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TYWIH CO3/IEP: ABCTPAKT
Cy apyaIbLIbIK KnmumatThIK e3repictepre OaimaHBICTHI JKaybIH-IIAMIBIH MOJIIEp] MEH PEXHUMIHIH e3repyi,
ceenteyiep Tay MY3JBIKTApBIHBIH €pyi jKoHE OpTallia XBUIIBIK aya TeMIIepaTyPaHbIH apTybl ©3e¢HIePIiH

cy KormManap
TYpaKTHI cyapMmaiay
CY TYTBHIHYIIBLIAP
Cy Terme-TeHIri

aFblH peXHMiHE alTapibIKTall ocep erynme. by armail cy KoWManapblHBIH Cy OarxaHCBIHA
JKOHE OJIapIBIH TaijanaHy THIMAUIITIHE Tikened bIkman erteni. Makamama Illy-Tamac cy
IIapyambUIBIFBl alaOBbIHBIH ¢y pecypcTapbl TaceTken, Tepic-AmpiOynak sxoHe blatansr cy
KOHMaJapeIHBIH Cy MIapyaIlbUTBIK OaTaHCBIHA JKYPTI3UITeH Talfay HeTi3iHAe OarallaHbl.
3eprrey HoTmkecinge TaceTkenm cy KoHMachlHIA Cy OalaHCBIHBIH OH KepCETKIIITepi
Oalikajca, KalfaH €Ki Cy KoWMachlHIa Tepic TaHOamapeiH kepcerTi. COHBIMEH KaTap,
2009...2018 >xpmimap apambFBIHAAFEI TYPAKTHl CyapyFa apHallFaH Cy TYTBIHY KeJieMi MEH
cyapMaltsl JKepJepaiH ayMaKTHIK e3repici TanmaHabl. Tangay e3eH aFrbICHIHBIH OeliHiciHme
aliMaKTHIK TEHCI3IKTiH Oap ekeHiH kepceTTi. Cy pecypcTapbIHBIH HETi3T1 TYTHIHYIIBICH aYBIT
IIapyambUIBIFBl canachkl OOJBIN TaObLIAIBI, OHBIH YJECiHE anam CybIHBIH Imamamer 70 %
THECLTI. AJNBIHFaH HOTHXKEJIEp KIMMATTHIH €3repyi XarnailblHOa cy pecypcrapbslH Oackapy
MeH OeiliMIeNTy cTpaTerusuIapblH 93ipIiey e maiaananyFa MyMKIHIIK Oepei.

Makana kaibIHaa:

Kibepinai: 4.02.2025
Kaiira kapangsr: 17.06.2025
Kabsuimanasr: 26.06.2025
Kapustmanzsr: 30.06.2025

Jlaiiexces ymin:

HapbaeBa K., TaupoB A.,
Ucmannosa I'., Hapbaes M.,
Myxanber E. Ily-Tamac cy
IapyaIIbUIBIFEl  aTaOBIHBIH CYy
pecypcrapein  Oaramay [/
T'unpomereoponorus u
skonorusi, Ne2 (117), 2025, 8-
17.

FTAMP 70.94.15

1. KIPICIIE

KemkbuIAbIK 3epTTeyIep/aiH AepeKTepi OOMbIHIIA, KIUMATThIH xkahaHIbIK e3repyi jKoHe
aHTpOMOreH K (aKTOpJaplblH ocepiHe OailnaHbICThI, TaOWFaTTa KypAeni e3repicrep
Oalikaimyma. Ocipece, XalblK CaHBIHBIH ©CyiHe OainmaHbpIcThl, Ka3aKCTaHHBIH OHTYCTIK
OHIpJIEPIHIE ©3€H JKeNJIepiHIH KbICKapybl Oaiikamazpl. Byn COHbIMEH Karap ©3€H
IKOXYHeNepiHiH nerpamanuscbiHa okeneni. Cy pecypcrapblH Oackapy, OipiHIINiEH, ©3¢H
9KOXKYHeJepiHiH MYJUIeNepiH ecKepyi Kepek, all eKiHIIi/IeH, Cy IapyallbUIbIFbIHAaFbl SPTYPIIl
HKOHOMHKA CallalapbIHBIH KAXXETTUTIKTePiH KaHaFaTTaHAbIpYhI Kepek [1...4].

KoHTHHEHTaIIbI KIMMATTBIH 9CEPIHEH, ©3€H KEIUICPiHIH KaJbIITacybl OIpKeKi emec
OOIIFaH/IBIKTAH, KOKTEMT] Cy TACKBIHBI MEH CY TAaCy aFbIHJIbI CYJIAPbIH KAJIBIITACYbIHA, COH/IAl-
aK ©3€H JKENICIHIH OJKbUIIIUIK J>KOHEe OJKbUIIBIK TapajyblHa Ja OaiJIlaHbICThl, aFbIHIBI
KaMTaMachI3/IbIK KUCBIKTAPbIH YII CYy TpajaluschiHa Oesyre OOsiajbl: Cybl KO KbUIAAp
(P<33,3 %), cysI opramia xbuaaap (33,3 %<P<66,7 %) sxone cysl a3 xbuiaap (P>33,3 %) [5].

JKa3 mesrinmiHme o3¢H Kemici KYpFaKTaiIbl )oHe Cy TaNIIbUIBIFEI OaiiKanaipl, COHBIMCH
Karap cyapMmajiay ajkanTapblHa Cy MOJIIIepiH KOOeUTy Kejemi YIIFasiabpl, Oy MayCBHIMIBIK
IIEKTENy yakbIThI Jer atanaabl. COHABIKTaH MICKTEY MAyChIMBI Ke31HIe MYH/IAi TalIbUTBIKTEI
xaly YIIiH Ccy KoMMajapbeIHBIH KakeTTiniri apragel. Cy KodManapel, opHHE, OH JKOHE Tepic
canapra akeneani. OH TaHOACH, OJ Cy TaIIIBUIBIFBI KE3€HIH/IE apThIK CyJIbIH KOI MOJIIIEPiH CY
KOWMAacChIHJIa CaKTall Kaly jkoHe 0acka ke3eHiHzie Oipkenki perrey. Al tepic daxrtopiap, on
erepJie ©3¢H arbIHBI JYPHIC PETTENIMEeN Cy 0acy Kayilli TybIHAaFaH KaFJIalbIHIa OPBIH aajpl.
Byn acnekrinep cy KoiMallapbiH jko0alayra KEIIeH i KO3KapacThIH JKOHE BIKTHUMAJ Caliapibl

MYKHST OaFaiayIbIH MaHBI3IBUIBIFBIH KOPCETE/I.

https://doi.org/10.54668/2789-6323-2025-117-2-8-17 O0XK 556.182:338
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T'udpomemeoporozus u axoroeus No2 (117), 2025

Ketibip 3eprreynep Ooiibiaina [6] Ily-Tamac e3cHi anaObIHBIH OapiblK TaOHFU-
reorpadusUIbIK  ailMakTapblHAa aybll  IIAPYalIbUIBIFbl  AKANTapbIHBIH ~CY  TYTBIHY
TaNIIBUIBIFBIHBIH APTKAaHBIH KOpCceTeMl. Byl aybll IIapyallbUIbIFBl KbI3METIH KYPTi3yaiH
Kayinci3mik Oenrici Oomeim  Tabputampl. COHOBIKTAH, Cy IIApyallbUIBIK —ajlanrapaa Ccy
peCypCTaphIH, Cy KOMMaIaphIHBIH CY TEIE ~TCH/IIrH )KOHE CY TYTHIHYIIBLIAPIBI Oaranay Kypaeni
Macenenep iy 0ipi O0ibII Kenesi, )koHe OYJ1 Macelre OChl MaKallaaa KapacThIPBUIFaH.

2. MOJIIMETTEP MEH 9ICTEP

3epmmey Hvlcanvl. 3epTTEy ayMarbIHBIH Herisri Oeiri (73 %) mennep MeH KapThUIaii
menaep aiMarelHAa JkaTelp, an 14 % Taus-lllase Tay Xxyifenepini cizemzaepi. Aybul
LIapyalbUIBIFBIH Naijalany TYPFBICBIHAH ayMaKThH TeK 13 %, Tay OexTepinzeri nana 6ediri,
YJIKEH KbI3BIFYIIBUIBIK TYIBIPaIbL.

ly-Tanac anaObiHBIH aymarbl HeriziHeH JKamObln sxoHe Typkictan oOibIcTapbIHzIA
(Cozak aymansl) opHamackaH. Llly-Tamac xoHe Aca THApOTpadUAIBIK ANaOBIHBIH JKaJIIbl
aynaHsl 186,79 MBIH KM? HeMece peciTybIMKa ayMarbIHbIH 6,8 % Kypaiias [7].

Tunporpadusnsik Typreinad ananta 3 ipi e3eH (Illy, Tamac xoHe Aca), 242 kimri e3eH
(ouwiy iminnge Iy e3eHinin amadbiama — 158, Tamac e3eHiniH anadbiHga — 20, AChl ©3CHIHIH
amabprHna — 64) sxoHe 35 ken Oap [8...9]. AmamnTa, KemeHAi MaKcaTTarbl 3 ipi Cy KOWMachl

3 5k00aITBbIK
3

opuanackad (cyper 1): Iy eseninmeri TaceTken cy koimacel, 620,0 MiH M

CHIMBIMIBUTBIFEIMEH; Tepc e3eHiHmeri Tepc-AmpiOyrak cy xoimacel 158,0 MimH M

CHIMBIMIBUIBIFBIMEH  %koHe 11labakTel e3eHingeri blutamsl cy koiimacel 30,0 min S

3 JKUBIHTBIK

coliteiMasiIeFsiMe (1 kecte). Oran Koca, 1-nen 10 mua M3 aeitinri, 131,0 Mas M
CBIMBIMIBUIBIFEIMEH — 38 mIaFblH Cy KoHMachl, 164 Ka3pUlFaH »XOHE TOFaH (MKHBIHTBIK
chIbIMABLIBIFBL 72,2 MiH M%) opHanackas [10].
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Cyper 1. Illy-Tanac cy wapyawwlivl2el anadbinbiy He2i32l CY KOUMANIaAPbIHbIY OPHANACY

cynbacwi
Kecre 1
Ly o3eniniy Hezizei cy Koumanrapvl mypaivl Majimemmep
Ne Cy KoiiMachIHBIH aTaybI Osen Icke KocbLTY ChlIiiBIMABLIBIFBI,
PSS MJIH M2
ToabIk | Taiixaant
1 TaceTken p. Ly 1974 620 322
2 Tepc-AmpiOyiax p. Tepc 1963 158 143
3 bluTasnst p. [laGakTs 1975 30 23
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Cy koliManmapblH cairy joHe mnainanany Hotmxkecinne llly-Tamac amaObIHBIH HeTi3ri
©3CHICPiHIH THAPOJIOTHUSIBIK PEKUMI aUTapIBIKTall e3repii, OYJ1 e3repicTepIiH MeJepi cy
KOMMaJlapbIHBIH Maiajbl ChIABIMIBLIBIFEI MEH ©3€H aFbIHBIHBIH KOJIEMiHiH apaKaThbIHACBIMEH
ampIkTanmanpl. Cy SKOXyHeciHe epekmie ocep €TKeH cy KoWManapsl MEH TOFaHIAapAbIH
KYPBUIBICHI ©3€H aFbIHABICBIHA OCHI YaKbITKa JEHIH aHTPOIOTEHMAIK 9CEpIiH MeJIepiH
kepcereni [11].

3epmmey a0ici.

I'mapoTexHHUKaNbIK IMapaTTapAbIH 9CEPiH Oaranay Cy pecypcTapblH YTHIM/IBI Al AanaHy
MEH KOpFay MoceJeJepiH LIeUly/Ae IMPaKTHKaJIbIK MaHbI3fa He JKOHE Je YJIKEH FhUIBIMU
KBI3BIFYIIBUIBIK ~ TyAbIpansl. OHBI MIemIymiH HeTisri JKONBL, Cy KoHMalapelHOa Cy
pecypCTapbIHBIH KaJbINTacy 3aHAbUIBIFBIH, OJApJbIH ©3€H arblHbIHAa oCepiH JKOHE CYy
KOHMaJapbeIHBIH Cy TeTle TeHIITIHIH CHIaTTaMallapbIH 3epTTey 0oibIn Tadsutans [12...14]. Cy
pecypcTapblH Naijanany bl arbIMJarbl )KoHe OoJallak JEHIeiiHiH CaHABIK KOHE CaralibIK
KOPCETKIITEepi KAJBIITACaTHIH Cy Tele - TCHIITIHIH ecenTeyliepi Cy pecypcTapblH THIMII
Gackapy MoceesepiH My AiH THIM/I Kypajibl OOJIbIT TaObUIabl.

3eptrey xymbicTapsl 2009...2018 xeutnapaars: Lly-Tanac anaOsHEIH cyapy XKoHE Cy alry
ayMarblHBIH ©3repyiHe JKoHe KapacThlpbulbiM aynaHHblH 2011...2016 sxpuigapaarbl cy
TYTBIHYIIBIIApBIHA CTaTUCTUKAIBIK Tanday apKbUIbl KYpriziireH. CTaTHCTHKAIBIK Talaay
OMIiCIH/IC YJIKEH KOJEM/IIK aKIapaTTapMeH JACPEeK Ko3epi mai1anaHblIIbL.

JKanmpl, cy KOHMAackIHBIH Cy Telle TEHAITIH aHBIKTay, At yaKbIT apajbIFbl YIIiH KeJeci
TeHJCY KapacThIpbUIbL, sFHu [12]:

+ AV = QrAt =(Qk-Q) At=[Qx-(Qu+Qx+Qru)] At, Q)

MyH/a, AV — cy KOWMAachIH TONTHIPY/IbIH ©3Trepyil, OH OeNrici ¢y KOMMachIH TONTBHIPYAbIH
YIFarobiHa (aKKyMYJLIIHAFa), a3aiobl ((kibepiniM) — Tepic Oenricine colikec keneni; QT — Toxy,
SFHU Cy KoWMachlHa KYsATBhIH QK KoHe perTenreH xaimbl Qu (kebGepiniM) cy eTiMaepiHiH
aitprpMacsr; QI - maiinaxaHeUIATHIH Cy OTiMi; Qc - 60c arpRy ¢y oTiMmi; QI - cy KoiiMackiHaH
QJIATBIH KOCBIH/IBI CY IIBIFBIHIAPHI.

Ecenrik yakpIT apansirbpiHAarsl (+AV) cy KoMacklHaH Cy kiOepisimMi HeMece TONTBIPY
[IaMachl TEMe-TeHIIKTIH KipiC »OHE IMIBIFBIC OOJIriH TEHECTIPETIH Cy pPeTTey pPeTiHAe, CY
HIAPyaIIBUTBIFEl TENE TEHAITIH ecenTey OapbIChIHAA aHBIKTAIAIBL.

Cy KOWMAachlH TONTBHIPY OOreTTiH TOMEHI1 arbICHIHAAFbl Cy MNakIadaHylIbUIAPbIHBIH
MYZAJeci YIIiH apHaiibl ¢y *KiOepy, KalTapbIMCBI3 Cy TYThIHY, COHali-aK Cy KOHMACBIHaH Cy
ki0OepiniMi KeNeMiH IIerepreHieri cy KoWMachlHA JKUBIHTBIK AarblHBIHBIH KeJIEeMIMEH

aiikeiamanans [15...16].

3. HOTUXKEJIEP ’)KOHE OJIAP/Ibl TAJIKBIJIAY

[Ily-Tanac amaGBIHBIH Cy pPeCypCTapBIHBIH KOIDKBUIABIK THHAMUKachkiHAa 1997...2005
KBUIJIAP apalbIFBIHIA 6CY TEHACHINCH OaifKarFaHbl aHBIKTANIBL. bipak 2005 xbuinan 6acran
Kazipri yakpITKa JIeiliH ©3eH arbIHbl a3aiblll KeJe/l xoHe OYJI jKep/ie bUIFAIIBIH KOIDKBIIIBIK
KaliTa ©HIeNyi MaHBI3IBI POI aTKapaabl. byTiHri TaHma e3eHIepIiH KOpPEKTeHyl HEeTi3iHeH Kap
MeH My3JbIKTap 0osbin Tabbliaasl. Kelidip Manimertep OoiibiHiua [17], onapabiH yieci COHFbI
30 >KbLI 1MIIHAE a3aibII KeJIe .

3eprrey alMarbIHIAFbl Cy KOWMasapbl HEri3iHEeH CyapMallbLIbIK ajKanTtapibl CyMeH
KamTamachl3 ereai. Cyapmanay TONbIpaK KYHApJbUIBIFBIMEH OHIMJIUTIKTIH apTyblHa BIKIAI
eteni. bipak, Oy yiakeH aHTpONOTeHIIK )XyKTeMe. MyH/ia, Cy jKoHE JKep pecypCTaphlH THIMCI3
naiijanany OyKin OJKoxyilere Kepi ocep Kacaipl, >XepHiH JerpajanusichblHA JKOHE
OnoayaHTYPIUTIKTIH TOMEHCYiHE 9Kellyi MyMKiH eKeHiH ecKepy KaxeT. 3epTrey aiMarbIHIa
cyapmainsl xepiepni 50..60 % KeTKUTiKCi3 NaimanaHeUIaTHIHBIH @ KepceTTi [18]. By
aifiMaKTarbl KOITEreH Cyapy J>KYHelepiHiH KaHaraTTaHapJbIKChI3 TEXHUKAIBIK JKarnailbIHa,
TOTEHIIE >KaFJaiiapra oHe cyapy >KyHelepiHiH KeNIIUIriHIH jkKeKe MEHIIIriHxe OoiybHa
6aiimaneicTel. COHIBIKTAH Cy KOHManap, «EHTI3UITeH» aHTPOIIOTEHIIK HBICAHAAphl PeTiHAe,
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9KOXYHeep i TYPaKThl IaMbITy KHE CYy pecypcTapblH YTHIMIbI alaagaHya MaHbI3IbI Pel
aTkapazbl. 3epTTey MaKCaThIH/a Cy IapyallblIbIK ana0biHAa 3 ¢y KOWMAachl KapacThIPhUIIbL.
Tacerken cy Koiimacs! JKaMOBLT OOJIBICBIHAAFEI ipi Cy KoWMalapbIHbIH 0ipi, Ly e3eHiHiH
TeMeHT1 arpichiHma opHamackaH. Cy koiimacer JXamOwpu1 o0mpicer Ly xone MoOMBIHKYM
ayJaHJapbIHBIH aybll IIAapyallblIBIFBl JKEpliepiH cyapy YVIIiH naipanansutagsl. Cy

CHIMBIMBIIEIFE 620 MTH M° (2 KecTe).

Kecre 2
Tacoemxken cy xotumacwvinviy 2018 orcvlazel cy bananco
Ne Tene-TeHaiKTiH Kypamaac 6eikTepi muH M3
1 KeseH OacbiHIaFk Cy KOWMACHIHBIH KOJeMi 302,63
2 Cy xolimMacbIHa KYHbULY 2152,38
3 Cy KoiiMacbeIHaH OyiaHy JKoHE CY31Ty IIBIFBIHIAPEI 160,34
Cy KoiiMachkIHaH Ki0epiniM 2080,6
OHBIH IIIIHE:
4 Ly aynaHbIH cyapmaiay 67,64
MO#BIHKYM ayaHbIH CyapMajiay 16,8
ApHa OOMBIMEH CaHUTAPJIBIK JKiOEPITIMMEH LIBIFBIHAAD 1776,21
5 KeseH coHbIHOAFB! Cy KOWMACHIHBIH KOJIEeMi 347,8
Bapieret +AV=71,78
TaceTken Cy KOMMACBIHBIH Cy MIapYyallbUIBIK TEMe-TEHMIKTIH TalfayblHa COHKec, Cy
KONMAachlH TONTHIPYAbIH Herisri Oemiri (99...100 %) cy KoiiMaceiHa cajajapiaH Keil
Ky#bLIaThIH cyFa OaitnanbicThl (2152,38 Mia M%). Al IIBIFBIH OetiriHe cy KoliMaaaH xibepimim
JKaTajpl, AFHK CyapbUIBIM 3KOHE CAHHTAPILIK cy kibepimimaepi 2080,6 M M3 (97 %), 6y cy
KONMAaCHIHBIH aKKyMYJISISICHIH a3alTa/lbl, OCHIHBIH IIIiHAE ONApIbIH OyJIaHy JXoHE Cy3iIy
wsFsAaps! 160,34 man M2 (1,6 %) kypaiiael. Cy mapyambuibIK 6aaaHChl ecenTery 60oibIHIIa
coitkeccizairi (AV) oH Tan6ana, srau +71,78 MuH M3 KYpaJbl.
Tepc-Aumpioynak cy xoiimacel XKamObu1 o6ubics! JKyanbl aynanbiHnarsl Tepc e3eHinae
(Aca e3eniniH canmackl) opHanackaH. TonbIK cy chlifbIMabLIbIEb! 158 Man M2 (3 kecTe).
Kecte 3
Tepc-Awproynax cy koumacwinwiy 2018 orcvinzel cy banancoyi
No Tene-TeHaiKTiH Kypamaac 6eikTepi mH m®
1 KeseH OacbiHIaFbl Cy KOWMACHIHBIH KOJIeMi 63,5
2 Cy KoiimacblHa KYHbLTY 2129
3 Cy KoiiMacbkIHaH OynaHy aHE CY3iTy MIBFBIHAAPEI 511
4 Cy KxoitmMackiHaH Ki0epimim 214,81
OHBIH 1IIIHAE:
Cyapmanay xepiepre 11,52
Kypkipey-cy canacein eckepe Aca ¢/T cy Keiemi 338,5
Aca e3¢HiIHEH OH/IIPIC KAKETTIIIrIHE CY Maliaanany 15,77
5 Aca e3eHiHeH Cy aly )KaHe cyapMaiay 65,45
ApHa O60WBIMEH CaHUTAPIIBIK XKiOepiliMMeH IIBIFBIHAAD 185,8
Bapibirst -AV=1,91

Tepc-AupiOyiiak cy KOHMAachIHBIH Cy MIapyallbUIbIK TeTe-TeHIITIHIH TalgayblHa ColKec,
Cy KOMMAachIH TONTBIPYABIH ToH Oediri TaceTkes cy KOWMAachIHBIH TangayblHa COMKeC, KeJil
KYSTBIH aFblHFa OaiIaHbICTBI, aJl aFbIHHBIH IIBIFBIH O6JIri Cy KoiMachiHaH kiOepiniM, arar
aliTKaHIa cyapy KoHEe CAHUTAPJIBIK JKiOepimiMaep.

Cy mapyalnsUIbIK Tele-TeHJIr ecenTey OoiibiHIIa caiikeccizairi (AV) Tepic taHbOana,
srau — 1,9 1mun M3 Kypaibl, 6yJ1 cy KOMM/IaH apThIK IILIFBIHIAPIBIH KOII 6OJTybIH €CKEPEII.

bluTansl cy KoWMachiHbH (ChibIMABLIBIFEL 30,0 MiH M®) Cy INapyallbUIbIK Tere-
TEHJIITIHIH TalaayblHa ColKec, Cy KOWMAaChIH TOJITBIPY IBIH HEri3ri 0eJiri cy KoiMachlHa KeJlir
KYHBLIATBIH Cy MoIepine 6aitnaneicTsl, on 27,43 mun M° kypans! (4 kecte).

Cy mapyanibuIbIFbl TeNE-TEHITHIH €H YIKEeH Cy IIBIFbIHBI CHIIATTaMAChl Cy KOWMachIHaH
cyapy, WbiFbHAapel 17,04 mun M3, an Gapnblk cy xibepimim 27,6 mun M3 kypaiinel. Cy
KoliMacblHa KyHblUTy MeH >xibepimimre OaitmaHbelcTbl, colikecciznik (AV) Tepic TaHOana

Gaitkanapl, sraK — 0,17 MonH M3 KYpasbl.
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Kecte 4
blnmanwt cy koumacoinoviy 2018 orcorrzvl cy banarcel
Ne | Tene-reHaikTiH Kypamaac 6eJiikrepi wiH M3
1 Kesen 6achIHmarsl Cy KOWMACHIHBIH KOJICMi 7,95
2 Cy KoiiMachiHa KYHBLTY 27,43
3 Cy KoiiMachsIHaH OyJaHy XoHE CY3LTy IIBFBIHAAPEI 3,94
4 Cy KoiiMachkIHaH Ki0epiniM 27,6
OHBIH 1IIIHJE:
Cyapmanay xepiepre 17,04
5 KeseH COHBIHIAFBI CY KOWMACHIHBIH KOJIeMi 7,95
Bapabiret -AV=0,17

Ocpiran opaii, lly-Tamac anmaOblHma cyapy alKanTapblHBIH AMHAMUKAchl KaHJan
e3repicTepie yIaparaHbIH 2 cypeTTeH Oalikayra 0oJabl.

MBIH, Ta
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¥ Aca e3eHiHiH anaObl ™ Tanac e3eniniy anader ™ Iy e3eHiHiH anadbl

Cyper 2. 2009...2018 srcvinoapoaszer LLly-Tanac anabuinbiy cyapy aikanmapulibly 032epy

OUHAMUKACHL

Cyapmanay ankanTapbIHbIH OackiM Oeutiri Ly e3eni anadbaa opranackad. 2009 xeiinan
2015 xpurra geiin TypakThl Oouibin, 2015 sxeiiman 2018 skeiIFa JeHiHTI apajbIFbIHIA
cyapMainay aikanTapsl maMameH 37 % medin TeMeHnereH. Tamac e3eHiHIH axaObl OOHBIHIIA
cyapmainay ankantapsl 2009 xpuineiH O0aceian 2018 xeutra geiiin 30 %-mgan 40 % neitin
e3repicrep Oaiikamazpl, Oy ayMakThl MaiianaHyIslH opramia MoHiH kepceremi. Cyapy
aiiMarblH €H a3 maijamanraH Aca e3eH amaObiHAa Oabikamabl, oa 18 %-man 40 % geitin
©3reprex.

TypakThl cyapyFa cy anyIblH e3repic TMHAMUAKACHIH 3 CYpeTTeH OaifkayFa Oomapl.

MIH M3

1500

= ddddddddd,

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

B Aca o3eHiHif ana0ber ™ Tanac o3eHiHIH ana0bl

B [y e3eHiniy anadbl  E Bapibirsl

Cyper 3. 2009...2018 scvLioapsr apanvieviHoa o3enoep anabvl aiKkanmapublHod mypaKmel

cyapyza cy anyovly e3zepic OUHAMUKACHL
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[y e3eni anadeinaa 2009 xputnan 2015 xputra qeliH cyapMmaiay KaKeTTUTIKTepl YIIiH:
min — 460 mun M3, max — 670 miin M° Keseminze cy anbiHraH. Tanac e3eHi anabbiHga: min —
280 maH M3, max — 430 man M3 KesIeMiHIE Cy allbIHBII, €H a3 NaiialaHbLIFEIH Cy Mommepi, Aca
anabpraza Oaiikanran: 113 muH m3-aen 315 Mot M3 neifin.

[ly-Tanac anadbl Cy pecypCTapbIHbIH e1ayip 0eliri cyapMallbUIbIKTa HaiaaaaHblIapl,
COHABIKTAaH BereTanmsuiblk ke3zeHae Keipreiz TapamsiielH KCPO ¢y mrapyamisuibIFst
muHuCTpiiri 1983 skpuiel OekiTkeH «llly sxoHe Tamac TpaHCIIEKapanblK ©3eHIEPIHIH
aFpIHIAPEIH 06y Typaisl EpeskeHiH» TaxanTapblH caKTaybIHA TOJNBIFEIMEH Toyenmi [19].

Herisri cy naidinananynipuiap aybsul MIapyambuibiFbl (mamaMer 94 %), eHepKacil jKoHe
TYPMBICTBIK-IIAPYaIIBUIBIK  KocimopeHAAps! (5,5 %), e3re ae camamap (0,5 %)  OGombm
tabbitangsl. bipak, 2009...2018 >xpuigap Ke3eHiHAE TaliayblHa coiikec (4 CypeT), TYpakKThl
cyapMamblIbIKTa cyasl TyThiHY 60...70% xepceremi. Cynpl eHepKocin YIIIH MaigamaHy —
20...30 %, TYpPMBICTHIK-IIAPYANIBUIBIK YIIiH, mamameH 5% Oaiikanambl, anm Oackaaapel —
10...15% xypaiinsr.

MIH M3
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= Cy aiy, GapIbIFbI m Kep Oeri cymapst XKep acTsl cynapsl

Cynpl naiinanany, GapIibIFsl B TypMBICTBIK IIapyanibUIbIK Cybl M OHIIpICTIK CYb
B TypakThl cyapy B AybUT-IIapyasIK Cybl B BaibIK [apyambUIbFbl

B Cynpl 9KeTy, 0apJbIFbl B Kaiita eHJienreH cy B KaiiTa naiiiaiaHbUIFaH cy

Cyper 4. 2009...2018 stcorc. Hezizei cy mymublHYublIApObIY 032€py OUHAMUKACHL

Heri3ri cy TyThIHYIIBUIAP/IbIH ©3repy AMHAMUKACHI CY/IbIH KOII 06T TYpaKThl cyapmaiay
YIIiH MaiganaHbpUIaTEIHBIH KepceTeni. TypakTel cyapmanay ymniH cy amy 2009 sxbsoiman 2015
KbUTFa JeiiH mamaMeH Oipkenki, Oipak 2015 »buiga 10 % apanblFbiHIA ecim, KairaH
2016...2018 xburmapst 15 % TemMeHmereH. OHIIPICTIK KaKETTUIIKTEPET] CyAbl Maianany aa
Oipkenki Ooneim kenmeni, Oipak 2015..2016 >kpuimapbl cyasl TYThIHY mamamen 30..40 %
teMeniereH. CyJIbl 9KeTy, OHBIH iMIiHJe — KaiiTa OH/IeNTeH Cy MEH KaiiTa naijananras cyiap,
mamamed 2009 xeuigan 6acram 2018 xpitra fAeitin OipkenKi KOpiHiCTI CHIIATTal Ibl, JeTeHMEH
opuHe +3...5 % apainbIFeIHaa e3repicrep Oaikamapbl.

Cy-mapyamsUTbIK, ajlalThl YHEMI cyapMaliay VINiH Cy TYTBIHYIIBUIAD MeJIIepi apTybl
OonamakTa pecypcTapAblH OOJDKaMIbl MOHJIEPIH KapacThlpy KaXeTTUNriH Tyasipansl. Cy
IIapyalIbUIBIFBIH  IaMBITYIBIH  Oenrini  Oip ke3eHnepine apHaimraH Illy-Tamac amaGsr
pecypcTapbIHBIH O0JKaMabl ecenTik MaHepi kenripinreH (5 kecte). Cy miapyambuIbIFbl a1adbl
pecypcTapbIHbIH CTaTHCTUKAIBIK ITapaMeTpiiepi MEH KaMTaMachl3 eTiTyiH OonKaMbIH Oaraay
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yurin «Cy pecypcTapblH KeleH Al naiianany MeH KoprayablH 0ac cyidacbiHan» [20] >KUBIHTBIK
Cy mapyanibUIBIFBl TeTe-TeHAITIHIH JepeKTepi mai1aanbUIIbL.

Kecte 5
LIy-Tanac anabviubly 6014caMObL pecypcmapsl ap mypii Kammamaculz emineen scagoativinoa enwemi, kv® [20]
2030 k. 2040 :x.
Cv Qo 5% 50% 95% Cv Qo 5% ‘ 50% ‘ 95%
0,12 3,51 4,23 3,49 2,85 0,12 3,51 4,24 3,50 2,86

OJAEBUETTEP TI3IMI

[ly-Tamac amaOBIHBIH Cy pECypCTapbIHBIH OODKaMIel MOHAEpI op  Typii
KamTamach3ABIKTa (Qsw, Qsow kKoHE Qosy) KepceTinmreHmel, amantelH pecypcerapsl 2030

*eiinad 2040 sxpuinapra AeliH epeKIie o3repMeii HeMece MaMaisl ecyre OeiiM.

4. KOPBITBIH/BI

Cy koiimanapbiH naiinanany Hotmwxkecinae llly-Tamac anaObIHBIH HETI3ri ©3€HICPiHIH
THIPOJIOTHSUIIBIK PEXKHIMI alTapIBIKTall e3repai. bererrep MeH Cy KoiMaIaphIHBIH UMapaTTaphl
©3€H arbIHBIHBIH MayChIM/IBIK oHE JKbIJJIBIK TapaJTybIHa Ja alTapIIbIKTall e3repyiHe akeai, oy
JKOXYHenep MeH Cy [IeHreHiHiH TaOWFu aybITKyJIapelHAa Toyenni Oomybl MyMkiH. Cy
pecypCTapbIHbIH JKaNIbl )KaFJaibl, OHBIH IIIIHJIE Cy TYTHIHYLIBUIAPHI MEH Cy KOMManapsbl, Cy
IIAPYaIIBUTBIFBL, JKOHE Cy KOMMaap sy Tere-TeHAIri OolbIHIIa OaranaHabl.

CoHFBI KbULJIApHI )KahaH/IBIK KbUIBIHY MEH KIIMMATTBIH ©3repyi 03¢H IKOXKYiHeciHe FaHa
eMec, Ccy KOMMallapbIHBIH CyJIbl JKHHAKTalTyblHa Aa dcep eredi. byn, srHU OynaHy MeH
¢bunbTpanusra acepid kepcereai. Ockl e3repicTepre OaiIaHBICTbI, Cy KOWMalIapbIHBIH Cy Telle-
TEHJIITIH TalAaybIMBI3 OOMBIHIIA Ta, a3;al ToIMayblH Oaiikaiimbr3. OCBHl KepiHiCKe CoHKec

bluTansl cy KOWMACHIHBIH TeHe-TeHIriHiH cy KOWMAachlHA Kipy HIBIFBIHBIHAH 27,43 MiH M3,

GapibIK cy kibepinim 27,6 Mo m°

Ken xibepinmiMre OalmaHBICTHI, colikecci3mik (AV) Tepic
Tanbaza Oaiikanael, sran — 0,17 Man M° Kypazsl.

An Tepc-AmpIOynak Cy KONMAachIHBIH Cy MIIapyallbUIBIK TEMe-TeHIIrH ecenTey
OoifeHIna colikeccizairi (AV) Tepic Tan6ana, srau — 1,91 man M3 Kypassl, Oy Aa, cy KoiiMagaH
IIBIFBIHAAPABIH Kol OoiybIH eckepeni. Cy IIapyamlbuIBIK TeHe-TeHIITIH Tajnaysl OOHbIHIIA,
TaceTken cy KoiiMachIHbIH caiikeccizfiri (AV) ol Taun6aza, srau +71,78 mun M3 Kypasl.

Herisri cy TYTHIHYOIBUTApABIH ©3repy AWHAMHKACH CYABIH Kol Oeliri TypakThl
cyapManay YVIIiH MaiianaHbuiaThlHbIH KepceTedi. by kepcerkimrep 2009...2018 sxpuinap
apaJIBIFBIHIA aca Kel esrepicrep Oalikaimaiiipl, fereHMeH +3...5 % apanbiFblHIa e3repicrep
oap.

An Gomxamabl MoHAEpi op Typhai KamTtamachi3abikta (Qsw, Qsoo kKoHE  Qgs)
Kepcerirenael, amantely pecypcrapsl 2030 sxeuiman 2040 okpunapra  JIeiiH - epekiie
e3repMeii, nereHMeH ahaHABIK KIMMATTBIH ©3repyiHe OalaHBICTBI Cy pecypcTapblH
YTBIMJIBI JKOHE THIM/II MTaljaaHyIbl Ka3ipri YaKbITTaH eCKepy KaxKeT.

JEPEKTEPIIH KOJI KETIMILIITT

Ocel  3epTTeyne, NalipanaHbUIFaH jAepekrepni aBtopmap BR18574227-0OT-23  Aysuinpik
ayMaKTapAblH OpPHBIKTHl JaMyblH KaMmMTaMacbl3 eTy yiniH Ka3akcTaHHBIH OHTYCTIK ©HIpIepiHe
meneiTTeHy mpouectepiHiy anneiH any xeHiHzgeri JKCK ©OackapmachiHBIH FBUTBIME-KOMIaHOATEI
HETi371eMeCiHeH aJfibL.

ABTOPJIAPJBIH KOCKAH YJIECI

Tyxeipeivaamanay - KTH; nepexrepni 6ackapy - A3T; Pecmu tanmay - MTH; Onicreme - A3T;
barnapnamansik kamtamacsl3 ety - I'KU; Kaparanay - KTH; Busyanuzauus - EFM; bactanke! »o6aHbl
xazy - EFM; Iomy a3y xoHe pepakuusinay - I'KH.

KAPXKBIJIAHABIPY
Ocsr 3eprreyai Kasaxkcran PecryGmukacs! FrutsivM xxoHe xoraps! OiiM MUHUCTpIIriHIH FhuthIM
KOMHTETI KapkbutanasIpasl (rpant Ne BR 18574227).
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KJIFOUEBBIE CJIOBA ABCTPAKT
BOJI0XO35MCTBEHHBIE PACYETEI B ycnoBusix u3aMeHeHus KiuMaTa, COIPOBOXKIAAIOLIEI0Cs H3MEHEHUSIMH KOJIMYECTBa
BOJIOXpaHUIHILA U peXuMa BBINAJACHUA OCAJKOB, TasHUEM TIOPHBIX JICAHUKOB U IIOBBIIICHUEM

pEeryJsipHOE OpOLICHHE
BOJIOTIOTpeOIeHIE
BOJIHBIN OanaHc

Io cratbe:
[Monyweno: 4.02.2025
[epecmotpeno: 17.06.2025

CPEIHETOZIOBBIX TeMIIepaTyp, HaOMIOJal0TCd 3HAUYUTENFHBIE M3MEHEHHUS B PEYHOM
CTOKE, YTO BJIHsET Ha BOJHBIM OaJaHC M SKCIUTyaTallMOHHBIE XapaKTEPUCTHUKU
BOZIOXpaHWIMI. B naHHOW cTarbe IpoBeleHA OLEHKa BOJAHBIX pecypcos lly-
Tanacckoro BOJIOXO35IICTBEHHOI'O GacceifHa Ha OCHOBE aHaJIn3a
BOJlOXO3siiicTBeHHOTO  OanmaHca  TacoTkenbckoro,  Tepc-Amubynakckoro u
bInTaneiHcKOro BogoXpaHwiauil. Pe3ynbTaTsl NOKa3anu IOJIOKUTEIIBHBIM BOJHBIM
6ananc 11t TacOTKENTBCKOTO BOJIOXPAHMIININA M OTPULIATETIBHBIHN - 714 2 OCTaTBHBIX.
Taxxe mpoaHaTU3UpOBaHA TUHAMHKA BOJ03abopa Ha pEryJsipHOE OpOIICHHE U
U3MEHEHHUs opomraemoi mioniaau B nepuox ¢ 2009 no 2018 rozpl, mOKa3bIBAIOIINE
HEpaBHOMEPHOE pacIpefesieHHe BOJHOTO CTOKA. YCTAaHOBJIEHO, YTO OCHOBHBIM

Tpunsro: 26.06.2025 BOJIOTIOTPEOUTEIIEM SIBJIIETCS CENTLCKOE X035UCTBO, moTpebIstomniee 10 70 % BOIHBIX
Ony6mmkosano: 30.06.2025 pecypcoB OacceifHa. IlosydeHHBIE AaHHBIE MOTYT OBITH HCIIOJIB30BaHBI IS

OIITUMM3AIIMU BOAOIIOJIB30BAHUSI H pa3pa6OTKI/I aganTalMOHHBIX MEP B YCIIOBHUAX
KJINMATHYCCKUX U3MCHCHH.
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Under the conditions of climate change, accompanied by changes in the amount and
regime of precipitation, melting of mountain glaciers and increase in average annual
temperatures, significant changes in river flow are observed, which affects the water
balance and operational characteristics of reservoirs. In this paper, the water resources
of the Shu-Talas water basin were assessed based on analysing the water balance of
the Tasotkel, Ters-Ashchybulak and Intaly water reservoirs. The results showed
positive water balance for the Tasotkel water reservoir and negative water balance for
the other 2 reservoirs. The dynamics of water withdrawal for regular irrigation and
changes in irrigated area from 2009 to 2018 were also analysed, showing uneven
distribution of water flow. It was found that the main water consumer is agriculture,
which consumes up to 70 % of the basin's water resources. The obtained data can be
used to optimise water use and develop adaptation measures under climate change
conditions.

Bacnarepain eckeprmeci: GapiblK KapHsAJaHBIMAAPAAFEl MoNliMAeMenep, MiKipiep MeH AepekTep «[ HApOMEeTeopoNorus W 3KOJIOTHS
JKypHaJIbIHA JKOHE/HEMece pelakTopFra(Jiapra) eMec, TeK aBTopra(Jiapra) THECLI.
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CJIOBA

ABCTPAKT

HM3MEHEHUEe KIMMaTa
CpeIHero/10Bast

TeMIlepaTypa BO3ayXa
CYTOYHBIN MAaKCUMYM
MHOTOJIETHUH NIEPUOJ

W3menenus, HaOmomaemple B TIIIOOAIBHOM KIMMAaTHYECKOH CHUCTEMe, OTpasWInCh Ha
KJIMMAaTHYeCKUX YCIOBUAX AsepbalmkaHa, U aHaJIW3 MHOTOJETHUX HAOIIOJCHUI IMOKasal,
YTO MPOU3OILIO MOBHIIIEHNE CYTOYHBIX MAaKCHMAIbHBIX, CPETHEMECSIHBIX H CPEIHET0JOBBIX
TeMIepaTyp, CHIDKEHHE CYTOYHBIX MHHHMAIBHBIX TEMIEpaTyp, a TakkKe MPOU30ILIN
ce30HHBIe caBUTH. CpenmHss rofoBas TEMIeparypa BO3AyXa IO peciyOiHnKe Hadala pacTH
6omee pesko mociae 2010 roma (¢ 1,3 °C go 2,3 °C), a B 2022...2022 rogax oHa cocTaBHiIa
cootBetcTBeHHO 2 °C m 2,2 °C BpIe HOPMBEL B menom mo pecryOnrke 3a MHOTOJICTHUH
TIEPUONT CPENHSAS MHOTOJICTHSS TemIeparypa Bo3myxa Opmia Ha 1,3 °C BbIIe HOPMEL.
Temmepatypa BO3ayxa BO BCE CE30HBI Oblla BBIIIE HOpPMBI. TemiepaTypa Bo3ayxa Ha
TEPPUTOPUN PECITyOJIUKH 3UMOI IpeBbICHIa MHOroJeTHIo HopMmy Ha 1,1 °C, BecHoOll Ha
1,2°C, nerom nHa 1,5 °C, ocenpto Ha 0,9 °C. B muoromernem mnepuoge 2002..2022 rr.
HauOoblIIee MOBBIIICHUE CPEAHEMECSYHON TEMIIEpaTypbl 3MMOH HAOJIOAIOCH B SIHBape U
¢erpaie. B suBape Temneparypa Osiia Ha 1,3 °C, a B ¢eBpane Ha 1,2 °C Bbiiie HOpMbI. [Ipu
9TOM CpEeTHETO0BasI TEMIIepaTypa BO3ayXa MO peciyOInKe YBEIHIIIach Ha BCEX BHICOTAX,
HO 00JIbIIe Bcero oHa moBbickiiachk Ha BbicoTe 0...201 M (1,4 °C) u Ha BrIcoTe Oosee 1000 M
(1,4 °C).
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1. BBEJJEHUE

XIX Bek ObUT caMBIM TEIUIBIM CTONIETHEM B Mupe, a mepuonsl 1990...2000 rr. u
2001...2010 rr. BOLLIM B UCTOPHUIO KaK caMble TEIUIbIe JecsATUIeTHs B MUpe. Tak, TOJIbKO 3a
2001...2010 rr. cpenHeromoBast TeMIiepatypa Ha 3emire yBenmumiach Ha 0,5 °C o cpaBHEHHIO
¢ Hopmo#t 1961...1990 rr. B mienom Temmeparypa Bo3ayxa 3emin ¢ 1993 roma nmoBbeicuiIach
noutd Ha 1,0 °C mo CpaBHEHHIO ¢ MHOTOJETHEH HOPMOHM, a B HEKOTOPBIX PErHOHaxX 3TOT
MoKa3aTeib Jake BbIIIe. B 3TOM KOHTEKCTE OAHOI M3 KIIOUEBBIX OCOOEHHOCTEH arpapHOM
9KOHOMHUKH SIBJIAETCS €€ TpsMas 3aBUCUMOCTh OT THUAPOMETEOPOJIOTHUECKHX YCIIOBHH.
Pe3ynbTaThl MHOTOUHCICHHBIX HCCIEI0BAHUN MOKA3bIBAIOT, 4TO 65 % ymiep6a, HAHOCUMOTO
MHPOBOW 3KOHOMHKE B pe3yJbTaTe HEOJarompUSATHBIX MOTOAHBIX YCIOBHH, HPUXOJUTCS Ha
CcelbCcKoe X03sicTBO [1...8]

Bce 310 nokasbpiBaeT, 4TO M3MEHEHHE KIMMara MPEICTaBIseT peallbHYI0 Yrpo3y
YeJIOBEYECTBY M 3aCTABIIIET MUPOBOE COOOIIECTBO, YUCHBIX U MOJUTHKOB CEPhE3HO OTHECTHCH
K naHHOM mpoOneme. CeropHss B OOJBIIMHCTBE BCTpeY Ha BBICIIEM YPOBHE MHPOBBIX
roCyJIapCTB, KOTOpast He BKJIIOYana Obl B MOBECTKY JHS BOMPOCHI, CBSI3aHHBIE C M3MEHEHHUEM
KJIMMATa ¥ BbI3bIBAEMBIMH UM CTHXHUHBbIME OeacTBusMu [9...21].

B 2024 roxy nox no3ynrom «Bmecrte 3a 3eneHblit Mup» B AzepOaiipkane npoinia 29-s
ceccust Kondepenmun cropon Pamounoii kousermu OOH 06 usmenennu kmumara COP-29,
Ha KOTOPO# OBUIM MPUHSTHI PELICHUS B 0053aTEIHCTBA 110 YACPKAHHUIO TEMIIEpaTyphl 3eMIIM Ha
yposre 1,5 °C [ 22...23].
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Knumar rtepputopun  AszepOaiimpkaHa TakKe SBISIE€TCS HEOTHEMJIEMOHW 4YacTbhIO
JIOOATEHOW KIMMATHUECKONH CHCTEMBI, M TPOIECCHI, MPOHUCXOISAIINE B 3TOH CHUCTEME, C
pa3IMYHON MHTEHCHUBHOCTBIO M B pPa3Hble NEPUOJBl BPEMEHH BIHSIOT Ha KIMMaTH4YeCKHe
YCIIOBHS CTpaHbl. B JaHHOM cTaThe aHAU3UPYIOTCS METEOPOJIOTHYECKUE YCIOBHS TEPPUTOPHH
Aszepbaiimxanckoil PecriyOmuky 3a MHOTOJIETHHH MTEPUO.

2. MATEPUAJIBI U METOJbI

Jns w3ydeHHs BIMSHUS TJIOOATBHOTO TOTCIUIEHHS Ha KIMMAaTHYECKHE YCIIOBHSA
pecryONMKM 32 MHOTOJIETHHH II€pHOJ HWCIIOJIBb30BaHBI JlaHHble HaOmopeHuid 59
THAPOMETEOPOIOTMUECKUX ~ CTaHLUMK,  Haxo4sIluxcss B BedeHUMM  HanuoHanbHOU
I'mapomereoponoruueckoit Cory:x0b1 pu Munucrepcrse Dkonoruu u [Ipupoansix Pecypcos
Azepbaiimkxanckoit PecryOnmku, pacofIOXCHHBIX B PasiIHYHBIX (U3UKO-TEOrpadUIeCKUX
pErHoHax W UMEIOIIUX MHOTOJICTHHE Psiibl HabmroaeHuii [24].

3. PE3YJIbTATHI U OBCYKJIEHUE

AHanu3 MHOTOJIETHHX IAaHHBIX HAOIMIOJCHMH 3a TEMIIEpaTypoH BO3AyXa IO TEPPUTOPHU
pecnyonuku 3a nepuog 2010...2022 rr. mokaszajq yCTOWYHMBYIO TCHIACHIIMIO K TOBBIIICHUIO
CPEAHETOI0BOH TEMIEPaTyphl 10 CPABHEHHUIO C KIMMATHYECKOH HOPMOH.

B 2010 rogy cpenneronoBas TeMIepaTypa Bo3ayxa Obuia Ha 1,3 °C Bellle HOPMBI, IPU
9TOM HamOoJee BBIpaKEHHOE TOBBIMICHHE 3aduKkcupoBaHo Ha Beicote 1000 M Ha +1,9 °C. B
2011 romy TemmnepaTypa HaxoJuJIach B IpeesiaXx KIMMaTHYeCKOM HOPMBI, OJJTHAKO Ha BBICOTAX
501...1000 M OBUTH OTMEUEHBI JIOKAIFHBIC TIOHIKEHHS TEMIIEPATyPhl HIKE HOPMBIL.

B 2012 romy cpenuss TemmepaTypa BHOBB IIpeBbicuia HopMmy Ha 1,3 °C, mpuuém
HanOoIIbIIIee TIPEBBIMICHAE 3aPETUCTPUPOBAaHO Ha BhIcoTax 1...200 M Ha +1,7 °C. B 2013 romy
npessbiieHre cocrasuio 1,1 °C B cpenHeM no pecrnyonuke u nocturio +1,7 °C Ha BeicoTax
201...500 M. AnanmorudHas TeHneHIHA Habmonanacsk B 2014 roxy (+1,3 °C B cpemnem, +1,6 °C
Ha BeicoTe 201...500 m).

B 2015 romy HaOmomanock HJaibHEWIIee YCWICHHE TOTCIUICHHUSA: CPETHET0q0Bas
Temnepatypa Obuta Ha 1,6 °C BbIie HOpMBI, a Ha BeicoTe 1000 M Ha 3,1 °C BbIlIE HOPMBL.
HecMoTps Ha HEKOTOpOE CHIDKEHHE TeMItepaTypbl B 2016 Toy Mo cpaBHEHHIO € MPEIBIAY M
roJiom, oHa Bc€ emé npesbimana Hopmy Ha 0,7 °C, a va Beicote 1000 m Ha 1,1 °C.

B 2017 rogy pocT Temnepatypbl NIPOJOJDKUIICA: CpeHee peBbimeHue cocrasuiio 1,0 °C,
MakcumanbsHoe Ha BeicoTe 1000 M (+1,5 °C). B 2018 roxy anomanus ysenuumiace g0 1,9 °C B
cpemaem u 2,3 °C Ha BoicoTe 1000 M. B 2019 roay Tremmnepatypa O0buta Ha 1,5 °C BBIIIIe HOPMBL,
ocobenHo Ha BicoTax 1...500 m (+1,7 °C).

B 2020 romy cpemHeronoBas Temreparypa mpeBbiciia Hopmy Ha 1,6 °C, HambOoubIiee
MOBBIIIIEHUE OTMeueHO Ha BeicoTe 1...200 M (+1,7 °C). B 2021 roay temnepaTypHasi aHOMaus
nocrurna 2,1 °C, a Ha BbicoTax >1000 M u 1...200 m cocraBuna +2,2 °C. Ilo peruonam
HauOOJIBIINE TPEeBbIIcHHs Habmoaanuch B Manom Kaskase (+2,5 °C), Bosbmom Kaskasze u
Jlenkopancko-AcrapuHckoM — peruoHe  (+2,1 °C), HamMeHbIlee — B  ATIIEPOHCKO-
T'o6ycranckom peruone (+1,6 °C).

B 2022 romy cpemHeromoBas TeMiiepaTypa Bo3ayxa mo pecnyoumke 0bi1a Ha 2,2 °C BbImIe
KJIMMaTH4eckoil Hopmbl. Hambosbiee MmoBhIIIeHHe BHOBb OTMEYEHO Ha BhIcoTax 1...200 M
(+2,2°C)n 201...500 ™ (+2,0 °C).

B nenom, mo pe3ynapTaTam aHamu3a 3a MHOrosieTHuH mepuox 2007...2022 rr., cpenHss
TemIiepaTypa Bo3ayxa Ha BeicoTax 1...200 M n >1000 M 6bu1a Ha 1,4 °C BbIIIe HOPMBL.

Ha pucysnke | mpencrtaBieHBl OTKJIOHEHHS CpeIHEMECSYHBIX TEMIIEpaTyp BO3AyXa 3a
nepuox 2002...2022 rr. ot xaumarndeckoil HopMel 1961...1990 rr. B cpeanem mo Bcemy
MHOTOJIETHEMY TEPUOY TeMIlepaTypa mpeBbiana HopMmy Ha +1,2 °C. MecsiuHble aHOMAIINN
pacrpeaenmInch ciexyommuM obpasom: Ha 1,3 °C Bbllle HOPMBI B sSHBape, B aBrycCTe, B
cenTs0pe, Ha 1,6 °C B despane, Ha 1,8 °C B mapre, Ha 0,5 °C B anpene, Ha 1,2 °C B mae, Ha
1,7 °C B utone, B aBrycte, Ha 1,0 °C B mrone, Ha 0,3 °C B okts10pe, Ha 0,1 °C B HOsI0pe, Ha
1,2 °C B nexa0pe, a B CpeIHEM 32 MHOTOJIETHHH nepuo/ coctaBmia 1,2 °C.
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T,°C
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”s m2002-2022 T,°C
W 1961-1990 T, °C
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Pucynoxk 1. CpasnumenvHulii epagpuk cpedHemecaunbix memnepamyp 8030yxa no pecnyoiuxe
no cpagnenuio ¢ Hopmou (1961 ...1990 e2.)

Io mamaeM HabmoneHwt 2010, 2012, 2015, 2018, 2020 u 2022 roasr OBUTH MPU3HAHEI
CaMBIMHU TeIJIBIMH TrojaMu. Kak MBI yke OTMETHIM Bhlle, B A3zepOaiifkaHe B 3TH TOJBI
HaOmofaeTcss TOBBIICHHE TEMIIEPAaTyphl BO3[yXa, MpPUYEM 32 IIOCIEAHHE ABAa TOAa 3TO
NoBBIIIEHHE cocTaBmiio Ha 2°C GoJbllle HOPMBI.

CpaBHUTENBHBIN aHAIN3 U3MEHEHUs TeMIleparypbl Bo3ayxa 3a nepuog 2010...2022 rr.,
2002...2022 IT. IO CpaBHEHUIO ¢ KIIMMAaTHYEeCKOIl HOPMOIt Mokasaja (PUCYHOK 2), 9TO BO BCE
MeCSIBI, 32 HCKIIOYCHHEM HOsA0ps W nekabps, ocoberHo B 2010...2022 rr., KOTOpEIC
CUYMTAIOTCS TEIUIBIMU AECATHIICTHSMHU, CPESAHEMHOTONETHS TeMIepaTypa MpeBbIliaza HOPMY
3a mocnenaue 20 JseT. AHOManMsS CpeIHEMECSYHOH TeMIepaTypsl BO3AyXa 3a OTOT
MHOTOJICTHUH Iepuo1 cocTaBmia: B siuBape 1,6 °C, B despaie 1,7 °C, B mapte 1,8 °C, B anpene
0,8 °C, B mae 1,5 °C, B mrone 2,1 °C, B mrone u okts10pe 1,3 °C, B aBrycte 1,9 °C, B ceHTA0pE
1,4 °C, B nostope 0,3 °C, B mekabpe 0,4 °C u Ha 1,3 °C mpeBbicHIa CPEAHEMHOTOJIETHIOK

TEMIIEPATYPYy.
T°C
30.0
B2010-2022 T.°C
25.0 B2002-2022 T.,°C
20.0 B1961-1990 T.°C

15.0

1 2 3 4 5 6 7 8 9 10 11 12 rog

Pucynok 2. CpasnumenvbHulil 2papuk cpeoHemecsuublx meMnepamyp 6030yxa Ha meppumo-
puu pecnyonuku no decamuiemusam 8 cpaghenuu ¢ Hopmot (1961...1990 ze.)

Bausnue nsmeHeHus kimmarta Ha TEMIICPpATypy BO3JyXa Ha pas3IMYHBIX BbICOTAX (HI/I)KC

0 M, 0...200 M, 201...500 M, 501...1000 M u Beirre 1000 M) MpoaHATH3HPOBAHBI OTAEIHHO
(pucyHok 3).
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AHau3 MHOTOJICTHEH CpEIHEMECSIYHOW TeMIepaTypbl Ha BbICOTax Hibke 0 M 1o
CPaBHCHHUIO C HOPMOW IOKa3aJ, 4TO B OOJBIIMHCTBE MECSILEB HAOIIOMACTCS yCTOWYUBOE
MIPEBBIIICHUE TeMIlepaTyp (pUCYHOK 3a). B HosOpe TeMmepaTypbl COOTBETCTBOBAIU HOPME, B
amnpere npessimenne cocrarmio +0,4 °C, a B nexabpe +0,2 °C. B TeueHune roga Bce MecsIbl, 3a
uckioueHreM mas (+0,9 °C), 6bum Ha +1,1+1,2 °C BhIllle HOPMBI, @ B MIOHE M aBIyCTE OHH
6butn cootBeTcTBeHHO Ha 1,5 °C, 1,3 °C 1 0,9 °C BbIlIe MHOTOJICTHEH HOPMEL.

a) 0)
T,°C T,°C
30.0 30.0
25.0 25.0 -
20.0 20.0 -
15.0 - 15.0 -
10.0 - 10.0 -
5.0 - 50 |
0.0 - 00 |
1234567889101112ron 12345678 91011 12r0x
B) r)
T,°C T,°C
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100 100 -
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0.0 00

1 23 456 7 8 91011 12ro0x

123456 78 9101112rox
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20.0
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10.0
5.0

00 I .

o =
50'1'234567891011121"0/1

®1961-1990 T,°C ®2002-2022 T, °C

Pucynok 3. I pagux usmenenuss MHO201emMHUX CPEOHEMECAUHBIX MEMNEPAMYP HA bICOMAX a)
nusrce O m 6) 0...200 m ¢) 201...500 m 2) 501...1000 m 0) >1000 m no cpasnenuio ¢ HOpmot
(1961...1990 22.)

Ha Bricote 0...200 M Temmiepatypa Obla BBIIIIE HOPMBI BO BCE MECSIIBI, 32 HCKIIOUCHUEM
nexabps (0,3 °C), anpesns (0,7 °C) u Hos16ps (0,9 °C), ocobenHo B ¢espane (1,5 °C), mapre
(1,9 °C), mae (1,6 °C), utone (1,8 °C) u aprycre (1,7 °C). CpenHsis MHOTOJICTHSISI aHOMAJIHS
TemnepaTypsl coctaBuna 1,3 °C Bele HopMbl. Temmeparypa Ha 3TOH BBICOTE MOBBICHIACH
6omnbIre, yeM Ha BbIcoTax HKe 0 (prcyHOK 30).

Ha BricoTe 201...500 M (pucyHok 3B) B anpeie, HOsIOpe U Jiekabpe CpeiHEMHOT OJICTHSS
TemrepaTypa Oblla OTHOCHTENLHO BbIIIE HOPMBI. B Jpyrue Mecsipl [0 CPaBHEHHUIO C
NIPeABIIYIIMMHI MaKCHMyMaMH OHa TIOBBICHIIach 0oJIbIIe HOpMBI, ocobeHHo B depaie (1,8 °C)
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n ntone (1,9 °C), u cumsmiace Ha 0,4 °C mo cpaBHeHuro ¢ HosOpeMm. CpeaHEeMHOTOJNIETHSIS
aHoOMaJus TeMIepaTypsl coctasiser 1,3 °C.

Ha pucynke 3r nokasano, 4yto qaxe Ha Beicote 501...1000 M B anpene, HOsOpe U nekadpe
TeMnepaTypsl ObUTH 0KOJI0O HOpMEI. Hanbobiiee mOBHIICHHE TEMIIEpaTyphl 10 CPaBHEHHIO C
HOopMol Habmonaercs B ssaBape (1,4 °C), dhespane, mapre (1,6 °C), utone, asrycre (1,9 °C).

Ha pucyske 31 mokasaHo, 4TO TemIiepaTrypa Bo3ayxa Ha Beicote Oonee 1000 M
MOBBICHJIaCH OOJIbIIE, YeM Ha TNpeIbIAYIIUX BBICOTAaX. Temmeparypa Bo3lyxa B sHBape
npeBeicuia HopMy Ha 1,9 °C, B dheBpane Ha 2,2 °C, B mapTe Ha 2,7 °C, B ampene Ha 1,5 °C, B mae
Ha 2,2 °C, B utone Ha 2,6 °C, B utone Ha 2,1 °C, B aBrycrte Ha 3 °C, B CeHTAOpE U OKTAOpe Ha
2,1 °C, B HOs16pe Ha 0,6 °C, B nexabpe Ha 0,9 °C.

3a mepmon 2002...2022 rr. HauOonbIIMEe W3MEHEHHS TEMIEpaTypbl BO3IyXa
HabmomatoTcs Ha BeicoTax 1...200 M, 6onee 1000 M (pucyHoK 4).

T,°C

2.5
2
15

1
" j
0 -

Om 1-200 m 201 SOOM 500- IOOM >1000m

B2002-2022 T,°C

Pucynoxk 4. /[unamuxa usmenenus cpeOHEMHO20IEMHUX TMEMNEPAMYD NO BCEM GbICOMAM

Ha pucynke 5 moka3aHo, 4TO cpenHsIs MHOTOJICTHSI TeMIIepaTypa BO3AyXa Ha BBICOTaX
Huxe 0 M coctaBmia 0,9 °C Beiie HopMBI, Ha BeicoTe 0...200 M 1,5 °C, Ha BbicoTe 201...500 M
1,1 °C, ma BeIcOTe 501...1000 M 0,8 °C, Bemme 1000 m 0,9 °C, m ma 1,1 °C BbIme
CPEHEMHOT'OJIETHEN HOPMBI.

T°C
20

B2002-2022 T,°C
B 1961-1990 T,°C

15 -

<Om 1-200 m 201-500 M500-100Mm> 1000mM  rOn

Pucynox 5. I'pagux cpednux mrozonemnux memnepanypul no 6blcome 8 CPAGHEHUU C
nopmot (1961—1990 z2e.)

[Ipoananu3upoBaHa JWHAMHUKA CE30HHBIX HW3MEHEHHMH TeMIepaTrypsl BoO3ayXa 3a
MHOT'OJIETHUH TMEPHOJ] KaK B LIEJIOM [0 CTPaHe, TaK U HAa Pa3lIM4YHbIX BbicoTax. M3 pucyHka 6
BU/IHO, 4YTO TeMIeparypa BO3JlyXxa Ha TEPPUTOPHM pPECHyOJMKH 3MMOH IpeBhICHIIA
MHOTOJIETHIO HOpMy Ha 1,1 °C, BecHoii Ha 1,2 °C, netom Ha 1,5 °C, ocensio Ha 0,9 °C, a BbimIe
cpeaHel MHoroneTHe Hopmsl Ha 1,2 °C.
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T,°C

@2002-2022 T,°C
W1961-1990T, °C

3uMa BCCHa JICTO OCCHb roa

Pucynok 6. Ce30nnblil X00 MHO2OIEMHUX MEMNEPAMYPbl 6030YXA NO PeCnyOIUKe ¢ HOPMOU
(1961—17990 22.)

Ha pucynke 7a nmoka3aHo, 4To Ha BeicoTe 0 M HaOJIIOAaeTCsl MOBBIILICHUE TEMIIEPATyphl OT
Hopwmel Ha 0,8 °C 3umoit, Ha 0,9 °C BecHoii, Ha 1,3 °C nerom, Ha 0,8 °C ocenslo, u Ha 0,9 °C 3a

CPEIHEMHOTOJIETHUHN NIEPUOJ.

a) 0)
T,°C T,°C Py
20 20022022 TC 30 B2002-2022 T,°C
- 1961 .
W1961-1990 T,°C 25 1961-1990T,"C
20
15

10

3UMa BECHA JIETO OCEHb ron 31uMa BCCHa JICTO OCCHb rong

B) )
T,°C T,°C
30 B2002-2022 T,°C 25 82002-2022 T,°C
25 19611990 T.°C 20 - B1961-1990 T,°C
20 —— 15
i~ 10
10 -
5 - 5
0 - 0 -
3MMa BECHA JIETO OCE€Hb  TI0J 3uMa BCCHa JICTO OCCHb TIOJ
1)
T,°C
20
B82002-2022 T,°C
15 ®81961-1990 T,°C
10
5 -
O -
5 3UMa BE€CHa JICTO OCCHb rona

Pucynoxk 7. ['paghux cezonnoz2o mpenoa MHO20IemMHUX memMnepamypbl Ha blcomax a) Hudice ()
M0)0..200m ) 201...500 m 2) 501...1000 m 0) >1000 m no cpaguenuro ¢ HOpMol
(1961...1990 22.)
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Ha pucynke 76 mokasano, uto Ha BbicoTe 0...200 M TemmepaTypa 3uMoii Oblia BbIlIe
vopmbl Ha 1,1 °C, Becnoit Ha 1,4 °C, nerom Ha 1,5 °C, ocenpto Ha 0,8 °C, a 3a
CpeIHEMHOT0JIeTHUH nepuo oHa coctasuia 1,3 °C.
W3 pucyska 7B BuUmHO, 4TO Temmeparypa Ha BbicoTe 201...500 M OGoxpme Bcero
npeBbiciiIa HopMy JetoM Ha 1,7 °C. OceHblo oHa OblIa MoYTH OJIM3KA K HOPME, IIPEBBICHB €€
Ha 0,5 °C. Ha st10if BEIcOTE Temmeparypa O0buta Ha 1,1 °C Bbime HOpMBI 3uMoii 1 Ha 1 °C BbIme
HOPMBI BECHOI U B CPEIHEM 3a MHOTHUE T'OJIbI.
Ha pucynke 7r BHIHO, 9YTO AWHAMUKA CE30HHBIX M3MEHEHHUI TEMIIEpaTyphl BO3AyXa Ha
BeicoTe 501...1000 M mOKa3bIBaeT, YTO 3]1€Ch HAMOOJBIIES MOBBIIICHAE TEMIIEPATYpPhl IO
CpaBHEHHIO ¢ HOPMOW Tpom3onwio B 3uMHHH ce30H (1,1 °C) u nernmii ce3on (1,5 °C). Jletom
TeMrieparypa nonmsmiack Ha 0,3 °C mo cpaBHeHuto ¢ Bbicotoit 201...500 m. Temnepatypa
BO3Iyxa BecHOI Oputa Ha 0,8 °C BeIme HOpMBI, oceHbI0 Ha 0,9 °C BhIIIIe HOPMBI, a B CPETHEM 32
MHOTO JeT oHa Obuta Ha 1,3 °C Bbimie HOpMBI. Ha 3Toii BbIcOTe HaOJIOAETCS MOBBIIICHHE
TeMIepaTyphsl B OCCHHUI CE30H IO CpaBHEHUIO ¢ mpeapaymumMu Beicotamu (0,4 °C)
W3 aHanu3a MHOTOJETHUX HAOMIOAEHWH W3BECTHO, YTO TeMmIeparypa OoJblie
moBBIIIaeTcst Ha BhicoTax Bhime 1000 M (prcyHOK 71), Ha 3TOW BBICOTE TeMIIEpaTypa BO Bce
CEe30HBI IOBBICHUIIACH 0OJIbIIIE HOPMBI 110 CPAaBHEHMIO C IPEABLIYIIMMHU BEICOTaMH. Temneparypa
3uMoi OpiTa Ha 1,6 °C BEIIIE HOPMEI, BECHOH U jieToM Ha 2,1 °C BbIme HOPMEI, OCEHBIO Ha
1,6 °C BBIIIIE HOPMBI, & MHOTOJIETHSAS CpeAHsAA TeMIeparypa coctaBuna 2,1 °C Bbllle HOPMBI.
Ha sto#i BrIcOoTe TemmepaTypa oceHpio Oputa Ha 0,7 °C, 0,8 °C u 1,1 °C BbIme HOPMBI 1O
CpaBHEHMIO C MpeAbAyMu Beicotramu 201...500 m.
JnHaMuKa M3MEHEHUS CYTOYHBIX MAaKCUMAaJIbHBIX 1 MHHAMAIIBHBIX TEMIIEPaTyp BO3oyXa
[0 peruoHaM TIIOKasaja, BIMSHHE H3MEHEHHUs KIMMaTa Ha CYTOYHBIE MAaKCHMAalbHblE U
MUHIMaJbHEIC TEMIepaTypsl Bo3ayxa B pernoHax baky—Ammepon, Jlenkopane—AcTapa,
Manoro Kaska3a, bonbimoro Kaskaza, Kypa—Apa3ckoit HusmeHHocty u HaxudyeBane Takxke
MpuUBEJIeHO B Tadmuie 1.
Taoauna 1
Bruanue usmenenus xnumama HA CYMOUHble MAKCUMANbHbIE U MUHUMATbHbIE MeMnepamypbl 6030yXa 6 pecuoHax
A3zepbauidocana
To AnuepoH- Jlenkopanb-Acrapa | boabmoii KaBkas | Mauslii KaBkas Kypa-Apa3 HaxuyeBanb
" Ko
00ycTaH
max min max | min max | min max | min max | min max | min
2010 40,4 -4,3 36,5 -6,7 38,1 -12 37,7 -10,9 42,7 -9,5 425 -17
2011 42,4 -3,3 37,1 -3 39,8 -11,7 37,4 -12,9 43,7 -7,8 43,5 -14
2012 41,7 -10,2 35,2 -18 39,8 -17,2 38 -16,7 42 -12,3 39 -18
2013 36,3 -1,5 36,7 -1,7 38,3 -13,8 38,4 -11,7 39,6 -7,4 39 -20
2014 411 -7,6 39,7 -17 41,2 -21,6 38 -20,2 41,7 -17,1 415 -16
2015 41,2 -4.4 40,5 -8,1 40,4 -15,3 38,9 -14,2 42,7 -10 434 -16
2016 41,2 -47 39,6 -9,9 40,1 -18,2 38 -18 42 -115 429 -21
2017 42,6 -3,4 40,7 -11 41 -19,9 38,5 -15,4 42,5 -14,2 44 -23
2018 445 -2,2 43,3 -12 42,6 -15,8 39,1 -10,9 43,8 -4,3 41,7 -11
2019 39,6 -1,8 39,3 -3,7 40,2 -10,3 38,6 -7,8 41,9 -54 42,2 -11
2020 40,4 -2 38,8 -10 39,6 -20,6 38,1 -16,4 41,6 -10,2 442 -11
2021 42,7 -5,5 39,9 -7,3 40,1 -14,9 37,8 -11,8 43,8 -8,2 442 -18
2022 40,1 -2 34,1 -6,6 40,1 -15,7 38 -12 41,8 -7,3 424 -18

W3 tabaumsl 1 BUIHO, 9TO B YMEPEHHOM IOYNyCTRIHHOM pernoHe baky-AmnimepoH, rae
JIETO 3acylUIMBOE€, MaKCHUMallbHas cyToyHas TemmepaTypa 3a nepuon 2010...2022 rr.
coctasmia 44,5 °C (2018 rox), a muanManbpHas Temmepatypa B 2012 roay cocraBuna -10,2 °C.
3a nocneAHUe ABEHAALATH JIeT cyTouHas TeMnepaTypa Huxe 40 °C cocrasuna 36,3 °C B 2013
roJy, a MUHHMAaJbHBIE TEMIIEPAaTyphl MOBBICHIINCH. 3a IIOCIEAHHE JIECSTh JIeT CyTO4YHas
MUHUMaJIbHas TemIieparypa cHusmiack ot -10,2 °C no -2 °C.

JIeHKOpaHBCKO-ACTAPUHCKUA PETHOH OTJINYAeTCS YMEPEHHBIM, TEIJIBIM KINMAaToOM C
CyXUM JIETOM U MSTKOH 3uMOH. 31ech MakcuMalbHas TemmepaTypa Bosayxa B 2018 romy
cocrasuia 43,3 °C, a munumainbHast Temneparypa B 2012 rogy cocrasmia -18 °C. C 2012 roaa
Ha0JI01aeTcst CHIKEHNE MUHUMAJIBHBIX CYTOYHBIX Temrepatyp ¢ -18 °C no -6,6 °C.
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Ha Bossmom KaBkase, rie HaOnMromaroTcsi Bce TUIBI KIMMaTa OT IMOJYIYCTHIHHOTO U
CYXOCTETHOTO JI0 TOPHOTYHIPOBOTO, MaKCHUMallbHasi CyTodHas Temmepatypa B 2018 romy
cocraBmia 42,6 °C, a muHMManeHas Temmeparypa B 2014 romy cocraBmia -21,6 °C.
MakcuManbHble CyTOuHble TeMmmeparypbl Ha bonbmom Kaskasze Beipociu ¢ 2013 rona, a
MHUHHMaJIbHBIE TeMIepaTypbl koiedmoTes oT -10 °C go -20 °C. Camast HU3Kasi MUHHMaJIbHasI
TeMIepaTypa 3a 3TOT MHOTOJIETHHH nepuos coctasmia -10,3 °C B 2019 roxy

Ha Manom KaBka3e, pacnoioXKEHHOM B KJIMMAaTHYECKOH 30HE C YMEPEHHO TEIIbIM
KIIMMaTOM C CyXOH 3MMO¥ B IPEATOPHSIX U HU3KOTOPHAX, CyXUM XOJIOJHBIM KIMMATOM C 3UMON
B CPEIHETOPBSIX U TOPHO-TYHAPOBOM KJIMMAaTHYECKONH 30HOH B BBICOKOTOPHAX, CYyTOUHBIN
MakcumyM B 2018 romy coctaBun 39,1 °C, a muaumym B 2014 romy cocrasmn -20,2 °C.
MakcumanbHble TeMIeparypsl Konebanuch B mpegenax 38...39°C, a MuHHMalbHbBIC
Temnepatypsl ymermmmiocsk ¢ 2010 mo 2017 rox, camsusmucs 1o -7,8 °C B 2019 roxy.

Knumar nomymycteiHHON cyxoii crenu B Kypa-Apa3ckoil HU3MEHHOCTHU C MSTKOM 3UMOM
u KapkuM cyxum JyetoM coctaBmi 43,8 °C B 2011, 2018 u 2021 romax, a camas HU3Kas
MHUHHMaJbHasi Temrieparypa coctaBmia -17,1°C B 2014 romy u -14,2°C B 2017 rony.
Maxkcumanpable Temriepatypsl npessimanu 40 °C, 3a uckmodenuem 2013 roma (39,6 °C).
MuHHMManbHas TeMIlepaTypa CHU3WIach Tosibko B 2018 roay, nocturnys -4,3 °C.

B HaxuueBane, rae mpeo0iagaeT XONOAHBIA MMOMYITyCTHIHHBIA CYXOCTEMHON KIMMAT C
3aCyIUIMBBIM JIETOM, CyTOYHbIe MakcUMalbHble TeMiepaTypsl npessimanu 40 °C, a B 2020 u
2021 romax cocraBuwin 44,2 °C, a camass HU3Kas MUHUMalbHas TeMIepaTypa 3a 3TOT
MHoOTOJeTHHUi nepuo coctasmia -23 °C B 2017 roxy.

4. 3BAKJIIOYEHHUE

Cpensss rofoBas TeMIiepaTypa Bo3IyXa B PECIyOJIlKe Hadana pacTu Oosee pe3ko mocie
2010 roxa (¢ 1,3 °C no 2,3 °C), npeBsicuB HOpMy Ha 2 °C B 2022 roay u Ha 2,2 °C B 2023 roxy.
B menom o pecny06irKke 3a MHOTOJIETHHI IEPHUO CPETHSISI MHOTOJIETHSISI TEMIIEPATypa BO3IyXa
obuta Ha 1,3 °C Bblmie HOpMBI. Temmeparypa BO3IyXa BO BCE CE30HBI ObLIa BBIIIC HOPMBIL
Temneparypa Bo3ayxa Ha TEPPUTOPHH PECITYOIUKH 3UMOM MPEBBICHIIa MHOTOJICTHIOIO HOPMY
Ha 1,1 °C, Becnoii Ha 1,2 °C, netom Ha 1,5 °C, ocenbto Ha 0,9 °C.

B muoroneraem mepuone 2002...2022 rr. camas BBICOKas TeMIepaTypa 3UMOW OblIa Ha
1,3 °C Bwitie HOpMBI B siHBape 1 Ha 1,2 °C Bbilie HOpMBI B (eBpasie. BecHoll B MapTe u Mae
TemrepaTypa 6su1a Ha 1,2 °C BbIIIe HOPMBI COOTBETCTBEHHO, a B arpesie OHa Oblila paBHAa HOpME
6e3 noBkInIcHus. JIeToM TeMIiepatypa B HioHe U aBrycte O0buta Ha 1,7 °C, a B utosie Ha 1 °C Bbiie
HOpMBL. OCEHBIO B ceHTAOpe Temreparypa Obuia Ha 1,2 °C, B okTs16pe Ha 1,3 °C, a B HOs10pe Ha
0,3 °C BbllIe HOPMBI.

Temneparypa Bo3myxa MOBBICWIJIACH Ha BCEX BBICOTaxX IO BCEH peciryOiiKe, HO camast
BbIcOKas Oblia Ha BbicoTe 0...201 M, a Ha BeicoTax Oojiee 1000 M oHa Oblia Ha 1,4 °C Bbile
HopMbl. Camasi BBICOKas CyTOYHass MaKcHMallbHas TemIeparypa Oblna 3aduKcupoBaHa B
Haxuuesane (44 °C) B 2017 rony u B Anmepon-I'o6ycrane (44,5 °C) B 2018 roxy.

JOCTYINHOCTDb JAHHbIX

JlaHHbIe, HCIIONB30BAHHBIC B JTOM HCCIEAOBAaHMM, MOJYYeHbl aBTopamMu W3 HarpoHaipHON
THAPOMETEOPOJIOTHYECKOil  ciykObl npu  MuHHCTEPCTBE OKOJOTHM M NPHPOTHBIX  PECYypCOB
AszepOaifmxanckoil PecyOmukm.
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TYHWIH CO3JIEP ABCTPAKT

KIIMMATThIH ©3repyi Kahannplk KnIMMaTTHIK OKyHemeri esrepicTep AszepOaikKaHHBIH — KIMMATTBIK
opTaria IKBLIIIBIK aya JKaFJaiapbelHa 9Cep eTil, KOIDKBUIIBIK OaKbUIayIapAbl Talgay TOYITIK MaKCUMYMBI,
TEMIIEpaTypachl opTalia alibIK JKOHE OpTallla KbULABIK TeMIeparypalapiblH ©CKEeHIH, TIyIiK

TAYJIK MAKCHMYM
KOIDKBUIIIBIK KE3€H

MakaJia skaiibIH/Ia:

MUHHMYMBI TEMIIEPATYPaAIAPbIHBIH TOMCH/ICTCHIH JKOHE MAYCBHIMIBIK BIFBICYJIAP/IBIH
OosiraHblH KepceTTi. PecriyOinka OolbIHIIA OpTalla KbUIIBIK aya TeMIlepaTypachl
2010 xbutman keidin (1,3 °C-tan 2,3 °C-ka neilin) aidTapibIkTail ece Gacraibl, ai
2022...2022 xwbuinapsl on1 HopMazaal TtuiciHie 2 °C xoHe 2,2 °C xorapbl OOJIBbL.
YKanme! anranga, pecmyoanka OONBIHIIA KOIDKBULIBIK KE3E€HIE OpTallla KOTDKbIIIBIK,
aya Temmepatypacsl HopManaH 1,3 °C sxorapel 6onael. bapnbsik MayceiMaapaa aya
TeMIepaTypackl HOpPMaJaH »JKOFaphel Tipkennmi. PecrmyOnmka ayMmarbiHIa KbIC
ME3TilliHAe aya TeMIepaTypachl KeIDKbUIABIK HopManaH 1,1 °C, kexremme 1,2 °C,
xkazna 1,5 °C, kysae 0,9 °C sxorapbr 6omgsl. 2002...2022 xpuinap apayibiFbIHIAFbI

Kibepini: 06.03.2025 KOIDKBULIBIK Ke3CHIE OpTaIlia aiIbIK TeMIIEpaTypaHbIH eH YJIKEH ocyi KbICTa, dcipece
Kaiita kapansr: 24.06.2025 KaHTap *oHe aKIaH ainapeiaa Oaiikanasl. Kanrapaa remneparypa Hopmanaas 1,3 °C,
KaGsunmanmt: 25.06.2025 akmauna 1,2 °C xorapsl OOJIBL COHI)II\'/IGH' Karap peC}'[yQHHKa OolbIHIIIA OpTaria
Kapustarer: 30.06.2025 XKBUIIBIK aya TeMIIepaTypachl OapibIK OniKTiKTep e ocTi, 6ipak eH kem ocy 0...201 m

ouikrikte xoHe 1000 M-neH sxorapsl OmikTiKTe (opKaiichichinaa 1,4 °C) Galikaiabl.
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Changes observed in the global climate system have impacted the climatic conditions
of Azerbaijan. Analysis of long-term observations has shown an increase in daily
maximum, average monthly, and annual temperatures, a decrease in daily minimum
temperatures, as well as seasonal shifts. The average annual air temperature across
the republic began to rise more sharply after 2010 (from 1,3 °C to 2,3 °C), and in
2022...2022 it was 2 °C and 2,2 °C above the norm, respectively. Overall, during the
long-term period, the average multi-year air temperature across the republic was
1,3 °C above the norm. Air temperatures exceeded the norm in all seasons. In the
territory of the republic, winter temperatures exceeded the multi-year norm by 1,1 °C,
spring by 1,2 °C, summer by 1,5 °C, and autumn by 0,9 °C. During the long-term
period of 2002...2022, the greatest increase in average monthly temperature in winter
was observed in January and February. In January, the temperature was 1,3 °C above
the norm, and in February 1,2 °C above the norm. Meanwhile, the average annual air
temperature throughout the republic increased at all altitudes, with the most
significant increases recorded at elevations of 0...201 m (1,4 °C) and above 1000 m
(1,4 °C).

Ipumeuanue uzgaTess: 3asBICHUS, MHCHUS U JaHHBIC BO BCEX MyOJIHKALMIX MPUHAICKAT TOJIBKO aBTOPY (aBTOpam), a He
KypHay "['MapoMeTeopoor s U 3KOJIOTUs" U/WiK peAakTopy (peraKTopam).
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MUHepaTH3anus
HOHHBIM COCTaB BOJIbI
KOHIICHTpaLus
pacnpezaeneHue
TpaHChOopMAaITHs

B pabore mnpuBOAATCS pe3yibTaThl HCCICIOBAHHM, IOCBSIICHHBIX OICHKE MHOTOJETHEH
JVMHAMHUKH 00beMa TPaHCTPAaHWYHOTO CTOKa Ha TeppuropHio Ka3axcraHa MUHEpaIbHBIX COJICH
no p. XKaiieik. Ha ocHoBe MHOrosnernero marepuana ['ocyaapctBeHHoro monuropunra PITI
«KasrugpomeT» paccMOTpeHBI 0COOEHHOCTH TPAHC(HOPMAIMK CTOKa MUHEPATU3ALUH BOIBI 10
TEUEHHIO C YYETOM BIIMSIHUS [TPUPOIHBIX M aHTPOIIOTeHHBIX (hakTopoB. [IprBeaeHbl CBEACHUS O
BO)XHOCTH UCCJIEJOBAaHUN MHUHEpaTH3alui BOJbl B (DOPMHUPOBAHUH KayeCTBa [MOBEPXHOCTHBIX
BOJI, @ TAK)K€ UX CTOKA B CAHUTAPHOM PEXHMME KOHEUHBIX BOJIOEMOB.

IIpoBeneHHBIE HCCIeIOBaHUS TOKA3aIH OONIBIUIYI0 H3MEHUMBOCTh CTOKA MUHEPAJIbHBIX COJIEH B
MEXIOJIOBOM acIeKTe B 3aBHCUMOCTH OT KoJeOaHHs BOAHOTO CTOKAa M BIMSHHUS psija
AHTPONOTeHHBIX (pakTopoB. [Ioka3aHa poib TpaHCIPAaHWYHOTO CTOKA p. JKalbIk Kak OCHOBHOTO
(akTopa (hopMHpOBaHUS peXHMa MHUHEpaIH3alUM BOAbI Ha TeppuTopun KasaxcraHa, Takke
NIPUBEJICHBI OCHOBHBIE (DaKTOPHI, ONPENEIIMIOIIE TpaHCHOPMAUI0 MUHEPATIH3aLUH BOIBI 1O
TEUCHHIO BOJOTOKA.
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Ony6mukosano: 30.06.2025
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Ha TeppuTopun Kasaxcrana //
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skosorus, 117 (2), 2025, 29-37.

MPHTN 70.27.17

1. BBEJEHUE

Peka JKaiipik — TpeThs Mo anmuHe peka B EBpomne (o0mas mpoTskeHHOCTh 2430 KM, M3 HUX
1084 xm — na Tepputopuu Kasaxcrana), ¢ miomasio 6acceitna 237 toic kM2 [1...2]. BepxoBbs
pexu HaxonsATcs Ha Tepputopuu Poccuiickoit @eneparn (PD), a HIbkHee TedeHHE HAXOAUTCS B
3ananno-Kazaxcranckoit u Ateipayckoit obnactsx Kazaxcrana. CpenHee MHOTOJIETHEE 3HAUCHHE
ronosoro croka p. XKaiisik o ganueM [3] cocrasnser 12,0 km® (380 m¥/c).

Peka urpaer KmoueByI0 poib B O0ECTIEYEHHH BOAOM HACENIEHHS M Pa3IMYHBIX OTpaciel
9KOHOMUKH 3anaaHoro Kasaxcrana. BogHble pecypchl ee IIMPOKO HCIONIB3YIOTCS B Oacceiine st
XO35UCTBEHHBIX LIEIEH.

W3BectHO, uTo B BogHOM Oanance Kacnmiickoro mopst crok p. Bonra 3aHumMaer mopsiika
80 %, a p. XKaiibik — okono 3 % [4]. BmecTe ¢ TeM MPUTOK MaTOMHHEPATH30BaHHBIX BOJ P. JKaibIk
UMEeT 3aMETHYI0 pOJb B ONPECHEHHWH MEJKOBOJHOH CEBEpO-BOCTOYHONW aKBaTOPHH
Kazaxcranckoro cekropa Kacmmifickoro Mops, 49TO co3fgaeT OJaronpuATHBIE YCIOBHS IS
BOCIIPOM3BOJICTBA 3aIlaCOB LIEHHBIX IPOMBICIOBBIX PHIO, B TOM YHCJIE OCETPOBBIX BHAOB. B
KagecTBE TIpPHMEpa MOXKHO NPUBECTH HEKOTOPBIE pe3yJIbTaThl, IONyYEHHBIE B MEPUOJT
KOMILIEKCHBIX HCCIIEIOBaHUH, MpoBeaeHHbIX aBTOopamMu B 2008...2010 rr. mo Bcell akBaTOpHU
Kazaxcranckoro cektopa mopst [5]. Tak, cOJE€HOCTH BOABI B CEBEPO-BOCTOYHOM aKBATOPUH
CesepHoro Kacnusi, BKITIOUasi CEBEpHYIO 4acTh Y pajbcKoi 60po3nuHbl, BecHO# 2009 r. Oblna B
npezenax ot 4,78 %o 10 7,39 %o, B cpearem — 6,10 %o, B aBrycre 3TOr0 roaa B cpeaHeM 6,5 %o, a K

10Ty OT 9TO 30HBI COJIEHOCTh MOPCKOM BOJIbI MOCTENEHHO Bo3pacTaia A0 8,3 %o u 9,3 %o. BecHoit
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2010 r. cpemHss COICHOCTH BOJBI B YKa3aHHOM aKBaTOPUH cocTaBmia 7,7 %o, a 10)KHEE 3TOH 30HBI

oHa Bo3pactaia A0 8,3 %o 1 10,0 %o.

W3 MHOTOYMCICHHBIX XHMHYECKHX KOMIIOHEHTOB, COAEP’KAIIUXCA B MPUPOJHBIX BOJAX,
HanOoJee BaKHBIM TapaMeTpOM sBJIsIeTCsl MUHepanu3anuus Boasl (MB), T.e. rpymnna MuUHepalbHbIX
coseii. OHa UMEET MEPBOCTENIEHHOE 3HaUCHNE B (DOPMHUPOBAHNH KadecTBa BoJ. [IpuronHocTs BOX
JUISL XO3SHCTBEHHO-IIMUTHEBBIX, APYTMX ILeNedl 3aBHCUT, B IIEPBYIO OYepelb, OT BEIMYHHBI
MUHEpPaIU3alid U COACPIKaHHS COCTABILIONINX €€ TNIABHBIX HOHOB [6].

Munepanu3zanusi, 0COOEHHO B PEYHBIX BOJAX, OYEHb HM3MEHUYMBA B MNPOCTPAHCTBEHHO-
BPEMEHHOM acCIIeKTE B 3aBUCHMOCTH OT KOJIEOaHHs BOJHOTO CTOKA W O] BIMSHHAEM psifia IPyTUX
NPUPOJHBIX M AHTPONOTEHHBIX (aKTOpOB. B TpaHCTpaHMYHBIX peKax BHUJBI aHTPOIOTEHHBIX
BO3ACUCTBHHA, OUeBHAHO, Ooyee pasHoOoOpasHbL. M p. JKaifblk K YmCITy TIaBHBIX (aKTOPOB,
BIMSIIOIIMX Ha XUMHUYECKUH COCTaB BOABI, B T.4. HA €€ MHHEPAIM3AlMIO, Ha TEPPUTOPHU
KazaxcTana, MOXKHO yKa3aTh Ha HEIIPEPBIBHOE COKpaIlIeHne o0beMa BOIBI, IpuTeKaromeii u3 PO.
Tak, BennunHa rogoBoro croka p. JKaibIk MO CPaBHEHUIO CO CPEIHHM MHOTOJETHHM, PABHBIM
12 xm® [3], ymenbmmmack: k 1995 r. B cpensem 10 10 km® mm na 16,7 %, k 2006 1. — B cpeaneM
10 7,56 xm°® wu Ha 37,4 %, ak 2016 r. — B cpeanem g0 7,47 km® umu Ha 37,8 % [7...8].

VY4uThIBask BHIIEH3JIOKEHHOE BBIIIE, @ TAK)KE BAXKHOCTh COXPaHEHHUS HOPMAaTUBHOTO yPOBHS
MHHEpaIu3allii pPEYHON BOJABI, OCHOBHOM LIE€JIbI0 IPOBOJUMBIX MCCIEIOBAHUI OIpeaeIeHbl
BONPOCHI: KOJWYECTBCHHAs OIGHKA MHOTOJETHEH NUHAMHKA MHHEPAJIbHBIX COJICH B
TPaHCTPAaHMYHOM CTOKE, a TaK)K€ YCTAHOBJICHHE XapakTepa TpaHC(QOpMalMd MHUHEpaIU3aliu
BOJIBI 110 TEUCHHUIO PEKH Ha TeppuTtopuu PeciryOnmku, ¢ yaeToM 00yciIaBIuBaOIX ee (akTopoB.

2. MATEPHUAJIbI U METO/1bl

B ocHoBy naHHOIt paboTel mosioxensl Matepuansl PI'TI «Kasrugpomer» 3a 2001...2021 rr.,
oIy OIIMKOBaHHbIE B EXXETrOAHBIX JaHHBIX O KaueCTBE MOBEPXHOCTHBIX BOJI, B KOTOPBIX COAEPKAaTCs
MopoOHBIE CBEACHUS IO KOHIIEHTPAIMSIM MUHEepaIn3aluy BoJs! p. XKalbIk OT TpaHCTpaHHYHOTO
ctBopa 1o Kacnimiickoro Mopsi. [[iist n3yueHnst 0coOEHHOCTH TpaHC(hOpMaui MUHEPAIbHBIX COTIeH
[0 TEUEHHUIO PEKU MCIIOJIB30BAaHbl JaHHBIE, MOJTYy4YEHHBIE Ha CEMH THJIPOXMMHUYECKHUX CTBOpaXx,
pacnonio)keHHbIX Ha Teppuropun Kasaxcrana: c. SHBapueBo — mpurpaHudHslii ctBop ¢ PO,
r. Ypanbck, c. Kymywm, c. Taiinak, c. MaxamoOeT, r. ATbipay u 1. Mayas namba — 3aMbIKQrOIIU i
CTBOp B ycThe pekH (pucyHok 1). Ilpu BbIIBICHHH (AKTOPOB, OKA3bIBAIOIIMX BIMSHHE Ha
MUHEpaTN3aIfIo0 TPAHCTPAaHUYHOTO CTOKA M XapaKTepa ee TpaHC(hOpMaLnH 10 TedeHuIo p. JKaibIk,
UCIIONIB30BANICS YHUBEPCAIBHBIA METOJ, CONOCTaBUTEIbHOIO aHallM3a, BPEMEHHOIO aHalln3a, a
TaKXKe METOJ KOPPEeTAIMOHHOTO aHajam3a. MeToJ CONOCTaBUTEIBFHOIO aHANIN3a NMPUMEHSIETCS B
THIPOXMMHUHU C IEIbI0 OLIEHKHM KayecTBa IMOBEPXHOCTHBIX BOJ, a TAaKKE€ OTCIEKHBAHUSA €rO
W3MEHEHHS BO BPEMEHHM, YTO IIO3BOJISIET BBIABUTH 3aKOHOMEPHOCTH M B3aUMOCBSI3U MEXIY
XMMHYECKHM COCTaBOM BOJbI M BHEITHUMH (pakTopamu. OCHOBHBIM NPHEMOM METOJa SIBISETCS
BBIUUCIICHHE CPEAHUX BENWYHH (B JAHHOM HCCIIEIOBAHWU — CPEAHErOJOBBIX) KOHILIEHTpaIui
MUHEpalU3alid PEYHOW BOABI M  CPABHUTENBHBIA  aHANU3 MEXKAYy HOTy4YEHHBIMU
XapaKTEepUCTHKAMU M HOPMATHBHBIMHU 3HAYCHHUSAMH I HCCIeIyeMoro mapamerpa. Jlamee ObuI
MPOM3BEICH BPEMEHHOM (MHOTOJIETHNI) aHAIN3 JaHHBIX 3a JUTUTEIBHBIN TPOMEXYTOK BpEMEHH —
¢ 2005 mo 2021 rr., 4TO ABNAETCS KIFOUYEBBIM AaCIEKTOM HCCIIEOBaHMA, T.K. B HACTOAIIEEe BpeMs
UMEETCs HEJOCTaTOK JaHHBIX B HANpPaBIEHHH JOJITOCPOYHOTO HCCIENOBaHHMA KadecTBa
MTOBEPXHOCTHBIX BOJI.

Hopmatusnslii yposens I1JIK anst MB, npuBoanMBIi Ha HIUTIOCTPATUBHBIX MaTE€pUanax B3sT
B COOTBETCTBMM ¢ EuHON cucTeMOW KiaccU(pHUKAlMKW KadecTBa BOJBI JUIS MEPBOTO Kiacca
kagecTBa [9], koTopslii coctaBseT 1000 mr/mme,
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c. Kytuym I

Pucynoxk 1. luopoxumuueckue cmeopul Ha p. Kaiivik Ha meppumopuu Kazaxcmana

3. PE3YJIbTATHBI U UX OBCYXJEHHNE
CormacHo [aHHBIM, mpenacraBieHHbIM B «Esxeromuukax» PI'TI «Kasrummpomer» [10],
MHUHEpAIN3alKs TPAHCIPAHUYHOTO CTOKA, IPHUTEKAIoWero ¢ teppuropun PP 3a MHOroneTHui
TIepUOJI, BapbUpOBaNa B 3HAYMTEIBHBIX IIpenenax, ocodeHHo B 2005...2016 rr. (pucyHOK 2),
CpellHMe TOJIOBble KOHLEHTPallMd MHHepanbHBIX coneidl cocrasumu  400...1121 wmr/ams,
MaKcUMalbHble €€ 3HaueHus 3apuxcuposansl B 2008 r. Ha yposHe 2359 mr/am®, a B 2015 r. — 10
1525 mr/mm. B nepuon ¢ 2017 r. mo 2020 r. mpu Koje6aHUH CPEIHEr0J0BOr0 BOAHOIO CTOKA B
npenenax 3,5...9,8 km® (pucyHok 3) MB npakTHyecky He MEHAETCs, OCTaBasCh IOYTH MOCTOSHHOMU
U B OTJAENbHBbIE CE30HBI 3TUX JieT. [0 AaHHBIM, NPHUBEACHHBIM Ha PUCYHKE 2, HE0OXOAUMO
OTMETHTH H O TOM, YTO 38 MHOTOJICTHHH TIEPHUOJI CPEIHSS MUHEpAIN3aIlis TPAHCTPAHUIHOTO CTOKa

pexu Obla Hxe HopMaTuBHOTro ypoBHs ITIK — 1000 mr/am® [9].
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PucyHnok 2. Munepanuzayusi 600bl 6 MpaHCepAHUYHOM CMEOpe peKu y c. Ansapyeso
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Pucynok 3. O6vem mpancepanuunozo cmoxa 600wl y c. Aneapyego

Ha ocHoBe aHanm3a mpuBeIEHHOTO WILTIOCTPALIMOHHOTO MaTepuaia (pUCyHKH 2...3) ciemyet
OTMETUTh 00 OTCYTCTBHM TECHOM 3aBUCHMOCTH MEXAy MUHepaiu3auued u o0beMoM
TPAHCTPaHHYHOTO BOJHOTO CTOKAa, YTO SABISCTCS MOKa3aTeJeM CYIIECTBCHHOTO BIUSHUS
Ppa3IMYHbIX MO NPOUCXOKACHUIO aHTPONOICHHBIX (baKTOpOB Ha XMMHYECKHI COCTaB M KauyeCTBO
pe4HBIX BOJ Ha Teppuropun P®. DakT OTCYTCTBUS B3aUMOCBSI3H MEXKAY CpPEIHErollOBBIMHU
XapaKTCpUCTUKaMH pacxoJia BOJAbl W MHUHEpaIU3allud MOATBCPKAACTCIA I‘pa(bI/IKOM CBsI3H,
NpeCTaBICHHBIM HA PHCYHKE 4.
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Pucynok 4. I'paghux ceszu mexncoy cpedne20008biMu pacxo0amu 600bl U MUHEPAIUZAYUET Y

c. Ausapyeso

MmuoronetHsisi nuHamMuka MB B HHM30BBsIX peku (Y T. AThIpay) XapaKTepU3yeTcs TakKkKe
3HAYUTEIBHBIMH KOJICOaHUSIMH BO BPEMEHH C TEHJCHINEH CHMKEHUS, MPUMEpHO, ¢ Hadara XXI
Beka (Tabmmma 1). 3a paccMaTpuBaeMblil MEPUOJ] 3aMETHBIC H3MEHCHHS XapaKTEPHBI IS
COOTHOLLIEHUS IIaBHBIX HOHOB. B 1961 1. u 1962 r. coctaB BoJpl B JaHHOM pallOHE COOTBETCTBOBAJ
uHjaekcy B nmojoBojgbe CCall, B mexxenr — CINall [11], a B mocneaHee aBaanaTuieTHe BO BCE
ce3oHbI roga cootBercTByer uHaekcy CNall. Cornacuo nanueiv [12], B mapte 2019 r. MB B
p. JKaiibik 3aperucTpupoBaHa Ha yposHe 685 mr/am® y r. ATeipay, y . Manas Tam6a — 810 mr/am®.
o cobcTBenHbM HaOmoaeHusM [13], B 1999...2001 rr. MB B HU30BbSIX PEKH COCTABIISLIA BECHOM

or 342 mr/mm® mo 404 mr/nm®, a B nawane 3umbl 581...586 mr/am®. Ilo Gonee panHEM
uccienoBanuaM [14], kak OTME4eHO BBIIIE, 3HAYEHHS ITOrO OKA3aTells H3MEHSIINCH B MHTEPBAJIe

259...845 mr/omS.

Taoauma 1
Mnozonemnee usmenenue MB p. XKaiivix y 2. Amvipay, me/om®
MuHepajau3anus Lon
P 1961 | 1962 | 1999 | 2000 | 2000 | 2015 | 2021
MaxkcumanbHas 982 953 581 586 369 510 649
MuHuManbHas 400 308 342 404 278 235 272
Cpennsist 601 636 462 495 306 373 449
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[Tpu n3ydyennn ocoOeHHOCTEH n3MeHeHnss MB 1o TeueHuto peku Ha Tepputopuu Kazaxcrana

JUI HarJIs JHOM MJUTIOCTPALUU TUHAMUKY H3Y4aeMoro MoKa3aTessl IpoaHaJIu3UpOBaHbl JaHHbIE 32
2001, 2010, 2015 u 2021 rr., 1O KOTOPBIM UMEIOTCS OOJIEE MOJIHBIE CBEICHUSI.

[To naHHBIM, MPUBEACHHBIM Ha PUCYHKE 5, MOJKHO OTMETHUTH 00 aHaJOrM4HOM pexxnMe MB
mo Teuernto peku 3a 2001 u 2021 rr. B 2001 r. (pucyHOK 5a) cpemHss MUHEpaIH3alus pPeIHOM
BoJbI OT 3HaueHuii 1421 mr/am® y ¢. SInBapueso mwiaBHo cHmkaetcs 10 912 mr/nm® y r. Atwipay u
1o 845 mr/nm® nepen BnaseHueM pekd B Mope. B 2021 r. (pHCYHOK 5T) HO BCEMY TEUEHMIO PEKH
MB MeHsieTcs KpaiiHe He3Ha4YuTeNbHO, B cpeaneM oT 590 g0 550 mr/am®. Amanorudnbii xon
JVUHAMHMKH OBII XapakTepPeH B 3TH TOABl M UIA MAaKCHUMAaJIbHBIX M MHHUMAIBHBIX 3HAUYCHHH
MUHEpaln3alum.
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Pucynoxk 5. Uzmenenue MB p. JKauivix no meuenuro na meppumopuu Kazaxcmana no cooam:
a) 2001; 6) 2010; 6) 2015; 2) 2021
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WHas kapTuHa HabOmogaeTcs nmpy aHanmse naHubix 3a 2010 u 2015 rr. (pucynku 56 u 58). B

2010 r. 3nauenust MB ot c. SuBapreBo g0 c. Taiinak 3aMeTHO HE MCHSUTUCh U HAONFONAIHCH B
cpeneM B uHTepBane 892...900 mr/mM°, ommako y ruapomocTa moc. MaxamOeT BenMYMHA
TI0Ka3aTells Pe3KO CHIKAETCS, OCTaBasCh Ha ypoBHE B cpenHeM 295...306 mr/am® mo moc. Manas
Jamba. B niemom, ananornunas auHamuka MB 1o Tedenuto peku 3apeructpupoBana u B 2015 . B
9TOM rojly pe3Koe CHIKEHHUE ee 3HaueHuil oTMedanock y ¢. Kymrym no c. Manep6op B cpeiHeM ¢
1121 no 589 mr/mM3, ocTaBasich nanee 6e3 3aMEeTHBIX H3MEHEHHH 10 CAMOT0 MOpHL.

Yem 00ycCIIOBIICHO Takoe pE3KOE ONPECHEHHE PEeYHOH BOJABI MMEHHO Ha TpaHMIE IBYX
obnacteil, OOBSICHUTH TPYAHO. V3BECTHO, UTO TaKOe CHMIKCHHE COJEHOCTH BOJ MOXET BEI3BATh
NOCTYIUICHHE B PEYHYIO CHUCTEMY OOJBIIOrO KOJMYECTBA MaJOMHUHEPAIM30BAaHHBIX BOJ, YTO
OTHOBPEMEHHO MPUBOJNT K YBEIUYECHUIO BOJHOTO CTOKA B pEKe HIDKE 3TOTr0 yuyacTka. OmHaKO, KaK
BUJIHO U3 pUCyHKa 6, Hyke c. Taiinak au B 2001 u 2021 rr., Hu B 2010 11 2015 rr. 06eM BOJHOTO
CTOKa B peKe He yBEIUIMWICA, 2 HA000POT, HAOII0AaeTCsl HEKOTOPOE €T0 CHIDKCHHE.

JocTtatouHo nmoapoOHble cBefeHus Mo n3MeHeHH0o MB mo tedenuto p. XKaifbik 3a 2013 u
2016 rr. mpuBonsaTcs B psne pador [15...18]. CormacHo 3TuM maHHBIM, BecHOH 2016 r. MB B
cTBopax c. SuBapueso, 1. Kymrym u . Taiiak cocTaBmia cooTBeTCTBEHHO 282, 325 1 326 Mr/ams,
a B cTBOpax 1. Muzep, n. Maxambet, r. ATbipay u 1. Manas Jlam6a — 386, 696, 707 u 532 mr/am®,
COOTBETCTBEHHO.

[IpuBencHHBIC BHINIE MaTepPHAIbl CBUACTEIHCTBYIOT 00 M3MeHeHHH MB 10 TeueHHIo peku
MOJ BIMSIHUEM psilia IPUPOJHBIX U aHTPONOTeHHBIX (AaKTOPOB Oe3 pe3kux ee KoieOaHui Ha
OTJENBHBIX YIacTKaX.

W, xkm3
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10 A
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noc. SluBapueBo  a. Taiimak  moc. Mapep6op a. Maxamber r. Ateipay  a. XanaTanan

—>—2001 rox —@—2010rog @ 2015roq — @ -2021rox

Pucynok 6. O6vem 6oonoco cmoxa p. Kauivik na meppumopuu Kazaxcmana
62001, 2010, 2015 u 2021 2e.

4. BAK/IIOYEHUE

Ha ocHOBe aHaM3a MHOTOJIETHETO MaTepHalia MOXKHO OTMETHTh, YTO PEXKUM MHUHEPAIU3aLuU
TPaHCTPaHUYHOTO CTOKA p. JKalbIk OUeHb IMHAMUYEH U CPETHET0/I0BbIE €r0 3HaYSHNUS KoJIeOalich
B uHTepBaie ot 500 g0 1525 u 2359 mr/am®. B TpaHCTpaHMYHOM CTBOPE PEKM BBISBIEHO
OTCYTCTBHE TECHOH 3aBHCUMOCTH MEK/1y MHHEpaU3annei 1 00beMOM TPaHCTPAHUIHOTO BOJHOTO
CTOKa, YTO SBIAETCS IIOKa3aTelleM CYIIECTBEHHOIO BIMSHUS aHTPOIOTEHHBIX (DaKTOPOB Ha
XUMHUYECKHI COCTaB M KaUeCTBO PEUYHBIX BOJ Ha TeppuTopuu Poccuiickoit denepanuu.

MmuoronerHss nuHaMuka MB B HH30BBAX peku (y T. AThIpay) XapaKTepu3yeTcs TaKHUMHU
3HAYUTEIBGHBIMH KOJICOAHUSMH B MEKIOJIOBOM ACIEKTE C 3aMETHOM TEeHJCHIMEH CHIDKEHMS,
npuMepHo ¢ Hauyana XXI Beka. Takas 3aKOHOMEPHOCTb BBISIBISIETCA M IPU CPABHEHUU
NPUBOAMMBIX COBPEMEHHBIX JIaHHBIX 10 MB ¢ onmyOIMKOBaHHBEIMH MaTepHAIaMH pPsifa HaydHbBIX
YUpEeXICHUH U paHee MPOBEACHHBIX COOCTBEHHBIX MCCIIEIOBAHUI.

MsHoroo0pasue TNPHUPOAHBIX M AHTPONOTEHHBIX (PaKTOpOB 00yCIaBIMBAET TIIyOOKHE
W3MEHEHHS B MOHHOM COCTaBE PEYHOW BOIBI M IPHAAET ONPEICICHHYIO HAIIPABICHHOCTH €ro
meramopduzanmu. KadectBo Boabl p. JKaiibIk 1O cTeneHM MHMHEpAIM3alid COOTBETCTBYET
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HOpPMaTHBHBIM Tpe60BaHI/IﬂM, M OHa BIIOJHE HPUTOAHA IJIA HCIIOJIB30BaHUA B XO03SICTBEHHO-
IMUATBCBLIX U APYTUX LCIIAX.

HOHY‘JCHHHC HAY4YHBIC pPE3yJabTaTbl MOTYT OBITh  HCIOJIb30BaHbIl ~MECTHBIMH U
TOCyAapCTBEHHBIMHU OpraHaMm 1O OXpaHEC TIMpUpodbl TIpU pa3pa60TKe BOJOOXpPaHHBIX
MepOHpPIﬂTPIfI, a TaKXKE crenuaJnuCcraMHu B obnactu HCCJICOOBAHUSA Kadue€CTBa NMPUPOIHBIX BOIA U
BOIIpOCax pa3BUTHA HAYYHBIX HCCJIeI0BaHUI TpaHCTPaAaHUIHBIX r[po6neM.

JOCTYIIHOCTDB JAHHBIX
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HAIlUOHATPHOW  CTaTUCTHKH, ATEGHTCTBA MO  CTPAaTErMYeCKOMYy IUIAHMPOBaHMIO M pedopmam
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KEY WORDS ABSTRACT

mineralization The paper presents the results of studies devoted to the assessment of long-term
ionic composition of water dynamics of the volume of transboundary runoff to the territory of Kazakhstan of
3‘.”1‘:%”1?‘“0” mineral salts of the Zhaiyk River. On the basis of long-term material of the State
Istripution

monitoring of RSE «Kazhydromet», the features of transformation of water
mineralization flow along the river are considered, also taking into account the influence
of natural and anthropogenic factors. There is an information about the importance of
water mineralization studies in the formation of surface water quality, as well as their
runoff in the sanitary regime of inlet water bodies.

The studies have shown great variability of mineral salt runoff in inter-annual and intra-

transformation

About article: annual periods depending on the fluctuation of water flow and the influence of a number
Received: 29.11.2024 of anthropogenic factors. The role of transboundary flow of the Zhaiyk river as the main
Revised: 29.05.2025 factor of formation of water mineralization regime on the territory of Kazakhstan is

Accepted: 03.06.2025

bublished: 30.06.2025 shown, main factors determining the transformation of water mineralization along the

watercourse are also given.

I[pumeyanue w3naTedsi: 3asABJICHHS, MHEHHS W JaHHBIC BO BCEX MyOJMKAIMAX MPHUHAIICKAT TOJIBKO aBTOPY (aBTOpaM), a HE KypHAIY
"T'uapOMETEOpOIIOTHS U SKOJIOTHA" H/WIIK pelakTopy (peaakropam).
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Contamination of the soil of the industrial area with heavy metals is a serious environmental
problem. In research soil samples were taken from the territory of the steel and mining company,
which owns the largest metallurgical plant in Kazakhstan, "Karagandy Metallurgical Plant",
located in the city of Temirtau, Karaganda region, Qarmet JSC, a metallurgical enterprise of
Central Kazakhstan, and the content of heavy metals was determined using atomic absorption
spectrophotometer (AAS) and X-ray fluorescence spectroscopy. Was determined. Eleven heavy
metals were detected in the soil samples and the following heavy metals were found in the
dissolved state: TiO2, MnO, and Fe,Os. It is known that the concentration of heavy metals Sr, Zn,
Cr, and Cu in the soil samples is much higher. According to the research results, it was determined
that the concentration of heavy metals increases in the order of
Sr>Zn>Cr>Cu>V>Ni>Pb>As>Co>Cd>Hg. As a result of the comparison of the three samples
Nel, Ne2, No5 with the highest contamination level, the highest concentration of Strontium in the
first sample is 287,1+0,05 mg/kg (p<0,05), the highest concentration of Zinc in the second sample
is 132,2+0,05 mg/kg (p<0,05), high concentration of Chromium in the first sample is 137,2+0,05
mg/kg (p<0,05), Copper concentration was highest at the second point, amounting to 87,6+0,05
mg/kg (p<0,05). According to the results of the soil samples, it was found that the soil near the
metallurgical plant is contaminated with strontium, zinc, chromium and copper.
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1. INTRODUCTION

Chromium (Cr) is one of the pollutant heavy metal elements that threaten human health, and
animal and plant growth. Human consumption of hexavalent chromium [Cr(VI)] can cause
symptoms such as asthma, cardiovascular disease, and organ failure, and is known to pose a risk to
plants and animals [1]. In addition, Cr(VI), known as an extremely toxic highly mobile oxyanion
species, poses a major carcinogenic risk to ecosystems and human health [2...3]. Therefore, it is
essential to remediate Cr(VI)-contaminated soils to reduce their ecological risk and subsequent
environmental impact. Scientific assessment of the environmental risk of soil chromium (Cr) and
the formulation of ecological standards for it may be of great importance in controlling its toxicity,
as Cr is listed as one of the 20 most dangerous substances by the Agency for Toxic Substances and
Disease Registry [4].

Strontium (Sr), an alkaline earth metal, is a common element in nature [5]. Elevated
concentrations of persistent and radioactive strontium in soil and water are considered a major
public health and environmental concern. Strontium is absorbed by the human body in the same
way as calcium, because these two elements are chemically very similar and accumulate mainly in
human bones and teeth, and also impairs bone growth in children [6]. When strontium enters our
bodies, it can displace calcium from bones or inhibit the production of vitamins and cause leukemia,
rickets, and kidney disease [7].
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Soil contamination with zinc leads to significant environmental problems, including reduced

soil fertility and potential toxicity to plants and microorganisms. Effective recovery strategies are

needed to reduce its adverse effects [8]. High levels of Zn disrupt nutrient cycling and alter
soil microbial communities, affecting ecosystem stability [9]. This pollution can have a significant
impact on the environment, disrupting nutrient cycling, altering microbial communities, and
affecting the overall balance and stability of ecosystems. The effects of zinc on soil microbial
processes and the sensitivity of earthworms to zinc further highlight the potential ecological
consequences of zinc pollution [10]. Zn to soil is mainly from metallurgy (mining, smelting),
agriculture (fertilizers, pesticides, manure), energy use (electricity generation, gasoline), sewage
sludge, surface runoff, etc. enters through [11].

Vanadium is a strategic metal element widely used in modern industries such as metallurgy,
manufacturing and oil refining [12]. Vanadium is widely used in a variety of industries, including
steelmaking, aerospace and renewable energy technologies [13]. Vanadium is highly toxic to living
organisms when exposed to excess, causing damage to the respiratory system and metabolic
disturbances [14]. The United Nations Environment Program (UNEP) recommends placing
vanadium on the priority list of environmental threats [15].

Soil is a constantly developing natural organism important for life on earth. It is the main
medium for plant growth and habitat creation. Soil is a limited resource that provides a variety of
microorganisms for micro- and macro-organisms, and is fundamentally involved in carbon
accumulation and the hydrological cycle (storage, replenishment of aquifers) [16]. The land is an
important resource for human production and livelihood, and with the development of agricultural
and industrial technology, soil contamination with heavy metals is becoming an increasingly
important problem [17]. Excessive and unstable industrialization, intensive agricultural activities,
improper mining, production and use of synthetic products (pesticides, paints, batteries),
combustion products of coal, oil spills and precipitation, metal waste, and fuel residues have made
the restoration of soil ecosystems contaminated with heavy metals and metalloids, damaged by high
sediment levels of toxic metals, an important issue for humanity [18].

Today, environmental pollution with heavy metals is the most serious problem on a global
scale, causing damage to plants, animals and humans through chronic or acute exposure [19].

Heavy metals are the inorganic pollutants of greatest concern due to their toxicity and
persistence in the environment [20]. Heavy metals are non-biodegradable by nature, some of them
combine with other components to form stable but toxic compounds [21]. Heavy metals are not
biodegradable due to their chemical complexity and stable nature [22]. Heavy metals are known to
be very toxic even in small amounts [23], are particularly dangerous pollutants of the natural
environment, and even at low concentrations can cause various pathologies in the development of
living organisms. The increase in heavy metals leads to many physical, chemical and biological
changes in the environment. The nature and extent of such changes depend on the composition and
form of heavy metals in natural objects [24]. The group of heavy metals mainly includes 19
chemical elements: Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Mo, Cd, Sn, Sh, Te, W, Hg, TI, Pb, Bi.
The most typical heavy metal contaminants are: Pb, Cd, Hg, Zn, Mo, Ni, Co, Sn, Cu, V, Sh, As
[25].

Regarding their role in biological systems, heavy metals are classified as essential and non-
essential. Essential heavy metals are those that living organisms need in small amounts for vital
physiological and biochemical functions. Important heavy metals include Fe, Mn, Cu, Zn, and Ni
[26]. Nonessential heavy metals are those that living organisms do not need for physiological or
biochemical functions. Non-essential heavy metals: Cd, Pb, As, Hg and Cr [27].

A serious global environmental problem is environmental pollution with heavy metals,
namely cadmium, lead, arsenic, mercury and nickel [28]. Metals play an important role in our
society, and the metallurgical industry includes activities as diverse as mineral exploration, mining,
screening, smelting and rolling. Ferrous and non-ferrous metallurgy is primarily responsible for the
production and refining of metals [29].

Anthropogenic sources of environmental pollution with heavy metals include metal
production, smelting, production of fertilizers and pesticides, metal leaching from landfills, and
industrial wastewater [30...31]. With the rapid development of the metallurgical industry, a large
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amount of metallurgical sludge was produced. The composition of industrial sludge consists of

various sources, mainly heavy metals, organic pollutants, viruses and microorganisms [32]. Owing
to backward production and processing technologies, a huge amount of mining wastes
(metallurgical slags, tailings, tailings, etc.) are generated during mining, smelting, etc. The smelting
of metal ores caused severe environmental pollution and damage to the environment [33].

Unprocessed waste takes up land resources, and very high concentrations of metals and
metalloids are transferred to the atmosphere, water, soil and groundwater, which pose a threat to
human health through food intake [34].

All heavy metals emitted by different types of industrial activities are toxic above a certain
concentration level, and As, Cd, Hg and Pb are the most toxic elements even at low concentration
levels [35]. The increased level of toxic metals in the environment poses a potential threat to human
and environmental health, so it has attracted the attention of scientists around the world [36]. They
are typically found in submicron-size fractions (<1 um) with different physical and chemical
properties related to their appearance, size, solubility, and toxicity [37]. Heavy metals such as Cd,
Cu, Pb, and Zn, known for their higher toxicity, are also recognized as potentially toxic elements,
and are associated with the metallurgy industry, mining, waste incineration, road infrastructure,
smelting plants, and the burning of fossil fuels [38]. Their concentration is significantly higher in
urban/transport and industrial areas [39].

Humans are harmed by inhaling, swallowing and skin contact with toxic fine dust particles
of heavy metals. This effect leads to serious human health problems such as depression and anxiety,
immune, endocrine, respiratory and other diseases [40].

Arsenic (As) is a common constituent of many ores and appears as a major, minor, or trace
element in sulfides associated with mine tailings. It is a redox element, usually found in soil in two
oxidation states +3 and +5. Arsenate (As(V)) is generally considered to be less toxic than arsenite
(As(11) [41]. Cadmium (Cd) is highly toxic because it is easily absorbed by plant roots and
transported to above-ground parts. Itai-Itai disease caused by Cd residue deposition is a well-
documented phenomenon [42]. Lead (Pb), the most toxic heavy metal pollutant found in many
fertilizers, is readily absorbed and eventually accumulates in the edible parts of medicinal plants
[43].

Heavy metals adversely affect the circulatory system, endocrine system, and central nervous
system, leading to stunted growth, kidney disease, and various types of cancer [44].

The use of pesticides and fertilizers, as well as the growth of industrial production in the
surrounding area, has led to the accumulation of heavy metals in the soil in recent years. A national
soil contamination study conducted in 2021 [45] found that the concentration of heavy metal
elements exceeded the threshold by more than 20 % in agricultural lands. The toxicity of these
metals represents a complex environmental issue that bioaccumulates and is non-biodegradable in
the environment [46]. Toxicity and the predicted persistence of environmental contamination with
heavy metals are of concern [47]. Heavy metals have carcinogenic, teratogenic and mutagenic
properties that can adversely affect human health [48].

Industrial areas are generally exposed to high levels of air pollution due to the predominance
of local industrial emissions [49].

Crops rich in these heavy metals can enter the human body in various ways, such as hand-to-
mouth contact, which can have harmful effects on human health [50]. As a result of all these
activities, heavy metals accumulate in the soil and become polluted. Contaminated soil poses a
significant threat to ecosystems and humans [51]. Removing these heavy metals from the polluted
environment through natural and human intervention and converting them into useful niches for
life is a priority [52]. The purpose of the work is to evaluate the characteristics of the distribution
of heavy metals in the soil cover in the territory of metallurgical enterprises.

2. MATERIALS AND METHODS

The soil was chosen as the main object of study due to the long-term impact of anthropogenic
sources of pollution, as soils are integral components of technogenic landscapes and are directly
influenced by human activities. Soil absorbs toxicants from the air and water environment and acts
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as a filter. In this regard, the amount of toxic elements in soil and plants can be considered as a

diagnostic sign that determines the impact of transport and industrial enterprises [53].

Study area The soil cover in the territory of Qarmet Joint Stock Company Complex
«Karagandy Metallurgical Plant» located in the city of Temirtau, Karaganda Region, Central
Kazakhstan, Republic of Kazakhstan is shown in Figure 1. The presented maps were created using
ArcGIS 10.6.
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Figure 1. Map of the territory of Qarmet JSC.
Note: created based on the author

The geolocation of soil sampling points is shown in Figure 2. The coordinates of the soil
sampling points are: 50.04'47"09N and 73.04'13"95E. At the end of September 2023, soil samples
were taken from the production areas of Central Kazakhstan at a depth of 25...30 cm of the root
layer using the "envelope method". The soil sampling process was carried out according to GOST
17.4.4.02-2017 [54].
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Figure 2. Location map of the study area with sampling points.
Note: created based on the author
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Soil samples were taken from five points on the territory of the Qarmet Joint Stock Company

complex «Karagandy Metallurgical Plant» from different distances. Four points were marked in
the corners of the test areas and one in the middle. From the point in the middle of the first sample
and this first point, the second point sample is £158,58m, the third point sample is +488,88m, the
fourth point sample is £696,55m, the fifth point sample is +£255,18m (total five samples). The sixth
soil sample was taken from the clean area for control purposes. Samples were collected in clean
plastic bags weighing approximately 1 kg. The collected samples were sequentially numbered and
delivered to the laboratory. Laboratory analysis of soil samples was carried out to determine heavy
metals. Atomic absorption and X-ray fluorescence spectroscopy methods were used in the work.

3. RESULTS AND DISCUSSION

As a result of experimental studies, the concentrations of heavy metals in soil samples taken
near this production area are presented in Figures 3...8. The distribution of the concentration of
heavy metals in soil samples is described in the histogram. The vertical axis shows heavy metals,
and the horizontal axis shows the concentration of metals in mg/kg. The blue columns represent
the soil samples taken from five points on the territory of the Qarmet Joint Stock Company complex
«Karagandy Metallurgical Plant», the orange is the soil sample taken for control purposes from the
clean area.
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Figure 3. Amount of heavy metals (mg/kg) in the soil taken from the first point

The soil sample taken from the first point (sample) in Figure 3 showed the highest values of
Sr, Cr, Zn and V. They are, respectively, Sr — 287,1+0,05 mg/kg (p<0,05), which is about three
times more than the amount of strontium in the soil sample taken from the clean area (control). Cr
is 137,2+0,05 mg/kg (p<0,05), which is about five times higher than the amount of chromium in
the sample taken from the clean area. Zn is 115,3+0,05 mg/kg (p<0,05), which is four times higher
than the amount of zinc in the soil sample taken from the control area. V — 78,4+0,05 mg/kg
(p<0,05), about ten times more than the amount of vanadium in the soil from the control area.

As shown in Figure 4, the maximum accumulation of heavy metals Sr, Zn, Cr, and Cu (mg/kg)
was observed in the soil sample taken from the second point (sample). Strontium is 281,6:+0,05
mg/kg (p<0,05), about three times more than strontium in the soil sample from the clean area. Zinc
is 132,2+0,05 mg/kg (p<0,05), which is about five times more than the amount of zinc in the sample
from the clean area compared to the soil in the control sample. Chromium is 98,5+0,05 mg/kg
(p<0,05), which is three times higher than the amount of chromium in the soil sample taken from
the control area. Copper is 87,6:+0,05 mg/kg (p<0,05), which is about four times more than the
amount of copper in soil from the control area.

Figure 5 shows that at the third point (sample), the highest index of heavy metals increased in
the order Sr>Zn>Cr>V. Strontium is 490,1+0,05 mg/kg (p<0,05), which is about 5,5 times higher
than the amount of strontium in soil from the control area. Zinc is 91,4+0,05 mg/kg (p<0,05), which
is three times higher than the zinc concentration in the soil sample from the clean area. Chromium
is 84,5+0,05 mg/kg (p<0,05), which is three times higher than chromium in soil from the control
area. Vanadium is 76,5+0,05 mg/kg (p<0,05), the amount of vanadium in the soil is about ten times
higher than in the control area.

42



Rakhisheva et. al T'udpomemeoporozus u akorozus No2 (117), 2025
Hg
Cd
Co
As
Pb
N
n

Cu
\Y

heavy metals

Cr
A
S

i
r |

0 50 100 150 200 250 300 350
concentration of heavy metals, mg/kg

mcontrol ®2 sample

Figure 4. Amount of heavy metals (mg/kg) in the soil taken from the second point
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Figure 5. Amount of heavy metals (mg/kg) in the soil taken from the third point

Hg
Cd
Co
As
Pb
Ni
Cu
Vv :
Cr
Zn
Sr
0 50 100 150 200 250 300

concentration of heavy metals, mg/kg

heavy metals

mcontrol ®4 sample

Figure 6. Amount of heavy metals (mg/kg) in the soil from the fourth point

Figure 6 shows that in the soil sample taken from the fourth point, heavy metals are increasing
in the order Sr>V>Zn>Cr. Strontium is 263,5+0.,5 mg/kg (p<0,05), which is about three times
higher than the amount of strontium in soil from the control area. Vanadium is 86,7+0,05 mg/kg
(p<0,05), which is about ten times higher than the concentration of vanadium in a soil sample taken
from a clean area. Zinc is 82,5+0,05 mg/kg (p<0,05), which is about three times higher than soil
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zinc from the control area. Chromium is 72,6+0,05 mg/kg (p<0,05), which is about twice as high

as chromium in the soil from the control area.
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Figure 7. Amount of heavy metals (mg/kg) in the soil from the fifth point

Figure 7 shows that heavy metals increased in the order Sr>Zn>Cr>V in the soil sample taken
from the fifth point. Strontium is 202,3+0,05 mg/kg (p<0,05), which is about 2,2 times higher than
the strontium level in the soil sample from the control area. Zinc is 105,6+0,05 mg/kg (p<0,05),
which is about four times higher than the zinc level in the soil sample from the control area.
Chromium was 95,5+0,05 mg/kg (p<0,05), about three times higher than chromium in the soil
sample from the control area. Vanadium is 82,3+0,05 mg/kg (p<0,05), which is about four times
higher than the zinc level in the soil sample from the control area.
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Figure 8. Amount of heavy metals (mg/kg) in the soil obtained from points Nel, Ne2, and Ne5

The results of the comparison of the three points (samples) with the highest contamination
levels are shown below. The highest concentrations of strontium are observed at the first point:
287,1+0,05 mg/kg (p<0,05), at the second point: 281,6+0,05 mg/kg (p<0,05), and at the fifth point:
202,3+0,05 mg/kg (p<0,05). The highest concentrations of zinc are observed at the second point:
132,2+0,05 mg/kg (p<0,05), at the first point: 115,3+0,05 mg/kg (p<0,05), and at the fifth point:
105,6+0,05 mg/kg (p<0,05). High concentrations of chromium were observed at the first point:
137,2+0,05 mg/kg (p<0,05), at the second point: 98,5+0,05 mg/kg (p<0,05), and at the fifth point:
95,5+0,05 mg/kg (p<0,05), while high concentrations of copper were observed at the second point:
87,6+0,05 mg/kg (p<0,05), at the first point: 72,2+0,05 mg/kg (p<0,05), and at the fifth point:
67,3+0,05 mg/kg (p<0,05). The following order of increasing elements in the soil was determined:
Sr>Zn>Cr>Cu
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4. CONCLUSION

The results of the study showed that, according to the Environmental Code of the Republic
of Kazakhstan [55], the level of heavy metals in the soil in industrial areas, regardless of distance,
exceeded the maximum permissible concentration (MPC). A mosaic pattern of heavy metal content
was observed, depending on the sources of emissions. It was found that soil samples taken from
industrial areas contained higher levels of Sr, Zn, Cr, and Cu compared to samples taken from clean
areas. Mercury (Hg) and cobalt (Co) were found to be uniformly distributed at very low
concentrations in all soil samples.

The highest level of contamination was detected: the maximum concentration of strontium
was found at the first point, amounting to 287,1+0,05 mg/kg (p<0,05), which is approximately three
times the MPC value. The highest level of zinc was found at the second point, amounting to
132,2+0,05 mg/kg (p<0,05), exceeding the MPC by approximately six times. The maximum
concentration of chromium at the first point was 137,2+0,05 mg/kg (p<0,05), which is about twenty-
three times higher than the MPC value. Copper concentration was highest at the second point,
amounting to 87,6+0,05 mg/kg (p<0,05), which exceeds the MPC by approximately twenty-nine
times.

According to the study’s conclusions, the territory near the metallurgical enterprise
«Karaganda Metallurgical Plant» of Qarmet Joint Stock Company in Central Kazakhstan showed
the highest levels of contamination with heavy metals such as Sr, Zn, Cr, and Cu. A comparative
analysis of the indicators of the four most contaminated points revealed the following results: for
Sr, No1>Ne2>Ne5, for Zn, Ne2>Ne1>Ne5, for Cr, Noe1>Ne2>Ne5, and for Cu, Nel1>Ne2>Ne5. Based on
these results, it was determined that the soil in areas closest to the «Karaganda Metallurgical Plant»
of Qarmet JSC is heavily contaminated with heavy metals, posing significant ecological risks.

This issue impacts not only local ecosystems but also the overall environmental condition of
the region. To reduce contamination, it is necessary to conduct periodic monitoring of heavy metal
accumulation, apply cleaning technologies in accordance with the requirements of the
Environmental Code, and implement soil remediation methods. These recommendations include
effective measures to improve soil quality and ensure the sustainability of local ecosystems.
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OHAIpICTIK ayMaKTBIH TOMBIPAFBIHBIH ayblp METAIJApPMEH JIaCTaHybl KypJeni
SKOJIOTHSUTBIK  TipoOsiemMa Oonbin  Tabbutazpl. 3eprreyae Optanbik KazakcTaHHBIH
METaTyprisuiblK - Kocimopbiabl Qarmet AK — Kaparauner oOmbeickl  Temiptay
KaJlachIHJIa OpHajackaH KazakcraHmarel €H ipi METaLTyprisuIblK 3aybIT "Kaparaumbl
METAJUTyPTHSUTBIK, 3ayBITBIHA" HENIK €TeTiH 00JaT oHE Tay-KeH OHTIPYII KOMITAHWS
ayMarblHaH TOIBIPAK YJITLIEpi AJBIHIBI )KOHE ayblp METalAapABIH KYPaMbl aTOMJIBIK
abcopOimsiblK  ciektpooTomerp (AAS)  KoHE pPEHTTeHIIK  (IIyOpecuUeHTTI
CIIEKTPOCKOTHSI KOMETiMEH aHBIKTANIbl. AJIBIHFAH TOTBIPAK ChIHAMallapblHAA OH Oip
aybIp MEeTaJIAap aHBIKTAJIIBI )KHE epireH KyHiHjae MbIHa aybIp Metanaap ke3aecti TiOy,
MnO, Fe;Os. Tombipak cerHamanapsiaaarel Sr, Zn, Cr sxoHe Cu ayblp MeTanigapabiH
KOHLICHTPALMSICBIHBIH, ~ aHaFypJIbIM JKOFapbl eKeHAiri Oenrimi  Oommel.  3epTrey
HOTIDKENEpI  KOpPCeTKEHJAEH ayblp MeTaljapiblH  KOHIEHTPAUMSCHIHBIH — ocyi
Sr>Zn>Cr>Cu>V>Ni>Pb>As>Co>Cd>Hg permen OONAaTHIHIBIFEI  aHKBIHIAIIBL.
Jlactany nmeHreifi eH >xorapbl OomraH ym yiriHi Nel, Ne2, No5 e3apa caipICTBIpY
HoTIKeciHae CTpoHIHM eH )KOFaphl KOHIIEHTpaIHACH Oipinami yarige 287,140,05 Mr/kr
(p<0,05), MBIpBIITHIH €H JKOFaphl KOHIIEHTPAIACH eKiHmi yarige 132,2+0,05 mr/kr
(p<0,05), XpoMHBIH >XOFapsl KOHIEHTpauwscel OipiHmi yirize 137,2+0,05 wmr/kr
(p<0,05), MBICTBIH >kOFapbl KOHIIGHTpAIMACHI eKiHmi yarige 87,6+0,05 mr/kr (p<0,05)
OOJIFaH/IBIFBl AHBIKTANIBL. AJIBIHFAH TOTBIpAK ChIHAMalapblHBIH KepCeTKilliHe cail
METALTYPrUsIbIK KOMOWHAT MAaHBIHIAFbl TOMBIPAK JKaMBUIFBICBIHBIH CTPOHLUH,
MBIPBIII, XPOM KOHE MBICIICH JIaCTaHFaHbl aHbIKTAJI/IbI.
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ABCTPAKT

3arpsi3HEHHE TO4YBbI B IPOM3BOJCTBEHHON 30HE TSDKENBIMUH METaJIaMU SIBJISETCS
CIJIOYKHOH dKOJIorHYecKoit npobiiemoit. B nccnenoBanuu ObuM B3STH 00pa3Lbl MOYBHI C
TEPPUTOPUH MeTaTyprudeckoro npeanpuarus LienrpansHoro Kasaxcrana Qarmet AO
— KpymHeWmero Meraurypruueckoro 3aBojga Kasaxcrana «KaparanauHcKui
METALTyprHYecKnuil 3aBOJ», pacloiioxkeHHoro B ropone Temupray, KaparananHckas
o0ylacTh, W COCTaB TSDKENBIX METALIOB OBUI ONpenesiéH C IOMOIIBI0 ATOMHO-
abcopbumonHoro cnekTpooromerpa (AAS) W peHTTEHOBCKOH (IyopecueHTHOM
CIeKTpocKomuu. B mpobax mnouBbl OOHapykeHO 11 TKeIbIX MeTawioB, a B
PacTBOPEHHOM COCTOSIHUM OOHapy»KeHbI cieayromue Tsoxensie Metaiutel: TiO2, MnO,
Fe;03. 3BecTHO, 4TO KOHICHTpAIUs TsoKeNbIXx MeTamuioB Sr, Zn, Cr u Cu B mpobax
HOYBBI 3HAYUTENbHO BbIIe. [l0 pe3ynbTaraM HCCIEAOBAaHUI YCTAaHOBIIEHO, 4TO
KOHICHTpALHs TSDKEJIBIX METaJJIOB BO3pacraer B psny
Sr>Zn>Cr>Cu>V>Ni>Pb>As>Co>Cd>Hg. B pe3ynsraTte cpaBHeHus Tpex mpod Nel,
Ne2, No5 ¢ HamOOJBIIMM YPOBHEM 3arps3HEHHs] Hauboyiee BBICOKAsh KOHIICHTPAIIMS
CTpOHIIUS B TepBoil mpobe coctasiser 287,1+0,05 mr/kxr (p<0,05), Hanbombiias
KOHLICHTpPALHsI IIMHK BO BTOpoH mpobe coctaiseT 132,2+0,05 mr/kr (p<0,05), Boicokast
KOHLIEHTpaLust XpoMma B nepBoit pode 137,2+0,05 mr/kr (p<0,05), ycraHoBieHO, 4TO
HauOOIbIIasl KOHIEHTpanwst Meau coctaBmia 87,6+0,05 mr/kr (p<0,05) B BTOpOM
obpasue. Ilo pesynpraram aHanu3a NmpoO® MOYBHI YCTAHOBJIEHO, YTO IOYBAa BO3JIE
METATYPrHYeCcKOro 3aB0/Ia 3arpsi3HeHa CTPOHIIMEM, IIMHKOM, XPOMOM U MEJIBIO.
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KJ/IFOYEBBIE CJIOBA

ABCTPAKT

MOHUTOPHUHT
TBEpABIE OTXOMBI
nanusle ¢ BIUIA
HEHUpPOHHBIE CETU
YOLOv8

Y CKOpEeHHBIH pOCT TopoAckux ariaoMmeparuii Kazaxcrana BBI3BIBa€T OCTPBIC IKOJIOTHUECKUE
poOJIeMBbl, CBSI3aHHbBIE C 3arpsI3HEHHEM BO3/YIIHOM, BOJHOW U HAa3eMHOW CPeabl TOPOJOB U
NPUTropoJIoB. PacTeT YuciIo CTUXMIHBIX CBalOK Mycopa M OBITOBBIX OTXO/OB. YBEIHYCHHUE
oOpazoBanust TBepablXx ObIToBBIX oTX0#0B (TBO) mnpencraBuser coboit  cepbe3HyIO
9KOJIOTUYECKYIO IPo0IeMy, 0COOCHHO B YpOaHM3UPOBAHHBIX M MPOMBIIUICHHBIX PETHOHAX.
TpaaunuoHHBIE METOIBI MOHUTOPHHIA OTXOJIOB SIBISIOTCS TPYAOEMKUMH M OTPaHUYCHBI 10
Macmrabam. B 3TOM wuccnenoBaHWMM TpeUIaraeTcs CcuUCTeMa A aBTOMaTHYECKOTO
nerektupoBanuss ThbO, ocHOBaHHAs Ha MCHOJNB30BAHWM CHUMKOB, IOJYyYCHHBIX ¢ OopTta
BIUIA u mogenu rirybokoro ooyuernuss YOLOvVS. B pe3ynbrarte TeCTUpOBaHUS CHCTEMBI ObLTa
JOCTUTHYTa BBICOKasi TO4HOCTh oOHapyxeHust ThO: Precision 84,8 %, Recall 81,5 % nu
mAP@0.5 (85,1 %), npu loU 0,5. BusyanbHblil aHamu3 MoaTBEPIUI CIIOCOOHOCTH MOJAEIH
3¢ PEeKTUBHO OOHAPYKUBATH OTXOJIBI B PA3JIMUHBIX YCIOBHIX C MUHUMAJIbHBIMH OIIMOKaMH.
Pe3ynbTaThl HCCIEIOBAaHUS MOTYT OBITh HHTETPHUPOBAHBI B CHCTEMBI 3KOJOTMYECKOIO
MOHHUTOPHHIa U1 ONEPAaTHBHOTO BBIBJICHHS HECAHKIMOHHPOBAaHHBIX CBAJOK U
ONTUMU3AIMH MEPONIPUSTUHN TI0 UX JIMKBUIALINH.
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1. BBEJEHUE

OnHOM U3 KJIFOYEBBIX HKOJOTMYECKUX MPOOJIEM COBPEMEHHOCTH SIBJISETCS YBEJIHMUYEHHE
oobemoB TBO [1...3], ocobeHHO B yCIOBUSIX pocTa ypOaHM3alMKd M MPOMBIIUICHHOTO
npousBoycTBa. ThO BritoUaroT B ce0si MaTepHabl, TaKUe Kak IUIACTUK, METallbl, Oymara u
OpPraHWYEeCKHUE OTXO/bI, KOTOPble TPEOYIOT HaJUIeKalledl yTWIM3allMud WA TepepaboTKH.
HeaddextnBHOE ynpaBieHHe OTXOJAaMHM MOXET TPHBECTH K HE3aKOHHOMY cOpocy,
3arpsi3HEHUIO TIOYBBI M BOJBI, a TaKXke K I[OTepe Onopa3sHooOpasus W yXyIIICHUIO
OOIIIECTBEHHOTO 370pPOBbs, YTO IMOJUYEPKUBAET HEOOXOJUMOCTh B COBPEMEHHBIX CHCTEMax
Mouuropunra [4...5].

Meranomnucsl reHepupyIoT 3HaunTensHbIe 006eMbl THO (7o 373 kxr/4yen. B rofx), mpudeMm
UX COCTaB BKJIIOYAET BBICOKYIO JIOJIIO TPYAHOpa3jlaraéMbIX MaTEepHaNoB (IUIACTHK, CTEKJIO).
Poct otxomoB Ha 14...25 % 3a 5 nmer B Cankr-IlerepOypre, CrokronsMe u XenbCHHKH
TIOATBEPKAAET, YTO ypOaHu3anus ycyryonseT npodiemy, TpeOyst KOMILIEKCHBIX PEIIeHUH 110
nepepaboTKe U COKpaIeHUIo moTpebenust [6].

B AnmMaTtuHCKOW arioMmepanu 3Ta mnpodiema npuoOperaeT 0coOyl0 OCTpOTy: Ha
nosimrone 3axopoHeHust ThO B cene Afiteit Kapacaiickoro paiiona, pyakunonupytomiem ¢ 1990
roja, yX€ HAaKOIUIGHO CBbIIIe 12 MWUIMOHOB TOHH OTXO#OB. [Ipm 3TOM exeromHo
MycopocopTupoBoUHBIN KomIuieke Green Recycle mpunumaet oxosio 550 teicssd ToHH THO, u3
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KOTOpBIX JIMIIb 4YacTh (IUIACTHK, MakyjaTypa, CTEKJIO, METAUIbl) HanpaBisieTcss Ha
nepepaboTKy, a HEYTHIbHbIE (DPAKIMH MPOAOJIKAIOT MHOMOJNHATE OOBEMBI 3aXOPOHEHHBIX
otx0/10B [7].

TpanunnoHHBIE METOABI OOHAPYXEHHUSI HE3aKOHHBIX MECT 3aXOPOHEHUSI OTXOHOB
YacTO BKJIIOYAIOT PYYHBIE HCCIIEA0BAHUS, KOTOPBIE SIBISIOTCS TPYI0EMKUMHU U OTPaHUYEHHBIMU
B OxBare. PelleHHe 3KOJIOTHUYECKHUX 33ad, CBA3aHHBIX C OTXOJAaMH, CTAaHOBUTCSA BcE Ooiee
CJIOKHOM 3a/1aueil. B 3ToM KOHTEKCTe HCIONIb30BaHUE OSCITMIIOTHBIX JIETaTEIbHBIX allapaToB
(BIJTA) m TexHONoruid WcKyccTBeHHOTo wmHTeiuiekra (M) mpemocraBisier yHWKalIbHBIC
BO3MOXKHOCTH JIJII aBTOMATH3alMH MPOLIECCOB MOHUTOPUHIA U aHAIIN3a OTXO/I0B.

[IpumeHeHne anropuTMOB TIyOOKOTO OOydYeHHS IO3BOJSIET IOBBICUTH TOYHOCTh H
CKOPOCTh OOHapyXEHUs OTXOJI0OB Ha OOLIMPHBIX TEPPUTOPHSX, BKIIOYAs TPYIHOIOCTYHbIE U
OIIacHbIE JIJIs1 YeIoBeKa 30HsI [8...9].

OnHo#t u3 HauOojee YCHENIHBIX MOJENeH TIyOOKOro oOydeHHs il 3alad JACTeKIUU
sBisietcst cemetrictBo anroputMoB YOLO (You Only Look Once) [10...12]. Brnarogaps coeii
CKOPOCTH, TOYHOCTH M BO3MOKHOCTH JIETEKLIMH 00BEKTOB PAa3IMYHBIX MacCIITa00B B peajJbHOM
Macmrabe BpemeHH, YOLO HaxoAuT IUPOKOE MPUMEHEHNE B SKOJIOTHYECKUX UCCIEAOBAHUAX
W 3a7auax MoHuTopuHra. Hampumep, B pabote Han u np. [13] aeMoHCTpHpYyeT HCTIOIb30BaHIE
YOLO muist neTeKIun IIaBafoluX INTACTUKOBBIX OTXO/IOB, I'/Ie IOCTHI'HYTa BHICOKAsi TOUHOCTh
B KJIacCU(UKALUK TPEX TUIOB Mycopa: IUIACTHKOBBIX MakeToB (95 %), nenomnacra (90 %) u
IIACTUKOBBIX  OyTeUTOK (87  %). IlpakTWdeckass peanmzanyst MHOZOOHOH —CHCTEMBI
9KOJIOTHYECKOTO MOHHUTOPHHTa mMpeaiokeHa B pabore Liao Y.-H u mp [14]. EE aBTopst
pa3paboTaiy cHUCTeMy MOHHTOPHHTa MOPCKOTO Mycopa B PEKHME pEaJbHOTO BPEMEHH C
ucnons3oBanueM BIIJIA u Texnomoruit unrepHera Bemed (loT). Mx momxon mo3Bosser
aHAIN3UPOBATH TaHHBIC U MepelaBaTh HH(POPMAIHIO O MyCOpe Ha yNaJEHHBIC CTAaHIIUH B BUJIC
TEIUIOBBIX KapT. [IpemioxkeHHas cucreMa jokaszaja CBOK 3(QQeKTHBHOCTh B OOHAPYKEHHU
Mycopa B TPHOPEXHBIX 30HaX, JAEMOHCTPUPYS BBICOKHH IMOTEHIWAN IJIsi HPUMEHEHHUS B
Pa3JIMYHBIX KOJIOTHYECKHUX MPOrpaMmax.

Jpyras mpakTuueckas peanu3anus npemioxeHa B padore Kazaxos C. U np. [15], B
KOTOpOH paspaboTanu cucremy yuera mycopa Ha ocHoBe BITJIA u mogenun YOLOvVS. Hx
pabora  MNpPOJEMOHCTPUPOBAJAa  TOTEHIMAN  HCIOJIBb30BAaHMS  BEO-TIPHIOKEHHH I
BU3yalM3allid OOHapyKEHHBIX OTXOJOB Ha KapTax, 4TO oOJierdaeT ymnpaBlieHHE TBEPABIMU
KOMMYHJIBHBIMHM OTXO#aMH. TeM He MeHee, IPUMEHEHHE 3THX METOJOB Uil OOHAPY>KCHMS
TBO ocTaercst orpaHUYECHHBIM.

Hacrosimee wuccnenoBaHne TIOCBAIIEHO pPa3padOTKE CHUCTEMBI aBTOMAaTHYECKOTO
obHapyxenus TBO ¢ ucnonb3oBaHHeM H300paXkeHHH, MOJY4YeHHbIX ¢ nomolnsio BIUIA, n
mogemn  YOLOv8 [16]. Meromuka HCClIeAOBaHMST BKIOYaeT cOOp JIaHHBIX, UX
Npe/IBapUTEIbHY 0 00pabOTKy ¢ aHHOTHPOBAHUEM M ayTrMEHTAaIUeH, a TakxKe 00yueHne MOAEIH
C MCIOJIb30BAHUEM TIPE/IBAPUTENHEHO O0YUEHHBIX BECOB M ONTUMHU3ALMIO THIIEPIIAPAMETPOB.

2. MATEPUAJIBI U METO/bI

2.1 OcHoBHas ujes Noaxoaa

PaspaboTannsIit MeTon pacriosHaBaHus ThO BKIIOUaeT YeThIpe dTarma:

Oran 1: COop naHHBIX B (opmare BHJeO3amHcel, MONydeHHbIX ¢ Oopta BIIJIA,
BBIMOJIHEHHBIX Ha TEPPUTOpPHAX, cojepxamux cBaiku TbO, B mpenenax AJIMaTHHCKON
TOPOJZICKOM arjaoMeparyi.

Oran 2: [Ipeobpa3oBanne Buie03anncel B U300paskeHUs B popMmare .jpg, UX pa3MeTKa u
ayrMEHTalHs.

Oran 3: OOy4yeHue HEHPOHHOM ceTn UL 3a7add OOHApy)KEHHs OOBEKTOB Ha OCHOBE
MTOJTyYeHHBIX H300paKeHUH.

Orarm 4: OHTI/IMI/IBaHI/IH runeprnapamMmeTpoB MOJACJIN U aHAJIIN3 PE3YJIbTATOB.

50



Topodeyxas u dp.

T'udpomemeoporozus u axoroeus No2 (117), 2025

Ha mepBom osrame ocymecTBisieTcss cOOp OaHHBIX Ul THOCIEIYIOUIEro OOYy4eHHs,
BAINAAIMK U TECTHPOBaHMS Mojend. PazHooOpasne coOpaHHBIX JaHHBIX HIPACT KIIFOUEBYIO
pOJb B TOBBIMIEHHH CIIOCOOHOCTH MOJEIM K TEeHEepalu3allMd, TaK Kak OHO IO03BOJISET
YUUTHIBATh PA3IMYHBIC CIEHAPHH M YCJIOBHS, HMPH KOTOPBIX MOTYT BCTPEUATHCS IIEIEBBIC
00OBEKTHI.

B paMKax HCCIIEIOBaHMS MpeAIaraeTcs HCTIONIB30BaTh n300paKeHUs
CaHKIMOHMPOBAHHBIX CBAJIOK CTPOUTEILHOTO Mycopa Ha ypOaHW3MPOBAHHBIX TEPPUTOPHSIX
ropoja, Tak Kak ux cOop sBisieTcss Hanboee TOCTYITHBIM, SKOHOMHUYECKH LIENECO00pa3HbIM 1
ynoOHbIM. [Inist yBenuyeHus: 00béMa U pasHOOOpas3us NaHHBIX TaKKe HEOOXOJUMO BKIIOYHTH
n300paKEHNUsT HECAHKIMOHWPOBAHHBIX CBAIOK, PACIOJOXEHHBIX B TPHPOAHBIX 30HAX
AnmaruHcKoit obnactu.

JanHbIe, coOpaHHBIE HA STOM 3Tare, 00JIaaloT BEICOKOH JONTOBPEMEHHON IEHHOCTHIO,
MIOCKOJIbKY MOTYT HCIIOJIb30BaThCsl TOBTOPHO HA NMPOTSDKEHWM HECKOJBbKHX JeT. KirtoueBbiM
(haxTOpOM TIpu cOOpE JaHHBIX SBISIETCS BPEMs IIPOBEACHUS ChbEMKH: HEOOXOIUMO YUUTHIBAThH
CE30HHBIC M3MEHEHUs], YTOObl TapaHTUPOBATh HANEKHYIO PabdOTy MOJENH IIPH PasIMUHBIX
MIOTOAHBIX yCIOBHSIX.

Ha Bropom sTame nmpou3BOIUTCS HMOATOTOBKA JAHHBIX, MOJYYEHHBIX C JIPOHOB. DTOT
MIPOLIECC BKIIOYACT PYYHYIO Pa3METKy N300pakKeHHH C MCTIONIb30BAaHUEM CTICIIHAIN3UPOBAHHBIX
WHCTPYMEHTOB, Takux Kak cepBuc Roboflow. Kpome TOro, npumMeHsroTcsi MeETOBI
ayrMeHTalluy JaHHBIX, YTO MO3BOJSIET MCKYCCTBEHHO YBEIMYHUTH O0BEM TPEHHUPOBOYHOTO
Habopa U yIy4IIUTh CIOCOOHOCTh HEHPOHHOM ceTH K 0000IIeHHIO.

Tperwuii sTan Brimrogaet ooyderune moaean Y OLOVS ¢ nucmonp30BaHHEM METOIa IepeHoca
oOyyenust (transfer learning). Otor mnoaxon ObuT BHIOpAaH KakK ONTUMAJBHBIA H3-3a
OTPaHUYEHHOTO 00BhEMa JOCTYIHBIX JaHHBIX, OXy4eHHBIX ¢ BITITA.

Hcnonb3oBaHKe MpeaBapUTEIbHO OOYUYSHHBIX BECOB MO3BOJISIET MOJICIH 33/1eHCTBOBATD
3HaHMS, TIOJyYCHHBIC B IIpOLiECCe MPEeABAPUTEIBHOrO 00ydeH!s Ha OONIbIIOM Habope MaHHBIX
COCO (Common Objects in Context) [17], TeM camMbiM yCKOpsIsi TIPOLIECC aANTAllMU K HOBOM
3aj1ade ¥ CHIDKast BEPOSITHOCTH epeoOydeHNSI.

[TpenoOy4yeHHble Beca coxepkaT OOOOIIEHHBIE IPEACTABICHUS O CTPYKTYPHBIX M
TEKCTYPHBIX MPU3HAKaX 0OBEKTOB, YTO 3HAYUTEILHO MOBBIIIAET TOYHOCTH PA0OTH MOAEIH Ha
y3KOCMEUAIN3UPOBaHHOM 3aaue pacmo3HaBanus ThO.

Ha gerBéprom 3Tame ocymiecTBisieTcst Mo00p ONTUMAIBHBIX THIIEpIapaMeTpoB, TAaKUX
KaK KOJIMYECTBO 3MOX M pa3Mep 6aTya. 3aBepiuaeTcs MPoIece aHAIU30M NPON3BOAUTEIEHOCTH
MOJIETIM, BKJIIOYAs BU3YaIM3AIMIO PE3YyJbTAaTOB JECTEKIMU W OUEHKY €€ 3(QEKTUBHOCTH C
UCIIOJIb30BAaHMEM CTaHJAPTHBIX METPHK, TAKUX KaK TOYHOCTb, MOJHOTa 1 MAP.

Takoit moaxon oOecrieunBaeT BBICOKYIO CTENEHb aJanTaldil MOJEIH K 3a/ade
pacniozHaBaausa THO, 0THOBpEMEHHO CHIDKas 3aTpaThl Ha COOp AaHHBIX U 00yUYCHHE MOJIEITH.

2.2 O6paboTKa TaHHEIX, MOTy4eHHbIX ¢ BITJIA

Jisi MOATOTOBKM BXOAHBIX JaHHBIX, HEOOXOAMMBIX Uil OOy4YeHUs] HEHPOHHOW CeTH,
Kaxmoe Buueo, noiaydeHHoe BIUJIA, Oputo paspe3aHo Ha kaapsl paspemeHueM 1920x1080
nukcenedd. Kanpel, He conmepxamme TbO, ObuM  HCKIOYEeHB M3  Habopa, 4YTOOBI
COCPEIOTOUNTHCS HCKITIOUUTENIFHO HA IIEIEBBIX 00BEKTaXx.

B pesyabrate 0611 chopMupoBaH HAOOP AAHHBIX, BKIOUAOLIHA 990 H300paKeHH.

Bce nannbie ObLIH pa3iesneHbl Ha TP HOABBIOOPKH:

OGyuaromast BeiOopka (70 %) — WHCMONB30BaNIach ISl ONTHMHU3AIMU TApaMeTPOB
MOJIETIH;

Bammnarmmonnas Beroopka (20 %) — npenHa3zHadanach Al KOHTPOJIS TOYHOCTH MOJACTH
B IpoIiecce 00y4eHUS;

TectoBas BeIOOpKa (10 %) — mpuMeHsIach JJIT UTOTOBOW OIIEHKH KadecTBa pabOThI
MOJIETIH.
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Pyunast pa3mMeTka JaHHBIX I 00ydaroLieil 1 BaTUIALHOHHON BRIOOPOK MPOBOAMIACE C
HCIIONB30BAaHKMEM CIICIHATM3UPOBaHHOTO HHCTpyMenTa Roboflow [18].

Ha «kaxgom wun3obpaxenun neneBble 00bekThl (cBaiku THO)  BeIaemsutnch
orpaHpumBatoniMu pamkamu (bounding boxes), WTO TO3BONMIO ONPENEITHTH TOYHBIE
KOOPJMHATHI 00BEKTOB AJIS MOCIEAYIOIEro 00yYeHHUS MOAECIH.

[pumep npouecca MapKUPOBKH JAHHBIX IIPEACTABICH Ha PUCYHKE 1.

No Tags Applled

Pucynoxk 1. Pazmemxa oannvlx ¢ nomouvio uncmpymernma Roboflow

Jus noBeimieHnss 3QQPEKTUBHOCTH MOJACTH U €€ CIIOCOOHOCTH K OOOOIIEHHI0 OBLT
MpUMEHEH pSAJl TEXHHK ayrMEHTAIlMUd JMaHHBIX. AYTMEHTAIlUs MO3BOJISICT HCKYCCTBCHHO
YBENIUYHATE 00BEM TPEHHUPOBOYHOTO HAOOpa, U3MEHSSA MCXOIHBIC M300paKeHUS Pa3INIHBIMU
crocobamu. B paMkax TaHHOTO MCCIIEA0BaHUS UCIIOIb30BAIKCEH CICAYIOIINE TTapaMETpPhI:

Outputs per training example: 3

Flip: Horizontal, Vertical

Crop: 0 % Minimum Zoom, 25 % Maximum Zoom

Saturation: Between -20 % and +20 %

Brightness: Between -20 % and +20 %

IIpuMeHeHHEe TaHHBIX METOIOB MO3BOJIMIIO PACIIMPUTE UCXOIHBIN 00yYaroIuii Habop 10
2019 uzo0pakeHHH. ITO 3HAYUTEIHHO IMOBBICHIIO CIIOCOOHOCTh MOJENTH 00padaThiBaTh paHee
HEBUJMMBIC JTAHHbIE U YJIy4YIIUIO €€ yCTOMYMBOCTh K Pa3IMYHBIM YCIOBUAM ChEMKHU. Takum
00pa3oM, mpolecc ayrMeHTAIlK JaHHBIX CTall KIFOYEBBIM 3TAllOM IOATOTOBKH K OOYYCHHUIO,
obecrieunB 0o0Jiee BHICOKYIO MPOU3BOAUTEIILHOCTh HEUPOHHOM CETH.

2.3 O0y4eHre MOJICIH U TTOI00p TUTIePIIapaMeTPOB

Apxumexmypa mooenu

Hdus  pemennss 3amaun  gerekumn TBO  Oputa mpumeHeHa wmogens  YOLOVS,
NpEe/ACTaBISIIONIAs OHY U3 Hauboiee MEepelioBbIX apXUTEKTYp Ui OOHapy»KeHUs 0OBEKTOB.
YOLOVS oOnagaer BBICOKOH IPOM3BOJAMTENLHOCTBIO, YTO BBIpakaercs B 3¢ddexTuBHON
00paboTke M300paKEHUI BBICOKOTO pa3pelieHus] Mpu CcOATaHCUPOBAHHOM COOTHOIIICHUH
CKOPOCTH M TOYHOCTH. APXUTEKTYpa MOJEIN OCHOBaHA Ha CBEPTOYHBIX HEHPOHHBIX CETIX
(CNN) u BKJIFOUAET MEXaHU3MBI JJI1 MHOTOMACIITA0HOTO aHAIN3a, YTO TIO3BOJISET YUUTHIBATD,
KaK KpyIIHBIE, TaK U MEJIKHE OOBEKTHI Ha N300pakKeHHSIX.

KommgectBo 00ydaembIx mapamMeTpoB B TaHHOM (peiiMBopke Y OLO 1oBoibHO GobIioe
(70...80 wmmwuHoHOB). OAHAKO HCMOJNB30BaHHE MPEIBAPUTEIBHO OOYYECHHBIX BECOB
3HAYUTEBHO COKPATWIO BpeMs MO0OOYUYCHHS MOJENH M CIIOCOOCTBOBAJIO IOBBINICHUIO €&
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TOYHOCTH. DTO OCOOEHHO BAaXXHO B YCIOBHSIX OIPAaHMYEHHOTO 00BEMa JaHHBIX, TaK Kak
MIpeBapUTENIbHOE 00y4eHue obecriednBaeT d((HEKTHBHBIA TIEpEHOC 3HAHWKW W3 KPYITHBIX
Ha0OPOB JTaHHBIX Ha CHEUUAIM3UPOBAHHYIO 3a1ady.

Hacmpoiixa eunepnapamempoé

[Ipouecc oOyuyeHust Mojenu ObUI ONTHMHU3MPOBAH C MCIIOJIB30BAaHHUEM CIEAYIOIIUX
KIIFOUEBBIX THUIIEPIAPAMETPOB:

KomugectBo amox: 60

3HayeHHE STOr0 THUIepIapameTrpa OBUIO BHIOPAHO Ha OCHOBE JKCIIEPHMEHTAIHLHOTO
ananuza. ['paduku noreps (loss) ans oOywaromield M BajlMJAIMOHHON BBIOOPOK MOKa3an
CTaOMIIM3ALUIO K KOHIy 00y4eHHs, yKa3bIBasi Ha JOCTHXECHUE MOJICIIBIO COCTOSIHUS, OTM3KOTO
K ONTHMaJbHOMY. MeTtpuku TouHOCTH (precision) wu momHOTHI (recall) Taroke
MIPOJIEMOHCTPUPOBAIH ONN30CTh K HACBHIIICHHUIO. Y BEIMYEHHE YUCTa 310X cBepxX 60, BEpOSTHO,
HE NPUBENET K CYIIECTBEHHBIM YIy4IICHHSIM, 8 MOKET IIOBBICUTH PUCK MEPEOOyUCHHSI.

Pasmep Oatga: 8 m300pakeHmit

Jannblit pazmep 6atda ObuT BEIOpaH ¢ yuéroM orpanuueHuii no suaeonamatd (VRAM)
rpadugeckoro npomeccopa. MeHpIi pazmep 0aTya Mo3BOIIII cTabMIBHO 00ydaTh MOJIEINH Ha
000pyIOBaHUH C OTPaHHYEHHBIMH PECYpPCaMU, XOTS M YBEJINYWII 001iee BpeMst 00ydeHUs..

Dynukyus nomepsb mooenu

Oo0yuenne YOLOV8 onTuUMu3MpyeTcs ¢ THOMOIIBI0 CyMMapHO# (yHKUMHM mOTeps,
BKJIIOYAIONIEH TPH KOMITOHEHTA!

box_loss — otBeuaet 3a TOYHOCTH MpencKa3aHus KOOPAWHAT OTPAHHYHBAIONIMX PAMOK
(bounding boxes);

cls_loss — onpenensieT onMOKH B PeICKa3aHUH KJIaCCOB 00BEKTOB;

dfl_loss (Distribution Focal L0osS) — ynyuiiaet mporHo3upoBaHue TpaHKIl OOBEKTOB 32
cu€T OoJIee TOYHOTO PaCIpeielICHHs] BEPOSITHOCTEH

Pesynomamur npoyecca 06yuenus

Ha pucyHke 2 mnpesncTaBieHbl KIIOUEBbIE METPUKH OOYYEHUs] Takue KaK TOYHOCTh
(precision), monaoTa (recall) m cpemusis TouHOCTh (MAP). AHamN3 TpaduKOB MOATBEPKAACT
3¢ PEeKTUBHOCTh BHIOpPaHHBIX I'MIIEpIAPaMETPOB: METPUKH TOYHOCTH M TIOJIHOTHI JOCTHUIAIOT
JOCTaTOYHO BBICOKMX 3HAYEHMH TIpM  YBEIMYCHWH 4YHCIA OIO0X, JIEMOHCTPHUPYS
cbalaHCUPOBAaHHOE KaueCTBO JIETEKIINH.

I'padpuxu mAPS50 1 mAPS50-95 neMOHCTPUPYIOT CPeNHIO TOYHOCT MPEICKa3aHUH MPH
pasubix moporax loU (Intersection over Union). Mertpuka mAPS50 Berumcnsiercss mpu
¢uxcupoanaoMm loU = 0,5, Torga kak mAP50-95 ycpeanena o nuanasony IoU ot 0,5 o 0,95
¢ marom 0,05, uro gaét 6osiee CTPOTYIO OIEHKY Ka4eCTBa TCTEKIIUH.

Mempuxu xawecmea Ha 8aru0AYUOHHOM HAOOpe

Pe3ynbTaThl OLEHKM KayecTBa MOJENIM HAa BAJUJAIMOHHOM Habope JaHHBIX
MIPE/CTABIICHBI HIDKE:

Precision (P): 0,848 (84,8 %) — nois OOHApy>KEHHBIX OOBEKTOB, KOTOPBIE
JEHCTBUTENHHO MIPUHAUISKAT K MPABIILHBIM KJIaccaM.

Recall (R): 0,815 (81,5 %) — 10151 00bEKTOB M3 BATMAAIIMOHHOTO HA0OPa, KOTOPHIE ObLIH
YCIIEIIHO OOHAPY KEHBI.

MAP@0.5: 0,851 (85,1 %) — cpeaHsist TOYHOCTD MPH HOPOroBoM 3HaueHuu [oU, paBHOM
0,5.

MAP@0.5:0,95: 0,563 (56,3 %) — cpeHsis TOUHOCTS 110 Jranasony moporos IoU ot 0,5
1o 0,95.

Bricokue 3HadeHus precision u recall CBHAETENBCTBYIOT O XOpPOIIEH CHOCOOHOCTH
MOJIETH MJICHTU(GHUIMPOBATh 00BEKTHl 1 MHUHHUMU3UPOBATH JIOKHBIE cpabaThiBaHus. MeTprka
mAP@0.5:0,95, paBHas 56,3 %, oTpakaeT yJOBIETBOPUTEIHHYIO 0000IIAIONTYIO0 CITOCOOHOCTh
Mojenu. OJHaKo NaHHOE 3HAa4YeHHE YKa3blBaeT Ha BO3MOXKHOCTH JAIBHEHIIEro YIydIleHHUs
KauecTBa JCTEKIMH Ipu OoJiee cTporux moporax loU.

53



Topodeyxas u dp. T'udpomemeoporozus u akorozus N2 (117), 2025

metrics/precision(B) metrics/recall(B)
0.8 081
0.6 0.6
0.4 1 . 0.44
021 0.24:
O'D L T T T T T T T T
0 20 40 60 0 20 40 60
metrics/mAPSQO(B) metrics/mAP50-95(B)
0.8 054
0.6 0.4
0.3
0.4 1
0.2
021 0.14.
0.0 1 0.0
0 20 40 60 0 20 40 60

Pucynok 2. Knouegvle mempuxu 0byueHus u 6aiuoayui: movHocms (precision), nonnoma

(recall), cpeouss mounocmo (mAP)
Busyanvhas u xonuyecmeennas oyenxa pe3yibmanmos
Jliist moATBEep KICHUS KauecTBa pabOThl MOJIENU ObLTa MPOBECHA BU3yallbHAas OlICHKA €€
npenckazanuii. Ha pucynkax 3 u 4 mpencraBieHbl CPaBHHUTEIBHBIC PE3YIbTAThl Pa3METKH
MAHHBIX: HCXOOHAs pa3MeTKa, co3ldaHHas Bpy4Hylo (pucyHok 3, val batch labels), u
pe3yabTaThl pecka3anuii Moaenu (pucyHok 4, val batch pred).
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Pucynoxk 4. Pesyremamol npedckasanuii Mooenu

KonnuecTBeHHOE CpaBHEHHE TMpeACKa3aHUd MOAEIM C BPYYHYIO pa3MEUeHHBIMU
MAHHBIMH TIOKa3aio, 9To U3 38 OO0BEKTOB, MPHCYTCTBYIOIINX Ha HM300pa)KCHUAX, MOICIH
KOppekTHO wujeHTHduIMpoBana 34, npomyctiB 4 o00beKTa U JOIMYCTUB 9 JIOKHBIX
cpabartbiBaHnii. Jlonst TpaBWIBHO OOHApYXEHHBIX 00BEKTOB cocTtaBmna 89,5 %, dro
CBUJIETENBCTBYET O BBICOKOM MOIHOTE MOJIEIH.

Jl71st OleHKM TOYHOCTH (precision) BOCIONb3yeMCsl CTaHAapTHO# popmyoi (1):

Precision=TP/(TP+FP) Q)

rae: TP (true positives) — KOIUIECTBO 0OBEKTOB, KOPPEKTHO OOHAPYKEHHBIX MoJenbto, FP
(false positives) — ducio JT0KHBIX cCpabaThIBaHHIA.
[Moxcrasisis noxyuenusie 3HaueHus (TP=34, FP=9), BrrancisieM TOYHOCTh MOJICITH:

Precision=34/(34+9)=0,79

Takum 00pa3oM, TOYHOCTHP MOJENH B JAaHHOM IIpuMepe cocTaBmsieT 79 %, dro
JIEMOHCTPUPYET €€ CIOCOOHOCTh KOPPEKTHO HACHTU(HUIIUPOBATH IIEJCBbIE OOBEKTHI IPH
JIOITyCTUMOM YPOBHE JIOKHBIX CpaOaThIBaHHU.

CpaBHEHHE 3THX H300paXXCHHWH IEMOHCTPHPYET, YTO MOJEIb YBEPEHHO IETEKTHPYET
OOBEKTBI, KOPPEKTHO HWIACHTUOUIMPYsS ux rpaHunsl. CoBmaaeHne OOJBIIMHCTBA
MIPECKa3aHHBIX PAMOK C Pa3MEUYCHHBIMH BPYYHYIO CBHICTEIHCTBYET O BBICOKOM KaueCTBE
paboTHI MOJICITN HE TOJBKO B KOJIMYECTBEHHBIX METPHUKAX, HO U C TOYKU 3PEHUS BU3yaTbHOTO
aHaju3a. DTO MOATBEPXKIAET, YTO MOJIE]b CIIOCOOHA CIPABILITHCS C peajbHbIMU JaHHBIMH,
COJIepIKAIUMH Pa3HOOOpa3HbIe CICHBI M 00BEKTHI pa3IHYHOrO MacTada. Takue pe3yibTaTel
JIOKa3bIBAIOT, YTO BbIOpaHHAs apXUTEKTypa MOJENU M MapamMeTpbl 00y4eHHs 00ecrednBaroT
BBICOKYIO TOYHOCTb M HaJI&XKHOCTh JI€TEKLINU.
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3. PE3YJIbTATHI U UX OBCYXIEHHUE

Ananu3z n1024cHbIX CPAOAMBIBAHUL MOOETU U UX NPULUHDL.

HecmoTpst Ha BBICOKHME KOJMYECTBEHHBIC NOKazaTedn d3(P(EeKTHBHOCTH MOJEINH,
BU3yallbHAs OLEHKAa BBUIBWIIA DAL CIydaeB OIMMOOYHOM JETeKUMH. AHAIU3 JIOKHBIX
cpabaThIBaHUH MO3BOJISET BBISBUTDH YSA3BUMOCTHU aJrOPUTMa U ONPECIUTh HAIPaBICHUS VIS
JaJbHEUIIETo YITyYIeHHs] CHCTEMBL.

Ha u3o0paxeHuu 5 3a(UKCHUPOBAHO JIOXKHOE CpadaTbIBaHUE MOJEIM: 00NACTh KPBIIIH
30aHus ObUIa OIIMOOYHO KIacCH(UIUPOBaHA KaK CKOIUICHHE OTXOO0B C YPOBHEM YBEPEHHOCTH
0,75. Jlannast ommbka 0OyCJIOBI€HA CXOXKECTHIO BHU3YaJbHBIX NPH3HAKOB 00bekTa (oHa U
LIETIeBOT0 KJIacca, TAKUMH KaK OeCIOpsIovYHast TEKCTYpa, HAJIMYHEe KOHTPACTHBIX 3JIEMEHTOB H
LBETOBBIE OCOOEGHHOCTH TMOKPBITUSl KPBIIIKM, HAIIOMHUHAIONIME pACHpe/esiEHHbIE MYCOPHBIE

KydH.

Pucynoxk 5. Jloocnoe cpabamvisanue mooenu: 0emexyus pazmenma Kpbluiu

xax ckonnenuss TO

JIOTIOTHUTENFHO BBHISABICHBI CIIyYad HEKOPPEKTHOM PabOTHl MOIETH Ha H300paKeHIUSIX,
NPE/CTaBJICHHBIX Ha pUCYHKax 6...7. Ha mepBOM M3 HUX MOJeNb OMIMOOYHO JIETEKTUpOBaia
YYacTKH CHera BONH3H JiepeBheB Kak 00BEKTHI Kiacca «dumpy. BeposTHo, nmprauHOl cTano
CXOJICTBO TEKCTYphl U IBeTa MeXIy (parMeHTaMH IMPUPOJAHBIX OOBEKTOB W peabHBIMU
MYCOPHBIMH CKOIDICHUSIMHU, MIPECTaBICHHBIMA B 00yJaronieM Habope JaHHbBIX.

Ha cnenyromem pucyHKe aHaJoTMuHasi OIIMOKa BO3HUKIIA HA y4acTKe CHera, 4aCTHYHO
3arps3HEHHOTO MOYBOH. Mozaens 3adukcrpoBata 00JIacTh, COASPIKAIIYIO IATHA TPSA3H U CICIBI
0T 00yBH, Kak Mycop. DTO yKa3bIBaeT Ha HEJIOCTATOYHYIO AU (HEPEHIIUALNI0 MOACTH MEXKIY
MYyCOPOM H €CTECTBCHHBIMH 3aTrPsI3HEHHBIMH yYaCTKaMU TIOYBHI FITH CHETOBOTO TIOKPOBA.

OCHOBHOW MPUYMHON 3THUX OWIMOOK SIBJSETCS HEJIOCTATOYHAs PENpe3eHTaTHBHOCTh
oOyuarorield BBIOOpKH. IlockONBKY cOOp JaHHBIX TPOBOAMJICS MPEUMYIICCTBEHHO B
OCCCHeXHBIH TepHoN, MOJelb HE HMella JIOCTATOYHOIO KOJIMYECTBAa IPUMEPOB s
KOPPEKTHOTO Pa3IMICHUS CHETa, TPSA3U M UCTHHHBIX CKOIUICHUH OTXOJIOB.

OTh  mpuMephl  MOATBEPXKAAIOT  HEOOXOAUMOCTh  YBEIHUYEHHUS  Pa3zHOOOpaswst
TPCHUPOBOYHOTO JlaTaceTa 3a CUYE€T BKIFOUCHHUS W300paXKEHWH C TOXOXXHMH Ha MYCOp
9JIEeMEHTaMU TPUPOJHON cpeabl (Ips3b, CHET, KaMHH, OOHaKEHHAs TOYBa). DTO TO3BOJUT
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YIIYIIUTh CHOCOOHOCTh MOJENHN Pa3IH4yaTh MyCOPHBIE CKOIUICHHS U €CTECTBEHHbBIC OOBEKTEI,
MHUHHAMH3HPYS KOJINYECTBO JIOKHBIX CPabaThIBaHHI.

PﬂcyHOK 7. Jloosicnononosicumenvhas demekuuﬂ 3a2pﬂ3HéHH020 CHEJICHO2O NOKpoesa

4. 3BAKJIIOYEHUE

B paMkax JaHHOTO HccienoBaHHMs Obula pa3paboTaHa M IPOTECTUPOBaHA CHCTEMa
pacrio3HaBanust TBO Ha ocHoBe apxurtekTypel YOLOVS, npennasHadeHHas st paboThl ¢
n3obpaxkeHussMy,  noiaydeHHeiMu ¢ BIIJIA.  Pa3paGoTaHHblii  MeToJ  BKJIIOYaeT
TIOCJIEI0BATEIIbHBIE ATANbl cOOpa JaHHbBIX, HX MOJATOTOBKH, 00Y4YeHHs MOAEIH M ONTUMU3AINN
THIIEPIIapaMeTpPOB.

AHanu3 KOJMYECTBEHHBIX METPHK, Takux Kak precision (84,8 %), recall (81,5 %), u
mAP@0.5 (85,1 %), mnoaTBepKAaeT MAOCTATOYHYIO JUIS TIPAKTUKU S(PPEKTUBHOCTH
npeaokeHHoro Merosa aerekuuu ThO. JlonoiHUTENbEHO, BU3yallbHasl OLCHKA MPeACcKa3aHui
MOJENIU JEMOHCTPUPYET €€ CIIOCOOHOCTh YCHEIIHO MACHTU(HUIMPOBATH LeIeBble OOBEKTHI C
MHUHHAMAJbHBIM KOJIMYECTBOM OMIMOOK. JTO JOKa3bIBaeT, YTO MOJIENb 00JagaeT BBICOKOH
000061aro1Iel CIIOCOOHOCTBIO M YCTOWYMBOCTBIO K PA3JIMYHBIM YCIIOBUSIM ChEMKH.

OnHaKko, HECMOTPSI Ha JIOCTHI'HYTHIE PE3yJIbTAThl, OCTAIOTCSl 00JIaCTH ISl TaJIbHEHIIEro
coBepuieHcTBoBaHus. Hampumep, wmerpuka mAP@0.5:0,95 (56,3 %) yka3biBaeT Ha
BO3MOXKHOCTH HOBBIIIEHHsI TOYHOCTH MOJIETH NpH Oosee crporux noporax loU. B Oymymem
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IUIAHUPYETCS YBEJIMUUTH 00BEM JJaHHBIX 32 CUET J0OABICHHS N300PKEHHUI Pa3INUHBIX THIIOB
OTXOJOB M YCJIOBUH CBEMKH, a TaKXKe IIPOBECTH MOINOJHHUTEIbHBIC OSKCIEPUMEHTHI C
IBTEPHATHBHBIMH apXUTEKTypaMH MOJIEINEH.

PaspaboranHbli Hoaxo1 001a1aeT MOTSHINAIOM UL HCIIOJIB30BaHUS B PEANIbHBIX 3a1a4ax
9KOJIOTUYECKOTO MOHUTOPWHIa, BKIIOYAs aBTOMATH3ALUIO IPOLECCOB HACHTH(UKALMU U
KoHTpOJs cBasiok THO, 9To MOKeT ciocoOCTBOBAThH MOBHIMICHHIIO AP EKTHBHOCTH YIPaBICHUS
OTXO/IaMH U CHIDKCHHUIO X HETaTUBHOTO BO3/ICHCTBUS Ha OKPYIKaIOLIYIO CPELy.
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AHBIKTAYIbIH JKOFapbl TAJIITiHE KOJ JKeTKI3Ui: qonik 84,8 %, KalmbiHa KeNTipy
81,5 % xoue mAP@0.5 (85,1 %), IOU 0,5 ke3innme. KepHeki Tanmay MoIenbaiH
OpTYpIIL JKaFmaimapaa KajaIbIKTapAbl MUHUMAJIbI KATCTIKTCPMEH THIMJII aHBIKTAY
KalOineTiH pacrajipl. 3epTTey HOTIXKEJIEpl pyKcaT eTUIMEreH YHIHIuIepl skeneln
AHBIKTAY JKOHE OJIapibl JKOK IapajapblH OHTAWIAHIBIPY YVIINIH 3KOJOTHSIIBIK
MOHHUTOPHHT JKyHenepiHne OipiKTipiiayi MyMKiH.
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Accelerated growth of urban agglomerations in Kazakhstan causes acute
environmental problems associated with pollution of air, water and land environment
of cities and suburbs. The number of unauthorized garbage and household waste
dumps is growing. Increased generation of municipal solid waste (MSW) is a serious
environmental problem, especially in urbanized and industrial regions. Traditional
waste monitoring methods are labor intensive and limited in scope. This study
proposes a system for automatic MSW detection based on the use of UAV-derived
imagery and YOLOV8 deep learning model. The system was tested and achieved high
MSW detection accuracy of Precision 84,8 %, Recall 81,5 % and mAP@0.5 (85,1 %),
with an loU of 0,5. Visual analysis confirmed the model's ability to effectively detect
waste under different conditions with minimal errors. The research findings can be
integrated into environmental monitoring systems for rapid detection of unauthorized
waste dumps and optimization of remediation measures.
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This article analyzes the current state of waste management and recycling systems in Ust-
Kamenogorsk, highlighting key problems and potential solutions. The study examines the
condition of waste collection, sorting, and recycling infrastructure, along with statistical data and
legal frameworks. The low level of waste recycling, insufficient development of separate
collection systems, and the dominance of landfill disposal exacerbate environmental issues.
Although a waste sorting line has been launched, a fully functional recycling system in Ust-
Kamenogorsk is still in its formative stage. As a result, comprehensive measures to improve
waste management efficiency are proposed, demonstrating their contribution to enhancing the
city's environmental situation.
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1. INTRODUCTION

In Ust-Kamenogorsk, a city in East Kazakhstan and the administrative center of the region,
rapid industrial growth has fueled a steady population increase, currently around 372,477 residents.
With an annual population growth rate estimated between 1...2 %, the city faces significant
challenges in managing its waste, a critical issue for urban development.

According to Kazakhstan's Ministry of Ecology, Geology, and Natural Resources, Ust-
Kamenogorsk generates approximately 66...67 thousand tons of waste annually, contributing to a
national total of 4,5...5 million tons. However, the city's current recycling rate remains dismally
low, hovering at just 1...2 %. The primary sources of waste include residential areas (77 %),
industrial sectors (18 %), and public institutions and businesses (5 %) [1]

This study aims to assess the current state of Ust-Kamenogorsk's waste management system,
identify key challenges, and propose strategies to improve recycling efficiency. By analyzing
regulatory frameworks, statistical data, and the existing infrastructure for waste collection and
processing, the research seeks to enhance sustainability practices and mitigate environmental
impact.

2. MATERIALS AND METHODS

The share of waste recycling and disposal in the East Kazakhstan region over the last three
years shows different data: if in 2020 the share of recycling in the total volume of education was
3,2 %, in 2021 it was 17,9 %, and in 2022 it decreased again to 11,3 %.

The dynamics of waste generation and recycling in Ust-Kamenogorsk is shown in figure 1.

Information on waste recycling in Ust-Kamenogorsk is 12 % in 2020, and 1,1...1,2 % in
2021...2022. According to the National Bureau of Statistics, recycling includes separately collected
and sorted waste, which is then transferred to third parties for processing.
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Figure. 1. Dynamics of waste generation and recycling
According to the National Bureau of Statistics, 98 percent of waste generated in the last two

years was sent to landfill, while only 1...2 percent was sent to third-party organizations for
recycling [2].

Waste collection (generation), recycling and disposal in 2020...2022 in the Republic of Kazakhstan, East Kazakhstan region and

Ust-Kamenogorsk city [3]

. Years
Ne Name Unit of measure 2020 | 2021 | 2022
1 Collection (knowledge)
11 Republic of Kazakhstan thousand tons 3,674.0 34416 4 006,5
1.2 East Kazakhstan region thousand tons 1925 186,7 190,4
1.3 Ust-Kamenogorsk ton 67 116 66,655 66,648
2 Recycling
2.1 Republic of Kazakhstan % 14,9 18,6 21,1
2.2 East Kazakhstan region % 3,2 17,9 11,3
2.3 Ust-Kamenogorsk, including ton 8369 753 829
2.7 cardboard and paper waste ton 2363 730 605
2.8 plastic ton 232 23 224
2.9 Secondary raw materials were sorted at the landfill ton 5704 - -
3 Funeral
31 Ust-Kamenogorsk ton 58,747 65,902 65,819

Morphological composition of waste

The methodology, the following classifications are included: food waste (vegetables, fruits,
etc.); paper and cardboard; polymers (plastic, plastics); glass; ferrous metals; non-ferrous metals;
textiles; wood; hazardous waste (batteries, dry and electrolytic accumulators, containers for
solvents, paints, mercury lamps, television picture tubes, etc.); bones, leather, rubber; the remaining
part of the waste after removing the components (small construction waste, stones, street garbage,
etc.), etc.

According to the study, the average morphological composition of waste in the republic is as
follows: food waste (37,2 %), plastic (16,2 %), waste paper (11,1 %) (Figure 2). At the same time,
a significant part (11 %) belongs to the remaining part of the waste after removing the components
(small construction waste, stones, street sweepings, etc.) [4].

According to this study, biodegradable (food) waste constitutes the largest proportion of waste
in many cities.

In recent years, no studies have been conducted on the morphological composition of waste
in Ust-Kamenogorsk. According to the Department of Housing and Communal Services, the last
time the morphological composition of waste was conducted was in 2013. It is necessary to study
the morphological composition of waste in Ust-Kamenogorsk.
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Figure. 2. Morphological composition of waste in the Republic of Kazakhstan (2022)

Norms and tariffs for waste generation and accumulation

By decision Ne 19/6-VI1I of the Maslikhat of Ust-Kamenogorsk city of the East Kazakhstan
region dated March 10, 2022, standards for the generation and accumulation of waste in Ust-
Kamenogorsk were adopted.

According to this document, the average annual water supply per capita for comfortable

households is 2,68 m?, and for uncomfortable households it is 2,54 ms.

Table 2
Tariffs for waste collection, transportation and disposal in Ust-Kamenogorsk [5]
Name | Unit of account | Monthly cost (tenge)
for individuals, comfortable households 1 resident 431
for individuals in poorly equipped households 1 resident 409
Annual tariff per unit (volume) 1md 1930,11

This tariff was approved by the Ust-Kamenogorsk city maslikhat Ne 27/3-V11 dated September
2,2022. Tariffs (Table 2) will come into effect from October 1, 2022.

In general, the tariff in Kazakhstan varies from 84 tenge to 550 tenge. The highest tariffs are
in the cities of Almaty (553 tenge) and Kokshetau (500 tenge). The lowest rates are in the cities of
Taraz (84 tenge), Turkestan (105 tenge), Zhezkazgan (110 tenge), Shymkent (171 tenge) and
Aktobe (180 tenge).

The tariff adopted for the city of Ust-Kamenogorsk is considered average for the Republic of
Kazakhstan.

Assessment of the existing waste treatment and disposal system

Collection, accumulation and separate collection

Waste collection and storage in Ust-Kamenogorsk is carried out in two ways:

- in containers located in container yards

- containerless (heap) method - walking around the area and collecting waste in bags/sacks
placed in designated places according to a schedule.

According to the Statistics Committee, 3,225 enterprises are serviced by business entities
engaged in waste collection and disposal. According to statistics, a total of 10,980 enterprises are
registered in Ust-Kamenogorsk. More than 7,500 enterprises are not covered by waste collection
and disposal services or do not meet legal requirements, do not submit reports, that is, use the
services of fake companies. Low collection and disposal coverage leads to unauthorized dumping
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of waste in the city. It is necessary to strengthen work not only with the population, but also with

legal entities.

Table 3
Information about container yards and containers [6]
Name Container platforms Containers, Note
(CP), parts parts
All in Ust-Kamenogorsk. 490 1983
Among them:
OskemenSpetsKommunTrans LLP 265 1200 40 % needs updating
Oskemen - Tazalyk LLP 225 783 35 % needs updating

Waste sorting line

As part of the «<Roadmap for the Implementation of the Project for Separate Collection and
Sorting of Solid Household Waste», approved in 2021, the city was transferred to the waste sorting
network of the Greek company SABO. According to the sorting complex, the housing and
communal services department of Ust-Kamenogorsk is located at «Ust-Kamenogorsk, Polzunov
Street, 116/9» [7].

The sorting line was transferred to the EPR operator, and the city administration financed the
costs of other hangar construction and infrastructure. The sorting line was opened in October 2023.
The sorting line is almost completely automated. The production line has ballistic and optical
sorting. Biodegradable waste, metals, plastic and paper are sorted separately. The production
capacity of the sorting line is 25 tons/h, 40,000 tons/year, including: glass - 6.5 thousand tons/year,
plastics - 5 thousand tons/year, metals — 3,8 thousand tons/year, paper — 24,7 thousand tons/year.

Current in time in containers waste current to the landfill is transported, then waste by hand
sorted. Trustworthy The landfill is managed by OskemenSpetsKommunTrans LLP.

The recyclable materials collected during separate collection, as well as those that enter the
sorting line, are further sorted by hand, pressed into bundles, and stored for sale.

In Ust-Kamenogorsk, the VTS Ust-Kamenogorsk waste collection company collects paper
and cardboard waste, Poligrand LLP - plastic and plastic products, Turarova LLP - PET containers,
Shyg LLP operates. In Maikoben - waste paper, Vostok-MetalTrans LLP recycles tires, etc. [8]

In processing plants, the plastic is washed, crushed to the required fraction, and the binders
are removed.

Funeral

There are 335 units of landfills and landfills in the East Kazakhstan region, of which 30 units
(8,96 %) comply with environmental and sanitary requirements and standards.

Today, waste disposal is carried out at the only landfill in the city. The landfill is the property
of the city akimat and, by decision of the akimat of Ust-Kamenogorsk Ne 1103 dated 05.08.1997,
was transferred to the trust management of OskemenSpetsKommunTrans LLP for a period of 50
years [9...10].

The environmental permit is valid until the end of 2023. Currently, according to information,
documentation is being prepared to obtain a new permit until 2025, before the new engineering site
is put into operation.

According to the Statistics Committee, as of January 1, 2023, 7,436,626 tons were buried at
the landfill, while the design capacity is 7,574,193 tons [11].

The landfill is overflowing with waste that does not meet sanitary and environmental
standards and requirements, and is buried without sorting, which makes the landfill a source of
intensive environmental pollution and a carrier of various infections.
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Figure. 3. Ust-Kamenogorsk city landfill [12]

3. RESULTS AND DISCUSSION

Analysis of strengths, weaknesses, opportunities and threats in the waste treatment and
recycling sector

To objectively analyze a waste treatment and disposal system, it is necessary to clearly
identify its strengths and weaknesses, as well as existing opportunities and threats.

Table 4
Analysis of strengths and weaknesses, opportunities and threats
Main points | Weaknesses
- Construction and commissioning of the KSC - Low coverage of waste collection and disposal.
- Planning and working on the construction of a new technological platform. - Lack of a system for collecting hazardous waste
from residents
- Low waste recycling rate
- Public debt on tariffs
- Public awareness is low
Features Danger
- Business interest in developing a waste collection and recycling system - Public dissatisfaction and dissatisfaction with
- Availability of modern technologies, a wide range of facilities for composting food waste, the condition of container sites, waste collection
processing construction waste, etc. and transportation services.
- There is great potential for developing businesses in the area of introducing separate - Overcrowding of the landfill.
collection and processing food and construction waste. - Emissions into the atmosphere from landfill
- The city's location on the border with neighboring countries, a large potential for demand waste that contribute to climate change.

for secondary raw materials

Measures to introduce separate waste collection

To implement a personal collection system, the following measures should be taken:

Ensure the installation of containers for separate collection of dry waste fractions at container
sites and the separate removal of secondary raw materials.

Organization of a system for collecting and recovering waste components.

4. CONCLUSION

Ust-Kamenogorsk in the city waste main weapon and re processing system analysis as shown,
the current when again processing level down as sit down, this is city to the ecology negative the
effect Waste collection and processing not enough level, separate to collect system absence and
again processing of power inferiority main problems as was determined. So along with waste
funeral level very high, this of the city environmental situation from it further worsens [13...20].

Comparative analysis Ust-Kamenogorsk city waste again processing system improvement for
a number of opportunities and measures to offer opportunity gives. Modern technologies and new
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infrastructure projects input, waste separately to collect system development, people environmental

to literacy education, as well as waste again processing and disposal to create the process
improvement for special economic incentives necessary.

Upcoming in the years in the city waste separately collection and recycling processing
effective done implementation for planned purposeful indicators and measures This is marked.
measures Ust-Kamenogorsk city environmental the situation to improve and waste again
processing system efficiency to increase opportunity gives.

The remains management and reconstruction processing current level and system according
to of the results comparative analysis urban ecology and waste management system improvement
for a number of important conclusions and recommendations to do opportunity gives. This of
research practical importance waste management system in development new methods and
technologies to introduce, environmental requirements provide to do, as well as city of the
inhabitant’s environmental culture to increase based on.
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eHJiey MH(PAKYPBUIBIMBIHBIH KaF[aibl, CTATUCTUKAIIBIK MATIMETTEp MEH 3aHHAMAJIBIK
HeTi3mep capanrtanisl. KanmelKTapnel eHaey ACHTeWiHIiH TeMEHAIri, Oellek >KHHAY
JKYHECIHIH  JKETKITIKCI3 JaMybl JKOHE KaJOBIKTapabl KOMYIiH OaChIMIBLIBIFBI
JKOJIOTUSUTBIK MACEIIENEp/Ii KypAeIeHIipeai. OCKeMeH I1e KalIbIKTapAbl CYPBINTAY HKETic
iCKe KOCHUTFaHBIMCH, TOJBIKKAHIIBI KaiiTa eHaey Kyieci ol e KaJbIITacy CaThICHIH/A.
Hotmxkecinae OckeMeH KalachlHIa KaJIbIKTap/ bl OacKapyIbIH THIMIUTICIH apTThIpyFa
OarpITTaIFaH KEUICH I IIapajiap YCHIHBUIBII, OJAP/AbIH Kajla SKOJOTHSICHIH JKaKCcapTyFa
KOCaTBIH YJIeci KopceTiie .
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ABCTPAKT

B naHHOI cTaThe aHANMNM3NPYETCsI TEKYIIEEe COCTOSHUE CUCTEMBI YIIPaBICHUS OTX0AaMH
n ux nepepaboTku B ropoae YcThb-KameHoropck, paccMaTpuBaiOTCS OCHOBHBIC
npoOyieMbl M IyTH WX pelieHus. B Xxone uccienoBaHus ObUTM HM3y4YeHBI COCTOSHHE
UHDPACTPYKTYpbl cOOpa, COPTHPOBKH U TIEPEepabOTKH OTXOJOB, CTATHCTHYECKHE
JlaHHblE W HOPMAaTHBHO-TIpaBoBasi 0a3a. Huskuii ypoBeHb mnepepabOTKH OTXOJOB,
HEJI0OCTaTOYHOE Pa3BUTHE CHCTEMBI pa3ebHOro coopa U npeodaganne 3aX0pOHeHUS
OTXOJIOB YCIIOXKHSIOT 3KOJIOTHYECKyI0 CHTyanuio. HecMOoTps Ha 3amyck JHHHU
COPTHPOBKH OTXOJIOB, IIOJIHOLICHHAS CHCTeMa repepaboTku B Y cTh-KameHoropceke emie
HaXOJWTCS Ha JTalle CTAHOBJICHUS. B pe3ynbprare npeioKeHbl KOMIUIEKCHbBIE MEpPHI 110
MIOBBIIIEHUIO (P (PEKTUBHOCTH yNpaBIEHUsI OTXOJaMH, a TaKkKe MOKa3aH MX BKJaJ B
yJIydIIeHHE 9KOJIOTHIECKONH 00CTaHOBKH TOPOJIa.

IIpumeyanne w3gaTessi: 3asBiICHHS, MHEHHMS W JaHHbIE BO BCEX MNyOJMKAUMsIX MPUHAAIEKAT TOJIBKO aBTOpPY (aBTOpaM), a He >KypHAy
"I'nAPOMETEOPONIOT s M SKOJIOTHs" H/HITH peakTopy (perakropam).
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The paper studies national context of climate change combat, environmental security, low
greenhouse gas emission (GHG) development scenarios for the Republic of Azerbaijan in the
XXI century, analyzes the optimal pathways of transition to the green economy in the country.
Since the paragraph 19 of the Article 4 of the Paris Agreement defines a task for each country -
Party of the Agreement, to formulate and communicate long-term low greenhouse gas emission
development strategies (LT-LEDS), preparation of such strategy is of high priority for each Party
of the Agreement. In this regard, the paper focusses particularly on the energy and environmental
characteristics of the decarbonization scenario in Azerbaijan.
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1. INTRODUCTION

XXI century witnesses unprecedented global change in search of affordable and scalable
solutions to reduce the dependency on fossil fuels bearing the serious consequences for the
environment and climate. The World Meteorological Organization (WMO) has confirmed that 2024
is the warmest year on record [1]. Since the global average surface temperature was 1,55 °C (with a
margin of uncertainty of +0,13 °C) above the 1850...1900 average, according to WMO’s
consolidated analysis of the six datasets. According to the reliable climate models, without
significant climate action, the world is headed for 2,5 °C to 2,9 °C temperature rise above pre-
industrial levels this century, which is well above the safety limits established by scientists [2]. In
the last 50 years, the number of recorded climate disasters has increased fivefold, and economic
losses have increased sevenfold. Like the availability of land, minerals, water, etc., carbon emission
capacity is one of the scarcest elements of natural resources. Research evidence shows that if
effective policies and actions are not taken immediately, there will be irreversible global ecological
catastrophe and massive economic losses, with the total cost of inaction exceeding $1,266 trillion
from 2025 to 2100.

The urgency of implementation of the comprehensive effective climate actions is especially
needed for developing countries, which have been already feeling the negative impacts of climate
change due to a combination of factors, including their geographical and climatic conditions, their
high dependence on natural resources, and their limited capacity to adapt to a changing climate.

Regarding the term of «environmental security, in 1987, UN sub-organization — The World
Commission on Environment and Development (WCED, also known as the Brundtland
Commission) published the report «Our Common Future» that launched broadly the concept of
sustainable development and for the first time introduced globally the term of “environmental
security» [3...4].

Nowadays, environmental security concept is a pivotal component of international
environmental policy, once the most countries joined the new development pathway to comprehend
and effectively implement their environmental policies including climate change resilience. A series
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of dedicated conferences followed on the eve of new millennium: International Conference on

Environmental Security and Sustainable Development in Moscow in 1997 and in Paris in 2002,
aiming to draw attention of the international community to preserving biodiversity and providing
environmental safety as key priorities of environmental policy.

Actually, the main global environmental problems are air and water pollution, water quality,
biodiversity and climate change. In order to effectively respond to the various global and regional
environmental security challenges, almost all countries, international organizations, leading
scientific centers of the world call for concentrated global cooperation between countries,
international organizations, stress out the importance of collaboration between all stakeholders in
all levels, broader involvement of private sector, non-governmental organizations etc. All these
activities strengthen once more the role environmental diplomacy in the modern international
relations.

Among the global environmental problems, the climate change issues are going to be the
most challenging phenomena and necessitate very rapid and effective global actions. The
Intergovernmental Panel on Climate Change (IPCC), which has proved itself as a serious scientific
platform responsible for promoting the UN science base in the relevant field, already predicted that
this process would lead to a global disaster if global warming would exceed 1,5 °C compared with
pre-industrial levels.

It is known that the consistent rise of average temperature is mainly due to anthropogenic
factors. Thus, these factors are based on gases that create the greenhouse effect (GHG). These gases
are water vapor, carbon dioxide (CO.), methane gas (CHa), nitrogen oxide (N20), fluorinated gases
(HFCs, PFCs, NF3, SFe). As a result of anthropogenic activity, the volume of carbon dioxide,
methane gas, nitrogen oxide and fluorinated gases with high heat generation potential has been
increasing since industrial times, and their carbon gas equivalent is used as a unit of measurement
to calculate the volume of all these gases [5]. It should be noted that the mechanism of creating the
thermal effect of these gases was first described in 1827 by the famous physicist-mathematician
Joseph Fourier, as a result of relevant research with appropriate methods of calculations.

Observations of the recent decades have shown that as a result of global climatic changes in
various regions of the globe, both the scale and intensity storms, mudflows, blizzards, floods, as
well as warm winds, hurricanes, and precipitation are increasing. This is evidenced only by large-
scale forest fires in 2021...2024 in EU, Turkey, Russia, USA, EU and other countries, as well as
heavy rains and floods in EU, Pakistan, eastern Turkey during last years. It is no coincidence that
the 6th Assessment Report (AR6) by the Intergovernmental Panel on Climate Change (IPCC)
emphasized that in XXI century, the average annual temperature in the world could rise by at least
3 °C, if states do not take concerted action to reduce emissions. It’s evident that this report that if
the international community does not take serious and effective measures to reduce greenhouse gas
emissions, humanity will move from a temperature rise of 4 °C to 5 °C, which could result in an
apocalypse [6]. Here are some parts of this report, describing the Possible Climate Perspectives:

- The global surface temperature will continue to rise, at least until the middle of the century,
taking into account all emission scenarios. In the absence of significant reductions in carbon dioxide
(CO2) and other greenhouse gas emissions in the coming decades, global warming in the 21st
century will exceed 1,5 °C and 2 °C;

- Many changes in the climate system are now intensifying in direct connection with the
increase in global warming. These changes include an increase in the frequency and intensity of
extremely hot days, sea heat and heavy rainfall, agricultural and environmental droughts in some
areas, and an increase in strong tropical cyclones, a decrease in Arctic Sea ice, snow cover and
permafrost.

- Ongoing global warming is expected to further strengthen global water circulation,
including the intensity of global monsoon rains, floods and droughts.

The mentioned report showed that the emission of greenhouse gases as a result of burning
fossil fuels, deforestation and other human activities can disrupt the environmental security of our
civilization. Carbon dioxide levels in the air are currently at their highest level for at least the last 2
million years.

69



Humbatov

T'udpomemeoporozus u axoroeus No2 (117), 2025
Moreover, the report predicted the most significant drastic and irreversible changes in the

Earth's system, which could have very serious consequences and are of greater concern to scientists.
In terms of physical research, the report recommends reducing CO, emissions and other greenhouse
gas emissions to zero in the near future as an effective way of reduction of global warming caused
by anthropogenic impacts. Actually, scientists' calculations show that since 1850, as a result of
anthropogenic activities, 2.400 billion tons of CO; equivalent greenhouse gases have been emitted
in the world, and they have been stored in the atmosphere for hundreds of years, creating a
cumulative warming effect. In such situation, scientists have calculated that if only an additional
400 hillion tons of CO; equivalent greenhouse gases are released into the atmosphere, the
probability of keeping the average annual temperature rise at 1,5 °C will be only 66 % [7]. If we
consider that about 50 billion tons of CO; equivalent heating gases are released globally into the
atmosphere every year, then it is important to find out how severe this problem is and to urgently
consolidate it in order to combat global warming [7]. It should be noted that the level of annual
emissions in 1990 was about 35 billion tons of CO; equivalent, but has continued to rise steadily.
To keep global warming at 1,5 °C, the IPCC considers it necessary to halve global GHG emissions
by 2030 and achieve net-zero emission target by 2050 [8].

In light of the global climate change efforts, UNFCCC (United Nations Framework
Convention on Climate Change) [9], as an effective international mechanism, as well as other
climate change related treaties - the Kyoto Protocol and Paris Agreement embedded international
norms aiming to stabilize GHG concentrations in the atmosphere at a level that will prevent
dangerous human interference with the climate system, in a time frame which allows ecosystems to
adapt naturally and enables sustainable development. It’s namely the Paris Agreement that set out a
global framework to avoid dangerous climate change by limiting global warming to well below
2 °C and pursuing efforts to limit it to 1,5 °C. It also aims to strengthen countries' ability to deal
with the impacts of climate change and support them in their efforts. Regarding these efforts,
Nationally Determined Contribution (NDC) is the pivotal document for each country- Party of the
Paris Agreement [10], where the country has to declare a target of reduction of its national emissions
and adapt to the impacts of climate change. According to the Article 4, paragraph 2, each Party is
required to prepare, communicate and maintain successive Nationally Determined Contributions
(NDCs) documents that it intends to achieve. Parties shall pursue domestic mitigation measures,
with the aim of achieving the objectives of such contributions.

Moreover, according to the paragraph 19 of the Article 4 of the Paris Agreement, Parties
should strive to formulate and communicate long-term low greenhouse gas emission development
strategies (LT-LEDS). Taking into consideration this norm, Parties are invited to communicate these
strategies to the Secretariat of UNFCCC by 2020, according to the clause 35 of the decision 1/CP
21 of UNFCCC [10]. Actually, long-term low emissions development strategies (LT-LEDS) are a
crucial policy tool that can help to place short-term actions in the context of the long-term structural
changes required to transition to a low-carbon, climate change resilient economy by 2050. Besides
that, they can help to explore the consequences of policy choices in terms of integrated socio-
economic objectives [11]. LT-LEDS should be mainstreamed to the national policy process, and
represent a useful way of structuring national policy debates in a transparent, productive and
ambitious way.

Another important article of the Paris Agreement is Article 13 establishing an Enhanced
Transparency Framework (ETF) designed to build trust and confidence that all countries are
contributing their share to the global efforts. In fact, the Katowice Conference of Parties of
UNFCCC (COP24) that was held in 2018, outlined a new framework for all countries by adopting
a detailed set of modalities, procedures and guidelines (MPGs) that make it operational. Through
the detailed guidance on the reporting/review/consideration processes for the information to be
submitted and by making these reports publicly available, the ETF will make it possible to track the
progress made by each country — Party of PA. In this way, it will be possible to compare a country’s
actions against its plans and ambitions as described in its NDCs. On adopting ETF format, the
Parties agreed at CMA.3 (Conference of Parties during the COP26 in Glasgow) [12] to provide
common reporting tables for national GHG inventories; common tabular formats (CTF) for tracking
progress towards NDCs and climate finance, technology transfer and capacity building; outlines of
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the Biennial Transparency Report (BTR), national inventory document and technical expert review

report; and a training programme for the technical review experts.

Actually, all developed countries and not only they have been consolidated to
accelerate the twin green and digital transitions and associated transformation of their economy,
industry and society with a view to achieving climate neutrality by 2050. This encompasses the
transition to greenhouse gas neutrality of the energy and mobility sectors by 2050 at the latest, while
boosting their competitiveness, resilience, and utility for citizens and society. For example, the
European Climate Law [13] requires the EU economy and society to become climate-neutral by
2050 in a socially fair and cost-efficient manner and, as an intermediate target, to reduce net
greenhouse gas emissions by at least 55 % by 2030 (compared to 1990 levels). in this regard, despite
the active turbulences in energy market of EU because of the sanctions against Russia waging war
in Ukraine, EU countries and some other developed countries have been at the forefront of climate
science and they committed to keep delivering the knowledge for enabling efficient long-term
decarbonization pathways and just transitions to the climate neutrality. The right and efficient
transition to the climate neutrality comprises various sectoral decarbonization pathways, including
rural and particularly urban resilience scenarios etc. It’s no coincidence that among COP27
Presidency (7...18 November 2022, Sharm el-Sheikh, Egypt) initiatives, one of the remarkable, in
terms of GHG reduction and climate change adaptation, SDGs implementation initiatives was the
Sustainable Urban Resilience for the next Generation (SURGE). Thus, contributing to building
sustainable, inclusive and resilient urban systems, the work of the SURGe Initiative is guided by the
following overarching ten principles:

1. Low-carbon: reducing emissions and benefiting from cost savings from decreased energy
use and improved energy and resource efficiency;

2. Resilient: strengthening the capacity of city systems and their inhabitants to maintain
continuity through shocks and stresses and recover faster, while positively adapting and
transforming towards urban sustainability, taking into account the management of internal and
international migration into cities;

3. Nature-positive: Harnessing the potential of Nature-Based Solutions (NBS) to improve
cities' socio-ecological resilience and wellbeing;

4. Fair, equitable, and inclusive: needs to reach the most vulnerable communities to climate
change impacts by establishing social dialogue and participatory processes for co-design and
prioritized implementation;

5. Multi-level climate governance and climate planning: recognizing the importance of
collaboration between local, regional, and national governments and harnessing the cross-scale and
cross-discipline relationships necessary for climate action to raise the ambitions of the NDCS;

6. Integrated: Leveraging co-benefits of investment in adaptation and mitigation measures
while building on existing support, initiatives, and partnerships to leverage their impact and lessons
learned;

7. Locally-led and culture-positive: Customize approaches depending on local contexts of
new, rapidly developing cities, while recognizing that culture and heritage represent both an asset
to be protected from climate impacts and a resource to strengthen the ability of communities to
pursue transformative change;

8. Circular: promoting a circular value chain in buildings and constructions, but also in
supply and disposal infrastructure systems, that aims at reducing both emissions and waste
drastically while promoting innovation, affordability, ensuring food security, energy efficiency, and
local development;

9. Financing-enabling: centered on capacity building, technology transfer, enabling
frameworks and delivering solutions to support and enhance existing and innovating finance
channels and mobilizing finance at scale while accelerating access for local and regional
governments;

10. Health-promoting: recognizing the importance of health and wellbeing as an input to
resilience, the power of health arguments to motivate change, and the significant economic and
social co-benefits available from health-aware climate action.

71



Humbatov

T'udpomemeoporozus u axoroeus No2 (117), 2025
Passing to the regional context of the environmental security in terms climate change

impacts, one of the most vulnerable regions in the world in this regard is the South Caucasus region,
that is related to the physical and geographical position of the regions. Serious negative impacts of
climatic changes in the region are increasing aridity, Caspian Sea level-fluctuations, more frequent
extreme weather events (e.g., severe droughts, floods, and hailstorms), making almost all economic
sectors climate-sensitive. Nowadays, most countries in the region are already experiencing rising
temperature, increasing water scarcity, rising frequency of droughts and forest fires, as well as
growing rates of desertification. Particularly climate-sensitive economic sector for the countries of
the region is agriculture and this problem necessitates global and regional cooperation towards
implementation of effective mitigation and adaptation measures, because of the regional food
security and the fact that the majority of the population of the region extensively depends on
agriculture sector for their livelihoods.

In this region, Azerbaijan is particularly vulnerable to climate change impacts. According to
weekly drought monitoring data received from NASA from GRACE satellites, the country has been
exposed to a sharp drought both in terms of underground water and terrestrial humidity. Moreover,
according to the report of UNDP containing climate change impacts projection, as a result of the
drought caused by the climate change for the period 2021...2050, water supply of the country will
decrease by 23 % [14] In April, 2022, «Azercosmos» OJSC has prepared and submitted to the
government an assessment report “Impact of global climate change on the Republic of Azerbaijan”,
where it’s proved a satellite assessment of the impacts of climate change on the base of satellite
technology. The report evaluates effectiveness of measures against climate change on the base
monitoring of effects of mitigation, adaptation measures, using satellite images provided by the
high-frequency satellite «Azersky». The main results of the satellite monitoring confirm the scale
of the predicted processes associated with climate change. These results could be summarized as
follows:

1. In the winter season of the years 2017...2021, up to 30 % of field reductions were recorded
in snow drifts;

2. According to the results of monitoring the mirror surface of water bodies over the past 5
years, there has been a decrease by 4,3 %, and throughout the country by 2 %., but there is an
increase in area by 7...10 % compared to 2021.

3. As a result of analysis of changes in the water level of the Kura River based on satellite
schemes, a decrease in the area of the mirror surface of the water was observed, and over the past 2
years it was found out that the width of the river in some places decreases up to 40...60 meters. Due
to the decrease in the water level in the river, it was recorded that in 2021 the inflow of sea water
was mixed into Kura River up the place near the village of Arabgardashbeyli of the Salyan district,
situated even in the 45 km distance from the seaside.

4. Compared to the last 20 years, dry areas have been increased, and by 2021 the territories
being subjected to a very severe drought the country has grown by 15 %.

5. Based on data processing over the past 20 years, 6 % more areas with a high risk of drought
have been identified in the country [14]

Actually, all these climate change impacts could seriously undermine progress that has been
made in the socio-economic and environmental activities of Azerbaijan during last 30 years, if the
country will not timely implement effective climate change mitigation and adaptation measures,
elaborate and proceed low emission and climate resilient development pathway including transition
to the green economy, as it requires contemporary global environmental security standards.

Acknowledging global climate change challenges, Azerbaijan has already outlined the clean
environment and green growth development priority among five national priorities within the
«Azerbaijan 2030: National Priorities for Socio-Economic Development» document approved by
the relevant Order of the President of the Republic of Azerbaijan issued on February 2, 2021. This
strategic document was adopted in order to meet the national commitments to the United Nations’
2030 Agenda for Sustainable Development, as well as the Paris Climate Agreement and consists of
the following priorities: (i) sustainably growing competitive economy; (ii) society based on
dynamic, inclusive and social justice; (iii) competitive human capital and modern innovations space;
(iv) great return to territories liberated from occupation; and (v) clean environment and «green
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growth» country [15] . Realization of the last priority necessitates clear understanding and analysis

of all effective strategies, policies, measures, scenarios of climate resilience, decarbonization
prospective and the mentioned monograph of the author — «Low emission development outlook and
its role in the environmental security system of the Republic of Azerbaijany is an attempt towards
detailed analysis of the long-term low GHG emission development scenarios, their classification in
terms of GHG reduction potential and effectiveness in terms of SDG implementation, as well as
their role in the environmental security of the country.

By the way, «Azerbaijan 2030: National Priorities for Socio-Economic Development
outlined new target to double Azerbaijan’s GDP by 2030 under a new 10-year development plan
which requires an average annual growth rate of 7 % of GDP [16].

It’s remarkable that from the very beginning of the implementation of the Sustainable
Development Goals they became of high importance for Azerbaijan [17]. Actually, the country is
among few countries around the globe and the first in the South Caucasus region that has submitted
its third Voluntary National Report (VNR) about implementation of the 2030 Agenda in the country
[18]. Scoring 72,4 out of 100 points possible on the SDG achievement index, Azerbaijan ranks 55th
out of 165 countries in the 2021 Sustainable Development Report with the best result in the region.
These reports highlight Azerbaijan’s progress in areas such as poverty reduction, healthcare,
nutrition, women’s labor force participation, clean water and sanitation, access to energy, internet
usage, threatened species survival, as well as improving population welfare and sustainable
development of cities and communities. Azerbaijan, along with crude oil and natural gas, recently
became an exporter of electric energy. Today, the country exports electric energy to 4 neighboring
countries. Meantime, actually domestic electricity consumption level tends to rise due to population
growth and economic development.

Let’s recall in chronical order the main steps of the country the field of climate change
cooperation. After joining the United Nations Framework Convention on Climate Change
(UNFCCC) in 1995, in 1997 the late president Heydar Aliyev, taking into account the urgency of
the problem related to climate change, issued Decree No. 560 dated April 30, 1997 «On measures
to ensure the implementation of the commitments made by the Republic of Azerbaijan in accordance
with the United Nations Framework Convention on Climate Change, approved by the Republic of
Azerbaijan on January 10, 1995 establishing the State Commission on Climate Change in the
country. On 11.03.2020, with the Decree [19] of the President of the Republic of Azerbaijan Ilham
Aliyev, a new composition of the State Commission was determined. The establishment of this State
Commission under the chairmanship of the Deputy Prime Minister of the Republic of Azerbaijan
led to the strengthening of consistent institutional and legislative activities in the field of combating
climate change in Azerbaijan. Thus, a special Working Group consisting of specialists and experts
of state bodies was formed to organize the facilitate the work of the commission. Thus, along with
the Ministry of Environment and Natural Resources, relevant specialists from the Ministry of
Economy, the Ministry of Energy, the Ministry of Agriculture, the State Statistics Committee of the
Republic of Azerbaijan and other state bodies were involved to the Working Group. On July 23,
2020, the first meeting of the State Commission was held, during which a number of important
decisions were made, the Ministry of Ecology and Natural Resources (MENR) of the Republic of
Azerbaijan was assigned as a responsible and coordinating body for regularly informing the
Commission on the relevant activities implemented in this direction. Over the past period, the
Republic of Azerbaijan has prepared and submitted its First National Communication (NC) (2000),
Second National Communication (2010) and Third National Communication (2015), as well as its
First Biennial Updated Report (BUR) (2014), Second Biennial Updated Report (2018) to the
Convention Secretariat. The last, the Fourth National Communication was officially submitted to
the secretariat on 23.06.21 [20]. The country submitted its INDC (Intended Nationally Determined
Contributions) document on 19.01.2017, where it officially declared a target of 35 % reduction of
its GHG emissions by 2030 compared with the base year (1990) level, taking into account national
circumstances, national priorities of development, national interests of the country. The NDC2
Azerbaijan’s revised commits to a 40 % reduction in emissions by 2050, compared to 1990 levels,
conditional on international support [21]. The sectors identified for mitigation measures include
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energy, industrial processes and product use, agriculture, land use, land use change and forestry,

and waste.

2. MATERIALS AND METHODS

As it mentioned above, the actual paper contains some results of the monograph «Low
emission development outlook and its role in the environmental security system of the Republic of
Azerbaijan» studying the greenhouse gas (GHG) emission development pathways, i.e. scenarios
(projections) in Azerbaijan for the next decades, taking into account the current NDC goals, on the
base qualitative analyses, using of the special LEAP (Low Emissions Analysis Platform) modelling
technique [22] for evaluation of the emission reduction effects of the relevant mitigation policies
and measures. Each scenario is based on corresponding to mitigation policies, measures, as well as
assumptions in the relevant sectors (corresponding to the 2006 IPCC Guidelines [23], AR4 emission
factors) of reaching net-zero emission target. Moreover, there will be analyzed the mentioned
scenarios in terms of their role in the environmental security of the country.

In order to conduct comparative analysis of all these GHG emissions development options
there will be presented three GHG emission development scenarios, namely - Business as Usual
(BAU) Scenario, Realistic Low Emission Development Scenario (RLEDS) and Best Low Emission
Development Scenario (BLEDS). Let’s bring some definitions of these development scenarios:

Business as Usual (BAU) Scenario is a projection of the level of GHG emissions that would
result if future development trends follow those of the past and no change in climate change
mitigation policies and measures take place. The scenario assumes that there are no climate change
strategies, policies and measures being or to be implemented since 2021 [24], no relevant green
transition changes in technology, economics etc. Business as Usual (BAU) Scenario is used later on
as benchmark for other scenarios here below and separate mitigation policies and measures for
qualitative assessment of their GHG reduction potential and effects. Here below in the paper, in
order to evaluate the GHG emissions reduction of mitigation actions or their overall total effects
within the Realistic Low Emission Development Scenario (RLEDS) or within the Best Low
Emission Development Scenario (RLEDS) we’ll provide a comparative analysis of each mitigation
action vis-a-vis the BAU Scenario on the base of LEAP calculations. Hence the BAU Scenario plays
a benchmark in our modelling analysis and it’s elaborated on the base of the official statistical and
other available data for the past years till the first scenario year - 2021. That’s why for the years
following the first scenario years, BAU Scenario corresponds to the development under the existing
conditions, but without implementing any mitigation policies and measures.

3. RESULTS AND DISCUSSION

Figure 1 shows the LEAP projection of the BAU Scenario, taking into account long-term
assumptions on the national economy development.

100-Year GWP: Direct (At Point of Emissions] ) v || @ All GHGS hd

= Carbon Dicxide

< Historical Scenaric > 2 Methane

~ Bl Nitrous Oxide
¥ @l Carbon Dicxide Equivalent

2018 2024 2030 20386 2042 2048 2054 2060 2066 2072 2078 2084 2090

All Years  ~

Figure 1. GHG emissions projection in the BAU Scenario, LEAP
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As it can be seen from Figure 1, within the BAU scenario the volumes of GHG emissions

will reach 87,9, 134,9 and 974,1 million tons of CO, equivalent (including removals), respectively
by the years: 2030, 2050, 2095. The scenario assumes that there are neither any abatement policies,
nor major changes in technology, green transition of economics, climate change policies, so that
normal circumstances can be expected to continue unchanged.

Realistic Low Emission Development Scenario (RLEDS) is a projection of the level of
GHG emissions in some separate sector or totally for all sectors (depending on assumptions in
place), taking into account all mitigation policies and measures (sectoral or total) that have been
formally (i.e. legally) adopted (with finance allocation) and still having mitigation effect or being
implemented (it’s WM scenario in terms of definitions given in many sources related to the 2006

IPCC Guidelines [25]) by 2021 (as a first scenario year), as well as those which have not yet been
formally adopted (without finance allocation) but have been agreed to be implemented in order to
comply with the country reduction commitments (it’s WAM scenario in terms of definitions given
in many sources related to the 2006 IPCC Guidelines). As it’s seen from the definition, RLEDS in
some sectors or in all sectors comprises both «with measures» (WM) and «with additional measure»
(WAM) scenarios corresponding the relevant policies and measures. Here’s the LEAP projection of
this scenario taking into account national circumstances and implemented mitigation actions which
are described in detail in the above-mentioned monograph [24].

According to the Figure 2, describing the RLED Scenario, the volumes of GHG emissions
reach 42, 54,2 and 201,2 million tons of CO; equivalent (including removals) by 2030, 2050, 2090
respectively, which are much less than the relevant indicators of the BAU Scenario in the mentioned
years.

100-Year GWP: Direct (At Point of Emissions) « || @ All GHGs -

200 3
< Historical Scenario > B Methane
¥ Bl Nitrous Oxide
¥ Bl Carbon Dioxide Equivalent

Carbon Dioxide

Denominator. €02 Equivalent

Metric Tonnes

50

Million

0
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All Years =
Figure 2. GHG coverage projection within the BAU Scenario (LEAP model)

Best Low Emission Development Scenario (RLEDS) is a projection of the level of GHG
emissions in some separate sector or totally in all sectors that takes into consideration all mitigation
policies and measures of the RLEDS by 2021 (as a first scenario year), that is added with additional
assumptions in order to reach net-zero emission level by some year in the future. In fact, the scenario
is based on the necessary conditions and assumptions of reaching net-zero emission level in the
future. This scenario in some sectors or totally for all sectors (depending on assumptions in place)
should be considered the most needed and important pathway for each country in light of the Paris
Agreement and above-mentioned Conference of Parties decisions.

By the way, the term «low-emission developmenty and abbreviation «LEDS» (i.e. low-
emission development strategy) were first appeared in some documents of the United Nations
Framework Convention on Climate Change (UNFCCC) in 2008 [26]. Despite the fact, the term
«low-emission developmenty has no still agreed formal definition, actually it’s broadly used by the
specialists, describing forward-looking national economic development plans or strategies that
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encompass low-emission and/or climate-resilient economic growth. Such strategies can provide

value-added to existing climate change and development related roadmaps, strategic documents etc.

Here below, in order to be laconic and able to focus more on the scenario of decarbonization
of the country, i.e. BLED Scenario, we’ll provide more detailed description of the LEAP
calculations only for the Best Low Emission Development (BLED) Scenario.

Best Low Emission Development (BLED) Scenario

In this section, for the purpose of brevity we’ll consider only mitigation strategies, policies,
actions related mainly to the Energy sector, all other mitigation actions are given in the above-
mentioned monograph [24].

Best Low Emission Development (BLED) Scenario includes all the mitigation policies and
measures of the Realistic Low Emissions Development Scenario (RLEDS), in the Energy sector
they are following:

1) Reduction of Associated Petroleum Gas (APG) emissions in the oil production
(mitigation action, being implemented by SOCAR);

2) Reduction of leakage in gas distribution system via modernization of whole system
(mitigation action, being implemented by «Azerigas» Production Association of SOCAR)

3) Oil and natural gas production;

4)  Flaring gas volume reduction within Azeri-Chirag-Guneshli (ACG) project (mitigation
action, being implemented by - BP (Azerbaijan));

5)  BP 10-year sustainable emissions reduction Plan;

6) BP South Caucasus Pipeline expansion (SCPX) offset project;

7)  Oil and natural gas production;

8)  Dirilling process - Application of new technologies (Implemented by — SOCAR);

9) Oil refining production process optimization action at Heydar Aliyev Oil Refinery
(Implemented by — Heydar Aliyev Oil Refinery (SOCAR));

10) Electric power industry.

Mitigation measure to improve energy efficiency in electricity generation (being
implemented by Azenerji LLC). All actual mitigation measures in this field of electric power
industry period could be grouped as follows:

1) Rehabilitation of obsolete power plants;

2)  Construction of new stations with high energy efficiency;

3)  Reconstruction of transmission and distribution networks;

4)  Improve energy efficiency in the demand sector;

5)  Construction of power plants based on renewable energy sources;

6) Improve tariff policy.

Besides the mentioned mitigation measures, let’s additionally propose the following GHG
reduction assumptions in the Energy sector within the Best Low Emission Development (BLED)
Scenario:

1)  Annual oil production reduction by 1 % beginning from 2021 within the global trend
on reduction of oil production;

2)  Annual wood consumptions decrease by 3 % in the Commercial and Public sectors of
the country beginning from 2021;

3) Natural gas production reduction by 1 % beginning from 2021

4)  Natural gas leakages reduction up to 1 % by 2050;

5)  Annual gas consumption decreases by 1 % in the Household since 2021,

6)  Annual decrease of motor gasoline consumption by 1% in the Household, Agriculture
(forestry, fishing) since 2021;

7)  Annual decrease by 5 % of the thermal energy production and its gradually substitution
by renewable energy production according to the relevant state programs;

As well as the following assumptions in the Transport sector:

1)  Annual decrease by 5 % of the diesel consumption in transport sector since 2021,

2)  Annual decrease by 2 % of motor gasoline consumption in transport sector since 2021;

3)  Annual decrease by 1 % of the LPG consumption in transport sector since 2021;

4)  Annual decrease by 2 % of the CNG consumption in transport sector since 2030;
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5) Completion of the electrification of the National Railroad System by 2030.

All these assumptions are quite feasible due to the overarching policies and measures of
greening of economy (expanding use of renewable energy sources, green hydrogen production,
energy effectiveness measures, climate smart technologies etc) incorporated to the mentioned five
national priorities of the «Azerbaijan 2030: National Priorities for Socio-Economic Developmenty
document approved by the relevant Order of the President of the Republic of Azerbaijan issued on
February 2, 2021.

In order to measure the overall total effect of mitigation policies and measures within Best

Low Emission Development Scenario (RLEDS) in the Energy sector we’ll provide comparative
analysis of the GHG emissions reduction generated during the BLEDS and the BAU Scenario via
LEAP modelling. For this purpose, all the above-mentioned assumptions and measures have been
analyzed and modelled in LEAP and included to BLED Scenario.

Upon modeling all the mitigation measures and assumptions in all sectors we’ll get the
following graph 3 and table 1 reflecting GHG-coverage of the GHG emissions within the BLED
Scenario.

100-Year GWP: Direct (At Point of Emissions) v | @ All GHGs -
I Net Value
I Carbon Dicxide
I Methane

¥ Bl Nitrous Oxide
¥ Bl Carbon Dicxide Equivalent

2018 2024 2030 2036 2042 2048 2054 2060 2066 2072 2078 2084 2000

All Years =

Figure 3 GHG coverage projection within the BLED Scenario (LEAP model)

As it’s seen from the last table corresponding to the Figure 3, i.e. the projection of the BLEDS,
within this scenario GHG emissions reaches net zero emission level in 2081, i.e. all emissions by
sources and removals by sinks become equal.

4. CONCLUSION

For each country it’s extremely important to have a GHG pathway bringing the country to
the carbon neutrality. By the way, according to the relevant methodology of calculation of total
effects of above-mentioned mitigation policies, measures, as well as assumptions within this
pathway, the year of net zero emissions could be earlier or later than 2081, depending on the relevant
assumptions that could be strengthened or weakened dictated by the national circumstances of the
socio-economic development.

Moreover, within the BLEDS pathway Azerbaijan could successfully reduce its emissions
even up to 86 % level by 2050 compared to the 1990 emissions, that is much more under the 2050s
goal of 40 % reduction of emissions. «40 % reduction» target by 2050 has been included to the
NDC2 of the country and a new updated version of NDC document is going to be officially
submitted to the Secretariat of UNFCCC before COP30 in Belem (Brazil) on November, 10...21,
2025. Asitwas in the RLEDS, within the BLEDS we could notice that an essential part of mitigation
potential relates namely to the mitigation policies, actions and assumptions in the Energy sector.
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Table 1
GHG-coverage of the GHG emissions within the BLED Scenario, million tons of CO; equivalent
GHG | co2 | CH:s | NoO | CO:eq | TOTAL
2021 16,7 33,8 2,0 1,8 54,3
2022 16,3 325 2,0 1,8 52,5
2023 15,2 31,0 1,9 1,8 49,9
2024 14,1 29,5 18 1,8 47,3
2025 131 28,1 18 1,9 44,7
2026 11,8 245 1,7 1,9 39,8
2027 10,5 21,0 1,6 1,9 35,1
2028 9,3 17,7 1,6 1,9 30,5
2029 8,1 14,6 15 2,0 26,1
2030 7,0 11,7 14 2,0 22,0
2031 5,2 11,5 14 2,0 20,1
2032 43 11,4 15 2,0 19,2
2033 35 11,3 15 2,0 18,3
2034 2,8 11,2 15 2,1 17,6
2035 2,1 111 1,6 2,1 16,9
2036 15 111 1,6 2,1 16,2
2037 0,9 11,0 1,6 2,1 15,6
2038 0,3 10,9 1,6 2,2 15,0
2039 -0,3 10,8 1,7 2,2 14,4
2040 -0,8 10,8 1,7 2,2 13,9
2041 -1,3 10,7 1,7 2,2 13,3
2042 -1,8 10,6 1,8 2,2 12,8
2043 -2,2 10,6 1,8 2,3 12,4
2044 -2,6 10,5 1,8 2,3 12,0
2045 -3,0 10,4 1,9 2,3 11,6
2046 -3,4 10,4 1,9 2,3 11,2
2047 -3,8 10,3 1,9 2,4 10,8
2048 -4,1 10,2 1,9 2,4 10,5
2049 -4,4 10,2 2,0 2,4 10,2
2050 -4,6 10,1 2,0 2,4 9,9
2051 -5,0 10,0 2,0 25 9,6
2052 -53 10,0 2,0 25 9,2
2053 -5,6 9,9 2,0 25 8,8
2054 -5,9 9,8 2,0 2,6 8,5
2055 -6,1 9,7 2,0 2,6 8,1
2056 -6,1 9,6 2,0 2,6 78
2057 -6,7 9,6 2,0 2,6 7,5
2058 -7,0 9,5 2,0 2,7 7,2
2059 -7,2 9,4 2,0 2,7 6,9
2060 -7,5 9,3 2,0 2,7 6,6
2061 -1,7 9,3 1,9 2,8 6,3
2062 -7,9 9,2 1,9 2,8 6,0
2063 -8,2 9,1 1,9 2,8 57
2064 -8,4 9,0 1,9 2,9 5,5
2065 -8,6 9,0 1,9 2,9 5,2
2066 -8,8 8,9 1,9 2,9 5,0
2067 -9,0 8,8 1,9 3,0 4,7
2068 -9,2 8,8 1,9 3,0 4,5
2069 -9,4 8,7 1,9 3,0 43
2070 -9,6 8,6 1,9 31 4,1
2071 -9,8 8,6 1,9 3,1 3,8
2072 -9,9 8,5 1,9 3,2 3,6
2073 -10,1 8,4 1,9 3,2 3,5
2074 -10,2 8,4 1,9 3,2 33
2075 -10,4 8,3 1,9 33 31
2076 -10,5 8,3 1,9 33 2,9
2077 -10,7 8,2 1,9 34 2,8
2078 -10,8 8,1 1,9 34 2,6
2079 -10,9 8,1 1,9 3,4 2,5
2080 -11,1 8,0 1,9 35 2,3
2081 -114 6,0 1,9 35 0,0

In order to strengthen legal and institutional framework for decarbonization and climate
resilience, first of all it’s necessary to establish MRV (Measurement, Reporting, Verification)
system related in the previous paragraphs, as well as establish ETF (Enhanced Transparency
Framework) for effective implementation of goals of NDC documents and enlarge participation of
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the country in the global climate change efforts. For this purpose, actually the government of the

Republic of Azerbaijan undertakes necessary measures on the base of best international experiences.
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SKOHOMUKAFa KOINyIiH OHTAWIbI >KOIJaphel TaimaHamel. [lapmk kemiciMiHIH 4 -
6a0pHBIH  19-TapmarsiHna KemiciMre KaTbICymnbl opOip eJaiH MapHUKTIK rasfap
UIBIFAPBIHABLIAPDEI  TOMEH y3aK Mep3imai nmamy crparerusuiapein  (LT-LEDS)
TYXKBIPBIM/IAY JKOHE )KYPTIIBUIBIKTHIH Ha3apblHa )KETKI3y MiHJIETi allKbIH/IaJIFaHIbIKTaH,
MYH/a# cTparerusiHbl aaitbiaaay KeniciMHIH op0Oip KaThICYIIBICH! YIIIH OackiM OOJBII
tabbutaabl. OchlFaH OaliTaHBICTBI MakKajana O3ipOaiikaHIarsl JeKapOOHU3AIUS
CIICHAPHHIHIH JHEPreTHUKAJIBIK JKOHE JKOJIOTHSIJIBIK CHUITaTTaMallapblHa epeKIle Ha3ap
ayAapbuiaJibl.

MNYTU JEKAPEOHU3AILIMU PECITYBJIMKU ABEPBAVII)KAH U
BbI30BbI DKOJIOI'MYECKOHW BE3OIMACHOCTH
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Baky, Azepb6aiimkan; fuad.humbatov@eco.gov.az
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K/IFOYEBBIE CJIOBA

ABCTPAKT

MEpBI IO CMSTYEHUIO MTOCIEICTBUI
napHuKoBbIe Ta3sl (1)
9KOJIOrHUYecKasi 6e30IMacHOCTb
YCTOWYMBOE pa3BUTHE U3MEHEHHE
KJIMMara

BO300HOBIISIEMbIE HCTOYHUKHI
SHEPTUU

uHBeHTapuzauus 17

TIOJTUTHKA CMATYCHUS TIOCIIEICTBHN

ITo craTbe:

[Tonyueno: 5.03.2025
ITepecmotpeno: 16.05.2025
[Ipunsro: 23.06.2025
Omy6mkoBano: 30.06.2025

B crartbe mccienyercss HaIMOHAIBHBIA KOHTEKCT OOpHOBI C M3MEHEHHWEM KIIMMATa,
9KOJIOTHYecKast 0e30MacHOCTh, CIEHApHHM PAa3BUTHS C HHU3KMM YPOBHEM BHIOPOCOB
mapHUKOBEIX Ta30B (III') mms  AsepOaiimxanckoit PecmyOomuku B XXI  Beke,
AQHAIIM3UPYIOTCSl ONTUMAJbHBIE IMyTH Iepexoja K 3eJIeHOH IKOHOMHKE B CTpaHe.
ITockoneky B myHKTe 19 crtatbu 4 Ilapmkckoro corjameHus ompenesieHa 3aaada
KaXI0# cTpanbl - yyacTHUIBI CornameHus chopMyJIUpOBaTh U JOBECTU JI0 CBEJEHHS
OOILECTBEHHOCTH JIOJTOCPOYHBIE CTPATErMH PAa3BUTHS C HU3KUM YPOBHEM BBHIOPOCOB
napHuKoBbIX ra3os (LT-LEDS), moarotoBka Takoii CTpaTerHu SBISIETCS IPUOPUTETHON
Juist Kaxaou yuactHuisl CorianieHus.. B cBsi3u ¢ 3TuM B ctaTthe 0co00O€ BHUMaHHE
yIENSeTCs. OHEPreTHYeCKMM M JKOJOTHUECKMM  XapaKTePUCTHKAM  CIIEHapHs
JexapOoHu3anny B AsepoOaiixane.

Publisher's Note: Statements, opinions, and data in all publications are those of the author(s) alone and not those of the Journal of
Hydrometeorology and Ecology and/or the editor(s).
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HHABJIOJAP OBJbICBIHBIH OPMAH JJAHAITA®TTAPBIHAAT'BI
OPTTEPAIH KEHICTIKTIK TAPAJIYbBI
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TYWUIH CO3/IEP

ABCTPAKT

OpMaH epTTepi
OpTTEpIiH KEHICTIKTIK
Tapaysl

KK3

dNBR

TlaBnomap oGIIBICH!

Enimizzeri consiMen Katap [1aBinoaap oONbICHIHBIH ayMarblHAAFbl OPMaH JaHAIIA() TAPBIH/IAFbI
OpTTepAiH maiiia 0oyl MEH Tapaiybl, TAOUFATTBI KOPFAall CaKTay OarbIThIHIAFbl OACTHI
Mocenenepaiy Oipi 6oxpmm oTeip. byn 3eprreyae obneic aymarsiamarsl 2020...2024 xeuimap
apabIFbIHIAFBl OPMaH OPTTEPiHIH KEHICTIKTIK Tapaslybl KapacThIpbUIFaH. JKep/i KallbIKThIKTaH
3ounTay (OKK3) mepekrepine Heri3menreH, Oyl epTTepIiH HETI3Ti OIIAKTapblH aHBIKTayFa,
COHJIali-aK OPTYPJIi KbUTIAPIAFsl OPTTEPAIH KaPKBIHABUIBIFBl MEH KHUIUTITIHIH TCHICHIUSIAPbIH
aHBIKTayFa MYMKIHIIK Oepai. OpMmaHn naHamad TTapbIHAAFGl OPT [IAJFaH aiiMaKThIH JKaFIaibiH
JIoItipek Oarayiay YIIiH ©pTTEH 3apjall MIeKKeH 0aKplIay ydacKeci YINiH ecenTenreH OpTeHHIH
KaJBINTH aifbipMachiHbiH HHIeKei (AINBR) nmaifmanansiiner. ARMaKTBIH OpTYPIi TaHAMIAPTTHIK
afiMaKTapblHIAFbl ©PT OCEpIHIH JUHAMHKACBI MEH KYPBUIBIMBIH BH3yalH3alHsIay Ibl
KaMTaMachl3 €TETiH OChIH/Ial Te0aKMapaTThIK XKYHelepre Heri3elreH KapTorpaQusiibiK Tanaay
("AX) epTTiH maiina OoJFaH >KEpIIEpPiH JKBUIAAM aHBIKTAyFa MYMKIHIIK OCpeTiHi 3epaeieH .
OpMmaH epTTepiHiH TapalyblH 0aKpUIay oJapAbl OOJAmIaKTa alAbH aily, O0IDKay *OHE epPTTi
TOKTaTy OOMBIHIINA >KEe[eN MIapajapibl KOJNJIaHyFa oKele[i. 3epTTey HOTIKEIepiH epTTiH
caljiapblH OapblHIIa a3alTyFa jKOHE OpMaH 3KOXXYHENEpiHiH TYpaKThl AaMyblH KaMTaMachi3
eTyre OarbITTAIFaH OpPMaH aJIKalnTapblH KAJIMbIHA KEJITIPY )KYMBICTapbIH XKocmapiayaa, backapy
CTpaTerusUIapbIH J3ipJiey YIIiH maiaaganyra 00JIabl.

MakaJia aiibIiHaa:
Kibepinmi: 13.05.2025
Kaiira kapanasr: 15.05.2025
Kaosuinanasr: 4.06.2025
Kapusmangsr: 30.06.2025
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OOJIBICBIHBIH
OpTTEepIiH
Tapasybl 1
T'HIPOMETeOpOIOrysl U IKOJIOTHs,

Ne2 (117), 2025, 81-90.

TTaBnogap OopMaH
naHxmadTTapeHIAFEI

KEHICTIK

FTAMP 39.01.94; 39.19.31

1. KIPICIIE

Kazakcran Pecmybmukacer Ilpesunentiniyg 2021...2025 xsiuimapra apHanran «Kacwir
Kazakcran» yiTThIK OarmapiiamMachl aschlHIA XaJbIKTBIH ©MIp Cypy CamachlH JKOHE eJIIiH
9KOJIOTHSUIBIK Kaf/IalbIH KaKcapTyFa OaFbITTalFaH ic-IapaiapAblH KeIIeH i KyHeci Kysere
acelpputyia. byn OarnapiaMaHbIH Heri3ri acHeKTiCi OpMaH JKOXYyHeJepiH KOopray KXoHe
ONIApIBIH ayMarblH 5 %-Fa JeifiH YIFalTy JXKeHIHJAEri mapajapAbl Ky3ere achlpy OOIBIII
TaObutagpl. OChl CTpATErvsUIbIK MaKCcaTKa JKeTy YIIIH OpMaH alKalTapblH CaKTayra >KOHE
KaJIIbIHA KENTipyre OarbITTalFaH KONTEereH aproTeXHUKANIBIK ic-IIapanap KoJZaHsLTyasl [1].
CoHbIMeH Oipre opMaH aJKanTapbIHBIH Xal-KYHiH OakpuiayFa epekiie KeHin OeiiHyzae, Oy
OIIApBIH KayilCi3[iriHe TOHETIH KaTepiepAi YaKTBUIBI aHBIKTayFa KOHE >KOIOFa MYMKIHIIK
6epeni. OpmaHgapIsl OPTTECH KOpFay Ja OarnapiamMaHbiH 0achiM OaFbITTAPBIHBIH Oipi GOJIBII
TaOBUTAZBl. AHTPOIOTCHIIIK, COHIOai-ak TaOWFu (haKkTopiapIblH ocepiHeH maiina OoJaThIH
OpMaH epTTepi IKOKYHenepre eneyi karep ToHaipeni. OpMaH epTTEpPiHiH TapadyblH 3ePTTECY
MEH aJJbIH aly >KeHIHJEri ic-mapanap KeIIeHIH a3ipiey >KoHE J)Ky3ere achlpy 3aMaHayH
TEXHOJIOTHSUIAp MEH 9ICTEep/Ii KOJIAAHyIbl TaJIall €TETiH ©3€KTi MiHAET OOJIBIT TaObLIAIbI.

Kazipri yakplTTa OpMaH ajKanTapblHBIH OPTTEH KOPFAyblH KamTamachl3 €Ty YIIiH
MHHOBAIMSUIBIK TEXHOJOTHSJIAp MEH >KabJasIKTap KoimaHeUTyaa. JKepcepikTik MOHHUTOPHHTTI
KOJIIaHy OpMaH JKOXKYHeJIepiHiH >Kai-KyHiH jkeien OakpulayFa, COHIal-aK ©pT OLIaKTapshl
CHSIKTBI BIKTHMaJl KayilTep/ai aHbIKTayFa MYMKiHJIIK Oepeni. OpMaH epTTepiHiH aljblH ary
KOHE COHJIPY/IH MaMaHAaH/IBIPbUIFaH KYpalJapblH €HI13y OpMaHIapAbl KOpray jKoHE @pTTeH
00aTHIH 3aJIAJI/IBI @3aiTy MapatapbIHBIH THIMIUTITIH apTTHIPAJIBI.

https://doi.org/10.54668/2789-6323-2025-117-2-81-90 DOX 910.3 (574.25)
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Oprrep OHOOPTYPILTIKKE, KIMMATTHIK MPOLECTEPre IKOHE IKEPTLTIKTI XalbIKTHIH
QNICYMETTIK-3KOHOMUKAIBIK OJ-ayKaThIHA aWTapJIBIKTail ocep €TETiH MaHbBI3Abl 3KOJIOTHSIIBIK
KOHE OKOHOMHUKAIBIK Maceiae Oombinm  Tabbutanbl. [laBmomap  OOJBICBHIHBIH — OpMaH
AIKANITApBIHAAFEl  OPTTEPIiH O KHUUITIHIH JKOFapel eKeHAiri Oaiikamampl, Oy oJap.IbIH
JMHAMUKAChl MEH KEHICTIKTE TapaslyblHa €TKeH-TerKeMIl Tanaay bl KaXeT eTe/l.

[TaBmogap oOONBICEIHBIH OpMaH JaHAMA(TTapsl aWMaKTBIH JKOHE OHBIH TaOWFH
0aluIBIKTapBIHBIH YKOJIOTUSUIBIK TYPAKTBUIBIFBIHBIH HETI13T1 Kypamaac 0eiri 6oJibIn Tadblia bl
«JlanamadT» YFBIMBI FBUIBIMIIA KEHIHEH 3€pPTTENTCHIMEH, «OpPMaH JaHAMA(TTapbl» YFBIMBI
TepeHipek 3epTTeyni Kaxer eteni. Kebinece Oyi1 yrbiM OipTyTac opMaHaap TY3€TiH OpMaH/IbI
ankanrapMeH OaiaHbICTH aiiTeutanbl. OpMaHabl TaHAmadT - Oy Kep OemepiHiH KaHmal ma
Oip MINIHIH anbll jKaTKaH, OIPTEKTI AKOJOTHSUIBIK JKarfaiyiapra Me JKOHE IIaFbIH HeMece
Oipmmama KeH JXep KCHICTITiHIAEe OHBI KYpPAaWTHIH OWOTEHNIIK KOMITOHEHTTEpHiH Oipreit
KUBIHTBIFBIMEH CHIIATTANIAThIH reorpadusuiblk JaHamadTTeiH Kypamaac Oemniri. HerizineH,
opMaHnael naHgmadTTap Oenrimi Oip ayMakThl KOpIIAm TYpPFaH OpMaH OCIMAIKTEpiHiH
KellIeHIMEH aHBIKTaIaThIH Oenrii 6ip keHicTikTi 6inmipeni [2...3].

Opmanas! maHamadTrap OHOOPTYPIILTIKTIH JKOFaphl IEHIeHIMEH JKOHE aFall TYPJICPiHiH
OPTYPJIIIIIriMeH CUMaTTaNaabl, Oy SKOXyienepliH TYpakTbUIbIFbIHA bIKnan ereai. Omap cy
PSKUMIH pETTEy/Ae, TONBIPAK 3PO3HACHIHBIH AIABIH alyla >KoHE aTMoc(epasblK ayaHbIH
camachlH )KaKcapTy/1a MaHbI3/Ibl pei aTkapassl [4].

Kymeicra 2020...2024 sxpuimap apanbireiHAa [laBaomap oONBICH ayMarblHOa OONFaH
OPTTEP/IiH CAHBIMEH KeJIeMi JKoHE Tapasly KecKiHaepi 3epaeneni. Herisri MakcaT - epTTepaiH
KEHICTIKTIK TapalyblHa TajJay >acall MEH epT LIapIbIFaH ayMaKTap/Abl aHBIKTAY >KOJIAPHIH
KapacThIpy.

OpmMmaH nasgmadTTapbIHBIH 3KOXKYHENIK peliH TepeH TYCiHyre »KoHE MOHHTOPHHI II€H
KOpFayJblH 3aMaHayd OJICTCpiH KOJAaHyFa HEri3JIeireH KelleHIi OacKapy Tocisli alMaKThIH
TYPaKkThl JaMybIH JKOHE OHBIH TaOWFH OaliIbIFBIH CakKTayAbl KamMTaMachl3 €TYyHiH HeTi3ri
(hakTOpBI OOJIBIN TaOBLIABI.

2. MOJIIMETTEP MEH 9ICTEP

[TaBnomap OOIBICTAFEI KAaJIBl MEMIICKETTIK OpMaH KOPBIHBIH — 57,5 % (275,5 MbIH Ta)
OpMaHIapMeH KeMKepiireH. A kajmbl aymadel — 478,7 MbIH ra. By skoxyiienep Kyprak
KIUMATTBIH KYPFaKTBUIBIFEI MEH TOMEH BUIFAIIBUIBIK XOHE aHTPOIOTEHMIIK (haKkTopiiapra
0aliIaHBICTBI OPT KAYINTLUIIT )KOFaphl OOJIBINT CaHAaIbI.

IMaBnomap oOnpicel Ka3akcTaHHBIH conTYCTiK-MIBIFRICEHAA bateic Cibip TaKTachIMEH
CapblapkaHblH ~TYHICKEH ayMarblHIa OpHAJNAaCKaH/ABIKTAH, OHBIH JKallbl  TaOWUFu
nma"amadTTapsl anyaH Typaii 6onansl. OOIBIC ayMaFsIHIAFEI OPMaHIBl allMaKTapabl Keyeciaen
6esyre Oonaesl [5...6]:

1. [TaBmomap OOBICHIHBIH COJNTYCTITIHETI IIOK OpMaHAAap.

2. EpTic MaHbIHBIH Tacnajbl OpMaHaphl.

3. KazakTsIH ycak mokeuiapeiHaars! (Caperapka) opMasaap.

4. EpTic e3eHiHiH >KaiblIMaJIbl OpMaH aphbl.

OONBICTHIH CONTYCTITIHACTI MIAJIFBIHIBI-Kapa, COpPTaH TOIBIpAKTapel 0ap OHTYCTIK
KaJIBINTHl Kapa TOMBIPAKThI SPTYPJIi IIONTI-KbI3bUT CeJICYITi, OPTYPJIl LIONTI XaHe OH/I1 apajiac
LIAIFBIH/IBI ©CIMIIIKTEP] 06ap, Cyp OpMaHIIbl, K9AIMI1 Kapa TONBIPaKTapbIMEH INAIIFbIHBI-Kapa
TOMBIPAKTHI, COHAN-AK IANFBIH/bI-Kapa TOIBIPAKTHI aJIFOBHAIIbI, COPTAH XKepJeplie eceTiH
OpPTYPJIi 6T KBI3BLI CENEYITi KOIiK-aJUTFOBHATBII JKAJBI, TETiC QJICI3 TUTIMICHTEH JKa3bIKTHI
nmaHamadTTapeIHAa KalbIHABI KOKTePEeKTI OpMaH HIOKTaphl ecemi. Herisri opman Ty3ymni
araluTapbl: KallblH XKOHE 1JIectie KOKTepeK.

[MaByogap OOJBICHIHBIH HIBIFBICHIH/IA KOJIIK-aJUTIOBUAIIIBI HKOHE 0JI/IbI Ka3bIKTAPIAFbl
KyM/JIbl JIaHqmadTTapaa Tachalibl Kaparaiisl OpMaHIapbIMeH KOKTEpeK-KaibIHIbI OpMaH1apbl
Oap Kaparailmel oOpMmaHmap TapanFaH. Herisri Ty3ymri aramTapbl.  KOIIMII - Kaparai,
KYJIBIH/IBIIBIK SKOTHIII.
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Epric e3eHiHIH >kalbUIMACBIHAAFEl AJUTIOBHANIABI-IIAJFBIHABl TONBIPAKTapAa SpTypIi
LIeNTI-IOHAl INaNFBIHABI, KYMAApPMEH Ca3JakTapJaH KypaiaFaH JaHxmadTTapia Tajasl
ToFaiinapsl Oap opmanaap eceai. HeriziHeH Tanjpl, aK TepekTi Oyramap.

OONBICTBIH OHTYCTITiH KaMTUTHIH basHaybsi1 TaymapblHIa TayIblH Kapa TOIBIPAKTHI
KbIHAJIBI JKOHE IIeNTECiHIi, KYpT TUIIMJIEHI'CH ajaca TayJibl JIaHJmadTTapblHia Kaparauibl,
Kaparaiiel-KalBIHABI OpMaHAap Ke3mecenmi. Herisri aramTapsl Kaparaid, inecre KalbH,
KOKTEpEK.

KaiiblHapl  KOKTEpeKTi OpMaH  OIOKTapblHAH  KYpalfaH ayMakTarbl  OpMaH
nanamadreuapel [laBnomap oONBICHIHBIH «YDJITYNI OpMaHIap MEH jkKaHyapnap JYHHECIH
KOpFay XeHIH/IeT1 MeKeMeciHe ayMaFbIHa IIOFBIPIIaHFaH, aydaHsl — 46 453 ra, oHbBIH imiHge
opMaHMeH xka0bliaraH — 37 222 ra.

Eptic MaHBIHBIH Kaparalnel oOpMaHIapblHIarel JaHmmadtrap «Eptic opmasbD
MeMJIeKeTTIK Taburu opmaH pesepBarbiaa (MTOP) koprananbl, aynansl — 277961 ra, oHBIH
imiage — 160538 ra opmanMeH xaObLTFaH.

Eptic e3eHiHiH xalibuIMachIHAAFbI OPMaH JIaHAIIAdTTaphl YII MEKEME ayMaFrblH KaMTH]IbI
omap: IlaBmomap, YpmiTyn koHe Makcumo-I'oppkuii opMaHAap MeH XaHyapiap AYHHECIH
KOpray >xeHiHzeri Mekemenepi. [TaBmomap MmemiekeTTik Mekemecinae (MM - 1e) opMaH KOpbI
— 53 449 ra, oubiH iwminge opmangapel — 30 410 ra, Makcumo-I'opbkuiik MM-ne —
27 616 ra, onbIH iminae — 22 183 ra opmanasl. Ypaityn MM aymarsinarsl Epric e3eHiHiH
KalbuIMackiHa - 7291 ra THecii.

Ka3zakTblH ycak IIOKbUIAPBIHAAFbl OpMaHibl NaHamadrrap basHaysin MemiekeTTik
wrtThIK Taburu mapkinae (BMYTII) morsipnanFaH, jKaIbl ay1aHsel - 68452,8 ra, OHBIH ilIiHAe
- 19070 ra opmanmeH xabbiiraH [7].

OHIpAiH KINMAaTHI IIYFBUT KOHTHHEHTAIBI, KBICHI CYBIK, XKa3bl BICTBIK KOHE Kyprak. by
(baxTopIap OpMaH/Ibl ANTKANTAP/IbIH TapaJlybIHA JKOHE OJIap/IblH epeKLICTIKTEepiHe TiKkenel acep
eTenl.

Opman naHAmaGTTapHIHAAFEl OPTTEPAIH KCHICTIKTIK TapalyblH Tajuayjaa 3aMaHayu
Te0aKNapaTThIK KYHeJep Al KoIJaHy olapsiH OOJIIaKTa ajIblH ally MEH OHBIH cangapiiapblH
KOO OarbITBIHAAFBl KYMBICTAphIH JKeHUineTeHi aiikplH [8...12]. OchiHpait kyitere
ADBpOHABTHKA XOHE FaphIl KeHicTirid 3eprrey areHtTTiri (NASA) ozipmenreH NASA Firms
(Fire Information for Resource Management System) caiitbin sxaTkbizyra 6omazsl [13]. Onap
MODIS xone VIIRS xepcepikTepi apKBUIBI ATBIHFAH 6PT Ty PNl JKeJell IepeKTep i YChIHABI.
Byn nepekrepai kapta uHTepdEiici apKbUIbI XKYKTEyre jkoHe Kepyre Oosaabl. O yIIiH THICTI
YaKbIT AUATIa30HbI MEH KbI3BIFYIIBUIBIK aliMarblH TaHAAY KepeK. by epT 6erceHaimiri xorapel
Ke3eHJIep/ll aHbIKTayFa JKOHE €H KOIl 3apJal IIeKKeH aiiMakrap/bl aHbIKTayFa MYMKIHJIK
Oepei.

Kazipri ke3eHme KamiblkTan Oackapy Kypaiugapsl [laBiomap OOJBICHIHIAFBI ©PTTEP
Typasbl MANTIMETTEP i )KUHAYABIH MaHBI3IbI KYPaJBl OO TaOBIIaIbl. OPTTEPi 3epTTCYHIH
JKOHE OJIapJIblH CalIapblH OarajiayblH 3aMaHayHd TEXHOJOTHSUIAPhl KEPCEPIKTIK JepeKTepi
maiianaHy MeH JKalIblUiayFa HerizgenreH. by acipece skepcepikTik Oaramaynmap skepperi 0ip
PeTTIK SKCHEPUMEHTTEP/AIH HOTHXKEJIEPIH TOJIBIKTBIPATBIH JKOHE OKCTPAIOJISIIMsIayFa
MYMKIHIIIK OepeTiH ©oCIMIIK >KaMBUIFBICBIHA OPTTIH OCEepiH Tajmay YIIiH eTe MaHBI3IbI.
Mpicansr, NBR/ANBR (Differenced Normalized Burn Ratio) kepceTkiliHiH XoHE OHBIH OPTKE
JCHiHr1 JKoHE o/aH KeHiHrlT MoJauduKauMsUIapblHBIH e3repyiHe ColiKec ©CIMIIKTEpIiH
OY3BUTYBIHBIH TOPT KJIACKIH JKOFaphl CEHIMAUTIKIICH axkpIparyra 6omast [14...15].

MaTteMaTHKAJIBIK TYPFbIIAH MHAEKC FAPBIIITBHIK CYPeTTiH KaKbIH HH(PPaKBI3bLI
JKOHe  opTa  HMHQPAKBI3bLI  APHAJAPBLIHBIH  AMBIPMAIIBUIBIFBIHBIH  0JIAPABIH
KOCBIH/IBICHIHA KATHIHACKHIH Maiiiananasl (1):

NBR = (BNIR — BSWIR) / (BNIR + BSWIR) )

CapananraH KaJbllKa KenTipinres sxany koapdunuenti (ANBR) - NBR-zix capananran
keckiHi Hemece opTTeH keiinri NBR-ai NBR-neH eptke neiiin merepy apKbUIbl jKacajFaH

83



Omapos xatie 2Karzyxuma T'udpomemeoporozus u akorozust No2 (117), 2025

e3repictepuin Oeiinecin 6epeni. ANBR epTeHreH sxoHe opTKe yliapamMaraH )Kepiiepai aKbIpaTy
JKOHE OCIMIIKTEpIiH KYHINl KTy JOPEKECiHIH KJIACTapbhlH aHBIKTAYy YIIIH MaiJaiaHbLTybI
mymkin. ANBR kenecineit ecenreneni (2):

dNBR = NBR eptTke fgeftin - NBR epTTeH Keflin ©)

OciMaikTepaiH MHOPAKBI3bUT apHaJia INarblIBICYbl OPTTIH cajlapblHaH KYPT ©3repicke
ymbipaiinel. OcbhiFaH  OaliIaHBICTBI  aHBIKTAY ANTOPHTMIHIH —OpeKeTTepi apachIHAAFrbI
KaTbIHACTAp apKbUIbl ©3repiCTepiH epeKTepiH OeKiTyre Heri3esireH opT alJbIHIarsl KYHIe
YKaKBIH YKOHE 0/1aH KeHWiHT1 KYHTre OaphIHIIa KaKeIH HHPPaKbI3eLI coyneneny (NIR) xone KpIcka
TONKBIHABI HMH(pakb3bUl cayneneny (SWIR) npuHumnrepine cyiieneni. Bipinmi cyper
06.06.2023 kyHi >xacamraH Ooisica, epTTeH keiinri cyper 09.09.2023 xyHri TycipiireH.
XKymbicra amblk katanorrapian anbiaraH Landsat-8/OLI/TIRS sxepcepikTik cyperrtepi
naiganansuias! [16].

3. HOTU/XKEJIEP ’)KOHE OJIAP/Ibl TAJIKBIJIAY

2020...2024 xpuiiap apajbIFbIHAAFbI O0JIBIC ayMarbIHAAFbl OPTTEP OPMaH KOpJaphbl Kerl
pecItyONUKanbIK epeKIne KOpFaJaThlH TAOWFH ayMakTap[a Kell OOoNaThIHbI OaiKamapl, OHBIH
imminae Epric opMaHbl MeMIIeKeTTiK TaOMFM OpMaH pe3epBaThIHAA KOPCETKIIITEpl JKOFaphl
ekeHl aWkprHmanem Typ [17]. OpMaHabl amkaObl €H Kem >KOHE THIFBI3 OOJIBINT KENeTiH OyII
yuackezie TaOuru (pakropnap scepiHeH OoJIaThIH OpTTep caHbl OackiM. bacTel cebebi periHze -
Haif3arail »KapKbUTBI aHBIKTAIBIT OTHIP. 2024 KBUTEI OapibIK MeKeMenep OOHBIHIIA epTTepIiH
KYPT TOMEHJeyl ©pTTeH KOpFayJAblH THIMJI IIapalapblHbIH apTyblHa OailylaHbICTBHI OOJYBI
MYMKiH (cyper 1).

AlimMakTapaarsl ©pT JMHAMHUKACHI OJIapbIH Maiina 0oy (akropnapbiMeH ceOenTepin
TOIIBIK 3epPTTEYIi KaXKET eTeIi.

EpTic opmaHbl MTOP
—e— basHaybin M¥TM
120 Ypaityn MM
MNasnopap MM
Makcumo-lopbkoBckun MM

100
80r

60

©pTTep caHbl

40

o ~ o o)
o g 4 o v
0 0 P P P

Cyper 1. I1lasnooap obnvicel aymagvinoazsl 6on2an epmmep canvl (2020...2024 scorc)
Ocsl XKbpUIHApAAFsl ©pTTep MIAPIBIFaH ayMak aynaHAapbl OOMBIHIIA €H KeIl 3apiall
merereH aymakrap Epric opmanst MTOP sxone basnaysin MT¥II exeni Oaiikansin Typ. bynna
OpMaH KOPBI KOTI, IOFBIPJIaHy THIFBI3IBIFEI )KOFAPEl ayMaKTap OOJFaHIBIKTaH OPTTi OKIIayJay
KHUBIHIBIKTapbIHA OaiIaHbICTEI 00ysl MYMKiH. Al 2024 sxbutel, Basnaysin MY TII-ae epTTiH
alTapapIKTail yiakeH aymMakThl KamMTybl (5000 ra mamacweiHAa), epTTiH MapK ayMarbIHIaFbl
JaanblK (OpMaHChI3) xkepiiepae 00ybIMeH OaiylaHbICTHI (CypeT 2).
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Cyper 2. Ilasrooap obavicel 6otivinua opm warzan aymax ayoaust (2020...2024 scoxc.)

OpMaH[IBI aTTKanTapIblH alHa IachIHIA KaIbINTAaCaThIH JaJaJbIK OpTTep ¢ OPMaHAAPIbIH
OpTKE YIIbIpayblHa TiKeTel ocep ereTiHi Oenrizi. OpMaH TONBIFBIMEH OPTKE JACHIHTT KaJIbIHA
KeJyl YIIIH aFalnTapablH TYpJiepine OaimaHbIcT S0 KBUIIAH acTaM YaKbIT KTyl MYMKIH.

NASA Firms manimerrepine cyiiene otoipsin 2020...2024 xbiinaps! (A — 2020, B — 2021,
C — 2022, D - 2023, E — 2024 >xpu1) OOnFaH ©pPTTEpPHiH KEHICTIK-YaKBITTHIK TapalyblH
3epTTeiTiH Ooncak (cyper 3), epTTepIiH Tapaaybl OONBICTBIH Tyrejineil aiiMakTapbiH
KaMTBIFAaHBIH KOPEMi3, OHBIH IIIiHIe OpPTTEIiH KEKEeIereH OmaKTaphl OapIblK TaHAmapTTapaa
Oaiikananel. Epric e3eHi jkalibuiMachiHIa ©PTTEP JKbII CaiiblH KaiTajdaHATHIHBI )KOHE ay/aHbl
JKarblHAH KeJeMai epTTep EpTic e3eHiHiH cOI KaranayblHAa aiMaKTapIbl JKUi OOIaTEIHIBIFEI
aHpIKTNAbl. Herisri eprrep nanmanbslk aiiMakrapaa OOJIFaHBIMEH —METEOPOJIOTHSIIBIK
¢bakropiapra GalaHBICTB OpMaHABI JaHAMAPTTAPFa JKalFacybIlHa OKeJIiN COKThIpansl. Epric
©3€HI KalWbUIMAChIHJIAFbl OPTTEP CaHbIMEH KOJIEMIHIH CTATUCTUKAJIBIK MoJIeMETTep/le allKbIH
Oaiikanmaybl, JkaifbliIMa ayMarbIHBIH XKEKeJIereH Y Jepbec MeKkeMe ayJaHbIHA CHETIHIIKTeH
MalliMeTTepie Jkeke jaapa Oepinred. Herisri ce0ebi aybuimapyaribliblKk MakcaTTarbl apHanbl
epTeyiepaiH 0aKbUIayChI3 KAIBIIT OpMaH OpIIIill OpMaH OpTTEePiHe YIacyFa oKeITyiHeH O0apl.

AJT yaKpITTBIK TapajayblHIa Ja OPKEIKUTIK OaiKaJraHbIMEH OOJBICTBIH COJTYCTIN MEH
OpTAIBIFBIH/IA KOKTEMHIH COHBI MEH a3 aiJlapblHBIH OachIHOAaFbl OPTTEpAiH OachM
OO0JIFaH/IbIFbI AKBIH BT TYP. OOJBICTBIH OHTYCTIK OOJIITiH/E OpTTEp HEri3iHeH a3 aillapblH
OpTachIHaH OacTar Ky3ri almapbl KAMTBIFaHIBIFBI KOPIHIIT TYP.

Bosran epTTepaiH eciMIiK XKaMbUIFBIChIHA ©pT acep eTy jaeHreiii NBR / ANBR cnekrpiik
KepceTkimn apkbutel Oaramanasl (Landsat-8/OLI/TIRS sxepcepikTik cypertepi). 3epTTeneTin
ayMak peTiHJ/le OpMaH epTTepi JKHi OONATHIH KaHE KaJIbl OpMaH KOpbI xorapbl EpTic opmMaHb
pe3epBathl ayMarsl TycipinreH 2023 KpUIFBI FapBIMTHIK cypeTTep Herizinge dNBR uHzmekci
OOMbIHINIA PE3ePBATTHIH COJTYCTITI OOJIriHIAe OpT dCepiHiH opTaiia AeHreili 6ap ydackenep
aHBIKTAJIBI (CyperT 4).

dNBR MoHzepiHiH IIeKTi AWanma3oHIapbIHA HETi3leNreH eCiMAIKTepre epT ocepiHiH 4
caHaThl OemiHzi: 1 - xanOaran/eneyini 3akpiMaanbaran (ANBR < 0,099); 2 — Temen nenreiii
(0,101...0,439); ept ocepiniy opramia genreii (0,440...0,659); sxorapsl aeHreii (>0,660) [18].

bi3 kapacteipran Oakpiiay ydackeci periHae Eptic opmaH pesepBarhl ayMarbIHAa
opHasiackad Cyrip aysuisl MaHBl anslHABL. Ochbl aiimMakTarbl CyTip aybUIBIHAH COJTYCTIKKE
Kapaii anbikranrad ANBR unnexcinig monjepi oprama gexreiini kepcererin (0,440...0,659)
y4dackesep aHbIKTaIbI.
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dNBR

I < 0,009
0,101 - 0,439
710,440 - 0,659
I >0.660

B Gaxbinay yuagkenepi

Cyper 4. bakbinay yuackeci MayblHOa dcepikcepikmix maimemmepoi oyoey Hezizinoe

anvinzan dANBR unoexci

AHBIKTaIFaH yd4acKelepIl TOJBIK 3epTTen Tekcepy OapbichiHAa IlaBmomap OOJMBICH!
TereHme xarmaitiap JemapTaMeHTiHIH MajiMeTTepiMeH pactamabl [19]. By momimerTtepre
CYHEHCEK OpMaH pe3eBaThl ayMarbiHaarsl CTeTHON kaHe baypTan opmaHIIbIIbIKTapbHIa 2023
KeUIABIH 15...16 mrinmeci GonFaH epTTiH ayldaHbl 659,59 rexrapibl Kypaasl, OHbIH 4423
TeKTaphl OpMaHMEH XaObUTFaH. 3ayan 88 MIH. TeHreJeH acTaM coMara OaranaHraH. OpTTiH
TapayyblHa BIKIAJ €Ty eKIiHi 22 M/c-TaH acaThlH KaTThl )KEJIMEH LIONTIH KYpFayblHaH, all OpT
KayinTiIiri >xorapsl (5-Kiacc) AeHreiie aHbIKTaFaH.

4. KOPBITBIH/IbI

KopbIThIHABIIAH Kejle OpT OLIaKTapblHBIH TeorpadusiblK Tapalybl MEH YakbIT
JIMHAMHKACHl aHBIKTaN/Ibl. [laBmogap OOJBICHIHIAFBl OpMaH JaHAIA(TTAPBIHIAFEl OPTTEP
00JIBICTBIH OapJIbIK ayMarbiHaa OaiKaJFraHbIMEH, HET13T1 OpMaH KOpJiaphl IMIOFbIpianFan Epric
MaHBIHBIH Kaparaiiibl opMaH JaHmmadpTrapbiMer ¥ caK HIOKbUIBI OpMaH JiaHmmadTTapbiHaa
Kui OalKasbIll, 6PTEHICH KepJiep ayKbIMbI jJa Oipiiama >KOFapbl eKSHIIri Oesrim OOoJbl.
ConrimeH Oipre Epric e3eHi skalibIMachIHAA Ja OPTTEPi CaHBI XKHi SKEHIIIT1 aHBIKTAJIIBL.

OpTTepiH Tapaty yakbThl OOWbIHIIA A2 Oesiriii Oip colikecTikTep OalKanaThiHbI Oerii
6omnapl. Kebinece epTrepain naiiaa 6omysl Oesirii Oip >KbUT Me3TiIepiH/ie KOpiHiC TaOaThIHBI
aiikpiHaasbin Typ. CONTYCTIK OHipiiepAe KOKTEM yaKbITBIHIA, OHTYCTIKKE Kapail »ka30eH Ky3
alinapbIHa Kapail apTajbl.

ConbiMeHn Oipre JKep/ii KalIBIKTBIKTaH 3epTTEY 9/1ICTEP] apKbUIbl OPTTEP/AIH TapasybIMEeH
3apJanTapblH  HAKThUIAyJa FapbIUTHIK MOIIMETTepACpAi mMaianaHein Jxkep OeTiMeH
OCIMJIKTEp/IH UIAFBUIBICTBIPY KaOleTiH ecenTey apKbUIbl aHBIKTAJIFaH HHAECKCTEPIi
KOJIZIaHaTBhIH KOIITETeH amMaiap/ia aiMaKTarsl pT Kayilci3Iirin 6osamakTa 6aranayja THIMAI
Kypayigap OOJIaTbIHbI JA9JIeIICH/TI.

OchIHzail KYH/BI pecypcTapibl KOpFay MEH OJiapfiaFbl TOTCHIIE JKaFAailap/blH anablH
any yuiH Oy nanmmadTTapblH 0call TYCTapblH 3epTTel OpTTEpIiH Haia OoyiyblHa acep
€TeTiH TaOWFH KOHE aHTPOMOTEHIIK (aKTOpIapabl THIHFBUIIBIKTEI aHBIKTaFaH JKOH. OJ YIIiH
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JKepli KanIbIKTBIKTaH 3¢PTTEYMEH T'€0aKIIapaTThIK JKYHEICP Al TOJBIK MaiJanaHbII, 3aJai/Ibl
a3alTy YIIiH MOHUTOPHHT JKYHECIH JKETIAIpy KOHE all[IbIH aJTy IIapallapblH JaMbITY KaXKeT.

JEPEKTEPIIH KOJI dKETIMILIITT

Ocsl 3eprreyne Google Earth reomopTajiblHaH albIHFaH aKHaparTap, CyperTepii eHAey
omicrepi, [AX-mp1 maiinamany apKbUTBI KapTOTpaQIsUIBIK MaTepUalIapAbl Tallay AepeKrepi
naigaJTaHbUIIbL.

ABTOPJIAPJABIH KOCKAH YJIECI

Tyxepeivaamanay - MKO; nepexrepni 6ackapy - AAX; Pecmu tannay - MKO; ©nicreme - MKO;
Barnapnamansik kamramacs3 ety - AAX; Kanaranay - AAX; Busyammzanns - MKO; bactanks! sko6aHb!
xa3y - MKO; Ilomy >xa3y xoHe penakuusnay - MKO.
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ABCTPAKT

Bo3HUKHOBEHHE M pPACIpPOCTPAaHEHHE II0KAPOB B JIECHBIX JaHIMAadTax Hamei
CTpaHbl, B TOM uucie u llaBnomapckoit obGnacTu, SBISETCS OAHOHW W3 OCHOBHBIX
npobiieM B 0OOJIACTH OXpaHbl NPHUPOAbL. B 1aHHOM HCCIEOBaHHM H3y4aeTcs
MIPOCTPAHCTBEHHOE pacIpeIeICHUE JIECHBIX MOKapoB B peruone B nepuon ¢ 2020 no
2024 ron. Ha ocHOBe maHHBIX AWCTaHIMOHHOTO 30HAMpoBaHus 3emin ([133), uto
MO3BOJIMJIO BBISBUTh OCHOBHBIE OYard IOXKapoB, a TAKXKE BBIIBUTH TEHICHLUU
WHTEHCHBHOCTH M 4acTOTHI MOXapOB B pasHble rojsl. [ Oojee TOYHOW OLEHKH
COCTOSIHMSI IIOXKAapOOIIaCHOW 30HBI B JIECHBIX JIaHImWAPTaX HCIOIb30BAJICS
pasHOCTHBII HOpManu3oBaHHbIM uHAekc rapu (ANBR), paccumraHHbId 11
KIIOYEBOTO  y4yacTKa, IMOCTpajaBmero ot moxapa. OmpeneneHo, d9To
KapTorpadueCcKuil aHaJIN3, OCHOBAHHBIA Ha TAKUX T€ONH(OPMAIIMOHHBIX CHCTEMAaX
(T'"C), obecrneunBarOUNii BU3yaIN3allMI0 TWUHAMHKH U CTPYKTYpPHI BO3ACHCTBHS
MOKapOB B PA3IMYHBIX JIECHBIX JaHAMA(PTHAX PETHOHA, MO3BOJSET OBICTPO
OTIpeNIeNITh MeCTa BO3HUKHOBEHUS MoxapoB. HabmioneHne 3a pacmpocTpaHeHHEM
JIECHBIX MOXKapoB MPHUBOAUT K TMPHUHATUIO ONEPAaTHBHBIX Mep MO HX
MIPEAYNPEXICHHUIO, TPOTHO3MPOBAHMIO M TPEKPALICHUIO TI0KapoB B OyaylIeM.
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Pe3ynLTan,1 nuccjeA0BaHNUAg MOT'YT OBITh UCIIOJIb30BAHbI pU IMJIaHUPOBAHUUN pa60T 1o
BOCCTAaHOBJICHUIO JICCHBIX MacCCHBOB, HalpaBJICHHbIX Ha MHHUMHU3ALUIO
MOCIEACTBUI TMOKAapOB.

SPATIAL DISTRIBUTION OF FIRES IN THE FOREST LANDSCAPES
OF PAVLODAR REGION

Murabek Omarov*, Altyn Zhanguzhina PhD, Associate Professor

L. Gumilyov Eurasian National University, Astana, Kazakhstan; murabekomarov@mail.ru, altyn8828@mail.ru .
Corresponding author: Murabek Omarov, murabekomarov@mail.ru

KEY WORDS ABSTRACT

forest fires The occurrence and spread of fires in the forest landscapes of our country, including
spatial distribution of fires the Pavlodar region, is one of the main problems in the field of nature protection. This
remote sensing study examines the spatial distribution of forest fires in the region between 2020 and
dNBR 2024. Based on data from remote sensing of the Earth (remote sensing), which made
Pavlodar region it possible to identify the main fire hotspots, as well as identify trends in the intensity

and frequency of fires in different years. For a more accurate assessment of the state
of the fire danger zone in forest landscapes, the Differenced Normalized Burn Ratio
(dNBR) was used, calculated for a key area affected by fire. It is determined that
cartographic analysis based on such geographic informational systems (GIS), which
provides visualization of the dynamics and structure of the impact of fires in various

About article: forest landscapes of the region, allows you to quickly identify the places of fires.

Received: 13.05.2025

Revised: 15.05.2025 Monitoring the spread of forest fires leads to the adoption of operational measures to

Accepted: 4.06.2025 prevent, predict and stop fires in the future. The results of the study can be used in

Published: 30.06.2025 planning forest restoration activities aimed at minimizing the effects of fires and
ensuring the sustainable development of forest ecosystems, to develop management
strategies.

Bacnarepain eckeprmeci: GapiblK KapHsUIaHBIMAAPIarbkl MaJiMIeMesep, MmiKipjaep MeH aepextep «[ HapoMeTeopoNOTHS M 3KOJOTHS
JKypHAJIbIHA J)KOHE/HEMece pelakTopFa(Jiapra) eMec, TeK aBTopra(Jiapra) THECi.
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KJIIOYEBBIE CJIOBA ABCTPAKT

rpaBUMETPUs B crathe paccMaTpuBaeTCs COBPEMEHHOE COCTOSHHE U IPUMEHEHUE TPABUMETPUUIECKUX ChEMOK
Kazaxcran B Kazaxcrane, ¢ 0COOBIM aKIICHTOM Ha UCIOJIb30BAHUE CITy THUKOBO IPaBUMETPHUH, B YaCTHOCTH
TpaBUMETPBI nmarabix Muccuit GRACE u GRACE-FO, 111 MOHUTOpPHHTA BOJHBIX O0BEKTOB U HKOJIOTHUECKUX
TreoAuHaAaMHUKa

n3MeHeHul. MccieqoBanye oauYepKuBacT 3HaUUTEIbHYO0 POJIb IPABUMETPUUECKUX METONIOB B

igzgﬁMeTpnqecme cemn M3y4YECHUH IITyOOKOTO TEKTOHUYECKOTO CTPOSHHUS PYAHBIX PETMOHOB M CO3/IaHMH MO/JIEITH Teona

KBa3UreOm] Kasaxcrana.

reozesus CoBpeMEHHBIH ypOBEHb pa3BUTUS HAayKH JAeT LIMPOKHE BO3MOXKHOCTH IIPUMEHEHHS

FeoNorus aNTOPUTMOB HCKYCCTBEHHOT'O MHTEIUIEKTA, BKIIIOYAsi MALIMHHOE M IIIy0OKoe 00y4eHHe, a TaKkKe

uudposas Mosiens penbeda NPOBEJICHUS HMCCIICIOBAHUIA C NPHUMEHEHHEM CITyTHHKOBHIX JaHHBIX. B IaHHOM Hay4HOM
WCCIICIOBAaHUY TPEJCTABICHBl PE3yJIbTaThl aHauM3a HHPOpPManuH 00 H3YyYeHHH IHMHAMUKH
BOJIHBIX PECYPCOB U JICTHHKOBBIX cucTeM B KazaxcraHe, riae npiUMeHeH ajlropUTM MAaIlldHHOTO
0o0y4eHuss C yIy4IIeHHEM IIPOCTPAHCTBEHHOI'O pa3pelleHus] pPe3yJibTaTOB MOHHUTOPUHIa
GRACE. Pe3ynbpTaThl HCCIeIOBaHUN MOATBEPKAAIOT, YTO IPUMEHEHNE CITyTHUKOBBIX JaHHBIX
GRACE no3BoJisitoT IPOBOJJUTH MOHUTOPHHIOBBIE MCCIIEAOBAHMUS HAa OOJBIINX TEPPUTOPHUSIX U
MOTYT OBITh UCIIOJIb30BaHBI JUIS ITOJY4YEHHS JAHHBIX O COCTOSIHUY M IMHAMHKE BOJIHBIX PECYPCOB
U JIETHUKOBBIX CHCTEM.
B cratse noguepkuBaercs Tpanchopmupyrouiee BiusHue muccun GRACE Ha Hayku o 3emure,
YTO CHIOCOOCTBYET JIYYIIUM CTPATEIUsIM CMSITYSHHSI TIOCIIEACTBHI KIMMaTHYECKHX H3MCHEHUH U
3(Q(eKTUBHOMY YIPaBICHHIO OKPYXXAOIICH Cpeoi, Y4To KpaiHe Ba)KHO JJIA YCTOWYHBOIO
paseutns Kazaxcrana.

1. BBEAEHHUE

ITo craTbe:

Momyueno: 31.05.2024 I'paBUMETpHYECKHH METOI TPAJIMIMOHHO 3aHHUMAET OJHO M3 KIFOYEBBIX MECT B U3YYCHHHU

Iepecmorpero:30.04.2025 ¢durypsr 3emiin, e€ BHYTPEHHUX CTPYKTYp U AMHAMHUYECKHX MpoleccoB. [laHHbIe, MOJIy4YeHHbIC B

IMpunsito: 04.06.2025 .

Ony6mxosano: 30.06.2025 XOJIe TPAaBUMETPUYECKUX HCCICIOBAHUM, INMPOKO NPHMEHSIOTCS Ha pa3iMYHBIX dTamax

T€0JIOrOpa3BEIOYHBIX PaOOT U UIPAIOT CYIIECTBEHHYIO POJIb B AHAIN3€E T'€0JIOTHUECKOTO CTPOCHUS
TIyOMHHBIX PyIOKOHTPOJIUPYIOUIUX CTPYKTYP.

Meron rpaBUMETpUM OCHOBaH Ha M3YUYEHMM BapualUil IUIOTHOCTH TOPHBIX IHOPOJ,
OTpaKaIOIIUX COCTaB U COCTOSHHE T'€0JIOTHUECKUX KOMIUIEKCOB. IIOTHOCTHBIE XapaKTepUCTUKH
TTyOWHHBIX TOPOJA TPEACTABISIIOT COOOH OJWH W3 OCHOBHBIX (DaKTOpPOB, BIHSIOMNX Ha
MHTEHCUBHOCTb TPABUTALIOHHOrO 10JIs 3eMIIH. [ peleHust JTIOKaIbHBIX 337a4, TAKUX KaK TIOUCK
1 pa3Beika MECTOPOIKICHHIH ITOJIE3HBIX HCKOTIAEMBIX, TPEOyeTCs BRICOKasi TOYHOCTh H3MEPEHHUI Ha
OTPaHUYEHHBIX TEPPUTOPUSIX.

B reosmesnn rpaBuMeTpudecKre JaHHbIE HEOOXOIUMBI JUIS Beeil moBepxHocTH 3emiun. OHH
JIOJDKHBI COOTBETCTBOBATH METPOJIOTHYECKUM CTaHAAPTaM U 00eCreYnBaTh €IMHCTBO H3MEPEHHI.

MPHTMN 52.01.11 https://doi.org/10.54668/2789-6323-2025-117-2-91-104 YAK 528.27
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T'udpomemeoporozus u axoroeus No2 (117), 2025
HaszemHBIE TpaBUMETPHYIECKHE M3MEPEHHSA, B YACTHOCTH, MCIOJIB3YIOTCS JJII YyTOYHEHHS BBICOT

reouja.

Iocnenuue  mecATHIETHS  XapaKTePHU3YIOTCS — 3aMETHBIM  CHIDKEHHEM  00BEMOB
IPaBUMETPHYECKHX CHEMOK H3-3a OTCYTCTBHUSI T'OCYJAPCTBEHHBIX 3aKa30B W IPEKpalicHUEM
Pa3BUTHS ONOPHBIX TPABUMETPHYECKHX CETEH, YTO TAKKe AEMOHCTPHPYET ACQHIHUT MaTepHAIIOB
Ha JJaHHBIH 1eproj. JTo, B CBOIO OYepellb, IPUBEJIO K AePHUINTY aKTyalbHbIX AaHHBIX. OHAKO B
HoCIeZIHEe BpeMsl BO3OOHOBIACTCS HHTEPEC K TIPABUMETPHYCCKHM HCCIICIOBAHMSAM, B
0COOCHHOCTH B CBSI3H C aKTUBHBIM pa3BUTHEM He(TeJ0ObIBaoLIel 0Tpaciy. ITO COCOOCTBYET HE
TOJIEKO POBENICHUIO I'€0JI0rOPa3BeIOYHBIX PaboT, HO U CO3JaHUIO TEOAMHAMUIECKHX OJIMIOHOB
JUISt MOHUTOPUHTA JBMKEHUS 36MHOM ITOBEPXHOCTH.

2. MATEPHUAJIBI 1 METO/1bI

Cospemennvie epasumempuyeckue cvémrku Ha meppumopuu Pecnybnuxu Kazaxcman

Hauaino 2000 1. MOXHO CUNTATh COBPEMEHHBIM 3TAIlOM Pa3BUTHUsI IPABUMETPHIECKUX paldoT.
I'paBumerpudeckas cbéMKa OCTAa&Tcs OJHMM M3 OCHOBHBIX METOMAOB JUIA MCCICIOBAaHHS HEID
Pecniy6nmkn Kazaxcras.

B pa6ote [1] mpencraBieHs! pe3yabTaThl HCCIeA0BaHmiA JKe3Kka3raHcKoro pyaHOTO paifoHa ¢
L[ENIBI0  BBIABICHUS MEAHOTO OpyAeHeHHs. [IoMCK MecTOpOXAEeHHM MeAM OCYIIECTBIICA C
UCIIONIb30BaHUEM Pa3HOOOPA3HBIX Te0(U3UIECKUX METOIOB, B TOM YHCIIE U TPABUMETPUIECKOTO.
Pe3ysbraThl HHTEpIIpETANY JAHHBIX T€0(PU3NIECKUX METOJIOB COTIOCTABIISIOTCS ¢ HH(pOpMAaIHen
IUIOIIAHOW  ceiicMopa3Benki. OCHOBHasT METOJOJOTHYECKast CTPAaTerWs 3aKII0YacTcs B
00OHapy>KeHUH OTOJIHUTEIBHBIX KPUTEPUEB JUIS JIOKAIHU3ALUN MECTOPOKIACHUN MEN Ha OCHOBE
TIIyOMHHON CTPYKTYpbI, TakOW KakK CTPYKTYPHO-TEKTOHHYECKHE, CTpaTurpaduueckue W
JIMTOJIOTUYECKHE OCOOCHHOCTH Te0JI0THUeCKHX (popmanmii.

B XeskasranckoM pyaHOM paifoHE TPOBEINECHO OOIIMPHOE TIPaBUMETPHUUECKOE
UCCle/IOBaHNe, B X0/1¢ KOTOPOTro OBbUIM TOJIyYeHBI JaHHBIE O TIIyOMHHOM CTPOSHHMH PErMoHa Ha
Pa3IMYHBIX YPOBHSX, BKIIOYAst CPEJHE- U HIDKHENAJICO30MCKIe TOPU30HTHL. TeppuTopus paifioHa
MOJIHOCTHIO OXBadyeHa TI'PABUMETPUYECKUMH ChEMKaMH pa3IM4yHOrO Macmrada, ¢ Oouee
JETAIGHBIMA JTAaHHBIMH JUIS PyIHBIX paioHOB. ['paBHMeTpHdeckue KapTbhl, IIOJydCHHBIC B
pe3yJbTare ucciaeJOBaHMsl, OTIINYAIOTCS BHICOKUM KaueCTBOM M BKIIIOYAIOT B ce0st HHYOPMALIHUIO O
PETHOHANBHBIX U JIOKAIBHBIX aHOMAINAX TPABUTANHOHHOTO MOJI.

O6sacTi PyIHBIX MECTOPOXKICHUN H3ydeHBl 0OoJiee MOAPOOHO C MOMOIIBIO CHEMOK B
MmacmTabe 1:50 000 u Beime. [TocTpoeHHBIE TPAaBUMETPHUYESCKUE KAPTHl UMEIOT BEICOKOE KaueCTBO
U JIOTIONHSIOTCS KapTaMHu TpaHChopManuii rpaBUTAIIMOHHOTO MOJIS, BKIIIOYAs PErHOHAJIbHbBIE U
JIOKQJILHBIE COCTABIISIONINE, a TAK)KE BEPTUKAIBHBIE U TOPU30HTAIBHBIE TPOM3BOIHBIC AHOMAIINH.
Ceuenus 130aHOMAJ MPOBeNIeHBI ¢ MHTepBajoM B 1 u 0,5 mIa.

AKTHBHO nIpozoipkaercst usydenue Ipukacnuiickoii Bnagunasl. Harpumep, B nccneioBanun
[2] omuchiBaeTcst mpuMeHEHHE TPABUMETPHUYECKHX KapT PasiWYHOrO Maciitaba s H3yYeHHsI
TIIyOMHHOTO TEKTOHHYecKoro crpoeHust Ilpukacnmiickoro pernona PecnyOmmku Kaszaxcran. B
pe3ynbTate HUGPOBOro Npeodpa3oBaHus PaCTPOBBIX KapT MOJISI CHIIBI TSDKECTH OBUIM MOJTYYEHBI
KapThl TPaHC(OPMAIMU TPABUTALIMOHHOTO 110Jis1 [IpuKacnuiickolt BiaaAuHbI.

JlaHHbIE rpaBUMETPUUECKUX UcciieoBaHui [Ipukacnuiickol BIIaInHBIL, IOJYyYEHHbIE U3 KapT
cutel TsoKect Macintada 1:1500000, Obuti ipeoOpa3oBaHbl A1 U3YUSHHSI CTPYKTYPBI 3€MHOM
koppl. C HCIONIB30BaHMEM HM3KOYACTOTHOM (uubTpaluy OBbLIM HCKIIOYEHBI JIOKaIbHBIE
QHOMAQJIMU, 4YTO TO3BOJWJIO BBIIEIUTh PETHOHANBHOE TIPAaBUTALMOHHOE Tone. OTO MOJE,
NPEACTAaBICHHOE Ha KapTe B BHAE H30aHOMaJeH, [ajo OOMMpHOE TPEACTaBICHHE O
reosorndeckoM crpoeHnu [Ipukacmmiickoro permona PecmyOmuku KazaxcraH Ha pasimmyHbBIX
YPOBHSIX TITyOHHBL.

WuTerpanus rpaBUMETPUYECKUX HAHHBIX C T€OAMHAMMYECKONM MOJENbIO BIAJUHBI U €€
OKPY’KaIOMIUX CTPYKTYP TMO3BOJIMJIA YCTAHOBUTH MX B3aHMHYIO COTJIACOBAHHOCTbH. TaKoW IMOAXO0]
CIocoOCTBOBaNl yriTyONEHHOMY IOHMMAHMIO T'EOJIOTHYECKOH M TEOJMHAMHYECKOW SBOJIIOLNU
permoHa, a Taxke 0COOEHHOCTEH ero COBPEMEHHOTO CTPOCHUS.

Jnst neranbHOTO BBISBICHHS HEOIHOPOIHOCTEH B CTpOEHHH JHMTOC(HEpPHl HA PA3IHMYHBIX
TTyOWHHBIX YPOBHAX T'PaBUMETPHUUECKHE MaHHBIE TPEOYIOT JOMOIHUTENHHON Bepubpukanuu. B
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T'udpomemeoporozus u axoroeus No2 (117), 2025
KauecTBE  HE3aBUCUMBIX  METOJOB  HOATBEPXKIEHUS  MOTYT  OBITb  MCIIOJIb30BaHBI

MarHMTOTEJUTypHYECKOE  30HAMPOBAaHWE,  CeHCMUUYecKHMe U ceificMoToMorpaduyeckue
HCCIIEZIOBaHMS, @ TAKXKE KOMIUIEKC F€0JIOTHYECKUX METOIOB.

KoMrutekcHbIif aHaM3 TpaBUMETPHYECKUX, CEHCMHYECKHX M MarHUTOTEITYPUYECKHX
JaHHBIX TO3BOSIET JU(QepeHIMpoBaTh pa3nuyHble INIyOOKO3aJETAoONNe TI'eOJOTHUECKHE
CTPYKTYPBI, BKJIFOYasi MarMaTHYeCKUE 04ard, rpaHyJInThl OCHOBHOTO COCTaBa, 30HBI MPUPAIICHHS
6a3aIbTOBBIX CIIOEB, BEPIIMHBI MAHTHHHBIX TUTFOMOB M IPYTHE TEKTOHMYECKHE SJIEMEHTHI.

CoBpeMeHHBIE TOCTHKEHUS IPAaBUMETPHUYECKUX ChEMOK TaK)Ke XOPOIIO ONMCAHBI B JOKJIAJIE
[3], B KoTOpOM 06CY* IaeTCst COCTOSHHE TeOMH3UICCKON M3YUCHHOCTH TeppUTOpnH PectryOukn
Kazaxcran.

3anepuoz 1998...2011 romoB mpoBeneHsI rpaBUpa3Bel0UHbIC pabOTHI Ha CyIIe M aKBATOPHH
Kazaxcranckoro cexropa Kacnuiickoro mopsi, n3ydens! miomanu Penoposckuid 0yok, Jluman,
Kanaranan FOxubrii, Anmnbex Bocrounsni, c. Hypxanos, [IpopBa 3amagnas u mpuiieraromme
TeppuTopuu ¢ npumenenrnem rpasumerpos CG-3, CG-5. IInoTHocTh chéMKH cocTaBmia ot 2...4

10 20 touek Ha 1 kM2

, TOYHOCTH ompeneneHus anomamuii byre 0,03...0,07 mIan, co3maHbI
rpaBUMeTpHueckue kapTsl ceuenueM 0,25 mIan.

PeannzoBans! rpaBuMeTpudeckue padoTel ¢ TouHOCThIO 0,09 MI'an v BhIe B TPAaH3UTHOM H
JIpyTUX TPYIHOAOCTYHHBIX 30Hax (cop Kaiimak, TpansutHas 3oHa Kacnus, moitma p. Ypan u
JpyTHE), TEM CAMBIM ITOJYIEHBI CIUTONIHBIE MaCCUBBI TPABUTAIIMOHHOTO TTOJIS.

B mepuon 2003...2004 roasl Ha mwiomaau cTpykryp Kamaran, Kypmanrassi, JKamObut
BBITIOJTHEHBI MOPCKHE TPaBUMETpUYECKHe paboTel HabopTHBIM rpaBuMeTpoM LaCoste & Romberg
mozenu S. [orpemHocTs u3mepenus cocraswia 0,2...0,29 mI'an, nmo uroram padoT MOCTPOCHBI
KapThl aHOMaJHX CIIIBI TsDKecTH ¢ cederneM 0,5...1 mI"an, macmrada 1:100000.

B 2006...2009 rogax Ha akBaTOpHUM MEPCHEKTHBHBIX yuyacTkoB Kypmanrasel, JKamObL1
OCYIIECTBIICHBI TPaBUH-MarHUTOpa3BenouHbie padoTel. B 2010...2011 romax mpoBeneHa MOpcKast
rpaBUMarHuTHas cbeMka B Macmtabe 1:100000 Ha ceBepe u 1:200000 nHa rore Kasaxcrtanckoro
cekropa Kacrmiickoro Mopsi, o JaHHBIM KOTOPBIX CO37[aHa €ANHAsI TPABUMETPHIECKasi OCHOBA I10
Bceil akBaTOpUH Ka3axCTaHCKOTo cekropa Kacmuiickoro mops.

B 2010...2011 romax xomnanus «I'€oKeH» BBIIOJHUIA MOPCKUE CHEMKHU B F0O)KHOM 4acTH
Kazaxckoro cekropa Kacmuiickoro Mops Ha OopTy cyaHa «AKCHOMa» C MCIIOJIb30BaHHEM
rpaBumMeTpoB LaCoste & Romberg, Yekan AM u GT-2M [4].

B 2013 roay rpaBUMeTpHYECKHE HCCIEOBAHUS BBHINONHATINCH Ha ydacTtke 3axarcop. Ilo
MmarepuanaM paboT Obula chopMHpOBaHAa MaTpHIA TI'PaBUMETPHUYECKOTO IIOJIS, CO3/laHa
VMHHOBAI[MOHHAs LU(pOBas KapTa IMPOCTPAHCTBEHHOIO  paclpesielieHHss aHOMaJbHOTO
TPaBUTAIIMOHHOTO TIOJISI, TIPOBE/ICHBI KOMIUIEKCHBIE PA0OTHI: 3JEKTPOpa3Be/Ika MarHUTOPa3BEaKa,
rpaBUpa3BeKa Ha yyacTKe MecTopokaeHuit benkana u FOxnaa benkana.

Mo pesynpTaram 0030pa U UCCIEJOBAaHUH, AaBTOPHI PEKOMEHIYIOT 00BEIMHEHHE PA3ITMIHBIX
reoJIoro-reo(pu3M4ecKuXx METOJOB M HCIOJIb30BAHHU MX B 3aBUCUMOCTH OT 3((GEKTHBHOCTH U
a/IalITUPOBAHHOCTH K OTPEJICIICHHBIM ITOBEPXHOCTHBIM M TITyOWHHBIM T'€0JIOTHYECKHM YCIIOBHSIM.

Hauunas ¢ 1998 rona, Oojplias 4yacTh IpaBHpa3BEeAOYHBIX pabOT Ha Cylle, aKBaTOPHU
Kazaxcranckoro cexropa Kacnuiickoro wmopsi, Apaibckoro Mopsi, byxTtapmuHckoro
BOJOXPAHWIIMIA BBIMONHSUINCH HA OTAEIBHBIX YYacTKaX II0 Toc3aka3dy WM 3aKa3aM
HeZporoab3oBarteneil cuiamu komrmanuu kommaauei TOO «I'eoken» (pucyHok 1).

[ToMMMO HOBBIX TPaBHUMETPUYECKHX CHEMOK, Pa3BUBAIOTCS TAaKXKe M METOJIBI 00paboOTKH
naHHbIX. Hanpumep, B pabote [5], mpeicTaBieH MeTo | TpeXMEpHOH HHBEPCHUH TPABUMETPUUECKUX
JMAHHBIX C WCIIOJB30BAHWEM HETPHUBHAIBHON peQepeHTHOW MOJeNn IO MECTOPOXKIACHHIO
Boctounsnii  JKaiipem. JlaHHOe HCClEJOBaHUE TPOBEJEHO IO TPABUMETPUYECKHM U
MarHUTOMETPHUYECKUM CheMKaM, BRIOJHEHHBIM B 2016 rogy kommanueit TOO «I'eoken». Beero
ObUTO0 0TpaboTaHO 56 MOTOHHBIX KM TpaBUMeETpuYeckol cheMku (1223 craHmumn) B Macmrabe
1:10000 (mexnpodunsroe pacctosuue 100 m). ITo yaactky Boctounsrit XKaiipem Obi1a moctpoeHa
TpexXMepHas JIUTOJIOTHYECKas MOJENb C MPHUBICYEHUEM PETPOCHEKTHUBHBIX JAHHBIX O
IUTOTHOCTHBIX CBOMCTBaX BMEIIAIONINX IMOPOX M pyd. Ha ocHOBe 3THX MaHHBIX ObLIA MMOCTpOEHA
TpeXMepHas IUIOTHOCTHAs MOJIeNIb, KOTOpas B OyJIyIIeM HCIIOJIb30BaJlach JUIsl BBHICOKOTOYHON

(hoKyCcHpOBaHHOH TPEXMEpPHOH HHBEPCHU TPABUMETPUIECKHUX JTAHHBIX.
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PECNYBNUKA KASAXCTAH

CXEMA TPABUMETPUYECKOW M3YYEHHOCTU
1999 - 2023 I'T.

Pucynoxk 1. Cxema epasumempuyeckou usyuennocmu 3a nepuoo c¢ 1999 no 2023 .

B myGmukanum [6] mpexcraBiieHBl pe3ynbTaThl 0OpaOOTKHM NaHHBIX T'PAaBHTALMOHHOTO
MOHHTOPHHIa OJTHOTO M3 He(TerazoHOCHBIX KOJUIeKTOpoB Kacmmiickoil MpoBUHLIMKM Ha CeBEepoO-
3amage Kazaxcrana B pazpaboranHoit [ IC-o60mouke GravGIS. [lanHas cucteMa COAEpIKUT Psij
NpoLeayp TaKUX KaK CTaTHCTH4YecKas o0paboTka W (uibTpalys H3MEpEeHHBIX JaHHbBIX,
uneHTHUKAIUs aHOMAJIBbHBIX 30H M CO3JaHHE arjaca aHOMalHud, KOTOPBIH IOIOJHSAETCS
peLIeHUeM MpPsSIMBIX I'paBUMETpHYECKUX 3ajaad. Jlyis obOnacTtell, NPU3HAHHBIX MEPCHEKTHBHBIMH,
WHBEPCHUS BBIUHCIIETCS C MPUMEHEHHEM OJHOTO M3 METOJOB CTOXAaCTHYECKON ONTHUMH3AINH -
MeToJla UMHUTALIMOHHOrO OTKUra. J[ms 3Toro Obu1 pa3paboTaH CHENHMAIBHBIA BBIYACIUTEIBHBINA
Moayib GeoM.

ABTOpBI OTMEYAIOT, YTO CHCTEMA IaeT BO3ZMOXKHOCTh OOBEIUHUTD B OJJHOM 000JI0UKE JaHHBIE
NEpBUYHOTO MOHHTOPHUHTa CHJIBl TSKECTH B COYCTaHMM C JAaHHBIMM HUBEIHPOBAHMS
BEPTHKAJIbHBIX TIEPEMEIICHUT 3eMHON KOPBI B 30HE HAOJIIOICHHS 32 HETEra30HOCHBIM IIIACTOM,
a TaKKe JaHHbIE TEIUIOBU3NOHHBIX, TEOXMMHUUECKHUX MCCIIEAOBAHNI 1 HCCICAOBAHUHA CKBAXHH, a
pemeHns MNPSAMBIX 3a7ad TPABUMETPUH COIOCTaBHMBI 110 PEIICHUAMH, TOJNYyYECHHBIMH C
UCIIONIb30BAaHUEM  JIPYTMX H3BECTHBIX METOJIOB 00pabOTKM TpaBUTALMOHHBIX JaHHBIX.
[IporpaMMHBIH KOJ CHCTEMBI 3aIuIeH mareHToM PecrryOnmku Kazaxcras.

T'oBOps 0 COBpEeMEHHOM JTane Pa3BUTHS I'PAaBUMETPHUYECKUX HCCIEJOBAHUH, HENb3s HE
OTMETUTh Ba)KHOCTH CITyTHHKOBOW TI'PaBUMETPUH, OCOOCHHO JAHHBIX CIYTHHKOBBIX MHCCHN
GRACE u GRACE-FO.

CrnyTHHKOBass TPaBUMETPHS C BPEMEHHBIM pa3pelieHHEM, SPKUM IPUMEPOM KOTOPOi
SIBIISICTCSL MHHOBannoHHas muccust Gravity Recovery and Climate Experiment (GRACE), otkpbuia
HOBYIO 3py B IOHMMaHHH IIPOIIECCOB MaccOIepeHoca BHYTPH 3eMHOW cuctembl. IIporpamma
GRACE, nayaras B 2002 rony B cotpyaanuectse HACA 1 Hemenkoro a3pokocMHUeCKOro eHTpa
(DLR), crana xi0o4eBbIM MHCTPYMEHTOM JUIS M3YUYEHUs! TMHAMHMKH DPAcIpeesIeHns] Macchl Ha
Halllel MIaHeTe.

Tpanchopmupytomee Bausare muccun GRACE nHa Hayky o 3emie ObUIO MOIUEPKHYTO
BCECTOPOHHHUM 0030poM, mpoBeaeHHBIM baiiponom Tammm u ero komangoi B 2019 roxy [7...8].
Wx ananus, ocHoBaHHbIN Ha u3ydeHun 2000 pereH3upyeMsbIxX UCCIAEI0BAHUN, TOAYEPKUBAET, UTO
muccus GRACE sBisercs He3aMEHUMBIM HHCTPYMEHTOM JIJIsI MOHHTOPHHTA PA3ITNIHBIX aCIIEKTOB
cHcTeMbI 3eMJIM. DTH acleKThl BKIIOYAIOT KPYTOBOPOT 3eMHBIX BOJI, OaaHC MAaccChl JIEAHUKOBBIX
IIMTOB 1 JIEAHUKOB, KOJEOaHUS yPOBHSA MOpPS M U3MEHEHNS JIaBICHUS Ha JHE oKeaHa. boiee Toro,
muccuss GRACE BbIsiBUna CIOXKHBIE B3aUMOJCHCTBUS U MEPEXO]bl, KOTOPBIE XapaKTEPU3YIOT
TPOIIeCChl U3MeHeHus Kiumara [9].
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Muccuss GRACE-FO, 3anymennas 22 mast 2018 roma, sIBISETCS COBMECTHBIM IPOESKTOM

HACA u Hemenkoro uccienoBaresbckoro ueHrpa reonayk (GFZ) u mponomkaer paboty Muccun
GRACE (2002...2017). Cuyruuku-6musunenisi GRACE-FO, ciemys mpyr 3a apyrom Ha
paccrositHun 220 KM, OTCIEKHMBAIOT JIBM)KCHHE BOJBI Ha 3eMile, MOHUTOPST U3MEHEHHUS B 3amacax
MOA3EMHBIX BOJ, KPYIHBIX 03€p M PEK, BIAXXHOCTH ITOYBBI, JEAHUKOBBIX IIIUTOB M YPOBHS MOPS
(pucyHOK 2). OTH TaHHBIE TOMOTAIOT CO3/aTh YHUKAJIBHYIO KapTUHY KJMMaTa 3eMJIU U OKa3bIBalOT
3HaunTenbHOe BimsHUE Ha 00mecTBo. GRACE-FO Takxe TecTHpyeT HOBYIO TEXHOJIOTHIO IS
MOBBILIEHHUS TOYHOCTH U3MEPEHUI.

Pucynoxk 2. Hnnrocmpayus GRACE-FO na opbume

HeobOpabortannbie maHHBle, momydeHHBIe B pamkax Muccun GRACE-FO, mpeacraBusror
co00it I3MepeHHs BapHalMi PACCTOSIHUS MEXKLY IBYMSI CITy THUKaMU-OJIM3HEIaM U, IBYIKY LLIUMHCS
Mo opOUTE BOKPYT 3eMIIM Ha pacCcTOSHUM NpuoOIm3uTeapHo 220 kM (137 Mums) npyr ot apyra. B
npolecce BWKEHUSI CIyTHHKH TIOCTOSIHHO OOMEHMBAIOTCS MUKPOBOJIHOBBIMU CHUTHAJIAMH, YTO
TI03BOJISIET BBHICOKOTOYHO (PMKCHPOBATH M3MEHEHMSI MEXKCIIYTHHKOBOTO paccrosHus. O6macTH ¢
MOBBIIIEHHOW T'PaBUTAIMOHHOW aHOMalMeil OKa3bIBalOT NEPBMYHOE BO3JEWCTBUE HA BELYIIUN
CITyTHUK, I3MEHSISI €70 TPACKTOPHIO, TIOCIIE YETO aHAJIOTHIHOE BO3IEHCTBHE HCIIBITHIBAET BEIOMBIN
CIIyTHUK IPY IPOXOXKJCHUH HaJI TOW e aHOMaIIbHOM 001aCThi0. DTH H3MEHEHUS pETUCTPUPYIOTCS
CHCTEMOH BBICOKOTOYHOTO MHKPOBOJHOBOTO 30HIUPOBaHUS. [|OMIOTHUTENBHO, aKCEIEPOMETPHI Ha
6OpTY CITyTHHUKOB U3MEPSIIOT HETPABUTAI[OHHBIE YCKOpEeHUs, a GPS-ipuéMHIKH OnpenessioT ux
TOYHOE MoJiokKeHHe. Ha oCHOBe 3THX JaHHBIX (OPMHUPYIOTCS €KEMECSYHbIE KapThl CpPEeIHEro
TPaBUTAIIMOHHOTO TOJIST 3€MJIM, OTpakarollhe HepepacipeielleHHe Macchl, IPEeMMYIIECTBEHHO
CBsI3aHHOE C JUHAMHKOW BOIHBIX pecypcos [10].

BaxxHpiM acnekToM ucclieZioBaHMH, NpoBoAuMBIX B pamkax muccun GRACE, sBusercs
aHaJIN3 B3aUMOCBSA3H MEXIy 3allacaMi Ha3eMHBIX BOJ M U3MEHEHHUSIMH YPOBHS MUPOBOTO OKEaHa.
Konebanust 3amacoB Ha3eMHBIX BOJ OKa3bIBAIOT 3HAUMTENHHOE BIMSHHE Ha YPOBEHb MOps, a
nmaaable GRACE cnocoOCTBYIOT pacmmdpoBKe 3TOH CIOKHOM B3aMMO3aBHCHMOCTH. [ rybokoe
NOHUMAaHNWE JAHHOW JUHAMUKU SIBJISIETCS KPUTUYECKUM BaXKHBIM JUIl TOYHON HHTEpIpETalUuu
r100aNnbHBIX TEHICHINH M3MEHEHHUS YPOBHS MOpS, MOCKOJIBKY IepepaclpeneiicHre Ha3eMHBIX
BOJIHBIX MAacC MOYET KaK MacKMpOBaTh, TaK M YCHUIMBATh JOJTOCPOUHBIE TPEH[b! MOBBIIICHUS
YPOBHSI MUPOBOTO OKeaHa [11].

OnauM u3 Hanbosee Beigaromuxcs goctmkennil Muccun GRACE sBisercst eé criocoOHOCTH
BBISIBIIITH M3MEHECHHS B OajlaHCe MacChl JIETHUKOB. Muccusi oOHapy>Kmiia yCHICHHE TTOABOTHOTO
TastHAS. MU yMEHbIICHHE TOAJCPXXKH (POHTOB JIEIHUKOB, YTO IIPUBEJIO K YBEJIMYEHHIO TEMIIOB
JUHAMUYECKOM pasrpy3KH JibAa U MCTOLICHUIO MAacChl JIETHUKOBBIX PETHOHOB. IIprmedaTensHo,
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gto BpemeHHOH psia maHHeIXx GRACE mo I'penmanmnu moaTBep)kIaeT HE3aBHCHMBIE OICHKH,

nokasbiBasi, 4to 60 % oOwieli moTepy Macchl CBSA3aHO C YCHIIEHHEM TasHUS B OTBET HA TCHICHIMN
HOTeIUIeH s B ApKTHKe, a octaBiecs 40 % - ¢ yCHIEHHBIM JUHAMHYECKUM OTTOKOM Jibza [12].

Muccus GRACE BHecna 3HaUUTENBHBIN BKJIAJ B U3YUCHUE CIIOXKHOM B3aHMMOCBSI3U MEXAY
3aracaMy Ha3eMHBIX BOJ M YPOBHEM MODSI, CAETAB ITOT aCHEKT OJHUM W3 KJIIOUEBBIX HAPaBICHUN
COBpPEMEHHBIX HccienoBanuil. Konebanns oObeMOB Ha3eMHBIX BOJI OKa3bIBAIOT CYIIECTBEHHOE
BIIMSTHUE HA AWHAMHUKY YPOBHS MHpOBOro okeaHa, n naHHble GRACE chirpanu BaxHy0 posb B
JETAILHOM aHaJIM3e 3TOH 3aBHCUMOCTH. [JyOOKOe NOHMMAaHWE NaHHBIX MPOLECCOB HMEET
KPUTHYECKOE 3HAUCHHWE /I TOYHOW HMHTEPIPETAIMH TIO00ANbHBIX M3MEHEHHH YpPOBHSA MODH,
MOCKOJIBKY TIepepaclpesie]ieHde Ha3eMHBIX BOJHBIX MacC MOXET KaK MacKupoBaTh, TaKk U
YCHIINBATh JAOJITOCPOYHBIC TEHICHIIUH €T0 MOBBIIICHHS.

V3menenune ypoBHs MOpsSl SIBISIETCS. OAHUM M3 BaKHEHIIMX HMHAWKATOPOB IIOOAIBHOTO
KIMMaTH9eCKOTO HM3MEHEHHMS M OSKOJOTHYECKHMX TpaHC(hOpMaruid, OOyCIOBIEHHBIX Kak
OPUPOAHBIMM MpoIleccaMH, TaK M aHTPONOTeHHBIM Bo3jeiictBueM. Ero comuambsHO-
SKOHOMHYECKHE TIIOCIEACTBUS, BKJIIOYas BIMSHHE HA TPOXKHBAHWE M XO3AHCTBCHHYIO
JIeITeNIbHOCTh ~ HacelieHWs, MMEI0T (yHAaMeHTadbHOoe 3HaueHne. C MoOMeHTa 3aIycka
TpaBUTAIMOHHBIX cITyTHUKOB Gravity Recovery and Climate Experiment (GRACE) B 2002 roxy
CTaJI0 BO3MOKHBIM IOJTy4aTh BBICOKOTOYHBIE M3MEPEHHS M3MEHEHHMH MacChl MHPOBOIO OKEaHa.
HononaurensHo, ¢ 2005 roga ceTh NOMIABKOB Argo MpeIoCTaBIseT EHHbIE JAHHbIE ISl OLIEHKU
CTEpUUECKUX M3MEHEHUH ypoBHs Mopsi. B cBoem nccienoBanuu [13] aBTopbI mpoaHatu3upoBaTH
WCIOJIb30BaHUE CIIyTHUKOBOM anbTuMeTpuu, JaHHbIX GRACE u Argo /g uzydeHuss JUHaAMUKU
100anbpHOro cpeaHero yposus mops (GMSL).

Hannsie Argo cobOmparotcs OxeaHorpadpumaeckum wuHCTHTYTOM Ckpmmrca, [PRC u
JAMSTEC, oxBaTbiBas akBaTOpUIO OT 65° roKHOW MIMPOTHI 10 65° ceBepHOM mupoTsl. OHHU
MPEIOCTABISAIOT HHPOPMAIHIO O TEMIIEPATYPE U CONEHOCTH BOJHBIX Macc OT HOBEPXHOCTH OKeaHa
Jo riay6unst 2000 MeTpoB, UTO TO3BOJIIET PACCUUTHIBATH TEPMOCTEPHUYECKHE KOMIIOHEHTHI
WU3MEHEHHS YPOBHS MODS.

Ananmu3 naHHeIXx GRACE, Argo M CIOyTHUKOBOM aJbTHMETPHUH B IEJIOM JIEMOHCTPHPYET
COTJIaCOBAaHHbIC TPEHIBI, OJHAKO, KaKk oTMedaeT [13], Mexkay OTACIBHBIME U3MEPSHUSMH MOTYT
HaOMoAaThCs pacXokIeHus. [yl OLEHKH HeolpenesiEHHOCTeH pEe3yNbTaTOB HCIONB3YIOTCS
CTaH/IApTHHIC OTKJIOHEHMS BHYTPH aHCaMOJsl [aHHBIX, YTO IIO3BOJSAET KOJIMYECTBEHHO
XapaKTepu30BaTh CTETIEHb COTIIACOBAHHOCTH PA3IMYHBIX U3MEPEHUI.

I'mobGanbHble JaHHBIE O CPEIHEM YPOBHE MOpPSI COOMPAIOTCS YUPEKICHUSIMH, TAKUMH Kak
AVISO (Archiving, Validation and Interpretation of Satellite Oceanographic data) u CSIRO
(Commonwealth Scientific and Industrial Research Organisation). Ti 1aHHBIE KOPPEKTUPYIOTCS
C y4eTOM pa3iIM4YHbIX (haKTOPOB, BKJIIOYas MOHOC(EpHYIO 3aJepkKy, TpornochepHsie 3ddeKTsl,
3JIEKTPOMAarHUTHBIC OMIMOKH, NPUIUBHI U JISTHUKOBYIO M30CTaTHYECKYIO KOPPEKTHPOBKY (GIA).
Kapter anomanuit ypoast Mopst (DT-MSLA) mpenocTaBisioT cpegHeMecssaHble faHHble ¢ 1993 mo
2012 rox [11].

Hannsle GRACE u GRACE-FO, mpenocraBnsieMble Takumu yupexaeHusmu, kak CSR
(Center for Space Research), JPL (Jet Propulsion Laboratory) u GFZ (GeoForschungsZentrum),
BKJIFOYAIOT €XeMecsuHble pelieHuss ypoBHs 2 Bepcuu 06 B koddpduimeHTax chepruuecKux
rapmonuk (GSM), koppexTupyemsie ¢ yaeroMm GIA.

ITomgyepkuBaeTcs BaXXKHOCTh MHTETPallK CITyTHUKOBOH anbTumerpu, HabmoneHnii GRACE
U MaHHBIX Argo i m3ydenus m3meHeHuit GMSL (Global Mean Sea Level). [ToctosHHBI cOop
JAHHBIX W aHaJTU3 HEOOXOIMMBI Ui TOYHOTO YCTAaHOBJECHHS COOTBETCTBHS MEXIY CHCTEMaMHU
GRACE u GRACE-FO. NosiBnenue cinytaukoBoi rpasuMerpun GRACE npousseno peBoonuo
B HAaIIUX BO3MOXKHOCTSX OTCIIKHWBATh M TIOHUMATh MEPEMEIIESHISI MaCC BHYTPH CHCTEMBI 3eMJIH,
yrIyOuB Hallle TOHMMaHUE KIMMAaTHYeCKUX IIPOIECCOB M YIYYIIMB YIPaBICHHUE BOJHBIMU
pecypcamu.

Taxke B crarbe «VHamKanusi TPUPOJHBIX OMACHOCTEH C WCIIOIb30BaHHEM H3MEHEHUH
rpaBUTAIMOHHOTO TOJNsA 3emu, HaOmomaembix cuctemoit GRACE», coolmaercsi, 9Tto B
JIOKyMEHTE 00CYXIaf0TCs IPAaKTHYECKUEe NPUMEHEHNUS KOJIeOaHUH IpaBUTAlMOHHOTO NOJIS 3eMJIH,
n3MepeHHbIX cmyTHUKOBOH cuctemoir GRACE 3a 13-netnuii nepuos. CriyTHUKOBBIE HAOMIOACHUS
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NPOTHO3UPOBaTh CTUXMHHBIE OexcTBus. Ha Bapuanum rpaBUTAIMOHHOTO IO  BIMSIOT
acTpOHOMHYECKHE (DAaKTOPBI M ANHAMUYECKHE MPOLIECCHI, OTPAKAIOIINE N3MEHEHHS BOIHBIX Macc
B atMocepe, okeaHe u jurochepe. B mccnenoBaHnM aHaNM3UPYIOTCS U3MEHEHMS BapHalnid
TPaBUTAIllMOHHOTO MOJNS B Pa3iIMYHBIX PETMOHAX, TaKMX Kak Amsicka u ['peHmaHams, W HuX
MOCJEACTBUS ISl U3MEHEHUs KIIMMaTa U MPUPOAHBIX ABJICHUN. B 1okyMeHTe Takke ocBelaeTcs
WCTIONIb30BaHNE CITyTHUKOBBIX JAaHHBIX U U3y9EHHS H3MEHEHUH OKPY KaIOIIEH CpeIbl, TAKUX KaK
BIIMSTHUE Ha BOJHBIE pecypchl B Oacceiine Bepxueit Bonru u o3epe Baiikan.

HccnenoBanne [14], mpoBeieHHOE KOJUIEKTHBOM ABTOPOB IIPEACTABISICT BCECTOPOHHMUIM
aHaIM3 Pa3IMYHBIX TI00anbHBIX oueHok TWS, momydennsix ¢ nomombsio GRACE u mozeneit
GLDAS, BKIII09asg MEXTOJOBYIO H CE30HHYI0 HW3MEHUYMBOCTb, PACIPENENICHUS BEPOATHOCTH U
MPOCTPAaHCTBEHHBIE 0COOCHHOCTH I10 IIeCTH KOHTHHEHTaM. Oco0oe BHUMaHHE yIeJICHO MPUINHAM
pacxoxnaenuit mexnmy omeakamu GRACE wm GLDAS, ¢ 1enpi0 MOBBIOICHHS TOYHOCTH
MOHHUTOPHHIA TJ00aNbHBIX BOJHBIX M3MeHeHuil. Pabora mpeacraBiser coboi NEpBYIO MOMBITKY
cTosis MacmTabHoro cpaBHeHuA naHHBIX GRACE, npenocTaBiss npakTH4ecKoe pyKOBOACTBO [UIS
YUYEHBIX, MOJHUTHKOB M CIICIHMAINCTOB, HCIOJIB3YIOIUX THUIPOJIOIHYECKYI0 WMH(opManuio mpu
aHaJIM3€ M3MEHEHUI BOIHBIX PECYPCOB 3EMIIH.

JlaHHBIC IUCTAaHIMOHHOTO 30HIMPOBAHMS, MOJTYyYCHHbBIC B HCCICIOBATEIBCKON paboTe [15]
JOKa3aJIn CBOIO BBICOKYI0 WH(OPMATUBHOCTE M 3(P(PEKTUBHOCTH NpPH PEIICHUH PA3THIHBIX
rJI00aNbHBIX M JIOKAJbHBIX THUAPOJIOTHUECKHX 33/1a4, OCOOCHHO IOJIE3HbI MPH OMNpEACICHHN
COCTOSIHMSI BOAHBIX OOBEKTOB, MapaMeTPU3aLNK XapaKTEPUCTUK PEYHOTO CTOKA IS BHISBIICHUS
CIIEKTpa OINACHBIX THIPOJIOTUYECKUX SBICHUI, OIICHKE BIUSHHUA U3MEHCHHS KJINMAaTa 10 BOJHBIM
pecypcaM U THAPOJIOTHYECKUM TporieccaM. [IUCTaHIIMOHHOE 30HANpPOBaHKEe B ruaponorun MI'Y
umenn M.B. JlomoHocoBa 3({eKTUBHO Iyl OLEHKH pAacxXoJ0B BOJBIL, OIPEIEICHUs ee
XapaKTEePUCTHK IO XapaKTEPUCTHKAM BOJbI M U3Y9YEHHS YCTHEBBIX NPOIECCOB. AHAIN3 JHHAMHUKN
JIeTIbThI MOPCKOTO Kpas M TpaHc(opManuy MyTHOCTH OT BEPLIMH AEJbTHl K YCTHEBOMY B3MOPBIO
taoke BaxkeH. GRACE mno3Bomser obecnieunts OamaHC THIPOJOTHYECKOTO IUKIA W HEBSA3KY
BOJHOTO OajiaHca, J0Ka3alu CBOIO BBICOKYIO HH(OPMATHBHOCTH M 3((EKTUBHOCTD NPU PELICHUN
Pa3NUYHBIX TJIOOANBHBIX W JIOKAIBHBIX THAPOJIOTHYECKHX 3a/1a4, OCOOEHHO IIOJIE3HBI IIpH
OIIpe/IeTICHUH COCTOSIHUS BOJIHBIX OOBEKTOB, NApaMETPU3aLNH XapaKTEPUCTUK PEYHOTO CTOKA IS
BBISIBJICHHS CIICKTPA OMACHBIX TMIPOJIOTHYECKUX SIBICHUH, OLIEHKE BIMSAHUS H3MCHEHHS KIMMaTa.
M0 BOAHBIM pecypcaM M THAPOJIOTHYECKHM IporeccaM. J[MCTaHIIMOHHOE 30HAWPOBAaHHE B
runpoorud MI'Y mmenn M.B. JlomoHOCOBa 3(QQeKTHBHO Ui OIEHKH PAacXOIOB BOIBI,
OTIpeNIeNIeHHs €€ XapaKTEePUCTHK IO XapaKTepUCTUKAaM BOJBI M M3YYEHHUS YCTHEBBIX IPOIIECCOB.
AHanu3 IUHAMHUKH JeTIbTHI MOPCKOTO Kpas M TpaHc(OpMaluy MYTHOCTH OT BEPIIMH JIEJIBTHI K
ycTbeBOMY B3MOphIO Takke BaxkeH. GRACE mo3BonseT obecneunTsh OanaHC THAPOIOTHYECKOrO
IIMKJIa 1 HEBSA3KY BOJHOTO OaaHca.

Cratbs [16] mpemcraBisieT KOMIUIEKCHBINH aHaiW3 W3MEHEHHH momseMubix Box (GWS) B
kurtaiickod nposuHuuu lanpnyn 3a nepuoy ¢ 2002 no 2021 roa, OCHOBaHHBIN Ha CITyTHUKOBBIX
nanHbix GRACE/GRACE-FO. ABTopbl HCClIEeNyIOT IPOCTPAHCTBEHHbIE U BPEMEHHbBIE TPEHJIbI
WCTOIICHUS BOAHBIX PECYPCOB, BBIABIIAS PErHOHAIBHbIEC PA3IMYMs B JUHAMUKE MTOTepb. B padote
OIIEHUBAETCs TOYHOCTH MPOTHO3a m3MeHeHnH GWSS ¢ ucTonbp30BaHIEM COBPEMEHHBIX aITOPUTMOB
UcKyccTBEHHOro uHTeiiekra — SVM, LSTM u SSA — rae Hawinydiine pe3yjbTaThl oKa3ana
MOJIE/Ib MAIIMH OIOPHBIX BEKTOPOB. BaXHBIM BKIJIQJOM SBISETCS HCIOJIB30BAaHME TaHHBIX
nI00ANBEHOM THApOIOorndeckoi Monenmn WaterGAP [uis Banuganuy MONYYEHHBIX PE3YIbTATOB.
Taroke oTMedeH BpeMeHHBIH pocT 3amacoB B 2020...2021 romax, TpeOyrommi nadbHEHIIEro
aHanuza. Pabora IleMOHCTpUpYET NMOTEHIMAN CIYTHUKOBBIX TexHoiornii u MU (MckyccTBeHHBIN

MHTEJUIEKT) JUII MOHUTOPHHTA BOJHBIX PECYPCOB B YCIOBHIX H3MEHEHUS KIIMMATA.

3. PE3YJIbTATHBI U UX OBCYX/JEHUE

Pesynvmamol npumenenus pasumempuy 8 MUpo8oUu NPaKmuxe

[Iporao3upyemble HIKCIIEPHUMEHTHI ¢ pa3IHYHBIMHI 00yJaromnMu Beibopkamu (228, 204 n 180
Mecs1eB) ObIIM MPOBEIEHBI JJIsI aHaJIM3a KPaTKOCPOUHOTO NMPOTHO3MpOBaHus u3MeHeHust GWS.
PesynbpraTel mokazanu, 4to Monenb SVM mpes3omma metoasl LSTM m SSA ¢ Touku 3peHwust
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EWH (MmM)

T'udpomemeoporozus u axoroeus No2 (117), 2025
K03 GumeHToB Koppensiuuu co 3Hadenusmu 0,68, 0,75 u 0,56 mst 228, 204 u 180 obyuaronux

BBIOOPOK COOTBETCTBEHHO. Pe3ysbTaThl ObLTH COMOCTAaBUMEI ¢ pe3ynbraramu ARMA [16].

3MeHeHne 3KBUBaNIEHTHON TosWMUHbI Boabl (EWH)
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Pucynoxk 3. Ms3menenue noxkazamensi GWS u eco nunetinwiii mpeno 6 nposunyuu Lllaneoyn 3a

nocaeonue 20 rem [16]

AHanu3 MoJTy4eHHOTo Tpaduka MOKa3bIBAET, YTO JIMHEHHAS CKOPOCTh M3MEHEHHMS 3aIacoB
HaszemHbIXx Boa (GWS) B mepuox ¢ 2003 mo 2006 rox cocraBmia 9,84 £ 6,35 mm/ron. B
nocienyoni BpeMmenHoi nHTepBai, ¢ 2007 mo 2014 ron, HabromaeTcs 3HAYUTENBHAS TTOTEPS
3amacoB HazeMHBIX Bojx Mo aaHHeIM GRACE, xapaxrepusyromiascs JIHHEHHOH CKOPOCTBHIO
n3MeHeHns —5,80 + 2,28 mm/ron. B nanmpHeineM TeMITbl TOTePh HECKOIBKO CHI3UIIUCH: B TIEPHOT
¢ 2015 o 2022 rop nuHEHHAsI CKOPOCTh cocTaBmia —5,39 + 3,65 MM/TO1, 4TO, BO3MOXKHO, CBSI3aHO
C peanm3amyell IpoeKTa Mo nepedpocke BOJHBIX PECYpCcoB C fora Ha ceBep. OfHaKo, HECMOTPSI Ha
JTaHHbIC M3MEHEHUS, TeHJICHIIUSA CHIKEHUS YPOBHS 3allacoB Ha3eMHBIX BoA 10 naHHBIM GRACE
npoxoinkanacek 1o 2019 roga. B mepuon ¢ 2020 no 2021 rox ObuT 3aUKCHPOBAH PE3KHA POCT
3HadeHnit GWSS, MpUYHHBI KOTOPOTO TPEOYIOT JAIbHEHIIET0 1eTaIbHOTO U3YICHHUS.

ABTOpBI HWCCJIEOBaHMS 10 W3YYEHHIO MOJ3EMHOH BOABI HCIIOJIB30BAIN AITOPUTMBI
MCKYCCTBEHHOTO HHTEIJIEKTa, BKJIIOYAs METOJbl MAIIMHHOTO W TJIyOOKOro OOyd4eHHs, s
00paboTKN TI'HIPOMETEOPOJIOTHYECKIX MAHHBIX C [EJBI0 MOBBIIICHUS MPOCTPAHCTBEHHOTO
paspemenusi mouutopuara GRACE [16]. B manbHelieM OHU IJIaHUPYIOT COCPEIOTOUYUTHCS HA
yrouHeHun MacmradbupoBanust JaHHeIX GRACE g1ns Oornee AeTanv3upOBaHHOTO aHANIN3a
M3MEHEHUH 3a1acoB HA3eMHBIX BOJ.

Pesynomamor npumenenus epasumempuu 6 Kasaxcmane

B nayuHoii crathe «Selection of a calibration system for relative gravimeters and testing of
the processing using the example of the Zhetygen calibration baseline in Kazakhstan» [17]
pPaccMOTPEeHBl COBPEMEHHBIE METOABI KAIHOPOBKM OTHOCHUTENBHBIX TI'PABUMETPOB M HX
NPUMEHUMOCTh B yclIoBHsIX Kaszaxcrana. ABTOPBI CHCTEMAaTH3HMPYIOT KaK JaOOpaTOpHBIE, TaK U
MOJIEBBIE METOJBI OTIPENENCHUS] KAIMOPOBOYHOW (YHKIMH, aHAIM3HPYS MpeuMyliecTBa U
HEOCTaTKU KaXKJOro MOAX0Aa C Y4ETOM TOYHOCTH, AOCTYHHOCTH U [AMANa30HA H3MEPEHHH.
Ocoboe BHUMaHWE YyneiseTcs Hambojiee NPUMEHHMOMY B TOJEBBIX YCIOBHSIX METOAY —
KaJIMOpOBKE Ha TPaBUMETPHYECKOW O0a3MCHOM JIMHUM, a TakXKe MPEICTABICHBI PE3yJbTaThl
MHOT'OJIETHUX M3MEPEHUH ¢ MCTonb30BaHNeM rpaBuMmeTpoB Scintrex CG-5 Ha muauu JKeTsireH.
BrisiBnieHa HEOOXOIMMOCTh CO31aHHS BEPTHKAIbHOM 0a3MCHOM JIMHUM HOBOTO THIIA B TOPHOM
MECTHOCTH Ui pacIIMpeHHs [uana3oHa W3MEpeHHH ©  o0ecledeHus COOTBETCTBUS

MCKAYHAPOAHBIM CTaHJapTaM.
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PesynpTaThl HcclleOBaHMS HMOATBEPIKIAIOT, YTO KaauOpoBouHas (DyHKIMsS IpaBHMETPOB

MOXET CO BPEMEHEM H3MEHSATHCS, YTO TpeOyeT pEeryJsipHOH HpPOBEPKH U KOPPEKTHPOBKU
MIKaTBHOTO Kod(puimenTa. AHanu3 1mecTy KaMmrmanuid m3mepenni 3a 2019...2023 roapl mokazan
HE TOJIBKO Pas3iu4Ms B CTaOMJIBHOCTH MOKa3aHWH OTIENbHBIX MPUOOpPOB, HO U 3aBUCHMOCTD
KaJHOPOBOYHBIX ITAPAMETPOB OT JHANla30Ha TPABUTAI[IOHHOTO TIOJISL. ABTOPHI IOAYEPKHUBAIOT, UYTO
cymectBytone B Kazaxcrane kanuOpoBOYHbIE IMHUHM HEJIOCTATOYHBI IO CBOEMY JHaNa3oHy, YTo
OTPaHNYNBAET TOYHOCTH IPH MPOBEACHUH BBHICOKOTOYHBIX TPABIMETPUIECKUX CHEMOK B TOPHBIX
pationax. [lnanupyercs: co3aHue HOBOI 0a3MCHOM JIMHUY B pailoHe AJIMATBI C TPABUTAI[MOHHBIM
nepenagom Oonee 300 mI'anm, 9TO MO3BONHT CYIIECTBEHHO MOBBICHTH KadeCTBO KaTHOPOBKH
COBPEMEHHBIX IPHUOOPOB.
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PHCyHOK 4. Uzmenenust 60 epemMeru 3HAYeHUll U3MEPEHHbIX pa3uocmeﬁ CUbl maAascecmu no

KAHCOOMY OMHOCUMENbHOMY 2PASUMEMPY

B Tlpukacnmiickoi BHAgWHE WCIIOJIB30BAaHHE TPABUMETPUYECKUX JI@HHBIX Macirtada
1:1 500 000 B codyeraHMM C METOJAMH CIIEKTPaJbHON (QUIBTpanuy 00ECTeYMIIO TOCTPOCHUE
MOJIETIM TPABUTAllMOHHOTO TIOJII C BBIACICHHEM DPErHOHAIBHBIX AHOMAJIMH, OTPasKaroIINX
CTPYKTYPY 3eMHOM Kopbl [2]. AHamoruudbiM 00pa3om, B KacrmiickoM U ApajibCKOM pernoHax
MOpPCKHE W Ha3eMHbIE ChEMKH MO3BOJIMIIN c(HOPMHUPOBATH TPABUMETPUIECKYIO OCHOBY C BBICOKOH
IUIOTHOCTBIO TOYEK, 0OECTICYHBIITYIO0 HEOOXOAUMYIO TOYHOCTh HHTEepTpeTauu [4].

OtnenpHOE HampaBiieHHe — npuMeHeHne cimyTHHKOBBIX muccuit GRACE u GRACE-FO.
[TosyueHHbIE TaHHBIE TTO3BOJIMIIM BriepBhIe B KazaxcTaHe OCyIIECTBUTE MOHUTOPHHT TTOA3EMHBIX
BOJI M I3MEHEHHUI B JIGAHUKOBBIX CHCTEMaX, B TOM YHCJIE B 3aliCaHCKOM OacceiiHe M Mpearopbsix
Tanup-1llans. OTo mMeeT BaXHOE 3HAYEHHE [UIA OIEHKHM JAe(dUIMTa BOTHBIX PECYpCOB U
MPOTHO3NUPOBAHMS KIIMMAaTHUYECKUX PHCKOB.

OcHosnvie npoexkmol epasumempuyeckux ucciedosanui ¢ Kasaxcmane (1998...2023 22.)

Pernon HCCJICNOBAHUA

| Macmrad pa6ot | MeTtoabl M 000pyIOBaHUE | OcHOBHBIE Pe3yJbTaThl

Keskasranckuil pyaHbIi paiion

Bocrounsrit Xaiipem

[Ipukacnuiickas BraauHa

Kacnuiickoe Mmope

MOHUTOPUHT JIEAHUKOB

(GRACE)

['myGuHHAast MOJeNb, BBISBICHHE
PYAOKOHTPOIMPYIOIIHUX 30H

1:10 000 3D unBepcHUs, MATHUTOMETPHUS TpéxMepHas TUTONOTHYECKAsT MOJIEIb

PervoHasbHbIC aHOMAJIHH,

1:50 000 CG-5, unBepcus, celicMuka

1:1 500 000 Ludposas dunpTpanus, Oyre-aHaam3 TEKTOHMYECKoe paliOHMpOBANHE
1:100 000 LaCoste & Romberg, Envnas rpaBuMeTpUYecKas OCHOBa
rpaBUMarHUTOPa3Be/IKa
~300 km GRACE/GRACE-FO, UU-moztenn OuCHKa MaCcCE! JIEAHAKOB, TPCHILI 11O

NMOA3CMHBIM BOJJaM
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Kapmozpaghuueckue mamepuanu

C 1998 mo 2023 rr. B KazaxcraHe OBLIO CO3JaHO 3HAYHUTEIHHOE KOJHUYECTBO
rPaBUMETPHUCCKUX KapT Pa3IMYHOr0 Maciitaba, OTPaKaloIIWX KakK JIOKaJbHBIE, TaK H
pETHOHANBHBIE OCOOCHHOCTH TPABHTAI[MOHHOTO IOJS. JTH KapThl IIMPOKO MPUMEHSIOTCS B
MHXCHEPHO! re0JIOTUH, THIPOJIOTHHU, F€0IKOJIOTHH 1 T€0JHHAMHUKE.

Taxxe mpUMEpOM SABJISAETCS CO3AaHKE NCTAIBHBIX KapT 1Mo yyactkaM «bernkana» u «FOxHas
Benkara» c¢ marom wm3oanoman 0,25 ml'an, MOMONHEHHBIX TPaHC(OPMHPOBAHHBIMH KapTaMH
BEPTUKAIBHBIX C marom usoanomai 0,25 ml an, 1ONOTHEHHBIX TpaHCHOPMUPOBAHHBIMU KapTaMHU
BEPTHKAJbHBIX MPOU3BOMHBIX. JIJsl aHanm3a CTPYKTYPBI JHUTOC(EPbl HCIOIb3YIOTCS KapThl
MPOU3BOJIHBIX BTOPOTO TOPSNKA, a TaKKe MPOCTPAHCTBEHHBIC H30aHOMAJbHBIC CCUYCHHUS,
TIO3BOJISIONIME BU3YaIN3NPOBATh TITyOWHHBIC HEOMHOPOIHOCTH [5].

B nmocnmemHue ronmel  HAOMIOAKOTCS CIEAYIONIME KIIOYEBBIC TPEHOBI B 00JacTH
KapTorpagupoBaHus U HHTEPIPETALMN IPABUMETPUIECKUX TAaHHBIX:

. Mepexo]i OT OJHOMEPHOM HHTEpIpeTalu K TPEXMEPHOMY HHBEPCHOMY
MO/ICTTMPOBAHHUIO C UCIIOJIb30BAHUEM UCTOPUUECKHUX TUIOTHOCTHBIX JAHHBIX;

. BHeApeHue anroputMoB WM, BkIoYas MAaIlMHBI OMOPHBIX BEKTOPOB U METOJ
AMHUTAI[HOHHOTO OTYKHIa;

. MHTETpaldsl TPABUMETPHH C TCOMH(POPMAIIMOHHBIMH CHUCTEMaMH, B YaCTHOCTHU

GravGIS, nans aBromMaTu3anmu 00pabOTKH M BU3YaIH3AIIH;

. ycuiaeHue (Gokyca Ha KIMMAaTHYeCKH OOYCIIOBJICHHBIC M3MCHEHHS (3amachl BIIary,
JTUHAMHUKA CHEXXHOTO TIOKPOBA U JICTHUKOB);
Taoauma 2
Knaccughuxayus epagumempuieckux kapm u ux npukiaoHoe 3Ha4eHue
Tun kapTbl | Macmra | IIpumeHenune
KapTbl cuitel TspkecT (aHOManmii byre) 1:50 000...1:1 500 000 I'eonornyeckoe paioHUPOBAHUE, IOUCK MECTOPOKICHUN
KapTbl IpOM3BOIHBIX aHOMAITHIT 1:50 000...1:100 000 AHanu3 TIIyOUHHBIX CTPYKTYP
KapTtsr Tpanchopmanmi PerunonannHbie MopenupoBaHue TEKTOHUYECKUX OJIOKOB
IIpocTpancTBeHHBIE CEUEHUS JlokanbHbIe 'eomuHaMuYecKre M T€03KOIOTHIECKIE UCCIECIOBAHMS

Takum o00pa3oMm, coBpeMeHHas rpaBuMeTpusi B Kaszaxcrane mpencTaBisieT coOoi
KOMILICKCHBIH, TEXHOJIOTMUECKH HACHIIIICHHBIN HAyYHBIH 1 IPUKIaTHOH HHCTPYMEHT, CIOCOOHBIH
3(h(hHeKTUBHO pelaTh 3a7a4i TEOMOHUTOPUHTA, IPUPOIOOIL30BAHUS U PECYPCHOI 0€30MacHOCTH
ctpansi [5].

Ipeumywecmsa u Hedocmamxu CRYMHUKOBOU epagUMempui.

CroytHuKoBas TpaBuUMeTpus, peammsyemas B pamkax Mmuccuii GRACE u GRACE-FO,
OTKPBIBAET HOBBIE MEPCIEKTUBBI IS TUAPOMETEOPOJOTHUECKUX MCCIIEeTOBAaHUM M MOHUTOPUHTA
W3MEHEHNH MacChl 3¢MHOM MOBEPXHOCTH Ha Tepputopun Kazaxcrana. YUuThIBas 3HAUUTEIBHBIC
3amachl MOJ3EMHBIX BOJI, @ TaK)Ke OOIIMPHBIC JISTHUKOBBIE MaCCHUBBI JAHHOTO PETHOHA, JaHHEBIE,
noiy4deHHbsle ¢ Tiomomipio cmyTHHKOB GRACE, o0mamaloT BBRICOKOI 3HAYMMOCTBIO IS OLICHKH
JIMHAMUKHY BOJIHBIX PECYPCOB U MPOIIECCOB, MPOUCXOASIIIUX B JISTHUKOBBIX CHCTEMaX.

Ocobast akTyanbHOCTh JAHHOTO HAIPaBJICHUS MCCICIOBAHNI 00YCIIOBIICHA TEM, YTO BOJIHBIC
pecypebl KazaxcraHa UrparT KIFOYEBYIO pOJib B oOecriedeHUU (PYHKIIMOHUPOBAHUS CEIBCKOTO
XO3SICTBA W SHEPTETUYECKOTO CEKTOopa. B 3Toi CBS3M HMCHOIB30BaHUE COBPEMEHHBIX METOJOB
00paboTKN JJaHHBIX, B YACTHOCTH aJTOPUTMOB MCKYCCTBEHHOTO MHTEJUICKTA, HAMPaBJICHHBIX HA
TIOBEIIIICHIE MPOCTPAHCTBEHHOTO pa3peHICHUsT TPABUMETPUICCKUX HM3MEPCHUH, IMO3BOJIUT HE
TOJILKO 00JIee TOYHO OTCIICIKUBATH JIOKAIbHBIC H3MEHEHHUSI BOHOTO OaaHca, HO U pa3padarhiBaTh
3(h(eKTUBHBIC CTPATETUU YIPAaBICHUS MPUPOTHBIMU pecypcaMu. JTO, B CBOKO OdYepens, Oyaer
CIOCOOCTBOBATh JOCTHIKEHHUIO YCTOHYMBOTO Pa3BUTHS CTpaHbl, obOecredmBas parioHAILHOE
WCIOJIb30BaHUE U COXPAHEHUE BOJHBIX PECYPCOB B YCIOBHSIX M3MEHSIOLIEIOCs KJIUMaTa.

HecMoTpss Ha 3Ha4yWTENbHBIE IOCTIKEHUS B 0OJACTH CIyTHHUKOBOW TpPaBUMETPHH,
npumenenue naHHbeIx Muccuiit GRACE u GRACE-FO comnpsixkeHo ¢ pa1oM orpaHuYeHHi, KOTOpble
HEO0OXOUMO YUYHUTHIBATH MPH WX MHTEPIPETAIMU W HCIIOJIB30BAHUU B HAYUYHBIX W MPHUKIATHBIX
HCCIIEIOBaHUSX.

Huskoe mnpocTpaHcTBeHHOE paszpemieHue: rpaBuMerpuueckue nanHeie GRACE wumeror
OTpaHUYEHHOE MPOCTPAHCTBEHHOE paspelieHue (MOopsIKka HECKOIBKUX COTEH KHJIOMETPOB), YTO
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3aTPyAHSET MX NPUMEHEHHE JUIi JIOKAIbHOIO aHanu3a. DTO OCOOEHHO aKTyalbHO Ul 3ajad,

TPeOYIOIMX AETATbHOTO KapTHPOBaHMS W3MEHEHMH TpaBHTAllMOHHOTO IMOJA, HalpuMep, B
TE€0JIOTOPA3BEAKE I MOHUTOPUHT€ HEOOIBIINX BOJHBIX OOBEKTOB.

. ITorpemHocTy MHTEpHpeTalMM JaHHBIX: BOCCTAHOBJICHHE paclpellesIeHHsl MacC Ha
MOBEPXHOCTH M B HEJIPax 3eMJIIM Ha OCHOBE CITyTHHKOBBIX H3MEPEHHI SBIIACTCS CI0KHOHN 3aadeH,
TpeOyIoILeH NCII0IBE30BaHUS JOTIOJHUTENILHBIX MOJIEIeH M apOKCUMAaLMil. DTO MOXKET IIPUBOIUTH
K OomuOKaM B HMHTEPIPETAlMH, OCOOCHHO IIPH OIICHKE HEOOIBIIMX MM KPAaTKOBPEMEHHBIX
U3MEHEHUU MaCCBhL.

. Bnusnue HerpaBUTALMOHHBIX (DAKTOPOB: [BIJKCHHE CITyTHHKOB IIOJIBEP)KEHO
BO3JICHCTBHIO HETPAaBUTALMOHHBIX CHJI, TaKMX KaK COJIHEYHas paauanusi U arMochepHoe
COINPOTHUBJICHHUE, YTO MOXKET BHOCHUTH JOIOIHUTEIBbHBIC HEOMPEACICHHOCTH B M3MepeHus. s
MHHUMH3AIUH 3THX 3(P(EKTOB MPUMEHSIOTCS aKCeJIepPOMETPUUECKHE KOPPEKTHPOBKH, OJHAKO
OCTaTOYHbIC OIIMOKH MOTYT COXPAHATHCH.

. HeoGxoauMocTs MHTErpanMu ¢ APYTMMU METOAAMU: AT MOBBIIIEHHUS TOYHOCTH U
neranu3anuu ganHbIX rpaBuMerpusi GRACE tpeGyeT coOBMECTHOTO HCIIONb30BaHMS C HA3EMHBIMU
TPaBUMETPHUUECKUMH  H3MEpPEHMSMH,  CEHCMHUYECKUMH U THUAPOMETEOPOTIOrMYECKUMU
HaOmoneHusiMu.  be3  Takol  WHTEerpamum  BO3MOXHO — HCKaXGHHE  HHTEPIPETALNN
MIPOCTPAHCTBEHHO-JIOKAJIN30BaHHBIX IPOLIECCOB.

. OrpaHuveHHbII BpeMEHHON oxBaT U mnepepbiBbl B AaHHbIX: JlanHele GRACE
oxBaThIBatoT nepuos ¢ 2002 roxa, oAHAKO MepephIB MEX Ty 3aBeplLIeHHEM padoThl HEPBOM MUCCUU
(2017) m 3amyckom GRACE-FO (2018) mpuBen k pa3pbBy BpeMeHHOro psnma. [lomoOHbIe
MPOIYCKU MOTYT YCJIOXKHSTh aHAJIU3 TOJTOCPOYHBIX U3MEHEHUH B TPAaBUTAI[IOHHOM I10JI€ 3€MIIH.

CrnyTHHKOBas TpaBUMETpHUs TpeOyeT ydera yKa3aHHBIX OTPAaHMYCHHUH M KOMIUIEKCHOTO
MOAXO0/a, BKJIIOYAIONIETO HMCIOJIB30BAHUE JIOTOJHHUTENBHBIX TeOQU3NYECKUX M T'eOAe3MYeCKUX
JTAHHBIX.

CryTHUKOBas I'paBUMETPHs 00JajaeT psIOM 3HAYMTENBHBIX NPEUMYIIECTB B HaYYHBIX U
NPUKJIAAHBIX  oOmacTsx. OnHa obecneunBaeT TIOOANBHBIM  OXBaT, MO3BOMSAS HM3MEPSATh
TpaBUTAIMOHHOE I0Je 3eMIIH, BKIIIOYasi TPYIHOJOCTYIIHBIE PETHOHBL. TeXHOI0rus NpUMEHIeTCs
JUIS aHAJIM3a IMHAMUYECKHUX MPOLECCOB, TAKMX KaK U3MEHEHMS MACChI JIETHUKOB, YPOBHS OKEaHOB
U TOA3EMHBIX BOJ, YTO HMMeEET 3HAa4eHHe U1 KIMMAaTHUYECKHUX HCCICIOBAaHUN M yNpaBJICHHUS
BOJHBIMHU pecypcamu. Taxke OHa IOMOTaeT MPOTHO3UPOBAThH MPUPOAHBIE KaTaCTPOQBbI, BKIIIOYAS
3eMJICTPSICEHUS, HABOJAHEHUS M 3acyXH. B reo¢msuke M reoje3uu CIyTHUKOBAas TPaBUMETPUS
WCTIONB3YETCS JUIA CO3AaHMUsI TOYHBIX MOJEJIel IpaBUTAIMOHHOTO IOJISl U MOBBIMIEHNS! TOYHOCTH
CIyTHHKOBOI HaBuramuu. Kpome TOro, ee ImpMMEHEHHE NPHHOCUT 3KOHOMHUYECKHE BBITOJBI,

HanpuMmep, B I[O6BI‘I€ MOJIC3HBIX MCKOIMAEMEIX U CEIIbCKOM XO03SHCTBE [18]

4. BAK/IIOYEHUE

B naHHOM uCcieIoBaHMU TPEACTaBICH 0030p COBPEMEHHOTO COCTOSIHUSI M IIPHUMEHEHUsI
TpaBUMETPHUYECKHX CHEMOK Ha Teppuropuu PecryOmmkm KaszaxcraH, a Takke HCIIOIb30BaHHE
IPaBUMETPUYECKUX JAHHBIX JJI ONPEACIICHUS MOJENIN FeOna.

Pa3BuTne rpaBuMeTpuYeckux uccienoBaHui B Kazaxcrane mpezcraBisier co0Oi BaxHOE
HalpaBJieHHe, OOYCIOBICHHOE HEOOXOMUMOCTBIO JETaTbHOIO M3YyYEHHS TeOJMHAMUYECKUX
MPOLECCOB, MOHUTOPUHTA BOAHBIX PECYPCOB U COBEPIIEHCTBOBAHKS METOI0B Ie0JIoropaspeaku. B
CBA3M C OTUM MOXHO BBIJCJIUTH HECKOJIbKO IIEPCHEKTUBHBIX HANPAaBICHUM, KOTOPHIE MOTYT
CIOCOOCTBOBAaTh JajbHEHIIEMY Ppa3BUTHIO JaHHOM 00JacTHM HaykKd M €€ NPaKTHYECKOMY
[IPUMEHEHHUIO: IIPUMEHEHUE CIIyTHUKOBOI I'PaBUMETPUU ISl MOHUTOPUHIA BOJHBIX PECYPCOB,;
NPUMEHEHHEe TPAaBUMETPUYECKMX HCCIEJOBAaHMH B TeoJIoTOpa3Beike M JoObIBaromien
IIPOMBIIIJIEHHOCTH; Pa3BUTHE 'PABUMETPUUECKOIO MOHUTOPUHIA T€OAMHAMHYECKUX IPOLIECCOB;
NPUMEHEHHE AITOPUTMOB MAIIMHHOTO M TIIyOOKOTO OOYYeHUs sl MOBBIIIEHUS TOYHOCTH M
IIPOCTPAHCTBEHHOI'O PA3PEIUCHUS] TPaBUMETPUUYECKUX JAHHBIX; CO3JaHUE U MOJCPHU3ALHUS
rpaBuUMeTprdeckoil cetn Kazaxcrana BakHO JuIs 3ajgad T'€O/€3UM, KapTorpaupoBaHHS H
KOHTPOJISl BEpTUKAIbHBIX JIBUKEHUI 36 MHOU KOPBL.

Takum o0pazoM, pa3BUTHE TpaBUMETPHUYECKHX HccienoBaHuii B Kasaxcrane tpeOyer

KOMINJIEKCHOT'O ITOAX0/4a, BKIIIOYAIOMIETO UCIIOJIB30BAHUE CITYTHUKOBBIX U HA3EMHBIX TGXHOHOFHﬁ,
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COBEPIIEHCTBOBAHUE METOJOJIOTHH HM3MEPEHUN, WHTETPAIMI0 C APYTHMMH T'eo(PH3UIeCKUMHU
METOZaMH W BHEIPEHHUEC COBPEMCHHBIX alTOPUTMOB 00paOOTKHM JTaHHBIX. Peanmu3aius TaHHBIX
HaIpaBJICHUH TO3BOJUT HE TOJBKO YIIyOWUTh (yHIAMEHTAIBHBIC HCCICIOBAHUS CTPYKTYPHI
3emin, HO ¥ 00CCIEUYUTh MPAKTUYECKOC MPUMEHCHHE TPABHMETPUU B CTPATCTUYCCKU BAXKHBIX
OTpacisaX dKOHOMHUKH, TAaKWX KaK BOJHOE XO3SAHCTBO, TOPHOMOOBIBAIONIAS IPOMBIIUICHHOCTh U
cercMoIorus.

JOCTYIIHOCTDB JAHHBIX

JlaHHbIE, HCIIOJIB30BAHHBIC B 3TOM HCCIJICOBAHUH, TIOJIYYECHBI aBTOPAMH U3 IIECTH HCTOYHUKOB: Bropo
HAI[MOHATPHOW CTATHCTUKM ATEHTCTBA IO CTPAaTErMYECKOMY IUIAHMPOBaHUIO M pedopmam PecmyOmuku
Kazaxcran; TOO «I'eoken» u TOO «GEOID» nanHBIE Ha3eMHBIX TPaBUMETPUYECKUX CHEMOK; OTKPHITHIE
npoekTtsl NASA, GFZ u CSR; Otuersl no pyansiM paiionam Kaszaxcrana; LludpoBrsie Monenu penseda u
reounsl; Ilporpammuoe obecmeuenue GravGIS; MexayHapoIHble CIyTHHKOBBIE M OKeaHOTpaduuecKue
ApXUBBI.

BKJIAL ABTOPOB

Konnenrtyammamuss — KBC; ympasnenne nanubiMu — MXII; ¢dopmansreii anammz — MXII,
merononorusi — KbC, 'AM, MXII, ABX; pykosoactBo — KBC; Buszyanuzauuss — I'’AM; HanucaHue
ucxoanoro tekcra — KbC, '’AM, MXIII, ABX, 900; nanucanue u peJakTHpOBaHHE OKOHYATEILHOTO TEKCTa
—KBC, TAM.
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TYHUIH CO3/IEP ABCTPAKT

IpaBUMETpPUs Makanana Kaszakcrannarsl TpaBUMETPHSUIBIK TYCIPUTIMIEpPAIH Ka3ipri skaraaiibl MeH
Kasakcran KOJITAHBUTYBI KapacThIPBUIABI, dCipece Cy aiIbIHAApbl MEH 3KOJIOTHSIIBIK e3repicTepi
TpaBUMETPIICP monutopunrrey yuiH GRACE sxone GRACE-FO MuccusuiapbiHbIH —JIepeKTepiH
;:gﬁ;HaMHKa naljjajganyFa epekile Ha3ap ayJapbulajibl. 3epTTey T'PaBUMETPHUSUIBIK SJICTEpAIH KeH
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OpBIHJIApBI OpHAJIACKAH aMaKTapIblH TePEeH TEKTOHWKAJIBIK KYPBUIBIMBIH 3€pTTEYJeri
skoHe KazakcraH reonabl MOJICHIH KacayJarbl MAHBI3BI POJTIH aTal OTel.

Kasipri 3amMaHFBI FBUTBIM JCHTEHI YKacaHIbl MHTEIUICKT aJlTOPUTMICPiH, COHBIH ilIiHIe
MalIMHAJBIK JKOHE TEPEHACTUINCH OKBITYABl KOJJAHYyFa, COHIAH-aK CITyTHHKTIK
JepeKTepi maiiganana OTBIPHIN 3ePTTEYIep JKYPri3yre KeH MYMKiHIIKTep Oepeni. by
FBUIBIMH 3epTTeyne KaszakcTaHImarbl Cy pecypcTapbl MEH MY3IBIK IKyHelepiHiH
JIMHAMUKAChIH 3epTTey OOWBIHIIA aKMapaTThl Talllay HOTWIKENepl YCBIHBUIFAaH, OHIa
GRACE  MOHHWTOpDHWHTIHIH  HOTIDKEJCPIHIH  KCHICTIKTIK  a)BIPATHIMIBUIBIFBIH
JKAaKCapTaThlH MalIMHAIBIK OKBITY ajJrOPUTMI KOJNJAaHBUIIBL. 3epTTey HOTHXKeNepi
ciyTHUKTIK GRACE nepexrepiH KeH ayKbIM/bl ayMaKTapAa MOHUTOPHHT XKYPri3y YILIiH
naiijananyra OOJIATBIHBIH JKOHE Cy PecypcTapbl MEH MY3/IBIK XKYHeIepiHiH JKaraaiibl MeH
JMHAMHKACHI TypaJibl MOJTIMETTEp allyFa MYMKIHJIIK O€peTiHiH pacTaibl.

Maxkanaga GRACE muccusicoinbig JKep Typaisl FbUTBIMIApFa TpaHC(HOPMAIHUSIIBIK dcepi
aTam eTimedi, Oyl KIMMATTHIK ©3TepiCTepIiH CallapblH a3alTy CTpaTerusIapbiH
JKaKcapTyFa »OHE KOpIIaFaH OpTaHBl THIMAI OackapyFa BIKIan eremi, anm Oy
KaszakcTaHHBIH TYPaKThl JaMYBI VIIiH aca MaHBI3JIbL.
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ABSTRACT

The article examines the current state and application of gravimetric surveys in
Kazakhstan, with a particular focus on the use of satellite gravimetry, specifically data
from the GRACE and GRACE-FO missions, for monitoring water bodies and
environmental changes. The study highlights the significant role of gravimetric methods
in investigating the deep tectonic structure of ore-bearing regions and in developing a
geoid model of Kazakhstan.

The modern level of scientific development provides broad opportunities for applying
artificial intelligence algorithms, including machine learning and deep learning, as well
as conducting research using satellite data. This scientific study presents the results of
an analysis of information on the dynamics of water resources and glacial systems in
Kazakhstan, where a machine learning algorithm was applied to improve the spatial
resolution of GRACE monitoring results. The research findings confirm that the use of
GRACE satellite data allows for large-scale monitoring studies and can be utilized to
obtain data on the state and dynamics of water resources and glacial systems.

The article emphasizes the transformative impact of the GRACE mission on Earth
sciences, contributing to improved strategies for mitigating the effects of climate change
and effective environmental management, which is crucial for the sustainable
development of Kazakhstan.

IIpumeyanne w3gaTessi: 3asBiICHHs, MHEHHMS W JaHHbIE BO BCEX IyONMKALMSIX NPUHAUISKAT TOJIBKO aBTOpPY (aBTOpaM), a He >KypHay
"I'nApOMETEOPONIOr s ¥ SKOJIOTHs" H/HITH PeakTopy (perakropam).
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I'mapomeTeoposiorus U IKOJIOTHA

JABJIETTAJIMEB CAKEH KAJTAMKAJIMEBUY

(x 90-71€THIO CO THA POKIEHMS)

HasmerramneB Caken KamamkanmeBnd — HOKTOp Teorpaduyeckux Hayk, mpodeccop
Kagenpbl METEOPOJIOTHU U THIPOJIOTHH (haKybpTeTa reorpaduu u npupoonoib3oBanus KazHY
uM. anb-Papabum — OAWH M3 BEIYIHMX YYEHBIX, CTOSBIIMX Yy HCTOKOB (DOPMHPOBAHUS
Ka3aXCTaHCKOM IIKOJIBI THPOJIOTHH.

CBOIO KM3Hb OH TOCBSITIJI BaKHEHIINM HANpaBICHUSAM HAYKH: CTATHCTHYECKOMY aHAIH3Y
THJPOJIOTMYECKUX MJaHHBIX, OIEHKE BOJHBIX PECYpCOB, THAPOJIOTHYECKHM IIPOTHO3aM U
obecrieueHnst BOAHOW Oe3omacHOCTH. briaromapst ero HaydHOMY PYKOBOJACTBY OBIIH 3aIlUINEHBI
KaHIUIATCKHE U IOKTOPCKHE AMCCEPTALMH, IIPOBE/ICHBI MaclITa0OHbIE HCCIIEI0BaHUs, OKa3aBIIne
BIIMSTHHE HA Pa3BUTHE OTEYECTBEHHON HayKH.

IMpodeccop C.K. [aBierranues NpuHAMAa aKkTHBHOE y4acTHE B pa3pabOTKe U peallu3alnnuu
KPYIHBIX HaydYHBIX NPOEKTOB, HANPABICHHBIX Ha HM3Yy4EHHE BOAHBIX pecypcoB Kaszaxcrana u
noBbIlIeHNe 3((GEKTUBHOCTH YIpPABICHHS MMH B YCIOBHSAX H3MEHsIOIIErocs kinumara. Ero
Hay4YHOE Haclieaue — 3To Oonee 250 myOnmkanuii: ctatbu, MOHOTpaduu, YICOHIKN U yIeOHBIE
OCOOMsl, MHOTHE U3 KOTOPBIX CTaJIH OCHOBOH /IJIs TOJITOTOBKH Oy IyIIMX CIIEIMAIUCTOB B 00JIaCTH
THIPOJIOTHH. YYacTHe B MEXXIYHapOJHBIX KOH(EPEHINIX, CHMIO3NyMaxX U CEMHHapax MO3BOJIMIIO
MPE/ICTABUTH Ka3aXCTaHCKYIO HAyKY Ha MUPOBOM apeHe, YKpEIUIsisi ero aBTOPUTET.

Hayunsre nccnenoBanns Cakena KamamkanueBuda ChIrpalny KIIOYEBYIO POJIb B M3YUECHHH
PEYHOro CTOKa, YNpaBJICHUU BOAHBIMH CHCTEMaMH M aJanTallid BOJHBIX PECYPCOB K HOBBIM
KIIMMaTH9eCKUM BBI30BaM.

Yeaowcaemwiii Caxen Kanamxanuesuy!

Io30paensem Bac ¢ smoii 3namenamenvuot oamou! Baw scusHeHHbIl RymMb — 5M0 Nymbs
NOOBUMNCHUKA HAYKU, NpUMEp NPeOaHHOCMmU C8oeMy Oeny, 8blcouaiiuezo npogeccuonanusmd,
MYOPOCIU U 4eN08e4ecK020 OOCMOUHCNEA.

Baw exna0 6 mayky, obpazoeanue u ocnumanue MON0ObIX KAOPOG HEGO3ZMOIICHO
nepeoyenums. bnacooaps Bam, npogheccun yuénozo HanoaHena JdcuebiM CMbICIOM, CIYIHCEHUEM
obwecmsy u 6yoywum nokoreHusiM. Bvl 600xHO6IAIU U NpoOodcaeme 600XHOGISMb CEOUM
VROPCHBOM, WUPOMOTU 832151008 U JUUHBIM NPUMEPOM.

HKenaem Bam kpenkoeo 300poswvs, 6aazononyuus, 600xHosenus u boopocmu oyxa. Ilycme
KadiCcOblll HOBbIIL OeHb NPUHOCUM padocmv, a piadom ecez0a 0yOym 6Oaazooapuvie YYeHUKU,
3abomnugvie Koanecu u gepuvie Opysva. Ilycmov enepedu xicoym ewé ceepuleHus, npusHanue u
ménioe 6HuManue mex, Kmo yeHum u ysasxcaem Bac!

C ysaoicenuem u 61a200apHOCMbIO,
KOJLIeKMU8 Kagheopvl Memeoposiozuu u 2uopoiocuu
KazHY um. anv-Dapabu
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