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3EMAV CEAbCKOXO3SIMICTBEHHOI'O HA3HAYUYEHNSL:
TEHAEHLI VIV N ITEPCITEKTUBbBI

AYDBI/ HTAPY AIIIBIABIFBI MAKCATBIHAAFBI 2)KEPAEP:
TEHAEHLIMSIAAP MEH ITEPCIIEKTUUBA/ZIAP

AGRICULTURAL LAND: TRENDS AND PROSPECTS

b. K. AxmeTos"~ ¥, ®.A. IllyaenGaesa ~ 1, A.C. KyabmaranbGeToBa'~ ,

T.T. Karummaposa' = !, M.X. JKauOycurosa' =1

1Ka3axckuii arpoTeXHUYeCcKuit uccienoBarensckuii yausepeutet umenu C. Ceiidymnuna, r. Acrana, Kasaxcran

*ABTOp-KOppecroHAeHT: AxMeToB boaart JKymaraanesird, e-mail: zunami89@mail.ru

Karouessie caoBa:

AHHOTAIIVA

3eMeAbHBIIT (POHJ,
CTPYKTypa yroauii,
3eMe/AbHble OTHOIIIEHISI,
rocyAapCTBeHHOe
peryanposanue,
AHTPOIIOTeHHOE
BO3J€ICTBIE,

HPO3Us I1OYB.

B nayuHoI1 cTaThe paccMOTpeHbI COBpeMeHHbIe TeHAEHIINN U IepCIIeKTUBBI
pasBuUTUS 3eMeab CeAbCKOXO3AVCTBeHHOIO HaszHayeH!UsA. AKTyaAbHOCTb
TeMBI 1CCAeA0BaHMA 00yCAOBAeHa MPMOPUTETHBIMU 3ajadaMM TocyJap-
CTBa IIO PalVIOHaAbHOMY MCIIOAL30BaHMIO 3€MeAb arpapHOIO CeKTopa
DKOHOMUKM U MPeAOTBpallleHNIO aHTPOIIOTeHHOTO BAVAHNS Ha Jerpaja-
IMIO IIOYB B CeAbCKOXO3sVICTBEHHOM mpomssoactse. llear nHayuHOi
CTaTby — M3Y4MUTh COCTOSIHME PeCypPCHOTO IIOTeHIMaAa 3eMeAb CeAbCKO-
XO3s/ICTBEHHOTO Ha3HaueHI1s], BBLIBUTH OCHOBHBIE (PAKTOPBI, BAVIOIIE Ha
€ro pasBUTHE B IlepcIieKTuBe. B xoae usydenus npodaeM 1CII0Ab30BaANCh
CTAaTUCTUYIECKIIE METOABI aHAAV3a KOANIECTBEHHBIX 11 KAUeCTBEHHBIX ITOKA-
3aTeserl peCypcHOrO MOTeHIMala 3€MeAbHBIX YTOAMIA B CEAbCKOM X035~
crse. [IpyMeHeHE! METOABI IPYIIIIMPOBKM M aHAAM3a AQHHBIX 110 CBOAHBIM
oT4eTaM, IIpeACTAaBAEHHBIM CTPYKTYPHBIMM OpraHaMM yIIPaBAEHIs
3eMe/AbHBIMM pecypcaMM CTpaHBl, II0 MaTepuadaM 3aKOHOAATEeAbHBIX U
HOPMAaTUBHBIX aKTOB. MoHOrpadpuueckmii MeTo4 JCIOAB30BaH IIpU
M3YJeHMM TeOPeTHUYeCKMX MCTOUYHUKOB IO IIpo0AeMaM TeMbl. BrlsisaeHo,
YTO 3aKOHbI I HOPMaTUBBI, IIPUHATHIE Ha YPOBHE TOCyAapCTBa, ABASIOTCS
OCHOBHBIMM (paKTOpaMU BAVSHIUA Ha PasBUTHE 3€MeAbHBIX OTHOLIEHNII B
CeAbCKOM XO3SIIICTBEe Ha COBPeMEeHHOM BTalle IlepexoJa OT OOIleCTBeHHOI
COOCTBEHHOCTM Ha 3eMeAbHBIe Pecypchl K TOCyAapCTBEHHON U JacTHOI
coberBerHocTH. OnpegeseHo, YTO (PaKTOPOM, CHUKAIOIIVM WMHTEHCUB-
HOCTb JICIIOAb30BaHMSI 3€MEeABHBLIX PeCcypCOB, sBASETCS aHTPOIIOTeHHas
AesITeAbHOCTb, KOTOpasi HPMHOCUT DKOHOMMYECKUI ¥ DKOAOTMYEeCKUIA
yiepd ceabcKoMy X03s1cTBY. K gerpaaariym oussl Ha 3eMeAbHBIX YTOABSIX
HIpUBOAAT M3MEHEHII KAMMara, KoaAeOaHMS aTMoc(epsl, HaBOJHEHIL,
3acyxa, BeTpoBasi 9po3usl. B pesyapTarte nccaes0BaHMIt BHIIBAEHO, UTO A
PalMOHAaABHOTO UCHOAB30BaHUS IIPUPOAHBIX PECYpPCOB CeAbCKOXOBSIACT-
BEHHOIO IIPOM3BOACTBA, IPEOJOAEHUsT AeTpajaliiyl 3eMeAb HeoOXOAVMO
CHCTEMHOE TOCyJapCTBEHHOE peryAMpoBaHMe 3eMeAbHBIX OTHOIIEeHMIA.
ZJaHbl TpaKTUJIecKre PeKOMeHAaLNM Ha IIePCIeKTUBY.

Aalllla}l pa60Ta pacIrpoCTpaHsAeTCs Ha yCAOBUSX AMIIEH3UU
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TyniHai ce3aep:

TYUIHAEME

Kep KOpbl,

SKePAIH KYPBLABIMBI,
>Kep KaTLIHaCTapI)I,
MeMEKeTTiK peTTey,
aHTPOIIOTEeHAIK acep,
TOHpraK 9p03M}ICLI.

FTriapiMm Makaaaga ayblalliapyalllbLAbIFb KepAepiH 4aMBITY AbIH Ka3ipri
TeHAeHIVLAapbIMeH ITepCIeKTIBaAaphl KapacThIpbLAFaH. 3epTTey TaKbl-
PHIOLIHBIH ©3€KTiAiri MeMAeKeTTiH SKOHOMMKAHBIH arpapAbIK CeKTOPBIHAA
>KepAi YTBIMABI ITalidaaHy >KoHe ayblAIIapyalllbLABIFb OHAipiciHAe TOIIbI-
PaKThIH JerpajallisAChiHa aHTPOIIOTEHAIK acep eTyAiH alAbIH aly OOBIH-
1ma OipiHI Ke3eKTeri MiHAeTTepiMeH TyciHAipiaeai. FeLapIMM MaKadaHbIH
MakcaThl — aybLAIIapyalllblABIFBl KepAepiHiH peCcypcTHIK dAeyeTiHiH
>KaFJalibIH 3epTTey, OHBIH 0o/alllakTa JaMybIHa ocep eTeTiH Herisri ¢ak-
TopAapAbl aHbIKTay. [Ipobaemasaparl 3epTTey OapbIChIHAA aybLALIApya-
IIBLABIFBIHAAFRL KePAIH PeCcypCThIK o4eyeTiHiH CaHABIK >KoHe callablk,
KOPCeTKIIITepiH TaaJay VIIiH CTaTUCTUKAABIK dJicTep KOAJaHBLAABL.
3aHHaMaABIK >KoHe HOPMAaTHUBTIK-KYKBIKTBIK aKTidepaiH MaTepuaadapsl
HeTi3iHAe eaiMi3aeri Kepre OpHAaAaCTBIPYABIH KYPBLABIMABI KOPTaHAAphI
YCBIHFaH JKMBIHTHIK ecelITepAiH HeridiHae AepeKTepai ToITay KoHe Taalay
oaictepi KoadaHBLAABL TakbIphII Moceaedepi OOVBIHINA TEOPMABIK
AepeKKesaepai sepTreyde MOHOTpadUAABIK 94ic KoaAAaHBLAARL JKep
pecypcrapbiHa KOFaMABIK MEHIIIIKTeH MeMAEKeTTiK JKoHe >KeKe MeHIIIKKe
OTy4iH Kasipri kezeHiHAe ayblAlllapyalllblAbIFbIHAA JKeP KaTbIHAaCTapPhIHbIH
JAaMyBbIHa dcep eTeTiH Herisri paKTop MeMAeKeTTiK AeHrelie KaOblaJdaHFaH
3aHZapMeH HOPMAaTMBTIK-KYKBIKTBIK aKTidep eKkeHi aHbIKTaaabl. Kep
pecypcrapbiH MalidalaHyAblH KapKbIHABLABIFBIH TOMeHJeTeTiH (aKTop
ayblAIIapyalllbLAbIFbIHA ~9KOHOMUKAABIK >KoHe 9KOAOTMSIABIK,  3UAH
KeATipeTiH aHTpPOIIOTeHAIK opeKeTeKeHi aHbIKTaaAbl. KypabiKTars!
TONBIPAKTHIH AeTpajalllsICBIHA KAUMATTHIH e3repyi, arMmocdepaablk
aybITKyAap, CyTacKbIHBI, KYPFaKIIBLABIK >KoHe >KeA BDPO3MUACH BIKIIaad
eTeai. 3epTTey HOTIDKeCiHAe aybLAIIApPYallbLABIFBl ©HAIpiciHAe TaOuEn
pecypcrapAbl YTHIMABL IaiijadaHy >KoHe >KepaiH TO3YbIH eHcepy YIIiH
JKep KaThIHACTapbhlH JKyleai MeMJeKeTTiK peTTey KaXKeT eKeHi
aHbIKTaAAbl. Boaarmakka mpakTHKaAbIK, YCIHEICTap Oepiaeai.

Keywords:

ABSTRACT

land fund, structure of
lands, land relations, state
regulation, anthropogenic
impact, soil erosion.

The scientific article examines modern trends and prospects for the de-
velopment of agricultural lands. The relevance of the research topic is
due to the priority tasks of the state for the rational use of lands in the
agricultural sector of the economy and the prevention of anthropogenic
impact on soil degradation in agricultural production. The purpose of the
scientific article is to study the state of the resource potential of agricul-
tural lands, to identify the main factors influencing its development in
the future. In the course of studying the problems, statistical methods of
analysis of quantitative and qualitative indicators of the resource poten-
tial of agricultural lands were used. The methods of grouping and ana-
lyzing data from summary reports submitted by the structural bodies of
land management of the country, based on materials of legislative and
regulatory acts were applied. The monographic method was used in
studying theoretical sources on the problems of the topic. It has been re-
vealed that laws and regulations adopted at the state level are the main
factor influencing the development of land relations in agriculture, at the
current stage of transition from public ownership of land resources to
state and private ownership. It has been determined that the factor re-
ducing the intensity of land resource use is anthropogenic activity, which
causes economic and environmental damage to agriculture. Soil degra-
dation on lands is facilitated by climate change, atmospheric fluctuations,
floods, drought, wind erosion. The research revealed that for the rational
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use of natural resources of agricultural production, overcoming land
degradation, systemic state regulation of land relations is necessary.
Practical recommendations for the future are given.

BBEAEHNE

Llean1o nccaes0BaHMsA SBASIETCS M3y9eHI e COBPEMEHHOTO COCTOSTHIA 3eMeABHBIX PeCypPCOB
CeAbCKOXO3SVICTBEHHOTO HadHaveHws1. A JOCTVKeHUA LeAy HeOOXOAVMMO pellleHNe CAeAyIo-
IIMX BOIIPOCOB: aHAAU3 peCcypCHOTO IIOTeHI[ala Ha COBpeMeHHOM 9Tarlle, BbIsIBAeHNe OCHOBHBIX
TeHAEHIUI I oIlpejeaeHnie (paKTOpPOB, KOTOpBe POPMUPYIOT OCHOBHBIE M3MEHEeHIS B CTPYKType
M PpasBUTUM 3eMeABbHBIX OTHOINeHuil B cTpaHe. OCHOBHOe BHMMaHIE VJeAeHO 3eMAIM
CeAbCKOXO3AVICTBEHHOTO — Ha3HaUeHNUsA, JCIOAb3yeMBIM  TOBApOIIPOU3BOAUTEASIMU  AAS
IIPOU3BOACTBA TOBAPOB U IIPOAYKTOB.

Boibop TemBl MccAeAOBaHMSA IO U3YYeHUMIO MpoOAeM (OPMUPOBAHUA U Pa3BUTIL
3eMeAbHBIX OTHOIIIEHNII B CeAbCKOXO3IMICTBEHHOM IIPOM3BOACTBE ABASETCs aKTyaAbHBIM B CBSI3ML
C TeM, YTO B CTpaTeIMdecKMX IlAaHaX arpONPOMBIIILIEHHOIO KOMILAeKCa IPMOPUTETHBIM
BBICTyIIaeT pellleHle BOIIPOCOB BOB/A€UYEeHNs 3eMeAb CeAbCKOXO3AMCTBEHHOTO Ha3HauyeHUs B
priHOUHBIN 000poT (IToctanoBaenme, 2021). Pemtenne 3agay arpapHOIl ITIOAUTHUKI TOCYyJapCcTBa
TpeOyeT HaydyHO OOOCHOBAaHHBIX M METOAMYECKMX OOOCHOBaHMII M OOCY>XXAEHUIL, dYTO
ITOATBep>KAaeT aKTyaAbHOCTD TEMBI MICCA€40BaHIs B HAyYHOM CTaThe.

OcHoBHEIe HaIlpaBAeHM:sI arpapHO¥ MOAUTUKY TOCyAapcTBa oTpedoBaan 5QpPeKTUBHOTO
pellleHNs CcOlMaAbHO-DKOHOMMYECKUX ITpo0JeM oOIlecTBa, B KOTOPBIX 3e€MeAbHble Pecypchl
BBICTYITIAIOT B POAM IIPOM3BOACTBEHHOTO ITOTeHInala. OcoOeHHO BakHa POAb 3eMAU B C€ABCKOM
xozarictee. Ha 3eMAfAX CeAbCKOXO3ANCTBEHHOTO Ha3HAYeHMs IIPOM3BOAUTCA ITPOAYKIIV
Ppa3ANIHBIX OTpacAell - pacTeHNeBOACTBa, JKUBOTHOBOACTBA, IIepepaOOTKI, TOTOBLIX TOBAPOB KaK
AAsl IOTpeDAeHNs OOIIeCTBOM B Bl INUTaTEABHBIX BEIIeCTB, TaK M A4S IPOMBIIIAEHHOCTH B
BUA€E CBIPBS. YPOBEHb CEAbCKOXO3SJICTBEHHOTO IIPOM3BOACTBA OIlpeAeAseTcs (popMUpOBaHNEM
3eMeAbHBIX OTHOIIIEHNT], IIOCTPOEHHBIX Ha YCTaHOBAEHHBIX HOpMaXx U 3aKOHaX B3aMOAEVICTBI
MeXXAy IpaskdaHaMM U IOPUANYECKMMI ANIIaMyl, TOCyapCTBeHHBIMYU opraHaMin. Coaep KaHne 1
BHYTpeHHUEe ABVDKYIVe CHAB (POPMHUPOBaHM: 3eMeAbHBIX OTHOIIEHNII HaIlpaBA€HBI Ha
paliioHaAbHOe MU IleAeBOoe UCII0Ab30BaHIE 3eMeAbHBIX YYacTKOB B 3aBUCUMMOCTM OT MX
pacrioA0>XeHNs Ha TepPUTOPUN peroHa.

Teoperryeckrie OCHOBB (POPMUPOBAaHUS 3€MEABHBIX OTHOIIEHMII B YCAOBMAX PBIHKA
rayboKo pa3paOOTaHBl yY4eHBIMM JaAbHUX U OAVDKHUX 3apyOeXHBIX CTpaH, a TakKXke
OTeYeCTBEHHBIMM DKCIIepTaMM B 9TOM Hay4yHOlil oOaactu. B To >ke Bpems m3ydeHne
TEOPETUYECKMX U METOAOAOTMYECKUX OCHOB HAy4YHBIX TeOpUil U KOHIEILMI yYeHBIX-
®KOHOMIICTOB I10 BOIIPOCAM paljMOHAABHOTO UCIIOAB30BaHUS 3eMeAb CeAbCKOXO3ACTBEHHOTO
Ha3HavYeH!sI I0Ka3alo, YTO C MOsABAeHNEeM COOCTBEHHOCTM Ha CeAbCKOXO3SVICTBEHHBIE 3€MAU B
YCAOBMAX Ilepexoda K PBIHOYHBIM OTHOIIEHMAM XO3AVCTBOBAHMA IIOSABMANCH IIPOOJEMBI,
TpebyIoIie JaAbHEeNIIero N3ydeHusl.

MATEPUNAABI U METOABI NICCAEAOBAHIAA

B nayuHOll cTaTthe IpMMeHAAMCH CTaTUCTHMYECKUe MeTOALl MCCAeJOBaHMs, MeTOABI
TPYNIMPOBKN IIOKa3aTeAeil, MeTOJ aHaAmM3a JaHHBIX. llpM HammcaHmMm Hay4dHOU CTaThbu
MCIIOAB30BaAMCh MaTepyaAbl CBOAHBIX aHaAUTIMIeCKUX oT4eToB Kommrera mo yrpaBaeHMIO
3eMeAbHBIMM pecypcaMu MuHucrepcTBa ceabckoro xosaiictsa Pecrybamxu  Kasaxcraw,
HOpMaTUBHble JOKYMEHTBHl 3eMeABHBIX 3aKOHOB, uH(popMmaumus OloaleTeHell, Hay4dHbIe
myOAMKaIM ¥ MOHOTpapuiL.

PE3YABTATHI U X OBCYXXAEHUE
Haamane obmmpHbIX 3eMeabHBIX TeppuTopmii B KasaxcraHe, Ha KOTOpBIX ITpeob.1aaioT
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Ce/bCKOXO3AMCTBEHHBIE YTOAbs, MCIOAb3yeMble AAs IPOU3BOACTBA IPOAYKIIMM ¥ TOBapOB,
obecrieunBaloOmnX KI3HeAesTeAbHOCTh CTpaHbl, TpeOyeT pacCMOTpeHMsI BOIIPOCOB pallliOHaAb-
HOIO MX MCIIOAb30BaHU:. B 9TON CBsA3M M3ydeHIMe BOIIPOCOB IOBBIIIEHNs DKOHOMMUYECKON
5} PexTUBHOCTU B OpraHM3aIUN 3eMeAbHBIX OTHOIIIEHNII Ha cele SIBASeTCS aKTyaAbHBIM.
OrpoMHbIe TeppUTOpMaABbHbIE MACIITA0B! 3€MeABHBIX PeCypCoB Hy>KAAIOTCS B 3aIIUTe U
IpaMOTHOM MX HCIOAb3oBaHUM. Heab3si gomyckaTh OIMMOOK B OCBOEHMM 3eMeAb U 3aTeM
IIepexojuTh Ha ApyrMe TeppUTOPUM, HEOOXOAUMO IPOBOAUTH BD(PQPEKTUBHYIO IOAUTUKY
OCBOEHMsI CeAbCKOXO3SAMCTBEHHBIX YIOAMI C y4eTOM 3allpOCOB MeCTHOIO HaceAeHMs, IIOBBIIIaTh
KyABTYPY 3eMAeAeANsl PeTMOHOB, IIpeojoleBaTh IIpO0AeMBI Ce30HHOI Oe3paboTHITEI Ha ceze,
pas3BMBaTh COIIMAALHYIO MH(PaACTPYKTypy, TYPU3M M MHOIOe APYyToOe, IIPOBOAMUTH BOCTpedO-
BaHHYIO OOIIleCTBOM COBpeMeHHYIO arpapHyIO OAUTUKY rocydapcrsa (Maaanbusza, 2020).
Oruer Komwurera mo ympasaeHuio 3seMmeabHbIMM pecypcamu (KY3P) Munucrepcrsa
ceabckoro xosarictsa Peciy0amkn KasaxcraH cBUAETEABCTBYET O TOM, YTO OOIINIT 3eMeABHBIN
¢ong 272,5 MaH ra, B TOM 4ucae MCIOAB3YeMBI TOCyJapcTBoM, cocTasaseT 262 930,8 toic. ra. K
KaTeropuu C IieAeBbIM Ha3HadeHNeM — 3eMAU CeAbCKOXO3AMCTBeHHOTO Ha3HaYeHMs - OTHOCUTCS
raomaab 116,5 MaH ra, kortopast 3aHumaet 44,3 % B 00111l CTPYKTYpe VCII0Ab3yeMOTIO 3eMeAbHOTO
¢onga cTpaHbl 3eMAM CeAbCKOXO3AICTBEHHOTO HasHa4deHIVsI HaXOAATCS II0J TOCyAapCTBEeHHBIM
IIPaBOBBIM PEXMMOM, KOTOPBI IpeJycMaTpUBaeT OIPaHMYEHM: IO M3BATUIO U OXpaHe,
HOPMAaTUBHO 3aKpeIlAeHbl yCAOBMS 110 COXPaHEHMIO ¥ IMOBBIIIEHNIO I1A040POAHBIX CBOVICTB IIOYBBI
(3emeannniit kogekc, 2003). ITokazaTean ceAbCKOXO35IICTBEHHBIX YTOAMI ITpeAcTaBAeHsl B TabA. 1.
ITo agaHHBIM TaOAMIIEI 1, B cOCTaB MacTOMII MA0IIaAbI0 82816,6 TEHIC. Ta BXOAAT yAyJIlIeHHBIe —
3954.0 ThIC. Ta, 1 0OBOAHeHHbIe —48463,0 ToIc. Ta. Ha BTOpoM MecTe 1o pasmepy I1a011aAelt HaXOAUTCS
maresa — 26526,1 TeIC. Ta, DTU 3eMAM ABASIOTCA HamOoJee MPOAYKTUBHBIMU W IIPEACTaBASIOT
PecypcHBII TTOTEHIMAaA arpapHOIo ceKTopa SKOHOMUKM. CeHOKOChI 3aHMMaIOT 2363,5 ThIC. Ta, B MX
COCTaB BXOAST yAyullleHHbIe — 15,4 ThIC. Ta 1 I110111aAM AMMaHHOTO OpoIlleHns — 327,5 ThIC. Ta. 3a4eKb
cocraBaset 1865,0 TriC. ra, MHOTOAETHIE HaCasKA€HISI HaXOATCS Ha I1a01aau 61,8 Teic. ra.

TaOGanma 1. ITaomaan ceAbCKOXO3ACTBEHHBIX YTOAMIA
Ha 1 Hoa0ps 2023 roga no Kasaxcrany

W3 Hux Ha 3emMasx
y [Taomaan, y
Hamnmvenosanue yroauii CeAbCKOXO3SICTBEHHOTO Ha3HAYeHIsT, %
BCEro, ThIC. Ta
TBHIC. TA

CeabCKOXO351/ICTBEHHBIE YTOAbSI 213 647,5 113 629,0 53,2
3 HUX:

ITamus, Bcero 27 089,3 26 526,1 97,9
B TOM 4lICJAe: OpollaeMast 1815,7 1 660,5 91,5
MHoroaeTHIe HaCa>KA€HUS 148,0 61,8 41,8
3aaexp 3492,5 1865,0 53,4
CeHOKOCBI, BCEro 4 886,3 2 363,5 48,4
B TOM 4MICAE:

yAy4llleHHbIe 41,0 15,4 37,6

AVIMaHHOTO OPOIIIeHMsI 706,0 327,5 46,4
ITacTOunia, Bcero 178 031,4 82 812,6 46,5
B TOM YMCAE:

yAydIlleHHbIe 5679,5 3954,0 69,6

00BOgHEHHbBIEe 103 748,4 48 463,0 46,7
HeceabcKOX0351ICTBeHHbIE YTOAbs 49 283,3 2 818,8 5,7

Wroro 262 930,8 116 447,8 44,3

IMpumeuariue — cocmasaero asmopamu Ha octose (KY3P, 2023)
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Bosee moa0BMHBI 3eMeaAb, IPUTOAHBIX AAs CEABCKOXO3SAMCTBEHHOIO ITPOU3BOACTBA,
pacrioaoxensl B CesepHoMm Kaszaxcrane (puc. 1). DTO BeayIlue PpermoHbl 3epHOBOIO
IIPOM3BOACTBa arpOIIPOMEIIIAEHHOIO KOMILAeKca CTpaHbl, B KOTOPHIX cOCpeAOoTodeHHbl 65,2%
naomayu namran. C 2000 mo 2023 roas! nmaomaAb MaIHY 10 CTpaHe yBeAndnAach Ha 5,7 MAH Ta
3a CYeT OCBOEHISI OCTaBAEHHBIX B 3a4€XM 3eMeAb, MMEIOIIMX KauyeCTBeHHBI COCTaB ITOYBBI, C
BBICOKIM YPOBHEM I11040POAYSL.

°
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Pucynok 1. Y e AbHBIN Bec 3eMeAb CeAbCKOXO35I/ICTBeHHOTO Ha3HAYeHILs
B 3eMeAbHBIX POHJax obaacTeir, %
Ipumeuariue — cocmasaeno asmopamu wa ocrose (KY3P, 2023)

TenaeHIIIN 1 IepCIIEKTUBEI 3eMeAb CeAbCKOXO3AICTBeHHOTO Ha3HadeHsT (pOPpMUPYIOTCS
104 BO3JENICTBIEM MHOXeCTBa (HaKTOPOB: IIPABOBBIX, DSKOHOMMYECKMX, BDKOAOTMIECKMUX,
colMaAbHO-AeMorpadpuieckux ¥ Ip. PaccMOTpMM M3 HUX ABa HalpaBA€HUs: IIPaBOBEIE,
00yCZ0BA€HHBIE TOCYAAapCTBEHHBIM pETyAMpPOBaHMEM 3€MEeABHBIX OTHOIIEHMII B CEABbCKOM
X03AJiCTBe, U (PaKTOPHl, OTpa’kaloIlye SKOA0TMYeCKOe COCTOsHME 3eMeab, (POpMUpYIOIeecs
AQHTPOIIOTEHHBIM BO3AETICTBIEM.

3eMAN CeAbCKOXO3SMCTBeHHOTO Ha3HayeHMs SBASIOTCSI COCTaBHOM 4YacThIO 3€MeAbHOTO
¢oHza rocysapcrsa, peryanposane 3eMeAbHBIX OTHOIIIEHNIT OTHOCUTCS K aAMUHUCTPaTUBHOMY
Ipolieccy, IIOTOMY 4TO pacupejeleHNeM 3eMAM 3aHMMAaeTCs TOCyAapCTBO. 3aKOHBI M HOPME,
yCTaHOBJAEHHbIE Ha TOCYJapCTBEHHOM ypOBHe, peryAMpylioT TIpaBa U AeVCTBUA
3eM/Jeroab3oBareaeil. B HacTosImmee BpeMs ompegeasiollee 3HadyeHMe B pPeryAMpPOBaHNI
3eMeAbHBIX OTHOIIIEHNIT B CEAbCKOM XO3SI/ICTBE MIMEET IIPaBOBOIT (PaKTOP.

B obmiecrse BO3HMKaeT MHOXKECTBO CIIOPOB U CY>XXAEHUII O TOM, B UbUX MHTepecax
Hanboaee dPPeKTUBHO A0A>KHBI PETyANPOBATLCS 3eMeAbHbIe OTHOIIIEHNIS B CeALCKOM XO3SIIICTBe
(Abankaanposa, 2013). OnpeseseHo, 4TO IjeaeBble MHTEPECH IO 3eMAAM (POPMUPYIOTCA, BO-
IIepBhIX, y TOCY4apCTBa, B paMKaXx paliiOHaAbHOTO UCIIOAb30BaHUsI CTPaTeIMIecKIX pecypcoB; BO-
BTOPBHIX, Y TeX AI0Jell, KOTOphle IIPOXKMUBAIOT B CeAbCKOI MeCTHOCTH; B-TPeThbIX, Y MHBECTOPOB,
>KeAaroIIX BRITOAHO BAOXKUTH COOCTBEHHBIN KanuTtaa (Aanarkas, 2013).

CrpeMuTeAbHBIE TIPOLIECCH  IICMXOJOTMYECKOTO IIpeoOpa3oBaHMA deAoBedecTBa 3a
IocAe AHVie TOABI IPMUBEAY K IOHMMAaHMIO MM TOTO, YTO MICIIOAB30BaHII€e B C€AbCKOXO035/ICTBEHHOM
IIPON3BOACTBEe IIPUPOAHOTO MaTepuada, KOTOPBIMU SABAAIOTCS 3eMAU CeAbCKOXO3SIICTBEHHOTO
Ha3HaueHUs, BeJeT K paspylIeHMIO OKpy>KaloIlell cpeAbl, HapyIIeHUI0 9HKOAOTMYeCKOTO
KoMopTa, K JeTpajalyy TyMyca ITOYBBI, CHVDKEHHIO YPOBHA >KM3HECIIOCOOHOCTM HaceaeHus. B
OOIIIeCTBEHHBIX KPyTaX eBpOIIeICKIX CTPaH MOMYAsIPHBI aHTPOIIOLIEHTPUYHEIE UAEN O TOM, 9TO
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HY>KHO CUMTaTbCsi C MHEHMeM KaXkAOTO 4YeAoBeKa, ITO®TOMY HeOoOXO4UMO II0AAep KUBaTh
3HaveHMe ¥ PYHKIUU peryAUpPOBaHI 3eMeAbHBIX OTHOIIIEHUII B CEAbCKOM XO3AVICTBE C YIETOM
VHTEepPecoB MEeCTHBIX >KUTeJel, IPOKMBAIOIIMX Ha CeAbCKON Teppuropuu. Takoil 1mogxog K
PeryAnpoBaHNIO 3eMeAbHBIX OTHOIIEeHNI OyAeT MAeaAbHBIM IIPY TOM YCAOBMM, YTO CEAbCKOEe
Hace/leHte 001a/aeT BBICOKOI TPa’kAaHCKOM KyABTYPOIl U 3aMHTepeCcOBaHO B 01arornoAydnn He
TOABKO CBOEM, HO U BCell CTpaHbl, YTO CAOXHO IIOAYYUTh B PeaabHOCTM Ha JaHHOM 3Tare. B
OTHOIIIEHN I THBECTOPOB SICHO OAHO, YTO UX MHTepecaM! ABVIKYT BOIIPOCH IIPUOBIAY, YTO BeA€eT
K COKpaIlleHMIO 3aTpaT Ha CeAbCKOXO3AICTBEHHOe ITPOU3BOACTBO, UTO, BO3MOKHO, TOXe OyzeT
MeTb He>KelaTeAbHble TtocaeAcTsus (Uupkos, lapma, 2021).

B cBsA3M ¢ TM Hanbo1ee ONTUMAaABHBIM pellleHNeM BOIIpOca sABASETCA rOCyapCTBEHHOe
peryAupoBaHye 3eMeAbHBIX OTHOIIEHUI B CeAbCKOM XO3AMCTBE, IAe YUMUTHIBAIOTCS MHTEpPech
CTpaHBI, a He KOHKPeTHOTO CyObeKTa 3eMeabHOro puiHKa (Kosssng, 2022). Crieniudukoit semean
Ce/bCKOXO3AJICTBEHHOTO HasHadeHMs1 B KasaxcraHe sBAsieTcsl BBeJeHMe Ha YypOBHe 3aKOHa
BpeMeHHOlI OTMeHBl IIpoJa’kKM B YacTHyIO COOCTBEHHOCTL. JIcmoap3oBaHme —3eMeab
Ce/bCKOXO35ICTBEHHOTO Ha3HaueH!s ITPOBOAUTCSI Ha OCHOBE apeHAHBIX OTHOIIeHMI (AKMMOB,
2021). ITpaBo Ha 3emMaert0Ab30BaHNe MTPeJOCTaBAsSeTCsI TOCYyAapCTBOM B pe3yabTaTe KOHKYPCHBIX
ayKIIMOHOB ¥ TOPIOB, IIPOBOAMMBIX aKMMaTaMIU PETMOHOB.

CunraeM, 94TO Ipu BHIOOpPE MMOAXOAOB ITO OCYIIIECTBAEHUIO PeryAMpOBaHUSA 3eMeAbHBIX
OTHOLIEHMII Ha ceAe CTOUT HpUAepP>KUBaAThCA cpeaHero. l'ocysapcTBeHHOe peryamupoBaHue
AOZAXKHO OCYIIeCTBAATHCS Ha OCHOBE COOAI0AEHMS ITPaBOBLIX MHTEPecoB CyObeKTOB PhIHKA 3eMeAb
Ce/bCKOXO35ICTBEHHOTO HadHaueHMsI C MaKCMMAaAbHOM BBITOAOM MCIIOAB30BAaHUA TePPUTOPUN
(Anmckn, 2023). B TakoM caydae OTBETCTBEHHOCTh 3a BLIOOp IPaBUTeABLCTBA, KOTOpoe OyJeT
3aHMMAaTBCS 3eMeAbHBIMM ITpoDJeMaMM C y4eTOM MHTepecoB CTpPaHbl, AOKMUTCA Ha CaMUX
rpaxJdad (Aaakos, 2024). B To xe BpeMs CTOUT IlepeCMOTpPeTb ITOAUTUKY OTHOCUTEABHO
MHOCTPaHHBIX MHBECTUMLIMII I TIO3BOAUTH MHBECTOpaM BKAaAbIBaThCs B pasBUTHE 3eMeab
Ce/bCKOXO3AMCTBEHHOTO Ha3HaueHUsl C ydeToM orpaHmueHmii. «KpaitHe BakHas 3adada —
IpUBAedeHle MHBeCTULIUI B aIpOIPOMBIIILIEHHBIN KOMIIAEKC, 3eMAsl — DTO KAIOUeBOI DAeMeHT
MHBECTUILIVIOHHON IIpMBAE€KaTeABHOCTN OTpacAm», - MoAdepkHyA B csoeM Ilocaanmm Hapoay
Kazaxcrana I'aasa rocyaapcrsa (Ilocaanne Ilpesungenta PK, 2024).

ITpuopureTHOI 3ajadell arpapHOI MOAUTUKM TOCyJapcTBa sABAseTCsA IIpejoTBpallleHne
OTpHUILIaTeAbHBIX BO3AEVICTBIUII aHTPOIIOTEHHOM AesATeAbHOCTI Ha CeAbCKOe XO3MCTBO - BTOPOIo
JaxTopa, paccMaTpuBaeMOro B Hay9HOI CTaThe, KOTOPBI OTpaskaeT DKOAOTMIECKOe COCTOSHIE
3eMeab CeAbCKOXO03sIIICTBEHHOIO Ha3HaYeHIsI.

AHTpoOIIOTeHHBIe IPOIeCcCh POMBIIILIEHHOTO IPOM3BOACTBA MPUBOAAT K HapyILIEHNIO
IIPOU3BOACTBEHHO (PYHKIINY 3€MAU B CEABCKOM XO3SIIICTBE B IIPOLIECCe BBHIITOAHIEMBIX AeTICTBU
MEeXaHIYeCKOTO cogep>kaHsl. TeppuTopmsl HaIlell CTpaHBl MMeeT MHOroobpasye ITOA€3HBIX
MCKOIIaeMBIX, MICITOAB3YEeMBIX 4e10BeKOM. A5 MX MPpUMeHeHN: B KM3HI OOIIecTBa IPOBOAATCS
TexHMYecKNe pa3paboTky, 400b14a B pOpMe KaphepoB I IIIaxT, B pe3yAbTaTe OCTAIOTCs 0OAbIIINe
TepPUTOPUN HapPYILIEHHBIX 3eMeAb, ITOKPBITHIE XMMMYECKMMMU I TeXHUYECKMMMU OTXOAaMU
IIPOMBIIIA€HHOTO IIPOM3BOACTBA, KOTOPhIe CHUKAIOT MX IIPUTOAHOCTh B C€ABCKOM XO3siicTBe. B
pesyabTaTe ITIONajaHUs B IIOYBY TEXHMYECKMX I XMMMYECKUX OTXOAOB ITPOMBIIIAEHHOIO
IPOMU3BOACTBA 3eMeAbHbIe peCypChl TEPSIOT KauyecTBO I11040PO4HOTO ITIOUBEHHOTO IToKposa. [Tpu
BO3JeAbIBaHMM Ha DTOV TePPUTOPUM CeAbCKOXO3AMCTBEHHBIX KyABTYP UX ypOKallHOCTh He
AOCTUTaeT BLICOKOTO YPOBH:, a KayeCTBO IMPOMU3BOAUMOI MPOAYKIINI CTAHOBUTCSA HUBKUM. DT
3eMeAbHBle TePPUTOPUU  TePsIIOT  DKOHOMMUYECKMIT  ®(PQPeKT  CeabCKOXO35ICTBEHHOTO
IPOMU3BOACTBA KaK AAs OTpacAM pacTeHUEeBOACTBa, TaK U 4451 KMBOTHOBOACTBA.

AHaan3 BO3JENCTBUs aHTPOIIOTEHHBIX IPOIECCOB MPOMBIIIAEHHOIO IPOM3BOACTBA
nokxaspiBaet, uTo B 2006 roay 1aomiaab HapyIIeHHbIX 3eMeAb cocTasuaa 99,4 Teic. Ta, B 2013 rogy
MX HaCUUTHIBaAOChH 247, 2 ThIC. ra, T.e. B 2,5 pasa Goable. B 4mca0 OCHOBHBIX KaTeropwuii,
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COCTABASIIOIINX  IIAOMIaA¥l  HApyIIEHHBIX  3eMeAb, BXOAAT  TepPPUTOPMM,  3aHATHIE
IIPOMBIIIIEHHOCTBIO, TPaHCIIOPTOM, CBSI3BIO, I1A0IIaAl, KOTOPBIE MCIIOAB3YIOTCS AAS HYXK4,
KOCMMYECKO JdeATeabHOCTU U 000poHSBI (Crektop, 2016). B xonre 2022 roga B pecrmyOauke
Ha0AI04aeTcsl He3HauuTeAbHOe CHIDKeHMe IIAOIaAy HapylleHHBIX 3eMeab Ha 0,4% mo
oTHomeHNIO K 2013 roay, npeAcrasaeHHOe B AMHaMUKe (Taba. 2).

TaGamza 2. /uHamMyKa M3MeHeHN M110111aAu HapyIIIeHHbIX 3eMeab

Hanmenosanne nokasareaein ToApt USMEHEHILA, Yo
2013 2022 B 2022 x 2013
HapyienHsle seMan, ThIC. Ta 245,2 246,3 -04
Uncao OpeaAIpuUsITIL U OpraHU3allii,
I/IMeIOI_[U/lIDX flagymeHHme feM/lI/I ! 3253 2888 -1l
IIpumeuarue — cocmasaero agmopamu Ha ocriose (KY3P, 2022)

JlaHHple TaOAMIBI 2 TIOKa3bIBAIOT, YTO B pe3yaAbTaTe ITPOBOAMMBIX TOCYAapCTBEHHBIX
IporpaMM IHpeoJOAeHNUs Jerpajallui 3eMeAbHBIX PecypcoB KOAMYECTBO MPeANnpUATUl U
OopraHM3aluif, KOTOpble MMeAM HapylleHHble 3emMau K 2022 rody, IO OTHOIIEHMIO K WX
gncaeHHocTr B 2013 rogy cumsmaocs Ha 11 %. HecmoTp: Ha 9T0, cuTyamys C IPOMBIIIA€HHBIMI
O0TXOJaMI, B TOM 4ICJA€e C TeXHOTEHHBIMU MIUHepaabHbIMU oOpasoBaHusMu (ITMO), ocraercs
HeyJoBAeTBopuTeAbHOM. K Hacrosmemy BpemeHM B cTpaHe ydyreHo 775 oOwbekroB TMO, B
KOTOPBIX HAaKOIL€HO MopsAKa 34 MAPA TOHH, TP STOM HabAI0AaeTCsl TEeHAEHIIN A UX e5KeTOAHOTO
pocra (KY3P, 2022).

B caoxmBmiericss cutyauum peKyAbTUBALMsS Pa3pyLIEHHBIX 3eMeAb SBASETCS OAHOM U3
rocyJapcTseHHbIX 3a4a4. Ha 3akoHoaaTeabHOM ypoBHEe MUHMCTEpCTBOM CeABCKOTO XO3SICTBA B
2017 roay paspaboTaHbl IIpOlleAyphl OpTaHU3AINM IIPOEKTOB PeKyAbTUBALIMM, KOTOpHIe
SIBASIIOTCSL TOCyAapCTBeHHOM ycayroil. lleab ImpoekToB ocyliecTBAsieTcs clleliMaAucTaMIi U3
pasHBEIX 00JacTeil, IOATOTaBAMBAaeTCA AOKyMEHTaINs, COCTaBAAIOTCA pabodme DTarbl
BBITTOAHEHI:1, ITAaHUpyeTcsa OI0AKeT 3aTpar.

Opraamsanus mpoekTa peKyAbTUBAllMM HapyIIeHHBIX 3eMelb, HaxXOAAIIMUXCA B COCTaBe
3eMeAbHOIO yJacTKa, IIpe4oCcTaBAeHHOIO UCIIOAHUTEABHBIM OpTaHOM 001aCTH, OCYILeCTBASeTCs
YIIOAHOMOYEHHBIM OpTaHOM IIO 3eMeABHBIM OTHOIIeHMsM oOaactu. B ropoge Acrane
OopraHmMsanys IpOeKTa PeKyAbTUBALIMM OCYIIeCTBASETCS YIIOAHOMOYEHHBIM OpraHOM IIO
3eMeAbHBIM OTHOIIEHUAM TIOpoJa II0 MeCTy pacllOAOXKeHHUs HapyIlleHHBIX 3eMeab.
PexyabTuBalinsl HapyIlleHHBIX 3eMe/lb, BOCCTAHOBAEHIe JeTpajlpOBaHHBIX 3eMeAbHBIX YTOAUIA
IIPOBOAATCS C MCIIOAB30BAaHMEM IIOYBBI, CHATONM IIpM IPOBeAeHUM TOPHOAOOBIBAIOIINX,
re010TOpa3BeA04YHbIX, CTPOMTEABHBIX PabOT IIyTeM ee HaHeCeHNUsS Ha MaAOIpPOAYKTUBHBIE
Y4YaCTKU UAM y9acTKy 6e3 rmouseHHoro rmokposa (IIpoexr pexyabtusanym 3emean, 2023).

YBeauumBaercsi 4045 aHTPOIIOTEHHOIO 3arps3HEHNUs I1A0A0POAHON IOYBBl B pe3yAbTaTe
IoTepu KOHTPOAs 3a BHeCeHMeM YA00peHMIT ¥ TepOMINMAOB MpHU  IIPOU3BOACTBE
Ce/bCKOXO3ACTBEHHBIX KyABTYp. /A ONTMMAAbHOTO BHECeHMs yAOOpeHUII U TrepOMIINAOB
HeOOXOAMMBI arpoxmMmmdeckne oOCAeA0BaHMA IIOCEBHBIX IIAOIajeli, pe3yAbTaThl aHaAM3a
KOTOPEIX OTPa’keHHI B KapTaX I1A040pPOAM: IIOYBHI, I'Je IOKa3aHBl YIacTKU 11045, TpeOylolie
AOTIOZAHUTEABHBIX JeMCTBYIOIIMX BemlecTs. HeaoctaTkm ¢QuHaHCHpOBaHUS CeABCKOXO3I-
CTBEHHBIX IIPOU3BOANITEAET], DKOHOMIIS 3aTpaT Ha IIPOU3BOACTBO, BhI3BaHHAS MH(PAAIIMOHHBIMU
npoleccaM B 9KOHOMMKe CTpaHbl, HNPMBOAAT K TOMY, YTO B OCHOBHOM arpoxumMmdeckue
MccAeA0BaHNs M110A0POAHOTO CAO0s M0AsA He TIPOM3BOAATCS. BHeceHe AeICTBYIOIINX BelllecTs
CIIAOMLIHBIM CIIOCO0O0M, 0e3 ydeTa MOTpeOHOCTM 11015, IPUBOANT K HAKOILAEHUIO M3OBITOYHOTO
KoAMJecTBa yA0OpeHNMIT Ha OAHMX M HeAOCTaTKY MX KOAMYeCTBa Ha APYTUX y9acTKaX MOAs.
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Hapymenne TexHoAormu BeAeHUs CeAbCKOXO3AMCTBEHHOTO ITPOM3BOACTBA  TakKe
OPUBOAUT K COKpAIlleHMIO 3aIlacoB OpraHMYecKMX BellleCTB B IO4Be. Jarpsi3HeHHasl I10YBa
paspyIlaeT OKpy>KalOLIyIO CpeJy, HeTaTMBHO BAMsAeT Ha Bce (PopMBI >XKu3HN. Yepes IO4YBy
3arpsA3HUTEAN IIONAaAalOT B I'PYHTOBBIE BOABI, HAKaIlAMBAIOTCA B PaCTEHMAX NP UX IIOAMBE,
repesaloTcs CeAbCKOXO3SVICTBEHHBIM >KMBOTHBIM, KOTOpBle IIMTAIOTCS Ha 3arps3HeHHBIX
IacTOMInax, 1 4yepes3 ceAbCKOXO3SVICTBEHHBIE IIPOAYKTHI IIOMIaAalOT B NIy 4Ye/l0BeKa, BhI3bIBas
xpoHnueckue 3aboaesanus (KY3P, 2022).

Aerpajanus 3eMeAb CeAbCKOXO3SMICTBEHHOTO Ha3HAYeHNS YBeANIBAETCS 1104, BAMSHIEM
KAMMATMYECKUX W3MeHeHMII Tmpupodrl. Hamia mnaaHera co3gaHa ¥ pa3BMBAeTCsl II0J
BO3/eJICTBMeM TralaKTMYecKMX M3MeHeHMII KOCMMYeCKOTO IMPOCTPaHCTBa, IO4UMHeHa 3aKOHOM
usuky 1 MareMaTUKM, HeIlpeACKadyeMble SIBA€HUs MPUPOABl XaOTMYHBI Y HepaBHOMEPHEL
[TaaHeTa MCIBITBIBAET TEXHOTEHHbIE M3MEHEHNsI, KOTOPBIe BAVIIOT Ha KAMMAaTU4eCcKUil OasaHC
OKpy:Kamomieil cpeanl. KoaeGanms TemIlepaTyphl, BeTpOBble 9PO3MI, BOJHBIE DPO3NUM IIPU
HaBOAHEHMAX M TIOATOIAEHMAX, 3acyxa, paspyLIeHMUs] MOKPBITHUS 3eMAM, - BCe BTU
KAMMaTUJIecKie TeHAEHIIMM B COBOKYIHOCTM C aHTPOIIOTEHHOI AesTeAbHOCTBIO delOBeKa B
IIPOMBIIIIA€HHOCTU U B CeAbCKOM XO3AMCTBe OKa3blBalOT OTPOMHOE BAMSIHME Ha MHTEHCUBHOCTD
JICTIOAB30BaHNSI 3eMeAb CeAbCKOXO3SIVICTBEHHOIO HasHaueHms. Kammartmdgeckue n3MeHEHI:
6mocdeprsl pas3pyIIaloT KadeCcTBEHHBINI COCTaB IyMyca, CYIIJeCTBEHHO CHIVDKAIOT I11040pojue
IIOYBBIl Ha 3E€MASX CeAbCKOIO XO3SVCTBA, SBASIOIIUXCSA CPeACTBOM IIPOM3BOACTBA TOBApOB,
IIPOAYKTOB, CHIPBSI I MHOTOTO APYTOIO AAsI CYIIeCTBOBAHI U Pa3BUTIA OOIIeCTBa.

DKOHOMMYECKUIT, DKOAOTMYECKMII, COLMaABHBI yiepd obmecrsa B pesyabrare
BO3AEVICTBMS KAMMaTNIECKMX M3MEHEHNII B IPUpPOAe XapaKTepusyeTcs KoandecTBoM 90 MAH ra
YPOAMPOBAHHBIX ¥ ONACHBIX 3eMeAab, TAe DPOAVPOBaHHBIC 3€MAU COCTaBASAIOT 29,3 MAH ra 1o
Hallleil cTpaHe. Y AeAbHBIN BeC SpOAUpPOBaHHBIX I1101ajell OT o0Iell IAoaAl ceabX03yToANIA
10 001acTsIM IIpeACTaBAeH Ha puc. 2.
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Pucynox 2. DpoaupoBaHHOCTh CeAbCKOXO35ICTBEHHBIX YTOAMIA
[pumeuanue — cocmagaero asmopamu Ha ocHose (KY3P, 2023)

Amnaans prcyHKa 2 mokasbiBaeT, uTo odaactu CepepHoro Kazaxcrana MMeroT HaMMeHBIITNIT
yAeABHBII BeC SPOAMPOBAHHBIX I1AOMIaAell ceAbCKOXO3AMCTBeHHBIX YroAuit — 40 5 % B obmem
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¢Ponze, 20 30 % ceabCKOXO3AVICTBEHHBIX YTOAMII B AamMaTuHCKOI, ATbipayckoit, TypkecTaHCKOI!
n XKeTpicyckoit 00aacTsIX.

B Hacrosmmee Bpems cyIrecTsyeT mpob1eMa yTUAN3AL NI IeCTUINAOB, Y KOTOPBIX UCTEK
CPOK HCIIOAB30BaHUSI U KOTOpBIe XPaHATCS B BETXMX HEIIPUCIOCOOAEHHBIX CKAadaX. JecsTs
IPOLIEHTOB U3 HMUX — BTO CTONKME OpraHmdyecKue 3arpssHuTean. B cTpaHe mposegeHa
nHBeHTapm3anusa 20  IIPOLIEHTOB  HEIPUTOAHBIX  IeCTUIIMAOB;  HEYTUAMU3MPOBAHHbIE
SAAOXMMHUKATHI ¥ Tapa IpeACTaBAsIOT OacHOCTDb A5 340poBbs atoaeit (KY3P, 2022).

3AKAOYEHUE

M3y4yeHne coBpeMeHHBIX TeHAEHLNII 3eMeAb CeAbCKOXO3AICTBEHHOTO Ha3HadYeHMs Ha
OCHOBe aHaAl3a KOAMYeCTBeHHBIX M3MEHEHUI pecypcos B paspese obaacTell, MccaesoBaHNe
IIPOIIeCCOB FOCYAaPCTBEHHOTO PeTryAMpOBaHIsl, OKa3bIBAIOIIMX BAMSHIE Ha Pa3BUTHE 3eMeAbHbIX
OTHOIIIEHUII B CEeABCKOM XO3SVCTBE, aHaAU3 TEeHAEHIIMII KavyeCTBEHHOTO IIOTeHIIMasla
II10J0POJHOM TIOYBEHI B pe3yabTaTe aHTPOIIOTEHHOTO BO3AENCTBUA IIO3BOASIOT CAeAaTb
cAeAyIOIe 3aKAI0YeHNs 1 BBIBOABI 10 MX Pa3BUTHUIO Ha IIePCIIeKTUBY:

1. TocysapcTBeHHas peructpamnus U ydeT COCTOSIHMS U MCIIOAB30BaHMS 3eMeab
Ce/bCKOXO035ICTBeHHOTO HadHaueH!s ITpoBoAATcs noapasdeaenmsamu MCX u KY 3P KazaxcraHa.
ITo pesyapTaram aHaAMTUYECKOTO aHaamsa 3a 2023 rog BBIABAEHO, YTO KaTeropus 3eMeaAb C
IIeAeBBIM Ha3HadYeHMeM — 3eMAM CeAbCKOXO3SIMCTBEHHOIO Ha3HAdYeHIsI — 3aHMMAaIOT IIA0IaAb
116,5 maH ra, 9TO cocraBaseT 44,3 % B 0oOIIell CTPYKType MCIIOAb3YeMOIo 3eMeABHOTO (poHAa
CTpaHBl, KOTOpble SBASIOTCS aKTUBHBIM PeCypCHBIM IIOTE€HIIMaAOM arpapHOro ceKTopa
skoHOMMKHM. Hanboapmyio naomaab B HUX 3aHUMAIOT HactOuia — 82812,6 Teic. ra 1 MaIiHs —
26526.1 ToIC. Ta, TpedyIonine ux 9QPeKTUBHOTO UCII0AB30BaHNIA B IIepCIIeKTBE.

2. Ha mepcriekTuBHOE pas3BUTHE 3€MEABHBIX OTHOIIEHUII B CEABCKOM XO3SVICTBE
HeIloCpeACTBEeHHOe  BAMSHME  OKa3blBaeT  IOCyJapCTBeHHOe  peryAMpoBaHMe  uepe3
3aKOHOJaTeAbHbIe aKThl I ITOCTAaHOBAEHUS ITpaBUTeAbCTBA. /451 pallllOHaAbHOTO MCIIOAb30BaHNA
3eMeab CeAbCKOXO3ICTBEHHOTO Ha3HaueHMs HeoOXOAuMa IpaMOTHasl arpapHasl ITOAUTHKA
rOCyJapCTBeHHOTO peryanposanusa. Kpome Toro, pexkomMeHAyeTCs IlepecMOTPeTh HOAUTUKY
OTHOCUTEABHO MHOCTPAHHBIX MHBECTUIINI U TIO3BOAUTH BKAAABIBAThCSA MHBECTOPAM B Pa3BUTIE
3eMeab CeAbCKOXO3AICTBeHHOTO Ha3HaueH!s C yYeTOM OIpaHMYeHNI Ha IpaBo COOCTBEHHOCTU
Ha 3eMAIO.

3. Adas cokpalleHMsl IIPOLIeCCOB AeTpajalluyl B pe3yAbTaTe 3arpsAsHeHNsA I11040pOAHON
IIOYBBI B CEABCKOM XO3SIIICTBE aHTPOIIOTEHHOV AesTeABHOCTBIO Yel0BeKa HeoOXO4UMO
IpoBeJeHNne KaJacTPOBBIX MCCAEAOBAaHMII B CICTeMe TOCYAapCTBEHHOTO ydeTa 3eMeAbHBIX
pecypcoB 1o cOGopy U perucrpaumu AOCTOBEpHON HHQPOpManuU O KOAMYECTBEHHOM U
KauyecTBeHHOM COCTOSIHUI 3eMeAbHBIX PecypcoB.

4. Tlpm mnpoBeseHUM HIPOCTPAHCTBEHHBIX MCCAEJOBAaHUI B CEABCKOXO3SICTBEHHOM
IIPOM3BOACTBE HEOOXOAMMO VICIIOAB30BaHIe Ha3eMHBIX U CITyTHUKOBBIX METO40B MOHMTOPIHTa
U 30HAMPOBaHNS 3€MeAbHBIX PecypcoB.

5. Heobxoaumo paspaboTaTh cucTeMHbIe peKOMeH AN 10 PerOHaM € Y4eTOM MeCTHBIX
YCAOBUII TIO TEM MEePOIPUITUAM, KOTOPble CTaOMAN3NUPYIOT 3arps3HeHIe 3eMeAbHBIX pecypcoB
M CHIKAIOT YPOBEHb aHTPOIIOI€HHOTO BO3AENCTBMSA Ha yXyAIleHMe COCTOSIHMS ITOYBBI A4
COBEpPIIeHCTBOBaHN I KaueCTBEHHOTO ITOTeHI[MaAa 3eMeAb CeAbCKOX035/ICTBEHHOTO Ha3HaueHM s —
OCHOBHOTO CpeACTBa IIPOMU3BOACTBA B CEABCKOM XO3SIICTBE.

KOH®AMKT MHTEPECOB: MsI, aBTOpH Hay4HOI CTaThH, 3asBAseM OO OTCYyTCTBUM
KOH(AMKTa MHTEPECOB.

DOVHAHCUPOBAHME: Brimo/HeHne 1ccael0BaHUsI OCYILIECTBASIAOCh M3 COOCTBEHHBIX
cpeAcTB (pUHAHCUPOBAHUS.

BAATOAAPHOCTHM:  ABTOpHl  BHIpa’kalOT  0JarodapHocThb  KoAJeraM  3a
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MeTO40A0TMYECKYIO ITI0AAEP>KKY U ITOAE3HbIE O6Cy>K,Z|,eHI/I5[, a TaK>Ke aHOHMMHBIM pelneH3eHTaM
3a JeHHbI€ 3aMe4YaHIIs, CII0COOCTBOBABIIIVIE YyAy4qHI€eHINIO KayecTBa Haquoﬁ CTaTbIl.

YBEAOMAEHUE OB MCIIOAb30BAHUI TEXHOAOTUM MCKYCCTBEHHOI'O
MHTEAAEKTA: AprOpbl Hay4HOI CTaTbM He JCIOAb30BaAl MHCTPYMEHTBI MCKYCCTBEHHOTO
nHreaaexkta (VM) B xose IOATOTOBKM HaydHOI CTaTby (IIOMOIIbL B HaIlMCaHUM TeKCTa,
peAaKkTMpOBaHNY, IpoBepKa (PaKTOB, aHaAN3 AAHHEIX).

CIINCOK AUTEPATYPbI

AbBankaanpoBa, A. (2013). I'ocyaapcrsenHoe peryanposaHue u noaaepkKka
arpoIpOMBIIIAeHHOTO KoMmILlekca PecriyGamkm Kazaxcran. AkryaabHble ITPOO/Ae€MBI
skoHOMUKM, No 3(141), 199-205. // Abdikadirova, A. (2013). Gosudarstvennoe reguliro-
vanie i podderzhka agropromyshlennogo kompleksa Respubliki Kazakhstan [State regu-
lation and support of the agro-industrial complex of the Republic of Kazakhstan]. Ak-
tual’'nye problemy ekonomiki, No. 3(141), 199-205. (In Russ.)

Axumos, B. B. (2021). TexHoaorust KagacTposoii gesTeabHOCTI: yuyeOHOe rtocooue. Hyp-Cyaran:
TOO «Macrep Ilo», 178 c. // Akimov, V. V. (2021). Tekhnologiya kadastrovoi deyatel nosti:
uchebnoe posobie [Technology of cadastral activity: textbook]. Nur-Sultan: TOO “Master
Po”, 178 p. (In Russ.)

Azaxos, B. B. (2024). I'eorpa¢pyueckoe IpOCTpaHCTBEHHOE pacIIypeHye ITOCeBHBIX I1A0Iajen
CeAbCKOXO3SVICTBEHHBIX KYABTYpP. 3€MAeYCTPOICTBO, KajacTp M MOHUTOPUHT 3eMeAasn, T.
XIX, Ne 1, 5-17. // Alakoz, V. V. (2024). Geograficheskoe prostranstvennoe rasshirenie po-
sevnykh ploshchadei sel’skokhozyaistvennykh kul'tur [Geographical spatial expansion of
cultivated agricultural areas]. Zemleustroistvo, kadastr i monitoring zemel’, Vol. XIX, No.
1, 5-17. (In Russ.)

Aamnankas, E. T. (2013). TepputopnaabHOe NAaHUpOBaHMe: OCHOBHBIE IToAX0Abl. BectHuk YealV,
Ne 3(294), 17-24. /| Alpatskaya, E.G. (2013). Territorial' noe planirovanie: osnovnye pod-
khody [Territorial planning: basic approaches]. Vestnik ChelGU, No. 3(294), 17-24. (In
Russ.)

B AxmoamnHckort obaactu coraacosaay 10 mpoexkTos II0 pekyabTuBanumu 3emeas. // V. Akmo-
linskoi oblasti soglasovali 10 proektov po rekul’tivatsii zemel’ [Ten land reclamation pro-
jects approved in Akmola region]. Available at: https://www kt.kz/rus/economy/vakmo-
linskojoblastisoglasovalilOproektovporekuljtivaciizemelj1153661446.html (accessed: ...).
(In Russ.)

3emeanHbI1 Kogekc Pecriybanku Kaszaxcran. (2003). Ne 442-11. // Zemel'nyi kodeks Respubliki
Kazakhstan [Land Code of the Republic of Kazakhstan]. (2003). No. 442-II. Available at:
http://online.zakon.kz/Document/?docid=1040583. (In Russ.)

Kosssun, B. @. (2022). KagacTpsl IpUpPOAHBIX pecypcoB: ydeOHOe 1mocodue AAsl By30B. 2-e U34,,
crep. Cankr-IletepOypr: Aauns, 104 c. // Kovyazin, V. F. (2022). Kadastry prirodnykh resur-
sov: uchebnoe posobie dlya vuzov [Cadastres of natural resources: textbook for universi-
ties]. 2nd ed. St. Petersburg: Lan’, 104 p. (In Russ.)

Aunckn, C. A. (2023). YmpasaeHme oOBeKTaMU 3e€MeAbHO-MMYIIECTBEHHOIO KOMILAEKCa I
OpUPOAHBIMU pecypcamMu Teppuropuit: yaedHoe nocodbue Aas CIIO. 2-e nsa. CapaTos:
[Tpopobpasosanne, 262 c. // Lipski, S. A. (2023). Upravlenie ob”’ektami zemel'no-imush-
chestvennogo kompleksa i prirodnymi resursami territorii [Management of land and prop-
erty complexes and natural resources of territories]. 2nd ed. Saratov: Profobrazovanie, 262
p- (In Russ.)

MaaanbuHa, A. A. (2020). AHaAM3 TeKyIIeNn CUTyaIluy U IIepCIeKTUBEl Pa3BUTIS PhIHKA 3eMeab
CeABbCKOXO3AVICTBeHHOTO HasHaueHust B Pecnybamke Kasaxcran. BectHmk Aararickoit


https://www.kt.kz/rus/economy/v_akmolinskoj_oblasti_soglasovali_10_proektov_po_rekuljtivacii_zemelj_1153661446.html
https://www.kt.kz/rus/economy/v_akmolinskoj_oblasti_soglasovali_10_proektov_po_rekuljtivacii_zemelj_1153661446.html
http://online.zakon.kz/Document/?doc_id=1040583

1-TOM, 1-H6Mip, HaypbI3, 2026. -,‘ EKTU JOURNAL OF
Tom 1, Ne 1, mapt 2026. -15- {3 | | omeemme

SCIENCES
Vol. 1, Issue 1, March 2026.

aKageMMy 5KOHOMMUKIU U r1pasa, Ne 12(u. 2), 71-79. // Malan’ina, A. A. (2020). Analiz tekush-
chei situatsii i perspektivy razvitiya rynka zemel’ sel’skokhozyaistvennogo naznacheniya
v Respublike Kazakhstan [Analysis of the current state and development prospects of the
agricultural land market in the Republic of Kazakhstan]. Vestnik Altaiskoi akademii
ekonomiki i prava, No. 12(Part 2), 71-79. (In Russ.)

ITocaanme I'aaBor rocysapersa Kaceim-’)Komapra Tokaesa Hapoay Kasaxcrana «CripaBeanBbiii
KasaxcraH: 3aKOHOITOPs40K, SKOHOMMYECKII pOCT, OOIIIeCTBEHHBIN OonTUMU3M». (2024). //
Poslanie Glavy gosudarstva Kasym-Zhomarta Tokaeva narodu Kazakhstana “Spraved-
livyi Kazakhstan: zakonoporyadok, ekonomicheskii rost, obshchestvennyi optimizm”
[Address of the Head of State Kassym-Jomart Tokayev to the people of Kazakhstan “Just
Kazakhstan: rule of law, economic growth, and social optimism”]. (2024). Available at:
https://www.akorda.kz/ru/poslanie-glavy-gosudarstva-kasym-zhomarta-tokaeva-
narodu-kazahstana-181130. (In Russ.)

ITocranosaenne Ilpasureancrsa Pecrybanku Kazaxcran. (2021). O6 yrepskaennu Konmenym
PasBUTHU arpOIIPOMBIIITIAeHHOTO KoMIlaekca Pecrtydankn Kasaxcran Ha 2021-2030 roasr,
Ne 960. // Postanovlenie Pravitel’stva Respubliki Kazakhstan [Resolution of the Govern-
ment of the Republic of Kazakhstan]. (2021). On approval of the Concept for development
of the agro-industrial complex of the Republic of Kazakhstan for 2021-2030, No. 960. Avail-
able at: https://adilet.zan.kz/rus/docs/P2100000960. (In Russ.)

Criexrop, M. 4. (2016). Onenka 1CIoAb30BaHMsI 3€MEAbHBIX pecypcoB: MOHOrpadus. AcraHa:
®oanant, 300 c. // Spektor, M. D. (2016). Otsenka ispol’zovaniya zemel'nykh resursov:
monografiya [Assessment of land resources use]. Astana: Foliant, 300 p. (In Russ.)

Csoguplit aHaanTdecknii otger. (2022). «O cocTosHNN 1 MCIOAB30BaHNM 3eMeab Pecrybankm
Kazaxcran 3a 2022 roa». Acrana: MCX PK; KY3P, 315 c. // Svodnyi analiticheskii otchet
[Consolidated analytical report]. (2022). “On the state and use of lands of the Republic of
Kazakhstan for 2022”. Astana: Ministry of Agriculture of the RK; KUZR, 315 p. (In Russ.)

Csoguplit anaantmdecknii orgeT. (2023). «O cocTossHNN 1 MCIOAB30BaHNM 3eMeab Pecrybankm
Kasaxcran 3a 2023 roa». Acrana: MCX PK; KY3P, 336 c. // Svodnyi analiticheskii otchet
[Consolidated analytical report]. (2023). “On the state and use of lands of the Republic of
Kazakhstan for 2023”. Astana: Ministry of Agriculture of the RK; KUZR, 336 p. (In Russ.)

Unpkos, K. WM. Tapmam, /. II. (2021). AxryaabHble HOpoOJeMBI TepPPUTOPMAABHOTO
naanuposanns B Poccun. Tenaeniym passutis Haykm u obpasosanms, No 6, 110-112.
https://doi.org/10.18411/1j-06-2021-110 // Chirkov, K. L., Garmash, L. P. (2021). Aktual'nye
problemy territorial' nogo planirovaniya v Rossii [Current problems of territorial planning
in Russia]. Tendentsii razvitiya nauki i obrazovaniya, No. 6, 110-112. (In Russ.)

ABTOpAaap Typaabl MaaiMeTTep
VMadopmainiss 06 aBTopax
Information about authors

AxmetoB boaar JKymaraamyaer — ara okprtymsl, PhD gokropsr,
C. Ceitdyaann aroiHgarsl Kasax arporexHmkaaslK 3epTTey YHUBEp-
cuteti, ActaHa K., Kazakcran

AxmeToB boaat JKymaraamesut — ctapInii mpernogasareas, J0KTOP
PhD, Kasaxckmit arporexunaeckuit yausepcuteT umennu C. Ceridya-
auHa, 1. Acrana, Kazaxcraun

Akhmetov Bolat Zhumagalievich — Senior Lecturer, PhD, S. Seifullin
Kazakh Agro Technical University, Astana, Kazakhstan

e-mail: Zunami89@mail.ru,

ORCID: https://orcid.org/0009-0002-4646-0558



https://www.akorda.kz/ru/poslanie-glavy-gosudarstva-kasym-zhomarta-tokaeva-narodu-kazahstana-181130
https://www.akorda.kz/ru/poslanie-glavy-gosudarstva-kasym-zhomarta-tokaeva-narodu-kazahstana-181130
https://adilet.zan.kz/rus/docs/P2100000960
https://doi.org/10.18411/lj-06-2021-110
mailto:Zunami89@mail.ru
https://orcid.org/0009-0002-4646-0558

&

EKTU JOURNAL OF
ENGINEERING
SCIENCES

1-Tom, 1-nemip, Hayps13, 2026.
-16 - Tom 1, Ne 1, mapt 2026.
Vol. 1, Issue 1, March 2026.

IIlyaen6aesa @as AXMeTKBI3BI — Kadpeapa Ipodeccopsl, DKOHOMIKa
FBLABIMJAPBIHBIH AOKTOPHI, Ipodeccop, Kaszak arporexHmkaablx sepr-
Tey yHuUBepcuTeTi, Acrana K., Kazakcran

Illyaenbcaesa ®as AxmeToBHa — mpodeccop Kadeapnl, JOKTOp
SKOHOMIYECKMX HaykK, Ipodeccop, Kasaxckmii arporexHmdecKmii
yausepcutet uMenu C. Cendyaansa, 1. Acrana, Kazaxcran
Shulenbayeva Faya Ahmetovna - Full Professor, Doctor of
Economical Science, Full Professor in Economics, S. Seifullin Kazakh
Agro Technical University, Astana, Kazakhstan

e-mail: fschulen@mail.ru,

ORCID: https://orcid.org/0000-0002-3078-0568

KyabpmaranGeroBa Avicyay CyaTaHKbI3bl — ara OKBITyIIbl, PhD
aoxtopsl, C. Centdpyaann ateiHgarsl Kasak arpoTexHMKaABIK, 3epTTey
yHuBepcureTi, AcraHa K., Kasakcran

KyabmaranGeToBa Arvicyay CyaraHoBHa - CTapILINii
npenogasareab, Aokrop PhD, Kasaxckmii — arporexHmdecKmii
YHUBEPCUTET UMEHI C. Centpyaanna, r. Acrana, Kazaxcran
Kulmaganbetova Aisulu Sultanovna — Senior Lecturer, PhD, S.Sei-
fullin Kazakh Agro Technical University, Astana, Kazakhstan

e-mail: aisulu.5@mail.ru,

ORCID: https://orcid.org/0000-0003-0815-8905

XKarmmaposa ToakbiH TyaereHoBHa — Oarasay FHLABIMAAQPBIHBIH
Marucrpi, ara oxpITymsl, Kasak arpoTexHMKabIK 3epTTey YHUBEP-
cuteti, Kazaxcran, Acrana k., Kazakcran

Karmummaposa Toakbin TyaereHOBHa — MAarucTp HayK OLIEHKIH,
CTapIIuii mpernogasaTeab, Kasaxckmii arpoTeXHM4eCcKnii yHUBEpCUTET
nmenn C. Centdyaanna, 1. Acrana, Kazaxcran

Zhagiparova Tolkyn Tulegenovna — Master of Science in Assessment,
Senior Lecturer, S.Seifullin Kazakh Agro Technical University, Astana,
Kazakhstan

e-mail: Tolkin69@mail.ru,

ORCID: https://orcid.org/0009-0004-2099-0811

JKaubycmraoBa Map3ust XaM3eKbI3BI — ara OKBITYIIB, MAarucrp,
Kaszak arporexHmkaablk 3epTrey yHusepcuteti, AcraHa K., Kasakcran
KanOycnrosa Mapsust XaM3eHOBHA — CTapIIMIii IperojaBareas,
maructp, Kasaxckmit arporexmmyeckmit yHmsepcurer umeHu C.
Centdyaansa, 1. Acrana, Kazaxcran

Zhanbusinova Marzia Khamzenovna - Senior lecturer, Master's
degree, S. Seifullin Kazakh Agro Technical University, Astana, Ka-
zakhstan

e-mail: marziya.zhanbusinova@mail.ru,

ORCID: https://orcid.org/0000-0002-5622-9053



mailto:fschulen@mail.ru
https://orcid.org/0000-0002-3078-0568
https://orcid.org/0000-0003-0815-8905
mailto:Tolkin_69@mail.ru
https://orcid.org/0009-0004-2099-0811
mailto:marziya.zhanbusinova@mail.ru

1-tom, 1-Hemip, Hayph13, 2026.

Tom 1, Ne 1, mapt 2026.

Vol. 1, Issue 1, March 2026.

\’ EKTU JOURNAL OF
1‘ 4 » ENGINEERING

- 1 7 - SCIENCES

https://doi.org/10.51885/3134-8009 JES 2026 1 2

XFTAP 73.31.75

KAACTEPAEY AATOPUTMAEPIH ITAV1IAA1AHA OTHIPHIII,
TACBIMAAAAY MAPHIPYTTAPBIH KAABIIITACTBIPY

OOPMUNPOBAHME PA3BO30OYHLBIX MAPIIIPYTOB
C UCITOABb3OBAHMEM AATI'OPUTMOB KAACTEPU3ALIVIN

CREATING DELIVERY ROUTES USING CLUSTERING ALGORITHMS

B.H. Baosunu

1, A. X. MamnrekeHOBa

1, A.P. Ayiicer = *, Suresh Alapati = 2

1«A. Cepixbaes ateiHgars! LbFpic Kazakcran Texankaaslk yHusepcnreTi» KeAK, Ockemen k., Kazakcran

ZKyungsung University, Busan, Korea

uTel aBTop: AyiiceH AstyasiM PuHaToBHa, e-mail: i il.
*)Kaya aBTO ceH A PunarosHna, e-mail: arduisen@mail.ru

TyniHai ce3aep:

TYUIHAEME

KAacrepJey, TacbiMaajay
MapmpyTTapsl, k-means
aaroputmi, DBSCAN
aATOPUTMi, KOAiK KbI3MeTi
alMarsl, «TapMaKTap MeH
IIeKapaaap 9Aici».

Kaacrepaey->xeTkisy =~ HyKTeAepiH  0JapAblH

HerizgeareH Oeariai Oip Oeariaep OOJIBIHIIA TONTACTHIPY apPKBLABI

CcuIlaTTaMaJapblHa

JKeTKi3y HyKTelepiH TomTapra (KaacTepaepre) aAAbIH alda OipikTipy
npoueci. Hatmkecinge MapmpyT HyKTedepaiH OapAbIK >KMBIHTBLIFBI
OOIiBIHIIIA eMeC, 9p KaacTepgiH imiiHge Oeaek >XocrapaaHaAbl, Oya
TallCBIpMaHbIH KYPAeAidiriH aiiTapAblKTail TeMeHAeTeai. 3epTreyain
MaKcCaThl >KeTKi3y OObeKTidepiH KAacTepAeyAiH OHTallABI 94iCiH aHBIKTay
JKoHe OHBIH KeMeriMeH KaJaHbIH cayJa >KeJiciHe KbI3MeT KepceTy
Ke3iHJe TackIMaAjay MapLIPYTTapbIH 93ipaey O0ABIIT TaObL1aABL.

bya makazaga DBSCAN xene k-means aaroputmaepiHiH >KYMBICHI
kapacteipelaaabl. CaapicTeipMadnl Taagay DBSCAN >korapbl HyKTeAiK
TBIFBI3ABIKTA TYPAKTHl HOTVDKEe OepMeNTiHiH KkepceTTi, aa k-means aaici
aliKpIH KaacTepaepai kepcetedi. Kaacrepaepai oHTaiAbl CaHbl «IIIbIH-
TaK» JKoHe «CUAYDT» djicTepiMeH aHbIKTadaasl. Python 6araapaamaaay
TidiHAe aAropUTMAepAi eHrisy >KoHe KelliHHeH «TapMakTap  MeH
IexapaJap 9d4ici» K044aHy aBTOMOOHMAbJAEPAIH MapLIpyTTapAarsl
KYTIipiCiH  KBICKApTyFa JKoHe JaliblH ©HiM4l KeTKi3yre Keaik
IIBIFRIHAQPBIH a3aliTyFa MYMKiHAIK Oepedi.

Karouessie caoBa:

AHHOTALIVIST

KAacTepusars,
Pa3BO30YHBIE MaPLIPYTHI,
aaroputM k-means,
aaroput™m DBSCAN, 30Ha
TPaHCIIOPTHOTO
00CAY>KMBaHMS, «METO/,
BeTBEN U TPaHNII».

Kaacrepusanust mpeacraBasieT coOOi IIpoliecC IpeABapUTeAbHOIO
oObeJUHEeHMsT TO4YeK JAOCTaBKM B TPYIIBI  (KAacTephl), IIyTéM
TPYIIIIMPOBKY TOYEK ITO OITpeAeAEHHBIM ITPU3HaKaM, OCHOBBIBAsCh Ha MIX
XapaKTepUCTHKaX. B pesyabTate, MapIIpyT ILAaHUPYeTCs He IO BCeil
COBOKYITHOCT) TOYeK, a OTAeABHO BHYTPHM KaXXKJOIO KJacTepa, 4To
CyIIIeCTBEHHO CHIDKaeT CAOXHOCTH 3ajaun. lleano mccaeaosanHms
ABASETCA  OIpeJeleHMe ONITUMaAbHOIO MeToda KJAacTepu3aLiyin
OOBLEKTOB JOCTaBKU I pa3pabdoTKa C €ro IIOMOIIBIO Pa3BO30YHBIX
MapIIpyTOB IIpU 0OCAY>KMBaHUM TOPTOBOI CETV TOPOAa.

B aanHOU craThe paccMoTrpeHa pabora aaropmurtmoB DBSCAN n k-
means. CpaBHNTeABHEBIN aHaaAN3 Mokasaa, yto DBSCAN ne
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obecIieunBaeT yCTOMYMBOTO pe3yAbTaTa IIPU BEICOKO III0THOCTY TOYEK,
TorJa Kak MeToa k-means ¢popmMupyet yeTkue KaacTepsl. OnTumaabrHoe
KOAMYECTBO KAACTePOB ONPeAeA€HO METOJaMU «AOKTS» U «CUAYDTa».
Peaamsanusa aAroputMoB Ha sA3bIke IHporpammuposanmus Python u
rTocaeaylolriee JCIIOAb30BaHME «MeTOJa BeTBell U TPaHMIl» ITO3BOASAT
COKpaTUTh MpoOer aBTOMOOMAEN Ha MapIIpyTaX MU CHU3UTD
TpaHCIIOPTHEIE PacXoAbl Ha 40CTaBKy TOTOBOM MPOAYKIIIN.

Keywords: ABSTRACT

clustering, delivery routes, Clustering is the process of organizing delivery points into groups
k-means algorithm, (clusters) by certain attributes based on their characteristics. As a result,
DBSCAN algorithm, the route is planned not by the whole set of points, but in parts within
transport service area, each cluster, which significantly reduces the complexity of the problem.
“Branch-and-bound (BnB)” The aim of the study is to identify the optimal clustering method of
method. delivery objects and use it to create delivery routes for the city's retail

network.

In this article, the work of the DBSCAN and k-means algorithms is
considered. A comparative analysis showed that DBSCAN does not
provide a stable result with a high density of points, whereas the k-
means method demonstrates clear clusters. The optimal number of
clusters is determined by the “elbow” and “silhouette” methods. The
implementation of algorithms in the Python programming language and
the subsequent use of the “Branch-and-bound” method will reduce the
mileage of cars on routes and reduce transportation costs for the delivery
of finished products.

KIPICIIE

TacbiMaagayapl >KocIiapAayAblH HeTi3Ii KeseHAepiHiH Oipi — MapIIpyTTapAbl KYpyFa AeitiH
JKy3ere achIpBlAaTBIH JKeTKi3y HbICaHAApbIH KaAacTepaey Ooabnmn TaOpiaaabl. Kaacrepaey
d4icTepiH KOAJ4aHy TapaTy MapIIpyTTapblH KaAbIITaCTBIPY MaceAeciH TUMIMAL IHerryre
MyMKiHAIK Oepeai. Tayapaapabl >KeTKi3yaiH yYTBIMABI MapIIpyTTapblH 93ipaey Maceaeci
KaJaHbIH cayja >KeaiciHe KbI3MeT KepceTy Ke3iHae epeKille ©3eKTidikke ue. bya — ongaraH, TinTi
JKY3J4ereH JKeTKi3y HyKTeAepi, KeaAiK IIapKiHiH IIeKTeyAal MYMKIiHAIKTepi, IIapTTHIK
MiHAeTTeMeAepAiH YaKBITBIABl OPBIHAAAYBI CUAKTHL (PakTopAapMeH OailaaHBICTBL. YTBIMABI
MapHIpyTTapabl KaAbIITACTHIPY KOAIK IIBIFBIHAAPBIH KBICKApTyFa >KoHE Tayapabl YaKTbLABI
JKeTKi3yAi KaMTaMachl3 eTyre MyMKiHAIK Oepeai (boukapes A.A. Kaouxos B.H. 2008;
Oscsaunankosa /., Hlomuu A.A., 2014; Mokhammad R. xeHe T1.6., 2021).

3epTTey HBICAaHHI peTiHJe HaH-TOKAIl eHiMAepiH eHAipeTiH XoHe oaapAbl KalaHbIH 460
cayJa HYKTeCiHe MEHIIIKTI KeaAiK KypaaJdapbIMeH >KeTKi3eTiH KCiIIOphIH TaHAaIl aAbIHABI.
JKetkisy HyKTeaepiHiH caHBI a3 0o0aAFaH >Karjaiija OHTAABl MapIIPYTTHl KaABIIITaCTBIPY
MiHAeTi caAbICTHIpMaAbl TypAe OHall Ilemrideai. Aaaliga HyKTelep caHBI apTKaH CaliblH,
04apA4bl alfHaABIII ©TY MYMKiH KOMOMHAIMsAapBIHBIH aiiTapAbIKTall KeOeloiHe GaliAaHBICTHI
O6ya mingeT eaayip Kypdeaene tyceai. Kaactepaey sgicrepin KkoagaHy >XKeTKi3y HyKTeaepiH
reorpapuMAABIK >KaKBIHABIFBI OeATici OOVIBIHINA TONTACTHIPY apKbIABI aTaAFaH MaceAeHi TMiMAl
IIenryre MyMKiHAIK Oepeai. HoTiokeciHAe MapmipyT GapAablK HYKTeAep SKUBIHTHIFB OOVIBIHIIIA
eMec, apbip KaacTep IIeriHAe >KeKe >KOCIlapAaHaAbl, OYA eceNTiH KypAeAiliriH arTapAbIKTan
TOMEHAEeTeAl.

3EPTTEY MATEPTAAAAPHI MEH O AICTEPI

OHraliasl MapmIpyTTapAbl 93ipAey aBTOMOOMABAIK TackIMaajayAbl >KocHapAayAblH
MaHBI3AbI MiHAeTi Ooablll TaOblaadbl. bya Keaik IIBIFBIHAQPBIHBIH 6HIMAlL ©TKi3y e3iHgik
KYHBIHZA eleyai yaecKe ue OoAybIMeH TyciHgipideai. YTHIMABI MapHIpyTTapAbl Kypy
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MaceJeciH MapIIpyTM3alus Iellleai, COHBIH HOTUIKeCiHAe KOCIMOPBIHHBIH  KOAiK
IIBIFBIHAAPB KBICKAPBIN, KAMEHTTepre KbI3MeT KepceTy camachl apTaAbl. TackiMaaaayabl
JKocrnapAayAblH HeTi3Ti Ke3deHAepiHiH Oipi - MapHmpyTrapael KypyFa JAeifiH >Kysere
achIphIAATBIH KeTKi3y HBICAaHAAPBIH KaacTepAey OoAbIll  TaOblAagbl. [IpakTmKaabIK
MiHAeTTepAiH KeIIiliriHge Keaik mapkiHiH OipKeaAKi >KYKTeAyiH >KoHe >KaAIbl >KeTKisy
YaKbITBIHBIH KBICKApYBIH KaMTaMachl3 €Ty YIIiH TYTBIHYIIbIAapAbl oPTYypAi MapuIpyTTap
OoripiHIIa TeHTepiMAl D4y KasKeT.

AepekTtepai KaacTepaeyAiH Oec HeTi3Ti MaTeMaTHUKaABIK d4ici TaaAdaHAbL. OpOip aic eHIMA]
JKeTKi3yAiH cayda HyKTelepiH KaacTepaeyTe KOAAaHy MYMKIHAITI TypFbICBIHaH KapacThIPblAAbL
(Aravind c. R., 2023; Tiopun a. I',, 3yes I1. O., 2014; Cemenos IO. H., Cemenosa O. C., 2016).
CrnexTpaik >keHe arA0MepaTUBTi KAacTepaey aATOPUTMAePi, COHAal-aK raycc Kocraaapbl MoAeAi
Omoaorusja >KoHe a2A€yMeTTIK FhlABIMAapda TUiMAipeK KOAJAaHBIAaTBIHABIKTaH, opi Kapaiirbl
3epTTey YIIiH eKi aATopuUTM TaHAaAAbl: k-means (Hemece k-opramra) skone DBSCAN — Density-
based spatial clustering of applications with noise (Aneasums /1., 2023).

Kaacrepaeyre aepexkrepai aalibiHAay, OHBIH illiHAe JepeKkTepai Tazaaay >KoHe
reorpac])mmbm KoopauHaTadapapl aay 2GIS api kemerimeH >Kysere achIpblagbl. bya Kkipic
AepeKTepiHiH >KeTKiAiKTi >KOFaphl A424AiriH KaMTaMachl3 eTyre MYMKIHAIK Oepai, 04 KaacTtepaik
aATOPUTMAEPAIH AYPbIC JKYMBIC icTeyiHiH >KoHe KeliHIi MapIIpyTH3alVisHbIH Herisri IapThl
00AbIII TAOBLAAABI.

DBSCAN aaropurmi apKblABl KJAacTepAepAl KaaAbITacTeipy KesiHge k-distance plot
rpadpurin marjaslaHa OTBHIPBII €Ki ITapaMeTp aHBIKTaAAbl: KAacTep paAMyChl XXKoHe KJAacTepaeri
HYKTeAepAiH eH a3 caHBbL.

K-MEANS aaroputmin KoagaHy OapbIChIHAQ aAAbIMeH TaOWFM TeorpapusaAbIK
KeJepriaepai (epTic >koHe yAa0i e3eHAepi) eckepy YIIiH HYKTeJep KbI3MeT KOpceTy aiiMaKTaphl
OorpiHia cermenTTeaal. Keitin «10koTh agici» (elbow method) xore «cuayst aaici» (silhouette
method) apKbLABI KAacTepAepAiH OHTAMABI CAaHBI aHBIKTAAABI.

«/loKOThb 9gici» apTypai k MeHAepi ymIiH KaacTepaey >Kyprisill, KaacTepaep caHBIHa
GaliaaHBICTHl KAaCTepPilIiAiK AVCIIEpCUSAHBIH SKMBIHTBIK MoOHIHIH TpaduriH KypyAbl Ke3Aeiai.
Kaacrepimiaik aucnepcusa (Hemece oObeKTidep MeH OAapAblH ILIEHTPOMATapbl apachlHAAFbI
KAIIBIKTBIKTapABIH KBaApaTTapBIHBIH KOCBIHABICHI) KAacTepAepAiH >KMHAKTBIABIK JeHrelliH
KepceTeai: ANCIepCrsl HEFYPABIM TeMeH 0oaca, KAacTepAep COFYPABIM «peTTeATeH» >KoHe
«bipTexTi» 00AaAHL.

«Cnayst oaici» oObekTidepaiH KaacTepaepre KaHIIAABIKTBL JKaKChl OeaiHeTiHiH
Oarasariapr. CuaysT KO PUITMEHTI HEFYPABIM >KOFaphl 00/ca, OOBEKT 63 KAacTepiHe COFYPABIM
JKaKChI COVIKEC Keaeai.

Python Garaapaamaaay TiaiHge ko4 93ipaeHAi, Oya mpoliecTi aBTOMaTTaHABIPYFa >KoHe
IIenTiMHIH ayKbIMABIABIFBIH (MacIITaOTaAybIH) KaMTaMachl3 eTyre MyMKiHAIK Oepai.

MapimpyTusalisiHbIH COHFBl Ke3eHi MapHIpyT OOMBIHAAFBl cayda HyKTeAepiH apaaday
peTiH aHBIKTay OOABIN TaObldagbl. bya MiHAeTTi HIemy yIIiH KOFapbl A9AAiriMeH TaHbIMaAa
«TapMaKTap MeH IIekrep agici» (branch and bound) ranaaaasr. Ocsl aaic GoribIHIIa HapABIK
ecerrreyaep ms excel opraceiHAa Xyprisiadi. CMMMeTpUAABIK MaTpuUIlaHBl IaiijadaHy >KoHe
MapLIPYT Y3bIHABICBIHBIH JKEPriAiKTi TOMEHIl IIeKTepiH ecenTey apKblAbl TYTHIHYIIbLAapFa
KbI3MeT KOpCeTyAiH OHTallAbl Ke3eKTiAirl aHbIKTaAAbl.

HOTUMXXEAEP 2)KOHE OAAPAbI TAAKBIZAAY

Nepapxmsaarsix emec mremiMai Taby KakeT ©oAFaH KoHe KJacTepAep CaHBI alAbIH ada
Oearicis >xaraarida HyKTeAepAiH THIFBI3ABIFBIHA HETi3AeATeH, ITyblA4apAbl eCKepeTiH KeHiCTiKTiK
KJAacTepAey aATOPUTMIH KOAJaHy OpPBIHABL bya aaroputMm arblAIIbIH TidiHge density-based
spatial clustering of applications with noise gem araaaabr >koHe KpicKalta dbscan petinge Geariai.
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AAropuUTM HYKTeAepAiH YII TYpiH a’kblpaTaAbl: HeTisri (J4pOABIK), IeKapaablK >KoHe
ITYBIAABIK HYKTeaep. Herisri (I4poABIK) HyKTeAep — OCBHl HYKTedeH KOAXKEeTiMAI GapabIK
HYKTeAepMeH Oipre KaacTtepai KaAbIIITacTBIpajbl. p HyKTeci Herisri O0ABII caHaAaAbl, eTep &-
okpecriringe keminge minpoints (minpts) Hykre opHaaacca (Ue (x) = {u € U: p (x, u) < ¢}).

bya xaraaitaa lu_e (x)! = minpts mmapTsl OpbIHAAABII, aTaAfaH HyKTeAep p HYKTeCiHeH
Tikeaeit keTiMAl 60AbIIT TaOblAaABL.  HYKTeCI (IIleKapaAblK) p HYKTeciHeH Tikeaell >KeTiMAl gent
ecenTelesi, erep 04 p HYKTeciHeH &-4eH acHaliThIH KaIIbIKTBIKTa OpHaJacca.  HyKTeci p
HYKTeCiHeH >KeTiMai OoasbIll Tabblaaabl, erep pl, p2, ..., pn HyKTedepiHeH TypaThIH K04 Oap
6oabIm, MyHAa pl = p >koHe pn = q, aa apbip pi+l HyKTeci pi HYKTeciHeH Tikeaell KeTiMAi Ooaca
(xyraesckux a. B., 2022).

Epsilon (eps, €) mapameTtpi okpecTik paanyceH 6iagipeai, aa minpoints (min_samples) —
KAacTepJeri HyKTeAepAiH eH a3 CaHbIH KopceTel.

KocirmoperH  KbpI3MeT KepceTeTiH cayida HyKTedepiH Kaacrepaey yiiiH python
baraapaamaaay Tiainae DBSCAN aaroputmin Koa4aHa OTBIPHII KO/ 93ipaeHai (1-cyper).

import pandas as pd

from sklearn.preprocessing import StandardScaler
from sklearn.cluster import DBSCAN

from sklearn.neighbors import NearestNeighbors
import matplotlib.pyplot as plt

from sklearn.metrics import silhouette_score

file_path = "final_merged with_route.csv"
df = pd.read_csv(file_path)

df = df.dropna(subset=['lLongitude’, ‘Latitude’, 'OTrpyxeHo konu4ecteo', 'Bo3epaT konu4ecTeo', 'Bcero sec, kr'])
features = df[['Longitude’, 'Latitude’, 'OvrpyxeHo konuyecteo', ‘Bo3Bpar konuuecTeo', 'Bcero sec, kr'

scaler = StandardScaler()
features_scaled = scaler.fit_transform(features)

neighbors = NearestNeighbors(n_neighbors=10)
neighbors_fit = neighbors.fit(features_scaled)
distances, indices = neighbors_fit.kneighbors(features_scaled)

distances = sorted(distances[:, 3], reverse=True)
plt.plot(distances)

plt.title('K-distance plot')

plt.xlabel('Points’)

plt.ylabel('Distance to 4th nearest neighbor')
plt.show()

dbscan = DBSCAN(eps=0.7, min_samples=15)
df['Cluster_DBSCAN'] = dbscan.fit_predict(features_scaled)

print(f"Konu4ecteo knactepoe: {len(set(df['Cluster DBSCAN'])) - (1 if -1 in df['Cluster_DBSCAN'].values else @)}")
print(f“Konu4ecTeo To4ek c wymom: {(df[’'Cluster_DBSCAN'] == -1).sum()}")

silhouette = silhouette_score(features_scaled, df['Cluster_DBSCAN'])
print(f“Silhouette Score: {silhouette}")

plt.scatter(df[ 'Longitude’], df['Latitude’'], c=df[’'Cluster_DBSCAN'], cmap="viridis')
plt.xlabel('Longitude")

plt.ylabel('Latitude’)

plt.title( 'DBSCAN Clustering of Delivery Points')

plt.colorbar(label="Cluster")

plt.show()

display(df.head())

-+

1-cypet. DBSCAN aaroputMiHiH kogsl (eps = 0,7; min_samples = 15 kesinge)
Ecxepmy — Python 0azdapramacuirida asmop kypacmvipaan

Koz >xasy kitanxaHaaapAbl nmroprraydas 6acrasaast. DBSCAN aaropurmine gepekrep
Ke/eci Kypaagap apKbLAbI eHTi3iaai:

Pandas — xecteaik gepekTepai eHaeyre apHaAFaH OafgapAaMaAablK KiTalxaHa;

Standardscaler — JepekTepai cTaHAapTTaliAbl (OpTallla MoHAI HOATe, CTaHAAPTTHIK
ayBITKyABl Oipre KeaTipy);
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Matplotlib.pyplot — KaacTepaepAi BU3yaansauysilayra apHalraH;

Silhouette_score (cuaysT xoadpuimenri) — Kaactepaey carachiH 6arasay MeTpPUKachL.

Ogaan epi cayaa HyKTeaepi TypaAasl akIlapaTThl KAMTUTBIH csV-(alia XKYKTeAill, KaacTepaey
KyprisiaeTin Geariaep TaHAam aabiHABL bearizepai macmrabray DBSCAN aaroputMinig Aypsic
SKYMBIC icTeyi yIIIiH KakeT, cebebi 01 gepekTep ITKaslackiHa cesdiMTaa. KeitiH aaroputm yImmia
min_samples =10 >xaHe eps = 2 mapaMeTpAepi OpHATBLABIIIL, KAacTepAep MEeH IIYbLAABIK HyKTeAep
CaHBIH ecelTey KoMaHJaaapsl eHriziaai. ybiaabik HykTeaep «-1» OeariciMeH aHBIKTaAaAbl.

Kaacrepaey camacein Oarazay ymriH MoHI -1 MeH 1 apaabIFbIHAQ ©3TepeTiH CUAYST
koapPunuenti (silhouette score) KoagaHbIAABL. 1-Te >KaKbIH MOH KaacTepAepAiH alKbIH
Oeainrenin xepcetce, 0-re >kaKbIH MoH oJapAblH Oip-Oipimen kabaTTacysH 6iadipeai, aa Tepic
MoH BIKTMMaA KareaikTiH Oap ekeHiH kepcereai. COHFBI Ke3eHJe Kaacrepaep longitude >xone
latitude koopamHaTasapsl OolibHINA BM3yaaudauusalaHAabl. KoOATBIH COHFBI  >KOABIHAA
KJAacTepAeyAeH KelfiHri gaTappeliMHiH aAFallIKbl Oec >KOAbI KepceTiaai.

DBSCAN aaroputMi 7 HIyBIAABIK HYKTeci Oap 1 KaacTepAi KaABIITacTHIPABI (2-Cyper).
Kaacrepain cuayst xosdppunuenti 0,81-re TeH.

0.0

50.04
.
50.02
° ° -0.2
50.00
49.98 b
: -04
L @
& 5
8 49.96 ®
: $
E -0.6
49.94 -
49.92
-0.8
49.90 -
-1.0

8250 8255 8260 8265 8270 8275
Honrora

2-cypet. DBSCAN aArOpuUTMiH icKe ackIpy
Ecxepmy — Python 0azdapramacvirida asmop xypacmuipear

AtaaraH mapaMeTp MoHJepi KaacTepaepai KaAblIITacThIpMaFaHABIKTaH, Keleci uTepa-
nuslapaa KaacTep paguychl MeH MUMHMMAaA/bI HyKTeAep caHbl Ke3AelCOK TaHAaAAbl (3-cyper).
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3-cypet. DBSCAN aaropuTMiHiH KaiiTaAal icke acbIpbIAYbI:
(a) eps = 0,7; min_samples = 15 (6) eps = 0,3; min_samples = 15
Ecxepmy — Python 6azdapramacuitnda asmop Kypacmovipaan.
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DKcrepuMeHT GaphICBIHAA aATOPUTMIe dPTYPAi eps KaHe min_samples MaHaepi Oepiaai,
aJaliga eIIKalCBIChI HOTIMKe OepreH >KOK: aliKbIH KAacTepAep KaAbIIITaclaAbl, OAapABIH CaHBI
aHBIKTaAFaH KOK, KOIITeTeH HYKTeJep IIYBIAABIK peTiHge OearizeHai. Coa cebemri, seprrey
HpIcaHbl yiIiH DBSCAN aaroputmiz api Kapaii K0A4aHy THiMCi3 Aell TaHBLAABL.

Keaeci xesenge k-means aaropmutmi icke acwIppiager. bya agic kaacrepaeperi
HYKTeAepAiH opTaAbIKTapblHaH KBaApaTTBIK aybITKyJAapAblH >KaAIlbl COMAachlH MMHUMU3a-
nusaayra OarbiTraarat (Jopan b., Ogeaa I1., 1977; Epmos K.C., Pomanosa T.H., 2016).

V=3 Zajes, (0 — )%, (1)
MYHJAFbL:
£ — KaAacTepAep caHBbI;
S7— aapHFaH i-1m1i kaacrep, i=1,2, ..., k;
M — S KaacTepiHAeri xj BeKTOpAapbIHBIH MacCaAblK, OpTaAbIFbL.
Ocpl xarjaiiga MeTpMKa peTiHAe eBKAN/, KAIIbIKTBIFbI KOAAaHBIAABL:

dist(x,x") = | X, (x; — x})? 2)

MyHZarbl: (i — xi’) — EBkaua keHicririnig Gacranksl HyKTeciHeH (MCXOAHOI TOYKM) IIIBIKKAH

BeKTOpAap; N — N eAlIeMAl KeHICTiK.

K-MEANS aaroputMmi ymriH mMiHAeTTi ke3eHaepain 6ipi — HyKTeaepai KpI3MeT KepceTy
aliMaKTapsl OOJIBbIHIIIA cerMeHTTey. MyHJait 061y KalaHbIH TabuFy reorpadpusAbIK Kedepriaepin
eckepyre MYMKiHAiK Oepegi. Ocpl >kaFdaliga aliMaKTapAblH IleKapachl peTiHae EpTic xone Y 261
e3eHAepi aabIHABL Y1II cekTOpra Oeay — JKoraprs! (Y0i aygan), On xak (OKTsa0pbcKuMit aitMarsl)
sxone Coa >xak (KIIOT) - >xeTkidy cayga HyKTeaAepiHiH KaacTepAepiH KaABIIITaCTBIPYABI
>KeHia4eTTi (4-cyper).

4-cypet. HykTeaepai KbI3MeT KopceTy aliMaKTaphl OOMBIHIIA CeTMeHTanuAAay
Ecxepmy — 2GIS API nezizinde asmop kypacmuvipaan
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KrizmeT kepceTy aliMaKTapbIHBIH IlleKapalapblH aHbIKTaFaHHaH KeliH KAacTepAep caHbIH
Gearizeyre 6oaaapl. CaHABl HeMece KOCIIIOPBIH KbI3METKepAepi aHBIKTaFaH MapIIpyTTap CaHBI
HeMece KolJa Oap KeaAiK KypaajapbIHBIH CaHBl HeridiHAe e3JiriHeH Oearizeiigi, Hemece
KJAacTepAep CaHBIH aHBIKTay dAicTepiH KoajgaHyfa 60a1aabl, MbIcaasl, elbow method («a10koTh
94ici») xxoHe silhouette method («cmayst aaici»).

«/loKOTb ogici» aprypai k MaHgepi ymiiH Kaacrepaey >Kyprisin, Kaacrepaep caHbIHA
GariaaHBICTBl KAacTepimiAik AucnepcysiHblH (inertia) SKMBIHTBIK MoHIH KepceTeTiH rpadpuk
Kypyfa HerisgeareH. Kaacrepimiiaik aucnepcus (Hemece o0ObekTizep MeH 0JAapAbIH
LIEeHTPOMATapbl apacblHAArbl KAIUBIKTBIK KBaApaTTapbIHBIH KOCBIHABICBI) KAacTepAepail
KaHIIaABIKTBl >KMHaKTaAFaHBIH KepceTedi. Jucnepcus HeFypAbIM TeMeH 0o04ca, KJAacTepaep
COFYPABIM «peTTeAreH» XoHe «bipTeKTi» 6oaaAbl.

9Jic Keaeci Ke3eHAepAi KaMTUABL:

—k-means aaropurmin apTypai k MaHAepi yIIIiH icke Kocy, MbIcaasl, 1-aeH 10-Fa aetiin;

—op0ip k MaHI ymIiH KaacTepilTiaik AMCIIEpCUSHEI ecerTey;

—rpaduk Kypy: X ocinge k Mangepi, Y ociHge — covikec KaacTepiliaik Aucriepcns MaHaepi;

—rpadukreri «10KOTb» HYKTeCiH TaOy: Oya HYKTe KAacTepAep CaHbIH apTTBIpFaH Ke3Je
KAaCTepilIiAiK AMCIepCcrsHbIH aliTapABIKTal ToMeHeMeyi OalikaaaThiH caT (5-cyperT).
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5-cypet. Kaacrepaep caHBIH «A0KOTb 94iCi» apKblABI aHBIKTaY
Eckepmy — asmop xypacmoipzan

I'papmx moaimeTTepiHe cyiieHCeK, OHTaAIABI KAaCTep CaHBI 6...9 apaabIFbIHAA OpHaAacaAbl.
AATBI KAacTep YIIiH KaacTepimiaik gucriepens 800,7, XeTi KaacTep YIIIiH — 676,4, ceris Kaactep
y1IiH — 597,9, TOFBI3 KaacTep yIIiH — 544,5 TeH.

«Cnayst ogici» oODBeKTidepaiH KaacTepAepre KaHIIAABIKTBI >KaKChl OeAiHeTiHiH
Oarasarapl. CuaysT KO(pPUITMEHTI HEFYPABIM JKOFaphl 001ca, OOBEKT 63 KAacTepiHe COFYPAbIM
SKaKCBhI COVIKeC Keaeai.
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6-cyperrte 6, 8, 9...14 kaacTep yIIiH cuaysT MaHi mamaasl esrepirn, 0,30 — 0,31 apaabIFbiHAa
KaAaTbIHBI KOPiHeAl.
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6-cypet. Kaactepaep caHBIH «CUAYST 94iCi» apKbIAbl aHBIKTAy
Ecxepmy — asmop xypacmuipzan

KacinoprHHLIH caysa HyKTeaepin k-means aAropuTMi apKblabl KAacTepaey yimin Python
TiaiHAe Ko/ Ta >Kacaaasbl (5-cypet). TemeHAe a3ipAeHTreH KOATBHIH CUIIaTTaMachl JKoHe KAacTepaey
HATIDKeAepi rpadpVKTepAe KOPCeTiATeH.

DBSCAN aaroputMminge ©OoaraHAail, KiTallxaHaJdapAbl MMIIOpPTTay Keadeci Kypaadap
apKBLABl OKy3ere acelppliaadel: Pandas — kecreaik Aepekrepai enagey; matplotlib.pyplot —
KaacTepaepai Busyaausanusiaay; silhouette_score — xaacrepaey carnaceia 6araaay MeTPUKACHL.

Congait-ak, cayda HyKTelepi Typaasl akmapaTThl KaMTUThiH CSV-daiia >KXyKTeair,
Oearizep MacrtabTaaasbl.

«/lOKOTb» JKoHE «CUAYDT» 9AiCTepiHiH HOTUKeAepiHe CylieHe OTBHIPBII, aArOpUTMIe
Kaacrepaep canbl k = 9 aemr 6epiagi. Kaacrepaey camacein 6arasay ymrin silhouette score mani
eHri3iaai.

OgaH KelliH inertia KoMaHAaChl KOAAaHBLAaABl — KAACTEPiITiAiK AMCIIepCHs eceriTeaeai, oa
«J10KOTh dJiciHAe» KOAAaHBLAaAbl, COHBIMEH KaTap KoOpAuHaTalap OOJiBIHINIA KAacTepaep
rpaduri caapIHaABL

Inertia eHriziareH coH KaacTepAepAiH OHTAllABI CAaHBIH aHBIKTay YIUiH rpapuK Kyphliaabl.
KoareiH conpiHAa AaTtadpeitm CSV-daiiara cakrasaabl.

DKCIIepUMEHTTIK ecelTeylep 9pTypAi KAacTepaep caHBI YIIiH Xyprisiaai (6-gan 10-fa
Aeriin).
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import pandas as pd

from sklearn.cluster import KMeans

from sklearn.preprocessing import StandardScaler
import matplotlib.pyplot as plt

import folium

from sklearn.metrics import silhouette_score

file path = "final merged with_route.csv"”
df = pd.read_csv(file_path)

df = df.dropna(subset=['Longitude’, 'Latitude', 'OtrpyxeHo konuuyectso', 'Bo3spaT konuyecTso', 'Bcero Bec, kr'])

features = df[['Longitude', 'Latitude', "OTrpyxeHo konudecTBo', 'Bo3BpaT konuuecTso', 'Bcero Bec, kr']]

scaler = StandardScaler()
features_scaled = scaler.fit_transform(features)

kmeans = KMeans(n_clusters=7, random_state=42)
df[ 'Cluster'] = kmeans.fit_predict(features_scaled)

silhouette = silhouette_score(features_scaled, df['Cluster'])
print(f"Silhouette Score: {silhouette:.4f}")

plt.scatter(df['Longitude"], df['Latitude'], c=df['Cluster'], cmap="viridis"')

plt.xlabel('Longitude’)

plt.ylabel('Latitude")

plt.title('K-means Clustering of Delivery Points")
plt.colorbar(label="Cluster")

plt.show()

df .to_csv("final merged with_clusters.csv", index=False)

5-cypeT. k-means aaropuTtmiHe apHaAFaH K04,

Ecxepmy — Python 6azdapaamacuirda asmop Kypacmoipaan

6-8 KaacTep KOJAJaHBLAFaH >Karjaiija (6-cypeT) KaacTepaep apachlHAAFbl IleKapadap
aliKbIH eMec, KaacTepaep Oip-OipiHe «kabaTTachll» KOpiHeai.
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6-cypet. AaroputMai 6, 7, 8 KaacTepMeH icke achIpy

Ecxepmy — Python 6azdapramacvirda asmop Kypacmuotpean
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Hyxkreaepai 6eayain erxeii-terskeiiaiairi kaacrepaep cansl 9 6oaraH Ke3ae OaiikaaaAsl (7-
cyper). Cuayst koadpPpuunenri 0,305-xe TeH, aa Kaacrepimiaik aucniepcnst 544,47 xypaitasl.
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7-cypeT. AaroputMai 9 KaacTepMeH icke acsIpy
Ecxepmy — Python 6azdapaamacuirda asmop Kypacmoipaan

TorbI3 KaacTep KOAJaHbLAFaH XKarjaliga TOIITap apachIlHAAFhI [IIeKapadap aiKbIH KopiHeai,
0oOBeKTiAepAiH THIFBI3 OpHaJackaH aliMakTapsl Oip-OipiHeH OeaiHreH >koHe apaJac aiMaKTap
CaHbI a3aliTHLAFAH.

k-means aaropuTmi 9 iIIKi JXMBIHTBIKTEI KaABIITACTRIPABL: JKOFaprel cekTopaa — 4 Kaacrep,
On xak cekropaa — 2 kaacrep, Coa xaK cektopga — 3 kaacrep. Kaacrepaey notikeci 8-cyperre
KOPCeTiAreH.

Clusters

@ Cluster 0
@ Cluster 1
@ Cluster 2
@ Cluster 3
Cluster 4
Cluster 5
Cluster 6
@ Cluster 7
Cluster 8

8-cypet. k-means aaropurmimen 9 Kkaacrepre 6eayaiH HITVKeC]
Ecxepmy — 2GIS API nezizinde asmop kypacmuvipaan
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TacpiMaagay MapmpyTrapAbl KaABIIITaCTHIPYABIH COHFBI Ke3eHi — MapIIpyT OOIBIHAAFBI
cayJda HYKTelepiH apaday peTiH aHbIKTay O0abIll TaOblaaabl. bya MiHAeTTi Imemy yimiH
«TapMakKTap MeH IekTep ogici» (branch and bound) xoagaHBLAgBL Ogic cMMMeETPUAABIK
MaTpMllaHbl IlaligadaHyAbl >KoHe MapILIPYT Y3bIHABIFBIHBIH >KepPridiKTi TOMeHIi IIeKTepiH
ecenteyai kKamTuas! (domke B. P, 2014; ITasaos /. A., 2020; I'aaaytans0s P. P., 2023). Ocsl aaicti
KOAJaHy apKbIAbl cayda HyKTeAepiH apalayAblH OHTallAbl Ke3eKTiAiri aHbIKTaaAbl, OyA MapLIpyT
OolfbIHIIa OpTallla >KYPY KaIIBIKTHIFBIH 13 %-Fa KbICKapTyfa MYMKiHAIK Oepai >koHe aaiiblH
OHIMA] JKeTKi3yAeri KeAiK IIbIFbIHAaPBIH a3aiTyra >Karaail >KacaAbl.

KOPBITBIHABI

3epTTey OapbICBIHAA €Ki KAacTepaey aAropuTMi yiriH python tiainae xoaTap a3ipaenai.
OkcniepuMeHT OapricbiHAa dbscan aaropurMine apTypai Kaacrep paguychl (eps mapameTpi)
>KOHe HeTisri HyKTeHi aHBIKTay VIIH Ka’KeTTi eH a3 HyKTeJep caHBI (min_samples mapamerpi)
MoHJepi Oepiagi, Oipak eIIKaiiCBHICHI HOTVKe OepMmeai: alKbIH KAacTepAep KaAbIIITacaasbl,
0AapAbIH CaHBI aHbIKTaAFaH >KOK. Coa cebenTi, Oy aATOPUTM KeTKi3y MapIIpyTTapsl OOMBIHIIA
TBIFBI3 OPHaJacKaH HyKTeAepAai OipikTipyAe >KeTKiAiKTi THiMAi eMec AeTl TaHbLAABI.

K-means aaroputmin K0a4aHyAblH IIPpaKTUKaAbIK MaHbBI3AbIABIFBI MEH THiMAiAiri kepce-
Tiaai. Bya aaropurtm Kaacrep imriHAeri KaIIBIKTBIKTBI MMHUMM3alMsAAaAbl. bapAbIK Kaactepaep
KeAiK KypaAdapbIHbBIH MaKCUMaAAbl CBIMBIMABIABIK reriHe — 4000 6ipaik eHiMre — colikec Keaeai.

MYAAEAEP KAKTBITBICBI: asTOpaap MyAaeaep KaKTHIFBICH XKOK eKeHiH MaaimMaeriai.

JKACAHABI MHTEAAEKT TEXHOAOTUSIAAPHIH TIAMAAAAHY TYPAABI
XABAP/AAMA: rp1ABIMM MaKaZa aBTOpAapsl MaKaAaHBI JKa3y OapbICBIHAA JKacaHAbl MHTeAAeKT
TeXHOOTMIAapblH MaligalaHOaFaHBIH MaAiMAaeiai.
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DODOEKTUBHOCTU IMC-MHCTPYMEHTOB B CUCTEME
MOHUTOPUHTA U YIIPABAEHUS CEAbCKOXO3SICTBEHHBIMU

SEMASIMU

THE EFFECTIVENESS OF GIS TOOLS IN THE AGRICULTURAL LAND
MONITORING AND MANAGEMENT SYSTEM
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TYUIHAEME

reoakIaparThIK Kyiieaep,
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Gackapy,

>Kepai KaIIBIKTHIKTaH
30HATAY.

Maxkazaa AbGai1 06abicer Mer IInrpic Kazakcran 00AbICHIHBIH MBICAABIHAA
aybll IIapyallbLABIFBL >KepAepiH MOHUTOPUHIiAEY MeH OacKapyAarbl
reoaknapaTtThIK KypaadapAblH THiMAizirin Garaaaiiaer. Tormorpadms-
ABIK, HeTi3, caHABIK TOIBIpaK KapTadaphl kKoHe Sentinel-2 crryTHuriHig
Aepekrepi OiprplHFail reobasara OipikTipiAreH: IIBIHAMBI TYCTi KOMIIO-
3UTTEp >KoHe HOpMaJaHFaH ailbIpMallblABIK BereTallMsAABIK MHAEKCI
(NDVI), congaii-ak ayblaIllapyallblABIK >KaMbLAFbICBIHBIH TaKbIPBIIITHIK,
KapTacel. OgicreMe aTMocdepalblK Keaeprizepai Oypkemeaeyai,
MayChIMABIK, KOMIIO3UTTEPAL KYPYAB, JKepJi IaiigadaHy KaacTapbl MeH
Tonblpak TunTepi 6oiibHIIa NDVI aliMakThIK CTaTUCTUKAChIH, COHAA-
aK IIpOLeCTiH TMiMAiAiK Kpurepuiiiepin (4944iK, TuiMaizik, eHOex
CBIIBIMABLABIFBL, ~ MHTepOIllepabeabailik) KaMTHABL.  ArpocTpecc
ajiMakTappl MeH allbIpMaIlbIABIKTaPhIH  aHBIKTAMTBIH  arpapAasik,
AanamadrrapAblH Kail-KyHiHiH KapTalapsl MeH Oackapy KoiiMaaapsl
aABIHABI «€TIiCTIK aJAKamnTapbl» >KoHe «<KalblABIMAApAbIH JAerpaja-
LVICHI». FRLABIMM SKaHaABIK OUQPABIK TOIBIPAK KapTalapblH ©3€KTeH-
Alpy YVIIiH CIIyTHMKTIK MHAMKATOpAap MeH TOIBIPaK 30HAABIFBIHBIH,
ToXipuOere OarbITTad¥aH MHTerpalMsChIHAH Typaasl. ITpakTmkaabik,
MaHBI3ABLABIFBI — JKaHAPTyAapAbIH KaliTalaHaThIH PerAaMeHTiHAe JKoHe
AepeKrepaiy 6ackapyda K0AJaHy¥a AalibIHABIFbIHAA.

Karougessbie caoBa:
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MOHI/ITOpI/IHF 3eMeAab,
HIPOCTPaHCTBEHHBIN aHAAU3,
AVICTaHLIVIOHHO€
30HAMpPOBaHUeE,
3€MAEYCTPOVICTBO,
praBAeHI/Ie pecypcaMI/I,
AVICTaHIIMIOHHOE
30HAMpPOBaHUe 3eMAN.

Tomorpaduuaeckas ocHoBa, 11} pOBbIe TTOYBEHHLIE KapTHl U JaHHBIE CO
cuytHuKa Sentinel-2 oObeduHeHBI B €AMHYIO Teo0asy: KOMIIO3UTBHI
VCTUHHOTO IIBeTa ¥ MHAEKC HOPMMPOBAHHOM Pa3HOCTM BereTaryy
(NDVI), a Tax>ke TeMaTIdeckast KapTa ceAbCKOXO35I1ICTBEHHOTO ITIOKPOBa.
MeTog040rMs BKAIOYaeT MacKMPOBKY aTMOCQEpHBIX Oaphepos, co3ja-
HME CEe30HHBIX KOMIIO3UTOB, permoHaabHyio cratuctuky NDVI mo
KJdaccaM 3eMJeIIOAB30BaHMS M THUIIAaM IIOYB, a TaKXKe KpUTepun
¢ PexTnBHOCTN TIporiecca (TOYHOCTD, 9P PEeKTUBHOCTD, TPYA0EMKOCTE,
nHTeporepadeabHOCTh). IloAydeHBI KapThl COCTOSIHMS I YIIpaBA€H-
9gecKyre XpaHMAUIIA aTrpapHBIX AaHAIIA(TOB, ONpejeAdIonIye 30HBI
arpocTpecca U pasAndus MeXAy «I1aXOTHBIe 3eMAU» U «Jerpajariyst
nactOum». HaydHoe OTKpBITHE 3aKAIOYaeTCs B IPaKTUKO-OPMEHTH-
POBaHHOI MHTETPaIIUN CITyTHUKOBBIX MHAUKAaTOPOB U TIOYBEHHO 30HBI
AAsl  aKTyaamsauuyu §uQpPOBBIX IOYBEHHBIX KapT. IIpaxTiraeckas
3HaUMMOCTh 3aKAIOYaeTcs B BOCIPOM3BOAMMOCTU OOHOBAEHUI 1
TOTOBHOCTM JaHHBIX K VMICITOAb30BaHUIO B YIIPaBAEHNIL.

Keywords:

ABSTRACT

geographic information
systems, agricultural lands,
land monitoring, spatial
analysis, remote sensing,
land management, resource
management, remote
sensing of the Earth.

The article evaluates the effectiveness of geoinformation tools in
monitoring and managing agricultural lands using the example of the
Abai region and the East Kazakhstan region. The topographic base, digital
soil maps and data from the Sentinel-2 satellite are combined into a single
geobase: true-color composites and the index of normalized vegetation
difference (NDVI), as well as a thematic map of agricultural cover. The
methodology includes the masking of atmospheric barriers, the creation of
seasonal composites, regional NDVI statistics on land use classes and soil
types, as well as criteria for the effectiveness of the process (accuracy,
efficiency, labor intensity, interoperability). State maps and management
repositories of agricultural landscapes have been obtained, defining the
zones of agrostress and the differences between "arable land" and "pasture
degradation”. The scientific discovery consists in the practice-oriented
integration of satellite indicators and the soil zone for updating digital soil
maps. The practical importance lies in the reproducibility of updates and
the availability of data for use in management.

KIPICIIE

Kegeaperiaren KammarTelK aybITKyadap >KoHe aHTPOIIOTEHAIK >KYKTeMeHiH apTybl

ayblAIIapyallblAbIK, JKepAepiHiH ©HIMAiAITiHIH KeHIiCTIKTIK reTeporeH4iAirin KymenTteai >koHe
Hackapy menriMaepin Kadblagay bl KubiHAaTaAbl. CIIyTHMKTIK OaKblaayAapabl, TOITOTpadpuaabIK
SK9He TOIIbIpaK JepeKTepiH OipikTipeTiH reorpadpusAbIK aKIapaTTHIK Kyiielep MOHUTOPUHT ITeH
JKOCIIapAayAblH HeTi3Ti KypaablHa aiHaaAbl, Oipak 04apAblH KOHTMHEHTaAbAbl KAMMAT ITeH
aiMaKkTBIH >KepAi IlalijadaHy MoO3aMKachl >KafjaliblHAa HaKThl TUiMAiAiri >KeTKiaikTi
seprreamMereH. COHFBI XXblaJapAarsl 6acblapIMJap arpoJaHAIITelHAepAi KapTara TycCipy YIOiH
eciMAIK MHJAeKCTepi MeH OKBITBIAATBIH KAaccupuKaluuUsAlapAblH d4eyeTiH KepceTedi, Gipak
kebiHece Oip MaychIMMeH IlleKTeAeAi, TOIBIPAaKThIH ay4aHAaCTHIPBLAYBIH Halllap ecKepeai KoHe
HOTIDKeAepai 6acKapyIIBLABIK KOVIMaJapFa >KapaMAbl OipbIHFail AepeKKOpFa cipek Oipikripeai.
JeMek, rmumoresa: CIyTHUKTIK Oearizepai (mbmHaiier Tycti Sentinel-2 kommosuTTepi >KaHe
HOpMaJaHFaH aliblpMalllblABIK, BereTallMsAbIK, MHAEKCi), ayblAIllapyalllblAbIK >KaMBbLAFBICHIHBIH
TaKBIPBIITBIK ~ KaOaThIH >KoHe IMQPABIK TOIbIpaK KapralapelH Oipaecin  Taajay
arpoAaHAIITeNMHAEPAIH OafasayAblH  OOBEKTUBTIAITiH  apTTBIpyFa  >KoHe

KOPBITBIHABLAAPALI OacKapy YIIiH ollepalsIABIK eTyTe MYMKIiHAIK Oepeai.

>Kal-KyJiH

3eprreyaig Maxcatel — Abart 06abicel MeH IIbrrpic Kasakcran 0OABICEIHBIH MBICAABIHAA
aybla IIapyallbIABIFBl >KepAepiH MOHUTOpPMHTiAey >KoHe Oackapy VIIH TeoakIapaTTHIK
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Kypaadap >KUBIHTBIFBIHBIH THUiMAidiriH Oaraaay. MiHgerrepi: (1) Tomo-Herizai, TombIpak,
ITOAUTOHJAPBIH JXoHe CITyTHUKTIK gepeKTepai OipbiHrail reobasara OipikTipy; (2) ImIBIHAMEI TYCTi
kommosutrrep MeH NDVI wmHgekci Herisinde MayChIMABIK KapTadapAbl cady >KoHe
Bepudukanumsiay; (3) aybll IIapyalIbIABIFB >KaMBIAFBICBIHBIH CBHIHBIIITAPBl MEH TOIIBIPAK
Typaepi Ooitbraia NDVI ariMakTBIK CTaTUCTMKACBIH OpbIHAAY; (4) Oackapy KoliMadapsl MeH
e/AIIeMJepiH  KaABINTACTBIPY THMIMAIAIK  (4944iK, >KedeAAiK, eHOEK CBHIFIBIMABLABIFBL,
MHTepoliepabeabaiaik); (5) HoTMKeAepAiH MOHUTOPUHITIH JKMBIHTHIK, OHIMi peTiHAe IMQPABIK
TOIIbIpakK KapTadapblH Kalall HaKThlAalITBIHBIH JKoHe ©3eKTeHAipeTiHiH KepceTy.

3EPTTEY MATEPUAAAAPBI MEH S AICTEPI

3eprtrey HeicanAapbl Abait o0abicel MeH HIbrrpic Kazaxcran obavicsinby (IHKO) aysia
IIapyallbIABIFEl adKalTapbl 0oabl Tabblaagbl. Exki aymMak Ta KOHTMHEHTTIK KAMMAaTBIMEH
epekireseHei, OipaK oporpadusAblK KYPbLABIMBI MEH BLAFa/AABIABIFBIHBIH alfblpMaIIblABIFBIH
KepceTeai: ADait 004bICEH OackIM KYpFaK, YCTipTTep MeH OacceltHiepMeH ycbiHbIAFaH, aa IIKO
OMIKTIK 30HAABIABIFBI aMKbIH Tay OekTepiHAeri OeadeyAi KaMTuAbl. bya alimakTapAbl
d4icHaMaABIK TYPFbIAaH CaAbICTRIPYFa JKoHe COHBIMEeH Oipre arpoaaHAITeTHAepAiH eHiMaiairiHe
acep eTeTiH paKkTOpAapFa Kapama-KaIlIlbl eTeAl.

bapawik ayaanzap MeH reomerTpuaAabnlk ecenteyaep QazTRF-23; BeO-ycpiny ymmin —
EPSG:4326/3857 (1, 2-cyper).

1-cypet. ABari 06ABICBIHBIH 2-cypert. IlIprrpic KazakcraH 06ABICBIHBIH
TonorpauAABIK Herisi TororpadMsIABIK Herisi

Ecxepmy — asmopaap xypacmuipean

CryTaukTik gepekrep. Sentinel-2 L2A (Copernicus), 10-20 M, exi aiimak ymriH ge 2025
kb12451H 01-30 mayceimbiHga Oip 6akplaay Tepeseci; CLOUDY_PIXEL_PERCENTAGE < 40 %
kesinge Copernicus Browser apkpLabl TaHAQY (3, 4-cypeTTep). ApHaaap: B2, B3, B4, B8 sxone SCL
cara KabaThl.

bip nHomeHnkaartypara (FAOSOIL, DOMSOIL, PHASE, MSC, AREA_HA) xaabmka
KeATipiareH eki aliMaKTbhIH CaHABIK TONIBIpaK KapTadapbl (BeKTOpP). OKIMIIiJAiK IIekapaaap.
JKvnakrapast 6ipikripy yrin Abar o6asicer Mmen HIKO aysaHAapbIHEIH 3aMaHayM IIIeKapadaphl.

KepiHicrepai Tanaay >xone SCL MackupoBKachl exi aliMak yIIiH ge Oipaell OpbIHAAAABL
True Color xommosurrepi >xoHe NDVI ecebi 6ipaeir mapaMeTpaepMeH KaAbIIITacTHl (MeAlaHa,
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rucrorpammansl cosy; NDVI ¢popmyaacsr), skcriopt — GeoTIFF/COG, 10 M.0ya caabICTBIpY
Ke3iHge aaicTeMeik e3repictepai 6oaapipmariarr (Khanal et al., 2020).

3-cypeT. AGart 06ABICBIHBIH CITyTHMKTIK 4-cypet. IIKO-HBIH CIyTHUKTIK AepeKTepi
Aepekrepi Sentinel-2 L2A Sentinel-2 L2A
Ecxepmy — asmopaap xypacmuipean

5-cypet. IIKO-HBIH 6-cypet. AGait 00ABICBIHBIH
Sentinel-2_L2A_True_Color xepiHici Sentinel-2_L2A_True_Color xepiHici
Ecxepmy — asmopaap Kypacmuipzan

Tonerpak gepexTepiH gaifbIHAQY XKoHE KAABIIIKA KeATipy (eKi XUBIHTHIK yiIiH). Ckanepaey
reopedepeHINCE XKoHe BeKTopJaay Oip xaTrama OoliblHINA OpbIHAaAABI (RMS < #1,5 mukc.;
ITOAUTOHABI Kocy Iiteri > 0,5 ra; st_isvalid Tormoaoruscer) (Karmakar et al., 2024). Exi aiiMaKTbIH
arpubyTtukacsl oprak arpuOyrrapsl (FAO xoaraps, ¢asasap, MeXaHMKaABIK Kypam)
KeaTipiareHn, Oya «TombIpak, Typi X >Xepai maifgasaHy» KpOCC-aHaAMTHUKACBIH >Kyprizyre
MYMKiHJIK Oepeai.

NDVI arimakTsik cratuctukacel: (i) Agriculture cembimraper OoiibiHmma, (i) exi
OOABICTBIH 9P ayJ4aHBLIHBIH illiHAe arperaumsAcel Oap TOIbIpaK IOAUIOHAApbI OOJNBIHIIA
ecenireaai. Kepcetximrep: opramia, Mmeauana, SD, Q1-Q3, NDVI yeci<0,35 xxone NDVI > 0,60.
Overlay: soils x agriculture >xone admin units GoiteraIIa >xnHakTay (Vtar et al., 2020).
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Overlay soils_poly x agriculture_2025 Abait o6asicer Mer IIIKO ymin 6e4ek opsIHAAAABL,
cogaH KeliH Kepcerkimrep OipJell TombIpaK KJAacTapbl MeH >Kep TUIITepi AeHreniHae
caasicTeIpbiaan! (Rafikov et al., 2024).

Biprrxrail MayCBIMABIK Tepese >KoHe Oipaell eHaey ITapaMeTpaepi; yiiaeciMai Agriculture
>xoHe FAO aHpI3Aapbl; «TOIBIpaK TYypi X >Kep Typi» OOVBIHINIA ayMaKTHIK HOpMaJay >KoHe
crpatuduKanys; oporpausaAbK MO3ULNIHBL ecenike aay (JKarislama/eHic/cy aaaObr); KakeT
DoaraH xarjaiiga mapameTpaik emec ceiHakTap (Mann—-Whitney, p<0,05).

HOTUMXEAEPI )KOHE OAAPABI TAAKBIZAAY

ArpozaangpadrrapAblH >Kall-KYiH JKaH->KaKThl TaaAay KoHe >XepAi aridalaHyAbl OHTali-
AaHABIPY YIIiH CaHABIK K9He callaAblK KOpCeTKilTepAi KAMTUTBIH MHTerpalsidaHFaH JepekTep
HazaceH KaabmTacTeipy KakeT (Frimpong et al., 2023). MyHnaait 6azara KOMBLAaTEIH MaHBI3AbI
TaJam-aKIapaTTsl rpaduKaablK (KapTorpadisiablK) TYpAe BU3yaausanmsaliay MyMKIiHAITI.

bya maceaeaepai memyain eH TMiMAl KypaAbl-epTypAi cUIIaTTarbl KEHICTIKTIK depeKkTepai
OipikTipyre >koeHe TaaJayFa MYMKiHAIK OepeTiH TeoakmapaTThIK Mogeab. Ocbl MoOJAeabAi
naligadaHy ayblA ITapyallblAbIFBl aAKalTapbIHBIH 0©1iHYi, Cy pecypCcTapBIHBIH Kali-Kyili, XKep
Oezepi, coHAam-aK arpapaslK daHamapTrapablH eHiMaiairiHe ocep eTeriH 0Oacka Ja
IapaMeTpAep TypaAbl MaAiMeTTepAl KAMTUTHIH erKeli-Ter’keiiai KapTorpaduaablK MaTepual
aAyabl KaMTaMachls ereai (Sun et al., 2022).

CoHbIMeH KaTap, reoaklapaTTbhlK MOJAeAb KeHiCTiKTiK TaaAay XY prisyre, 3aHABLABIKTapAbI
aHBIKTay¥a, >Kepai TaiidadaHy ClleHapuiidepiH MogeAbJeyre >KoHe arpo®KOAOTUAABIK
JKOCITapAay cadachlHja HeTisgeareH IemriMJep KaOblLagayFa MYMKiHAIK OepeTiH KeH
aHAANUTHKAABIK MyMKiHAiKTepre 1e (Saha et al., 2019).

Kep pecypcrapsiH naligaaaHyAbIH >Kail-Kyli MeH TuiMAiairin 6arasay Kypaasl peTiHae
Mogeab 1-KecTeae KopceTiATeH AOTUKAABIK KYPblAbIMAaAFaH aKIapaTThIK OA0KTapAbl KaMTUABL.

1-xecTe. /lorMKaAbK KYpPBLABIMAaAFaH aKIapaTTHIK 010K

Keseny I'padukaanix ATpuOYTTHIK EcenTey-aHaAuTHKaABIK
MakcaTet A¥IMaKTBI KapTOTpaduUAABIK KenicrikTik Taagayra Kep pecypcrapsix
MoJeaAey YIIiH OacTanKsl Ka’KeT CTaTUCTUKAABIK, naigadaHy THiMAiAiriH
KeHICTIKTIK aKapaTThl >K1HaY CaHABIK >KoHe callaAblk, Oarazay >KoHe IIIeIIiM
KoHe Xylieaey cUIaTTaMaJapAasl KMHay KabbLA4ayABI KOA4ay
Kipic CryTHUKTIK cypeTTep; aye OKiMIIiAik/caaaabIK I'padukaarix xoHe
Aepekrep/ TycipiaiMaepi; reoAe3NAABIK AepeKTep; Kep yJackeaepi | aTpmOyTTHIK KabaTTap;
Ko3Jep >K9HE CITyTHMKTIK ITO3uIusaay peectpaepi; xxep canacel | uHAekcrep (NDVI, NDWI,
Xylieaepi; 3aMaHayu JKoHe MeH KepceTKilTepi; MSI 1.0.); peraaMeHTTiK
MyparaTTHIK XKOCIIapAbI- AaZaabIK TeKcepicTep HOpMazap
KapTorpapusAbIK MaTepraljap
ITimimMaep Bekropasix (shp, gdb), GRID Kecreaix BK (DBMS), T'AT/K3A aaicrepi
MeH (pacrop), TIN (ymoypsImTsr CSV/Excel; reoaepexrep (oBepaeit, Oydep,
Kypaagap TYPaKTbI eMec KeAi), aHaAO0TThIK, 6aszacer (GDB/PG); MHTEePIIOASINS, KaliTa
(xara3) MeTajepeKTep KiKTey, Mo4eab KYPY);
KapTorpa(pusabIK
AuarpaMmmadap
Herisri T'eozepexrepai nudpaay, AepexTtepai GipikTipy Kepcerkimrepai eceney;
apekeTTep reopedep.ey, mpoexIusay; (join/relate); Tazaaay >xene Ca/BICTBIPY >K9He
BEKTOpay; pacTop/BeKTOP BaAMAQLIVST; MHTeTpars;
KOHBEpPCHCH; Da3aablK KoATay/KAaccupuKaIus; | 3aHABLABIKTapABI aHBIKTaY;
KabaTTapAbl AalibIHAAY MeTajepeK TOATBIPY KapTorpausAbIK,

BU3yaAam3alnsi
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1-kecTeHiH COHbI

Kesen I'padukaabiy ATpuOYTTHIK Ecentey-aHaauTmKaabIK
IIerrpIc/ AyaanHbIH 6a3aabIK KapTacsl: | ATpUOYTTHIK MaAiMeTTep Taaaay xapTasapsl,
HOTIKE meKapaaap, ruaporpadus, 0azacsl — ap peiTUHITep, ecenITep,
xo0a4ap, KXKK xone T.6. ITOANTOH/OOBEKT YIIIiH YCBIHBICTAp
KabarTap TO/BIK CUIIaTTaMaslap
baraaay l'eomeTpusABIK 49441K; Aepexrepain e3exTiairi, Mogean aoaairi;
eammemMaepi MIPOEKIMAHBIH OipisAiairi; ceHiMAiairi; KogTapAbiH ce3iMTaAABIK/pODaCTLIABIK;
KabaTTapAbIH TOABIKTBHIFEI coriKecTiri; 60c MoHAepAin BU3YyaAABIH TYCIHIKTiAiri;
yaeci LIenrimre acepi
Ecxepmy — asmopaap xypacmuvipearn

Arpapaslk JanamadTrapAblH Kall-KyIiH KellleHAi 6arasay >KoHe >Xepdai maiigasaHyAbl
OHTallAaHABIPY VIIiH CaHABIK >KoHe camaablK KepceTKilTepAi KaMTUTBIH KeHiCTiKke
OarpITTaaraH MaliMeTTep OasachiH Kypy KakeT (Sarmah et al., 2018). Mynaait 6asa arpapabIk
ayMaKkTapAbl BU3yaAu3alusaaayAbl JKoHe KeHIiCTIiKTiK-yaKbITTBIK TaajayAbl KaMTaMachl3 eTyTe
KabiaeTTi reoakmapaTThIK Mogeabre OipikTipiayi Tuic.

NDVI mayceiMapik komnosutrepi 01-30.06.2025 y1i1iH BereTanmsablk, Oe1ceHAIAIKTIH TypaK-
THI I'paAvieHTTepiH anbiKTayiAbl (Hively et al., 2011). Korapsl MaHAep >KalibLAMaJapra, IIPYO3ePHbIE
KellleH/epre >KoHe bLAFaljaHfaH ITaOBIHABIKTapFa OpalilacThIPbLAFaH; TOMEH MOHAEp — CyaliphIK-
TapFa, DPO3IIABIK-KAYIllTi OeTKellAepre KoHe eTiCTiK >Kepaepai ©HAEYAiH TeXHOAOIVAABIK, (pasa-
AapbIHAa ’KaJaHalll TOIbIpaFsl Oap ydyackeaepre (Abaii 00abice MeH IITKO yin NDVI kaprasapsix
KapaHbI3). JIHAekcTiH ayAaHiIniAik MozamMKackl MUKpoOpeaAbepTiH, TOIBIpaK-TUAPOAOTISABIK
>KarAaiiaapAbIH >koHe JKepai naiigasaHybIH arbIMAarbl (pa3achIHBIH YILeCiMiH KopceTeai.

NDVI — ai True Color-meH carikecTeHAIpY MHTepIIpeTalVAHBIH AYPHICTHIFBIH pacTaliAbL:
"xacepra" maccusTep NDVI sxorapplaaraH aliMakTapMeH BU3yaAAbl Typde colikec Keaeai, aa
’KalaHam/oAci3 TapThlAFaH OeTrep  TeMeHJelial. Agriculture Mackacbhl — BLAFaAABIH
KeTicreyIilirine HeMece ITaMagaH THIC >KYKTeAyiHe OalfAaHBICTBI BIKTMMaA arpoCTpeccTeH
(>xarpLapiM/maObiHABIK) NDVI (aaifbiHABIK/K1HAY Ke3eHiHAeri ericTiK) TeMeH MoHAepiHiH
TEXHOAOTMABIK ceDenTepin Oeayre MyMKiHaik Oepeai (Ivlieva et al., 2020). NDVI/Agriculture
JKyNTacKaH Tepeseaepinge KarblamaaapAa NDVI sxorapsl CBIHBIITapBIHBIH yAeci 0ackIM, aa cy
alAbIHAApPbIHAA TOMEHTI JKoHe OpTa CBIHBIIITap OackIM.

Agriculture mackacsiublH acteiHAarsl NDVI aiisipMalielasIKTap sl KepceTedi (7,8-cyper):

Ericrik 6izae NDVI meananaaapsl ToMeH >XoHe e3repMei (epicrepai eHAeyAiH op TypAai
¢aszaaapsr); NDVI mnmkceagepinin yaeci < 0,35 Kyprak aydaHjapda >KoHe YCTipTTepae
SKOFapblAaliAbL.

IMabsiHABIKTAp 0Oo0aca TypakTel NDVI MeamaHasapel; >KayblH-INAIIBIHHAH = KeiiH
DaTIakThI JKepaepae KOFaphl MHTepKBapTUAbAL Auana3oH b6arikaaaas! (Shekhar et al., 2022).

KaiipiapiMaap cy aligblHAapblHAA >KoHe JKalblABIM >KYKTeMeci >KOfaphl aydaHaapAa
NDVI < 0,35 yaecinin >xoFapblaaybl; >KOFapbl MOHAETI XepriaikTi" gakTrap " ToMeHJey HeMece
>KacaHABI cyapy TecikrepimeH cavikec Keaeai (Sivakumar et al., 2023).

Aypaangap OolibIHINIa  HeTi3ri  albIpMAaIIbIABIKTapAbl ~ arpPOTeXHMKAHBI  (SKYMBIC
KYHTi30eciH), MUKpopeabedTi XoHe TOIBIPaK KeCiHAiCiH ecKepe OTHIPBIIT TYCIHAIPTEH KOH.
Abart ooasice MeH HIsrrpic Kazakcran o6avicsianiy (IHKO) Tomerpax kapradapsl ©HIMAIAIKTIH
TyOereiiai opTypai TabuFn aAreIIapTTapbIH OeAriaeiiai.

Abait 00ABICH YCTipTTEpAe KoHe Tay apaablK OacceifHAepAe KalllTaH JKoHe alllbIK KaIllTaH
KellleHJepi ©OachlM, KYMABI >K9He casagpl >Kepaep Oap. bya xoMmOuHaumsaap blaFa
CBINIBIMABIABIFBIH IIIEKTeAl JKoHe BereTallVsiAbIK 6eaceHAiAiKTiH ToMeH "PpOHbIHA" oKeaeai.

MIKO-co1 aiikplH Tay OeKTepiHZeri Mozamka: ipi e3eHAep4iH >KaifblLAMaJapbIHAAFLI
aAAI0BMaAABl KellleHAep KoHe Tay OekrepiHgeri TomslpakThIH KypaMbl >KaFblHaH aysIp. bya
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KYPBIABIM BlAFaAMEH KaMTaMachl3 eTyAi apTThlpadbl >keHe MaycpiMaa ©cCiMAIK MHAEKCiHIH
TYPaKThI JXOFapbhl MaHAEepiHe >KaFaall >Kacalapbl.

TomslpaK 30HAABIABIFBI ©CIMAIK MOTEHUVAABIHBIH alBIpPMAIIBIABIKTaPbIH aAABIH ajla
Oearizeriai: aAAI0BUIT XXKoHe aybIp ca3dgaKTap KebiHece MHAEKCTIH >KOFapbl MoHAepiMeH, JKeHia
JKOHe TY345I KellleHAepMeH-TOMEHETiATeH JKoHe e3repMei.

Agriculture : Agriculture

7-cypet. Abait 06abIchIHBIH Agriculture 8-cypet. IIKO-HbIH Agriculture
Ecxepmy — asmopaap xypacmuipean

Agriculture uHaexci xabaTbl caABICTBIPBIAATBIH aliMaKTapAarbl aybLAIapyalllbLABIK
>KepAepiHiH KOHPUIYpaMsICbIHAQFB! alIKbIH aiiblpMallblABIKTapABI aHBIKTaAbl (7, 8-cyperTep)
(Nie & Yang, 2021).

Abai1 06arpIcEIHAA (7-CypeT) YCTipTTepMeH JKoHe Tay apaAblK OMIlaTTapMeH IeKTeceTiH
ipiakTaM ericTik aakamTapbl OachIM, aa >KalBLABIMJap MeH ITaOBIHABIKTap MO3aMKaAblK
Kipicripyaepai Kypaiiabl. MyHaal opHasacy TeXHOAOIMAABIK Tepe3eaepae TOIbIPaKThIH KbICKa
Mep3iMAi >KaJaHaIllTaHybl Oap y4yackeaepAiH YyJAeciH apTThIpadbl >KoHe COMKeCiHINle OCHI
Ke3eHJepJe ociMAiK MHAeKCiHIH ToMeH MaHAepiHiH naiija 001y BIKTMMaAABIFBIH apTTHIPaAbl.

HlIsrpic Kasaxcran obasiceinga (IHKO) (8-cypeT) aybla IMapyamiblABIFRI SKaMbBLAFBICKHI
KaliplAMaJap MeH Tay OeKTepiHe Kapall TapThlAaAbl >KoHe ilmki OipTeKkTidiriMeH cumarralaapbl.
blaraasanran xep OeaepiHiH Ooaysl (aHFapaap, maenidrep, I[Ipnosep aiiMakrapsl) >Ka3AbIH
OacbIHAa Aa TYPaKTHI BereTallMsIABIK OeAceHAiAiKKe KaFaall JKacalabl.

EricTik yIIiH MaychIMABIK Tepesede MHAEKCTIH TOMeH MaHJepi eH aaabIMeH
arpoTeXHOAOTUAHHIH (azadapbiH (4aibIHABIK, Oy) ecelke aayabl KakeT eTei. JKaiiblanimaap
MeH IIaObIHABIKTAp YINiH TYPaKTHl TOMEH MoHJEP arpO®KOAOIVIAABIK CTpPeccTi (blLAFaaAbIH
KeTiCIeymIiiri, mamMaJaH ThIC KYKTeMe, IIOIITiH derpalaliiischl) KepceTea.

NDVI-gig 01-30.06. 2025 MaycpIMABIK KOMIIO3MIMsIAapbl >KepAi HalijgadaHy MeH
peabedKe corikec 3aHABLABIKTapABI KopceTeai (9, 10-cypertep).

MKO-a2a eH >xorapbl MoHAep ipi Cy arblHAApPBIHBIH >KaliblAMaJapblHa >KoHe Tay
OexTepiHJeri M1aObIHABIKTapFa OpalidacThIpblAFaH; MHAEKCTIH ayAaHiIiAiK e3reprilTiri OMiKTiK
30Ha/ABLABIFBIHA JKoHe OeTKellaepAiH KapaMa-KapCchl 9KCIO3UINMACHIHA OallaaHbICTEI JKOFaphI.

Abait obapIchiHAa POH Teric >KoHe OpTallla/TeMeH MoHAepre ayblcadbl: YCTipTTep MeH
Dacceitngepae OGeaceHgiziri TemeH ydackeaep OacklM, aa JKOfaphl MoHJAEIl «apaajap» Cy
oOBeKTiZepi MeH cyapMaabl alKallTapAa A0KaAu3allysAaHFaH.
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NDVI

9-cypet. IKO-up1Hg NDVI 10-cypet. Abait 06abiceiHBIH NDVI
Ecxepmy — asmopiap xypacmoipza

Herisrisinen AGait oOabicbiHAarbl TypaKTel ToMen NDVI kaacrapbl >KaiiBLABIMABIK
YCTipTTepMeH >KoHe >KeHiA/copTaH ToIBIpaKTapMeH KeHicTikre caikec keaeai; IITKO - aa oaap
kebOiHece TombBIpaK NPOQPNUAIHIH KyaThl MeH BblAFaAd CBIVIBIMABIABIFEL IIIeKTeATeH OeTKeil
nosunusiaapmen 6ariaansictsl (Padhiary et al., 2024).

TonpIpak KapTaJapbl aHbBIKTaAFaH KapaMa-KalIIbLABKTapAbIH TaOMFATHIH HaKThLAAIABL.
Abait o6ariceiHaa (11-cyper) KyMABI >KoHe COpTaHABI ydacKeAepaiH KOChIHABLAAapEI Oap KallTaH
JKoHe aIllbIK-KaIlTaH KelmeHJAepi OaceiM. bya xoMOmHanmsaap blAFaAABIH TOMEH CHIBIMABI-
ABIFBIMEH CHIIaTTalaabl >XKoHe cy anapiHaapbiHida NDVI oprama temen MoHAepiHiH Oachim
00AyBIH TyCiHAiIpeai.

MIKO-aa (12-cypet) anrapaap MeH Tay OoKTepiHAeri aA410BMaAAbl KoHE OJaH Aa ayblp
KeIIeHAePAiH yAeci JKOraphl; 04ap MayChIMABIK Tepedede Typakrhl sxorapel NDVI mangepin
CaKTaliAbl KoHe KbICKa KaIIbIKTHIKTa KeCKiHAeMeHiH MO3aMKaChIH KYIIIenTeai.

11-cypet. AGait 06ABICEIHEIH 12-cypet. IIKO-HBIH
TONBIpaK KapTachl TOIIBIpaK KapTachl
Ecxepmy — asmopaap xypacmuvipaan
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Tombipax 30HaABLABIFBL ©CIMAIKTEpAiH "94eyeTiH" aHBIKTalABL: a1AI0BMaAAb/aybIp Ca3Abl
KaablHABIKTap KebiHnece NDVI >xorapbl MaychIMABIK MoHJAEpiHe cColikeC Kealedi; >KeHia >KoHe
TY3A4bl KellleHAep — TOMeHAeTiATeH >KoHe e3repMeai.

blaraa ¢akropsr xoHe peavedreri nmosuuys. IIKO >xaiibiMazap MeH Tay OeKTepiHiH
AaMbIFaH eaiciHe vie 604a oTeIpsil, NDVI skoraper ayMakTapAbIH YAKEH YAEeCiH KoHe HeFyPABIM
aIKBIH IIIIKI MacIITaOTBl MO3aUKaHbI Kepceteai. Abaii 00ABICBIHAA YCTipTTep MeH >KeHia
TOIIBIPaKTapAbIH OackIM 00AyHI OpTallla-TOMeH MoHAePAiH KeH epicTepiH KaablIITaCThIpablL.

Erictikte Temen NDVI «kebinece ¢azaablK (TeXHOAOTUAABIK >KaJlaHAIITAY),
>KalbLABIMAapAa — MYMKIiH arpocrpecctiy kepcetkimti (Kingra et al., 2016). JXXaitsramasapaarsr
H_Ia6bIH,Z|,I)IKTap MHAEKC UHTepBaAAapbiH Ka/m6p/1ey YIIiH >KOFaphl OeaceHAIAIKTIH JKePriaikTi
"crangapTTaphl’ 004a aaaabl.

Abart ooasicer: NDVI MoHAepi TypaKThl TOMeH >KalBIABIMABIK, YCTipTTEpre >XyKTeMeHi
peTTeyAi Ke3aey, CyMeH KaMTaMachl3 eTy OOJIBIHIIIA HYKTeAIK ic-ItapasapAbl (Cyarapaap, MUKPO
TOFaHJap) icKe ackIpy, COHJall-aK 0cal yJackelepAe KepriaikTi 9posusra Kapcsl ToxXipudeaepai
eHri3y.

MKO-aa Oaypaitgarbl  >KaliblAbIMAapAbl  Oackapy  (KOHTYPABIK — YIBIMAACTBIPY,
KalBIABIMABL IIIEKTey) >KoHe >KallblAMaAbl IMaOLIHABIKTapABl ©HIMALAiri >KOrapsl TypaKTHI
aimMakTap peTiHge ycray. Exi aliMakrarbl ericTiKk >Kepaep  YIIiH-TEXHOAOTMABIK
"Tepeseaepinacepin 60aAbIpMalTHH KOII KaOATTHI KaTapAap OOBIHIIA OaFralay.

Nureprperanns 2025 KblAABIH MaycChIMABIK, TepeseciHe >KaTaAbl koHe cesiMTad: (I)
BaAUATI IIMKceAb MacKachHbIH caracsl, (II) 6eariai 6ip mayceiMubIH aya-paiisl, (I1I) Agriculture
KaOaTBIHBIH ~e©3ekTiairi >xeHe (IV) Bmsyaamsammsa ImekTepiH TaHAay. backapyIblasik
TY>XKBIPBIMAApP VINIH KOIDKBIAABIK CaAbICTBIPMaAbl Tepe3dedepre >KoHe >Kepai maiigaaaHy
KabaTTapbIH YHEMI JKaHapPTHIII OTHIPYFa CyJeHTeH JKOH.

KOPBITBIH 4 bl

3epTTey GipTyTac TEXHOAOIVAABIK KOHTYypFa Heri3jeATeH ayblAIIapyalllblABIK KepaepiH
Oaxpraay >koHe Oackapy Maceaeaepin mremyge I'AXK KypaagapbslHBIH THiMAiAiriH KepceTTi:
Sentinel-2 L2A — I'’AX-za enaey — Agriculture MmackacsiublH acTeiHAarsl nHAeKCTEY (NDVI) —
1MPPABIK TONBIPAK KapTalapbIMeH KUBIABICY — OacKkapy KOpBITHIHABLAAPEL. Exi Kapama-Kapcer
eHip ymuIiH (Abait o0abice! >xaHe IIsrrpic Kazakcran 004bICH) OipbIHFall JKoHe >KaHFbIPTHLAATHIH
T'AK-paciMm HoTMOKeAepAiH caabICTBIPMaABIALIFBIH, MHTEepIIpeTalisilapAblH alllbIKTBIFBIH JKoHe
oIepanusIABIK KOAJaHBICTBLABIFBIH KAMTaMachl3 €TeTiHi KopCceTiAreH.

Ic xxysinge 'AJK ne Gepeai (3kyMbIcTa TeKcepiareH):

¢ XrragamMaplk KoHe MacmTaOTay. Sentinel-2-ai aBTOMaTTaHABIpbLAFaH KYPacTEIPy SKoHe
eHJey caablcTeipMaabl KapTadapasl (True Color, NDVI, Agriculture) maycsiMaBIK Tepeseaepre
KOIT yaKbITThI KakKeT eTIIecTeH alyfa MyMKiHAIK Oepeai.

e Tycingipy asaairi. NDVI-ain ayblamnapyalllblAbIK >KoHe TOIIBIpaK KapTadapbiMeH
KeHICTIKTIK yIliaecyi >KaafaH TY>KBIPBIMAApABIH CaHBIH as3aiiTadbl (€TiCTIKTiH TeXHOAOIMSABIK
>KalaHAIUTBIFBIH >KaBLABIM/INAOBIHABIK, arpocrpecreH 0Oeseai; ToOIbIpak IleH JAaHAIadpr
IIeKTeyAepiH ecKepeai).

e backapymbIAbK yTnaAnTa. Kapraszap MeH aHaAuTHKa KoA4aHOaAbl eHiMAepre OHall
ayblcaabl: 'ipobaeMaanl” epicrep/KaiiblabMAap Tiz0eci, Meanoparnus >koHe CyMeH KaMTaMachI3
€Ty Ke3eKTiiri, OeTKeiAiKk yyackeAdep YIIiH KOHTYPABIK YCHIHBICTAP.

® Yuemaiaik. Ameik Copernicus gepekTepin >xoHe Tuntik I'AJK omepamusasapein naiiga-
AaHy XeTKiaikTi erkei-terkeiiaepai (10-20 M) cakTaii OThIpbII, OaKblaay IIBIFBIHAAPBIH a3aiiTabl.

Tuimaisikke OaifaaM apKBIABI KOA >KeTKi3iAeTiH arpoaaHAIITeNHAepAiH >Kail-KyiliH
Oarasay peraamenTi ycoiabiagel: NDVI (kpriagam mnAmkaTtop pertinge) + Agriculture (ckepai
HarijalaHy KOHTEKCTI) + NU(pABIK TOIBIpaKTap (ayMaKTapAblH dA€yeTi).
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I'AK xypaaaaps! TaOum >karAaiabl (TONBIpaK, peabed, bBLAFaAABIABIK) TEXHOAOTVAABIK
(engey ¢dasaceiHaH) Kaaall 0eAeTiHiH KepceTeTiH OipbIHFall MayCHIMABIK Tepe3eje aiiMaKapaAblk,
CaABICTBIPY >KYPTisiaai.

TypakTel MOHUTOPMHI IIeH BeAOMCTBOABIK eceIlTidikKe >KapaMAbl KalTadaHaToiH I'AJK
IporeAypadapbl MeH KapTadap >KUBIHTBIFBI KYPBLAABL.

Horioxeaep: (I) GackapyMIBLABIK ic-KMMBLAJapFa OachIMABIK, Oepy YIIiH (>KaliBLABIMABIK
JKYKTeMeHi peTTey, >KepriaikTi Meamopaius, cyapMaasl xepaep), (II) "TexHoaorusasx tepese-
Aepai" eckepe OTHIPHI, AalaablK >KYMBICTapabl >Kocrmapaay yuriH, (III) skep marigasanHyasrH
IMQPABIK TOIBIPaK >XoHe TaKBIPBIITHIK KapTalapblH KbLA CalbIH >KaHAPTY VIIiH KOAAAHBLAYHI
MyMKiH. Kypaaaap sxmnarsl kopriopatusTik I'AX >xeHe BeO-OaKkblaay KbI3aMeTTepiMeH yilaeciMAi.

JlepeKTepai AyphIc )KMHaKTall, HOTU>XKeAepai KOHTeKCTKe call TyciHAipreH xargaitaa ITIC-
KypaaJapbl ayblAlllapyallblAbIK >KepAepiH >Kedea, KailTalamaabl >KoHe HKOHOMMKAABIK
>KaFblHaH TUiMAi MOHUTOPUHTIiAeYAl KaMTaMachI3 eTill, TAOUFU 9pi TEXHOAOIVIIABIK dPTEKTiAiK
KafrgalibiHAa OacKapyIIBIABIK IIeMTiMaepai HeTisgeyAi KymenTeai.

MY AAEAEP KAVIIIBIABIFBL: ABTOpAap MyaAedep KaWIIBIABIFBI KOK €KeHiH
MoAiMAaeAl.

JKACAHABI MHTEAAEKT TEXHO/AOIMSIAAPHIH ITAVIAAAAHY TYPAABI
XABAPAAMA: I'niapiMu MakadadapablH aBTOpAaphl ©3 eHOeKTepiH JalibiHAay OapBICHIHAA
>kacaHas! nHTeAAeKT (K1) KypaaaapsIH K0A4aHOAABL.
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TEOMETPUYECKUE MOAEAU 10KAABHOM ONITUMU3 AN
TPACCUPOBKU TPAHCIIOPTHO-AOTUCTUYECKVX CETEN
ABTOMOBUABHBIX AOPOI'

ABTOMOBMAbD JKOAAAPBIHBIH, KOAIK-A0TUCTUKA ABIK,
JKEAIAEPIH CAAY AAFBI ITAFBIH BOAIKTEPIH
OHTAMAAHABIPY ABIH, TEOMETPUSIABIK MO AEAB AEPI

GEOMETRIC MODELS OF LOCAL OPTIMIZATION OF TRACING
TRANSPORT AND LOGISTICS NETWORKS OF HIGHWAYS

K.A. Kycnekos "= 1*

1Kasaxckmit HallIOHaABHBIN 1CCAeA0BaTeABCKUII TEXHIIECKUT YHIBEPCUTET

nmenu K. V. Carmaesa, r. Aamarsl, Kazaxcran

*ApTop-koppecnongenT: Kycrekos Karsrpoex Amupraseryan, k.kuspekov@satbayev.university

Karouessie caoBa:

AHHOTAD WS

T'eomeTrpnueckast MmoJean,
KOHUTypaIus,
OINTUMM3ALINs, TTOASIpHAs
cets llITeliHepa, paccTrosHms,
HoAspHas cucTeMa
KOOpAMHAT, HOASpHast
MeTpUKa,

KPUBOAVHEVHBIN
JeThIPeXyTOAbHMK.

TpaccupoBka ¥ TIOCTPOEHM: ONTHMMAaABHON KOHPUIYpAI[UM CeTH
SIBAAIOTCSI OAHMMM U3 OCHOBHBIX 3a4a4 A0rucTUKM. CTaThsl IOCBsIIeHa
COBEpIIeHCTBOBAHNIO METOJA0B AVCKPETHO-A0KAABbHOM ONTUMU3ALUN
TPacCHpPOBKM TPaHCIIOPTHO-AOTUCTUYECKNX CeTeil aBTOMOOMABHBIX
dopor. OCHOBHOW 1eAbl0 SIBAseTCs OIlpejedeHNe KpaTdyailllero
PacCTOSHMS AOCTAaBKU IPY30B OT MecTa IOTPY3KM 40 MeCTa pasTPy3KIH,
OTBeYaIOIlero IpejBapUTeABHO 3aJaHHBIM TpeOoBaHMAM. Jas
pemreHns 3ajady CUCTEMaTU3MpPOBAHH UM OOOOIIEHBI pa3ANIHEBIe
BapMaHTBl TeOMETPUYECKUX MOJeAeill CeTU C NOASIPHONM MeTPUKOIL.
Vcxoast M3 MeToJa HaUMEHBIIEIO YAAUHEHMs, cpOpMyAUpOBaH U
paspaboTaH aATOPUTM IOCTPOEHNS TPaCCHPOBKY A0KaAbHOM CeTU A
geTpIpex IyHKTOB. TpaccupoBska ceTy IIpUHaAAeKUT K 9KCTpeMaAbHbIM
n kaaccy NP-TpyAHBIX 3a4a4 AVICKpeTHOM onTumusanuu. Tpebyemast
KOHUIyparus ceTu aocturaercs gobasaenymeM Ttouku IllteitHepa.
AATOPUTM IO3BOASET YIUTHIBATh 00XOJ MPEeIATCTBIS M IIOCTPOUTH
KpaTdaimmii MapmpyT Joporu. IlocTpoenHas KoH(urypamus ceTn
COCTOUT U3 pajMaAbHBIX OTPe3KOB M AyT OKpy>kHocTeit. CymmapHas
AJAVIHA OTPe3KOB AYT U OKPYKHOCTe J0AKHa OBITh MUHIMAaABHOIA.

TyniHai cesaep:

TYUIHAEME

TeomeTpusablk MOAeAas,
kopurypanms,
oHTaiaa"asipy, llTeiinepain
HOASPABIK, >XKeaici,
KAIIIBIKTBIK, ITOASPABIK
KOOpAUHaTaAap Kyiieci,
IOASPABIK METPUKA, KUCHIK
CrI3BIK TOPOYPHILI

Keaik-a0rmcTNKaABIK JKeAiHiH OHTaliAbI KOHPUIYPaIMACEIHBIH MOJEAiH
caly, AOTVICTMKAHBIH Herisri ecemTepinin Oipi. Makaaa asTOMOOMAD
SKOAAAPBIHBIH KOAiK-AOTUCTMKAABIK, KeAidepiHiHiH IIarelH OeAikTepiH
OHTallAaHABIPY dJicTepiH >KeTiagipyre apHaaraH. Herisri MakcaT XKyk-
TepAi TMey OpHBIHaH TyCipy OpHbIHa JeWiH >KeTKi3y >KoHe aAAblH aja
OepiareH TasanTapAbl KaHaFaTTaHABIPATHIH €H KBICKA ITOASIPABIK JKeAiHi,
KbICKA KAaIIBIKTBI >kK0A cady. EcenTi 1memy yiiH >Keaiaepain
reoOMeTPUABIK MOJAeAbAEPiHiH opTypAi HYCKadaphl KylieAeHIeH JKoHe
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>Ka/AmblaaHraH. EH KbpICKa apaablKThl aHBIKTay 9A4iCiH KOAJAAHBII TOPT
HYKTeHi >KaAFaliThIH JKeAiHiH IIaFblH OeAiKTepiH caayAblH aArOpuUTMi
TY>KBIpbIMAaAFaH >koHe >KacaaraH. JKeaizepai caay auckperti
OHTalLAaHABIPYABIH BKCTpeMaaAbl >koHe NP-KMBIH ecenTep caHaThIHA
kataapl. TazamnTel KaHaraTTaHABIPATHIH >KeAiHiH KOHQPUTYypaIusach
ITelinep HYKTeCIH €HIi3y apKbLABI JKy3ere acaabl. AAroput™ bereTrepai
aliHaABIIl OTIIl KBICKA KAIIBIK >KOAJ4apAbl caAyra CeNTiriH Turizeai.
CazpHFaH >KeAiHiH KOHQPUIypaIMACH pajualjbl KeciHAizep MeH
meHOep AoradapblHaH Typadsl. /Jorasap MeH KeCiHAiAepAiH >KaAIlbl
Y3BIHABIFB MIHIMMAaAABI 60AYHI KepeK.

Keywords: ABSTRAKT

geometric model, Tracing and building an optimal network configuration is one of the main
configuration, optimization, tasks of logistics. The article is devoted to improving the methods of
Steiner polar network, discrete local optimization of tracing transport and logistics networks of
distances, polar coordinate highways. The main goal is to determine the shortest distance of cargo
system, polar metric, delivery from the place of loading to the place of unloading that meets
curved quadrilateral. the specified requirements in advance. To solve the problem, various

variants of geometric network models with a polar metric are
systematized and generalized. Based on the method of least elongation,
an algorithm for tracing a local network for four points is formulated
and developed. Network tracing belongs to the extreme and class of NP-
hard discrete optimization problems. The required network
configuration is achieved by adding a Steiner point. The algorithm allows
you to take into account the obstacle avoidance and build the shortest
route of the road. The constructed network configuration consists of
radial segments and arcs of circles. The total length of the arcs and circles
should be minimal.

BBEAEHWE

D¢ddexTuBHOCTS pabOTHl U AadbHENIIIee pa3BUTHE PBHIHOYHBIX OTHOIIEHUI 3aBUCAT OT
B3aIMOJENCTBMS TIOCTaBIIMKa U TOTpeOuUTeAs. B KOHTeKcTe AaHHBIX OTHOIIEHMUI pellleHNe
BOITIpOCa CBOEBPEMEHHOI AOCTaBKM TOBAapOB VI ITOBBIIIEHNS ee KadyecTBa OCTAeTCsl OTKPBITBHIM.
34ech BaXKHYIO pPOAb WIPaeT AOTWCTMKA IIepeBO30K, KOTOpas 3aHMMaeTcsl IIpodaeMaMU
HaXOXAeHUsA ONTHMaAbHBIX MapIIPYTOB IIOCTaBKU TPY30B, YAOBAETBOPSIOLINMX COIIMa/AbHbIe
rorpeOHOCTH ITOTpeOuUTEA€ll 1 DKOHOMMYeCKMe BHIroas! rocrasimukos (Nerush, 2019). Tak kak
BpeMsl 4OCTaBKM I'PY30B sABASETCA Ba’KHENIIIUM KpUTepueM AOTUCTUKY, P IPOeKTUPOBaHNUN
CceT aBTOMOOMABHBIX AOPOT UAU ee PEKOHCTPYKUMY Ba>KHEMINEe 3aJadell sBASETCs
HaxoXXJAeHIe KpaTdalIero Iyt mapuipyrta. IlosTomy rocyjapcrsa B CBOMX CTpaTeTMIeCKIUX
IIporpaMMax pas3BUTISI CeTU aBTOMOOMABHBIX AOPOT 3aKAaAbIBAaIOT BO3MOXKHBIE ITepCIIeKTUBHbIe
IyTU JaabHelinrero ee pas3suTysl. COOTBETCTBEHHO STUM IIOKa3aTeAsM YKa3blBalOTCs OOBEMBI
¢unancuposanms  (Khalturin, 2011). IloaoxmureabHoe pelleHre TakKMX 3ajad AOTUCTUKK
AOCTUTAeTCs pa3pabOTKOI U MIpUIMeHeHVeM HOBBIX TeOMeTPUUIECKUX MOJeA€ell CeTU aBTOMOOUAb-
HBIX Aopor. Ha mpakrmke reomerpudeckme MoJeAM OTOOpa’kalOT pealbHble MapIIpPyTHl U
IIO3BOAAIOT MpOaHAaAM3UpPOBaTh ApyIUe BapMaHTBl IyTU AOCTaBKU TIpys3o0B. llosBasgercs
BO3MO>KHOCTh paccuuTaTh ApPYIVe KpUTepUM: CKOPOCTh ABVMIKEHUs TPaHCIIOPTa, PacCTOsHUeE
MeXAy IyHKTaMJM HadHadyeHMs u Apyrue. [1pobaeMbl TOCTpoeHNsI MapIIpyTOB TPaHCIIOPTHBIX
Cpe4cTs B 00XOJ4 OIIACHBIX y4YacTKOB ITyTM ITOKa3bIBalOT Ba>KHOCTh BBIOOpa OINTMMAaABHON
KOHQUTIYpaLMU CEeTV AOPOT Ha IIpUMepe U aHaAV3e AOPOKHO-TPAHCIIOPTHBIX IIPOMCIIECTBUIA,
cayausiiuxcst B Crpunruage B 2013-2018 rogax (I'epmrerin, 2022). C ydyeroM Bcex ®THUX
(akTOpOB MOXKHO BBIAE€AUTH, YTO OCHOBHBIM IIPY IIPAKTUUECKOM PeIeHNN 3a4a4l TPacCUPOBKIU
TPaHCIIOPTHO-AOTUCTUYECKON ~ CeTM  aBTOMOOMABHBIX  JOPOT  SABASETCA  IIOCTPOEHNe
pa3BeTBAeHHOI KOHPUTYpaIiuM CeTU KpaTJaliIeil 4AMHbIL. 34eCh BaXKHO IIOCTPOUTDH BO3MOXKHBIE
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00Bbe3Abl TaK Ha3blBaeMBIX KaPCTOBBIX 30H Ha ITyTH, KOTOPBIE MOTYT OBITh MCKYCCTBEHHOTO UAN
IIPUPOAHOTIO IPOUCXOXKAeHMs. [eoMeTpuyeckiie ®A1eMeHTBI TPacchl C TOYKU 3PEeHMs AAVIHEL
MPOTSI’KEHHOCTH, a TakKe PacIlOA0XKeHIsI Tpacchl Ha OIlpeJeAeHHOl IOBepXHOCTH peabeda
BAWAIOT Ha ee CTPOMUTEABHYIO cTomMocTb. Ilpm ompeaesenmm m BpIOOpe ONTHMAaAbHON
KOH(pUIypaumm ceTy aBTOMOOMABHBIX AOPOT 3(PPEeKTUBHO IIPUMEHITh METOABl CHUHTEe3a,
IIO3BO/SIONINE OIpeAeAsTh PACCTOSHUA OT HadaAbHOTO IIYHKTa IIOIPY3KU IPy3a A0 KOHEYHOTO
IIyHKTa AOCTaBKI. B HacTosAIIIee BpeM:I IIIMPOKOe IIpYIMEHeHNe ITI0AYIIA BEPOATHOCTHBII METO,
aoposxHont Kaptel PRM (Probabilistic Road Map), KoTopsIit 1o3BoAsIeT IIOCTPONUTH TPaccy B
00xoa mpenarcrsmuii Ha nytu. CaelyeT OTMETHUTH, YTO DTOT MeTO/J HPUMEHAeTCI MIpuU
IIPOEKTUPOBAaHNUY MaruCTPaAbHBIX Tpacc.

Metogamu Tteopuu rpados paspaboTaH IIpOrpaMMHBINI KOMIIAEKC OITUMM3aLINI
MapIIpyTOB IepeMellleHs TPaHCIOPTHEIX cpeacTs (XKuraaos, 2020). B aToi1 paboTe OCHOBHBIM
KpuUTepueM sBAsgeTCs BLIOOp KpaTdaiflllero MapIIpyTa TPaHCIIOpPTa OT IIyHKTa IIOTPY3KHM A0
ITyHKTa 4OCTaBKM, YYTeHbI XapaKTePUCTUKN JOPOT TOIOrpadprdecKoil IOBepPXHOCTI MECTHOCTY,
KOOpAVHATBl IIYHKTOB MecTa IIOTPY3KM I KOHEYHOIO IIyHKTa JAOCTaBKU. JJech He
paccMaTrpuBaeTcsl KpMBU3HA A0POT KaK OAVH 13 PaKTOPOB, BAVSIOIINX Ha ONTYMaAbHOCTD CEeTIA.
B koHTekcTe aHaamMsa ¥ pellleHNUs BHIIIEyKa3aHHBIX 3aJad  aKTyaAbHBIM  ABASETCA
COBEpIIIeHCTBOBaHNME  METOAO0B  AMCKPETHO-A0KaAbHOM  ONTUMM3ALNM  TPacCUPOBKIU
pacnpejeAuTEeAbHBIX — CeTell  aBTOMOOMABHBIX JAOpPOr C  IIpMMeHeHMeM  IIOCTPOeHIs
reOMeTpMYEeCKX MoOJeAell, IIO3BOAAIOIIMX CTPOUTh AOpPOTM C OOXOAOM IIPEeILITCTBUIL
MMHVMAaABHOI MPOTSKEHHOCTU U OIpeAeAsTb (pOPMBI ONTMMAaAbHON KPUBOI B OTAEABHBIX
ydJacTkax, yA0BAeTBOPsIOmyie TpeOOBaHsI ITPOEKTHPOBaHIL.

Ilocmanoska 3aday. IlpoexTupoBaHe aBTOMOOMABHBIX 40POT BKAIOUaeT HeCKOABKO DTAIIOB.
BakHBIM M3 HMX sBASETCA IIOCTPOEHME OINTHMaAbHON KOH(PUIYpaluM TPaHCIOPTHO-
AOTUCTUIECKON ceTu AOPOr. B pesyabraTe TpacCHpOBKU OIpeseAseTcsl HECKOABKO BapMaHTOB
obaacreit MapuoipyroB. Ha myTtm TpaccupoBKM MOIYT BO3HUKHYTH OTpPaHUYEHUs B BUAe
KapCTOBBIX 30H, TOrJa TpeOyeTcs BRIOpaTh APYTO MapIIPYT MAM IIOCTPOUTD TPACCy B 00X04 DTUX
3oH. Kak m3BecTHO, TpaccmpoBKa IpMHAaAAeXUT K dKcTpeMaabHBIM U NP-TpysHbIM 3agadam
AuckperHoyt ontumusanyy. OCHOBHOM I1eAbI0 ONTUMM3AIIVMM CETU SBASETCA OlIpeje/leHue
paLMOHAaABHBIX MapIIPYTOB AOCTaBKU IIPOAYKTOB IOTpeOAeHMs OT IIOCTaBIINKOB K IIOTpedu-
TeAsIM U JOCTYDKeHNe MaKCMMaAbHOTO Kod¢PuIleHTa MCI0Ab30BaHNMs IIpodera aBToMoomast. B
OCHOBY paspabaThIBaeMBIX TeOMeTPUIECKIX MOJAeAell A0KaAbHOM ONTUMU3aluM TPacCUPOBKI
TPaHCIIOPTHO-AOTUCTUYECKNX CeTell 40AHBI OBITh II0A0XKEHHI CAeAyIomye TpeOOBaHII:

e reoMeTpmMyeckasl MoOJAeAb CeTM JOAKHAa MaKCUMaAbHO OTOOpakaTh peaabHyIO
TPacCUpPOBKY AOPOINL;

e KOHQUTYypaIMsA Tpacchl AOAXKHa OTOOpa’kaTb HECKOAbKO BapMaHTOB MapIIPYTOB,
COeAVMHSIONINX BCe 3aJaHHble ITyHKTHl Ha3HAaYeHILs;

¢ Ha/M4Me aAbTEPHATUBHEIX TPacc 00X0Aa KapCTOBBIX 30H;

® aBTOMOON/ABHBIE AOPOIY A0AXKHBI IMETh MUHIMAABHYIO CTPOUTEABHYIO CTOUMOCTD;

e paspaboTraHHasl KOHQUIypaLmsl MOAeAN CEeTU CTpaTerMuecku AO0JXKHa CIIOCOOCTBOBAaTh
AaAbHeNIIeMy pa3BUTHIO AOPOTH B IL1aHe 3aCTPOVIKI TOpoAa.

CToMMOCTh CTPOUTEABCTBA M DKCIAyaTalluM AOPOT 3aBUCHUT OT peabeda Tomorpadu-
9JecKOJ IOBePXHOCTU MECTHOCTM M OT XapaKTepUCTMKIU JOPOI, B IepBYyIO odepeab OT AAMHBI
y4dactka goporu. PaszpaboranHas reoMmeTrpuyeckas ModeAb ¥ KOHPUIYpaLs TPacCUPOBKIU CeTH
ITO3BOASIOT IIPOaHAaAM3UPOBATh U BHIOPATh AOPOTY, YAOBAETBOPSIOMIYIO TaKUM TpeOOBaHIUAM.
Aas pemeHns mnpoOAeMBI pacCMaTPMBAIOTCS KPUBOAMHENHBIE Tpacchl € y4eToM 00xoJa
IIPEILITCTBUI, KOTOPble MOKHO alllIPOKCMMIPOBATh OTPe3KaMy IPSIMBIX M AYT OKPY>KHOCTEIL.
Crpoutcst KOHPUIypaLMs CeTH C IOASAPHON MeTPpUKOI. AucKpeTHas ONTUMU3AlUs A0KaAbHOM
CeTU aBTOMOOWABHOI 40pOIHu A4 3aJaHHBIX YeThIpeX IIYHKTOB COCTOMUT 13 HTAIlOB:
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1) OnpegeanTh KOAUIECTBO AOTIOAHUTEABHO BBOAVUMBIX ITyHKTOB;

2) OnpeaeAUTh KOOPAMHATHI HTUX TYHKTOB;

3) Iloctpouts AmHNY, ormbaroIMe MPEISTCTBUM Ha IyTU U COeAVHSIONIVe 3aJaHHEIe
U AOIIOAHUTEABHO BBOAVIMBIE ITyHKTBI;

4) CymmMmapHast AA1Ha ceTU A0A>KHa ObITh MIHIMAABHOIL

MATEPUAABI U METOAbI

Ba>kHOCTh reoMeTpIIeCKUX METOAOB M IpadpMKOB B BOIIPOCaX ONTUMM3ALIUY CTPYKTYPHI
aBTOMOOMABHBIX AOpOr oOocHOBaHa B pabore (Hemumuos, 2016), rae A4s IpaKTUIeCKON
peaansany B IpOEKTUPOBAHNI U CTPOUTEABCTBE AOPOT IpeAaaraioTcsl pasAMdHble CTPYKTYPBI
TpacCUpOBKM CeTM B BUAe paAMaAbHOlN, pPasnaabHO-KOABIIEBOM, HPAMOYIOABLHOI,
HPsIMOYTO/BHO-AMAarOHaABHOI, TPEYTOAbHO, KOMOMHIPOBAHHOMN M APYTHUX.

Onrmummsanust KpUMBOAMHEHOTO y4dacTKa, KOTAa TPacchl COCTOAT U3 IPAMOAVHENHBIX
Y4acTKOB U AAs CONPSI’KeHUs CBA3BIBAIOIINX ABe TOUYKM IIPUMEHAIOTC KpUBbIe THIIa ITapaboabl
U OKPY>KHOCTH OOABIINX paAnycoB, onmcassl B ([1aexosa, 1998). Otor kaacc 3agay BO3HMKaeT
OpU MPOEKTUPOBaHMM aBTOMOOMABHBIX AOpOr. B ®Tmx mccaejoBaHUAX paccMaTpUBaeTCs
TOABKO ONTMMaAbHas KPUBM3Ha Tpacchl, BAJIOLIas Ha pa3AMdHble OIpaHMYeHMs IIpU
POEeKTUPOBaHUU AOPOT.

l'eomeTpuyeckne MoAeAn TPaHCIIOPTHBIX ceTell AOTMCTUKI C eBKAMAOBOI MEeTPUKOI 445
sty nyHKToB (Kuspekov, 2016) m 4451 3a4aHHOTO MHOXKeCTBa IIYHKTOB C OPTOIOHAABHON U
€BKAMAOBON MeTPpUKaMM MCCA€AOBAHbI U OITMICAHBI (Kuspekov, 2023). Ha npakTuke mpoeKkTu-
pOBaHMs CeTH AOTMCTUKM aBTOMOOWMABHBIX AOPOT HapsAy C eBKAMAOBONM ¥ OpPTOTOHaABLHOM
MeTpMKaMI Ba’kKHOe 3HadyeHle IMeeT IIpUMMeHeHMe MOASpHBIX paccrosauuii. Ilpnu
IPOEeKTUPOBAaHUU TPacChl AO0POT, OCOOEHHO NpU OIpeAeleHMM KpaTdaillllero ImyTu B OOXOA
MpenATCTBUM, Y400HO UCII0Ab30BaTh TeOMeTpudecKrie MOAeAH, COCTOAIIE U3 OTPE3KOB IIPSIMBIX
U AyT oKpy>KHOCTell. Takne Moaean nccaeAoBaHbI A4 PUBNIECKUX IPOCTPAHCTB Ha IIA0CKOCTH C
noaspHoi merpukoi (Ecmyxanos, Kycnekos, 2005).

PaccMoTpuM 3agauy IIOCTpOeHMA KpaTJyalllinX AyTopaAuaAbHbIX AVMHUI, COe AVHSIOIINX
3aAaHHble TOUKM M1, M2, M3 u Ma. IlycTs B puxcuposanHoit obaacty Toukamu M1, Mz, Ms u M
MMeIOTCsI OTpaHNYeHNsI B BUAe pa3AMYHbBIX IPeIATCTBIUII Ha ITyTU Tpacchl. B Takoit moctaHOBKe
3aja4y IIpeadaraeTcsl IPUMEHUTb TOIOAOTUIO AAs deThipex Todek (Kycmekos, 2011). Onru-
MaJbHas KOHQUTypanusa ceTu AOCTUTaeTca 400aBaeHneM A0moAHnTeAbHOM Toukn IllTerHepa
II0 aHaAOIMM pelleHUs TPaHCHOPTHHIX 3adad C OPTOIOHAABHOM U €BKAMAOBOM MeTpMUKaMIL.
Touka llTeitHepa M03B0AsIET TTOCTPOUTH CETh MUHMMAABHON AAMHBI U pa3AUdHbIe BapUaHThI
coeauHeHUs: (QUKCUPOBAHHBIX TOYEK B 30HE IIOABVDKHOCTM ceTM. TOUKM cOeaMHAIOTCA
pPaanaibHBIMU U AYTOBEIMI OTPe3KaMI OKPY>KHOCTH. /A5 ITOCTPOeHUsI ONITUMaAbHOM KOHPM-
Typaluy aBTOMOOMABHBIX AOPOT M TPacCUMpPOBKM JCIOAB3YeM aATOPUTM, ITO3BOASIOIIMIA
IIOCTPOUTh KpaTdyalillile ANHUY, CBA3YyIOIINe 3ajaHHOe MHOXKEeCTBO TOYeK I1A0CKOCTH
(Kycmexos, 2023):

1 mar. Beramcasiores: paccTosHUS MeXAY BceMU ITapaMi 3a4aHHBIX TOYeK.

2 mrar. MeToA0OM CpaBHMTEABHOIO aHaAm3a BRIOMpaloTcs Ase Touku Mi u Mj. Beioupaem
TOYKM C HaMMeHbIMMHU paccrosHrsaMy. CoedMHAeM DTU TOUKM, KOTOpbIe 00pa3yIoT KpaTJariiiee
Aepeso Hlreitnepa, KAIII.

3 mar. CpaBHIMBaeM pacCTOsHUE MeXAy TPYIIaMm U3 t ToueK M CTpOMM KpaTdaiiliee
aepeso lllTerinepa, obpasyerca Kpardaiimree gepeso KA.

4 mar. Ctponm kpardaiiiee gepeso Ilreitnepa KA1 aas rpynmer u3 t+1 Touexk.

5 mar. 34ech TpeOyeTcsa onpeAeAUTh odepeJHyIO t+1 TOUKy, IpucoeAMHAEMYIO K AepeBy.

6 mar. B obmem cayuae x KAIls1 npucoeaunsierca KAIL: (3 mar) B aepopMupoBaHHOM
BUAE.
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7 mar. MoryT okasatbcst Touky, He Boiegrne B KAI:. ITpu HeoOxoAMMOCTH cOe AMHUTD
TaKle ABe TOUKM, KOTOPBIe pacloA0XKeHbI OAVKe APYT K APYTY.

8 mar. Takme TOuku MOIyT oOpa3oBaTh HOBBIE I'PYIIIBI COeAMHIEMBIX TOYeK, KOTOphle
00pasyIoT HOBbIe KpaTJajillye I10AAepPeBbs.

9 miar. KpaTuarimue rogaepesbs, oOpa3oBaHHbIe PN 7 IIIare, IPUCOeANHAIOTCI APYT K
Apyry Ha ocHoBe Oawkarmero paccrosHus KAl mpm kKaXaoM OTA€ALHOM IIIare ero
ITOCTPOEHMS.

10 mrar. PopmupyeTcst KOHPUTYpaUys CeT Ha IAOCKOCTH, 3agaHHON Toukamu M1, Mz, Ms
1 M4 ¢ KapCcTOBBIMU 30HaM M Ha IIyTu Tpaccel. CTposTCs ornbaroye 9T1 30Hb AUMHUA B BIAE AYT
OKPY>KHOCTH.

Taxoit 110AX04 SABAsIETCS OJHUM U3 pallliOHAABHBIX CIIOCOOOB BEIOOPa (POPMBI KPUBOAU-
HEJTHOTO y4JacTKa TPacchl, COeAMHSIONIETO 3ajaHHbIe TOUYKM B OOXO/ IIPEILSITCTBUI, B BUAE AYT
OKPY>KHOCTH, ITO3BOASIOIINII YIUTHIBATh U APYTUe KpUTepuy, IpesbsaBAseMble K KPUBU3HE
Tpacchl.

PE3YAbTATDBI 1 ObCYXXKAEHMSI

AAs pelleHns] IIOCTaBA€HHOM MH>KEHEePHO-DKOHOMMYECKON 3a4aul CTPOMM IOASPHYIO
cetp Illrteitnepa. AJasee 0Ooaee TOAPOOHO U3YyYMM pasAMYHLIE IIyTH AYyrOpaAyalbHBIX
MapIIPyTOB, COEAMHSIOMMNX ABe (PMKCHPOBaHHbIE TOUK! B BLIOpaHHO 30He IOABUKHOCTHU CEeTM.
A5 9TOro paccMOTpUM (PUKCUPOBaHHYIO IOASIPHYIO cucreMy KoopauHat (Ecmyxan, Kycrexos,
2005). Ha pucynke 1 nzobpaskens! moaioc O u noaspHas ock egqunmaHoro orpeska |Opl. Ecan
Touka M gaHHOI II10CKOCTU He coBITajaeT ¢ noamcoMm O, Torja MoAoXKeHUsI 9TO Touku M
onuceBaloTca Kak p =|OMI|, popmyaa BeIpakaeT pacCTosIHUE, p U ¢ — [OAAPHbIE KOOPAVNHATHI
Toukn M. Yroa oTcumThIBaeTcsl MpOTUB 4dacoBoil crpeaku (p>0). Ha pucyHke 2 moxasaHbl
BO3MO>KHBIE MyTU IlepeMelrieHus OT TodkuM Mi K Touke M2 mo AyraM KOHIIEHTPUYIECKUX
OKPY>KHOCTeJl C IIeHTpoM B moaioce O M paamaabHBIM OTpe3KaM. Kak 113BeCTHO, IOASPHBIN
pajuyc p M3MeHseTCs OT HyAsd 40 OeCKOHEYHOCTH, a IIOAAPHEIN yTOA ¢ — OT HyAs A0 2Tt
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Pucynoxk 1. Touxka M B oAsApHOIL cucTeMe Pucynok 2. /lyropaguaabHble OTPe3KI

0

IIpumeuarue — cocmasaeHo asmMopoM Ha 0CHOse IIpumeuarue — COCMABACHO AGMOPOM HA OCHOSe
(Ecmyxanos, Kycnexos, 2005) (Ecmyxanos, Kycnexos, 2005)

PaccMoTpuM BO3MOXKHBIE IyTH HepeMelleHus oT TodeK Mi um Mz MHoXecTBO Bcex
BO3MOXKHBIX AMHUIL, CBA3BIBalOmMX M1 m M, oOpasyeT 4eThIpeXyroAbHUK MiNIVM:N, ase

CTOPOHBI MiNL u NN1V KOTOPOTO O0Opas3yIOT AYTM KOHIIEHTPUYECKUX OKPY>KHOCTel, a ABe
croponsl MiN u NiM:2 — otpesku nipsmeix. Ogus 13 o3MokHbIX myTeit MiN'1 N” Ni" Ni"" N
NIV M. noxasan ma PUCYHKe 2, OH COCTOMUT U3 4YeThIpex AyT M1N11, NlNll, N111N1111,

N111N41V) U YeThIpexX pajnalbHBIX OTPE3KOB [N11N1], [N111N11], [N1111N111], [NlVMz].
OueBuAHO, YTO KpaTyarilias AMHUsI, CBSI3bIBAIOMIast TOUKM M1 1 M, cocrout n3 orpeska M1 N
npsiMont Ayru NMz2 OKpy>KHOCTH, UTO BBIA€/A€HO Ha PUCYHKe 2 XMpHOU anHuert. Ha maockocru



1-TOM, 1-H6Mip, HaypbI3, 2026. W EKTU JOURNAL OF
Tom 1, Ne 1, mapt 2026. -47 - O :2:?:..“::‘“6
Vol. 1, Issue 1, March 2026.

C IIOASIPHOI CUCTEMOI KOOPAVHAT OTMETUM YeThIpe TOUKM 00II1ero noaoxkenns M1, Mz, Ms 1 Ma.
KoopaunaTtel TOuex m3pecTHhl. /Jajdee MpUMeHUM pe3yAbTaThl IIPOBeJEHHBIX MCCAeAOBaHUMI
(Kycmexos, 2011), rae rocTpoeHsl pa3AXdHbIe BapMaHTBl TOIIOAOTUM KpaTdaiIllero Jdepesa AA4s
JeThIpex TOYeK C MOASPHO MeTpuKkoii. [Iposesennslit aHaau3 paOoOT 11OKa3al, 4TO pe3yAbTaThl
AAHHBIX JCCA€AOBaHUII IIPaKTUYeCKM He IIPUMEHSAANCh AAsS U3Yd9eHus KOHPUIypamumn
TPaHCIIOPTHBIX CeTell AOTMCTUKU. B TakoM KOHTeKCTe IOCTpOeHMe TeOMeTpUYecKoll Moaean
AVICKPETHO-A0Ka/ABHOJ ONTUMM3alMI CeTU AOTUCTVMKU aBTOMOOMABHBIX AOPOT paccMaTpu-
BAeTCsl C HEKOTOPBIMM YCAOBHBIMM OTPaHMYEHMSMM Ha IIyTH TPacCMpOBKU A0poru. JaHHYyIO
MOJeAb CeTH C IIOASPHOI MeTPUKOI 4451 YeThIPeX A0KaAbHBIX TOYeK M ee IIOCTPOeHHYIO KOHPUTY-
palMIO Ha IIpaKTMKe OTpa’kaloT M300pa’keHMs pealbHBIX CeTell AOTMCTUKM aBTOMOOMABHBIX
Adopor. Ecan B moaspHo cucreMe KoopamHat u3 HeHTpa O HpoBecTM MHOXKeCTBO KOHIIeH-
TPUYECKUX OKPY>KHOCTEI 1 pasriaabHBIX IIPSMBIX, 00pa3yeTcsi OpTOrOHaAbHas IOASPHAsI CeTb.
Ha maockocty oTHOCUTEABHO (PUKCHMPOBAHHOI IMOASPHON CUCTeMBI KOOpAMHAT 3aJaHbI
q1M1 (p4, (pz); q2M2 (pz, (pz); q3M3 (p3, ([)3); u q4M4 (p47 (|',)4) Pacrioaoxxenne Touek o01Iero
IIO0>KeHMsI ITOKa3aHo Ha pucyHKe 3. TpebyeTcs HOCTpOUTh ONTUMaAbHYIO KOHPUTYPaALIUIO CETI
B BuJe KpaTdaiimlero Jepesa lllTeiiHepa, oTBevalomlyio 3apaHee 3aJaHHBIM TpeOOBaHMAM B
peaabHrx ycaosuax. CoeauHsaeM TOYKM AMHMEN KpaTdalileil AAMHBI TaK, YTOOBI CyMMapHas
AAyHa 6bl1a MMHMMaABHON. Becossle KO®(PPUIIEHTHI B 3a4aHHBIX TOYKaX (1, g2, 3 U 4 MUMEIOT
pasanynble 3Ha4eHNs1. Ha mpakTuke 911 KOO PUIIEHTH OTPakalOT pa3ANIHbIe DKOHOMIYECKIe
nokaszatean. Jasee coeimHseM TOYKM pajuaAbHBIMM M AYyTOBBIMU OTpeskamm. OGpasyercs
3alITpMXOBaHHAs 30Ha, Ha30BeM ee KPUBOAMHENHBIM YeThIPeXyTOAbHUKOM C BepIIMHaMM B

toukax MiNINTINTIT, AOIlyCcTuM, B 30He IOABVKHOCTY CETU MIMEeTCsl HeKOTOpOe KOAMYeCTBO
YCAOBHBIX IIPENSATCTBUIM, TaK Ha3blBa€MbIX KaPCTOBBIX 30H, OTPaHMYMBAIOIIVIX TPACCUPOBKY CeTH
U MapUIpyT ABIDKeHUA. B 00xo4 9Tux MaccuBoB mperaTcTsuii Toukyu M1, M2, Ms 1 Ms Mmo>xHO
COEAVHUTD Pa3dANIHBIMU IIyTSIMU AYTOPajuaabHBIX OTPE3KOB U IOAYYNUTh Apyrue KoHpUrypa-
uun Kpatyaiiero gepesa IllreitHepa — KD4. 3agaua mocTpoeHns 3aKA1049aeTCsl B IIOMCKe TOYeK
IMrerinepa.

Touxkn IHlteriHepa N IIO3BOASIOT IOCTPONUTH ONTMMAABHYIO KOHQPUIYpaLMIO CeTH U
pa3AndHble BapMaHThI COeAMHEHUsI 3ajaHHBIX TOdeK. PaccMOTpeB M CpaBHMB BCe BapMaHTHI,
HeoOXOAMMO BBIOpaTh KOHPUIYpAIIMIO CeTH, KOTOpas MMeeT MUHMMAABHYIO CyMMapHYIO
AAVIHBI, OTBEYalOIIyI0 IIpeABapuUTEABHO 3aJaHHBIM TpeOoBaHUAM. C 1jeHTpoM B Touke O

poBeJeM AyTOBble OTPe3KU M:NT i NTINTIL & raoxe paauaabHbI OTpe3ok MaN. JaHHbIi
I104X0/ M03BOAsIeT IOCTPOUTH MHOKECTBO KPUBOAVHEITHBIX YeTHPeXYTOABHIKOB, UTO IT03BOASET
paccMOTpeTh Apyrue BUABI COeAMHEHMSI TodeK. B Halem caydae moaydaercs deThIpe
KPVMBOAMHEITHBIX YeTHIpeXyToAbHMKa. IIpoBeaeM mmocTpoenms cetn:

S

PucyHoOK 3. 30Ha MOABMKHOCTU CETHU Pucynok 4. Koudurypanus cetu aas
C IyHKTaM} 4eThIpex IMyHKToB MiMaMsMa MIPEILSITCTBUI C yYeTOM YCAOBHOTO 00X04a
Ipumeuarue — cocmasaero asmopom Ha octose IIpumeuarue — cocmasreHo agmopom Ha 0CHOGe
(Kycnexos, 2011) (Kycnexos, 2011)
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1 mar. B KpuBOAMHEHOM YeThIPeXyTO/AbHUKe M-NMN11T PUCYHOK 4, OTpe3oK

MiN=M:sN111 o OTpe30K MiN!T penpme NMs. Coeanrsiem Toukn KpaT4alIliuM paccTOSHIEM
MsN"Ms, obpasyercsa KDz

2 mar. CpasHuBaeM paccrostHue ot oTpeska MsN!'"Mi (KD2) g0 Touex Ma2Mi. Touky Ms
coeauHsIeM C TOUKOl Ma uepes Touky Lllteitnepa N, o6pasyeTcs kpaTuariiiiee gepeso KDz

3 mar. CpasHuBaeM paccrosHue ot KD2 g0 Touek MiM2 Coeaunsiem Toukn Ms u M2 xak
6ausaexaniue yepes Touky Illreitnepa N. Ctpoutcs kpaTuaiiiiee gepeso KDs.

4 mar. CoeannsieM TouKy M1 gyropaanaapHbIM oTpe3koM ¢ KDs uepes y3a0By10 Touky N
Crpourcs xparyaritee gepeso KDa.

Ha pucynke 4 mokasaH OKOHYaTeALHBINI BapuaHT KOHpurypaumm cetu. Ilpumenenne
tontoaorun (Kycnexkos, 2011) mokasbiBaeT, YTO MOXKHO ITOCTPOUTH MHOXECTBO BapMaHTOB
KOHUTypaUMM CeTH, KOTOpoe sABAsAeTCI D(PQPEeKTMBHLEIM MHCTPYMEHTOM IIPMMEHMUTEABHO K
IIOCTPOEHMIO CeTU AOTUCTUKU U OIpeleAeHUI0 MapLIPyTOB ABVIKEHMSI TPaHCIIOPTa, a TakXKe
pemaer apyrue 3agaun aoructukm. lloaspras cets IlTeliHepa, mOCTpoeHHasl KpaTJalIIMMI
CBA3YIOIINMM AMHUAMU 445 ToueK M1, M2, Ms 1 My, siBasteTcs onntumaapHoi. CyMMapHas AAMHa
L aas »sroro KDackaaabiBaeTcs U3 cAeAyIOIINX OTPE3KOB:

L=IMiNT 1+ ININ T+ INMs 1+ M2N T+ INMa = IMGNL -+ INTMG 1+ T VEMG |
3amnmineM cyMMapHYIO AAMHY CeTU B Takoit ¢popmyae: L=|p1-ps+|ps(@1-¢3)+|p2-ps|. Cym-
MapHas AAMHa KOH(QUIypanuu ceTyu, oOpasoBaHHas coeauHeHneM TodeK Mi, M2,MsMi uepes
y340By10 TouKy lllTeitHepa gyropaanaibHBIMI OTpe3KaMy, Beraucasercs popmyaamu (1) u (2).

L=YY.qijd7 , 1)
rAe: qij — KoopPUIIMEHT 3aTpaT Ha CTPOUTEABCTBO U DKCIIAyaTallMIO VM APYTUe CTOMMOCTH, d —
paccTosiHe MeXAy TouykamMu i ¥ j. JI3BecTHO, uro A100yI0 (YHKIMIO, 3aBUCIIIYIO OT
pacrioaoxkenus Touek M1 1 M2, MOKHO paccMaTpuBaTh KakK pacCTOsTHIE MeXAY HUMMU, eCAM 9Ta
pyHKIMS sBASETCS BCerja IMOAOKUTEABHON M CMMMETPMYHOM, a Tak’Ke MMeeT MecTO TaK
Ha3bIBaeMOe HepaBeHCTBO TPeYTOAbHMKA, KpOMe TOro, 9Ta (PyHKUI A0A>KHA OBIThL HEBLIPOXK-
AeHHOI. AerictButeabHO, PpyHKIMs (1) 061a4aeT ykasaHHBIMMY CBOVICTBAMU PaCCTOSHI:

1) d M1,M2) 20, T. e. pynknms (1) Bceraa sIBASETCA ITOAOXKUTEABHO;

2) d (M1,M2) = d(M2,M1) (CMMMeTPUYHOCTE); pacCTOsIHME OT TOUKM M1 40 Touku M2 paBHO
PacCTOSHMIO OT TOUYKM M2 40 Touku Mi;

3) paccrossHME OT TOYKM M1 40 Touku M2 paBHO 1AM MeHbIIIe CyMMBI PaCCTOSTHUI MeXAY
ToukaMy MiMs 1 MexAy Toukamu Ms, Mz, T. e. d (M1,M2) < d (M1,Ms) + d (Ms,M2) (HepaBeHCTBO
TpeyroAbHUKa);

4) d (Mi, M) = 0 Ttorga u TOABKO TOrda, Korga Touku Mi u M2 coBmagaior
(HEeBBIPO>KAEHHOCTD).

Paccrosanane mexxay Toukamm Min M2 onipegeasiercs mo popmyae:

Pt py,eci ‘@1 ) ‘227

dMM,)=1p~pltlolo o) ecn [p-0,]<2up,<p, o)
p-pl+pslo - ) ecm -9, |<2u,p> p,.

AJ\ZOPMWLM nocmpoeHusl mpaccuposKu AOKAADHOU cemu OAsl yemolpex nyHKmos

1 rmar. OHpe,Zl,E‘ASIETC}I TEPpPUTOPIUT TPAaCCUPOBKU A0KaAbHOM TpaHCHOpTHOﬁ ceTm
AOTUCTUKIM aBTOMOOMABHBIX AOpoOr B IIdaHe 3aCTpOI7IKI/I ropoda, HaCe€A€HHOIO IIYHKTa MAN B
IIpOM3BOABHOM peALeq)e MECTHOCTN.

2 1mar. OHpeAe/li[IOTC}I KOOpAMHAThI JMCKOMBIX IIYHKTOB, IIOAJ€’XaIlnX COeaAVHEHNIO
KpaT‘IaIV/IIHI/IMI/I AVIHVISIMML.
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3 mar. VayyaeTcss MpOCTPaHCTBO 3aCTPOMKM Tpacchl MeXAy IIyHKTaMM Ha IIpegMeT
OrpaHMYeHNs IPeIATCTBUAMU Pa3AMdIHOIO poja - KapCTOBbIe 30HBI.

4 mar. B 3aBucMMOCTU OT KOAMYECTBa MacCHUBOB IPEISITCTBUI BRIOMpPaIOTCs MeTpUKa
AAs  pacdeTa pacCTOSHMII MeXAy IIyHKTaMM M KoHpuUrypanus IpejrolaraeMoir
TpacCUPOBKU CeTH.

5 mar. Iloctrpoum noaapnyio cets lITerinepa. sydaem noao0xeHns 1 KOOpAMHATEI TOYEK
(TIyHKTOB), ITO44e>XaluX coelMHEeHNIO.

6 mar. IlposeseMm ayropasuaabHble OTPe3KM Yepe3d MCKOMBIe TOYKM ¥ IIOCTPOUM
KPVMBOAVHENHBIN YeThIPEXYTOAbHMUK.

7 mmar. D¢$QPeKTUBHBIMU SABASIOTCS DBPUCTUYECKNE METOABl IIOCTPOEHMUs Tpacchl;
CpaBHMBaeM pacCTOsHMe MeXJy ToukaMu 1 pemaeMm 3agauy IllTteliHepa Ha IaockocTu ¢
MOAAPHON MeTPUKOI. BEIamcAsIoTCss paccTOSAHUA MeXAY BceMU ITapaMi 3aJaHHBIX TOYeK.

8 mrar. MeTo40M CpaBHMTEABHOTO aHaAM3a BHIOMpAIOTCs ABe Touku Miu Mj, BeiOnpaem
TOYKM C HauMeHbIMM paccTosHmsiMu. CoeguHsAeM 9TV TOYKM ¥ CTPOMM KpaTdaiiliee AepeBo
Irernepa, KA.

9 mar. CpaBHMBaeM paccTOsIHMe MeXAy TpyInaMM M3 t TOueK M CTpOMM KpaTdaiilllee
aepeso lllTerinepa, ob6pasyercsa Kparyaiimree gepeso KA.

10 mar. Ctpoum kparygarimiee gepeso lltertnepa KAIl w1 g4s rpymms us t+1 Todek, 3aech
TpebyeTcs oIpeAeANTh O4epeHyIo t+1 TOUKy, MpucoeANHAEMYIO K epPeBy.

11 mrar. B o6mem cayyae xk KA1 mpucoeaunsercsa KAl (3 mar) B gepopMupoBaHHOM
BUJE.

12 mar. MoryT okasatncs Touky, He BomeAmne B KAII:. ITpn Heo6xoammMocTu coegunsaeM
TaKJe ABe TOUKM, KOTOpPEIe pacIloA0>KeHbl 0AVKe APYT K APYTY.

13 mar. Takne Touku MOryT oOpas3oBaTh HOBblE TPYIIIIBI COeAUHAEMBIX TOYeK, KOTOphIe
00pa3yIoT HOBBIE KpaTJaliline MoalepeBbsl.

14 mar. KpaTuaiimume mogaepesbs, oOpa3oBaHHbIe 7 IIIaroM, IPUCOeAUHSIOTCA APYT K
Apyry Ha ocHOBe Oarckarmero paccrosHusa kK KAIl: mpm Ka’kgoM OTAeALHOM IIIare ero
ITOCTPOEHIL.

15 mrar. Ha mpakTtuke cTposiTcsa Apyrue BapuaHThl KOHQUIYpaUMU ITOASIPHON CeTU AAsl
3a4aHHOM 30HBI MOABMKHOCTY KPUBOAMHEIHOTO YeThpeXyTroAbHUKa.

16 mar. CpaBHMTeABHBIM aHaAM30M BLIOMpaeTCsa ONTUMaAbHas TPAcCMpPOBKa A0KaAbHOM
CeTH, yA0BAETBOPSIONmas TpeOOBaHMAM IIPOEKTHPOBaHMA C 0OXOA0M KapCTOBBIX 30H Ha ITyTIL
IIponsBoAATcs yKpyIHEHHbIe TeXHIKO-DKOHOMITIECKIIe pacdeThl CeTI.

3AKAKOYEHUNE

CA0>XHOCTb IPOEKTUPOBaHUs pPa3BeTBAEHHBIX TPaHCIIOPTHO-AOTUCTUYECKMX ceTell
aBTOMOOMABHBIX 4OPOT 3aKAI0YAeTCs B TOM, YTO OHO 3aBMCUT OT MHOTUX (PpaKTOPOB, TAKUX KaK
peabed TorOrpadpUIECcKOil IIOBEPXHOCTH, MPEIATCTBUS Ha IIyTU TPacCUPOBKMU; OT CBOJICTBA
AVIHUI, COeAMHAIOIINX 3ajaHHble NYHKTHL. [lo®TOMy MHIKeHepHO-SKOHOMMYECKHUEe 3ajadm
TaKOTO THUIIA SIBASIOTCSA CAOXKHBIM ¥ MHOTOBapMaHTHBIM BOIIPOCOM, TPeOYIOIIUM ITOCTPOeHMs
HECKOABKMX TUIIOB CeTH, OTOOpa’kalOIMX peaabHble 00pas3sl Aopor. B cBiasm ¢ sTtmm
reoMeTpmyecKme MOJeAU CeTM OTpakaloT He TOABKO TpeOyeMylo KOHQUIypaluio, HO I
OoOIIyI0  MAAaHUPOBOYHYIO  CTPYKTYPY paccMaTpuBaeMOll  TeppuUTOpuM B  IldaHe
Tororpad)uueckoyl IMOBEPXHOCTY, HaCeAeHHBIX IYHKTOB M Topoja. JMCKpeTHO-A0KaAbHast
ONTUMM3ALUA CeTH aBTOMOOMABHBIX AOPOTI paccMaTpMBaeTCs € TO3UIIUM IIAOCKOCTU
HOASPHOV METPUKON M IIOCTPOEHMEM KpaT4alIlIMX CBA3YIOIIUX AUHUI AAS 3ajaHHBIX
geTplpex Toudek. KpaTuaitimme cBaA3yomMe AMHUM, MOJeAMPYIOIIMe Tpaccy AOporT,
IIPOBOASTCSI C yIeToM 00XoAa MPeIsTCTBUII Ha IIyTU TPacCUpPOBKHU. /As ®TOrO perieHa
3ajada AAsl 4eThIpeX IIYHKTOB HPOKAAAKM Tpacchl, OrMOAIOIIMX YCJAOBHBIE ITPEIsITCTBUS.
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CucreMaTtusupoBaHbsl 1 00OOIIEHBI HEKOTOpPEIe cIIOcoObI ompegeaeHus touku IllreriHepa,
I103BOASAIONIME IOCTPOUTDH ONITUMAaAbHYIO ceTh. MeTOA40M HaIMeHbIIIero yAAMHEHNs CTPOUTCS
KpaTyajilllee JepeBO, YAO0BAeTBOpsIOIlee HEeKOTOpLle paHee 3aJaHHbIe TpeOOBaHUA.
PaspaboTaH aAropuT™M IOCTPOEHNs TPAaCCUPOBKM A0KaABHOM CeTU AAs YeTsipex MyHKToB. Ha
MpakTMKe aATOPUTM II03BOAsAET IIOCTPOUTh HECKOAbBKO BapMaHTOB CeTM C 00X0A0M
MPersITCTBUI Ha MyTu Tpacchl. [IpenmyIiecTso reomeTpuieckx Mogeaei U mpeaa0>KeHHbIX
METOA0B I104X04a pelleHus 3a4ad 3aKAI049aeTcsl B TOM, 4TO I1OCAe KaXKA0ro I1ara noCTPOeHMs
popmupyercs KoHQUIypaIus CeTH, ecAM OHa ONTMMaAbHa M OTBedaeT IpeABapUTeAbHO
3a4aHHBIM YCAOBUAM, MOKHO OCTaHOBUTBLCA M IIPOBECTU KOPPEKTUPOBKY CETH.

CITMCOK ANTEPATYPBI

Geraerts R., Overmars M.H. A comparative study of probabilistic roadmap planners // Proceedings
of the Workshop on the Algorithmic Foundations of Robotics (WAFR) (15-17 December
2002). Nice, France, 2002, pp. 43-57.

Kavraki L.E., Latombe J.-C. Randomized preprocessing of configuration space for fast path
planning // Proceedings of the IEEE International Conference on Robotics and Automation
(8-13 May 1994). San Diego, CA, USA: IEEE Press, 1994, pp. 2138-2145.

Xaatypun P.A. CocrosHMe 1 OIBIT CTPOMTEABCTBA AOPOKHOM ceTu B Poccum u 3a pyGesxom.
DxoHoMmueckye Haykwy, 2011, Ne 74, C. 223-226. // Khalturin R.A. Sostoyanie i opyt
stroitel’stva dorozhnoi seti v Rossii i za rubezhom [A condition and the experience of
construction of road networks in Russia and abroad]. Ekonomicheskie nauki, 2011, No. 74,
pp- 223-226. (In Russ.)

Kuspekov K.A., Rotkov S.I. (2016). Geometrical methods of tracing of transport-logistic networks.
Proceedings of the 26th International Conference on Computer Graphics and Vision
(GraphiCon), pp. 531-534.

Kuspekov K.A. Optimization of geometric models of transport network tracing used in city
planning. International Archives of the Photogrammetry, Remote Sensing and Spatial
Information Sciences, 2023, Vol. 48(5/W2-2023), pp. 63-69.

Hepym MLIO., Hepym A JO. Jlorucruka: yaebumk u npaxtukyM aaa CIIO. 5-e usa., nepepad. u
Aot M.: IOpairr, 2019. 559 c. (Cepwst: I[IpodeccuonaasHoe odpasosanue). // Nerush M.Iu.,
Nerush A.Iu. Logistika: uchebnik i praktikum dlia SPO [Logistics: textbook and workshop
for secondary vocational education]. 5th ed., revised and expanded. Moscow: Yurait
Publishing House, 2019. 559 p. (In Russ.)

Topcon. Official website. URL: http://www.topconpositioning.eu/0/30/products.html (accessed:
07.07.2013).

I'epmrerin A.M., Tepexos A.H. Mapipyrusainys TpaHCIIopTa IIpU HaAMIMM OITacHBIX yJacTKOB Ha
Aopore (Ha mpuMepe ropoga Crpunargnuasa, Maccagycerc). KommbiotepHble MHCTPYMEHTEI
B obpaszosanmy, 2022, Ne 2, C. 5-18. // Gerstein A.M., Terekhov A.N. Marshrutizatsiya
transporta pri nalichii opasnykh uchastkov na doroge (na primere goroda Springfield,
Massachusetts) [Transport routing in the presence of hazardous road sections].
Kompyuternye instrumenty v obrazovanii, 2022, No. 2, pp. 5-18. (In Russ.)

Ecmyxanos JKM., Kycnexkos K.A. OcoOeHHOCTM IAOCKOCTM C MHOAAPHOM MeTpuKou. BectHuk
KasHTYVY, 2005, Ne 6(50), C. 226-230. // Esmukhanov Zh.M., Kuspekov K.A. Osobennosti
ploskosti s polyarnoi metrikoi [Features of a plane with polar metric]. Vestnik KazNTU, 2005,
No. 6(50), pp. 226-230. (In Russ.)

Kurazos KIO. Kaouxkosa E.H. Pemenme 3sagaum 1ocTpoeHMs ONTUMAaAbHOTO MapHIpyTa
ABVDKEHIsSI TPaHCITOPTa IO ITepecedeHHON MeCTHOCTU ¢ ucnoabszobanueM I'VIC. MockoBckui
®KoHOMMYeckuit XypHaa, 2020, Ne 1. // Zhigalov K.Yu., Klochkova E.N. Reshenie zadachi
postroeniya optimal’'nogo marshruta dvizheniya transporta po peresechennoi mestnosti s



EKTU JOURNAL OF
ENGINEERING
SCIENCES

1-tom, 1-Hemip, Hayphb13, 2026.
Tom 1, Ne 1, mapt 2026. -51-
Vol. 1, Issue 1, March 2026.

ispol’zovaniem GIS [Solving the problem of optimal vehicle routing over rough terrain using
GIS]. Moskovskii ekonomicheskii zhurnal, 2020, No. 1. (In Russ.)

Kycrrekos K.A., Boakos B.fl. Onpegeaenne ontuMaAbpHON TOIIOAOIMM KpaTJallIlero Aepesa AaAsl
JeThIpex TOUeK IIA0CKOCTH C MOAApHOI MeTpukoit. Bectunk CubA A1, 2011, Bem. 1(19), C.
66-68. // Kuspekov K.A., Volkov V.Ya. Opredelenie optimal’'noi topologii kratchaishego
dereva dlya chetyrekh tochek ploskosti s polyarnoi metrikoi [Determination of the optimal
topology of the shortest tree for four points of a plane with polar metric]. Vestnik SibAD],
2011, Issue 1(19), pp. 66—68. (In Russ.)

Hemunnos A.M., Kouetkos A.B. AHaAM3 MAaHMPOBOYHBIX CXEM cCeTell aBTOMOOMABHBIX AOPOT.
MNureprer-xypraa «HAYKOBEAEHME», 2016, T. 8, No 5 (cenrabpp—oxrsa0ps). URL:
http://naukovedenie.ru // Nemchinov D.M., Kochetkov A.V. Analiz planirovochnykh skhem
setei avtomobil'nykh dorog [Analysis of planning schemes of road networks]. Internet
journal “NAUKOVEDENIE”, 2016, Vol. 8, No. 5. (In Russ.)

Ilermun IL.A., Hemumnos AM. Masun AA. Anaans 5PQPexTMBHOCTM pa3BUTIA CeTH
aBTOMOOMABHBIX 40por. bioa4eTeHs pe3yabTaToB HaydHbIX Mccaedoanuii, 2023, Boim. 2, C.
71-80. https://doi.org/10.20295/2223-9987-2023-2-71-80 // Pegin P.A., Nemchinov D.M.,, Il'in
A.A. Analiz effektivnosti razvitiya seti avtomobil'nykh dorog [Analysis of efficiency of road
network development]. Byulleten’ rezul’tatov nauchnykh issledovanii, 2023, Issue 2, pp. 71—
80. (In Russ.)

[TaexoBa A.A. MeToa ONTMMaABHOIO pellleHMs 0a30BON 3ajadyyl O KpaTdaiillleM CKPYTA€HMI.
I/[HcpopMaTMKa: cOopHUK HayuHBIX TpyA0B. Kues: Haykosa aymka, 1998, Beim. 5, C. 124-126.
// Plekhova A.A. Metod optimal'nogo resheniya bazovoi zadachi o kratchaishem skruglenii
[Method of optimal solution of the basic problem of shortest rounding]. Informatika: sbornik
nauchnykh trudov. Kyiv: Naukova Dumka, 1998, Issue 5, pp. 124-126. (In Russ.)

IMlep6akos B.C., Koperrop M.C. OnTuMmmnsanyst Tpaccsl aBTOMOOMABHON AOpOIrM Ha peabede
MPEeTITCTBUSMU MEeTOAOM BepPOSITHOCTHON AOpO>KHOM KapTel. BectHuk CubAAN, 2012, No
6(28), C. 88-92. // Shcherbakov V.S., Korytov M.S. Optimizatsiya trassy avtomobil noi dorogi
na rel’efe s prepyatstviyami metodom veroyatnostnoi dorozhnoi karty [Optimization of road
alignment on terrain with obstacles using the probabilistic roadmap method]. Vestnik
SibADJ, 2012, No. 6(28), pp. 88-92. (In Russ.)

ABTOpaap Typaabl MaaAiMeTTEp
Nadopmainist 06 aBTOpax
Information about authors

Kycnexkos Karibipbek OMiprasblyabl — TeXHMKAABIK FBLABIM-
dapeiHelH  KaHAnAaTtel. K. CorGaes aTwhiHAarel Kazak yATTBHIK
TeXHMKaABIK 3epTTey yHuBepcuTeti, Aamatsl K., Kasakcran
Kycniekos Kaiibip6ek AMMPraselyabl — KaHAMAAT TEXHMYECKIX
Hayk. Kasaxckmuil HalJMIOHaAbHBIN 1CCA€A0BAaTeABCKUI TeXHIYeCKMUIA
yHuBepcureT, I. Aamatsl, Kasaxcran

Kuspekov Kaiyrbek Amirgazyuly — candidate of technical sciences.
KI. Satpayev Kazakh National Research Technical University,
Almaty, Kazakhstan

e-mail: kuspekov@satbayev.university

ORCID: https://orcid.org/0000-0002-2315-9634



http://naukovedenie.ru/
https://doi.org/10.20295/2223-9987-2023-2-71-80
mailto:k.kuspekov@satbayev.university
mailto:k.kuspekov@satbayev.university
mailto:k.kuspekov@satbayev.university
mailto:kuspekov@satbayev.university

-.‘ EKTU JOURNAL CF 1-TOM, 1-H6Mip, HayphbI3, 2026.
{5} || womecnmo -52- Towm 1, No 1, mapt 2026.

SCIENCES
Vol. 1, Issue 1, March 2026.

https://doi.org/10.51885/3134-8009 JES 2026 1 5
XFTAP 49.44.31

TAAIIBIKTHI-OIITUKAABIK AKITAPAT BEPY JKEAIAEPIHAETIT
OIITUKAABIK KYAT AEHTEMIH TOMEHAETY BOVBIHIIIA
DKCITEPMEHTTIK 3EPTTEY /IEP

DKCIIEPMMEHTAABHBIE NCCAEAOBAHNS YMEHBIIEHW ST YPOBHSI
OIITUYECKOV MOITHOCTU B OIITOBOAOKOHHEBIX AMHMSIX
ITEPEAAYN MHO®OPMAILINN

EXPERIMENTAL STUDIES OF REDUCING THE OPTICAL POWER LEVEL
IN FIBER-OPTIC INFORMATION TRANSMISSION LINES

A.A. Mextues' = 1, EI'. Hemmmaa 1L, A.A. Aapknna ‘= 1, ILA. AyHaes 2%,

M.K. Mycara>xuHoB " 2

1«96iakac CarpiHOB aThIHAAFE Kaparanasl Texunkaaslk yHusepcuteTi» KEAK, Kaparanarr k., Kasakcran
2«C. Cendyaaun ateiHAarsl Kasak arporexnnkaasik seprrey yuusepcuteti» KEAK, Acrana k., Kasakcran
*)Kayantsr apTop: Aynaes Ilapea Aaexcanaposny, e-mail: dunayev.kz@mail.ru

Tyitingi cesaep: TYWIHAEME

KOCBIMIIIA IIBIFBIHAAP, Ocrl 3epTTeyse akIlapaTThl OepyAiH TaAIIbIKTBI-ONTUKAABIK KeAilepiHiH
ONTHUKAALIK KyaT, ONTMKAABIK KyaTBIHBIH KOCBIMIINA BICBIpalTaphl KapaJaAsl. ABTopaap
TaAIIBIKTBI-OITUKAABIK, Aucriepcysl, abcopOIus, ImamIsipay >koHe e©3Te Je  (U3MKaABIK
Taparty >keaiaepi, KYOBLABICTap CUSAKTHI OITMKAABIK KyaTTBIH KOFaAyblHa oKelyi MYMKiH
OIITMKAABIK, TAAIIBIK, opTypai dakropaaparr Taajaiiasl. OCBHl  BICBIpalITapAbIH aKIapar
MUKpOU3IuO. OepyaiH TMiMAiairiHe acepiH sepaeaeyre Oaca Hasap ayjapblaasbl.

3epTrey OapbICEIHAQ aBTOpAap ONTHKAABIK KyaTThIH  KOCBIMIIIA
bICBIpallTapLIHBIH,  ceOenTepi  MeH  caadapblH  TYCiHAipy — yIIiH
DKCIIEPUMEHTTIK JepeKkTep MeH TeOpUAABIK MoJeabAepre HerizJeareH
Adaeazep ycoiHagpl. Oaap coHAAl-aK TaAIIBIKTBHI-ONTUKAABIK SKedidep
napaMeTpAepin OHTallAaHABIPY ABI SKoHe MaMaHAaHABIPbLAFaH
KOMIIOHEHTTepAl IalijadaHyAbl Koca aaAfaHAa, akmapar Oepyaig
TUIMALAITiH )XaKcapTy >KOHiHAe IPaKTUKaABIK YCBIHBIMAAP YChIHAADL.
Ocpl  3epTTeyaiH Herisri OJBl ONTUKAABIK KyaTTBIH KOCBIMIIIA
BICBIpAIITaphIH TYCiHY JKoHe ecellKe aly TaAIlbIKThI-OITUKAALIK JKeaiaep
OolibIHIIA aKIapaTThl THiIMALI OepyAi KaMTaMachl3 €Ty YIIiH KaskKeTTi
Ooapm TaObLAaaBl. ABTOpAap OCBIHAAN AepeKTep Oepy >KylleAepiHiH
OHiMJiairi MeH CeHIMAiJZiriH >KaKcapTyfa KOMEKTeCeTiH HaKThl
YCBIHBIMAAP MeH IIeIliMAep YChIHaAbL.

Karouesrnle caoBa: AHHOTAII ST

IIoTepu, orTm4eckast B AaHHOM THICCA€AOBaHUI paCCManI/IBaIOTC}I morepn OIITUYECKOI
MOIIIHOCTB, BOAOKOHHO- MOIITHOCTY ONITOBO/JOKOHHBIX AVHMI Nepejaun mHpopManuu. ABTOPHI
OIITN4YeCKne AVMHUN aHaAI/ISI/IpyIOT pa3an4gHble (baKTOpr, KOTOpbIe MOIYT IIPUMBOAUTHL K
nepeJadn, IIoTepe ONTHYECKOV MOIIHOCTY, TaKue Kak Aucrepcus, adbcopOrims,
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OIITHYECKOe BOAOKHO, B paccesame m mpoume dJusmdeckue spaeHns. OCHOBHOIM aKII€HT

MUKPOU3IHO. AelaeTcsl Ha M3YyYeHMM BAMAHMA STUX IIOTeph Ha D(PQPeKTUBHOCTb
mepedaunt MHQpOPMaINMN. XOJe MCCAeJOBaHNA aBTOPHI IIPEeACTaBASIOT
apryMeHTLl, OCHOBaHHbIe Ha  SKCIepUMEHTaAbHBIX  AAHHBIX U
TEOpeTNIeCKNX MOAEASAX, YTOOBI OOBACHUTH IMPUIMHBI M ITOCAEACTBI
ITOTeph ONTHYecKoy MomHocTn. OHM TaKXe IIpeaJaraloT IpaKTdecKue
pexoMeHJaMM IO  yAydIIeHuio  ®(PpQPeKTUBHOCTM  Tepesadn
nHQOpMaIny, BKAIOYas ONTHMMMU3AINIO ITapaMeTPOB ONTOBOAOKOHHBIX
AVIHUIL ¥ UCITOAB30BaHNe CIelaAM3POBaHHbIX KOMIIOHEHTOB.
OcHoBHast MBICAb JAQHHOTO MCCAE€AOBAaHMS 3aKAIOYaeTCs B TOM, YTO
ITIOHMMaHNe ¥ y4deT II0Teph ONTUIECKO} MOITHOCTU SBASETCS HeoOXo-
AVIMBIM A5 obecriedeHus: »pdeKkTuBHON nepejaun MHGOpPMaLUM IO
BOAOKOHHO-OIITNYECKUM AMHUAM. ABTOPHI IIpejJaraioT KOHKpETHBIe
pexoMeHJalMM U peIleHNus, KOTOphble MOIYT IIOMOYb YAYYIIUTH
ITPOM3BOANTEABHOCTh M HaAeXKHOCTh TaKUX CHCTeM Ilepeadull JaHHBIX.

Keywords: ABSTRACT

additional losses, This study examines the additional optical power loss of information
optical power, fiber links. We analyze various factors that can lead to loss of optical
fiber-optic transmission power, such as dispersion, absorption, scattering and other physical
lines, phenomena. The main emphasis is on studying the impact of these losses
optical fiber, on the efficiency of information transmission.

micro bending. In the study, the authors present arguments based on experimental data

and theoretical models to explain the causes and consequences of
additional optical power losses. They also offer practical
recommendations to improve the efficiency of information transfer,
including optimizing the parameters of fiber optic lines and using
specialized components.

The main idea of this study is that understanding and accounting for
additional losses of optical power is necessary to ensure the efficient
transmission of information over fiber optic lines. The authors offer
specific recommendations and solutions that can help improve the
performance and reliability of such data transfer systems.

KIPICIIE

OnTnkaaslK TaAIIBIKTapABl (TaALIBIKTapAbl) akmnapaT OepyaiH OaFbITTayIIbl >Kylieci
peTiHAe mMaligaaaHy OipHellle OHAaFaH Kblajap OONBI KeH TapaAfaH. TaAIlIBIKTBI-ONTHUKAABIK,
TeXHIKa MeH TeXHOAOIMSIHBIH a4eMaik Jamy AeHreiri OT Tek eTkisrimn periHge FaHa emec,
COHBIMEH KaTap CeHCOp peTiHJAe Je MalidalaHyFa MYMKiHAik 6epeai. bya Tocia akmapaTTer Gepy
PysKUMAAapBHIH OipikTipyde >KoHe aKMapaTTel OepyaiH TaAIIBIKTHI-ONTHUKAABIK >KeAiCiHiH
(TOBX) TexHMKaABIK >Kali-KyliH OakblaayJa TeldeKOMMYHMKalUs >KylielepiH TaiijalaHy
KesiHAe eTe TuiMAi 60aypl MyMKiH. Kasipri yakbITTa KBasu yAecTipiATeH TaALIbIKThI-OIITUKAABIK,
AAaTIUKTEpAiH KoMeriMeH Kabeapdepai OaxplaayablH aBTOMAaTTHl >KyledepiH —a3ipaey
xypriziayae (Al'kina i dr., 2023). Congaii-ak, ocsl HacsrasiMaapda Oip kabeab MOAyAbAepiHiH
inmiHAeri ONTMKaABIK TaAIIBIKTap >XKaHAapTBLAFaH CEHCOp >KoHe OarbITTAyIIbl Oepiic kyiteci
0oayBsl MYMKiH JereH Ooa’kaMm Oap. bya HakTBl yaKbIT peXMMiHAe TeXHUKAaAbIK >KafAalibl
aBTOMaTTaHABIPBIAFaH OakblAay MiHAETIH aliTapABIKTall >KeHiadeTyre MyMKiHAIK Oepeai. bya
JKarjaiiga ONTMKAABIK Kabeabre MexaHMKAABIK ocep €Ty JeHTeliH Oaralayra HeMece OHBIH
3aKbIMJAHYBIHBIH HaKThl OPHBIH OpHaTyFa, COHAal-aK PYKCATChI3 KOCBIAY SpeKeTiH Ty3eTyre
6oaaapr. Astopaap TOBJK-HBIH TeXHMKaABIK >Kali-KyiiH Oakplaay ymriH OT maiigazaHymeH
OallaaHBICTBI HETi3Ii MaceaeaepAi KapacThIpABL, COHAAl-aK TaAIIBIKTHI-ONTUKAABIK AaTINKTepAi
(cyaapapr) maiigasaHy OoOWMBIHINIA KelOip TeXHMKaABIK IIenriMAepai YCBIHABL Jepexkesse
(Indra, 2012) enepkocinTig o9pTypai cadasapblHAaa Cyabl AaMBITY >KoHe OJaH 9opi IaiijajaHy
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TypaAabl MaJliMeTTep KeATipiareH. ONTHKaABIK CUTHAaAAapAbl 8P TypAi TOAKBIH Y3BIHABIFBIMEH
6ip yakbITTa Xibepyre 0oaaapl, Oya OHBI OallAaHBICTBIPYIIBI KYJieHi Ae, ceHCOpAbl da Oip
yakbITTa mHaiijalaHyFa MYMKiHAiK Oepeai (Guofeng, 2008). Cy 9aexTp JaTumKTepiMeH
caABICTBIPFaHAa OipKaTap apTHIKIIBLABIKTapFa ne. Oaap y3aK yaKbIT OOIBI IIIEKTi JKardaliapAaa
>KaKCBI XXKYMBIC icTeiiai (Bujmistryuk, 2013). Tay >KbIHBICTapBIHAAFBI 9PTYPAi ©3repicTepai 6exiTy
YILiH TaAIIBIKTHI-OIITUKAABIK Kabeabaepai K0A4aHyAbl CUIIaTTaThIH AepekTep Oap (Kum >xone
Hackazaap., 2015; Liu et al., 2013). ®usukaablK cumaTramMalapAbl ©AIIey VIIiH KOAAaHbLAaTHIH
OIITUKAABIK TaAIIBIKTHIH 9pTypAai Mapkaaapsl 6ap (Ding et al., 2018). JKorapsiga keatipiareHn
MaKaslaja TeAeKOMMYHUKAIIV KedidepiHAe KOAAAHBILAATBHIH ONTUKAABIK TAaAIIBIKTHIH TeK Oip
Typi — G. 652 craHzapTTBHl ONTUKAABIK TaAlIbIK KepceTiareH. G. 652 craHgapThl MeXaHMKAaABIK,
dcepal eAmeNTiH Cy KOHCTpyKOMsAAapblHAa €H Kell KoagaHbliagsl (SHishkin, Granev &
SHelemba, 2016). Maxaaaaapaa (Yurchenko et al, 2019; Mekhtiyev et al, 2021) ocw
CTaHAAQPTTBIH TaAIIbIKTapbl MEH OHBIH HeTi3iHAe >KacaAraH JaT4MKTepAai 3epTTey TypaAbl
akmapaTt Oap. Cyaap aMIAUTYAaABl >KoHe >KeTKiAiKTi CBISBIKTHIK CHIIaTTaMaJapra me, Oya
oAapabl TlepcriekTuBaabl - eTedi. Cyaap aMIOAUTyAaAbl >KoHe JKeTKiAiKTi  CBIBBIKTBIK
curaTrTamMadapra ue, Oya oaapapl IepcreKTUBaAbl eTedi. /a4 ochl JKYMbICTap4a TaAIIbIKTBIH
Oyiiip OeTiHe MexaHMKaABIK MAaHMIIYASINSA Ke3iHAe ONTMKAABIK KyaT JAeHTeifiHiH TeMeHAeyiH
3eprTey Typaanl MadiMertep Oap (Ribejro i dr., 2011). Texxipnbeaepae xoaganslaaTeiH G. 652
CTaHAAQPTTBl TaAILIBIK KBapl] IIBIHBIAQH >KacaAfaH, COHJali-aK OCBIHAAM AaT4MKTep VIIiH
KOAAQHBIAATBIH TaAIBIK TypAepiH IibFapadbl raactukreH >kacaaraH (Koike & Asai, 2009).
ApTropaapabiH mikipinmie, IlaacTtMaccagan >kacaafaH TaAIIBIKTBIH apThlHAA YAKeH OoJallak
Gap. AxkmapaTTel Oepy IpolleciHge maligaAaHBLAMANTHIH, Oipak >KYMBIC TaAIIBIKTaphbIMeH Oip
MoOAyAbae 0O0AaTLIH TaAIIBIKTapABl Cy peTiHAe malijasdaHyra Ooaaapl. bya >xaraaiiza cy
KocyablH HeMece TOBXK kabeaiHin gusaiiHbsiH e3repTyAiH Kaxketi >Kok. (Tsao & Cheng, 2002)
OITUKAABIK, TaAIIBIKTBIH MHUKPO MiAyiH ecKepe OTBHIPHIIN, ONTUKAABIK KYyaTTBIH >KOFaAybIH
3epTTeNTiH 3epTTey HoTyoKeAepiH ycbiHaAbl. OChl >KapusAAaHBIMABL 3epTTell OTBIPHII, TaAIIbIK,
MiATeH Ke3ae IIBIFRIHAAp ITalida 004aabl AeTeH KOPBITBIHABI JKacayFa 004aAbl, 01ap ONTUKAABIK
KabeAbAlH TeXHMKaABIK IIapaMeTpAepiHiH esrepyiH Oaraaai aaaabl. bepiaeTiH aepexrepre
PYKCaTChl3 KOA JKeTKi3yiH HeMece y3iaicTiH 00aybIHa 04 Oepideai. Mukpo miay >xeHe maiiga
6oaaThIH (POTODAACTUKAABIK dCep MaKalaJapAa TOABIFBIMEH KapacThlpbldazbl (Amorebieta et
al., 2021; Zheng, Xiao & Zhu, 2020; Zheng et al., 2021). bya marepnaasan OT-ra MexaHMKaABIK,
acep eTyAiH opTypai KarganaapweiHda OT MuxpodaexciHig acep eTy HOpuHIUIIL >KoHe
ONTHUKAABIK KyaT JeHTelliHiH TeMeHAeyi Typaasl akmapaT aayra Ooaaanl. Ilaiiga Goaran
IIBIFBIHAQPABI OeKiTyTe HerisJeAreH cyJlap TaAIIbIKKa MeXaHMKaABbIK KepHey JeHTelfiH Tikeaeit
H6ackapaapr (Ghaffar et al., 2020).

JKorapblga alTELAFaHAAPABI €CKepe OTHIPHIIN, OINTHKAABK KabeabaepAiH TeXHMKaABIK,
Kal-KyiiiH OaKkbliayFa apHaAfFaH CyJdapAbl 93ipaey Ke3diHae HOTIDKeAepAl KelliHHeH IaijadaHy
vz TOBX etkisrimrepin Oyry KesiHge ONTHMKAABIK KyaT AeHTeliH TeMeHAeTy OOIbIHIIa
3epTTeyAep KYpridy MakcaThl aliKbIHAaAABl. bacTankel MiHAeT-3epTXxaHaAblK >kKafgaiiga G. 652
CTaHAAPTBLIHBIH IIBIFBIHAAPBI OOMBIHIIA SMIIMPUKAABIK, 3epTTeylep >KYpPrisy, IIBIFBIHAAPABIH
©CyiHiH H1idy caHB MeH IlapaMeTpJAepiHe ToyeaA4idiriH aay. 3epTrey HoTIDKedepi OydaH opi
TOBX TexHmkaablK >Kali-KyHiH Oakplaayfa, COHJali-aK akKIapaTThl aAy YIIH pPyKCaTChI3
KOCBIAYABIH ~ >KachIpblH HyKTeJepiH aHbIKTayFa apHaAfaH cyJap4pl >Kacay  YIIiH
HaligaaaHblaaTeiH 6041a4bl. OTITUKAABIK KyaTThIH JKOFaAybIH OaKblaay OOMBIHIIA 3epTTeyAepAain
esekriziri G. 652 cTaHAapTBHIHBIH Midy OYPBIIIBIHBIH 9pTYpPAi HapaMeTpaepiHAe ONTUKAABIK
KyaTTBIH >KOFalybIH CaHABIK Oaralayfa MYMKiHAIK OepeTiH >KaHa HoTIDKeAepAi ady OOABII
Tabs11a4b1. G. 652 cTaHAQPTHIHEIH IIBIFEIHAAPBIH 3€PTTEY ©3€KTi 00 TaOblAaAbl, ©ITKeHi Oya
OB armakimizik TOBX ymniH eH maccusTi 604bIm TaObldagbl. AagaFbl yaKbITTa 3epTTey
HOTIKeepi IIBIFBIH AeHTelliH e3repty OoibiHIIa TOBJK TexHMKaABIK Kali-KyiiiH 6aKblAayAbIH
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aBTOMATTHl allllapaTThIK-OardapAaMasblK KellleHiH Kypyra MyMkiHgik Gepeai. TOBX-Hbig
9pTYpAi HyKTeAepiHAeTi IIBLIFRIHAAP AEHICNiHIH e©3repyi Kadadap MeH KoCiIIOpBIHAAPABIH,
TeAeKOMMYHMKanmsl >kyieaepine (ammakimniaik TOBJK) pykcaTcel3 Kipy HykTeaepiH
OakbplaayFa MYMKiHAIK Oepeai, Oya akmapaT Oepy Kayilcizairi >kyiteaepiH JaMBITy YIIiH eTe
e3eKTi 604bI Tabbl1aAbl. BygaH opi KapacThIpBIAFaH IIBIFEIHAAPABI OaKbIAAY d4iCi OITUKAABIK
KyaTTbhlH >KOFaAyBbIHBIH CaHABIK IlapaMeTpiH faHa eMec, coHbiMeH kaTap TOBX ysiayinig
HeMece aKIlapaTKa pyKCcaTChI3 KOA >KeTKi3yAiH HaKThl OPHBIH aHbIKTayfa MYMKiHAIK Oepeai.

3EPTTEY MATEPUAAAAPBI MEH OAICTEPI

3epTTeyAiH MaKcaThl MeH MiHAETTepiH >Ky3ere achIpy YIIiH 3epTXaHaABbIK CTeH/ apHalibl
asipaenai, oa OT mukpodaekciHgeri IIBIFBIHAApFa SMIMPUKAABIK 3epTTeylep >Kyprisyre
MyMKiHAiK Gepeai. Crena-boaar Oypanaasap Oypaaran BT merisi, cTreHaTiH CBIpTKBI Typi 1-
CypeTTe KopceTiareH.

1-cypeT. 3epTxaHaabIK CTEH/,

Ecxepmy — asmopaap asipaezert

Kepi amcrepcusaner  OakblaaliTBIH OeAriai  onTMKaAblK, — pedaeKToMeTpms — dgici
KOAAaHBIAABL. bya saic Makaaaga kapactsipsiaral (Yurchenko et al., 2016), onaa asropaap ap
TypAi OypsllTapga, COHAAM - aK op TypAi TOAKBIH Y3bIHABIFBIHAA 1310-1625 HM Muxpo niay
Ke3iHAe OITMKAABIK KyaTTBIH >KOFaAybIH 3epTTeyAiH OapAblK Ke3eHAepiH erkeli-Terkemai
amTel. Asropaap OT ymiin ceiHM niay paguycsr Oap, o4 O6ysblaadsr e Maaimaeriai. Conaait-
aK, 04 CBbIHY BIKTMMAaAABIFBIH apTTRIPATBIH JKapbIKTap TyAbIpybl MyMKiH. VMiay auamerpi 20
AnaMetrpaeH a3 6oayel MmyM™mkiH (Yurchenko et al, 2016). Congait-ak, OT Oy3y mpouecine
TeMIlepaTypa ocep eTeai, acipece Tepic, oHga OT Hesik Oo0aaabl. 3epTTey XKYprisy KesiHae
KOpIllafaH OpTaHBIH TeMIepaTypacsl 23-24 °C apaabiFbiHAa 00441 CTeHATI >koDaaay KesiHae
CBHIHM AVaMeTp ecKepiaai, eniTkeHi oHbIH >KeticTiri OT TyTacThIFbIHA Tepic acep eTyi MyMKiH
JKoHe OHJa >KaphIKTap maiiga Ooayel mymkiH. bip pexumai OT amamerpi 125 Mxm
0oAFaHABIKTaH, CBIHU paguychl eTe a3 — 0,0025 MM. 3epTxaHaAbIK CTEHATI OpBIHAAY KesdiHae 45 —
1800 OypuIIIs! Oap TaAIIBIKTBIH MiAyiH KaMTaMachl3 eTeTiH OaFbITTarbIITap (AnameTpi 2,5 MM)
aABIHABL. DKCIIEPUMEHTTIH TaKbIPBIOBI Oip peskxmmai Taamsik 604461 (G. 652 crangapTsr). KaObIk
IIeH ©3eKTiH AMaMeTpi colikeciHme 125 >xeHe 9 MKM, KaTyIlIKajarbl TaAIIBIKTBIH >KaAIlbl
Y3BIHABIFEI 460 M.

2-cypeTTe 3epTXaHaAbIK, CTEHATIH IIApTTHI CXeMachl KOpCeTiATreH, OHAA DKCIIepUMeHTTep
KYPrisy IpMHIUII TycCiHAipiaead.

1 merizine OypaHaaapl 6oaaTTaH >KacadraH OypaHAadap 2, OJAapAbIH >KiITepi >KOK
IMANHApAiK Geairi Oap, Oya oaapasl opay KesiHAe TipeAeTiH OarbITTayIIBl peTiHAE
nalijadanyra MyMKiHAik Oepegi. CTeHATIH Au3aliHBI Ke3-KeAreH TpaeKTopus OOJbIHIIA
TaAIIBIKTEI TOCEYAl >KoHe OHBIH Miay OyphImTapbiH 45-TeH 1800-Te aeitin KypyAbl KaMTaMachl3
eTei, KaxkeT OO/AFaH >Karaalija Killli Hemece y/AKeH OyphIIITapAbl >Kacay¥fa 004a/bl.
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BarprTTaFsimtap 2,5 MM 1iay paanychlH KaMTaMachl3 eTedi, 6¥A AvaMeTpi 125/9 mxm G.
652 crangaprel ymiH ere koaaiiael. OT 3-mosumus, OypsITapdblH opTypai KomOuHa-
nusAAapelHAAQ OpaafaH, MbIcaasl, TeK 900 Tik OypslmnTap >KacaaraH Kesge, Oya TpaeKTOpus
KaTTBI CBI3BIKIIEH KOPCeTiAreH.
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2-cypet. CTeHATIH IapTTHI CXeMackhl
Ecxepmy — cypemmi asmoprap xacazar

Hyxreai cpizpik 45-ten 1800-re aeitinri Oypeimrapaply 0acka KOMOMHaIVSIAapPBIH
>Kacayfa 004aTBIH TpaeKTOpuUAHBI kKopceTedi. CoHAali-aK, OYpHIIITapABIH CaHbI OipAiKTeH Ky3re
AeliiH esrepyi MyMKiH. 5 eamrey kypaabl peringe microOTDR onrukazabslk pedaexroMmerpi
(China engipici) K0A4aHBLAABL, >XYMBIC anarasoHsl 1310nm/1550nm/1625nm + 10nm, earey
2aaaairi 0,05 dB/dB, KypBLAFBIHBIH ITBIFBIC KOHHEKTOPBIHAH ©A4i aliMaKTBIH Y3BIHABIFEI 8 M.
MlapTTEl TYp4e aliTKaHAa, erep ci3 Y3BIHALIFEI 8 MeTp 0OJaTBIH CETMEHTTI KOCCaHBI3, OHJA
KYPBIAFBl OITUKAABIK INBIFBIHAAPABI ©AIIell aaMariAbl. PedaekromMeTp eAlleHeTiH ITaMaHBIH
MoHiH dB 1 xM-re Gepeai, Oya ONTUKAABIK CUTHAA dPTYpAi KambIKTeiKTarsl OT KaHAall KyIIieH
coHeTiHiH Oiagipeai. Tnicinme, apTypai rereporeniaik, miay, KOChABICTap >K9He aKayAap OCHI
KYPBIAFBIHBIH KOMeTiMeH Ty3eTyre 060AaTBIH IIBIFRIHAAPABI apTTEHIpabl. Opbip midy aablHFaH
pedaexrorpammaga Kepineai, consiMeH Katap oHblH TOBJXK TpaccacsiHAa HaKTBI OpHAJAacyblH
opHaTyfa 0oaaabl. ONTHKaABIK pedAeKTOMeTpAiH KeMeriMeH JoHeKep/JeHIeH >KoHe
aKBIpaThIAAaTBIH KOCBIABICTAPABIH camachlH Oarasdayfa, coHgaii-ak OT ysiay opHBIH OpHaTyfa
604aapl. OnTHKaALIK pedAeKTOMETPAIH >KYMBIC IpMHUNII Oeariai >KoHe KBICKA OINTMKAABIK
MMIIyAbC OepiAreHHeH KelliH OHBIH (OTO KaObLAJaFBIIILIHA KeATeH aAblHFaH IIaFBLABICKAH
OIITUKAABIK VIMIIyABCTapAbl MUIKPOIIPOLIECCOPABIK Taljayfa HeridjeareH. pedaeKTomepre
Kapaii XiOepiareH MMIIYAbCTiH KilIkeHe Oeairi raHa KepiHeai, OyA MMIIyAbC SHEPIUSACBIHBIH
maMameH 10 6eairi. OnTuKaabK peda1eKTOMETpP ONTUKAABIK, TOAKBIH CBIHY KOPCeTKiITiHe acep
eteTin OT rereporengiairineH IIarblABICKaH Ke3de Kepi Poaell mamibipay aeHreliiH earenigi.
Y34iKci3 KepceTKi ONTUMKAABIK IIalIbIpay (IIaFbLABICY) KO3FaAbICBIHBIH TikeAell MMIIyAbCi MeH
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HYKTeAi OarbITHIH KepceTedi. DkcriepuMeHT OapricbiHaa Oypermrap canbl 1-geH 10-ra geriin
ocTi. 45 >xaHe 90° GypsrITapsl TaHAaAAbl. ONTHKAABIK TOAKBIHHBIH KaABIIITaCKaH OYPBIIIE MEH
Y3BIHABIFBIH €CKepe OTBIPBII, Midy CaHbl apTKaH Ke3e IIBIFBIHAAPABIH ©Cy JAepekrepi
OaraaaHabl. Peaexromerp USB cBIMBIHBIH KeMeriMeH 6 gepOec KOMIIBIOTepre KOCBLAFaH, Oy
AepeKTepAi caKTay >KoHe SKCIIepUMEHTTIH OapbIChIH OacKapy YIIiH KaXKeT.
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3-cypet. PepaekrorpaMMaHbIH MBICAADI
Ecxepmy — cypemmi asmopaap xacazarn

PedaexromeTp Geariai Oip yakbIT apaabIFbIHAa OipHellle MMITYAbC KiOepeai, cogaH KeliiH
aABIHFaH ©4Illey JepeKTepiH opTallladaliabl )koHe pedpaeKTorpaMma >KacaliAbl. 3-CypeTTe Mmaiija
OoaraH >KkapelabicTapAbl  TyciHgipe oteipein, TOBX —pedaexkrorpaMMachiHBIH — MBbICAABL
KepceTiareH, aa niay 6eariai 6ip mapTTe KajaMMeH OeArileHreH.

Toakpin y3biHABIFEL 1200-2eH 1550 HM-Te AeitiH yaraiiraH Kedge OT HIBIFBIHAAP a3asigbl,
«MeAAipaiK Tepeseci» aen aTaaaTeH acep Oarikasaas, TOBXK ymIiH onTuKaabBIK TOAKBIHHBIH
>KYMBIC Y3BIHABIFE! 1310 sxoHe 1550 HM, Oya eH THiMAi ToaAKbIH y3eiHABIFE (Yurchenko et al., 2016).
Ic xysinae OT TexHMKaAbBIK KYJIiH Tekcepy ymIiH 1625 HM TOAKBIH Y3BIHABIFBI KOAAaHBLAAAbI,
COHABIKTaH OepiATeH TOAKBIH Y3BIHABIFBI HOTIDKeAepAl Taaday VIIiH ITaiijdalaHblAMAaiiAbl.
3epTTeyaep KaIIBIKTBIKKA OaitaaHbICTEI ONTHUKAABIK CUTHAAABIH dAcipey rpadpurinie KepceTia-
TeH/ell, eKiHIII JKoHe YIIIHII MeAAipAiKk TepedeciHge opHadacKaH 1310 HM >xaHe 1550 HM TOAKBIH
Y3BIHABIFBIMEH XYpridiaai. G. 652 cranazapTeinbly Kasipri 3amanrsl OT ymin 0,22 dB/km mieringe
OIITMKA/BIK CUTHAAABIH €H a3 COHYiHe TOAKBIH Y3BIHABIFBI 1550 HM-Te TeH >xeteai (Rodina, 2016).

OKcnlepuMeHT  Keaecigemt xyprisiagi, OT peancrepre 0Oipgeit Hemece oapTypai
OypolmTapda OpHaAacCTHIPBIAABL, Midy CaHBI op >KaHa ToXipmbemeHn 1-gen 10-ra aeitin ecTi.
IIsrFpIHAQPARI  ©AIIEY ONTUKAABIK pedaekToMeTpaiH KoMeriMeH oap Oypsimka 10 per
JKYPri3iajai, cogaH KelfiH MaAiMeTTep perpeccusTi Taajay >KYPrisill, >KybIKTay TeHAeyiH IIbIFapa
otelpsin, Microsoft Excel komibiorepaik OarzapaaMachIHBIH KOMeETiMeH OpTalllalaHAbl >KoHe
eHJeA4i. Jepekrep TaAIIBIKTH-ONTMKAABIK MiAy4iH opTypai OypslmITapblHAQ >KoHe
KOAJAHBIAATBIH TOAKBIH Y3BIHABIKTapbIHAA ONTHUKAABIK KyaT IIBIFBIHBIHBIH >KaKbIHAATbLAFaH
rpadmKaabIK ToyeAAiairiH eHAey >KoHe aay YIIIiH OaFjapAaMara eHrisizeai.

HOTUMXEAEP )KOHE OAAPAbI TAAKBIZAAY

3eptTrey HoTIDKeAepi 45 sxoHe 90° OyprimTapsl Oap Miay caHbHa GallaaHBICTEI OOAATHIH
IIBIFEIHAQPABIH ©CyiHe Toyeaaiaik rpadukrepinge (4 >xoHe 5-cypeT) OepiareH. DKCIIepMMEHTTIK
3epTTeylep TAaAIIBIKTaFBl ONTUKAABIK KyaT AeHTeili Mily CaHBIHBIH apTybIMeH TOMeHAeNTiHiH
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KepcerTi. bya axT ocbraH geifiH yKcac DKCIIepMMEHTTep >KYyprisreH 6acka raabMAap aAfaH
3epTreyaepaiy Oacka HaTuKedepiMeH coiikec Keadeai. 1550 HM TOAKBIH Y3BIHABIFBIHAH
arpipMamblAbIFbl 1310 HM TOAKBIH Y3BIHABIFBIHAA Midy IIBIFBIHAAPBIHBIH CaHBl a3 eKeHAIri
aHBIKTaAAb! (4 >xoHe 5-cypeTt). OT MeaaipAiriHiH TepesesepiHe ToH KapaMa — Kapchl acep maiija
001a4bI-TOAKBIH Y3BIHABIFBIHEIH YAFalobiMeH OB-gafpr msiFsiHAap asasgsl (Yurchenko et al,
2016; Rodina, 2016). bya acep niay 60amaraH ke3de Harikaaaasl. Viay naitga 6oaran kezge OT
ChIHY IapaMeTp/epiHiH es3repyiHe OailaaHBICTEI (POTODAACTUKAABIK ocep Iaiiga Oo0Jajbl
CoyaeneHyaiH yaeci cesci3 TaAIIBIKTHIH e3eriHeH ImibiFagsl, MyHB OT Oyiiipaik OeriHig
MeXaHMKaAbIK KepHeyiHJe OekiTiAreH ONTMKAABIK KyaT AeHTeliHiH TeMeHJeyi Aell cUIlaTTayFa
6oaaapl. Erep OT wmiayre ymislpamaca, OHAa IIBIFBIHAAP TOAKBIH Y3BIHABIFBIHBIH ©CyiMeH
azasapl, 6ya TOBX ertkisrimurepiHn HakThl Teocey KediHAe MyMKiH eMmec. Miay Goamaran
JKarjaiiga, MaTepMaAAblH ©3i KaABINITacCTBIPFaH IIBIFBIHAAPABI FaHa KapacTBIpPy Kepek, Oipak
myHbI Tek TOBX TpaccacslHEIH 14eaaAbl ToceMiHe JKaTKbI3y¥Fa 00AaAbL.
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4-cypeT. 45° OyprInITarsl Midy caHbIHA OailAaHBICTHI IIBIFBIHAAP Tpaduri
Ecxepmy — arvirzan axcnepumenmmix depexmep Hezisinde A6MOPAAp 3ipAezet

4-cypeTTe midy caHBl apTKaH Ke3Je KYTiAeTiH IIBIFBIHAAP KepceTiareH, Oya alimak
aABIHFaH KyBIKTay TeHAeyAepiH KOA4aHa OTBIPHIIT CaAbIHFaH.
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5-cypert. 90° OypsIIITaFsl Midy caHbIHa OallAaHBICTHI IIBIFBIHAAD Ipadpuri
Ecxepmy — arvinzan axcnepumenmmix depexmep Heziditde asmopAap aipreze
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I'padukTep KyBIKTayABIH CBHISBIKTHIK 3aHbIHa OarblHaAbl, ad OapABIK aybITKyJAap ©AIley
KaTeairi MeH aepekrepai eHJeyaiH ceGebi Goawinm TaObLaaAbl. OcCbIFaH yKcac OMABI OYpPBIH
OCHIHAAM 3epTTeyaep XyprisreH sxoHe OT Dacka TypaepiH KoadaHFaH Oacka FaabIMAap aliTKaH
(>xorapblgaH KapaHBI3).

1310 HM-Te KaparaHga 1550 HM TOAKBIH Y3BIHABIFBIHAQ OIITMKAABIK TaAIIBIKTBIH
miayingeri msIFbIHAAPABIH apTysl G. 652 craHiapTHIHAAFL Oip peXXMMAI ONTUKAABIK TaAIIbIK-
TapAbIH IIeKTeyal ©TKisy Amama3oHblHa OaiiaaHbIcTbl. COHgall-ak, IIBIFBIHAAPABIH apTybIHa
Mily caHBI M€H OAapAblH OYpHIIITaphI acep eTedi. bya Toyeaaiaik 6-cypeTTte KepceTiareH.
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6-cypeT. Viay OypBIIIBIHBIH IITaMachiHa OalfA1aHbICTH MiAy Ke3iHae
ONTUKAABIK IIBIFBIHAAPABIH ©CYi
Ecxepmy — arvinzan axcnepumenmmix depexmep Hezizitnde A6MOPAAp a3ipAezer

Opbip miay KesiHeri IIBIFBIHAApPABIH opTama ecy MoHi: 0,016 dB meringe 1310 M
TO/KBIH Y3BIHABIFBI YIIIiH KoHe 1550 HM TOAKBIH Y3BIHABIFH yiuiH — 0,017 dB.

Keaeci xagaMm — kepiHeTiH gmana3oHHBIH (650 HM) TOAKBIH Y3BIHABIFBIHAAFLI SKOFAATY
AeHTeitiH, coHAait-ak 850 HM >koHe 1625 HM KopiHOeNTiH MHPPaKBI3bLA AMAIla30HABI 3€pTTey.
Conrimen kartap, 90° actam OypsImITap >Kacay >KocapAaHyda, Oy FBLABIM MeH TeXHMKaHBIH
dPTYpAi cadasaphl YIIIH aMIIAUTYJAaABIK CyJdapAbl KYpyFa MYMKiHAiK OepeTiH miay xesiHae
LIBIFBIHAAPABIH ©CYiHIH TOABIK KOPiHICiH aay ylIiH KakeT. MyMKiH, MexXxaHUKaABIK, JKyYKTeMeHi
HeMece OpPBIH ayBICTBIPYABl eAllleyre >KapaMAbl CHUSKTBI CUIIaTTaMadapAblH  CBI3BIKTBIK
KOpCeTKiITepi XXeTKiAiKTi >KOFapbl CyAapAbl KYPY.

Toxipnbeaep aprypai OT miay mapameTpaepi MeH ONTMKAaABIK TOAKBIH Y3BIHABIFEIHAA
JKOFaATy ITapaMeTpAepiHiH KaHa MoHJepiH alyFa MYMKiHAIK Oepai. AABIHFaH CaHABIK MIHAEP
HeTidiHJe IIBIFBIHAAPABL ecemTey OaFjapaaMachl KYpPblAABl. barjapaama Kemridikke Ko4
ketimai  https://5kifda.github.io/losses-calculation/. 6argapaamaza exi eHrisy kyii Oap:
eceriteyre apHaAfaH JAepeKkTep IpaKTMKAaABIK —TaXipuOeaepaiH HoTmKeaepi HerisiHge
YCBHIHBLAFaH >KoHEe aBTOMATTBl TypJe HeMmece oHJAeleTiH Oacka JAepekTepAdi KO/AMEH eHTIi3y
apKblAbI >KyBbIKTaAFaH KecTeliK JdepeKTep.

barapapaama Tepesecinge TaHaay TyiiMeaepi KepceTideai. TOAKBIH Y3bIHABIFBIHBIH MOHIH
TaHaay yuuin: 1310, 1550 BM, «TOAKBIH Y3BIHABIFBI» OaTbhIpMachl KoaAjaHbldadel. — Uiay
OypbIITapbIHBIH KOpceTKimTepiHe apHaaraH Tylime: 0-7. Viay OypelImTapbIHEIH MoHAEpiHiH
Tyiimeaepi: 45, 90, 135 rpaayc. CBIBBIKTHIK KyBIKTay TyTiMeci (R2): pyHKIMAHBI KyBIKTay YIOiH
CBI3BIKTBIK, perpeccrsi MoJeAi eHrisiareH MaaimMeTTepre calikec Kypblaaabl. Kesaericox MaHAepAi
>Kacay TyliMeci: niay OYpHIIIBIHBIH MOHAEPiH XKoHe OHBIH KOpCeTKiIlTepiH Ke34elicoK TaHAayFa
keMeKTeceai. MaHgepai KaambiHa KeATipy Tylimeci: OyphIH eHrisiareH OapablK, MaHAepai
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KaAIlblHa KeATipyAi oliHaTaabl. EcenTey Tylimeci: IIBIFBIHAQPABI ecellTeiili >KoHe IIBIFBIHAAP
KeCTeCiH >KacaliAbl.

TabanuHbIe AaHHbIE PyuHoii BBOA
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7-cypert. JepekrepAi eHrizy xesinge Oargapaama nHrepQeliciHig >XaAIbl Kepinici
Ecxepmy — asmopaap asipaezert

KOPBITBIHABI

OnTukaablk KaOeabaepAiH TeXHMKAABIK >Kall-KyHiH OakbliayFa apHaAfaH CyJdapasl
93ipaey KesiHae HoTIDKeAepAi KelliHHeH mnaiigaaany yuiiH TOBJX etkisrimiTepin mio kesiHae
OIITUKAABIK, KyaTTBIH >KOFaAybIH 3epTTeyMeH OallAaHBICThI KOVBIAFaH MaKcaTKa K04 KeTKiziaai.
AabIHFaH JepeKTepai ONTHKaABIK KyaTThIH IIBIFBIHEL OotibHIIa TOBXK TexHmkaamIK >Kaif-KyiiH
GaxbplaayAblH aBTOMaTTaHABIPBLAFAH >KyleciH Kypy YVIIiH IaidasdaHyra 6oaaapl. Twuicinmre,
TOBX kabeainiy ysiayi HeMece OHBIH IllaMajaH ThIC caAObIpaybl HeMece OfaH Oacka
MeXaHMKaAblK ocep eTyi Ke3iHge, OHBIH OTKI3rINTepiHiH WMidyiHe oKeaill COKTBIpaAbl,
IIBIFRIHAAPABIH ocyi Oalikaaaanl, oaapAblH JeHreitine coiikec TOBX 3akpiMgaHy cumaTbsiH
Oarasayra 6oaaapl. CoHjaii-ak, akmaparTel aay ymiin TOBX-ra pyxcaTceis KOCBLAYABI
GaxplaayAblH aBTOMAaTTHl >KYleciH Kypy YIIiH Oya 3epTTey oTe IIepCHeKTMBAaAbl OOJBII
Tabblaaapl. PyKcaTchld K04 KeTKi3yAiH KoadaHbIcTaFbl 9aictepi OT niayiH sxacayra HeMece ogaH
coyaeaeHyAiH Oip OeAiriH IIbIFapyfa Heri3JeATeH, OHBI LIBIFBIHAAPABIH ©Cyi peTiHAe Tipkeyre
6oaaapl. Ontmkaaelk pedaekromerpmst aaici 0,1-aen 1 m-Te gefiinri pedaekTomeTpaiy
aKBIPAaTBIMABIABIFBIHA ~ OalldaHBICTEI HaKTBl OalilaHBIC OPHBIH aHBIKTayFfa MYMKIiHAIK
Oepegi.sepTxaHaabl, kargaiiga G. 652 craHAApTBHIHBIH IIBIFBIHAAPBIHA — SMIIMPUKAABIK
3epTreylep SKyprisyre OaliAaHBICTBI MiHAET IIBIFBIHAAPABIH OCYiHiH mMidy caHBl MeH
IapaMeTpAepiHe ToyeAAiiriH aay YIIiH TOABIFBIMEH Ky3ere achlpbliadbl. 3epTTey HoTIKeAepi
TOBX TexHmkaablK >Kali-KyHiH Oakplaayfa, COHJall-aK aKIlapaTThl aAy YIIH pPyKcaTChI3
KOCBIAYABIH >KaChIpbIH HYKTeAepiH aHbIKTay¥Fa apHaAfFaH CyJAapAbl Kacay YIIIiH I1alijaAaHblAYbl
MyMKiH. Toxipubeaep aptypai OT niay napamerpiepi MeH ONTUKAABIK TOAKBIH Y3BIHABIFBIHAA
JKOFaATy IapaMeTpAepiHiH >kaHa MoHAepiH alyFfa MYMKiHAIK Oepai. AAbIHFaH MaJAiMeTTep
HeTisziHAe aKIapar OepyAiH TaAIIBIKTH ONTHKAABIK >KelilepiHiH maiiga 00AaTBIH ONTMKAABIK
KyaTBIHBIH JKOFaay Oaraapaamacs xkacaaast (https://5kif4a.github.io/losses-calculation/).

MYAAEAEP KAKTBIFBICBI: Aspropaap MyajeAep KaKTBIFBICHIHBIH — SKOKTBIFBIH
MoAIMAEeNIAL.
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mreHOepiHAe «3MATKepPAiK TaAIIBIKTBI-ONTUKAABIK JaTIMKTep HeridiHAe IaxTadap MeH
KapbepAepaiH Tay-KeH Ka30alapbIHBIH TeOTeXHMKAABIK >Kali-KylliHe MOHUTOPUHI >KYPTi3y
KylieciH a3ipaey» Noe BR19980899 CTH fprabiMuy >KOOaChIH OpEIHAAY IIeHOepiHAe aABIHABL.

O AEBMETTEP TI3IMI

Ghaffar, A., Mehdi, M., Hussain, S., & others. (2020). The coupling of scattered-bend loss in POF
based the displacement measurement sensor. Sensing and Bio-Sensing Research, 29, 100351.
https://doi.org/10.1016/j.sbsr.2020.100351

Amorebieta, J., Ortega-Gomez, A., Durana, G., & others. (2021). Compact omnidirectional
multicore fiber-based vector bending sensor. Scientific Reports, 11, 5989.
https://doi.org/10.1038/s41598-021-85507-9

Ding, M., Fan, D., Wang, W., Luo, Y., & Peng, G.D. (2018). Basics of Optical Fiber
Measurements. In G.D. Peng (Ed.), Handbook of Optical Fibers. Springer, Singapore.
https://doi.org/10.1007/978-981-10-1477-2_57-2

Indra, A. (2012). Industrial fiber optics in train transportation systems. Avago Technologies White
Papers, 4 p. https://docs.broadcom.com/doc/AV02-2378EN

Guofeng, W. (2008). Methods for increasing the Bandwidth-Distance Product for multimode
fibers in LAN // Journal of Optical Comminication, 29(4), 213-216. [In Eng.]
DOI:10.1515/]OC.2008.29.4.213

Kim, S.T., Park, Y-H., Park, S.Y., Cho, K., & Cho, J-R. (2015). A Sensor-Type PC Strand with an
Embedded FBG Sensor for Monitoring Prestress Forces // Sensors, 15(1), 1060-1070. [In
Eng.] DOI:10.3390/s150101060

Koike, Y., & Asai, M. (2009). The future of plastic optical fiber. NPG Asia Materials, 1, 22-28.
https://doi.org/10.1038/asiamat.2009.2

Mekhtiyev, A.D., Kovtun, A.A., Yugay, & others. (2021). Research of mechanical stress at
tension of quartz optical fiber (QOF). Metalurgija, 60(1-2), 121-124. Preuzeto s
https://hrcak.srce.hr/246106 [In Eng.]

Liu, T., Wei, Y., Song, G., & others. (2013). Advances of optical fiber sensors for coal mine safety
monitoring applications // Proceedings of the 2013 International Conference on Microwave and
Photonics, 102-111. DOI:10.1109/ICMAP.2013.6733455

Yurchenko, A.V., Mekhtiyev, A.D., Bulatbaev, F.N., & others. (2019). Investigation of additional
losses in optical fibers under mechanical action // III International Conference ”Cognitive
Robotics,” IOP Conf. Series: Materials Science and Engineering, 516, 012004.
DOI:10.1088/1757-899X/516/1/012004

Zheng, Y., Xiao, W., & Zhu, Z-W. (2020). A simple macro-bending loss optical fiber crack sensor
for the use over a large displacement range. Optical Fiber Technology, 58, 102280.
https://doi.org/10.1016/j.yofte.2020.102280

Zheng, Y., Yu, J., Zhu, Z-W., Zeng, B., & Yang, C. (2021). Design, sensing principle and testing
of a novel fiber optic displacement sensor based on linear macro-bending loss. Optik, 242,
167194. https://doi.org/10.1016/j.ijle0.2021.167194

Yurchenko, A.V., Gorlov, N.L., Alkina, A.D., Mekhtiev, A.D., & Kovtun, A.A. (2016). Research of
the additional losses occurring in optical fiber at its multiple bends in the range waves
1310 nm, 1550 nm and 1625 nm // IOP Science, Journal of Physics, 671, 012001.
DOI:10.1088/1742-6596/671/1/012001

[Hao C-A., Yenr B-M. VYmpomennas ¢opmyaa moteppr Ha U3TUO A4S ONTOBOAOKOHHBIX
AATYUKOB, BOJAOKHa U wuHTerpmposaHHoit ontuku // Tsao S-L, & Cheng W-M.
Uproshchennaya formula poter' na izgib dlya optovolokonnyh datchikov, volokna i


https://doi.org/10.1016/j.sbsr.2020.100351
https://doi.org/10.1038/s41598-021-85507-9
https://doi.org/10.1007/978-981-10-1477-2_57-2
https://docs.broadcom.com/doc/AV02-2378EN
https://doi.org/10.1038/asiamat.2009.2
https://hrcak.srce.hr/246106
https://doi.org/10.1016/j.yofte.2020.102280
https://doi.org/10.1016/j.ijleo.2021.167194

-1 EKTU JOURNAL OF 1-TOM, 1-H6Mip, HaypbI3, 2026.
{32 || owoneeame -62- Tom 1, Ne 1, mapr 2026.

Vol. 1, Issue 1, March 2026.

integrirovannoj optiki [Simplified bending loss formula for fiber optic sensors, fibers, and
integrated optics]. 21(5), 333-344. d0i:10.1080/01468030290087723 [In Russ.]

Aarpkuna A.J., IOpuenko A.B., Mextues A.A., Maan I'LII., Asxmaramberosa P.JK. Paspabotka
aBTOMATMYEeCKO) CUCTEMBI KOHTpPOAsA Kabeleil C IIOMOIIBIO KBa3U-paclpejeleHHBIX
BOAOKOHHO-onTudecknx gataukos / Alkina A.D., Yurchenko A.V., Mekhtiev A.D., Madi
P.Sh., Ajmagambetova R.Zh. Razrabotka avtomaticheskoj sistemy kontrolya kabelej s
pomoshchi kvazi-raspredelennyh volokonno-opticheskih datchikov [Development of an
automatic cable monitoring system using quasi-distributed fiber optic sensors]. Vestnik
KGEU, 15(1(57)), 125-143. [In Russ.]

Aapkmua A.J., AxmaramOerosa PJK., IOpuenko A.B., Mextues A.4., Maan ILIIL
ABTOMaTMyecKas cucreMa KOHTPOAs LIE€AOCTHOCTYM BOAOKOHHO-OITHYECKMX Kadezeit /
Alkina A.D., Ajmagambetova R.Zh., Yurchenko A.V. Mekhtiev A.D.,, Madi P.Sh.
Avtomaticheskaya sistema kontrolya celostnosti volokonno-opticheskih kabelej
[Automatic fiber optic cable integrity monitoring system]. Mir izmerenij, 2, 50-55. [In
Russ.]

Byxmuctpiok I. BoaokoHHO-OITHYeCKMe AATIMKM AASL  DKCTpeMaAbHBIX YCAOBUIL /[
Buzhmistryuk G. Volokonno-opticheskie datchiki dlya ekstremal’nyh uslovij [Fiber optic
sensors for extreme conditions]. Control Engineering Russia, 3(45), 34—40. [In Russ.]

Poauna O.B. BoaokoHHO-onTmueckyme AmMHuM cBA3u. Ilpaxrmdeckoe pykosoacrso. 400 c. /
Rodina O.V. Volokonno-opticheskie linii svyazi. Prakticheskoe rukovodstvo [Fiber optic
communication lines. Practical guide]. 400 s. [In Russ.]

PuGeiipo A.A., u Ap. ONTOBOAOKOHHBIN JaT4MK IIOTEPh Ha M3IMO A4S IpPMMEHEeHUs HIpu
MOHNTOpPUHTIe IIA0TUH Hacslrteit // Ribejro L.A., & others. Optovolokonnyj datchik poter'
na izgib dlya primeneniya pri monitoringe plotin nasypej [Fiber optic bending loss sensor
for embankment dam monitoring]. SBMO / IEEE MTT-S International Microwave and
Optoelectronics Conference, 637-641. doi:10.1109/IMOC.2011.6169273 [In Russ.]

MIumkua B.B.,, I'pansés V.B., Illeaemba J1.C. OreuecTBeHHEII ONBIT IIPOM3BOACTBA U
IIPUMEHEeHNsI BOAOKOHHO-ONTIYIeCKUX AaTaukoB // Shishkin V.V., Granyov L.V., Shelemba
LS. Otechestvennyj opyt proizvodstva i primeneniya volokonno-opticheskih datchikov
[Domestic experience in manufacturing and application of fiber optic sensors].
Prikladnaya fotonika, T3(1), 61-75. http://doi.org/10.15593/2411-4367/2016.01.05 [In Russ.]

ABTOp2aap Typaabl MaaimMeTTep
Vnadopmainis 06 aBTopax
Information about authors

Aan  JAxaBaHmmposuu MexTHeB - TexHMKa FbLABIMAApPBIHBIH
KaHauAatel, 1mpodeccop, backapma wmymeci — FeiapiMu  SKyMBbIC
>KeHiHgeri mpopekrop, ©O0iakac CarbiHOB aThiHAarel Kaparanabr
TexHukaAaslK yHusepcuteti KEAK, Kaparananl, Kasakcran

Aan Axasanmuposud MexTueB — KaHAMAAT TeXHMYECKMX Hayk,
npodeccop, Yaen nmpasaeHns: — IpOPeKTOP IO HaydHOI pabore, HAO
«KaparanamHckmi TexHUYecKnii yHUBepcuTeT uMeHN AOnAKaca
Carnnosa», Kaparanga, Kazaxcran

Ali Mekhtiyev — Cand.Sci. (Eng.), Member of the Board — Vice-Rector
for Research, NJSC Karaganda Technical University named after
A.Saginov, Karaganda, Kazakhstan

e-mail: barton.kz@mail.ru,
ORCID: https://orcid.org/0000-0002-2633-3976


http://doi.org/10.15593/2411-4367/2016.01.05
mailto:barton.kz@mail.ru

Tom 1, Ne 1, mapt 2026.

1-TOM, 1-H6Mip, HaypbI3, 2026. EKTU JOURNAL OF
m= ENGINEERING
-63 - SCIENCES

Vol. 1, Issue 1, March 2026.

Eaena T'enmagvbesHa Hemmma - PhD, xadeapa MeHrepyumidi,
Ob6iakac CarpiHOB aTbiHAarsl KaparaHAbl TEXHMKaABIK YHUBEPCUTETI
KEAK, Kaparanasl, Kazaxcran

Eaena I'ennagbeBHa Hemmna — PhD, 3aseayromuit kadpeapoir, HAO
«KaparaHguMHCKMIT TeXHMYECKMII YHUBEPCUTET WMeHUM Abuakaca
Carunosa», Kaparanga, Kazaxcran

Elena Neshina, Cand.Sci. (Eng.), PhD, Head of Department, NJSC
Karaganda Technical University named after A. Saginov, Karaganda,
Kazakhstan

e-mail: 1_neg@mail.ru,

ORCID: https://orcid.org/0000-0002-8973-2958

Aansa JayaerxaHosHa AapkmHa — PhD, ara okwITyms, ©biakac
CarpinoB aTniHAaFel Kaparanapr Texnmkaanlk, yHuBepcuteri KEAK,
Kaparanasi, Kasakcran

Aanst AayaerxaHoBHa AapkmHa — PhD, crapimii nperiogasareas,
HAO «KaparaHAMHCKMII TeXHUYIECKUI YHIBEpCUTET UMeHN ADmaKaca
Carnnosa», Kaparanga, Kazaxcran

Aliya Al'kina — PhD, senior lecturer, NJSC Karaganda Technical
University named after A. Saginov, Karaganda, Kazakhstan

e-mail: alika_1308@mail.ru,

ORCID: https://orcid.org/0000-0003-4879-0593

ITaBea Aaekcanaposumu Aynaes - PhD, xaysimaacTeipslaraH
npodeccop, 6iaim bepy Garjapaamasapsl TOOBIHBIH >Kerekimici, «C.
Centdyaann aTBIHAAFBI Kaszak arpoTeXHUKAABIK seprrey
ynusepcuteti» KEAK, Acrana, Kasakcran

ITaBea Aaexcanaposud /JyHaeB —, acCOIMMPOBAHHEI Ipodeccop,
pyKoBojuTeab  IPyHIbl  oOOpasoBaTeabHBIX mporpamym, HAO
«Kazaxckmit arpoTexHnyeckuil uccAeloBaTeAbCKUil YHUBEPCUTET UM.
C.Cendyaanna», Acrana, Kasaxcran

Pavel Dunayev, Cand.Sci. (Eng.), PhD, Associate Professor, Head of
the Educational Program Group, NJSC "Kazakh Agrotechnical
Research University named after S. Seifullin”, Astana, Kazakhstan
e-mail: dunayev.kz@mail.ru,

ORCID: https://orcid.org/0000-0003-0379-315X

Mycaraxxnaos Maausp Kaaeaosma — gokropant, C. Ceitdpyaann
aTeiHAaFel Kazak arporexnHukaaslk 3eptrey yHuBepcuteri KEAK,
Acrana, Kaszakcran

Mycaraxxurnos Maausp JKaaeaosuma - gokrtopantr, HAO
«Kaszaxckmii arpoTexHm4ecKmii 1ccae40BaTeAbCKUN YHUBEPCUTET MM.
C.Cendyaanna», Acrana, Kasaxcran

Madiyar Musagazhinov - PhD Student, NJSC Kazakh Research
Agrotechnical University named after. S. Seifullin, Astana, Kazakhstan
e-mail: musagazhinov@bk.ru,

ORCID: https://orcid.org/0000-0002-4521-8172



mailto:1_neg@mail.ru
https://orcid.org/0000-0002-8973-2958
mailto:alika_1308@mail.ru
https://orcid.org/0000-0003-4879-0593
mailto:dunayev.kz@mail.ru
https://orcid.org/0000-0003-0379-315X
mailto:musagazhinov@bk.ru

1-tom, 1-nemip, Haypws, 2026.
Tom 1, Ne 1, mapt 2026.
Vol. 1, Issue 1, March 2026.

-‘ EKTU JOURNAL OF
'i 4 3 ENGINEERING

SCIENCES - 64 -

https://doi.org/10.51885/3134-8009 JES 2026 1 6

SRSTI 89.57.45

APPLICATION OF EARTH REMOTE SENSING DATA
FOR PREDICTING AGRICULTURAL CROP YIELDS

AVBIA HIAPY ALIIBIABIFBI AAKBLAAAPBIHBIH OHIMAIAITTH BO/KAY
YIIITH JKEPAI KAIIIBIKTHIKTAH 30HATAY AEPEKTEPIH KOAAAHY

INTPMUMEHEHUE AAHHbBIX ANMCTAHIIVMTOHHOT'O 3S0HANPOBAHUS
3EMAN AAS1 TIPOTHO3MPOBAHIS YPOXKAMHOCTU
CEAbCKOXO3SIMCTBEHHEIX KYAbTYP

Zh.M. Ramazanova =" 1*, M.G. Zamalitdinova 1 A.Zh. Kamet =1, B.D. Abdikarimov'='1
'L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
*The corresponding author: Ramazanova Zhanat Musanovna, e-mail: zhanat2005@yandex.kz

Keywords:

ABSTRACT

Earth remote sensing data,

crop yield, Normalized
Difference Vegetation
Index (NDVI), satellite
images, satellite image
interpretation.

Agriculture in the Republic of Kazakhstan plays a strategic role in
ensuring the country's food security and exports. This paper shows the
effectiveness of remote sensing methods for assessing the productivity
of grain crops. In this article, Sentinel-2 space images for the period from
2019 to 2023 are used. Normalized difference vegetation index (NDVI)
was used to forecast crop productivity. Space images interpretation and
calculation of the NDVI were carried out using ArcGIS software. The
article reveals that NDVI values reflect well the biological productivity
of agricultural crops during the growing season and show correlation
with biomass and yield. The work indicates that the analysis of crop
yields will be more accurate if along with NDVI index such indicators of
climatic conditions as air temperature and precipitation are used.
Forecasting yields is of great practical importance.

Tyiinai cesaep:

TYNIHAEME

Kepai KalIBIKTBIKTaH
30HATay AepeKTepi,
OHiMaiaiK, HOpMaaaHFaH
alBIPBIMABIK,
BeTeTalVsIAbIK, THAEKC
(NDVI), rapbIIThIK,
cyperTep, FapBIIITHIK
cypetTepai gemmdpaey.

Kasaxcran PecnybamkachiHAAFBI aybld ITapyallbIABIFBl €AJiH a3bIK-
TYAiK KayiIci3AiriH >koHe 9KCIIOPTTHI KaMTaMachl3 eTy4e CTPaTernsaAbIK,
pea aTKapaasl. by >KyMbIcTa 49HAL AaKblAJapAbIH ©HIMAiairiH Oaraaay
yurin JKepai KaIIBIKTBIKTAH 30HATAy 9AiCTepiHiH TuimMaiadiriH xepce-
Tizeai. bya Makaaaga 2019-2023 >xplagap apaablFbIHAAFBL Sentinel-2
FApBINITLIK CypeTTepi MalijadaHbiaabl. OciMaixTepAiH HOpMajlaHFaH
albIPBIMABIK BereTalmsaabiK uHAekci (NDVI) gakpragapapiy eHiMaiairin
OoaxKay YIIiH HalijaaaHbIAARL. FapeIIITHK cypeTTepai Aemmdpaey MeH
NDVI wunaexcin ecentey ArcGIS ©OargapaamaablK >KacaKTaMachl
apKbLABI JKY3ere acklpblagnl. 3epTrey HoTvkeaepi NDVI kepcerkimrepi
BereTalMsABIK Ke3eHAerl gaKbladapAblH OMOAOTUAABIK, ©HIMAIAITIH 494
OeliHeAeiITiHIH, cOHAAll-aK Oya KepceTKilTepain OmoMacca MeH eHiM
Ke/eMiMeH e3apa THIFbI3 OallaaHBICTH eKeHiH KopceTTi. COHBIMEH KaTap,
eHiMaiaikke Taasay >Kacay OapwickiHaga NDVI kepcetkimiMeH KaTap
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aya TeMIlepaTypachl, >KayblH-IIAIIbIH MOAIIEpi CUSAKTBHl KAUMATTBIK,
IapaMeTpAepAi e ecKepreH >Karaaiida, 00AKayAblH A9A4iri apTaThIHBI
aTan eTiaai. OHiMAiAiKkTi G0AKayABIH TPAKTNKAABIK MaHBI3EI 30P.

Karouessre caoBa: AHHOTANWSI

AaHHBIE AVICTAaHITMIOHHOTO Ceabckoe xo3:1iicTBO B Pecrybanke Kaszaxcran urpaer crpaTernieckyio
30HAMPOBaHU 3eMAn, poap B obecriedeHUN IPOJOBOALCTBEHHON 0e30I1acHOCTM CTpaHBI U
YPO>KaltHOCTh, 9Kcropra. B aanHOI paboTe mokazaHa 9¢QQPEeKTUBHOCTH MeTOA0B
HOpPMaAM30BaHHBII AVICTaHLMIOHHOTO 30HAVPOBAHII 3eMAN AAs OLIeHKU IIPOAYKTUBHOCTU
Pa3HOCTHBIIA 3epHOBBIX KyAbTYp. B craThe mCII04b30BaHBI KOCMMYECKME CHUMKN
BereTalMOHHBIN MHAEKC, Sentinel-2 3a mepmog c¢ 2019 mo 2023 roarl. Jas HNpOrHO3MPOBAHILL
KOCMUYEeCKUe CHUMKY, HPOAYKTUBHOCTY CEeAbCKOXO3SICTBEHHBIX KyABTYpP OBLA ICIIOAb30BaH
AemndprposaHe HOPMaAM30BaHHBIN Pa3HOCTHBIN BereTallMOHHBIN uHAekc (NDVI).
KOCMIMYECKVX CHIMKOB. JemmpuposaHne KOCMHUYECKUX CHMMKOB I pacdeT HOPMaAM3O-

BaHHOTO Ppa3HOCTHOTO BETeTAI[MOHHOTO WMHAEKCa IIPOBOAVANM C
JCII0Ab30BaHIEeM IIPOrpaMMHOTo mpogykra ArcGIS. B craTse mokasaHo,
gyro 3HaueHMst NDVI Xopomo oTpaXalOT OMOJ0THMYECKYIO ITPOAYK-
TUBHOCTh Ce/AbCKOXO3SMCTBEHHBIX KyABTYp B TeueHIe BeTeTalllIOHHOTO
repuoja, MoKa3plBaloT KOppeAsInIo ¢ O110Maccoil U yposKaliHOCThIO. B
paboTe ykaszaHO, YTO aHaAM3 YPOXKATHOCTU CEeAbCKOXO3SVICTBEHHBIX
KyAbTyp OydeT 0oaee TO4YHee, ecaum Hapsagy uHZekca NDVI
UCIIOAB30BaTh TaKMe IIOKazaTeAy KAMMaTHIeCKUX YCAOBUI, Kak
TeMmIlepaTypa BO34yXa, KOAMYeCTBO oOcalkoB. Ilpormosmposanme
yPpO>KalTHOCTH MIMeeT DOABIIIOe MTpaKTIUIecKoe 3HaueHNe.

INTRODUCTION

Currently, the Republic of Kazakhstan is one of the largest producers of grain crops and
this is a strategically important task. Due to changes in climatic conditions in the vast areas of
agro-industrial complex of the Northern district of Kazakhstan in recent decades there are often
sharp temperature fluctuations, uneven distribution of precipitation, which significantly affects
the productivity of agricultural fields. Also grain crops are subject to diseases and various pests.
Agricultural land is subject to erosion and degradation. In view of these problems, space
monitoring and remote sensing methods are an important tool for agro-industrial complex. The
use of Earth remote sensing (ERS) methods is relevant in the conditions of a vast territory of
agricultural land, changing climate, and water resources deficit. Remote sensing methods allow
to manage agricultural production more effectively, increase crop yields and reduce negative
environmental impacts. And this is important in the conditions of land degradation, water
scarcity, etc.

The aim of the research in this paper is to show the effectiveness of remote monitoring of
productivity of grain crops on the example of the Northern district of Kazakhstan using satellite
data and image processing methods.

LITERATURE REVIEW

Currently, unmanned aerial vehicles (UAVs) are increasingly being used to monitor
agricultural land (GP Shetty et al., 2024a; Ridha Guebsi et al., 2024b). UAVs are becoming an
important tool for transforming precision agriculture. UAVs used in agriculture can be
categorized into the following classes based on the type of design: fixed wing drones; multi-rotor
drones; hybrid drones; and folding wing drones (Ridha Guebsi et al., 2024). Each class of drones
fulfils certain functions inherent to that design. For example, fixed wing drones are similar to
aeroplanes and are designed in such a way that they can systematically observe large areas. Can
operate at high altitudes and provide high-resolution images of the area being surveyed. They
can be used for large-scale mapping (Matese, A., et al., 2015). Multirotor drones have increased
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maneuverability and hovering capabilities. They can take off and land vertically, which means
they can be used in difficult terrain. Hybrid drones provide vertical take-off and landing are used
for wide areas. Folding wing drones are mobile, used for small agricultural operations.
Depending on the type of cameras mounted on the drones, they have different functional
purposes. RGB cameras are widely used for visual inspection of crops, e.g. to assess the density
of potato plantations (Abdou, B. et al., 2022). Thermal imaging cameras are used to detect water
scarcity.

However, despite their advantages, UAVs have certain disadvantages that limit their
application: insufficient autonomy of flight; sensitivity to wind; limited maneuverability and
others. Regulatory, technological and economic problems are also significant obstacles to the use
of UAVs.

Space-based monitoring using remote sensing data has several advantages over UAVs.
Kazakhstan has vast agricultural lands, remote sensing can cover vast areas in a single pass
(Natalya N. Karabkina et al., 2018), whereas UAV imagery requires multiple flights. Monitoring
satellites update images regularly and are publicly accessible to all. Remote sensing allows
surveillance of designated and inaccessible areas, extensive analyses of area change over a long
period of time, identification of landforms, vegetation, soil moisture, etc. (Liu T et al., 2025).

Therefore, this paper will focus on the use of remote sensing to assess the productivity of
cereal crops.

MATERIALS AND METHODS

To conduct crop yield forecasting in the example of Northern Kazakhstan, the climatic
characteristics of the study region were considered. Satellite images of the target area from
Sentinel-2 for the period from 2019 to 2023 were also used. These satellite images were obtained
from the publicly available Copernicus Browser website:
[https://browser.dataspace.copernicus.eu/?zoom=5&lat=50.16282&Ing=20.78613&demSource3D=
%22MAPZEN %22&cloudCoverage=30&dateMode=SINGLE].

Normalized difference vegetation index (NDVI) was used to predict crop productivity. The
indices used in this study were calculated using the following formulas:

Pnir — pRED)

Pnir t PRED
where, py;r — pixel values from the near infrared channel;

NDVI = (

Prep — pixel values from the red channel.

Space images interpretation and calculation of normalized difference vegetation index
were carried out using ArcGIS software. Cartographic materials of the territory of Northern
Kazakhstan from freely available websites (https://map.ikostanay.kz/;
https://map.gov4c.kz/egkn/; https://data.nextgis.com/en/region/KZ-39/base/) were also used in
the work. Calculation of normalized difference vegetation index was carried out for Denisovsky
region of Kostanay district of Northern Kazakhstan.

The averaged mean annual (January - December) temperature anomalies for the periods
under research were taken as deviations from the mean multiyear values for 1961 - 1990 for
Kostanay region (RGP «Kazgidromet», 2019-2023).

Annual amounts of precipitation during the study period in northern Kazakhstan were
taken from Kazhydromet data, considering the deviation of precipitation anomalies from long-
term averages for 1961-1990 (RGP «Kazgidromet», 2019-2023).

The average yield of grain crops in Denisovsky region of Kostanay district was determined
according to the data of the Bureau of National Statistics of the Agency for Strategic Planning and
Reforms of the Republic of Kazakhstan (dynamic tables for the North Kazakhstan region, 2019-
2023).


https://browser.dataspace.copernicus.eu/
https://browser.dataspace.copernicus.eu/
https://browser.dataspace.copernicus.eu/
https://map.ikostanay.kz/
https://map.gov4c.kz/egkn/
https://data.nextgis.com/en/region/KZ-39/base/
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RESULTS AND DISCUSSION

The territory of Denisovsky region of Kostanay district of Northern Kazakhstan was
chosen for the research in this work. The land massif of the territory is a set of plots, which are
mostly rectangular or trapezoidal in shape.

The largest arrays of agricultural arable land are concentrated in Northern Kazakhstan.
According to natural zones Northern Kazakhstan belongs to steppe and forest-steppe zones. The
geographical location of the study area is shown in Figure 1.

Figure 1. Researched territory — Denisovsky region
Note — compiled by the authors

The researched territory is completely located in the subzone of moderately dry steppes on
southern black soils of the steppe zone. Soil cover of the main part of the researched territory is
southern normal black soils. In the valleys of the Tobyl and Kamysky Ayat rivers the soil cover
is represented by southern carbonate black soils. In the western and south-eastern parts of
Denisovsky District, complexes of southern solonetzified black soils with solonets are
distinguished. Southern phosphoritic black soils are distributed in small areas of the southern
part of the territory (S.S. Baisholanov, 2017).

The characteristics of soil cover, relief, and climatic conditions allow crop production to be
defined as the main branch of agriculture in the researched territory. For the research territory in
the work climatic indicators for Northern Kazakhstan and NDVI for the fields of Denisovsky
region were analyzed.

One of the most important climatic factors influencing the yield of grain crops is
temperature. The influence of temperature due to increased evaporation of moisture from the
surface and soil freezing is manifested at all stages of plant growth - from seed germination to
grain ripening.

Along with temperature, moisture also has a significant impact on grain yields. Soil
moisture controls the amount of water that seeps into the soil, recharges groundwater, and
influences surface water drainage of moisture into the atmosphere. It affects the physiological
processes of plants, determines the success of crop formation at each stage of crop development.
Figure 2 shows the graphs of climatic indicators and grain crop yields in the researched territory
for the period from 2019 to 2023.
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As can be shown in Figure 2(a) - averaged mean annual (January - December) anomalies
of temperature deviation from the mean multiyear values for 1961 - 1990 in the considered period
of time have positive values. This positively affects the yield of grain crops. The least amount of
precipitation in Kostanay district was observed in 2021 (Figure 2(b)). The year 2021 was due to
acute drought. With lack of moisture, seeds of crops do not swell or give weak, non-viable
sprouts. Lack of moisture with a positive trend in temperature anomaly, as can be shown in
Figure 2(a), can lead to lower yields.
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- Anomalies’ average temperature in the North Kazahstan district
- Average grain crop yield in Denisovsky Region
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Figure 2. Climatic indicators and grain yields for the period 2019-2023:
a — average temperature (°C), average grain yield (centners per hectare);
b — annual precipitation (mm)
Note — compiled by the authors

A recovery in yields was observed in 2022-2023 due to favourable weather conditions
(Figure 2). The graph of annual precipitation in Kostanay region, where the researched territory
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is located, correlates with the yield. There is a deviation in 2019. Apparently, this is due to
negative anomalies of average seasonal air temperature observed in the researched territory (RGP
«Kazgidromet», 2019).

Nowadays, modern methods of remote sensing of the Earth's surface provide continuous
and objective data for assessing vegetation conditions. Normalized relative vegetation index
NDVTI is one of the key indicators used in remote sensing of the Earth. NDVI shows the level of
photosynthesis activity and, consequently, biomass in a certain area. This indicator is widely used
in predicting crop yields. A high NDVI value of about 0.6 to 0.9 indicates healthy, dense
vegetation with high photosynthetic activity. This corresponds to high yields. Low values of the
order of 0.1 - 0.3 indicate drought, disease and low crop density. A low NDVI value is indicative
of poor yield. NDVI allows tracking the vegetation stages of plants from germination to maturity.
Figure 3 shows the relationship between normalized relative vegetation index NDVI and yield.

14 0,66
E12 0,65
210 0,64
3 8 0,635
= 6 0,62 #
; 4 I I . 0,61
S 2 0,6

0 0,59

2019 2020 2021 2022 2023
mmm Crop yield, centner/ha  ===NDVI

Figure 3. NDVI and yield in the researched territory for 2019-2023
Note — compiled by the authors

As can be seen from Figure 3, there is a certain relationship between the NDVI index of the
researched territory and land use yields. Changes in the NDVI index indicator to a certain extent
repeat the changes in crop yields for the research period.

CONCLUSION

Earth remote sensing methods can be effectively used in predicting vegetation yields.
NDVI values reflect well the biological productivity of crops during the growing season. To some
extent, NDVI can be used as a predictive tool to estimate future crop yields.

Analysis of crop yields will be more accurate if such indicators of climatic conditions as air
temperature and precipitation are used along with NDVI index.

CONFLICT OF INTERESTS: The authors declare that there is no conflict of interest.

REFERENCES

G.P. Shetty, A Meghana, Praveen Kottari, Mahesh G. Shetty. (2024). Aerial farming:
Revolutionizing M-drone in sustainable agriculture. International Journal of Agriculture
Extension and Social Development, Vol. 7, No 12, 446-455,
https://doi.org/10.33545/26180723.2024.v7.i12g.1450


https://www.researchgate.net/scientific-contributions/GP-Shetty-2279159395?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InByb2ZpbGUiLCJwYWdlIjoicHJvZmlsZSJ9fQ
https://www.researchgate.net/scientific-contributions/A-Meghana-2279154712
https://www.researchgate.net/profile/Praveen-Kottari?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InByb2ZpbGUiLCJwYWdlIjoicHJvZmlsZSJ9fQ
https://www.researchgate.net/scientific-contributions/Mahesh-G-Shetty-2273343872?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InByb2ZpbGUiLCJwYWdlIjoicHJvZmlsZSJ9fQ
https://doi.org/10.33545/26180723.2024.v7.i12g.1450

EKTU JOURNAL OF 1-TOM, 1-H6Mip, HayphbI3, 2026.
ENGINEERING

SCIENCES -70 - Tom 1, No ]., MapT 2026.
Vol. 1, Issue 1, March 2026.

Ridha Guebsi, Sonia Mami, Karem Chokmani. (2024). Drones in Precision Agriculture: A
Comprehensive Review of Applications, Technologies, and Challenges. Drones, No 8, 686,
https://doi.org/10.3390/drones8110686

Matese, A.; Toscano, P.; Di Gennaro, S.F.; Genesio, L.; Vaccari, F.P.; Primicerio, J.; Belli, C.; Zaldei,
A.; Bianconi, R.; Gioli, B. (2015). Intercomparison of UAV, Aircraft and Satellite Remote
Sensing Platforms for Precision Viticulture. Remote sensing, Ne 7(3), 2971-2990.
https://doi.org/10.3390/rs70302971

Abrougui, K.; Guebsi, R.; Ouni, A.; Boughattas, N.E.; Habel, F.; Barkaoui, Y.; Amami, R.; Khemis,
C.; Abdou, B.; Chehaibi, S. (2022). Contribution of UAV-airborne imagery in the study of
machine-soil-plant interaction in potato cultivation. Journal of Oasis Agriculture and
Sustainable Development, No 4, 71-78, https://doi.org/10.56027/JOASD.spiss102022

Natalya N. Karabkina, Nurlan E. Bekmuhamedov, Olga V. Dolbnya, Aset A. Arystanov, Ainur S.
Aysarova, Ranida Arystanova, Rekhangul A. Kurbanova, Rashid T. Iskakov. Operational
Solution of Space Monitoring of Grain Crops in South Kazakhstan on the Basis of Data of
Sentinel-2, Landsat-8, PlanetScope. Information Technologies in Remote Sensing of the
Earth — RORSE, 2018, pp. 321-328, https://doi.org/10.21046/rorse2018.321

LiuT, YuL, Liu X, Peng D, Chen X, Du Z, Tu Y, Wu H, Zhao Q. A Global Review of Monitoring
Cropland Abandonment Using Remote Sensing: Temporal-Spatial Patterns, Causes,
Ecological Effects, and Future Prospects. ]. Remote Sens., 2025, 5 Article 0584, https://doi.
org/10.34133/remotesensing.0584

Copernicus Browser https://browser.dataspace.copernicus.eu/?zoom=5&lat=50.16282&Ing=-
20.78613&demSource3D=%22MAPZEN%22&cloudCoverage=30&dateMode=SINGLE

Geoportal of the Kostanay District https://map.ikostanay.kz/

Public Cadastral map https://map.gov4c.kz/egkn/

NextGIS Data https://data.nextgis.com/en/region/KZ-39/base/

PITI «Kasruapomet». (2020). Exxeroansiit 01011e€TeHb MOHUTOPMHIA COCTOSIHMS UM M3MeHeHU:
kanmara Kasaxcrana sa 2019 roga. https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-
byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana / RGP
«Kazgidromet». Ezhegodnyi byulleten' monitoringa sostoyaniya i izmeneniya klimata
Kazakhstana za 2019 god. (2020). [Annual bulletin on monitoring the state and changes in
Kazakhstan's climate for 2019,2020]. https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-
byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana (In Russ.)

PITI «Kasrmgpomer». (2021). Exxeroansiii 01011eTeHb MOHUTOPMHIA COCTOSIHUS M M3MEHEHII
kanmarta Kasaxcrana sa 2020 roa. https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-
byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana // RGP «Kazgidro-
met». Ezhegodnyi byulleten' monitoringa sostoyaniya i izmeneniya klimata Kazakhstana
za 2020 god. (2021). [Annual bulletin on monitoring the state and changes in Kazakhstan's
climate for 2020, 2021]. https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-
monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana (In Russ.)

PITI «Kasruapomet». (2022). Exxeroansiit 01011e€TeHb MOHUTOPMHIA COCTOSIHMS UM M3MeHeHU:
kanMata Kazaxcrana sa 2021 roa. https://www .kazhydromet.kz/ru/klimat/ezhegodnyy-
byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana /I RGP
«Kazgidromet». Ezhegodnyi byulleten' monitoringa sostoyaniya i izmeneniya klimata
Kazakhstana za 2021 god. (2022). [Annual bulletin on monitoring the state and changes in
Kazakhstan's climate for 2021, 2022]. https://www.kazhydromet.kz/ru/-
klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
(In Russ.)

PITI «Kasruapomet». (2023). Exxeroanslit 01011e€TeHb MOHUTOPUHIA COCTOSIHMS UM M3MeHEeHUs
kanmarta Kasaxcrana sa 2022 roa. https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-


https://doi.org/10.3390/drones8110686
https://doi.org/10.3390/rs70302971
https://browser.dataspace.copernicus.eu/?zoom=5&lat=50.16282&lng=20.78613&demSource3D=%22MAPZEN%22&cloudCoverage=30&dateMode=SINGLE%20
https://browser.dataspace.copernicus.eu/?zoom=5&lat=50.16282&lng=20.78613&demSource3D=%22MAPZEN%22&cloudCoverage=30&dateMode=SINGLE%20
https://map.ikostanay.kz/
https://map.gov4c.kz/egkn/
https://data.nextgis.com/en/region/KZ-39/base/
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana

1-TOM, 1-H6Mip, HaypbI3, 2026. \‘ EKTU JOURNAL OF
Tom 1, N 1, mapr 2026. -71- {2 | womemne

SCIENCES
Vol. 1, Issue 1, March 2026.

byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana // RGP «Kazgidro-
met». Ezhegodnyi byulleten' monitoringa sostoyaniya i izmeneniya klimata Kazakhstana
za 2022 god. (2023). [Annual bulletin on monitoring the state and changes in Kazakhstan's
climate for 2022, 2023]. https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-
monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana (In Russ.)

PITI «Kasrugpomer». (2024). Exxeroansrii 01011€TeHbh MOHUTOPUHIA COCTOSIHUS U M3MEHEHIIS
kanmMarta Kasaxcrana sa 2023 roa. https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-
byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana // RGP «Kazgidro-
met». Ezhegodnyi byulleten' monitoringa sostoyaniya i izmeneniya klimata Kazakh-stana
za 2023 god. (2024). [Annual bulletin on monitoring the state and changes in Kazakhstan's
climate for 2023, 2024]. https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-
monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana (In Russ.)

bropo HallMOHAaABHON CTaTUCTUKM ATEHTCTBA 10 CTpaTern4ecKoMy I1aHMpOBaHUIO 1 pedopMam
PK. Adunammdeckme Tabaunsl 1o Cesepo-Kasaxcranckoir ob6aactu. (2019-2023).
https://stat.gov.kz/ru/region/sko/dynamic-tables/1485/ // Byuro natsional'noi statistiki
Agentstva po strategicheskomu planirovaniyu i reformam RK. Dinamicheskie tablitsy po
Severo-Kazakhstanskoi oblasti. (2019-2023). [Dynamic tables for the North Kazakhstan
region, 2019-2023]. https://stat.gov.kz/ru/region/sko/dynamic-tables/1485/

Arpokanmarndeckne pecypcbl KocraHarickoil o0AacTi: HayIHO-IPUKAAAHON CIPAaBOYHMK.
(2017).  https://ingeo.kz/wp-content/uploads/2017/11/%D0%90%D0%B3%D1%80%D0%-
BE%D0%BA %D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D0%B8%D1%87 %D0%B5%-
D1%81%D0%BA%D0%B8%D0%B5-%D1%80%D0%B5%D1%81%D1%83%D1%80%D1 %-
81%D1%8B-%D0%9A%D0%BE %D1%81%D1%82%D0%B0%D0%BD %D0%B0%D0%B9%-
D1%81%D0%BA%D0%BE%D0%B9-%D0%BE%D0%B1%D0%BB%D0%B0%D1%81 %-
D1%82%D0%B82.pdf // Agroklimaticheskie resursy Kostanaiskoi oblasti: nauchno-
prikladnoi spravochnik. (2017). [Agroclimatic resources of the Kostanay region: scientific-
applied reference book, 2017]. https://ingeo.kz/wp-content/uploads/2017/11/%D0%-
90%D0%B3%D1%80%D0%BE%D0%BA %D0%BB %D0%B8%D0%BC %D0%B0%D1%82%D
0%B8%D1%87%D0%B5%D1%81%D0%BA %D0%B8%D0%B5-%D1%80%D0%B5%D1%-
81%D1%83%D1%80%D1%81%D1%8B-%D0%9A %D0%BE %D1%81%D1%82%D0%B0%-
D0%BD%D0%B0%D0%B9%D1%81%D0%BA%D0%BE%D0%B9-%D0%BE%D0%B1%-
D0%BB%D0%B0%D1%81%D1%82%D0%B82.pdf

ABTOpAaap Typaabl MaaiMeTTep
Vnadopmainisa 06 aBTopax
Information about authors

Pamasanosa JKamar MycanoBHa - XUMMS FbLABIMAAPBIHBIH
KaHauaaTel, aouent, /A.H. I'ymmaes arteiHgarsl Eypasmst yATTBIK
yHusepcurerti, Actana, Kasakcran

Pamasanosa JKanmar MycaHoBHa — K.X.H. JAOLeHT, EBpasuiickuii
HallMOHaAbHBIN yHuUBepcuteT mMm. /A.H. T'ymmaesa, r. AcraHa,
Kaszaxcran

Ramazanova Zhanat Musanovna — Candidate of Chemical Sciences,
associate Professor, L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan

e-mail: zhanat2005@yandex.kz,

ORCID: https://orcid.org/0000-0003-1419-2886,



https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://www.kazhydromet.kz/ru/klimat/ezhegodnyy-byulleten-monitoringa-sostoyaniya-i-izmeneniya-klimata-kazahstana
https://stat.gov.kz/ru/region/sko/dynamic-tables/1485/
https://stat.gov.kz/ru/region/sko/dynamic-tables/1485/
https://ingeo.kz/wp-content/uploads/2017/11/%D0%90%D0%B3%D1%80%D0%BE%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5-%D1%80%D0%B5%D1%81%D1%83%D1%80%D1%81%D1%8B-%D0%9A%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D0%B0%D0%B9%D1%81%D0%BA%D0%BE%D0%B9-%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B82.pdf
https://ingeo.kz/wp-content/uploads/2017/11/%D0%90%D0%B3%D1%80%D0%BE%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5-%D1%80%D0%B5%D1%81%D1%83%D1%80%D1%81%D1%8B-%D0%9A%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D0%B0%D0%B9%D1%81%D0%BA%D0%BE%D0%B9-%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B82.pdf
https://ingeo.kz/wp-content/uploads/2017/11/%D0%90%D0%B3%D1%80%D0%BE%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5-%D1%80%D0%B5%D1%81%D1%83%D1%80%D1%81%D1%8B-%D0%9A%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D0%B0%D0%B9%D1%81%D0%BA%D0%BE%D0%B9-%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B82.pdf
https://ingeo.kz/wp-content/uploads/2017/11/%D0%90%D0%B3%D1%80%D0%BE%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5-%D1%80%D0%B5%D1%81%D1%83%D1%80%D1%81%D1%8B-%D0%9A%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D0%B0%D0%B9%D1%81%D0%BA%D0%BE%D0%B9-%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B82.pdf
https://ingeo.kz/wp-content/uploads/2017/11/%D0%90%D0%B3%D1%80%D0%BE%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5-%D1%80%D0%B5%D1%81%D1%83%D1%80%D1%81%D1%8B-%D0%9A%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D0%B0%D0%B9%D1%81%D0%BA%D0%BE%D0%B9-%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B82.pdf
https://ingeo.kz/wp-content/uploads/2017/11/%D0%90%D0%B3%D1%80%D0%BE%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5-%D1%80%D0%B5%D1%81%D1%83%D1%80%D1%81%D1%8B-%D0%9A%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D0%B0%D0%B9%D1%81%D0%BA%D0%BE%D0%B9-%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B82.pdf
https://ingeo.kz/wp-content/uploads/2017/11/%D0%90%D0%B3%D1%80%D0%BE%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5-%D1%80%D0%B5%D1%81%D1%83%D1%80%D1%81%D1%8B-%D0%9A%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D0%B0%D0%B9%D1%81%D0%BA%D0%BE%D0%B9-%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B82.pdf
https://ingeo.kz/wp-content/uploads/2017/11/%D0%90%D0%B3%D1%80%D0%BE%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5-%D1%80%D0%B5%D1%81%D1%83%D1%80%D1%81%D1%8B-%D0%9A%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D0%B0%D0%B9%D1%81%D0%BA%D0%BE%D0%B9-%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B82.pdf
https://ingeo.kz/wp-content/uploads/2017/11/%D0%90%D0%B3%D1%80%D0%BE%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5-%D1%80%D0%B5%D1%81%D1%83%D1%80%D1%81%D1%8B-%D0%9A%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D0%B0%D0%B9%D1%81%D0%BA%D0%BE%D0%B9-%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B82.pdf
https://ingeo.kz/wp-content/uploads/2017/11/%D0%90%D0%B3%D1%80%D0%BE%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5-%D1%80%D0%B5%D1%81%D1%83%D1%80%D1%81%D1%8B-%D0%9A%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D0%B0%D0%B9%D1%81%D0%BA%D0%BE%D0%B9-%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B82.pdf
https://ingeo.kz/wp-content/uploads/2017/11/%D0%90%D0%B3%D1%80%D0%BE%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5-%D1%80%D0%B5%D1%81%D1%83%D1%80%D1%81%D1%8B-%D0%9A%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D0%B0%D0%B9%D1%81%D0%BA%D0%BE%D0%B9-%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B82.pdf
https://ingeo.kz/wp-content/uploads/2017/11/%D0%90%D0%B3%D1%80%D0%BE%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5-%D1%80%D0%B5%D1%81%D1%83%D1%80%D1%81%D1%8B-%D0%9A%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D0%B0%D0%B9%D1%81%D0%BA%D0%BE%D0%B9-%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D0%B82.pdf
mailto:zhanat2005@yandex.kz
https://orcid.org/0000-0003-1419-2886

o3

EKTU JOURNAL OF
ENGINEERING
SCIENCES

1-tom, 1-nemip, Haypws, 2026.
-7 - Tom 1, Ne 1, mapr 2026.
Vol. 1, Issue 1, March 2026.

3amaanutaunaosa Mapuna I'puropbeBHa — Marucrp JeHreii,
A.H. T'ymnaes aroiHgarbl Eypasus yATTBIK yHUBepcuTeTi, AcTaHa K.,
Kaszakcran

3amaautanaosa Mapuna I'puropbesna — maructp, Eppasuiicknii
HallMOHaAbHBIN yHuUBepcuter uMm. /A.H. Iymmaesa, r. Acrana,
Kazaxcran

Zamalitdinova Marina Grigorievna - Master's degree, L.N.
Gumilyov Eurasian National University, Astana, Kazakhstan

e-mail: mzamalitdinova@bk.ru,

ORCID: https://orcid.org/0000-0002-8746-1664

Kamet Asma JKanaTkpisbl — maructpanrt, /.H. I'ymuaes atoiHAarb
Eypasus yaTTei yauBepcureti, AcraHa K., Kazakcran

Kamer Asma JKaHaTKbI3bl — MarucrpaHT, Espasuiickmii
HaluoHaAbHBI yHuMBepcureT um. /A.H. I'ymmaesa, 1. AcraHa,
Kazaxcran

Kamet Ayana Zhanatkyzy — Master's student, L.N. Gumilyov
Eurasian National University, Astana, Kazakhstan

e-mail: zhanatkyzy.ayana@gmail.com

ORCID: https://orcid.org/0009-0002-4416-2696

AOGaukapmumos bekapuic Jdanusapyabl — MaructpanT, A.H. T'ymnaes
aTeiHAarsl Eypasus yATTHIK yHUBepcuTeTi, AcraHa K., Kazakcran
Ao6aukapmuMmos bekapubic JaHuspyabl — MarucTpaHT, Espasuiickuii
HallMoHaAbHEI yHUBepcuteT uM. /A.H. Tymmaesa, r. Acrana,
Kazaxcran

Abdikarimov Bekarys Daniyaruly - Master's student, L.N.
Gumilyov Eurasian National University, Astana, Kazakhstan

e-mail: kazncsm@yandex.ru

ORCID: https://orcid.org/0009-0005-2933-1369



mailto:mzamalitdinova@bk.ru
https://orcid.org/0000-0002-8746-1664
mailto:zhanatkyzy.ayana@gmail.com
https://orcid.org/0009-0002-4416-2696
mailto:kazncsm@yandex.ru
https://orcid.org/0009-0005-2933-

1-TOM, 1-H6Mip, HaypbI3, 2026. -W EKTU JOURNAL CF
Tom 1, Ne 1, mapt 2026. -73- {3 || nomeemme

SCIENCES
Vol. 1, Issue 1, March 2026.

https://doi.org/10.51885/3134-8009 JES 2026 1 7
XFTAP 61.67.81

YWUIHAIAEP ATH, X)KBIAY AAH KOPFAVITBIH JKABBIHAAPBIHA
APHAAFAH TEOKOMITO3UTTEPAIH TO3IMAIAITI Y)KOHE
MUKPOKY¥PBIABIMABIK 3EPTTEY 1EPI

MUKPOCTPYKTYPHBIE UICCAEAOBAHUA N1 AOAT'OBEUYHOCTD
TEOKOMIIO3UTOB A4S TEILAO3AIIIMTHEIX IIOKPBITI OTBA/10B

MICROSTRUCTURAL STUDIES AND DURABILITY OF
GEOCOMPOSITES FOR THERMAL PROTECTION COATINGS OF
LANDFILLS

H.B. Cepasa"™ '*, B.B. /luTsuHOB 2, T.K. daymosa"= 1%,

A.E. Coserxanos = ', M.M. baiimyp3una= !

14. Cepixbaes ateiHgars! [IIprFpic Kazakcran TeXHMKaABIK YHUBEpcHTeTi, OckeMeH K., Kasakcran
2«XKobaabik-sx0a0rusiabik, 610po» XKIIC, Ockemen k., Kasakcran

*)Kayantsr apTop: Jaymosa I'yanxan Kamaabexxrsispl, e-mail: GDaumova@edu.ektu.kz

Tyiinai cesaep: TYUIHAEME

TeOKOMIIO3UT, TOMEH Maxkaaaga Konpipat keniminig TMT yitingiaepiHiH KbICKBI 610KTapbIH
KBICBIMABI IIOAUDTIAEH, >Kaly YIIH KOAAaQHBLAATBIH TOMeH KBICBIMABI noanstuieHHeH (TKIT)
TeOTEeKCTUAD, >KoHe IeOTeKCTUAbAEH TYPaThiH TeOKOMIIO3UTTIH Te3iMAilirin Oarasay
MUKPOKY PBbIABIM, TO31MA14iK, OOJIbIHINIA DKCIIEPUMEHTTIK 3epTTeyAepAiH HoTIKeaepi KeATipiareH.
pacTpAbIK DA€KTPOHALI OpTypai yakpitTa (Oip aiigaH yII >KblAFa JeliiH) TaiigadaHBLAFaH
MUKPOCKOITNS, XKbIAYAaH yariaep seprreadi. JSM-6390LV pacTpAabIK 94eKTpOHABI MUKPOCKOIIBIH
KOPFaIThIH >KaOBbIH, ("JEOL", 2007) xoasana otsipsi, TKII >koHe reorekctmap OeTTepiHe
nalijaaaHy KacueTrepi. MUKPOKYPBLABIMABIK, 3epTTeyaep Xyprisiaai. Ilaitgasany npouecinge

TKIT Getinge MmarepuaaAblH OipTiHaen aedopMaLVICHIH KOPCETETiH
MUKpPOXKapBIKTap MeH OJBIKTap Iarida ©OOAaTBIHBI aHBIKTAAABL, ad
TeOTeKCTMAb  KYPBIABIMBI  TYTaCTBIKTBI  cakTaiiasl.  HaTiokeaep
TeOKOMIIO3UTTIH IOAMMepAi MaTpUIIACBIHBIH  AerpalalVisIChIHBIH
cuIIaTHIH Garalayra >KoHe OHBIH Y3aK Mep3iMAi IaiijaAaHy >KaralibiHAA
CBIPTKEI dcepaepre >KOFaphl TO3IMAiiriH pacrayra MyMKiHAIK Gepeai.
Congaii-ak,moauMep 0eairinae Mukpoakayaap 004ca 4a, >KaObIH ©3iHiH
QYHKIIMOHAAABIFBIH CaKTall, >KBIAYy KOpPFayAbl THMiMAI OpBIHAAYABI
>KaAFacTHIPATBIHBIH KOPCETTi.

KaroueBrnlie caoBa: AHHOTALIUST

T€OKOMIIO3UT, IOAMDTUAEH B cTaTbe IIpeACTaBA€HbL pe3yabTaThl 9KCHepI/IMeHTa/H)HI)IX
HU3KOTO AaBAEHI, MCCAEA0BAHUI II0 OLIEHKE AOATOBEYHOCTIM I'€OKOMIIO3MTA, COCTOSIIIIETO
TeOTeKCTUAD, n3 mnoamdTuAeHa Huskoro gasaenms ([IHA) wu  reorexkcrmas,
MUKPOCTPYKTYPa, IIPUMEHSEMOTO  AAsl YKPBITUSA 3MMHMX ©040k0B oTBaaoB TMO
AOATOBEYHOCTBH, PacTpoBasi Koynpagckoro pyanmka. VccaeaosaHbl 0OpasIibl, HaxOAUBINNECS B
9AeKTpOHHa}I 9KCHAyaTaI.II/II/I pa3anmgHoe BpeMs1 (OT OAHOTIO Mecsia1a A0 TpéX AET).
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MIUKPOCKOIINS, ITpoBeaeHBI MUKPOCTPYKTypHEIE 1ccAejoBaHNs rToBepxHocTert [TH/ u
TEIA03allUTHOE TeOTeKCTUAs €  JCIOAB30BAaHMEM  PACTPOBOTO  DAEKTPOHHOIO
IIOKphITHE, Mukpockomna JSM-6390LV («JEOL», 2007). ¥YcTaHOBAEHO, 4TO B ITpoIiecce
DKCIIAyaTalllIOHHbIE ®KcrAyaranuy Ha nosepxtHoctu [TH/ ¢popmMupyiores MUKpOTperIHb
CBOJICTBA. U IPOAaBAVBaHNA, CBUAETEABCTBYIONIE O TIOCTeIIeHHON AedpopManym

MaTepnada, Torga Kak CTpyKTypa reoTeKCTmAs COXpaHseT 1eA0CTHOCTD.
Pe3yAbTaTI)I IMO3BOASIOT OLI€HUTDh XapaKTep Aerpadaninn HOAI/IMQPHOIZ
MaTpUITBI TEOKOMIIO3UTa U IIOATBEPAVTDL €TI0 BBICOKYIO yCTOI?I‘H/IBOCTI: K
BHEIIIHMM BO3AEVICTBUSIM B yCAOBMAIX AAUTEABHOM DKCIIAyaTalnmn.
Taxxe BBIJIBA€HO, YTO JaXke IIpu HaAN4IUNn MI/IKpOAe(l)eKTOB B
HOAI/IMepHOIZ JacCTH ITOKPBITVIE COXPaHSIET CBOIO (pyHKHMOHaAI)HOCTI) u
IIpoAoA>KaeT BCI)(l)eKTI/IBHO BBIIIOAHATH TeIIAO3alllTHBIC 3adavdll.

Keywords: ABSTRACT

geocomposite, low- The article presents the results of experimental studies to assess the
pressure polyethylene, durability of a geocomposite consisting of low-pressure polyethylene
geotextile, microstructure, (HDPE) and geotextile used to shelter winter blocks of the TMO dumps
durability, scanning of the Kounrad mine. Samples that have been in use for various periods
electron microscopy, (from one month to three years) have been studied. Microstructural
thermal protective coating, studies of HDPE and geotextile surfaces were performed using a JSM-
operational properties. 6390LV scanning electron microscope (JEOL, 2007). It has been

established that microcracks and perforations form on the HDPE surface
during operation, indicating gradual deformation of the material, while
the geotextile structure remains intact. The results make it possible to
assess the nature of the degradation of the polymer matrix of the
geocomposite and confirm its high resistance to external influences
under long-term operation conditions. It was also revealed that even in
the presence of microdefects in the polymer part, the coating retains its
functionality and continues to effectively perform thermal protection
tasks.

KIPICIIE

Tay-keH KocillOpBIHAAPBIH IalijadaHy >KargaiiblHAQ KOJAAVIChI3 KAUMMATTHIK (PaKTop-
AapABIH ocepiHe yIIbIpaFaH TeXHOAOTMAABIK YiliHAidep MeH KBICKBI 010KTapAblH CaKTalybl MeH
TYPaKTBIABIFBIH KAMTaMackI3 eTy epeKIlle MaHbI3Fa rne. MyHaail o0beKTiaepai KOopFayAbIH THiMAi
dAicTepiHiH Oipi — reocMHTeTMKaABIK MaTepmaaljapAbl, aTal aiTKaHja, >KbIAyJaH KOpray,
OKlIIay/ay >KoHe DPO3VsiFa Kapchl XKabbHAap (PYHKINMAAaPBIH OPBIHAANITEIH T€OKOMITO3UTTEPAL
koagany (Litvinov et al., 2023). I'eocHTeTUKTEpAi KOAAAHY KBIAY IIBIFBIHBIH a3aliTy¥a, yiiHAL
MaccalapbIHBIH KaTBIII KaAyblH 00JAABIpMay¥a, CyAblH KaHBIKTBIABIFBIH asaliTyra >KoHe
DKCTpeMaaabl KAUMMATTHIK >Kafgalidapaa KYpPHIABIMAApPABIH TO3iMAiAiriH KaMTaMachl3 eTyre
MyMKiHgik Gepeai (Wu et al., 2020).

[Toanmepai >xoHe TOKBIMa KypaMJjac OeaikTepiHeH TypaThlH TeOKOMIIO3UTTEP >KOFaphl
OepikTikke, XUMUAABIK >KoHe OMOAOTMAABIK ocepAepre Te3iMAilikke >KoHe ApeHa’KABIK,
JyHKUMIAapABI OpBIHAAY KabideTiHe 1e, 6ya 04apAbl IMAPOTEXHUKAABIK, KOAIKTiK KoHe Tay-KeH
KYpbIABICBIHAA cypaHbicka ue ereai (Carneiro and Lopes, 2022). EH kxem TaparaHzapsl Cy
OTKi30eMTiH >XKoHe MeXaHMKaAbIK Te3iMAiaiKTi OipikTipeTiH TemMeH KpicbIMABI ToAnsTHAeH (TKII)
>KoHe TOKbIMa eMecC TeOTeKCTUAD HeTidiHaeri reokommosutrtep (Al-Barqawi et al., 2021; Scholz et
al., 2024). I'eorexcTnapAep Kypdeai AaHAMAPTTHK-KAMMATTEIK 9cepaep KardalibiHaa GeTrepai
HBIFAITy, ApeHaXkAay, Kby OKIIayAay >KoHe KOpray YIIiH KOAAaHbLA1aThIH oMOe0arl TaAIIBIKThI
Martepnaadap ekeni 6eariai (Tanasa et al., 2022).

Kyn paguanusicelHbIH, My3AaTy-epiTy IMKAAepiHiH, MeXaHUKaAbIK JKYKTeMeAepAiH >KoHe
XUMMSIABIK, ~KapTalOABIH 9cepiHeH V3aK yaKbIT >KYMBIC icTey mpolleciHde IoamuMep
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KOMIIOHEHTTepiHiH KYpBIABIMBIHAAQ >KaOBIHHBIH MalijadaHy KacueTTepiHe ocep eTeTiH
Aerpajaumsaablk, e3repicrep opbiH aaaabl (Carneiro et al.,, 2022; Markiewicz et al., 2024).
3epTTeyaep KepceTKeHJel, MoAnMepAepAiH KapTaloblHAa MUKPOKapBIKTapABIH Maliga 604ysl,
TOTBIFY, KPUCTAaAABIABIKTBIH TOMeHAeyi >KoHe OeTKi MOp(OAOTUSHBIH e3repyi OarikaaaAbl
(Lebedev et al.,, 2023; Balla et al., 2019). bya karaaliga moAumnponuieH Hemece MOANSPUpP
TaAlIBIKTapblHAH ~ >KacaAfaH  TIeOTeKCTMAbAl — KabaTTap  MoamMMepai — TaAIIbIKTapMeH
CaABICTHIPFaHAa KAMMATTBIK >KoHe MeXaHMKAaAbIK acepaepre >KOFaphl Te3iMaAiaikTi kepcereai
(Chubarenko et al., 2023; Koerner et al., 2017).

leocuHTeTHKAABIK MaTepuaaAapAblH Te3iMAiairiH Oafasay YIIiH MUKPOKYPBLABIMABIK,
taagay oaicrepi (Odeh et al, 2022), aran aittkanaa, MopdoaormsabK e3repicrepa,
MIUKpoJedeKTiaepai koHe OeTTiH TO3y (popMasapblH aHBIKTayFa MYMKIHAIK OepeTiH pacTpAbIK
9AeKTpoHAB MuKpockoms (POM) 6eacenai koasansiaaast (Jwaida et al., 2023; Aparicio-Ardila
et al., 2021). POM seprreyaepi moanMmepaepAiy KapTaiO 3aHABLABIKTAPBIH aHBIKTayFa >KoHe
MaTepuaaAblH KbI3MET eTy Mep3iMi MeH OHBIH KYPBIABIMBIHBIH ©3repyi apachbIHAAFbI
KOppeAAIMsAHBI aHbIKTayFa MYMKIiHAIK Oepeai. bya aepekrep reocuHTeTUKTepAiH Te3iMAiairiH
Doaxay >KoHe 0JapAblH >KYMBICIHA TO3IMAIAITiH apTThIpy OOMBIHIIA YChIHBICTAp Kacay YIIiH
Koagdanblaaaet (Vicuna et al., 2024).

Ocpiran 0aliaaHBICTEL, OHBIH TO3iMAiairin Oarasay >koHe MaTepuaaAblH OY3BIAYBIH
HeMece TYTaCTBIFBIH CaKTayAbl aHBIKTaWTHIH (aKTopAapAbl aHBIKTay MaKcaThIHAA Y3akK
Mep3imMai mnangaaany npouecinge TKII >xoHe reoTekcTuab HeridiHAe TeOKOMIIO3UTTe
004aThIH MUKPOKYPBIABIMABIK ©3TepicTepAi KeIlleHAI 3epTTey ©3eKTi MiHAeT O0AbII
TaObLAAABL.

bya xxymeic Konsipar keniminig TMT yiiinaiaepiniy KbICKbI 0A0KTapBIHBIH JKbIAY4aH
KOPFaMTBIH >KaOBIHBI peTiHJe KOAJAHBIAATBIH TE€OKOMIIO3UTTIH MUKPOKYPBIABIMBIH
DKCIIePUMEHTTIK 3epTTeyre apHaafaH. 3epTTey OapbICbIHAA PacTPABIK DAeKTPOHABI MUKPO-
CKONMSIHBI KOAJAaHa OTBIPHII, dPTYPAi YaKbITTa KYMBIC iCTeIl TYPFaH YATidepAi caAbICTBIPY
XKypriziaai, Oya moamMmep MaTpumackl MeH TeOTeKCTUAb KabaTBIHBIH KYPBIABIMBIH
naiijalaHy yY3aKTBIFBI MeH CBIPTKBI ocepaepre OallAaHBICTEI ©3repTy 3aHABIABIKTapPLIH
aHBIKTayFa MYMKiHZiK O6epai.

MATEPUAAAAP MEH 3EPTTEY ©AICTEPI

3epTTey HBICAaHBI €Ki (PYHKIIMOHAaAABl KabOaTTaH TYpPaTbIH T€OKOMIIO3UT 0O0AABI: TOMEH
KbICBIMABI noaumsTuAeH naeHkacol (TKII) -xeHe TOKblLAMaraH reoTeKcTuab, oa Konbipar
KeHIIlliHIH TeXHOTeHAiK-MIUHepaaabl TysiaiMaep yiiHaiaepinig (TMT) KpIcKbl OA0KTapbIHBIH
KblAyJaH KOPFaiTBHIH >KaOBIHBI peTiHAe KoAJdaHblaaabl. bya MaTepmaa yitiHaizepaiH Oetki
KabaTTapBIHBIH KaTHIIT KaAybIH >KoHe apTHIK blAFaldaHybIH 00AABIpMay YIIiH, COHAal-aK >Kea
MEH Cy 9PO3MsChIHAH KOPFay YIIiH KOAAaHblAaAbl.

[TaitpasaHy Mep3iMiHIH reOKOMITO3UTTIH MMUKPOKYPHIABIMBIHA 9CepiH Oaralay YIIiH op
TYpAi yaKbITTa JKYMBIC iCTeIl TYPFaH YATidepAiH yIII TOOHI ipikTeaai:

- 3 5xp1a — 2020 >XBIAFHI >KaObIH yAariaepi (3-11i 640K, 16-11181 YitiHA]L);

- 2 xp12 — 2021 >XBLAFHI >Ka0BIH yAariaepi (20-11s1 040K, 16-1I181 YitiHAL;

- 1 a1 — 2022 >XbIAFHI >)KaOBIH yAridepi (26-1m11 040K, 16-11bI YITiHAL).

Op0Oip yari eki KabaTThI KYPBLABIM 6044BI1: CBIPTKHI >KaFbl — TKII maeHkacs!, immki >kafer —
TOKbIMa eMec reoTekcTuabai mara (1-3 cyperrep).

Yariaep mnaiigasaHblAaTBIH YIiHAiAepAiH OeTiHeH aABIHBIN, aAAbIH asla Ta3alaychl3
3epTXaHaAbIK 3epTTeyaepre Xidepiaai.

Yazirepdi muxpoxypoiroimdvix mardayza daivinoay

MuKpOKYpBLABIMABIK, 3epTTeyaep YIIiH yAariaep eki Kylige seprreasi — >KyblAMaraH
(maiigaaaHyjaH KelfiH OacTallKpl TypiHAe) JKoHe XXYbIAFaH (OeTKi AacTaHyAbI aABII TacTaFaHHAH
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KelfiH). MUKpPOKYPBIABIMALIK, 3epTTeydepre JAalibIHABIK Ke3iHAe TeOKOMIIO3UT yAridepi exi
Ooaikke GeaiHOeit 3eprreasi, OerrepaiH exi >KarblHAa, OAapAblH OipiHAe TOMEH KBICBIMABI
noaustuaeH Kadars (TKII), exinmricinae reotekcTiap KabaTbl 00AABIL.

1-cypert. Corptknl (TKIT) skoHe imki >kaFblHaH (TeOTeKCTIUAb) TeOKOMIO3UT YATICiHIH Typi
(3-1m1i 610K, 16-1m18I Yi1iHAL 2020 3X.).
Ecxepmy — asmopiapmer Kypacmolpblazan

& |
Y ! .ol
2-cypet. Corptxsl (TKII) >xone imki >KarbiHaH (TeOTEKCTUADL) TEOKOMIIO3UT YATiCiHIH Typi
(20-1181 620K, 16-111BI Yi1iHAL 2021 X.)
Ecxepmy — asmopaapmer xypacmuvipvirea

3-cypet. Corprkar (TKIT) >xoHe immki >karpiHaH (TeOTEKCTIAD) TEOKOMITO3NT YATiCiHIH TYpi
(26-11161 620K, 16-1118I YI1iHAL 2022 X.).
Ecxepmy — asmopaapmen kypacmoipbirean



1-TOM, 1-H6Mip, HaypbI3, 2026. -W EKTU JOURNAL CF
Tom 1, Ne 1, mapr 2026. _77- {32 ||monezmme
Vol. 1, Issue 1, March 2026.

Kyy Geiirapar >Xy¥bIII 3aT IIeH >KyMcak IleTKaHbl alfaAaHbIIl aFbIHABI CyAa KYPrisiai,
COJaH KelfiH yATiZep TasapThlAF¥aH Cybl Oap IIBIHBI BIABICKA caAbIHBII, Struers Metason 60T
yABTPaABIOBICTHIK, BaHHACBIHAA 2-3 MUHYT iIlliHAe KOCBIMIIA Ta3apThIAABL YAridepai KemTipy
Struers Drybox 2 KypbLAFbICEIHAA O6aMe TeMIlepaTypachlHAa BIAFad TOABIFBIMEH >KOMBLAFAHFA
AeViiH Xyprisiaai.

Kertinri Taagsay yIIiH yariaep TypaKTbl >KaHacyAbl KaMTaMachl3 eTeTiH >KoHe
MMKpPOCKOIIM KediHAe OeTTe 3apsATapAblH >KMHAAYBIH OOAABIPMATHIH OTKI3riIll KeMipTeKTi
>KeAiM apKbILAbI apHAIBI YCTaFBIIITapFa OekiTiaai.

3epmmey adicmepi

MUKpOKYpPBIABIMABL 3epTTey TOMeH BaKyyM peXUMiHJe >KyMbIc icreiiTin JSM-6390LV
(JEOL mpiFapraH, 2007 X.) pacTpABIK 9AeKTPOHALI MUKPOCKOIITHIH KOMeTiMeH XYPprisiaai.
Taapay reokoMnosutTiH eki >karbl — mnoammep (TKII) xoHe TOKbIMa (TeoTeKCTMADL) YIIiH
Xyprisiaai. Mukporpadrap aprypai yakeiryaepmen (x35-ten x5000-Fa zeriin) Tycipiaai, Oya
OeTTik MOpPQOAOTMAHBIH  epeKIIeaikTepiH, akayJdapAblH CHIIATBIH = JKoHe  IIOAUMEp
MaTpUILACBIHBIH AeTpajalllsl Adpe’KeciH aHBIKTayFa MYMKIiHAIK Oepai. A/bIHFaH KecKiHaep
KYPBIABIMABIK ~ ©3Tepicrepai, MUKpOXapBIKTapapl, JedopMaumsadapAbl  >koHe Oerae
KOCBIABICTapABIH OOAYBIH aHBIKTay MaKcaThlHAa TaaAaHAbl. JepekTepai caraabl ©HAey CaHABIK
¢opmarrarsl MukporpadpTapAbl KOAAaHy apKbLABI JKYy3ere achIpblaAbl. beTTiH KyiiiH Oaraaay
SKYMBIC yaKBIThI OOJIBIHINIA epeKIlleJeHeTiH yATidepAiH CypeTTepiH Taajay HeTisiHAe BU3yaAAbl
>KoHe CaAbICThIPMaAbl TypAe XKYPriziaai.

TFeomexcmuab KYpublALIMbL MYPAALL KOCOLMULA MIAIMemmep

3epTTeaeTiH reOKOMIO3NUTTIH Oe4iri peTiHAe K0AAaHBLAATHIH TOKBIMA eMeC TeOTeKCTUAD-
>KOFapbl TO3iMAi4iri, ©TKi3IiIITiri >KeHe yAbTPaKyATliH coyaeaepre, KorepyTe >KaHe caHbIpayKyak,
nHpexMsAAapbHa TO3iMAiairi Oap CMHTETUKAABIK TaAlIbIKTapAaH (IIOAUIIPOIINAEH HeMece
roAns¢pup) >KacalraH TepMIABIK OekitiareH keHenl. bya MaTepmaa MeXaHMKaABIK TO3iMAiAiK
IIeH XUMUSABIK MHePTTiH yiiaecyiHe OaliAaHBICTHI ApeHa’KABIK JKoHe CY3y >KylileaepiHiH OapAbIK
TypAepiHge KOAAaHbLAAADL.

HOTMKEAEP ) KXOHE TA/AKBIAAY

2Kyviamazar 2e0koMnosum yAZiAepiity MUKpOKYPHALIMODIK epeKuierikmepi

Op TYpai YyakpITTa >KYMBIC icTen TypFaH >KyblAMaraH T€OKOMIIO3UT YATiaepiH
MMKPOKYPBLABIMABIK TaAJay HOAMDTILAEH I11€HKachl MeH reOTeKCTIAD KaDaThIHEIH OeTiHAeri ToH
esrepicrepai aHbIKTayFa MYMKiHAIK Oepai. KabarTeiy TKII 6etinig mukporpadrapsisia (kecte
1) THIFBI3ABIFEI M€H MOP(QOAOTUACH 9PTYypAi aiiMaKTaphl Oap IOAMMEpP MaTpPULIACBIHBIH KOII
aszaasl KypbLABIMBIHBIH 00AyBI Oalikadaabl. bya ariMakrap aypsic eMec minriHai 6oprbragax
OopaJraH DJAeMeHTTepMeH YCHIHBLAFaH, Oya O>KYMBIC Ke3iHAe >KaOBICBHIII KaAFaH KeH
MaTepraAbIHBIH KaAABIKTapblHa OallaaHBICTEL

bapablk yariaep ymriH MMKpO aKayAapAblH, aTall aliTKaHAa MUKpOXKapbIKTap MeH
JKepTiaiKTi Ke3 >KaChIHbIH 00AYHI, dcipece eKi XKblA4aH acTaM IaligadaHyJaFbl MaTepuaajapaa
OalikaaraHbel Tipkeaai (1 kxecte). I'eokoMmo3uTTiH OeTi KemnTipy IIpolieciHAe >KapblABII,
KapbIKTapAblH MO3aMKaAblK YATICIH KypaWThIH KYpFakK >KaybIH-IIAIIBIHHBIH KYKa
KabaTBIHBIH I1aliga 0OAybIMEH cumaTTadaasl. bya cypeT Blarad MeH YABTPaKYATiH
coyaeaepaiH LIUMKAAIK ocepiHe yIIbIpaFaH IoauMepai Mmartepuaadapra (Wu et al, 2020;
Markiewicz et al., 2024) ToH.

YakpIT oTe Kee >KapbIKTap MIHepalAbl MaTepuaAAbIH ipi TyipIikTi OeamrekrepiMeH
TOATBIPBLAATBHIHEL OaliKaaAbl, Oya noanMep OeTiHiH KyJiH BU3yaaasl Oaradayabl KMbIHAATaABL
Keitoip >xaraaiiaapga moamMep KaOaTBIHBIH SKyKa TaKTalillladapbIHBIH >KMeKTepi Oyriaim
Oeainyi Oalikaaaapl, Oya KAMMATTHIK, (aKTOpAapAblH oCepiHeH IIapllay IIbIThIHAyJaphl MeH
TKII mery nporjecrepin KkepceTei.
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Yazirepoi xyeannan keiiinzi Oeminit; xaz0atiol

/lactaHy4bl aABIIl TacTaFaHHAaH »>KdHe VABTPaAbIOBICTBIK TaszaprydaH Keitin TKII
I1eHKachIHEIH OeTi KaiiTa sepTreadi. Xyy GeTki >KaybIH-IIaIIBIHHEIH 9cepiH 0044bIpMayFa KoHe
IoAuMep MaTpHULIACBIHBIH ITBIHAMBI KYIiH aHbIKTayFa MyMKiHAiK Oepai. MukpodoTtorpadpusHb
taazay TKII xaOaTTbIH KYPBLABIMBI TYTacTBIKTHI CaKTaTBHIHBIH KOpPCeTTi, Oipak MeXaHMKaAbIK
3aKbIMAaHyMeH 0ali1aHBICTHI eMeC MUKPOKaphIKTap, MUKPOXKapBIKTap MeH ObIKTap OeTiHae
aliKbIH KopiHeai. MUKpOIIBITEIHAYAapABIH €H KOII CaHbl YIII KBbIA JKYMBIC icTell TypFaH yarige
TipkeareH (4-cyper).

X100 - 100pm

5um
x 5000

4-cypert. JXyblaFaH TeOKOMITO3UT YATiCiHiH CBIPTKBI O€TiHiH MUKPOKYPBLABIMBI
(3-1m1i 620K, 16-11181 YitiHAL, 2020 K.)
Ecxepmy — asmopaapmen xypacmoipbirzan

bya axayaap Kesgeiicox, OarbITTadFaH, Y3BIHABIFBI MeH eHi apTypai, Oya moamumep
KYPBLABIMBIHAA JAedopMalysaiap MeH pedakcallus IIporecTepiHiH OipTiHzen >KMHaAybIH
kepceTeai. Exi >kbla >XyMBIC icTereH yaride (5-cypet) OeTi HerisiHeH >KaOBIHHBIH TYTaCTBIFBIH
Oy30ari OMBIKTapMeH JKoHe OMBLABIMAapMeH CUIlaTTalabl.
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Vaxtoflly A E 00 5um
x 1000 x 5000
5-cypeT. JKybLAraH TeOKOMIIO3UT YATiCiHIH CHIPTKBI OeTiHiH MUKPOKYPBLABIMEBI
(20-m181 020K, 16-111BI YI1iHAL 2021 X.)
Ecxepmy — asmopaapmen xypacmoipbirzan

Bip ariasbIk naitgasaHy Mep3iMiHiH yAridepi (6-cypeT) MUKpO akayJapAaH Ty pMaiiasl; OeTi
Oipkeaki >koHe Teric, Oya mMalijadaHyAblH OacTalKbl Ke3eHiHAe KYPBIABIMABIK e3repicrepai
SKOKTBIFBIH pacTaiigpl.

X400 50pm -

x 400

X100 100um

S5um

x 1000 x 5000

Cypet 6 — J)KyblaraH T€OKOMITIO3UT YATiCiHiH CBIPTKBI OeTiHiH MUKPOKYPBLABIMBI
(26-1181 020K, 16-111BI YIIiHAL 2022 X.)
Ecxepmy — asmopaapmen xkypacmuvipvirean
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baxpiaay gepekrepi moamMepai TeOCMHTETUKTEPAIH TO3IMAIAIriH 3epTTey HoTVOKeaepiHe
colikec Keaeal, OFaH calikec AerpajaliMsHBIH OacTalKbl OeATridepi KyH pajualMsICBIHBIH >KoHe
MY34aTy-epiTy IMKAAepiHiH acepiHeH 2-3 KbLA XXYMBIC icTeTeHHeH KelliH kepineai (Markiewicz
et al., 2024).

Teomexcmuavdi kabammotr; MUKpOKYpbIAbLMbL

Yir 5kpla SKYMBIC iCTeTeHHeH KelliH reOKOMIO3UTTIH KypaMblHaH aAblHFaH T€OTeKCTUAD
OeTiHiH MUKPOKYPBIABIMBIH 3€pTTey HOTUKelepi TOKbIMa eMeC MaTa TepMUAABIK OeKiTy
daiciMen OipikTipiareH peTci3 OpHaAaCTBIPBIAFAaH CUHTETUKAABIK TAAIIBIKTap (MOHOXKIII)
KYlieciMeH YCHIHBLAFaHBIH KOpCeTTi. AABIHFaH MUKporpadTap (2-KecTe) TaAIIBIKTapAbIH THIFBI3
>KoHe OipKeaKi KYPBIABIMABI KYPalTHIHABIFBIH KOpceTeAl, OHAA MaTepualAblH TO3iMAidiri MeH
CY3y ©OHIMAiAiriH KaMTaMachl3 eTeTiH HaKThl KeHICTIKTIK YIBIMBI CaKTaAaAbl.

TaamblK apaablK KeHICTiKTe >KoHe KeHEeNTiH KaABIHABIFbIHAA opTypAi MUHepaaAbl
KYPaMHBIH KOCBIHABLAaPBl aHBIKTaAAbl-KOHKpeLysAap, ceKpelusiaap, opalraH )KoHe opalMaraH
Tay OKBIHBICTAapBIHBIH  OeAllleKTepi, MMHepaaJapAblH  CHIHBIKTAphl, COHJAl-aK  KeH
MarepuaablHBIH (pparmenTrepi. bya 6earexrep >KyMbIC Ke3iHAe MaTaHbIH KYPBLABIMBIHA €HeAl
JKoHe TaAIIBIKTapABIH TBHIFBI3 TOKYBl MeH aradoMeparuschl apKblabl OekiTizeai. Mynaai
KOCBIHABLAapABIH 00AYBlI IeOTeKCTIAbAL KaOaTThIH KOpIlaraH opTaMeH 0eaceHAl apeKeTTecyiH
pacraiigbl >KoHe OHBIH OoAallleKTepai Cy3y MeH caKTayJaFbl poAiH KepceTeai.

CoLIpTKBI KOpiHiCTe Treo-mMaTa CHIPTKBI OpTafa y3aK YaKBIT dCep eTKeHHeH KelliH Je
aliTapAbIKTall e3repicrepre yIIbIparaH >KOK: TaAIIbIKTap TYTACTBIFBIH cCaKTal KaaA4pl,
KYPBIABIMHBIH ~ CO3bL1y, Oy3blly HeMece Jedopmauus Oearizepi  HalikaaMaiiAbL
MukpockonusAAbIK Taagay KesiHae caHblaayaap, TyMiHaep, KaTIiapAap, KbIpThICTap, JKepriAikTi
ysiaicrep, epimaep, XinrTepaiy eTyi HeMece TiHAepai OocaTaThH OacKa akayAap TaObLAFaH JKOK.
MartepnaaablH TaAIIBIKTBl KYPBIABIMBI YATiHIH OyKiA KaABIHABIFBIHAA TBIFBI3, OipKeaKi >KoHe
TYPaKThl OOABII KaAAbl.

bya aepektep TreoKOMITO3UTTePAiH >KYMBIC >KaFjalidapblHa ToH MeXaHMKaABIK,
KAMMATTBIK JKdHE TIUAPOJMHAMUKAABIK ocepaepre TeOTeKCTUAbAI KaOaTTBIH >KOFapEI
TYPaKTBLABIFBIH KOpceTeai. AAbIHFaH HOTVKeAep MHXKeHePAiK-TeOAOTUAABIK KOHCTpyKIMsIAapAa
KOIDKBIAABIK IIaligaZaHy Ke3iHAe IIOAUIIPONNMAEH >KoHe IoAMd(PUP TeOTeKCTUAbAEPiHiH
KYPBIABIMABIK CHUITaTTaMaJapbIHBIH TO3iMAiAiri MeH TYPaKTBIABIFBIH pPacTaliThIH IIeTeAAiK
seprreyaepain (Markiewicz et al., 2024; Chubarenko et al., 2023) aepexTepine calikec Keaeai.

Ocplaaiiina, XyprisiaTeH MUKPOKYPBIABIMABIK Taljay T€OKOMIIO3UTTIH TIeOTeKCTUAbAi
KabaTpl DKCIIAyaTallMsIABIK paKTOpAapra y3aK yaKbIT ocep eTce Ae KYPBLABIMABIK TYTaCTHIK ITeH
pyHKIIMOHAAABIK KacHeTTepAi CaKTalITBIHBIH KOPCeTTi, OYA OHBIH apMaTypaablK >KoHe Cy3Ti
DAEMEeHTi peTiHAe ceHiMAiairi MeH TMiMAiAiriH pacTaiabl.

Hoamusxeaepdi xarnviray

OpTYypAi >KYMBIC Y3aKTBIFBIHBIH YATiAepiHiH MUKPOKYPBIABIMABIK CHIIaTTaMaAapblH
CaABICTRIPY Jerpajalysira yiublparaH Herisri aemeHT TKII naenkacel exeHiH KepceTedi, aa
IeOTeKCTUADb ©3 KYPBABIMBIH cakTanapl. TKII-ge MukpoxkapblkTap MeH >KepridikTi
AedpopmannsiaapAbls 001ysl GOTOKapTaIOMEH, TOTBHIFyMeH )K9He TeMIIepaTypaHbIH aybITKYbIMEH
OariaagbicTe, ©Oya imKi  KepHeyJAepAiH  peJaKCallMACBIH — JKoHE  MoOJeKyJaapaadblk
GariaaHbICTapABIH OY3BIAYBIH TYABIPaABL.

Kaampl, Taagay KepceTKeHJel, YII >KblA >KYMBIC iCTeTeHHeH KeliH Je TeOKOMIIO3UT
TYTacTBIFBIH ~CaKTaliAbl >KoHe aHbIKTaAfaH MMKpPO aKaydap MaTepuaaA/blH KOPFaHBIC
JyHKUMAAapBIHBIH Oy3blAybIHA oKeAMeNAi. bya KbICKbl 0A0KTapABIH >KbIAyJaH KOPFaMTBIH
>KaOBIHBI peTiHge naligasaHblAFaH Ke34e 3epPTTeAeTiH TeOKOMIO3UTTIH XKeTKIiAIKTi TO3iMA1AiriH
pacTaiasl.
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KOPBITBIHABI

Konpipar keniminig TMT yitiHgiaepiHiH KbICKBI OAOKTapBLIHBIH >KblAyAaH KOPFaMThIH
>KaOBIHBI PeTiHJe TaliAaAaHblAaTHIH TOMeH KbICBIMABI moAmsTuaeHHeH (TKII) skoHe TOKbIMa
eMecC reOTeKCTUAbAI TOCeMHEeH TYpPaThIH TeOKOMIO3UTTIH MUKPOKYPBIABIMBIH DKCII€PUMEHTTIK
3epTTeyAep HaKThl Tay-KeH TeXHIKaABIK >Kafdalilap4a y3akK yaKbIT 1aliadaHy Ke3iHge MaTepuaa
KYPBLABIMBIHBIH ©3Tepy 3aHABLABIKTapPbIH aHbIKTayfa MYMKiHAIK Oepai.

1. Tlaigaaany mnpolieciiie TeOKOMMO3UTTIH KYPBIABIMBI 9cep €Ty Y3aKTBhIFbIHa >KoHe
CBIPTKBl OpPTaHBIH KAUMATTHIK (aKTOpAapbIHBIH e©3repyiHe 0OallaaHBICTBL e©3repicTepre
YIIBIPaMTHIHDLI aHBIKTaAABL.

2. EKi Xpla4aH acTaM yakbIT 00Jibl >kyMbIc ictent TypFaH TKII rnaeHkaceiHbIH OeTiHAe KyH
padualVsICHIHBIH, TeMIlepaTypaAblK TepOeaicTepAiH >KoHe MeXaHMKAAbIK >KYKTeMeaepAiH
dcepiHeH MoAMMep MaTpUIIAaChIHBIH OipTiHAEI JerpajaliusACchlH KOpCeTeTiH MUKPOKKapbIKTap
MeH >Xepriaikti aedpopmaimmsaiap aHBIKTaAAbl. bya >Kafdalida >KaOBIHHBIH TYTaCTHIFBIHBIH
Oy3blAyEI TipKeaMereH, OyA MaTepMaAAblH MeXaHMKaABIK Oy3blAyFa >KOFaphl TYPaKTHLABIFBIH
pacramnapl.

3. T'eOKOMMO3NUTTIH TeOTEKCTUAbAI KabdaThl YIII >KbIA >KYMBIC iCTereHHeH KeliH Je
KYPBIABIMABIK TYTaCTBIFBIH CaKTaiAbl. MUKpOKYPBIABIMABIK TaAjay TaAlIbIKTapAbIH CO3bIAY,
KBIPTHIAY >KoHe IapIiay 3akbIMJaHy OeAaridepiHiH >KOKTBLIFBIH KopceTTi, Oya TOKbIMa emMec
TepMIIABIK MaTaHBbIH JKOFapbl MeXaHMKaAblK TO3iMAiAiri MeH KAMMATTBIK TYPaKTBLABIFBIH
pacranapl.

4. 3epTTey HoTMKeAepi reOKOMNO3UTTIH moamMepai komnoHeHTi — TKII maeHkace
KapTaloAbIH ecKipy4iH eH Y/AKeH AopesKecCiHe YIIBIpaliTHIHBIH KOpceTeai, al Te0TeKCTUAD JKaObIH
KYPBLABIMBIHEIH OY3BIAYyBIH O0AABIPMaNTLIH XoHe OHBIH HaligadaHy KacHueTTepiHiH caKTaAyblH
KaMTaMachI3 eTeTiH TYpaKTaHABIPY (PYHKLIVACHH OPBIHAAIABL

5. Tyracrait aaraHAa, 3epTTeAreH TeOKOMITO3UT KBICKBI YI1iHAi 0A0KTapbIHBIH JKblAYAaH
KOPFallTHIH >KaOBIHBI peTiHAe MMalijalaHblAFaH Ke3Je >KOFaphl OepiKTik ITeH mnalijalaHy CeHiM-
Alairin xepcetTi. Marepnaa TeMIepatypa MeH KAMMAaTTBIH DKCTpeMaaAbl ¢paKTopAapblHa YIII
JKBIA 9cep eTKeHHeH KelliH Je KOpFaHBIC KacueTrTepi MeH KYPBIABIMABIK TYPaKTBLABIFBIH
caKTalAbl.

6. AApIHFaH HoTIDKeJep  TeOCHMHTETMKAaAblK  MaTepualdapAblH  AerpajalisiablK
e3repicTepiH AMarHOCTMKaJay YIIiH pacTpPABIK 9AeKTPOHABI MUKpOCKONuAHB  (POM)
KOAJAHYABIH TUIMAIAIriH pacraiigbl. TexXHuKa WHXXeHePAiK-TeOAOIMAABIK KypblAbICTapaa
KOAAaHBLAaTBIH TeOKOMITO3UTTIK >KaOBIHAAPABIH KBI3MET eTy Mep3iMiH 0oa>kay >KoHe 0AapAbIH
TO31MAiAiriH apTTHIPY >KOHiHAET] IapadapAbl 93ipAey YIIiH YCBIHbIAYbI MYMKIH.

Ocplaaiiina, y3ak Mepsimai maligadaHy KesiHAe TeOKOMIO3UTTIH MUKPOKYPBLABIMBIH
KaABIITaCTBIPY MeH ©3TepTyAiH OearideHreH 3aHABIABIKTapbl KapKBIHABI KAMMATTBHIK >KoHE
MEeXaHMKaAblK acepAep >KarjaliblHJa OKYMBIC icTeyre apHaAraH TIeOCHHTETMKAABIK
MaTepuaaAapAblH KYpaMbIH, KYPbLABIMBIH JKoHe ©HAipic TeXHOAOTUACHIH OHTallAaHABIPY YIIiH
FBIABIMI Heri3 00.4a aaaabl.

MYAAEAEP KAKTBIFBICBI: Apropaap Myageaep KaKTBIFBICHIHBIH — >KOKTBIFBIH
MoAIMAENAl.

KAPXBIAAHADBIPY: by sepTTey chIpTKbI Kap>KblAaHABIPYABL aAFaH >KOK,.

AAYBIC: ABTOpaap MaKa/aHBIH callachlH >KaKcapTyFa BIKIIad eTKeH KYHABI ecKepTyaep
YIIiH aHOHMMA]L PelleH3eHTTepTe aAFbIc Oiagipeai.

JKACAHABI MHTEAAEKT TEXHOAOTUSIAAPBIH IIAMAAAAHY TYPAABI
XABAP/AMA: Apropaap OCHl MakKaJaHBI 93ipaey OapbvIchiHAa >KacaHAbl MHTeAaeKT (JKI)
KYpaaAapblH, COHBIH illliHAe TeHepaTMBTI TiAAiK MojeabdepAai MaligadaHOaFaHBIH pacTaliAbl.
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bapaplk MaTiHAIK MaTepuaadap, AepeKTep MeH TaAJay HOTIDKelepi aBTopAap TapallblHaH
Aepbec JalibIHAAAADL.
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YHI'BIMAAPAbBI TEOTEXHVKAABIK BYPTBIAAY AEPEKTEPI
BOVIBIHIIIA TAY JKBIHBICTAPLIHBIH TYPAKTEIABIFBIH BAFA/ZIAY

OILIEHKA YCTOMYUBOCTU ITOPOA ITO AAHHEIM
I'EOTEXHUYECKOI'O BYPEHMSI CKBAKIWH

ASSESSMENT OF ROCK RESISTANCE BASED ON GEOTECHNICAL
DRILLING DATA

3.K. TyarymoOaesa =" 1, T.M. Kymbikosa ' 2*, I.T. Hypmaribikosa = 2,
AM.Taburosa = 2, 3.K. AGapamesa = 2

1«KP MuHepaaabIK IINKi3aTTHI KellleHAl KaliTa eHAey ¥ ATTBIK opTaablFbl» «IIF3TKMIITycTiMeT»,
OckewmeH K., Kazakcran

2/. Cepikbaes aTpiHaars! 1IbFpic KasakcraH TeXHIKAABIK yHUBepcuTeTi , OckeMeH K., Kasakcran
*)Kayants! aprop: Kymrikosa TaTeana Muxaiiaossa, e-mail: ktm6010@mail.ru

Tyiinai cesaep: TYUIHAEME

leoTexnnkaaslK OyprbpLAay, Makasaga reoTeXHMKaAbIK OyprbLAay JdepekTepi HeriziHae Opea KeH
reoMeXaHIKa, MacCUBTIH OPHBIHBIH Tay >KbIHBICTAPBIHBIH TYPaKTBHLABIFBIH Oaraday HoTVDKeaAepi
Xapbplaybl, Tay KapacTolpplarad.  Herisri  3epTxaHaablk — cplHay  ogicrepi, Tay
COKKbLAaphl, ©3eK. SKBIHBICTApBIHBIH OepiKTiri MeH cepmiMAigik cumarramasapsel, RQD

k09 PUITNEHTI MeH SAAPO IIBIFBICH OOVIBIHINIA MacCHB CaIlachl Typaabl
Maaimerrep kearipiaren. UCS/UTS xosddurimenti GoitbiHIIa Tay
SKBIHBICTApPBIHBIH ~ CBIHFBIII  ChIHyFa OeliMAidiriH Taagayra >KoHe
BIKTMMaA COKKBI KaymiH OarajzayFa epekille Hasap ayJapblaalbl.
AapiHFaH MaliMeTTep HerisiHAe TepeH KemTelic eH Oy3BLAFAaH MaccuB
>KarJaibiHAa OeKiTKIIITi >ko0aaay OOJNBIHIIA IPaKTUKaABIK YChIHBICTaP
YCHIHBIAFAH. 3epTTey HOTIDKeAepiH >KepacThl Tay-KeH KaszOaJapbiH
MoJeAabJey, )Kobalay >KeHe NalijalaHy KesiHae IaiijadaHyra 004aapl.

Karouesrnie caoBa: AHHOTAN WS

reoTexHur9ecKoe Oypenne, B craTee paccMOTpeHBI pe3yAbTaThl OLIEHKM YCTOYMBOCTU TOPHBIX
reoMexaHNKa, nopos, OpA0BCKOTO MeCTOPOXKAeHIs Ha OCHOBe JaHHBIX TeOTeXHMYec-
TPeIIMHOBaTOCTh MaCCHBa, koro Oypenus. IlpeacraBaeHpl MeToAbl AabOOPaTOPHBIX MCIIBITAHMIA
TOpPHBIE YAApPhl, KEPH . KepHa, XapaKTepVCTUKN IIPOYHOCTU M YIPYIOCTU IOPOJ, AaHHBIE O

KadecTBe Maccusa 1o kKoadgdunuenty RQD u Berxogy kepna. Ocoboe
BHMMaHIE YyAeA€HO aHaAM3y CKAOHHOCTHU IIOPOJ K XPYHIKOMY paspy-
mennio 1o koapPuimenty UCS/UTS u olieHKe ITOTEHIIMAaABHOI
yaapooniacHocty. Ha OCHOBaHMM ITOAYYEHHBIX AAQHHBIX IIPEAAOKEHBI
IpaKTMYecKre peKOMeHAALINI 110 IIPOeKTUPOBAHMIO KPEIIU B YCAOBUX
rayOOKOil 3a/0>KEHHOCTV ¥ HapyIIEHHOTO Maccuba. PesyabTaThl
MCCAeJOBaHMSA MOIYT OBITh MCIIOAB3OBAHBI IIPM MOAEAMPOBAHUM,
IIPOEKTUPOBAaHUU ¥ DKCILAyaTallM [T0A3€MHBIX TOPHBIX BRIPaOOTOK.
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Keywords: ABSTRACT
geotechnical drilling, The article discusses the results of assessing the stability of rocks at the
geomechanics, rock Orlovskoye deposit based on geotechnical drilling data. It presents the
fracturing, rock bursts, methods of laboratory testing of rock cores, the characteristics of rock
core samples. strength and elasticity, and the quality of the rock mass based on the

RQD coefficient and the yield of rock cores. Special attention is given to
the analysis of the rock's susceptibility to brittle failure based on the
UCS/UTS coefficient and the assessment of potential rock bursts. Based
on the obtained data, practical recommendations are provided for the
design of rock supports in deep and disturbed rock formations. The
research results can be used in the modeling, design, and operation of
underground mining operations.

KIPICIIE

Opa0B KeH OpHBIHBIH TepeH JAeHTelKMeKTepiH WIepy Tay >KBIHBICTaphl MacCCUBiHIH
KepHeyaAi KYHiHIH >KOfapblaayblHa OaliAaHBICTBI TeOMeXaHMKAaAblK ToyeKeaaepAiH apTybIMeH
KaTap Xypedai. MyHaaii )xaraarida >Kep acTol Tay KazbaaapbH >koOajay MeH IalijalaHy Ke3iHae
KBIHBICTapABIH (PU3MKaAbIK-MeXaHIKaAbIK KacueTTepiH ceHiMAl OaFaaay >KoHe olapAbIH MiHe3-
KYAKBIH D0AKay epekiIiie MaHbI3Abl. MaccuBTiH reoMexaHMKaABIK, KacueTTepi TypaAabl eH ceHiMAl
aKIapart Ke3JepiHiH Oipi — reoTexHuKaablK (0apaay-izaecTipy) YHFbIMaAapblH OypFbLAaY Ke3iHae
aABIHFaH KepH O0ABII TaObLAAABL.

Opa0B KeHimmiHIH KeHJepi MeH >KaHaC >KBIHBICTAPBIHBIH (PU3MKAABIK-MEXaHIKAABIK,
KacueTTepi TeOJOIVSIABIK 0Oapaay >KyMBICTaphl Ke3iHAe aJblHFaH ChIHaMadap OOJbIHIIa
3epTTeAill, KeH OpHBIH Urepy OapbIChIHAa HaKThLAAHABI.

JKanac >xpiapIcTap MeH KeHHiH OepikTik kKoadpPunmenti 6-8-gen 10-15-ke Aeiitin e3repeai.
Ken men >xpIHBICTAp Kell Kepaepae KaTThl KallbIpblAFaH, COHABIKTAH OAapAblH OPHBIKTBLABIFBI
eTe TOMeH, HoTIDKeciHAe Kazbaaapabl KYpri3y KesiHAe >Kui omsIpelayaap Oarikadaasl. MyHAain
KBIHBICTapJa Oapaay YHFbIMaJapblH OypFblAay e4dyip KUBIHABIK TYFBI3aAbl JKoHe Ie010TMIABIK,
Kypdeaiaiktepre OailAaHBICTBI YHFbIMaJdap >KMi >KoDaAbIK TepeHAiKKe >KeTe aAMall KaadaAbl.
Kennig MeHIIiKTi caaMarbl KeH OpHBI OOJBIHIIIA OpTamla ecenmneH 3,9 T1/M3, aa >KaHac
SKBIHBICTaPAiKi — 2,7 T/M® zen1 KaOblAAaHFaH.

3epTxaHaAabIK >Karjalija aAblHFaH KepH MaTepuaAblH 3epTTey HeTidiHae >KBbIHBICTapAbIH
OepikTiK, AepopMaIUsABIK KoHE KYPBLABIMABIK-TEKCTY PaAbIK ITapaMeTpAepi aHbIKTadaAbl, OAap
Kasakcran PecrtyOaMKachIHBIH KOA4aHBICTaFbl MEMAEKETTIK CTaHAapTTapblHa Colikec KeAyi THic.
Herisri aHbIKTaAaTHIH cuIaTTaMaslapra Oip OCHTi CBIFy MeH CO3bLAyAarsl OepikTik mreri, Kyaon—
Mop xpurepuiii OoribiHIIa OepikTik mapamerpaepi (ymITacy MeH iImKi yiikeaic OypBIIIED),
CepmiMAiAiKTiH AMHAMMKAABIK MOAyAabJdepi, OepikTik, >KyMcapy >KoHe MOPT CHIHFBIIITHIK,
koapPuIenTTepi, COHAal-aK TaOWMFM >K9He >KacaHABl >KapBIKIIAKTap OONBIHINA BIFBICY
OepikTiriHig mapaMeTpaepi >KaTtagpl.

OpaoB keH OpHBI ipi TEKTOHMKAABIK >KapbLAbIM aliMaKTapblHa >K9He ycakK >Kapblay
OY3BIABICTApLIHBIH ~ CepVICHIHA —IIOFBIpAaHFaH. 1OpT Herisri TEeKTOHMKAABIK —>KapBLABIM
axxsIpaTelaagsl: bepeszos, Opaos, Coartycrik-bateic >xoHe BosHeceH >KapblabIMAaphl. Ycak
>KapblAy OY3BLABICTAaphI €HAIK JkoHe cyOeHAik OarpiTTapra ne. KeH geneaepi KaHKaABI-010KTBIK
KYPBIABIMMEH cuIaTTaslaAbl. JKapbIKIIaKTaHy JAopeskeci OOVBIHINA SKBIHBICTAp MeH KeHJAep
HeTi3iHeH opTallla >KoHe KYIITi )XapbIKIIlaKTaHFaHAapFa >KaTaAbl.

Opaos  KeHimiiHiH MaccuBiHgeri TaOWFM KepHey ©piciHiH cumaTel  TasaJay
JKYMBICTAPBIHBIH ~ 9cep  aliMarblHaH TBIC OKYPIi3iATeH Kypdeai >KoHe  JallbIHABIK
KasbaJapbIHAAFBl Tay KBICBIMBIHBIH ToXXipubege 0OalikaaraH KepiHicTepi 6olibiHIIIa
aHbIKTaAfaH. Herisri GeariaepAin SKUBIHTBIFBI OOJBIHINIA — PTYPAi OaFbITTaFsl KaszbalapAarsl
Tay KBICBIMBIHBIH KOpPiHIC KapKBIHABIABIFB;, Ka30a KOHTYpAapBIHEIH op Oeairinig Oysbplay
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AdpeKeci )KoHe re0A0TMAABIK OapAay YHFBIMaapbhlHAAFE KEPHHIH AVCKiA€HY KapPKBIHABLABIFBI
— Opa0B KeH OpHBI MacCUBiHAeri TaOMFM KepHeyAepAiH Tapadysl I'MAPOCTaTUKAABIK Kyiire
>KaKBbIH A€l aHBIKTaAFaH, sIFHU OapABIK OaFbITTapAaFsl TOPU3OHTAAABl KEpHEYyAep MaMaMeH TiK
KepHeyJepre TeH >KoHe I1amaMeH YH mamMacsiH Kypanabl.

Kasipri kesae Tay-KeH >KYMBICTApbIHBIH TepeHAIri apThlll, Tay-TeOAOIMSAABIK
JKarganiaapAblH KypaeAeHyiHe OallAaHBICTBI Tay >KBIHBICTAphl MacCUBTEPiHIH OPHBIKTBLABIFLIH
OaraaayAblH AdCTYpAi TeciadepiH HaKTblaay >KoHe TOABIKTBIPY KakeT 00oAbII OThIp. bya Tex
SKBIHBICTapABIH >KeKe (PU3MKaABIK-MeXaHMKAAbK ITapaMeTpAepiH FaHa eMec, COHBIMEH KaTap
0AapAbIH OepikTik meH gepopMalNAABIK KacHeTTepiHiH, KapBIKIIaKTaHy AeHTeliHiH, TEeKCTY-
pacel MeH MacCuBTiH Oy3blAy AdpeskeciHiH yiileciMiHe HeTizgeareH KellleHAi reOMeXaHMKaABIK,
cUIlaTTaMachlH Ja ecKepyAiH Kaxkerriairimen rycinaipiaeai (ITessnep M.E., Mopuc M.A. xane
ITonos B.H (2008), Bieniawski Z. T. (1989 )).

Opa0B KeHimmi urepyAiH COHFBI CaThICEIHAA OO/AFAaHABIKTAH >KoHe KeH MacCUBi Tazalay
KazbaaapbIMeH TidiMAeHTeHAIKTeH, >KaHadaH alllbLABII JKaTKaH yJacKeaepaeri reoMexXaHMKaAbIK,
JKaFjaliabl Oarasay kaxkeT. Kewnimrreri Oapaay >KyMBICTapbl >KYPrisidyde, COHABIKTaH OCHI
MYMKIiHAIKTI TajigadaHsln, Oapaay yHFbIMaJapblHaH alblHFaH KepPH MaTepuaajapbl OOMbBIHIIIA
MaccHBTiH PpU3MKaabIK-MeXaHIKaAbIK KacleTTepiH 3epTTey Kepek.

3EPTTEY MATEPMIAAAAPHI MEH SAICTEPI

Opa0B KeHillliHiH TepeH JAeHreli>kKMeKTepiHAeTi Tay >KbIHbICTapbl MacCUBiHiH OPHBIKTHI-
ABIFBIH TaAJay VIIiH TeOTeXHUKAABIK Oyprblaay JepeKkTepi MeH KepH MaTepuaaAapbIHBIH
3epTXaHaAbIK 3epTTey HoTyoKeaepi naijasaHblaabl. bByprelaay skxymbeicTapsl 5 keH AeHeci, No43,
No53, Ne39, Nob54, Ne69, PT 2, Ne31, Ne49, Ne63, Ne62, No67 amnsasapsr MeH «Herisri» HIOFBIp
OolibIHIIIa XYPridiayi ke3aeaai. byprblaay HaTUKeciHAe AeHTellKUeKTepaeri KeH JeHeAepiHiH
KOHTYpAapbIH KoHe 04apAbIH callaAbIK CUIIaTTaMaJapblH HaKThlAay >KOCIapAaHABL.

Byprrraay >xymbIcTaphl «/leBaHT» KOHABIPFBICHIMEH, AUaMeTpi 76 MM aaMasabl TaXAep-
MeH (KOpoHKaJapMeH) XXy priziaai. Koba Goiibiama sxaamns! y3eHABIFL 7000 c.M 60aateH 91 Koa-
Oey YHFBIMaHBI OypFBLAay K©34€eA4i, OHBIH illiHAe KeH ariMarsl OoribiHIIa 1180 M. ¥HFbIMaaapAbIH
opraria >K00aabIK TepeHairi — 77 M, aA KeH aiiMarbl OOJBIHIIIA KEPH IIBIFYHI 85 % Kypaabl.

JaiiblHAay KoHe ChIHaK >KYMBICTapbiH Kyprisy Kasakcran Pecry0anKachIHBIH
MeMAEeKeTTIK CTaHJapTTapblHa >KoHe XaAblKapaAblK oJdicTeMeAiK YChIHBIMAapFa ColiKec
opuiHAaaanl (ASTM D5607-16. Standard Test Method for Performing Laboratory Direct Shear Strength
Tests of Rock Specimens Under Constant Normal Force (2016).

AapIHFaH KepH MaTepuaAabl ChlHaMajaH oTKisiaai. ChlHaMaFa KeH apaAbIKTapbIHBIH Aa,
cyappuATI MUHepaAjaHybl Oap >KBIHBICTApABIH Ja OapAbIK MaTepuaabl TaHAAll aablHABL KeH
KYPaMBIH 494 aHBIKTay YIIiH CBIHaMaHBIH Y3BIHABIFEI 1,5 M eTinm KabblagaHABL, aa KeHapaaAblk,
MIHepalJaHFaH MHTepBaddap 2 M Y3BIHABIKTArbl CblHaMadapMeH aAblHAbL. ChlHaMaHBIH
OacTamKbl caaMaFbl OypFblaay VIIBIHBIH AuaMeTpiHe OaiiaaHbICTH 3,8—6,5 KT apaAbIFbIHAQ OOAABL.
XUMUAABIK TaagaydapFa apHaafaH iamek 0,1-0,15 kr keaeMiHje aAbIHABL.

CriHamMaJdapAbl ©HJey KeHIITiH chlHaMa JaliblHAay I1eXbIHAa MeXaHUKaAbIK dAicrieH —
JKaKTBl >KoHe OiaikTi ycakTarblmTapda >Kyprisiaai, aa 0,074 MM geitin Maitgasay Auckiai
YHTaKTaFbIIIITa OPBIHAAAABL.

bapaay yHreiMaaapbiHaH aabiHFaH KepH Discotom-65 Tac Keckilll cTaHOTBIHAA ©HAeAAl.
AapiHFAaH MaTepualgaH IHapaaddeab >KasblK VINTaphl O0ap LMAMHAPAIK >KoHe I1AacTMHAABI
chIHaMaaap JaiibiHAaaAel. CoiHaMaAapAbIH napaMmerpaepi MBOC 12248.2 — 2020, MBOC 10180-
2012 sxeme KP CT 1213-2003 (I'OCT 12248.2 — 2020. bip ocbTi cpIFy ogiciMen OGepikTik
cunatTamMadapsiH aHbkTay (2020), TOCT 10180-2012. bakblaay yariaepi OoribHIIa OGepiKTiKTi
aHpIKTay odictepi (2012), KP CT 1213-2003. TI'eomexanmka. JKbIHBICTapABIH OepiKTik
cuIaTTaMaJapblH aHBIKTay a4icTeMeci (2003)) craHAapTTaphiHa colikec OaKblaayFa aAbIHABL.



EKTU JOURNAL CF 1-TOM, 1-H6Mip, HayphbI3, 2026.

O ENOINEERING -90 - Tom 1, Ne 1, mapr 2026.

Vol. 1, Issue 1, March 2026.

YHrpiMasapgaH aasiHrad KepH RQD kepceTkintiH aHbIKTay YIIIiH CypeTKe Tycipiaai >koHe
TeOTEeXHOAOTUSIABIK, npouecrep 3epTXaHackIHAA (BHUM1iBeT™MeT VHCTUTYTBHI) Tay
SKBIHBICTapBIHBIH (PU3MKaABIK-MeXaHIKaABIK, KacueTTepiH aHbIKTay MaKcaTblHJja ChIHaMaadap
aapiHAbL. CypeTTepde KepH callachIHBIH 9PTYPAidiriH KepceTeTiH MbIcaajap KeaTipiaren. 1-3-
cyperTepde YHFbIMaJaH aAblHFaH KepH ¢oTtocyperTtepi Oepiaren. dorocyperTepJeH yHFBIMa
OoVIbIMEH Ie010TUAABIK KEPH CallachbIHbIH 9PTYPAidiri aifKsIiH OaiikalaAbl.

1-cypet. TeKTOHMKAABIK KoHe ycaKTaAy aiiMaKTapblHaH aAbIHFaH KePH
Eckepmy — asmopaap kypacmuipzan

2-cypet. OpTallla OpHBIKTBLABIKTaFbl KBIHBICTaPABIH KepHi
Ecxepmy — asmopaap xypacmuipean

BT L YRS

R

3-cypert. TypakThl )kKoHe ©Te TypaKThl >KbIHBICTAp aliMaKTapblHaH aAbIHFaH KepH
Ecxepmy — asmopaap xypacmoipaa
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Tay >KpIHBICTapBIHBIH (U3MKAABIK-MEXaHMKAaABIK KacueTTepiH aHBIKTay oaicTemeci
Keaecigei Xy priziaai. XsiHbIcTapAbIH O6ip OCbTi chIFyFa Oepikriri (xaasikapaasik UCS craHAapTh
OOTIBIHIIIA) — Tay KBIHBICEI CBIHAMACHIHBIH (4YPhIC TeOMeTPUIABIK MilTiHAi) Oip OCBTi CBIFY CHIHAFBI
Ke3iHae OyY3bLIAFaH COTTeri eH YAKeH >KYKTeMe IaMachlH ChIHAaMaHBIH KOAJeHeH KUMaCBIHBIH
ayZAaHbIHa 061y apKbLAbI aHBIKTalaAs! (4, a-cyper).

MyHJaFbL: P — ceiHaMaHBbI Oy3aThH Ky, MH;
S — ceiHaMaHBIH KeAAeHeH KMMAaCBIHBIH ayAaHbl, M2,
JKemapicrapapiy 6ip ockTi co3blAyFa OepikTiri (xaablkapadblK cTaHAAapT OOMBIHIIA —
Opasmansaaslk a4ic, UTS) nmanaap miminai celHaMaJapAbl olapAblH >KaHaMa OeTi GoiibIMeH
KUpay >KOAbIMEH aHbIKTaAaAsl (4, 6-cyperT).

o,= 0,64£
S

MyHJAaFbL: P — Oy3ymie! sxykTeme, MH,
S — chiHaMaHBIH AMaMeTpi MeH Y3bIHABIFBIHBIH KeOelTiHAiciHe TeH ChIHYy ayJaHbl, M2,
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4-cypet. CriHaMaaapAbl OepiKTiKKe ChIHAY:
1 — >xorap¥bl AUTA; 2 — ChIHAAATHIH IMANHAPAIK ChIHaAMa;
3 — TOMeHTi ILAUTa
Ecxepmy — asmopaap xypacmuipean

bip ocpTi cpiryra (UCS) >xone cospiayra (UTS) Gepikrik rmgpasankaasik I[1T'M-1000MI4
Ipeccinge, eH >Xorapsl Kykremeci 100 Tc 00aaThIH KYpBIAFbIda aHBIKTaaAbl (5-cypet). Chiryra
OepikTik chpIHaMara KeAJeHeH KMuMachl OOMBbIHIA dcep eTKeH eH YAKeH Oy3yIIbl >KyKTeMe
HeTiziHJe cTaHAapTTH (opmyaa OoitbiHIIa ecenteadi. CosplayFa OepikTik OpasmMAMSIABIK d4ic
GoripIHIIa (kaHaMa OeTi OOIBIMEH Kapy ToCiAiMeH) aHbIKTaAABbl.

Kocemmma Typae opTypai OypslmTapaarel Keabey MmaTpulialapja BIFBICYFa ChHIHaKTap
MBOC 10060-2020 craHgapThiHa calikec Xyprisiagi. bya cbiHakTapAblH HeTyoKeciHge Myp
mreHOepepi GoibiHINIa OalidaHbIC KYIIiH KoHe iIlIKi yiiKeAic OYPBIIIBIH aHbIKTaY YIIIiH OepiKTik
TOAKY>KaTTaphl TYPFBI3BIAABL.
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5-cyper. III'M-100011I'4 ruapaBaMKaAbIK Mpeci
Ecxepmy — asmopaap xypacmuipaar

Tay >KBIHBICBIHBIH OepiKTiK TeAKy>kaThl — Oya HOpMaab O >K9He >KaHaMa T KepHeyJaep
KOOpAVMHATTaphIHAA TYPFBI3bLAFaH, MypAblH OapAbIK MaKCMaaAbl KepHey IeHOepAepiH >KaHaix
OTeTiH KMCHIK (6-cypeT).
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6-cypeT. Tay >XBIHBICBIHBIH OepIiKTiK TOAKYKATHIH TYPFHI3Y
Ecxepmy — asmoparap xypacmoipaar

Tay >KbIHBICTapBI MEeH KeH ChIHaMaJaphIHBIH Oip OChTi CBIFY JKoHe CO3b1AY Ke3iHAeri OepikTik
IIeTiH aHBIKTayFa apHaAfaH ChIHAKTap YyATiAepAiH KypFak >KoHe CyMeH KaHBIKKaH KyliaepiHge
Xyprisiaai. 7 xene 8-cypeTrrepde ChIHAKKa JeNiHTi XaHe KelfiHTi yarizepain dotocyperrepi
keatipiaren (C.I. Onuxa xoane A.K. Kysomuu Tay xotrnoicmapuiroiy Oepixmizi Kyxxamvii Kypyovit
Kewendi adici (2017)).

AVHaMMKaABIK cepIiMAilik cuImaTTaMaAapsiH Oafasay yiriH «[lyabcap-2.1» KYPBIAFBICH
K0AAaHbIAABL. OCBl KYPBIAFBIHBIH KoMeriMeH OOJABIK >XKoHe KoAJeHeH TOAKBIHAAPABIH Tapaady
KBLAAAMABIKTaphl aHBIKTaAAbl. A/bIHFAaH MaJAiMeTTep HeTidiHage cepIiMAidik MoAyAi, BIFBICY
MOAY i, KeAeMJiK ChIFBLAY MOAy i >koHe [Tyaccon koaddurninenti ecenrreaai (Tpodumos, B.T. xare
Aybposcxuii, FO.B. (2007)).
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ChIHaKKa AEWiH ChIHaKTaH KemiH

7-cypert. No 18 coinama, 14-west-3 yHrpIMachl, Kyprak Kyliaeri yAari
(¢peav3nuTTopizai KBapUTH aABOUT-TIOpPUPAep KoHe 0AaPAbIH aTKbl1aMaAbl OpeKunsiAaphl)
Ecxepmy — asmopaap xypacmuipean

ChIHAKKa AeiiiH ChIHaKTaH KemiH

8-cypet. No18 cpiHaMa, 14-west-3 yHFBIMAacCh], CyMeH KaHbIKKaH Kyligeri yAri
(peansuTTopizai KBapITH aAROUT-TIOpPUpPAEp XKoHe 0AapAbIH aTKblAaMaAbl OpeKunsAaphl)
Ecxepmy — asmopaap xypacmuipzan

BepikTik MaHAepi OOJIBIHIIIA KBIHBICTAPABIH OepikTik koadpPunuentrepi (IIpoTtoapsikoHOB
IIKaJackl OOMBIHINA), MOPT CBHIHFBIIITHIK >KoHe >XyMmcapy KoodQUIMeHTTepi aHBIKTaAAbl.
ByprrLaanFRIITHK TIeH >KapblAFBRINTEIK KacueTrtepi EHB-85 crangaprer Golibiamia GepikTik
IITKaAaChIMeH CaAbICTHIPBLAA OTBIPHII JKiKTeAAl.

Kaprikmakrapasly TaOurm >KoHe >KacaHABl OeTTepi OOJBIHINA BIFBICY OepiKTiriHig
napamerpaepi ISRM >xene ASTM D5607-16 aaicremeaepi 6oitbinma Portable Shearbox SL900
KYPbIAFBICEIHAA DaFadaHABI.

bec aeHreiiai >xykTeme ke3iHJe >KaHaMa >KoHe HOpPMaaAb KepHeyJep ©AIIeHiI, oAapAblH
HeriziHAe OariaaHbIC (ClLIeTAeHNMe) JKoHe iITIKi yIiKeAic Oy PBIIILI aHBIKTaAAbL.

HOTMXXEAEP )KOHE OAAPAbI TAAAAY

leoTexnmkaablK, yHFbIMalapgaH aAblHFaH KepH MaTepMaAblH 3epTXaHaAblK ChIHaKTap
HOTIDKECiHAe KeH MeH >KaHac SKBIHBICTaPhIHLIH HETi3Ti TypAepiHe ToH OepiKTiK >KaHe cepIimMaiaik
curaTTaMaJaphl aHBIKTaaAbL BipockTi ceiry kesingeri 6epikTik mmreri 54-ten 149 MlIla-ra aeitin, aa
co3blay KesiHAeri OepikTik mreri 3-ten 18 MIla-ra aetiin esrepeai. EH Gepik >KbpIHBICTap KaTapbiHa
TyTac IIOAMMETaAAAbl >KoHe MBIC-MBIPBIIITEL KeHJAep >KaTadbl, OJap >KOraphpl OalidaHbIC
MoHzepiMeH (90 Mlla-ra aeitin), imki yiikeaic 6ypermsiMen (37°-Ka AeifiH) SKoHe cepIiMAilik
MoayaimeH (14.8x10* Mlla-ra geitin) cumnatraaaast (Hoek. E. & Brown E.T. (. 1997)).

JKanac XpIHBICTAp — aA€BpOAUTTEp MeH TyporeHJi Tysidimaep — OepikTik IeH ceprrim-
Alaik MoayabaepiHiH TeMeH MoHAepiH KepceTedi, OyA oaapAblH ©HAIPY Ke3iHAe OPHBIKTHIABI-
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FBIHBIH a3 eKeHAiriH Giagipeai. Ilyaccon xosdpunmenti 0.15-0.26 apaabIFbiHAa, aa >KBIHBIC-
TapAbIH MEHIIIKTi caaMarsl 2.71-4.68 T/M3 auariasoHeiHAa e3repedi (Bieniawski Z.T. (1989)).

JKerabic MaccuBinig canacsl koceiMmIna Typae RQD kepcerkimti GoribiHITa GaraaaHAbL, 04
Tepenairi 30-200 M apaabIFbIHA@FBl YHFbIMadapaH aAblHFaH KepH HeTidiHAe aHBIKTaAAbl.
YHFbIMalap KepHiHiH camacsl KepH IIBIFBIMBI MeH RQD wmoni Ooitbiamma G6arasanast (RQD —
y3bIHABIFE 10 cM-4€H acaThIH KepH KeceKTepiHiH >KaAIlbl Y3BIHABIFBIHBIH KEPHHIH >KaAIlbl
Y3BIHABIFBIHA TalIBI3ABIK KaThIHACHI).

leotexnmxaarlx, Oyprpiaay gepekrepi OoripiHIna optama RQD meni 27 % 60aapr, Oya
MacCUBTiH Oy3blAy AeHrelliHiH JKOFaphl eKeHiH KepceTeai. 8-cypeTTe yHFBIMaaap OoribiHIIa RQD
esrepiciHig rucrorpamMmmacsl 6epiaren (Palmstrom A. (2005)..
Kepn camaceiH Taagay HoTvokedepi 2-10 M apaabIFbIHAQ CO3BLAFaH, >KaHAC >KBIHBICTapABIH
CBIHBIKTAapBIHaH KypaAfaH KYIITi ycakTaay aiiMakTapbiHblH (RQD = 0) Oap ekeHiH KepceTTi.
Kricka MHTepBassapaaFsl XKaphIKIIaKTap Kelize TEKTOHNMKaABIK OaAIIBIKTaphl Oap aifTapAbIKTall
KyaTThl ycaKTaAy aiiMaKTapblHa aybICybl MYMKiH. JKapbiay Oy3blABICTapBIHBIH aiiKbIHABLABIFBL
9pKeAKi: Keitbip >KarAaiidapaa oJap eki >KarblHaH Aa >KapBIKIIaKTapMeH IIIeKTeAreH ycaKTaly
aliMakKrapsl TypiHZe Ooaca, Gacka >Kardaiilapaa 94ci3 Oy3blAFaH >KBIHBICTapJaH KapKBIHABI
cakTaly aliMaKTapblHa OipTiHAen aybicyaap OaifkaaaAbl.
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8-cypet. bapabik yHFpIMaaap OOJbIHINIA KePH CallaChIHbIH
Ecxepmy — asmopaap xypacmuipean

100
90
80
70
60
50
40
30
20
10

0

h

—
o < O
= < <r

l

— —
w
-

241 me—

— —
w0 @

21
121
221
261
281
301

—
o™
@

481
501
521

RQD xepceTkiIli rucTorpaMmMachl

NuTepBaasap 6oiibHIIA:

® 56 % cerHamaaapaa RQD <30 %,

* ek 2 % yariaepae — RQD >80 %,

* RQD = 0 aitmakrapsl 7 % >Kafgaiida TipkeareH, Oya ycaKTaAy >KoHe TeKTOHMKAaABIK
Oysblay aliMaKTapBIHBIH Oap eKeHiH KepceTeai.

KepH mIBIFBIMBIH Taa4ay 4a FeOMeXaHMKaAbIK KaFdalidapAblH KypAeAai eKeHiH ga.4eaaeiiai:
opraiia MaH 75 %, COHBIMEH KaTap:

¢ xepHHiH 3 % yaeciHge mbFeIM 10 %-aaH TOMeH;

* 85 % yariaepae — 80 %-aan xorapsel, 6ya MacCUBTIH >XepridiKTi OpPHBIKTH OeaiKTepiHiH
Oap exeHiH kepceTeAi.

Kepn mbirsiMber MeH RQD kepceTkimni TeKTOHMKaABIK YycaKTaly alMaKTapbIHAA
KaphIKIIaKTaHybl KOFaphl JKoHe 94Ci3 SKBIHBICTAp aliMarblH aHBIKTayFa MYMKIiHAIK Oepai. bya
KYOBLABICTap YHFBIMaJap CTBOAJApbl OOVIBIHAAFBI OPHBIKTHI >K9HE OPHBIKCBHI3 >KBIHBICTapABbIH
aamacybIH OeliHeeliTiH poToMaTepuasgapMen e pacraaaant (Kashnikov Yu.A., Ashikhmin S.G.,
Shustov D.V., Fandeev A.E. & Ananin A.L (2010).
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Aapiaran  gepektep OpaoB KeH OpHBI MacCHUBiHIH aliTapAbIKTall reoMexaHMKaAblK,
9pTeKTiAirin kepcereai, Oya o3 KeseriHAe Tay-KeH Ka30alapbIHBIH OPHBIKTHLABIFBIHA >K9HE
0AapApl OeKiTy TaciaaepiH TaHAayFa eaeyai acep eTeai.

bBepiktik = cunarramMadapblH = Taaday ~ HOTUIKeCiHAe eH  JKOFapbl  OPHBIKTBLABIK
KoepceTKillTepiHe TyTac I10AMMeTaAAAbl )KoHe MbIC-MBIPBILITH KeHAep Ve eKeHi aHbIKTaA4bl. bya
KeHAepain 6ipockTi cbIry KesiHgeri Oepikrik meri 120 Mlla-aaH >xorapsl, OaitaaHbic Ky 90
MIla-ra geriin, aa imki yrikeaic Oypsimst 37°-Ka AeifiH >KeTeai. Aaaitaa 6ya KeHAep >KOFaphl
MOpPT CHIHFBIIITHIK Ko®PumuentiMern (18,6-ra aeriiH) cumarrazaasl, Oya OAapAbIH KepHey
dcepiHeH MOPT Typde Kupay¥Fa OertiMai ekeHiH KepceTei.

Canadian Rockburst Program agici xene I'pudpdurc xpurepuiti (UCS/UTS > 10)
OoripiHIIIa Daralay HOTUKeCiHAe 3epTTeAreH >KBIHBICTapABIH 90 %-bI TOMEH COKKHI KayIliMeH
curtarradaasl. Tex 9 % >xpiHpICTAp (HeriziHeH aapOuT-IOpdUpAep) opTala KayilTi aiiMaKKa
KaTaasl, a1 1 % (kebiHece TyTac GapuT-TIOAMMeTaAAAbl KeHAep) SKOFaphl KayilTi aliMaKKa
Kipegi. Kemnmrizik >XbIHBICTapABIH COKKBI KayilTidiri ToMeH GoAfaHLIMEH, >KOFaphl KepHey
JKaFjalidapblHAa >KepridikTi AMHaMMKaAbIK KYOblAbICTapAblH (KaOBIpIakTaHy, AUCKiAeHY)
narga 604y MyMKkingirin eckepy Kaxet (Canadian Rockburst Research Program (1996.), Brady B.H.
& Brown, E.T.(2006)).

Maccus OpHBIKTBLABIFBIH IIEKTENTiH HeTisri paKTop — >KOFaphl >KaphIKIIaKTaHy A9peKeci.
Oprama RQD xepcetxirti 27 %, aa sepTreares keAeMHiH 64 % 6eairinae 041 30 %-aaH ToeMmeH, Oya
MacCCHUBTiH KaTTbl Oy3blAFaH Kylide eKeHiH gaaeaaeliai. ¥3bHABIFbI 20 M-Te AeiliHTi TEKTOHMKaABIK,
OaamplKTapMeH  Oipre  KypeTiH ycaKTaly aliMaKTapblHbIH  0OAyBl  KYPBIABIMABIK
Oy3BLABICTapABIH alIKbIH KOpiHiciH kepcereai. Mrpicaarl, 15-Vas /-3 yHFeIMachHia ycaKTady
aliMarbIHBIH Y3BIHABIFBI XKaAIbl 175 M YHFbIMa Y3BIHABIFBIHAA 86 M-Te AelfiH JKeTeAl.

Ocplaaiiina, MacCUBTIH OPHBIKTBIABIFBI T€K KBIHBICTAPABIH MeXaHMKaABIK KacueTTepiMeH
faHa eMeC, COHBIMEH KaTap OJapAblH >KapbIKIIaKTaHy CUIIaThl MeH TeKTOHUKAaAbIK Oy3blay
AdpexeciMeH ae aHbIKTalaAbl. COHABIKTaH >XKep acThl Kaz0adapblH >koDalay KesdiHJe KellleHAi
TaCia KoAAaHy KakeT — Oyprblaay JAepeKTepi HeTidiHAe MacCuB caIlachlH >Kepriaikri Garasay
sxoHe RQD ToMeH opi MOPT CHIHFBIIITHIK KOD(PQPUIIMEHT] >KOFaphl aiiMaKTapAa KyIlenTiareH
Oekirmre >xyitecin mnaitgasaany ycvinviaadve (Grimstad E. & Barton N. ( 1993), Ananin A.L,
Tungushbayeva, Z.K., Nurshaiykova G.T. & Kalelova, G.Zh (2022).

KOPBITBIHABI

Ocor 3eprrey meHOGepinge OpaoB KeH OpPHBI SKBIHBICTAP MacCHBiHe IeOTeXHMKAaABIK
Oyprelaay JAepeKTepi HerisiHAe KellleHAi reoMexaHMKaAblK Oaraday >Kypriziagi. Taasayabg
HeTi3iH KepHAiK MaTepuaAfa >KacaAfaH 3epTXaHAABIK ChIHaKTap, KepH IIBIFBIMBIHBIH BU3yaAAbl
Gaxplaay HoTIDKeaepi >KoHe MaccyB canackiHbH RQD kepcetkimin ecentey Kypaabl. COHBIMEH
KaTap, >KBIHBICTapABIH MOPT CBHIHFBIIITHIKKA OertiMaiziri (UCS/UTS koaddpunmenTi apKpLabl)
>KoHe COKKBI KayTIi 91eyeTi OaFaaaHABI.

JKbIHBICTapABIH CHIFBLAY OepiKTiK Iteri 54-TeH 149 MIla-fa aetiiH, aa co3blay OepiKTiK Ireri
3-ren 18 Mlla-ra aeltiH ayBITKUMTBIHBI aHBIKTaAAbl. KeImiaik >KbIHBICTAp TOMEH MOPT
CBHIHFBIIITHIK ~ KOD(PPUIMEHTIMEH CUIIATTaAblll, Oya OJAapAblH Tay-KeH KBICHBIMBIHBIH
AVMHAMUKaABIK acepaepiHe mexkreyai Oeltimaiairin kepcereai. Tek keitOip XbIHBIC Typaepi
(aapbut-noppupaep MeH TyTac 6apuUT-moAnMeTall KeHAepi) opTaliia JKoHe JKOFaphl AeHTelieri
MOPT CBIHFBIIIITBIKKA OelliM ekeHi OaliKaAAbL.

MaccuB OpHBIKTBIABIFBIHA 9Cep eTeTiH Herisri ¢QakTop — >KapbIKIIaKTaHy
AdpexeciHig xorapsiabFel. KepuHiH 60 %-aan actamsl RQD < 30 % MoHiMeH cunaTTazaas,
Oya aliKbIH TEeKTOHMKAABIK YCaKTaAdy aliMaKTapBIHBIH Oap eKeHiH goaeageiai. Mynaait
yJackeaepae KylIeNTiareH OekiTy mlapaaapbl MeH KOCBIMINA MHXKeHepAiK MIeltimMaepai
KOAJaHy Ka>KeT.
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AabIHFaH HOTIKeJep Kep acThl Kaz0adapbIH >KoDaslay KesiHAe MacCUB OPHBIKTBLABIFBIH
TeK MeXaHMKaABIK KacueTTep apKblabl FaHa eMeC, COHbIMEH KaTap OHBbIH KYPBLABIMABIK-
TeKCTYpaAblK, epeKIleAikTepi HeridiHAe Je Oarasay Ka’KeTTiriH goaeagedi. bya >xymeicta
KOAJaHbIAFaH aJicTeMe KypaeAi re0AOIVSIABIK KYPBIABIM JKafjaiidapblHAa TMIMALAITiH KepceTTi
>KoHe OHBI TepeH JeHTeliJeri >Kep acThl KeHilTepiHAe >KoOazay MeH MOHMTOPMHI KYPTisy
Ke3iHae KeHiHeH KoaJaHyra 60aaasl (Brady B.H. & Brown, E.T.(2006).

MYAAEAEP KAKTBIFBICBI: AsTopaap MyA4e KaKTHIFBICBIHBIH XKOK eKeHiH MaAiMAeN Al

KAPXBIAAHABIPY: bya seprrey 2024-2026 >xwplagapfa apHaAfaH OarjaplaMadbIK-
MaKcaTThl Kap>KblAaHABIPY KOHKYPCBI asIChIHAA KY3eTre achlpblAbII )KaTKaH BR24992854 «Illbrrbic
Kasakcran 0OABICHIHBIH Tay-KeH MeTaAAypIUsl CalachIHBIH TYPaKThl AaMyBIH KaMTaMachl3 eTyTe
OarpITTaAfaH FRIABIMM Heri3JeAreH Oacekere KaOiAeTTi TexXHOAOTrMsAAapAbl 93ipaey >KoHe icke
aceIpy» aTTHI >)K00a ecebiHeH OpBIHAAAABL

AATBIC BIAAIPY: Opaos keHimriHig >koHe BHIMBeTMeT MHCTUTYTBIHBIH OacIIIbI-
Aapbl MEH MaMaHJAapblHa, cOHAali-aK JKep Typaasl FelabIMAap MeKTeOiHiH puanaasl SKYMBbIC
icTeMTiH OCBHI YIBIMAAapFa KepH YATidepi MeH 3epTTey >kaOABIKTapbIH YCHIHFAHBI YIIIiH aAFBIC
biaaipewmis.

ConpiMeH KaTap, aBTOpaAap dJicTeMeaik KoaAjay MeH IIaiijaabl TaAKblAayAap YIOiH
opinTecTepiHe >KoHe MaKaJaHBIH callacblH apTThHIpyFa eJeyai yaec KOCKaH aHOHMMAI
pelieH3eHTTepre pMU3aIIbIABIFBIH Oiaaipeai.

JKACAHABI WMHTEAAEKT TEXHOAOIMSIAAPHIH IIAVIAAAAHY TYPAABI
XABAPAAMA: MaxkaaaHb! JaifbIHAAY OaphICBIHAA aBTOpAap *KacaHAsl uHTeAaeKT (JKI) nemece
cofaH 0allAaHBICTBI TEXHOAOIMSAAapAbl, COHBIH illliHAe MOTIH Ka3y, pedakiusday, AepeKTepai
TaaAay HeMece dakrizepai Tekcepy KypaAapblH IaligalaHFaH >KOK,.
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USE OF INTEGRAL VEGETATION INDICES IN THE ANALYSIS OF
VEGETATION COVER CONDITION AND ITS CHANGE TRENDS BASED
ON SATELLITE DATA

CITYTHUKTIK AEPEKTEP HETT3IHAE ©CIMAIK >KAMBIAFBICBIHBIH,
JKAFAAVIBIH JKOHE OHBIH, ©3TEPY YPAICTEPIH TAAAAY KE3IHAE
VIHTETPAAABI BETETALIUSIABIK MHAEKCTEPAI TIAMIAA AAHY

NCIIOAb30OBAHUE MHTETPAABHBIX BETETALITMOHHBIX NHAEKCOB
ITPY1 AHAANM3E COCTOSIHUSA PACTUTEABHOI'O ITIOKPOBA
TEHAEHIIVV ETO U3BMEHEHUM 11O CITYTHUKOBBIM AAHHBIM
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Drought phenomena are among the most significant factors determining
the productivity of agroecosystems and the resilience of agricultural

Condition Index (IVCI), production under climate change. For Kazakhstan, the majority of whose
drought analysis and territory falls within the zone of risky agriculture, drought monitoring,
monitoring, hydrothermal vegetation cover assessment, and the identification of change trends are
coefficient (HTC), grain of particular importance. The increasing frequency and intensity of dry
yield. periods lead to substantial losses in cereal crop yields, directly affecting

the country's food security.

Traditional methods for assessing agroclimatic conditions are based on
ground-based observations of air temperature and precipitation. Despite
their informativeness, these data are limited by the spatial discreteness
of the meteorological station network and do not fully reflect the spatial
diversity of drought conditions. In this regard, remote sensing (RS)
methods have gained particular importance, providing systematic and
spatially continuous monitoring of vegetation conditions.

Among the tools of remote sensing, vegetation indices have become
widely used for assessing vegetation dynamics, detecting stress
conditions, and identifying interannual variations.

The aim of this study is to assess the dynamics of vegetation and drought
conditions in the northern regions of Kazakhstan (Akmola, Kostanay,
and North Kazakhstan regions) for the period 20002023 using
vegetation indices, including the developed IVCI index, as well as to
verify it against ground-based agroclimatic indicators and cereal crop
yield statistics.
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Tyiinai cesaep: TYUIHAEME
CIyTHMKTIK KaIIBIKTBIKTaH Kanmartreiyg apuATeHyiHiH KYILIeoi MeH KYaHIIBLABIK

30HATAY, BereTarusiAbIK,

MHAEKCTEp, ociMAiK
JKarjalbIHBIH ~ MHTerpaaabl
nugexci (IVCI), KyaHIIBIABIK
KarjaildapblH Taajay >KoHe
MOHUTOPVHT,
TUAPOTEPMIIAABIK,
koadPurment (HTC), aonai
AAKbLAAapAbIH, ©HIMAiAITi.

KYOBLABICTapBIHBIH >KMideyi >KaFdailblHAa ©CiMAIK >KaMBLAFBICHIHBIH
Kall-KYy/iH TaaJay >KoHe OHBIH ©3repy YpAicTepiH alikplHAAy VILOiH
VMHTETpaAAbl BereTalMsAABIK MHAEKCTepAi o3ipaey MeH KOAJaHYABIH
MaHBI3Bl apTa Tycyde. 3epTTeyJe TYpAi BereTalisAbIK, MHAEKCTep aaici
naiigasanelaabl. Epekiile Hazap asTOpaap a3ipaAereH >kKoHe aAfall peT
Kasakcran aymarbiHAa KOA4aHBLAFaH ©CiMAIK XKaFAalibIHBIH MHTErpalabl
nngekcine (IVCI) ayaaporager. 3eprrey MODIS cnytHUKTIK gepekTepine
(MOD09Q1, 2000-2023 >kK.) Heri3jdeATeH >KdHe oJap >KepycTi
arpoKAMMAaTtThIK kKepceTkimTepiMen (CeAsSHMHOBTHIH IMAPOTEPMUSABIK,
K05} PUIMEeHTi) MeH A9HAL AaKblA4apAbIH ©HIMAIAIK CTaTUCTUKaChIMEH
caabIcTBIpBIAABL.  Taagay HoTmokecinde KocraHail —00ABICBIHAAFEI
MeTeocTaHIMAAApPABIH 75 %-aaH acrambrHda IVCI men HTC apacwiaga
KYILITi >KoHe ©Te KyIITi Koppeasums: ©Oainkaaabl, aa CoAaTycTik
Kasakcran >xeHe AkKMoOJa OOJABICTapBIHAA OpTallla >KoHe KYINTi
OaiiaaHpicTap OackiM 0044Bl. AKMOJAa OOABICHI OOJibIHINIA MaHH-
Kengaaa ceiHarer MeH CeH eHiciH Oarazay HoTipkeaepi 2000-2023
xblagap apaasirbiiga IVCI esrepiciniy cTaTUCTUKAABIK TYPFBIAQH MOHAL
Tepic ypaicin pacraapr, aa Kocranan sxene Coartycrik Kasakcran
0baBICTapBl OOVIBIHINA CHISBIKTHIK, TPEeHATep ©CiMAiKTepAiH >Karjaribl-
HBIH KaAIbl HamapAaysiH KepceTTi. IVCI < 0.3 mekTi MoHi 9kcTpeMaaast
KyaHIIBIABIK >KblagapbiH (2008, 2010, 2012, 2023) >koHe oOaAapablH
KeHIiCTIKTIK Tapaady aiiMaKTapbhlH aliKbIHJAayFa MYMKIiHAIK Oepai.
Ocpraanma, IVCI rmaporepmusasik KosGPUUMEHTTIH CIIyTHUKTIK
OGazamachl peTiHZe KapacTHIpBIABI, KazakcTaHAarsl —KyaHIIIBLABIK,
>KaFdaiidapblH MOHUTOPMHITEYAIH XKaHa Kypaabl 00ABII TabbLAaAbL.

Karouessie caoBa:

AHHOTAILIVS

AucraHyionHoe
30HAMPOBaHNe,
BereTarjIOHHbIe MHAEKCHI,
MHTeTPpaAbHBIN MHAEKC
ycaosuii Beretariuu (IVCI),
aHaAM3 M MOHUTOPVHT
3aCyIIAMBBIX YCAOBMUIA,
TUAPOTEPMIYECKNIA
koapPurment (I'TK),
YPO>KaltHOCTb 3€ PHOBBIX

KyAbTyp.

B yca0BMAX ycMAMBAIOIIENCS apuUAM3alMy KAMMaTa ¥ poCTa 4acTOTHI
3aCyIIAMBBEIX sBA€HUI OcoDoe 3HaueHMe HpuodOpeTaeT pa3paboTka u
IpVIMEHeHNe VHTeTpaAbHBIX MHAEKCOB BereTanuu AA4sl aHaAm3a COC-
TOSHUS PacTUTEABHOTO ITOKpOBa M BBLIBAEHMs TEHAEHIUI €r0 M3Me-
HeHMI1. B paboTe 11cr104p30BaH METOA pa3ANIHbIX BeTeTalllIOHHBIX MHAEK-
coB. Ocoboe BHMMaHIMe yAeAeHO MHAeKcy ycaosuii seretaruu IVCI,
pa3paboTaHHOMY aBTOpaMI U BIIepBhIe IPMMeHEeHHOMY 4451 TepPUTOPUN
Kasaxcrana. JccaeaoBaHne BEIIIOAHEHO Ha OCHOBE CITYTHUKOBBIX AQHHBIX
MODIS (MOD09Q1, 2000-2023 1T.), COIIOCTaBAEHHBIX C Ha3eMHBIMIU
arpoKAMMATUYeCKMMI IIOKa3aTeAsMu (TMAPOTepMUIECKUM KodPPu-
nreHToM CeAsIHMHOBA) Y CTaTUCTUKON YPOXKafHOCTU 3€ PHOBBIX KYABTYP.
Anaan3 mokasaa, yro B Kocranamckonm obaactu gas 0oaee 75 %
MeTeOCTaHIINII BBIsIBAEHA CUABHAs U OYeHDb CUAbHAsA KOPPEASLIVI MEXAY
IVCI n HTC, B Cesepo-Kasaxcranckoii 1 AKMOAMHCKOI 00aacTsax
peob4ajaroT yMepeHHbIe U CUAbHEIe 3aBucumoct. [IpnmMenenne tecta
Manna—Kenaaaaa n orieHku HakaoHa CeHHa 4451 AKMOAMHCKON 004acTi
TIOATBEPAVAY CTaTUCTIIECKN 3HAUMMYIO OTPUIAaTeABHYIO TeHAEHIUIO B
nsmernenun IVCI za mepmoa 20002023 11, a AmnHeiHbIe TPEeHABI AAs
Kocranarickoir n Cepepo-KasaxcraHckoit o64acTeii yKasplBalOT Ha oOI1iee
yXyalleHme ycaosuii sereTanym. Iloporosoe snavenme IVCI < 0.3
I103B0ANAO BBIAEAUTH TOABI KCTpeMaAbHBIX 3acyx (2008, 2010, 2012, 2023)
U TIPOCTPaHCTBEeHHBIE 30HBI MX IpOsBAeHMs. TakuM obpa3oM, MHAEKC
IVCI  moxer CIIyTHMKOBBII
TUAPOTEepMITIECKOTO Kod(pduIiimenTa U IMpeAcTaBAsSeT cOOOV HOBBIN

paccMaTpnBaTbHCII KakK aHaaor

VHCTPYMEHT MOHMTOPMHIA 3aCyIIAMBBIX yCAOBI/IIZ AN Kazaxcrana.
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INTRODUCTION

Drought phenomena are among the most significant factors determining the productivity
of agroecosystems and the resilience of agricultural production under climate change. For
Kazakhstan, the majority of whose territory falls within the zone of risky agriculture, drought
monitoring, vegetation cover assessment, and the identification of change trends are of particular
importance. The increasing frequency and intensity of dry periods lead to substantial losses in
cereal crop yields, directly affecting the country's food security.

Traditional methods for assessing agroclimatic conditions are based on ground-based
observations of air temperature and precipitation. Despite their informativeness, these data are
limited by the spatial discreteness of the meteorological station network and do not fully reflect
the spatial diversity of drought conditions. In this regard, remote sensing (RS) methods have
gained particular importance, providing systematic and spatially continuous monitoring of
vegetation conditions. Among the tools of remote sensing, vegetation indices have become
widely used for assessing vegetation dynamics, detecting stress conditions, and identifying
interannual variations.

The aim of this study is to assess the dynamics of vegetation and drought conditions in the
northern regions of Kazakhstan (Akmola, Kostanay, and North Kazakhstan regions) for the
period 2000-2023 using vegetation indices, including the developed IVCI index, as well as to
verify it against ground-based agroclimatic indicators and cereal crop yield statistics.

MATERIALS AND METHODS

Kazakhstan is located in the center of the Eurasian continent, spanning latitudes from 40°
to 55° N and longitudes from 45° to 87° E. The country includes several natural zones — from
forest-steppe to desert — and is characterized by a strongly continental climate. In the northern
regions, a moderately continental climate prevails, with sharp temperature fluctuations and
insufficient moisture.

A significant portion of Kazakhstan's territory belongs to arid and semi-arid climate zones,
where droughts of varying duration and intensity occur almost every year. These events lead to
a noticeable decline in grain yields, pasture degradation, and substantial economic losses in the
agricultural sector. More than 70 percent of the country’s croplands are located in the rain-fed
farming zone in the north, where agricultural productivity strongly depends on precipitation and
is highly vulnerable to climate risks. (Baisholanov S.S. et al. 2018). The principal grain-producing
regions are situated in the northern part of the country. The sown areas account for 24 percent of
the total area of Kostanay Region, 34 percent of Akmola Region, and 42 percent of North
Kazakhstan Region [VIII National Communication, 2022], Figure 1.
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Figure 1. Study area
Note — compiled by the authors
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Satellite Data
The study used MODIS Terra surface reflectance data (product MOD09Q1), obtained from
Band 1 (red range, 0.620-0.670 um) and Band 2 (near-infrared range, 0.841-0.876 um) with a

spatial resolution of 250 m. The MODIS composite algorithm produces 8-day images in which
the highest-quality observation for each pixel is selected, taking into account viewing angle, cloud

cover, shadows, and aerosol load. This minimizes atmospheric and optical distortions and
ensures consistency of the time series. To cover the entire territory of Kazakhstan, six tiles (21v03-
23v04) were used and merged into a single mosaic. The analysis covered the growing seasons
(April-September) from 2000 to 2023, and data processing and index calculations were carried
out in the ENVI software environment.

Ground Data

Verification of the satellite-based vegetation indices was carried out using ground-based
agro-climatic and statistical data. The Selyaninov Hydrothermal Coefficient (HTC) was
calculated for each year from 2000 to 2023 using temperature and precipitation records from
meteorological stations of the Kazhydromet network (meteo.kz). In addition, district-level grain
yield statistics for the same period were obtained from official sources of the Bureau of National
Statistics of the Republic of Kazakhstan (stat.gov.kz).

Research methods

To identify the characteristics of each current season, ground measurements and
vegetation indices are used, Table 1, 2.

Table 1. Satellite indices used in space monitoring of vegetation cover in Kazakhstan

Name Formula and ranges Purpose Comment
. NDVI quantifies NIR is the reflectance in
Normalized . . .
. __ NIR-RED differences in reflectance the near-infrared band
Difference NDVI = :
. NIR+RED under favorable and and RED is the
Vegetation . .
stressful vegetation reflectance in the red
Index (NDVI) [-1; 1] . .
conditions and is used to band
(Rouse J. W., .
monitor seasonal changes
1973) .
in plant health
NDVIi, NDVImin and
DVI
. . Analysis of the impact of NDV max correspond
Vegetation VCI = NDVIi = NDVImin weather conditions on respectively to the
g . NDVImax — NDVImin . . instantaneous NDVI and
conditions index vegetation during the . . ..
. the pixel-wise minimum
VCI (Kogan 0:1 growing season; .
[0;1] o and maximum NDVI
F.N., 1997) characteristics of weather
. 1 .\ values observed
and humidity conditions .
throughout the entire
multi-year time series
Integrated IVI represents the
Vegetation IVI = Z NDVI(t) Analysis of inter-seasonal | accumulated NDVI over
Index IVI t- number of days in the changes in vegetation a specified period of time
(Spivak, L. et al. season conditions
2009)
IVIi, IVImin, and IVImax
IVIi — IVImin - t, mini d
Integral index of VCl= —————— Analysis of inter-seasonal curre.n funimum an
) [VImax — IVImin . . maximum values for
vegetation changes in the impact of . .
o o\ each pixel on a given
conditions IVCI 0;1] weather conditions on .
. [0; . date across the entire
(Spivak L., 2009) vegetation . .
multi-year observation
period
Note — compiled by the authors
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Table 2. The HTC calculated from ground-based temperature
and precipitation measurements

Formula and
Name Purpose Comment
ranges

Standard (detailed) classification:

Charactere the\ 1 < 03 — very severe drought (extreme
moisture  supply drought)
level 0.3<HTC<0.5 — severe drought

Selyninov R - the total

0.5 <HTC<0.75 — moderate drought
0.75 < HTC < 1.0 — mild drought / almost
normal

Hydrothermal precipitation  (in

Coefficient (HTC) millimeters) during

HTC = R*10/%t

(Handbook of the period with . .
< _

Drought - WMO, temperatures above 19[2 EIF{E <12 ;ufﬁ?;ent humidity

2016) +10 °C; Tt - the sum | 1) > — very humt

Simplified (often used) scale:

HTC<0.5 — drought

0.5-1.0 — normal/satisfactory conditions
HTC>1.0 — wet

of air temperatures
(°C) over the same
period

Note — compiled by the authors

In this study, the analysis of vegetation condition and changes was carried out using
vegetation indices calculated from MODIS satellite data. These indices represent mathematical
combinations of spectral reflectance characteristics in the red and near-infrared bands, allowing
for a quantitative assessment of vegetation status in each pixel of the satellite image (Kogan, F.,N.
1990, Kogan, F.,N. 1994, Kronberg, 1988). Both classical indices (NDVI, VCI) and integral indices
(IVL, IVCI) were applied, with the latter developed by the authors and used for the first time for
the territory of Kazakhstan. As shown in (Vitkovskaya et al., 2024) the use of integral indices
made it possible to assess the interannual dynamics and trends of vegetation seasons, as well as
to identify periods and regions with extreme drought conditions. An important advantage of
these indices is their simplicity of calculation.

When applied in Kazakhstan for the first time, this approach enables detection of the
spatio-temporal patterns of drought and the ranking of growing seasons by the degree to which
weather conditions affected them (Vitkovskaya et al., 2024).

As (Handbook of Drought - WMO, 2016) notes that the VCl is a primary tool for monitoring
drought conditions; it enables assessment of how drought affects vegetation and the
determination of the onset, duration, and severity of droughts. VCI is one of the central remote
sensing tools for detecting and monitoring drought. The use of VCI in remote sensing helps to
understand drought dynamics and to develop mitigation and adaptation measures; the
methodology has been tested for Kazakhstan (Gitelson A., et al., 1995; Kogan F., et al., 2003). In
practice, a VCI<0.3 (Kogan, 1997) is generally interpreted as indicating drought, and digital VCI
maps enable visualization of areas of vegetation stress. Both indices are recognized as classical
remote sensing tools and have been widely validated.

These integral indices are used to assess long-term vegetation dynamics: they identify
trends of change, rank vegetation seasons by climatic conditions in a multi-year series, and are
applicable for long-term forecasting. The Integral Vegetation Conditions Index (IVCI), developed
by the authors, is intended to analyze interseasonal variations in the influence of weather on
vegetation.

The IVCI index, as an interseasonal analogue of the VCI, is used to analyze drought
dynamics and to assess their spatial extent and intensity based on satellite data. It enables ranking
vegetation seasons by climatic conditions within a multi-year series and comparing the intensity
and duration of droughts across different seasons. Digital IVCI matrices allow visualization of
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zones with degraded vegetation conditions and quantitative estimation of their area, which is
important for ecosystem monitoring.

Digital IVCI matrices offer a powerful way to map the spatial distribution of areas with
degraded vegetation and to quantify the extent of those zones —information that is crucial for
ecosystem monitoring and assessment. A threshold value of IVCI < 0.3, analogous to the
Vegetation Condition Index (VCI) cutoff, is used to flag regions that experienced climatic stress
during the growing season. Long-term index time series are essential for detecting changes in
land-surface conditions and for separating climatic trends from short-term weather variability. It
should be noted that studies using integral indices, which summarize each vegetation season
within a long-term dataset, remain very rare.

Long-term indexes time series are a key requirement for analyzing changes in land surface
conditions and for distinguishing the influence of climatic trends from short-term weather
fluctuations. At the same time, studies using integral indices that characterize the entire growing
season within a long-term observational series are extremely rare.

The process of aggregating data from diverse observational systems is characterized by its
own set of unique attributes and challenges.

1. Ground-based meteorological measurements, acquired from a sparse and
geographically uneven network of observation stations, constitute point-based data collected at
discrete intervals throughout the day, including nocturnal observations. To extrapolate values
between these discrete nodes, interpolation techniques are employed; however, such procedures
inevitably entail a degree of data loss and concomitant reduction in precision. In characterizing
the impact of atmospheric conditions on vegetation dynamics, particularly in the assessment of
drought severity through ground-based observations, a variety of indices are utilized as input
data. These indices include, for example, the Selyninov Hydrothermal Coefficient (HTC), the
Standardized Precipitation Index (SPI), and the Palmer Drought Severity Index (PDSI)
(Handbook of Drought 2016), all of which are derived from time series of mean monthly or daily
air temperature and monthly precipitation totals.

2. Satellite data provides systematically updated and spatially continuous information,
making them indispensable for monitoring and analyzing vegetation cover. In addition, the
availability of long-term archived data sets allows for retrospective research. Access to low-
resolution data is provided free of charge, which expands the possibilities of their use for scientific
and applied purposes.

Remote sensing methods based on the analysis of reflectivity values in the red and near-
infrared spectral ranges, as well as in the thermal range, make it possible to calculate vegetation
indices. These satellite-based indices are integral indicators of vegetation conditions that correlate
with temperature and humidity conditions during the growing season.

Drought indices calculated on the basis of contact measurements of temperature and
precipitation at meteorological stations and vegetation indices obtained from satellites are two
complementary tools for analyzing the state and dynamics of vegetation cover. The possibility of
establishing correlations between these indices is due to common environmental factors that
affect the state of vegetation.

To compare point-based ground data from meteorological stations and spatially
distributed satellite data, a methodology was developed that includes the use of a digital matrix
of the vegetation index (IVCI). This technique, described in the work (Spivak F., et al, 2016),
allows for a detailed analysis and integration of data obtained by various methods, which helps
to increase the accuracy and reliability of research results.

To validate the proposed integral indices IVI and IVCI, they must be compared with
ground observations. The comparative analysis was conducted using correlation analysis and the
Chaddock scale (Orlov, 2004). This methodological approach facilitated the quantitative
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evaluation of the strength and nature of the relationship between the examined values. The
results are presented in Table 3, which underscores the robustness of the correlation findings and
their relevance to the research objectives.

Table 3. Strength of Relationship and Correlation Coefficient Value

Correlation Coefficient Strength of Relationship
091-1 Very Strong
0.81-0.9 Fairly Strong
0.65-0.8 Strong
0.45 —-0.64 Moderate
0,25-0.44 Weak
<0.25 Very Weak
«+» Direct Relationship «—»Inverse Relationship
Note — compiled by the authors

RESULTS AND DISCUSSION

Establishment of Correlations Between Terrestrial and Satellite-Derived Drought Indices

Establishing correlations between ground-based and satellite drought indices is important:
comparing satellite-derived vegetation indices with parameters calculated from ground-based
data is necessary to confirm their adequacy in describing processes within the vegetation cover.

Satellite indices were validated by comparison with ground data: Selyninov HTC time
series (a measure of moisture supply) (meteo.kz) and district cereal yield statistics.

The time ranges for calculating HTC and IVCI were chosen to be identical —-May to August
of the vegetation season. For a detailed joint analysis of the IVCI and HTC indices, 38
meteorological stations located in the northern regions of Kazakhstan were selected. The results
of correlation coefficient calculations between the long-term Integral Vegetation Condition Index
(IVCI) and HTC for each meteorological station in the northern regions of Kazakhstan over the
observation period 2000-2023 are presented in Table 4.

Table 4. Link between integral vegetation status and hydrothermal drought index

Kostanay Region Akmola Region North Kazakhstan Region
Station Corrella.tion Station Corrella.tion Station Corre.la.tion
coefficient coefficient coefficient

Amangeldy 0.09 Akkol 0.30 Blagoveshchenka 0.73
Bestau 0.45 Arshaly 0.43 Bulaevo 0.70
Dievskaya 0.75 Astana 0.57 Chkalovo 0.51
Karamendy 0.71 Atbasar 0.69 Kishkenekol 0.60
Ekidin 0.58 Balkashino 0.48 Petropavlovsk 0.40
Zheleznodorozhny 0.82 Ereymentau 0.78 Sergeevka 0.59
Zhitikara 0.70 Yesil 0.66 Tayynsha 0.64
Karasu 0.85 Zhaksy 0.85 Timiryazevo 0.54
Karabalyk 0.67 Zhaltir 0.65 Vozvyshenka 0.66
Kostanay 0.78 Kokshetau 0.65 Yavlenka 0.51
Kushmurun 0.82 Stepnogorsk 0.70
Mikhailovka 0.72 Shchuchinsk 0.75
Presnogoryevka 0.80
Rudny 0.71
Tobol 0.73
Sarykol 0.80
Note — compiled by the authors
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Kostanay Region recorded the highest correlations, with over 75% of stations classified as
having strong or very strong relationships. North Kazakhstan showed mainly moderate
correlations (~50% of stations) and a substantial share of strong correlations (~40%). Akmola was
dominated by moderate correlations (=60%), with strong correlations at roughly 20% of stations.

As for example, a comparison of the vegetation index IVCI with the HTC for several
selected districts (Zhaksyn district Akmola region and Auelikolsky district Kostanai region) is
presented in Figure 2.

Zhaksyn district, Akmola region Auliekolsky district, Kostanay region

Figure 2. Changes in the HTC coefficient and the IVCI vegetation index (2000-2023)
Note — compiled by the authors

Consequently, the IVCI may be adopted as a remote-sensing proxy for the HTC, facilitating
quantitative evaluation of weather-driven vegetation changes when terrestrial data are lacking.
Correlation coefficients between the indices and cereal crop yields for multiple districts in
northern Kazakhstan (2000-2023) are presented in Table 5.

Table 5. Statistical Association between Integral Vegetation Condition
Index and Cereal Yield Averages in Northern Kazakhstan

Correlation Coefficient Strength of Relationship
Region District Between IVCI and Cereal .
. According to the Chaddock Scale
Crop Yields

Kostanay Zhitikarinsky 0.68 Noticeable

Region B. Mailin 0.65 Noticeable
Kostanay 0.39 Moderate
Auelikolsky 0.63 Noticeable
Denisovsky 0.72 High
Kamystinsky 0.77 High

Akmola Zhaksynsky 0.44 Moderate

Region Esilsky 0.72 High
Atbasarsky 0.54 Noticeable
Bulandinsky 0.45 Moderate
Yegindykol 0.54 Noticeable
Birzhan Sal 0.79 High

Note — compiled by the authors

Analysis of correlation relationships between crop yield data for 12 districts across two
regions showed the following: 33% of the analyzed data demonstrated a high degree of
correlation, 42% a noticeable degree, and 25% a moderate degree (according to the Chaddock
scale). The obtained correlation values were lower than those between HTC and IVCI, which may
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be explained by inaccuracies in statistical yield data. A comparison of IVCI and cereal crop yields
for two selected districts (Auelikolsky district Kostanai region and Karabalyk district Akmola
region) is presented in Figure 3.

Auliekolsky district, Kostanay region Karabalyk district, Akmola region

0%0 15,00
080
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0,20
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Figure 3. IVCI and average grain yield: temporal comparison (2000-2023)
Note — compiled by the authors

Peculiarities of the Integral Index of Vegetation Conditions IVCI

Index IVCI effectively measures temporal changes in vegetation, allowing trend analysis
and identification of extreme seasons driven by weather. Developed as a multi-season VCI
analogue (Kogan, 1990; Spivak et al., 2008), it detects and rates drought extent/intensity from
satellite data. The IVCI allows for the ranking of growing seasons based on weather conditions
in a multi-year data series. An IVCI < 0.3 flags areas under season-long stress. Mapped IVCI
values show drought-affected zones in northern Kazakhstan (Figure 4).
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Figure 4. Temporal composite maps of IVCI for chosen growing seasons
in northern Kazakhstan
Note — compiled by the authors

Digital IVCI rasters facilitate the spatial delineation and geolocation of areas exhibiting
reduced vegetation condition and enable area calculation. Multi-annual IVCI distributions are
used to evaluate entire growing seasons and to flag regions with IVCI < 0.3 as season-long
vegetation stress.

According to remote sensing data analysis, the years 2002 and 2016 were characterized by
the most humid growing seasons across Kazakhstan as a whole. The regions exhibiting the lowest
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Integrated Vegetation Condition Index (IVCI) values included: in 2006, the southern part of the
Kostanay region; in 2008, approximately two-thirds of the studied area, excluding the northern
portions of the Kostanay and North Kazakhstan regions; in 2010, all northern regions of
Kazakhstan experienced a severe drought, which was one of the most intensive drought events
in the period from 2000 to 2023; and in 2012, the most severe drought in the period from 2000 to
2023 affected all northern (agricultural) and central (pastoral) regions of the republic, leading to
significant ecological and economic consequences.

In the context of time series analysis, it is crucial to identify patterns of long-term changes.
The underlying trend represents the general pattern of a phenomenon over an extended period,
irrespective of random fluctuations. Fluctuations, on the other hand, refer to deviations from this
general trend during specific time periods.

The multi-year IVCI values for the growing seasons spanning May to August in the
northern regions of Kazakhstan for the period from 2001 to 2023 are presented in Figure 5.

08

08

Region & Trend Equation

=+ Akmala; y = -0.0107x + 22.02

== Kostanay: y =-0.0107x + 21.87

== North Kazakhstan: y = -0.0078x + 16.19

W

0.4

0.2

2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year

Figure 5. Long-term IVCI values for the territory of the
northern regions of Kazakhstan, 2000-2023
Note — compiled by the authors

The graph shows an IVCI value of less than 0.3, which corresponds to arid conditions.
Based on this, according to remote sensing data, the following vegetation seasons can be classified
as dry to varying degrees: 2008, 2010, 2012, 2023 in Akmola region, 2010, 2012, 2019, 2021 in
Kostanay region, 2010, 2023 in North Kazakhstan region.

There is a pronounced negative trends towards a decrease in IVCI values. IVCl linear trend
equations (2000-2023): y =-0.0107-x + 22.0174 (Akmola Region); y = -0.0107-x + 21.9680 (Kostanay
Region); y =-0.0078-x + 16.1885 (North Kazakhstan Region).

The coefficient k in the linear trend equation (y = k*x + b) of the IVCI index distribution
characterizes the rate of change in the state of vegetation cover. The highest values of the
coefficients for negative IVCI index trends were observed in the Kostanay and Akmola regions.
A similar approach is described in (Al Nadabi, et al. 2024).

Analysis of the IVCI Trend in the Akmola Region Using the Mann—Kendall Test and Sen’s Slope
(2000-2023).



1-tom, 1-Hemip, Hayph13, 2026.
Tom 1, Ne 1, mapt 2026. -109 -
Vol. 1, Issue 1, March 2026.

EKTU JOURNAL OF
ENGINEERING
SCIENCES

To assess the direction and stability of changes in the Integral Vegetation Condition Index
(IVCI) over the period 2000-2023, a nonparametric trend analysis was performed using the
Mann-Kendall (MK) test and Sen’s slope estimator (Mann, H. B., 1945). This method is widely
applied to time series data, particularly in ecological and climatic studies, due to its robustness
against outliers and lack of assumptions regarding data normality.

The results of the Mann-Kendall test and Sen’s slope estimation for the time series of
annual average IVCI from 2000 to 2023 are presented in Table 6. According to the Mann— Kendall
test, the obtained 1 coefficient = —87.000 indicates the presence of a negative trend in the series of
annual IVCI values. The p-value = 0.03239 confirms the statistical significant of this trend at the
a = 0.05 level. The Z-statistic = -2.1396 also indicates a downward trend, significant within the
critical range of the standard normal distribution.

The Sen’s slope estimator showed that IVCI decreased on average by 0.01023 units per
year. The 95% confidence interval for the slope was from -0.02083 to —0.00091, which does not
include zero and therefore confirms the stability and reliability of the observed negative trend.

Table 6. Results of the Mann—Kendall Test Application

Indicator Value
1 Coefficient (Mann—-Kendall) —-87.000
p-value 0.03239
Z-statistic -2.1396
Sen’s Slope (units/year) -0.01023
95% Confidence Interval (Lower Bound) -0.02083
95% Confidence Interval (Upper Bound) -0.00091
Note — compiled by the authors

Figure 6 presents the annual mean values of IVCI, plotted based on Sen’s slope estimation.

Average IVCT over Akmola Region (2000-2023)
Statistically significant dowmward trend (p = 0.0324)

Average [VCI

==== Trend lme

NCI

Year
[

Figure 6. Averaged IVCI over the territory of the Akmola Region
and the trend line (linear regression) for the period 2000-2023
Note — compiled by the authors

The dynamics of the annual mean IVCI values presented in Figure 6 clearly demonstrate a
long-term weakening of vegetation activity in the Akmola Region. A distinct downward trend is
observed, with local fluctuations corresponding to years of extreme drought. The combined
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application of the Mann-Kendall test and Sen’s slope estimator revealed a statistically significant
and consistent decline in IVCI values in the Akmola Region over the past two decades. Analysis
of Figure 6 confirms that the periods of most pronounced vegetation stress occurred in 2008, 2010,
2012, and 2023, and that even after short-term improvements, the overall trend remains negative.
The identified negative trend reflects the intensification of arid processes and the degradation of
vegetation cover, highlighting the high sensitivity of the Integral Vegetation Condition Index
(IVCI) to climatic fluctuations.

Thus, the IVCI index can be regarded as a reliable indicator of long-term changes in
vegetation condition and a valuable tool for assessing the consequences of aridization in the
northern agricultural regions of Kazakhstan.

CONCLUSION

The validation of the proposed Integral Vegetation Condition Index (IVCI) has
demonstrated robust empirical support. Satellite-derived data were meticulously cross-validated
against field-based metrics, specifically the Selyninov Hydrothermal Coefficient (HTC) and
agricultural yields in non-irrigated regions where crop production is solely dependent on
meteorological variables such as precipitation and temperature. This rigorous cross-validation
process is essential for ascertaining the accuracy and reliability of remote sensing monitoring
techniques. The high degree of correlation between satellite-derived vegetation indices and
ground-based measurements underscores the efficacy of these techniques in providing accurate
assessments of vegetation health and productivity.

The research confirmed the high informativeness of vegetation indices for assessing
vegetation condition and identifying its change trends across Kazakhstan. The IVCI index, which
was first developed by the authors to monitor the state of vegetation in Northern Kazakhstan,
proved to be very effective. Its comparison with ground-based data — the Selyninov
Hydrothermal Coefficient and statistical data on cereal crop yields — revealed significant
correlations, confirming the reliability and practical applicability of the proposed methodology.

The application of the Mann-Kendall test and Sen’s slope estimator made it possible to
identify a statistically significant negative trend in IVCI changes in the Akmola Region, while
linear trends for the Kostanay and North Kazakhstan Regions also indicated a deterioration in
vegetation conditions during 2000-2023. The use of the threshold value IVCI < 0.3 allowed the
identification of years with extreme droughts (2008, 2010, 2012, 2023).

The study deduced from the long-term distribution of the IVCI index that the negative
trend in this index indicates an increase in the adverse effects of weather on vegetation.
Furthermore, the long-term distribution of the IVCI index clearly identifies the vegetation seasons
most severely affected by drought, which are suitable for further investigation.

The IVCI index can be considered a satellite analogue of the Hydrothermal Coefficient
(HTC) and serves as a new tool for assessing and monitoring drought conditions in the
agricultural regions of Kazakhstan. The obtained results demonstrate the potential of using this
index for operational assessment of agroclimatic risks and yield forecasting under limited ground
observations.

A promising direction for future research is the integration of IVCI with climate models
and higher spatial resolution datasets (e.g., Sentinel, Landsat) to refine the spatial structure of
drought phenomena and assess their impact on agroecosystems.
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Karouessie caoBa:

AHHOTADI VS

BDLI, cucrema MakcyToBa,
[Iapa3uTHOe  U3Ay4eHue,
A33, 0Oaenaa, Zemax
OpticStudio,
KaTaAMOIITpIIecKast
ONTUYECKas CUCTEMaA.

B craThe mpescTaBAeHEI pe3yAbTaThl MCCA€AOBAHMS IO MOAEAUPOBaHUIO,
pacJdeTy 1 MMHMMU3aLNY TTapa3UTHOTO 3AyJeHMs B KaTa MO TPUIeCKIX
ONITUYECKMX CHCTeMaX, MCIO0Ab3YeMbIX B CIIYTHMKOBEBIX CMCTeMaXx AMCTaH-
LIMIOHHOTO 30HAMpOBaHUA 3eMAn. B KadecTse mccaelyeMoro oObeKTa
BpIOpaHa KOMIIaKTHasl omnrtmdeckass cucrema BDLI, mocrpoeHHast 1o
omntuyeckort cxeme Maxkcyrosa. Ileaplo paboThl sABAsSETCA OIleHKa
9P PeKTUBHOCTY KOHCTPYKTUBHBIX PeIeHN I IO CHIKeHNIO TTapa3uTHOTO
U3AY9eHUs U aHaAWU3 BOZMOXKHOCTHU UX IIPUMEHEHN B YCAOBUAX OTpaHU-
9eHHOro oObeMa I Macchl KOCMIYECKOTO aIlllapara.

Aas aHaam3a pacIIpoCTpaHeHNs pacCessHHOTO CBeTa MCII0Ab30BaACsT METO
0OpaTHOI TPacCUPOBKI Ay4Yeli B IporpaMMHOII cpede Zemax OpticStudio,
9TO IIO3BOANMAO BBLABUTH OCHOBHBEIE TIapa3UTHBIE TPaeKTOpUM U
pa3paboTaTb MepHI 10 X 6A0KMPOBaHNIO. BBLAY MICCA€A0BaHBI pa3ANIHEIE
reoMeTpudeckue KoHpurypanum 01€HJ, a TakXkKe IIPOaHaAM3UPOBaHO
BAMSHIE CBETOIOTAOWIAIONIUX M AMDAEKTpUdIecKuxX MOKpeTuit. Ilo
pe3yapTaTaM MOAEAMPOBaHUS YCTaHOBAEHO, YTO YPOBEHb ITapa3MTHOTO
M3Ay9eHUs MOKeT OBITh cHIDKeH 40 1,9 % Ha Kpalo 1moas 3peHus U A0
0,15 % Ha omTmyeckoll ocu. BrIIToAHEeHHOe cpaBHeHMe ¢ cucTeMoii 6oaee
KoHUTYyparum
MIPOCTPAHCTBEHHOTO pa3MeITieHNs] KOMIIOHeHTOB Ha 9(PQPeKTUBHOCTb

CAOYKHOM 110ATBEPANAO 3HauYnTEeAbHOE BAVSIHUIE
DKpaHMPOBaHM. HOAy‘{eHHI)Ie AaHHbIE MOTYT OBITh MCITOAB30BAHBI npn
MIPOEKTUPOBaHNN KOMIIAKTHBIX BBICOKOTOYHBIX OIITMYECKIX HpI/I60pOB

AAsl KOCMIYeCKIX CCTeEM HaGAIOAeHI/I}I 3eMan.

Tyninai ce3aep:

TYVNIHAEME

BDLI, Makcyros onTuka-
ABIK, cyA0achl, TapasuTTiK
coyae XKK3,
Daenpa, Optic-
Studio, xaTagnoONTPUAABIK

LIBIFAPY,
Zemax

Xyiie.

bya makazaga Xepai KalIbIKTHIKTaH 30HATay¥a apHaAFaH CITyTHUKTIK
Kylledepae KOAAaHBLAAThIH KaTaAMOITPUAABIK ONTUKAABIK XKYlieaepaeri
MapasUTTIK cayAe IIbIFapy IIPOLeCTePiH MoJeabdey, Taljay >KoHe
TOMeHJAeTy HOTIDKeAepi KapacThlpblldaabl. 3epTTey HBICAHBI peTiHAe
MaxkcyToB ONTHKaABIK CyAOachl HeTidiHAe KypacTBIpBIAFaH BIKIIaM
BDLI onTtukaaslk >Xyiieci Ta4aaabl. 3epTTey4iH MaKcaThbl — ITapa3UTTiK
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coyaeaeHyAi a3aliTyFa OaFpITTaAFaH KOHCTPYKIIMAABIK, IeIIiMAepAiH THiM-
Alairin Oarazay >KoHe oAapAbl FapBIII allllapaTTapblHJa IIeKTeyAi KeaeM
MeH Macca >KaFaalbiHAa K0AAaHy MYMKIHAITiH aHBIKTay O0ABII TaObLAaABI.
ITapasuTTiKk >KapbIKTBIH Tapady >KOAJapblH Taaday YIIiH Zemax
OpticStudio 6araapaamaarik opTaja Kepi TpaccupoBKa 94ici KOAJaHBLAABL,
Oya Herisri mapasMTTIK TpaeKTOpMsAAapAbl aHBIKTAIl, OAapAbl TUiMAL
OereiiTiH IIapadapAbl 93ipaeyre MYMKiHAIK Oepai. OpTypai OaeHaa
reoOMeTpusAaphl, COHAAN-aK >KapbIK CiHIpeTiH >KoHe AUDAeKTPAiK
>KaOBIHAAPABIH TUIMALAITI 3eprTeadi. Mogaeabaey  HaTHIKeaepi
KOpCeTKeH ell, MapasUTTiK caye IIbIFapy AeHrelli kepy epiciHiH meTiHae
1,9 %-ra getiiH, aa onTuKaAbK och HoiteHAa 0,15 %-Fa AeitiH TemeHaeyi
MyMKiH. Kypaeai xondurypanmsasarsl >XylieMeH CaABICTBIPY KeHiCTikTe
OIITUKAABIK KOMIIOHEHTTePAi AYPhIC OPHAAaCTLIPYABIH DKpaHAay TUiMAidi-
rine eaeyai acep ereTiHiH kepceTTi. bya netmkeaep Xepai raprimitan
OakplaayFa apHaAFaH BIKIIAM opi SKOFaphl  A9AAIKTi  ONTHMKAABIK
KYPbLAFbLAapAbl >KoDadayaa KOAJaHyFa KapaMAbl a4ic 604bII TaObLAaAbl.

keywords: ABSTRACT

BDLI, Maksutov design, This article presents the results of a study on the modeling, calculation, and
stray  radiation, Earth mitigation of stray radiation in catadioptric optical systems used in
remote sensing, baffle, satellite-based Earth remote sensing applications. The object of
Zemax OpticStudio, investigation is a compact optical system, BDLI, based on the Maksutov
catadioptric optical system. optical design. The objective of the study is to evaluate the effectiveness of

design solutions aimed at reducing stray radiation and to assess their
feasibility under the strict volume and mass constraints of spacecraft.

To analyze the propagation of scattered light, a reverse ray tracing method
was employed using the Zemax OpticStudio software. This enabled the
identification of primary stray light paths and the development of effective
suppression measures. Various geometric configurations of baffles were
examined, along with the influence of light-absorbing and dielectric
coatings. Simulation results demonstrated that stray radiation can be
reduced to 1.9% at the edge of the field of view and to 0.15% along the
optical axis. A comparison with a more complex optical system confirmed
the substantial impact of spatial component arrangement on shielding
efficiency. The obtained findings may be applied in the development of
compact, high-precision optical instruments for satellite-based Earth
observation systems.

BBEAEHWE

[TapasuTHoe wM3aAydeHUe TIIpeAcTaBAsieT COOOI OAHY M3 BaKHEHMIINX IpodJaeM,
BO3HMKAIOIINMX IpM pa3paOOTKe COBPEMEHHBIX ONTHYECKMX CUCTeM, IIpejHa3HauyeHHBIX, B
9JacTHOCTH, AAs TIOAE3HBIX Harpysok KocMmudeckmux ammapaTto (KA) amcrannmonsoro
3oHaupoBaHus Jeman (A33). Tenaenunms mununatiopusanum KA OpocaeT HOBbIe BBI3OBBI K
KOMITAaKTHOCTM OITMYECKUX CHCTeM, IIpM BTOM COXpaHAs MAM AakKe yAydllash KadecTBO
M300pa’keHNs, I0Ay4aeMOroO C MX MOMOIIbIO. V1 Bce Ooaee aKTyaAbHBIM CTAHOBUTCS BOIIPOC
IT0AaBA€HNS IIapa3UTHOTO U3AYJIEeHIs] B TaKMX ONTIYECKNX CICTeMaX, TaK KaK IIPOCTpaHCTBa AAs
KOHCTPYKTUBHBIX 9/1€MEHTOB CTaHOBUTCA Bce MeHblle. [lapasuTHoe mMsaydeHme CcBs3aHO C
He>keJaTeAbHLIM paccesiHeM WA OTpa’keHMeM CBeTa BHYTPM OIITMYEeCKMUX CUCTeM, 4TO
CYIIIeCTBEHHO yXyAIllaeT KayecTBO M300pa’keHNil, IPUBOAUT K IIOSIBAEHMIO LIyMOB I IIOMeX I
3aTpyAHsET IOCAeAYIONIyI0 00pabOTKy 1 aHaAU3 IOAYIEHHBIX JaHHBIX. OCOOEHHOCTh 4aHHOTO
SABAGHMSI COCTOMT B TOM, YTO OHO He TOABKO MCKa’kaeT KauyeCTBO KOHEYHBIX pe3yabTaTOB
Ha0AIOAeHNIT, HO U CHMDKaeT oOIyI0 9 PeKTMBHOCTh PabOTHI CITyTHUKOBBIX CIICTEM, OCOOEHHO
IpU SAPKOM OCBeIIeHHOCT HabAl0AaeMbIX OOBLEKTOB, HamIpuMep, IIpM JAHEBHBIX CheMKax
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rnosepxHoct 3eMan. AAsi CHVDKEHUs MAU IOAHOTO yCTpaHeHMs HeraTUBHBIX I1OCAeACTBUIA
MMapasuTHOTO U3Ay4eHUs pasdpaboTuMKaM IIPUXOAUTCA  IIPUMEHATbh  AOPOTOCTOSINe
TeXHOAOTMYEeCKNe peIleHns, 4YTO BedeT K YBeANYeHUIO CTOMMOCTM M YCAOXKHEHUIO
MPOeKTUPOBaHM: ONTHYecKuX Ipudopos. IlosToMy akTyaabHOI CTaHOBUTCA 3ajada Oo.aee
TOYHOTO aHaAM3a YPOBHA I WCTOYHMKOB IIapasUTHOIO M3AY4YeHMS AAd paspaboTKu
9 PeKTUBHBIX U MPAKTUIECKU IIPUMEHNMBIX METOAOB €T0 IT0AaBAEHIL.

ITormagaHne 3HaYUTEABHOTO MapPa3UTHOTO U3AyYeHNs Ha AeTeKTOp ONTUYECKON CUCTeMBI
rnoaesHon Harpysku /33 okasblBaeT KOMILA€KCHOe HeraTMBHOe BO3JeJICTBMe Ha KauecTBO
perucTpupyemMoro n3odpa>keHns1. Bo-1epspIx, IpOMCXOAUT CHYKeHMe KOHTpacTa N300 paskeHns
BCAEACTBME HaloXKeHNs1 (POHOBOTO CBeTa, UYTO 3aTPyAHs;eT BU3yalbHOe BblJeAeHMe JeTaleil U
yMeHbllIaeT AUMHAMMYECKMII AMala3oH cHUcTeMbl. DTO B CBOIO odepedb  yXyAlllaeT
IPOCTPaHCTBEHHOE paspellleHne, Jeaas HEBO3MOXKHBIM pacIlo3HaBaHMe MeAKUX OOBeKTOB U
CTPYKTYp Ha CHUMKe. Bo-BTOPEBIX, HEpaBHOMEPHOCTh paclpejeleHs apasUTHOTO M3AyJeHILs
I10 IOBEPXHOCTM AeTeKTOpa IIPUBOAUT K II0sIBAEHNIO apTe(paKTOB B Blie IPajueHTOB SPKOCTHU 1
AOKaAbHBIX  3aCBETOK, VCAOXKHSIOMIMX KaAUOPOBKY U TeOMeTPUYeCcKyl0 KOPPeKIIUIO
nsobpa>keHNnit. B-TpeTbux, mapasutHoe nsaydyeHne, o64ajast OTAMIHBIM OT ITOA€3HOTO CUTHaJa
CIIeKTPaAbHBIM COCTABOM, BHOCHUT JMCKa’kKeHMs B I[BeTollepejady, 4TO KPUTUYHO A4S 3ajad
CIIeKTPaAbHOTO aHaAM3a M MASHTMPUKAIMM MaTepualoB. B-ueTsepTrIX, yBeamdueHme ypoOBH:
IIyMa CHIDKaeT OTHOIIEHMEe CHUIHAA/IIyM, 4TO OIpaHM4YMBaeT BO3MOKHOCTb BBIAEAEHU
I1o4e3HoM MHpOpManuy U3 3alryMAeHHOro msodopaxenns. COBOKYIHOCTb Taknx 9pPeKToB
CYII[eCTBEHHO OTpaHMYMBaeT IPUMEHUMOCTD AaHHBIX /]33 4451 pelleHMs 3ajay pacllo3HaBaHUA
OOBEeKTOB, MOHMTOPHMHIA M3MEHEeHMII I KapTorpadupoBaHNs, IIOAYepKNBas aKTyaAbHOCTDL
MnccAeJOBaHMII, HaIlpaBAeHHBIX Ha pa3paboTKy 9(PQPeKTUBHBIX MeTOJ0B I10AaBAeHILI
MMapa3UTHOTO U3Ay4eHns B onTudeckux cucremax KA /33.

YuuThIBas BHICOKYIO YYBCTBUT@ABHOCTh ONTUYECKMX CUCTEM K IapasUTHOMY M3AYIEeHUIO,
0CODEeHHO B yCAOBMSIX OTPaHMYEHHOTO ITPOCTPaHCTBa M MOBHIIIIEHHBIX TpeOOBaHMUI K TOYHOCTH
nsMepeHnii, paspaborka 9PpPeKTUBHBIX METOAOB €r0 I0JaBAeHMsI CTAHOBUTCA IPUOPUTETHON
3agauent. JAas obecriedeHNs BBICOKOTO KauecTBa M300pa’keHMII M HaAeXKHOCTU JaHHBIX /33
HeoOXOAMMO He TOABKO YUMTHIBaTh IapasMUTHOe U3AyueHMe Ha STalle IIPOeKTUPOBaHUA, HO U
rAyOOKO aHaAM3MPOBATh MCTOYHMKIU €rO BO3HMKHOBEHN:, IyTU pacIpOCTpaHeHUs, a Takxke
orjeHnBaTh dPPEeKTMBHOCT Pa3ANMIHBIX CIIOCOOO0B €T0 MUHMMU3anui. B 9T cBsA31 Bece 6GoabIee
BHUMaHIe yJeAs1eTCsl COBpeMEeHHBIM MHKeHePHBIM U MPOrPpaMMHBIM II0AXOAaM K CHYDKEHUIO
ITapa3UTHOTO BO3AEVICTBIA B KaTagMONTPUIECKUX ONTIYECKNX CHCTeMax, 0COOeHHO IIpy paboTe
B UH(ppaKpacHOM AMala3oHe, IAe JAa’ke He3HayMTeAbHBIE pacCesHHbIE IIOTOKM MOIYT
CYIIIECTBEHHO MCKa3UTh CUTHAA OT cAabbIX McTOYHUKOB. OgHuM 13 Hambosee »PQPeKTUBHBIX
MeTOJ0B aHaAlM3a IIapa3WTHOIO M3AYJYeHMs B KaTajMONTPUYECKMX ONTUYECKUX CHcTeMax
SBAAETCS HeIlocAejoBaTeAbHasA TpacCHpOBKa Aydelt (non-sequential ray tracing). Kak moxaszaHo B
(Zhu et al., 2015), ee npuMeHeHNe B cOYeTaHMI C ONTUMU3ALVEN] DKPAHOB U UCIIOAb30BaHIEM
Ma/opaccenBalOINX MOKPHITUIL O3BOAsET J00UTHCA CyIIeCTBEHHOIO CHM>KeHMUsI Iapa3UTHOM
00ay4yeHHOCT! (POKAABHOI ITAOCKOCTIL.

PacimpennemM agaHHOTO MOAXOAa SIBASIETCS METOJ OOpaTHOM TpacCMpPOBKU U3 YTAOB
Aetektopa (corner-departure), paccmorpennsiii 8 (Hong et al., 2025), mossoasomuit BbISIBASITD
HecTaHJapTHBIE ¥ CAOXKHO IIPOTHO3MpYyeMble IyTH PacIpOCTpaHeHNs paccesiHHOTO CBeTa Py
CYIIIeCTBEHHO MEHBIINX BBIYMCAMTEABHBIX 3aTpaTax II0 CpaBHEHMIO C KAacCUIecKol
HEernocAe40BaTeAbHON TPAaCCMPOBKON AyYel.

B (Yeon et al., 2025) nposesena mapamerpuueckasi ONTUMM3ALINS TeOMeTpun OAeHA.
ITokasaHo, 9TO ga>ke HeOOABIIINE M3MEHEHNS VX AAVHEL M yIAa HaKJAOHa IIO3BOASIOT B 2,7 pasa
CHM3UTL BHyTpeHHee MapasuTHOe 00AydyeHIe AeTeKTopa, a Tak>Ke YMeHBIINTD YIoA MonalaHus
OpsIMBIX Ay4eli cseTa ¢ 55° g0 10°, cymjecTBeHHO moBbimas 5¢QQPeKTUBHOCTh MOAaBAHU KaK
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BHEIIIHETO, TaK M BHYTPEHHEro Iapa3UTHOIO U3AyJYeHNsl. BHyTpeHHMe MCTOYHMKI ITapa3UTHOTO
u3AydeHns1, popMupyeMble CaMUMM OIITUYECKUMM DAeMeHTaMU ¥ KOHCTPYKIIMET, IPUBAEKaIOT
Bce DOoapire BHuManus. YcraHosaeHo (Lu et al., 2024), uto BHyTpeHHee Tena0BOe M3AydeHNE,
BO3HMKaIOIIlee OT KOMIIOHEHTOB, padoTalomMX IpyM KOMHATHOM TeMIlepaType, sBASIeTCs
3HAYMMBIM MICTOYHIKOM ITapasuTHOro (poHa B MHPPaKPaCHBIX CHCTeMaX M MOKeT CyIleCTBeHHO
carpkaTh otHommeHre C/III, BiA0Th 40 ITOAaBA€HMSI IOA€3HOTO CUTHAA.

B (Fu et al., 2024) paccmarpuBaercs: puMeHeHMe A0KAaAbHOTO OXAaXKAEHMsI 3epKaad B
cocTaBe KaTaAMONITPUYECKON CHCTeMBlI AAs CHIUPKEHM: TeIlA0BOIO IIapa3sUTHOIO M3AydeHI.
Vcroab3oBaHMe KOMIAKTHOM KOHCTPYKIUM U BBICOKO®((PEKTUBHOTO X0A0AHOTO cToma (cold
stop) AeJaeT TakoIl ITOAXOZ IEPCIIEKTUBHBIM AAs MaAorabapMUTHBIX KOCMITIECKNX I1AaT$OPM C
OTpaHMYEHUAMU I10 Macce 1 DHEPIUML.

bozsee panmoHaabHBIE pellleHNsI BKAIOUAIOT IIaCCUBHBIE MepHI I10JaBAEHMs, TaKye Kak
ONTUMM3aNsI KOHCTPYKIIUM KOpIIyca, OAeH/ 1 DKpaHUPYIOITIX daeMeHTOB. I1og00HkIiT mogx04,
peaansosan B (Zou et al., 2022), rae cuHXpOHHAsT MHOTOIIO3UIIMOHHASI CICTEMa M3MEPEeHVsI
paccessHHOTO CBETOBOTO IIOASl C 3eHMTHBIM AMalla3oHOM *23,5° M yra0BBIM OXBaToM A0 68°
II03BO/1/a TOYHO OIINCATh IIPOCTPaHCTBEHHOE paciIpejeeHle Mapa3UTHBIX ITIOTOKOB. [Tpu aTom
AOCTUTHYTa MaKCUMaAbHas OTHOCUTeAbHasI IIOTPEITHOCTh M3MepeHns — He 6oaee 3,71 %. OgHako
peaamnsanys AaHHOTO MeToza Ha OOPTy KOCMIYeCKIX aIlllapaToB IT0Ka OrpaHIdeHa.

Vr>keHepHast ONTUMU3AL Vsl OIITIIECKON CXeMbl IoAy4naa passutue B (Zeng et al., 2020),
I€e C IIOMOIIBIO ITMOPUAHOTO MeToAa ObLAY ONTUMM3MPOBAHHI ITapaMeTphl 3epKala-KBaApUKI,
9TO [103BOANO 3HAUUTEABHO CHU3NUTD abepparnuy 0e3 yxXyAlleHNs pa3pelialoneil CltocobHOCTI
cucremsl. Jpyroi moaxoA, OCHOBaHHBIN Ha obOyuenun Heripoceteri (REBPNet), mpoaemon-
crpuposaH B (Li et al., 2025), rae HeitpoceTs agantupyercs 1o TeMIlepaTypHble KoAeOaHVs 1
KaanOpyeT ypoBeHb Tell10Boro ¢poHa. HecMoTps Ha epcrieKTUBHOCTD, TaKie METOABI TPeOyIoT
3HAYUTEAbHBIX BBIYMCAUTEABHBIX PECYpCOB M OOABIINX OOBEMOB OOYYaIOIIMX AAHHBIX, UTO
OTpaHNYMBAET UX YHUBEPCAABHOCTb.

B (Han et al., 2021) paccmorpeHa kaTaguontpudeckast CucreMa B COCTaBe KOCMIYECKOI
aazepront ycraHoBku (SLDR) aas yaasenmsa wmycopa, rae ocoboe BHUMAaHME YAeA€HO
[IOAAaBAEHUIO PaCCEesTHHOTO M3AydeHUs. [IprMeHeHbI MH>KeHEpHBIE METOABL ABYXCTyIIeHJYaTast
6aeH4a, OOKOBOE CMellleHMe ONTUYeCKOi OCH, MOADOP 4YepHBIX aHTUpedAeKCHBIX IOKPBITHUI
M ONTMMM3aINsA HampaBAeHNMs OTKPBITUA KPBIIIKM TeaecKonla. /aHHbIe MepBl ITO3BOANAN
AOCTUYDL YPOBHsA IIOJaBA€HUs Iapa3WTHOIO M3AydeHmsa nopsaika 107, 9ro aeMoHCTpupyer
9 PeKTUBHOCTS reOMeTPUIECKIX pelleHnI Ipu paboTe ¢ APKMMY 0OBbeKTaMI BHe 1015 3peHI.

Amnazornunsiii moaxoa npumerer B (Chunlei et al., 2019), rae aast aanHHOBOAHOBOI
nH}ppaKpacHO! KaTaAMOITPUYECKON CUCTEMBI IIPOBEAEHO MOJEeAMpPOBaHUE PacCcesiHHOTO
usaydenus B TracePro ¢ pacyetom PST 1 TenaoBbIX IIyMOB B AMana3oHe TemIreparyp ot 260 40
320 K. ITokasaHoO, 4TO ITp¥ OTKAOHEHUM OT OCU Ha yIOA, IIPEBbIIIaION Il KpUTUIECKUI, 3HaueHe
PST magaer Huxe 1078, 9TO cOOTBeTCTByeT TpeOOBaHMAM K q)OHOBOMy U3AYYEHUIO, a AAs
obecrieuennst (pOHOBOTO peXMMa HaOAIOAeHUs cAaObIX Iliedell HeoOXoAuMa KpMOTeHHas
crabnamnsanus TeMIepaTypbl CUCTEMBI.

IIpoaoakast TeMy TeIL10BOI yCTOMYMBOCTY MH(PPAKPACHBIX OIITUIECKUX CUCTEM, B paboTe
(Xing et al., 2019) paccmorpeHa KaTaaMOITpUYECKass CUCTeMa CpeAHero MH(QppPaKpacHOro
ananasona (MWIR), ontuMusuposaHHas 445 QYHKIMOHMPOBaHNS B IIMPOKOM TeMIlepaTypHOM
auamnasose oT —40 °C g0 +40 °C. baarogapst IpuMeHeHNIO aHAAUTUIECKIX MeTOA0B KOPPEeKIIUN
TENA0BOTO JAepOKyca M XpoMaTHdecKoi abeppanmy, a TakKe I100aAbHOM ONTUMM3aLlUNU
rmapamMeTpoB B IIporpaMMHOI cpede Zemax OpticStudio, yaaaocs obGecrreunts 100 %
9} PeKTUBHOCTH XOA10AHOTO DKPaHMPOBaHMS U BEICOKYIO CTabMABHOCTD (POKYCHOTO PacCTOSHIAS.

Taxum oOpasoM, HeCMOTpsI Ha IIMPOKUII CHEeKTP CYIIeCTBYIOIIUX pellleHMi, mpobaeMa
MapasyUTHOTO M3AYyYeHUs B KaTaAMOITPUYECKMX CHCTeMaX OCTaeTcsl aKTyaAbHON. MHOXecTBO
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MeTOJ0B, BKAIOYas HeIocAeA0BaTeABHYIO TPacCHMpPOBKY, ONTMMMU3AIIMIO DKPAaHOB U TEIL10BYIO
CTabMAM3aINIO, ITOKa3hIBAIOT P(PEKTUBHOCTD, HO YacTO TPeOYIOT 3HAUNTEABHBIX PECYPCOB AN
YCAOXKHSIOT KOHCTPYKIUIO. DTO NIOAYepKMBaeT HeOOXOAMMOCTh paspabOTKu Oolee yHUBep-
CaAbHBIX ¥ BKOHOMMYHBIX IT0AXOA0B.

ITeApI0 4aHHOTO MCCA€AOBaHMS SABAsIETCs pa3paboTKa M OINTMMU3ALVI METOAOB pacdeTa I
MMHMMM3aLUNY IIapa3UTHOTO M3AYYEeHMs B KaTajMONTPUIECKMX OITUYECKUX CHCTeMaX THIIa
MakcyToBa, IpUMEHSIEMBIX B COCTaBe IT0€3HBIX Harpy30K CIyTHUKOB A33. Aad AOCTVKeHUA
IIOCTaBA€HHOI IeAM JCIOAB3yeTCsl IporpaMMHoOe obecriedenne Zemax OpticStudio,
obecrieunBaloliee MOJAEAMPOBaHUE pacIpOCTpaHEHUs I1apa3UTHOIO CBeTa M IIpOBeAeHUe
TPacCUPOBKU Aydell C y4eTOM KOHCTPYKTUBHBIX M OIITUYECKUX XapaKTePVUCTUK CUCTEMBI.

MATEPUNAABI U METOABI UICCAEAOBAHNA

B pamkax aaHHOro mccaeioBaHmsl Oblia pacCMOTpeHa TeXHOAOTIMYecKas ONTHYecKas
roJe3Hasl Harpyska Kasaxcranckoro KA KazSTSat. OcHoBHOII 3a4adell pa3dpaOOTKM I101€3HOI
Harpy3Ku sBAs4ach OTpaOOTKa TEXHOAOIMI IOCTOOPabOTKM M300pa>keHUN AAA MOAyYEHUs
paspelleHns BBIIlE, YeM I103BOASET AUQPPaKLVOHHBIN IIpejel TeAeCKoIla, II09TOMY I10Ae3Has
Harpyska Hasbibaercst BDLI (Beyond Diffraction Limit Imager — xamepa c paspereHnem 3a
npedeaaMu ANPPaKLUMOHHOIO Ipejea). daHHas ontudeckas cucreMa BDLI cipoexTuposaHa
Ha OCHOBe OIITMYeCKOl cxeMbl MakcyTosa, BKAIOuamomeil cdepudeckue 3epkala U
KOppeKTUpyIoIle AMH3BL. BpIOOp Takmx cucreM 0O0ycAOBA€H WX KOHCTPYKTMBHBIMU
HIperMyIecTBaMI: KOMITIAKTHOCTBIO, MaABIMI MaccorabapUTHBIMU XapaKTePUCTUKaMH, a TaKKe
CI0COOHOCTBIO 9(PPEeKTUBHO CHIDKaTh XpoMmaTumdeckme 1 cdepndeckme abeppanny, dUTO
0CODEHHO Ba>KHO IIPY MCIO0Ab30BaHNN B CIIyTHIKOBEIX ITpubopax 44s1 433.

Mertoanueckas 4acTb MccAeAOBaHNs Oblla HallpaBJeHa Ha AeTaAbHBIN aHAaAU3 AM3aliHa
AAHHOVI OIITUYECKOII CYICTEMBI C 11€ABI0 BBLIBAEHNSI OCHOBHBIX IIPMYNH IIOTIaAaHNs IIapa3UTHOTO
nsAydeHns Ha AetekTop. CaesyeT OTMETUTD, YTO OOABIIIOe BHUMaHUE YAeA510Ch HEAOYIIIEHIIO
BO3pacTaHIsA CTOMMOCTU IIprOOpa, IIOSTOMY B IIePBYIO ouepelb pacCMaTpMUBaAMCh ONTIIECKIe
DAeMeHTHl CO CpepUIecKMMI TIOBEPXHOCTAMM, M IPOEKTUPOBIIUKAM yAaAoCh AOCTUYb
TpeOyeMOro KadecTBa M300pa’keHIs], MCII0Ab3Ys TOABKO cepuyeckie IIOBePXHOCTH 3epKaad U
auH3. [TpoBeaeH AeTaAbHBIN aHAAU3 TPAeKTOPUII PacIIpOCTpaHeHNs Aydeil BHYTPYU ONTUIECKON
CUCTEMBI C IIeABIO BBIABAEHNS ITyTeil pacHpOCTpaHeHMsI I1apasUTHOIO u3AydeHms. Aas
CHIDKEHISI €ro BAWAHMA OBLAM peaanM3OBaHBI MepHl, HallpaBJAeHHBIE Ha MHOTOKpaTHOe
OTpa’keHMe IMapasUTHBIX Aydell 40 MX IOIlajaHusd Ha AeTeKTOp, 9TO ITO3BOAMAO CyIIeCTBeHHO
0CcAabNUTh MX MHTEHCUBHOCTD.

AAsl TPOEKTUpPOBaHUs ONTUYECKON CHUCTEMBI M aHaAM3a I1apPa3sUTHOIO U3Ay4YeHIT
MCII0AB30BaACA CIIeaAu3POBaHHBIN IIPOTpaMMHBIN KoMmILaeke Zemax OpticStudio. Ontumn-
3amusa KOHCTPYKIIMM OINTMYECKON CHCTeMBI I103B0AMAa 0JAOKMpOBaTh 4acTh HeXKedaTeAbHOTO
MU3AYyYEHUs U OCAabOUTbh MHTEHCMBHOCTh OCTaBIIMXCA Aydeil. VccaeaoBana (Pp¢eKTUBHOCTH
HpUMEHEHNSI Pa3AMYHBIX TUIIOB aHTMOAMKOBBIX ITOKPBITMIL, HAHOCUMBIX Ha IIOBEPXHOCTU
OIITUYECKUX DAEMEHTOB, A5 [I0AaBA€HNS [1apa3UTHBIX OTPaskKeHMI.

Ha xa’xaoM sTame mposoamaach OIjeHKa A0AM Iapa3UTHOIO M3AY4eHMs OTHOCUTEABHO
MOIITHOCTH IT01€3HOTO CUTHAAa, a Tak>Ke IIpoBepKa BO3MOSKHBIX ITPAMBIX ITyTell pacIIpOCTpaHeHIs
cBeTa K AeTeKTopy. JON0AHUTeABHO OIleHNBaANCh 3PPeKTUBHOCT Pa3ANIHEIX 04€HA M BAUSIHIE
CBETOIIOIA0MIAIONIMX U AUDAEKTPUYECKIX ITOKPBITUIL Ha YPOBEHb ITapa3uTHOIO CBeTa.

PE3YAbTATBI U X OBCY>KAEHUE

KomImakTHEIE ONTIMYecKMe CUCTeMBl, TaKye KakK cyucreMbl MakcyTosa, 04arogapsi CBOUM
rabapuraM M KOoppeKIuu abeppaliiii, HaXOAAT INMPOKOe MpVMeHeHNe B KadeCTBe IT0Ae3HBIX
Harpy3ok KA A33. Oanako crnernuduka JaHHOM ONTUIECKON CXeMbl, OCOOEHHO B YCAOBMIX
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OTpaHMYeHHOIO IIPOCTPAaHCTBA U  BHICOKMX TpeDOBaHMII K KauecTBy U300pakeHmus,
o0ycaaBAMBaeT IIOBBIIIEHHYIO BOCHPUMMYMBOCTL K IIapa3UTHOMY U3AydeHMIO. /aHHas
npo6.1emMa IpOsIBAAETCS B BIAE CHVDKeHII KOHTPAaCTHOCTHM VM TOYHOCTH [10Ay9aeMBIX JaHHBIX, YTO
KPUTUYECKM BaXKHO AAs 3aJad TOYHOIO 3eMAeAeANs, MOHUTOPMHIA OKpY>KalOLeil cpeabl U
Apyrux npumenenui 433.

CaoxHOCTS 9P PEeKTUBHOTO 0AaBAEHN TAPA3UTHOTO M3 AyJeHN B ONTUIeCKIX CUCTeMaxX
MakcytoBa oOycaosaeHa psgoM (PakTOpoB. Bo-IepBhIX, KOMIIAKTHOCTh KOHCTPYKITUM
OrpaHMYMBaeT BO3MOXKHOCTH IIPMMEHEHNS TPaAULIMOHHBIX METOA0B, TaKMX KaK MCII0Ab30BaHe
6.1eHA 1 TIeperopooK. Bo-BTOphIX, HaaMIe MHOKeCTBa OTpaskalOIIX ITIOBePXHOCTel, BKAIOJas
3epKalda M AMH3BI, YBeAMYMBAeT BEpPOSTHOCTh IIepeoTpa’keHMil. B-TpeTbux, HOMOBITKU
pacIIypeHns: II0As 3peHNs YXyAIIaloT KOppeKiuio abeppaljuii M HPUBOAAT K yBeAMYEHMIO
Mapa3yUTHOTO M3Ay4eHNs OT BHEOCEBBIX MCTOYHMKOB. HakoHel, npegoTspalenue 3arpsa3HeHNs
ONTMYECKMX IIOBEPXHOCTEN B YCAOBIAX KOCMOCA OCTA€TCs CAOKHOM MHXXEHEePHOI 3aaderi.

JaHHOe mCcAejoBaHMe HaIlpaBAeHO Ha pa3pabOTKy HOBBIX MeTOAOB aHaaAms3a U
MMHMMM3AUMM  Tapa3UTHOIO M3AYyYeHNs, YUYMUTHIBAIOIIMX OCOOEHHOCTM  KOMIIAKTHBIX
onTHYecKux cucreM MakcyToBa. PaccmoTpennsle BapuaHTHl MMHMMM3ALMM  I1apa3UTHOTO
M3AYYeHUsI BKAIOYAAM ONTUMM3ALMIO T€OMEeTPUM ONTUYECKUX DAEMEHTOB, MCII0Ab30BaHME
CIIeMaAMU3MPOBaHHBIX ITPOCBETASIOMIMX MOKPBITUM M UCIIOAb30BaHUE MaTepualoB C HU3KUM
KOO(PPUIIMEeHTOM paccesHM:s, a TakKe KOMOWMHAIMM JaHHBIX pemreHnit. OTMeTmM, dYTO
pa3paboTKa HOBBIX MaTepualoB M IOKPHITUII He BXOAUT B 3aJadM uccaeaosaHus. B ycaosmsix
pacTyimieil KOHKYPeHLIMIM Ha pPBIHKe BBICOKOTEXHOJOTMYHONM KOCMUYECKONM IIPOAYKIIMI
pa3pabOTYNKM CIIyTHMKOBBIX CUCTEM CTPeMATCA O0OeceuynuTh MaKCHMMaadbHO BO3MOKHOE
KayecTBO II0Ay4YaeMBIX AAHHBIX, UTO JeJaeT 3ajadyy MUHMMM3aLUM IapasUTHOIO M3AYYeHVS
ocobeHHO axTyaabHON. Kpome Toro, moHmmanue IpMYMH €TI0 BO3HMKHOBEHM: U XapaKTepa
BAMSHIUS BaKHO 445 HayYHOTO COOOIIeCTBa, TaK KaK CIIOCOOCTBYeT IOBBLIIMIEHUIO TOYHOCTU U
HaAe>XKHOCT!U aATOPUTMOB 00pabOTKM M300pakeHn, II0AydaeMbIX C KOCMOca.

B xoae mpoekTmMpoBaHMS ONTHMYECKON CMCTeMBI OBLAM Y4TeHBI TpeOOBaHMSI MICCHUI,
nHTepdeiicsl ¢ apyrmMmu noacucreMamu KA, Bce BO3MOXKHBIE MeXaHMYeCKUE I TeIL10BbIe
Harpysku. Takum oOpasoMm Obplaa moayueHa omnTmdeckast cucrtema BDLI ¢ ¢okycHbIM
paccrossuneM 440 MM, guaMeTpoM BXOAHON amlepTypbl 27 MM U AAMHOM CHUCTEMBI BAOAD
onTideckol ocu He 6oaee 130 MM (Oe3 yyeTa KaMephl U KPeIeXXHBIX 91eMeHTOB). Xog Aydeil B
OIITMYECKOI cucTeMe IIpeAcTaBAeH Ha pucyHKe 1.

| —1
i

-

i 50 rmm

Pucynoxk 1. Xoa aydeit 8 ontudeckoii cucreme BDLI
Ipumeuariue — cocmagaeHo agmopamu Ha 0CHO6e MOOCAUPOSAHUSL 8 HPoZpaMmHoil cpede Zemax OpticStudio

B kaaccmyeckori onrtmdeckort cxemMe MaKcyToBa BTOPMYHOE 3€pKalO MHTETPUPOBAHO C
MEHICKOBEIM ~ KOPPEKTOPOM  IIOCPeACTBOM HAaHECeHMSI OTpakalOIlero IOKPBITHA —Ha
LIEHTPaAbHYIO YacTh €r0 BHYTPeHHell ITOBEPXHOCTH, YTO oDecriedMBaeT >KeCTKYIO (PMKCauio 1
KOMITaKTHOCTh KOHCTPYKIIMH. B KoHCTpyKIjum ontuyeckoit cucremsl BDLI BTopmnunoe 3epkaao
BBLITTOAHEHO B BlJe OTAeAbHOIO DAeMeHTa C OlpeJeAeHHON TOAIIMHONM M KPeIuTCcs Ha MEeHMCK
IIyTeM CK/AeMBaHIs, KaK ITOKa3aHO Ha PUCYHKe 2.
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Pucynok 2. Ckaerika BXOAHO AMH3BI ¥ BTOPMYIHOIO 3epkada: 1 — MeHuck (BxogHasi AMH3a U3
Schott BK7G18), 2 — BTopmyHOe 3epKaao, 3 — BHyTpeHH:AsI OAeHJa, 3aKpellleHHas Ha BTOPUIHOM
3epkaze. KpacHbIMU cTpeAKaMM YKa3aHBI OTBEPCTUS 4451 BBeAHIS KAesl 4451 puKcauyy O0AeHAbl
Ha BTOPMYHOM 3epKaJe

IIpumenariue — cocmasaeHo agmopamu Ha 0CHO6e MOJCAUPOSAHUS 6 npozpammHoti cpede SolidWorks

B onpeaeaeHHOIT CTelleHU DTO pellleHMe TOXKe CBA3aHO ¢ MUHUMU3aIVel I1apa3uTHOIO
nsAydeHns. ToAlMHa BTOPUMYHOIO 3epKasda MCIIOAB3YeTCs KaK ITOBEPXHOCTh AASl KpeIlAeHN:s
BHyTpeHHell O4eHABl. /uaMeTp BTOPMYHOIO 3epKada TakKe TINATEABHO BBICUUTBIBAACI U
coCTaBAsieT KOMIIPOMIICCHOE pellleHre MeXXAy 9SKpaHNpOBaHMEM II04e3HOr0 CHurHala U
©10KMPOBKOI Hapa3UTHOTO U3AyIEeHI.

Emre ogauM oramdmeM OT KAacCHYeCKOi CUCTeMBI MakcyToBa sIBASETCS TO, YTO AaHHAs
crcTeMa OyAeT MCII0Ab30BaThCA B KOCMOCe 1 Oy AeT II0ABEPraThCsl XKECTKVM YCAOBUSM payialiuL.
[losTOMYy 4451 3aIIUTBl OCHOBHBIX DJA€MEHTOB OITMYECKONM CUCTeMBI OT BO3JAeMCTBIA
PaAMaLlVIOHHON Cpeabl KOCMUYECKOTO IIPOCTPaHCTBA B KOHCTPYKIMM NCIIOAB30Bal0Ch
pajualloOHHO CTONKoe onTudeckoe crekao Schott BK7G18, obecrieumsaroriee crabuabHbIE
XapaKTepUCTHUKN B TedeHMe JAUTeAbHOTO CPOKa DKCIIAyaTaliu.

[Tocae mpoxo>xAeHUs depe3 OTBEpCTIe IAaBHOTO 3epKada A0 NOMNaJaHMs Ha JAeTeKTOp
Ay49H TPOXOAAT depe3 ABe KOPPEeKTUPYIOIINe ANMH3B, IpeiHasHauyeHHble A4S yCTpaHeHI
OCTaTOYHBIX ONTUIECKUX abeppariuii.

Ha pucynxe 3 1mokaszaHo pacrnoaoskeHne KOppeKTUPYIOIUX AUH3 OTHOCUTEABHO I1aBHOTO
3epKaJa I JeTeKTopa.

Pucynok 3. PacrnoaosxeHme KOppeKTHUPYIOIIMX AMH3 OTHOCUTEABHO IAaBHOTO 3epKasda U
Jderekropa: 1 — raaBHoe 3epkaao, 2 — JeTeKTop, 3 — KOppeKkTtupymomas amHza 1, 4 —
KOppeKTUpYIOIas AMH3a 2, U3ToToBAeHa 13 cTekaa N-BK7 ¢ mmpoxkomno10cHsIM aHTUOAMKOBBIM
IIOKPBITUEM U CAY>KNUT TaK>Ke B Ka4eCTBe CIIEKTPalbHOIO Cl)l/[/lepa

Ipumeuarue — cocrmasaeHo asmopamu Ha 0CHO6e MOJeAUposanus 6 npozpammnoi cpede SolidWorks
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MsHayaapHO IIpelycMaTpMBaAOCh HaHeCeHMe MeTaAAMYecKMX TIOKpPHITUMII Ha obe
OoTpakaloIlliie TIOBEPXHOCTM, a TakXe YCTaHOBKa JABYXKOMIIOHEHTHOTO uAbTpa AAd
OrpaHMJeHNsT CTIeKTPaAbHOM ITOAOCH ITPOITy CKaHMA.

Ognako B rporecce peaaAn3anyy yKa3aHHBIX KOHCTPYKTUBHBIX PeIIeHNU T ObLAM BLIABAEHEI
IIpaKTIIecKie CAOKHOCTY Mpu cOOpKe BTOPMYHOTO 3epKada. CTaHAapTHas Mporieaypa IeHTpu-
poBsaHIs 4yDA€TOB OOBIYHO OCYIIeCTBASETCS METOAOM OITIIECKO IOCTUPOBKY C ITOCAeAYIOIIeln
(dpuxcanmeit KOMIIOHEHTOB KAeeM, OTBeP>KAaeMbIM 10/ BO3AeICTEIeM yabTpaduoaeTosoro (YD)
umzaydennsa. OgHaKO pagMaIOHHO CTOWKOe CTeKAO, IpUMeHseMOe AAs W3TOTOBAeHMs
repeAHer0 MeHNCKa, He IpoIyckaeT YP-criekTp, a HaAudue MeTaAANdecKOTO IOKPHITH Ha
ITOBEPXHOCTU BTOPMYHOTIO 3epKada AOIOAHUTEABHO IIPEIATCTBYeT IPOXOXAeHn o Y D-aydeii co
CTOpPOHEHI 3epKaJa, YTO gedaeT TPaAUIIMOHHBIN MeTO/, CKAeMBaHIsl HeIIPYMEHMBIM.

B pesyabTare OpLAM pacCMOTpPEHEI aAbTepHATUBHLIE IT0AXOABI K IIPOIiecCy IeHTPUPOBaHNA
U YCTaHOBKM BTOPMYHOTO 3epkKada. OaMH U3 BapMaHTOB IpeAlloJaral BBLIITOAHEHUe
LIEHTPUPOBAHNSA ¥ HPUKJACUBAHNS 3epKada 40 HAHECeHNSI MeTaAAM4eckoro nokpuitus. OaHako
IIpM STOM BO3HUKAM TPyAHOCTH C 9P PeKTUBHON MacKMPOBKOI ONTHYECKUX ITOBEPXHOCTEN A/
IocJeAyloIiero HaHeceHMs TOKpuITmit. Hamboaee pamumoHaabHBIM —pellleHHEM  CTaao
UCIOAb30BaHNe AUDAEKTPUIECKUX ITOKPBITHI, 004a4aI0IuX CTabUALHOI IPO3PavHOCThIO B YP-
Amnanasone. Takoit 104X04 He TOABKO I03BOANA 00eCIIednTh KadeCTBeHHYIO (PUKCAITNIO 3epKaJa,
HO ¥ CIIOCOOCTBOBAA I0AAaBA€HUIO BHEII0AOCHBIX OTpa KeHNii, IOBBIIIas O0IyIo 9(pPeKTUBHOCTh
ONTIYECKOV CHUCTeMBIL. B Xxoge onTmmmsaliuy ONTHMYECKOI CXeMBI OBLAO MPUHATO pelleHye
MCTI0AB30BaTh AMDAEKTpUYECKUe OTpa’kalolfyie ITOKPBITUA KaK Ha IIepBUYHOM, TaK U Ha
BTOPIYHOM 3epKaaax.

Kpome TOro, mpumenenume AmMDAEKTPUUECKUX 3€PKAABHBIX IIOKPBITUI IIO3BOANUAO
OTKa3aThCsA OT ABYXKOMIIOHEHTHOTO puabTpa, 3aMeHUB ero Ha OAHy AuH3y u3 crekaa N-BK7 c
IIMPOKOIIOAOCHBIM aHTMOAMKOBEIM TIOKPBITHEM. DTO YHPOCTUAO ONTUYECKYIO CXeMy U
obecrieuna0 HeoOXOAMMOe CIIeKTpaAbHOe pasjeaeHue 0es moTepu 9pPeKTNMBHOCTIA.

Ha srane Mmogeanpopanust ObL10 ITPOBeAeHO KOANIEeCTBeHHOE UCCAeA0BaHMe Tapa3uTHOTO
U3AydeHMs B ONTUMYECKON cucreMe. B pesyapraTe omnrTmueckas cxema Oblda JeTaAbHO
IIpOaHaAM3MpOBaHa C 11eAbI0 OIeHKM YPOBH: ITapa3MTHBIX CBETOBBIX ITOTOKOB, AOCTUTAIOIIX
AetexTopa. UTOOH 4aTh IpeacTaBAeHMe O TOM, OTKYAa MOKET IOSIBUTHCS BTOT PacCessHHBIN CBET,
HIIKe ITpUBeJeH PUCYHOK 4, IpeACTaBASIOIINI TPaCCUPOBKY Ayda TOABKO C PaCCesTHHBIM CBETOM,
OT(PpUABTPOBAHHEIM A/s TOYKU AETEKTOPA Ha OCH (CUHME AY4M) M TOUKU Ha KpalO MOAs 3PEeHus
(3eaenrie ayun). ITockoapKy Bee 9TU Ay4M MMEIOT MHOXKECTBEHHEIE OTPaskeHIs Iepes TeM, Kak
ITOTIacTh Ha A€TEKTOP, BCe OHM MMeIOT HU3KYIO MOIITHOCTD.

Pucynok 4. PaccessHHOe u3aydeHue, 40cTUTaonee JeTekropa
[Ipumeuanue — cocmasAeno a6MOpaMu HA O0CHOSE MOOCAUPOSAHUS 6 MPOZPAMMHOL cpede Zemax
OpticStudio



- 3 ey doumma o 1-tom, 1-Hemip, Haypb13, 2026.

{7} || emeemme _122- Towm 1, No 1, mapr 2026.
SCIENCES

Vol. 1, Issue 1, March 2026.

McTrouyHnKOM mnapasuTHBIX Aydell ¢ HamOOAbIIIell MHTEHCUBHOCTBIO OKa3aAMCh IIpsMbIe
Ay4M, IIPOXOAsIIe Yepe3 BXOAHYIO allepTypy UM, MUHYsI OIITUYeCKNe HAeMEeHTEHI, IIoNajalole
HEeITIOCPeACTBEHHO Ha JgerekTop. Ilpumep pacnpocTpaHeHms Takux Aydell NpejcTaBAe€H Ha

pucyHke 5.
U m .
Pucynok 5. /lyun cBeTa, HalIpsIMYIO IOIIaJalolue Ha AeTeKTOp

Ipumeuarue — cOCMABAEHO AGMOPAMU HA OCHO6E MOOEAUPOSAHUS 6 NpozpammHoll cpede Zemax
OpticStudio

OObryHO B Ha3eMHBIX ONTHYECKMX CUCTeMax JaHHas IpoDJeMa pellaeTcs AAMHHBIMU
HapyXKHbIMU OaeHgamu. Ognako B ycaoBuax KA, rge Ooabplioe BHMMaHHUE YAeASeTC
KOMIIaKTHOCTU CUCTE€MBI, AAMHA HAPY>XXHBIX O4€H/A OIpaHMYeHa IPOCTPAHCTBOM BHYTPU
111aTQpOPMBI, BbIA€AEHHEIM 1104 pa3MerieHne ornrudeckoit ITH.

AAbTepHaTUBHBIM CIIOCOOOM MMHMMM3ALMM IIONajaHMUsS MPAMBIX Aydell Ha AeTeKTOp
ABAAETCS yBeAMdeHMe AMaMeTpa BTOPMYHOIO 3epKada M YMeHbIIeHMe AuiaMeTpa OTBepCTUS B
raapHoM 3epkaze. OgHako yBeAMdeHUe BTOPMYHOIO 3epKala BeJeT K YBeAMYEHUIO
DKPaHMPOBaHNSA, TeM CaMbIM yMEHbIIas KOAMYECTBO II0AE3HOTO CBeTa, ITOIajaloIiero Ha
AETeKTOp, UTO BeaeT K yMEHBIIEeHUIO KauecTsa m3oOpaxkeHus. B To ke BpeMs yMeHbIleHye
OTBepCTUs B IAaBHOM 3epKale OrpaHMYMBaeT INMPUHY yria I10A4s, 4TO TOXKe HeXKelaTeAbHO.
ITosTOMYy HEOOXOAMMEI HOBBIE ITOAXOABI M pellleHNs, KOTOpble COBMeCTUMBI C KOMIAKTHOCTLIO
U3AeAVA.

Aas mpegoTBpallleHMsl IIONaJaHus IIPsAMBIX Aydeil dYepe3 IIepeHIO AUH3Y U
LIeHTpaAbHOE OTBEepCTME IAaBHOIO 3epKada Ha AeTeKTOp OblaM pasdpaboTaHBI U IPUMEHEHDI
crienyaAbHbIe SKpaHUPYIOITye 9AeMeHTHl. VIx 9 PpeKTHBHOCTS OIleHnBalach ¢ UCII0Ab30BaHIEM
HeIocJeJ0BaTeAbHOMl MOAeAM TPacCUpPOBKM Aydell B IIpOrpaMMHOM KOMILJAeKce Zemax
OpticStudio. Koncrpykums mpegycMmarpuBsada yCTaHOBKY ABYX BHYTPeHHUX O4eHA: IepejHers,
pacIioA0XKeHHOM BOKPYI BTOPUYHOIO 3epKaJa, I 3aJHel, 3aKpeIlAeHHON Ha BTyAKe,
MpOXO4s1liell yepe3 IeHTpaAbHOe OTBepCTHe I1aBHOIo 3epKaJa.

Ha pucynke 6 mpeacrasaeHa Modeab, A€MOHCTPUPYIOIIas pacloloKeHNe yKa3aHHBIX
3aIlUTHBIX DA€MEHTOB.

B xoncTpykumm Takke rpeAycMOTpeHa BHELITHLS TepedHss 01eHaa, ITpejHasHaueHHast A/
3alIUTBI OITMYECKOM CUCTEMBI OT BO3AEVCTBIUS INMPOKOYTOABHOIO OCBellleHus. XOTS OHa He
oOecrteunBaeT IMOAHOTO DKpaHMPOBaHNS IIPSMBIX CBETOBBIX ITyTell, ee IpMMeHeHe CIIOCOOCTBYeT
CHIVDKEHUIO YPOBHSI paCCeTHHOTO CBETa, BOSHUKAIOILIETO OT BHEIIHMX MCTOYHMKOB, HAXOASAIIMXCS 32
npejedaMyt OCHOBHOTO MOAsl 3peHMs. JuaMeTp TAaBHOTO 3€pKal0 3HAYMTEABHO MEHbIIe
BHYTPEHHeTO guameTpa TyOyca TeAecKoIla, Tak Kak HeoOXOAMMO IPOCTPAHCTBO 4451 KPeILeHMiA.
ITpocTpaHCTBO CHapy>KM I4aBHOTO 3€pKada 3aKPhITO DKPAHMPYIOIIEl TOBEPXHOCTHIO — MACKOI.
[ToBepxHOCTh MacCKM TaK >Ke, KaK M BCA BHYTPEeHH:s IIOBEPXHOCTh TyOyca, ITOKpbBITa
CBETOIOIAOIIAIONIel JepHO! Kpackoit Aeroglaze 7306, xoTopas He JaeT Jerasaluu B
KOCMUIYECKIX yCA0BusAX. Takoii MOAX04 AOMOAHUTEABHO II03BOASET YMEHBIIUTH (POHOBOE
MapasuTHOe M3AydeHUe, YTO OCODEHHO BaKHO IIPM CheMKe B YCAOBIX BBICOKON BHEIIHeN
OCBEII[eHHOCTM.
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Pucynok 6. Mogeap pasMmelneHNs 3alllMTHBIX DA€MEHTOB B OIITMYecKoil cucreme BDLI:
DaeMeHTBI ONITHYECKOI cucTeMbl: M1 — raasHoe 3epkaao, M2 — sTopmuHoe 3epkaao, L1 —BxoaHast
annsa, L2, L3 — koppektupyiomue AnH3bl, J — geTeKTop. damuTHble 91eMeHTs: BH — Hapy>xHas
6aenaa, bB1 — BHyTpenn:sa O6aeHAa, 3aKpellleHHas Ha BTOPMIHOM 3epkade, bB2 — BHyTpeHH:A
61eHAa, 3aKpellleHHas Ha T1aBHOM 3epKade, D — 9KpaHUpPYIOIas IOBePXHOCTD (MacKa)
[Ipumenanue — cocmagreno asmopamu Ha 0CHOGe MOOEAUPOBaAUs 6 npozpammHoili cpede SolidWorks

Pacyer m MMHMMM3alusa IapasUTHOTO M3aydeHusa. PaccMoTpeHHble B AaHHONM pabore
OAXOABI K pacyeTy ¥ MMHUMM3ALNU IMapasUTHOTO M3AYYEHUS OCHOBAaHbI Ha IOCAEAHX
MH>KEeHePHBIX pa3paboTKaX, IPUMEHsIEeMBIX PV MPOeKTUPOBAHNMY COBPEMEHHBIX ONTHYeCKIX
cucreM. Ocoboe BHUMaHHMe OBLA0 yAedeHO aHaau3y 5(PQeKTUBHOCTM BHYTpeHHNUX OaeHJ,
CIIeMaAu3MPOBAHHBIX MOKPHITUNM ONTUYECKUX IIOBEPXHOCTEN, TeOMEeTPUM BHYTPEHHEN
ITIOBePXHOCTM TPYyOBI TeJecKoIla, a TakKe MCII0ABb30BaHMIO METOAOB aHaAM3a ITPOXOXKAEHIII
Aydeii B mporpaMmHoOIl cpege Zemax OpticStudio. Aasa moarsepxaeHns paboTOCIIOCOOHOCTI
npeaJaraeMeIX PelIeHmui IIPUBOAMAVCH IIPUMEPEI aKTyaAbHBIX IIPOEKTOB, B KOTOPBIX YCITIIIHO
peaau3oBaHbl KaK MeXaHW4Yeckue, TaK U ONTUYECKNEe Mephl IO CHIKEHUIO I1apa3sUTHOTO
BAVISTHVASL.

AHaaM3 mapasuUTHOTO cBeTa: oOpaTHasi TpacCHMpOBKa Aydell. B pamkax aaHHOV paOOTHI
IpeAA0KeH METO/ aHaAu3a IapasuTHOIO U3Ay4eHNs, OCHOBAHHBIN Ha IPEeAII0AOXKEHNH, 4TO IPU
paBHOMEPHOM PacIIpOCTPaHEHNN CBETa BO BCeX HAIIPaBAEHMSX ITyTh Ay4Ya OT A€TEKTOpa K BXOAHOM
anepType MAEHTUYEH IIyTU Ayda, BXOAMAIIEIO 4Yepe3 amnepTypy U AOCTUTAIOLIEro AeTeKTopa.
ITosTOMy B XOge uccAe40BaHM:A AAsd aHaAM3a IIAPasUTHOIO M3AYYEHUs MPUMEHSACI MeTOJ,
0OpaTHOI TpPacCUPOBKM Aydeli, IMO3BOAMIOIINII MOAeAMPOBATh pacIpOCTpaHeHNe cBeTa OT
II10CKOCTH A€TEKTOPa K BXOAHOMY 3padKy OITUYECKON CHCTEMBL.

CyTb MeToJa cocTos14a B pa3MeIieHII MOAeAMPYeMbIX MCTOYHMKOB B ILA0CKOCTH geTeKTopa
U aHaAu3e X04a Aydell, HallpaBA€HHBIX OT JAeTeKTopa K BXOaHoN ameprype. Ha nexoropom
PacCTOsIHUM OT BXOAHONM AVH3BI IIEPIIEHAVKYASPHO XOAY Ay4el CTaBUAVCH AETEKTOPBI M3AYIEeHIAA
604bI11011 1140I[a4u, KOTOphle (PUKCUPOBAAN BCe AydM CBETa, UCXOASAIINE OT CMOAEANPOBAHHOTO
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ucTouHMKa. Jasee MoaeAnMpoBaAcs XOA Aydeil IOAE3HOTO CHUTHala, M MeXAY OIITUYecKOl
CICTEMOIT U JAETeKTOPOM OOABIION IIAOLIaAM B TOYKe (POKYCHPOBKM Aydell, MCXOAAIINX OT
CMOAEAMpPOBaHHBIX Aydell cBeTa, CTaBUANMCh JeTeKTOPH MMKPOCKOIIMYECKOro —pasMepa.
KoargecTBo MaAbIX 4€TEKTOPOB PaBHAAOCH KOANYECTBY CMOJEAMPOBAHHLIX ICTOYHMKOB CBeTa Ha
AeTeKTope, TaK KaK OHM IIpeJCTaBAAAM COOON peaabHble VMICTOYHMKM M3AydeHUs. Bce ayun,
Iorajaionie Ha MaAblil AeTeKTOp, paccMaTpMUBaAMCh KaK ITOAe3HBIN CUTHaA, TOrda Kak Ay4dn,
IpoleAlIie MYMO HETO, HO 3apericTpUpoBaHHbIe Ha 00ABIIIOM AeTeKTOope, paccMaTpUBaAUCh KaK
Mapa3uTHOe M3AydeHue. VIHTEHCHMBHOCTD Mapa3UTHOTO M3AY4eHNs pacCdMThIBalach A0 U II0CAe
NIpUMeHeHNsT Ka’KA0il Mepbl MUHMMM3AIMM, a 3aTeM CpaBHMBAaAach C MICXOAHBIM YPOBHEM AAs
oneHkn ee s¢PexktusHOCTU. TakyM 06pa3oM BBLIBASANCH BCe ITOTEHIMAAbHbIE He>XKelaTeAbHbIe
Iy T IPOXOXKAEHM Aydell U MPUMEeHIANCh Mephl 110 U3 MUHUMU3AIIANL.

B pamkax MozeanposaHst ObLAM 3a4aHbI ABa VICTOUYHIKA CBeTa: OAVH — Ha OIITHMYECKOI OCH,
BTOPOI1 — Ha Kpalo IOAsI 3peHNs. YT0A KOHyca U3AydeHNs COCTaBlA 65°, 4To obecrieqnBal0o OXBaT
BCeX BO3MOSKHBIX TPaeKTOPUII pacIpOCTpaHeHIs CBeTa BHYTPU CCTeMEl. Pe3yAbTaTsl cCuMyAsSIn
MapasUTHOTO U3AYJIeH:I ITpeACTaBAeHbl Ha pUCYHKe 7.

Y

Paraxial lens

Two detectors

/
Light sources

Pucynoxk 7. OOparHas TpaccupoOBKa Aydell B Helocle0BaTeAbHOM peskuMe Zemax
[Ipumeuariue — cocmasaeno asmopamu Ha O0CHOSE MOJCAUPOBAHUS 6 NPOZPAMMHOL cpede Zemax
OpticStudio

PesyabpTaThl MOAeAMPOBaHNS IIOKa3aAM, YTO BBeAeHHbIe 0aeHABI 9PPEeKTHBHO 0A0KUPYIOT
HpsAMBIe Ay4l, CIIOCODHBIE AOCTUTATh 4eTeKTopa. Y pOoBeHb ITapa3UTHOTO CBeTa, 00yCAOBAEHHOIO
BHYTPEHHUMM OTPa’KeHMsIMU, He IpesbimaeT 2,1 % OT MO4e3HOTO CurHala Ha Kpaio II0As
3peHus.

[IpunsTHIE MEephl IO MUHMMM3alUM IapasuTHOTO uaaydeHns. CyliecTBeHHON OcoOeH-
HOCTBIO TIPeAA0KeHHOTO MeTOAa SIBAAETCS MOAeAMPOBaHIe TIapasUTHOTO U3AYIeHNs C UCTIOAb-
30BaHMEM KOHQUIypallUM ABOMHOIO JeTeKTopa ¥ ONTMMM3aliMs IapaMeTpPOB BHYTPEHHMX
64eH/ C y4eTOM reoMeTpUYecKUX OTpaHMYeHMiT KOMITIAKTHON CIYTHUKOBOM 1aaT(opMsel. Jas
MUHUMU3AIUM TIapa3sUTHOTO U3Ay4YeHUs B OINTUYECKON cucTeMe IpuHAT psj Mep. Ilocae
IIPOEKTUPOBaHI KaXK A0 U3 Mep IMPOBOANACS TOBTOPHLI pacdyeT Iapa3UTHOTO U3AYIeHNS A4
oneHKM 9(PPeKTUBHOCTY IPUHATLIX PeIIeHNIA.

AAs orpaHMYeHNsT IPAMBIX CBETOBBIX ITyTell BHYTPU CUCTEMBI OBLAM IPeAyCMOTPEHBI 1
yCTaHOBAEHH ABe KoHuuecknue 6aeHanl. Ilepeanss Oaenga pacioaarasach BOKPYT BTOPUYHOTO
3epKaJa, a 3aJHsd — Ha BTY/Ke, IIPOXOASIIel] depe3 1IeHTpaabHOe OTBepCTIe LAaBHOTO 3epKaaa.
Bria mpoBesen ps utepanuii ¢ pasHBIMU AAMHAMM U yTAaMU KOHYCOB O4eH/, Iocae KaXKA0ii
uTepanuu IPOBOAMACA 3aMep YPOBHS IapasUTHOTO M3Ay4eHNs, ¥ TaKuM 00pa3oM BLIOpaHBI
MakcuMaabHO d¢dexTusHag Gpopma u JauHa 041eHA, KOTOpPhIe TakXe He OAOKMPYIOT IT0Ae3HbIe
Ayan. DPQPeKTMBHOCTh KOHCTPYKIMM OaeHs Oblia IOATBEp>KA€Ha MOAeAMpPOBaHNMEM B
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IporpaMMHoI1 cpede Zemax OpticStudio, koTopoe noka3zaao 11oA1HOe OTCYTCTBUE IPSIMBIX ITyTel
IolajaHus CBeTa Ha AeTeKTOp.

/0TI0AHUTEABHO CUICTeMa OCHaIlleHa BHeIlTHell 6/1eHAOM, IIpeAHa3HAaYeHHO AAsI 3aIIThI
OT IIMPOKOYIOABHOIO OCBellleHUsI M II04aBA€HMS PacCesIHHOIO cBeTa, IIOCTYIAIOIero OT
JICTOYHIKOB, HaXOASIIMXCS 3a IIpededaMy OCHOBHOTO I10As 3peHus (yroa 1ioas spenms >1,3°).
HesnaunTeabHOe CHIDKeHMEe TaHTeHIIMAAbHON MoayasarnuoHHon mnepegaun (MTF) BHe
OIITMYECKO} OCH, BbI3BAaHHOE YaCTUYHBIM 9HKpaHMpPOBaHMEM KOHCTpyKumeir OaeHA, Oblao
KOMIIEHCHPOBAHO 3a CYeT ONTUMMU3auuy o01mer KOHPUIYpauy ONTIIeCKON CXeMBI.

Aas paapHeNIIeTO IIOAaBA€HMUs IapasUTHOTO M3Ay4eHUs BHyTpeHHME IIOBepXHOCTU
KOPpITyca, BKAIO4Yasl BHYTPEHHIO ITOBEPXHOCTh TPYObI TeAeCcKOIla U KOAbLieBble 001acTy BOKPYT
OTBEPCTUI B I/1aBHBIX 3epKadaX, ObLAM IIOKPHITH CBETOIIOTA0IIAIOIIel Kpackoii Aeroglaze Z306.
D70 MOKpHITHE 001adaeT HU3KUM KOD(PPULMEHTOM OTpaskeHMs — 0K0A0 5 %, 9To 9PPeKTUBHO
CHIKaeT YpOBEeHb pacCesHHOTO cBeTa. AHaAM3 IIOKasal, 4YTO Oe3 IpUMeHeHUs] JepHeHU:
MapasuTHOe U3Ay4eHMe Ha Kpalo I0As 3peHms Jocturaao 2,1 % OT moae3HOro curHada, Toraa
KaK C IIOKPLITUEM Aeroglaze 7306 »TOT mokasareab cHusmaca ao 1,9 %. B LIeHTPaAbHOM
obaactu moas 3peHus 3HauyeHus cocrasuan 0,2 % 6es yepnenns u 0,15 % 1mocae HaHeceHM:
HOKPBITHSL.

Ob6parnas Tpaccuposka aydeii B cucteme BDLI mposoamaach 4451 ABYX TOYEUHBIX
MCTOYHMKOB: OAVIH OBLA pacIio/A0>KeH Ha ONTUYIEeCKON ocu (CHMHMe Ay4M), BTOPOIl — B KpaeBhIX
30HaX M0As 3peHus (3eAeHble Ay4M C HAKAOHOM, COOTBETCTBYIOIIUM NoA0BUHe yraa FoV). Yroa
KOHyCa U3Ay4eHMsl cOCTaBAsaa 65°. s Ka’k40ro MCTOYHMKA OblA10 cMogeauposano o 100 000
Aydert mpu oOment sHeprun 1 Br m MmamMMaapHOM mopore morgHoctu 1075 BT. PesyapraTsr
MOJeANpOBaHNs IOKa3aAl IOAHOE OTCYTCTBUE IPAMBIX Ay4ell, AOCTUTaloIUX AeTeKTopa, U
YPOBEHb IIapa3UTHOIO cBeTa MeHee 2,1 % Ha Kpaio noas s3penus u MeHee 0,2 % Ha ocu Ipu
OTCYTCTBUI YepHEeHM:I KpaeB 3epKaa.

Ontnueckasn cucrema BDLI pabotaer B manxpomaTudeckoM AmarnasoHe 450-650 HM c
1eHTpoM maaydeHus 575 + 15 am. Kosdduiment nponyckanmsa cocrasasger okoao 70 %, a
MoayasanuonHas nepegada (MTF) mpesoimmaer 12 % mpu mpocTpaHCTBEHHOM yacTtoTe 77 Tap
AVIHUII Ha MuUAAUMeETp. BMecTo TpaauiinoHHoro ¢puasTpa 65110 UCII0AB30BAHO OKHO U3 CTEKAa
N-BK7 ¢ mmpoKomnoA0CHBM aHTUOAMKOBBIM MOKPBITHEM, YTO YIIPOCTUAO ONTHYECKYIO CXeMy
0e3 yxyAllleHNs1 XapaKTepUCTHK. TemIlepaTypHas CTaOMABHOCTb CHCTEMEI COCTaBAseT MeHee
10 mxm/°C B Amanaszone temmnepatyp 20+5 °C. Tak KaK MCHBITaHUA CHUCTEMBI IIPOBOAUANCH B
2abopaTOPHEIX YCAOBIUIAX, a CIICTeMa DKCIIAYaTUPYEeTCA B YCAOBISIX KOCMOCa, TO €CTh B BaKyyMe,
BO3HMKaeT cMelleHne (okyca, KOTOpoe OBLAO BBIMUCAEHO, M B KOHCTPYKIIUM OITHYECKON
[I0A€3HOI Harpy3KM MpU IMPOeKTUPOBAaHUU U CO3AaHUM IIPelyCMOTpeAu ChbeMHYIO ITPOKAaAKy
toammuoi 0,13 MM, KOTOpas KOMIIEHCHpPYeT cMelleHre ¢OKyca MHOpHU Ilepexode U3
1abopaTOPHEIX YCAOBUI B BaKyyMHYIO Cpeay.

Pe3yabraThl aHaAm3a IIOKa3bIBAIOT, YTO (PQPEeKTUBHOE IIPUMEHEHNE IIePEerOpPoJOK I
CTIelaAU3UPOBaHHBIX TIOKPBITUII MO3BOAsET CHM3UTh yYPOBEHDb IIapa3UTHOTO M3Ay4eHUsd B
OIITUYECKON CHUCTeMe AO 3HaueHMI, COIOCTaBUMBIX C pe3yAbTaTaMM, ITOAYYeHHBIMU AAs
cucremsl BDLI. OgHako aOCOAIOTHBIE 3HAUYEeHMSI OKa3bIBAIOTCS HECKOABKO BLIIIE, YTO
00yca0BaeHO D0ee CA0XKHOI TpaeKTopuell paclpOCTpaHeHNs Aydell U yBeAMYeHHBIM IICAOM
BHYTPEHHIX OTPa>keHN1 BCAeACTBIe KOHCTPYKTUBHBIX OCOOEHHOCTEIN.

UccaeapoBanue 110Kazado, YTO HpM HOPOEKTUPOBaHMM KOMIIAKTHBIX CITyTHMKOBBIX
ONTUYECKUX CHCTEM HEOOXOAVMMO YIMTHIBATh KOHCTPYKTUBHBIE OCOOEHHOCTU Ka’KAOM MepHI 110
CHVKEHMIO TapasUTHOTO msaydeHms. [TpasnabHo mogoOpaHHbIe cTpaTerMy SKpaHUPOBaHUS U
BBIOOP D(PPEKTMBHBIX MaTepualoB ITO3BOASIIOT OOECIIeYNTh BBICOKYIO TOYHOCTH IOAyJaeMBIX
AAHHBIX IIPU COXpaHEeHNM KOMITaKTHOCTH M Ma/1011 Maccel puOopos. PrcyHOk 8 AeMOHCTpUpYeT,
YTO CIIPOEKTUPOBaHHbIE OA€HABI He MIPEIsATCTBYIOT IIPOXOXKAEHNIO IT0Ae3HbIX Aydell cBeTa.
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Pucynok 8. [TpoxoxxAeHne Aydeit yepes OIITUYECKYIO cucTeMy ¢ 61eHAaMI: a — A5 OCEBBIX
Ayderi ceeTa; O — 444 Aydell CBeTa, IIOoNaAaloIINX Ha Kpali II0As 3peHNs TeAecKoIa
IIpumeuanue — cocmasrero asmoOpaMu HA 0CHOGE MOOCAUPOSAHUS. 6 MPOZPAMMMHOL cpede Zemax
OpticStudio

Pucynox 9 gemoncrpupyer, uro Takue OaeHABI Takxe D(PQPEKTUBHO OAOKUPYIOT
NapasuTHbIE M3AyJdeHIs, He I03BOASsA UM JOCTUYL AeTeKTopa. /s IpuMepa Ha PUCYHKe
IpeACTaBAeHbI Ay4l, IIOIaaloIye B ONITUIECKYIO CIUCTEMY I10A YIA0M 5 rpalycos.

Pucynox 9. baokuposka napasuTHOTO M3AydeHNs 01eHAaMM
IIpumeuanue — cocmasireno a6MOpaMu HA OCHOSE MOOCAUPOSAHUS 6 MPOZPAMMHOL cpede Zemax
OpticStudio

baarogapsi KOMIIaKTHOM apXUTEKType, CUMMETPUIHOMY PacloAOXeHUIO ®A1e€MeHTOB U
OpUMEHEeHNIO AUDAKTPUYECKUX TOKPBITUI, yAaA0Ch 3HAUMTEABHO CHM3UTH YPOBEHb
apa3UTHOTO U3AyJeHUs].

Taxum 06pa3oM, KOHCTPYKTUBHbIE Pa3ANIIsI MeXKAY CHCTeMaMU CyIIIeCTBeHHO BANIOT Ha
5P PeKTMBHOCTh METOAOB  MMHUMM3alMM  IIapa3UTHOIO  M3Ay4eHus, d9To TpeOyeT
MHAMBUAYaABHOTO I0OAXOAa K IMPOEKTMPOBAHMIO 3aIIUTHBIX DA€MEHTOB B 3aBUCUMOCTU OT
KOHKPETHOI OITUYECKOI KOHPUTYpaLUN.

ITpoBeaennsle mMccaea0BaHMs MOKa3aAM, YTO MUHMMM3aNus IapasUTHOTO U3Ay4YeHUS B
KaTaAMONTPUYECKMX ONTUYECKUX CHCTeMax CIyTHMKOB /33 BO3MO>KHa 3a cYyeT KOMIIA€KCHOTO
IIpUMEHEeHNsI MEeTOJ0B OOpaTHOM TpacCUPOBKM Aydel, ONTUMM3alUMM KOHCTPYKTMBHBIX
9/1€MEeHTOB, a TaKXXe MCIIOAb30BaHMsI COBPeMEHHBIX AUDAeKTPUIECKUX M CBETOIOIAOIAlOIINIX
HOKpBITUIL. AAast onTudeckoii cucteMbl BDLI ypoBeHDb Mapa3UTHOTO M3AYJEHIST COCTaBUA MeHee
2 %, 9TO TIOATBEPAUAO BBICOKYIO D(PPeKTUBHOCTD MUCII0Ab30BaHINs IIePeTOpOAOK M BHYTPEHHIUX
YEPHBIX ITOKPBITUIL.

MeTtog, 0OpaTHOM TpacCUpPOBKM Aydell, IPMMEHEHHBINI B XOAe MOJAeANpPOBaHUsA, IIOA-
TBepAuA CBOIO D(P(PeKTUBHOCT B MAEHTUPUKAIIUY HeKelaTeAbHBIX TPaeKTOPUII pacipoc-
TpaHeHM:I cBeTa. Takas MeTOoAMKa IO3BOAMAA BBISIBUTE KaK IpsIMBle IIyTU ITOIIajaHMs cBeTa Ha
AETEeKTOp, TaK ¥ MHOTOKpaTHbIe BHyTPEHHMe OTPa>keHMsl, IPUBOAIIME K ITapa3UTHOM 3acBeTKe.
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HecMoTps1 Ha AOCTUTHYThHIE pe3yAbTaThl, CAeAyeT YIUThIBaTh OTpaHUYeHIs] MUCCAeA0BaHMA.
B wactHOCTH, MOgeAMpPOBaHE TIPOBOANAOCH IIPY OTPaHNYEHHOM 4ucae yraos nagenns. Kpome
TOTO, BAMSHME JeTpajaliiii CBEeTOIOIAOIIAIONIMX IIOKPHITUI IIOJ BO3AeiicTBueM (PaKTOpPOB
KOCMIYECKOI cpeasl TpeOyeT AOMOAHUTEABHON DKCIIepUMEeHTaAbHO ITPOBEPKIL.

IIpakTiyeckas: 3Ha4MMOCTD BBIIIOAHEHHOTO MCCAEAOBAHMS 3aKAXYAETCsI B BO3MOXKHOCTH
HpVUIMeHeHNs pa3pabOTaHHBIX KOHCTPYKTUBHBIX peIeHNIT I METOAVK TPacCUPOBKIU Aydell 4151
HPOEKTUPOBaHUS APYTMX KOMIIAKTHBIX CITyTHUKOBBIX T€A€CKOIIOB.

3AKAKOYEHUNE

B pamkax mpoBegeHHOTO McCAe40BaHMs BBHIIIOAHEHBI pa3dpaboTKa, MOJAeAUpOBaHME U
aHaau3 9(PQPeKTUBHOCTY KOHCTPYKTMBHBIX I ONTHYECKMX peIleHNii, HallpaBAeHHBIX Ha
CHIDKEHMe I1apa3UTHOTIO M3AY4deHUs B KaTaaMONTPMUYECKMX ONTUYEeCKMX CHUCTeMaX CITyTHMKOB
A33. B kauecTBe 00BEKTa MOAEAMPOBAHNSI PacCMOTpeHa KOMITaKTHasI onTidaeckas cucrema BDLI
Ha Oaze ONTHYECKON cxeMBl MakcyToBa, 4451 KOTOPOJ peaan3OBaHBl Mephl DKpaHMPOBaHI,
MacOK I CBETOIIOTAOIIAIOIIUX TOKPBITUIA.

[ToayueHHble pe3yAbTaThl MOAEAMPOBAHUSA IIOATBEPAUAU BBICOKYIO D(PPEeKTUBHOCTD
NIpeAAOKeHHBIX ~Mep II0  CHIDKeHMIO IapasUTHOTO  M3Ay4eHus B KOMIIAaKTHOI
KaTaguonrpudeckort onrmdeckont cucreme BDLI IlpumMmenenme KoMIldeKca 3alllMITHBIX
peleHnii, BKAIOYAIOIleIO CHUCTeMBbl 0/4eHA (4Be BHyTpeHHMe, OJAHa BHEIIHAA), a TakKxke
CBETOIIOIA0IIAIOIIIX IIOKPBITHI, TIO3BOAMAO CHU3UTDL yPOBEHb IIapa3UTHOTO cseta A0 1,9 % Ha
Kpaio 11oas 3penns u 0,15 % Ha ONTUIECKON OCH, YTO HIKe MCXOAHBIX 3HaueHuit 2,1 % u 0,2 %
COOTBETCTBEHHO. DTO AOKa3bIBaeT, YTO Ja’ke B YCAOBMAX OIpaHIMYeHHOTO BHYTpeHHero ooneMa,
XapaKTepHOTO AAs MaAbIX KOCMMYECKMX aIlllapaToB, BO3MOKHO 9(QQeKTHBHOe I10JaBAeHle
paccessHHOTO cBeTa Oe3 YXyAIIEHMsI ONTHYeCKUX ITapaMeTpoB, TaKMX KaK MOAYASIIVOHHAs
repejaya 1 KO3QPUIIMEHT POy CKaHNA.

CpaBHMTeABHBII aHAaAU3 IIOATBEp>KAaeT, 4YTO yBeAMdeHMe 4YMcada OTpa’kalOIIMX
IIOBEPXHOCTENl U YyAAWHEHMe OITMYIEeCKOTO IIyTH TpedyeT JONOAHMUTEABHBIX Mep IIO
MMHMMM3AINY PacCesHHOIO cBeTa. OTO MOoAYepKMBaeT HeOOXOAVMOCTb MHAVBNAYaAbHOTO
IIPOEKTUPOBaHNSI DKPAaHUPYIOIIUX DAEMEHTOB C YIeTOM KOH(QUIYpallny Ka’KAO0¥ ONTHYECKON
CUCTEMBI.

IlepcrieXTMBHBIMM HaIlpaBAEHVAMMN JaAbHEMINNX JICCA€AOBaHMUII SABAAIOTCS BHeJpeHNe
CBepXYePHBIX IOKPBITUII HOBOTO ITOKOA€HNs, COBePIIIeHCTBOBaHNEe MeTOA0B TPaCCUPOBKI Aydelt
C y4eTOM MUKPOCKOIIIYECKOI ITepOXOBAaTOCTM IIOBEPXHOCTEN, a TakKe DKCIIepMMeHTaAbHas
BepudUKas padpabOTaHHBIX MOA€eAeN B YCAOBMIX, MaKCMaAbHO NPUOAVKEHHBIX K peaAbHOI
KOCMIYECKOI cpeJe.

KOH®AMKT MHTEPECOB: ABTOpPHI 3a4BASIOT 00 OTCYTCTBUM KOH(PAMNKTA NHTEPECOB.

DOUMHAHCUPOBAHME: JanHoe mccaesosanne ¢puHaHcupoBaioch KomureroMm Hayku
Munncrepcrsa Hayku 1 BpIciiero oOpasosaHmust PecnyOamkm  Kasaxcran (BR27198365
«PaspaboTka ONTMKO®AEKTPOHHON CHCTEMBI B KOPOTKOBOJAHOBOV MH(]ppaKpacHOi obaacTtu
CIeKTpa B KOHTEKCTe pa3BUTI KocMudecknx cucteM 433 Kazaxcrana»).

JaHHoe nccaeioBaHNe GUHAHCHPOBaA0Ch ADPOKOCMIYECKIM KOMUTeTOM MIUHMCTepCTBa
1¢poBOro pasBUTUs, MHHOBAIIMIT U a®POKOCMMYECKON IpOMBINIAeHHOCTU Pecmybamkm
Kasaxcran (BR21982462 «PazpaboTka M TecTMpOBaHME MaAOTO CIIyTHMKAa Ha OCHOBe
OTEeYEeCTBEHHBIX TEXHOAOTUIN»).

VBEAOM/AEHUE OB MCIIOAb30BAHUM TEXHOAOIMI MCKYCCTBEHHOI'O
MHTEAAEKTA: B noAroroske 4aHHOJ PYKOIMCU MHCTPYMEHTBI MCKYCCTBEHHOIO MHTeAAeKTa
He JCII0Ab30BaANCh.
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TO3YFA TO3IMAI TABBIHAAPABI BA AKBITHIIT
KAIITAY OAICIMEH AVTHA/IMA ABI TAY-KEH-IIIAXTA
IIBIIIIAKTAPBIHBIH, PECYPCHIH APTTBHIPY

ITOBBILIEHNE PECYPCA POTAIIMOHHEIX TOPHO-IITAXTHBIX HOKEN
METOA0M HAIIA1ABKU M3HOCOCTOMKMX ITOKPHITUI

INCREASING THE SERVICE LIFE OF ROTARY MINING KNIVES BY
MEANS OF SURFACING AND WEAR-RESISTANT COATINGS

M.T. KanikeHoBa 1, C.A. Kammaesa ', P. FaGabrcaabIk = 1%,
Jacek Cieslik= 2, JK.A. bexmpIp3a = 3

1A. Cepixbaes ateiHaars! IbrFpic Kazakcran TeXHUKaAbIK YHIBepcuTeTi, OckeMeH K., Kasakcran

2AGH Cranucaas Crammiy aTbIHAQFBI FRLABIM >KoHe TexHoAorus yuusepcuteti, Kpakos, IToabia
SAxMer Bartypcsinyasl ateiHAarsl Kocranar 004abIcTHK yHUBepcuteTi, Kocranaii k., Kaszaxcran

*)KayanTer aBrop: Pusa Fabapicaasik. e-mail: riza.gabdyssalyk@mail.ru

Tyiinai cesaep: TYUIHAEME

alriHa/AMaAbl IbIIaKTap; Tay-keH eHepkaciOiHAe KecKilll KypaaAblH OepiKTiriH KaMTaMachl3 eTy
Tay-KeH >KaOABIKTaphl; nalijalaHy >KaFdaiibiHAa aOpa3yBTi >KoHe COKKBI TO3YBIHBIH arpeccuBTi
TO3yFra TO3IMAiiK; acepine Oall1aHbICTB] Heri3ri MIDKeHePAiK Hpo6AeMa 004bIII TaOBLAAADL.
6aaxeity; EnDOtec; bya septrey >KyMbIc OeTiHAe MeXaHIKalaHABIPBLAFAH OaAKBITY TEXHO-
KapOuATi >KaOBIHAAD; AOTMACH OOVBIHINA KaTalTaTHIH >KaOBIHAAp >Kacay apKbIABI Tay-KeH
MallllHa >Kacay >KaOABIFBIHBIH, aliHaAMaAbl IBIIIAKTapbIHBIH IalijadaHy CeHiMAiAirin

apTThipyra apHaAraH. Herisri MaTepuaaablH TO3y KMHETUKACHIH Taalay
Herizinge EnDOtec oHraiiapl AerMpaeHreH YHTaK ChIMAApbIH TaHJay
Kyprisiaai (6oaat 45). AGH (Iloapma) FeiapiM >KoHe TeXHOAOTVLA
YHUBEpCUTETiHIH caHABIK Oargapaamaank Oackapysr (CBB) Oap ymr
KOOPAMHATTHI CTAaHOK KellleHiHJe icKe achIpblAFaH >KOFaphl 49AAiKTeri
0aaKBITy dicTeMeci a3ipaeHAi. MMKPOKATTHIABIKTEL MeTaaaorpadpus-
AbIK, 3epTTey >KoHe oamey KemeHi (METOA/IAB 502) aGpasmsra
Te3iMAiZiK  yHIiH e©Te MaHBI3ABI yAbTPa JKOfapbl  KATTBLABIK
Jaszaaapeueiy (1705 HV, yAeviin) Tysiayin pacradsl.  BaaKeITyABIH
OeAriZeHTeH TeXHOAOTUAABIK IIapaMeTpAepi CYIbIATY KODPPUIINEHTIH
JKoHe TepMIABIK 9Cep eTy aliMaFbIHEIH MOAIIEPiH e4ayip ToMeHAeTyTe
MYMKiHAIK Oepai. AAbIHFaH HoOTUIKeAep d3ipAeHreH TeXHOAOIMAHBI
Kaszaxcran Pecriy6avkachIHbIH ©HEePKaCIIITIK HpaKTUKachIHa
VMILAe€MeHTalMsAayAbIH OPBIHABIABIFBIH pacTamiAbl.

Karouessbie caoBa: AHHOTANI WS

poTanimOHHBIE HOXXIL, Obecnieyenue AOATOBEYHOCTIN pen(ymero I/IHCprMeHTa B TOpHOAO-
TOPHO-IIIaXTHOE OBIBaloIell OTpacAu ITpeACTaBAseT COOOM KAIOYEeBYIO WMH>KeHepHYIO
obopyaoBaHue; po6.aeMy, 4TO 00YCA0BAEHO arpeCcCHBHBIM BO3JeliCcTBIeM adpa3iBHOIO
U3HOCOCTOMKOCTB; U yAapHOTO M3HOCA B YCAOBUSX DKCIAyaTanun. JaHHOe MccAeAOBaHIe
naraaska; EnDOtec; ITOCBAIIIEHO ITOBBIIIEHNIO 9KCIIAyaTallIOHHO HaAe>KHOCTU POTallOH-
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KapOUAHbIE TTOKPBITIL; HBIX HOXXeV TOPHO-IIaXTHOTO ODOpPYAOBaHM:A IIyTeM CO3JaHMSA Ha MX

MaIllMHOCTPOEHNe. paboueil TOBEPXHOCTM YIPOUHSIOMINMX IIOKPBITUII IO TEXHOAOTMH
MeXaHN3MPOBaHHOM HanAaBKu. ITpoBegeH BHIOOP ONTMMAaABHEBIX A€TH-
POBaHHBIX IIOPOIIKOBBIX IIpoBoAoK EnDOtec Ha ocHOBe aHaaM3a
KMHeTUKM M3HAIIMBaHMUS OCHOBHOTO Matepmada (craab 45). Paspa-
OoTaHa MeTOAVKa BBHICOKOTOYHOI HallAaBKW, peaAl3OBaHHas Ha Tpex-
KOOPAVHATHOM CTAaHOYHOM KOMILAeKCe C UMCAOBBIM IIPOTPaMMHBIM
ynpasaenueM (YUITY) Vuusepcurera nayku u TexHoaormum AGH
(IToaspmra). Kommnaexkc Metaaaorpadpuaeckux uccieA0BaHUI U 3aMepOB
mukpotsepgoctn (METOAZADB 502) moatsepAma obpasosaHme das
yABTPaBbICOKOM TBepgocTu (40 1705 HV, 1), KpUTUUHBIX AAsI COIIPOTUB-
AeHns abpasun. Y CTaHOBAeHHbIe TEXHOAOTMIecKe ITapaMeTphl HallAaB-
KU TIO3BOAMAN CYIIIeCTBEHHO CHU3NUTH KOd(PPUIMeHT pa3baBAeHNUA U
pasMepsl 30HBI TepMmueckoro bAmsAHusA. IloaydyeHHble pe3yAbTaThI
MTOATBEP>KAAIOT IleAecooOpa3HOCTh MMILAeMeHTalluy pa3padoTaHHON
TEXHOAOTUN B IIPOMBIIIAEHHYIO MpakTuKy Pecrrybanku Kaszaxcras.

keywords: ABSTRACT

rotary cutting tools; mining Enhancing the service life of cutting tools in the mining industry presents
equipment; wear a pivotal engineering challenge, driven by the aggressive effects of
resistance; hardfacing; abrasive and impact wear encountered during operation. This study
EnDOtec; carbide coatings; focuses on improving the operational reliability of rotary mining-
mechanical engineering. machine cutting tools by applying hardening coatings using mechanized

hardfacing technology. The optimal alloyed cored wires (EnDOtec
series) were selected based on an analysis of the wear kinetics of the base
material (Steel 45). A high-precision hardfacing methodology was deve-
loped and implemented on a three-axis Computer Numerical Control
(CNC) machine at the AGH University of Science and Technology
(Poland). Comprehensive metallographic examinations and microhard-
ness measurements (METOALAB 502) confirmed the formation of ultra-
high hardness phases (up to 1705 HV,,), critical for high abrasion resis-
tance. The established hardfacing parameters allowed for a significant
reduction in the dilution coefficient and the size of the heat-affected
zone. The results support the feasibility of implementing this developed
technology within the industrial practice of the Republic of Kazakhstan.

KIPICIIE

JKymbic KypaaadapBIHBIH Kejea JKoHe KapKbIHABI TO3YbI Tay-KeH eHAIpY eHepKaciOiHAeri
eHIMA1AiKTiH ecyiH TexkeilTiH Herisri PpakTOpAapabIH Oipi 604bII TabbLAaABl. MyHAal KYOBLABIC,
O3 KeseriHge, OHAIpicTiK IponecTepAid TMiMAiAITiH TOMeHAETIIl, ONepalusaAbIK IIbIFBIHAAPABIH,
eadyip aprybiHa okeaedi. Tasasay >keHe oTIle >KyMBICTapblHAQ KeHiHEH KOAAaHbLAATBhIH
pOTalLMAABIK KecKilliTep (IBIIaKTap) aca KypAeAai MaligadaHy >KardaiiaapblHAa SKYMBIC iCTelAd.
bya xafaaiiaap >KOFaphl AopeskeAi aOpasMBTIK TO3y, alTapAbIKTall AVMHaMMKaABIK COKKBI
acepaepi >KoHe TeMIlepaTypaAbIK IIUKAAePAIH aybITKyAaphl CUAKTH (paKTOpAapAbIH yildecyiMeH
cunatrazagsr (Kotelnikov, 2021). Hoerimokecinge Kecy >KMeriHiH reoMeTpMsAABIK MiIMiHIHIH
JKblA4aM OY3BIAYBI OpPBIH aAblll, >KaOABIKTBIH amlaTTHIK TOKTaIl KaAyblHa, KBIMOAT TYpaThIH
KypaMJac OealIekTepAi >KMi ayBICTBIPY KadKeTTidiriHe aawlln Keaeai. MyHBIH Oopi eHAipicTik
KeIlIeHHIH TEeXHUKAABIK AaibIHABIFBIHBIH >KaAIlbl KO®(PQPUIIMEHTIH TOMEeHAeTill, >XYIieHiH
CeHiMAiairi MeH 9KOHOMUKAABIK, TUIMA1AiTiHe Kepi ocepiH Turiseai.

Tosyra TesiMai >kaObiHAApABl OaAKBITBIII KamTay o4iCi apKblABI >Kafy — TO3aTbIH
OealllekTepAiH KBI3MeT €Ty MepP3iMiH apTTBIPYABIH FBIABIMU TYPFBIAAH AdAelJeHTeH >KoHe
DKOHOMMKAABIK TYPFBIAAaH TMIMAL ImterniMi Ooasim TabObaaabl (Sagyndikov et al, 2023).
BaKBITBIII KamnTay TEXHOAOTUACH TeK O©AIIeKTiH OacTallKbl TeOMEeTPUABIK MillliHiH KaAIbIHa
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KeATipyMeH IlleKTeAMeli, COHBIMeH KaTap >KYMBbIC OeTiHJAe Herisri MaTepuaaAblH KacueTTepiHeH
eAdyip >KOrapbl TpMOOAOIMAABIK CHUIIaTTaMalapbl Oap KaOaTThl MaKcaTThl Typde KaablITac-
TEIpYFa MYMKiHAIK Oepeai. KasakcTaHHBIH Tay-KeH OHAIpy KellleHiHAe MYHAAll TeXHOAOTVIIABIK,
ToCiaAl eHri3y caAaHbIH >KaAIlbl TUIMALAITIH apTTBHIPY >KeHe ©HAIPICTIK IIpolecTepAil ceHiMAi-
AiTiH KaMTaMachl3 eTy TYPFBICBIHAH aca MaHBI3AbI 00ABITI Tabblaaabl (Aubakirov et al., 2023).

3epTTeyain MakcaTel: Tosyra Te3iMAl >KaOBIHAApAB! OAaAKBITHII KallTay 94iCiH KOA4aHY
apKpIAbl Tay-KeH MalllMHaJapbIHBIH POTaIMAABIK MBIIIaKTapbIHBIH >KYMBIC TYPaKTbIABIFBIH
KaMTaMachl3 eTy.

Koriblaran MakcaTka >KeTy YIIIiH TOMeHAeTi MiHAeTTep KOVBIABIIIL, IIemiAAi:

e KoHcTpyknmAAablK ~ 0oaaTTaH >kKacaAfaH pOTALMAABIK —Tay-KeH IIbIIIaKTapbIHbIH
a0bpasuBTiK XKoHe COKKBLABI TO3y MeXaHM3MAEePiH Kyileley >KoHe TaaAay.

e ExiHmmizik kapOuaTik ¢aszasapably >KOFaphl KOHIIEHTpaLVLICHI 0Oap KYPBLABIM
KaABIIITaCTBIpyFa KabileTTi AeripaeHreH OaAKBITBII KaIlTayFa apHaAfaH MaTepualjapAbl
FBIABIMM HeTi3/e TaHAay.

¢ Cbb->xabapIKTapelH KOAJaHa OTBIPBII, >KOFaphl A3AAIKTI MeXaHMKaAdaHABIPBLAFaH
0aAKBITHIIT KaIlTay TEXHOAOTUAABIK peXXIUMAEPiH 93ipAey >KoHe 01apAbl CBIHaKTaH ©TKi3y.

e baJAKBITBII KanTay apKblABl aAblHFaH KaOaTThIH MeXaHMKAABIK KacueTrTepi MeH
MUKPOKYPBLABIMBIHA KeIIeHAl TaaAay KYPri3y, COHbIH illliHAe MUKPOKATTLIABIK ©AIIeY.

e Tay-KeH ©HAIpY KellleHi >KarjaliblHAa KypaAAblH KbI3MeT €Ty Mep3iMiH YAFalTy >KoHe
naligasaHy IILIFBIHAAPBIH TOMEHAETY TYPFbICHIHAH 93ipAeHreH TeXHOAOIVSIHBI eHTIi3y a4eyeTiH
Oaraaay.

Tay-keH eHepkacibiHge KOAAaHBIAATBIH KypaadapAblH KapKBIHABI TO3YBI Maceleci
OTaHABIK >KdHe XaABIKapaAblK FBLABIMIU KaybIMAACTBIKTapABIH TYpPaKTBl HasapblHAa OOABII
keaeai. Herisri ipreai eHOekTep Tay >KBIHBICHI MacCUBiMeH e3apa opeKeTTecy KesdiHJAe KecKill
DAEMEeHTTePAIH JerpajallMsACBIHBIH OacThl MeXaHM3Mi aOpasMBTIK Kakaly eKeHiH aHBIKTaraH
(Pawlik et al., 2022). Aaaitga, maiigasany OapbICBIHAQFBI IIMKAAIK KyKTeMeJepAiH acepiHeH
TYBIHAAQWTHIH IIapIIay >KoHe COKKBLABI acepaep Je Oy3blay yAepiciHae eaeyai pea aTKapaabl.

Tosyra Te3iMaiaiKTi apTTBIpyFa OarbITTaAFaH 94icTep, COHBIH illiHAE dPTYPAi TEPMUAABIK,
eHJey TypAepi MeH KOpFaHBIII >KaOBIHAAPBIH JKaFy TeXHOAOTIMsAAaphl, Kasipri TaHAa OeaceHAl
FBIABIMMY 3epTTeylep HBICaHBI OOABINT TaOblAaABl. ATall aliTKaHAa, DAEKTPAOFAaAbIK OaAKBITBHII
KaITay MalllMHaJdapAblH, ipi >KoHe MaccuBTi OealleKTepiH HBIFATyABIH eH oMOebam opi
DKOHOMUKaABIK TYPFBIAaH THiIMAi aAicTepiHin Oipi peTiHge KapacTerprlaaasl. Temip, xpom >koHe
MoaubOJeH HeTisiHAeri AeripAeHreH Kocma MaTepmaajapAbl KOAAaHY KOMIIO3UTTIK MUKpPO-
KYPBLABIM aAyFa MyMKiHAIK Oepeai. MyHAai KypblabIMAa >KOFapbl KaTThIABIK Cr7Cs, CrasCe >KoHe
NbC cusakTer 6acTarKbl XXKoHe eKiHIIiAiKk kKapOuartik ¢pasasapAblH Ty3iayi ecebiHeH KaMTaMachI3
etiaeai (Mrowiec et al., 2023).

baaKpITEII KanTay TeXHOAOTMACBIHBIH 3aMaHay! Jamy OarbitTapel Cbb xyiteaepimen
OackapblaaThlH MeXaHMKaJdaHABIPBIAFaH, COHBIH illliHAe POOOTTaHABIPBIAFAH KellleHAepAi
MHTeTpanusAayAbl kesseiiai (Bisenov et al., 2024). Bya Tocia GaakpIThin Kamrtay Oiairinig
KaABIIITaCyblHAA >KOFaphl AdA4iKKe KOA >KeTKi3yre, >KBIAYABIK ocepaiH 00A’KaMABIABIFBIH
KaMTaMachI3 eTyre >KoHe Herisri MarepmaaAblH OaAKbIThIAFaH KaOaTKa ©Ty YyAeCiHiH TeMeH
6oaypiHa (cyriplay KoodPUIMEHTIHIH TeMeHAiriHe) MyMKiHAIK Oepeai. Cyiiblay JeHTeifiHiH
TeMeH caKTaAlybl >KaObIHHBIH OacTamkblda OepiareH OepikTik cumaTTaMadapbl MeH XMMISIABIK,
Tere-TeHAiriH caKTay YIIiH IIellyIi MaHre ue. bipkarap seprreyaepde cyiiblady KOpCeTKIIIiHiH
10-15 % m1exTiK MoHiHEH acysl Aeripaeyiri, KapOng Ty3yIli KOMIIOHEHTTepAiH KyPaMBIHBIH KYPT
azalObIHa 9KeAeTiHi g91easeHreH. MyHAail KyOBLABIC KapKBIHABI aOpa3uUBTiK TO3Y >KaFdaifbIHAa
>KaOBIHHBIH TUIMAIAITiH TOMEHAeTeAl.

Osexileci TOATHIpBIAFaH YHTaKTHI chiMAapabl (FCAW) >koa-KypBIABIC >KoHe Tay-KeH
TeXHUKAChl OeAIleKTepiHiH KaTTBIABIFBIH apTTBIPy VINH KOAJAaHy ToXipuOeci FBIABIMU
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94ebueTTepae KeHiHeH cuIlarTalraH, OyaA aTaAraH 94iCTiH >KOFapbl HOTVDKeAiAiriH pacrailabl
(Nazarbaev et al., 2023). JKapusaianraH Aepekrepre >KacaAfaH IIOAY HETi3Ti TEXHOAOTMAABIK
napamerpaep (0epy >KbLAAaMABIFBI, TOK KYIIi, KepHey) MeH COHFbl OaAKBIThLAFaH KaOaTThIH
MOpQOAOTHACH, COHJAl-aK KaTThl (aszasapAblH Tapaaly CHUIIATHl apachIHAAFbl ToyeAAidiKTi
TepeHipeK 3epTTey4iH MaHBI3ABLALIFRIH KepceTeai. OcbiFaH 0allaaHBICTB, 494 POTAIIMAABIK,
IbIIIaKTapAbl SKOFapbl AdAAIKIIEH OaAKBITHIII KamTayra OarbITTaaraH OyA FBIABIMU-3€PTTEY
SKYMBICBHI 94€MAiK 3aMaHayy TeXHOAOTMAABIK ChIH-KaTepAep >KylieciHe TOABIK COMKeC KeaAeai.

3EPTTEY MATEPUAAAAPBI MEH OAICTEPI

3epTTey HBICAHBI: POTALMAABIK Tay-KeH IIBIIIAKTapBIHBIH TO3y¥a TO3IMAIAiriH apTTEIpY
94ici. 3eprTTey IIoHI: TEXHOAOTMAABIK PEXKUMAEP MeH TO3yfa Te3iMal OGaAKBITBHIII KaIlTaAraH
>KaOBIHAQPABIH XMMUSABIK, KYPaMBIHBIH ITBIIITIAKTapABIH JKYMBIC OeTiHiH KYPBLABIMABIK-(pa3aablk
KYIiiHe >XoHe TPMOOAOIMAABIK, KacueTTepiHe acepi.

Poraumsaaplk IbIIIAKTapAbl AaliblHAay YIIiH Herisri marepmaa peTiHge 45 Mapkaabl
KOHCTPYKIVAABIK KeMipTekTi 604aT KoaAaHbLAAbl. Tosyra Tesimai >kaObIHAApABI Kary YILiH
abpa3MBTiK TO3y >KargaliblHAa OaAKBITBHII KanTayra apHaaraH Castolin Eutectic koMmmanmsIchr
eHgipetin yHraktel ceiMaap (FCAW) maitaaaansiager: EnDOtec DO*351, EnDOtec DO*332 un
EnDOtec DO*11.

DKCIepVMEeHTTIK yATidep MeH IbIIIaKTapAbIH KeCy KbIpAapbIH OaAKBITHII KaIlTay SKYMBIC-
Tapel Kpakos kaaacweingarnr (IToasma) AGH TerabiM SkoHe TexHOAOTMs YHMBepCUTeTiHAe SIH
INaBauk (Jan Pavlik) a3ipaen, KypacTbipran caHABIK, Oargapaamaasik 6ackapysl (Cbb) 6ap Tymnyc-
KaABIK pOOOTTaHABIPBLAFaH YIIKOOPAMHATaABl CTAHOKTLIK KeIlleHAe JKy3ere ackpbrLaAnt (1-cyper).

1-cypet. AGH (IToas1ra) F'erapiM >koHe TEXHOAOTUsI YHUBEPCUTETiHAETI
Tay >KBIHBICBIH OY3y IIPOIIeCiH MOAeAbAENTIH POTalMAABIK OPBIHAAYIIIEI OpPTaH:
a) KaAITbI KOPiHic; 6) Tay-KeH MbIIIaKTaph!
Ecxepmy — asmop (Kanxerosa, 2025) nezisitide kypacmoipaan
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baaxpitein kanray nponeci fH IMapank sxobaaar, >kacan misiFaprad, AGH ForiasiM sxoHe
TEXHOAOTVS YHUBepCUTeTiHAe 2-cypeTTe opHalackaH CBbb Oap Gipereif cTaHOKTHI IaiijalaHy
apKbIABI Ky3ere aceipblaAbl (Pawlik et al., 2022).

2-cypet. AGH I'niapiM >xoHe TexHoaorus yHusepcuterti (IToabma) opnasackan, fIu ITaBank
>xobazan >xacaraH Cbb 6ap GaAKBITHIII KallTayFa apHaAFaH >KaOABIK >kKoHe OaAKBITHIIT KaABIIITay
Iporieci Ke3iHJeri a — >KaAIbl KepiHici; 0 — KarTay mpolieci; B — >KYMBIC aliMaFb
Ecxepmy — asmop (Kanxeriosa, 2025) nezisitide xypacmoipaan

By >xabABIKTHI K0AAaHY OaAKBITBII KallTay CBIMHBIH Oepiayin skoHe GMAW goHekepaey
>KaHaPFBICBIHBIH KO3FaAy >KbIAAaMABIFBIH IIPeIM3MOHABl Typde OakblaayFa MYMKiHAIK Oepai.
KoceiMmia Teprinmni aifHaay ociMeH >XKaOABIKTaAFaH YII OChTi CTAHOKTBIH JKYMBIC aliMaFrbl
320x300x170 MM Kypaiiabl koHe OaAKBITHIIT KalTay OachIHBIH KO3Faady >KbIAAaMABIFBIH 0,1-1eH
200 mM/c aertiHTi gmamasoHga peTreyai KamTamaces etedi. Konasipreinery CAD-Mogeai MeH
0aAKBITY TIpo1ieci Ke3iHAeri >kabABIKTHIH (POTOCYpeTi JKOFaphlAa KeATipiareH.

Keckim OacpiHa poTanusaAbIK IbIIIaKTap OpHaTbLAFaH, OJdap HaFbI3 DKCIIAyaTalUsSABIK
KYKTeMeJepAi MMUTALMAAAlThIH >XKaFdalidapaa Tekcepiaeai. bya maTepuaasapabiy Tosyra
TO3iMAiAiriH >kKoHe KOPFaHBIIITHIK, OaAKBITHII KallTaAFaH KadaTTapAblH THMiMAiairin Oarasayra
MYMKiHAiK Oepeai.

Canaplx, OargapaaMadnlk 6ackapysl Oap CTaHOKTHI KOAAaHy >KOFaphbl 49AAIKTi OaAKBITHIIT
KaIlTay oJicTeMeciH icke acklpyFa MYMKiHAIK Oepai. bya agic TexHOAOTMAABIK MapaMeTpaepai
KaTaH OaKbl1ayAbl KAMTaMackI3 €TTi: CBIM Oepy >KbLA1AaMABIFBIH, SKaHaPFBIHBIH OPBIH ayBICTBIPY
KBIAAAaMABIFBIH  (Vh), 9aeKkTpaik pexxmm mapamerpaepin (I, U), conaari-ax kabatapaabk
TeMIlepaTypaHBL.

HoaTmkeaepai skaH->kaKThl OaFaaay YIIiH KeJeci 94icTep KellleHi KOAAAHBLAABL:

MUKpPOKaTTHIABIKTH ©AIIIEY.

Yariaepain muxpokarteiabirbl  METOAZAB 502 MHMKpOKATTBIABIK — ©AIIeETiNIiHAe
MHAeHTOpFa TycipideTin >xykteme P =100 r (0,98 H) xane ycran Typy yakbiTel 10 ¢ ke3inge
eamenai. Hy, muxpokarreiasirsr TOCT 9450-60 (GOST 9450-60, 1960) cransapThiHa caliKec
temengeri (1) popmyaa OOIIBIHIIIA aHBIKTAAABL:
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P
Hp,=1,854% — (1)

MyHzarsl P — mHAeHTOpFa TyCipideTiH XykTeMe (krc), d — i3 TanOacChIHBIH AMaroHaAiHig opTaria
Y3bIHABIFEI (MM).

Isgep opGip 100 MKM caifbiH KOVBIAABL. CTaTHCTMKAABIK CEHIMAIAIKTI KaMTaMachl3 eTy
yuIiH 5 earrey GOBIHIIIA OpTallla MOHAEP aHBIKTaAAbl, CaABICTEIpMaAbl KaTeaik 3%-4aH acriaasl.

Mertaaaorpadusaablk Taazay.

OnrnkaablK MUKPOCKONTapAbl KOAAAaHY apKbIABI OaAKBITHIII KalTaAfaH KaOaTThIH
MUKPOKYPBIABIMBI JK9HE KBIAYABIK acep aiiMa¥rbl (JKOA) sepTTeaai.

HOTHMIKEAEP JKOHE OAAPAbI TAAKDBIAAY

Mertaaaorpaduaablk Taagay Kepcetkenaeir, DO*351 cpiMbIMeH OaAKBITHIII KamlTay
apKbIAbl >KacaAFaH KaOaT >KOFaphl AeTipAeHIeH ®BTeKTMKAABIK KYPBIABIMABL KypaiAbl, Oa
ayCTeHUT-MapTeHCUT MaTpunackiHaH >koHe Cr;C; TmmTec GacTamkbl XpoM KapOmATepiHeH
Typaasl (Smagulov & Abilov, 2024; Badisch & Kirchgafsner, 2023).

3-cypeTTepae Herisri MeTaaaablH (45 MapKaabl 604aT) MUKPOKYPBLABIMBI 9PTYPAi eA111ey
HyKTeAepiHae KepceTiareH.

3-cypert. bacramnxks! Kyligeri HeTi3ri MeTaa4AbIH (45 MapKaabl 004aT) MUKPOKY PBLABIMBIL:
a — YAri — mpIITakThIH €04 >Karbl (Herisri Metaaa) x50; 0 — YAri — IbIIIIaKThIH OH >KaFrbl
(merisri MeTaaa) x50; B — YATi — IBIIIaKTHIH OpTackl (Herisri Metaaa) x20;
I — YAri — OBIITaKTHIH COA YXaFsl (Herisri MeTaaa) x20
Ecxepmy — asmop (Kanxerosa, 2025) nezisinde xypacmoipaat

bya wMuxpokypsiasiMga Qepput-niepanttik ¢$asazapAblH apakaThIHACBI MeH J9H
IIeKapaJdapblHBIH aiiKblH KopiHeTiHi Oalikadaabl. YAKeNTy JopeskeciHiH apTybIMeH TyHip
eAllleMAepiHiH opKeaAKiairi >keHe >KeKeJereH aiiMakTapia KYPBIABIMABIK TeTepOreHAiAiK
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aHpIKTaaabpl. COHBIMEH KaTap, KelbOip y4yackeaepge AUCHEPCTIK KOCBIHABIAAp Me€H
MUKpOXXapBIKIIAK ~i3gepi Oaiikaaaapl, ©Oya MarepmaaAblH OacTamkbl — Kylideri imki
KepHeyJepiMeH OailaaHBICTHI 00AyBl MYMKiH. JKaambl aaraHja, aAbIHFaH MeTaAAorpadpusAAbIK,
HOTIKeAep HeTi3ri MeTaAAblH KYPBIABIMBI OipTeKTi eMec eKeHiH >KoHe OHBIH MeXaHMKaABIK,
KacueTTepiHe acep eTeTiH MUKpOJeHrelieTi allbpMalllbLABIKTapAbIH Oap eKeHiH KkepceTei.

4-cypeTTe XBIAYABIK ocep alimarbl (JKOA) MeH epreH aliMakKThblH MMKPOKYPBLABIMBI
KepceTiareH. by Herisri MeTaara 6aAKBITBIN KaIlTay Ke3iHAe 00AaThIH JKbIAYABIK IIMKAAIH acepiH
Oarazay yIIIiH aca MaHbBI3ABL.

“50 pithl

20 M

4-cypet. baaxprtein KanraaraH kaOaTTeiH (EnDOtec) sxone 45 mapkaabl 6oaaTreH IeKapadac
>KaTKaH >KBIAYABIK acep aliMarbIHbIH (JKOA) MUKPOKYPBIABIMBL @ — YATi — IIBIIIIAKTBIH COA KaFbl
(epiren aiiMak) x50; © — YAri — IBIIIaKTBIH OH KaFkl (epireH aiimak) x20; B — YAri — opTachl (epireH
ariMak) x20; T — YAri — IbIIIaKThIH OH >Karkl (epreH anMak) x20; 4 — Yari — opracsl (epireH aiimax), x20
Ecxepmy — asmop (Kanxerosa, 2025) nezisitide xypacmoipaan

TeXHOAOTUAABIK peXXUMAEPAl OHTallAaHABIPY JKoHe MUKPOKYPBIABIMABIK Taaday. KyMbIc
OappIcbiHAa 9pOip CbIM MapKachl VIIiH ONTMMaAAbl OaAKBITHII KalTay pexkumaepi 1-kecrese
aHBIKTaaAbl. bya pexxnMaep GaAKBITHII KallTaAfaH KaOaTTEI MUHIMAaAAB! cylibiaymeH (8-10 %-
AaH acmaiThIH) KaABIIITaCTEIPYFa SKoHe KapBIKTapABlH 00MayblH KaMTaMachl3 eTTi.

1-kecTe. BaAKbITI)IH Karray YILIIH OIITUMAAABI TEXHOAOTIMSIABIK ITapaMeTpAaep

BaAKbITBIT KaTITay Keprey, baakpIThII KarTay Cyitbiay .
MaTepiab Tox, I (A) U ) SKBLAAAM ABIFBI k0o PuUITeHTI
(Vih, MM/c) (%)
EnDOtec DO*351 180-200 25-27 1,8 ~8
EnDOtec DO*332 160-180 24-26 2,0 ~9
EnDOtec DO*11 150-170 23-25 2,5 ~10
Ecxepmy — Asmopdory depexmepi nezisirde xacarean (Kanxenosa M.T. 2023)

bBaakpITHII KamnTaAraH KaOaTTBIH MUKPOKATTBIABIFEIH Taaday. DBaaKBITBII KamnTaaraH
MeTaAAblH MUKPOKATTHIABIFBIH ©AI11ey HoTVKeAepi 2-KecTe e KOpceTiAreH.
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2-kecTe. baAKBITHIII KaNITaAFaH yATidepAiH MUKPOKATTBLABIFBIH ©A111ey HoTvKeaepi (HVy 1)

baakprTein | Marpumansly (Tiriaetin baakpIThIT KariTaarad
Yari Kamnray ariMaK MaHBIHAAFbI) KabaTThIH TycinixTeme
MaTepuaAabl | MUKPOKATTHIABIFE HV 1 | MUKpOKATTBIABIFEL HV) 4
BaakpITBIIT KalTTaaFaH
EnDOt
No1 ]1;0*1 fc 320.7 671.4 MeTaAAbIH OpTalla
KATTBLABIFBI
No 2 EnDOtec 3102 625.7 Biﬁmzmﬁ KanzaﬁaH
0 DO*332 . . aA/bIH OpTallla
KATTBLABIFBI
No3 EnDOtec 248.0 1705.0 KarTsr kapbmaTix
DO*351 daszagarsl earey (Cr,C3)
Noe 3 EnDOtec KyMcax DBTeKTUKaABIK
- 445.0
(Matpuna)| DO*351 MaTpuliajarbl eA1Iey
Ecxepmy — Asmopduir depexmepi nezisinde xacarzan (Kanxerosa M.T. 2023)

ApiHFaH MaaiMeTTep 2-KecTede KOpceTKeHAell, MaKCuMaAAbl KaTThlAblK MaHi 1705 HV 4

yari Ne3 (DO*351) OoiibiHIIa TipKeAreH >KoHe OyA MoH OacTamkpl KapOuATIK ¢aszasapiblH
KaTTBIABIFbIHA ColiKec Keaeli, 0Aap aDpa3MBTiK TO3yFa SKOFaphl KapChlAbIK KepceTeai. Kopiaran
MaTpULIaHbIH KaTTHIABIFEI (445 HV, ;) COKKBIABI >KYKTeMeaAepre Kapchl TYpPY YIIiH KaKeTTi
MiATIIITIKTI cakTanAblL Y Ariazepaiy opraiiia KaTThIABIK MaHAepi: Nol yari — (671,4 HV; ;)>xene No2
yari (625,7 HV,,). Bya kepcerkimrep Herisri MeTtaaaasiH (45 mapkaast 0oaat = 200 HV ;)
KaTTBIABIFbIHAH YIII ece JKoHe O4aH Ja YKOFaphl eKeHAIriH Oiagipeai.

Herisri Mmetaaa MeH JKOA KaTTBLABIFBIH OaFraday. baAKBITHIIT KamlTay Ke3iHAe >KbIAYABIK
LIMKAAIH Heri3ri MeTaaara (45 MapKaabl 604aT) acepiH OaFaaay YIIiH JKbLAYABIK 9Cep aliMarbiHAa
(’)KOA) >xeHe aabICTarbl ydackelepAe MMKPOKATTBIABIK eAlreyaepi Kyprisiaai (Seitkaziev &
Nurbosynov, 2024)

MUKpOKaTTBIABIKTEL 3€pTTey HOTIKeAepi, ocipece KarTel ¢aszasapda DKCTpeMaaAbl
JKOFaphl MoHAepAiH Tipkeayi 2-KecTede, KOMITO3MIIMAABIK TO3YFa Te3iMAi >KaOBIHHBIH COTTI
KaABIITaCKaHbIH 491ea4eliAl. MyHAall Ky pBLABIMABIK MeXaHI3MJe KaTThl KapouaTep abpasnBTiK
TO3y¥a TeTell Oepce, I1AacTUKaABIK MaTpuIla COKKBLABI XXYKTeMeaepre Kapchl Typaabl, Oya Tay-
KeH IIBIIIaKTapbIHbIH DKCILAyaTanys JKardaidapsl YIIiH eH TniMAi 604b11 Tabbraaast (Zimakov,
2021; Mrowiec et al., 2023).

3-kecre. Herisri meTaaaasy (45 Mapkaasl 0041at) KoHe
KO A-nb1H HV); ; MUKPOKATTHIABIFBIH ©AIIIeY HoTVKeAepi

. bacramkpsr Oprama CraHAapTTHIK .
©a1ey arimarsl TycinixTeme
MaTepuas KaTThABIK, HV ayBITKY
Herisri metaaa Boaar 45 185 48 BaVAKLITLIH Kanray
(coa kak) ariMarbpIHaH aAbIC
Epren aitmak/J)KOA boaat 45 + 298 180 Kprayapik acep
(coa >xax) baakpIThII Kantay / ariMarbl
Herisri metaaa Boaar 45 178 125 BaNAKI)ITbIH KaImray
(opTacsr) ariMarbIHaH aAbIC
Epren arimaxk/ boaar 45 + Kprayavik acep
212 1,0 N
JKOA (opracsr) baaxkprThin KanTay ariMarbl
Herisri metaaa Boaar 45 170 55 BavAKI)ITLII'I Kanray
(oH >xaK) ariMarblHaH aAbIC
Epren arimaxk/ boaat 45 + Kprayapik acep
209 8,8 .
JKOA (oH xak) baakpIThII Kantay avIMarbl
Ecxepmy — Asmopduir depexmepi nezisinde xacarzan (Kanxernosa M.T. 2023)
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Herisri meTtaaaapiy (boaat 45) karteiasirsr 170-185 HV,, , Ananas3oHbIHAa OpHalacKaH, 0ya
OHBIH OacTallKbl KyifiHe coiikec Keaeai. JKpLayabIK ocep arimarbiHAa (KOA) 10KaaA4bl KATTBIABIK
209-228 HV, , aeiitiH apTaasl, Oya OakblaayAbl CAAKBIHAATY IIUKABI HOTVDKECIHAE JKYKa AVCIIEPCTi
JaszasapAblH TysiayiHeH TYBIHAQWUTBIH KYPBIABIMABIK ©3repicTepMeH TyciHAipiaeai. bya
KaTTBIABIKTBIH OpTalla >KOFapbldaybl >KBIAYABIK ocepal TuiMAl MMHUMM3alMslaFaHBIH
KoepceTeai, 6¥A TIBIIIAKTBIH KaAIlbl OePiKTiriH cakTay YIIIiH MaHbI3AbI.

JKOA Ttaagaysl 3-xkecrese >KoHe MUKpodoTocyperTep 2-cyperre KepcerkeHaei, CBb-
>KaOABIKTapBIH KOAJAAHA OTBIPHIN 93ipA€HTEH TEXHOAOTUSABIK PEXNUMAEP >KBIAYABIK dcep
aliMarblH MUHUIMAaAABl JeHTrelige KaMmTamachis eTTi. JKOA-gafbl KaTTBIABIKTBIH = OpTallla
>Korapblaaybl (228 HVO0.2 aeitiH) KaTThl KaTaliTyAblH HeMece MeTaAAAbIH KBI3BIIT KeTyiHeH
TYBIHAQVTBIH KaTTBLABIKTHIH KYPT TOMeHJeyi 6earizepi 604Maii, IpOLIeCTiH JKbLAY ABIK OalaHChIH
CoTTi DaKblaayAbl KepceTedi. bya poTranmAAbIK IBIIIAKTHIH HeTisri 0eAiriHiH >KaAIlbl 6epiKTiri
MeH MiATiITiriH cakray yiuiH aca MaHbi3Asl (Fernandez & Garcia, 2018).

AapIHFaH HOTYDKeAep OONBIHINA, KYPaAAblH KbI3MeT eTy Mep3iMiHiH 004KaMAbl Y3apysl
80 %-ra AeiliH Tay-KeH eHAipiciHAe ®KOHOMUKaABIK THMiMAiaikTti aprreiphi, Kasakcran >xar-
AavibIHAQ ©HAIPY TMIMAiAITiH XXOFapblAaTyFa MYMKiHAIK Oepeai (Kabdrakhmanov et al., 2023).

KOPBITBIHABI

Kyprisziaren 3zepTTey MexaHMKadaHABIPBIAFaH OaAKBITHII KaIlTay o4ici apKbLABI
pOTalMAABIK Tay-KeH IIbIIIaKTapbIHbIH KbI3MET eTy Mep3iMiH eaeyai Typae YAFalTy MYMKIHAITI
TypaAbl FBLABIMU TUIIOTE3aHbl PacTajbl.

Heriari KoppITBIHABLAQD:

e EnDOtec agonekepaey chiMAapblH TaHAAy HeTisai, ce6ebi oaap >KOFapbl KaTTHLABIKTAFbI
KapOMATIK KabaTTapAbl KaAbIIITacThIpaAbl, Oya aOpas3uBTIK TO3yFa THUIMAI Kapchl TYpPyAbBI
KaMTaMachI3 eTeai.

e YmkoopanHataabl CBb >xaOabIFbIH K0A4aHy OaAKBITHIIT KallTayAbIH KOFaphl A9AAiTiH
KaMTaMachI3 eTTi, cyitbiay kos¢pduiinentin 10%-4aH aciaiiThIH geHTelide caKTayFa MYMKIiHAIK
Oepai >xoHe Heri3ri MeTaAAFa Tepic JKBIAYABIK 9cepAi MUHUMU3aIAAaAbl.

e MUKpOKATTBIABIK ©AllleyAepi yAbTpakaTThl ¢asasapabiy (1705 HV, 4 Aeitin) Tysiayin
pacTaapl, 6ya Herisri MmetaaameH (boaaT 45) caablcThIpFaHAa TO3yFa TO3IMAIAIKTiH aliTapAbIKTal
ocyine okeaai. JXblayablK oacep aliMarblHAAFbl KaTThIABIK (209-228 HV;,) mbIIAKTHIH
DKCIIAyaTallMAABIK CUIIaTTaMaAapbIH caKTayFa MYMKIHAIK Oepeai.

MYAAEAEP KAI7IH.ILI/1LIFBI: ABTOpaap MyAdedep KaKTBIFBICBIHBIH JKOK eKeHiH
MoAiMAaeAl.

KAPXDBIAAHADBIPY. by a seprrey Kaszaxcran Pecrry0.ankacst I'erabv >koHe SKOraprI 0iaiM
MUHUCTPAITIHIH I'PaHTBIMEH Kap>KbLAaHABIPBLAABI (AP22683698 «Ipi mmbepai sicbipMasapAbiy
TyiticeTiH OeAIIeKTepiHiH THIFBI3AAFBIIT OeTTepiHiH TO3YFa TO3IMAIAITiH apTTHIPY»).

AAYBIC BIAAIPY: Apropaap sKcHepuMeHTTIK >ka0ablK (CBb) >koHe TeXHOAOTMABIK
omepanusAapAbl JKyprisyre apHaAfaH KOHCyAbTallMIABIK KoaAay KepceTkeH SH ITapankke (Jan
Pavlik) >xone AGH I'siabM >koHe TexHoaorys yHusepcuteTine (IToapmna) msHais! aaFpICTapBIH
6iaaipeai.
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KAMWIIBI KOTEPI'III IILIAT®OPMACHIHEIH,
KATTbIABbITbI MEH CAZAMAYBIHA ITEP®OPALIMSIHBIH, OCEPIH
DKCIIEPMMEHTTIK 3EPTTEY

SKCIIEPMMEHTAABHOE UCCAEAOBAHUE BAUSIHUS ITEP@OPALLNN
HA XXECTKOCTb 1 MACCY IIAAT®OPMbI HOKHNYHOI'O

ABTOIIOABEMHUKA

AN EXPERIMENTAL STUDY OF THE EFFECT OF PERFORATION ON THE
STIFFNESS AND WEIGHT OF A SCISSOR LIFT PLATFORM

O.H. Koctiouenkosa ‘' 1, C.A. Hypkymesa "= *, M. Bembenek "='2
IC.Cendyaans ateiHAare Kasak arporexHmkaaslK 3epTTey yHUBepcnuTeTi, AcraHa, Kasakcran

2AGH Kpaxkos ynusepcureti, Kpakos, IToasiia

*)Kayantsr aprop: Hypkymesa Caaranat Amanreaaikbissl, e-mail: saltanat.nurkusheva@kazatu.edu.kz

Tyiinai cesaep:

TYWNIHAEME

KOTeprilll, OHTailAaHABIPY,
OepiKTiK, KaTThIABIK,
Aepopmans, naardpopma.

bya seprrey bIFpicy >KoHe apThIK calMakK MaceJelepiH IIemly YIIiH
KallIIIbl KOTeprilt r1aTdpopMachH JKaHapTyFa OaFbITTaAFaH. 3epTTeyAiH
Makcatel — QaaHeurepi Oap OHTallAaHABIPBLAFAH IHepQOpaLVITHBI
naligadaHy apKblAbl MeTalA IIBIFBIHBIH a3aliTy >KoHe KYPBLABIMABIK
KATTBLABIKTBI apTThIPY. OgicteMere ANSYS KoMIbpIOTepAik MoJeabaey
xoHe 200 kr-ra gerin >xykreareH Ct45 0oaaT ChIHAK yATidepiMeH
JAaZaablK ToxXipubeaep Kipai. JedopmaliusaHsl >KOFaphel AdAAIKTeri
CeHcopaapAbl Naligadanbil eamenred. Herisri motiokeaep: 200 xr
JKYKTeMe Ke3iHJe OHTallAdaHABIPBLAFaH TepdopalsiaHfaH ILAaT-
dopma Oepix maardpopmara kaparaHia 2,46 ece TOMEH ayBITKyAbI
KepceTTi, caaMak 8 %-ra TemeHAeAl. Kypaeai MeHIIIKTI KaTTBLABIK,
KpuTepuiii 2,66 ecere apTThL. Tecikrepain AnaMeTpi MeH kea0eyiHe 25%-
Fa AeNiHTII TeyeaAiAiK aHBIKTaAAbl. 3epTTeyAiH FBIABIMU KYHABLALIFBI
pannoHaaasl nepdopanus apKbIAb Uily DAeMeHTTepiHAeri MacCaHBI
azaliTy >KoHe KaTTBIABIKTHI MaKCHMMU3alMAAayAblH —OipikTipiaren
yaricinge xaTerp. Texxipubeaik MaHBI3ABLABIFEL YCBIHBIAFTAH dJicTeMe
©HAIpic IIBIFBIHAAPBIH a3aiiTy >KoHe aBTOMOONAbL KeTeprillTepiHiH
ceHiMAiAiriH apTTeIpy yIIH THiMAi XoDasay ImemrimaepiH >KacayFa
MYMKiHgiK Oepeai.

Karouessie caoBa:

AHHOTALIMST

aBTOIIOABEMHIIK,
ONTUMU3ALIVSL, IIPOYHOCTE,
>KeCTKOCTB, AepopMarius,
naardopma.

VccaeaosaHne IMOCBAIIEHO MOAEPHM3AINN I1AaT(GPOPMBI HOKHITIHOTO
MoALeMHMKA A4Sl peIIeHns Mpo0AeM CMeIeHMs U M30LITOYHOM MacChl.
ean pabOTHI — CHMDKEHME MeTaAA0eMKOCTU U MOBBIIIeHNe KeCTKOCT!
KOHCTPYKITUN 3a C4eT MpMMeHeHM:l ONTUMI3MPOBaHHON nepdopanun
¢ bopramu. MeTtogo4orus BKAIO4ala KOMIIBIOTEPHOE MOAeAMpOBaHMe
ANSYS n HaTypHBIe DKCIIEPMMEHTHI C OITBITHRIMU 00pasIjaMy U3 CTaau
Cr45, Harpy>xkaembiMu g0 200 xr. Jedopmaniny M3MepsIANCh BBHICOKO-
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TOYHBIMM JaTuukaMy. OCHOBHBIE pe3yAbTaThl: ONTUMU3MPOBaHHAs
nepdopuposanHasi naardpopma pu Harpyske 200 Kr 1mokaszaaa nporud
B 2,46 pa3za MeHblIIe, YeM CILAOLIHONM aHaAOT, IIPY CHY>KeHUI Macchl Ha8
%. KoMIL1eKCHBIN KpUTEePUIi yAeAbHO >KeCTKOCTY YBeANInACs Ha 2,66
pasa. YcraHOBA€Ha 3aBUCHMMOCTD CHVDKEHMST MacChl OT AMaMeTpa U Iara
orsepcTuii A0 25 %. Hayumas 1jeHHOCTH pabOTBI 3aKAIO9aeTcs B
BBLIBAEHHON 3aKOHOMEPHOCTM COBMECTHOVM MMHUMM3AIIUM Macchl U
MaKCMMU3aIUyY >KeCTKOCTM 9AeMEeHTOB, paboTalomux Ha U3ruo,
ITOCpeACTBOM pallioHaAbHON mepdopanuu. IlpaxTndgeckas 3Haum-
MOCTb — IIpeaJoXKeHa MeTOAUKa, II03BOAAIONIasl TIeHepUpOoBaTh
9 PeKTNBHIIe KOHCTPYKTUBHBIE PeIIeHNsI AAS CHIUDKeHUS 3aTpaT Ha
M3TOTOBAEHNEe U TIOBBIIIeHN s HaJeXKHOCTU aBTOINOAbLeMHMKOB.

keywords: ABSTRACT

car lift, optimization, This study focuses on upgrading a scissor lift platform to address issues
strength, stiffness, of displacement and excess weight. The objective of this study is to
deformation, platform. reduce metal consumption and increase structural rigidity by utilizing

optimized perforation with flanges. The methodology included ANSYS
computer modeling and field experiments with 5t45 steel test specimens
loaded up to 200 kg. Deformations were measured using high-precision
sensors. Key results: the optimized perforated platform, under a 200 kg
load, demonstrated deflection 2.46 times lower than its solid
counterpart, with an 8% weight reduction. The complex specific stiffness
criterion increased by 2.66 times. A dependence of up to 25% on the
diameter and pitch of the holes was established. The scientific value of
the study lies in the identified pattern of combined mass minimization
and stiffness maximization in bending elements through rational
perforation. Practical significance: the proposed methodology enables
the generation of effective design solutions to reduce manufacturing
costs and improve the reliability of car lifts.

KIPICIIE

3aMaHayM KeAiK KeTeprilllTepiH MaiidalaHy >KYMBIC YaKBITBIH KBICKAPTyFa, aBTOMOONAD
KOMIIOHEHTTepiHe KOA >KeTiMAiAiKTi >KaKcapTyFa >KoHe >KaAIlbl KayilcCi3AiKTi apTThIpy¥a MyM-
kiHgik Oepeai (Nurkusheva S., Bembenek M., Kostyuchenkova O). Keaik kerteprimrepaiy
>KYMBICH TexHMKaabIK KbI3MET KOPCceTy MeH JKOH/ey callachlHa aliTapAbiKTall acep eteai. CoHbI-
MeH KaTap, CeHiMAi KeTepy >Kylieaepi >KYMBICIIbLAaPAbIH KapaKaT aly KayIliH asaiiTyFa KOMeK-
Teceai, ©liTKeHi olap KbI3MeT KepceTy Ke3diHAe aBTOMOOMABAIH TYpaKThl >KoHe KayiIlcis opHa-
AacyblH KaMTaMachl3 eTedi. Aaaiija, apTHIKIIBLABIKTapFa KapaMacTaH, KeAiK KeTeprilmrep
SKYMBIC >KaFJaiibiHAa 6ipkaTap Oeariai Maceaeaepre tam 00aaasl. EH sxui kezaeceTingepain 6ipi —
KaIIIbsl KeTepriml naaTtdopMachiHbIH KeTepiady Ke3iHAe BIFBICYBI, OyA TOTeHIIe >KarAaillapra
JKoHe KO4iK KypaajapbIHbIH 3aKbIMJaAybiHa okedeai. CoHaall-aK, ITMApaBAMKAABIK Kyliieaepae
KYPBIAFBIHBIH YAKEeH oe/llleMJAepi MeH caiMarblHa OalldaHBICTHI ITpoOaeMadap >Kui Ke3ddeceai.
backa Maceseaepre TeXHUKaAbIK KbI3MET KOPCETYAiH >KeTKiAiKCi3airiHeH TybIHAQTBHIH
KOMITOHEHTTePAiH TO3YHI JKoHe OacKapy >KyifeciHiH 4y pBIC OpHATBLAMAYHI JKaTaAbl. bya 6ipkeaki
eMec KeTepidyre akeayi MyMKiH.

bya maceaeaep ocwl 3epTTeyai Xyprisy KakeTTiairin kepcereai. Keaik kereprimrepain
AVI3allHBIHAA KOAJAAHBIAATBIH TEXHOAOTUAAAPAbl 3ePTTey KOTepriluTepAiH ©HIMAiairia
SKaKCcapTHIII KaHa KOJiMall, COHBIMEH KaTap aBTOMOOMAbAePAiH KayincisAiri MeH KbI3MeT KOpceTy
carlacblH e4dyip apTThIpaAbl.

3epTTeyAiH MaKcaThl — MeTaAA CHIBIMABIABIFBIH TOMEHAETY KoHe KaTThIABIKTHI apTTHIPY
VILIiH KaiIIsl KeTeprillTiH Iaat¢opMackH >KaHapTy MeH NAaTdOpMaHBIH KOHCTPYKIIVACHIH
GopTTHIK ITepdopanis s4iciMeH OHTallAaHABIPY.
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3epTrey HBICaHBI: IIaligadaHy >KyKTemeAepi >KafrgaiiblHAa KaWIIbl  KOTepIill
111aT¢pOPMACEIHBIH KYMEIC icTey Iporieci.

3epTTey IIoHi: >KyKTeMelepre OalilaHBICTBI KOTepriml I11aT(popMa KYPBLABIMBIHBIH
KepHeyi-aedpopMalnsilaHFaH KYHiHiH e3repy 3aHABLABIKTaPHI.

CoHFBI XXblAAaPBl KOTEPTilll TEXHOAOTUACH], acipece oaapAbl >Kacay YIIIiH KOA4aHbIAaThIH
MaTepmnalAapfa KaTBICTBI alTapABIKTall aAfa >KBIAXKBIABL /JacTyp OOIBIHIIG, aBTOKOAIK
KeTeprimrepi  Oepikriri ymiiH HeridiHeH 0oaaTTaH >KacaafaH. /lereHMeH, MeTaaa
KOHCTPYKIIMAAAPBIHBIH CaAMaFbIH JKeHiaaeTy yIIiH OasaMa MaTepuaalapabl aitjaaany ypaici
aptein kezeai (Taub A. I, Babu S. >xene Taub A. et al). Ocpingan 6aaamaaapapiy Oipi —
KOTePIillTiH >KaAIlbl CAAMaFbIHBIH aliTapAbIKTall TOMeHAeYyiMeH >KOFaphl OepiKTiKTi KaMTaMachI3
eTeTiH KeHiA KOphITIalapAsl (aAI0OMUHMIL, MarHuii) argaaadaast (Jhaveri K. et al.). baaamaast
MaTreprajjapra KOIIly aBTOMOOMAbJepre TeXHMKAABIK KBI3MET KOpCeTy KoCillOpBIHAapbIHAA
TUIMAIAIKTi apTTHIPY >KoHe DHepTHsl IIBIFBIHLIH a3aliTy HUeTiHeH TybIHAaAbl. JKeHia KopbITIiasap
KOTeprilTepai MaHeBpAey MeH IlaiijalaHyAbl >KeHiAJeTill KaHa KoMMaligbl, COHBIMEH KaTap
DHEePTVS CHINBIMABLABIFBIH TOMEHAeTyTe bIKIaa eTeai. COHbIMEeH KaTap, KOTeprilll KOAAaHbLAaThIH
MaTepuaajapabl Taaaay Ke3 KeATeH BIKTMMaa 3aKbIMJaHyAbl HeMece TO3yAbl aHBIKTay YIIiH
ceHcopAaapAbl OipikTipy apKblabl KypaeaeHe Tycti (Williams B., Hall A., Myers O. Terfenol-D).
bya aatumkrep mpouAakTMKaAbIK KbI3MET KepceTyAe IIeIIyIl pea aTrkapaAbl, KeTepriml
KOMIIOHEHTTepiH yaKThIABl >KOHJeyre HeMece aybICTHIPYFa MYMKiHAIK Oepeai, ocblaaiiiia
KayiIlci3 >XoHe CeHiMAl >KYMBIC Xacaligbl. Makasaga coTci3gik TypaepiH 3epTrey YIIiH ekxi
AepeKTep >KMBIHTHIFBI KoAAaHblAaAbl (Bastidas-Rodriguez M. X. et al.). bacTanker KUMBIHTHIKTa
HaKTBI CBIHBIKTAp TypaAbl MadiMeTTep Oap, aa eKiHIIi JKMBIHTHIKTa CKaHepAeYIIli 9AeKTPOHABI
CeHCOp apKbIAbl aAbIHFAH cypeTrTep Oap. bya JAepexkTep >KUBIHTBIFBIHAQFBI >KapBIKTapAbl
KiKTey4iH TmiMaiairi oObekTizep MeH TeKCcTypadapAbl TaadayFa apHaAfaH CTaHAAQpPTTHI
KOHBOAIOIVAABIK HEPOHABIK >KeAidepai KoaJaHy apKblabl OaraaaHasl. HeTiokecinde 03BIK
MaTepuaajap MEH CEeHCOPABIK TeXHOAOIMSAAapAbIH MHTErpalysChl KOTeprilutep MHAYCTpU-
CBIHJAA TOHKEpIC >Kacarl, KayiIcis, TMiMAl )koHe SKOAOTMAABIK Ta3a IIelliMaepre K04 alllThl.

Kezix kereprimrtepiHiH TIMApPaBAMKAABIK >KyleaepiH >KeTiaAipy KBI3BIFYIIBLABIK
TYABIpaTBIH ©3€KTi TaKBIPBIII 00ABI Kada Oepeai. ['mapaBanKaabIK KalIIsl KOTepTill Kylieci,
OHBIH KypaMBblHa TMApaBAMKAaABIK COPFEI Kipeai, Teric >KoHe 491 TiK KO3FaABICTBI KaMTaMachl3
eTyJe IIeIIylIi pea aTKapagpl. bya casagarpl >KakcapTyadap ©OHIMALAIKTiH >KOFapblaayblHa,
TeXHMKAaABIK KbI3MeT KOpCeTy IIbIFbIHAAPLIHBIH TOMeHJeyiHe >KoHe DHepTus TUiMAiAiriHiH
JKOFapblaayblHa okeleai. Makadaga OeAriieHreH KeJeMmAai COpFbLAapAbl KOAJaHa OTHIPBII,
KaJIIBIHBI KOTEpPeTiH TMAPOCTaTUKAABIK JKylieaepaeri SXblA4aMABIKTBL PeTTeyAiH >KaHa Tacial
ycopiHbLAFaH. OaapablH 3epTTeyaepi Kalllbl KOTeprilll onepalysAapbIHbIH >KblAAaMABIFEI MEH
AdA4iriH apTThIpyFa OarbITTaaraH. Makadada Kaillllbl KOTepriluTiH IiardopMasdapblHia KOC
IMAPaBAUKAABIK, IUANHAPAEPAL CUHXPOHABI OacKapy o4ici aHBIK eMec IPOMNOPIIMOHAAABI-
uHTerpaaas-audpdepeniinasip perreaai (Zhang L., Li Y.). Oaapani 3eprreyaepi ketepy
MEXaHM3MiHIH CHMHXPOHJAAybl MEH TYPaKTBLABIFBIH >KaKCapTyFa, >KaAIlbl OHIMAiAiK ITeH
Kayincisgikri aprtreipyfa OarpiTTadraH. JKympicTa OipHellle IMApPaBAMKAABIK OUAMHAPAEPAL
KaAIlbIHa KeATipyAiH >XoHe K0AJaHyAbIH Oaaama Taciagepi seprreaai (Gong W., Yu Z. ].).

3epTTey KYMBICBIHAA TN paBAUKaABIK XYlieaepai ayameH OackapyFa apHaaasl (Yan T. P.),
aa xeaeci >KYMBbICTa KalIIIbl KOTEPIillITIiH IMApaBAMKAAbIK LMAUHAPAEPiH OHTallaaHABIpYFa
GarbITTaaran (Zhang W., Wang X. X., Wang L.). backa Makaaada KaJIIIbl KOTEPIilITiH apKbLAbI
KOPCETIATEH XYKTepAl KOTepy/TycCipy KblAAaMABIFBIH KOAeMAl PeTTeNTIH XaHa JKeTeK XXylieci-
HiH 9KcIepuMeHTTIK 3eprreyaepi TaaxslaanApl (Kosucki A. et al.). Oa conaaif-ax KaiiIriel
KOTEepTillTiH >XYMBIC >KblA4aMABIFbIHA XYKTEeMe e3TepreH Ke3/e TMApaBANKaAbIK IUAVHAP MeH
rnaatpopMaHbl  OepiareH >KBLAAAMABIFBI  apachblHAAFBl KOPPEASLVAHBI  CaABICTHIPMaAbl
Taajayabl KAMTUABL.
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CoHpIMeH KaTap, K©iK KeTeprillTepiH HaiijadaHy KesiHge Oipaell MaHBI3ABI (PaKTOp
Kayincisaik 0oAbIll TaOblaaabl. Kelige KeiK KypaablHBIH KaliTalaHaTBIH KeTepiayi KesiHge
11atpOpMaHbIH  BIFBICYBI MYMKiH, OyA BIKTMMaaA Kayill. bya MoaceaeHi >KeHiagery yImiH
AaTUMKTEP MeH KOHTpoAJAepAepdi, COHAall-aK, IMAPOCTaTUKAABIK Kylieaep/e MHBepTOpAapAbI
KOAAaHyAbl ycbiHaab! (Stawinski L. et al.), HoTmKeciHge THMiMAIAIK SKOFapbLAaIALL, SKeJeaAeTy
TeMeHJeTlAl >KoHe TalijalaHy Kayirncisairi >kakcapaasl. JKymeicra (Sanusi H. et al.), keteprimrig
imiHge mariga 60aaTBIH ©TeMakhl KYIIiH peTTey VIIiH cepinrmeaepAid eKi Typi YCHIHBIAFaH.
Coupimen kartap, (Takesue N. et al.) Oacka >XympIcTa Kayimncisgik xosgduumenTrepis,
MaKcuMaaAbl XXyKTeMeaepai seprrei. bya mapasap meH Taajay Keaik KkeTepy KylieaepiHiy
KayiIcizAiri MeH ceHiMAiAiriH KaMTaMachl3 eTyre AeTeH MiHAeTTeMeHi KepceTeai, OcblaaiiIlia OChl
caJagarbl MaHBI3AbI MaceAeAepAl IIeleai.

ABTOKeIKTi KeTepy >KyliieAepiHiH icTeH IIBIFyBIH Taaday Ke3iHge Oipkarap mpobaemMaaap
TYBIHAQMABI, COHBIH illliHAE 9Ci3 >KepaepAi, KepHey KOHIIeHTpallsAAapbIH KoHe bIKTUMaA icTeH
merry TypAepin aubikray (Crivelli D., Ghelichi R., Guagliano M.). Abrokeaix xertepy
KyiteaepiHig Herisri MoceaeaepiniH Oipi — o0aapAblH SKYK KOTEpTiINTiri >KoHe SHepPIus
KYPBIABIMBL. DHEPIVHBI TYTHIHYABI Oackapa OTBIPLIIN, 9pTYpAi Maccajarbl KOAIKTepAi THiMAi
KeTepy >KoHe KoaJ4ay KadiaeTi KypAeai nHxxeHepaik MingeT 6oabin Tabsraaasl (Delatte N., 2010
>xoHe Delatte N., 2004). Oprypai Maccagarpl KeAiKTepMeH Kaillllbl KOTEPTiIlTi KeTepy >KoHe
TYCipy YIIiH >KaAIlbl SHepPTVS IITBIFBIHBIH XXYMBICTa 3epTTeainre (Stawinski L. et al.,2021). Keaix
KOTepy XylieaepiHiH sHepreTukaAblK TadaTapbl MeH IIeKTeyAePiH TyCiHy 0AapAblH 6HIMAiaiTiH
OHTallAaHABIPY JKoHe YHeMAl XKYMBIC icTeyiH KaMTaMachl3 eTy YIIiH KaXKeT.

3EPTTEY MATEPUAAAAPHI MEH O AICTEPI

3epTTey aschlHAa KaMIIBl KeTeprim mMogeai >kacaabi (1-cyper) ANSYS Workbench-te
CTaTMKAaABIK ecellTeyaep apKbIAbI OepikTiKKe Taaaay >Kacaaabl. KaiIe! keTeprimriy eameMaepi,
MaTepMaaAblK KacueTTepl >KoHe TIeOMeTpUsABIK CHIaTTaMadapbl KoadaHbicTarel 3500 Kr
Heshbon 51G keTeprirmtineH naiigalaHbLAAbL KOTEPIilITiH eameMaepi 5660 mm x 2040 MM x 265
MM 1800 kr. ecenrteyaepae S235]R mapkaasl 604aT cTaHAapT OONBIHINA MaligadaHbiaabsl EN
10025-2. EH TemeHri kipicriaik mreri 235 MIla kyparniabl. XuMusAbK Kypamsl ( % ): kemipreri (C)
<0,20% xaasrHABIFE 40 MM-4€eH a3, < 0,17% 40 MM-aeH >xorapsl, Mapraser (Mn) <1,40 %; pocdop
(P) >xane kykipr (5) <0,035% (y3ak enim ymrin 0,005% >xoraprraayra pykcar etizeai); asot (N) <
0,12; meic (Cu) <0,45%.

1-cypet. Heshbon 51G xaitmsl keTeprinr MoJeAi:
1-maardopma, 2,5-kaiire, 3-Temenri naar¢popma, 4-rnapaBaAnKaablK IUAVHAD,
6-0al11aHBICTLIPYIIIBI apKaABIKTap
Ecxepmy — asmopaap xypacmuvipear

3epTTeyAiH MaKcaThl KOTEPIillITiH JKOFapFhI I11aT(POPMaCHbIH AM3alHbIH OHTallAaHABIPY
0oAFaHABIKTaH, 2-CypeTTe KopceTiATeHAel 3epTTey YIIIiH OHBIH MOAeAi YChIHBIAABL.
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2-cypeT. JXoraprsl 1aTpOpPMaHBIH AU3aMH MOJeAi: a, — AaTGpOpMaHbIH Y3BIHABIFEL,
M; b, — maar¢opmanslg eHi, M; h; — maaTpopMaHbIH KaABHABIFE, M; Aoy — CAHBLAAYABIH
AnameTpi, M; Cy — y3BIHABIFBI OOVIBIHINIA CAaHblAayAap apachlHAAFbI KAIIBIKTHIK a4y, M; C,, — eHi

GoifbIHIIIa caHblAayAap apachIHAAFBI KAIIBIKTEIK by, M
Ecxepmy — asmopaap xkypacmoipzan

YchIHBLAFaH KYPBIABIMABIK ©3TepicTepAiH TMiIMAIAIriH caHABIK OaFasay YIIiH >KaHapThIA-
FaH KYPBLABIMHBIH MaccachlH OaralayFa MyMKiHAIK OepeTiH MaTeMaTUKaABIK MOJeAb >KacaaAbl.

ITaardopmansy Maccackl M, ,,, HeTi3ri MOMBIHTIpeK TaKTaCBIHBIH MacCAachIHAH >KoHe
KOCBIMIIIa KYIIENTy 9AeMeHTTepiHiH MaccachlHaH KaablnTacaabl. JKaarsl aaraHaa KYPhIABIMHBIH
Maccachl KeJleci ©pHeKIIeH cuIlaTTalaabl:

MnJlaT = MnJl - Mya.M

+ MlmK (1)
M2y — I1aTPOPMAHBIH Maccachl, KT
M, — KaTThI 11aT$OPMAHBIH TOABIK Maccacsl, KT

M,

M, — KaTTBIABIK IIETTEPiHiH >KaATIbl Maccachl, KT.

v — MEHIIIKT1 Macca, Kr

OpOip KOMIIOHEHTTi erkeil Terkeilai ecenTey VyIIiH HakTbldaHFaH (opmyaa
KOAJAHbIAaABbI:

Mrma'r = 4-MI'IJI - qMNOTBSOTB + 4Mp)K d mln (2)
qy — METaAABIH MEHIIIIKTI caaMarbl, Kr/Mm?3

Ny — CaHbBLAAYAQPADBIH KaAIlbl CaHBI, IIIT.

Sors — Oip caHbBLAAYABIH ayAaHbI, M2

[TaaTdpopma MaccachIHBIH KUBIHTHIK IIapaMeTpAiK popMyaacsr:

Mrma'r=4MHJI+Mp>K_[p'h'(z_n+1)'(z_n+1)'n7¢12] (3)
x y

4M,,, + My, — Gactankpl naatopMaHbIH MaCCaChl

Cy, Cy — aliHBIMaABI TapaMeTpaep

p — MaTepuaAAbIH THIFBI3ABIFBL, KI/M3 (Ooaart ymiH p = 7850 xr/m3);

h — Matepnaaabig KaastHABIFEL, 0,004 M.

Makcartsl QyHKUMA My, (d, Cy, C,) = min, mynaarst d, Cy, C,, — @3repmeai napamerpaep.
Maccanply TeMeHJeyi MaTepmaaAblH ©3iHAIK KYHBIHBIH TOMeHAeyiHe, >KeTeKTiH Kyar
TYTHIHYBIHBIH TOMEH/EeYyiHe JKoHe MHePUMAABIK XXYKTeMeAepaiH TOMeHAeyiHe TiKeael oKeaeai.

[lexTeyaep: KYPBLABIMHBIH Ke3 KeATeH DAeMeHTiHAeri OepikTik OOJibIHIIIa MaTepualAbIH
pyKcar etiare kepreyiner [0] =235Mlla acriays! kepex.

bya wMogeap KeiiHri mapaMeTpaAiK TaAdayAblH Herisi 0o0AbIII TaObldaabl >KoHe
[lepdopaumsaHely TeOMeTPUABIK IapaMeTpaepiHe (caHblLAayJapAblH CaHBI MeH ayJaHBbl)
GariaaHBICTHI I11aTPOpPMa MacCacBIHBIH ©3repyiH Oarasayra MyMKiHAIK Oepeai. Kayircis >xone
THiMAl MHXXEHepAiK IIelliMaepai 93ipAey YIIiH XyKTeMeaeri MeTaaa KOHCTPYKIMSIAapPBIHbIH,
Mine3-kyakbiH 3eprTey 50, 100, 150 >xone 200 Kr >KyKTeMeaepai KOA4aHa OTBIPBIIL XKYPridiaai.
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DKcnepyMeHTTep >KYpridy YIIiH 2 MeTaaa IIdacTMHa AalibIHAAAABL: CTaHAQpPTTBL >KoHe
nepdopanusianrad, eamemaepi 700x300x4 mwm. CaapicTRIpMaabl Taaday VIIH MaTepuaa
peringe S235]R Mapkaabl KYpBIABIMABIK Ooaar Kabbiaganapl Illekapaabl ImapTrrap MeH
JKYKTeMe: KOHCOAb TaKTacBhIHBIH Tada Midy cxemachl MoJeabdeHreH. Ilaactmnasap 2 Tipexte
6044p1 (DapABIK KO3FaAbICTap MeH OYpbLAbICTapFa THIBIM caablHaAbl). OpTaabIKTa SXYKTiH 50 Kr
(490.33 H), 100 xr (980.67 H), 150 xr (1471.00 H) >xone 200 xr (1961.33 H) caamarpiHa cavikec
Ke/eTiH LIOFbIpAaHfaH KYyII KOAJ4aHbIAABL. Eaeyai aybITKyAapMeH AYpbIC ecellTey YIIiH yAKeH
KO3FaAbICTapAbl €CKepe OThIPHIII, CTaTUKAABIK IIENIyIi KOAAaHbLAADL.

Cenimgiaikti pacray. ITpoTorunrepai >xacay ymiin kaabiHAbIFE 0,4 MM CT45 Mapkaabl
KaHBIATBIp KYPBIABIMABIK 0o0AaT maifjasaHblagbl.  boaaTTsiH Oya  Mapkacel  SKOFapbl
MKEeMAIAIKIIeH >KoHe KaKChl IITaMIITayMeH, COHJall-aK >KapbIKTap Maliga 0oaAmail KapKbIHABI
CyBIK Aeopmanusa KabiseTiMeH cumaTTadassl, Oya KeliiHri asay omepanusacel YIIiH eTe
MaHpI3Abl. llaactuHasap apHaiibl caamakTapabiy kemerimen 50, 100, 150 >xeme 200 xr
JKykTeMeepre yisipaasl. [1aactuaagars! Aepopmarnmsizap ceHcopaap apKbLAbI ©4IIEHA] KoHe
oJaH 9pi Taagay YIIiH ecenTeaai. ATanm aliTKaHAa, CaHABIK AMCILAelii Gap >KOFaphl 424AiKTeri
caraT TUITI MHAUKATOp Gacer (0eay 6aracsr 0,01 MM) KypBLAFbLAAp SK9HEe CaHABIK AVICILAei Oap
CBIPTKBI >KoHe iIlIKi eallleMAepAi eallleyre apHaAfaH 9AeKTPOHABI IITaHTeHIUPKyAb (0eay
Oaracer 0,01 MM). DKcIIepuMeHT KYPri3y >KyKTeMe Ke3iHAe MeTaAl ILAacTMHAHBIH >KYKTeMe
Ke3iHAe Midy opeKeTi OaifKaaapbl.

HOTUMXEAEP )KOHE OAAPAbI TAAKBIZAAY

Luo L. >xywmbicbiHaa 3eprreymidzep ANSYS KkeMeriMeH IIeKTi 9AeMeHTTep
MoJeAbJepiHaeri MapaMeTpAik MogeAbJeyTe JXKoHe TopAapabl Oeayre OaliaaHBICTH MaceaeaepAi
cunattadsr (Luo L. et al.). HlexapaasIk HyKTeAepaeTi e3repicTep TOpABIH TYTaCTBIFBIH CaKTayla
KUBIHABIKTapFa 9Keledi, Oya ceHiMAI MoJAeabey daicTepiHiH KakeTTiairiH kepcereai. Shi D.
SKYMBICBIHAA CTaTMKaABIK OepikTikke, mIapmiay Oepikririne >koHe OYBIHHBIH KepHeYiHiH
TapaaAyblHa, COHAali-akK iIllKi KOMITOHEHTTepAiH AipidiHiH Oepiaic OiairiHiHMeIbICybIHa >KoHe
JKYKTeMe peakIVschiHa acepi TaagaHasl (Shi D. et al.). Ciateme OypBIIITapBIHBIH KaMIIbI
KOTeprimTiH >KyMbIcbiHa acepi ANSYS-Te exi eammemai >KaHe yIII ea11eMai MOgeAbaeyai KoasaHa
orbipein 3eprTeaai (Turan K.). Keaik xerepy >KXylieaepiH >KeTiagipy MakKcaThlHAa OAapAbIH
AVI3aliHBI MEH OHIMAiJiriH >XKakcapTy YIIiH MoJeAbJey MeH TaaJayAblH opTypai aaictepi
seprreaai. Ocbl Moceaeaepaen Oacka, Ooaar (Uhrynski A. et al) Hemece aaroMuHMI
KOpBITIIadaphl CUAKTHI KaMIIIBIHBI KOTepy KOMIIOHEHTTepiHiH MaTepuaaljapbIHbIH KacueTTepi
MaTepuaaAblH MiHe3-KYAKBIH MOJeAabJeyAi KUbIHAATaAbl, COHBIH illiHAe MKeMAiliK, XOprasay
KeHe mapiiay. bya Maceaeaepai mermy yiiiH Mogeabaey A24AITiH JKaKcapTy YIIiH ChI3BIKTBIK,
eMec MaTepuaa MoJeAbJepi KoHe OaliaaHBIC aATOPUTMAEPI CUAKTBI >KeTiAAipiATeH IIeKTi
DAEMeHTTep oaJicTepi KoAJ4aHblAABL. bya agictep opTypai >KyKTeMe >KafFgaiidapblHAa
MoOJeAbA€eyAi IIBIHANIBI Ty PA€e YCBIHYFa MYMKiHAiK 6epeai, 6y Au3aliHAB OHTallAaHABIPYFa JKoHe
AU3alH cUIlaTTaMaJapbH 00AKayFa oKeaeai.

[TaaTtdpopmanslH KepHeyai-depopManmsilaHFaH KyiliH aHBIKTay YIIiH OHBI UMMUTaIVAABIK,
MOJeAabAey KYPprisiaai. KeTepril KoMIOHEHTTepiH MMUTaUAABIK MOAEAbAEYAIH eH 491 HoTU-
JKeZepiH aay YIIiH MMHUTaIMAABIK, MOJAeAbJey/eri IeKapaablK IlapTTap HaKThl KarjalaapAbl
TO/ABIFBIMEH KoDelTy yIIiH TaHAadaAbl. Keaik COKTHIFBICKaH Ke3je aBTOMOONAb CaAMarbIHBIH
KyKreMeci Oipkeaki GeainOeiiai, Oipak maatdopmaHblH OeTiHe IIOrbIpaaHaabl. Keaseney
KMMaHBIH ayJaHbI eHi 165 MM aBTOMOOMAD A6HTeeTi IIbIFapaThIH bIKTIIMaA OaliaaHbIC aliMaFbiHa
HerizgeareH. Oa ymrin 165x50 MM ayMak aablHaaAbl. BypBIH JKyprisiareH Moaeabaey HoTIDKeAepi
boripiHIa (Bembenek M. et al.) >kofaprbl IAacTUMHaAHBIH KYPBLABIMBIHAAFBI SKBMBAJAEHTTI
KepHeyAiH MakcuMaaasl MaHi — 56 MIa, Mmakcmaaas! opbiH aybsIcThIpY — 0,77 MM, MaKCUMaAAbl
depopmanmsa — 0,0002 mMm. bya »KkBuBaJeHTTI KepHey, OpPBIH ayBICTLIPY >KoHe AdedpopMaiyisi
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MoHJepi 3epTTeAeTiH >KOFApFbl IIAaCTMHAHBIH KYPBLABIMBL VIIiH aiHbIMaabl emec. OCBI
HoTIVDKeAepre CylieHe OTBIPBIIL, OChl AM3aliH DAeMeHTTepiHiH Kayillci3AiK IIeri ThIM YAKeH Aell
KOPBITBIHABI Kacayfa 004aabl, Oya MaTepuaAAblH apTHIK IIBIFRIHAAAYbIHA KoHEe Maccachl MeH
KYHBIHBIH ©CyiHe aKeaei.

AHBIKTaAFaH ToyeaAilikTepAi KOpHeKi Typae KepceTy >KoHe mepdopalus IapaMeTp-
AepiHiH naargopma MaccachblHa 9cepiH TaajayAbl KeHiAAeTy YIIIH aAbIHFaH HOTUKeadep 3-Cy-
perte kepcertiaren. I'papuxaavik Oeiineaey dyrg, Cy. Kepcerkimrepinin osrepyimen M.,
SKMBIHTBIK MaCCaCBIHBIH ©3Tepy TeHAeHIIMsIAapbIH HaKThI OaKblAayFa MYMKiHAIK Oepeai.

120
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80
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20

[Tmardopma Maccacsl, KT
o [ N w SN (8] (o]
JunameTtp Kaambl, MM

20 20 20 20 20 20 20 20 20 30 30 30 30 30 30 30 30 30 40 40 40 40 40 40 40 40 40 50 50 50 50 50 50 50 50 50

CanputaynapIsly AHaMeTpi, MM

3-cypert. XanapToLaraH 1maaT$popMaHbIH IIapaMeTpPAiK MaccachiH Taa4ay HoTIDKeAepi
Ecxepmy — asmopaap xypacmuipean

bya 0eaimge 3eprrey OaphichiHJa aAbIHFaH HeTi3ri HOTMOKeAep KeATipidyi KaxKerT.
YchIHbIAFaH JepeKkTep aHBIK KYypPBlABIMAAAybl THiC, KakeT OoAraH >Kargalija KecTelepMeH,
AuarpaMmazapMeH, CypeTTepMeH TOABIKTBIPBLAYBI MYMKiH. APTBIK CUIIaTTayAaH ayAak OOABIII,
Herisri OalikayAap4pl, eAlleylepAi HeMece ecellTeylepAi MHTepIIpeTalsialayFa Haszap ayapy
kaxkeT. Kaxxer 6oaraH >Kargalija HoTUKeAep TaKbIPHIITHIK OeiMIlelepre HeMece Ma3MYHABIK,
6a0KTapra 0e1iHyi MYMKiH.

bya mapameTtpaik Tasgay AmMsaiiHAbI OHTallAaHABIPYABIH OipiHmti ke3eHi OOABII TaObI-
Aaapl. AabIHFaH MaHJAep OepiKTiK IeH KaTTHLABIKKA apHaAFaH IIeKTi DAeMeHTTep 94icTi erkeii-
TerKelai Taajay yIIiH mapameTpaepAis OipHellle mepcIleKTMBaAbl KOMOMHAIMAAApPEIH MakK-
caTTHl TYpAe TaHJAayFa MYMKiHAIK Oepeai. Opbip yari ymin ANSYS Mechanical xeaemai 3D
reoOMeTPpUAABIK MOAeADb KYPaCThIPELAADI JKoHe IIeKTi DAeMeHTTep TOPhI CalbIHABI (4-CyperT).

4-cypet. KarTs )xoHe nepdopanmsiianraH I11aCTVHAHBIH III€KTi 91eMeHTTepiHiH

3D Moaeai MeH TOpBI
Ecxepmy — asmopaap xypacmuipean
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OpTypai  KyKTeMmeaepaeri IIA1acTMHAHBIH Oakbpliay HYKTeAepiHiH HOTIDKeAepiH
CaABICTBIPY COMIKeCTIKTiH >KOFaphl AspeskeciH kepcerTiareH (l-kecre). AHaAUTHKAABIK ecerTey
meH ANSYS gepexrepi apachiHAaFbI OpTamia Katedik 5 %-4aH acrmagpl, Oya ecemnTeylep YIIiH
pYKCcaT eTiareH IIeKTepJe >KoHe CaAblHFaH MOJeAbAiH COMKeCTiriH, TaH4aAFaH IIeKapaablk
IIapTTap MeH TOp MapaMeTpAepPiHiH AYPHICTHIFBIH pacTaliAbl.

1-kecte. KarTsl naacTuHaHbIH 4epOPMaLVICHHBIH HOTIKeAepi

Karrn Aedopmarus HaTIKeAepi, MM
I1AacTIHa 2 3 4 5
Kyxkreme 50 kr —490,3325H 100 xr —980,665H 150 xr-1470,9975H 200 xr —1961,33H
org g oy g oy g o S
1 o 2 = _ 2 o _ e 3 o e 3
s E Sl & & o E Sl & & Q. E S & & Q. E S & = Q.
T lE 58 |° |82 |° |2 &E|° |E|5E|°
= | °38 = | °38 E | °38 E | 938
Ecen 0 | 487 | 78 | 0 | 878 | 128 | 0 | 100 | 1948 | 0 | 151 | 2821
aI/II)IpI)ICy
ANSYS 0,28 4,68 741 | 0,51 8,37 |13,45| 0,31 9,5 18,78 0,73 14,38 27,13
E
MYl 1 39% | 5% | - | 49% | 5% | - | 5% [359% | - | 5% |38%
KaTeAiri
Ecxepmy — asmopaap xypacmuipaar

Exi yari yIIiH g4e reoMeTpUsABIK CBI3BIKTLIK eMec TallcblpMara (YAKeH KO3FalbICTapFa) ToH
JKYKTeMeHiH >KOFapbllaybIMeH CBI3BIKTBIK eMec Miay ecyi Oalikaaaabl. MogeabaeyAeri >koHe
ecentey ogicingeri Ae(l)OpMaLU/I}I MoH/AePiHiH IlAacTMHaHBIH OpTachkl MeH COHBI apacbhlHAAFbI,
coHJali-aK OpTacklHAa TayeAAidiri 5-cypeTTe KopceTiareH.

=@ [FcenITiKk KOpceTKimrep e ECeNTiK KOpCeTKiITep
ANSYS xepcerkinirepi ANSYS kepcerkinrrepi
20 28,21
s 15,1 s 30
= 15 = 25 19,48
3 = 27,13
3] 5 20
= 10 2 128
] =g 18,78
z . 210 e 1345
& 25
S 4,68 < 7,41
~N ~ O
50 100 150 200 50 100 150 200
JKyxreme, kr JKyxkreme, Kr
a o)

5-cypert. [LaacTnHaHbIH AepopMaIVsACH I11aCTMHAHLIH OPTachkl MEH COHBI
apachIHJAFBI aliMakTa (a), IIAacTMHaHBIH OpTackiHAa (0) KaTTh IL1acTHHA yATici
Ecxepmy — asmopaap xypacmuipzan

Kaaimri KaTThI m1acTuHa yATiciHiH caamarbl 6,4 K1, a1 nepgopanmsiiaHrad [11aCTHAHbIH
caamarsl 5,9 Kr, agerrerideHn 8 % a3. 6-cyperre 50, 100, 150, 200 xr >KykTeme Ke3iHAe
AepopManusilaHFaH yATilep KepceTiaTeH.
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Eckepmy — asmopaap kypacmuipzan

6-cyper. 0, 50, 100, 150, 200 kr >xyKTeMe Ke3iHAe ILAaCTHHaHBIH 4e(OpMaLICh

bapaslk 3epTTeseTiH >XyKTeMe AManazoHBIHAA IepdopalnsidaHFaH ILAacTMHA KaTTHI
IAacTuHara KaparaHga 2.35-2.63 ece a3 aybITKyabl kepcereai. KaTrTelablK ycTeMAiridig opraiia
MoHI 2.46 Kkypaiapl. TemeHge Mogeabaeyaeri AedpopManus MoHAEPiHIH CaABICTBIPMaabl
rpadukrepi >koHe 7-8-cypeTTeri 1acTMHAHBIH DKCIIEPYMEHTI (BaAuAauysicel) bepiareH.

20 4 I1aacTuHaHBIH COHBI & Oprachl Opracel MeH COHBI apaé:%;lli%a
]

=25
5 18,78
20 .
g 13,45
g 15 - 14,38 11,04
2 7,41 8 ]
%10 . 8,37 5,65 9,52 - 4,74
g 2,82 7,42
N 5 468008 . 0,51 408002 0,81 4190714 A 0,23

0 - — L 0 - - A - - A - -

1 50 2 1 100 2 1 150 2 1 200 2

Kykreme, kr

7-cypet. ANSYS HoTIiKeaepi OoribIHINA 2 TTAaCTMHAHBIH AepopMaracsl
Ecxepmy — asmopaap xypacmuvipean

20 A [TaacTuHAHBIH COHBI & Opracsl OpTacel MeH COHBI apaczlg%ﬂ,a
=
s [
5 18,15
g 20
= 13,46 L 12,94
% 0 8,15 L 8,34 959 14,01 =
9,6
g " : oM ) 7,81
2 , ,

EE 4,920466 2,41 0,53 A5 45a % 410 0,73 015

0 A 115 066 4 A A A A

50 2 150 2 1 200 2

! 1 00 )KZYKTEMG, KT

8-cypeT. DKcIiepMMeHTTeH 2 I11acTMHAHbIH Ae(pOpMallVsIChI
Ecxepmy — asmopaap xypacmuipean



1-tom, 1-Hemip, Haype13, 2026.

EKTU JOURNAL OF
@ ENCINEERING - 150 - Tom 1, Ne 1, mapt 2026.
Vol. 1, Issue 1, March 2026.

[leppopaumsasanrad MAaCTMHAHBIH KaTTBIABIFBIH apTTBIPY KOHTPUHTYUTHUBTI, Oipak
Aedpopmanusl MeXaHMKachl TYPFBICEIHAH TYciHikTi. Kecy agicimen >kacaaraH mepdopanins IIsiH
MaHiHJAe KaTThl KMMaHBl TOPAbI KYPBIAbIMFa aliHaaablpagbl. Vliay KesiHge Herisri >KyKTeMmeHi
DKCTpeMaaabl TaAIIBIKTap KeTepedi. MaTepuaaAblH TapaAyblH OHTalladaHABIPY (OHBI TOMeH
KepHey aliMarbIHaH IIbIFapy) OeifTapall OcbKe KaTBICTH KMMaHBIH THiMAl VIHep1yst MOMeHTiHIH
JKOFapblaayblHa 9Keleai, Oy aybITKy AapAbIH TOMeHAeyiHAe KopiHeai.

KOPBITBIH bl

3epTTey HOTIIKeAePiH Taaday KeAeci TY>KBIpBIMAApABbl JKacayFa MYMKIHAIK Oepeai:

1. Canplaay auameTpiHiH acepi. dOTB AVIaMeTpiH yAFaiiTy MacCaHbl a3aliTyAbIH €H TUiMAl
9aici Doabll TaObLAAABL. Cx SKoHe Cy TypaKThl KadaMaapbIMeH AuaMeTpais 20 MMm-aex 50 mM-re
Aeiin ecyi MHHaT naatdopMacsiHbIH MaccachiHbIH 20-25 %-Fa TemeHJeyiHe aKkeaeai. Mricaas,
Cx=100 MM >KoHe Cy=110 MM Ke3iHge Macca 6,300 kr-HaH 4,757 Kr-ra AeiiiH a3asiabl.

2. Exi yari ymiH Ae reoMeTpusAABIK CBIBLIKTBLIK €MeC ecellTepre ToH >KYKTeMeHiH
JKOFapBlAaybIMeH CBI3BIKTHIK, eMec 1iay eciMi 6arKaaaAbl.

3. 200 xr xykreMe Ke3diHAe NepdopanusAlaHfFaH IL1acTUHa OipAeil eAleMAeri KaTThI
I/1acTMHaFa KaparaHaa 2,46 ece a3 (11.04 MM Kapcet 27,13 MM) aybITKYAbI KOpCeTeTiHi aHBIKTaAABbl.

4. Yari maccaceiHBIH 8 %-Fa ToMeHJeyi (6,4 Kr-HaH 5,9 Kr-Fa AeliiH) KaTTBIABIKTHIH 6CyiMeH
Oipre MeHITIKTi KQTTBLABIKTHIH KellleHAl KpUTepuitiHiH 2,66 ece ecyine akeaAi.

FBIABIMU-TIPaKTUKAABIK KOPBITHIHABL: HOTIDKeAep panuoHaaAbl nepdopanus TypiHAeri
MakKcaTThl TeOMeTPUABIK OHTallAaHABIPY CepIliMAl Ke3eHAe >KYK KOTepIillTiriH >KOraATIaii,
Midy YILIiH >KYMBIC iCTEMTIH MeTaAa KOHCTPYKLMSAapBIHBIH 9/A€MEeHTTepiHiH MaccachlH >KoHe
KaTTBLABIFBIH OipAecin a3aliTyAbIH THiMAL 94ici peTiHAe KBI3MeT eTeTiHiH Aoaeaaerial.

MYAAEAEP KA]7I]J.II>I/1]JIFI>I: ABTOpaap MyAdedep KaWIIBIABIFBI KOK eKeHiH
MoAiMAeAl.

XACAHABI WHTEAAEKT TEXHOJAOTUSIAAPBIH TIAMAAAAHY TYPAABI
XABAPAAMA: Apropaap TylliHgeMe MaTiHiH KbICKapTy >KoHe IlalijadaHblAraH aaeOuertep
TiziMiH 6e3eHAipy YIIiH >kKacaHABI MHTEAAEKT KypaaAapblH NaiijalaHFaH.
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ABSTRACT

occupational injuries, types

Occupational injuries remain an urgent social and economic problem,
especially in the most dangerous industries such as construction, mining
and manufacturing. The purpose of this study is to study the engineering
and organizational and technical factors that cause a high incidence of
occupational injuries in the country's enterprises. To solve the problems,
methods of statistical data analysis over the past five years have been
applied, as well as current regulatory legal acts, international ILO
standards and the requirements of the ISO 45001 occupational safety and
health management system have been analyzed. It has been established
that the main reasons remain the wear and tear of technological
equipment, the low level of automation of production processes, the lack
of modern alarms and locking devices, as well as the poor qualifications
of workers and the lack of training and motivation systems for staff.
Based on the analysis, measures are proposed to reduce the level of
injuries and improve the safety culture at enterprises.

TYUIHAEME

of activities, victims,
severity, causes
TyniHai ce3aep:
SHAIpiCTIK KapakaTTaHy,
KbI3MeT TypAaepi, 3apdar
aIeKKeHAep, aybIPABIK,

19peskeci, cebernrepi

OHgipicTik >KapakaTTaHy, ocipece KYpPBIABIC, Tay-KeH >KoHe ©HJey
©OHepKaCciOl CHUAKTBI eH KayillTi cadalapja ©3eKTi 91eyMeTTiK >KoHe
SKOHOMUKaABIK IIpobaeMa 0Ooabil kKada Oepeai. Ocbl 3eprreyain
MakcaThl-e/1 KaCiIOpBIHAAPBIHAA ©OHAIPICTIK >KapakKaTTapAblH >KOFapbl
KMIAITiH ~ aHBIKTAMTBIH MHXKEHEepPAIK >KoHe YMBIMAACTBIPYIIBLABIK-
TEXHMKAABIK paKTOpAapAasl 3epTrey. MiHAeTTepAl IIemny YIIiH COHFBI
Oec XXBLAAAFHI AepeKTepai CTaTUCTUKAABIK Taljay d4icTepi KOAJaHBLAADL,
COHJAM-aK KOAJAAHBICTaFbl HOPMATHUBTIK KYKBIKTBIK akTizep, XEY
XaaAblKapaaslK cTaHAapTTapsl >koHe ISO 45001 >xyiteciniH eHOeK
Kayincisairi MeH eHOeKTi Koprayabl Oackapy >KeHiHJeri TaaamTapbl
TaagaHapl. Herisri cebentep TeXHOAOTMAABIK KabABIKTapALIH TO3YHI,
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OHAIpiCTiK IpoLecTep4i aBTOMaTTaHALIPYAbIH TOMEH AeHTeifi, 3aMaHayu
AaObl1  MeH KYABINTAay KYPBLAFBLAAapBIHBIH 00AMaybl, COHAAli-aK,
SKYMBICIIBIAAPABIH,  OiZiKTiAiriHiH  94ci3airi >KeHe OKBITY MeH
IlepCcoHaAAbl BIHTAaAaHABIPY >KyileAepiHiH >KeTicrieymiairi 0oAbI Kada
GepeTini aHbIKTaAAbl. JKyprisiaren Tasaay HeriziHAe KocilmopwHAapJa
JKapakaT ady JeHTeiliH TeMeHJeTy >KoHe Kayilci3aik MojeHMeTiH
apTTHIPY OOJBIHINA IIapalap YCBIHBLAABL

Kaiouessie caoBa: AHHOTANIIUSA

(IpOM3BOACTBEHHBII ITponsBoacTBeHHEI TPaBMaTU3M OCTAETCS aKTyaAbHON COLIMAABHOM U
rpaBMaTNU3M, BUABI HKOHOMHYECKOI1 ITp0o0b.1eMOit, 0COOeHHO B Hanbo.Aee OIIacHBIX OTPacAsX,
1eTe AbHOCTH, TaKMX KaK CTPOMTEALCTBO, TOPHOAOOLIBaIOIIas ¥ OOpabaThIBalOITas
(IoCTpajaBIIle, CTeIleHb IPOMBIILIeHHOCTh. [leaplo HacToOsIIero muccaejoBaHMs U3ydeHNe
[SIKeCTHU, IPUYMHBL VMH>KEeHePHBIX " OpraHM3aIMIOHHO-TeXHIYeCKIX ¢akTopos,

00yCA0BAMBAIOIINX BBICOKYIO YacCTOTy IIPOM3BOACTBEHHBIX TpaBM Ha
MpeANPUATHAIX CTpaHbl. /A5 pelneHus 3aaad ObLAM ITPUMeHeHbI MeTOAbI
CTaTMCTUYECKOTO aHaAM3a AAHHBIX 3a IIOCAeAHME IIATh AeT, a TakKXke
MIpOaHaAM3MPOBAaHbl AEVICTBYION[ie HOpPMaTUBHbIe IIpaBOBbIE aKTBI,
MexayHapodaHsle ctaHnzapTel MOT u Tpebosanmns cuctemsr ISO 45001 o
yIpaBAeHMIO Oe30MacHOCTBIO U OXPaHOU Tpyja. YCTaHOBAEHO, YTO
OCHOBHBIMU  NPWYMHAMM  OCTAIOTCA  M3HOC — TeXHOAOTMYECKOTO
060pyAoBaHIs, HU3KUI YpOBEHb aBTOMaTU3aIlUM ITPOU3BOACTBEHHBIX
IIPOIIeCCOB, OTCYTCTBYE COBPeMEeHHOI CUTHAaAM3alINM ¥ OAOKMPOBOYHEBIX
YCTPOJICTB, a TakKe caabas KBaauUKanus pabodmx U HeA0CTaTOK
cucreM OOy4yeHMsI M MOTUBalL[UM IlepcoHada. Ha ocHose mposegénnoro
aHaAM3a MPeAAOXKeHBl Mephl 110 CHIYDKeHMIO YPOBHS TpaBMaTHU3Ma U
TTOBHIIIIEHNIO KYABTYphlI 6€30I1aCHOCTM Ha ITPe ATIPVISTHIX.

INTRODUCTION

Industrial accidents are one of the most pressing socio-economic problems in the Republic
of Kazakhstan. The International Labour Organization (ILO) estimates that about 2.78 million
people worldwide die from accidents at work each year (International Labor Organization, 2019).
This means that every 15 seconds, one person dies as a result of a work-related incident, and
another 160 are injured, which underscores the urgency of this problem not only at the national
but also at the global level. According to the ILO, workplace injuries are the third leading cause
of death among the working-age population (Ospanova, 2012).

The highest levels of injuries and deaths were recorded in industries associated with heavy
physical labor, insufficient mechanization and automation, as well as a high degree of
occupational risk, such as construction, mining and manufacturing (Statistics on safety and health
at work). In particular, in the construction industry, mortality is on average 3-4 times higher than
in other sectors of the economy, and in the mining industry, the risks associated with landslides,
explosions and exposure to harmful gases lead to serious health consequences and death of
workers, such as silicosis and pneumoconiosis. For example, in the United States, total economic
losses from occupational injuries and diseases are estimated at about $250 billion per year,
including medical costs, lost productivity, and compensation (Leigh, 2011).

An analysis of occupational injuries in the regions of the Russian Federation shows that
there is a relationship between the number of accidents at work and the sectoral specialization of
the regional economy (Moskvina, 2024). In countries with well-organized occupational health
and safety systems, such as Germany, Canada, and South Korea, the implementation of ISO 45001
standards and the Vision Zero concept has helped significantly reduce injury rates (ISO
45001:2018, Vision Zero 2021). Germany has a mandatory occupational accident insurance system
(DGUV), which guarantees insurance for all employees and support for rehabilitation activities
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(Deutsche Gesetzliche Unfallversicherung). In Canada, regional authorities are actively involved
in the creation and implementation of occupational safety programs, taking into account the
specifics of professions and the typical risks of individual industries (Ministry of Labor,
Immigration, Training and Skills Development, Ontario, Canada). South Korea is successfully
implementing innovative technologies and employee health monitoring systems to ensure the
safety of small and medium-sized businesses (South Korea's National Security Strategy).

This problem is also relevant for Kazakhstan. According to official data, there was a steady
increase in the number of industrial accidents in 2019-2023, especially in high-risk industries
(Bakishev and Alikhan, 2024). In 2023, 2,670 accidents were registered, of which 246 resulted in
the death of victims (National Bureau of Statistics of the Republic of Kazakhstan). The situation
remains particularly acute in the West Kazakhstan region, an important industrial zone with
large enterprises in the oil and gas sector, mechanical engineering and construction. In 2023, 57
accidents occurred there, resulting in the deaths of nine workers. Despite the current legal
framework, including the Constitution of the Republic of Kazakhstan (1995), the Labor Code
(2015) and the law "On Compulsory Insurance of employees against Accidents" (2005), the injury
rate in the country remains high. The Constitution of the Republic of Kazakhstan guarantees
citizens the right to safe work (article 24). The Labor Code of the Republic of Kazakhstan
establishes the obligation of employers to ensure safe working conditions, including risk
assessment, employee training and the provision of personal protective equipment (Labor Code
of the Republic of Kazakhstan, Article 23). Domestic scientists believe that outdated technologies
and the lack of modern safety systems are becoming the main factor in occupational injuries,
which leads to an increased risk of accidents (Zhaksybekova and Bermagambetova, 2021).
International and domestic experience shows the important role of the human factor in ensuring
occupational safety, including the behavior, motivation, fatigue and psychophysical state of
workers (Lechiev, 2016). Some experts point to possible attempts by employers to conceal
incidents, which affects the accuracy of statistics and complicates regulation (Churanova, 2015).

The ILO argues that injury prevention is much cheaper than accident management and
compensation (ILO, 2017), making occupational safety an essential component of social and
economic policy.

The purpose of this study is to analyze the dynamics and structure of occupational injuries
in the Republic of Kazakhstan in 2019-2023, as well as to identify factors influencing the formation
of accidents at work, and to substantiate engineering and organizational measures aimed at
reducing the level of occupational injuries.

The practical value of our work lies in the possibility of using the results obtained to
develop effective injury prevention programs at enterprises, improve the system of state
regulation of labor protection, increase the competence of employees in safety issues and reduce
socio-economic losses associated with industrial accidents.

To achieve our goals, we have solved the following tasks:

- we conducted an analysis of the dynamics of occurrence and structure of industrial
accidents;

- estimated the distribution of injuries by industry, type, cause, and severity;

- we have determined the influence of organizational, technical and human factors on the
injury rate;

- we have formulated recommendations for improving the labor protection system.

The object of the study was the level of occupational injuries in the industry of Kazakhstan.

The object of the study is the level and structure of occupational injuries in the industries
of the Republic of Kazakhstan.

The subject of the study was the causes and conditions of accidents at work, leading to
varying degrees of severity of injuries.
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The research methodology included the analysis of statistical data, comparative methods,
content analysis of regulatory documents and generalization of the experience of enterprises.

Thus, the need for a comprehensive study of the causes and factors of occupational injuries
in Kazakhstan, as well as the development of effective preventive measures, is obvious. Our
research is aimed at identifying the key causes and patterns of occupational injuries.

MATERIALS AND METHODS

This study is devoted to the identification and analysis of occupational injury factors in the
Republic of Kazakhstan for the period from 2019 to 2023. The information base of the study was
officially published statistical data from the Bureau of National Statistics of the Republic of
Kazakhstan, as well as analytical materials from international organizations in the field of
occupational safety, containing information on occupational injuries by region and industry. The
data analysis was carried out using statistical and comparative analysis methods, which made it
possible to identify the main trends and features of the formation of occupational injuries during
the study period.

The main indicators used in the study were:

- the total number of victims of industrial accidents in the regions of Kazakhstan;

- the number of dead workers by type of economic activity;

- information about the severity of injuries and the duration of the recovery period;

- dynamics of changes in indicators over a five-year period.

In addition to the official statistical array, regulatory documents defining the procedure for
ensuring occupational safety in Kazakhstan were used, including:

- Order of the Minister of Labor and Social Protection of the Population of the Republic of
Kazakhstan No. 340 dated August 27, 2020 "On Approval of the Standard Rules of the
Occupational Safety and Health Management System'";

- Order of the Minister of Labor and Social Protection of the Population of the Republic of
Kazakhstan No. 363 dated September 11, 2020 "On approval of the Rules for Occupational Risk
Management".

The provisions of international standards such as ISO 45001 were also used to compare
them with global occupational safety practices.

Data collection and processing were carried out using quantitative and qualitative analysis
methods:

Descriptive statistics. Absolute and relative values, proportions, rates of growth and
decline were calculated, as well as annual averages, coefficients of frequency and severity of
injuries were determined.

Comparative interregional analysis. The differences in the structure and frequency of
injuries between the regions of Kazakhstan were assessed.

Dynamic analysis. The assessment of changes in indicators over time was carried out,
trends and cyclicity of changes were considered using time series analysis methods.

Structural analysis. The distribution of accidents by severity, types of economic activity
and the main causes of their occurrence was studied.

Content analysis of regulatory documents. Regulatory acts and guidance documents were
analyzed to assess the completeness of the legal framework and compliance with modern labor
protection requirements.

The results of the study formed the basis for recommendations on reducing occupational
injuries, developed specifically for entrepreneurs, government services and occupational safety
specialists.

The ChatGPT (OpenAl) generative artificial intelligence system was used as a tool for
editorial support and stylistic text correction.
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RESULTS AND DISCUSSION

The compilation of official statistics on industrial accidents in Kazakhstan, including the
West Kazakhstan region, for the period from 2019 to 2023 shows a steady and alarming trend of
their increase (table 1). A significant number of incidents have been recorded, resulting in serious

injuries and, in some cases, deaths (Bureau of National Statistics of the Republic of Kazakhstan,
2025).

Table 1. Number of victims of industrial accidents, including fatal accidents

Regions 2019 2020 2021 2022 2023
Abai * - - - 96 125
Akmola 140 118 62 84 107
Aktobe 103 118 129 149 118
Almaty 50 44 43 45 51
Atyrau 81 58 84 77 84
West Kazakhstan 65 77 58 63 57
Zhambyl 83 58 67 67 99
Zhetysu - - - 15 37
Karaganda 433 443 537 460 496
Kostanay 120 122 115 127 118
Kyzylorda 52 41 67 66 62
Mangystau 90 68 65 82 69
Pavlodar 141 128 130 135 129
North Kazakhstan 38 50 43 41 38
Turkestan 58 65 81 54 63
Ulytau* - - - 307 408
East Kazakhstan 302 314 320 233 263
Astana city 142 130 161 128 138
Almaty city 163 134 134 176 181
Shymkent city 50 65 37 44 27

Total 2111 2033 2133 2449 2670

Note: compiled by the authors on the basis of data from the Bureau of National Statistics of the Republic
of Kazakhstan. The regions marked with "*" were formed after 2021.

The analysis of the data presented in Table 1 allowed us to record a steady upward trend
in the number of victims at work throughout the country. The total number of victims increased
from 2,111 to 2,670 over a five-year period. Such data indicate the low efficiency of the labor
protection system at enterprises in the republic, and if this trend continues, the number of victims
will increase significantly by 2030, which will lead to significant socio-economic losses.

The largest number of accidents was recorded in the Karaganda region, where 496 people
were injured in 2023. The high level of injuries in this region is due to the high concentration of
enterprises in the coal and metallurgical industries, which are characterized by outdated
equipment, difficult working conditions and a high degree of wear and tear of fixed assets.

Unlike the Karaganda region, Shymkent and the North Kazakhstan region have the lowest
injury rates, which is due to less developed industry and more favorable working conditions.
However, even in these regions, it is necessary to maintain a high level of control over compliance
with occupational safety regulations in order to prevent an increase in the number of accidents.
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Figure 1. Dynamics of the number of victims of industrial accidents by regions of the
Republic of Kazakhstan in 2019-2023
Note — compiled by the authors on the basis of data from the Bureau of National Statistics of the Republic
of Kazakhstan.

There are persistently high rates of occupational injuries (Figure 1) in Karaganda, East
Kazakhstan and Pavlodar regions, as well as in cities of national significance - Almaty and
Astana. In most regions, there is a relative stability of indicators with a moderate upward trend
in 2023.

Table 2 shows data on the number of dead workers in production for the same period.

Table 2. Number of deaths at work as a result of accidents

Regions 2019 2020 2021 2022 2023
Abai * - - - 6 20
Akmola 4 20 6 11 12
Aktobe 10 20 19 12 12
Almaty 6 2 4 4 1
Atyrau 3 9 4 5 7
West Kazakhstan 4 4 4 13 9
Zhambyl 7 7 16 12 9
Zhetysu - - - 6 8
Karaganda 20 36 32 33 70
Kostanay 11 8 6 17 10
Kyzylorda 3 6 13 12 16
Mangystau 1 5 2 6 9
Pavlodar 6 5 5 6 4
North Kazakhstan - 11 11 8 11
Turkestan 4 10 8 5 5
Ulytau* - - - 2 8
East Kazakhstan 8 24 20 8 11
Astana city 12 13 17 21 8
Almaty city 6 12 5 12 10
Shymkent city 6 11 4 6 6
Total 111 203 176 205 246

Note — compiled by the authors on the basis of data from the Bureau of National Statistics of the Republic of
Kazakhstan
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According to the data presented in table 2, the number of deaths as a result of industrial
accidents in Kazakhstan increased from 111 to 246 from 2019 to 2023, i.e. an increase of more than
121%, which once again indicates significant shortcomings in various aspects of ensuring safe
working conditions for workers in industrial enterprises.. On average, 188 people died annually
during this period.

The Karaganda region, which is consistently the leader in the number of industrial
accidents, also ranks first in the number of deaths. Between 2019 and 2023, 191 workers died in
the region, with the sharp increase in deaths in 2023, when the death toll reached 70, being
particularly alarming. Major industrial accidents, in particular the mine accident in the
Karaganda region in 2023, had a significant impact on the increase in mortality rates (Sarybayeva,
2024).

REeGioNS

B Abai W Akmola Aktobe Karaganda M Kyzylorda

I

2023

Figure 2. Top 5 regions affected in 2023
Note: compiled by the authors on the basis of data from the Bureau of National Statistics of the Republic of
Kazakhstan.

Table 3 shows data on the number of dead workers by type of economic activity for the
period from 2019 to 2023.

Table 3. Death toll by type of economic activity

Type of economic activity 2019 | 2020 | 2021 | 2022 | 2023
Agro-industrial, forestry and fisheries 15 14 7 12 6
Mining and quarrying activities 25 24 31 27 76
Manufacturing industry 32 39 27 33 25
Supply of electricity, gas, steam, hot water, including
air conditioning 10 13 15 16 18
Water supply; waste collection, processing, disposal
and pollution elimination 10 7 7 11 10
Construction 41 54 34 51 43
Retail and wholesale trade; maintenance, repair of
cars and motorcycles 10 6 5 8 6
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end of table 3

Transport and equipment 17 17 17 11 17
Provision of accommodation and catering services 1 1 1 2 1
Information and contacts 2 1 1 2 1
Real estate transactions 5 1 2 1 3
Technical, research and professional services 6 5 4 3 4
Work in administration and additional services 7 8 7 8 9
The defense sector, public administration and the
compulsory social insurance system 6 8 4 19
Education 1 2 4 3
Social protection and healthcare system 1 4 8 9 3
Cultural and leisure services 15 1 7 3
Provision of other additional services 25 1 31 12

Total 190 203 176 205 246
Note — compiled by the authors on the basis of data from the Bureau of National Statistics of the Republic
of Kazakhstan

An analysis of the data in table 3 shows that the highest mortality rates are consistently
recorded in the construction, mining, and manufacturing industries. This is due to the increased
level of danger when performing production operations typical for these industries, insufficient
automation of processes and high levels of physical activity. A total of 562 people died in these
three industries between 2019 and 2023.

Of particular concern is the sharp increase in deaths during mining and quarrying in 2023,
when the death toll increased from 27 to 76 people. This fact may indicate man-made accidents,
systemic safety violations, or insufficient effectiveness of control and supervision measures for
compliance with safety regulations at mining enterprises. Comparison with statistics from other
countries shows that the mortality rate in the mining industry of Kazakhstan significantly exceeds
similar indicators in countries with a developed occupational safety and health system.

A relatively positive trend is observed in the agro-industrial sector, where in recent years
there has been a decrease in the number of deaths at work. However, this trend may be partly
due to changes in the structure of agricultural production and the statistical accounting system.
In particular, there is a significant decrease in the proportion of agricultural workers covered by
statistical observations, which is associated with an increase in the number of small enterprises,
peasant (farmer) and personal subsidiary farms of the population, which do not always fully fall
within the scope of official statistical reporting. At the same time, there was a reduction in the
number of large agricultural organizations, which were traditionally the main objects of statistical
observation (Abikenova, 2023).

Figure 3 shows the distribution of registered industrial accidents by main types of
economic activity. The data obtained indicate the need to prioritize preventive and supervisory
measures in industries with the highest level of occupational risk.

A comparative analysis shows that the level of fatal occupational injuries in Kazakhstan
remains significantly higher than in the countries of the European Union. According to Eurostat,
in 2022, the EU average was 1.76 cases per 100,000 employees, while, for example, in the
Karaganda region, this figure exceeds 10 cases per 100,000 employees, which is several times
higher than the EU average. This difference is explained by a number of factors, including
shortcomings in economic development and the state of domestic industry, a low level of safety
culture and the effectiveness of state control, etc. In the EU countries, much attention is paid to
the prevention of occupational injuries, the introduction of modern technologies and the
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formation of a safety culture in which each employee is aware of his responsibility for safety and
adheres to safety regulations.
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Figure 3. Deaths by type of economic activity in 2023
Note: compiled by the authors on the basis of data from the Bureau of National Statistics of the Republic of
Kazakhstan.

An analysis of domestic statistics also shows that a significant proportion of accidents
occur in regions and enterprises with an insufficiently developed safety culture (Takala et al.,
2014). In such organizations, there is often a lack of management attention to occupational safety
issues, a low level of knowledge and awareness of workers about industrial risks, a lack of
motivation to comply with safety requirements, as well as weak control over their
implementation. The results obtained indicate the need for a more detailed analysis of the causes
of occupational injuries, among which there is an insufficient assessment of occupational risks,
the inconsistency of the applied preventive measures with the nature of existing industrial threats
and an insufficiently developed occupational safety management system. In conditions where
workers are not fully aware of the potential dangers and do not comply with established safety
requirements, the likelihood of serious occupational injuries increases significantly.

Industries with a high proportion of manual labor, insufficient mechanization, work in
difficult conditions (for example, in underground mines) and direct contact with dangerous
equipment and substances are most at risk. During construction and installation work, the risk
of falling from a height, injury when working with heavy machinery, and exposure to hazardous
materials is particularly high. For example, accidents related to falling from heights prevail in the
construction industry of Kazakhstan. In underground mines, where work is often carried out in
confined spaces, with poor visibility and the presence of dangerous gases, there is a high
probability of rock collapse, gas explosions and coal dust. The operation of heavy machinery used
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in construction, mining and other industries is also associated with an increased risk of injury,
and the main risks associated with the operation of heavy machinery (Nauka.kz, Liter, 2023). It
is necessary to take into account the influence of socio-economic factors, such as low wages and
shift work, which can negatively affect the motivation of employees to comply with the rules of
OSH.

The analysis of official statistical data shows that the structure of occupational injuries in
Kazakhstan is formed under the influence of both organizational and technological factors.
According to the Ministry of Labor and Social Protection of the Population of the Republic of
Kazakhstan and the Bureau of National Statistics of the Republic of Kazakhstan, among the main
causes of industrial accidents in recent years are: violation of occupational safety requirements,
insufficient control over production processes and the use of outdated equipment.

Based on the analysis of statistical materials and industry reports, the causes of
occupational injuries can be conditionally grouped into three main categories:

1. Organizational reasons. This group includes insufficient management control, non-
compliance with occupational safety instructions, and insufficient training for employees in safe
working practices. According to the State labor protection reports, it is the violation of safety
requirements and industrial discipline that accounts for a significant proportion of reported
accidents.

2. Technical and technological reasons. This group is related to the condition of the
equipment, the level of mechanization and automation of production processes. In a number of
industries in Kazakhstan, a significant proportion of manual operations remain, especially during
equipment repairs, loading and unloading operations and maintenance of production facilities.
The use of outdated production facilities and insufficient automation of technological processes
increase the likelihood of injury to workers.

3. The human factor. This group includes staff errors, non-compliance with technological
regulations, employee fatigue, and insufficient professional training. Such factors are widely
considered in modern occupational safety research.

According to the International Labor Organization, an effective reduction in occupational
injuries is possible only with an integrated approach, including the modernization of equipment,
the introduction of automated safety control systems, digital technologies for monitoring
hazardous areas and working conditions, as well as the development of a culture of safe behavior
in enterprises. Modernization of technological processes and the introduction of engineering
solutions, such as automated production lines, robotic complexes and emergency stop systems,
play an essential role in this process. Practice shows that the introduction of modern technological
solutions can significantly reduce the level of injuries in industrial enterprises.

Analysis of statistical materials and research results shows that the formation of
occupational injuries is caused by a combination of organizational, technical and behavioral
factors. The most common reasons include poor technical condition of the equipment, insufficient
level of mechanization and automation of production processes, violation of technological
discipline, as well as insufficient assessment of occupational risks in the workplace. An additional
factor is an insufficiently formed occupational safety culture, manifested in non-compliance with
the requirements of the instructions and insufficient awareness of workers about possible
production risks. Such conditions increase the likelihood of dangerous situations and serious
work injuries.

The data obtained indicate the need to implement comprehensive measures to reduce
occupational injuries, which requires coordinated actions by the state, employers and employees.
The key areas are the improvement of the briefing and production control system, the
introduction of digital technologies (motion sensors, video surveillance systems and monitoring
the use of personal protective equipment), as well as strengthening state and internal industrial
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supervision, including improving the skills of inspectors, the introduction of an internal control
system at enterprises and the application of stricter sanctions for violations of safety
requirements. An important role is played by the formation of a safety culture at enterprises
through the development of corporate standards, holding competitions for the best occupational
health and safety management system, involving employees in safety processes, as well as
regular training and advanced training of personnel. Of particular importance are engineering
solutions aimed at modernizing production processes: the introduction of automated production
lines and robotic complexes, the use of sensors and monitoring systems for hazardous areas of
equipment, the use of locking devices and emergency stop systems, as well as the introduction of
occupational health and safety management systems based on the International Organization for
Standardization ISO 45001 standard. Practice shows that upgrading technological processes and
increasing the level of automation can significantly reduce the number of injuries associated with
manual labor and equipment operation (EU-OSHA, 2022).

CONCLUSION

Occupational accidents continue to be one of the most acute and urgent problems in the
field of OSH both at industrial enterprises and at the state level as a whole. In these conditions,
the formation of effective and scientifically based mechanisms for the prevention of occupational
injuries, based on the analysis of statistical data, assessment of occupational risks and the
introduction of modern engineering and organizational solutions, is of particular importance. An
essential role in reducing injury rates is played by improving the occupational safety culture,
developing a system for training employees in safe working methods, and developing sustainable
skills for safe behavior in the workplace (Zhou, Fang, & Wang, 2008).

The analysis of statistical data for 2019-2023 showed that an unfavorable situation in the
field of occupational injuries persists in the Republic of Kazakhstan. Despite the measures taken
to improve the occupational safety and health management system, there has been a tendency to
increase the total number of accidents at work during the period under review. The situation is
particularly difficult in the Karaganda region, where for several years the highest rates have been
recorded both in terms of the number of injured workers and the number of deaths. This is largely
due to the industrial specialization of the region, which includes large enterprises of the mining
and metallurgical industries, related to activities with a high level of occupational risk.

The analysis of the injury structure suggests that technical and organizational factors play
a significant role in the formation of emergency situations. Among them, it is possible to single
out the deterioration of a part of the production equipment, an insufficient level of automation of
technological processes, the absence or insufficient effectiveness of automatic protection systems,
as well as insufficient attention to issues of professional risk assessment and management. In
some cases, the human factor also has an impact, including insufficient training of employees,
non-compliance with the requirements of occupational safety instructions and an insufficiently
formed culture of safe behavior at work.

International experience shows that a steady reduction in occupational injuries is achieved
through the formation of a systematic approach to occupational safety management based on a
combination of organizational, technical and engineering solutions, as well as the active
involvement of employees in workplace safety processes (Armstrong, 2020). In modern
conditions, the introduction of technological innovations aimed at reducing the impact of
hazardous production factors and minimizing human involvement in potentially dangerous
operations is of particular importance.

In order to increase the level of industrial safety and minimize occupational risks at
enterprises in Kazakhstan, it seems advisable to focus efforts on the implementation of the
following priority areas:
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- improvement of the industrial safety system, including modernization of technological
equipment, introduction of automated control systems, sensor and video surveillance systems,
digitalization of monitoring processes in hazardous areas, as well as training and certification of
personnel using modern training and simulation technologies;

- development of a comprehensive occupational risk assessment and management system
that provides for regular identification of hazards, analysis of the likelihood of accidents,
modeling possible industrial incidents and the development of effective response algorithms;

- implementation of modern engineering solutions aimed at improving the safety of
equipment operation, including the use of automatic locking systems, sensors for monitoring
process parameters, remote control and monitoring systems, as well as robotic complexes for
performing the most dangerous production operations;

- the formation of a sustainable occupational safety culture, involving the active
involvement of employees in occupational safety management processes, the development of
mechanisms for motivating safe behavior, conducting training events and the introduction of
corporate safety standards;

- a systematic analysis of the causes of industrial incidents, followed by the use of the
results obtained to improve internal regulations and procedures for occupational safety
management, including taking into account the requirements of regulatory acts of the Republic
of Kazakhstan;

- regular assessment of the effectiveness of implemented measures aimed at determining
their effectiveness, adjusting management decisions and adapting applied safety methods to
changing production conditions.

Thus, a sustainable reduction in occupational injuries is possible only with the
implementation of an integrated and multi-level approach, including the modernization of
production equipment, the introduction of modern engineering and digital safety control
technologies, the improvement of the occupational risk management system, as well as the
formation of a high safety culture among employees. Coordinated actions by the state, employers
and employees can create conditions for the formation of a safe and healthy working environment
that meets modern industrial safety requirements and international labor protection standards.
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The process of decommissioning uranium production equipment and
technological tools leads to the formation and accumulation of metallic
radioactive waste. The majority of this waste falls into the category of
low-level radioactive waste and requires special conditions for storage.
The use of ultrasonic treatment of TRW contributes to an increase in
decontamination coefficients compared to traditional methods, while
reducing the duration of the process. It has been established that the
types of filter fabrics considered are subject to regeneration with the
possibility of their subsequent use in industrial conditions. The effect of
various solutions on the efficiency of the decontamination process of
metal TROs has been studied. The possibility of single-stage cleaning of
metal TROs in an ultrasonic field using HNO3 solution to obtain
commercial metal with surface contamination of less than 1 alpha
particle/cm2'min at an acceptable level of less than 1.2 alpha
particles/cm2-min has been demonstrated.

Tyiinai cesaep:

TYNIHAEME

/e3akTuBarisi,
YABTPaABIObIC,
paAMOaKTUBTIAIK, ypaH,
KaaAbIKTap, MeTaAa, Cy3ri
MaTaJappl, KaliTa oHaey.

Ypan eHgipyde KOAJaHBIAATBIH >KaOABIKTap MeH TeXHOAOTUAABIK
KOHABIPFBLAAPABI  TaiigadaHyjaH IIBIFapy IpoIjeci  MeTalaAbIK
PaanoaKkTUBTI KaAABIKTapABIH Ty3idyiHe 5KoHe XKIIHaAyblHa oKeaeai. bya
KAaAABIKTapABbIH OacblM ©Oeairi TeMeH JeHTeiiai  pajuoOaKTUBTI
Ka/lAbIKTap¥a >KaTaabl JKoHe caKTay YIIiH apHaiibl >KarjaiiaapAbl Talar
erteai. TPK-HBI yAbTpaabIOBICTHIK ©HAEY Al KOAAaHY ADCTYpAi 94icTepMeH
CaABICTBIPFaHAA Ae3aKTUBaIfuA KOD(PPUITMEHTTepiHiH apTyblHa >KoHe
IpollecC YaKBITHIHBIH KBICKapybIHa BIKIIaA eTedi. 3epTTey HoTmKeaepi
OOJIBIHITIA KapacTHIPBLAFaH CY3Ii MaTaaphIHBIH TypAepi KaliTa oHJeyTe
KaTagpl JKoHe OJapAbl OHEPKSCINTIK Karjalida KaliTa IalijadaHyra
6oaagapl.  Metaaa  TPO-aapapl  JAes3akTmBanusAday — IIPOLIeCiHIiH
Tuimaiairine spTypai epitinaiaepain acepi seprreaai. HNO:s epiTingicin
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KOAJaHa OTBIPHIN, YABTPajbIOBICTHIK opicte MeTaaa TPO-aapamr Gip
caThlAbl Ta3alay apKblAbl OeTiHgeri aacraHy JeHreri 1 aabda
Gearex/cM>MUH-HeH a3, KaObladaaaTeiH 1,2 aapda Gearnex/cM*MuH-
AeH ToMeH KOMMepUMABbIK MeTala ady MyMKIiHAIr KepceTiagi.

Kaiouessie caoBa: AHHOTANIIUSA
JesaxTuBaIius, ITpomecc BEIBOJa U3 DKCIIAyaTaI[M 0OOPYAOBaHM Y TEXHOAOTMIECKON
YABTPa3BYK, OCHACTKM ypaHOBOTO IIPOM3BOJCTBA IPUBOAUT K 0Opa3oBaHMIO U
PaAMOaKTUBHOCTD, ypaH, HakonAeHuio Metaaamdeckux TPO. OcHoBHasi 4045 KOTOPBIX,
OTXOABI, MeTaAd, OTHOCHUTCS K KaTeropmy Hu3KoakTUBHEIX PAO n TpebGyeT obecrieueHns
¢uarTpoBasbHBIE IIOAOTHA, 0co0bIX ycaoBuii. IlpumeHenme yapTpassykopoit obpaborku TPO
PeIMKANHT. CIIOCOOCTBYeT  yBeAUYeHUIo KOod(PQPUINEHTOB Ae3aKTMBaIlMM  IT0
CpaBHEHUIO  C  TpasUIIMOHHBIMM  MeToJaMy,  IIpM  DTOM

MPOAOAKUTEABHOCTh IIpOllecca COKpaIllaeTcs. YCTaHOBAEHO, 4TO
paccMOTpeHHBIe  TUIIBI  (PUABTPOBAABHBIX  TKaHel  IToAJeXXaT
pereHepanuy C BO3MOXKHOCTBIO IIOCAEAYIOIIENl MX BDKCIIAyaTallui B
IIPOMBIIIIEHHBIX YCAOBVAX. VI3ydeHO BAMAHME Pa3AMIHBIX PacTBOPOB
Ha »(@QeKTMBHOCTh IIporecca JesaKkTupaumy MeTaaamdeckux TPO.
TTokasaHa BO3MO>XHOCTb OAHOCTAAMITHON OYMCTKU MeTaaamdeckux TPO
B Y3 moae c wucrnoas3oBaHmeMm pactsopa HNOs gas noaydenms
TOBApHOTO MeTaA/la C IOBEPXHOCTHBIM 3arpsi3HeHueM MeHee 1 aapda-
9acTUIIBI/CM>*MIUH TpU  AOIYCTUMOM ypoBHe MeHee 1,2 aabda-
JaCTULIBI/CM2 MUH.

INTRODUCTION

An analysis of the energy sector indicates that nuclear power offers significant advantages
over conventional fossil fuel-based energy systems in terms of fuel efficiency, pollutant
emissions, and waste generation (Fraenkl et al., 2022; Frankle et al., 2023; Grkovi¢ & Doder, 2022;
Gurau D. et al, 2023). At the same time, the key factor governing the advancement and
optimization of all stages of nuclear energy development is the environmental impact associated
with the operation of nuclear fuel cycle (NFC) facilities. The environmental effects of NFC
enterprises are diverse and include land allocation for infrastructure development, large-scale
withdrawal of freshwater for industrial use, discharges of non-radioactive toxic substances, and
long-term storage of radioactive liquid and solid wastes. Consequently, NFC enterprises place
particular emphasis on improving methods for radioactive waste management and processing.
This approach contributes to the achievement of global sustainable development goals and, in
turn, enhances the competitiveness of nuclear energy relative to other energy sources.

Currently, Kazakhstan ranks among the world’s leading uranium producers; therefore, the
issue of radioactive waste (RW) conversion remains highly relevant. An analysis of the
environmental impacts of NFC enterprises has shown that the most challenging aspect is the safe
decommissioning of radioactive materials, particularly with respect to their processing and
compliance with regulatory limits for radioactive contamination. In addition, the relevance of this
issue is driven by several factors:

- the substantial volume of accumulated and newly generated radioactive waste, which
raises concerns among the public and regulatory authorities due to the potential radiation
hazards associated with RW storage facilities;

- the need to improve existing radioactive waste management practices in response to
stricter regulatory requirements and increasingly stringent environmental standards;

- the growing influence of society on decision-making related to environmental aspects
of activities carried out by nuclear industry organizations.

The annual accumulation of waste generated by NFC enterprises amounts to tens of
thousands of kilograms, while the concentration of valuable components in such waste often
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exceeds that found in primary ore materials. Accordingly, the strategic objective is the maximum
recycling of technogenic raw materials, which enables the following outcomes:

- increased efficiency in the use of non-renewable natural resources and conservation of
depleting mineral reserves;

- enhanced labor productivity through economically viable processing of materials
withdrawn from technological production cycles;

- reduction or elimination of sources of environmental contamination;

- development of low-waste, low-operation, and energy-efficient technological
processes.

Radioactive contamination of metallic material surfaces is primarily governed by
intermolecular interactions, chemical bonding, and various sorption mechanisms, including
physical adsorption, cation exchange, chemisorption, and absorption. In general, the extent of
contamination depends on the physicochemical properties of the material undergoing
decontamination, the condition of its surface, and the nature of the contaminants (Hagedorn et
al., 2022).

At present, decontamination methodologies employ a broad range of techniques for
radionuclide removal from surfaces. In addition to simple methods, such as surface wiping or
mechanical brushing, more advanced technologies requiring specialized equipment are widely
applied. In practice, combined physicochemical and mechanical approaches are most commonly
used (Liu et al.,, 2022; Nakahara et al., 2024). Alternative decontamination methods include
electropolishing, ultrasonic cleaning, and metal melting.

Ultrasonic (US) cleaning is based on the conversion of high-frequency acoustic energy into
mechanical vibrations. From a physical perspective, the fundamental principles governing sound
wave propagation are identical across frequency ranges; however, ultrasonic waves exhibit
distinct characteristics due to their high frequencies and correspondingly short wavelengths. The
primary nonlinear phenomenon occurring in an ultrasonic field is cavitation, during which
pulsating bubbles form in a liquid, containing vapor, gaseous products, or their mixtures (Zhang
et al.,, 2025; Zupanc et al.,, 2023). Depending on the type and characteristics of contamination,
cavitation manifests through micro-impact effects, microstreaming, and localized temperature
increases.

In technologies for processing uranium-containing compounds, specific types of filter
fabrics are employed at various stages (Dubrovskiy & Zenkov., 2024; Kulagina & Shelenkova.,
2017). These materials differ in both composition and operating principles and include cotton-
based and synthetic fabrics.

During operation, the hydraulic resistance of filter fabrics progressively increases,
resulting in a decrease in filtration rate. To maintain the required permeability within specified
limits, filter elements are periodically replaced or regenerated (Kuznetsova., & Sakhnenko, 2022;
Savkin et al., 2007). Regeneration allows for partial or complete removal of deposited sediments
and restoration of the original filtration properties.

Previous studies have reported the decontamination of glass-fiber filters, which serve as
alternatives to Petryanov filters used for the removal of technological gaseous wastes generated
during the process cycle of FSUE “Mayak Production Association”. The proposed
decontamination approach involves ultrasonic treatment of glass-fiber filters in nitric acid
solutions at elevated temperatures. This method enables the removal of up to 98% of
radionuclides from the treated material and provides near-complete recycling of valuable
components (Federal Service for Surveillance on Consumer Rights Protection and Human
Wellbeing, 2013).

Optimization of acoustic field parameters, physicochemical properties of the cleaning
solution, gas content, and external conditions such as pressure and temperature allows effective
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control of the contamination removal process across a wide range of materials and contamination
types (Ministry of Health of the Republic of Kazakhstan, 2020). An additional intensifying factor
in refining processes is the acoustic capillary effect, which facilitates penetration of the
decontaminating agent into microcracks and pores. Moreover, the mechanical effects of
ultrasound significantly enhance dissolution processes and particle detachment from treated
surfaces.

The primary objective of this study was to evaluate the efficiency of ultrasonic cleaning for
the decontamination of various radioactive materials used in the processing of uranium-
containing compounds at Ulba Metallurgical Plant JSC, to identify optimal treatment media, and
to assess the feasibility of material recycling after decontamination.

MATERIALS AND METHODS

When deciding on the necessity of decontamination of various materials, the feasibility of
the procedure is assessed by substantiating its benefits in relation to the associated costs, as well
as by analyzing the amount of secondary waste generated and available disposal methods. At the
same time, the level of residual contamination of the materials after decontamination must ensure
the safety of personnel and the environment. In accordance with the requirements of Clause 13
of the Sanitary Rules for Ensuring Radiation Safety (SP SETORB) (Grkovi¢ & Doder, 2022), the
following conditions must be met when releasing a batch of scrap metal:

1. the ambient equivalent dose rate (gamma radiation) from the surface of the scrap does
not exceed 0.2 uSv/h above the natural background radiation level;

2. the alpha radiation surface contamination density does not exceed 0.04 Bq/cm?;

3. the beta radiation surface contamination density does not exceed 0.4 Bq/cm?.

In conducting the present study, the regulatory framework of the Russian Federation was
applied. According to document (Liu et al., 2022), a beta surface contamination level of 0.4 Bq/cm?
corresponds to 12 particles/(cm?min), while an alpha contamination level of 0.04 Bq/cm?
corresponds to 1.2 particles/(cm?min).

The objects selected for decontamination in this study included:

- filter fabrics of various grades used in the processing of natural and enriched uranium;

- scrap metal and structural components manufactured from different steel grades.

Two conceptual approaches were considered during the studies conducted at Ulba
Metallurgical Plant JSC:

“deep” decontamination of filter fabrics aimed at reducing the residual radionuclide
content, followed by disposal of the treated materials;

- regeneration of filter fabrics for their subsequent reuse in the technological process.

The objects of investigation comprised two types of filter fabrics used in the filtration stages
of uranium-containing solution processing: polypropylene fabric (art. 1002k) and cotton—
polyester fabric (art. 2411). Samples of decommissioned filter fabrics collected from several
production areas were used to develop decontamination regimes. During the experiments,
optimal decontamination conditions for filter fabrics were determined, with particular emphasis
on the effects of washing solution composition and ultrasonic treatment duration.

The experimental studies were carried out using the following equipment: an ultrasonic
decontamination unit, model MO-646 (manufactured by Alexander Plus, Russia), and a
laboratory ultrasonic bath Laborette-17 (FRITSCH).

RESULTS AND DISCUSSION
Figure 1 presents fragments illustrating the fiber structure of the filter fabrics before and
after the washing process.
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Art.1002k / filtration of a suspension containing a gadolinium-bearing precipitate

Figure 1. Fragments of filter fabrics from different technological
operations before and after decontamination
Note — prepared by the authors

Based on the results of the conducted experiments, optimal decontamination regimes for
various filter fabrics were determined. It was established that, for a given duration of ultrasonic
treatment and under media of specified composition, the uranium content in filter fabrics can be
reduced by a factor of 7 to 70, depending on the initial degree of contamination, achieving
uranium concentrations in the material below 0.3 wt.%.

In studies aimed at assessing the feasibility of reusing regenerated filter fabrics, material
samples treated by different methods under optimal regimes were employed. The quality criteria
for regeneration included water permeability and the content of suspended solids in the filtrates.

Water permeability was evaluated based on the filtration rate of uranium-containing
suspensions through the above-mentioned types of filter fabrics. Filtration quality (i.e., the
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efficiency of dispersed phase separation) using regenerated filter fabrics was assessed by
measuring the optical density of the filtrates with a KFK-2MP photocolorimeter.

The obtained results indicate that regeneration efficiency is largely determined by the
physicochemical composition of the deposits forming a layer of solid particles on the surface of
the filter fabric and/or retained within the pores of the material during filtration of suspensions
from different technological units.

Experimental studies demonstrated that all investigated types of filter fabrics, when
treated under the most effective processing conditions, can be successfully regenerated and
subsequently reused under industrial operating conditions.

Depending on the type of filter fabric and the technological unit in which it is applied, the
mass concentration of dissolved uranium in the washing solutions, which represent a suspension,
may vary from 0.2 to 1.8 g/L. Processing of solutions generated during filter fabric regeneration
should be carried out by sedimentation of the solid phase followed by decantation of the liquid.
The resulting sediment is expediently directed to the appropriate processing unit.

When considering radioactive metal waste, it should be noted that the suitability of metals
for repeated reuse in the manufacture of new products makes them an important industrial raw
material. The absence of effective technologies for the processing and disposal of radioactive
metal waste accumulated during the hydrometallurgical processing of uranium-containing raw
materials leads to a continuous increase in their volume. An additional challenge arises from the
need to perform repair operations on process equipment (e.g., pumps) during industrial
operation, which is impossible without prior removal of radioactive contamination from
equipment surfaces. Furthermore, certain equipment components and auxiliary fixtures are
periodically decommissioned and/or dismantled, resulting in the generation of significant
amounts of metal waste, a substantial portion of which contains residual radioactive
contamination. To ensure safe disposal of such materials and equipment after dismantling,
decontamination is required.

In the experiments, carbon steel samples were treated with various solutions in an
ultrasonic field. The compositions of the decontaminating solutions were as follows:

- industrial water;

- nitric acid solution with a concentration of 100 g/L;

- foaming agent solution with a concentration of 5 g/L.

The duration of a single treatment stage was 15 minutes, with a solid-to-liquid mass ratio
of T:L = 1:3. After the specified treatment time, a fresh portion of solution was introduced.
Following each ultrasonic treatment stage, the mass and thickness of the samples were measured,
and the degree of reduction in these parameters was calculated. The obtained results are
presented in Table 1.

Table 1. Changes in the parameters of St3-grade steel samples depending on the
duration of treatment and the composition of the solution

Composition of the solution
Processing time, min | Hz0 HNOs | AR H.0 HNOs | AR
Mass reduction, % Thickness reduction, %
15 0,03 8.14 0.01 0.07 6.69 1.70
30 0.04 17.89 0.02 0.58 8.52 2.01
45 0.04 27.97 0.03 0.65 27.54 2.25
Note — prepared by the authors
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Analysis of the results presented in Table 1 showed that treatment of the samples in nitric
acid resulted in the maximum mass loss, reaching up to 28 wt.% of the initial sample mass.

The uranium concentration in the working solutions after decontamination was as follows:
aqueous solutions: less than 0.003 g/L;
nitric acid solutions: from 0.128 to 0.410 g/L;
in foaming agent solutions, uranium concentration was not measured.

The efficiency of the decontamination process after three washing cycles was evaluated
based on the residual surface contamination of the samples with alpha-emitting radionuclides.
The corresponding values of decontamination efficiency (Aeff) and the decontamination
coefficient (Kd) were calculated.

Fragments of the surface of a St3-grade steel sample before and after ultrasonic
decontamination are shown in Figure 2.

Initial state of the sample After ultrasonic decontamination

Figure 2. Macrostructural analysis of St3-grade steel sample surface
fragments before and after washing
Note — prepared by the authors

As can be seen from the presented images, the initial surface of the sample is characterized
by pronounced heterogeneity, as well as the presence of corrosion deposits and surface
contaminants. After decontamination, a noticeable reduction in surface contamination,
smoothing of the microrelief, and a decrease in the number of inclusions are observed, indicating
the effectiveness of the applied washing method. The results of calculations and measurements
are presented in Table 2.

Table 2. Effect of solution composition on the decontamination
efficiency of St3-grade steel samples

Medium Alpha pérticle flux d'ensity, Actf, % Kd
particles/(cm?min)
No treatment 4.2 - -
H-0 1.8 57.1 2.3
HNOs 1.0 76.2 42
Foaming agent 1.2 714 3.5
Note — prepared by the authors
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The results presented in Table 2 indicate that a nitric acid solution is the most effective
aqueous agent for the decontamination of the examined sample. However, the significant mass
losses of the treated material, reaching up to 28%, render decontamination in a nitric acid medium
impractical. The use of a foaming agent solution under the specified processing conditions allows
the stated objectives to be achieved.

CONCLUSIONS

It was established that the selection of the most effective regeneration regime for filter
fabrics largely depends on the physicochemical composition of the solid phase removed from the
solutions. The application of ultrasonic treatment during decontamination makes it possible to
reduce the uranium content in filter fabrics by up to a factor of 70. The feasibility of reusing
regenerated filter fabrics was investigated, and it was demonstrated that all examined types of
filter fabrics are suitable for regeneration with the possibility of subsequent operation under
industrial conditions.

The reuse of regenerated filter fabrics in technological processes can significantly extend
their service life, reduce material consumption in the processing of uranium-containing
compounds, and minimize the generation of radioactive waste. Overall, this contributes to the
implementation of low-waste technologies at industrial facilities.

In the decontamination of radioactive metal waste, the influence of various solutions on
the efficiency of the decontamination process was investigated. The possibility of single-stage
ultrasonic cleaning of radioactive metal waste using an HNO; solution was demonstrated,
enabling the production of marketable metal with surface contamination levels below the
permissible limits.
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STUDIES OF THE STRUCTURAL AND PHASE STATE OF DETONATION
COATINGS BASED ON THE FE-TIB,-CRB, EUTECTIC SYSTEM AFTER
PULSE PLASMA TREATMENT

NCCAEAOBAHME CTPYKTYPHOI'O 1 ®A30BOI'O COCTOSIHMSI
AETOHALIVMIOHHBIX ITOKPBITUI HA OCHOBE DBTEKTUUYECKON
CUCTEMBI FE-TIB,-CRB, [I0C/E UMITY 1bCHO-II1A3SMEHHOM
OBPABOTKMN

VIMITY AbCTIK-TIIA3MA ABIK OHAEY AEH KENIH FE-TIB,~CRB,;
DBTEKTUKAABIK JKYVECI HETI3IHAETT AETOHALIVISIABIK
SKABBIHAAPABIH, K¥PBLABIMABIK JKOHE ®A3AABIK KYVIIH 3EPTTEY

Dauir Kakimzhanov “='12*, Arystanbek Kussainov 1, Indira Abizhanova =" 1!
INJSC «D. Serikbayev East Kazakhstan technical university», Ust-Kamenogorsk, Kazakhstan
2LLP «PlasmaScience», Ust-Kamenogorsk, Kazakhstan

*Corresponding author: Dauir Kakimzhanov, e-mail: dauir_97@mail.ru

Keywords: ABSTRACT

pulsed-plasma treatment, Fe-TiB,~CrB; coatings obtained by detonation spraying were modified
coatings, phase composition, by pulsed plasma treatment (PPT) to improve their structural and opera-
structure, detonation sprayin, tional properties. A comprehensive analysis of the phase composition,
hardness, eutectic system, microstructure, microhardness, wear resistance, and corrosion beha-
wear. viour was performed. X-ray structural analysis confirmed the preser-

vation of the a-Fe, TiB; and CrB, phases after treatment, with a simul-
taneous decrease in the proportion of y-Fe and Cr;;Cs and a redistri-
bution of boride phases. Electron microscope studies revealed a densifi-
cation of the surface layer and a decrease in interlamellar porosity.
Microhardness in the near-surface zone increased from ~15 to 17-18 GPa
(by 15-20%), indicating local strengthening. Tribological tests showed a
decrease in wear depth, while electrochemical studies revealed a positive
shift in corrosion potential by 0.15-0.20 V and a decrease in the rate of
anodic dissolution. PPT provides an improvement in mechanical and
corrosion characteristics without changing the basic phase composition
of the coating.

Tyninai cesaep: TYUIHAEME

VIMITyAbCHO-TIAa3MeHHAas Ioxpwrtist  Fe-TiB,—CrB,, moaydueHHble MeTOAOM A€TOHAIVIOHHOTO
00paboTKa, MOKPBITILS, HalbLAeHNs, ObIAM MOAMQUIIMPOBAHBI C IIOMOIIBIO MMITYAbCHO-I1Aa3-
¢asoBrIit cocTaB, CTPYKTYPa, MenHOIT obpabotku (PPT) ¢ meapro yaydmeHus uX CTPYKTYPHBIX U
AeTOHAIIMOHHOe HallblAeH!e, 9KCIIAyaTal[IOHHBIX CBOJICTB. ITpoBeseH KOMILAeKCHBIN aHaAn3 paso-
TBEPAOCTD, DBTEKTIIECKas BOTO COCTaBa, MMKPOCTPYKTYPBI, MUKPOTBEPAOCTH, U3HOCOCTOMKOCTH 1
cucTeMa, U3HOC. KOPPO3MOHHOIO IOBeJeHIs. PeHTreHOCTpyKTypHBII aHaAU3 IOATBEp-

aua coxpanenne ¢as a-Fe, TiB, u CrB; mocae obpabotku, pu oAHOBpe-

© 2026 D. Kakimzhanov, A. Kussainov, . Abizhanova
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MeHHOM cHIKeHun 40am y-Fe u CrCe, a Takke nepepacnpedeaeHnm
Oopuanpix das. ViccaegoBaHMsI € UCHOAB30BaHNEM DAEKTPOHHOTO
MUKPOCKOIIA  BBIABUAU YILAOTHEHUe IIOBePXHOCTHOTO CAOSl U
yMeHbIIIeHe MeKAaMeAASPHON IIOPUCTOCTH. MUKpPOTBEpAOCTh B
IPUIIOBEPXHOCTHOI 30He yBeAndnaach npumMepHo c 15 40 17-18 I'Tla (ua
15-20 %), 9TO CBUAETEABCTBYET O AOKaABHOM yrpouHeHunu. Tpubo-
AOTHYEeCKNe MCIBITaHMs II0KasaAl CHIDKeHNe TAyOMHBI M3HOCa, a
9AEKTPOXUMIUYECKIe MCCAeAOBAaHNS BBIABUAY II0A0XKUTEAbHOE CMellle-
HMe Koppo3uoHHoro norennuaza Ha 0,15-0,20 B u cumokenne ckopoctu
aHOAHOTO pacTBopeHM:. VIMIyapcHO-I1a3MeHHast obpaboTka obecrre-
gyBaeT yAydlleHl’e MeXaHMYeCKUX U KOPPO3MOHHBIX XapaKTePUCTUK
6e3 13MeHeHIsI OCHOBHOTO (pa3oBOro cocraBa ITOKPBITISL.

Karouesrbre caoBa: AHHOTAN WS

MMITY AbCTiK-T1A23MaABIK, Aetonanmsaaslk, 6ypky oaicimen aawmaraH Fe-TiB-CrB, >xaGrHaaper
eHJey, >KabbiHAap, $paszaabIK 04apAblH KYPBIABIMABIK >KoHe IIaligadaHy KacHeTTepiH >KaKcapTy
KYpaM, KYpbLAbIM, MakcaTblHAQ MMITyAbCTiK-TIda3MaablK, eHgeyre (PPT) ymbipaTbiagsr.
AeTOHALVIIABIK OYPKY, @azaablK KypaMbl, MUKPOKYPBIABIMBL, MUKPOKATTBLABIFBL, TO3yFa
KaTTBLABIK, DBTEKTUKAABIK, TO3IMAIAII >K9He KOPPO3MAABIK MiHE3-KYAKbl KellleHAl Typde
>Kyiie, TO3y. TaajaHAbl. PeHTreHKYpPBIABIMABIK Taljay eHJeyaeH keiriH a-Fe, TiB,

>xoHe CrB; ¢asasapsIHBIH caKTaAFaHBIH pacTaAbl, COHBIMEH KaTap Y-Fe
MeH CrsCs yaeciHiH TeMmeHgeyi >KoHe 60p1/m,Ti1< Cl)aSaAapALIH Kamra
0OeaiHyl aHBIKTaAAbl. DAEKTPOHABIK MUKPOCKOIABIK 3epTTeyaep
GeTTiKk KabaTTBIH THIFBI3AaAFaHBIH >KoHe KabOaTapaablK KeyeKTiAiKTiH
aszaliraHblH KepceTTi. beTke >KakbIH aliMakTarbl MUKPOKATTBLABIK
mamameH 15-ten 17-18 I'Tla-ra aefiin apTTsI (15-20%-Fa), Oy sxepriaikri
Gepiktenyai kepcereai. Tpub0OAOTUAABIK CBIHAKTap TO3y TepeHAiriHiH
TOMEHJeIeHiH  KepceTTi, ald  DAEKTPOXMMUAABIK  3epTreyaep
KOppo3uAAblK, noreHnuaaaby 0,15-0,20 B-ka OH bIFBICKAHBIH >KoHe
AHOATHIK epy >KblAAaMABIFBIHBIH TOMeH/AeTeHiH aHbIKTa bl VIMITy AbCTik-
I11a3MaAblK ©HAeY >KaOBIHHBIH HeTisri (ra3aablK KYpaMBIH ©3TepTIIer,
OHBIH  MeXaHMKaAblK  >KoHe  KOPPO3UAABIK  CUIIaTTaMaJdapblH
JKaKCapTyAbl KaMTaMachI3 eTei.

INTRODUCTION

In modern industries—mechanical engineering, energy, metallurgy, and transport
construction—the resource intensity and durability of structural components remain key factors
in technological and economic efficiency (Bhushan & Ko, 2003; Shapagina & Dushik, 2024).
Operating conditions for equipment are increasingly characterised by high contact pressures,
increased abrasive and adhesive wear, elevated temperatures and aggressive environments,
leading to a rapid deterioration in the performance of machine components and assemblies
(Shtansky et al., 2005). The increasing demands placed on equipment today, characterised by the
combined effects of extremely high temperatures, corrosion and wear, mean that conventional
hardening methods—such as solution treatment, changes to component geometry or standard
heat treatment—are insufficient to ensure durability (Kiryukhantsev-Korneev et al., 2017).

One of the most promising areas of surface engineering is the application of protective
coatings using detonation gun spraying (D-Gun) (Panarin et al., 2016), which provides dense,
adhesion-stable layers with minimal porosity and good microstructural bonding between the
coating particles and the substrate. This technology allows the formation of coatings with high
hardness and wear resistance without significant thermal impact on the substrate, which is
critical for thin-walled and heat-sensitive components.

In recent years, detonation coatings based on Fe-CrB,-TiB; have been considered as a hard
and extremely wear-resistant alternative to traditional carbide and oxide coatings for parts



EKTU JOURNAL OF 1-tom, 1-Hemip, Hayphb13, 2026.
:ncnl;El;lué::me - 180 - Tom 1, No1, MapT 2026.
Vol. 1, Issue 1, March 2026.

operating under conditions of abrasive wear, impact abrasion and friction (Prysyazhnyuk et al.,
2025; Shtansky et al., 2005). The demand for these compositions stems from the fact that the
refractory compounds TiB, and CrB; provide exceptional hardness and structural stability under
high-temperature conditions. At the same time, the ductile iron base acts as a plastic matrix,
which effectively fixes the dispersed strengthening phases and forms a strong framework that
prevents brittle fracture. The use of iron also ensures high adhesion and the processability of the
coating application, allowing reliable protective layers to be produced using various spraying
methods (Wang et al., 2021). In detonation spraying, the high particle velocity contributes to the
formation of a lamellar structure with alternating areas of iron matrix and boride phases, which
creates a combination of high hardness and resistance to abrasive wear with a moderate tendency
to brittle fracture. This is precisely the structural organisation described in recent studies on Fe—
TiB,—CrB, detonation coatings, which emphasise the pronounced lamellar structure and the
presence of alternating ‘layers’ of Fe matrix and refractory borides (Sharma et al., 2023; Liang et
al., 2022).

The key problem with high-energy spraying is not the potential of the system itself, but the
presence of structural heterogeneity and defects that can limit its service life: residual porosity
(Rakhadilov et al., 2024), interlamellar boundaries with reduced strength, local microcracks, and
‘imperfect’ connectivity between the matrix and strengthening particles. For this reason, the most
promising direction for Fe—CrB,-TiB, coatings has become the combined route of ‘detonation
spraying + subsequent pulsed plasma treatment,” since post-treatment allows the surface layer to
be purposefully brought to a more stable state (Tyurin et al., 2001; Pogrebnyak & Tyurin, 2003;
Rakhadilov et al., 2024).

The aim of this work is to conduct a comprehensive study of the structural and phase state
of detonation coatings based on the eutectic system Fe—CrB,-TiB; after exposure to pulsed plasma
treatment.

RESEARCH MATERIALS AND METHODS

Structural carbon steel 3 was used as a substrate due to its widespread use in mechanical
engineering and agricultural machinery, as well as its satisfactory combination of strength
characteristics, manufacturability and low cost. Before spraying, the samples were subjected to
mechanical processing, degreasing and abrasive jet cleaning to ensure the required surface
roughness. The functional protective layers were formed using a dispersed eutectic alloy, which
is an iron-based system reinforced with refractory titanium and chromium diborides. Detailed
information on the elemental composition of the cladding material is given in Table 2. The
powder used consisted mainly of spherical granules, the size of which was within the range of
up to 60 um.

Table 1. Composition of Fe-TiB2-CrB2 powder. (wt.%):

Fe Ni, % Cr, % Ti, % B, % Al, %
base 6+8 20,0+20,5 2,4:2,5 2,5:2,6 5,6
Note — compiled by the authors

The coating was applied using a multi-chamber detonation device (MCDD), in which
powder particles are subjected to thermal exposure and accelerated to high speeds by the energy
of the detonation combustion products of a propane-butane gas mixture with oxygen and air.
The parameters of detonation spraying are shown in Table 2.
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1 — multi-chamber detonation atomiser; 2 — powder feeder; 3 — low-pressure gas supply
panel (max. 0.3 MPa) for supplying oxygen, propane-butane and air; 4 — automated process
control system; 5 — automated manipulator for moving the multi-chamber detonation
atomiser; 6 — sample holder

Figure 1. Diagram of a detonation device
Note — compiled by the authors

Table 2. Parameters of detonation spraying

Components of the mixture: Consumption, m3/hour

O 2.92

1 chamber air 1.33

CsHs 0.66

O 2.93

2 chamber air 1.43

CsHs 0.66

Transport gas: 0,9
Note — compiled by the authors

High-energy pulsed plasma was applied to improve the structural transformation of the
formed detonation coatings. The generation of active pulses in the discharge device was based
on the realization of transient detonation combustion regimes. The energy of a single pulse is
approximately 4.9 k]. The quantitative parameters of this pulsed plasma treatment (PPT) are
show in Table 3.

Table 3. Parameters of pulsed plasma treatment

Parameter Value
Voltage across the capacitor bank 3200 (V)
Capacitance of the discharge circuit capacitor bank 960 (uF)
Inductance of the discharge circuit 30(puH)
Frequency of plasma pulses 1.2(Hz)
Speed of plasma torch movement relative to the product 3,4 (mm/s)
Distance to the surface 60 (mm)
Number of passes 1
Note — compiled by the authors
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C3Hs
k——

02
Air
b

1
1 — detonation chamber, 2 — power source, 3,4 — coaxial electrodes, 5 — eroded electrode,
6 — plasma, 7 — sample
Figure 2. Diagram of a detonation device
Note — compiled by the authors

A X'Pert PRO system (PANalytical, Netherlands), equipped with a copper X-ray source,
was used to perform the phase analysis. The experiment was carried out at operating parameters
of 40 kV and 30 mA. Diffraction data in the Cu-Ka spectrum (A=1.541 A) were collected over the
range 20=20-90°. The measurement was carried out using a step-by-step scanning method with
a step size of 0.02°, with a signal exposure time of 0.5 s at each point. The experimental
diffractograms were interpreted and phase identification was performed using the HighScore
Plus software package (version 3.0.5). Scanning electron microscopy, carried out using a Tescan
Vega 4 system (Czech Republic), was employed to study the morphology of the cross-sections of
the formed protective layers. The anti-corrosion properties were evaluated in an electrolytic cell
using a CS300 potentiostat-galvanostat. An aqueous sodium chloride solution (3.5% NaCl) was
used as the working medium at a stabilised temperature of 25+1 °C. Measurements were carried
out using the classical three-electrode configuration, where a silver-chloride cell (Ag/AgCl)
served as the reference electrode and a platinum plate as the auxiliary electrode. Quantitative
indicators of corrosion resistance, including the corrosion potential (E_(corr)) and current density
(i_(corr)), were calculated based on the analysis of potentiodynamic curves using the Tafel
extrapolation method. Polarisation curves were recorded over a potential range of 0.1 V relative
to the open-circuit potential (OCP) at a constant scan rate of 0.5 mV/s. To increase the statistical
reliability of the study, it was performed on four samples with three repetitions for each. The
experimental results were processed using the specialised software environment CS Studio 6,
whose algorithms enable the automatic identification of the working segments of the Tafel curves
and the calculation of key electrochemical constants. The microhardness values of the formed
coatings were measured using the FISCHERSCOPE HM2000S measuring system (Helmut Fischer
GmbH, Germany) in accordance with ASTM E2546. To achieve high reliability and account for
possible structural heterogeneity in different zones of the cross-section, at least ten indentation
tests were performed for each sample, followed by mathematical averaging of the final data. The
tests were carried out at a load of 100 mN and a holding time of 10 s. The amount of wear was
determined using a Leica DCMS8 non-contact optical profilometer (Leica Microsystems, Wetzlar,
Germany). Roughness parameters were evaluated using confocal microscopy with a Leica EPI
20x lens and Leica Scan 6.5 software. The obtained profilometric data were processed and
analysed using the Mountains software package.
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RESULTS AND DISCUSSION

Figure 3 shows the X-ray diffraction spectra of coatings formed from an eutectic Fe-TiB,—
CrB; alloy using detonation spraying. The coating in its initial state (Fig. 3a) is characterised by
the dominance of intense a-Fe lines, which indicates the predominant role of the ferrite base in
the material structure. In addition, reflections of y-Fe and the Cr»;Cs carbide phase formed during
the spraying process are observed. At the same time, the peaks corresponding to the refractory
boride phases TiB, and CrB, are weakly expressed, which indicates the limited development of
the eutectic structure due to the ultra-rapid cooling of the molten particles. After pulsed plasma
treatment (Fig. 3b), a significant change in the phase composition is observed. The intensity of the
TiB, and CrB, diffraction maxima increases noticeably, while the content of y-Fe and CrzCs
decreases. This transformation is due to the effect of high-energy pulses, which promote the
additional formation of boride phases and structural relaxation of the coating. As a result of the
modification, a more uniform eutectic structure develops, characterised by an increased
concentration of dispersed high-hardness TiB, and CrB; particles distributed in the iron matrix.
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Figure 3. Results of X-ray diffraction analysis of Fe-TiB2-CrB2 coatings before (a)
and after pulse plasma treatment (b)
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Note — compiled by the authors

Figure 4 shows three-dimensional topographical images of wear traces on the Fe—TiB,-
CrB; coating system in its initial state (Fig. 4a) and after pulsed plasma treatment (Fig. 4b). The
coating in its initial state (Fig. 4a) is characterised by the formation of a pronounced wear track
with a noticeable depth and uneven profile. The 3D map shows local depressions and
pronounced ridges at the edges of the track, indicating the development of plastic deformation
and microcutting. The profilogram shows a significant amplitude of height fluctuations,
indicating increased volumetric wear and unstable destruction of the surface layer. After pulse
plasma treatment (Fig. 4b), the shape of the wear track becomes more uniform. The depth of the
track decreases, the profile smoothes out, and the height differences at the edges of the track are
reduced. The 3D image shows a more uniform surface without pronounced areas of chipping.
This indicates a reduction in wear and an increase in resistance to plastic deformation. The results
of tribological tests show that in the initial sample (before treatment), the average coefficient of
friction of the coatings is ~0.56, whereas after PPT treatment, the coefficient of friction decreases
to 0.53
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Figure 4. Three-dimensional topographical images of wear traces on coatings in their as-
received state (Fig. 4a) and after pulsed plasma treatment (Fig. 4b)
Note — compiled by the authors

Figure 5 shows the potentiodynamic polarisation curves of the Fe-TiB,-CrB, coating
obtained under standard three-electrode electrochemical cell conditions. After pulse plasma
treatment (curve b), a noticeable shift of the corrosion potential to a more positive region is
observed. The observed effect confirms an increase in the coating’s corrosion resistance and an
improvement in the condition of the surface layer. The decrease in anode current density
indicates a decrease in the rate of electrochemical dissolution of the metal matrix due to structural
transformations. The increase in corrosion resistance after pulsed plasma treatment is associated
with a number of factors. Firstly, the surface layer is compacted and the open porosity is reduced,
which limits the penetration of the electrolyte into the deeper areas of the coating. Secondly, grain
refinement and stabilisation are observed, ensuring a more uniform distribution of potential
across the surface. Thirdly, the microgalvanic interaction between a-Fe and the dispersed boride
phases TiB, and CrBs; is reduced. Together, this leads to the formation of a denser and chemically
stable surface with a reduced rate of electrochemical degradation. A shift in corrosion potential
of 0.15-0.20 V confirms the effectiveness of structural optimisation of the coating without
significantly changing its phase composition. The electrochemical test data are consistent with
the results of X-ray phase analysis, which demonstrate the preservation of the TiB, and CrB.
phases with a simultaneous reduction in the y-Fe content.
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Figure 5. Results of analysis with CS300 potentiostat-galvanostat
coatings before (a) and after pulse plasma treatment (b).
Note — compiled by the authors
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Figure 6 shows the microhardness distribution profiles with respect to coating depth. The
initial state is characterised by a maximum hardness value in the near-surface region, reaching
approximately 15 GPa. As the indenter penetration depth increases, a gradual decrease in
hardness to a level of 13-12 GPa is observed, which is associated with the transition from the
modified surface layer to the bulk of the coating. This dynamic is due to the structural features of
the detonation coating, including its lamellar structure, the presence of micropores, and the
limited degree of interparticle sintering. The application of pulsed plasma modification results in
a significant increase in microhardness in the surface layer to 17-18 GPa, which exceeds the initial
values by 15-20%. At depths exceeding 100-150 um, the values stabilise at 12-13 GPa, indicating
that the hardening is local in nature, confined exclusively to the heat-affected zone of the plasma
discharge. The structural causes of the improvement in mechanical properties are the intensive
compaction of the material, grain refinement, and the uniform distribution of dispersed boride
and carbide phases, which is fully confirmed by the results of X-ray structural analysis.
Furthermore, an increase in the cohesive strength of the coating is observed due to the elimination
of surface defects and the ‘healing’ of interlamellar boundaries upon their partial melting. The
sharp drop in hardness at the end of the measurement profile (deeper than 180 pm) is due to the
fact that the deformation zone beneath the indenter reaches the metal substrate, which has
significantly lower stiffness compared to the protective layer.
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Figure 6. Hardness test results
Note — compiled by the authors

Figure 7 illustrates changes in the morphology of cross-sections of the iron-boride eutectic-
based coating under the influence of PPT (7b) compared with the initial state (7a), as well as data
from linear scanning of the chemical composition. In the post-deposition state (7a), the layer
exhibits a lamellar architecture typical of gas-detonation spraying technologies. The boundaries
of the sprayed particles, interlamellar layers and local micropores are clearly visible. The
structure is heterogeneous, with some areas having different densities. According to the data of
linear elemental analysis, a relatively uneven distribution of alloying elements is recorded, which
is due to the ultra-fast crystallisation of molten particles during deposition. A sharp transition in
chemical composition is observed near the ‘coating-substrate’” boundary.After pulsed plasma
treatment (Fig. b), the morphology of the cross-section changes significantly. The structure
becomes denser and more homogeneous, the interlamellar boundaries are partially smoothed,
and the number of visible micropores decreases. The surface layer acquires a more compact
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structure due to local remelting and subsequent recrystallisation. The linear distribution of

elements demonstrates more stable concentration profiles without pronounced fluctuations,
which shows a more uniform distribution of chemical elements within the heat-affected zone.
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Figure 7. Cross-sectional morphology of coatings before (a)
and after pulse plasma treatment (b).
Note — compiled by the authors

CONCLUSION

Based on the results of X-ray structural analysis, microstructural studies, microhardness
measurements, tribological and corrosion tests, the following was established.

- X-ray phase analysis showed that after PPT, the phase composition of the coating (a-Fe,
TiB,, CrB,) is preserved, while phase redistribution and a decrease in the proportion of y-Fe and
the Cr,3Cs carbide phase are observed. At the same time, the intensity of boride phase reflections
increases, indicating structural stabilisation and the development of eutectic morphology without
phase degradation.

- SEM analysis of the cross-section confirmed that pulse plasma treatment leads to
compaction structural densification of the coating, reduction in interlamellar porosity, and local
melting of surface defects. A more homogeneous and compact surface layer with reduced
concentration heterogeneity is formed.

- Microhardness profiles showed a significant increase in hardness in the near-surface
zone — from ~15 GPa to 17-18 GPa (an increase of 15-20%). The hardening is localised and
limited to the zone of thermal exposure of the plasma pulse. The increase in hardness is associated
with the compaction of the structure, grain refinement and an increase in the proportion of
dispersed boride phases.

- The results of tribological tests indicate a reduction in the depth and volume of wear after
treatment, which indicates an increase in the wear resistance of the coating. The wear mark
becomes more uniform, and the intensity of microcutting and plastic deformation decreases.

- Corrosion studies have shown a shift in the corrosion potential to the positive region by
0.15-0.20 V and a decrease in the rate of anodic dissolution. The improvement in corrosion
resistance is due to a decrease in open porosity, a decrease in microgalvanic activity between
phases, and the formation of a denser and chemically stable surface.
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Thus, pulsed plasma treatment is an effective method for modifying Fe-TiB,-CrB,
detonation coatings, providing structural optimisation without changing the phase composition
and leading to a simultaneous increase in hardness, wear resistance and corrosion resistance..
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