. Clay content (%) in the soil of the Saryarka district

Soil samples were taken from 13 points to determine the granulometric composition of the
soil in the Nura district. The average clay content of the district’s soil was 45.4%, indicating heavy
clay. Out of the 13 studies conducted on the soil in the Nura district, 11 showed a heavy clay
structure.

Table 5. Granulometric composition (%) of soil in the Nura district (2023) (mg/kg)

Coordinates Physical clay content, %
N, E 0.5- 0.25- 0.1- 0.05- 0.01- 0.002- Less than
Ne 1-0.5 0.25 0.1 0.05 0.01 0.002 0.001 0.001
N 51.118287,
1 E 71.426843 | 0.875 | 2.3414 | 2.7191 | 34.2711 | 18.0492 7.121 7.0716 27.5516
N 51.109091,
2 E 71.413948 | 0.7215 | 2.7171 | 2.1821 | 33.1471 | 13.4179 | 14.6749 6.8775 26.2619
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N 51.108296,

3 E 71.419763 | 0.8614 | 2.924 | 2.1476 | 30.9175 | 12.9171 | 12.7942 6.8975 30.5407
N 51.103654,

4 E 71.412174 | 0.8953 | 2.8216 | 2.5146 | 32.1472 | 13.4481 | 12.9711 6.9752 28.2269
N 51.102852,

5 E 71.418495 | 0.8198 | 2.0819 | 2.1814 | 33.2934 | 12.8571 | 17.4167 6.7259 24.6238
N 51.092000,

6 E 71.417887 | 0.7108 | 2.9432 | 2.7814 | 37.5374 | 12.6237 8.941 6.1718 28.2907
N 51.084276,

7 E 71.413921 | 0.7821 | 2.3426 | 2.2579 | 34.7281 | 12.4912 8.978 8.6491 29.771
N 51.076977,

8 E 71.422716 | 0.8548 | 2.9217 | 2.5173 | 33.8267 | 13.4954 | 14.7316 6.1875 25.465
N 51.105531,

9 E 71.452591 | 0.9414 | 3.1927 | 2.196 | 32.4514 | 16.4913 | 15.9172 6.1594 22.6506
N 51.142460,

10 | E71.372600 | 0.8146 | 2.5474 | 2.8761 | 34.6813 | 15.1745 | 17.7134 7.1723 19.0204
N 51.132627,

11 | E71.363884 | 0.9718 | 2.7462 | 2.8445 | 35.6476 | 14.2482 | 12.4576 6.7542 24.3299
N 51.071519,

12 | E71.407713 | 0.8279 | 2.8277 | 2.4143 | 34.4256 | 15.4488 | 17.8467 7.1181 19.0909
N 51.076626,

13 | E71.385169 | 0.9824 | 2.7837 | 2.8437 | 31.0246 | 17.1372 | 14.9172 6.8746 23.4366

60

Figure 7. Clay content (%) in the soil of the Nura district

4. Discussion

The results of the 2023 study on the granulometric composition of soils across Astana city
showed a high clay content in all districts. The soil samples taken from 60 points during the
research confirmed that the majority of the soils have a heavy clay texture.

In the Esil district, the average clay content is 44.9%. The soil in this district predominantly
has a heavy clay structure. Variations from light clay (29.3%) to heavy clay (49.9%) were observed
at individual points within the district, reflecting the influence of microclimate and anthropogenic
factors.
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In the Baykonur district, the average clay content was 45.7%, with the highest recorded
value. Some areas within this district also exhibited a light loam structure, indicating
heterogeneous soil texture likely influenced by various construction, transportation, or industrial
impacts.

The soil in the Almaty district has an average clay content of 45%. Although some points
showed light loam structures, the overall soil texture is dominated by heavy clay.

In the Saryarka district, the average clay content is 42.6%, the lowest among the studied
districts. Nevertheless, this value still classifies the soil as heavy clay. This district exhibited a
diversity of granulometric compositions, including heavy, medium, and light clay textures.

The soil of the Nura district is characterized by an average clay content of 45.4%, also falling
into the heavy clay category. Out of 13 samples taken, 11 showed the same structural
characteristics, indicating uniformity in the soil cover of this district.

Overall, the analysis shows that the granulometric composition of Astana’s soils is relatively
consistent - clay content is high in all districts, with heavy clay texture predominant. These soils
are agronomically favourable due to their good moisture and nutrient retention capacity. However,
heavy clay soils are prone to water erosion, require more complex management, and demand
special care.

The study results also indicate that urbanisation in Astana has significantly affected the soil
structure. Especially in the city centre, urban soils (urbanozems) contain anthropogenic inclusions,
construction debris, and dust sediments. These factors can disrupt the natural soil structure, which
calls for enhanced monitoring and restoration efforts to preserve the ecological condition of the
soils.

The obtained data are consistent with the results found in Berlin, where clayey and heavy
loamy soils prevail, increasing their ability to accumulate pollutants (Lehmann & Stahr, 2007;
Miiller et al., 2021).

5. Conclusion

The majority of the granulometric composition of Astana city’s soil is heavy clay. The
average clay content in the soils of Astana’s districts is as follows: Esil district — 44.9%, Baykonur
district — 45.7%, Almaty district — 45%, Saryarka district — 42.6%, and Nura district — 45.4%.
Across the districts of Astana, the average clay percentage ranges between 42.6% and 45.7%, all
falling within the heavy clay category. The highest clay content was recorded in Baykonur district
(45.7%), while the lowest was in Saryarka district (42.6%). Overall, the granulometric
composition of soils in all districts exhibits similar characteristics.

Clay soils are rich in various nutrients, have high water and air permeability, and are easy to
cultivate. Such soils are suitable for gardening and growing green spaces. The research results
concluded that there is no need to improve the clay soils of this structure, only to maintain their
fertility. However, it is recommended to protect the soil from negative factors that can adversely
affect it. These factors include drought, soil erosion, natural disasters, industrial emissions, exhaust
gases, agricultural chemicals, and other anthropogenic impacts.

This research expands theoretical understanding of urban soil granulometric patterns under
anthropogenic pressure. The findings provide practical implications for urban soil management,
ecological zoning, and city planning. Identifying the dominance of heavy clay soils enables
targeted interventions to enhance green infrastructure, reduce erosion, and mitigate pollution risks
in Astana.
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AcTaHa KaJ1achl TONBIPAFbIHBIH I'PAHYJIOMETPUSIIBIK KYPbLIBIMbI
Typryr Ty3yn Onaii, AManoex 3anabi0aii, Aiigana KelabipoBa

Anpatna. Kama  TomblparblHBIH — JlacTaHy  karjgaiibiHa Oara  Oepylne  TONBIPAKTBIH
IPaHyJIOMETPUSUIIBIK KYPBUIBIMBIH aHBIKTAYIbIH MaHbI3bI ©T€ 30p. ATam aiftap 600JcaK TONBIPaKTa
JacTaymibl 3aTTapAblH Tapaly, Cy OTKI3TIITIN, XUMHSUIBIK peakUUsIapIblH KYpyl MeH
OMONOTUSIIBIK O€ICeHAIrT TONMBIPAKTHIH IPaHyIOMETPHUSIIBIK KYPhIIIbIMbIHA TiKeNeH OaliIaHbICThI.
byn 3eprTey *yMbIchIHIAa ACTaHa Kajlachl TOIBIPAFBIHBIH IPAHYIOMETPUSIBIK (MEXAHUKAJIBIK)
KypaMmbl 3epJelieHIN, opTYpJi OKIMIIUTIK ayJaHnap ayMarblHaH >Kaiurbl caHbl 60 HyKTeleH
TONBIPAK YJTiIEPl albIHABL. 3epTTEY HOTHXKEIepi OONbIHIIA OapIbIK aylaHapaa ayblp ca3JaKkThl
TOTMBIPAK Typi OachlM €KEHI aHBIKTAIAbl. ATam ailTKaHda, TONBIPAK KypaMbIHIAFbl ca3
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dpakusceiHbIH opTama mesmepi Ecin aynansiana — 44,9%, baiikorsipna — 45,7%, Anmateiaa —
45,0%, Capslapkana —42,6%, an Hypa aynaneiana —45,4% Kypaasl. AybIp ca31aKThl TOIBIPAKTAP
BIJIFAJI MEH KOPEKTIK 3aTTap/ibl CaKTay KaOijeTiHiH XKorapbl 00TybIHA OailIaHbICThI KOTaJIAHIBIPY
JKOHE aybUl NIapyallbUIBIFBI MakKcaTTapblHa THIMI1 Oosibln TaObUIanbl. Auaiiga, MyH#aan
TOTIBIPAKTAp APO3USUIBIK MPOLIECTEPre, aHTPOIOTEH/IK JIAaCTaHyFa JKOHE BUIFall TAIIbUIbIFbIHA
ymipipayra Oeitim. COHIBIKTaH Oy TONBIpAaK TypJiepiH THIMAI makjganaHy OapbIChIHA
HKOJIOTHSUIBIK KayINTep/i €CKepill, KOPFaHBIII HIapajlapblH 1CKE achIpy KaXKeTTUIIT1 TybIHIANIbI.
3epTTey HOTHXKeNepl KaJlaHbIH TOMBIPAK PECYPCTApPBIH Oaranayzaa, oJap/ bl SKOJIOTUSIIBIK TYPFbIIA
TYpaKThI Nai1aIany ’KoOHEe MOHUTOPHHT XKYPTIi3y OarbIThIHAA FHUIBIMH HET13 KaJBIITACTHIPAIbI.

Tyiiin ce3mep: TONbIpaK, IPaHYIOMETPUSIIBIK KYpaM, TONBIPAK KYHAPJbUIBIFBI, YpOaHU3alus,
AHTPONOTEHIIK acep.

I'panyinoMerpudeckasi CTPYKTypa MHOYBbI FOPOAa ACTaHbI
Typryrt Ty3yn Onaii, AMantexk 3anapi0ai, Aiinana KeiipipoBa

AnHoTanus. OnpeeneHre rpaHyJIoMeTPUYECKOro COCTaBa MOYBbl UMEET BaKHOE 3HAUYCHUE TIPU
OIICHKE 3arps3HEHUs TOPOJCKOM IMOYBBl. B YacTHOCTH, pacHpOCTpaHEHHE 3arpsI3HAIOIIMX
BEIIIECTB, BOJIOIIPOHHUIIAEMOCTb, TPOTCKAaHNE XUMUYECKHX PEAKIIUi M OMOJIOrHYecKasi akTHBHOCTh
HANPSIMYIO 3aBUCAT OT TPaHYJIOMETPUYECCKOW CTPYKTYpHI MOYBBL. B JaHHOM HCCIEIOBaHUU
M3YYEH TpaHyJIOMETPUYECKHIl (MEXaHMYECKUW) COCTaB MOYB ropoAa ACTaHbI, JJIs 4ero ObLIN
0oTOOpaHbl 00pasmbl MOYBBI B 60 TOYKaX, PACIOJIOKCHHBIX B Pa3HBIX aIMHHHCTPATHBHBIX
paifoHax. Pe3ynbTaThl mMoka3and, 4TO BO BCeX paiioHaX NpeoOIafaroT TSKEIOCYTTTHHUCTHIC
nouBsl. CpeHee cojliepKaHue TIIHMHUCTOW (pakiuu cocTaBwio: B paiione Ecunb - 44,9%, B
baiikonype - 45,7%, B Anmartel - 45,0%, B Capslapke - 42,6%, B Hype - 45,4%. bnaronaps
BBICOKOHM CIIOCOOHOCTH YJEp)KMBaTh BJary W TUTATEIbHBIE BEIIECTBA, TKEIOCYTJIMHHUCTHIC
MOYBHI CYUTAIOTCA OJArONMPUSTHBIMHE JIJIS1 03€JICHEHUS U CENTbCKOX035IICTBEHHOT O UCITOJIb30BaHUS.
OnHaKo Takue MOYBHI MOJIBEPIKCHBI DPO3HUH, aHTPOIIOTEHHOMY 3arpsi3HEHUIO U JIe(UIIUTY BIary.
[ToaToMy mpU MX HCIONB30BAHUHM HEOOXOIMMO YUYHMTHIBATH SKOJOTHYECKUE PUCKU U BHEAPATH
Mepsl 1o 3amuTe. [lomydeHHbIe pe3yabTaThl CIyKaT HAyYHOW OCHOBOM ISl OIIEHKH MTOYBEHHBIX
PECYPCOB TOpoJia, UX SKOJOTHYECKH YCTOMYMBOTO UCTIONB30BAHUS M OPraHU3allMd MOHUTOPHUHTA.

KiroueBble cjioBa: MouBa, IPaHYJIOMETPUUYECKUN COCTaB, IUIOAOPOJIUE TOYBHI, ypOaHU3AIIUS,
AHTPONIOT€HHOE BO3/ICHCTBHUE.
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Abstract: Universities worldwide are addressing intensifying water
scarcity and are consequently adopting innovative, low-carbon strategies
for water resource management. This study provides a global
environmental assessment of low-carbon water management and
recycling on university campuses by synthesizing 27 case studies from 12
countries. Data collected include treatment technologies (biological,
membrane, physicochemical, and hybrid systems), quality indicators
(BOD, TSS, TDS), reuse rates, and economic parameters (capital costs
and payback periods). Descriptive statistics reveal an average campus
recycling rate of 57% (median 33%), with biological processes achieving
up to 95% removal of organic pollutants (BOD) but often requiring
tertiary treatment to reduce dissolved solids (TDS). Capital expenditures
ranged from USD 15 000 to USD 157 000, resulting in payback periods
of 3-6.5 years. The SWOT analysis identified key barriers: including
insufficient TDS removal, regulatory gaps, and social resistance. It also
revealed opportunities such as the growth of ESG financing, awareness-
raising initiatives, and the advancement of autonomous systems. The
findings underscore the critical role of university campuses as living
laboratories for sustainable water strategies, demonstrating that campus-
scale recycling contributes to SDG (Sustainable Development Goals) 6 -
“Clean Water and Sanitation”, but requires standardized life-cycle
assessments and adaptation to local regulatory and climatic contexts.
Furthermore, this research underscores the importance of conducting
robust life-cycle assessments and comprehensive carbon accounting.

Keywords: low-carbon water management, wastewater recycling,
environmental assessment, sustainable water resources, university
campus.

1. Introduction

Pollution of water sources by industrial, agricultural, and domestic
effluents leads to a reduction in the availability of water suitable for use,
thereby exacerbating water stress. These challenges render the
achievement of the Sustainable Development Goals-particularly “Clean
Water and Sanitation”-a priority on the global agenda. Sustainable
management of water resources, aimed at alleviating water stress, forms
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part of the international commitments under the UN 2030 Agenda for Sustainable Development,
where SDG 6 occupies a central position. Studies such as the present review underscore the need to
integrate both water quality and quantity considerations into assessments of resource availability and
environmental sustainability. (Wang et al., 2021).

In this context, university campuses function not only as consumers but also as crucial platforms
for pilot projects and educational initiatives that advance the achievement of SDG 6. Campus-level
implementation and subsequent scaling as exemplars of sustainable water infrastructure may include
modernization of water-supply networks, water-reuse schemes, wastewater treatment facilities, and
“smart” systems for monitoring water consumption. According to Times Higher Education, 867
universities in 96 countries have adopted sustainable water-management practices on their campuses.
In terms of water demand, large university campuses are comparable to medium-sized cities. The
development of so-called “green” campuses combines technical measures (e.g., installation of water-
saving fixtures and system upgrades) with behavioral strategies (e.g., information campaigns and
behavioral interventions), facilitating effective water-use reductions without compromising comfort.
The United Nations emphasizes that universities serve a pivotal role in equipping future generations
to achieve sustainable development and voluntarily commit to embedding the SDGs into their
curricula, research agendas, and administrative practices. SDG 6 seeks not only to ensure access to
water and sanitation but also to cultivate water conservation habits as part of a sustainable lifestyle
(Gherhes & Cernicova-Buca, 2025).

There is a classification of wastewater according to its origin, level of contamination, and
required treatment methods:

Blackwater: wastewater containing organic solids, fecal matter, and pathogenic
microorganisms. Its primary source is toilets, and it may also include water from kitchen sinks (if
food residues enter the drain) or laundry machines (when biologically based detergents are used).
Blackwater is hazardous due to its high pollutant load, including bacteria, viruses, and nutrient
concentrations (nitrogen and phosphorus) (Xu et al., 2023).

Greywater: relatively clean wastewater that does not contain fecal matter. Sources include
washbasins, showers, bathtubs, and laundry machines (provided no organic solids are present);
rainwater runoff is often also classified as greywater (Albalawneh & Chang, 2015). It contains fewer
pathogens, but may contain fats, chemicals (shampoos, detergents), and dirt microparticles (Oteng-
Peprah et al., 2018).

Laboratory effluents often contain chemical reagents, organic solvents, biological materials,
pharmaceuticals, or radioactive substances, which necessitates their classification as a separate
subcategory (Moretti et al., 2024). If wastewater contains hazardous substances (heavy metals, toxins,
pathogens), it is classified as “hazardous industrial waste” and must comply with maximum
permissible concentration (MPC) standards for each specific pollutant.

2. Materials and methods
2.1. Analysis of wastewater recycling practices on university campuses
The empirical basis of the study comprises 27 operational wastewater recirculation systems in
university campuses across 12 countries. For each installation, data were collected on treated
volumes; treatment schemes (wastewater types-greywater, blackwater); applied technologies (e.g.,
UASB, MBBR, SBR, membrane units, etc.); quality of the treated effluent (BOD, suspended solids,
TDS); and economic indicators (capital and operating costs, payback period). These quantitative
metrics were analyzed using descriptive statistics to obtain mean and median values as well as
parameter ranges.
Selection criteria included:
. Availability and sufficiency of published data for each system (technical-economic
characteristics and performance results);
. Diversity of technological solutions (including biological, membrane, physico-
chemical, chemical, and innovative schemes);
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. Broad geographic coverage (accounting for arid climatic and infrastructural
conditions).

The sample encompasses both small, localized installations and large, regional plants, enabling
assessment across various scales and implementation contexts. This combination affords a wide
spectrum of operational conditions and technological profiles.

The focus on Asia, Africa, and Latin America is justified by several factors. In these regions,
water scarcity is particularly acute, and agricultural water use is high (for example, in some South
Asian and African countries, over 80% of freshwater withdrawals serve irrigation), necessitating
water reuse. Moreover, developing countries in these areas have accumulated considerable experience
with cost-effective wastewater recycling solutions, as evidenced by a wealth of publications and
project reports. Finally, these regions offer significant scientific interest due to the challenge of
achieving sustainable development under resource constraints.

Information for each case was drawn from academic publications-including journal articles,
conference proceedings, and technical reports. Searches were conducted in Google Scholar, Scopus,
and ResearchGate using thematic keywords. The analysis encompasses publications from 2000
through 2023. Key search queries included “campus wastewater reuse,” “university reclaimed water,”
“greywater recycling,” and similar terms. Priority was given to peer-reviewed articles offering
detailed descriptions of technical configurations and quantitative performance data. Consequently,
the best available sources with complete case information were included.

For each case, the following uniform set of parameters was collected:

. Wastewater type (mixed or greywater)

. Year of system commissioning

. Treatment scheme (primary, secondary, tertiary treatment, and disinfection)
. Effluent quality metrics (BOD, suspended solids, total dissolved solids)

. Treatment capacity (volume)

. Capital and operating costs

. Water recirculation ratio

To summarize the results quantitatively, mean values, medians, and standard deviations of the
key indicators were calculated. This approach allows characterization of the range and variability of
observed values without introducing additional statistical modeling. Incomplete data were treated by
computing statistics only over the subset of cases for which each parameter was reported.

2.2. Justification of the choice of methods

Descriptive analysis: This method was selected due to the limited volume and heterogeneity of
the dataset, which comprises 27 cases with varied characteristics. This approach appropriately
captures the core statistical metrics (means, medians, standard deviations) without introducing
excessive assumptions. No regression analysis or other advanced models were employed, given the
small number of observations and the lack of comparability between individual systems.

SWOT analysis: a well-established tool for the strategic evaluation of water-use systems. It
enables formalization and comparison of non-financial factors (social, institutional, environmental)
that cannot be addressed through purely quantitative methods.

Classification by technology type: carried out to facilitate comparative analysis. Grouping cases
into categories (biological, membrane, chemical, etc.) makes it easier to detect common patterns and
emerging trends across the sample.

2.3 Current state of water recycling on university campuses

In various regions of the world, university campuses are implementing autonomous and
centralized wastewater treatment and recycling systems adapted to local climatic and infrastructural
conditions. The following is an overview of key examples from Asia, grouped by country and
technology type.

Punjab Engineering College (Chandigarh, India)
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A Moving Bed Biofilm Reactor (MBBR) system was implemented in Chandigarh (Punjab),
achieving 88% BOD removal and meeting the Central Pollution Control Board (CPCB) standards for
reuse in irrigation. Compared to UASB and ASP, MBBR requires 67 times less land and has lower
operational costs, making it economically attractive for university campuses. However, TDS removal
efficiency is only 39-55%, necessitating integration of tertiary treatment stages such as membrane
technologies (Sharma et al., n.d.).

St. John College Campus (Kalmeshwar, India)

Modern biological technologies such as MBBR and Sequencing Batch Reactor (SBR)
demonstrate high levels of organic pollutant removal: MBBR systems achieve up to 88% BOD
removal, while SBR reduces BOD from 225 mg/L to 9 mg/L and COD from 458.7 mg/L to 208 mg/L.
Decentralized Extended Aeration systems are viable for compact campuses, serving up to 1,500
people and providing treated water quality (pH 7.1-7.5, BOD 20-30 mg/L) at minimal operational
cost. However, in all cases, TDS removal remains a challenge, requiring hybrid schemes with
membrane processes (Rangari et al., 2022).

Decentralized Village Station (Randal, India)

For a projected population of 5,150 by 2066, a sewage treatment system was designed with 200
mm pipelines and a flow velocity of 2.5 m/s. The treatment plant includes grit chambers (12 x 1.3
m), cylindrical sedimentation tanks (@ 10.5 m), and aeration chambers, achieving BOD reduction to
20-30 mg/L and an effluent pH of 7.1-7.5. As in many systems, TDS removal is low and requires
tertiary polishing (Shiyekar, 2017).

Sri Balaji Technical Campus (Rajasthan, India)

The wastewater treatment complex at Sri Balaji Technical Campus includes aeration tanks,
clarifiers, and filters, reducing BOD from 100-120 mg/L to 20—-30 mg/L. Elevated fluoride levels
(3.5 mg/L) and electrical conductivity (2,500 uS/cm) were recorded, requiring process adjustments
such as extended settling time, additional disinfection, and reuse of sludge as fertilizer (20-25 kg/day)
(Bhagat Suraj Kumar & Tiyasha, 2013).

Rourkela National Institute of Technology (Odisha, India)

The system consists of aeration tanks (4.5 x 4.5 x 3.7 m?) and a cylindrical clarifier (@ 4 m,
height 5 m), reducing BOD to 1.03-1.3 mg/L (standard <10 mg/L). Treated water (0.423 million
L/day) meets pH (7.8-8.01) and TDS (<600 mg/L) standards. The daily sludge output (72 kg) is dried
and used as fertilizer, while water reuse reduces freshwater demand by 85% (Prof. Kakoli K. Paul et
al., 2012).

Rourke College of Engineering (Rourke, India)

The originally designed STP (1999) was overloaded due to campus population growth. A new
1,100 m?*/day facility was designed, featuring screens, grit chambers, trickling filters, and secondary
clarifiers to meet CPCB standards (Gupta et al., 2017).

Narasaraopeta Engineering College Sustainable Station Model (Chennai, India)

An analysis of the municipal STP in Koyambedu highlighted the need for nutrient polishing.
The proposed Urban Sustainable Sewage Treatment Plant (USSTP) integrated
nitrification/denitrification and phosphorus removal processes, achieving 90% reduction in BOD,
suspended solids, total nitrogen, and phosphorus. Treated water is reused for agricultural irrigation
and meets safety regulations (Vijayan Gurumurthy lyer, 2017).

Industrial and University Cluster (Gorakhpur, India)

In the industrial cluster campus of Gorakhpur (Uttar Pradesh), a combined UASB + facultative
pond system (FPU) of 2.4 MLD capacity treats ~1,368 kg/day CBOD and 4,704 kg/day COD. The
system generates up to 174,729 kWh of biogas annually, saving 1.048 million in operational costs
(Choudhary, A.P. & Pandey, G., 2014).

Local Complex Kohefiza (Bhopal)

Designed for a population increase from 91,190 (2013) to 119,142 (2043) with an average daily
demand of 140 Ipcd, the STP includes an intake well, mechanical screen, grit chamber, aeration tank,
secondary clarifier, and sludge drying beds. Two parallel lines ensure continuous operation and staged
expansion (Rajat Palya, 2018).
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Palasuni Campus (Bhubaneswar, India)

Designed for a capacity of up to 10,000 people, the STP includes mechanical screening, aeration
tanks (598 m?), and circular clarifiers (@ 10 m). BOD removal reaches 93%, but TDS removal remains
low (Shree Samal, 2016).

Dr. T. Thimmaiah Institute of Technology (Karnataka, India)

Designed for a future population of up to 4,750, the treatment plant includes anoxic and aerobic
processing, clarifiers, and sludge filtration, achieving 92% BOD removal. Treated water is reused for
gardening, toilet flushing, and green space irrigation (Ariff et al., 2021).

Shahu Campus of Pune (Pune, India)

A pilot-scale Root Zone Technology system employing wetland plants in ferrocement tanks (3
x 60 L) demonstrated high removal efficiencies for BOD, COD, TDS, and other parameters, while
remaining low-cost and energy-independent (Kalmegh et al., 2019).

Bahauddin Zakaria University (Multan, Pakistan)

At Bahauddin Zakariya University (Multan), a pilot plant consisting of a primary sedimentation
tank, cascade aeration, maize-based biofilters, and an adsorption polishing stage achieved reductions
0f 91% in TSS, 46% in TDS, 88% in BODs, and 87% in COD at an energy consumption of 0.4-0.7
kWh m™3, confirming its robustness under South Asian peri-urban conditions (Kanwar et al., 2019).

Rajshahi University of Engineering & Technology (Rajshahi, Bangladesh)

At Rajshahi University of Engineering & Technology (RUET), horizontal slow sand filtration
through graded layers of sand and gravel yielded decreases of 51% in TSS, 57.4% in TDS, 53.5% in
total solids, and 72.9% in turbidity; pH and electrical conductivity remained within acceptable
irrigation limits (Bari, 2019).

DEWATS, Sleman Regency, Yogyakarta (Yogyakarta, Indonesia)

In Sleman Regency (Yogyakarta), DEWATS units of Type 1 and Type 2-based on anaerobic
baffled reactors (ABR) and anaerobic filters-exhibited varying performance: the Type 2 system
achieved a 73.24% reduction in COD and met Indonesian standards for pH, TSS, TDS, and
pathogenic indicators. Precast ring manholes facilitated safe sludge removal without E. coli leaching
into the subsurface (Saraswati et al., 2021).

Shinas College of Technology (Shinas, Oman)

At Shinas College of Technology, a multistage treatment train-comprising mechanical
screening and grit removal, physico-chemical processes, and biological stages-produces effluent
suitable for campus irrigation and non-potable uses. The water quality meets technical-use criteria,
thereby reducing freshwater demand (Fatema Abdullah Said Al Maawali et al., n.d.).

Adama Science and Technology University (Nazret, Ethiopia)

Adama Science and Technology University’s design for a 3,996 m* d! facility includes coarse
screening, grit chambers, primary sedimentation, biofiltration, tertiary polishing, and sludge
methanation. Treated effluent irrigates the experimental farm, and digested sludge is applied as
fertilizer, reducing both freshwater consumption and enhancing soil fertility (Civil Engineering
Department, Group 13814, 2015).

Bahir Dar University (Bahir Dar, Ethiopia)

A comparative evaluation of UASB, sequencing batch reactor (SBR), and constructed wetland
systems identified a combined anaerobic—biofiltration approach as the most effective and cost-
efficient option for campus-scale deployment (Buat, Y., & Abebe, A., 2021).

These case studies illustrate the diversity of applied treatment technologies, the scalability of
solutions across geographic contexts, and common challenges-particularly the relatively lower
removal efficiency of dissolved solids-relevant to developing sustainable water management systems
on university campuses.

These case studies illustrate the diversity of applied treatment technologies, the scalability of
solutions across geographic contexts, and common challenges-particularly the relatively lower
removal efficiency of dissolved solids-relevant to developing sustainable water management systems
on university campuses.
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University campuses, by combining their research capabilities with the practical imperatives of
infrastructure management, represent a critical proving ground for wastewater recirculation
technologies. According to Ghaitidak and Yadav (2013), approximately 50-80% of domestic sewage
volume is attributable to greywater, making it a highly promising resource for reuse (Ghaitidak &
Yadav, 2013). Treatment and reclamation of greywater can substantially alleviate the burden on
centralized water supply and sewerage systems, particularly under conditions of freshwater scarcity.
The integrated configuration of such systems, including mechanical, biological, membrane, and
disinfection stages, is illustrated in the treatment scheme diagram (Figure 1).

MECHANICAL TREATMENT
SOURCE OF WASTEWATER: Removal of large and suspended solids
-Sanitary and domestic wasewater - Screens (to capture large debris)
-Laboratory wastewater - Grit chamber (to settle sand and small
-Stormwater and drainage water stones)
- Sedimentation tanks (primary
clarifiers)

PHYSISCOHERMICAL

TREATMENT BIOLOGICAL TREATMENT
Removal of fine particles, nutrients, Decomposition of organic matter by
and pathogens microorganisms
- Coagulation and flocculation - Activated sludge reactors
- Filtration (e.g., sand or membrane) - Membrane bioreactors (MBR)
- Disinfection (ozone, chlorination) - Trialling filters (alternative)
- Advanced oxidation (options)

REUSE OF TREATED WATER
- Irrigation (parts, landscapes)
- Industrial reuse (cooling systems)
- Aquifer recharge (groundwater)
- Construction purposes

SLUDGE TREATMENT BIOLOGICAL TREATMENT
- Thickening ‘ Decomposition of organic matter by
- Dewatering (centrifuges, belt presses) R a——— microorganisms
- Drying and incineration - Activated sludge reactors
- Diplocal or reuse (e.g., compost, - Membrane bioreactors (MBR)
biogas production) - Trialling filters (alternative)

Figure 1. Technological scheme of wastewater treatment and recycling at universities

In contemporary university campuses, a wastewater recirculation system comprises an
integrated suite of treatment stages designed not only to purify effluent but also to enable its multiple
reuses. The process typically begins with mechanical primary treatment, which removes coarse
suspended solids and protects downstream units. This is followed by a biological reactor-such as an
upflow anaerobic sludge blanket (UASB), moving-bed biofilm reactor (MBBR), or sequencing batch
reactor (SBR), for the removal of organic pollutants. To further improve water quality and reduce
total dissolved solids (TDS), a tertiary treatment stage employing membrane technologies (e.g.,
reverse osmosis (RO) or pressure-driven submerged filtration (PSF)) is applied. Finally, the permeate
undergoes disinfection-either by chlorination or ultraviolet (UV) irradiation-before being returned to
campus service applications, such as landscape irrigation and toilet flushing. Detailed characteristics
of the studied wastewater recycling systems are summarized in Table 1.
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Table 1. Technical specifications and performance metrics of wastewater recycling systems across
university campuses, includes treatment technologies, disinfection methods, and influent/effluent

water quality parameters

No.

University

Country

Wastewater
source

Treatment
Technology
(Components)

Disinfect
ion
method

Water
Characteristics

STP
“Diggian”,
Mohali

India

Wastewater
from the
sectors of

Chandigarh

MBBR + tertiary
purification

Influent: pH 7.5;
TSS 157.0 mg/L;
TDS 281.3 mg/L;
BOD 186.6 mg/L;
COD 346.6 mg/L;
NHs-N 19.6 mg/L;
PO+~ 18.1 mg/L.
Effluent: pH 8.0;
TSS 33.6 mg/L;
TDS 125.6 mg/L;
BOD 23.3 mg/L;
COD 67.6 mg/L;
NHs-N 21.9 mg/L;
PO+ 2.1 mg/L.

STP Raipur
Kalan

India

Wastewater
from
settlements/co
mplexes

UASB

Influent: pH 7.5;
TSS 139.6 mg/L;
TDS 270.6 mg/L;
BOD 166.3 mg/L;
COD 338.3 mg/L;
NHs-N 25.9 mg/L;
PO+~ 15.3 mg/L.
Effluent: pH 8.2;
TSS 32.3 mg/L;
TDS 163.3 mg/L;
BOD 33.6 mg/L;
COD 148.3 mg/L;
NHs-N 32.4 mg/L;
PO+ 4.8 mg/L.

STP Raipur
Khurd

India

Wastewater
from
towns/village
S

ASP

Influent: pH 7.7;
TSS 182.3 mg/L;
TDS 275.3 mg/L;
BOD 146.6 mg/L;
COD 377.3 mg/L;
NH:-N 27.7 mg/L;
PO+~ 17.5 mg/L.
Effluent: pH 8.3;
TSS 89.6 mg/L;
TDS 146.0 mg/L;
BOD 38.3 mg/L;
COD 83.0 mg/L;
NHs-N 31.8 mg/L;
PO+~ 5.0 mg/L.

Al-Hussein
bin Talal
University
(AHU)
Wastewater
Treatment
Plants

Jordan

Wastewater
from the
university

campus

Influent COD
315.1-365.6 mg/L;
Effluent COD 51.2—

56.0 mg/L.
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5 St. John India College - - Influent BOD
College campus 198.67 mg/L;
Campus wastewater Target effluent
Sewage BOD 20-30 mg/L.
Treatment
Plant
6 Vashi, Navi India Probably Cyclic Activated - Influent pH 6.2-6.9;
Mumbai municipal Sludge (probably) Effluent pH 7.1-7.5.
Sewage runoff
Treatment
Plant
7 Gurgaon India Municipal — - Influent TDS
9 MLD wastewater 497.78 mg/L;
Sewage Effluent TDS 434.0
Treatment mg/L.
Plant
8 Nowshahr Iran Municipal Extended aeration - -
Wastewater wastewater activated sludge
Treatment
Plant
9 Randal India Wastewater Grid; Aerotank; Design average
Village / SGI from Randal Storage well; values pH;
Hostel & Village Sand trap; chlorides; acidity;
College STP (including Settling tank; turbidity; residual
SGI Methane tank chlorine; alkalinity;
dormitory & DO; total solids;
college) BOD; hardness.
10 Sri Balaji India SBTC Storage tank (125 Purified water
Technical campus m?); 2 Aerotanks guality: TSS
Campus wastewater | (35 m?® each) with removal ~50%;
(SBTC) STP (dormitories, aeration; Sump almost complete
academic (with thin-layer nitrate removal;
buildings, modules); Filter other parameters
canteen, tank; Pump (pH, BOD,
workshops) hardness, F,
conductivity) shown
in comparative
graphs
11 National India Domestic Project includes: Influent ranges: pH
Institute of wastewater Collection pit; 7.36-8.76;
Technology, from Bar screen; Turbidity 14-116
Rourkela dormitories Aeration tank NTU; Acidity 1.3~
(Homi (coarse bubble 4.5 mg/L; Alkalinity
Bhabha Hall, aeration); 42-158 mg/L (as
MSS Hall) Primary settling CaCO0:s); Chlorides
and other tank; Secondary 11-113 mg/L,;
campus settling tank; Hardness 23-40
facilities Sludge drying mg/L; Total organic

bed

200-600 mg/L;
BOD measured
1.03-1.3 mg/L;
BOD design 100
mg/L; metals ranges
(Fe, Zn, Cu, Mg, Ni,
Cr, Pb, Ca, Al, Si,
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K). Effluent target:

chlorination tank

TSS <50 mg/L.
12 College of India Wastewater Retrofitting - Influent: pH 7.34—
Engineering from project (2017): 7.50; Alkalinity
Roorkee dormitories, Entrance 172-180 mEqg/L;
(COER) academic chamber; 2 Bar Acidity 256-576
buildings, screens (manual g/L; Hardness 180-
labs, and cleaning); 2 Sand 200 mg/L; Turbidity
residential traps; 2 Primary 142-155 NTU; DO
buildings settling tanks 4.032-6.048 mg/L;
(rectangular); 3 BOD 210-212
Biofilters (drip, mg/L (est. 220
rotating mg/L); COD 400
sprinklers); mg/L.
Secondary
settling tanks;
implied sludge
treatment
13 SHIATS, India - Primary cleaning: - Raw wastewater:
Allahabad intake chamber; pH 6.4; BOD 200
coarse screening; mg/L; COD 600
sedimentation mg/L; oils & fats 50
mg/L; TSS 600
mg/L; nitrogen 61
mg/L; ammonia 50
mg/L; phosphorus 5
mg/L;E. coli
100 000 MPN/mL.
Expected effluent:
BOD <20 mg/L;
COD <250 mg/L;
oils & fats <5 mg/L;
TSS <30 mg/L; N &
P <56 mg/L; E. coli
<1000 MPN/mL.
14 Institute of India - Multi-stage - Influent BOD: ~295
Technical cleaning: bar mg/L; Effluent
Education screen; grit BOD: ~20 mg/L.
and chamber; primary
Research, settling; aeration;
Siksha ‘O’ secondary sludge
Anusandhan & sludge drying
University
15 Dr.T. India Campus Physical, - Influent BOD: 180
Thimmaiah wastewater chemical & mg/L; Effluent
Institute of biological BOD: 13 mg/L;
Technology processes MLSS 3500 mg/L.
(Dr. TTIT)
16 Bahauddin Pakistan Campus Primary sump; | Chlorinat | Influent: pH 5.8—
Zakariya wastewater | cascade aeration; ion 6.2; BOD 128-265
University (Agricultural trickling filter mg/L;COD <0.8
Engineering (corn cobs); mg/L;TSS 430-610
department) | adsorption filter; mg/L. Effluent: pH

6.2-8.3;TSS
removal 91%;TDS
removal 46%;
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BODs removal
88%; COD removal
87%.
17 Smt India Domestic SBR; PSF; ACF; | Chlorinat | Influent: BOD 300—
residential wastewater chlorination ion 350 mg/L; COD
complex, H 350-450 mg/L; TSS
Shailaja 350-450 mg/L.
Effluent: BOD <10
mg/L; COD <100
mg/L; TSS <20
mg/L; E. coli
absent.
18 Rourkela India Domestic Aerobic/anaerobi | Chlorinat | Influent: BOD 320
National wastewater C processes; ion mg/L; TSS 469.5
Institute of sludge systems mg/L. Effluent:
Technology BOD <30 mg/L;
(NIT TSS <30 mg/L.
Rourkela)
19 Shinas Oman Domestic and Physical, — Influent: BOD 18
College of educational chemical & mg/L; COD 30
Technology wastewater biological mg/L; TSS 635
processes mg/L. Effluent:
BOD 6.2 mg/L;
COD 13 mg/L; TSS
560 mg/L.
20 Dayananda India Campus SBR; PSF; ACF | Chlorinat | Influent BOD: 100
Sagar wastewater ion mg/L; Effluent
Institute BOD: <20 mg/L.

21 Jaypee India Campus Physical (bar Chlorinat Influent: BOD
University of wastewater screens, ion <47.6 mg/L; COD
Engineering (academic equalization <47.6 mg/L; TSS

& buildings, tanks); Biological 12.2 mg/L; TDS
Technology dormitories, (aeration); 293 mg/L. Effluent:
(JUET) faculty Chemical BOD <4.1 mg/L;

housing) (chlorination) COD <47.6 mg/L;
TSS <12.2 mg/L.

22 Adama Ethiopia Campus Pretreatment Chlorinat | Influent: pH 6.4;
Science and wastewater (screening, grit ion BOD 200 mgl/L;
Technology (academic chamber, COD 600 mg/L;
University buildings, skimming tank); TSS 450 mg/L.

dormitories, Primary Effluent: pH 5.5
faculty sedimentation; 9.0; BOD <20
housing) Biological mg/L; COD <250
(high-rate mg/L; TSS <30
trickling filter); mg/L.
Tertiary
treatment; Sludge
digestion &
drying beds
23 VGEC India Municipal Activated sludge | Chlorinat Effluent:
(Vishwakarm wastewater (ASP); ion/ insufficient P & N
a mechanical sodium removal; lack of
Government aeration hypochlo disinfection.
Engineering rite
College)
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24 University of Iraq — Septic tank + - Effluent: BODs =
Al-Qadisiyah BIOROCK 8.25 mg/L; COD =
bioreactor; 60.3 mg/L; TSS =
aerobic biological 15.8 mg/L; NH4-N
purification + ~5.4 mg/L; TKN =
filtration; 6.91 mg/L. Meets
ventilation (no Iraqi limits (BOD
chlorine) <20; COD <90; TSS
<60 mg/L).
25 Bahir Dar Ethiopia Campus UASB (upflow | Biologic Influent: pH 6.5;
University, wastewater anaerobic sludge al BODs 465 mg/L;
Gish Abay (domestic, blanket) anaerobi COD 745 mg/L;
Campus institutional) o TDS 1500 mg/L.
purificati Removal
on efficiencies: BOD
70%; COD 65%.
26 Hazrat-e-Ma Iran Grey Bar screen; septic | Chlorinat | Average flow: 1054
soumeh wastewater tank; biofilter ion m?/day. Effluent
University (showers, (plastic media, (design): BOD 20
sinks, sludge mg/L; suspended
laundries, recirculation); solids 18.5 mg/L.
kitchens; sump; Suitable for toilet
grease chlorination flushing, irrigation,
pre-treatment) fire-fighting,
decorative ponds.
27 Federal Brazil Greywater Rainwater — Greywater requires
University of (sinks, collection; faucet purification;
Vigosa drinking aerators; condensate
(UFV) fountains), low-pressure unsuitable for
rainwater, AC flushes; drinking without
condensate greywater sanitization.
recirculation;
condensate
sanitization
3. Results

3.1 Descriptive analysis

An empirical dataset was assembled comprising 27 wastewater-recirculation installations
operating within university and municipal systems across 12 countries. The recorded parameters
include year of commissioning; type of influent (mixed wastewater or greywater); treatment train
configuration; disinfection methods; key effluent-quality metrics (BOD, TSS, TDS); daily treatment
capacity; capital and operating expenditures; and the campus-wide water-recirculation ratio. Data
analysis employed descriptive-statistical techniques (means, medians, standard deviations) alongside
qualitative comparisons stratified by technology category and geographic region.

The installations in the base dataset span commissioning dates from 2000 to 2023. For each
system, we documented the treatment sequence (primary mechanical screening, biological reactors,
membrane-based polishing stages, and disinfection), treatment capacity, effluent quality (BOD, TSS,
TDS), cost metrics, and water-recirculation ratios. Quantitative analysis involved computing central
tendency and dispersion statistics, as well as generating frequency distributions and comparative
charts to elucidate performance differentials among technologies and locations.

The average recirculation coefficient (the ratio of the volume of recycled water to the total
volume of purified water) was 57%.
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Table 2. Percentage of recycling (for the campus)

University STP "Diggian”, Sri Balaji Smt. H University Federal
Mohali Technical Shailaja of Al- University of
Campus Qadisiyah Visosa (UFV)
(SBTC) STP
Recycling rate 33% of the total 100% (all 100% of all | ~100% (all 68.6%
(for the volume of treated | purified water purified purified
campus) water is used for is used for water is water was
irrigation in the off-campus used for used for
city. irrigation) irrigation irrigation)

The median recirculation ratio was 33%, with a substantial spread (¢ = 32.9%). This variability
reflects differences in system scale and operational context: small campus-scale installations can
readily achieve 100% reuse (for example, the Sri Balaji Technical Campus at the University of Al-
Qadisiyah), whereas large municipal treatment plants (e.g., the Diggian STP in Mohali) are limited
by discharge regulations and infrastructural constraints, yielding only about 33% (Table 2). The
prevalence of these challenges across the studied systems is illustrated in Figure 2, showing that
inadequate dissolved solids (TDS) removal is the most common issue.

Low TDS F
Overload |

No 39 Treatment|
High BOD/COD F

Hardness/Pathogens |

0 1 2 3 2 5 6

Frequency
Figure 2. Prevalence of operational challenges in campus wastewater treatment plants based on 27
case studies

The horizontal bar chart demonstrates that the most pervasive challenge at these treatment
facilities is the inadequate removal of total dissolved solids (TDS), followed by elevated levels of
organic contaminants (BOD/COD) in the effluent. Such findings suggest that conventional biological
and mechanical treatment stages frequently demonstrate suboptimal performance in treating ionic and
organic loads, underscoring the need for more advanced membrane modules (e.g., RO), hybrid
reverse-osmosis systems, or enhanced biofiltration units.

Reported capital expenditures ranged from USD 15,000 to approximately USD 157,000 for
RO-membrane and hybrid systems, with a median cost of USD 84,000 and a standard deviation of
roughly USD 139,000. This wide dispersion reflects not only the choice between energy-intensive
membrane technologies and simpler bioreactor setups but also regional variations in equipment and
installation costs.
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Table 3. Treatment capacities and flow characteristics of the analyzed wastewater recycling plants

No. University Volume
1 STP "Diggian™, Mohali Total capacity: 30 MGD (=113,550 m*/day). Recycled volume (for the
city): 10 MGD (=37,850 m*/day).
2 STP Raipur Kalan Total capacity: 5 MGD (18,925 m?/day).
3 STP Raipur Khurd Total capacity: 1.25 MGD (=4,730 m?/day).
4 Gurgaon 9 MLD Sewage Total capacity: 9 MLD (9,000 m3/day).
Treatment Plant
5 Randal Village / SGI Estimated peak flow rate: 0.024 m*/s (=2,073 m*/day). Water
Hostel & College STP consumption rate (project): 135 liters/person/day. Total daily water
consumption (project, incl. losses): =538 m*/day.
6 Sri Balaji Technical Total capacity: 100 KLD (100 m*/day). Aerotanks: 2 x 35 KLD.
Campus (SBTC) STP Volume of reuse: All purified water (=100 m*/day) used for gardening
and agriculture in neighboring areas (25-30 ha).
7 National Institute of Design capacity: Average flow rate: 360 m3/day (0.36 MLD). Peak
Technology, Rourkela flow rate: 45 m*/h. Construction volumes (project): Prefabricated well:
62.8 m®. Aerotanks: 2 units, total volume 150 m? (75 m? each).
Estimated sludge volume: 2.36 m3/day.
8 College of Engineering Retrofitting project: Estimated population: 4,000. Average daily
Roorkee (COER) consumption (Qavg): 360-367 m?/day. Peak flow rate (Qmax): 1,100
m?/day (1.1 MLD). Dimensions: Sand trap: 2 units (1.7x1.7x1.2 m).
Primary settling tanks: 2 units (25%6x3.25 m). Biofilters: 2 units (028
m, depth 2.6 m). Secondary sump: @6 m.
9 SHIATS, Allahabad 3.6 MLD; average consumption 0.042-0.126 m?/s.
10 Institute of Technical 1.147 MLD (estimated average value).
Education and Research
Siksha 'O" Anusandhan
University
11 Dr. T. Thimmaiah 545 m3/day.
Institute of Technology
(Dr. TTIT)
12 Bahauddin Zakariya 100 m*/day.
University
13 Smt. H Shailaja 115 m*/day.
Residential Complex
14 | Dayananda Sagar Institute 918 m*/day.
15 Jaypee University of 700 m*/day.
Engineering &
Technology (JUET)
16 Adama Science and 3,996 m*/day.
Technology University
17 VGEC (Vishwakarma 76 MLD (76,000 m*/day).
Government Engineering
College)
18 University of Al- Primary tank: 2,000 L; secondary tank: 1,500 L; ~0.9 m*/day.
Qadisiyah
19 Bahir Dar University, 798 m*/day.
Gish Abay Campus
20 Hazrat-e-Masoumeh Average consumption: 1,054 m*/day.
University
21 Federal University of Rainwater: 84.15 m*/month; Greywater: 22.35 m*/month; Condensate:
Visosa (UFV) 2.31 m*/month.
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The treated water volume ranged from tens of m*/day to 113,550 m3/day (STP "Diggian"), with
a mean of ~9,500 m*/day and a median of 360 m?/day (Table 3). Aggregated data (Table 1) indicate
average removal efficiencies of 82% (SD=+8.3%, range: 65-97%, n=27) for BOD and 68%
(SD=£9.1%, range: 52-85%, n=27) for TSS, confirming effective biological reactor performance
when coupled with adequate primary mechanical treatment. Figure 3 illustrates the distribution of the
recycling coefficient. The data indicate that small campus installations achieve 100% recycling, while
large systems such as STP Diggian (India) recycle about 33%.

2

Frequency

=

35 70 10
Recirculation Coefficient, %

Figure 3. Distribution of water recirculation ratios across different system scales, campus-level
installations achieved 100% recycling, while large municipal plants averaged 33% due to regulatory
discharge constraints

3.2 Analysis of applied technologies

In the dataset, five principal categories of wastewater-treatment systems were identified:

1. Biological systems (UASB, MBBR, SBR, ASP) account for 64% of all cases. These methods
deliver high organic-matter removal efficiencies (BOD ~ 80—95%) at moderate capital cost.

2. Physico-chemical processes (screening, grit removal, sedimentation) appear in 43% of
instances, typically functioning as the primary treatment stage upstream of biological units.

3. Membrane-based and tertiary treatments (RO, pressure-driven submerged filtration,
activated carbon filtration) represent 18% of cases; they can eliminate up to 80% of dissolved solids
but demand substantial energy input and ongoing maintenance.

4. Chemical disinfection (chlorination, pH neutralization) is employed in 25% of systems,
principally for end-of-line pathogen inactivation.

5. Innovative solutions comprise 11% of the sample. BIOROCK reactors achieve up to 97%
BOD removal without external power, while rainwater and greywater reuse installations can realize
potable-water savings of up to 68.6%.

A comparison of theoretical categories with practical implementation reveals a clear dominance
of biological treatment systems, which constitute the majority of documented cases. Biological
technologies are used in approximately 18 cases, underscoring their efficiency and cost-effectiveness
in organic matter removal. Physico-chemical processes are the second most common, occurring in
about 12 instances, typically serving as preliminary stages. Membrane or tertiary treatments and
chemical disinfection are less frequent, with around 5 and 7 cases, respectively, including due to their
higher operational complexity and energy demands. Innovative approaches are the least represented,
appearing in only 3 cases, which may reflect either their novelty or implementation barriers.
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Figure 4. Adoption frequency of wastewater treatment technologies in university systems

Biological processes (64%) dominated, while membrane/tertiary treatments accounted for
only 18% of implementations

3.3. Comparison of theory and practice

The distribution of treatment technologies by category is presented in Figure 4, revealing that
biological methods are the most commonly employed, followed by physico-chemical approaches. In
contrast, membrane/tertiary and chemical treatments are used less frequently, while innovative
technologies are the least represented, with only three documented cases. Combined treatment trains-
comprising sequential anaerobic and aerobic stages followed by membrane polishing-are regarded as
the most adaptable solution for campus-scale applications, enabling system design to be tailored to
available energy resources and discharge requirements (Albalawneh & Chang, 2015). Ghaitidak and
Yadav (2013) further assert that, for sustainable greywater reuse, a simplified process chain of
anaerobic degradation — aeration — filtration — disinfection is adequate to meet quality targets
(Ghaitidak & Yadav, 2013).

3.4 Assessment of effectiveness and sustainability
3.4.1. Water conservation

The highest reuse ratios (100%) were observed in small, campus-scale systems (e.g., Sri Balaji
Technical Campus and University of Al-Qadisiyah), where all treated effluent is allocated to non-
potable campus demands (landscape irrigation and toilet flushing). In contrast, large-scale plants-
such as the Diggian STP (30 MGD =~ 113 550 m?® d)-achieve only about 33% recirculation due to
regulatory discharge constraints into receiving waters.
3.4.2. Ecological balance

Reverse osmosis (RO) membrane systems, operating at an average daily capacity of 100
m?/day, typically consume around 0.5 kWh/m? of electricity. This corresponds to an annual carbon
dioxide emission of approximately 10 tons of CO2, based on the carbon footprint associated with
energy consumption. These figures are primarily due to the high energy intensity of the filtration
processes, the need to maintain high pressure, and frequent membrane maintenance. In contrast,
biological wastewater treatment technologies, such as trickling filters with active biomass-
implemented, for instance, in Pakistan-demonstrate an energy consumption range of 0.4 to 0.7
kWh/m?. Although energy use may vary depending on local operational conditions and the
composition of the wastewater, biofilters contribute to a lower carbon burden on the environment.
Consequently, they can be regarded as more ecologically sustainable alternatives, particularly in
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contexts where maintaining a balance between treatment efficiency and minimizing anthropogenic

impact on the climate system is essential.

3.5 SWOT Analysis of sustainable water resources management

Based on the analysis of 27 cases from 12 countries, the presented study systematizes the global
experience of implementing wastewater recycling technologies on university campuses. The SWOT
analysis allows a structured assessment of both the internal characteristics of these initiatives
(strengths and weaknesses) and external factors (opportunities and threats) that affect the success and

scalability of such solutions (Table 4).

Table 4. SWOT analysis of sustainable water resource management on university campuses,
synthesizes strengths, weaknesses, opportunities, and threats based on global implementation

experience

STRENGTHS

WEAKNESSES

— High cleaning efficiency: BOD is removed up to 95%
using MBBR, SBR, et al.

— Low efficiency of TDS removal in many
systems; aftertreatment is required
(membranes et al.)

— Technological diversity: availability of both simple
and hybrid solutions for different conditions

— High capital intensity of membrane and
hybrid plants, especially when scaling

— Water saving: campuses reduce freshwater
consumption by up to 85-100% (NIT Rourkela,
AlQadisiyah, Sri Balaji)

— Operational challenges: requires qualified
personnel and regular maintenance

— Pedagogical and demonstration value: student
participation and integration into the learning process
promotes awareness

— Lack of uniform standards and regulations
for the reuse of water, especially greywater

OPPORTUNITIES

THREATS

— Development of innovative and autonomous
technologies: BIOROCK, greywater solutions, solar
and Al-optimized stations

— Regulatory restrictions: lack of regulations
or changes in legislation may stop projects

— Growth of ESG financing, government and
international subsidies for sustainable water use

— Financial instability of universities and
States, especially in developing regions

— Pedagogical campaigns and green initiatives: form a
culture of water conservation, increase engagement

— A Life Cycle Assessment (LCA) and
carbon footprint estimates can lead to an
erroneous assessment of sustainability

— International cooperation and transfer of best
practices

— Technical risks: filter failure, overload at
peak loads, extreme climatic conditions

4. Discussion
4.1 Comparative analysis of successful models

Based on the agreed criteria (recycling, BOD removal, capital expenditures), the following

leaders are identified:

Table 5. Comparative performance analysis of top-performing campus water recycling systems

Cases Technology Recycling Removing Capital cost
BOD (USD)
Sri Balaji Technical ASP + filters 100% 88% -
Campus
University of Al- BIOROCK 100% 97% 9,318
Qadisiyah
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Federal University of Greywater + rainwater 68.6% - 31 000
Visosa

STP «Diggian», Mohali MBBR + RO 33% 88% 76 050
Bahauddin Zakariya The trickling filter - 91% -
University

BIOROCK reactors and hybrid greywater-recirculation systems, as demonstrated in Table 5,
are notably efficient due to their low operation and maintenance costs, autonomous operation, and
capacity to fully reintegrate treated water into campus utility cycles.

4.2 Trend analysis of implementation dynamics (2000-2023)
Despite the incomplete commissioning-date data (available for only 30% of cases), four distinct
phases of technological adoption can be discerned:
e Pre-2010: Predominance of anaerobic UASB and ASP systems (2 installations).
e 2011-2015: Proliferation of SBR and MBBR technologies and the first membrane polishing
stages (6 cases).
e 2016-2020: Adoption of hybrid MBBR + RO configurations and a marked increase in
recirculation ratios above 50% (8 cases).
e 2021-2023: Integration of renewable energy sources (solar photovoltaics) and Al-driven
operational optimization (3 projects).
e This progression reflects an evolution from simple bioreactor installations toward complex
“green” solutions emphasizing energy efficiency and digital process control.

Country Distribution

India

67.8%

‘ Brazil
3.6%

3.6%

Irag
Oman

Pakistan
Jorden

Iran Ethiopia

Figure 5. Geographical distribution of case studies by country

In the dataset, India accounts for 67.8% of cases, reflecting its high degree of urbanization,
robust research programs in water treatment, and government initiatives in freshwater conservation.
This preponderance is also attributable to the ready availability of detailed publications and reports
on Indian projects in academic databases such as Scopus and Web of Science.

Iran and Ethiopia each contribute 7.1% of the sample, underscoring regional interest in
anaerobic reactor technologies under resource-constrained conditions. Cases from Jordan, Pakistan,
Oman, Iraq, and Brazil (each at 3.6%) indicate a more dispersed but genuinely global uptake of grey-
and domestic-water recirculation technologies.
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This geographic distribution highlights the need for further case studies from other regions
(Europe, North America) and for standardized methodologies to assess recirculation efficacy, to
mitigate bias toward countries with higher publication activity (Figure 5).

4.3 Interpretation of the received SWOT analysis points

SWOT analysis indicates that wastewater recirculation in universities exhibits considerable
potential for sustainable water management but demands a comprehensive, systems-level approach.
Principal strengths include the high treatment efficiency of biological and hybrid technologies, the
integration of research and teaching activities, and favorable cost—benefit profiles. Yet,
implementation is hindered by challenges such as residual TDS polishing, regulatory obstacles, and
public skepticism toward recycled water.

Future opportunities encompass the advancement of innovative, energy-efficient treatment
technologies, the expansion of ESG-driven financing, and enhanced international knowledge
exchange. At the same time, threats-namely, institutional inertia, technical failures, and insufficient
stakeholder buy-in-necessitate proactive risk-mitigation strategies.

To achieve large-scale deployment of recirculation systems, it is essential to standardize
regulatory frameworks; invest in life-cycle assessment (LCA) studies; adopt integrated water—
energy-resource nexus models; and maintain continuous engagement with the university community.
In this way, higher-education institutions not only can but must assume a leading role in defining and
promulgating new benchmarks for water sustainability.

5. Conclusion

This study synthesizes evidence from twenty-eight wastewater recirculation systems across
twelve countries, demonstrating that university campuses can function as effective testbeds for low
carbon water management innovations. Biological treatment processes (MBBR / SBR) achieved up
to 95% BOD removal, although total dissolved solids removal remained constrained, from 39% to
55%, indicating the necessity of integrating membrane technologies. Recirculation ratios ranged from
33% in large municipal plants to complete self-sufficiency in campus-scale systems, resulting in
freshwater demand reductions of 85% to 100%. Autonomous configurations such as BIOROCK
delivered exceptional carbon economic performance-achieving 97% BOD removal without external
energy input and payback periods between 3 and 6.5 years-whereas conventional reverse osmosis
imposed an energy penalty (0.5 kWh/m?) and annual emissions of approximately 10 tCOs.

A SWOT analysis underscores regulatory harmonization and ESG-driven financing as critical
enablers for overcoming persistent TDS challenges, institutional inertia, and public skepticism. By
functioning as living laboratories, campuses facilitate the optimization of hybrid treatment trains, the
translation of pilot research into operational practice, and the cultivation of water stewardship cultures
through curricular integration. To advance this transposable paradigm, we recommend the adoption
of standardized life cycle assessment frameworks for quantifying carbon water nexus trade-offs, the
implementation of policy incentives that support circular water energy resource models, and the
undertaking of targeted studies in underrepresented regions, particularly Europe and North America,
to address geographic bias. Collectively, campus-scale recirculation systems exemplify a scalable,
transferable model for enhancing urban water resilience and accelerating progress toward global
water sustainability objectives.
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Axmert Pamazan, Caman CeipabiOekKbisbl, JIsitaum Taiizkanosa, Esrennii Mypases, Epooa
ITanranunen

AHjaaTna. OJeMJieri YHUBEPCUTETTEP Cy TaIIIbUIBIFBI MOCEJICCIHIH KYIICOiHEe Tam OOJBIIT OTHID,
COHJIBIKTAaH CYyJIbI 0aCKapyJblH MHHOBAIMSIIBIK TOMEH KOMIPTEKTI cTpaTerusiapsl enrizimymne. Ocbhl
3eprreyae 12 enneH anbiHFaH 27 TaKbIPBIITHIK 3€PTTEYIH CUHTE31HE HETI3JeNreH YHUBEPCHUTET
KaMITyCTapbIH/Ia TOMEH KOMIPTEKTI Cy Naianany MEeH PeHHUPKYIISIHUSIHBIH jkahaHIbIK SKOJIOTHSUIBIK
Tannaybl YCbIHBUIFaH. JKuHamFaH JepekTeple Ta3apTy TEeXHOJOTUsIapbl (OMOJIOTUAIIBIK,
MeMOpaHabIK, (PU3UKA-XUMISUIBIK KOHE THMOPUATIK XKyienep), cama kepcerkimrepi (BOD, TSS,
TDS), kaiiTa naiinanany KepceTKIITepi XKoHe SIKOHOMUKAIIBIK apaMeTpiep (KapKbUIbIK HIBIFbIHIAD
MEH HWHBECTUIUSHBIH KalWTapbIM Mep3iMi) KaMmTburFaH. CHIIaTTaMalIbIK CTATUCTHKA OOWBIHIIA
KaMITycTapZia CyIbl pelUpKy/slusuiay oprama aeHredi 57% (memuananblk MoHi — 33%), an
OHMOJIOTHSUTBIK IMPOIIECTEP OPTaHUKAIBIK JacTayibiiap sl (BOD) 95%-ra peiiin xosasl, Oipak epirexn
3artap (TDS) memnmiepin azaiiTy yiuiH KeOiHe YIIIHINI PETTIK Ta3auaynabl Tajan erefi. KapKbuibik
merbiHgap 15 000-157 000 AKII nommapsiHa JeiiH aybITKBIN, WHBECTUIIUSHBIH ©31H-031 aKTay
Mep3iMi 3-TeH 6,5 xbiFa aeifinri apanbikTel Kypaabsl. SWOT-tannay — TDS-Ti )KeTKUIIKCI3 ko010,
perTeyneri OJKBUIBIKTAp, OJNEYMETTIK KapChUIBIK JKOHE MYMKiHAIKTEp, atam aitkanga ESG-
KapKbUIAHIBIPYBIH ©CYl, aFapTYIIbUIBIK KbI3MET *OHE aBTOHOMJbI KYHelepai JaMbITy ChIHIBI
HEri3ri KenepruiepAl aHbIKTaapl. HoTwkenep yHHBEPCHUTET KaMITyCTAPBIHBIH TYPAKThl CY
CTpaTerusiaphbl YIIH «Tipi 3epTXaHay pPeTiHET1 MUYl peliH allKbIHAaNlIbl, KaMITyC AeHIeHiHaer1
perupkyssiius 6-mbl TJAM (Typakrsl gamy Makcarrapbl) — «Ta3a cy jkoHe caHuTapus» MakcaTbIHA
KOJ JKeTKi3yre bIKNal eTETiHIH MoNeNAeii, anaifia Oy yIIiH cTaHAapTTalFaH OMIpIIK LUKII
Oaranay/ipl, KEpPrulikTi HOPMaTHUBTIK JKOHE KIMMATTHIK JKaFjaiinapra Oedimaenyai Tamam eTeni.
ConbiMeH Karap, Oyl 3epTrey OMIpIiK UUKIAI CEeHIMIl OaramayAbl >KOHE KeMIpPTeK
IIBIFAPBIHIBUIAPBIH TOJBIK €CEIKE aTy/IbIH MAaHbI3ABUIBIFBIH KOPCETE/I.

Tyiiin ce3aep: TOMEH KOMIPTEKTI Cylbl O0acKapy, aFbIHIIbI CyJap/abl KalTa eHJIEY, SKOJOTHUSIIBIK
Oaranay, TYpaKkThl Cy pecypcTapbl, yHUBEPCUTET KaMITyCHI.

IKOJIOrMYeCKAas OIleHKA HU3KOYTJIEPOAHOI0 BOIONO0Ib30BAHUSA U PEHUPKYJISALNH
B YHMBEPCUTETCKHX FOPOIKAX: IV100aJIbHAS MEPCIEeKTHBA

Axmer Pamaszan, Camaa Ceipabi0ekkbi3bl, JIsitnum Taiiskanosa, Esrennii Mypases, Epooa
ITanraaues

AHHOTaUsI: YHUBEPCUTETHl 1O BCEMY MHUPY CTaJKMBAIOTCA C YCHJIMBaKomieWcs mnpoliemMoin
HEXBAaTKM BOJABI U, CIEAOBATEIIbHO, BHEAPSAIOT WHHOBALMOHHBIE HU3KOYIJIEPOJHBIE CTpaTeruu
yIOpaBieHUS BOJHBIMU pecypcaMd. B [aHHOM HCClEeOBaHUM MPEJICTaBiIeH TIJI00aJbHBIN
SKOJIOTUYECKUM  aHallu3  HHU3KOYIJEPOJHOTO  BOJAOINOJB30BAHMUS U PEUUPKYISLUU  Ha
YHUBEPCUTETCKUX KaMITycaX Ha OCHOBE CHHTE3a 27 TEeMaTHYECKHX HCCIEAOBaHWM W3 12 cTpaH.
CoOpaHHbIe JTaHHBIE OXBATHIBAIOT TEXHOJOTHUU OYUCTKH (OMOIIOTHYECKHE, MEMOpaHHbIe, (PU3UKO-
XUMUYECKHEe W THOpUIHBIE CHCTeMBI), Tokazatenu kadectBa (BOD, TSS, TDS), mokazartenn
MOBTOPHOT'O HCIOJIb30BaHUSI M HSKOHOMHUYECKHE MapaMeTphl (KalUTajdbHbIE 3aTpaTbl U CPOKU
okyrnaeMoctn). OnucarenbHasi CTaATUCTHKA MOKa3bIBAET CPEAHUM YPOBEHb PELUPKYIISAIMN BOJbI Ha
kamiycax B 57% (meauana - 33%), mpu 3TOM OMOJOTHYECKHE MPOLIECChl oOecreunBaroT 10 95%
yaaneHus: opraHudeckux 3arpsizaureneit (BOD), Ho 3adacTyio TpeOyrOT TPETUYHOW OYMCTKHU IS
CHIDKEHHUS cojiepkaHusi pacTBopEHHBIX BemiecTB (TDS). KanurtanbHbeie 3aTpaThl BaApbUPOBAIUCH OT
15 000 mo 157 000 mommapoB CIIA, uto Biekso cpoku okynmaeMoctd ot 3 ao 6,5 roga. SWOT-
aHallM3 BBISIBIII KIIFOUEBbIe Oaphephl: HegocTaTouHoe yaaneHue TDS, mpobensl B peryTupoBaHuu U
COIIMAJIbHOE  CONpOTUBIECHHE. Takke BBIABUI BO3MOXKHOCTH, Takue, Kak pocT ESG-
(HAHCUPOBaHUS, TPOCBETUTENBCKAS JEATEIILHOCTh U Pa3BUTHE aBTOHOMHBIX CHCTEeM. Pe3ynbTaThl
292



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 151(2)

MOMYEPKUBAIOT KPUTHIECKYIO POJIb YHUBEPCUTETCKUX KaMITyCOB KaK «OKHBBIX JabopaTropuit» s
YCTOWYMBBIX BOJHBIX CTpaTerwii, IAEMOHCTPUPYS, YTO PEUUPKYISLIMS Ha YpOBHE KamIlyca
cniocobctByeT nocrrxkenuio L{YP (Llenu ycroitunBoro pasButus) 6 - «Uucras Boa U CAHUTAPUS»,
OJIHAKO TpeOyeT CTaHIapPTU3UPOBAHHBIX OLICHOK XMU3HEHHOTO IMKJIA W aJalnTalud K MECTHBIM
HOPMAaTHBHBIM U KIMMAaTUYECKUM YcIOBUsAM. Kpome TOro, 3To ucCCielIOBaHHUE MOJYEPKUBAET
BaYXHOCTb MPOBEJICHUS HAJEKHBIX OIICHOK >KU3HEHHOTO IIMKJIAa M BCECTOPOHHEro yuyeTa BHIOPOCOB

yriepoja.

KiroueBble ¢j10Ba: HU3KOYTIIEPOAUCTOE YIPABICHNUE BOJHBIMU PECypCaMu, mepepaboTKa CTOYHBIX
BO/JI, 9KOJIOIMYECKasl OLIeHKa, YCTOWYMBBIE BOJHBIE PECYPChI, YHUBEPCUTETCKUI TOPOJIOK.
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AHHOTanusA: B craTeke mnpencTaBieHbl [aHHBIE O pPacHpeieIeHUN
OCHOBHBIX MOHOB U HCCIEIYyEeMbIX I'PYII MHUKPO3JIEMEHTOB B 00pa3lax
BOJbI, OTOOpaHHBIX C 3arpsi3HEHHBIX yuyacTkoB peku Illaran,
pacnoyiokeHHbIX B mpenenax CeMUINaTaTUHCKOTO HCHBITATENbHOTO
noymrona (CHUII), roe paHee oTMedeHBI MOBBIIIEHHBIE KOHIEHTPAIMU
tputns  (°H). OTMeueHBl NpPEBBINIEHHS TIPENETBHO JONMYCTHMBIX
koHueHtpauui (IIJK nns moBepXHOCTHBIX BOJ 2 M 3 KIIAccoB
BOJIONOJIb30BaHUS ) IO O0IIEll MUHEepalInu3aluy, OKa3aTean KeCTKOCTH,
cymme katmonoB Na* + K*, Mg? u ammomos HCOs, CI, SO+ Ha
HCCIIeTyeMbIX ydacTkax BojoToka peku lllaran. Paccmorpena npobiema
(GbopMHUPOBAaHHS MHUKPODJIEMEHTHOIO COCTaBa Ha YYacTKe MpsSMOM
pasrpy3Kd 3arpsi3HEHHBIX TPEIIMHHBIX W MOJAPYCIOBBIX BOJ B
noBepxHOCTHbIE Bo/bI peku Illaran (ydacTtok «2-0i» KM) U Ha YCJIOBHO
0003HAUEHHOM YYacTKE «CTaporo» pycia ¢ BOJONPOSBICHUIMH,
BBIXO/SIIIMMU U3 30HBI HABAJIOB TPyHTa 03epa «AToMHOe». C MOMOIIbI0
AQHAJTUTUYECKOTO METOJla aTOMHO-a0COPOIMOHHONW — CIIEKTPOMETPUHU
UCCIIEIOBAaHO O0IIIee CoJepKaHue XHMHYECKHUX 3JIEMEHTOB B Ipodax
Boabl. bonee 99% cyMMbl Macc BceX XHMMHYECKUX DJIEMEHTOB C
koHneHTpanusamu Beime 0,1 mxr/mv® onpenensiorcs HammumeM 13-TH
AIIEMEHTOB, PaCHpPEEICHHbIX KaK B OCHOBHOM, TaK U «CTapoOM» pYyCIe.
OTHOCUTENBHO CpPEIHUX KOHIIEHTPAUUW B PEUYHBIX BOJAX MHUpa HUX
colepkaHue B OCHOBHOM pycie peku Illaran pacnpeneneHo B
cienyromiem mopsiake: U > Pb > Zn > La > Sr > Mn, Torna kak B
«ctapom» pyciae U > Mn > Fe > Al > La > Zn > Sr > Cu > Ba. B
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KOHTEKCTE T'COXHMHYCCKOU CHGL[I/I(bI/IKI/I paﬁOHa HUCCICA0BAaHUA TaKOE€ pacrnpeaciicHuC MOXKET
YKa3bIBaThb KAaK Ha pas3jinddyvd B HCTOYHHKAX IMOCTYINUICHHA XUMHUYCCKUX DJJICMCHTOB, TaK W Ha
0COOEHHOCTH MUI'palliyi U OCAXKIACHUA B PYCIOBEIX 30HAX.

KiaroueBbie cjioBa: Manas PE€Ka, THAPOXMMHUYCCKHUE IapaMETphl, 3arpsA3HCHHE, XHUMHUYCCKHUEC
3JICMCHTHI, IPOCTPAHCTBCHHOC PaCIPECACICHUC.

1. Beegenue

Peka Illaran sBnseTCS OJHUM W3 OCHOBHBIX TIOBEPXHOCTHBIX BOJHBIX OOBEKTOB Ha
tepputopun CUIL. OHa mpoTekaeT BI0Jb €ro BOCTOYHOW TPaHUIIbI, HMEET MPOTIKEHHOCTh OoJiee
200 xM u sBIsIeTCs JIEBBIM NMPUTOKOM peku Eprtrc. OcHOBHBIM (pakTopoM (HOpMUpPOBaHHS CTOKA
SIBJISICTCS. HAKOIIJICHUE 3aI1acoB BJIard B BHJIC CHE)KHOTO ITOKPOBA B XOJIOAHBIN NIepHo roja. Peunoit
cToK octaercsi ectectBeHHbIM (CarumuranueB u jap., 2018), urpaer BaKHyIO poJib B MECTHOM
HKOCHCTEME M HCIONB3YyeTCs IS Pa3MYHBIX XO3SHCTBEHHBIX HYX A (KpOMe MHUTHEBBIX, H3-3a
BBICOKOT'O COJISCOJICPIKaHHUS ), HECMOTPSI Ha CBOM OIPaHUYCHHBIE BOJTHBIC PECYPCHI.

OnHOM W3 KIIOYEBBIX NPOOJIEM TIOBEPXHOCTHOTO BOJOTOKA OCTAETCS PaJIMOAKTHBHOE
3arpsi3HEHUE BOJ| TEXHOTCHHBIM PAAMOHYKIHIOM 3H, MpEeBBIMAIONMM YCTaHOBICHHBIC YPOBHH B
10-xu pa3. Tak B psige paboT, MOCBSAIIEHHBIX U3YUYEHUIO PAJIMOAKTUBHOTO 3arpsisHenus p. lllaran,
BBISIBJIEHEI 30HBI C IOBBIMIEHHONW akTHBHOCTBIO *H, mocturaromeit or 10 000 mo 200 000 Bx/kr u
6onee. K Takum 30HaM OTHOCSTCS: YYacTOK MPSIMOW pasrpy3KH 3arps3HEHHBIX TPEIIMHHBIX U
MIOJIPYCIOBBIX BOJl B IOBEPXHOCTHBIE BOJABI PEKU (paliloH 2-TO KWJIOMETpA), a TaKXKE Y4acTOK
«CTaporoy pycia ¢ BOAOIMPOSBICHUSIMH, BRIXOAAIIUMHI U3 30HBI HABAJIOB IPYHTA 03epa «ATOMHOEY.
(AiimapxanoB u ap., 2010; Axrae u ap., 2017a; Aidarkhanov et al., 2013a; AiimapxaHoB u mp.,
20136; AiinapxanoB u ap., 2014; Kommes u np., 2014; Cy66otun u ap., 2010; Cy66oTtun u np.,
2013; AxraeB u 1ap., 2021; Komies u ap., 2013; Mambipbacsa u mp., 2017; Akraes u ap., 2017b;
Timonova et al., 2020; Aktayev et al., 2024). Crnenyer OTMETHTb, YTO TaKXe OBbLIH MPOBEICHBI
KOMIUIEKCHBIE ~ PaJMOdKOJIOTHUECKHE HCCIEAOBAHUS, BKIIOYAIONIME W3Y4YEHHE MaKpo- H
MHUKPO3JIEMEHTHOTO COCTaBa OCHOBHBIX KOMIIOHEHTOB »JKocuctembl p. Illaran. Tak, panee
npoBeJeHHbIe uccnenoBanus (AimapxanoB u np., 2010a; AxraeB u ap., 2019, Tamexosa u np.,
2016; Gorlachev et al., 2020; /TrocembaeBa u jp., 2023) 1Mo oIieHKe KadecTBa BOJABI PEKU BBISBUIN
HaIM4Yue 3arps3Hsionmx xumuueckux snemeHToB (Li, Fe, Sr, U), dopmupyrommx xapakTepHbIi
«TCOXUMHUYECKHUH MOPTPET» JAHHOU dKOCUCTeMBI. OJTHAKO MOCTOSHHBI MOHUTOPHHT COJIEPKAHUS
ATUX JJIEMEHTOB HE OCYIIECTBISIETCS, @ UCCIEIOBAHMS XUMUYECKOTO 3arpsi3HEHUs MPOBOAMINCH
JUIIb SMHU30JMYECKH B PaMKaX HAYYHO-UCCIICJIOBATEILCKAX MPOEKTOB, 03 ydeTa MOCTAHOBKH
mpo0JieM Ha 3arpsS3HEHHBIX yUacTKax.

B cBsa3u ¢ mponomKaromencss XO03sMCTBEHHOM NESITeNbHOCThIO Ha monMe p. Illaran u
MOTEHIIUATBHBIMU YKOJIOTUYECKUMHU PUCKaMH, O0YCIOBIEHHBIMUA KIMMATUYECKUMH H3MEHEHHUSIMH,
xapakTepHbsiMu Ut Mansix pek ([Tmatonosa u mp., 2018; Yan et al., 2025; Al-Dabbas et al., 2018;
Xue et al.,, 2016; Xing et al., 2024), BaxxHO NpOBEJICHHWE HOBBIX HCCICIOBaHUN. B ycroBusx
JeUIUTa TPECHOW BOJIBI MPoOJIeMa Ka4ecTBa 3THX BOJHBIX OOBEKTOB HAa apUIAHBIX TEPPUTOPHIX
CTAaHOBUTCS OCOOEHHO akTyanbHOW. WX cocrossHue TpeOyeT TMOCTOSHHOTO MOHHUTOPHHTA,
MPEIOTBPANICHHUS JTATbHEHIIEro 3acOJICHUS W 3arps3HCHHs, a Takke pa3pabOTKH Mep TIo
BOCCTAHOBJICHHIO, YTOOBI MHUHUMHU3HUPOBATH HEOIATONPHUSATHBIC TMOCIEACTBUS U OKpY’KaIoIIeh
cpenn (SIuun, 2003; Xia et al., 2024; Zhou et al., 2025).

Takum oOpa3om, HECMOTPS Ha 3HAUUTEIBHBIC YCIIEXH B PAAMOIKOIOTHUECKUX UCCIIEIOBAHUIX
p. lllaran, 10 cHX MOpP OTCYTCTBYET KOMIUICKCHAs OIEHKA BKJIAJa PAa3IMYHBIX T€OXUMHUYECCKHX
MPOLIECCOB B HAKOILJIEHHE OTIENBbHBIX XUMUYECKUX DJIEMEHTOB B BOJIE U JOHHBIX OTIOXKCHHSIX.
OCc00E€HHO ATO KacaeTcsl YY4aCTKOB MPSMOW Pa3rpy3KHu 3arpsi3HCHHBIX TPEIIMHHBIX U TOIPYCIOBBIX
BOJ B MOBEPXHOCTHBIC BOJBI PEKH (Y4acCTOK «2» KM), a TaK)K€ Ha y4acTKE «CTaporo» pycia c
BOJIOTIPOSIBIICHUSIMH, BBIXOJIAIIMMHU U3 30HBI HABAJIOB TPYHTA 03epa «AToMHOe». Mcxoas u3 3Toro,
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IENBI0 JaHHOW pPa0OThI SIBJISCTCS OICHKA TEKYIIEr0 COCTOSIHUS JIaHHBIX YYacTKOB C YYETOM
aHaJIM3a THIPOXMMHYECKHUX MapaMeTpoB, YTO MO3BOJIUT JaTh OOBEKTUBHYIO XapaKTCPUCTUKY
COBPEMEHHOTO YKOJIOTUYECKOTO COCTOSIHHSI BOJIOTOKA.

JIis MOCTHXKEHHS] JTaHHOW IEIM IOCTABJICHO HECKOJIBKO 3a]a4 — IPOBEJCHUE TMOJEBBIX
uccaenoBanuii (oTOOp WpoO BOJMBI); MpOBEAEHUE JTa00PAaTOPHO-AaHAIIUTHUYECKUX padoT (oOuruit
XUMHUYECKHI aHaIN3 IMOBEPXHOCTHBIX BOJI, OMpEACIICHUE XHMHYECKUX ODJIEMEHTOB B BOJE P.
[llaran); kamepaibHas 00pabOTKa pe3y/ibTaToOB (CTAaTUCTHYECKas 0O0pabOTKa MaccuBa JaHHBIX,
WHTEPIIPETANHS PE3YJIbTATOB MOJICBBIX U J1a00paTOPHBIX UCCIEAOBaHUN ¢ Mcmoib3oBanueM ['MC-
TEXHOJIOTUH, pacdyeT OOIMX XUMUYECKUX TIOKa3aTelel, a TAkKe OMPeeICHUe MUKPOIIEMEHTHOTO
cocTaBa BOJIbBI; TPOBEJCHUE PACUYETOB IO OIICHKE KadecTBa BOJbI p. [llaran Ha OCHOBE BBISIBICHHOTO
COJICPYKAHUS 3arPS3HSIONIUX JIEMEHTOB Ha yYaCTKe MPSMOW pa3rpy3KH 3arpsi3HEHHBIX TPEIIUHHBIX
U TOJPYCIOBBIX BOJ B TIOBEPXHOCTHBIC BOJABI pPEKH (YU4aCTOK 2-TO KM), a TaKKe Ha y4acTKe
«CTaporoy pycia.

2. MarepuaJjbl 1 MeTOAbI

B ocHOBYy paboTBl TMONOXKEHBI PE3yNbTaThl THUAPOTCOXHMMHYECKOTO  ONpPOOOBaHMS,
BBINOJIHEHHOTO B CeHTA0pe 2024 roja 1o MCCIeI0BaTEIbCKUM y4acTKaM OCHOBHOTO U «CTaporo»
pycen p. lllaran. KoopauaatHas mpuBsizka TOUEK 0TOOpa MPoOd OCYIIECTBISIIACH C UCTIOIb30BaHUEM
GPS-naBuraropa Garmin eTrex. IIpoOsl Boasl ObLIM OTOOpaHBI B IpeAeaX BOCTOYHBIX JOJITOT
49.575 ...49. 582 u ceBepHbix wmupoT 79. 023 ...79.050. B paboTre npUMEHSAJIUCH IOJIEBBIE U
nabopaTOPHBIC METO bl UCCIICIOBAHHUS.

Ombop npob 60061

Jlnsi aHanM3a TPOCTPAHCTBEHHOTO PACIPEICICHUS COACPIKAHUS XUMHYCCKHX 3JICMEHTOB,
poObI BOJBI OTOMPATKCh HA YCTAHOBJICHHBIX MCCIICIOBATEIBCKUX YYaCcTKaX OCHOBHOIO pycia (12
3aJI0KEHHBIX TMpoduieii), UHTEpBA MEXIy TOYKaMH oTOOpa cocTaBisul okoio 8-10 m, 4ro
3aBHCEN0 OT 0COOCHHOCTEH OeperoBoro peibeda. B obmieit cnoxkHocTH ObU10 BbIOpaHOo okosio 40
To4eKk st 3abopa mpobd. Ilporecc 3a6opa BOJBI MPOBOAWIICA TO PYCIY PEKH C BEPXHETO CIIOA
BogoToka 0-10 cm. Taxxke ObTM OTOOpaHBl MPOOBI BOJBI CO «CTApOro» pyclia C MecT
BOJIOIIPOSIBIICHHS B KOJIMYECTBE 7 Mpod (pUCYHOK 1).

[Ipo6ooT6Op BOABI AN PaA3IMYHBIX BHJIOB aHalIM3a OCYIIECTBISUICS B COOTBETCTBUM C
YCTaHOBJICHHBIMU CTaHJapTaMu. {15 aHaiIM3a MUKPOKOMIIOHEHTHOTO cocTaBa MpoObl oobemom 50
MJI TIPEJBAPUTEIBHO (GWIBTPOBAIH uepe3 OyMaxkHbiid GuibTp «CHHSS JIGHTa», IMOJKHCISIIN
azotHoi kucinoro OCY (3 mu1 HNO3 Ha 1 1) 1 nomemanu B ruiactukoBble Buasisl Perkin Elmer ¢
HU3KOH COpOLMOHHON crocOOHOCThIO. [l 0OLIeXMMHUECKOro aHaiu3a (ONpeAeseHHe TIIaBHBIX
noHoB Na*+K*, Ca?*, Mg?*, SO4%, CI, HCOg3", ofieif MEUHEpanu3aIuy 1 KeCTKOCTH) OTOHPAIOCh
oTaenbHO 1,5 1 BOJBI, KOTOpasi He TOJIekana KOHCEpBUpPOBaHUIO, cornacHo TpedboBanusim CT PK
I'OCT P 51592-2003. OnpeneneHre HEYCTOWYMBBIX KOMITOHCHTOB BOJIBI, BKJIFOYAs TeMIIEpaTypy,
pH, yaenbHyI0 2IEeKTPUYECKYI0 MPOBOJUMOCTh, a TaKKe KHUCIOTHO-IIETOYHBIE U OKHCIHUTEIHHO-
BOCCTAHOBHTEIIbHBIC XapPaKTEPUCTUKH, TPOBOMIOCH HETOCPEJICTBEHHO HAa MecTe 0TOOpa mpod ¢
MCIOJIb30BaHNEM TOPTATUBHOT'O MyJIbTUIIapaMeTpoBoro aHanuzaropa «Mettler Toledoy.
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Pucynok 1. Yuactku uccnenosanus p. lllaran (a), Touku otd6opa mpob mo ocHOBHOMY pyciy (0) u
MOAPYCIIOBBIX BOJI «CTApoOro» pycia (B) (COCTaBIEHO aBTOPAMH )

JlaGoparopupiii ananu3. VcciemoBaHne MaKpOKOMIIOHEHTHOTO COCTaBa Boj  (oOmias
MUHEpaNu3alus, COoAepkKaHue Cynb(}haToB, THAPOKAPOOHATOB, XJIOPHUJIIOB, KalbIUs, MarHus W
HaTpHs1) BBHIMOJHSJIOCH CTAHIAPTHBIM HA0OPOM METOOB: THApPOKapOOHAThIE U KapOOHATHBIE MOHBI
— METOJoM OOBEMHOTO MPSMOTO TUTPOBAHUS;, MOHBI KANbIMS, MAarHus W OOIIEH >KECTKOCTH —
KOMIUIEKCHOMETPUYECKIM METOJIOM C HHIMKATOPaMH MYpPEKCHIO0M, XpoMoBbIM depHbM ET-00;
cynb(haTbl — BECOBBIM METOAOM; XJOPHABI — OOBEMHBIM apreHTOMETPHYECKUM METO/I0M;
CYMMapHOE€ coJiep>KaHie NOHOB HATPHS M KaJIMsI pAaCCUUTAHO 110 Pa3HOCTU MEX1y CYMMOI aHHOHOB
Y KaTHOHOB B MMOJIb/IM3 3KBUBAJICHTHOH (opme.

CopepxaHre MHUKpPORJIEMEHTOB B COCTaBE€ BOJbI OINPENESUIOCH C HCIOIb30BAaHUEM METOAA
aToMHO-a0copOmmonnoit  criektpomerpuu  (AAC). bein  ucnonp3oBan mpubop  SavantAA
npou3BoacTBa GBC Scientific Equipment, ABctpanus. Jljig mocTpoeHus rpayupOBOYHON KPUBOKH
MCIOJIb30BAIMCh MHOTOYJIEMEHTHBIE CTaHJapTHBIE pacTBOpHL. [Ipu OTKIIOHEHHSIX OT TpeOOBaHUM
BBINOJIHSJIOCh TTOBTOPHOE MOCTPOCHHE TPATyMPOBOYHON KPHBOM C KOPPEKTUPOBKOW MapaMeTpoB
¢dona. M3mepenus wuccieayemMbix npod BeimodHsuMch mo meroauke 'OCT P 57162-2016 (1SO
15586:2003, NEQ).
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BapuaimoHHO-CTaTUCTUUECKHUM,  KOPPEJSILIMOHHBIA  aHAJIM3bl  MOJYYEHHBIX  JAHHBIX
MNPOBOJMIINCH C HCIOJIB30BAaHHMEM METOJOB MAaTEeMaTHYeCKOH OMMUCaTeNbHOW CTATHCTUKU
(mporpammHOe obecnieuenue Statistica 13.0 u Microsoft Excel).

Onenka KadecTBa BOJBI IO THIPOXMMHUYECKHM IIOKa3aTesissM (OCHOBHBIE HOHBI,
MUKpO3JIEMEHTHI U ypoBeHb pH) mpoBeneHa B coorBeTcTBUU ¢ EnnHON cuctemMoii kiaccupukanuu
KauecTBa BOJIbI B BOJHBIX 00bekTax (Enunas cucrema..., 2016).

Jlis MOCTpOeHHs] KapT-CXeM HCIIOIb30BaHbl METOJbl T€OMH()OPMAILMOHHBIX CUCTEM IpPU
obpabotke nmanHbiXx (Kommanusi ESRI mporpamma ArcGIS ¢ JONMOTHUTEIBHBIMH MOJYJISIMH
Geostatistical Analyst u uactpymentamu Xtools (ArcGIS 10.8 for Desktop).

3. Pe3yabTaThl
3.1 Obwexumuueckue noxazamenu 600bl

AHanu3 KaTHOHHO-aHUOHHOT'O COCTaBa MoKasall, 4To B MccielyeMbli nepuo] Bosl p. [llaran
OTHOCATCS. K CyNb(aTHO-XJIOPHIHOMY HaTpUil-KaimbieBoMy THiry. OOpaboTKa W MHTEpIpETanus
IMJIPOXUMUYECKUX JAHHBIX MPOBOJMWJIACH C HCHOJIb30BAHUEM CTaTUCTUYECKUX METOA0B U
OOKCOBBIX auarpamm. Pe3ynbraThl npencTaBiieHbl Ha pucyHKe 2. B mepuon otbopa mpo6 3HadeHus
pH nosepxHoctHeix Box p. llaran Haxomunuch B nuanasone 6,80—7,97, 4To COOTBETCTBYET
YCTaHOBJICHHBIM HOpMaTHUBaM Jis HNUTbeBOW BOJIbI (6,5-8,5). I1o mokazarento oOuiel KeCTKOCTH
(14 MMoOmIB/11) BOJBI PEKH COITOCTABJIEHBI C KATETOPUEH «OUYEHb XKECTKUX)» BO/I.

Uro KacaeTcsl MPEBBIINICHUS JOIMYCTHUMBIX HOPM MO 3HAYECHHUSM COAEP)KaHUS KaTHOHHO-
aHMOHHOI'O COCTaBa, OTMEYAIOTCS BBICOKME KOHIIEHTpalUuu oOOIIeld MUHEepalu3aluud ¢
IIPEBBILICHUEM IPEAEIbHO JTOMYCTUMONW KOHLIEHTpauuu B 1,5 pasa, kecTkocTu (B 2 pasa), CyMMbI
katroHoB Na*+K* (8 1,7 pa3), Mg?* (8 1,4 paza) u aamonos HCO3 (8 2 pa3a), CI" (8 1,6 pa3), SO+
(8 1,3 pa3za), 4yTO B LIEJIOM COOTBETCTBYET OOIIEH TEHAEHIMM T'HIPOXUMHUYECKOro MOPTpETa p.
[TaraH.
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Pucynok 2. bokc-n1uarpaMMa ruipOXUMHAYECKUX MapaMeTpoB mpoO BoAbl p. [llaran mo ocHoBHOMY
pyciy (cocTaBiieHO aBTOpaMu). EQWHMIIEI U3MEpPEHUS BCEX MapaMeTpoB - MT/JI, 3a UCKIIOYCHHEM
KECTKOCTH — MMOJIb/JI, O0IIIasi MUHEpaInu3alus — I/

3.2 Dnemenmuulii cocmas 600bl
Ha ocHOBaHMHM TOTyYE€HHBIX JAHHBIX HA CETOAHSIIHHUK JAeHb ONPEAEICH JICMCHTHBIH COCTaB
BOJibI p. Illaran B OCHOBHOM pycjie Ha y4acTKe pa3rpy3KHd MOA3EMHBIX BOA (Y4acTOK «2-TO» KM), a
TaKke B CTapoM pycie (tabmuma 1).

Tabauua 1. Coxeprxanue 31eMeHTOB B 00pa3iax BoAsl p. [llaran Ha nccne0BaTeNbCKUX ydacTKax
10 OCHOBHOMY PycIy (Y4acTOK «2-T0» KM) M «CTapoMy» pyCIy, MKI/IT

OcHoBHOE pycJio, N=36 Crapoe pycio, n=7 T106anbH

18171 Ilpeneabno
= cpeaHui JA0IyCTHMAS
z MoKa3aTes] | KOHUEHTPAI
Z | Min! | Max? X+SEM 3 c? Min Max X+SEM c b us (Equnas
A (Gailardet | cucrema...,

u 11p., 2016)

2011)
Na | 7400 | 8970 8500+60 380 | <10,0 | <10,0 <10,0 <10,0 - 2000
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Al | 240 | 420 33,0+0,7 4,4 63,5 | 3450 630+470 1200 32 500

K | 47200 | 54800 | 52300+250 | 1500 | 36600 | 80200 | 55400+5100 | 14000 -

Ca | 9380 | 44400 | 1390042100 | 10300 | 14900 | 17200 | 16100+370 820 -

Mn | 93 290 52,0£7,3 46 120 | 7800 1800+900 2700 34 100

Fe | 13,2 120 38,0+4,0 20 200 | 3700 1540+470 1200 66 300
Cu 0,9 2,2 1,50+0,07 04 15 7,9 4,7+43,2 4,5 1,48 1000
Zn 0,8 37,5 12,2+1,6 9,0 0,5 15,1 6,3+2,0 6,5 0,60 5000
Sr 250 310 27043 18 350 500 440+21 58 60 7000
Ba | 22,0 | 288 24,0+0,3 1,8 24,5 58 38,5+4,8 13 23 100
La 04 2,2 0,9240,10 0,5 1,0 3,2 2,3+0,5 11 0,120

Pb 3,7 9,1 6,2+0,8 1,8 <0,1 | <0,1 <0,1 <0,1 0,079 30

50 (WHO,

u 49 130 83,0+3,0 18 114 | 1360 400+190 480 0,372 2017)

IMin — MmuauMansHOE COJIepXKaHUE; ’Max — MaKCHMaJIbHOE COJIepKaHUE; SX+SEM — CpEeIHEee U eTo
CTaHJApTHAs OMMOKa; 4 6 — cTaHMapTHOE OTKIIOHEHME.

[IpoBeeHo cpaBHEHHUE CONEP)KAHHH HIIEMEHTOB 10 OCHOBHOMY PYCIYy C KOHIIGHTpAalMei B
«CTapoM» pycie, a TaKkkKe ¢ cofepaHhueM B peuHbIX Boaax mupa (Gailardet u ap., 2011). Ananus
MIPEJICTaBIICHHBIX JaHHBIX CBUACTEIBCTBYET O TOM, UYTO COJEp)KaHHE OOJBIIMHCTBA MCCIETyEeMBIX
XUMHAYECKHX 3JEMEHTOB B Mpo0ax BOJbI, OTOOPAHHBIX M3 OCHOBHOTO UM «CTaporo» pycel,
MIPEBBIIIACT UX CPEJHME 3HAYCHUS, XapaKTEepHbIC Ui PEUHBIX BOJ MHpa. B wacTHOCTH, 3HaYeHUS
MIPEBBIIICHHS] KOHIICHTPAIIMKA AJIEMEHTOB B OCHOBHOM pyclie cocTaBisitor ot 1,5 mo 200 pa3 mo
CPaBHEHHMIO C WX CPEJHHMH 3HAUYCHUSMH B BOJaxX pek mupa. Ha OCHOBE MOSyYEHHBIX 3HAUCHUMA
KJIapKa KOHIICHTPAIUH copMHupOBaH CIICAYIOIIHIA TrCOXMMUYECKUN psi: -
U200>Pb7g>Zn20>Laz 5>Sr4s>Mnys, s 3HaYCHHN COACP)KAHHS DJIEMCHTOB «CTaporo» pycia —
U1100>Mnso>Al, Fe, Lao>Zn10>Sr7>Cus>Bai 7.

Kak BUIHO W3 mpeACTaBIEHHBIX MaHHBIX, KOHIEHTPALUU OOJBIIMHCTBA HCCIEIYEMBIX
JJIEMEHTOB B BOJAX «CTaporo» pycia MPEeBBIIIAIOT HX COJAEpKAaHWE B OCHOBHOM pycie. B
gacTHOCTH, A5 Fe, Mn u Al npeBsillieHHe JOCTUTAET MOPsAKa JECITUKPATHBIX 3HAaUeHuM, 1uist U -
B S5 pa3, Cumu La-B3 u 25 paza cOOTBETCTBEHHO, a Juisi Sr U Ba - B 2 pa3za. IIpu onenke
MPUTOJHOCTH BOJbI CAHUTAPHBIM HOPMaM MOBEPXHOCTHBIX BOJ 2 U 3 KJIacCOB BOJOIOJb30BaHMS,
KOTOpBIE TPHUTOJHBI JUIS WCIIOJB30BAaHHUS B IEISIX XO3SHCTBEHHO-TIMTHEBOTO BOIOCHAOKEHUS
(Enunas cucrema..., 2016) mis U B COOTBETCTBHU ¢ PEKOMEHIALUSIMU BceMUpHON OpraHu3aiim
sapaBooxpanenuss (WHO, 2017) mo OCHOBHOMY pYCIly YCTaHOBIICHBI MPEBBIIICHUS 3HAYCHHS
nomyctumoro yposas st U (B 2 pasa), Torza kak 1o «crapomy» pycay st Al (8 1,3 pasa), Mn (8
18 paz), Fe (8 5 pa3) u U (B 8 pag).

Taxke aHanM3 pe3yabTaTOB IOKa3al, YTO s BceX IMpoduield OCHOBHOIO pycla
CTaTUCTHYECKH 3HAYMUMBIC TIOJOXXKHTEIBHO BBICOKHE KOX(PPUIMEHTHI KOPPEISIUN  MEXIy
paccUMTaHHBIMU M W3MEPEHHBIMU OCPEIHEHHBIMH 3HAYEHUSMU KOHIIEHTpPAIlMi YCTAaHOBIEHBI s
Ba-Sr (r=0,81), Fe-Mn (r=0,78), K-La (r=0,71), mo «crapomy» pycny mas Al-Zn (r=0,76), Ca-Sr
(r=0,89), uTO cBUAETENBCTBYET 00 WX €AMHOM HCTOYHUKE MTOCTYIUICHUS.

4. O0cy:xneHue
4.1. Obwexumuueckue nokazamenu 800bl

B uccnenosanusix AilinapxanoBa (AigapxaHoB u ap., 2010a) 3a 2008-2009 rr., BnepBble
MIOCBSAIICHHOM OIIEHKE COJIEPKaHWUsS MaKpOo- W MHKPOKOMITOHEHTOB B Bojax p. lllaran, Opum
OlpeJieNieHbl  KaTHOHHO-aHHMOHHBIM  COCTaB, YpPOBEHb MHHEpalu3allil U  KOHIIEHTpalus
MUKpOdJIeMeHTOB.  [lomydeHHBIE  pe3yibTaThl  MMOKa3aJd, 4YTO HAa TPOTSDKEHHUH  BCETO
o0clieIoBaHHOTO ydacTka (7 KM Mo pycily, HauuHas ¢ 1,5 KM OT «ATOMHOTrO 03epay), BKIOYas
30HBI PAa3rPy3KH TOJ3EMHBIX BOJ (Y4acTKM Ha 2-M M 5-M KM), BOJBI PEKH O0JaNal0T KpaiiHe
BBICOKUM COJIeco/iepKaHieM. 3HadeHus oOuieil MuHepanu3aunu BapbupoBaimuck ot 10 mo 30 r/m,
4YTO COOTBETCTBYET THITy COJIEHBIX BOA. Kpome Toro, ObUIO YCTaHOBIJIEHO, YTO KOHLEHTpalHu
OCHOBHBIX MAaKPOKOMIIOHEHTOB H3MEHSIOTCS MPONOPIMOHAIBHO oO0mmeld MmuHepanuzanuu. [lo
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KaTHOHHO-aHUOHHOMY COCTaBY BOJIbI OTHOCSITCS K XJIOPHAHO-CYJIb(PAaTHOMY HATPUEBO-MArHUEBOMY
TUITY, IPU 3TOM OTMEUEHBI OBBIILICHHBIE KOHIIEHTPAIIM HOHOB MarHus.

B Gosiee mo3nHem ucciieoBanuu TalekoBol COBMECTHO ¢ ApyrumMu aBtopamu (TarmiexoBa u
ap., 2016) ObUM BBISIBIEHBI BRICOKHE cofiepxkanus katnoHoB Ca*", Mg?" u cymmsl Na*+K*, a Taxke
aanoHoB Cl™ m SO4*", mpeBbIIAOIIME MPEACIHHO JOMYCTUMBIE KOHIIEHTpauu. Ha ocHOBe 3THX
TaHHBIX BOJEI p. lllaran ObUTM OTHECEHBI K KATETOPUU C BBICOKUM YPOBHEM 3arpsi3HCHUS.

ConocTaBisisi PEACTaBICHHBIE PE3YJbTAThl C MPEAbIIYIIMMU JAHHBIMH, MOXHO OTMETHUTH
CHIDKEHHE 0o0mieid MuHepanu3auuu Boasl p. laran o 2,0 r/n. [Ipu 3TOM BaXHO YYHMTHIBATh, YTO
poObl ObUTH 0TOOpaHBI B MEXKEHHBIN MepHoJl (OCEHbIO), TOT/Ia KaK BbIIIEyKa3aHHBIMH aBTOPAMHU —
[IPEUMYILECTBEHHO B JIETHUN CE30H.

Bricokass K€CTKOCTh M ypOBEHb MHUHEPAIM3ALMU YKa3bIBAlOT HA YCUJIEHHBIE IPOLIECCHI
BBIIIIETIAYMBAHUS TTOPOJ B 30HE BojocOopa. [loydeHHbIe TaHHBIC TOMYEPKUBAIOT HEOOXOAMMOCTh
JaNbHEHIIEr0 MOHUTOPUHIA THUIPOXMMUYECKOTO COCTOSHMS PEKHU IS BBISIBICHUSA JAUHAMUKU
M3MEHEHUs KaueCTBA BOJIbI M OLICHKHU CTETICHU BIIMSHUS 3arps3HAIOMIUX BEIIECTB.

JlaHHBIII pEeruoH XapakTepHu3yeTcs apuIHbBIM KIMMAaTOM C pPE3KUMH Iepenajamu
TEeMIIepaTypbl KaK MEXIy CE30HAMH, TaK U B T€UeHUE CyTOK. KiimMaTtuueckue ycioBusi, 0COOCHHO
CPEIHEer0/10Basi TEMIEpaTypa, OKa3bIBAIOT 3HAYMTEIBHOE BJIMSHUE HAa XUMUYECKUU COCTaB BOJ
MaJbIX peK. Beicokue Temmeparypsl ClocOOCTBYIOT MHTEHCHBHOMY HCHAPEHHIO, YTO MPUBOAUT K
KaMWUBSIPHOMY ToIbeMy 00Jiee MUHEPaTU30BaHHBIX MTOUYBEHHBIX U IPYHTOBBIX BOJ] K TOBEPXHOCTH,
MOBBIIIAs KOHLEHTPALUIO COJIEH B peuHOM BoAe. KpoMe Toro, yCKOpsitoTCs MPOLECCHl XUMHUUYECKOTO
BBIBETPUBAHMS TOPHBIX MOPOJ, COIMPOBOKIAOLINECS BEIHOCOM PACTBOPUMBIX COJIEM - OCHOBHOTO
HMCTOYHHMKA MOCTYIJICHUSI XUMUYECKUX IJIEMEHTOB B IIOBEPXHOCTHBIEC BOJIBI.

B pesynbrare 3THX MpOLECCOB B MEKEHHBIN NEPUOJ OCHOBHBIMU MOHHBIMU KOMIIOHEHTAMH
Bozb! p. 1llaran, Kak ¥ MO JAHHBIM MPEAbIAYIINX HCCIIeI0BaHMH, sBusoTces cymma Nat+K*, Mg?*,
HCOs, CI, SO+4. Drto mnoarBepkaaeT BIWSHHE AapUIHOTO KIUMara W CIOXKHUBIIUXCS
METEOPOJIOTUYECKUX YCIOBUH Ha OPMUPOBAHUE XUMUYECKOTO COCTaBa peyHbIX BoJ. [IpeBblieHue
JOTTYCTUMBIX HOPM JIaHHBIX THAPOXMMHYECKUX TOKa3zaTesel TpeOyeT MOCTOSHHOTO MOHHUTOPWHTA
3a UX COJIEPKAHUEM B COCTABE BOJbI UCCIEAYEMbBIX YUACTKOB.

4.2 Dnemenmuwiii cocmae 6006l

Bricokoe cojiepkaHUE HCCICIYyeMBIX TPYIIT 3JIEMEHTOB OTHOCHUTEIBHO WX CpPEIHETO
COJICp)KaHUSI B PEYHBIX BOJAX MHpPa MOXET OBITh CBS3aHO C NPUPOIHBIMH IPOLECCAMU
BBIIIC/IAYMBAHNS MHUHEPAIOB, a TaK)Ke MPOIECCaMU COPOLMKM W KOAryJsIUH, PEryIupyeMbie
OpPraHUYECKUM BEIIECTBOM U TMJIPOXUMUYCCKUMHU YCIOBUSAMU Cpeibl. J{si yTOYHEHUsT MEXaHU3MOB
WX MUTpAllMd M HAKOIUICHHS HEOOXOJWM JIOTOJIHUTCIbHBIA aHajdu3 JOHHBIX OTJIOKECHHH U
OpPTraHUYeCKOTO BEIIECTBA.

CylecTBeHHOE pas3iiuvre KOHIIEHTPAIMA JJICMEHTOB B cocTaBe 0OpasloB BOJBI JIBYX
HCCIIETYEMBIX PYCEN MOXKET ObITh 00YCIIOBICHO HEOJHOPOIHOCTBIO UX JIUTOJIOTUYECKOTO CTPOCHUS
pycia u OeperoB. OpmHOW U3 XapakTEPHBIX OCOOCHHOCTEHW «CTaporo» pyciia SBISIOTCS
€CTECTBEHHBIC YYACTKU BOJIONPOSBJICHUS C MOAMUTKOW TPYHTOBBIMH BOJAMH, YTO CIIOCOOCTBYET
WHTEHCHBHOMY TMOCTYIIJICHHIO 3JIEMEHTOB M3 OKPY)KAIOIIMX T€OJOTHYECKUX MOpo. OTHOCHUTEIHHO
BBICOKHE KOHIICHTPAIlMM JIAaHHBIX XHUMHYECKHX JJIEMEHTOB OOYCJIOBJICHBI, MPEKIEC BCErO,
[TIOCTOSIHHBIM  BBIIEIAYABAHUEM MX W3 JIMTOJIOTMYECKOM OCHOBBI, a TaK)Ke BO3MOXXHBIMH
nporeccaMi CopOIMM M JIeCOPOIMM B 30HE KOHTAKTa MOBEPXHOCTHBIX M TPYHTOBBIX BOJI.
JIONIOJTHUTEIBPHOE BIUSHHE MOTYT OKa3bIBaTh MPOIECCHl OKHCIUTEIHHO-BOCCTAHOBUTEIILHOTO
XapakTepa, THUIIMYHBIC [UIS 3aMEJICHHOTO BOJOOOMEHA, CIOCOOCTBYIOIIHME TMEPEeXOoay psna
XUMHYECKHUX 3JIEMECHTOB B PACTBOPEHHOE COCTOsSIHHE. Takke pa3Has BOJIOIMPOHHIIAEMOCTh OeperoB
BIMSICT Ha TMOCTYIUICHHE MOJI3EMHBIX BOJ C Pa3JIMYHBIM XUMHYECKHMM COCTABOM, 4YTO TaKKe
OIpeieIIAeT H3MEHYMBOCTD COJICPIKAHUS JIEMEHTOB B PEYHOH BOJIC.

B paHee npoBeIEeHHBIX UCCICIOBAHHUIX CPEIU OCHOBHBIX DJIEMCHTOB-3arpsi3HUTENCH BOX P.
[Mlaran 06U 0603uauensr — Li, Fe, Sr, U (Tamekosa u ap., 2016; Gorlachev u ap., 2020). dius
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COIOCTABJICHUS JaHHBIX B HACTOSILEM HCCIEAOBAHUU ObUIM OOCIIENOBaHBI COACPKAHUS ITUX U
JIPYTUX DJIEMEHTOB B COCTaBe OOpPA3IOB BOJbI, OTOOPAaHHBIX HAa YYacTKE TMPSIMON pasrpy3Ku
3arpsiI3HEHHBIX TPEUIMHHBIX M MOJIPYCIOBBIX BOJ B MOBEpXHOCTHbIE BOJbI p. Illaran (ydactok «2-
ro» KM), a TaKXe C Y4acTKOB BOJOIPOSIBIICHUS «CTApOro» pyciia. YCTAaHOBICHO MPEBBIIICHHUE
snavenuid [TJIK mis Al, Mn, Fe u U B coctaBe HCClieyeMbIX BOJ, YTO YAaCTUYHO COOTBETCTBYET
panee mpoBeacHHbIM uccienoBaHusM (TamexkoBa u ap., 2016; [rocembaeBa u ap., 2023) wu
0TOOpaXkaeT XapaKTePHbIA «r€OXUMUYECKUI MOPTPET» JAHHON YKOCUCTEMBI.

Criemyer OTMETHUTh, YTO B paHee MpoBeACHHBIX uccienaoBanusx (TamrekoBa u ap., 2016)
cpenHee conepkanne U B OCHOBHOM pyciie COCTaBisiio 21 MKI/i, a MakCHMaibHOE 3HA4eHUE,
3aukcupoBaHHOE Ha OTMETKEe 12 KM OT «ATOMHOrO» o3epa, nocrurano 50 mkr/m. CoriacHo
naHHbIM apyroro aBropa (Gorlachev u ap., 2020), Ha ormeTke 14 kM 3aduKCHpOBaHA HICHTUYHAS
MakcuMaiabHas KoHueHTpanus (40 MKr/m), 4To CBHIETENBCTBYET O HAJIMYUU TTOCTOSTHHOTO
MCTOYHUKA MOCTYIICHUSI JAHHOTO IPUPOJIHOTO PAIHMOAKTUBHOTO AJIEMEHTA.

B pamkax HACTOSIIETO HWCCJICNOBAaHUS BBISABICHBI 3HAYUTEIBHO 0oOJiee  BBICOKHE
KoHIeHTpauuu U 1o cpaBHEHHMIO C paHee OMyOJMKOBAaHHBIMU JaHHBIMU. Tak, €ro cpenHee
COJIEp’)KaHUE B OCHOBHOM PYyCJIe Ha y4acTKe «2-TO» KM COCTaBWIIO 83 MKI/J, a B «CTapOM» pyclie —
400 MKr/a. DTU ydacTKHM XapaKTepuU3YIOTCs TMOBBIINIEHHON KOHIEHTpanueil U, uTo memaer ux
00BbEeKTaMH 0CcO0Or0 HaydyHOro wuHTepeca. JlaHHBI NPUPOIHBIN PaTUOAKTUBHBIA DJIEMEHT
OTHOCHUTCS K 1-My KJIacCy OMacHOCTH, IOATOMY MOHUTOPHUHT €ro COJIep:KaHus B JaHHBIX pailoHax
JIOJKEH HOCUTh CHCTEMATHUYECKHil XapaKTep HapsIy ¢ KOHTPOJIEM YPOBHS PaHOaKTHBHOTO °H.

5. 3ak/r04eHue

AHanu3 pe3yabTaToB JAaHHOTO MCCIIEOBAHUS MOKA3bIBACT CHUKEHHUE O0LIel MUHepalu3aluu
Bozbl p. laran o 2,0 r/1, uto B mepByro odepeab 00ycClaBIMBaeTCsl ce30HOM oTOopa npob. Ilo
MOHHOMY cocTaBy Bofbl p. Illaran cooTHeceHbl K Cylb()aTHO-XJIOPUIHOMY HATPHUH-KaJIbLUEBOMY
TUIy BOJA B uccieayembslit nepuos. ITo mokazaremto obmieit sxectkoctu (14 MMOb/11) BOJBI peKu
COIMOCTABJIEHbl C KaTeropued «O4YeHb IKECTKUX» BOJ. BbICOKas KECTKOCTb U YpOBEHb
MUHEpaJIN3alUHU YKa3bIBalOT HA YCHJIEHHBIE MPOLIECCH BBIIIETaunBaHUs TOPOJI B 30HE BOj1ocOopa.

Bbbut0 BBISIBIEHO, UTO coAepKaHUE OOJIBIIMHCTBA MCCIEAYEMBIX XMMHYECKHX JJIEMEHTOB B
po6ax BOJAbI, OTOOPAHHBIX M3 OCHOBHOTO M «CTApOro» pyce, MPEBbIIIAaeT UX CpeJHHe 3HAYEeHU,
XapakTepHbIe U PEYHBIX BOJ MHpa. B dYacTHOCTH, 3HAYEHUWS NPEBBIIICHHUS KOHICHTPAIUU
3JIEMEHTOB B OCHOBHOM pycie cocTaBistoT oT 1,5 mo 200 pa3 mo CpaBHEHMIO C MX CPEAHUMHU
3HaYEHUSIMU B BoJax pek Mupa. Ha ocHOBe MONy4eHHBIX 3HAUEHUH KJIapKa KOHIEHTpaluu
chopmupoBan cnenyromuit reoxumuueckuit psg: — Uz00>Pb7g>Znzo>Lazs>Sras>Mnis, s
3HAQUEHWH  COJEPXKAHUS  OJJIEMEHTOB  «craporo»  pyciaa - Uii0>Mnso>Al, Fe,
Lazo>Zn10>Sr7>Cusz>Bay 7.

YCTaHOBNIEHO, YTO KOHLIEHTpAallMU OOJBIIMHCTBA MCCIAEAYEMBIX DSJIEMEHTOB B BOJAX
«CTaporoy pycia MPEeBBIIIAI0T UX COAEp)KaHUEe B OCHOBHOM pycie. B wactHoctu, st Fe, Mn u Al
MPEBBIIICHUE TOCTUTAET MOPSAJKA JAECATUKPATHBIX 3HaYeHu, st U - B S pa3, Cuum La-B3 u 2,5
pas3a COOTBETCTBEHHO, a JuIst St 1 Ba - B 2 pasa.

BrusiBiieHo Beicokoe coxaepkanue U ¢ mpeBbllIeHHEM AomycTUMoro ypoBHs (50 mkr/m) B 2
pa3a mo ocHoBHOMY pyciy, a takke Al, Mn, Fe u U mo «crapomy» pyciy ¢ IpeBBIIICHUEM
normyctumoro ypoBHs B 1,3; 18; 5,0 u 8 pa3 cooTBeTCTBEHHO.

YcraHoBiieHbl BBICOKHE KO3()(UIIMEHTHI KOppensuu Mo oCHOBHOMY pyciy st Ba-Sr, Fe-
Mn, K-La, o «ctapomy» pyciy mist Al-Zn, Ca-Sr.
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Cemelt mnosmronbiHgarbl  Illaran  e3eHiHiIH  JacTaHFaH  y4acKeJIepiHiH
THAPOXMMHUSIIBIK KOPCEeTKIilTepi

Apaii Temup:xanosa, Kanar baiirasunos, Hypian Myxamenusipos, Mener Akraes, Kacbim
Hyckaes, [lInnapa Typraaunesa, Hazupa bepik6o., ApaitabiMm AHyapOexkoBa

Angarna. Makanana Cemeli ceiHak nonuronbiably (CCII) merinae opHanackaH, OYphIH TPUTHHIIH
(*H) orapbl morelpaanysl Oenrinenren lllaran e3eHiHiH JlacTaHFaH ydacKelepiHEH albIHFaH Cy
ChIHAMAJIAPBIH/IA HETI3r1 HMOHJApP MEH 3epTTENICTIH XUMHSUIBIK MHUKPOIJIEMEHTTEPIIH Tapalybl
TypaJsl JepeKTep YCBHIHBUIFAH. 3epTTeleTiHn  ydackemepae Na*+K*  kupmTeK, Mg
karnongapeiaei, HCOs3, CI, S04 AHUOHJAPBIHBIH, JKaJIIbl MHUHEPAIIAHYbIH, KaTTHUIBIK
KOPCeTKIIITEpiHIH IIeKTi pykcar eriuireH morblpnanynan (IIIPK) sxep ycri cymapblHBIH Cy
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nangananyaeiH 2 skoHe 3 chiHbInTapbiHa OekiTinren IHIPK aprysr 6aiikanapl. [llaran e3eHiHiH xKep
ycTi cynapbiHa («2-1Ii» KM ydackeci) >KoHe «ATOM» KeIiHIH TOIbIpaK YHiHIUIep aliMarblHaH
IIBIFATBIH CYy KepiHicTepi 0ap WMIapTThl Typjae OeNriieHreH «ecKi» apHa aiiMarblHIa JIACTaHFaH
KapBIKTap MEH apHa acThl CYJApbIHBIH TIKEIEH ary aiiMarblHJa MHKPOAJIEMEHT KYpPaMbBIHBIH
KaJIbIIITaCy MOceleci KapacThIPbULABI. AHAIMTUKAIBIK aTOMIBIK-a0COPOIUSIIBIK CIIEKTPOMETPHUS
ONIiCiH KOJAaHA OTBIPHIN, Cy YATUIEPIHACTI XUMHUSUIIBIK 3JI€MEHTTEP/IH KaJIbl MOJIIIEPITIK KYpaMmbl
seprrengi. Konnentpamuscer 0,1 MKr/mqM3-1eH skoFapsl GapiablK XUMHSIIBIK SIeMEHTTED MacCalaphl
KOCBIHJILICBIHBIH 99%-1aH actamsbl [llaran e3eHIHIH 3€pTTENETiH HETi3r apHACHI MEH MAPTTHI TYPAC
OCIITIJICHTeH «ECKi» apHachlHAa TapaiFaH 13 »ajemMeHTTiH OOJybIMEH aHbIKTanaziel. JlyHue
KY3IHAETI ©3€H CylIapbIHAAFbl OpTalla KOHIEHTpalusIapra KaTbicThl onapiabiH lllaran e3eHiHiH
HETi3rl apHAacBhIHIAFBl MeJjmiepi keneci permed Oemineni: U>Pb>Zn>La>Sr>Mn, am «ecki»
apHajarel cy chiHamanapeinga U>Mn>Fe>Al>La>Zn>Sr>Cu>Ba reoXuMusuIbIK peT OelriJicHTeH.
3epTTeNeTiH ayMaKThIH T'€OXMMMSUIBIK €pEeKIIeNiri KOHTEKCIHJE MYHJAal Tapaly 3JIeMEHTTEPMEH
KaMTaMachl3 €Ty KO3JepiHJeri ailbIpMaIlbUIBIKTaApIbl 1, apHA alMaKTapbIHAAFbl COJI XUMUSIIBIK
AJIIEMEHTTEP MOJIIEPiHIH MUTPALIMs MEH IIOTY epEKIIETIKTEPiH & KOPCETyl MYMKIiH.

Tyiiin ce3mep: 1IarblH ©3CH; THMAPOXMMUSIIBIK KOPCETKIIITED; JIACTAHY; XUMUSUIBIK JIEMEHTTED;
KCHICTIKTE Tapaiy

Hydrochemical parameters of contaminated sections of the Shagan River within
the Semipalatinsk test site

Aray Temirzhanova, Janat Baigazinov, Nurlan Mukhamediyarov, Medet Aktaev, Kassym
Duskayev, Dinara Turgaliyeva, Nazira Berikbol, Araylym Anuarbekova

Abstract: The article presents data on major ions and trace elements in waters of contaminated
Shagan River areas at the Semipalatinsk Test Site, previously noted for elevated *H levels.
Exceedances of maximum permissible concentrations for surface waters of classes 2 and 3 in terms
of total mineralization, hardness, Na*K*, Mg?* cations, HCOs~, Cl, SO+>~ anions were recorded at
the investigated sites. The study addresses microelement composition formation at two key points:
direct discharge zones of contaminated fracture and under-channel waters into the river (site "2nd
km™), the "old" channel, influenced by seepage from soil piles near the "Atomic" lake. Elemental
content was analyzed via atomic absorption spectrometry. Over 99% of the total mass of elements
(>0.1 pg/dm?) is accounted for by 13 elements present in both the main and "old" channels. Relative
to global river water averages, the elemental composition in the main channel follows: U > Pb > Zn
> La > Sr > Mn; in the "old" channel: U > Mn > Fe > Al > La > Zn > Sr > Cu > Ba. In the context
of the area's geochemical specificity, these distributions reflect differences in element input sources
and migration or deposition features in distinct channel zones.

Keywords: small river; hydrochemical parameters; pollution; chemical elements; spatial
distribution
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Abstract: The article presents a scientific and spatial approach to the
conservation of rare species in the North Kazakhstan region. The study is
aimed at systematizing data on rare and endangered species of flora and
fauna in the region, as well as a comprehensive analysis of anthropogenic
and natural threats affecting their numbers and range. In the course of the
work, a review of literary sources, regulatory documents, and existing
conservation initiatives was conducted, which made it possible to identify
species identified as priorities for conservation. An interactive database
has been developed containing information on the biological
characteristics of species, their conservation status, species distribution in
the region, main threat factors, and conservation measures. Particular
attention is paid to data visualization: users can view a map of the habitat
and distribution of species in the region and track changes in distribution
patterns. The examples include the White-tailed eagle, Pine marten and
Lilium martagon, which are endangered. To assess the spatial distribution
of species, the methods of geoinformation analysis and comparative
research were used, which made it possible to clarify the distribution
boundaries of the studied species. The results of the study have high
practical significance: they can be used in the development of regional
environmental protection strategies, zoning of protected natural areas, as
well as in educational activities. The interactive database is a tool for
monitoring biodiversity and making informed decisions in the field of
environmental protection at the regional level.

Keywords: rare and endangered species, North Kazakhstan region,
database, Internet resource, biodiversity, White-tailed Eagle, Pine marten,
Lilium martagon, overview map.

1. Introduction

Increasing anthropogenic pressures combined with changing
climatic conditions are shaping a new ecological reality in which more
and more species of native fauna are threatened by unsustainable
development and climate change. This in turn has serious implications for
food chain dynamics and biogeochemical processes in the environment
and requires increased attention from the scientific community (Naderian
et al., 2024). In this regard, active work is underway to compile the [UCN
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Red List (https://www.iucnredlist.org/) and Red Books of various countries, aimed at monitoring the
state of populations, developing conservation measures, educating the public, and attracting public
attention to biodiversity issues. The key factors that have a negative impact on wildlife remain the
destruction and transformation of natural ecosystems, illegal removal from the natural environment,
commercial exploitation, the impact of natural disasters and climate change, as well as the
consequences of armed conflicts (Shydlovsky et al., 2023).

The North Kazakhstan region (NKR) is a unique ecosystem complex characterized by a high
diversity of natural landscapes, including steppe landscapes, forests, and lake ecosystems (Dmitriyev
et al., 2024; Dmitriyev et al., 2023a; Nazarova et al., 2019).

The region is characterized by a high level of biological diversity, acting as a habitat for a
significant number of species of flora and fauna, which creates favorable conditions for the study of
ecosystem diversity and ecological relationships (Dmitriyev et al., 2023).

In recent decades, significant changes in natural landscapes have been observed in the Oblast
due to the intensification of agricultural activities, climatic changes, and a number of other
environmental factors (Pashkov & Vilkov, 2017). These changes contribute to the reduction of some
species, the extinction of others, as well as the emergence of new, more ecologically plastic species
that successfully adapt in the region as a result of the expansion of their geographical range (Gashev
et al., 2018). In this case, biodiversity conservation involves maintaining the stability and integrity of
historically established ecosystems that ensure the existence of various groups of living organisms,
including rare and endangered species. On this basis, there was a need to analyze and systematize
data on biological species of the study region (Zhilenko et al., 2021). However, existing methods
often involve the need for extensive manually collected training data and also require expert
knowledge of different environmental conditions. This limits their use in regions where data are
scarce and in situations where rapid mapping and regular monitoring are required (Zhou Tao et al.,
2025).

The creation of databases is one of the promising aspects used in modern research of different
scientific fields and has direct utility for validating modeling and forecasts (Sorensen et al., 2024).
Databases in the form of Internet resources are already freely available, for example, GBIF, Biodat
(GBIF) (https://gis-lab.info/qa/gbif-intro.html), (Biodat) (https://biodat.ru/db/vid/index.htm).
Software is used to create databases, including for posting as an Internet resource (Observation.org)
(https://observation.org), (iNaturalist) (https://www.inaturalist.org/observations). In the current
conditions of digitalization of environmental research, such resources become not just data
repositories, but complex platforms that provide prompt access to relevant information and
integration with various analytical tools. The development of these technologies contributes not only
to improving the efficiency of scientific research but also to creating a more accurate and informative
basis for decision-making in the field of nature conservation.

Geographic information systems (GIS) and remote sensing technologies significantly expand
the possibilities of research and monitoring of ecological processes, both at the local and global levels
(Hambardzumyan, 2024). GIS-technologies allow not only to determine the habitats of rare species,
but also to analyze the spatial relationships between various environmental parameters. This is
especially important for identifying areas with increased risk of species extinction and forecasting
changes in their populations. The possibility of combining cartographic data with other parameters,
such as climatic factors, the level of anthropogenic pressure, and historical trends in habitat change,
will significantly expand the analytical capabilities of databases and Internet resources (Lukashik &
Alekseev, 2024; Pekishev & Kovalenko, 2025).

Modern surveying, mapping, and geoinformation technologies are actively used to study natural
resources, ecological conditions, and distribution within regions, which in turn provides visualization
of the spatial distribution of rare species, making research results more visible and accessible to both
specialists and the general public (Gui et al., 2019). In addition, such resources can include
mechanisms for updating data in real time, which increases their relevance and value for biodiversity
monitoring. In the future, further development of databases and Internet resources integrated with
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GIS will make it possible to create more accurate predictive models, take into account the dynamics
of change and develop effective strategies for the conservation of ecosystems and individual species.

The study aimed to create a specialized Internet resource based on the prepared database,
designed to systematize information on rare and endangered species of flora and fauna of the region.
Creating a database of the studied species offers a cost-effective way to assess the biodiversity of
individual territories, making it an important tool in conservation activities. The data of the prepared
resource are focused on the accounting of rare and endangered species, which allows timely
identification of changes, as well as the development of measures to conserve biodiversity (Zmihorski
et al., 2012). The Internet resource based on the database combines information on the biological
characteristics of species, their current state, threats, and necessary measures for their conservation.
The interactive format of the database will provide access to up-to-date scientific information for
specialists, researchers and ecologists, as well as become an important tool for monitoring and
coordination of conservation measures.

The creation of an interactive database for monitoring endangered species of animals and plants
in the North Kazakhstan region represents an important step in the conservation of the region's
biodiversity. Perhaps, it will provide a comprehensive analysis of population changes and allow
timely identification of potential threats (Ravkin et al., 2024). The obtained results have both
theoretical and practical significance. The research results can be applied in conservation activities,
as well as in the educational process (Korchagina, 2023; Nikolaeva & Dubinina, 2022). Regular
monitoring studies and real-time updating of the Internet resource data will improve the reliability
and relevance of information necessary for sustainable development.

2. Materials and methods

A collection of materials was carried out within the framework of the analysis of available
literary and scientific sources containing information about rare and endangered species of flora and
fauna of the North Kazakhstan region. As the main sources were used data presented in the Red Book
of the Republic of Kazakhstan, publications of scientific journals, methodological manuals of
scientists dealing with the problem of biodiversity and conservation of biological species (The Red
Data Book of the Republic Kazakstan; The Red Book of the Republic of Kazakhstan «plants»; Vilkov
& Zuban, 2013; Yavorskaya, 2008; Nekrasov et al., 2007).

The methodological basis of the study includes systematization and comparative analysis of
available data in order to identify the main factors affecting the state of populations of rare and
endangered species. Retrospective analysis of statistical data and scientific materials was used to
identify the status and dynamics of species. When processing information, special attention was paid
to «Category», the residence status of mammal and bird species, ecological and anthropogenic threats
that can harm the conservation of species. The data components that are part of the database are shown
in Figure 1. By «Category» in this study, we mean the status of a species within our region, reflecting
its degree of vulnerability and need for protection. The residency status of mammals and birds reflects
the nature of their presence within our area and is presented as part of the database in Figure 2. The
following categories of stay status are distinguished: sedentary species that inhabit the area all year
round; nesting species that breed here during the warm season; migratory species that occur during
seasonal migrations; stray species that appear sporadically outside their normal range; nomadic
species that make irregular movements in search of food; and wintering species that remain in the
area during the cold season. Species whose residency status in the study area is unclear have been
identified. Such species include, for example, the European Mink, Mustela lutreola. There is a
hypothesis of displacement of this species by the American Mink, Neogale vison, introduced into the
region for economic purposes. Having been released from the artificial habitat, the American Mink
successfully acclimatized to the natural environment, spreading throughout the water bodies of the
region. With its competitive advantages, it may have contributed to the decline of the European Mink
species. Fragmentation or lack of comprehensive studies on many of the studied species is noted.

Based on this, an attempt was made to classify the study species based on the results of available
studies. The classification included the following categories: endangered, rare, and a few species of
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plants and animals in our area. Thus, by rare species we mean species with very species of low
population density, occurring only in some places. At the same time, species of low population density
are highlighted as species with small numbers, occasionally occurring in a biotope. Also included in
the proposed categories were species listed in the Red Book of the Republic of Kazakhstan that occur
in the territory of the North Kazakhstan region. Their status reflects the degree of threat to their
existence at the national level, but in our study, they are considered by taking into account their
distribution within the region.

The most relevant data available in the [IUCN and the Red Book of Kazakhstan (The Red Data
Book of the Republic of Kazakhstan), (IUCN) (https://www.iucnredlist.org/) were taken to assess the
status of the species under study in the region. In addition, general materials and information on
species diversity for the region were used, including data for the period since 2007 (Nekrasov et al.,
2007) and data from scattered studies (Berezovikov & Erokhov, 2000; Zuban & Vilkov, 2012; Vilkov
& Zuban, 2012) and others. Although full application of the IUCN Red List Criteria (A-E) was not
feasible due to the limited availability of quantitative field data (such as exact population size, rate of
decline, or degree of fragmentation), the general framework of these criteria was considered during
the classification process. The IUCN criteria include objective measures such as population
abundance, geographic range, and observed population trends, which serve as a foundation for
standardized conservation assessment. Incorporating these principles enhances the objectivity,
consistency, and reproducibility of the species categorization used in this study.
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Figure 1. Screenshot of the Internet resource of the developed database

To create the Internet resource the WIX website builder was used, which is based on the
database with content management components. The peculiarity of this constructor is the creation of
Internet resources in Russian, in the future it is planned to create an Internet resource in English. This
allowed to systematize and display information about rare and endangered species of flora and fauna
of the North Kazakhstan region (Figure 2).
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Figure 2. Screenshot of the internet resource of the developed database

The method of geoinformation analysis was used to identify the locations of rare and
endangered species. The cartographic method was used to visualize the obtained data, ranges, meeting
places, etc. (Sarychev et al., 2015). Overview maps of the distribution of the studied species of flora
and fauna of the region were prepared using GIS technologies. The final results of the prepared
overview maps were entered into the database (Badalova et al., 2024), designed to monitor the status
of rare and endangered species of the North Kazakhstan region. The database, presented as an Internet
resource, will make it possible to obtain changes as a result of monitoring studies, as well as using it
for planning measures for the protection and restoration of biological species and sustainable
development of the study area.

3. Results

Currently, 258 species of plants, mammals, and birds are registered in the region, which are
rare, scarce, or endangered, and this indicator is constantly changing under the influence of natural
and anthropogenic factors. According to the results of the analysis of the obtained data, it was revealed
that 212 species of the study region are listed in the [UCN. In the course of the study, information on
the status of these species was collected. Thus, 30 species of mammals and birds were identified out
of the total number of registered rare, minor, and endangered species. Their species are included in
the database section: «Species of animals from RBRK on the territory of the North Kazakhstan region
(mammals and birds)». 24 species of plants are included in the section: «Species of plants from RBRK
on the territory of the North Kazakhstan region». In addition, 105 species of mammals and birds are
categorized as rare and few within our region and are included in the corresponding section of the
database. Of this number, 57 species were categorized as rare and 48 species were categorized as few
in number. Ninety-nine plant species were categorized as rare and low-abundance. This number
includes 50 plant species that we categorized as few in number, 38 plant species were categorized as
rare, and 11 plant species are endangered on the territory of our region. The researched species are
entered into the created database of the Internet resource.

3.1 Content of the Internet resource structure
3.1.1 Example structure of the online resource based on three endangered species

As an example of the content of the Internet resource structure, 3 endangered species are
presented in this paper: White-tailed Eagle Haliaeetus albicilla, Pine marten Martes martes and
Lilium martagon Lilium martagon. These species were chosen for several reasons. First, the species
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under study are endangered and listed in the Red Book of the Republic of Kazakhstan, which
emphasizes their importance for the study and conservation measures. The White-tailed Eagle is one
of two species of eagles in the fauna of Kazakhstan, and its numbers are declining due to habitat loss
and pollution of aquatic ecosystems. The pine marten is facing population declines due to forest
ecosystem degradation and hunting. The Lilium martagon is threatened with extinction due to climate
change and anthropogenic impacts on natural habitats. Second, the selected species fulfill key
functions in the ecosystems in which they live. The white-tailed eagle, being a top predator, regulates
the number of other animals, which helps to maintain ecological balance. The Pine marten plays an
important role in maintaining the health of forest ecosystems as it regulates rodent numbers and feeds
on carrion, making it a forest sanitizer. The Lilium martagon is a plant that attracts many pollinators,
which helps to maintain and increase biodiversity. Third, the study of these species provides unique
opportunities to investigate ecological processes and develop effective conservation strategies. The
analysis of their behavior, adaptation and interaction with the environment allows for a deeper
understanding of ecosystem functioning, as well as the identification of optimal conservation
measures for rare and endangered species (Meredov et al., 2024).

Thus, the selection of the above-mentioned species is conditioned by their ecological
significance, vulnerability to anthropogenic and natural factors, as well as the need to develop
effective measures for their conservation. Consideration of these species in the context of the study
allows not only to identify key threats to the biodiversity of the region, but also to emphasize the
implementation of a strategy for the conservation of rare and endangered species.

In order to understand the status and role of species in ecosystems, it is important to
characterize each of the selected study sites in detail, based on the proposed database structure. This
will help to systematize the data and provide an integrated approach to the study of species in the
region. For example, some bird species have positive dynamics of abundance, while the majority of
species. But despite the protective measures taken, the condition of populations continues to
deteriorate. This is due to the combined impact of both natural and anthropogenic factors (Sandakova
et al., 2024). A unique biological species found on the territory of the region is the White-tailed Eagle.
This is one of the most vulnerable representatives of the fauna of the region, information about which
is presented in the structure of the prepared database, which formed the basis of the created Internet
resource.

3.1.2 White-tailed eagle: an example of how the species is represented in an Internet resource

White-tailed eagle - Haliaeetus albicilla

Division: Accipitriformes / Accipitriformes

Family: Accipitridae / Accipitridae

Genus: Haliaeetus / Haliaeetus

Category of species: Rare. Listed in the Red Data Book of the Republic of Kazakhstan - III
category: rare. Listed in the [UCN List - LC (increasing)

Species occurrence status: Nesting, migratory and partially wintering species.

Species description: One of the largest birds of prey, reaching 70-90 cm in length with a
wingspan of 200-230 cm and a mass of 4-7 kg. A distinctive feature is the short, wedge-shaped tail.
Adults have brown plumage, while the head and neck are distinguished by a light yellow hue. The
white tail contrasts with the rest of the coloration, and the powerful, light yellow beak emphasizes the
predatory appearance of the bird. The iris of the eyes is also light-colored. Unlike the Golden Eagle
Agquila chrysaetos, the feet of the White-tailed Eagle are uncovered with feathers up to the toes. Young
birds are darker, with brown plumage and a dark gray beak. During the molting process, which lasts
up to five years, they gradually acquire an adult appearance. Females are noticeably larger than males.
In flight, the eagle keeps its wings almost straight, which distinguishes it from many other raptors
(Birds of Europe) (https://www.ebirds.ru/vid/90.htm).

Peculiarities of biology: reproduction. Eagles favor nesting near large bodies of water,
choosing tall trees or sturdy shrubs, and avoiding anthropogenic disturbance. Pairs persist for life,
often returning to the same nests or using 2-3 nests alternately. A nest 1-1.5 m (up to 2 m) in diameter
and 0.5-1 m (sometimes more than 2 m) high is built from branches and lined with soft materials. It
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is placed at a height of 4-22 m, less often on bushes, rocks or abandoned buildings. Before nesting,
the pair performs complex mating maneuvers. The clutch contains 1-3 eggs and incubation lasts 37-
40 days. The female incubates eggs longer than the male during incubation. During this time, the
male brings prey. Eagles are sensitive to human presence and may leave the nest. Chicks begin to fly
by the 10th week (Ryabitsev, 2008).

Nutrition. The diet is based on fish, preferably dead fish and carrion, and less frequently on
weakened birds and small mammals. Prey is scouted from the air or roosts, sometimes taken from
small predators, gulls and crows (Ryabitsev, 2008).

Distribution and abundance in NKR: widespread in the North Kazakhstan region during
migration and summer migrations, occurring throughout the region. A small number of wintering
individuals were noted. Nesting sites are concentrated mainly in the northern and north-western part
of the region, affecting the territories of state wildlife sanctuaries, part of the State National Nature
Park «Kokshetau» and adjacent forest areas, including mixed forests suitable for breeding, and on the
territories of aquatic ecosystems. Winter sightings were recorded in Zhambyl district, Shal akyn
district, Esilsky district in the territory of the State Institution for the Protection and Reproduction of
Wildlife «Krasny Bor» and Smirnovsky State Nature Reserve, as well as in Kyzylzhar district. This
can be seen in the overview map presented in Figure 3. Thus, 5 nests were found and surveyed in
Zhambyl district in the period from 2008 to 2013, and nesting is also known in Mamlyutsky, Esilsky,
M. Zhumabayeva districts. According to our estimates, 15 to 20 pairs nest in the region. During the
fall migration, the number of White-tailed eagles increases. Thus, from September 27 to October 16,
2011, 49 individuals were recorded in 10 districts of the region, including 35 young and 14 adults.
The highest concentrations were recorded on September 27 at Balykty lake (Akkaiyn district, 10
individuals) and on October 4 at Sarykol lake (Esilsky district, 7 individuals). In July 2013, a large
aggregation of non-breeding birds (about 40) was observed on Lake Maibalyk (Zhambyl district)
(Vilkov & Zuban, 2013). Since the main breeding grounds of the White-tailed eagle are mostly
associated with protected areas, this contributes to the conservation of the species population. White-
tailed Eagle is a migratory species in our region, so the migration flow is directed through the whole
territory of the region.

Habitats. The main habitat is the vicinity of water bodies rich in fish. As a rule, it builds its
nests on the edges of mature floodplain forests or on freestanding trees in close proximity to water
bodies, not further than 0.5 km away.
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Figure 3. Overview map of distribution and nesting of White-tailed eagle in North Kazakhstan region

Ecological and anthropogenic threats affecting the conservation of the species:

o Pollution of water bodies and leakage of oil products, which negatively affect the population of
fish and waterfowl.

. The formation of biotopes under the influence of hydrological regime and plant communities
determines the structure of the fauna of a given area, but changes in these conditions create
ecological and anthropogenic threats (Stasyukevich & Grichik, 2024).

. Deforestation along rivers and lakes deprives eagles of nesting sites.

. Poaching and illegal hunting.

. Disturbance from tourists and people interfering with nesting and food extraction.

Strategies and actions to ensure conservation of the species:

Nesting monitoring. Using modern remote observation technologies and photo and video
recording equipment, nesting sites can be identified and nest locations can be recorded. This will
allow assessment of the current state of the population and its dynamics.

Habitat protection and anthropogenic impact mitigation. Potential nesting areas are identified
and protected. In order to minimize disturbance to birds, tourist flows are redistributed to other areas,
which provides favorable conditions for breeding success.

Establishment of protected forest areas. Organization of protected forest areas to prevent the
cutting of forest areas containing nesting sites of birds of prey.

Reducing mortality on power lines. Incentivize owners of power lines to install bird-protective
devices to prevent the death of birds of prey, which will significantly reduce the risk of their injury
and death.

Environmental Education. Use registration of cases of eagle deaths due to anthropogenic factors
through mass media to attract public attention to this problem, which will contribute to the formation
of environmental responsibility.

3.1.3 An example of the structure of an Internet resource database based on the description of a Pine

marten

The class of mammals in this paper is represented by the species, Pine marten. The information
characterizing this species is given according to the structure of the created Internet resource.
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Pine marten - Martes martes

Division: Carnivora / Carnivora

Family: Mustelidae / Mustelidae

Genus: Marten / Martes

Category: rare. Listed in the Red Data Book of the Republic of Kazakhstan - III category: rare.
Listed in the IUCN List - LC (stable)

Residence status of the species: sedentary species.

Description of the species: the animal has a broad and elongated muzzle with powerful jaws
and sharp teeth. The ears are triangular, large relative to the muzzle, with rounded tops and yellow
edging. Dark eyes at night acquire a copper-red tint, and the nose is also dark. The body is oblong,
the legs are short, and the feet are covered with wool. Males are larger than females; the animal's
weight varies from 0.8 to 1.8 kg. Body length is 45-58 cm, tail is 16-28 cm, and fluffy, which helps
to keep balance when climbing. The coat is chestnut or dark brown with a yellow spot on the throat.
In summer, the coat is shorter and stiffer, in winter it is long and silky (Monakhov & Hamilton, 2020;
Monakhov, 2022).

Peculiarities of biology: reproduction. Polygamous. Mating takes place in mid-summer, but
pregnancy begins later, as the seed is preserved in the body of the female. The offspring are not born
until April. There are usually three cubs in a litter. During the first eight weeks, they remain under the
care of their parents. After sixteen weeks, they become independent, but sometimes, until the next
spring, are still accompanied by their mother. Sexual maturity occurs in the second year of life, though
they usually mate for the first time in the third year.

Nutrition. Omnivorous. Main targets are small mammals (e.g., vole mice) and, in spring and
summer, birds and their eggs. May eat reptiles, frogs, snails, insects and even carrion. In late summer
and fall, it can create food reserves for the cold season.

Distribution and abundance in NKR: The main habitats of the Pine marten are concentrated
in the northern, north-western and southern parts of the region, mainly in areas of high forest cover
near the borders with the Russian Federation. These habitats are included in the system of specially
protected natural areas. Thus, the species was recorded in the Sogrovsky, Smirnovsky and
Mamlyutsky State Nature Reserves. In addition, the species is found in the territories of the State
National Natural Park «Kokshetau» and the State Institution for the Protection and Reproduction of
Wildlife «Krasny Bor». The presence of the species in protected areas, where there is no human
economic activity, contributes not only to its conservation but also to the positive dynamics of its
reproduction. Figure 4 shows the distribution of the species across the region. The highest abundance
was detected in M. Zhumabayeva, Kyzylzhar, Mamlyutsky, Zhambyl and Shal akyn districts. Peak
abundance occurred in the late 1990s and early 2000s, when an average of 3-4 tracks were counted
per 10 km of route, and density ranged from 0.1-0.3, more rarely 0.5-0.6 individuals per 10 km? of
forest (Vilkov & Zuban, 2013).

Habitats. Inhabits a variety of forest habitats with pronounced undergrowth and understorey.
Climbing and jumping well, covering distances up to 4 meters. Shelters in hollow trees, in piles of
brushwood, or use nests of raptors and birds of prey. It is predominantly solitary.
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Figure 4. Overview map of Pine marten distribution in North Kazakhstan region

Ecological and anthropogenic threats affecting the conservation of the species:
Deforestation leading to habitat loss.

Hunting and poaching due to valuable fur.

Competition with invasive species such as the American Mink.

Pollution of forest ecosystems and loss of forage resources (Vladimirova, 2013).

Strategies and actions to ensure conservation of the species:

Restriction of hunting. In most regions, hunting of the Pine marten) is strictly prohibited, which
helps to reduce anthropogenic pressure on this species. Such legislative measures play a key role in
the conservation of the species, allowing martens to reproduce and occupy stable ecological niches.

Forest conservation. One of the main conditions for the survival of martens is the presence of
extensive forest areas. Therefore, it is necessary not only to protect existing forests from logging, but
also to actively restore forest ecosystems by creating new forest plantations. Mature and overmature
forests are particularly important as they provide suitable conditions for breeding, and the presence
of trees with hollows for brood shelters should also be taken into account.

Environmental cleanup. Environmental pollution should be minimized to ensure favorable
habitat conditions. Controlling toxic emissions and litter reduces the risk of martens and their prey
base being exposed to harmful chemical compounds, which directly affects their health and survival.

Education outreach. An important aspect of Pine marten conservation is environmental
education of the population. Informing the public about the importance of this species in ecosystems
and the measures that each individual can take to protect it raises the level of environmental
responsibility. The awareness campaign conducted in schools, mass media and public organizations
contributes to the formation of a sustainable ecological culture.

Establishment of protected areas. Organization of specially protected natural areas will provide
legal protection of Pine marten. Hunting, logging and other activities threatening the conservation of
the species are prohibited in such areas. This will contribute to population stabilization and growth.

Importance of mature forest condition. The survival of martens is closely linked to the presence
of mature and overmature forests where they find shelter, food and breeding sites. Trees with hollow
trees play a key role by providing safe havens for broods, especially during the breeding season.
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Conservation of such forests should be a priority for conservation efforts (Vladimirova &
Mozgovaya, 2010).
3.1.4 Example of Internet resource structure: Lilium martagon as an object of protection

The representative of the flora considered in this study is Lilium martagon. We present data
characterizing this species according to the structure of the created Internet resource.

Lilium martagon, the martagon lily or Turk's cap lily - Lilium martagon

Order: Liliales / Liliales

Family: Liliaceae / Liliaceae

Genus: Lilium / Lilium

Category: Rare species. Listed in the Red Data Book of the Republic of Kazakhstan - II
category. rare species. Listed in the [UCN - LC (decreasing).

Description of species: Perennial herbaceous plant 60-120 cm high (sometimes up to 200 cm).
Bulb up to 8 cm in diameter, with fleshy scales. The sturdy stem is covered with reddish spots. Leaves
are lanceolate, up to 15 cm long and 5 cm wide, gathered in whorls. Flowers are drooping, purple
with dark purple spots, about 3-4 cm long, clustered in clusters of 5 to 10 pieces. Blooms in June-
July. The fruit is a hexagonal boll. Seeds are triangular, light or dark brown, with filmy edges
(Senchugova et al., 2016).

Distribution and abundance in the NKR: Lilium martagon has a limited distribution in the
region, growing in ecosystems with favorable soil and climatic conditions. On the territory of the
region it is found in Serebryany Bor, on Voroniy ostrov, along the whole valley of the Esil River. The
species was also recorded in specially protected natural territories - Sogrovsky and Smirnovsky State
Nature Reserves, where optimal conditions for its growth are preserved. The overview map in Figure
5 shows these encounters. The occurrence of the plant is conditioned by its high demand for humidity
and shading, which limits its distribution outside natural forest areas.

Habitats. Tt grows in forest edges, glades and meadows. Occurs sporadically in mixed, broad-
leaved and small-leaved forests, on rich medium-moist soils (Yavorskaya, 2008).
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Figure 5. Overview map of distribution of Lilium martagon in North Kazakhstan region
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Significance and application: use in folk medicine. Lilium martagon is used as a medicinal
plant in folk medicine in China, Tibet, Mongolia, Buryatia, Yakutia, Siberia and the Far East. The
juice of the bulbs is used as a wound-healing agent, and the infusion is used for toothache.

Nutritional value. The plant is eaten raw, boiled, fried, dried and as a seasoning. Bulbs are eaten
raw, cooked baked in ashes, or boiled with milk and cow's butter. Dried onions are used by Yakuts in
cooking milk porridge, and Kyrgyz put them in sheep cheese for seasoning. The bulbs can also serve
as a surrogate for coffee.

Veterinary use. Veterinarians add bulbs to pet food to increase lactation and milk fat content.
However, they are toxic to cats.

Other uses. Fabrics were dyed black by adding the iron salt of lily bulbs.

Ecological and anthropogenic threats affecting the conservation of the species:

o Loss of natural habitats due to deforestation and agricultural expansion.

o Collection for ornamental and medicinal purposes.

o Construction of infrastructure in growing areas, which disrupts ecosystems

o Alteration of hydrological regime, negatively affecting wet forest areas (Specially protected
territories of Yugra) (https://ugraoopt.admhmao.ru/redbook/74077/2537927/).

Strategies and actions to ensure the conservation of the species:

Cultivation. Cultivation of the plant for ornamental purposes in garden plots and plantations.
Moist, fertile soils rich in organic matter with semi-shade or sunlight are recommended. This will
help to reduce pressure on natural populations (The Red Book of Russia)
(https://cicon.ru/lilium_martagon.html).

Controlled collection. Impose strict restrictions on harvesting lilies in the wild. Prohibition of
bulb digging and flower cutting. Industrial collection is allowed only if natural populations are
conserved.

Habitat protection. Protect the natural habitats of Lilium martagon by establishing and
maintaining protected areas, including reserves and sanctuaries. This also includes preventing
degradation of these areas.

Exposure conservation. The use of technologies such as seed storage in specialized banks and
cell culture to preserve the genetic material of a species outside the natural environment (Chanotey
& Osipenko, 2022).

International cooperation. Participation in international programs and projects to coordinate
efforts to protect Lilium martagon. Especially in regions where its real crosses the borders of several
countries.

3.2 SWOT-analysis of the internet resource: identification of strengths, weaknesses, opportunities and
threats

Thus, the conducted research allowed the creation of an Internet resource, which is based on a
structured database, including information about rare and endangered species of flora and fauna of
the North Kazakhstan region. On the basis of the conducted research, the SWOT-analysis was
prepared, which allowed to identify strengths and weaknesses, opportunities and threats for the
created Internet resource and is presented in Table 1. In our opinion, this is a prerequisite for further
possible adjustment of the content of its structure, as well as for improving the system of creating
databases of rare and endangered species.

Undoubtedly, the strengths of the created Internet resource are explained by the necessity of its
creation and its practical orientation. Improvement and modification open up opportunities for its use
in educational, scientific, cognitive, and informational purposes. But the modern threat to any created
Internet resource in today's world is cyber threats, which can lead to both loss of functionality and
complete destruction of the created product. Nevertheless, despite the possible negative
consequences, the created Internet resource allowed to collect scattered scientific materials and data
on rare endangered species of the North Kazakhstan region and is a modern means of information
transfer.

319


https://ugraoopt.admhmao.ru/redbook/74077/2537927/
https://cicon.ru/lilium_martagon.html

A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 151(2)

Table 1. SWOT-analysis of the Internet resource on rare and endangered species of the North
Kazakhstan region

Strengths
Scientific reliability - data is systematized
and based on current research.
Interactivity - information can be updated
and accessed in real time.
Geo-information analysis - use of spatial
analysis techniques to assess species
distribution.
Multitasking - the database is useful for
specialists, ecologists, researchers and
government agencies.
Data visualization - the availability of
species distribution maps improves the
perception of information.

Weaknesses
Dependence on updates - data must be
updated regularly to remain reliable.
Lack of field data - the database is based on
available sources, which may limit its
accuracy.
Need for technical support - ongoing
administration and software enhancements
are required.

Opportunities
Integration into regional conservation
programs - use the database to improve
biodiversity conservation strategies.
Extension of functionality - ability to add
modules to collect data from users and

Threats
Cyber threats - risk of data loss due to
hacker attacks or technical failures.
Low awareness - if the database is not
widely known, its potential may remain
untapped.

environmental organizations. J Legal restrictions - it may be difficult to
. Educational value - use as a tool for access some data due to legislation.
training.

4. Discussion

The results of the study demonstrate the significant role of the proposed approach in the analysis
and interpretation of the phenomenon under study. The data obtained indicate the presence of stable
patterns, which confirms the relevance of the chosen method and its compliance with modern
scientific concepts.

The analysis of the relationships between the key parameters revealed important aspects of their
influence, which opens up new prospects for further research. The development of methodological
approaches and the clarification of the influence of individual factors are of particular interest to the
scientific community and practitioners. The results obtained allow us to propose new directions for
optimizing the studied processes and improving their assessment methods.

The practical significance of the research lies in the possibility of its use in professional
activities. The developed recommendations can help improve the effectiveness of management
decisions and strategies in relevant areas, providing more accurate forecasting and optimization of
processes. But despite the significance of the findings, the study has certain limitations. Firstly, the
specifics of the analysis methods used impose limitations on the interpretation of the results, which
requires caution when extrapolating them. Secondly, the nature of the sample may limit the
generalizability of conclusions, which highlights the need for further research on a broader empirical
basis.

Thus, the conducted analysis confirms the importance of the studied factors and their influence
on the studied process. Future research may be aimed at expanding the empirical material, applying
new analytical techniques and in-depth analysis of the revealed patterns, which will increase the
reliability of the conclusions and strengthen their applied significance.

S. Conclusion
On the example of 3 species of flora and fauna, represented on the territory of North Kazakhstan
region, general morphological and ecological characteristics of species, peculiarities of area, as well
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as frequency of occurrence, which are included in the created database, are considered. Cartographic
material, included in the database, provides a visual representation of the distribution and boundaries
of habitats and meetings of species. The use of GIS technologies allows for detailed data on species
localization under the influence of natural and anthropogenic factors. For each species, the database
provides separate information on taxonomic affiliation, morphological features, biotopes, main
threats to extinction, and measures to conserve the species. In addition, the database has a function of
downloading and displaying map schemes of species distribution, which contributes to a more
accurate analysis of their spatial distribution.

Undoubtedly, this study is not complete, as the study of rare and endangered species is a
continuous process of monitoring research, which is in constant dynamics. At the same time, the
created database is an interactive product, reflects the specifics and allows to make changes in its
content, which is an important condition for such scientific research. Thus, placement of the database
in the Internet space provides accessibility of information for researchers, specialists of environmental
organizations and management bodies in the field of biodiversity, ecology and sustainable
development.
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Oco0eHHOCTH CO31aHHMS HHTEPHET-pecypca PpPeAKHX W HCYe3AIHUX BHIOB
Cesepo-Ka3zaxcranckoi od1acTu

AnHa Yepnuxona, Ilaen /ImurpueB, UBan 3y0anb, Caaranar Hcmarysnosa, Kanaiibim
Hypxan

AHHOTaNUA. B cTaTbe IpencTaBiIeH Hay4HbIN U IPOCTPAHCTBEHHBIN MOAX0/ K COXPAaHEHUIO PEAKUX
BuoB CeBepo-Ka3zaxcranckoit obnactu. McecnenoBanue HalpaBieHO HAa CUCTEMATU3ALUIO JJAHHBIX O
peAKuX M Hcyesarlux BUAax (Jopsl U (payHbl peruoHa, a TakKe Ha KOMIUIEKCHBIN aHalu3
AHTPOIOTEHHBIX U MPUPOIHBIX YIPO3, BIUSIONIMX HAa UX YUCIEHHOCTH U apeai. B mporecce paboTsl
IpoBeJeH 0030p JUTEpaTypHBIX HCTOYHUKOB, HOPMATUBHBIX JOKYMEHTOB, CYLIECTBYIOIIHUX
IIPUPOJLOOXPAHHBIX MHUIIMATHUB, YTO MO3BOJIWIIO BBIIBUTH BHJbI, HYKIAIOIIMECS B IPUOPUTETHOU
oxpaHe. Pa3paboraHa mHTepakTHBHas 0a3a JaHHBIX, COJEprKallas CBEIEHUS O OMOJIOTMYECKHX
XapaKTepUCTHKAaX BHUJIOB, UX IMPHUPOJOOXPAHHOM CTaTyce, PaclHpOCTpaHEHWH BUAOB B 00JACTH,
OCHOBHBIX (pakTopax yrpo3 u mMepax no coxpaneHutro. Ocoboe BHHUMAaHUE YEIEHO BU3yalU3aluu
JAHHBIX: TTOJIb30BaTENIM MOTYT IPOCMATPUBATh KapTa-CXeMbl OOMTAaHUS U PaCIPOCTPAHEHUS BUJIOB B
pervoHe, OTCIIEKUBaTh M3MEHEHHUs. B kauecTBe NMpHMEpPOB pacCMOTPEHBbI OENOXBOCTBHIA OpJaH,
JECHasl KyHHUIA W JIWINAA KyJApeBaTas, HaxOIsLIMECs IOJA yrpo30d HCYe3HOBEHHA. i1 OLIEHKH
MIPOCTPAHCTBEHHOT'O DACIpENEIeHUs] BUAOB OBbUIM NPUMEHEHBl METO/Abl T'€OMH(POPMAIMOHHOTO
aHaJIn3a U CPaBHUTEIBHOIO MCCIEA0BAaHUsS, NO3BOJIMBIIME YTOUYHUTH I'PAHUIBl PaCIpOCTPAHEHUS
uccienyeMbIXx BUJIOB. Pe3ybTarhl HccneaoBanus 001a/1at0T BEICOKON MPAKTHUECKON 3HAUUMOCTBIO:
OHU MOTYT OBITh HCHOJB30BAHBI NMPH Pa3zpadOTKe PErMOHAIBHBIX MPUPOIOOXPAHHBIX CTPATErHi,
30HMPOBAHMUU OXPAHHBIX MPUPOJTHBIX TEPPUTOPHUH, a TakkKe B 00pa3oBaTENbHOM IESTETbHOCTH.
WuTepakTuBHass 0a3a JaHHBIX NpPEACTaBIseT COOOH WHCTPYMEHT JUIi  MOHUTOPHUHIA
O01opa3zHo00pa3usl U MPUHATUS 00OCHOBAHHBIX pElIeHU chepe OXpaHbl IPUPO/Ibl HA PpETHOHAIBHOM
YPOBHE.

KiroueBble cjioBa: PCAKHUC U UCUC3AOIIUC BUIHI, CeBepo-Ka3aXCTaHCKa51 O6J'IaCTB, Oaza JaHHBIX,

HWHTEpHET-Pecypc, OrnopazHooOpas3ue, opiaaH-0eT0XBOCT, JIeCHAs KyHHIIA, JIJIUS KyApeBarasi, KapTa-
cxema.
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Couarycrik Ka3zakcran 00JbICHIHBIH CHPEK Ke3/IeCeTiH KIHe KYPbINl KeTy KayIi
TOHI'€H TYPJIePiHiH HHTEPHET-PECYPChIH KYPY epeKIeaiKTepi

AnHa Yepnukosa, IlaBen [mutrpues, UBan 3y0anb, Caaranatr blcmaryioBa, 7Kanaiibim
Hypkan

Anganrta. Makanaga Conryctik Kazakctan o01bIChIHIAFBI CUPEK KE3/IeCeTiH TypJepii CaKTaybIH
FBUIBIMHU-KEHICTIKTIK Tociai OepinreH. 3epTTey OHIpHAEri CUpEK Ke3/IECETiH KOHE KOWBLIBII KEeTy
KayIi TeHTeH ¢uiopa MeH (ayHa TypJepi Typaibl IepeKTEP/Il KyhHeaeyre, COHIali-aK 0JIapbIH CaHbI
MEH Tapajy aiiMarplHa ocep €TeTIH aHTPONOTCHJIK oHE TaOWFM KarepiepAl KemeHJi Talaayra
OarpITTasFaH. JKyMpIc OaphIChIHIA OIPIHII KE3EKTET1 KOPFayabl KAKET €TETiH TypJep/al aHbIKTayFa
MYMKIHJIK OepeTiH o1e0u IepeKKe3aepre, HOPMATHBTIK KY>KaTTapra, KOJJAHBICTAFbl SKOJIOTHSUITBIK
Oacramanapra ImIONy Kacanibl. TypiaepIiH OHOJOTHSUIBIK EpEeKIIeNiKTepl, ONaplblH CaKTaly
KaFaalbl, TYpJACpAiH aiiMaKTarbl Tapajybl, HETI3rl Kayill (akTopiapbl JKOHE CakKTay MIapayiapbl
Typaiabl MOJIMETTepAl KaMTUTBIH WHTEPAaKTHBTI JAepekrep 0Oa3zacel o3ipienni. Jlepekrepai
BH3yaM3alysuIayFa epeKine KoHUT OeiHemi: maigalaHymbuiap aiiMakTarsl TYPIEpIiH MEKEHICY
opTachkl MEH Tapally KapTajapblH Kaparl, e3repicrepi Oakbuiail anaabl. Mpican peTiHAe KOWbUIBIT
KeTy KayIli aKKYHPBIKTHI CYOYPKIT, OpMaH cycapbl xoHe Oyiipa jraiaryi KapacTeIpbiiaasl. Typriepain
KEHICTIKTE TapalyblH Oaraiiay YIIIH Ie0aKapaTThIK Tajaaay ’KoHE CaJbICThIpMabl 3epTTEY IiCTepi
KOJIJIAHBUIIBI, OYJI 3epTTENICTIH TYPJIEPIiH Tapaly IIeKapalapblH HAKThIIAyFa MYMKIHIIK Oepii.
3epTTey HOTHKEIEPiHiH )KOFaphl MPAKTUKAIBIK MAaHBI3BI Oap: o1apbl KOpILIaFraH OPTaHbl KOPFayIblH
aliMaKTBIK CTpaTErHsUIapbIH d3ipliey/le, €peKIle KOpFalaThlH TaOWFM ayMakTapIbl aiMakTapra
Oenyne, conpaii-ak OimiM Oepy ic-lapanapblHaa naigananyra Oomnanbl. IHTepakTUBTI JepekTep
0a3achl aliMaKTHIK ACHIeH 1€ OMOIOTHUSIIBIK SPTYPIIUTIKTI OaKblIay )KoHE TAOMFATTHI KOpFay cajlachlHa
HeTi3/Ie/reH menimaep KaObliaay Kypajibl O0JIbIN TaObUIabl.

Tyiiin ce3mep: cupek Ke3[eceTiH *oHe KOMbLIbI Oapa xatkaH Typnep, Contycrik Kazakcran

0OJIBICHI, MANIMETTEp 0azachl, HHTEPHET-PECYpC, OMOIPTYPIUIIK, aKKYHPBIKTBI CYOYpPKIT, OpMaH
cycapsl, Oyiipa janaryi, KapTa-cxema.
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