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Tyiingi ce3mep: TypmbicThIK KarThl Kanabikrap (TKK); xpuimam nuponus; KaTThl KbLTY
TaChIMaJIJIAFbIIIT;, KAJABIKTAP/Ibl SHEPTUSAFa AMHAIIBIPY; TEXHUKAIBIK-)KOHOMHUKAJIBIK TajI1ay.

1. Kipicne

KarThl TYpMBICTBIK KaJABIKTapJbl ©HACY TapuxXbl Kajajgap MEH jKaHa TEXHOJIOTUSIIApbIH
JTaMyBIHBIH KepiHici 6ombn TaObuanel. Exkenri yakpiTTa KaylgbIKTapIsl KeOiHece epTereH Hemece
Kaja ceIpThiHa TactaraH. OpTarachIpiblK Eyponana TypMBICTBIK KOKBICTAp CaHMTApPJIBbIK Ta3asbIK
OMIpJIiH MaHBI3Jbl ACIMEKTICIHE aifHalFaHFa JCWiH Kellelne jkail jKuHaaThiH. XIX FachIpabIH
asFbIHA XaJblK CAHBIHBIH ©CYIMEH J>oHe ypOaHM3alMsMeH OalylaHBICTBI, alFfall peT epTey
KOH/IBIPFBUIAPBI MEH KaJIJIBIKTAP/Ibl KQJIETe jKapary Kyienepi cajabiHa 0acTabl.

TypmbicThiK KaTThl KanabikTapasl (TKK) kaiita enney ypOaHu3alUsHBIH, XaJblK CaHBIHBIH
OCYIHIH XOHE HKOJIOTHSUIBIK MACEeNeNepAiH apTyblHa OalIaHBICTBI JYHUE JKY31HAE KalIbIKTap/bl
Oackapy cTpaTerusIapblHbIH MaHbI3Ibl Kypamaac Oeirine aiinanasel (Ma, J. sxone T.6., 2016; Guan,
D. xxone 1.6. 2024; Vanchurin, V. sxxone T.6., 2022). Byt npoiiecc TYpMBICTBIK )KOHE KOMMEPILHUSIIBIK
KaJIIBIKTap apachlHaH KaiTa eHjaeyre xapam/ibl MaTepHalap/ibl )KMHAY Ibl, CYPBINTAY/ bl )KOHE KaHA
eHIMIepre TypJieHIipyai KamTuiael. OchUlaiiia MOJUTOHJApFa HEMece epTey KOHABIPFhLIaphIHA
KI0epUIeTiH KaNIbIKTapJblH KeJeMmiH a3zaiiTanpl. Kailta eHaey TeXHONOTUSIIAPBIHAAFBL €Neyi
KETICTIKTEpi apTThIpyFa KapaMmacTaH, >kahaHIBIK KaiiTa eHIEY CaIbICTHIpMANIBI TYplle TOMEH
JeHreiae Kanbi oTeip, 2020 *KbUTFBI XKaFmai 0oibiHIa qyaue xy3inae TKK-npiH mamamen 13,5 %
raHa Kaiita exyieneni (Kaza, S. sxone 1.0., 2018). Byl MyHUIIMTATUTETTEPIIH A€, Kbl SIACPIIH e
KaJIIBIKTapAbl Oackapy Macenesnepi OOMbIHIIA, ojap/bl MIENTy YIIIH KaJJbIKTapIbl KQJEre Kapary
KyHesepi MeH casicaTblH JKETIAIPY/IIH MIYFbLT KQXKETTIIITTH KOpCeTe 1.

KarThl TYpMBICTBIK KaJABIKTap/bl KQJIeTe skapary OafFaapiaMalapblHbIH THIMIUTITIHE 9pTYpil
(dakTopnap acep erefl, COHbIH 1MIIH/E KYPTIIBIIBIKTHIH KaThICYbl, TEXHOJIOTUSIIBIK MYMKIHAIKTED,
HKOHOMHUKAJIBIK THIM/ITIK KOHE HOPMATUBTIK-KYKBIKTHIK 6a3a (Vukovic, N. sxone 1.6., 2022; Ren, Z.
*oHe T.0., 2024; Kumar, R. xone 1.0., 2024; Louzizi, T. xone 1.6., 2024). Keiibip enaep Kaiita eHuey
OoliblHIIa KemeHJl OacTamanapibl JKy3ere acelpyga alTapiblKTail  KeTICTIKTepre Koi
KETKI3TeHIMEH, MH(PaKypbUIBIMHBIH >KETKUIIKCI3AINIMEH, pecypcTapblH IMIEKTEYIUIIrIMEH >KOHE
aJaMIap/IbH KaThICYBIHBIH OonMaybiMeH Oerme-OeT keneni. COHBIMEH KaTap, Kasipri 3aMaHFbI
TYTBIHY TayapJapblHBIH, dcipece JJEKTPOHMKAa MEH KallTaMaHbBIH >KacallFaH MaTepUalIJapbIHbIH
KYPAEJIIT KaiiTa eHIey MpoIeciHe KOChIMINA KUbIHABIKTAap Tyrbizaanl (Farzadkia, M. sxone T.0.,
2021; Nassajfar, M.N. sxone 1.6., 2024). .

3epTreyuiiiep MeEH cascaTKepiiep KaTThl TYPMBICTBIK KaJIJBIKTAp/bl KOJere jkapary
TUIMIUTITIH apTTBIPY JKOHE KOpIIaraH opTara 9cepAl a3alTy YIIiH HWHHOBAIMSUIBIK MIENIMAEp/l
3epTTEyJi JKalfacTblpa OTBIPBIN, IUKJIAI SKOHOMHUKAa KaruJaTTapblH KaObUIIayFa KoHE
KaJABIKTapAbIH Taiiia OO0MYyBIHBIH TYNKI ceOeNnTepiH KO YIUIH TYTBIHYABIH HEFYPJIbIM TYPaKThI
yJIrinepin a3ipiaeyre kebipek koHin 6emyae (Asif, M. xxone 1.6., 2025; Kowalski, Z. xone T.6., 2024).

KarTel TYpPMBICTBIK KaJIIBIKTADMEH >KYMBIC ICTE€Y CalachlHIa KaJIABIKTApIbl DHEPTHUSFA
HHAIBIPY TYKBIPBIMIAMAChl, KaJIJIBIKTapAbl KQJIETe jKapaTyIbIH THIM/II TociIiHe aitHanabl. by oxic
KaJIIBIKTApAbl TYPJICHIIPII, OJIApABIH MOJIIIEPIH a3alTy kKoHE SHEPTHUs OHJIPY MICEJIENEpiH IIele
OTBIPBIII, OCHI MPOIIECTIH KYH/IbI Oaamaibl SHeprus Ke3i 0osa anateiHbH nanengeni (Liu, J. sxone
1.0., 2023; Kasinski, S. xone T.0., 2024).

OcbiHaii mepcneKTUBalIbl TOCULAEPAIH Oipl KaTThl KbUTYy TaChIMAJJayLIbIHbI MaiiaJaHaThIH
KbUIIaM MUPoJU3 0okl TadblIaabl. O KalAbIKTapAbIH SPTYpJIl TYpJepiH, COHBIH 1IIIHJE KaTThl
TYPMBICTBIK KaJABIKTap/bl KaWTa ©HACYIIH oJIeyeTTi IIeHIMiH YCbIHaabl. JlocTypili MUposn3
OMICTEpIHEH alBIPMAIIBUIBIFB, KbUIJAM MMUPOJIA3 apHANBI apagacThIPFBINITA MAJUTHCEKYH T 1IIH/IE
xypeni. Mynna mukizat 800°C nmeliiH KbI3IBIPBUTFAH KYJIMEH JKaHACAIbl KOHE KATThl KaJJbIKThIH
temrepatypacbiH Te3 apana 500-520°C neliin ketepinieni. by omic KpligamM TEPMUSUTBIK BIIBIPAY
MPOIIECIH MUPOJIN3 MpoLeciHeH epekienenaipeni. On oxerre Tomen temmeparypana (300-400°C)
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OlpHeIlle caraTThl aJlaJlbl )KOHE KAJIBINTHI KbI3ABIPY KbUIAAMIBIFEIMEH OipHEIle MUHYTTAaH OipHeEIIe
caraTka JICWIH OKYPETIH  CTaHAApTThl NHPOJM3ICH  ONACKaida  KbULAaM  OKYypiIeml.
ApanacThIpFbIIITarbl OacTankpel KaJaMHaH KeWiH Marepuan aiiHaiMaibl OapabaH peaKkTOpblHA
Tyceni, oHga ox 15-20 MHHYT imIiHAE OJaH Opi MUPOIM3ACHENI, OYJI KalIbIKTapIbIH Maigalsl
eHIMJIepre ailHaIyblH KaMTaMachl3 eTe/Il.

XKeuimam muponus opTypili ©HEPKACINTIK MpoLecTepie, aTan aiTKaHAa KaHFbII TaKTaTacTap
MEH KOHBIp KeMipai eHaeyde coTTi ky3ere aceipbuiabl (Asadullah, M. kone 1.6., 2013). Bipuere
3epTTeyiep Oy ofic TocTypiii Oasty mUpoIM30€H CabICThIPFaH/Ia OHIMHIH KbUTY IIBIFAPy THIMILIIT]
MEH OHIMILIIriH alTapiaslKTail apTThIpaThIHbIH KopceTTi (Yorgun, S. skone 1.6., 2015). Jlerenmen,
OYJ1 9IICTIH KaTThI TYPMBICTHIK KaJIBIKTAPIbI OHICY/E KOJIIAHBLTYbI OOMBIHIIIA 3EPTTEYIIEp OTE a3.

3epTTey JKYMBICHI KallaJaH IIbIFAPbUIFaH KaJIABIKTapAbl TYPAaKThl OHJIEY VIIIH >KbUIIAM
nUpou3re OeiimMaey )KOHE OHTAUIAHIBIPY JKOJIBIHAAFBI MAHBI3AbI KaJaM OOJIBIT Ta0bLUIa b

JlyHue Ky3iHae KalAbIKTapAbl SHEPTrUsiFa ailHAIABIPYbIH KeH TapalfaH 9J1ici KaJJIbIKTapIbl
xary. OJ cypbIITaMaraH HEMece OHJICIIMETeH KaJIBIKTap bl KaiiTa eHael anajbl, COHBIMEH Oipre
KanablKTapAblH keneMiH 90%-ra feliH a3aiiTa OTBIPBIN, OSHEPrus OHIIpell, OchUIaiia
MOJIUTOHIapFa KaXeTTUTIKTI asaiitamel (ASSI, A. xone T.0., 2020; Zhou, W. xone T.0., 2024).
Jlerenmen, OyJ1 MPOLIECTIH KEMILILITIKTEP e KoK emec. JKaHyablH kaHaMa eHIMepi, COHbIH 1IIH/e
KYJI KaJIBIKTaphl ’KOHE Ta3 TOpi3/ii MIBIFapbIHAbUIAp KeOiHece KOpIIaFraH OpTara alTapibIKTai Kayin
teHaipeai. Ocbl KayinTep[l a3aliTy YIIiH Ka3ipri 3aMaHFbl ©pTEy KOHABIPFBUIAPBIHAA Ta3Jlbl
Ta3apTyAbIH KOIl CaTbUIbI KYPJIei XKyhenepl KoJaanbiaasl. bip KeI3bIFbl, OYI1 Ta3apTy KyHelnepiHin
KYHBI KoOiHece OacTalKbl JKaryFa apHaliFaH *aObIKThIH KYHBIHAH aChIl KeTeMi, OYJI OChI TOCLIIIH
AKOHOMHKAJIBIK THIMCI3IriH Kepcereai (Zhang, Y. xane 1.6., 2021; Sharma, P. sxone 1.6., 2024).

Kepicinie, TepMUANBIK bIABIPAY TEXHOJIOTHUSIIAPHI, aTalm alTKaHAa MUPOJIH3, KAaTTh
TYPMBICTBIK KaJJIBIKTapbl KaliTa OHJICY VIIH TiKeJeH aryFa MepCleKTUBANbI OajamMa YChIHAIBI
(Kasinski, S. xone T.6., 2024; Vinnichenko, V. xxone 1.6., 2023; Sarker, T.R. xone 1.6., 2024;
Razzak, S.A., 2024; Rauch, R. xone T1.6., 2024; Cui, W. xone T.0., 2024). ITupoIuTHKAIBIK
OMiCTEep/AiH KATThl TYPMBICTBIK KaJIBIKTapJbl TEPMUSIIBIK OHIEYAe Oip KaTap apThIKIIBUIBIKTaphI
O0ap. Omap BUSHABI IIBIFAPBIHABIIAPILI, OCIpeCce  YIBUIBIFBI  JKOFAPBl  OJIMXJIOPJIAHFAH
aubeH30mapaguoKCHHIep MeH auOeH30dypanaapabl anTapiabikTaid asaitaast (Cui, W. xone T.0.,
2024; Traven, L., 2023; Liang, Y. xoHe T.0., 2021). CoHbIMeH KaTap, MUPOJIU3 diCTepi )KaH-KAKTHI,
OJI OTBIH/BI JAWBIHAAYABl KOKET CTICH I XKOHE OPTYPI KypaMIarbl KaJABIKTapabl KaldTa eHJIeyre
MyMkiHzik 6epeni (Narayana Sarma, R. sxone 1.6., 2023; Wang, J. xone 1.0., 2019; Li, N. xone 1.6.,
2022). Byn kopiiaraH opTaFa TYCETIH 3WSHAbI KaJJABIKTapbl a3aiTy, MUPOJIU3ACH KEHiHTi
KaJABIKTapAbl DHEPTHsIFA aifHAIBIPY TEXHOJIOTHSUIAPBIHBIH TaMBIIT Kelle )KaTKaH HYCKACHI.

NunoBammsuibik Texuonmorusuiap TKK komere skaparyasiH xahaHIBIK MocenenepiH ecKepe
OTBIPBII, OHJAEYIIH TUIMAUIIIH apTTHIPY >KOHE KOpIIaraH opTaFra 3USHIAbI dCepAl azalTy YIIiH
MaHbI3/1bl HIenrmaep Kadbuigaysl Tuic. OcblHAAN NMEpCeKTUBANIbI TOCUIAEPIIH O1pi KATThl KbLTY
TachIMAIAYIIBICKI Oap KbUIIaM MHPOJIU3 dfici Oonbim Tadbutambl. ON KamABIKTapAbIH OPTYpIIi
TYPJEPiH, COHBIH 1IIIHAE KaTThl TYPMBICTHIK KaJIIBIKTapbl KalTa eHACYAIH JIEeYyeTTl LIeIIIMiH
ycoiHaael. byn 3eprreyne xbiibiHa 150 000 TOHHA KalAbBIKTBI OHAEYTe KaOieTTi KATThl KBLTY
TaChIMAIIAYIIBICHI 0ap KOHJBIPFBIIApIA KBUIAAM IHPOJIM3 TEXHOJOTHACHIH KOJJAaHA OTBIPHI,
KATThl TYPMBICTBIK KaJIJABIKTapAbl OHJEYMIH TEXHHUKA-DKOHOMUKAIBIK Tal/aybl YCHIHBIIFaH
((UTT-500) »xome 1 000 000 tomua/xbur (UTT-3000) kyprak macca). bacramkpiga >KaHFBIII
TaKTaTacTap bl KaliTa OHJIeY YIIIiH 931PJICHTeH dJIiC KATThl TYPMBICTBIK KaJIBIKTapbl KaiiTa OHACYTe
Oeitimaenrer. by onic KanabIKTapsl KaiiTa OHJIEY MEH KOJIETe JKapaTyablH JICTYPIl 9MICTepiHEH
KaparaHJa THIMJIIPEK KOHE SKOJIOTHSUIBIK Ta3a 6amama YChIHA alajibl.

¥cpiHbUIbIN OThIpFaH TexHonorus 1940 xoeinnapsel Kpxuxanosekuit, I'M. (Mackey, Peceit)
DOHepreTka HMHCTUTYTBIHBIH MaMaHAApbl d3ipJjereH KbULJAaM MUPOJIM3 OJIiCiHE Heri3ieireH
(Potapov, O.P. sxane 1.6., 2017). Omic *bUTy TaChIMAIAAFBIII PETIH/C 63 KYJIiH Mai1anana OThIPHIII,
OTTEKCi3 OpTajia ycaK YHTaKTaJlFaH IUKI3aTThIH Y3/IKCI3 TEPMUSUIIBIK bIIBIPAYbIH KAMTaMacChI3 €Tell.
ITporiecc GapwichiHaa Oy-ra3 KocmachbIMEeH KOMIpTEK KaaabIFbl (KapThutail Kokc) anbsiHaabl (Volkov,
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E.P. xone T.6., 1999). by om6e06arn ojic TakTaTac, KOHbIP KOMIp, KATThl TYPMBICTHIK KaJIBIKTAPIbI
Koca ajFaHza, dpTYpil TOMEH dJIeyeTTl IUKI3aTThl eHjaeyre xapamasl (Gerasimov, G. xaue T.0.,
2019).

Ocpbl TexHonorusi banTelK aliMarbIHIAFBl KAHFBIII TaKTaTaCTapblH OHACUTIH OipHere
3aybITTap/ia COTTI KOJIAHBUIBIN Keei. HakTel Mbicanapra MpIHaap xarajpl: KHBBUTH XUMUSITBIK
3aybIThiHAa (Dctonusi) eki UTT-500 Oipaik KOHABIPFBICHI, DCTOHUS 3JICKTPCTAHLUSCHIHIAFBI
«Maitzaysiteiaga» eki UTT-3000 OGipmik KOHABIpFBICH koHEe Koxtna-SpBanmarer (DcTOHHUS) yII
UTT-3000 Gipmik koHmeipreickl (Tugov, A.N. xoHe T1.6., 2016). Ocet UTT Tumnreri
KOH/IBIPFBUTAP/IBIH JKAJIIBl OHJICY KyaThl JKbUIbIHA 5,3 MHJUIMOH TOHHAJAH acaJlbl )KOHE MaljaliaHy
Mmep3imi 6-12 xbutnan (Koxtna-fpse) 40 xbutra aeiiin co3puiansl («MaiizaysiTe») (Potapov, O.P.,
2016).

TexXHOIOTUAHBI JKAHFBIII TAKTATACTAPBIH OHJICY/IE Y3aK YaKbIT KOJIaHy, OHBIH CEHIMILIIT MEH
TUIMAUTITIH KepceTeli. Byl KaTThl TYPMBICTBIK KaJIIBIKTAPIbl OHJACYre OChl KOHIBIPBIFBLIAPIBI
KOJITaHYIBIH THIMAUTITIH Ounaipeni. bi3giH 3epTreynepiMi3 KaTThl TYPMBICTHIK KAIIBIKTAPAbI KaiiTa
OHJICYTe KaTBICThI MACEJIeIIeP Il IICUTY YIIIiH OChI TEXHOJIOTUSIHBI OeHimM/IeyTre )KoHe OHTalIaHAbIpyFa
OarpiTTanFad. KanablKTapapl OHIEYMIH IOCTYpil OAicTepiMEH YCBHIHBUIBII OTBIPFaH OJiCTi
CAJIBICTBIPFaH/Ia SHEPTHSHBI KaJlbIHA KEJITIPY *OHE KOpIIaFaH OpTara dcep €Ty TYPFbIChIHAH
aliTapibIKTall apTHIKIIBLIBIKTAPEI Oap.

Kaiita emjeyre apHaiFaH MYHJAl KEMICHII TOCII KATThl TYPMBICTBIK KaJIJABIKTap bl
OackapyIblH ©3€KTI MOCENIeCiH IMIemIin KaHa KOWMAaWIbl, COHBIMEH KaTap SpTYpPJi ©HEpPKICINTIK
KaJIIBIKTapAbIH JKAHAIYBIH JKOI KOJJIAPBIHBIH IICNIMiH YCbhiHAABL. JKbUIZaM MUPOIH3 9JicCi
KaJIIBIKTapAbl KYH/IBI pecypcTapra aifHaIAbIpy apKbUIbI TEXHOJIOTUSHBI SKOHOMUKAIBIK THIM/II €Tei
JKOHE KaJIBIKTapIbl OHICYIIH TYPaKThl TOKipuoOecine aitHanybiHa biknan ereai (Moradi, R. sxone
T.0., 2024). KanaeIKTap/IelH alTyaH TYPiH KaiiTa OHIey dici Oip Me3riiie KenTereH KyH /bl OHIMIep/Ii
ally MYMKIHJIT Oap KbUIAaM MUPOJIU3 TEXHOJOTHSCHIHBIH KaH-)KaKThUIBIFBI MEH YKOHOMHUKAIIBIK
THIMIUIUTITIH KOPCETEeIl.

byn 3eprreymiH MakcaThl KaTThl JKbUTy TachIMAIJAyIIbICHI Oap >KbUIOAM THUPOJIH3
TEXHOJIOTHSICBIH TaiijlajlaHa OTBIPBIN, KaTThl TYPMBICTBIK KAJIJBIKTApIbl OHACYTre KemeH i
TEXHHUKA-2KOHOMUKAJBIK Taj/1ay Kyprizy Oonbin Tadbuiagsl. ATamn alTKaHaa, 013 YMThIIaMbI3:

1. Kyartoutbirsl kbutbiHa 150 mbrH Tonna (UTT-500) xone 1 000 000 tonna (UTT-3000)
6omatein TKK eHaeyre apHairaH >KpUIIaM TMHPOJU3 KOHIBIPFBUIAPBIHBIH TEXHUKA-IKOHOMHUKAIBIK
TUIMJUTITIHE OaFa Oepy.

1. Tlmponus nmpomueci apKbLIbI CAHTETUKAIBIK MYHAMH, Ia3, JKbLTy KOHE DJIEKTP SHEPTUACHIH,
KYpbUIBIC MaTepualapbiH, (EeppoKOphITIAIapAbl XKoHe OacKagail Oaranbl eHIMIEpIl OHAIpY
oneyeTiH Oararnay.

2. bBacTankplia JKaHFbII TAKTATACTAP/Ibl OHJEY YILUIiH 93ipJeHreH OyJI TEXHOIOTUSIHbBI KATThI
TYPMBICTHIK KaJIJIBIKTApAbl, KOHBIP KOMIP/i KOHE OHEPKICINTIK KaJABIKTAp/Ibl, Oy/1aH Oacka »KeH1T
OHEPKICIN eHIipiCiHe KAXKETT] MUKI3aTThIH OpTYPJIi TYPJIEPiH OHIIpyre OeHiMIeyal 3epTTey.

Ocpl Tanmay apkpUTBl 0i3 KajajmapJa KaJJBIKTapAbl KOJere jkKapary >KoHe pecypcTapibl
KaJMblHA KEeNTIPYAIH HETi3ri MacelesepiH WIelle OTBHIPBIN, TYPMBICTBIK KAaTThl KaJIABIKTap.Ibl
OHJICY/IH YKOHOMHUKAIIBIK TYPFBIZIAH THIMJII KOHE DKOJOTHSUIBIK JKaFbIHAH Ta3a OOJIATHIHBI TYPajIbl
HISHTIMIEP/I 93ipJIeyre yJiec KOCyFa ThIphICaMbI3.

2. MaTtepuanaap MeH dicTep
2.1 Coinamanapovl 0aiviHOay

TypmbicThIK KaTThl KanablkTapabiH (TKK) ceinamanapbsin nalibiHIay 9/1icTeMec ChiHamMaliap bl
1piKTey, OHJICY KOHE CaKTayblH CTaHJapTTapblHA, TaJ1ay/ bl )KOHE calaHbl Oaranay bl KaMTaMachl3
€TeTIH HAKThl epekere cyleHe OThIphIN kacanraH. Cakray >karjaillapblHa jKOHE KaJAbIKTapiblH
KyliHe OaiIaHBICTBI ChIHAMAIAP/bI aTyJbIH SPTYPIi daicTepi KoagaHbuiabl. ChlHaMaHbl KOHBEHP
apKbUIBI JKYPTI3UIT€H MaTepuall aFbIHbIHAH ally Kojaiibl omic Oombinm Tadbuianel. Cebebi o
MaTepHalAbIH OipTeKTinirine OaimaHbICTHI OONAThIH Karenepni OapbiHIIA a3aiTThl. ChlHamaap
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OapibIK TapTUsl OOWBIHINA OIpPKEIKI TapadyblH KaMmMTamachl3 €TETiH KbUDKbIMAJIBI KOHBEHep
TacrmachlHaH abIH/IBL. KeiKTiH XKOIIiriHEeH ChiHaMa ajly, KaIJIbIKTap Ti30€K apKbUIbl MAapTUSIIAPMEH
KOHENITUITEH Ke3Ae JKYpri3iyai. OpOip mapTus YIIIH KeJK JKOIIIriHIH OpTYpJi JeHTeHIepiHeH
(OeTiHeH, opTachIHAH XKoHE TYOIHEH) aJbIHFaH HYKTEJIK ChIHaMalIapAbIH Oenriii 6ip Memepi KaxeT
6onnpl. Erep kanmeikTap yHIHAUIEpAE HeMece KOHTEiHepieple >KUHajIca CTallMOHApPIIBIK
MaTepuanaapaaH (KUHAKTaIFaH KaJJAbIKTap/JaH) ChlHaMa aiy Kypri3iami. byn skarmaiina Gipkenki
KOMITO3HITUSTHBI KAMTAaMachl3 €Ty YIIIH Yarijep OipHelie peT ipiKTel/i.

MarepuanabliH OIpKEIKUIINiH OHE PpEeNpe3eHTATUBTUIIrNH KaMTamachl3 €Ty YIIH opOip
TOnTaMaja IpIKTENreH YJITIep caHbl Kem JnereHie 24 Oonysl Kaker. JKuHamran yiriaepai
6enmexTepiHiy exmemin <100 MkM GonatbiHIal eTin ycakTaipl. ChiHamMana GpakuusIbIK 0oy
OoJBIpMay KOHE ChIHAMAHBIH Kypambl OIpKeNki OOJybIH KaMTaMachl3 €Ty YIIH YHTAaKTay MEH
TOMOTEHHU3AIIHSI TPOLIECIHIH AJJIbIH/Ia ChIHAMAHBI aJI/IBIH aJla OHJCYCH OTKI3/1.

3epTTeneTiH YAriHIH bUIFaNAbUIBIFBL 15%-/1aH KoFrapbl OONIFaH JKaFaaia KenTipy sKyprizii.
Mynnaii xargaiiapaa marepuan +5°C acmaiiTeiH Temnepatypaaa 0ip anTajaH aclalThIH Mep3iMre
cakranel. Erep y3ak mep3imre cakray KaxeT 0oJica, 3epTTey al[blHa ChIHAMAHbBI KENTIpy KaXKeT.
JlalipIHIaIIFaH YITUIep BUIFAIABIH CiHYIHE JKOHE OJIap/IbIH XUMISUTBIK KaCHETTEPIHIH ©3TepyiHe KO0
OepMmey YIIiH Kyprak OeiiMelie aya ©TKI30€HTIH KOHTEHHepiepae CaKTaiAbl. YJTiHIH IIBIFY Teri,
ChIHAMaapAbl alxy ofici JKOHE caKray IMapTTaphl Typajbl OapiblK MOJIIMETTEP 3epTXAHAIBIK
KypHanga oka3pUiabl.  ChlHamanmapiel JalbIHIAyIbIH Oysl  omicTeMeci KaTThl  TYPMBICTHIK
KAJABIKTAPABIH KYpPaMbIH 3€PTTEYIIH »KOFapbl JOJJITIH KaMTaMachl3 €TiM, OJapiAbIH KbLIIaM
MUPOJIN3 apKbLIbl OHJIEYTE JKapaMIbUIBIFBIH OOBEKTUBTI OaFanayra MyMKIHIIK Oep/ii.

2.2. TKK-0wv1 nupoauszoey npoyeci

TKK TepMUsIIBIK BIOBIPAYBIHBIH, KATThI, CYHBIK JKOHE Tra3 Topi3JieC OHIMJICPIHIH
IBIFBIMABUIBIFBIH - Tangay 470-520°C  rtemmeparypa Auama3oHbiHAa okyprizinai. IIpomecc
ATIOMUHMIIT peTopThiHAa >Kyprizuienl. OHpma yari orTtekciz atmocdepaaa 80 MuHYT OOMbI
KBI3JBIPBUIIABL. Byl KOHIBIPFBI KOHACHCAIMSAFA YIIBIPAUTHIH OPraHUKAIbIK KOMIOHEHTTEP.IIH
bIIbIpayblH OakbulayFa >KOHE YIIKBII OHIMAEpAl *KUHayFa MYMKIHAIK Oepeni. HakTel caHabIk
aHBIKTAaybl KAMTAMachl3 €Ty YIIiH SKCIepUMEHTKEe alblHFaH (hpakuusiiapasl xyieni Typae Oemy
KOHE OJIIICY KaKET.

[MuponuzgeH KeiliH peTopTTa KajdFaH KATThl KaIIbIK  (KOMiPKBIIIKbUIIAHIBIPFHII)
KapOOHU3alMsTIaHFaH (PAKIUSHBIH IIBIFBIMIBUIBIFBIH aHbIKTAy YIINiH emmenai. [llaitelp Men
MUPOJMTHKAIBIK Cy/laH TYpPaThbIH KOHJCHCAIMsUTaHFaH ¢a3a Cy MOHINACBIHIA CAJIKBIHIATBUTFAH
KaOBUIJAFbIINIKA JKUHATAABL. [IUpOoNMuT CyBIHBIH Maccachl TONYOJ HETi3iHAEr! MUCTUILISIUS SIici
apKBUIBI AHBIKTAIIBI. AJl TIAWBIPABIH IIBIFBIMBI  KOHJICHCAIMSUTAHFAH OHIMJCPIIH  JKaJIIbI
MaccachlHaH THUPOJUT CYBIHBIH MAaccachlH aly apKbUIbl ecentenedi. ['a3 ¢pakiuscel yIriHiH
OacTamkpl Maccachl MEH KeMip, IIalbIp OHE MUPOJUTHKAIBIK Cy MacCallapbIHBIH KOCBHIHJIBICHI
apachIHIIaFbl aiibipMa peTiHae ecenrteneni. HoTmkenepaiH MoiIiriH KaMTaMachl3 €Ty YIIiH OapibIK
eJIIIeYJIep KOFaphl JAJIIKTET1 aHAIMTUKAJIBIK Tapa3bllap/IbIH KOMETIMEH JKYPri3UIl.

CoHFBI Ke3JIeri KUHAIFAH JIEPEKTEP CANBICTBIPMAIIBI TaIAayAbl KEHUIAETY YIIiH OacTamkbl
KYHJIepl opTypil KYpFaK KOCBUIBICTAp aHATUTHKAIBIK KarJailiapra KeATipiial. OicTeMe MUpoIn3
OHIMJICpiHIH JKalmail TapalyblH erKei-Terkeilni Oaranayra MYMKIHIIK TyZAbIpaibl. Bynm KaTTbl
TYPMBICTBIK KaJJbIKTap/bl Oafayibl SHEprusl TachbIMajJayllbUIapblHA AWHAJABIPYABIH THUIMJIUIIT
TypaJibl TYCiHIK Oepi. DKCIepUMEeHTTi OipHelle peT KalTanan kacay HOTHXKEIEepAiH AYPbICTHIFbIH
KamMTaMachl3 €Te OTHIPHIT, BIKTUMAJ KaTe KO3/AePiH a3alTy YIIiH XYPri3iiaemi.

TexHoMOTUSAHBIH 0aCThI PEKIIENIT — YCaKTallFaH KaIIbIKTap OOIHIN CYphINITATFaHHAH KEHiH
CYMBIK KYHTe aybICTRIPBUTAIIBI, alT KaTThI caTKbIHAATKEI (KC) petine aya OypKaKThI )KBUTBITKBIIITA
Kbpi3apIppuTFan 0-2 MM emmemai kyMm konmaneUianbl. Coman keiiin TKK kocmacel okmeH Oipre
altHanMauTbl OapalaHIbl MUPOJIM3 PEAKTOPhIHA Oepiie/i.

1-cypeTTe TYPMBICTHIK KaTThl KaJABIKTApAbl OHJACYTe apHajdFaH KOHABIPFBIHBIH CYJIOACHI
kepcetinren. TKK eHmey omici KaTThl KaJABIKTapJbl CYPBHINTAY >KOHE JKIKTEY, KATThl JKBLITY
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TachIMaJIJIAYBIIINECH apajlacThIPy, KOHICHCAIHUsIFA JKi10epieTiH eHIMIepAeH Oy-Ta3 KOCIAChlH alyFa
apHasiFad O0apabaH THITI peakTopa MUPOJIU3ALY KOHE KAaTThl KOMIPTEKTI KOJIZJaHa OTBIPHIN Oy airy
YILIiH >KBUTY Bl KAJIITbIHA KENTIPY Ke3CHICPiH KAMTH/IBL.
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Cyper 1. KaTTbl cankbIHIATKBILIBI Oap *KOFapbl TEMIIEpaTypabl MUPOIU3/IH CyI0achl

1 — nmalteiHaBIK On0THL, 2 — Quaep, 3 — KaObuigay OyHKepi, 4 — aya apKbUIbl KEOTIPrill, 5 — XKbUTY
Ka3aH[BIFbI, 6 — DIIEKTPOCTATUKAIBIK LIOTIHILIEp, 7 — TYTIH MYp)Kachl, 8 — KaTThl TYPMBICTBIK
KaJIIBIKTAp IUKIOHBI, 9 — apanacTeiprbiil, 10 — CaJKbIHAATKBIII TUKIOH, 11 — aifHamMamnsl memr
peaktopsl, 12 — man ycrarsi, 13 — aya xi6eprim nemri, 14 — aya apKbUIbl XKBUIBITKBII, 15 — Kym
OyHkepi, 16 — aya ToATBIpbUIFaH OyHKepi, 17 — calKbIHAATKBIITHI alfHaIBIl OTy, 18 — Ky
UKJIOHAAPHI, 19 — Ky ®KbulyanmacThIpebil, 20 — IBIMKBUT CKpy0Oep, 21 — ra3 xuHay KyObIpbl, 22,
24 — cankplHAATKBINTAp, 23 — OUCTWUIAMUSUIBIK KOJIOHHA, 25 — cemapaTtop, 26 — MyHapa
pakoBuHackl, 27 — OyrypOuHacel. OHiMaep: A — NUPOJM3Te apHajJFfaH JlacTaHFaH Mai, B —
aybip-opTamia ¢gpaxius, C — oprama mai, D — nuzenpaik ¢ppakums, E — denonnsl cy, F — 6eH3uHIIK
¢dpakuus, G — cy koHe ra3 KOHJAeHcaThl, H — TyThIHYIIbUIapFa apHaJiFaH )KapThUlail KOKCTHI ras3.

TypMBICTBIK KATThI KaJABIKTAP MEH OHIIPICTIK KABIKTAP KOCIMTOPHIHHBIH OHIIPICTIK aTaHbIHA
aBTOMOOWJIb HEMece KOHBEHep apKbpUIbl TackiManmaHanbl. JaeiHabK Oemiminae (1) xamaplkTap
imiHapa (mapTusUIapMeH) ajiblH aja JO3UMETPUSIIBIK OakbulayJaH eTell, TonTapra OemiHel xKoHe
cypbinTamanbl.  Mpeicasipl, MeTaul  OOJIIeKTepiH HeMece MeTaul  TOpI3JAeC  3aTTapibl
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3JIEKTPOMArHUTTIK CerapaTopiiapMeH ycTay, CoJaH KeHiH Kapa MeTaylJsl mpecTey (TyCcTi MeTaabl
KOJIMEH aJIbIIN TacTay MyMKiHAiri 6ap) skane 0-25 MM pakmusiiapra ycakray, Oerne 3artap/sl KeTipy
apKbUIBI OCHOPTaHUKAJIBIK OOJIIKT1 JKIKTEY.

Onyieyre AalbIHIANFaH MIMKI3aT Tacmaibl KOHBeiep apkpuibl puuepre oepireni (2). Coman
KEHIH KaTThl KAJIJIBIKTAp KOHBEHEp Tapa3bl apKbUIbl OTIMN, ITMKI3aTKAa apHAJFaH ITHEKTIH (ITHEKTI
KOHBeHepaiH) KaObuigay OyHkepine (3), comaH KeiiH IIHEKNEeH aya apKbUIbl KenTiprimke (4)
oepineni. IllHex apanacTeipreiiTaH aTMocdepara Tra3[blH TYCYiHE >KOJ OepMmey VIIIH IITHEK
apaaCTBIPFBILI THIFBI3/IAFBIII KaMepaMeH >Ka0IbIKTaIa Ibl.

Kentipyre apnanran Oy temmeparypackl 150-350°C GonaTelH eHHey KazaHIbIFbIHAH (5)
IIBIFATBIH TYTIH Tra3bl Ooybin TaObuianel. KamaplKThl KenTipy KyObIpbl abcopOepiepiaeri yiima
OKCHITEPJICH JKOHE AJICKTPOCTATUKAIIBIK IIOTTHIIIET] IIaHHAH Ta3apThuiasl (6), COMaH KeHWiH TYTiH
KYOBIpBI apKbUIBI atMochepara mbirapsuiaasl (7). Kapa skoHe TycTi MeTanaap Kyprak, yCakTalFaH
KaJIIbIKTapAaH aJIbIHbIN TacTajlabl.

Kentipy carbicblHaH KEHiH KaTThl TYPMBICTHIK KaJABIKTap LUKIOHFa (8) Tycemi XoHe
TBHIFBI3JIAFBINI OypaH/ia MEH coepe TYpiHAeri apanacTeIpreiTa (9) apanacTelpy caThiChiHA Oepiieni,
COJIaH KEeHiH IMINKi3aT OHJICYICH AIBIHFAH KYJIMEH Oipre caaKbIHIaTKBII ITuKIoHFa (10) xxerkizineni,
ounna 800-1000°C rtemmeparypaja IIMKI3aT KYMMEH JoHE okmeH eHaenemi. lukizaT mneH
CAJIKBIHJIATKBIIITHl apalacThIpFaH Ke3[e KOCmaHbIH Temneparypacel 470-520°C  apanbiFbiHIa
0onazpl JKOHE MHUPOIM3 Tporieci alHanMmanbl Oapaban peakTtopeiHaa Oactamaasl (11). Karrsr
CANIKBIHJIATKBIIITHIH KATThl TYPMBICTHIK KaJIJBIKTApFa KaTbIHACHl 2-3 apajbiFbiHAa OosFaHza
MIUPOJIN3 MIPOLIEC HKY3€Ere achlpbLIabl.

Peaktopman Oy-ra3 Kocmachkl TypiHAETi THPOIU3 eHiMzAepi (CyibIK dpakmusiap OyimapbIHBIH
’KOHE UPOJIN3 BUIFA/IbUIBIFBIHBIH KOCIIACHI), KYJI )KOHE JKapThljIail KOKC KipiKTIpUIreH HUKIOHAAphI
Oap maH TyHABIpY KamepaceiHa (12) Tyceni, oHza arbiHIap OemiHedl: KaTThl (as3a xKapThulaid KOKC
YIIiH IIHEeKKe Xi0epinei, an Oy-ra3 Kocrnachl MEXaHUKaJbIK KOCHalap/AaH IUKIOHIBIK Ta3apTyAaH
OTe/l KOHE KOHJICHCAIMSIBIK KaOIbIKKa TYCEdi, OHOA OJI CYWBIK CHHTETHKAIBIK OTHIH (aybIp,
opTalla *oHe >KEHUT), ra30eH3MH, MUPOTeHIK OThIH (QpakuusapbiHa OeniHeni. XKapreinail Kokc
ra3bl CAJIKbIHAFaH Ke3/1€ OHBIH bUIFAJIBUTBIFBI apTa/Ibl.

bypanaansl THIFBI3Ay KaMepachIHAAFbl jKapThlUIall KOKC KYpaMbIHJIAFbl KAaTThl (ha3aHbl aya
¢donTtanel nenrine (13) Gepent, onaa kemiprek Kanabirbl 780-800°C TeMmeparypajia sKkaHbI KETel.
KeMipTekTi xary yiuiH ypiaey apkbuibl TemnepaTtypacsl 300-400°C GonateiH aya Oepinexi. JKany
TeMIIepaTypachl aya arbIHbIMEH peTtenesi (o<l).

Aya ¢oHTaHBIHBIH KbI3AbIPFBILBI (14) Kym OyHkepine (15) xoHe ok OyHkepiHe (16)
TBHIFBI3JIAFBIN OypaHJa apKbUIbl KOCBUIA/Ibl JKOHE TOMEHI1 >XaFblHJaFrbl aya (OHTaH[bI IEIlIiHe
KOCBLITAIBI.

Aya (oHTaHIBl TEIITeH KYJ-Ta3 aFbIHbI JKbUTy TachIMAIJAFbILITHIH aifHamma >xonbl (17)
apKBUIBI OTE1, OHJA OJ €Kl aFbIHFa O6JIiHe 1, OMapAbIH O1p1 KBUTY TaChIMaJIaFbIII ITUKJIOHAPhIHA
OarpITTalIFaH, aJl eKiHIIICI IMKJIOHAApAbl aifHabIN eTenl. L{ukiaonaap nupoau3 npouecine KaxerTi
KBUTY TacChIMAJJIaFbIIITHIH MeimepiH Oenemi. OHBIH IIBIFBIHBI PEaKTOPAAFBl TEMIIEpaTypa
CEHCOPBIHBIH HMMITYJIbCl OOWBIHIIA >KBUDKBIMANIBI JAeMipepMeH (KaklaMeH) LMKIOHFa OapaTblH
KYJI-Ta3 KOCIIACHIHBIH aFBIHBIH ©3T€PTY aBTOMATTHI TYPJIE PETTEIC .

XKbiTy TachIFBII IMKJIOHIAPBIHAH KEWiH KyJi-Ta3 afFbIHAapbl OIpiKTipimim, yII caTblaa
OpHATBUIFaH Ky IuKIOHAapbiHa (18) OarpiTTanansl. L{ukimoHgapaa ycTanFaH Kyl aybIPIIbIK KyIIiMEeH
KYJIJ1 XKBLUTY anMacThIprbIKa (19) Tyceni, OH1a 0J1 ©31HiH KbUTYbIH aya ()OHTAHBI MEIIl MEH >KbLTY/IbI
KaJlIbIHa KENTIPYy Ka3aHAbIFbl YINIH JKapbUIbIC ayacbiHa Oepexdi. KpI3ablpbUiFaH —ayaHbIH
temneparypacsl 300-400°C, an cankpIHAATbUIFaH KYJIiH TeMnepaTtypackl 90°C.

Kynnen Tazaptourran xoHe 780°C TemmepaTypaaarbl TYTIH Ta3bl KbUTYbl KAJIIbIHA KENITIPY
Ka3aHJbIFbIHA OKiOepisiesi, OHBIH TMOTCHUIHUAIABIK J>KOHE (U3UKAIBIK JKbUTYybl 3HEPTEeTHUKAIbBIK
napametpiepi (3,9 Mlla, 440°C) 0y amy ymiH naigamansiiaabl. KasanaplKTaH OapiibIK CYHBIK
¢bpakuuanap agblHFaHHAH KEWiH KapThlIail KOKC ra3bIMEH, OalKbITy MemTepinae raz 6ap Oosica,
OH/JAa OJ KaXeT OoJiFaH >KaFjgaiija CYWbIK OTBIHMEH eHaeneni. Ka3aHIbIKTBIH TYOIHZIETI
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nanganaHeUFal raznapapiH Temneparypackl 150°C. TMazmap 27€KTpOCTaTHKANBIK CY3TiJE€ COHFBI
Taszajayra YIIbIpaiabl KoHE Oy JKOJIBI apKbUIbl arMocdepara IIBIFapbUIabl, HEMECE IIMKi3aTThI
KENTIPY YIIiH Mali/1aJaHblUIa b,

UTT KOHABIPFBUIAPBIHAA AJIEKTP SHEPTHICHIH OHIPY MHPOIIN3 MPOLECIHACT] XUMHUSIIBIK JKOHE
(bU3HKAIIBIK KBUTY Bl KSZIETe KapaTyFa HeTi3/1elreH. Aya-(poHTanabl [enrTe TemMmneparypa aya oepyi
perrey apkpuibl aypeictanansl. 800°C TemmeparypaHbsl ycTan TYpy YIIiH OepiieTiH aya Medmepi
XKapThlJIall KOKCTarbl KOMIPTEKTIH TOJBIK JKaHYBI YIIH KaXKETTI JEHreHIeH TOMEH OOJybl Kepek.
Hotmwxkecinne TYTiH ra3biHbIH KypaMmblHIarbl CO-HIH KOHIEHTPALHMACH )KOFaphl (OHIMIECP TOJBIK
x)anOaiapl) 6osanel. CO-He 6ait Oy ra3 KeWiHHEH IUKIOHAAp/1a KYJI )KOWbUIFAaHHAH KEHiH KalIbIK
KBUTY Ka3zaHABIFbIHIA ‘KarbUIagpl. COHBIMEH KaTap, KaJIBIK JKbUTY KAa3aHIBIFBl KOHJEHCALWs
KOHJIBIPFBICBIHAH JKapThUIal KOKCTBI ra3fpl *koHe OankbiTy HexbiHaH CO ras3piH anagsl. by
ra3fgapAblH XUMHSUIBIK SHEPTUSChl TYTIH Ta3bIHBIH (DU3WKANBIK JKBUTYBIMEH >KOHE aJJIbIH ala
KBI3JIBIPBUIFAH JKapbUIbIC ayachIMEH (KYJAl CalKbIHAATY Ke31HJIe KYJI JKbUIy alMacTBIPFBIIITA
KbI3a/Ib1) KOFAapbhl PHEPrusuibl Oy OHIipy YIIiH Konmaneutiansl. ComaH KediH Oyi Oy d1eKTp
SHEPTHUSCHIH OHIIPYTe apHaIFaH TypOuHara (27) xidepinei.

[Ilax kamepaceiHaH Oy-Ta3 KOCIAChl COHFBI Ta3aliayFa «IbIMKBLUDY CKpyOOepre (20) xibepinexni,
COJIaH KeiiH aybIp (pakusHbl, opTama QpakuusaHbl (AU3ENbIIK (GPaKIUSHBI a1y MYMKiH), O€H3UH
(bpakuMATIapbIH KOHE MTUPOJIN3 BUIFAIBUIBIFBIH KO0 YIIIH CaThUIbI KOHAEHcanusaaH eteni. CyibIK
bpaxuusiiap CyWbIK OHIMIEP/IIH apajiblK KOWMackIHA xKi0epinei, 0JjaH TayapiblK MapKKe aidjanassl,
OHJIa SPTYPJl MPOMOpIHsIIApAa apajacThIpy apKbUIBl OPTYPIIl TayapiblK ©HIMIep aimyra OoJajbl
(Ka3aHJBIK KOHE TMell OTBIHBI, TYpPOMHANIBIK OTBIH, OU3EIBbAIK OTBIH, OYHKeplieyre apHaifaH
Kypamzaac OeiKTep, TE€Hi3 OTBIHBI, Ma3yT aHAJIOTTapbl). [IMPOIN3 BUIFAIIBUIBIFEI aya (OHTAHIIBI
MeMITe OTTHI OelTapanTanaplpyFa Yiblpaipl. JKoFaphl KalOpHsUIbI XKapThUlail KOKC Ta3bl KbUTYbI
KaJIIbIHA KeNTIpy Ka3aHIbIFbIHA KiOepinei.

TexHONOTUANBIK Ky MIAWBIPABIH ayblp (PPaKIMSICHIHBIH TOTBIFYbl HOTI)KECIHE ajblHFaH
OuTyM Heri3iHieri acQajbTOETOHbl OHIIPY YIUIH KosijaHbuiaabl. KymmiH Oip OeniriH mmMxrara
KaXeTTi KocnajgapMeH (KeMip, KBapLUT, TeMip, MaHTa-He3, 9KTac) (heppOoKOophITHANAp AIBIHATHIH
OaNKpITYy Nemrepide xidepyre 60aaabl.

2.3. YTT-500 sicone YTT-3000 KonObIpebiiapbIHblY MEXHUKATILIK CURAMMAMALAPb

UTT-500 >xone UTT-3000 KOHABIPFBIIAPBI KATTHI JKBUTY TAaCHIMAJIAYIIBICHI Oap KbUIIaM
nuposu3 oxicimen TKK eHneyre apHainraH HHHOBAIMSUIBIK KeLIEHJEp OOJbIn TaOblLIabl.
BacTankplma >KaHFBIII TakKTaTacTapbl OHJEY YIIIH J3IpJIEHTeH Oy TEXHOIOTHS KaJABIKTapIIbl
OHJICY/IH JISCTYPJIl 9JIicTepiHe SKOJIOTHsUIBIK Ta3a 6anama ycbiHa oTsipbin, TKK TuiMai Typne konere
xKapaTyra OeliMJIeNreH.

OHIPICTIK OOBEKTLIEPAl KbUIBITYFa >KOHE BICTBIK CYMEH >Ka0JbIKTayFa apHajJfaH >XKbULy
SHEPTrHUACHl KYJJAl CaJKbIHJIATy Ke3lHIe TYTIKIIENl KYJ JKbUly ajIMacThIPFBIIITA Maiga OoJiajbl.
JKplmyanMacThIpFBIIITHIH KOFapFel  Oemimuepinae kyiaai ayameH 800°C-tan 400°C-xa neitin
CANIKBIH/IATANbI, al TeMeHri Oemiktepae omaH opi cymeH 400°C-tam  50-90°C-xa neliiH
CaJIKbIHAATA/IBI. Temmepatypacsl 90-110°C KBUIBITBLIFaH cy TYTBIHYIIBLIAPFA
OpTaJIBIKTaHABIPBUIFAH JKbLTY XKelicl apKbUibl Oepineni. byn perre 400°C neliiH KbI3AbIpbUIFaH aya
aya-(OHTaH/IbI MEIIKE KOHE KaJIbIK KbLTYAbI KAJIMbIHA KENTIPY Ka3aHAbIFbIHA Ki0epiieni.

UTT-500 xone UTT-3000 KOHIBIPFBUIAPBIHBIH alpBIKIIA OCNTiIepiHe MBIHATAD KaTaIbl:

1. ©uney kyarteutbirbl: UTT-500 sxputbia 150 000 TonHara geitin (Toymirine 500 T)
KanablKThl eHael anazasl, an UTT-3000 xputbiHa 1 Mumuon TonHara aeiid (3330 1/Toy) KalIbIKThI
OHJIeyTe KaOlIeTTi.

2. OHIMHIH UIBIFApbUIBIMBL: OHJCY Ke31H/1e KOHABIPFhIIAp CUHTETHKAIBIK MYHa, ra3, KblUly
KOHE DJIEKTP SHEPIrUACHIH, KYPBUIBIC MaTepUAIIAPbIHBIH KOMIIOHEHTTEPIH, (heppOKOpHITIAIapAbI
HIBIFapa/Ibl.

3. OziH-631 3HEprusiMeH Kamramachi3 eTy: KemeHuep 37eKTp KoHE KbULy SHEPrusichblHA
©3/ICPiHIH KOKETTIIIKTepIH KaHaFaTTaHIbIpyFa KaOlIeTTi.
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4. Kopmiaran opTaHbl KOpray eHIMAUIIr: TeXHONOrus 3usHIbl HIbIFApbIHIBUIAPAbI a3alTyFa
’KOHE pecypcTapabl THIM/I Maiiiadanyibl KAMTaMachl3 €Tyre apHaJIFaH.

5. Mkemai opHayiacy: HBICAHIAp OPTYPJI ydYacKenepJie, COHBIH INNHAE >XYMBIC ICTEHTIH
HeMece JKoCTapiaHFaH MOJIMTOHIAP/1a, KaJIBIKTapIbl CYPHINITAY 3aybITTAPBIH/IA KOHE OHEPKICIITIK
aiimMakTap/ia OpHaJIacybl MYMKIiH.

Kyarteuipirsl xbutbiHa 1 Mummumon tonHa UTT-3000 kemeni 16,4 rexrap ayMmakThl aliblil
xaTblp. KocimOpbIHHBIH €H TOMEHT1 pYKCcaT €TUINeH CaHUTapJbIK-KOpFay aiiMarbl KopiiaynaH 1 kM
apaKaIIbIKTBITKTa OO IbI.

UTT-500 kemieHiHiH »KaJbl KOpIIAJFaH ayMarbl 6,55 rekTap/ibl Kypaitabl. KocimopeIHHBIH €H
TOMEHT1 PYKCaT eTUIreH CaHUTapIIBIK-KOpFay aiiMarbl KopluayaaH 1 KM paanycTa opHajlacKaH.

[uKi3aTThIH BUIFAABUIBIFEL 12 % neliiH OonraHAa KenTipy KakeT emec. blFanmbuibIFbl
KOFapbl OOJIFaH JKarjaija IIWKI3aT alJblH aja KeNTipiiedi, OyI 3aybITThIH IIUKI3aTTHl OHICY
KaO1JIeTiH apTThIPAIbI.

HbIcaHHBIH J)XYMBIC iCTEYI YIIIH KeJIeCi JHEPTHs pECypCTaphl KAXKET:

* DIEeKTp KyaTblH >KOHE JJIEKTP IHEPIHsiChIH TYTHIHY: coiikeciHme 6 237 kBt xone 42,9
rBr/car. Menmikti TyThiHYy | ToHHa mmki3aTtka 40 kBr/car.

* OHIPICTIK OOBEKTUIEP/l JKbUIBITYFa JKOHE BICTBIK CyMEH KaOJbIKTayFa apHalfaH XbLTy
HEPTHUSICHI.

* AlfHanmbIMIaFbl TEXHUKAIBIK CYMEH KaOAbIKTay KYHECiHIEr! MIBIFBIHHBIH OPHBIH TOJITHIPY
YIIiH KQKETTI TEXHUKATBIK cy: 16,5 m*/car.

AJFalKpl €Kl pecypcKa CypaHbIC HBICAHHBIH 63 OHAIPICi apKbLIbl KAHAFATTaHIBIPHLIAIbL.

Ocpuraiiiia, aTajMblll HBICAHJApP KAJIABIKTApAbl KYHIBI pPECypc pETiHAEe THIMII eHACY.l
yiecTipe OTBIpPBIN, TYPaKThl SKOHOMHUKAIBIK JaMmy epexkesepine coiikec keneriH TKK komere
)KapaTy MOCeNIeCiHIH KeIIeH Il MeniMi OOJIbI TaObLIa bl

Makanana KepceTiireH OalKbITy IeXbIHAH MIBIFATBIH TYTIH Ta3bl KOHE MUPOTEHMIIK BLIFAl
CUSIKTHI OipHemie Kypamjac OeiKTep >KOFapbl KbUIAAMIBIKTaFbl MUPOJIU3 MPOLECIHIE >KIHE
MaTepuaIbl eKiHII peT KaiTa maiijananyaa MaHbI3bl PO aTKapaIbl.

TexXHOMOTUSIIBIK YAEPIC KYMBICHIHBIH (YHKIHSIIAPHI TOMEHET11eH 00Iab:

* BankpITy 1exbl: OajaKbITy IEXBIHAAFBl KYJI KyM, TeMip XKOHE KOMip CHUSKTBI KOCMajlap/bl
OaJIKBITY VIIIH KOJJIaHbLIaAbl. byn mpomecc Oarayibl  MaTepUalgapiabl, COHBIH IIIHJE
(dheppoKophITHANIAP Bl KATIIBIHA KEATIPYTe, KATABIKTAPAbIH TY3UTYIH a3alTyFa oHE YKOHOMUKAIIBIK
aifHaNIBIM MPUHIIUNTEPIH KolAayFa MyMKiHIK Oepesi. COHbIMEH Katap, OaNKbITy MPOLIECIHE Manaa
001aThIH KalJbIK KeMipTeK TOThIFbI (CO) XblTy Ka3aHIbIFbIHA 5K10€plin, Kyiiere KOChIMINA JKbUTY
SHEPIHUsACHIH Oepei.

* TyTiH ra3sl: Mypa apKbUIbl CHIPTKA LIBIFATBHIH TYTIH ra3bl, OOJIIEKTepAl KENTipy YILIIH
ANEKTPOCTATUKAIIBIK TYHIBIPFBINI apKbUIBI OTETIH KAJBIK JKbUTY Ka3aH/IBIFBIHAH IIBIFATHIH TYTIH
ra3el. [ a3/l IyphIC OHJICY KOpIIaFaH OPTaHbl KOPFAY epeKesIepiH CaKTayIbl KaMTaMachl3 eTeli JKOHe
aTMoc(epara MIBIFATBIH KaIIBIKTap bl a3aiTa IbI.

 [Muporennik butFai: OyJ MUPOJU3 pEaKTOpbIHAH Oy-ra3 KOCMAChIH CaJKbIHAATy Ke3lHMe
KOHJICHCAIIUST KOHJBIPFBICHIHA JKUHAIFAH KOHJACHCAIMsIIaHFaH Cy (pakiusichl. OJ TepMUSIIBIK
BIIBIpAy KE€31HJE KAJIJIbIK MaTepuaijgaH OeiHEeTIH bUTFaaAaH Typanbl. [IuporeHal BIIFaIIBIH
KOWBLTYBI TUPOIHU3IIH TUIMIUTITIH OHTaUIaHABIPyFa KOMEKTECEI].

2.4. Dnemenmmix manoay

Kartel ’xoHe cCyHbIK yArulepaiH dieMeHTTiK Tajmgaybl Multi EA® 5100 om6Geban
aHanu3aTopbIHbIH (Analytik Jena, I'epmanust) kemeriMeH >xypri3uiai. bynm kypan cyibIk, KaTThl,
racTa Topi3/il )koHe MyHal, MyHail eHIM/JIepi skoHe 0acKa J1a OpraHUKaiblK MaTpulanap yJaruiepinaeri
KYKIPT, XJIOp, @30T XoHE KOMIPTEK KypaMblH aHbIKTayFa MYMKIHJIIK Oepei.

Yari maccacel 10 Mr-sHan acmaiiapl. KarTel yariiep mapukTti IuipMeHe OOIIeKTep emeMi
<100 mxm OosaTeiHAail erinm yHTakTananpl. CyHWbIK yATUIep 5 MHHYT IHaiiKay apKbLIbl
rOMOTeHHU3alUATIaH bl
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Kypanapl kanuOpiey aHbIKTaJaThIH opOip AJIEMEHT YIIH cepTU(UKATTAIFAaH aHBIKTaMAaJIbIK
matepuanaapasl (CRMSs) maiifanany apKbUIbl OpbIHAANABL. KamuOpiey KHCBIKTapbl KYKIipT, a30T,
xyop ymia 0,001% - 10% >xone kemipreri ymin 0,1% - 50% koHueHTpauus Auarna3oHbIHAA
TYPFBI3BULABL. bakpiiay yariiepiHiH camachl KYHIENIKTI Tajjay apKbUIbl OAKbUIAHBINT OTBHIPAJIBI.
AJIBIHFaH HOTIDKETIEP/IIH CTaHAAPTThI HOTHKEJIEPICH CABICTBIPMAIIBI aybITKYbI OApIIBIK aHBIKTAIFaH
ANIEMEHTTEP YIIiH 2 %-/1aH acmabl.

Bapawik enmeynep yur pet opsiHaanabl. Hotmxkenepsai craructukanslk eHaey OriginPro 2022
OarmapiIaMalbiK KypaiblH Koiany apKeuisl opeiaaans! (OriginLab Corporation, AKIII).
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3. Hotmxkenep

3.1. TKK xypamoi
3eprreyre Acrana Kanaceinaarsl (Kaszakcran) nonuronaapbinad ceinamanap ainbiHasel. TKK kypambia 1-kecteneH kepyre 00Jiaibl.

Kecre 1. Kypambianarsl MeTan sl 0eJin anFanra JIeiid sxoHe Oetin anFaHHaH KeWiHT1 TYpMBICTBIK KaTThl KanaslkrapasiH (TKK) kypamsl (% cammars
OOMBIHIIIA)

Kommon | Kara | Tamak | Cyiie | Aya | st | Tac | Tyer | Kapa | IHoa | Akk | beur | Toker | Ara | Kep | Mex | Backa | Ckpu | Bapasl
eHT 31ap | KaJabl K ajgar | Hbl i MeTaa | MMe | ymua | Fap Ma I | aMM | MUMH | Jap HUHI FbI
KTapbl bl MeTa | faap | pJep | bl, | OyiibI Ka | ajbl (16

KaJIA Jgap TOPJ | pe3e | Maap K MM-

BIKT ap | Hke Kaj aeH

ap BIKT a3)

ap

Meranaer | 16,9 25,9 0,3 3,5 9,2 08 | 011 | 0,954 | 7,2 0,3 2,3 4,6 2,7 1,0 | 0,02 12,3 11,8 100,00
Oeuin ary
AJIIbIH-
JaFbl
KOHTEHT
(%)
Meranaer | 17,05 26,1 0,34 | 356 | 9,26 | 0,84 | 0,03 0,29 722 | 033 | 236 | 459 | 2,73 | 107 | 0,02 | 12,37 | 11,86 | 100,00
Oeuin
aJIFaHHaH
KEHiHT1
Kypambl
(%)
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OKCTpakIUsAlaH KeWIHrl KypaMm OeJiKTemiH KOIIIUITiHIH [albI3apblHBIH — [aMajlbl
KOFapbUIAYBIH, SFHH METaJIaplIblH JKOMBUTYBIH KepceTeai. Mbicambl, Kara3ably yieci 16,9%-nan
17,05%-ra, TamMaK KalabIKTapbIHBIH Yieci 25,9%-nan 26,1%-ra ecti. OTe a3 esrepicTep cyiiek
(0,3%-nan 0,34%-ra neiiin), ayna KaaabikTapsl (3,5%-nan 3,56%-ra neitin) sxoHe mbiHbl (9,2%-1aH
9,26%-¥a neliiH) CUAKTHI 0acKa METaJlJI eMeC KOMITOHEHTTEpIe OalKaiabl.

Kepicinme, TycTi koHE Kapa MeTalnap/blH yieci aTapiblkrail Temenaeni. TycTi Metanmap
0,11%-nan 0,03%-ra, kapa merammgap 0,954%-nan 0,29%-fa neiiin TeMeHAETEH, OYJI OJIApIbIH
KaJJABIKTApAaH COTTI Ta3apFaHbIH KepceTeli. BelIFapel, pe3eHKe, TOKbIMA, aFalll, KepaMHKa >KOHE
opTypdi OyibIMAap CUAKTHI 0aCKa KOMIIOHEHTTED JI€ JKaJIbl TPEHIKE COMKeC Iamalibl 6CiM KOPCETTi.

Tyractait amranma, nepekrep TKK-man MertammapiablH THIMAI Ta3apyblH KepCeTell,
HOTWIKECIHJIE MEeTaul KYPaMBIHBIH a3aloblHa OalIaHBICTBI METal €MeC Kypamjac OeIiKTepiH
CaJIBICTBIPMAJTBI YJIECI IIIaMaJIbl aPTAJIbI.

JleHMHrpaJl KEH OPHBIHBIH JKAHFBIII TaKTaTACTAPBIHBIH KOHE AcCTaHa IOJUTOHJAPBIHBIH
TKK-HBIH 3J€MEHTTIK KypaMblH Tajjay OJAPABIH DJIEMEHTTIK KypaMbl OOWBIHINA alTapIIBIKTal
colikecTiriH kepceTTi. OnapapIH AIEMEHTTIK KypaMbl KYPFaK KalJIbIK Maccachl 6oibiHIIa (% Macca)
kenecigeit: C —23,01; Ho —2,92; S (6apasirsl) — 0,12; O2 — 14,97; N2 — 0,53; Cl2 — 0,10.

JleHMHTpa K€H OPHBIHBIH JKAHFBIII TaKTaTaCTAPBIHBIH koHEe AcTaHa noauroHaapeiHbiH TKK
AJIEMEHTTIK KYPaMBIHBIH TaJAaybl alTapIIBIKTal YKCACTHIKTAP MEH albIPMaITBIIBIKTAPBI KOPCETEII.
Exi maTepuana ga keMipTeTiHiH CalbICTRIPMalIbl KypaMmbl 0ap, Takrarac 23,41% xone TKK 23,01%,
OyJ1 J)KaHy apKbUTBI YHEPTHS OHIIPYAIH YKCACTHIFBI 0apbiH KepceTeni. CyTeriHiH MeJIepi e ASPIiK
Oipneii, Takratac 2,91% sxone TKK 2,92%, Oys1 onapablH OpraHUKaIbIK KYpaMIarbl YKCACTHIFBIH
KepceTesi.

JlerenmeH, eki MmaTepuanna Ja OTTEK IMEeH KYKIPT MeJIepl alTapibIKTail epeKilereHeIl.
TKK-ta orrektin memmepi 14,97%, Oyn Ttakraractarbl 3,48%-0€H CaJBICTBIpFaHIa OTTEKTIH
MeJIIepl aijeKaifiia Korapel eKeHiH Ouimipeni, OyJl KaHy MpOLECIHE KOHE IIbIFapbIHbLIAp
npoduiine acep eryi MyMKiH. KepiciHie, TakTaTac KypaMbIH1a KYKIPTTIH >kajnsl Mesepi 1,64%,
an TKK nebopi 0,12%, Oy KYKipT LIbIFapbIHIBUIAPbIHA KATBICTHl KOPILAFaH OpTaFa acep eryi
MYMKiH. A30T TI€H XJIOPJBIH JCHIell €Ki MaTepHajia 1a CalbICThIpMalibl Typae ToMmeH, 6ipak TKK
takraTactarsl 0,15%-06en canbicTeiprania 0,53% >xorapsl, a1 XJIOpABIH MeJIIepi ekeyiHae e oipaei
0,1%. bys e3repictep 3Heprus Ko3Aepl peTiHIe OChl MaTepUalaap bl Maiganany MaHbI3Ibl €KEHIH
KepceTesl.

Exi muki3aTThiH SJIE€MEHTTIK KYPaMbIHBIH YKCACTBIFbIHA CYHEHE OTBHIPHIMN, TaKTaTacTapbl
OHJICY YIIIH KOJJIAHBUIATHIH TEXHOJIOTUSHBI ACTaHa KaJachIHBIH ITOJIUTOHIAPBIHBIH KaIBIKTaphIHA
xone TKK-ra ma konmanyra 601abl IereH KOPBITHIH/IBI JKacayFra 0osaasl. byl KanabIKTapabl oHIey
OOMBIHIIA THUIMAIPEK JKOHE OJKOJIOTHAFA 3USH KENTIPMEWTIH »arjall jkacayFa MYMKIHAIKTEp
TYFBI3a/IbI.

TKK-Tarpl jxoHE JKaHFBIINI TAKTaTaCTaFbl OPTaHUKAJBIK 3aTTApPABIH JJEMEHTTIK KYPaMBIHBIH
YKCACTBIFBl THPONU3 KE3iHAETl CalbICTBIPMANIBl BIABIpAY TMPOLECIH KoHE KeiliHHeH Oy-ra3
KOCIIaCHIHBIH TY3UTyiH KepceTeai. KonmeHcamnus KOHABIPFRICHIHAA CATKBIHIATY Ke31H/Ie Oy Kocra
CUHTETUKAIIBIK MYHAWJbIH, KapThUJIail KOKC Ta3bIHBIH KOHE MUPOJUTUKAIBIK BUIFAIABIH CYHBIK
dpakusiapeiHa Oeminemi. by opexer ®uimep peTopThl jKOHE KATTHI KBUTYy TaChIMAJIAYbIIIITCH
KBI3JIBIPY TPOIIECIH MOJICTIBACUTIH 3€pPTXaHANIBIK MACIITA0THI OPHATY aPKBUIBI KYPri3iATreH ayKbIM/IbI
AKCIIEPUMEHTTEP apKBUIBI JIOJICIICHII.

3.2. OHimoepoi Katima 6Hoey

Kanapikrapasl eHey mpolieci KaTThl TYPMBICTHIK KaIBIKTapAbl Kayirici3 KoJere >Kaparyabl
FaHa eMeC, COHBIMEH Oipre KaJIbIKTapIbl KYHIBI OHIMIEpre alHAIBIPYAbI 1a KaMTUAbl. KoKpIicka
TacTaJFaH KaJIJbIKTapAbl KailTa eHIey >KOHE KoJIere jKapaTy MpoIecTepl HOTHXKECIHAE TY3UIETiH
HET13T1 OHIMEpre MbIHAIAP KaTabl:

e Cunrerukansik cyiiblk oTbiH: UTT-3000 ymin 300-400 Tonna/ray (UTT-500 ymrin 50-70
TOHHA/TAY) — Ka3aHJBIK, TSI JKOHE 0acKa /1a OThIHJAP CHUSKTHl KOMMEPIHSIIBIK OTBIHHBIH OPTYPIIl
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TYpJIepiH ajly YVIIiH ayblp, opTama oHe OeH3WH (pakuusuiapbl OpTYPJ IpOIOpHHsIapaa
apaacThIPBUIYBl MYMKIH.

e Dnektp KyaTsl: 50-90 MBT, oHbIH immiHge imki KaxerTtiaikrepre 6,5 MBt (UTT-500 yrin —
6,7 ece az). DIEKTp PHEPTUSCHIH Kellire Oepyre HemMece Kyl OalKbITy YIIiH MMaijaianyra 00mabl.

e XKsury sneprusicel: 70 mBt/car, UTT-3000 ymin 1650 mBt/Toy (UTT-500 ymin — 6,7 ece
az).

e Ky toymirine 1400-2000 TOoHHa, KYJIIH KypaMblHa OailJIaHBICTHI (KYJIILIITT TOMEH
OosiFaH JKarjaiia CaJKbIHAATKBIII PETiHAE KYM HeMece OKTac Kocyra Ooianel) acdanbT, OeToH
KocTajapbiMeH (eppOoKOpBITIANIAp aly YIIiH KOJAaHbUIaAbl. bliFanibl KOCKaHHaH KeWiH caKTaraH
Ke3J1e OJ1 KaThIll, ”HEPTTiI MaTepraliFa aifHaIa bl.

e Cypsinranran Mmetaiaap: tycrimeranaap (0,03%) sxone kapameranmap (0,3%).

Kynnmi komere »xapary OonmaraH xarmaiina oHbIH kejemi TKK »KyMbIC MaccachbHBIH
20-45%-p1 Hemece 600-1500 Toun/Taysirine kypaiabl (UTT-500 ymia 100-240 TonHa/TayImiriHe).
Ky uHEpTTI ra3 %oHe bUIFaJI KOCBUIBIIN THIFBI3AAIFAH Ke3/I¢ KaTasiIbl.

3.3. Texnonozusnvlk ecenmeynep

AJIBIHFaH IIHUKI3aT KOCMAChIHBIH KYPaMbl KAJIBIKTapIbIH KYPFaK Maccachl yIniH eHiMaiiri 500
TOHH/TAyJIiriHe OOJaThiH KaTThl cankKbHAATKBIBI Oap UTT-500 KOHABIPFBICHIHIA OHJICYTE
HETI3JIeNITeH KaJIBIKTap IbIH TYpJiepi OOMBIHIIA JKBULIBIK KipicTep ece0iHeH ajIbIHIbI.

2, 3, 4-xectrenmepme KaTThl TYPMBICTBIK KaJJIBIKTApAbl CYPBINTAy KE3iHACTI IIHKi3aT
KOCITaJIapBIHBIH, KYPaMBbl, OJIAPABIH 3JIEMEHTTIK KYpaMbl KOHE IHPOJIU3 OHIMICPIHIH IIBIFBIMBI
KOPCETIITEH.

Kecte 2. TKK KOMIOHEHTTEpiHIH CUIIATTAMACHI

TKK cypsinTaynan
AJILINFAN WHKI3ATTBIR Kaaapikrap I)IJIFaJ':J}IbIJIbIK, Kyprak Kocnam.lr:;l
aTaybr caJIMarbl, T/TIy Yo Macca, T/Tay MeJmepi, %0
Kara3, kapToH 12 369 35,0 8 040 54
[Ib1HBI 6 023 - 6 023 4.0
Aram 2126 43,0 1212 0,8
[lommmeprnep 4 464 10,0 4018 2,7
AnroMuHAI 7122 - 122 0,5
ToxpiMa OyHBIMIap 32176 30,0 22523 15,0
TaraM KaJIbIKTaphbl 8929 80,0 1786 1,2
MyHaiiMeH MaiianFaH 3400 22.0 2 652 18
manaap
MyHaii nuiamMsl 7 500 25,8 5569 3,7
AJBIHFaH KOCHAaHbIH Kypambl, %
Kanne! kocnanap 77708 52 543 35,0
TKK sxone kyx1 mam 139 224 30,0 97 457 65,0
kocmacel (50/50 KaTpIiHACHI)
JKasnme! mukizar 216932 30,9 150000 100,0
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Kecrte 3. TKK KOMITIOHEHTTEPIHIH AIEMEHTTIK KYpPaMbI

TKK cypsinTaynan OprasnkanbIK 3aTTaAPABIH JJIeMEHTTIK KypaMbl KoHe Kypamaac 0eJiirinin
AJBIHFAH IIHKI3ATTHIH KYJIIIri, Kyprak maccacol %
aTaybl C H 0 N S Kyir*
Kara3, kapToH 43,6 5,8 44,4 0,3 0,2 5,7
Arar 49,1 5,9 41,0 0,2 0,1 3,9
[Monmmeprnep 59,3 8,3 19,3 1,0 0,4 10,2
ToxkpiMa OyiibIMIap 53,5 6,5 30,7 4.6 0,1 4,6
TaraM KaJIIbIKTaphl 449 54 25,8 3,8 0,1 20,0
MynaiiMeH Maiianran 52.7 6.3 373 0.2 01 3.4
Himnajaaap
MyHaii namMsl 51,40 8,68 1,93 0,56 0 37,4
AJBIHFaH KOCMAaHBIH KYpaMbl, %
JKanme! kocrianap 15,7 2,1 8,9 0,8 0,08 75
TKK >xoHE Ky 1IuiaMm
kocmacsr (50/50 10,9 1,4 3,3 0,2 0,1 49,1
KATBIHACHI)
JKanme! mukizar 26,62 3,44 12,22 0,96 0,18 56,5

Kecre 4. [Tuponm3 eHiMAEPIHIH MIBIFBIMbI

TKK cypsinrayaaH ajJbIHFAH IIuposin3 6HiMiHiH MIBIFBIMBI, KYPFaK cajMarbl %
IHUKI3aTThIH aTaybl Mynait l'a3 JKapreuiail KOkc
Karas3, kapToH 16,62 16,16 36
Aramn 16,62 16,16 36
[Tomumepnep 90 6,5 3
ToxkpiMa OyiteIMaap 47 19 30
TaraM KalJIbIKTaphl 48 20 29
MyHailiMeH MaiiflaHFaH Imnanjap 30 17 34
MyHaii 1uiamsl 34,1 9,3 433
AJBIHFaH KOCMAHBIH KYpaMbl, %
JKanme! kocrianap 12,9 4.9 9,4
TKK >xoHE KYJ II1aM KOCTIachl
(50/50 xaTpIHacHI) 4,5 5.2 54,6
JKamme! mukizar 17,50 10,14 64,00

Byian mmKi3aTThIH XKalbl KeJIeMiH KbuTbiHA 216 932 ToHHAHBI KYpaHTHIHBIH, BUTFAIBUTBIFBI
30,9%, nmotmwxkecinae 150 000 TonHa Kyprak Mmacca maiima OonaTbiHBIH Kepyre Oonaapl. Karas,
KapTOH >KOHE TOKbIMA OYHUBIMIAPHI €H YIKEeH OOJIIKTEep Il Kypaiibl, OYJ1 KOCTIaHBIH KYPFaK MaccachblHa
alfTapipIKTail yiiec Kocajpl. DJIEMEHTTIK KypaM IOJuMepliep MEeH MallaHFaH IINanfap CHSIKTHI
MaTepuaapAarkl KOMIPTEKTIH JKOFapbl MOJIIEpPiH KepceTeal, Oyl MUPOIU3 apKbUIbI SHEPTUSHBI
KaJIIbIHA KeNTIPY/IiH alTapiabIKTail oJieyeTiH KepceTesi.

[Muponu3 eHIMIHIH WIBIFBIMBI OPTYPJl MaTepuaigapra OallaHbICThl e3repeni. Mbicaisl,
nonumepiep 90% Kyprak caaMakTa MaiIbIH KOFapbl HMIBIFBIM/IBIIBIFBIH KOPCETe/1, al O HEeKTeH Mai
anpIHOAN b, OlpaK MPOIECTE HWHEPTTI OONBIN Kamanbl. TOKbIMA JKOHE TaMaK KaJJIBIKTaphl Ja
coiikecinme 47% xoHe 48% neHreitinae MalJblH MIBIFBIMABUIBIFBIH KopceTedi. XKammbel Kocma
Kocrnachl 0apIibIK MIKKI3aTThIH 35%-bIH Kypalpl, KYJIAiH Menepi 7,5% Kypaiabl, Oy TYDKUTIKTI
KYpaMFa ’KoHE OHIM IIBIFBIMbIHA 9CEp €TEe/i.

Kanner anranga, Tangay 50/50 kateiHacel 6ap TKK >koHe Kyl KOXKBIHBIH KOCIAChl TTHPOJIN3
nporecine acep eretiH 49,1% kynaitikke me exeHiH kepcereni. IIukizaT KypaMbIHBIH QpTYpIIi
00Jybl MYHAWJIbIH, Ta3/bIH OHE KapThUIall KOKCTHIH SPTYPJIl IIBIFBIMABUIBIFBIHA SKeNedl, Oy
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SHEPrUSHBI  KaJIMblHA KEJITIPYy JKOHE KAIJIBIKTApIbl a3alTy YIOIH MHPOJIM3  IPOIECIH
OHTAaWJIAHIBIPYIbIH JKETICTIT1H KOPCETE/II.

AJIBIHFaH KOCHA YIIiH apThUlail KOKCTEJETIH OHIMICPIiH IIBIFBIMBI J)KoHE | TOHHA Kyprak
IIMKI3aT KOCIMACKIHBIH TEPMHUSIIBIK BIIBIPAYBl KE3iHAETI OOINHETIH KbUIy MOJIIEPi aHBIKTAIIbI
(5-kecre).

Kecre 5. XKapTpuiait KoKcTesneTiH ©HIMIEPiH MIBIFBIMBI )KOHE | TOHHA KYpPFaK IINKi3aT KOCHAChIHBIH
TEPMUSUIIBIK BIABIPAYBI KE31H/EeT1 OOIIHIeH KbUTY MeJIIIepi

IMuporenaik Kaamr Koxkc
IapameTpJepi/Onimaep Mymnaii I'as yimna Bapabirbl
BLIFAJ KAJIbIFbI
3aTTap
OHIMHIH XaHy En xoraprel | 38064,56| 39385,04 - - 1893,42 -
JKBUTYBI, KJ[ /KT En Tomenri |35848,97| 35871,75 2512,00 - 1871,23 -
OHIMACPAIR SRR, ] 175,00 | 101,40 7,10 283,50 | 716,50 | 1000,00
I Touna En mllx/t | 6661,30 | 3993,64 - 1011 356,64 | 12041,96
Kyprak JKOFapFBI 654,94
IIHKI3aTKa % 55,32 33,16 - 88,48 11,27 99,75%
eCelTeNreH m/Jx/T 6273,57 | 3637,40 17,84 9928,80 | 1340,73 | 11264,25
BIKTUMAaJI Exn
XKBULY,  |KOFapFbI % 55,69 32,29 0,16 88,14 11,90 | 100,05%
m/Jx/T

5-KecTe/ie JKapThllall KOKCTENECTIH OHIMICP/IIH HIBIFBIMBI JKOHE Oip TOHHA KYpPFaK IIHKi3aT
KOCHAChIHbIH TEPMUSUIBIK bIAbIpAaybIHAH TY3UIETIH KbUTy Medmiepi kepceruiredH. OcbliaH
OHIMJIEp/iH, acipece MyHail MEH Ta3JIblH KaHy XbUIYBIHBIH alTapibIKTail )KOFapbl €KEeHIH Kepyre
001a/pl, €H JKOFapbl MOHAEpl MyHail eHiMI yiuiH maMameH 38 065 k/[x/kr xoHe ra3 ymiH 39 385
k/J[x/Kkr sxeteni. MyHalIbIH CaIMaKTHIK HIBIFBIMBI TOHHACBIHA 175 Kr Kypaiinsl. OHBIH €H >KOFaphl
MoHI 6661,30 MJDK/T NOTEHIMANABIK >KbUIYJbl KamMTamachl3 €Telll, OyJl JKalmbl SHeprus
IIBIFBIMBIHBIH KapTBHICBIHAH aCTaMbIH Kypaiiipl. ['a3 na TonHaceiHa 101,40 kr sHEprus eHaipyre yiec
KOCa/Ibl, OYJI *KaJIIbl )KbLTy MOJIILIEPIHIH IaMaMeH yITeH Oip Oenirid Kypaiiasl, 3993,64 M/ x/T.

[Muporenaik pUTFaANIBLUIBIK 7,10 Kr/T canMarbl OOHBIHIIIA MUHUMAIABI O0JIca Ja, Kbl KbLTY
Oenyre a3 acep ereai. Canmarbl 716,50 kr/T 60JaTBIH KOKC KaJIJIBIFBIHIA TOOHHACKIHA OOJIIHETIH
KbLUTYy Meutiiepi oTe a3. OHbIH O6JIeTiH KbUTYbIHBIH €H >KoFapbl Meuiiepi 1356,64 mx/T.

MyHail MeH ra3ibl Koca ajfaHja, *aimbl yimmna 3arrap 283,50 Kr/T Kypaiabl KOHE *KaJIlbl
KbuTybIH 88,48 % wMemmepiH Kypaiiabl, Oyl oJapiblH LIMKi3aT KOCHACHI apKbLIbl SHEPTHUSHBI
KaJIMTBbIHA KEJTIPY MPOIECIHACTI MaHBI3Ibl POJI aTKAPATHIHBIH KOPCETEI].

XKanmer anranaa, S-kectesie MMKI3aTTHIH TEPMUSIIBIK bABIPAY MPOLIECiHAe OOTIHIeH KbUTY IbI
SHEprusiFa allHANABIPYAbIH THIMJILIITT )KOFaphl eKeHiH Oinaipenl. XKeutyabIH ken Oeiri MyHail MeH
ra3 eH/ipyJeH albIHa/bI, OYJI )KbUTY OJIap/Ibl JKapThUIal KOKCTEY MPOLECiHIe TY3IETIHIH O1aipei.

[Muponm3 HOTHKECIHAE TY3UITeH OHIMAEpAeH | TOHHA KypFaK Maccara IIaKKaHIaFbl albIHFaH
KOCMa YIIiH OpraHMKaJbIK 3aTTapiblH KYpPaMbIHJIAFbl 3JIEMEHTTEPAIH MOJIIepl aHbIKTAJbI
(6-xecre).
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Kecre 6. 1 ToHHa KypFak MIMKi3aT KOCIAChIHAH MUPOJIN3 OHIMJIEPIHCT] XUMHUSIIBIK 3JIEMEHTTEPAIH
TapaJTybl

ATaybl/3JieMeHTTep Kya S C H N 0) Kannsl
Kyprax mmuxisar KT 5654 | 2,20 266,20 34,40 9,60 122,20 1000
% 56,54 | 0,22 26,62 3,44 0,96 12,22 100
Maii KT - 0,09 138,67 17,15 1,05 18,04 175,00
% - 0,05 79,24 9,80 0,60 10,31 100,00
Cas KT - - 65,78 15,76 - 19,86 101,40
% - - 64,87 15,54 - 19,59 100,00
JKapThinaii Koke Kkr | 56540 | 2,11 61,75 0,70 8,55 77,98 716,50
% 78,91 | 0,29 8,62 0,10 1,19 10,88 100,00
blirar KT - - - 0,79 - 6,31 7,10
% - - - 11,11 - 88,89 100,00

Kynnin 6aceim 6emiri, srau 565,40 KT, )kapThiail KOKCTEY OHIMIEPIHIH JKaJbl MaCCACHIHBIH
78,91%-p11 Kypaiinel. KykipT a3 menmepae Oosica 1a, HeTi31HEH KapThllail KOKCTEY OHIMIICpiHae
(2,11 kr) sxone mynaiiaa (0,09 kxr) kezneceni. Kemiprektiy Tapanysl myHaiira (138,67 kr) sxoHe ra3ra
(65,78 kr) OeiHreH YiecTiH alTapibIKTai Ker Memepin neneneai. Onap colikecinme 79,24% xone
64,87 % xypaiiapl, OyJ1 MUPOIU3 IPOIECIHAE OJIapIbIH KOMIPTEKTI TaChIMaIayIIbLIAP IbIH HET13Ticl
exeHiH kepcereni. CyTek HETi3iHeH MyHail MeH ra3za KemnTel Ke3lecelli, OHbIH MeJIepi MyHaiiia
17,15 kr (9,80%) xone razma 15,76 xr (15,54%) 6onaapl. A30T HeTi31HEH KapThuIaii KOKcTa (8,55 Kr)
Ke3neceni, oHbIH Maccacel 1,19% xypaiiapl. Otrerinin memmepi razaa 19,86 Kr jxoHe >kapThuiait
KokcTa 77,98 kr, Oyl cyTek IeH a30TKa KaparaHAa alTapibIKTaill »KOFapbl, OJIapJIbIH Maccachl
comikecinme 19,59% sxone 10,88% kypaitapl. bInFanIbUIBIKTBIH 2JIEMEHTTIK KYPaMbIHBIH KOIT 06JIirti,
nepiik orrekteH (88,89 %) xone cyrekteH (11,11%) Typabl.

JXapTtbutail KOKCTIH Kol MeJIIIEpiH KyJI MEH KYKIPT UEJIeHETIHIH, all MyHall MEH ra3 CyTeK IeH
KOMIPTEKTEH TYpaTbIHBIH Kepyre 0oiajsl. JKapThinail KOKCTETi KyJl MEH KYKIPT Topi3fl kaHama
OHIMJIEp/ll aHBIKTall OTBHIPBII MyHaill MEH ra3 KypamblHIarbl Oaraibl HEprus ke3i 0oja anaTblH
KOMITOHEHTTEP/I1 IIOFBIPJIaH/IbIpy/1a MUPOJINA3 MPOLECIHIH THIMAL eKeHi Oenrii Oonasl. ukizar nexn
MIUPOJIN3 OHIMJIEPIHIH JKaHY KBLTYbI )KYPri3UIreH ToxipuOenep KoMeriMeH aHbIKTal bl (7-KecTe).

Kecre 7. llIukizat neH nupoau3 eHIMAEPIHIH KaHy JKbUTybl

ATaybl/ 7Korapsl KaHy TeMeHri :kaHy “Korapul wany Tomenri wany
KBLIYBI, KBLIYBI,

Mapamerpaep | :kbuaybl, Qn, KK/Kr | kbL1ybL, Q|, KK/KT Q. KKAN/KT Q1. KKaI/Kr
Kyprax 12 042 11 264 2876 2 690
HIMKi3aT
MyHait 38 065 35 849 9092 8 562
l'a3 39 385 35872 9 407 8 568
Kapreina 1893 1871 452 447
KOKC

MyHaii MeH rasja >kaHy >KbUTybl ©Te *orapbl, MyHaiina 38 065 kJx/kr, an razma 39 385

KJK/KT, MUKI3aTThIH jkaHy KbeUTybl 12 042 kJ[X/KT jkoHE sKapThlIail KOKCTHIH KaHy >KbUTysl 1893
k/[x/kr. MyHaii MeH ra3 YIIiH €H TOMEHT1 )KbLTy MOHEp1 IUKI3aT MeH KapThlIail KOKCKa KaparaH/ia
anTapIJIBIKTal JKOFapbl. MyHali MEH ra3 eHIMJIEpiH MUPOJIU3 TMPOIEC] KE31H/E TY31ITeH YHEPTUSHBI
IIOFBIPIAHABIPY THIMJII €KEHIH >XKOHE OJIap[bl dHEeprus Kesi peTiHie Maiijananyra OOJIaThIHBIH
Ounnmipesni. AJBIHFaH IEPEKTEp MUPOTH3 OHIMIEPIHIH, aTall alTKaHa MyHail MEH Ta3IblH 0AaCTaIKbI
IIMKI3aT TIeH JKapThlIail KOKCKa KaparaHaa SHEPreTUKAIBIK IIBIFBIMBI )KOFaphl €KCHIH KOPCETE/II.
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OPTYpJIi KarJaiina opTypil Heri3leri >KaHy KbUIybl MEH IIMKI3aTThIH KYpambl aHBIKTaJIbl

(8-kecre).

Kecre 8. [1IuKi3aTThIH KYpaMbl XKoHE )KaHY KBLTYbI

ATaybl

wW

Kaanbi

Kany xburys! Q,
KJK/Kr

7Koraprpl

TomeHnri

Kymsic

caJMarbIHa,
%

20,98

44,68

0,17

21,03

27,72

0,76

9,66

100,00

9515

8374

AHanuTHKaI
BIK
caJIMarbIHa,
%

2,2

55,30

0,22

26,03

3,36

0,94

11,95

100,00

11777

10 961

Kyprak

canmak, %

56,54

0,22

26,62

3,44

0,96

12,22

100,00

12 042

11 264

JKanrpmn
Maccachl
GolibiaIa, %

0,51

61,25

7,92

2,21

28,12

100,00

27708

25919

Opranuxaibl
K
3arTapaa
(kyprak
KYJICi3
3arrapna), %

61,56

7,96

2,22

28,26

100,00

27 794

25995

Oprama >xenpetkimi Oap >kaObIK KoWMajga CakTalfaH bUTFAIIBUIBIFEI 21%-Fa neilin
KenTipiireH 1 TOHHA IMMKi3aT YIOIiH MaTepHabIK JKOHE JKbUTy OalaHCBIHBIH MoHI 9-kecrene

KEJTIpUIreH.

Kecre 9. 1 TOHHA mMKI3aT YIIIH MaTepHAIIBIK JKOHE JKbLITY OaIaHChI

I bIFBIMBI HIb1FBIMBI
IMapamet i wuki Mic
APAMETPICPL | A vy 3;1 Cy |raser | Xamnsr | blmran® | Taz* | Kyn | By | Maii | Kanmer | %

2
Canmarsbl, KT 2160 | 1000 [ 1429 | 68 4656 6 2669 | 444 |1429| 108 4656 100
DusnKanbIk 0.181 | 0,015 0,61 0,04| 0,85 | 0,019 091003 4,72 0,011 | 5713 |51,08
woity, ['JIx 5 8 8 7
XUMHUSAIIBIK } 9515 - |082| 10,34 - - - - 13,882 | 3,882 | 34,70
sxkputy, 'k
Koutyneia
JKAJIIIBI - - - - 11,19 - - - - - 9,595 | 85,78
meuepi, I'JIx
XKeury et ) ) ) ; . - - - - - 1,59 | 14,22
TyThIHY, I'JIX

lpuranaeuIbiFsl 21%:;
25aNKBITY LIEXBIHAH;
*MporeHeTHKANIBIK;

‘ryTin
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9-kecrenie caiMak, GUUKAIBIK KbLTY, XUMUSUIIBIK JKbUTY, JKaJIIbl JKbUTY KOHE JKbUTY HIBIFBIHBI
OOIiBIHIIIA KipiC MEH MIBIFBICTHI KOPCETETIH Oip TOHHA MIMKI3aTThIH MaTepUaIIbl-)KbUTYy OalaHCHIHBIH
erkei-terxkeitni OGeninyi Oepinren. Kipicrepre aya, 21% pUIFanabUIbiFbl Oap IIMKI3aT, Cy JKOHE
0ankpITy nexsiHbIH CO rasbl Kipei, sxanmnsl canmarbl 4,656 kr. XKanmel xbuty msiFeHbl 11,19 r/lx
KYpaipl, OHBIH OacbIM OeJiri IMKI3aTThIH XUMHSUIBIK KbUTybl ecebineH (9,515 rllx). ConbiMeH
KaTap cy (hM3MKaNIBIK XKbUTY bl aiiTapibikTaid kebeireni (0,615 r/lx).

[Tuponm3 mporeci eHIMAEPIHIH IIBIFBICBIHA MAPOTEHIK BUIFAJ, TYTIH Ta3bl, Kyia, Oy jKoHE
MyHail skatanbpl. LbFapbuiaTelH 3aTTaplblH KaJIbl calMarbl KipicTepre coiikec kemeni, Oy
MIPOIIECTIH KIPETiH KOHE IIBIFATHIH OHIMEPIHIH CAJIMAaFbIHBIH Oipzeii 00Tybl Macca cakTaay 3aHbIHA
coiikec keneni. JKanmer xbuty mbFrapy 9,595 rJlx, en ynken ynecti Oy (dusuxansik xeuty 4,727
rJIx) Kypaitapl. TyTiH ra3sl COHBIMEH KaTap >KbUIYABIH adTapibikraii Memmepin (0,918 r/lx
(bu3MKaNbIK KbUTY) HeneHeni. [IpouecTiy Kamsl )KbUTy THIMALUTITT )KOFaphl, €HT131IeTIH OHIMICPACH
aJIBIHATBIH KbUTYABIH 85,78%-bl IIBIFAPBUIATHIH OHIMJIEPre MaliJanaHbUIabl, all KbUTYABIH
14,22%-p1 TYTBIHYABI Kypaiabl, OYJ NHPOIM3 NPOLECIHIH KBUIYBIH JHEPTUs Ke31 peTiHJe
naiganaHyablH THIMAI €KeHIH Kepcereni. byn TeHrepiM >HEpPrusiHbl TYTHIHYIBI THIMJI KOJJaHa
OTBIPBIII, ITUKI3ATTHI OAFalbl )KaHAMa OHIMIe TYPICHIIPYAIH THIMALIITIH YChIHABI.

10-kectene Oy, Maii koHE PJIEKTP SHEPTUSACHIHBIH LIBIFBIMbIHA Ha3ap ayAapa OThIPHIM, TUPOIHU3
KYHECIHIH TEXHOJOTHSUIBIK THIMALTITI OepiireH.

Kecre 10. [Iponectin THIMALIITIH ecenTey

Typoorene
l'[ap.a merpie DieKTp BapJbl XUMHSAIBIK DHEPrusJIbIK pa.Top%lb.“.l
pi/enim . e e e e e e . THIMILTIr
P— By Maii |3Heprusicol FBI THiMaTiri THiMaTiri (GyabIn
, MBTu (0y, maif) (maif) UTT (oy, maii)
FBIMBI KyaTThLJIbIF
bl)
Canmarer kr | 14285 | 108,3 393,9 - - - -
Koy, Uk | 4,727 3,882 1,418 8,609 - - -
Tuiciame, % | 45,7 37,6 13,7% 83,29 37,56 83 30

OHAIpINETIH XbUTYIbIH OackiM Oeiiri Oy MeH MyHaijaH aiblHalbl, OyabeiH yiueci 4,727 rJlx
&oHe MyHaiibIH yneci 3,882 r/lxk, colikeciHie xanmnsl yiaecTiH 45,7% xone 37,6% kypaiiasl. 393,9
KT IIUKI3aTTaH OHIIPIIETIH 3JEKTP SHEPTHICHI XKaIBI )KbUTY YieciHiH 13,7%-b1H Kypaiasl, o 1,418
r/[x 6onanel. By MeH MyHaiiiaH anblHFaH KbUTY IIBIFBIMBIH OipikTipreH ke3ze 8,609 rllx Kypaiiasl,
OYJT JKaNmbl KaxeTTl KbUTyIablH 83,29%-b1. CoHnali-aK KecTele MYHAWIbIH XUMHUSIIBIK THIMILUTIT
37,56% xone Oy meH Maitra apHanran UTT kepcerkimTepi xyieciHiH sHeprus TaimMatiri 83%
6onarbiHbl kepcetuired. byn monnep TKK enney npoiiecinie anblHFaH JKbUTY MOJIIIEPIH SHEPIHs
Ke31 peTiHAe KOJJaHyAbIH TUIMIl €KEeHIH JdJIeIeHal.

4. Tanpay

[Tuponu3 mpoleciHiH KalAbIKTapAbl TIKeJeH d>XKaryJlaH aWblpMAallbUIBIFbI, JTUOKCHHICPIIH
(TeTpaxmopanbeH30-p-AMOKCUHIIEP) Ty3imyiHe konl Oepmeiai. bynm kypaemi mporectepre
KOWBLIATHIH TAJIANTAPbI aUTapIIbIKTall TOMeHAeTe 1. KamapIKTap bl xKary Ke31HIe XJI0p, OTTEK JKOHE
OeH30M KaHy KaMmepachlHIa Oipre cakramanabl, Oyl TUOKCHUHACPAIH — OT€ YJIbl KOCHUIBICTAPIBIH
Ty3utyine okenemi. EO-HBIH KaJabIKTapAbl JKaFy KOHIHAETI JUPEKTUBACH JTHOKCHHACPIIH
BIJIBIPAYBIH KaMTaMachl3 €Ty YILiH TYTiH razgapbi 1200°C temnepaTtypazia KeM JereHae 2 CeKyH]
ycraynbl KakeT. OcbhlaH KeWiH Ta3apl 0eily MEH Ta3apTyAblH, COHAa-aKk OeJIHTeH ra3iapibl
CAJIKBIHIATYABIH KETUIAIPUITCH KYHeciHe Kibepy KaKeT.

Mpicanbl, TYTiH Ta3bIHBIH >KbULIaMIbiFel 50-100 M/c Gonranma, epTey KOHIBIPFBICHIHBIH
y3etHabIFsl 100-200 MeTpai Kypaysl Kepek, OyJl KOChIMIIIa OTHIH MEH ayaHbl Oepy/i KaXeT eTel.
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CoHbIMEH KaTap, opTey KOHABIPFBICHI MEH Ta3/bl 0611y KYHECIHIH 11IKi OeTTepi KbiIMOaT Oaralibl 0TKa
TO31M/Ii MaTepHaAIIApMEH KAINTAIYbl KepeK, Oy alTapIIbIKTail KOl IIBIFbIHAAPFA OKEIe/].

[Tuponm3 peakTopbiHIa XJOp MEH O€H30J1 OOJIFAaHBIMEH, JUOKCHH CHHTE31HE JKOJ OepeTiH
oTTeK KOK. [luponm3 mporecinae Ty3inreH OeH30y peakTopAaH Oy-ra3 KoclmackIMEH Oipre
misiFapbiiaasl. CoaH KeHiH ajbIHFaH KapThllail KOKC aya-(hOHTaHIbI MEIIKe Ki0epiieai, oHaa XJjaop
MEH OTTeK 6ap, 6ipak 6eH30I1 KOK. Aya-(HOHTaH/IBI MTEIITE XJIOP KAJTbIIUIHMEH OaiJIaHBICHIT, 3USTHCHI3
kanbrui xnopuain (CaClz) Ty3eni, coan KeiiH 01 KyJIMeH Oipre s>kolbutaabl. J[eMek, TMoKCuHaepai
BIIBIPATY YIIiH KBIMOAT KYpasi->KaOIbIKTapIbIH KaXeTi KOK.

TypMBICTBIK KAaTThl KaJABIKTApAbl KOJlere jKapaTyIblH Oacka TEeXHOJIOTHUsJIApbIHAH O13/1H
YCBIHBIN OTBIPFaH TEXHOJIOTHSIMBI3/IBIH TOMEHICTIICH apTHIKIIBUIBIKTAphI Oap:

1. MeHnrikTi eHIMIUTIT] )KOFaphl (IKKi3aT HeriziHae *buibiHa 200 MbiHHAH 1,5 MJIH TOHHara
JCHiH).

2. Tlemrre Oynan OypblH OONFaH >KOHE KaHANaH KeJNil TYCKEH KATThl KaJIbIKTap/IbIH,
OHJIIPICTIK KAJABIKTAPJbIH, NUIAMIAp MEH IIeTIHAUIEPiH allyaH TYpPiH OpTYpJi Kocmajgap MeH
IpornopuusiIapaa eHaeyre 0onaibl.

3. KanapikrapapH OapIibIFbIH KaiiTa eHaeyre 0oaapl (KaIIbIKChI3 TEXHOJIOTH).

4. TKK-np1 KaiiTa eHJey alIbIH/Ia CYPBINTAYy TajJal eTUIMENIl, TeK Kapa *oHe TYCT1 MeTajaap
Oeuminesi.

[Muponu3 mpolleciH KYPri3yaiH KalAbIKTapAbl TiKeNned JkaFylaH albpMaIlbUIbIFbI
JTUOKCHHIEPAIH (TeTpaxiopAuOeH30AMOKCHHICPIH) Ty3UIlyiH OonmeipMaiiasl. byn  kypaemni
HIBIFBIHAAP/IBIH KOJIEMiH OipHele ece azaiTaabl. TeXHOMIOTHUIIBIK Ipoliecc 0acka eHIIpyIIUIepaAiH
SHEPrusl TachIMAIAYIIbUIAPBIH Tanan erneii. [IpomecTiH keke KaKETTUTIKTEpl KalIbIKTap.IbIH
BIKTUMAJI KbUTYbIMEH KaObLIa/Ibl.

[Iuki3aTThl KETKI3y OKYHeciHe oprama JeHreijeri kaObIK KOWMa, [IMKI3aTThI
yCakTay/yHTaKTay, 2IEKTPOMarHUTTIK cerapaTrop apKblIbl Kapa MeTalAap bl MIBIFAPy, KYHBIHIBI TOK
cenapaTtopbl apKbUIbI TYCTI MeTaIIap bl 0611y )KoHE OHJICITEeH KAIIBIKTapAbl SKTACTICH O1pre BICTHIK
KYJI apaacThIPFBILIKA Oepy Kipei.

OHAIpICTIH SKOJOTHUIBIK Kepcerkimrepi EO TamanrapbiHa coiikec kenedl (Mblcanbl, 3
KoHAbIpFl UTT-3000 KoxTna-SpBe kanaceinaa opHanackad, 2 KoHIbIprel UTT-500 KuBunemece
Ocronusaaa). Viru Keemia Grupp AS yin KOHABIPFBIHBI OacKapajsl, of Petroter DCTOHUSHBIH
KoxTna-ApBa kanaceiaaa. by ueicangap EO-ThIH 3KONIOTHSIIBIK epekenepiHe koHe «DCTOHUSITAFbI
YKAHFBIII TaKTaTacTapbl OHACYAIH €H THIMJII TEXHOJOTHUIaphl» aHBIKTaMalblK KY’KaThIHAa COHKeC
keneni (BAT) (Molis A. skane 1.6., 2018).

Kecre 11. bip KoHABIPFBIIaH aTMOC(EpaFa TiKeIeH TYCETIH KbUIIbIK IIbIFapbIHAbBLIAP

HIsiFapbIHABLIAD NO: (6{0) CO; SO,

Tyrin  rasjgapeinarbl  oprama | 186,1 179,8 208 826 691,7
KOHIIEHTPALMs, MI/HM®

KanapIKchI3 TEXHOJIOTHS — OApIIBIK MUPOJIN3 OHIMAECPI KOMMEPUUSIIBIK (CYHBIK OTBIH, DJIEKTP
KOHE JKBUTy SHEPIHsICHI, KYJI) HeMece TEXHOJOTHSIBIK Iporecte (TMHpPOIN3 Tasbl, MUPOJIN3
MIPOIIECIHIH apTHIK KbUTYbl) KOJJIAHBUIAIbl. AJTBIHFAH KYJI HHEPTTI OOJBIN TaObLIa/Ibl XKoHE KYPBUIBIC
MaTepuaIapblH, acGanbTThl, THIHAUTKBIIITAP/bI, aJ1 OAJIKBITY Ke3iHIe oJaH (eppOKOpHITIAIap/IbI
KOHE KalbIUHKapOuIiH anyra 6osapl.

OHparaH MWUTHOH TOHHA KATTBI TYPMBICTBHIK KAJJBIKTAP, COHIAH-aK KaTThl TYPMBICTHIK
KaJIBIKTapAbl ~CYpBINTAaylaH KeWIHTrl «KalJIblK KOMMajapel» OpHaJacThIpbUIFaH AcTaHa
kanaceiHaarel (Kazakcran) enmipictik skoHe TKK komere skapaTy MyMKIHIIKTEpIHE €peKIlle Hazap
aynapy Kaxert. JKacanraH TEXHOJIOTHSUIBIK CYJI0amap 3aybIT dKYMBICHIHBIH THIMALTITIHE XKOHE JKBLTY
MEH 3JIEKTP HEPTUSACHIH TYTBIHYJBIH MayChIMIBIK ©3repiCTepiHe, Ka3aHbIKThIH CYWBIK OTBIHBIHA,
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KYJ, eHjaey oHiMaepiHe (KypbUIbIC MaTepuaijgapbiHa, (eppokopbeITianapra, achaibTOSTOH
KOCHaJIapblHA, TPOTyap IUIMTANAphIHA JKOHE T.0.) CYpaHBICTBIH ©cyiHe Jkayam Oepeni.
MyHuUIMNaIABIK ayMaKTap/Ja MyHJald KOHIBIpFeUIApAbl cany (Toymirine 500 T.) SHEpPrusHbIH
CapKbUIMAMTBIH KO3iHIH maijga OonyblHAa («KAJNIBIKTApIaH OHHEPTUSAFA»), KBULY MEH DJIEKTP
SHEPTrUsIChIHA CYPAHBICTH KaHaraTTaHIbIPyFa KOMEKTECeNl, OChUIAiIlIa >BUIBITY MayChIMbIHA
OTBIHJBI CATHINl ATy XOHE CaKTay IIBIFBIHAAPBIH a3alTajbl )KOHE SHEPrus KYHBIH TOMEHICTE.
Kanapikrapasl 2HEprus KaXETTUTIKTEPiH )ka0y YIIiH Mmaiganany TaOUFH ra3/ibl, KOMIpi )KOHE CYMBIK
OTBIH/IBI KOJJIAHYMBIH KAKETTUIIrH OONIBIpMAiIbl. APTHIK JKBUIY JHEPTHUSCHIH JKEMiC-KOKOHIC
ecipyre >KOHE KOCIMKEpJIKKE apHaJFaH KbUIbDKAll MIapyalllbUIBIKTApbIH JaMBITYFa MaiiianaHyra
6omansl. KonmaneicTarbl oHE KaOBUIFAH MOJUIOHAAPAAFbl OYpPHIH XKHUHAKTAJIFAaH ©HEPKACINTIK
xoHe TKK ko0, KanabIKTapAblH CaHUTApIbIK-KOpFay alMaKTapbhlH alblll JKaTKaH >KepJiepii
6ocaryra, OYpBIHFBI IOJMTOHAP ACTHIHAFbI TOTIBIPAKTHI Ta3apTyFa JKOHE 3alaJIChI3IaHAbIpyFa, Oyl
XKepJepi MapyanbUIblK HeIliriHe KaiiTapyFa MYMKIHAIK O6epei.

UTT KOHIBIPFBUIAPBIHBIH KYMBICHIHA KQKETT1 OapIibIK kabapikTapasl Kazakcranna meirapyra
oonazapl. Kazakcranma »KepriulkTi ©HIIpIIreH Ka0abIKThl mainanana oTeipbin, UTT HbICAaHIapBIH
KYpy, €I yuriH Oipkarap 3KOHOMHKAJBIK OHE CTPATErHsUIBIK apTHIKIIBUIBIKTApFa JKOJ aIlajibl.
bipinmrigen, XeprumikTi eHIIPYIIUIep apachblHIarbl BIHTHIMAKTACTBHIK, KOJIK MIBIFBIHAAPHI MEH
KEIICHIIK TeJIeMIep i a3aiTyFa MyMKIHJIIK Oepe/i, OChlIaiia >K00aHbIH YKOHOMHUKAITBIK THIMILTIT1H
aprreipansl. Kazakcranga UTT  HblcaHmapblH — OpHANACTBIPY  HOTIDKECIHIE  TYBIHAAWTHIH
JIOTHCTUKAJIBIK IIBIFBIHAAPIBIH TOMEHJCYl KOOAaHBIH JKaINbl KYHBIHA KOJAWJBl ocep eTell.
Exinmrizen, ka3akcTaHAbIK TEXHUKaHBI Maliganany Kazakcranmarsl op Typiii alMakTap apachIHIarbl
SKOHOMHKAIILIK OaiJIaHBICTBI HBIFAUTyFa KbI3MET eTefl. MyHJail BIHTBIMAKTACTHIK —©3apa
WHBECTUIMSIIAPFA, TEXHOJOTHSUIIBIK amMacyra xoHe Ka3akcrana skaHa >KyMbIC OpBIHAAPBIH KYpPYyFa
oKeNyl MyMKiH. MyHaai xo0anap KeprulikTi ©HepKICINTIH JaMyblHA BIKIIAJ €Te/ )KoHEe OipIIecKeH
KOCIMOPBIHAAP KYPYIbl BbIHTaNaHAbIpYbl MYyMKiH. Con apkbuibl KazakcTaH SKOHOMHKACBHIH
oprapanTaHbslpyFa bIKnan erefi. KopbITeIHIbIIAN Kene, Kypal-KaOAbIKTapAbl OHAIpy MYMKIHJIr
Kazakcranra UTT HblcangapbiH Kypy >KoOanapbIH >keZiel )koHe THIMJII 6acTayFa MyMKIHJIIK Oepeni.
Enne sxorapsl canaiibl %&a0IbIKThI HIBIFAPY YILIIH KaXETT1 TOKIpHOe MEH TEXHOJIOTHs Oap, ochlIaiiia
3ayBITTApIbIH CEHIMAUIIN MEH THIMAUIIriHe Kemimmik Oepeni. byn e3 keseringe KaszakcTanHbIH
SHEPreTUKANBIK TOYEJCI3AIrH apTThIpyFa JKOHE €J1 YIIIH aca MaHbI3/bl CTPaTErusuIbIK MaHbI3bI Oap
OHEPKACINTEP/Ii KYPYyFa KbI3bIFYIIBUIBIK TYABIPAIIBL.

UTT KOHIBIPFBUIAPHIH cajly KOHE MaijalaHy MOJUTOHJAp/IaH MAPHUKTIK YKOHE MOJUTOH
ra3iapblHbBIH atMoc(depara IIBIFapbIHIBUIAPBIH, JKE€P acThl CYJIAPBIHBIH JIACTAHYBIH, KOpIIaFaH
opTara 3USHABI 3aTTapAblH TycyiH azaiTazbl. UTT TEeXHOMOTHSCH Ta3 HIBIFAPBIHABUIAPBIH a3alTy
YIIiH KOJIAAHBUIATHIH OacKa TEXHOJIOTHSUIAPMEH TOJBIK YHJecei, KOKBIC Ta3/apblH JKUHAY YIIiH
MOJIUTOHJIAPbl TeO-TUICHKAaJapMeH »aOyJbl, PEeKyJIbTUBALMIAY/Ibl JKOHE MICTEpIi JKOI0 YIIIH
MOJIMTOHJAP/IbI OKTAC KOHE TOIbIpaK KabaTTapbIMeH ka0y bl skoKKa mbirapmaiel. UTT Herizinaeri
KaJABIKTApAbl OHICHTIH 3ayBITTApAbIH SKOHOMUKAIBIK THIMIUIIr >kKorapel. KasakcTanma myHmai
3ayBITTap KENICIH JaMbITy *KO0OalbIK KapKbUIaHIBIPY KaFuJaTTapbl OOWBIHILA CAJIbIHFAH 3aybITTap
KaJIBIITACTBIPAThIH aKIlIa aFbIHAAPHl €Ce01HEeH XKY3ere achblpbUlybl MYMKIH.

5. KopbITBIHABI

Ocpsl 3epTTey KYMbICHI OOMbIHIIA anbiHFaH HoTKenep TKK enaeyni skakcapTy yIIiH KaTThl
KBITYy TachIMANIAYIIBICHl Oap KbUIAAM MUPOIN3 TEXHOJIOTHSCHIHBIH MAaHBI3bl €KEHIH KOPCETEIl.
bizaiH  JKaH-KaKThl TEXHO-DPKOHOMHUKAJBIK TalJaybIMbI3 OV OMICTIH JOCTYpJdl OpTeyAcH
aliTapibIKTall apTHIKIIBUTBIKTApEI 0ap €KeHIH KOpPCeTe i, COHBIH MIIH/E 3USHbI IIBIFAPbIHIBLIAPIbI
a3alTyABI J)KOHE OPTYPJIl KaJABIKTAp/Ibl OHACYAC YJIKEH MKEeMAUTIK OepeTiHiH kepcereni. XKpuinam
MUPOJIN3 TIPOIECT KAIIBIKTapAbl CUHTCTHKAIBIK MYHAW, Ta3, XKbUTy XOHE JJIEKTP JHEPTHUSACHI,
KYPBUIBIC MaTEepHANIAPhI )koHE (ePPOKOPHITHANIAP CUSAKTHI KYHBI OHIMAEPTe THIMII TYpJICHIIpE],
pecypcTappl KaidTa naiiajganyFa >KoHe SJHePTHUs OHAIpYyre BIKIA eTeli.
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Bacrankpiga KaHFBIINI TaKTaTacTapbl OHJEY YINH d3ipieHreH Oy TexHonorusHbiH TKK
eHJIeyTe COTTI OeliMIenyi, OHbIH ceHiMILTIr MeH TuiMaitiria kepcereai. UTT-500 sxone UTT-3000
KOHJIBIPFBUIAPBIHBIH TaiIalaHy KepCeTKIIITepl, KOHABIPFhUIAPIbIH KOpIIaFraH OpTara THTI3ETIiH
ocepiH OapbIHINIA a3aiiTa OTHIPHIIN, ©3ePiHIH YHEPIUs KAKETTUIIKTEPIH KaHAFaTTaHAbIpa alaThIHbIH
KepceTeai. AJIBIHFAH HOTHIKENIEp Kaja MaHbIHIAFbl KaJJIBIKTApabl >KOI0 OOMBIHIIA €H OacThl
MaHBI3bl MACEJNIeNIep/l WISy YIIH KaJABIKTapAbl OHJCYIIH O3bIK TEXHOJOTHSIIAPBIH CHTI3YIIH
MaHBI3IBUIBIFBIH aTall KOPCeTe .

KopbIThIHIBIIAN KeTie, KaTThI KbUTY TACHIMAIIAYIIBICHI 0ap JKbUIIAM MUPOIN3 TEXHOIOTHSICHI
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Fast Pyrolysis Technology with Solid Heat Carrier for Municipal Solid Waste
Processing

Yelaman Aibuldinov, Nurken Nurgaliev, Ruslan Safarov, Zhanar Iskakova, Ainagul Kolpek,
Togzhan Mashan, Lyazat Kusepova

Abstract: Municipal solid waste (MSW) recycling is critical in addressing the environmental
challenges posed by increasing urbanization and waste generation. This study explores the use of fast
pyrolysis technology with solid heat carriers for efficient MSW processing. The technology,
originally developed for oil shale processing, involves the thermal decomposition of waste in an
oxygen-free environment using its own ash as a heat carrier. This method produces valuable outputs,
including synthetic oil, gas, thermal and electrical energy, construction materials, and ferroalloys.
The study conducts a comprehensive techno-economic analysis of fast pyrolysis plants with
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capacities of 150 000 tons/year (UTT-500) and 1 000 000 tons/year (UTT-3000), assessing their
technical feasibility, economic viability, and environmental performance. Results indicate that this
technology can significantly reduce harmful emissions compared to traditional incineration and
offers greater versatility in processing various waste types. The findings support the potential of fast
pyrolysis to enhance MSW management, aligning with circular economy principles and contributing
to sustainable waste management practices. This research underscores the need for innovative
solutions to improve recycling efficiency and reduce environmental impact, addressing the growing
waste management challenges in urban settings.

Keywords: Municipal Solid Waste (MSW); Fast Pyrolysis; Solid Heat Carrier; Waste-to-Energy;
Techno-Economic Analysis.

TexHo0rus OLICTPOro NUPOJIN3A ¢ TBEPABIM TEIUIOHOCUTEJIEM JIJIsl EPpepadoTKu
TBEPAbIX OBITOBBIX 0TX0A0B

Enaman Ait0yasaunos, Hypken Hypraames, Pycaan Cadapos, ’Kanap UckakoBa, AHHaryJ1
Kouanexk, Torxan Maman, JIazatr Kycenosa

Annoranus: [lepepaborka TBepapix ObITOBBIX 0TXx010B (THO) mMeeT BakHOE 3HAYEHHUE IS
pelleHrs SKOJOTHYEeCKHX MpoOjeM, BBI3BAaHHBIX pacTymied ypOaHuzauued u oOpa3oBaHUEM
0TX0/10B. B 1anHo#1 pabore nccae10BaHO NPUMEHEHUE TEXHOIOTHH OBICTPOr0 MUPOJIN3a C TBEPABIMU
TeruioHocutensaMu s agdexruBHoi nepepadbotku TKO. TexHonorus, nu3HadaabHO pazpaboTaHHas
IUIsL TIepepabOTKU CJaHIa, MPEANoaraeT TePMHUUECKOE Pa3NIOKEHHE OTXOAOB B OECKHCIOPOTHON
Cpezie ¢ UCIOIb30BaHUEM COOCTBEHHOM 30JIbl B KAUECTBE TEIUIOHOCUTENS. DTOT METO JJaeT LIEHHYIO
MPOAYKIMIO, B TOM YHCJI€ CHHTETHUYECKYI0 HE(Th, ra3, TEIJIOBYIO M JJIEKTPHUECKYIO SHEPTHIO,
CTpOUTENIbHBIE MaTepuaibl U ¢eppociuiaBel. B Xone wucciaenoBaHus NPOBEAEH KOMILJIEKCHBIN
TEXHUKO-dKOHOMHUYECKHN aHAJIN3 YCTAaHOBOK OBICTPOTO MHUpOJM3a mpousBoauTeasHOoCcTRI0 150 000
tonn/rox (YTT-500) u 1 000 000 tomn/rom (YTT-3000), oleHeHa HX TeXHHYECKas
1eJ1ecO00pa3HOCTh, IKOHOMUYECKAs IIeTIECO00Pa3HOCTh M IKOJOTHUECKUE TIOKa3aTeNn. Pe3ynbraTel
MOKa3bIBAIOT, YTO 3Ta TEXHOJIOTHSI MOXKET 3HAUUTENIbHO CHU3UTh BPEAHbIE BBIOPOCHI 10 CPABHEHUIO C
TPAIUIIMOHHBIM CXXUTAaHHEM M o0ecreunBaeT OOJBIIYI0 YHHUBEPCAIBHOCTh IPH TepepadoTKe
Pa3NMYHBIX THUIIOB OTXOJOB. Pe3ynbTaThl MOATBEPKIAIOT MOTEHIHANT OBICTPOTO MHPOIU3a IS
yayuiieHus: ynpasieHust ThO, coOTBETCTBYIOIIETO MPUHIMIIAM SKOHOMMKH 3aMKHYTOTO LIMKIA U
CTIOCOOCTBYSl YCTOMUYMBBIM TPAKTHKAM YIPABICHHUS OTXOAaMH. DTO MCCIEIOBAHUE MOTICPKUBACT
HE00X0MMOCTh MHHOBAIIMOHHBIX PEIICHUH JUIs MOBBIMEHUS 3()()EKTUBHOCTH IepepaboTKu U
CHIDKEHHsSI BO3JICHCTBHSI HAa OKPYXAIOIIYIO Cpely, pemas pacTymiie MpoOIeMbl YIpaBIeHHS
OTXOJ[AMHU B TOPOJICKUX YCIIOBHSX.

KiwoueBble ciaoBa: TBepasie ObiToBble oTxoabl (TBO); ObicTpblif mHMponu3; TBEpIbIHA
TEIJIOHOCHUTENb; TPE0Opa30BaHNe OTXOJ0B B SHEPTUI0; TEXHUKO-30HOMUYECKHUI aHaIu3.
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Abstract: This study presents the development of a kinetic model of the
catalytic reforming process using data from a commercial fixed-bed
catalyst plant. Model parameters were determined by minimizing
discrepancies between calculated values and industrial data, ensuring
high accuracy in predicting reformate composition. The proposed model
combines the simplicity of generalized approaches with the benefits of
more detailed models, enabling efficient prediction of reformate
composition and accounting for key process variables (temperature,
pressure, hydrogen/hydrocarbon ratio, and feed rate). Validation was
conducted with both laboratory isothermal data and industrial data,
confirming its practical applicability. The software developed from this
model demonstrated high accuracy, with calculation errors under 3%
and less than 1% error in determining aromatic hydrocarbon
concentration. These results confirm the model's precision, making it
suitable for real-time process control and optimization. The model’s
application in industry will not only increase the yield of target products
and improve fuel quality but also reduce production costs by optimizing
operating modes and extending catalyst life. Given tightening
environmental regulations, the model is an important tool for ensuring
sustainable development in oil refineries. Future research could enhance
its integration with digital control systems and optimize energy
efficiency in Kazakhstan’s oil and gas enterprises.

Keywords: mathematical modeling, oil refining, optimization, resource
efficiency, petrochemistry, catalytic reforming.

1. Introduction

Catalytic reforming is a key process in the petrochemical industry,
used to improve gasoline quality and produce high quality chemical
products. This process plays an important role in increasing the octane
rating of fuels, as well as in the production of aromatic hydrocarbons
and hydrogen, making it indispensable in petroleum refining.
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In the context of the global transition to sustainable development and tightening
environmental regulations, the oil refining industry faces the need to introduce advanced
technologies aimed at improving energy efficiency and reducing harmful emissions. One of the
most important processes in the production of high-octane gasoline is catalytic reforming, which
provides improvement of octane number and obtaining valuable aromatic hydrocarbons. However,
this process is energy intensive and generates by-products such as carbon dioxide and other harmful
emissions.

Development and use of mathematical models of reforming processes allow not only to
optimize technological parameters, but also to significantly reduce energy consumption and
emissions. The use of models contributes to:

reducing the time required to conduct pilot tests;

determination of optimal operating modes to maximize the yield of target products;

reduction of coke formation and prolongation of catalyst service life;

increase the safety of plant operation.

In the context of the transition to more environmentally friendly technologies, such models
become an important tool for reducing the carbon footprint of production. Optimization of
technological processes based on modeling helps to reduce the use of raw materials and energy,
which is in line with the goals of sustainable development and global environmental requirements.

In Kazakhstan, the main oil refining is carried out by three large oil refineries (refineries). The
total design capacity of these three refineries is 16.6 million tons of crude oil per year. However,
actual refining volumes may differ from the design capacity due to various factors such as
scheduled maintenance, modernization and market conditions.

In terms of global figures, as of January 2022, the total capacity of catalytic reforming
processes was 14.6 million barrels per day, equivalent to about 730 million tons per year.

Thus, Kazakhstan's share in global reformate production is relatively small. Nevertheless, it is
important for the country to optimize existing processes and introduce modern technologies to
improve the efficiency and environmental safety of oil refining.

Given the strategic role of the oil refining industry for the economy of Kazakhstan, the
development and implementation of mathematical models of catalytic reforming processes seem to
be relevant and in demand. This will allow not only to improve the quality of produced fuel, but
also to reduce the negative impact on the environment, meeting international environmental
standards.

Mathematical modeling of catalytic reforming began to develop in the 1950s, when the first
attempts were made to describe reactions in the catalyst using empirical data (Krane et al., 1959). In
the 1970s and 1980s, models became more sophisticated, considering reactions such as
isomerization, dehydrogenation, and other mechanisms, as well as hydrocarbon interactions. At this
time, differential equations and numerical methods began to be used extensively to improve
accuracy (Ramage et al., 1987, 1980; Zhorov et al., 1980).

In the 1990s, dynamic models became available that described real-time changes in
concentrations and temperatures, including parameters such as temperature, pressure, and catalyst
degradation, which improved the prediction of reactor performance (Rodriguez and Ancheyta,
2011; Stijepovic et al., 2009).

Since the early 2000s, molecular and machine learning approaches have been incorporated
into modeling to optimize catalyst performance and predict product composition. These methods
allowed a wide range of factors to be considered, thereby improving the accuracy of predictions and
the economic efficiency of the process (Sotelo-Boyas and Froment, 2008; Wei et al., 2008a, 2008b).

Recent interest in the reforming process has been driven by two main factors: reformate has
become a major source of aromatic hydrocarbons in gasoline, and new legislative restrictions
address benzene and aromatic hydrocarbon content in commercial gasoline (Sapre and Katzer,
2020; Velazquez et al., 2023).
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The main chemical reactions of catalytic reforming include (As Martinez et al., 2022;
Rekoske et al., 2017):

1. Isomerization of normal alkanes into isoalkanes, which is a fast exothermic reaction and
leads to a slight increase in octane number. The reaction itself does not depend on the number of
carbon atoms in the molecule, and its thermodynamic equilibrium depends mainly on the
temperature of the process. High temperature favors the acceleration of the reaction. Isomerization
reactions take place on acidic catalyst centers.

n— CeHy4 — CeHyy 1)

2. Dehydrocyclization of alkanes (aromatization), which involves dehydrogenation to form
aromatic hydrocarbons and hydrogen. The reaction proceeds on metallic and acidic catalyst centers.
Alkanes with higher molecular weight undergo this reaction most rapidly, but they are also the most
susceptible to the side reaction of hydrocracking. The reaction is accelerated by high temperature
and low pressure, but, in general, this rate is much lower than the rate of the cycloalkane
dehydrogenation reaction.

Ce¢Hy4 — CeHg + 4H, 2

3. Dehydrogenation of naphthenes to aromatic hydrocarbons, which is an endothermic
reaction requiring high temperatures and low pressures for efficient proceeding. The rate of these
reactions is high compared to other reactions. Since dehydrogenation of naphthenes provides high-
octane components, intensification of this reaction is the most desirable process.

Ce¢H1, = C¢Hg + 3H, (3)

4. Isomerization of five-membered cycloalkanes into cyclohexane derivatives, an exothermic
reaction with a relatively low rate.

CsHg » CH3 + C¢Hyp 4)

5. Hydrocracking of alkanes has 2 stages and proceeds both on metal and acid catalyst
centers. At the first stage, the dehydrogenation reaction takes place on metal centers, after which the
resulting alkene molecule is broken on the acid center and the resulting short chain alkene is
hydrogenated. The reaction rate increases with increasing temperature and pressure. It is an
undesirable reaction, because due to hydrocracking the content of alkanes in reformate decreases,
which leads to an increase in the concentration of aromatic hydrocarbons and a decrease in
reformate yield.

n-CoHy9 + Hy, —» i-C4Hqy + i-CsHy, (5)

Various kinetic models have been described in the literature to represent the catalytic
reforming process. All these models take into account some or all of the reactions mentioned above,
catalytic reforming, and simplify the complex mixture of naphthenes so that each of the three
classes of hydrocarbons - paraffins, naphthenes and aromatic hydrocarbons — is represented by a
single compound with the average properties of that class.

Mathematical modeling of the catalytic reforming process continues to develop. One of the
popular models is the Jorge model (Arani et al., 2009), which includes 24 differential equations and
71 kinetic parameters, describing the behavior of paraffins, naphthenes, and aromatic hydrocarbons,
as well as the effect of temperature and pressure on the kinetic constants. This model was validated
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using experimental data obtained from fixed bed catalyst plants. As a result, the deviation of
calculated data from experimental data did not exceed 3%.

Other studies (Wei et al., 2017) focus on dynamic modeling of catalytic reforming of naphtha,
examining changes in hydrocarbon concentrations as well as temperature and hydrogen profiles in
the reactor to optimize conditions to produce high quality reformate. In recent years, much attention
has been given to molecular models and grouping methods, which help simplify the calculation by
combining feedstock components.

The authors (Elizalde and Ancheyta, 2015) focus on the construction of a molecular model of
the catalytic reforming process of naphtha and its optimization considering molecular information.
Reactions in the reactor are modeled using a reaction network including six classes of reactions.
The process is then simulated using dynamic equations and Kinetic constants to predict the
molecular composition of the products.

Due to the large number of components in the feedstock, unaccounted reactions and high
process temperature, the design and modeling of catalytic reforming reactors are accompanied by
difficulties. To simplify modeling, the grouping method (lumping) is widely used, which allows
combining feedstock components, which significantly reduces the complexity of calculations. We
have considered several existing kinetic models of reforming, such as those proposed by (Arani et
al., 2009). In this paper, the authors propose a model in which naphtha is represented by 17
hydrocarbon fractions with 15 reaction pathways and a simple catalyst deactivation model proposed
by (Elizalde and Ancheyta, 2015; Jarullah et al., 2023). The model contains 17 "pseudo-
components" connected by 15 reaction pathways. The kinetic and thermodynamic parameters of the
model were obtained by optimization based on plant data. The authors also propose equations for
calculating thermodynamic equilibrium constants between lumped hydrocarbons as a function of
temperature.

Based on the above, there are several different kinetic models to describe the catalytic
reforming process, each with its own advantages and limitations. The models simplify the complex
mixture of hydrocarbons by dividing them into three main groups: paraffins, naphthenes and
aromatic hydrocarbons. Some models, such as the Krane model (Krane et al., 1959), have
shortcomings such as not accounting for isomerization or the effects of temperature and pressure on
Kinetic constants. In response to these limitations, newer models (Jarullah et al., 2023; Mokheimer
et al., 2024), take into account more factors including temperature, pressure, and hydrocarbon
domain expansion, resulting in a better fit to experimental data.

It is important to note that while simplified multi-group models may not perfectly capture all
features of the process, the use of such models is often justified because they can effectively predict
outcomes at a lower computational cost than more complex approaches.

2. Materials and methods

The main tool for numerical studies in this work is a mathematical model of the process of
catalytic reforming of gasolines. The model is developed on the basis of a formalized scheme of
hydrocarbon transformations, taking into account the main chemical reactions and the influence of
technological parameters on the yield and quality of target products

The input data for model building was collected from the following sources:

- industrial data provided by operating catalytic reforming units at Kazakhstan refineries;

- laboratory analyses of component and group composition of feedstock and reformate;

- literature sources containing kinetic data and characterization of typical catalysts.

Gas chromatography to determine the individual composition of hydrocarbons; infrared
spectrometry to assess the presence of functional groups; gravimetric method to measure the
content of sulfur and other impurities (GOST 6370-83; GOST 31271-2012; GOST 13379-82) were
used to analyze the composition of raw materials.
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The data collected covered the characteristics of fractions such as: naphthenic hydrocarbons
(cycloalkanes); paraffins (normal and isomeric); aromatic hydrocarbons (benzene, toluene,
xylenes).

The model was developed using a sequential and multicomponent approach. At the first stage,
a system of differential equations describing the dynamics of changes in component concentrations
was determined. To describe the reaction rate, the Arrhenius equations were used, taking into
account the influence of temperature and pressure. The equations of material and thermal balances
were applied, taking into account the input of raw materials, reaction products and heat losses.

3. Results
3.1 Modeling and validation of the reforming process

The first stage of the study was to determine the key Kinetic equations and parameters
affecting the reforming process, as well as to build a mathematical model based on a software
product. This stage included collection and analysis of data on chemical reactions occurring in the
reforming process.

The mathematical model developed in the course of the study allows predicting the behavior
of the plant under different conditions, which is the basis for process optimization.

The group and component composition of the oil was then determined. These oil samples
were selected in accordance with the information provided by production, which allowed the oil
that actually goes to the refinery to be examined.

The method of fractional composition determination was realized using a gas chromatograph
ChromateK-5000 (Russia). The process of fractional composition determination was carried out
according to the methods specified in (Russel et al., 2023; Sundari and Vaidya, 2012).

After analysis using a gas chromatograph, the chromatogram results were analyzed.
Component analysis was performed on each of the oil samples to determine the group composition
of the feedstock. This analysis is of key importance for further prediction of oil refining, as it allows
not only to understand what hydrocarbons are present in the oil, but also how they can be used in
various refining processes.

Oil components were categorized into 69 components, depending on the number of carbon
atoms in the molecule. In addition, the contribution of each component to the process of octane
number increase was taken into account during the analysis.

Next, process conditions identical to those of the actual operating plant were entered into the
Reforming software we developed. This included parameters such as temperature, pressure,
feedstock composition and other important factors that directly influence the efficiency of the
reforming process. An example of input data such as catalyst temperature or feedstock composition
was shown in Figure 1. This data allowed the accuracy of the mathematical model to be verified, as
well as the prediction of plant performance under different conditions and with different feedstock

types.
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Figure 1. "Reforming" software product with process parameters

3.2 Kinetic and reactor equations

Formalization of the mechanism of hydrocarbons transformation in the reforming process
together with aggregation of material flow compositions by homologous series and reactivity of
components allows to simplify the model considerably, reduce the number of considered
components to 69, while preserving its physicochemical essence.

Aggregation is performed at two levels: by contribution to the octane number increase and by
the number of carbon atoms in the molecule, which is an undeniable advantage over numerous other
techniques.

The scheme of transformations developed on the basis of the obtained experimental studies is
presented in Figure 2.

= 6N
—»
P — -«
A . p
%
k.,
" kg Gas
A
COKE = 9N iP

Figure 2. Scheme of hydrocarbon transformations in the catalytic reforming process with chemical
reaction rate constants ki
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The catalyst is in a fixed bed through which the oil-gas mixture flows. The reaction kinetics in
this case will be more stable and predictable because the reaction conditions in the catalyst bed will
be more homogeneous.

The reaction rate will depend on the thickness of the catalyst layer, the intensity of heat
exchange and the diffusion of reactants through the layer.

It is important to consider that due to the lack of catalyst movement in the reactor, localized
overheating or accumulation of reaction products in the vicinity of the catalyst may occur, which
can lead to reduced efficiency.

The catalyst efficiency may be lower than in the moving bed case due to possible diffusion
and thermal issues.

The reaction order of each hydrocarbon reactant is one.

According to hypotheses (Chen, 2023; Pasandide and Rahmani, 2021; Yang et al., 2022) and
reaction network, reaction rates are expressed by Equations (6—10).

Dehydrocyclization of n-paraffins (i=1-7)

P(Ns)P(Hz)

r (D) = k; (P(nPs) - ),s —6-12. ©)

eq,i
Dehydroaromatization of naphthenes (i=8-15)

P(As)P(Hy)3

r (i) = k] (p(zvs) _ ),s —6-12. )

eq,i

Isomerization of paraffins (i=16-24)

(i) = k; (P(nPS) G )

Keq,i

Transalkylation of aromatic compounds (i=25-32)

Keq,i
Hydrocracking of n-paraffins (i=33-40)
r(i) = k;P(nP,)P(H;),s =5—12. (10)
Hydrocracking of isoparaffins (i=41-48)
r(i) = k;P(iP,)P(H,),s =5 —12. (11)
Hydrodealkylation of aromatic compounds (i=49-67)
r(i) = k;P(A;)P(H,),s = 7 — 12. (12)

Reaction of addition of n-paraffins to nP;; (i = 68)
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r(i) = k;P(nPg)P(nPs). (13)
Reaction of addition of n-paraffins to nP,, (i = 69 — 70)

r(i) = k;P(nP,)P(nPi,_s),s =7 — 8. (14)
Reaction of addition of aromatic compounds to A, (i = 71 — 73)

r(i) = k;P(A;)P(nPi,_s),s =7 — 8. (15)

In order to model the reforming kinetics taking into account the reversibility of the reactions,
the equilibrium constants of the reactions of the aggregated components were first calculated by a
procedure using the Want-Goff equation (Samad et al., 2023):

LnK,; = AS;/R — AH;/RT. (16)

Using standard algorithms of modeling of ideal displacement reactors and equations of
material and heat balances, the following model of reforming reactor can be written down (17, 18):

ah=pe (W = YiR), 2= pe—ry

daé Co g Co (17)
ar _PT ¥ . AH.
2 = c, o TAH (18)

The main technological parameters of the reforming process, in addition to temperature and
pressure, are the volumetric feed rate of liquid feedstock and WSS circulation ratio.

Therefore, it is reasonable to write down the mathematical model of the reactor in the same
terms.

V,=-LN,== (19)

Vy v

The equation for the temperature will, in this case, have the form:

ar _ s AH.
g— sz GAHJ (20)

It was found that the activation energies of reactions during the reforming process and for
different feedstocks do not change, so their values are assumed constant. The variation of the
reaction rate constant with temperature is described by the Arrhenius equation, so calculations are
made using the following formula (Chen, 2023; Chen et al., 2023):

kpy = Ky - €Xp [— = (Tz - T)] (21)
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4. Discussion

Table 1 presents the results of component analysis for 10 oil samples representing different
types of hydrocarbon resources. For each sample, a comprehensive examination of the component
composition, including determination of hydrocarbon content, was performed. These results
facilitate comparative analysis and help identify compositional characteristics unique to each
sample.

Table 1. Compositions of raw materials for catalytic reforming

Number of sample
1 2 3 4 5 6 7 8 9 10
n-paraffins, (%) | 21.78 | 22.10 | 23.81 | 31.55 | 29.82 | 21.58 | 24.20 | 24.24 | 26.76 | 25.85
iso-paraffins, (%) | 24.25 | 19.14 | 18.71 | 25.83 | 23.64 | 24.33 | 26.63 | 23.29 | 22.41 | 23.40
naphthenes, (%) | 31.61 | 33.89 | 30.90 | 30.24 | 26.95 | 31.00 | 32.44 | 44.50 | 40.35 | 40.58
Aromatic
hydrocarbons,
(%) 22.34 | 2490 | 26.60 | 12.39 | 19.58 | 23.07 | 16.73 | 7.11 | 9.62 | 8.88

Fraction

Table 1 shows that the content of n-paraffins in the analyzed samples ranges from 21.58% to
31.55%. Higher concentration of n-paraffins increases the yield of high-octane products, as they are
easily converted into aromatic hydrocarbons.

The share of isoparaffins varies from 18.71% to 26.63%. Despite their lower reactivity, their
presence contributes to the increase of octane number in the final product due to isomerization and
cyclization processes. The content of naphthenes ranges from 26.95% to 44.5%, which is
advantageous for the reforming process, since naphthenes are easily transformed into aromatic
compounds, which further increases the octane number.

The aromatic hydrocarbon content ranges from 7.11% to 26.6%, indicating that the feedstock
already has some high-octane properties. Nevertheless, careful monitoring of coke formation is
essential to maintain process efficiency. Among the analyzed feedstocks, materials with high
naphthene content are considered to be the most valuable for the reforming process, since
naphthenes are converted into aromatic hydrocarbons with higher selectivity than paraffinic
hydrocarbons.

4.1 Simulation

Based on the proposed mathematical model, a software tool for modeling and analysis of the
reforming process was developed. The software functions as a database management system,
providing efficient storage, management and quick access to source materials and process data.

The main component of the software is a digital block diagram that visualizes and simulates
the entire processing sequence. This flowchart provides a comprehensive representation of material
and energy flows at each process step, allowing detailed monitoring of changes in raw materials and
reaction products. The system displays all inputs and outputs, as well as critical parameters such as
temperature, pressure, feedstock flow rate and other key process characteristics needed for thorough
analysis and optimization.

The software is implemented using the Python programming language for flexibility,
scalability and easy integration with other analytical tools.

4.2 Model validation

Figure 3 shows a comparison of actual plant data and model predictions, providing an
assessment of the adequacy of the developed kinetic model. Ten data sets from the plant were
analyzed to validate the model, with operating conditions and feedstock consumption set in
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accordance with the plant's technical regulations. This comparison allows us to evaluate the
accuracy of the model in predicting the efficiency of the reforming process under real operating
conditions, ensuring its reliability for further analysis and optimization of the process.
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To increase the reliability of the results of modeling and analysis of the catalytic reforming
process, statistical processing of experimental and calculated data was carried out. The main
statistical methods used were the estimation of standard deviation, coefficient of variation and
correlation analysis between calculated and actual parameters.

Table 2. Results of statistical processing of data

Fraction Average error Mean absolute error Coefficient of
determination (R?)
n-paraffins -0.18 0.21 0.98
iso-paraffins 0.06 0.55 0.97
cycloalkanes-5 -0.03 0.06 0.99
cycloalkanes-6 -0.08 0.10 0.98
aromatic hydrocarbons 0.00 0.06 0.99

The coefficients of determination (R?) for all fractions exceed 0.97, indicating a high degree
of consistency of the calculated data with the industrial results.

The aromatics fraction showed the highest prediction accuracy (R* = 0.99) with the lowest
average error. Iso-paraffins showed a slightly higher average absolute error (0.55), indicating the
possible influence of compositional uncertainty or process variations.

It should be noted that rate constants in generalized kinetic models usually depend on
feedstock and catalyst characteristics, and their use for modeling reforming reactors under other
feed conditions may not be appropriate if they are determined for specific conditions. However, if
the kinetic model is sufficiently detailed, the rate constants can be considered independent of the
initial feedstock composition, allowing them to be used to model reactors at other feed conditions.
The main problem with the use of more complex models is that the simplicity of the kinetic
representations inherent in models with a small number of generalizations is partially lost. The use
of models with a large number of generalizations requires much more experimental data.

The developed model can be used for operational control of the reforming process at
operating plants. It allows predicting changes in product composition when varying process
parameters, which contributes to increased production flexibility and adaptation to changing market
conditions. In addition, the model can serve as a tool for personnel training and practicing various
scenarios of plant operation without risk to real production.

Implementation of the developed mathematical model into industrial practice will improve the
efficiency and environmental safety of the catalytic reforming process. Accounting for catalyst
deactivation and optimization of process parameters on the basis of the model will ensure stable
product quality and extension of catalyst service life, which has a significant economic effect for oil
refining enterprises.

5. Conclusion

In the framework of this study, a kinetic model of the catalytic reforming process was
developed based on data from a commercial fixed bed catalyst plant. The model parameters were
determined using the method of minimization of discrepancies between calculated values and
industrial data, which provided a high degree of accuracy in predicting the reformate composition.

The proposed model combines the simplicity of generalized approaches with the advantages
of more detailed models to effectively predict reformate composition and account for key process
variables (temperature, pressure, hydrogen/hydrocarbon ratio and feed rate). Validation of the
model was performed on both laboratory isothermal data and industrial data from commercial
plants, confirming its versatility and practical applicability.
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The developed program product based on this mathematical model demonstrated a high
degree of adequacy. The total error of calculations was less than 3%. The error in determining the
concentration of aromatic hydrocarbons was less than 1%.

These results indicate the accuracy and high detail of the model, which allows using it for
operational control of the reforming process and development of recommendations for optimization
of the plant operation mode.

The application of the developed model in industry will allow not only to increase the yield of
target products and improve fuel quality, but also to reduce production costs by optimizing
operating modes and extending catalyst lifetime. In today's conditions of tightening environmental
requirements, such a model is an important tool to ensure sustainable development of oil refineries.

Future research aimed at integrating the model with digital control systems and optimizing
energy efficiency can significantly improve the competitiveness of Kazakhstan's oil and gas
enterprises and ensure compliance with international quality and environmental safety standards.

Thus, the developed kinetic model is not only a scientific achievement, but also a practical
solution to improve the efficiency of reforming processes under the conditions of modern
requirements to fuel quality and sustainable development of the industry.
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OHepkacinTIK JepekTep HeridiHae OeKiTUIreH KadaTTrarbl KAaTAJIMTHKAJIBIK
pudoOpMUHT PoLECiH MOoeJIbey

Puzaryas /{rocoBa, Meanip bopamosa, SIkooc Cepreesc, linsic Kyanbimes

Angarna: byn 3eprreyse KaTadUTUKAIBIK PUGOPMHHT TPOIECIHIH KHHETHKAIBIK YIATICI
KOMMEPUMSUIBIK TYPaKThl KaTalu3aTOp 3aybITHIHBIH JEPEeKTepiH MaijalaHa OTBIPBII J31pJeHIL.
Mogenpaik mapaMeTpiep €CenTeNreH MOHAEP MEH OHEpPKICINTIK JepeKTep apachiHAarbl
COMKECCI3IKTEep/Il a3aiTy apKbLIbl, KalTa MINIMIEY KypaMmblH OoJpKayaa >KOFapbl JOJIIKTI
KaMTaMachl3 €Ty apKbUIbl aHBIKTAJAbl. ¥CBIHBUIFAH MOJENb O KAIMbUIAHFAH TOCULAEPAIH
KaparmabIMIBUIBIFBIH €MKEH-TerKEIT YATUIEPAIH apTHIKIIBUIBIKTapbIMEH OipikTipeai, Oy KaiiTa
mimIiMaey KypaMblH —THIMII OoJpKayFa JKOHE HETI3TT  TEXHOJOTHSUIBIK — aifHBIMATBLIAPIBI
(Temriepatypa, KbICBIM, CYTET1/KOMIPCYTEK KAaThIHACHI koHE Oepy KbUIAAMIBIFBI) €CElKe anlyFa
MYMKIHJIK Oepeni. Banunanus 3epTxaHalbIK U30TEPMHUSIIBIK IEPEKTEPMEH /i€, OHBIH MPAKTUKAIIBIK
KOJIJaHY MYMKIHJIITIH pacTalThIH ©HEPKICINTIK AEPeKTepMeH Je Kyprizimmi. Ocel yuri OoibIHIIA
o3ipyieHreH OafFjapiaMaiblK KaMTaMachl3 €Ty JKOFaphl JOJJIIKTI KOPCETTi, apOMAaTThl KOMIPCYTEK
KOHIICHTPAIUSCHIH aHbIKTayaa 3%-1aH a3 xoHe 1%-1aH a3 KaTelikIieH ecentey Karenepi 6ap. by
HOTIDKENIEp MOJIENbIIH JASJINH pacTal, OHbl HAKThl YaKbITTaFbl MPOLECTI Oackapy >KoHE
OHTAMNIAHABIPY VIIIH KOJAiibel erefi. Moaenbai eHEepKacilTe KOJNJaHy MaKCaTThl ©HIMICPIiH
HIBIFBIMIBUIBIFBIH APTTHIPBIN, OTHIH CAachlH KaKCAPTHII KaHa KOWMaiiibl, COHBIMEH KaTap KYMbIC
PEKUMICPIH OHTAMIAaHABIPY JKOHE KaTaIM3aTOPIBIH KbI3MET €Ty MEp3iMiH y3apTy apKbUIbI OHIIpic
UIBIFBIHIAPBIH a3aiTaapl. DKOJIOTHSIIBIK €peXeNnepal KaTalTylbl ecKepe OTBIPBIN, MOJAETh MYHail
OHJICY 3ayBITTAPbIH/IA TYPAKTHI JaMyAbl KAMTaMachl3 €TYIIH MaHbI3Ibl Kypajbl OO TaObLUIaIbI.
Bbonamiak 3eprreynep oHbIH HHUMPIBIK Oackapy KyHelnepiMeH MHTErpalMsChlH KaKcapTyFa *KoHe
KaszakcTtaHHbIH MyHai-ra3 KoCIOpPBIHAAPBIHAA dHEPIUs TUIMIUITIH OHTAWIAHJBIpYFa MYMKIHAIK
oepeni.

Tyiiin ce3aep: MaTeMaTUKANbIK MOJENbICY, MYHAl OHJEY, OHTAWIaHABIPY, PECypc THIMILMITI,
MYHal XUMUSChI, KATATUTHKAIBIK PUPOPMUHT

MopaeanpoBaHue npouecca KATAJINTHYECKOro PuGOpPMHUHIa ¢ HeNOABUKHBIM
CJI0eM KaTajJu3aTopa Ha OCHOBE NPOMBIIIICHHBIX JAHHBIX

Puzaryas /{rocosa, Moaaup bopamosa, fikooc Cepreesc, Unusic Kyanbimes

AuHoTanusi: B nmaHHOM wHccienoBaHuu Obiia paspaboTaHa KHHETHYECKash MOJENb Mpoiiecca
KaTaJIUTUYECKOTO PUGOPMHUHra C KCIOJIb30BAHHEM JaHHBIX C KOMMEPYECKOH YCTaHOBKU C
HCIIOABMIKHBIM CJIOEM KaTajJu3aTopa. HapaMeTpLI MOACIN ObLIH OMpeACIICHBI ITYTEM MUHUMU3AIUU
PACXOXKICHUN MEX/y PACUCTHBIMHM 3HAUCHUSIMH M TIPOMBIIUICHHBIMU JJAHHBIMH, YTO 00ECIICUYHBACT
BBICOKYIO TOYHOCTH MPOTHO3WPOBaHMs cocTaBa pudopmara. [IpemioxkeHHas MOJCIb COYETAET B
cebe mpocToTy OOOOIIEHHBIX TOIXOIOB C MPEHMYIIeCTBaMH Ooliee TOAPOOHBIX MOJENEH, 4TO
103BoJIsIET 3()(PEKTUBHO MPOTHO3UPOBATH COCTaB pU(OpMaTa U YUUTHIBAThH KIIFOUEBbIE IIEpEMEHHBIE
nporecca (Temreparypy, JAaBlICHHE, COOTHOIICHHE BOJOPOJa W YIJICBOJAOPOIOB M CKOPOCTh
nojaun). Bamumarus Oblia mpoBeeHa Kak ¢ JJabopaTOpHBIMUA H30TEPMHUUYCCKHUMH JAHHBIMH, TaK U C
MPOMBIIJICHHBIMH JIAaHHBIMH, YTO TIOJATBEPANUIIO €€ MPAKTHUECKYI0 IPUMEHUMOCTh. Pa3paboTanHoe
HAa OCHOBE ATOI MOJIENIM MPOrpaMMHOE 00ECICUCHHE MPOJCMOHCTPUPOBATIO BHICOKYIO TOYHOCTD C
MOTPEIIHOCThIO  pacyeToB MeHee 3% W TOTPEIIHOCTBIO  ONPEHENICHUS  KOHIEHTPAIUU
apOMAaTUYECKUX YTIIEBOJOPOJOB MeHee 1%. DTH pe3ynbTaThl MOATBEPKAAIOT TOYHOCTh MOJICIH,
qTO ACJIAaCT €€ HpPII‘O,ZLHOfI AJId ylipaBJICHUS TPOLUCCCOM B pC€ajlbHOM BPEMCHU U €TI0 ONITHUMU3AIHU.
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[IpuMeHeHre MOAENM B MPOMBIIIJICHHOCTH ITO3BOJIMT HE TOJIBKO YBEJIWYHTH BBIXOJ| LEJIEBBIX
IPOJXYKTOB M YIYYIIUTHh Ka4eCTBO TOIUIMBA, HO M CHU3UTH CEOECTOMMOCTh HMPOAYKIIMU 32 CUET
ONTUMH3AIMUA PEKUMOB pPAOOTHI M TPOMICHHUS CpOKa CIy)XObl KaTanu3aTopa. YUHUTHIBas
Y)KECTOYCHHE IKOJIOTUYECKUX HOPM, MOJIEIb SIBISETCS BAKHBIM HHCTPYMEHTOM Ul 0OeCIICUeHHS
YCTOMUMBOTO pa3BUTUsI HedTenepepadaThIBAOIIMX 3aBOJOB. JlanbHEHIINE HCCIEIOBAaHUS MOTYT
YAYYIIUTh WHTETpaldi0 ¢ [OUGPOBBIMH  CHUCTEMAaMU  YIpPaBICHUS H  ONTUMH3HPOBAThH
SHEeprodPpPeKTUBHOCTH HA He(Tera3oBhIX npeanpusaTusix Kasaxcrana.

KiroueBble cjoBa: MaTeMaTHUeCKOe MOJCIUpOBaHUE, HedTenepepadoTka, ONTUMHU3AINS,
pecypcoddHEeKTUBHOCTD, HE(DTEXUMUS, KATATUTHUYSCKUI pUGOPMUHT
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AnHoTanus. OTHON U3 NMPUOPUTETHHIX 3a7a4 NPHUKIAAHOW XHUMHUH H
XUMHUYECKON TEXHOJOTHH SIBISETCS MepepaboTka He(TelIamMoB, YTO
CIOCOOCTBYET CHMKEHHIO BBHIOPOCOB HE(TETA30BBIX MPEANIPUATHH U UX
JAIbHENUIIEMY UCIIOJIb30BAHUIO B KAYECTBE [ICHHOT'O BTOPUYHOTO CHIPbSI.
B nanHO# cTatbe paccMaTpUBAETCSl UCCIEA0OBAaHUE MTPOIIECCOB TUPOIIU3a
He(dTsiHOTO CitaHIa MecTopoXkaeHus "KeHnaepbik", BKIIIOYas aHaIU3 ero
(UBUKO-XUMHYECKUX CBOMCTB U MPOAYKTOB TEPMHUECKOTO PA3I0KEHUS.
[IpoBeneH AeTanmbHBIA SJIEMEHTHBIA aHAIM3 W W3YYeH MHUHEpaTbHBIN
COCTaB UCXOTHOTO CBHIPbS.

B xope uccnenoBanus MpoBeIeHbI MapaiebHbIe

OKCIIEPUMEHTHl 110 THUPOJIU3Y HE(TSIHOro ClIaHIa, T[O3BOJIMBIIHE
ONpPEIETUTh KOJIMUYECTBEHHBIE BBIXO/IbI MTOJIYKOKCA, MUPOJIU3HOTO Macia
(cmonmel)  u  roprodero  rasza. [IpoaHanmu3upoBaHBI  OCHOBHBIE
XapaKTEPUCTUKN MPOAYKTOB, TaKHe, KAK HMX KOMIIOHEHTHBIH COCTaB,
TEIJIOTBOPHAST CIIOCOOHOCTh M JIPYTHE€ MapaMeTphbl, UMEIONIUE BaKHOE
3HaYeHHE Il MOCIeyIoIIel nepepaboTKU U UCTIOIh30BaHUS.
[TomydyeHHble JKCIEPUMEHTAJIbHBIE JaHHBIE MPOJEMOHCTPUPOBATIU
cTaOUIBHBIE TIOKA3aTENM BBIXOAA MPOJAYKTOB U  TMOATBEPKIAIOT
BO3MOKHOCTh 3()(HEKTUBHOTO UCIOJIB30BAHUS MTUPOJIM3a B MepepadboTke
HEe(TAHOTO ClaHla. BbigeneHHble TPOAYKTHI 00IaAal0T BBICOKHM
OSHEPTreTUYECKUM TMOTEHIIMAJIOM ¥ MOTYT TMPUMEHSTHCS B Pa3TUYHBIX
OTpacisix TMPOMBIIIJIEHHOCTH, BKIIOYasl TOIUIMBHO-3HEPreTHUYECKUI
CeKTOp U Mertamurypruto. Takum oOpa3zom, mnepepaboTka HEPTSHOTO
ClaHIla METOJOM  MHPOJM3a  MPEJCTABIACTCS  MEPCHEKTHUBHBIM
HarpaBJieHuEM B cepe pecypcocOEpeKeHHs U OXpaHbl OKPYKAIOIICH
Cpepbl.

KaroueBble ciaoBa: nuposim3Has — mepepaboTka,  0€30TXOAHOE
MPOM3BOJICTBO, YTHIIM3ALHKS OTXO0B, HeTeluiaM, MUPOIH3HOE MacJIo,
MOJTYKOKC.

1. BBenenue

TOMIMBHO-PHEPIe€TUUECKUE  PECYpChl  COCTaBIISIIOT ~ OCHOBY
skoHOMHUKH KazaxcraHa, cpei KOTOPBIX KIIOYEBBIMU SBIISIOTCS HEQTH,
yroiib ¥ Ta3. Ha ceromHsmHuii IeHb TOCYJapCTBEHHBIM OajlaHCOM B
Kazaxcrane yureHo 987 MeCTOpPOXIEHHH TBEPABIX IMOJE3HBIX
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HCKOIIAEMBIX, 355 MECTOPOKICHUM YIJ1EBOJIOPOIOB, 3 666 MECTOPOKICHUM
00IIepacpOCTPAaHEHHBIX IMOJIE3HBIX MCKOMAeMbIX M Topsaka 4 540 MecTOPOXKIACHUH IMOI3EMHBIX
Bon (Akbarova, 2024). KazaxcraH BXOAUT B AECATKY MHUPOBBIX JHICPOB IO IOATBEPKICHHBIM
3aracam yriisi, KOTOpbIE COCTaBJISIFOT OKOJIO 2,4% OT OOIEMHPOBBIX.

B crpykrype 3amacoB mpeobiamaer Oypelii yroib (ABE TPETH), a OCTaBIIAsICSd TPETh
NPUXOJUTCA Ha KaMeHHbIH yroier (Ramazanova et al., 2019). B nacrosiiee Bpemst morpebicHme
HE(PTIHBIX PECYpCOB, HE BO3OOHOBIIIEMBIX 3aI1aCOB MCKOIAEMOT0 TOIIMBA TOCTOSIHHO PacTyT, B TO
BpeMsl KaK WX 3arachl YMEHBIIAIOTCS, YTO TMPUBOJIUT K CEPhE3HBIM JKOJIOTUYECKUM MpOOIeMaM.
Bmecte ¢ Tem, TeMIbl pocTa MHUPOBOM HKOHOMHMKH NPHUBEIM K YBEJIWYCHHIO CIIpOca Ha
YIIIEBOJAOPOAHBIC JHEPropecypchl, UYTO TMOBJIMSJIO Ha pPa3BUTHE aJbTEPHATUBHBIX HEPTIHBIX
UCTOYHMKOB  dSHepruu. YTo Kacaercs 3amacoB  HE(QTAHOro  ClaHma, MHHUCTEPCTBO
MPOMBIIIJICHHOCTH ¥ CTpouTelbcTBa PecyOnmuku Kazaxcran cooOmmino 00 yTBEpKICHUN 3aIllacoB
cimanneBoii Hedtn Ha Kaparancaiickom yuactke, pacnonoxxkeHHoM B KaparanguHckoi u
Ke3puopauuckoit o0nactsix. ['eonornveckue 3amachkl HehTH HA ITOM YYacTKE COCTaBIIOT 56,4
mutH ToHH (Ishekenova, 2025).

Yrosb U He(TIHOW ClIaHEl SBISIOTCS BAXXHBIMH TOPIOYUMH HCKOMACMBIMH, ITHPOKO
NPUMEHSEMBIMH B JHEPreTUKE W TPOMBIIUICHHOCTH. YTOJb HCIOJB3YeTCS B IPOU3BOICTBE
METAJUTYPrHYECKOT0 KOKCA, YTIICPOIHBIX MAaTEPUATIOB, CMOJI U TYMUHOBBIX KHCJIOT, & TAKXKE CITY)KUT
CBIPbEM JUUISl XMMUYECKON MPOMBIIUIEHHOCTH, TJI€ U3 HErO MOIydYaloT OEH30JI, TOIYOJ, KCHION U
apyrue coemunenus (Safarov et al., 2019, Bhatt et al., 2021). HedrsHo#t cianen, comeprkaniuii
KEpOreH, MPU TEPMUUYECKOHN nepepadboTke (MUpOoIn3e) AaeT CIaHIIEBOE MAciO U ra3, KOTOPhIE MOTYT
OBITh MPeOOpa30BaHbl B JKUJAKHE W Ta3000pa3HbIC YIIICBOJAOPOIbI, BKJIIOUYas OCH3WMH, MapaduH U
mu3enbHOe TorunBo (Reyes-Rivera et al., 2020, Dhyani et al., 2018).

Jus 5dhdekTHBHOrO UCMONB30BaHUSl  YIJIICPOIHBIX PECYPCOB Ba)XHO YYHUTBIBATH HX
OpPTraHUYECKYIO CTPYKTYPY. YTOJb MPEACTABISIET COOOM CIOKHBIN MOJMMEDP C BBICOKOU CTETIEHBIO
CIIMBKH, COJEp)Kalluii apomMaTHdeckue u anudaruyeckue KOMIIOHEHTHL. Ero cBoiicTBa u
MPOMBIIIUICHHOE TPUMEHEHHE 3aBUCAT OT cTernenu Meramopdusma (Taboada-Ruiz et al., 2024).

B otnnume ot yriist, HeTAHOM cliaHel COEP>KUT OPTraHUYECKYIO MaTPHUILy, B OCHOBE KOTOPOI
JIEKAT KeporeH. Ero B3aMMOAENCTBHE C TEIUIOHOCUTENISIMU, TAaKHUMH, KakK BOJASHOM map,
CHOCOOCTBYET TMOBBIMICHUIO 3(PGEKTUBHOCTH BBIACIEHUS JKUIKUX MU Ta3000pa3HbIX MPOAYKTOB
(Veses et al., 2020; Devi et al., 2014; Pyl et al., 2012).

Cpenu MeTOJOB TEpMHYECKOH MepepalOTKH  YIVIEpPOACOAEPIKAIIErO ChIPbs MUPOJIU3
CUMTAETCSl OJHUM M3 HanOoJee MEePCIeKTUBHBIX U MIMPOKO M3YydaeMbIX IporeccoB. s muponmn3za
UCIONIB3YETCSl MENKO(PPAKIMOHHOE ChIPhE, UTO TMPU CMEIICHHH C TBEPIbIM TEMJIOHOCUTENEM
00yCITaBIUBAET HATPEB CHIPHS IO TEMIIEPATYPhl MUPOJIN3A 32 JOJIU CeKYHIbl. OH MPUMEHSETCS IS
nepepaboTKU HU3KOCOPTHBIX YIiiel, HeTeniaMoB, He()TIHOTO ClIaHIa U APYTUX YTIIEBOAOPOTHBIX
matepuanoB (Chandran et al., 2020). Tluponu3 sBAsieTCS OCHOBOW TaKMX TEXHOJIOTHH, Kak
C)KUTaHUE, THAPOTeHU3alns, KapOoHU3aus U ra3uukanus, KOTOpble MPOBOAATCS B 3aMKHYTBIX
cHCTeMaxX B WHEPTHOW, BOCCTAHOBHTENBHOW WIIM OKHCIHTENBHOW arMocdepe TpH pa3IHuHBIX
temrnepatypax u aasienusx (Sikhimbayeva et al., 2021).

BBICOKOCKOPOCTHOH TMHPOITN3 TIO3BOJISIET MOTYYaTh OTHOCHTEIBHO OOJIBIION BBIXOJ HanOoIee
[EHHBIX (pPaKIUid MUPOIU3HOTO Macia - CPeAHUX M JIETKUX, MPUTOTHBIX JJIs MPOHU3BOJCTBA
MOTOPHOTO TOTIJIHBA.

KonTponupyembiii nmuponu3 yris ¥ He(TSHOTO CJIaHIA MO3BOJISET IMOJIy4aTh MPOAYKTHI C
VIIYYIIEHHBIMA XapakTepucTUKamMu. ONTHMAIBHBIA TEMICPATypHBIA PEXKUM JUIS  [MHAPOJTU3a
HedTsaHOTO cnaHma cocraBiseT 500-550°C, uro obecrneynBaeT MaKCHMAIbHBIN BBIXOJ KUIAKUX
yriaeBogopoaos (Sorum et al., 2021).

Cpenu Hanboliee EHHBIX MPOIYKTOB MUPOJIH3a YISl U HE(PTSIHOTO CIaHIAa MOYKHO BBIJICTHUTH
KaMEHHOYTOJIFHYIO CMOJTY, CJIaHIIEBOE MAcll0 M ra3. JTH BEIIECTBA BOCTPEOOBAHBI B XMMHUYECKON
MIPOMBIIIJICHHOCTH N7l TPOW3BOJACTBA ONIG()MHOB, aPOMATUYECKUX COCINMHEHUH U JIPYrHX
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BBICOKOIICHHBIX TpoaykToB (Sieradzka et al., 2020; Toshmamatov et al., 2021; Marculescu et al.,
2007).

Ha xadenpe xumun EHY um. JL.H. 'ymuneBa B TedeHHEe MOCIETHHUX JIET BEAYTCS HaydHBIC
paloThl MO pa3pabOTKe M BHEIPEHUS NPUHIMIIHAIBHO HOBBIX, SHEPreTMYECKHM M SKOHOMUYECKU
3G PEKTUBHBIX, HSKOJIOTUYECKA O€30MacHBIX M MPOU3BOAUTEIBHBIX TEXHOJOTHHA YTHIM3AIHUU
HU3KOKAa4E€CTBEHHOI'O TOILIMBA, OBITOBBIX U MPOMBIIUIEHHBIX 0TX00B. OCHOBHAsI LeJb - IPOBECTH
KOMIUICKCHBI TEXHHUKO-3KOHOMUYECKHH aHanu3 nepepadotkn TBO mo TexHomoruu OBICTPOro
IIUPOJIM3a C UCIIOJIB30BAHUEM TBEPABIX TEIUIOHOCUTENECH. B 3a1aun TaHHBIX UCCIIEA0BaHNN BXOIUT:

1. OueHuTh TEXHUYECKYIO BO3MOXHOCTh M AKOHOMHYECKYIO I€JIeCO00pPa3HOCTh YCTAaHOBOK
OpicTporo muposmsa ¢ mnpousBoauTeabHOCTRI0O 150 000 ToHH/Tom m 1 000 000 TOHH/TOm mJIst
nepepaborku cyxux ThO.

2. OueHUTh NOTEHIMAT IMOJIyYeHHs LIEHHBIX MPOIYKTOB, BKJIIOYAs CHHTETHYECKYIO HE(Tb,
ras, TEIUIOBYIO U 3JIEKTPUUYECKYIO IHEPIHIO, CTPOUTEIbHBIE MaTepUalIbl U (DEPPOCILIABHI B IIPOLIECCE
IIUPOJIN3a.

3. V3yunTh BO3MOXKHOCTh QJIalTAllMM JAHHON TEXHOJOTHMH, MEPBOHAYAILHO pa3paboTaHHON
Ul TepepabOTKU CJaHLA, K Pa3IUYHbIM BUJAaM HMU3KOIOTEHIMAIBHOIO ChIpbs, BKIouas ThHO,
Oypslit yross u npombinuieHHbie otxoabl. (Glazyrin et al., 2024; Nurgaliyev et al., 2024).

B ocHoBe mpezyiaraeMoil TEXHOJIOTHUH JIEKHUT METOJ ObICTPOro HmUpoJin3a, pa3paboTaHHBIN
crenuanucTamMm JHepreruyeckoro nuerutyra umenu .M. Kpxuxanosckoro (Mocksa, Poccus) B
1940-x rogax. TOT METO/ 3aKJIIOYAETCS B TEPMUUECKOM Pa3JI0KEHUN TOHKOU3MEIbUEHHOI'O ChIPbS
B HENPEPHIBHOM OECKUCIOPOAHOM IIPOLIECCE C MCIOJIb30BAaHUEM B KaueCTBE TEIJIOHOCUTENS
coOcTBeHHOM 301bl. [Ipy 3TOM 00pa3yercst nmapora3oBasi CMeCh U YIJI€pOAUCTO-THE3/10BOH OCTATOK
(TTOTyKOKC). DTOT YHUBEPCAIBHBIA METOA MOAXOAUT IS TepepaboTKU pPa3IMIHBIX BHJIOB
HU3KOIOTEHIMAIBHOTO ChIPbs, BKIIIOYas TOPIOYME CIIAHLbl, OYpblil yromib, puiabTpoBagbHbIE KEKU U
TBO.

TexHonorus ObUTa yCHEIIHO BHEJpPEHA Ha HECKOJIBKMX 3aBOJax IO IepepaboTke ciaHla B
bantniickom pernoHe. B kauecTBe nmpumepa MOXKHO NPUBECTH XMMHYECKMH 3aBoJ B KuBubLm
(Ocronust) ¢ nByms ycraHoBkamu UTT-500, «MacnsHblif 3aBOZ» Ha TEPPUTOPUU DCTOHCKOM
anektpocTannuu ¢ aByms ycranoBkamu UTT-3000 u VKG AS B Koxtia-fpBe (DcToHus) ¢ Tpems
ycraHoBkamu UTT-3000. OG1mast nponu3BOAUTENBHOCTD 3TUX ycTaHOBOK UTT mpesblimaer 5,3 MilH
TOHH B TOJl, a CpPOK OJKCIUTyatanuu coctaBiusier oT 6-12 mer (Koxtma-fApee) no 40 ner
(«HedrezaBoay).

MHorosieTHee TPOMBIIIIEHHOE MPUMEHEHHE 3TOH TEXHOJIOTMH INpU IepepabdoTKe claHIa
JEMOHCTPHUPYET €€ HaJleKHOCTh U 3()P(PEKTUBHOCTB, YTO JIENAET €€ MEePCHEKTUBHBIM KaHIUIaTOM
st iepepabotkn ThO. HccnenoBanusi, mpoBogumbie B EHY, HampaBneHnbl Ha amantanuio u
ONTHMHU3ALMIO JTOM IPOBEPEHHOM TEXHOJIOTUM JUIsl PEIICHUs 3a4ad, XapakKTEepHbIX IS
nepepabotku ThO, yTo MOXET 1aTh 3HAUUTENbHBIE TPEUMYIIIECTBA B IUIAHE pEKyIepallii SHEPTUU
Y BO3JICCTBHS Ha OKPYKAIOIIYIO CPEAy IO CPaBHEHHIO C TPAAMIMOHHBIMU oTXonamu. (Sabitov et
al., 2024).

KoHTponupyeMblil npolecc muposin3a TOPIHOYEro ciaHlia MO3BOJSAET IHOJydaThb HPOAYKTHI
0osee BBICOKOTO KauecTBa. BakHyI0 pOJb HWIpalOT TeMIepaTypHbIE YCIOBHUS: OINTUMAlbHbBIN
TeMIepaTypHbIi Juana3oH Juisi nuponusa cocraBiger oT 500 mo 550°C, uto obecrneunBaer
BBICOKHMI BBIXOJ TOprodero cianua. VccienoBaHMs TakKe YKa3bIBalOT Ha Ba)XXHOCTh BbIOOpa
TEIUIOHOCUTENS AJI MUPOJIM3a roproyero cianua. Hanpumep, ncnonb3oBaHne BOASHOIO Napa IpH
KOHBEKTMBHOM HarpeBaHUU TOPIOYETrO CJIaHIla MOBbIMAET 3PPEKTUBHOCTh U KaU€CTBO MOIyYaeMbIX
IIPOAYKTOB. OJTO NPOUCXOAMT M3-332 XMMHUYECKOTO B3aUMOJEHCTBUS BBICOKOTEMIIEPATYPHOIO
BOJASIHOTO Iapa C KEPOreHOM, KOTOPO€ H3MEHSET XapaKTepUCTHKU J00BIYM HepTH U rasa
(Nurgaliyev et al., 2024; Nurgaliyev et al., 2024; Nurgaliyev et al., 2024).

B pamkax HayyHOro mpoekTa MpOBOJUTCSA HCCIEIOBAaHHE MPOLIECCOB MUPOIU3a HEPTAHOTO
crnania Mectopoxaenus Kennepnsik (Kazaxcran) ¢ onpenenenueM (pu3nKo-XUMHUYECKUX CBOMCTB U
IIPOLYKTOB TEPMHUYECKOrO pasyiokeHUdA. [IpoBeneH aHamu3 pas3iudHbIX MApaMETpOB IHPOJIN3A,
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TaKWX, KaKk TeMIepaTypa, Bpemsi oOpaOOTKM M COCTaB HCXOAHOTO ChIpbsi. Ocoboe BHUMaHHE
YAEIEHO HW3YYCHHWIO BIMSHHS OSTUX IapaMeTpOB HA BBIXOJ M COCTaB IPOJIYKTOB, BKIIOYAs
YIIEBOAOPOABI, Ta3000pa3Hble MPOJAYKTHI U TBEPHAbIE OCTATKU. {1l TOCTHXKEHHS TOCTABICHHBIX
Leneil IIaHUpyeTCsl KCIOJb30BaTh METOJbl TepMorpaBumerpuueckoro anamusa (TT'A) u
muddepennmanbaoil ckanupyromieit kanopumerpuu (JCK), 4To NO3BONMMUT MOMYyYUTH TOUYHBIE
JaHHBIE O KUHETUKE MTPOLIECCOB Pa3JI0KEHUSI.

Osxkupmaercs, YTO pe3yNbTaThl UCCIEIOBAHUS IOMOTYT HE TOJBKO B MOHMMAaHUU MEXaHU3MOB
MUpoJIM3a HEPTIHOTO CIIaHIIa, HO U B pa3paboTke Oosiee 23G(HEKTUBHBIX TEXHOJIOTHIA MepepaboTKH,
YTO MMEET BaXHOE 3HAYEHHUE JJIsI DHEPreTHUECKOW OEe30MacHOCTH M YCTOHYMBOTO Da3BHTHUS
peruona. Kpome TOro, mnosyd4eHHble JaHHbIE MOTYT OBITh HCIIOJIB30BAHbl [UISI  OLIEHKH
HKOHOMHYECKOW I11€JIeCO00Pa3HOCTH HCIOIB30BaHUA HEPTSIHOTO CIaHIA KaK aJIbTEPHATHBHOTO
HCTOYHUKA YTJIEBOJOPOJIOB.

2. MarepuaJjbl 1 METOAbI

Cy1ecTByronye METO/Ibl aHAJIM3a OPraHOCOEPKAILIETO ChIPbs, TAKUE, HAIIPUMED, KaK METOL
duiiepa, MO3BOJIAIOT ONpPeNeNATh OOIYI0 KapTHHY IpOLEecca MUPOJIN3a UCXOAHOTO ChIphbs, HO HE
COOTBETCTBYIOT IIPOMBIIIJIEHHBIM MPOIIECCaM M TEXHOJOTUSIM B YacTH CKOPOCTH M ONTHMAalIbHOU
TEMIIEPATypPhl NIUPOJIN3a KOHKPETHOTO ChIpbs. B pe3ynbpTaTe BBIXOABI U COCTAaB IOJIy4a€MbIX MpU
MUPOJM3€ MPOAYKTOB HE COOTBETCTBYET BBIXOJy M COCTaBy IPOJAYKTOB, IIOJYy4YaeMbIX I10
IIPOMBIILIJICHHBIM TEXHOJIOTUSIM.

CreHJ1 BBICOKOCKOPOCTHOI'O MHPOJIM3a OPraHUYECKOI'O ChIPbsi UMUTHPYET MPOMBIIUIEHHYIO
TEXHOJIOTHIO IepepaboTKH OpPraHMYEeCKOro ChIphsi, Oasupymouyocs Ha Metoae «l'amorep» -
TEXHOJIOTUM  TIEPErOHKM  TOPIOYEro  OPraHMYeCKOrO  ChIphS  HAJ3e€MHBIM  CHOCOOOM,
KJIaccu(UIUpPyeMoil Kak TEXHOJOrMsl ropsueil mnepepabOTKM TBEpAbIX uacTUL. B mpormecce
TEPMHUUECKOTO DAa3JIOKEHUs] MCIOIb3YyEeTCd TOpPU30HTAbHAS LWIMHJIpPUYECKas peTopTa THIlla
BpAaILAOLIENCs TIEUn, KOTOPast CJIerka HaKJIOHEHA.

CymHoCTh MeToJla 3aKiIlYaeTcs B TOM, YTO MCXOJHOE ChIpb€ B HEIPEPHIBHOM IIpOIECCE
CMELIMBAETCS ¢ TEIUIOHOCUTENIEM — COOCTBEHHOM ropsiueil 305101 — TEeIIOHOCUTEIeM, HarpeBaeMoi
3a CYeT MOTEHIHUAIBHOIO TelJia MOJIyuaeMoro B pe3yjbTaTe MUpOJIM3a Moiykokca. [l nmupoiausa
UCMOJNb3YyeTCs] MEIKO(PPAKIMOHHOE ChIpbE, YTO INPH CMEUIEHHH C TBEPABIM TEIJIOHOCUTEIEM
0o0yCnaBIMBaEeT HArpeB ChIPhbS A0 TEMIEPATypbl MUPOJIN3a 32 JOJU CEKyHIbl. BRICOKOCKOPOCTHOM
MUPOJIU3 TIO3BOJISIET MOJIy4aTh OTHOCHTENBHO OOJBIION BBIXOJ Hambosiee LEHHBIX (pakuui
MUPOJU3HOTO Macja - CPETHUX U JIETKUX, IPUTOAHBIX JIJISl IPOU3BOICTBA MOTOPHOI'O TOTLJIMBA.

Jlns aHanmM3a UCXOJIHBIX 00pa3loB HE(PTAHOro ciaHUa ObUIM MOJrOTOBIEHBI aHATUTHUYECKHE
npoObl. [ OIEHKM XUMHYECKOTO COCTaBa yroJbHOM 30JIbI MOJATOTOBIEH oOpasern maccou 10
IPaMMOB.

W3menpueHHbI HETAHON CllaHel] CMENIMBAINM C M3MEJIbUEHHBIM TBEPJbIM OPraHUYECKUM
KOMIIOHEHTOM, TEMIIEpaTypa MaKCHUMAJIbHOM CKOPOCTH PAa3JIOKEHHMsI KOTOPOTO OTIMYaniach OT
TEeMIIEpPAaTypbl MAKCUMAJIbHOW CKOPOCTH PA3JI0KEHHsI OPraHUYECKOT0 BellecTBa HEPTIHOTO ClIaHLa
He 6osee yem Ha 5°C. [IuponusHble npoueccs yris U HeTsaHOro crnaHua npooauian npu 520°C B
tedeHre 80 MUHYT COTJacHO TEMIEPaTypHOMY peKUMy, IIpuBeeHHOMY B Tabmune 1.

B xone skcmepuMeHTa cycneH3uio ApeBecHoro yris (50 r) HarpeBaid B alIOMHHUEBOU
peTopTe, a MPOIYKTHI Pa3sIOKEHUs HANPABISUIMCH B IPUEMHUK, OXJIAXK/1aeMbIi JIEASTHOW BOJOM, I1e
MIPOMCXOJIMIIa KOHJEHCAIMSI CMOJIBI M BOJBI. 1'a3000pa3Hble MPOJYKTHI mocie oTdopa mpol s
aHaJlM3a BBINYCKaUCh B atMocdepy. OmnpeneraeHrne KOMIIOHEHTHOTO COCTaBa rasa, MojJy4eHHOIo B
pe3yibTare MUPOJIN3a YIis, MPOBOAMWIOCH Ha XpoMaTorpade JIXM-8 M/I.

[TonydyeHHyr0 W3 Tapora3oBOM CMECH MUPOJIU3HYIO CMOJIy TIOJBEPrajd MEpEeroHKe, B
pe3yabTare KOTOpPOW BBIACISUIMCH OCH3MHOBas W Ju3eibHAas (pPaKkUWU, a TaKKe OCTAaTOK C
TeMriepatypoit kuneHus Boie 350°C. ITOT 0CTaTOK CMEIIUBAIIN € KUIKUM MPOTYKTOM HEe(PTIHOTO
MIPOUCXOXKACHUS C TeMIepaTypoit kurnenus Boie 350°C, copepkaiuM SMyIbraTtop - achanbTeHbl
n 2-6,5% opraHu4yecKnx COEIMHEHMI Cepbl Ha JJIEMEHTApHYIO cepy. B moiyueHHOUW cmecH
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AMYJBTHPOBAIA BOJHBIA PAcTBOpP MpEeKypcopa KaTalu3aTropa, U3 KOTOPOro MpPH CMEIICHHH C
BOJOPOJIOM M HAarpeBe B YCIOBHUSX THIPOKOHBEpPCHH (OPMUPOBAJICS TUCHEPCHBIM CYIbGUIAHBIN
KaTaanu3aTop THIPOKOHBEPCHH.

[Tocne rUAPOKOHBEPCHM XUAKUN MPOAYKT MOJBEpraiu mneperonke. bensuHoBas (pakuus
THJIPOKOHBEPCUU OOBEOUHSUIACH C OCH3MHOBOW (pakiueld, TMOJYy4eHHOH TMpH MEepPEeroHKe
MUPOJU3HOM CMOJBI, a Ju3enbHas (pakuus THAPOKOHBEPCUU - C JH3EIbHON (pakiuei,
BBIICTICHHOU TIPH MTEPETOHKE MHUPOJIM3HON CMOJIBI.

DNEeMEHTHBIN aHaIu3 TBEPBIX U KUIAKUX MPOO MPOBOIMIM HA YHUBEPCAJILHOM aHAJIN3aTOpe
Multi EA® 5100 (Analytik Jena, T'epmanust). DTOT mpubOp MO3BOJSET ONPEIALIIATh COACPIKAHUEC
cephbl, XJIopa, a30Ta U yriepoaa B KUAKUX, TBEPIbIX, TACTOOOpa3HbIX U raz000pa3HbIX 00paslax
HedTH, HE(PTENPOIYKTOB U IPYTUX OpraHUYecKux marpui. Macca npoOsl He mpeBbimana 10 mr.
TBepaple 00pa3ibl U3MENbYAIM B IIAPOBOM MeNbHHIE A0 pasMmepa dactun <100 mxm. Xugkue
00pas3Ibl TOMOTCHU3UPOBAIH BCTPSIXHUBAHUEM B TSUCHHUE 5 MUHYT.

KanubpoBka npubopa npoBoauiIach ¢ HCIOIb30BaHUEM CEPTU(HUINPOBAHHBIX CTaHIAPTHBIX
obopazioB  (CO) misg KaXIOro OmpeAeiseMoro ajieMeHTa. KammOpoBouyHbIE KpHBBIE OBLIH
nocTpoeHsl B nuanazone konuenrpamuit 0,001% - 10% s cepsl, azota u xsopa u 0,1% - 50% nns
yriepona. KoHTposib kadyecTBa 00ecrednBascsl €XeIHEBHBIM aHAIM30M KOHTPOJBHBIX OOpa3loB.
OTHOcUTENbHOE CTAaHJIAPTHOE OTKIOHEHHE pe3yabTaToB He mpeBblmano 2 % g Bcex
OTpeIEISIEMBIX 3JIEMEHTOB.

Bce wu3mepenuss mnpoBoAwiIuMCh B Tpex odk3emiuisipax. (CraTtuctuueckyro 00paboTky
PE3yJIBTaTOB MPOBOIIIIH ¢ MOMOIIKI0 porpammel OriginPro 2022 (OriginLab Corporation, CILIA).

Tab6amnuna 1. Pexxum HarpeBa yroibHON CyCIIEH3UU U CYCIIEH3UM HE(PTSIHOTO CllaHIa

Bpems HarpeBa, MUH Temmneparypa, °C
10 220
20 310
30 380
40 440
50 480
60 505
70 520
80 520

3. Pe3yabTaThl
3.1. Xapaxmepucmuka colpvs
Pe3ynbrarhl aHaM3a UCXOHOTO YIJIs TpeicTaBlieHbl B Tadmmie 2.
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Tabanna 2. XapakTepucTuka Colpbs

YciaoBHoe IToxa3arenun o macce, %
KomMnoHneHTBI = =
o6o3HaueHHne AHaJMTHYeCKast Cyxoii I'oprounii
Biara W 0,5
3o0m1a A 52,24 52,50
Cepa S 1,00 1,00 2,11
Yrnepon C 22,79 22,90 48,21
Bomopon H 2,29 2,30 4,84
Asor N 0,50 0,50 1,05
Kucnopon 0 20,70 20,80 43,79
Temiorsoprias Qi 1929,7 kxan/kr
CIIOCOOHOCTB:
Hmxass TennoTa o) 2030.4 xxan/kr
CrOpaHus

AHanu3 MaccoBO# T0JIM XJIOpa M MBbIIIbsiKa mokasan cieayromue 3Hauenus: Cl — 0,058%, As
— 0,0039%. [TomryueHHBIE ITOKA3aTEIN COOTBETCTBYIOT "'clieiaM" ¥ Jlajiee He yUYUTHIBAFOTCS.

3.2. Xapaxmepucmuka 307161 20proyux clanyes
XUMUYECKUI cOCTaB MUHEPaIbHOW YacTH TOPIOYMX CJIaHIEB MpeacTaBieH B Tabmnuie 3.

Taéauna 3. Xumudeckuii cocTaB MUHEpaIbHON yacTu roprounx cianies (OC - obpasern cinania)

Conep:xanue, %
Ne Bemecrso 0C-1 0C-2 0C-3 0C-4
1 S0, 57.2 543 603 53 8
2 AlLO; 11.2 10.8 9.4 9.7
3 Fe0s 74 5.9 6.3 6.4
4 Ca0 46 4.9 6.3 5.7
5 MgO 3.2 3.4 15 2.8
6 S 2.8 25 16 19
7 K20 13 2.2 16 14
8 Tio, 2.6 35 2.9 24

N3 Bcex mpenacrasienasix 00pasinoB OC-4 mpencraBiseT co0oil cOataHCUPOBAHHBIN COCTAB C
YMEPEHHBIM CO/Iep’)KaHUEM BCEX KOMIIOHEHTOB 0e3 pe3Kkux OoTkiIoHeHui. Hanbombiee conepxanue
SiO2 B 00Opa3iie 3 yka3bIBaeT Ha BEPXHIOIO JIOJIFO KBApIIEBBIX MUHEPAJIOB, YTO JIEIaeT 3TOT o0pasely
Oosiee YCTOMYMBBIM K TEpPMHUYECKOMY Bo3jaeHcTBHIO. KBapIl (OCHOBHOII KOMIOHEHT KpEeMHE3eMa)
MpHUIaeT MaTepHaly TEPMHUYECKYI0O M MEXaHHYECKYI0 YCTOHYMBOCTH, YTO JIENAaeT STOT 00pasely
Oosiee yCTOWYMBBIM K TEPMHUECKOMY Pa3jOkKEHHIO B Mpollecce MUPON3a WU JIPYTUX METOJOB
TepMuueckor o0pabotku. B oOpasuax 1 u 2 conepkaHue cepbl M Kejie3a BbIIE B CPABHEHUU C
apyrumu OC, 4TO MOXET CIOCOOCTBOBATh OOJBIIEMY 3arpsS3HEHUIO BHIOPOCOB, HO TAKXKE MOXKET
HMETh 3HAYCHUC B XUMHKO-TCXHOJOIMYCCKUX MpPOHECCax, rac BaXXHbBI KATaIUTUYCCKHC CBOICTBa
xKemesa.

3.3. Pe3ynomamoi 6a1aHCcO8bIX IKCNEPUMEHMO8

B xone uccnenoBanus ObUiM MpoBeAeHbI 4 OalaHCOBBIX JKCHEPUMEHTa IO MHPOJIU3Y
rOpPIOYMX CIIAHLIEB, PE3YIbTaThl KOTOPBIX MPEACTaBIIEHbI B PucyHke 1.
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Pucynoxk 1. Boixon npoaykToB nuponusa

OOpa3ipbl OTIMYAIOTCS BBICOKMM BBIXOJIOM Macjia M HM3KOW BJIQXKHOCTBIO, YTO J€JIaeT UX
MEPCHIEKTUBHBIM Ui TEepepaboTKH B IKUJAKHE YTJICBOJAOPOABI W HCIOJIb30BAaHHA B KadeCTBE
HHEPreTUYEcKOro Chlpbs. Beixon momykokca (83,2%) u nortepu rasza (8,7%) cBsi3aHbI C BBICOKOM
MUHEpau3aluel 1 HU3KUM COJIEp’KaHUEM JIETYUUX YITIEBOJIOPOIOB.

3.4. Xapaxmepucmukxa npoOyKmos nupou3sa

IIpoayKTsl MUPOIN3a FOPIOYMX CIAHIIEB — 3TO ra3, CMOJIa € NMOACTOYHON BOAOM U MOJIYKOKC.
Jlis uccnenoBaHysl COCTaBa MPOIYKTOB MUPOIN3a ObIII0 HEOOXOAMMO HAKOMUTh OK0JI0 50 I' CMOJIBI
C MOACTOYHOW BOJOM M cOOpaTh JAOCTATOYHOE KOJIMYECTBO raza. [loaTomy ObuI MpOBEAEH OJIUH
SKCIIEPUMEHT Ha YBEJIMYEHHOH peropTe ¢ 3arpy3koil 1 Kr ToruiMBa AJii HaKOIJIEHHUS] CMOJIBL.
OnHako Bce pacueTsl M OajaHChl NPHUBENEHBI Ha OCHOBE YCPEJAHEHHBIX pe3ylbTaToB 4
HKCIIEPUMEHTOB TUPOJIH3A.

JlonoyHUTENBbHBIE TTAPAMETPhI UCCIEA0BAaHNN BKIIIOYAJIA: KOHTPOJIb TEMIIEPATYPhl B PETOPTE
JUIS ONpeZeNIeHUs] ONTUMAIBHOTO peXHMa, aHAJIM3 COCTaBa ra3oB, XMMUYECKHM aHaIU3 CMOJIBI C
OIIPEAEIEHUEM KITHOUEBBIX KOMIIOHEHTOB, TAKUX, KaK MPEAEIbHBIE YIIEBOIOPOAbI, a30T, YTapHBIHA U
YTIEKUCBIA Ta3bl U CEpOCOJAEpPIKAIINE COCTUHEHHS, a TaKKe OLIEHKY BBIXOJIa U XapaKTEPUCTUKH
MUPOJIU3HOIO Ta3a, MUPOJIU3HOTO Macila U MOJYKOKCa, BKIIIOYasl €ro KaJIOPUHHOCTb U CTPYKTYPHBIE
W3MEHEHHMs II0CTIe MUPOIIN3a.
3.4.1. XapakTrepucTHka NMpOJIM3HOIO ra3a

[Muporas Obu1 0TOOpaH MpH ABYX paszHbIX Temmeparypax: 480°C u 520°C, coOOTBETCTBYIOIINX
Hayvaly BBIJENEHHsS raza M IMepHOAY MaKCHUMalbHOTO BBIJENEHHs ra3a Jjs Haubosiee TOYHOTO
pacuera ero TEmJIOTBOPHOW cnocoOHocTH. Tabnuua 4 moKa3blBaeT pe3yibTaThl aHalu3a
KOMIIOHEHTHOT'O COCTaBa, MOJIy4€HHOT0 TUPOJIU3HOTO Tra3a, % (00.).
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Taouauna 4. CoctaB NUPOJIU3HOTO ra3za

Oo6pa3zen
KomMmoneHnT dopmyaa oC-1 OC-2 0C-3 oc-4
Meran CHg4 1,11 0,34 0,12 2,01
OtaH CzoHe 1,33 0,41 0,14 2,41
IIpoman CsHg 1,38 0,43 0,15 2,51
Byran CsH1o 0,55 0,17 0,06 1,00
ITenTan CsHai2 0,15 0,05 0,02 0,27
OTeH CoH4 1,52 0,47 0,16 2,75
[ponunex CsHe 1,65 0,51 0,18 2,99
byrtunen C4Hs 1,11 0,35 0,12 2,01
Bogopon H> 1,00 3,26 7,42 0,12
Oxwucs yriiepoja CcOo 44,64 43,40 0,50 0,50
Asot N2 1,10 1,30 2,40 1,20
Vraekucnslii ras CO; 41,48 46,44 86,93 80,32
CepoBogopon H.S 2,98 2,87 1,81 1,91
Huwkrsta reniora | e 12706,85 | 7992,83 | 160822 | 12676,69
Cropanus
[TnoTHOCTH Kr/m° 1,58 1,56 1,79 1,90
Boazyx ans e 3,07 1,87 0,51 3,36
Cropanus

TeroTBOpHast CIOCOOHOCTh Taza ObLIA pAacCUMTaHA C HCIOJIB30BAHWEM OJMITMPHUYECKON
dbopmynel [1.M1. MenneneeBa. g onpeneneHus yAenbHON TEMIOTHI CTOPAHUS TBEPABIX U JKUIKUX
TOIUIMB HambOojee mpocToil sBmsiercss ¢opmyna JI.M. MenneneeBa ¢ SMOUPUUECKUMU
Kod(hdUIIMEeHTaMH JIJIsl TOPIOYUX IEMEHTOB, KJIK/KT:

Qu"=339 CP+ 103 HP — 109 (OP — SP) — 25WP, (1)

rne C, H,S,OuW - coaepxaHue 2JIEMEHTOB | BJIaTH B IPOIICHTAX.

CpenHee 3HaueHHE HU3ILIEH TEMIOTBOPHOM CHOCOOHOCTH rasza cocraBuio 7731,95 kkan/kr.
OTOT BBICOKOKAJIOPUMHBIN ra3 ObLI MOJIYy4eH B OCHOBHOM 3a CUET BBICOKMX KOHIEHTpAllMil METaHa U
sTa”a. PaccunTanHas MIIOTHOCTh ra3a Ha OCHOBE YCPEAHEHHBIX JJAaHHBIX cocTaBmia 1,13 kr/m>.

HauBpbiciiass TeruioTBOpHast CHOCOOHOCTh MHUPOJIM3HOTO Tra3a 3HAYUTENBHO MPEBbIIIACT
MOKAa3aTeIM UCXOJHOTO CHIphs: i ra3a - 12 706,85 x/[x/kr, Torna Kak y UCXOHOTO CHIPbS 3TOT
nokaszarenb cocraBisier 8 493,86 k/Dx/kr. [lake mpu MHUHMMAIbHBIX 3HAYEHMSX TEIUIOTBOPHAs
CIOCOOHOCTH Macjia M ra3a 0CTaeTCsl CyLUIECTBEHHO BBIIIE, YEM Y UCXOJHOTO ChIPbs U MOJyKOKca.

IIpencraBieHHbIE AAHHBIE TOATBEPKIAIOT IPEBOCXOJCTBO 3HEPIETUYECKOr0 IMOTEHIMAIA
MUPOJU3HBIX MPOIYKTOB, OCOOEHHO Maciia M Ta3a, MO0 CPaBHEHUIO C MCXOJHBIM CBIPBEM U
00pa3yIOIMMCS TTOTYKOKCOM.

3.4.2. XapakTepuCTHUKa TUPOJIM3HOTO Macia

Macno npezactaBisieT coOOW TEMHYIO BSI3KYIO JKHJAKOCTb, JIET4€ BOJBI, C XapaKTEPHBIM
3amaxoM. Macio, coOpaHHOE W3 YEThIPEeX IKCIIEPUMEHTOB, OBIJIO OTACJICHO OT BOJLL. B Tabmuie 5
IIPUBEIEHBI PE3YJIbTAThl 3JIEMEHTHOTO aHAJIN3a MMUPOJIU3HOrO MacJa.
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Taoauna S. D1eMeHTHBIA aHAJIN3 TUPOJIU3HOTO Maca.

Cocras
No Obpaze Tenjora Tenora
B pasen C, % H, % N,% | O,% | S, % | cropaHus, cropaHmsi,
Kk Jxk/Kr KKaJ/Kr
| OC-1 84,6 10,5 0,9 1,8 2,2 419219 10014,6
| ocC-2 85,3 9,8 0,6 2,3 2,0 41203,9 9843,1
Il OC-3 79,4 9,1 0,3 9,7 15 37463,9 8949,6
v OC-4 82,5 9,6 0,5 57 1,7 39600,4 9460,0

Kax BUJHO H3 TOJYYCHHBIX HAaHHBIX, MACJIO COACPKUT 00JIBIIIOE KOJHUYECTBO yriepoaa €
HU3KHM COACPKAHUEM CCPBI, UYTO MOBBIIACT €TI0 KAJTIOPUMETPHUICCKYIO ICHHOCTD.

Tadauua 6. Pu3NKO-XUMHUYECKHUE MTapaMeTPhl MUPOITU3HOTO Macia

OSpasen | 0o, | 360°C,% | % | P | erpamntc
| | oc1 4,6 26,7 68,7 896 308
Il | oc-2 3,4 25,4 71,2 891 301
| oc3 2,1 20,1 77,8 909 327
IV | oc-4 2,9 22,5 74,6 903 315

OU3NKO-XUMUYECKHE MTapaMeTphl Macia: IOTHOCTh (Kr/M?) - 0,83; Temmeparypa BCIBILIKY B
otkpeiToM THTe - 313°C; temnepatypa 3acteiBanusi - 6°C. O6pazenr OC-1 nmeer Hambosbiiee
cojiepKaHue Jierkosneryuux ¢paxuuii (4,6%), 4To ykasbiBaeT Ha 0ojiee BBICOKYIO MCHApIEMOCTh U
nerkoctb. OC-3 nMeeT HauMeHblIee KOJIUYECTBO JIETy4YUX KOMIOHEHTOB (2,1%), uTro aemaer ero
MeHee MOXKapOONacHbIM U 0osiee CTaOMIIBHBIM MIPU XPaHEHUH, TaK KaK OH CHI)KAeT BO3MOKHOCTH
o0Opa30BaHMs B3PHIBOONACHBIX MAPOB B 3aMKHYTHIX MPOCTPAHCTBaX. JTO OCOOEHHO Ba)KHO IpPHU
JUTUTENIbHOM XpaHEHUH.

3.4.3. XapakTepucTrKa MOJTyKOKca

XapakTepUCTUKHU TOJIYKOKCa, MOJIyYEHHOTO B Pe3ysbTaTe MUPOJIU3a YIJis, MPEJCTaBICHBI B

Tabnuue 7.

Tabauna 7. DeMeHTHbBIN aHAIN3 TOJIYKOKCA

Ioaykoke
Tenora Temuora
Ne | Obpasen | o0 o6 | N% | 0,% | S % | cropamms, | cropamms,
Kk JxK/Kr KKaJI/Kr
| 0C-1 14,4 11 0,4 10,6 | 07 5192,1 1240,3
I 0C-2 15,6 0,8 0,3 9,6 0,5 5302,3 1266,7
i 0OC-3 8,9 0,5 0,2 55 0,2 3069,4 733,2
v oC-4 10,9 0,6 0,2 6,2 0,4 3817,8 912,0

JlarHbBIE TaONIUIIBI TOKA3BIBAIOT HAUOOMBIIEE COJEpIKAHUE Yyriaepoaa, 0coOOeHHO B oOpasmax 1
u 2 (14,4% u 15,6%), uto cBumerenbcTByeT 00 ux Oojee BbIcOKOM TeruioTe cropanus (1240,3 u
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1266,7 KKal/KT COOTBETCTBEHHO). DTO YKa3bIBACT HA BHICOKHIA SHEPTETHUCCKHIA MOTCHIIMAI TaHHBIX
00pa31oB MpHU HCIOIb30BAHUM WX B KauecTBe TBepaoro torumBa. Coaep:kaHue BOJOPOAa BO BCEX
obOpaznax Haxoautcs Ha HuU3koM ypoBHE (0,5-1,1%), 4TO TUNWYHO ISl YTJIEPOJHBIX OCTATKOB
nocie Ttepmuueckoir o0paboTku. ConepikaHue KUCIOpPOJa 3HAUUTENbHO BapbUpYyeTCs, C
MakcuManbHbiMu 3HaueHussMu B OC-1 (10,6%) u OC-2 (9,6%), a munumanbabiMu — B OC-3
(5,5%). Boicokuii ypoBeHb KHUCIOPOJa MOXKET yKa3blBaTh Ha MPUCYTCTBUE KUCIOPOACOAECPKAIINUX
COCIMHEHUH, YTO BIMICT HA XUMUYECKUE CBOMCTBA MOMyKokca. Huskoe conmepkanue cepbl BO BcexX
oOpa3iax yka3bIBaeT Ha 3KOJOTHYECKYI0 0€30MacHOCTh UX MPUMEHEHHsI C TOUYKH 3PEHUS BBIOPOCOB
CEPHUCTBIX COEAUHEHHI.

4. O0cy:xneHue

XUMUYECKUN COCTaB MUHEPAIBLHON YaCTH FOPIOYUX CJIAHILIEB MECTOPOXIeHUs ""KeHaepbIky
MPEJCTaBIseT COO0N cOaIaHCHPOBAHHBINA COCTaB C YMEPEHHBIM COJIEPKAHHEM BCEX KOMIIOHEHTOB.
Pa3znuynbie 00pa3ipl rOpIOYEro CliaHlla UMEIOT CBOM MPEUMYIIECTBA B 3aBUCHMOCTH OT LieJei hx
nanmpHemer  mepepaboTku, Oyab TO  SHEPreTUYEeCKOe  HCIOJIB30BaHHE, IPOU3BOJICTBO
CTPOMTENbHBIX MaTepHalioB WIM XUMHUYeckas mepepaboTka. Bricokoe cojepxaHue AMOKCHIA
KPEMHHS MOXXET CBHUJICTEIBCTBOBATH O 3HAYUTEIHOM COJEP)KAHUHM TJIIMHUCTBIX M TeCYAHBIX
gactuil. Coxmepxkanne Al2O3 CBHAETEIBCTBYET O TMIIMHHCTOM COCTAaBE M MOXKET IOBIHUSATH Ha
OTHEYTIOPHBIE CBOMCTBA CIIAHIEB, a TAaKXe IMPHBECTH K PA3JIMYHBIM YCIOBHSIM (HOPMHUPOBAHHS
CllaHLeBbIX oOTIOXXeHud. Hamuume oxcuma >xenesa (llI) um cepsl ykaspiBaeT Ha BO3MOXKHOE
NpUCYTCTBUE nupuTa Wwim cuaepurta. 3Hadenus: KoO u TiO2 MOKET CBUACTEILCTBOBATH O IPUMECSX
CIIIO]T U TSDKETIBIX MUHEPAJIOB.

[IpoBeenHOE MCCIEOBaHUE TPOIIEcca HU3KOTEMIIEPATYPHOTO MHPOJIN3a TOPIOUUX CIIAHIICB
MecTopoxkaeHus "Kenaepnblk" mMoKazano, YTO OCHOBHBIMH MPOAYKTaMHU MHPOJIH3a SBISIOTCS
nosrykokc (81,95%), roprounii ra3 (8,2%) u nuponuznoe macio (7,9%).

VYraepos SBISETCS OCHOBHBIM KOMIIOHEHTOM, OIPEIENSIOUIMM 3HEPreTHUECKYyl0 II€HHOCTb
nonykokca. ConeprkaHue BOAOPOAa U KHCIOPO/a B ATUX 00pa3lax TakKe MPEBaTHPYET, YTO TAKKe
CHOCOOCTBYET YBENUYECHHUIO KONWYECTBA SHEPTUM HA EAMHHUIY MacChl. B OCTambHBIX CcepHsxX
coJZiep)KaHue TIPEICTABICHO HIKE, YTO TAK)KE OTPAKACTCA HA MX TETUIOTBOPHBIX CIIOCOOHOCTSIX.
Huszkoe conepkaHue a3oTa yKa3blBaeT Ha HaJM4yue MpUMecell OENKOBBIX COEIMHEHMHA WIN
M3MEPEHHBIX a30TCOEPIKAIINX BEIIECTB.

B mony4eHHOM MHPONM3HOM r'a3e B HAaHOOJNBIINX KoIrdecTBax npucyrcTByrorT CHg (44,96%),
CO2 (16,27%), CO (12,16%) u C2He (9,74%). OcranbHble KOMIOHEHTBI COCTaBISIOT MeHee 4%
rasa.

[TomyyeHHOE THPOTU3HOE MACIIO XapPaKTEPU3YeTCs HU3KUM BBIXOJIOM JIETYYHX BEUIECTB U
BBICOKOW TETUIOTBOPHOM criocoOHOCThI0 (Q = 9567,18 kkan/kr). DTO CBUAECTETBCTBYET O TOM, YTO
nporiecc nmupoiu3a 3QHEeKTUBHO KOHIIEHTPUPYET SHEPTHIO B MPOAYKTAX mepepaboTKH, mpeBparas
WX B BBICOKOI(D(PEKTUBHBIC UCTOUYHUKU PHEPTHH U B JAIBHEUIIEM MOTYT OBITh MCIIOJIb30BAHBI KaK
s deKTHBHOE O€3IPIMHOE TOTUIMBO M BOCCTAHOBUTEIh B METAJUTYPIHUECKOW MPOMBIIUICHHOCTH.
Taxkum 00pa3oM, LEeHHbIE XUMHYECKHE MPOAYKTHI, MTOJIyYEHHBIE U3 TOPIOYETO CIIAaHIA, MOTYT OBITH
3¢ GEKTUBHO UCTIONB30BaHbI B 00JIACTH YHEPTETUKN M XUMHUYECKOW TIPOMBIIIJICHHOCTH.

5. 3akir0uenune

B Hactosiiee Bpems cpeau CYIIECTBYIOIIUX METOJIOB TepMOIepepaboTKH OpraHUYeCcKuX
BEIIECTB THUPOJIM3 SBISIETCS HauOoyiee TIEPCICKTHBHBIM H  HCCIEAYEMBIM TEPMHUYECKAM
HampaBJIeHUEM NepepadOTKU TaKUX OTXOJOB, KaK HU3KOCOPTHBIE YIJIH, He(TeuuiamMmbl, OUTYyMBbI U
ap. (Shandarin, 2016). IIpomecc 6vicTporo muposu3a 3GhGEeKTHBHO MPeoOdpa3yeT OTXOAbI B IIEHHBIE
NPOAYKTHI, Takue, KaK CHHTETHYECKOE MAaclo, Ta3, TEIJO- U D3JICKTPOIHEPTHs, CTPOUTEIIbHBIC
Marepuanbl U (PEeppoCIUIaBbl, UYTO CIOCOOCTBYET PECYpPCOCOCPEKEHUI0O M DHEPreTUYECKOMY
MPOU3BOJCTBY. YCHEIIHas ajanTanus 3TOW TEXHOJOTWH, pa3paboTaHHOM ansi mnepepaboTKu
TOpPIOYMX CJIAHLIEB, MOJTBEP)KIACT €€ HaAEeKHOCTb U I(P(PEKTUBHOCTh. TEXHOIOTHS MOJTHOCTHIO
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0€30TX0/IHa - BCE MPOAYKTHl MUPOIM3a JUOO0 MPEICTABIAIOT KOMMEPYECKYIO HEHHOCTh (KHUIKOEe
TOIIMBO, JIEKTPO- M TEIUIOAHEPIHUs, 30J1a), JUOO MCIIOJIB3YIOTCS B TEXHOJOIMUECKOM IpoLecce
(muponu3HbIN ra3, n30sIToyHOoe Terio). OO0pasyronascs 30J1a UHEPTHA U MOXKET MPUMEHATHCS IS
IIPOM3BOJICTBA CTPOUTEIbHBIX MaTepHaloB, acanbTa, yJOOpeHUll, a Takke NpH IJIaBKe - s
noxydeHus (GeppocniaBoB U KapOuia KaabLus.

B wuccienoBaHuu s NMpoOJM3a MCIOJIB30BAIOCH MEIKO(PPAKIMOHHOE CBIPbE, YTO MpPHU
CMEILICHUU C TBEPABIM TEINIOHOCHTEIEM O0YCIIaBIMBAET HAIPEB CHIPBS 10 TEMIIEPATYPhl IMHPOJIH3a
3a JIOJIN CEeKyH/bl. BBICOKOCKOPOCTHOM NUPOJIM3 MO3BOJSAET NOJIY4aTh OTHOCUTENBHO OOJIBLION
BBIXOJl Hambosiee IEHHbIX (DpaKIuii MUPOIM3HOTO Macia - CPEAHUX M JIETKHX, MPUTOAHBIX IS
JabHEUIIEro MCIOJIb30BaHMs. ODKCIEPUMEHTAIbHbIE JaHHblE IMOKa3ald 3((EKTUBHBIA BBIXO[
MPOAYKTOB, YTO IMOATBEPKIAET BO3MOKHOCTH MCIIOJIB30BAHMS MMPOJIM3A B IEpPEepadOTKe HEPTIHOTO
CJIaHIIA.

[IpeumymiectBa  mepepabOTKM  HEPTSHOTO  ClHAaHLNA  BKJIIOYAIOT  SKOHOMHYECKYIO
3¢ GEKTUBHOCTH 3a CYET UCIOJIb30BAHUS MECTHBIX PECYPCOB, CHMIKEHHS SKOJIOTHYECKUX PUCKOB U
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CiaHenTiH TOMEH TeMIEPaTypajbIK NHPOJHU3IH 3epTTrey: (PU3HKA-XUMHSIBIK
KacHeTTepi :KIHe TEPMUSIIBIK bIAbIPAY OHIMAEPi

Pycaan Canuxos, Muxaua Ilerpos

Anaarna. KonganOanel XUMusI MEH XUMUSITBIK TEXHOJIOTUSHBIH 0achIM MiHAETTEpiHIH Oipi MyHaii-
ra3 KoCIMOPBIHJAPBIHBIH IIbIFAPBIHABLIIAPBIH a3aiiTyFa *oHe oJIap/bl ofaH opi Oaraibl eKIHIILIIK
IIMKI3aT peTiHJe NaijanaHyra KOMEKTECeTiH MyHail HuIlaMblH eHjaey Oonbin Tabbuiaabl. by
Makanaga KeHnmipilik KeH OpHBIHIAFbl MYHAil TaKTaTaCTapbIHBIH MUPOJIU3 IMPOIECTEPIH 3epTTey,
OHBIH 1IIiHJAE (U3UKAIBIK-XUMHUSUIBIK KAacHeTTepli MEH TEPMUSUIBIK bLAbIpAy OHIMAEpIH Taijay
KapacTbIpbUIFaH. TOJBIK 3JIEMEHTTIK Tajjay >KYPri3ulil, IIUKI3aTThIH MUHEPAIAbIK Kypambl
3epTTeNIi.

3epTTey OapbIChIHIA KapThUIall KOKCTBIH, NMUPOJU3IIK MaJbIH (LIANBIPAbIH) JKOHE MKAHFbIII
ra3/blH CaHJBIK IIBIFBIMIBUIBIFBIH aHBIKTAyFa MYMKIHIIK O€peTiH TakKTaTacTapAblH HHUPOJIU3i
OolbIHIIIA MapajuieNb TIXKipuOenaep Kyprizuial. OHIMAEpAIH KOMIOHEHTTIK KYpaMbl, KaTOPHSUIIBIK
KYH/IBUTBIFBI JKOHE KeHiHHEH oHJIey JKOHE MaianaHy YIIH MaHbI3bl 0acKa mapameTpiiepi CHSKTHI
HETI3T1 culaTTaMajapbl Tal aH]Ibl.

AJBIHFaH TOXIpUOENK MATIMETTep TYPAaKThl ©HIM IIBIFBIMIBIIBIFBIH KOPCETTI KOHE TaKTaTacThl
OHJICYZIC TMHUPOIU3Il THIMII TMaimagaHy MYMKIHIITIH pactanbl. OKinayjdaHFaH OHIMACD KOFaphI
SHEPIreTUKAIBIK dJIeyeTKe He JKOHE OpTYpii cajajapia, COHBIH IHIHJAE OTHIH-3HEPreTHKa
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CEKTOPBIHJIA JKOHE METALTypTusja KOJJaHbUTybl MyMKiH. Ocburaiiliia, MYHall TaKTaTacTapbiH
MUPOJIM3 JMICIMEH OHJCY pecypcTapibl YHEMICY JKOHE KOpIIaFaH OpTaHbl KOpPFay CallaChIHIArbl
MEPCIIEKTUBTI OAFBIT OOJIBIT KOPIHE/I.

Tyiiin ce3nep: muponu3Ii OHJIEY, KAIABIKCHI3 OHAIPIC, KAABIKTApAbl KO, MYHAW IIIaMBbl,
MMUPOJIM3AIK MYHaH, )KapThllail KOKC.

Study of low-temperature pyrolysis of oil shale: physico-chemical properties and
thermal decomposition products

Ruslan Salikhov, Mikhail Petrov

Abstract: One of the priority tasks of applied chemistry and chemical technology is the processing
of oil sludge, which contributes to the reduction of emissions of oil and gas enterprises and their
further use as valuable secondary raw materials. This paper deals with the study of pyrolysis
processes of oil shale from the ‘Kenderlyk’ field, including the analysis of its physical and chemical
properties and thermal decomposition products. The detailed elemental analysis was carried out and
mineral composition of the feedstock was studied.

During the research, parallel experiments on pyrolysis of oil shale were carried out, which allowed
to determine quantitative yields of semi-coke, pyrolysis oil (tar) and combustible gas. The main
characteristics of the products, such as their component composition, calorific value and other
parameters important for further processing and use were analysed.

The obtained experimental data demonstrated stable product yields and confirm the possibility of
effective use of pyrolysis in oil shale processing. The isolated products have high energy potential
and can be used in various industries, including fuel and energy sector and metallurgy. Thus, oil
shale processing by pyrolysis method seems to be a promising direction in the sphere of resource
saving and environmental protection.

Keywords: pyrolysis processing, waste-free production, waste utilisation, oil sludge, pyrolysis oil,
semi-coke.
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AnHoTanusi: B maHHOU pabore wmcciemyercs Momupukamms OUTyma
BTOPUYHBIM  MOJUIPONMIEHOM € TOYKM 3PEHUS  XUMHUYECKHUX
B3aUMO/ICUCTBUH, CTPYKTYPHBIX ~ M3MEHEHHH M  YJIydllEHUs
HKCIUTYaTal[MOHHBIX XapPAKTEPUCTUK OUTYMHO-IIOJIMMEPHOU CHCTEMBI.
PaccmaTpuBaroTcst  mpolecchl  pacTBOPEHUS U JAMCIEPTUPOBAHMS
nojuMepa B OMTYMHOH MaTpulle, a TakKe BIMSHUE MOJEKYJISPHOM
CTPYKTYpbl IOJIMIIPONUJIEHA HA PEOJIOTUYECKHE, TEPMHUYECKHE U
MEXaHUYECKHE CBOMCTBA MTOJyYEHHOTO KOMITO3UTA.

Onucanbl KIIOYEBBIE CTAJUH TOATOTOBKH OWTYMHO-TIOJTUMEPHBIX
KOMIIO3UIIMI,  BKJIIOYas  TepMOCTaOWIM3allMI0,  TOMOTEHHU3AINIo,
olpeziesieHue ONTUMAIBHOIO COOTHOIIEHHUSI KOMIIOHEHTOB U METOJbI UX
cmemnBanus. IIpoBeneH aHanmu3 W3MEHEHMH (DU3MKO-XMMHUYECKHX
XapaKTEPUCTUK MOJIM(ULITPOBAHHOTO ouryma: TEeMIIEePaTypsl
pasMsrdeHus U ryOuHbl IPOHUKHOBEHUS Uriibl ipu 25°C.

Pe3ynbrathl uccnenoBaHUs [OKa3ajd, YTO BBEJEHHE BTOPHUYHOIO
MOJIUMPONUIEHAa  CHOCOOCTBYET  YBEIMUYEHHMIO  TEPMOCTOMKOCTH,
MOBBILICHUIO BA3KOCTU W YIYYIIEHHUIO aJIF€3MOHHBIX CBOMCTB OWUTyMa.
OTO  MO3BOJSET  pacUIMpUTh  €ro  IPUMEHEHHE B COCTaBE
acpanbTOOETOHHBIX TMOKPBITHM, yaydllas HX JOJTOBEYHOCTb H
YCTOMYUBOCTD K KJIMMAaTHUECKUM (PaKTOpaM.

JIOTIONHUTENBHO HW3YYEHBl pA3IUYHble KOHLEHTPALUU MOJUMEPHON
no6aBku (0T 2% 10 6%) M uX BIMAHUE HAa CTPYKTYPHbIE M3MEHEHUS
outymHoro Bspkyiero. IlomyueHHble JaHHBIE CBUIETENBCTBYIOT O TOM,
YTO ONTHUMajbHas KOHLEHTpalMs TMOJUMIPONUICHa 00ecrneunBaeT
yIIydllIeHHbIE SKCIUTyaTallMOHHBIE CBOMCTBA, CHUXKasl IJIACTUYECKYIO
e OopMaLMIO U MOBBIIIAs MEXaHUYECKYIO IPOYHOCTb.

[IpuMeHeHre BTOPUYHOIO MOJHUIPONUIEHA TIIO3BOJISET HE TOJBKO
MOBBICUTh Ka4e€CTBO JIOPOXKHBIX TOKPHITHHA, HO M PEIIUTh MpoOiIeMy
YTUIIM3ALUY TOJIMMEPHBIX OTXO/0B, CHIDKAsL Harpy3Ky Ha OKPYKaOIIyI0
cpelly. DTO OTKpBIBAET MEPCIEKTUBBI AJIs JAIbHEUIINX UCCIEA0BaHUN B
oOnactu mnonuMepHON Moaudukanuu OuTymMa U pa3paboTku Oosee
HKOJIOTUYHBIX U JOJTOBEYHBIX ac(halbTOOETOHHBIX MAaTEpHAIIOB.
JloTIONMHUTENBHO ~ PAacCMOTPEHBl  MEXaHHU3Mbl  B3aHUMOJECHCTBHS
NOJUNPONWICHa ¢ OWTYMHOW  Marpuued, BKIOYas  BIMSHUE
MOJIEKYJISIPHOM Macchl, CTENEHM KPUCTAUIMYHOCTH M TEPMUUYECKOH
CTaOUITBLHOCTH TIOJTUMEDA.
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[TpoBeneH cpaBHHUTENBHBIN aHATU3 CBOMCTB OMTyMa, MOAM(DUIMPOBAHHOTO PA3IUYHBIMH BUAAMU
BTOPUYHBIX IOJIMMEPOB, YTO IIO3BOJIMJIO BBIABUTH HAWIYUYIIMM BapUaHT s NPUMEHEHUS B
JOPOKHOM CTPOUTENIBCTBE.

KioueBble cjioBa: OWTyM; BTOPHUYHBIM IMOJUIPONMIICH; IOJUMEpPHBIC J00aBKH; IOJIMMEPHO-
OUTYMHBIE BSXKYIIME MaTepHaIIbl; MOJU(PHUKALIHSL.

1. Beegenue

PazButue HOpPOKHOTO CTPOMTENHCTBA TPEOyeT CO3AAHUS MATEPUAIOB C YIIYYIICHHBIMU
(GU3UKO-XMMHYECKUMH  XapaKTepUCTUKaMH, O0OecrneuyMBarollMMHU WX  JIOJTOBEYHOCTh U
YCTOMYMBOCTh K BHEIIHUM BO3JAEHCTBUAM. OIHMM M3 NEPCIEKTUBHBIX HAINPABICHUN SBIISAETCS
Moaudukanus OUTYMOB BTOPUYHBIMH MOJUMEPAMU, B YAaCTHOCTH, MOJUIPONHIICHOM. J[aHHBIHA
IIPOLIECC COIMPOBOXKAAETCA CIOKHBIMM XHMUYECKUMHU U KOJUIOMJIHBIMU B3aUMOJICHCTBUSMU,
BKJIIOYasi JUCIIEPrHPOBAaHUE, PACTBOPEHHUE MOIMMEPHBIX MAaKpPOMOJIEKYJI B OMTYMHOW MaTpulle U
(dbopMUpOBaHHE CTPYKTYPUPOBAHHOW TETEPOICHHOW CHUCTEMBI. BBeIeHHE TOJUIPOIUICHA
CHOCOOCTBYET TMOBBIIICHUIO TEPMOCTAOMIBHOCTH, KOT€3MOHHON MPOYHOCTH M AJIACTUYHOCTH
Outyma 3a cueT 0Opa3oBaHMSA NPOCTPAHCTBEHHO-CETYATHIX CTPYKTYp W HM3MEHEHHUs (Ha30BOTrO
COCTOSIHMSI BSIXKYILIETO.

B pamkax uccienoBaHus MPOBEAEH aHAIU3 XMMHUYECKUX W TEPMOJAMHAMUYECKUX aCIEKTOB
B3aMMO/ICHCTBHUS BTOPUYHOTO MOJIUIIPOIUJIeHa ¢ OuTymoM. Pa3paboTrana TeXHOJIOTHUS MOTyYEHUS
OUTYMHO-TIOJTMMEPHBIX KOMIIO3MIIMK C ONTHUMAaJbHBIM pacrpenenenuem (as. M3yueHo BiumsHue
MOJIMMEPHONH MOAM(HUKAIMU Ha PEOJIOTUYECKHE U (U3UKO-XMMHUYECKHE CBOWCTBA MOJIMMEPHO-
OUTYMHBIX BSOKYImHX. IIpoBeleHa OIEHKA CTPYKTYpHBIX HM3MEHEHHH ©  CTaOMIBLHOCTH
ac(asbTOOETOHHBIX KOMITO3UIIMHA, COAEp)KAIIUX MOIUGUIMPOBAHHBI OUTYM, NpPH BO3JEHCTBUU
TemIepaTypHbIx U Mexanndeckux dakropor (Dalhat and Al-Adham, 2023; Ishag Obi et al., 2022;
Joohari and Giustozzi, 2020; Karmakar and Roy, 2020; Lee et al., 2023; Yang et al., 2024).

JlaHHOE McclieIOBaHNE HAIIPABIEHO HAa MOMCK HOBBIX MOJIX0JI0B K XUMHUYECKON MOAN(PUKALIUU
OuTyMa C UCIOJb30BAaHUEM BTOPHYHBIX IOJMMEPOB, YTO TIO3BOJIUT HE TOJIBKO IOBBICUTD
AKCILTyaTal[MOHHbBIE XapaKTEPUCTUKU JOPOXKHBIX MOKPBITUN, HO U COKPATUTh 00BEM IJIACTUKOBBIX
OTXOJI0B, BOBJIEKAs UX B TEXHOJOTUYECKHI LIUKIL.

B pesynbrare mgaHHOTO WCCIEAOBaHHWS ObUIM  TIOJYYEHBI JaHHBIE O MEXaHU3ME
B3aMMO/IEHCTBHSI BTOPUYHOTO MOJIMIPONUIICHA ¢ OUTYMHON MaTpUIieH, BBISIBIEHBI 3aKOHOMEPHOCTH
U3MEHEHHUS €ro (pU3MKO-XMMHUYECKMX CBOWMCTB, a TaKXe YCTAHOBJIEHBI ONTHUMAJIbHbBIE YCIIOBUS
MoauUKaMK, O00ECHeunBalOIe IOBBIIICHWE TEeMIepaTypbl  pa3MArdeHUsl, CHUKEHHE
MJIACTHYECKON NehopmMaIiuy M yIyqIIeHHe KOT€3HMOHHO-aATe3HOHHBIX XapaKTePUCTUK OMTYMHOTO
BSDKYILETO.

HHTEeHCHBHOE BO3/IEMCTBUE OKPYKAOIIEH Cpelbl, BKIIFOYAs IEepenaapl TEMIIepaTyp B JISTHUM
U 3UMHUH NepHo, a Takke AeGopMaluy MOoJ Harpy3KOil, HEraTUBHO CKa3bIBAETCS HA COCTOSHUU
JIOPOKHBIX MOKPBITUH. DTO NMPUBOAMT K UX MPEXKIAEBPEMEHHOMY H3HOCY U COKpPAIIEHHIO CpOKa
skcrutyararuu (Maharaj et al., 2018; Mazurek et al., 2022; Sarang et al., 2016).

butym (Takke HM3BECTHBIM Kak ac(anbTOBOE BsDKYIee) IMpelCcTaBisieT cOO0OH MmoOOUHBIN
MPOJYKT nepepaboTku HePTH, oOpa3yroluiics B Mpoliecce NMeperoHku cbipoit Hedtu. braronaps
CBOMM  IICHHBIM  CBOMCTBaM, TakHWM, Kak  JIOJITOBEYHOCTb,  BBICOKAs  ajre3uss u
BOJIOHENIPOHUIIAEMOCTh, OH Hallle]l HIMPOKOE MNPUMEHEHHE B JIOPOKHOM cTpoutenbcTBe. OH
IIMPOKO H3BECTEH KaK TEXHUYECKUH Marepuaj, MOoJIy4aeMblid B pe3yinbTaTe (pakIMOHHON
MEepPEeroHKu cbipol HedpTu. Ero xumuyeckwii cocTtaB CIOXKEH U BapHaTHBEH, OJIHAKO OOBIYHO
BBIJICJIAIOT YEThIpEe OCHOBHBIC (PPAKLMU: apOMATUYECKHE YIIIEBOAOPOABI, ac(haibTeHBbl, CMOJBI U
Haceiennsie coenunenus (Garéa-Morales et al., 2004; Hossain et al., 2019; Syrmanova et al.,
2017; Tahmoorian et al., 2018).
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Jns mMonu¢pukanuy OuTyMa HamOoJee 4acTo MPHUMEHSIOTCS MOJMMEPHI, CPeau KOTOPBIX
okosio 75% cocTaBusoT 3nactomepsl, 15% — miacromepsl, a 10% — u3MenpueHHas pe3nHa OT
aBTOMOOWJIBHBIX MOKpHIIIEK U apyrux matepuanos (Khan et al., 2016).

Kak mnepBuuHble, Tak u mnepepabOTaHHbIE MOJUMEPbl AaKTHUBHO HCIOJB3YIOTCA  JUIS
MouduKkanuu outyma. VccrnepoBanus Mo MpUMEHEHUIO repepaboTaHHBIX TUIACTHKOB B OUTYMHOM
MPOMBIIIJICHHOCTH 3HAUUTENbHO YBEIMYMIIMCh 3a IMOCIeAHee MAECSITUIIETHE, 4YTO CBSI3aHO C
YCUJIMSIMM MHOTHUX CTpaH [0 pEUICHHIO TpOOJIeMBl OTXOJOB, TaKHX, KaK YTHIIM3aLus,
HKOJIOTHYECKHE U MEAMIIMHCKUE TOCIEACTBHS IIIACTUKOBBIX 0TX010B (Garca-Morales et al., 2004).
YTunu3anusi IUIACTUKOBBIX OTXOJOB CTAHOBUTCS OJHOW W3 CaMBIX aKTyalbHBIX TJIOOAIbHBIX
npolsieM H3-3a pocTa MOTpedsieHusl IUlacTuka. BoznelcTBUE Ha OKPYKAIOLIYI0 CpeAy BKIIIOYAET
YHUYTOKCHHUE €CTECTBEHHBIX CpeJ OOMTaHUS s AMKHX XHUBOTHBIX, YIPO3Yy HpPOTJAThIBAHMA, a
TaK)Xe MEPEeHOC MHUKPOOPraHW3MOB C IMOMOIIBIO IIacTHKa B 3kocucremy (Hossain et al., 2019).
[Tpobnembl o 310POBBEM 3aTPArHBAIOT KPOBEHOCHYIO, JBIXaTENbHYIO U TUM(AaTHIECKYIO CHCTEMBI,
YTO MOXET MPHUBECTU K OTJIOKEHHIO TOKCHYHBIX BEIIECTB B MOYKAX, KUIICUYHUKE U MedeHu. J[s
MUHUMH3ALIAN DIKOJOTHYECKUX W MEAWIUHCKUX MOCIEICTBHA OSTHX OTXOJOB W YIyYIICHHUS
XapaKTepUCTHK OWUTyMa CEroJHs AaKTUBHO HW3Y4aeTcs HCIOJIb30BaHUE MepepaboTaHHBIX
IUIACTUKOBBIX TIOJMMEPOB B I0poxKHOM cTpoutenbeTBe (Tahmoorian et al., 2018).

CrnenyeT OTMETUTD, YTO UCCIIEOBAHUS OTXOJIOB IJIACTHKA B OMTYME Hadaluch npumepHo 20
JeT Ha3ajd, XOTs OO HEeNaBHETO BPEMEHHM OHM HE MpPHBIEKAIA 0COO0OTr0 BHHUMAHHS, MOCKOJBKY
NPaBUTEIbCTBA AKTUBHO MHBECTUPYIOT B IepepaboTKy U 3enenbie TexHonoruu (Wang et al., 2018).

[Tomumepsl, mpuMeHsieMble Ui MoAM(HKAnmUKM OWTyMa, NENATCS Ha TPH KaTerOpUU B
3aBUCHUMOCTH OT UX XMMHYECKOW CTPYKTYpPHI U CBOMCTB: MJIACTOMEPHI, AIACTOMEPHl U XUMUYECKU
byukronanusupoBanubie  Tepmoruiactel  (Brasileiro et al., 2019). Hecmotps Ha TO, YTO
MOJIMMEPHBIE MOAU(DHUKATOPHI YBEIMUMBAIOT TEPMUYECKYIO YCTOMYMBOCTH OMTYMa, KaXKAbIA BH]I
MoJIMMEpPa BJIMSIET Ha €ro cBoiicTBa mo-cBoemy (Garcia-Traveé et al., 2016). B nanHoit paGote MbI
paccmaTpuBaem noauBuHUIXI0pua (IIBX), kortopswiit cocraBiser okono 10,1% eBpomeiickoro
npou3BojcTBa Miactuka. OH OOBIMHO HCIIONIB3YETCS Uil M3TOTOBJICHUS Npoduiieii, KaderpHOU
W3OJISIIHMH, CaJ0BBIX IINIAHTOB M OKOHHBIX paM. B HekoTopsix uccnenoBanusix [IBX tectuposancs
KaK MMOJIMMEpHasi MOJUQHUKAIHS OUTyMa, XOTS OHH HE CMOTJIHM TOJYYUTh YCHEITHBIX Pe3yJbTaToB
U3-3a BBICOKOU TemIiepatypbl riasieHus nonumepa (Behl et al., 2014).

YcnoBus cMemuBanus A Moaudukanuu ouryma [1BX Britouanu temnepaTypy B npezenax
140-190°C, Bpemsi cmemmBanus or 20 muHyT A0 3 4yacoB, pazmep yactuil oT 0,075 mo 2 mm,
koHuentpanuto [I1BX ot 1 10 20% oT mMaccel OuTymMa U CKOpOCTh cMelMBaHus B auamna3zoHe 1300—
3750 o6/mun (Dalhat and Al-Abdul Wahhab, 2017). Taxxe usBecten mosumnponuien (I1I1), xa
JIOJII0 KOTOPOTO B HACTOsIIIee Bpems npuxoautcs 21% MupoBoro npou3BojcTBa miiactuka u 19,1%
eBporeiickoro mpousBojcTBa mactuka (“Plastics-the Facts 2016 An analysis of European plastics
production, demand and waste data,” n.d.). OH 00BIYHO KCIIONB3YETCS B aBTOMOOMJIBHBIX JCTAIIAX,
KOHTEWHepax, YCTOHYMBBIX K BO3/IEHCTBHIO MUKPOBOJIHOBBIX IeYeH, MUILEBON yITakoBKe U TpyOax.
[1IT mpencraBnsieT co00M TEPMOIIIIACTUYHBINA THHEHHBIN YTIEBOAOPO/ C TIPOMEKYTOUYHBIM YPOBHEM
kpuctaumnunoctu Mmexxay HDPE u LDPE (Geyer et al., 2017).

bouto o6Hapyxeno, uto BkitoueHue [1I1 B GUTYM 3HAUMTENHHO M3MEHSET CBOWMCTBA OUTYyMa,
moaudunmponannoro I1I1. Mogudukanus ces3yromero 1111 npuBena Kk MOBBILIEHUIO TEMIIEPATYPHI
pasMsTYeHHs TIPU CHIDKEHWH 3Ha4YeHHWs TeHeTpanuu. Kak ymomMuHamoch paHee, Hamboyiee 4acTo
ucnonb3yemble KoHueHTtpanuu III1 cocraBmstor 3-5%; HaGmonanoch CHIKEHUE 3HAYCHHUS
nederpanuu Mexay 18 u 30% mis 3% IIIT u mexay 38 u 50% ansa 5% IIIT (Behnood and Modiri
Gharehveran, 2019). Xots B 1enoM HaONIOIAETCS OTCYTCTBUE HCCIICIOBaHUM, MOCBSIICHHBIX
YCTaJOCTHBIM XapaKTepucTHKaM ac(haabToBeIX cmeceld, MomuduimpoBansbix [1I1, 6pu10 H0Ka3aHo,
yto [III sBiIAETCS AOCTATOYHO XOPOLIMM IOJIMMEPOM — KaK B €ro IIEpBUYHOM, TaK U B OTXOJHOMU
dbopme - mist moaudukaruu outyma (Al-Abdul Wahhab et al., 2017).

CoBpeMEeHHOE JTOPOKHOE CTPOMUTEIHCTBO TPEOYET IMOBBINICHUS KAadecTBAa M JIOJTOBEYHOCTHU
ac(anbTOOETOHHBIX MOKPBITUH, CIIOCOOHBIX BBIIEPKUBATH KIMMAaTHYECKHE BO3JICHCTBUS, BHICOKHE

68



A.H. I'ymures amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 150(1)

Harpy3kd U MHTEHCUBHYIO 3KCIUIyaTallUl0. BUTyM, MCHONB3yeMBbI B JTIOPOKHOM CTPOMUTENILCTBE,
o0J1azjaeT OrpaHUnYEHHON TEPMOCTOMKOCTBIO U COIIPOTHUBIIAEMOCTBIO Ae(opMaIisamM, YTO AEIaeT ero
MOJU(UKAIIIO aKTYaJIbHOW 3a1aueii.

Hcnonb3oBaHue BTOPUYHOrO MOJIMIIPONWIEHA I MOAM(UKALMU OUTyma pemiaer cpasy
HECKOJIbKO TPOOJIeM: YIydlIeHHe SKCIUTYyaTallMOHHBIX XapaKTePUCTHK acarbTOOeTOHa, CHUKECHUE
9KOJIOTUYECKOM Harpy3kud 3a cyeT IepepadOTKH NOJMMEPHBIX OTXOJOB U  IIOBBILICHHE
sKOHOMHYECKOW 3(pdexTnBHOCTH. OAHAKO HCCIECAOBAHMS BIMSHUS BTOPUYHBIX IIOJIMMEPOB Ha
CBOMCTBa OuTyMa U ac(haabTOOETOHHBIX MOKPHITUI BCE €lle OrpaHMUYECHbI, @ METO/Ibl MOIU(UKALIUH
TpeOyloT YHU(PHUKAIMM M JaJIbHEHIIEr0 H3y4YeHHA. OTHU AaCHEeKThl JIENAIOT HCCIIEOBaHUE,
HalpaBJICHHOE Ha pa3pa0OTKy M BHEJAPEHUE OUTYMHO-IIOJUMEPHBIX BSDKYLIUX, aKTYaJbHbIM KaK C
Hay4HOU, TaK U C IPAKTUYECKON TOYEK 3PCHUSL.

2. MaTepuajibl U1 METOAbI

Jlnia onpeneneHus riyOMHBI MPOHUKAHUS UTIBI Tpu Temmepatype 25°C (e menee 0,1 mMm)
npoBoAwiMch ucnbiTanus B cootBercTBUM ¢ CT PK  1226-2003 ¢ wucmosib30BaHHEM
aBTomMaTudeckoro nudposoro nenerpomerpa Infratest momenu 20-20670.

Jliis onipenesieHus TeMIepaTyphl pa3MrdeHusI 10 MeToAy Kosblla U mapa (°C, He Hike) ObLT
MCIOJIb30BaH aBTOMATU3WPOBaHHbIN mpubop Infratest, coorBercTByromuii cranaapty CT PK 1227-
2003.

HUK-®ypre cnektpockonus (FTIR) mpumensiiack i uaeHTHGUKAIUU (YHKIIMOHATIBHBIX
Ipynn B cocTaBe uccienyemblx o0pa3noB. CHekTpbl ObUIM IOJYy4Y€Hbl C HCHOJIb30BAaHUEM
cnektpomerpa [RTracer-100 SHIMADZU B auamazone 4000400 cm' ¢ pazpemenuem 4 cm .
OOpasupl MOJMMEPOB (BTOPHYHBIA TOJUIPOTIHIICH, MOJUIPONWICHOBBIA MEIIOK, ITyIbIpYaTas
IUICHKA) aHAJTU3UPOBAIUCH B BHUAE TOHKON IUIGHKH C IEJNbIO BBISBICHUS XapaKTEPHBIX IOJIOC
noroueHus. OCHOBHOe BHUMaHUE yaensuioch uaeHtudukanuu konebannit C—H, C=0 u npyrux
(YHKIIMOHATBHBIX TPYIII, YKAa3bIBAIOIIMX HA BO3MOXHBIE CTPYKTYpHBIE W3MEHEHHS B MaTepuase
nocyie MoauduKanuu OuTyma.

Jlns mpoBeieHns nccaeqoBaHUM UCIIOJIb30BAINCH CIIEYIOIINE MaTEPHAIIbL:

1. burym mapxu BHJI 100/130, npenoctaBnennsiii TOO «llaBnomapckuii HehTexumMuueckuit
3aBoq» (Kaszaxcran), xapakTepu3yeTcsi BBICOKOW BSI3KOCTBIO U aKTHMBHO TPUMEHSETCS B
MIPOU3BOJICTBE JOPOKHBIX MOKPHITHI. J[aHHBIA OUTyM oOJagaeT CBOMCTBaMU, 0OECIICUMBAIOIIUMHU
ero 3G PeKTUBHOCTD B PA3TMYHBIX KIMMATHUECKHX YCIOBUAX (Tabmuma 1).

Taoauna 1. Pu3nko-xuMUYecKas XapakTepuCcTUKa JopoxxHoro outyma 100/130

HaumeHnoBaHHe noKa3aTeJsis, eAMHALNA U3MepPeHust Pe3yabTaThl
Ienerpanus (25°C, 100 T, 5 cek, 0,1 mMm) 111
Temneparypa pazmsiraenus o Kulll (°C) 46
Pactsoxumocts mipu 25°C, cm 121
Temmnepatypa xpynkoctu o ®Ppaacy, °C -26
PactBopumocTs, °C 99,9
Conepxanue napaduna, % 1
M3meHeHne Macchl Iociie Harpesa, % 0,1
W3meHenne TeMnepaTypbl pa3msraenusi, °C 5

2. Bropuunblii nonunponuneH, npeaoctaBieHHbli TOO «Komnanus Hedrexum LTDy,
MpeJCTaBIsieT cOOO0M TepMOIJIACTUYHBIM MaTepuasa Ha OCHOBE IPOIWJIEHA, NepepaOOTaHHbIN U3
MTOJIMMEPHBIX OTX0JI0B (PUCYHOK 1, Tabmuia 2).
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Pucynok 1. UK-cniekTp noriyomieHus BTOpUYHOI0 NOJUIIPOIIMIIEHA
CriekTp MOKa3bIBae€T YETKUE II0JIOCHI IOIJIOIIEHUS, XapaKTepHbIE ISl Pa3IMYHBIX THUIIOB
MOJIUMEPOB, BKJIIOYasg H30TakTHyeckuil nonunponwieH (PP), conmonumeps! nonusTwieHa u

nponuiena (PE-PP) u npyrue cononumepsi.

Tabamnna 2. Pu3uko-xuMudeckas XapakTepUCTUKa BTOPUYHOTO MOJIUIIPOIIUIICHA

HanmeHoBaHue MoKa3aTes1, eINHALA H3MEPEHUsI Pe3yabTaThl

[Toka3zarens TekydecTH paciuiasa, r/10 mun; rpy3 2,16 kr; ¢ubepa & 2,09 mm 5,50
Monyne ynipyrocty nipu pactsbkennd, MlIla 1480
IIpenen Texydectu npu pactsokenuu, MIla 31,30
OTHOCHUTENBHOE YATUHEHHE TIPU TIpefielie TeKydecTd, % 9,8

V napHas BA3KocTh 110 Y301y ¢ HagpesoM, kJIxk/M? 5,6

Monyns ynpyroctu npu usrude, Mlla 1160
Maccosast gois 30051, % 2,65

[Tonocel mornomenus B Auanazone 2950-2850 cm ! coorBercTBYIOT Kostebanusam C-H cszeit,
xapakTepHbiM a1 ankuiapHbIX rpynn (-CHz- u -CHs), 4TO CBHAETENBCTBYET O HAIUYHUU
YII€BOAOPOAHON OCHOBBI, THIIMYHOM UIS TIOJIHMIIPONMIIEHA U o THIeHa. B o6mactr 1700-1600
cM ' HaOIIOAAI0TCS BO3MOXHBIE IMOJIOCHI MOMIIOMIEHUsT KapOoHMIbHBIX rpynn (C=0), uro MoxeT
yKa3bIBaTh Ha MPUCYTCTBUE A00ABOK MJIM OKHCIIEHHBIX KOMIIOHEHTOB B cMecH. JledhopmanoHHbIe
konebanus MeTwibHbBIX (-CHs) u metunenoBsix (-CH2-) rpynn nposiisitorces B uHTepBaiie 1450—
1350 cm!, sBiSISICH TUNMYHBIMUA CUTHAJAaMHU U1 TOJMOJE(PUHOB, BKIIIOYAs MOJUIIPONUIIEH.
Konebanus cpszeit C-O u C-C duxcupyrorcs B auanazone 1170-1000 cm!, yto moarBepkaaer
HAJIMYHE COMTOJIMMEPOB MITH MOIU(UITMPOBAHHBIX IMTOJMMEPHBIX CTPYKTYp. B o6mactr 900-800 cm
PETUCTPUPYIOTCSl XapaKTEPHBIE IOJIOCHI, CBUIETEIBCTBYIOIIME O IMPUCYTCTBHUM H30TAKTUYECKOTO
MOJIMTIIPOIIMJIEHA B 00pasLe.

3. MomunponuneHosslii Memok (PP-memiok) — yrnmakoBO4YHBINH MaTepuai, U3TOTOBICHHBIN U3
nonunponuieHa. O0nanaeT BHICOKOW MEXaHMYECKONW MPOYHOCTHIO M YCTOMYMBOCTBIO K BIIare,
IIMPOKO MCMOIB3YeTCs sl XpaHEHUS! U TPAHCIIOPTUPOBKU CBHITYYUX MaTepuasioB (pucyHok 2). B
HCCIIETOBAaHUH UCIIONB3YETCsl B KadyecTBe MOAUPUIIUPYIOIIeH 100aBKH K OUTyMYy.

OCHOBHBIMH ~ KOMIIOHEHTaMH, BBIABICHHBIMH B 00pasie, SBISIOTCS MOJUIPOIUICH
(M30TaKTHUECKasl M aTakTU4yeckas (OpMbl) U MOJUITHUICHOBbIE KOMIIOHEHTHI, YTO MOATBEPKAAETCS
XapakTepHbIMHU nosiocamu B obsactu 8001400 cm .
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Pucynok 2. UK-cniekTp noryomieHus NoJunponuIeHOBOro Meka

4. Ilynbipuatas mnneHka (PE-mienka) — ymakoBOYHBIM MaTepuasl U3 TMOJMATUIIEHA C
BO3JYIIHBIMU IYy3bIphKaMH, 00ECHEUUBAIOIINNA aMOPTU3allMOHHbIE cBoWcTBAa. OOIasaeT BBICOKOM
rHOKOCTBIO, YCTOWYMBOCTBIO K BJIare 1 XUMUYECKUM BO3JICHCTBHSIM. B riccienoBaHny pUMEHSIETCS
B KaueCTBE aJIbTEPHATUBHOTO Mou(pUKaTopa OUTyma.

Ha ocHoBe crekTpa HACHTH(UIMPOBAHBI OCHOBHBIE KOMIIOHEHTHI 00pa3ma (PUCYHOK 3).
XapakTepHble TMOJOCHI moriomeHuss B auamasoHax 2950-2850 cm™', COOTBETCTBYIOIIHE
CHMMETPUYHBIM M aCHMMETPUYHBIM KojeOaHusM cBs3eir C-H B ankuiapHBIX Tpymnmax,
MOATBEPKIAIOT  HAWYKMe JJIMHHOIICTIOYEUHBIX  YIrIeBoAOpoaoB. (OOHapyKeHbl HHU3KO- H
BbicOKOIUIOTHRIN monmmdTWwiieH (LDPE, HDPE), utro cBuaerenbcTByeT O CMEIIAHHOM COCTaBe
MaTepuaia, o0eCrneunBarolleM MEXaHWYEeCKyI MPOYHOCTh M THOKocTh. Ilomocel mornomieHus B
paitone 1460-1370 cM ! moaTBEpKIAIOT MPUCYTCTBHE COMOIMMEPOB dTWieHa U npormieHa (PE-
PP), uyto MoXeT ynyumare CTOMKOCTh K Harpy3kam M J0JroBe4yHOCTh. CHIIbHBIE TOJOCHI
noryomenus B auanazone 1370-720 cMm ! yka3pIBalOT Ha HAIMYHE MUKPOKPUCTAJUINIECKUX BOCKOB
U TnapaUuHOB, NPUCYTCTBHE KOTOPHIX CIOCOOCTBYET YIYYIIEHUIO TUAPO(GOOHBIX CBOWUCTB M
TepMocToiikocTH. Hebomnbime curnanet B paiione 1700 cM! MOTYT CBHIETENTHCTBOBATh O HAJTUYHH
OKHCJICHHBIX KOMIIOHEHTOB MUJIM CTaOUIM3aTOPOB.

CriexTpasbHbIe TaHHBIE MTOJITBEPKAAIOT MIPUTOTHOCTH CMECH JUISI IPUMEHEHUS B MTOJIMMEPHO-
OUTYMHBIX KOMIIO3MIHUAX, OOECIEUMBAIOIINX BBICOKYIO YCTOWYMBOCTh K KJIMMAaTHUYECKUM U
MEXaHUYECKUM Harpy3Kam.
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Pucynok 3. UK-cniekTp nornomeHus mynslpyaTon INIEHKU

3. Pe3yabTaThl

TexHoMOrMYeCKHii Mpolecc MPOU3BOACTBA MOJIMMEPHO-MOoIupuIpoBanHoro ouryma (IIMB)
BKJIIOYAET HECKOJIBKO MOCJIEI0BATENbHBIX cTaaui (pucyHok 4). Ha nepBom sTamne ocyiecTBisieTcs
MOJrOTOBKa OWTyMa, BKIIIOYAIOIAsh €ro pa3orpeB a0 paboueil Temmeparypel. [lamee OuTym

71



A.H. I'ymures amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 150(1)

HArpeBalOT 0 YCTAaHOBJICHHOTO TEMIEpPAaTYypHOTO peXnuMa, OOECHeYMBAIOIIErO ONTUMAaJbHBIC
YCIIOBMSL ISl PACTBOPEHMS U JUCIEPrUpOBaHMs MOJIMMEpPHOro Moaudukaropa. Ilpu noctmxeHuu
temneparypsl  150°C  BBOIAT TpaHYIMPOBAHHBIA MOMUMEpHBIH Moaudukarop. IIpomece
MOJUGUKAIMKY OCYILECTBIIETCS TP MHTEHCUBHOM IepeMelIuBaHUM B TeueHue 120 MUHYT, 4TO
HE00X0AUMO JJIs1 00eCTeYeHHUsT paBHOMEPHOTO pachpesesieHus] MOJIMMEpHOH (a3bl B OMTyMHOMU
matpune. Ilocne  3aBepuieHnss  mpouecca  cMelIuBaHMs — (OPMHUPYETCS  MOJIMMEPHO-
MOIUGUIMPOBAHHAS OUTYMHAsi KOMIIO3UIUS, 00Jaaonias yJIydlIeHHBIMUA SKCIUTyaTalliOHHBIMU
XapaKTePUCTUKAMHU.

MoaroToeka
6uTyMma: Harpee
Ao paboueit
TeMnepatypbl,
120-150 °C

CoapeBaHue cMecu.

AucneprupoBaHue c
MOMOLLb IO MEXaHUUECKOro
cMmecurtens. C

6uTyma n Mmogudukaropa
B TeueHue 120 MUHYT.

BbiaepykKa Npu BbICOKO W
Temnepartype (160-180 °C)
ANA ynyyleHus
B3auMMopgencTeus 6utyma
c nonvMepom.

Onpepenexnve
TeMnepatypbl
pasMArueHus, ry6uHbl
NPOHUKHOBEHUA UrMbl MO
rocrT.

JDoauposanue
MoavdukaTopa

Pucynok 4. Cxema mporecca TONyYeHHUS IMOJIMMEPHO-MOAU(PUIIUPOBAHHOTO OUTyMa ¢
MCIOJIb30BaHHUEM TTOJUMEPHBIX OTXO/I0B

CoctaB uccnenyemoir monmumep-moaudumupoBanHor outymnoi (IIbB) cmecu BkitouaeT
outrym mapku BH/] 100/130 u BTOpUYHBIN NOJUIPONWIEH B KOHIEHTpausax ot 2% a0 6% (2%,
2.5%, 3%, 4%, 5%, 6%). B kadecTBe anmbTEepHATUBHBIX MOAU(PUKATOPOB MCHOIH30BATHUCH
MOJIMITPOTNTMIICHOBBIM MEIIIOK U MyMbIpyaTas rieHka (tTabnuma 3).

Tabéauna 3. Cocras o6pasnos [I6B cmecu

Butym BH/I 100/130 (ITHX3) 98% | 97,5% 97% 96% 95% 94%
Bropuunblii nounponuieH 2% 2,5% 3% 4% 5% 6%
Butym BHJI 100/130 (ITHX3) 97% 96% 95%
MMomnponuneHoBbiii Memok (PP-Memox) 3% 4% 5%
Butrym BH/I 100/130 (ITHX3) 97% 96% 95%
IyneipuaTas mienka (PE-nienka) 3% 4% 5%

JUis OLIEHKH TEepMHUYECKOM CTaOMIBHOCTH MOJIUGHUIIMPOBAHHBIX OUTYMHBIX KOMIO3MIIMN
ObL1a MpoBeJieHa MpoBepKa Temiepatrypsl pazmsardyenus no Mmerony Kulll. IlomyueHnHbie pe3yabTaTsl
[IOKa3ajy, 4YTO TeMIepaTypa pa3MArYEHUs YBEIMUYMBACTCS C YBEIMYEHUEM KOHLEHTpPaLUu
BTOPUYHOIO MOJIMIIPONMIIEHA B cMecu. Tak, MpyU KOHLEHTpaIMK MOoJIUIponwieHa 2% TeMieparypa
pasmsryenus cocrasuia 59,7°C, B To BpeMs Kak pu KoHIeHTpauuu 6% - 71,8°C (pucyHok 5).
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Pucynok 5. 3aBucuMOCTh TEMIEpPaTypbl pa3MsSr4eHHs: OT KOHIEHTpAalUuud BTOPUYHOIO
MOJIUIPOINUJIEHA B OUTYMHON cMecH

OTO CBUAETENBCTBYET O TOM, YTO J00aBJIEHUE IOJUIPONUICHA B OUTYM 3HAYMTEIHHO
MIOBBIIIACT €T0 TEPMHUECKYIO YCTOWYHBOCTD, YTO OCOOCHHO BaYKHO ISl SKCIUTyaTallil MaTepHajioB
B YCJIOBUSIX BBICOKHMX TeMIIepaTyp. YBelIuueHue Temmeparypsl pasmsrdenus Ha 12,1°C (¢ 59,7°C
no 71,8°C) npu n1o0aBieHUM TMONUIIPONUIIEHA B KOHIEHTpauuu 6% yka3bplBaeT Ha YJIy4dllEHUE
BA3KOCTH M JKECTKOCTH MaTepHaja, 4TO MOXKET CHOCOOCTBOBATH YIYYLIEHHUIO JTOJTOBEYHOCTU U
AKCILTyaTallMOHHBIX XapaKTEPUCTUK MOKPBITHSL.

IToka3zaTtenu riyOMHBI MPOHUKHOBEHUs MBI Ipu 25°C 1y moaumep-MoAupHUIEPOBaHHBIX
OUTYMHBIX CMecel MOKa3bIBAIOT, YTO C YBEJIMYEHUEM KOHLEHTPALUHU BTOPUYHOTO MOJIUIPONHIIEHA
B CMecH HaOmoAaercss TEHICHLMS K CHIDKEHUIO TJIyOMHBI TPOHUKHOBEHHS UIJIBL. OTO
CBUJETEIBCTBYET O IOBBIIIEHUH BSI3KOCTH M YMEHBLICHUH TEKYYECTH MaTepHualla, 4To SIBJISETCS
XapaKTepHBIM JJ1s 00Jiee )KECTKMX OUTYMHBIX cMecell (PHCYHOK 6).

Haubonpmas riyduHa nNpoHUKHOBEHUsI ObUTa 3adukcupoBaHa npu 2,5 % mnoaumnpomnuieHa,
coctaBuBmas 51,2 mm. OpHako yxke Npu KOHUEHTpauuu 3% HaOmoIaeTcs 3HAYUTEIbHOE
CHIDKEHHE TJIyOMHbI TNpPOHUKHOBeHMS g0 41,3 MM, 4YTO TOATBEPXKAAET  YJIydlllEHUE
HKCIUTYaTAal[MOHHBIX XapaKTepUCTHK Marepuana. C yBeIMUeHHEM COJEepKaHUs MOJUIPOINUIEHA /10
6%, TnyOMHAa TPOHMKHOBEHUS TPOJOIHKAET YMEHBINATHCS, AOCTHTHYB 3HadeHus 31,9 mMm, 4TO
CBUJETEIBCTBYET O JAIBHENUIIEM MOBBIIIEHUH )KECTKOCTH CMECH U YJIYUILIEHUU €€ yCTONYMBOCTH K
MEXaHUYECKUM MOBPEKACHUSIM.
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Pucynok 6. 3aBucMMOCTH TIyOMHBI TNPOHUKHOBeHHMS Wil mpu 25°C OT KOHUEHTpaIHu
BTOPUYHOTO MOJUIPONUICHA B OUTYMHON cMecH

Takum 06pazoMm, 1oOaBIEeHHUE BTOPUYHOTO MOJUIIPONUICHA B OUTYM 3HAYUTENbHO YIydllaeT
€ro XapaKTePUCTUKH, JIeasi MaTepuai 0oJjiee CTOMKUM K Ie(opManusM, 9TO OCOOCHHO BAKHO IS
UCIIOJIb30BAaHUSl B YCIOBUSIX IMOBBIIICHHBIX HArpy30K M BBICOKHX TemmepaTyp. OnTumanbHbIe
pEe3yNIbTAaThl 10 CHIDKEHUIO TIYOWHBI NMPOHWKHOBEHHUS OBUIM JOCTUTHYTHI TMPH KOHIICHTPAIHU
nonumnponuwieHa B 4%, 4YTO MOXET OBITh PEKOMEHJOBAHO ISl YAYYIIEHHs JOJITOBEYHOCTHU
OWTYMHBIX TIOKPBITHA.

[Ipn wuccnenoBaHWM CMECH MEIIKOBHHBI M OWTyMa MO KIIOUEBBIM JKCILTyaTallMOHHBIM
MOKa3aTessiM, TaKUM, Kak TTTyOMHa MPOHUKHOBEHHS UIJbl Ipu 25°C U Temneparypa pa3MsardeHus
nmo Kulll, Opumn modydeHBl CcHEAYIOUIME pe3yabTaThl: TemImepaTypa pa3MsrueHus A
KOHIIEHTpanui MemKoBUHBI 3%, 4% u 5% cocraBuina 68,4°C, 69,4°C u 68,1°C cOOTBETCTBEHHO, a
riyOrHa TPOHUKHOBEHUS UTIbl ipu 25°C — 32,9 mm, 29,9 MM 1 32,1 Mm.

OTU pe3yibTaThl JIEMOHCTPUPYIOT HMHTEPECHbIE OCOOEHHOCTH B TIIOBEJIEHUU CMECH C
MENIKOBUHOU. B 4acTHOCTH, TeMIiepaTtypa pa3MsArdeHus He MPOSBISET 3HAYUTENbHBIX U3MEHEHUI B
npezeNiax MCCIEJOBAaHHBIX KOHIEHTpamnuil. Bce pe3ynbTaThl OoCcTaroTCs B OJMM3KUX JHarna3zoHax
(okono 68°C), uTOo yKazbplBaeT Ha TO, YTO J00aBIEHHE MEIIKOBUHBI OKa3bIBAeT JIUIIh
HE3HAYMUTEJIbHOE BIUSHUE Ha TEPMUUYECKYIO CTAOMIIBHOCTh OUTyMa. DTO MOXKET CBUJIETEIHLCTBOBATH
0 TOM, YTO MEIIKOBHHA HE CIIOCOOHA 3HAYUTENFHO YIY4IIUTh TEPMOCTOMKOCTh MaTepHala, Kak 3TO
0KUJIAJIOCH.

Uro kacaeTcsl TIyOMHBI TMPOHUKHOBEHHUS WIJIBI, TO AJI BCEX KOHIIEHTPALMA MEIIKOBUHBI
HaOMroaeTcsl cxoxasi kapTuHa (pucyHok 7). B wactHocTH, mpu 4% KOHIEHTpanuud TIIyOWHA
MPOHUKHOBEHUs jJocturaer 29,9 MM, UTO SBISETCS HAUMEHBIIMM 3HAYEHUEM CpEeIu
WCCIIEIOBAHHBIX, HO B IIEJIOM JIAHHBIC OCTAIOTCSI JJOBOJIBHO BBICOKMMH I10 CPaBHEHUIO C JIPYTUMHU
BUJAMU MOJU(DUKATOPOB. DTO MOATBEPHKIAET, YTO CMECh C MEIIKOBHHOW OCTAaeTCsS TOCTaTOYHO
TeKyuyeld W HEe TMpUOOpeTaeT TOW J>KECTKOCTH W BSI3KOCTH, KOTOpPBIE OOBIYHO OXKHMJIAIOTCS OT
MOJIMMEPHBIX T00aBOK B OUTYM.

OTcyTcTBUE pPE3KMX M3MEHEHMH B pe3yibTaTax (Hampumep, NMUKOB Ha TpaduKax) MOXKET
CBUJCTEIHCTBOBATh O PABHOMEPHOM, HO CIA0OBBIPAKEHHOM BIIMSHUM MENIKOBUHBI Ha CBOICTBa
CMECH, YTO YKa3bIBaeT Ha e€ orpaHnYeHHYI0 Y ()EKTUBHOCTD Kak MOau(pUKATOpa. ITO MOKET OBITH
CBSI3aHO C TEM, YTO MEIIKOBHUHA, Oy/Iydd MEHEe aKTHBHBIM MaTepHalIOM, HE B3aUMOJCHCTBYET C
outymoM Tak d(dekTuBHO, Kak Ooyiee CIENUATM3UPOBAHHBIE TOJUMEpHl. BusyanpHas
CTa0MIIM3alUs MapaMeTPOB TAKXKE IMOATBEPXKAACT, YTO MoauduKanus OUTyMa MENIKOBUHOM He
BBI3bIBACT 3HAUUTENBHBIX YIYUIIEHUH B €r0 SKCILTyaTallMOHHBIX XapaKTEPUCTHKAX.
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Pucynok 7. 3aBUCHUMOCTH TEMIEpPATypbl pa3MSrdeHHss U TIIYOMHBI MPOHUKHOBEHHS WIJBI OT
KOHIIEHTPAIUY MEIIKOBHHBI B OUTYMHON CMECH

Takum 06pa3om, pe3ynbTaThl MOKA3bIBAIOT, YTO T00ABICHNE MEIIKOBHHBI B OUTYM IOBBIIIAET
€ro BS3KOCTb M TEPMHUYECKYIO CTaOWJIBHOCTh, HO B MEHbIIEH CTENEeHH MO CpaBHEHHUIO ¢ Oojee
aKTUBHBIMU MOAN(UKATOPAMH, U HE IPUBOJIUT K 3HAYUTEIHHBIM YIYYIICHUSM CBOWCTB CMECH.

PesynpTaThl McHBITAaHMM cMecu OMTyMa C MyObBIpYaTOM IUICHKOW JEMOHCTPUPYIOT
CJIeYIOIME 3HAUCHHS: TeMIiepaTypa pazMsryenus cocrasisiet 65,4°C, 69,4°C u 71°C npu 3%, 4%
1 5% colepKaHUU TUIEHKU COOTBETCTBEHHO, a ITyOMHA MPOHUKHOBEHUS UIJibl Ipu 25°C — 34,9 mwm,
50,6 MM 1 48,32 MM [UTs TEX e KOHIICHTPALUH (PHCYHOK 8).
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Pucynok 8. BiaustHue copepskaHusi MynbIpyaTol MJICHKH Ha TEMIIEPATypy pa3MsArueHus U TIyOuHYy
MIPOHUKHOBEHUS UTJTBI

CpaBHuBasi 3T JaHHBIE C pe3yJabTaTaMH Jii CMECH C MEUIKOBHHOW, MOXHO OTMETUTh
HECKOJIBKO BaXKHBIX paznuuuid. Bo-mepBbIX, TemmepaTypa pa3MAr4eHHsl INPH HCIIOJIb30BAHUU
MYTIBIPYATON MJICHKU MOKAa3bIBAa€T HE3HAUYUTEIBHOE YBETMUYEHHE C POCTOM KOHIIEHTPAllMU, OJJHAKO B
IIEJIOM OCTaeTCsl Ha YPOBHE, CONOCTaBUMOM ¢ MemkoBUHOU. [lpu 4% o0e cmecu 1eMOHCTPUPYIOT
oJmHaKkoBoe 3HaueHue 69,4°C, Ho npu 5% cMmech ¢ MynbIpYaToil MIEHKON UMeeT 0ojiee BHICOKYIO
temneparypy pasmsiraeHus (71°C npotus 68,1°C y MEIIKOBHHBI), YTO MOXKET CBHIETEILCTBOBATH O
Jy4IIeM CTPYKTypUpOBaHUM OMTyMa IpU JaHHOW KOHLIEHTPALUH.
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Onnako riIyOMHA TPOHMKHOBEHHMS WIJIBI TOKa3bIBAeT HHYI0 TEHAEHIMIO. B cimywae ¢
MyNbIPYaTOd IUIGHKOW 3HAYeHUs BbIle, ocobeHHO npu 4% kouueHtpauuu (50,6 mMm), 4To
yKa3bIBaeT Ha OOJBIIYIO IJIACTUYHOCTH CMECH IO CPAaBHEHHMIO C MEIIKOBHUHOW. B cBOIO ouepensp,
OUTyMHasi CMeCh C MELIKOBUHOM JEMOHCTPUPOBaAIa MEHBIIYIO TNIyOUHY MPOHUKHOBEHHUS (29,9 MM
npu 4%), 4TO TOBOPUT O OOJIBIIIEH )KECTKOCTH M YCTOMUYMBOCTH MaTepHaa.

Takum oOpazom, HECMOTPSI Ha HEOOJBIIOE MOBBILICHHE TEMIIEPATYpPhI pa3MsardyeHus npu 5%
MyMBIPYATOW TUICHKH, B IEJIOM MOAMQUKANUs OUTymMa ITHM MaTepuaioM MPUBOAMT K Ooiee
MSATKOM M MEHEE YCTOMYHMBOMN CTPYKTYpE IO CPABHCHHUIO C MEIIKOBUHON. DTO MOXET OBITh CBS3aHO
C TeM, 4YTO NymnblpuaTas IUICHKA, OyIydd HW3rOTOBJICHHON W3 MOJMATHIIEHA, 00JajaeT HHOM
XUMHUYECKON TPUPOJOH W B3aMMOACHCTBYeT C OUTyMOM cliabee, 4YeM MOJUIPONHICHOBAs
MEIIKOBMHA. B pe3ymprare cMmech ¢ MyNBIPYAaTOW IUIGHKOM COXpaHsSeT Ooyee BBICOKYIO
IUIACTUYHOCTh, HO IPU ATOM YCTYyMAaeT MO IMOKa3aTesM >KECTKOCTH U MPOYHOCTH, YTO MOKET
OrpaHUYMBaThH €€ MPUMEHEHNE B YCIOBUIX BBICOKMX HArpy30K.

4. O6cyxnenue

Pe3ynbrarel mokasanu, 4TO BTOPUYHBINA MOJUMIPOMIIIEH siBIsieTcs Haubonee 3¢h(HEeKTUBHBIM
MOTU(GUKATOPOM CpPEAM HCCIECAOBAaHHBIX MAaTEpUANIOB, TaK KAaK OH 3HAYUTEIHEHO ITOBBIIIAET
TEPMOCTOMKOCTh U MEXaHUYECKYIO IPOYHOCTh OUTyMHON cMmecu. [lomunponuieHoBas MEIIKOBUHA
o0lajaeT CXOXXMMH, HO MEHEE BBIPAKEHHBIMH XapaKTEPHCTUKAaMH, TOTAA KakK ITyIbIpyaTas
MOJIMATUIICHOBAS TUICHKA HE JaeT 3HAYUTENIHOTO YIY4IlIeHUs CBOICTB OUTyMa.

BropuuHblii nmonunmponuiaeH oOka3biBaeT HauOoJiee BBIPAXEHHOE BIMSHUE HaA CBOICTBa
Outyma, moBblIas Temmeparypy pasmsrdenus no 71,8°C u cHuxkas rIyOMHY HTpPOHUKHOBEHUS
UTJIbI, YTO JEJIaeT MaTepuall 00jiee JKECTKUM U YCTOMUMBBIM K Harpy3kam.

[TonunponuneHoBass MEUIKOBHHA TAaKKe YIy4dlIaeT 3KCIUIyaTallUOHHBIE XapaKTePUCTUKHU
OuTyma, OJHAaKO B MEHbIIEH CTENEHH MO CPAaBHEHHUIO C YHUCThIM MoJunponwieHoMm. Temmeparypa
pasmsryenus npocturaetr 69,4°C, a riyOuHa NPOHUKHOBEHHUS UIJIbI YMEHBINAETCS, HO HE CTOJb
3HAQYUTEIIBHO.

[IynbipyaTasi HOJMATUIIEHOBAS IUIEHKA IPUBOJAUT K YBEJIMUYECHHUIO TEMIIEPATYPhI pa3MATYEHHUS,
HO €€ BIIMSHUE Ha ITTyOMHY NMPOHUKHOBEHHUS WIJIbI HECTAOMJIBHO. DTO CBHUJIETENBCTBYET O ci1aboM
CTPYKTYPHOM B3aUMOJICHCTBUY MOTUAITUIIEHA C OUTYMOM U CHUKEHHH BSI3KOCTH MaTepHaa.

Bo BTOpHYHOM MOJMIPONUICHE OCHOBHBIM KOMIIOHEHTOM siBisieTcst komouHarust PE u PP ¢
MUHUMaTbHBIMU fMo0aBkamu. [logxoauT anms 0a30BBIX KOMIIO3MTHBIX MaTepHalloB Omaromaps
BBICOKOW YCTOMUYMBOCTH K MEXaHUYECKUM Harpy3Kam.

[TomunponuiaeHoBass MeMIKOBHHA coaepXuT conoiumepsl PE u PP ¢ ¢yHKmonansHeIMU
no0aBKaMM, 4TO 00ECIEYMBAET XOPOILIYI0 MEXaHMUYECKYIO MPOYHOCTh U YCTOWYUBOCTH K U3HOCY.
[ToaxoauT Amnst HOTUMEPHO-OUTYMHBIX BSDKYILIHX.

[TynbipuaTtas monusTHIIEHOBAs IIeHKa BkimodaeT PE, mapaduubl 1 MUKpOKpHCTaUIMYECKHE
BOCKHM, OOECHeUYHBalOIie BBICOKYIO THUAPOPOOHOCTH H THUOKOCTh, HO C OrpaHUYEHHOU
M3HOCOCTOMKOCTHIO. [10AX0ANUT [J1 3alIUTHBIX TOKPBITUN U BJIaro3alluTHRIX OaphEPOB.

Jiis  TOMUMEpHO-OMTYMHBIX — BSDKYIIMX ~ ONTUMAJIBHO  HCIIOJNB30BAaThb  BTOPUYHBIH
MOJIUTIPOIIJIEH, TJi€ HAONIOAAI0TCsl YCTOWYMBBIE MEXaHMYECKHME M TEPMOXMMHUYECKHE CBOWCTBa
(Brasileiro et al., 2019; Celauro et al., 2020; Nizamuddin et al., 2021).

Ha ocHoBe moiy4eHHBIX AAHHBIX MOXKHO cCJlielaTh BBIBOJ, 4TO Hambosee 3PPeKTUBHBIM
MOJU(UKATOPOM SIBJISIETCS BTOPUYHBIA IOJUIPONMIICH, KOTOPBIH oOecreynBaeT HaWIydllne
MOKa3aTeJIM TEPMOCTOMKOCTH U MEXAHUYECKOU MPOYHOCTH.

5. 3akinoueHue

PesynbraThl ucCCleIOBaHMS IMOATBEPKAAOT BO3MOXKHOCTb HCIOJIB30BAaHUS BTOPUYHBIX
MOJMMEPHBIX OTXO/J0B B KauecTBe MOAM(DUKATOPOB OUTyMa, 4TO OOYCIOBIEHO MX XMMHYECKON
IPUPOJOH M CIIOCOOHOCTBIO K B3aMMOACUCTBUIO ¢ OMTYMHOH Marpuieil. BBenenue BTOpUYHOTO
MOJIUNPONUIECHA MPUBOIUT K (DOPMUPOBAHMIO TOMOI€HHOM OUTYMHO-IIOJUMEPHON CTPYKTYpHI 32
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CUET YaCTHYHOT'O PACTBOPEHHS M Ha0yXaHUsl MOJMMEPHBIX LIeTeil B IMCIEPCHOHHON cpefie OuTyma.
DTO CONMPOBOXKAACTCS YBEIMYEHHEM TEMIIEpaTypbl pasMsIrdeHUs] W CHUDKEHHEM TITyOMHBI
NPOHUKHOBEHUS ~ MIJVIBL, YTO  YKa3blBaeT Ha  IOBBIIIEHWE  KOTE3MOHHBIX  CBOMCTB
MO (PUIIPOBAHHOTO BSHKYILETO.

Haubonpmryto 3¢ (eKTHBHOCTD  MPOJEMOHCTPUPOBAIT ~ BTOPHYHBIA  MOJIMIPONHIICH,
00s1alalomuii BBICOKOM CTENEHBI0 COBMECTUMOCTH C OMTYyMOM Ojarofapst ero MOJEKYJISIPHON
Macce W XMMHYECKOMY cocTaBy. llonmumponmieHoBas MENIKOBHHA IOKa3aja aHaJOTHYHBIE, HO
MEHEE BBIPAKECHHBIC DPE3YJbTATBhl, YTO MOXET OBITh CBS3aHO C PA3NUYMAMH B MOJICKYJSPHOU
OpraHu3alli ¥ CTENEeHM KPUCTALUIMYHOCTH MaTepuana. B oTiauume OT MOJUIPOINUICHOBBIX
OTXOJIOB, MyHbIpYaTas IOJUATHWICHOBAs IJICHKA HE o0ecredmsia 3HAYUTEIbHBIX YIIy4YIICHUN
HKCIUTYaTallMOHHBIX ~ XapaKTEPUCTUK OWTyMa, dYTO OOYCIOBIEHO cJIa0blM  XHMHUYECKUM
B3aUMOJACHCTBHEM  MEXIy  HOJAPHBIMA  KOMIIOHEHTaMH  OWTyMa ¥ HEHOJSPHBIMU
MOJIMATUIICHOBBIMU MaKPOMOJIEKYJIAMHU.

[lepcrieKTUBHBIMHM  HANPaBICHUAMHU JAIBHEHIIMX HMCCICAOBAaHUN SBISIOTCS JIETaIbHbIHA
aHaJIN3 MOJIEKYJSIPHBIX M TEPMOJINHAMHYECKUX ACTIEKTOB B3aUMOJICHCTBUS MOJMMEPOB C OUTYMHOM
MaTpHLei, a Takke pa3paboTKa KOMIUICKCHBIX COCTaBOB, BKIIIOYAIOIINX MMOBEPXHOCTHO-AKTUBHBIC
BEIIECTBA, IUIACTH(PHUKATOPHI W XHUMHYECKHE AaKTHBATOPHI, CIIOCOOCTBYIOMIMX  YIyYIICHUIO
JAMCIEPTUPOBAHMUS ITOJIMMEPOB M MOBBIIICHUIO KX COBMECTUMOCTH C OUTYMOM.
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Exinmisiik NOJIUMepJIepaiH MOJIUMepP-MOAU(PUKANMATAHFAH ourym
KacueTTepiHe dcepiH Tajaay

Astkan Co3ablK, [Naiinu CeiiTtenoBa, Exatepuna Kakmanosa, JIszat ToabiMGexoBa

AngaTna: byn jkympicTa OUTYMHBIH €KIHIILTIK MOJUIPONUICHMEH MOAM(PUKAIUSACH XUMHSIIBIK
@3apa OpEKeTTeCy, KYPBUIBIMIBIK ©3repicTep >KoHe OUTYyM-TIONUMep JKYMECIHIH eHIMILIIK
CHITaTTaMaJIapbIH KAaKCapTy TYPFHICBIHAH KapacThIPIIaIbl. BUTyM MaTpuIiachiHIa OTMMEP/IiH epy
KOHE JMCIIepcusi MpolecTepi, COHBIMEH KaTap MOJUMPONMICHHIH MOJEKYIalbIK KYPBUIBIMBIHBIH
QIBIHFAaH KOMITO3UTTIH  PEOJIOTHSUIBIK, JKBUTy JKOHE MEXaHUKANBIK KacHeTTepiHe ocepi
KapacThIPbLIaJIbl.

butymapl-nonumepiai  KOMIO3ULMSUIApAbI  JalbIHIAYJbIH HETI3T1 Ke3€HJEepl, OHBIH ILIIHJE
TEPMUSIIBIK TYPAKTaHABIPY, TOMOTCHM3AllMs, KOMIIOHEHTTEPAIH OHTAMJIbl KaTHIHACHIH AHBIKTAY
JKOHE OJIaplbl apanacThlpy oICTepl cumarrainrad. MoaudukanusuianFaH OWUTYMHBIH (u3nka-
XUMUSIIBIK CHUITATTaMaIapbIHBIH ©3repyiHe Tainay >KYPri3uili: jKymcapTy TeMIlepaTypachl >KOHE
WHEHIH eny Tepenauiri 25°C.
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3epTTey HOTIIKENEpl KaiTajama TMOJHMIPONWICHIl €HTi3y BICTBIKKA TO3IMAUIIKTI apTTBHIPYFa,
TYTKBIPIBIKTBI apTTHIPYFa jKOHE OUTYMHBIH aAre3UsUIbIK KACUETTEPIH JKaKCapTyFa KOMEKTECETiHIH
KepceTTi. byn oHbl achanbTOETOHABI KaOBIHAAPABI KEHEWUTYyre, OJapAblH OEpIKTIriH >KoHE
KJIMMATTHIK (paKkTopiiapFa TO3IMAUITIH apTThIpyFa MyMKIHAIK Oepei.

CoHbIMEH KaTtap, MOJUMEPIl KOCIAHBIH OpTYpJi KOHIEHTpanusachl (2%-man 6%-Fa JeiiH) KoHE
oJIapAbIH OWTYM OaiJIaHBICTBIPFBIIITHIH KYPBUIBIMABIK ©3TepiCTepiHe ocepi 3epTTeni. AJIbIHFaH
JepeKTep TMONHIPONIICHHIH OHTAMIBI KOHIEHTPALUACH IUIACTHKAIBIK JeGopMamusHbl a3aiTy
YKOHE MEXaHHUKAJIBIK OCPIKTIKTIH JKOFapbUIAYhl, )KaKCAPThIIFAH OHIMILIIK KACUETTEPIH KaMTaMachl3
€TCTIHIH KOpPCETe/Il.

ExiHIIUTIK TTOJIMIPONMIICHII MaigaiaHy JKoJd TOCEeMJIEpIHIH camachlH JKaKcapTyFa FaHa eMec,
COHBIMEH KaTap NOJMMEp KaJJbIKTaphlH KalTa OHJeYy MACeNeciH ILIemyre, KOplIlaraH opTara
TYCETIH CaJMaKThl a3aiTyra MYMKIHIIK Oepeni. by OuTymapl monmmepsii TypJICHIIpY cajlachblHaa
opi Kapail 3epTTeyiiep JKYpri3yre koHE aHarypJIbIM JKOJIOTHUSIIBIK Ta3a koHe Oepik achambTOeToH
MaTepHAIIAPBIH d3IpJIeyre MepCreKTUBAIAP alllaIbl.

CoHbIMEH KaTap, MOJUNPONWICHHIH OUTYM MATPHUIIACBIMEH OPEKETTeCY MEXaHHM3MJEpi, COHBIH
IIIHE MOJICKYJIANBIK CAJIMAKThIH, TOJMMEPiH KPUCTAIJIBUIBIK OPEKECIHIH KOHE TEPMUSIIBIK
TYPaKTBUIBIFBIHBIH,  9cepl  KapacThIPbUIQABI. OPTYPJi THNOTErl KaiTazama MOJUMEpIICPMEH
MoauuKanusIanFaH OUTYyM KAaCHETTEpiHE CalbICThIpMaibl Tajjay Kypri3iami, Oysl >Kom
KYPBUIBICHIH/IA TIAl1aTaHyAbIH €H JKaKChl HYCKACHIH aHBIKTayFa MYMKIHIIK Oepi.

Tyiiin ce3gep: OWTYyM; EKIHIIUIIK TOJMIIPONWIICH; IOJMMEPIIK KOCHauap; HOJMMep-OuTyMIbI
0alyIaHBICTHIPFBILI MaTepHAIIAP; MOAU(DUKAIIHS.

Analysis of the influence of secondary polymers on the properties of polymer-
modified bitumen

Ayazhan Syzdyk, Gaini Seitenova, Ekaterina Zhakmanova, Lyazat Tolymbekova

Abstract: This paper examines the modification of bitumen with secondary polypropylene in terms
of chemical interactions, structural changes, and improved performance of the bitumen-polymer
system. The processes of polymer dissolution and dispersion in the bitumen matrix are considered,
as well as the effect of the molecular structure of polypropylene on the rheological, thermal, and
mechanical properties of the resulting composite.

The key stages of preparing bitumen-polymer compositions are described, including thermal
stabilization, homogenization, determining the optimal ratio of components, and methods for
mixing them. An analysis of changes in the physico-chemical characteristics of the modified
bitumen is carried out: softening temperature and needle penetration depth at 25°C.

The results of the study showed that the introduction of secondary polypropylene helps to increase
heat resistance, increase viscosity, and improve the adhesive properties of the bitumen. This allows
for its expanded use in asphalt concrete pavements, improving their durability and resistance to
climatic factors. Additionally, various concentrations of the polymer additive (from 2% to 6%) and
their effect on structural changes in the bitumen binder were studied. The data obtained indicate that
the optimal concentration of polypropylene provides improved performance properties, reducing
plastic deformation and increasing mechanical strength.

The use of secondary polypropylene allows not only to improve the quality of road surfaces, but
also to solve the problem of recycling polymer waste, reducing the burden on the environment. This
opens up prospects for further research in the field of polymer modification of bitumen and the
development of more environmentally friendly and durable asphaltic concrete materials.

In relation to this, the mechanisms of interaction between polypropylene and the bitumen matrix are
considered, including the effect of molecular weight, degree of crystallinity and thermal stability of
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the polymer. A comparative analysis of the properties of bitumen modified with various types of

secondary polymers was carried out, which made it possible to identify the best option for use in
road construction.

Keywords: bitumen; secondary polypropylene; polymer additives; polymer-bitumen binders;
modification.
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Abstract. Sustainable tourism is an approach that aims to protect natural
resources, support local cultures, and ensure the fair distribution of
economic benefits (UNWTO, 2020). This approach seeks to ensure the
long-term balanced development of tourism, both environmentally and
socio-culturally. Rural areas hold great potential for sustainable tourism.
These regions host unique resources such as historical structures,
traditional housing types, and rich cultural heritage. Particularly, rural
tourism can contribute to the economic empowerment of local
communities, the preservation of cultural values, and the sustainable use
of the natural environment. However, effective utilization of this
potential requires proper planning, management, and local participation.
This study aims to examine how historical structures, traditional housing
types, and cultural features in rural areas can be evaluated within the
scope of sustainable tourism. Additional, the challenges and solutions
encountered in the process of preserving and integrating these resources
into tourism will be discussed. Since sustainable tourism targets not only
environmental but also social and economic sustainability, this study
will also delve into the relationship between rural development and
tourism.

Keywords: sustainability, tourism, rural development, rural tourism,
cultural values.

1. Introduction

Tourism is a phenomenon that encompasses the travel of
individuals from their place of residence to another region for a certain
period for various purposes such as relaxation, entertainment, cultural
experiences, or business, along with the activities related to this process
(World Tourism Organization [WTQ], 2021). The tourism sector plays a
crucial role in economic development and social interaction by bringing
together various industries and services (Hall & Page, 2019). Moreover,
tourism has significant social, cultural, and economic impacts on both
individuals and societies.

The history of tourism dates back to ancient times, as people in
ancient Greece and Rome traveled to events such as the Olympics or
sacred temples (Towner, 1996). In the Middle Ages, travels were mostly
for religious purposes pilgrimages and trade. In the 18th century, the
"Grand Tour" tradition became popular among aristocrats and wealthy
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individuals in Europe (Black, 2003). However, modern tourism emerged after the Industrial
Revolution with advancements in transportation technology (Shaw & Williams, 2002). In the 19th
century, the expansion of railway networks and the use of steamships made tourism more accessible
(Page, 2019). In the 20th century, the development of air transportation turned tourism into a global
industry.

Today, tourism is one of the most important sectors of the world economy. According to
UNWTO data, the tourism sector accounts for approximately 10% of global GDP and provides
employment to millions of people (UNWTO, 2020). Particularly for developing countries, tourism
plays a critical role in economic development and foreign exchange earnings. However, the
environmental and cultural impacts of tourism have increasingly become a topic of discussion.
Sustainable tourism practices have gained importance to minimize these impacts and ensure the
long-term benefits of tourism (Hall & Page, 2020).

Tourism, being a significant phenomenon at both individual and societal levels, and has
evolved over time into a global industry. However, sustainability and responsible tourism practices
are crucial for the future of tourism.

Initially concentrated in major cities, famous destinations, and coastal areas, tourism has
gradually expanded to rural areas, driven by the increasing interest in nature and tranquil
environments (Lane & Kastenholz, 2015). Particularly, alternative tourism types such as
agritourism, ecotourism, and cultural tourism have gained importance in rural areas (Roberts &
Hall, 2001). The spread of tourism to rural areas has been accelerated by various economic, social,
and technological factors. Especially, increasing urbanization and the stress of city life have
directed individuals towards more peaceful and natural environments (MacDonald & Jolliffe,
2003). Additionally, the cultural heritage, authentic experiences, and natural beauty of rural areas
have attracted tourists and promoted regional development (Lane, 2009). In this sense, one of the
most important reasons for the spread of rural tourism can be attributed to the concept of sustainable
tourism. Environmental sensitivity and the preservation of natural resources have led tourism to
focus on rural areas (Sharpley & Roberts, 2004). Moreover, modern transportation and
communication technologies have made rural areas more accessible, and accommodation and
infrastructure services in these regions have developed (Bramwell & Lane, 2011).

Government support and incentives from local authorities have also played a significant role
in the development of rural tourism, thereby supporting small businesses, promoting ecological
agriculture, and enhancing the appeal of rural tourism through regional festivals and events (Phillip
et al., 2010). Additionally, the widespread use of social media and digital marketing tools has
facilitated the promotion of rural destinations, increasing tourist numbers as a result of these
promotions (Bessiere, 1998).

2. Materials and methods

Rural areas, with their natural beauty, historical structures, traditional lifestyles, and cultural
richness, hold great potential for tourism. Rural tourism aims to promote the sustainable use of
these resources, benefiting both local communities and the tourism sector. The importance of rural
tourism can be examined in economic, social, and environmental dimensions.

Rural tourism can particularly stimulate economic revival in regions where traditional
agriculture and livestock activities have declined. Local communities can generate income through
accommodation facilities, local cuisine, handicrafts, and guiding services (Sharpley & Vass, 2006).
Additionally, rural tourism can reduce unemployment rates, prevent youth migration, and
strengthen the local economy.

Rural tourism is also crucial for the preservation and promotion of local culture. Tourists
experience traditional lifestyles, local festivals, and handicrafts in rural areas, leading to cultural
interaction (Kastenholz et al., 2012). This helps local communities preserve their cultural identity
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and take pride in it. Moreover, the interaction between tourists and locals fosters mutual
understanding and tolerance.

Rural tourism can also contribute to the preservation of the natural environment. Tourism
activities can promote the sustainable use of natural resources and increase environmental
awareness (Lane, 1994). For example, ecotourism projects can protect forests, rivers, and other
natural areas. Additionally, rural tourism can encourage the adoption of environmentally friendly
practices, such as the use of renewable energy and waste management (Lane, 1994).

The tourism sector is enriched by unique resources such as historical structures, traditional
housing types, and cultural features. These elements attract tourists, contributing to the preservation
of cultural heritage and the revitalization of local economies. Historical structures, such as castles,
mosques, churches, bridges, and ancient cities, attract tourists and promote cultural tourism
(Timothy & Boyd, 2003). For example, the ancient city of Ephesus in Turkey and the underground
cities in Cappadocia demonstrate how historical structures can be effectively used in tourism. Such
structures not only attract tourists but also help local communities take pride in their past and
preserve cultural heritage (Ashworth & Tunbridge, 2000).

However, caution is needed when integrating historical structures into tourism. Excessive
tourism pressure can lead to the deterioration and destruction of these structures. Therefore,
restoration efforts and visitor management strategies are crucial for the preservation and sustainable
integration of historical structures into tourism (Hall & McArthur, 1998).

Traditional housing types, which reflect the architectural features and lifestyles of a region,
are also important cultural heritage elements that contribute to the development of tourism in rural
areas. Particularly, wooden houses, stone structures, and local mansions in rural areas attract
tourists. These structures can be converted into boutique hotels or guesthouses for tourism purposes
(Lane, 1994). For example, the historical houses in Safranbolu (Tiirkiye), demonstrate how
traditional housing types can be integrated into tourism. The popularity of these houses, attracting
visitors from around the world, has been significantly influenced by social media shares.
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Figure 1: Safranbolu Houses, Turkey (Source: Anadolu Agency)

Traditional housing types not only provide accommodation but also offer tourists an authentic
experience. This experience encourages the preservation of local architecture and increases tourists'
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interest in the region (Richards, 2007). Additionally, the integration of such structures into tourism
contributes to the economic empowerment of local communities. One of the best examples of this is
the Button Houses in the Ormana neighborhood of Ibradi district in Antalya, Turkey (Figure 2). The
sharing of these houses on social media has led to a surge in rural tourism activities, highlighting
the importance of rural development.

Figure 2: Button House (Ibradi/Antalya) Source: ibradi.gov.tr

Cultural features, such as local festivals, handicrafts, traditional music and dances, and local
cuisine, also play a significant role in attracting tourists and shaping a region's identity. These
features offer tourists unique experiences (McKercher & du Cros, 2002). For example, the
Kirkpinar Oil Wrestling Festival in Edirne and grape festivals in Nevsehir, Turkey, demonstrate
how cultural features can be utilized in tourism.

Cultural tourism not only helps preserve the cultural identity of local communities but also
encourages the ownership and long-term preservation of these cultural features by the locals.
Additionally, the interaction between tourists and locals fosters cultural understanding and tolerance
(Richards, 2001). However, it is crucial to prevent the commercialization of cultural features and
preserve their authenticity when integrating them into tourism.

The Sustainable Development Goals (SDGs), developed by the United Nations (UN), are a
call to action consisting of 17 universal goals aimed at ending poverty, protecting the planet, and
ensuring that all people live in peace and prosperity. These goals were established as part of the
2030 Agenda for Sustainable Development, adopted by UN member states in 2015. The 17 goals
outline the steps needed to ensure a sustainable future globally and require collaboration among all
countries to achieve them. These goals are shown in Figure 3, and the following section explains the
goals related to tourism and their connections.
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Figure 3. United Nations Sustainable Development Goals

Tourism is directly or indirectly linked to multiple Sustainable Development Goals.
Sustainable tourism practices play a significant role in areas such as economic growth,
environmental protection, social development, and the preservation of cultural heritage. Therefore,
the tourism sector should be considered a key tool in achieving the SDGs (Ar & Celik Uguz, 2017).
The relationship between the SDGs and the tourism sector is explained in Table 1.

Table 1. United Nations Sustainable Development Goals and Their Relationship with Tourism

SDG 5. Gender Equality

>

The tourism sector can increase women's participation in the workforce.
Particularly in developing countries, tourism is an important employment
area for women.

Additionally, tourism projects can support policies promoting gender

equality.

SDG 8. Decent Work and
Economic Growth

Tourism is a significant source of employment and income, especially in
developing countries.

Sustainable tourism revitalizes local economies and creates decent work
opportunities.

SDG 9. Industry, Innovation,
and Infrastructure

» The tourism sector also contributes to the growth of small and
medium-sized enterprises (SMES).
» Tourism  promotes infrastructure  development (transportation,

accommodation, communication).

» Sustainable tourism supports the construction of resilient and

environmentally friendly infrastructure.

SDG 11. Sustainable Cities
and Communities

» Additionally, technological innovations in the tourism sector (e.g., digital
reservation systems) can increase efficiency.
» Tourism contributes to the preservation of cultural heritage and the

>

development of local communities.

Sustainable tourism improves the quality of life for locals while preserving
cultural and historical heritage.

Additionally, tourism enhances urban infrastructure and promotes
sustainability in urban planning.
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» Tourism requires the responsible use of resources. Sustainable tourism

SDG 12. Responsible|  practices promote the conservation of natural resources and waste
Consumption and| management.
Production > Tourism businesses can support responsible consumption by adopting

environmentally friendly practices such as energy and water conservation.

» The tourism sector plays a significant role in combating climate change.

» Sustainable tourism practices encourage reducing carbon footprints and

| SDG 13. Climate Action using renewable energy.

» For example, steps can be taken to reduce emissions from air travel or
promote the use of eco-friendly hotels.

» Coastal and marine tourism is directly related to the protection of oceans
and marine resources.

» Sustainable tourism promotes the conservation of marine ecosystems and
prevents pollution.

» For example, diving tourism or marine protected areas can contribute to
the preservation of underwater life.

SDG 14. Life Below Water

> Tourism is related to the conservation of forests, mountains, and other
terrestrial ecosystems.

SDG 15. Life on Land » Nature tourism and ecotourism promote the preservation of biodiversity.

» However, tourism can also lead to the destruction of natural areas, making
the adoption of sustainable practices critical.

» Tourism is an important area for international cooperation and
SDG 17. Partnerships for the|  partnerships.

Goals » Sustainable tourism projects can be implemented through public private
partnerships and the support of international organizations.

The tourism sector has increasingly focused on the concept of sustainability in recent years.
Global issues such as climate change, environmental degradation, and social inequalities have
highlighted the need for sustainable tourism practices. This section discusses recent studies and
developments on the sustainability of tourism.

The Spread of Sustainable Tourism Practices

In recent years, the spread of sustainable tourism practices has been notable. Particularly,
models such as ecotourism, agritourism, and cultural tourism contribute to the preservation of
natural and cultural resources while benefiting local economies (Gossling et al., 2021; Yurtsal,
2019). These practices increase tourists' environmental awareness and encourage eco-friendly travel
choices.

Technological advancements have a significant impact on the sustainability of tourism.
Digitalization enables more efficient use of resources in the tourism sector while minimizing
tourists' environmental impacts (Gretzel et al., 2020). For example, online reservation systems,
virtual tourism experiences, and smart tourism applications enhance the sustainability of tourism.

The active participation of local communities in tourism activities is crucial for the success of
sustainable tourism. Recent studies show that local participation increases the social acceptance of
tourism activities and ensures the fair distribution of economic benefits (Scheyvens & Biddulph,
2018). Additionally, training local communities on tourism strengthens the sustainability of tourism
activities.

Climate change poses a significant threat to the tourism sector. Recent studies emphasize the
need to develop strategies to minimize the environmental impacts of tourism activities (Scott et al.,
2019). For example, the use of renewable energy sources, waste management, and water
conservation in tourism facilities reduce the environmental impacts of tourism.

The adoption of appropriate policies and management strategies is essential for the
development of sustainable tourism. Recent studies show that collaboration between local and
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central governments enhances the sustainability of tourism activities (Hall, 2019). Additionally,
financial support and incentives are needed to implement sustainable tourism policies.

Tourists' attitudes and behaviors towards sustainable tourism practices significantly impact
the sustainability of tourism. Recent studies indicate that as tourists’ environmental awareness
increases, so does their preference for eco-friendly travel (Dolnicar, 2020). This trend encourages
the spread of sustainable practices in the tourism sector.

The COVID-19 pandemic has also significantly impacted the tourism sector. During the
pandemic, the environmental impacts of tourism activities decreased (Gossling et al., 2021).
However, new strategies are needed to sustainably revive tourism in the post-pandemic period.
Particularly, promoting local tourism and eco-friendly travel choices is crucial for the sustainability
of tourism.

Sustainable Tourism Practices: Principles, Local Participation, and Environmental Impacts.

Sustainable tourism is an approach that aims to protect natural resources, preserve cultural
heritage, and strengthen local economies. This approach seeks to balance tourism activities
environmentally, socially, and economically (UNWTO, 2020). Sustainable tourism practices are
shaped by certain principles, and local participation and minimizing environmental impacts are of
great importance.

3. Results

Sustainable tourism is based on the following principles:

Environmental Sustainability: The protection of natural resources and minimizing the
negative environmental impacts of tourism activities are essential. Practices such as energy
conservation, waste management, and biodiversity preservation are prioritized (Buckley, 2012).

Social and Cultural Sustainability: The preservation of local cultures and ensuring that
tourism activities do not negatively affect the lifestyles of local communities are key goals. Cultural
interaction between tourists and locals is encouraged while preventing the commercialization of
cultural heritage (Richards, 2007).

Economic Sustainability: The fair distribution of income generated from tourism activities
and the strengthening of local economies are aimed at. This ensures that the tourism sector becomes
a sustainable source of income in the long term (Sharpley, 2009).

The active participation of local communities is crucial for the success of sustainable tourism
practices. Local communities should have a say in the planning, implementation, and management
of tourism activities (Tosun, 2000). This participation can be achieved through:

Local Employment: Employing locals in the tourism sector ensures that economic benefits
directly reach the community.

Local Entrepreneurship: Encouraging locals to engage in tourism-related ventures, such as
accommodation facilities and local restaurants.

Education and Awareness: Providing training to local communities on sustainable tourism
principles and raising awareness about the long-term benefits of tourism (Scheyvens, 2002).

The Participation of Local Communities and the Future of Rural Tourism

The participation of local communities increases the social acceptance of tourism activities
and strengthens the sustainability of tourism. However, on the other hand, the increase in tourism
activities can also have negative impacts on the natural environment. To minimize these impacts,
Buckley (2012) emphasizes the need to encourage the use of renewable energy sources and
water-saving systems in tourism facilities. Additionally, the recycling of waste generated by tourism
activities and its environmentally friendly disposal, as well as the development of visitor
management strategies to reduce the pressure of tourism activities on natural areas, are essential
(Hall & McArthur, 1998). For example, limiting the number of visitors in protected areas and
promoting nature-friendly activities are just some of the practices that can be implemented to
achieve these goals.
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For sustainable tourism practices to succeed by offering a balanced tourism model in
environmental, social, and economic terms, the adoption of fundamental principles, the active
involvement of local communities, and the minimization of environmental impacts are of great
importance. Sustainable tourism is an approach that aims to meet the needs of the present while
protecting the resources of future generations.

4. Discussion

Rural tourism holds significant potential for the tourism sector with its natural beauty, cultural
heritage, and traditional lifestyles. However, the sustainable realization of this potential requires the
adoption of appropriate policies and strategies. The future of rural tourism will be shaped by
balancing local community participation, environmental protection, and economic development.

The future of rural tourism will be shaped within the framework of sustainability principles.
In particular, the preservation of natural resources, the safeguarding of cultural heritage, and the
strengthening of local economies will ensure the long-term success of rural tourism (Lane, 1994).
Additionally, technological advancements and digitalization offer new opportunities for the
promotion and management of rural tourism. For example, virtual tourism and online reservation
systems can help rural areas reach wider audiences (Gretzel et al., 2015). However, the ease of
access also brings significant challenges, such as increased tourist pressure, disruptions in goods
and services, and potential problems that may arise. To overcome these challenges, certain rules
must be established in advance. For instance, the following policy recommendations should be
considered for the sustainability of rural tourism:

Empowerment of Local Communities: The active participation of local communities in
tourism activities should be ensured, and the fair distribution of economic, social, and cultural
benefits should be promoted (Tosun, 2000). Local entrepreneurship should be supported, and
tourism-related training programs should be expanded.

Environmental Protection Policies: Environmental protection policies should be developed to
minimize the negative impacts of rural tourism activities on the natural environment. Practices such
as waste management, energy conservation, and the protection of natural areas should be prioritized
(Buckley, 2012).

Infrastructure and Transportation Investments: Infrastructure and transportation investments
are crucial for the development of tourism in rural areas. Basic needs such as roads, communication
networks, and clean water sources must be met (Sharpley, 2009).

Promotion and Marketing Strategies: Effective marketing strategies should be developed to
promote rural tourism. Digital marketing, social media, and international collaborations can play a
significant role in promoting rural areas (Gretzel et al., 2015).

Of course, the desire to implement policy decisions in a particular area does not necessarily
mean that these decisions are directly applicable. Therefore, implementation strategies must also be
determined for the adopted policy decisions. To ensure the implementation of policy decisions for
the sustainability of rural tourism, the following implementation strategies are recommended:

Local and Central Collaboration: Collaboration between local governments, central
governments, and non-governmental organizations should be ensured. This collaboration will
enable the effective use of resources and the success of projects (Hall, 2008).

Sustainable Tourism Models: Sustainable tourism models such as ecotourism, agritourism,
and cultural tourism should be promoted. These models contribute to the preservation of natural and
cultural resources while benefiting local economies (Lane, 1994).

Visitor Management: Visitor management strategies should be developed to minimize the
impact of tourists in rural areas. For example, limiting the number of visitors in protected areas and
promoting nature-friendly activities should be prioritized (Buckley, 2012).
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5. Conclusion

In conclusion, rural tourism holds great importance in terms of economic development,
cultural preservation, and environmental sustainability. However, the effective realization of this
potential requires proper planning, the participation of local communities, and the adoption of
sustainable tourism principles. Historical structures, traditional housing types, and cultural features
offer significant potential for the tourism sector. These elements provide tourists with unique
experiences while contributing to the preservation of cultural heritage and the revitalization of local
economies. However, the sustainable use of these resources requires proper planning, conservation
strategies, and the participation of local communities.

By balancing the participation of local communities, environmental protection, and economic
development, the future of rural tourism can be secured. In this process, collaboration between local
and central governments, the promotion of sustainable tourism models, and effective marketing
strategies are of great importance.

Tourism activities, which are an important source of income for countries and play a
significant role in rural development and local retention, require not only expansion into rural areas
but also planned progress and control. To achieve tourism goals in rural development, the first step
should be to increase the participation of local communities. This can be done by providing
tourism-related training to locals, teaching them how to participate in tourism activities. For
example, capacity building can be achieved through training in areas such as guiding, handicraft
production, or the presentation of local cuisine.

Encouraging locals to establish small businesses, such as boutique hotels, local restaurants, or
handicraft workshops, can support local entrepreneurship. At the same time, ensuring the active
participation of locals in tourism-related decision-making processes can increase the social
acceptance of tourism activities. While doing this, it is also necessary to improve transportation,
provide basic services to the region, and establish eco-friendly accommodation facilities or upgrade
existing ones. This way, the contribution of infrastructure facilities to rural development will also
become evident.

In addition to the participation of local communities, eco-tourism, agritourism, and cultural
tourism should also be included in the rural tourism sector. Instead of seeking entirely new
activities, organizing experiences such as farm stays, participation in agricultural activities,
traditional handicraft workshops, or collaborative cooking of local dishes can be suitable. This will
ensure a sustainable tourism model.

Promotion is undoubtedly the most important element in the marketing and branding of local
products. Therefore, it is recommended to use digital marketing methods for the promotion of
festivals and events.

Marketing methods should reflect activities that are attractive to potential visitors. For
example, offering tourists the opportunity to experience local lifestyles through farm stays,
traditional handicraft workshops, interactive experiences such as cooking local dishes together, or
nature activities like hiking, cycling tours, and birdwatching can be effective.

Even if all necessary steps are taken for the development and sustainability of rural tourism, it
is essential to establish an artificial intelligence-supported database to record complete and planned
activities. This database will help identify the reasons behind changes in tourist numbers and
anticipate the opportunities and risks that future tourist increases may bring.
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Bipikken Yuarrap ¥ilbIMbIHBIH TypaKThl 1aMy MaKCATTAPbIHA KOJI JKeTKIi3yaeri
aybLIBIK TYPU3MHIH YJeci

HNoparum Aiiabin, Xakan OHan

Anparna: TypusM SKOHOMHUKAIBIK ©Cy, MOACHH ©3apa OpEKeTTeCYy MKOHE OJEYMETTIK Jamy
TYPFBICBIHAH QJIEMJIETT MAHBI3ABI CEKTOP OOJBIN TaObUIaAbl. [lereHMeH, Typu3MHIH KapKbIHIBI 6Cyi
KOpIIaraH OPTAaHBIH Hallapiiaybl, MOJCHU SPO3UsS KOHE pecypcTapibl NIaMaJaH ThIC MaiaaiaHy
CHSIKTBI JKaFbIMCBI3 califlapFa oKellyl MyMKiH. By karmail TypHCTIK KbI3METTI TYPakThl TypJe
KYPrizy KaXeTTUIrH KepceTTi. TypakTsl Typu3M — TaOWFHM pecypcTapibl KOpFayFa, >KepriliKTi
MOJICHHETTEP/l KOJJayFa >KOHE OSKOHOMHUKAJBIK MalJaHbl oAl Oenyli KaMTaMachl3 eTyre
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OarpITTasFaH Tocin [1]. By Tocinm Typu3MHIH SKOJOTHSIIBIK KOHE QJICYMETTIK-MOICHH TYPFhIIAH
y3aK Mep3iMai TeHrepiMmJii aMyblH KaMTaMachl3 eTyre OaFbITTanfaH. AYBULABIK aliMaKTap]IbIH
TYpaKThI TYPU3MHIH dJ1eyeTi 30p. byt alimakTap/a Tapuxu FumMapaTTap, I9CTYpJli TYPFbIH Y# Typiepi
oHe 0ail MojIeHn Mypa CHUSKTHI Oiperelt pecypcerap 6ap. byi 3epTreyniH MakcaThl - TYPaKThl TYpPU3M
asIChIH/Ia ayBULIABIK JKEpJIepIEeri TapuXH KYPBUIBIMIAP/BI, JCTYPJI TYPFBIH Yil TypJepiH KoHE
MOJICHU CHIIATTap/bl Kajail Oaramayra OonaThiHBIH 3epTTey. COHBIMEH Karap, OChl pecypcTapibl
CaKTay XoHE TypHu3Mre OipiKTipy OapbIChIHIA TYBIHIANTHIH MOCEIIEIIEp MEH OJIap bl MY KO IaPhl
TaNKbUIaHAABI. TYpakThl TYpuU3M TEK SKOJIOTHSUIBIK TYPAaKTBUIBIKTHI FaHa €MeC, COHBIMEH Oipre
QJIEYMETTIK JKOHE SKOHOMHUKAIBIK TYPAKTBUIBIKTHI JIa MAaKCaT €TETiHMIKTEeH, OyJl Makaja aybLIIbl
JaMBITY MEH TYPHU3M apachIHIaFbl KApbIM-KaTBIHACTHI J1a 3€pTTEYTre OarbITTaJIFaH.

Tyiiin ce3aep: TypaKkThUIBIK, TYPHU3M, aybUIIBI IaMBITY, aybUT TYPU3Mi, MOJICHU KYHJIBUIBIKTAP.

Bruaja ceabckoro typuzma B gocruxkernue neseii OOH B o01acTtu ycTOMYMBOTO
pa3BuTHS

HNoparum Aiiabin, Xakan OHan

AHHOTanuA: Typu3M SBISAETCS BaXKHBIM CEKTOPOM B MUPE C TOUYKHU 3PEHMSI SKOHOMHUYECKOTO POCTa,
KYJIbTYPHOT'O B3aMMOAEHCTBUS U COLMAIILHOTO pa3BUTHUsL. OJHAKO OBICTPBIA POCT TypH3Ma MOXKET
TaK)K€ IIPUBECTU K HEraTUBHBIM IIOCJIEICTBHAM, TAKMM KAK YXYIIICHUE COCTOSHUS OKPYKAOILIEH
Cpelbl, KyJIbTYpHasl 3pO3Usl U YPE3MEPHOE MCIOJIb30BaHUE PECYPCOB. DTa CUTYyallUs MOAYEPKHYIa
HEOO0XOJUMOCTh BEJCHHUS TYPUCTHUYECKOWH IESATEIBbHOCTH YCTOWYMBBIM 0O0pa3oM. YCTOMYUBBIN
TYpU3M - 3TO NOJAXOJ, HANPABICHHBIM HA 3AIUTY IMPUPOJHBIX PECYPCOB, MOJJIEPKKY MECTHBIX
KYJIBTYp U oOecrieueHue CIpaBeAIuBOro pacipeieeHns 3KOHOMUYECKUX BbIros [1]. DToT moaxon
CTPEMUTCS 00€CTIEYUTh JOATOCPOYHOE COAIaHCHPOBAHHOE Pa3BUTHE TYPU3Ma KaK B 3KOJIOTHYECKOM,
TaKk U B COLMOKYJIbTYpHOM IuiaHe. CenbCKHe paioHBl 00JIaAal0T OOJBLIIMM IMOTEHLIUAIOM [UIs
YCTOMYMBOIO Typu3Ma. B 3THX pernmoHax HaxOASATCS YHHUKAJIbHBIE PECYpPChl, TaKUE Kak
HCTOPUYECKHE COOPYKEHUs, TPAJULIMOHHBIE TUIIBI )KUJIb U O0ratroe KyJlbTypHOe Hacneaue. Llenbio
JAHHOTO MCCIIEIOBAHUS SBISECTCA U3YYEHUE TOrO, KAK HCTOPUYECKUE COOPYKEHUS, TPAJULINOHHBIE
TUIBI JKWIbS M KYJIbTypHbIE OCOOCHHOCTH B CEIbCKHX pailoHaX MOTYT OBITh OLICHEHBI B paMKax
ycroiuuBoro typusma. Kpome toro, 6yayr o0cyxxaaTbcsi mpoOaeMbl U pELIeHMs], BOSHUKAIOIINE B
IIPOLIECCE COXPAHEHUs M UHTErPALMKU 3TUX PECYPCOB B Typu3M. IIOCKOIBKY yCTOWYUBBINA TYpPU3M
HalleJIEH HE TOJBKO HA 3KOJIOTMYECKYIO, HO M HAa COLMAIBHYIO M Y3KOHOMUYECKYI) YCTOMYHMBOCT,
JAHHOE UCCIIEI0BaHHE TAKXKE YTITyOUTCS B CBSI3b MEXKIYy Pa3BUTHEM CEIbCKHX PAallOHOB U TYPU3MOM.

KioueBbie cjI0Ba: yCTOWYMBOCTb, TYPHU3M, Pa3BUTHE CEIBCKMX PaliOHOB, CEIBCKHHM TypHU3M,
KYJIbTYpPHBIE IEHHOCTH.
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AHHOTaNUA. KiroueBbim ¢bakTopoM IIPUBJIEKATEILHOCTH
lyunHCKO-BOPOBCKON KYpOPTHOW 30HBI SIBIISIETCS pelbed U €ro
OCHOBHBIE MOP(QOMETPUYECKHUE XAPAKTEPUCTUKU (TOPU30HTAIBHOE U
BEPTUKAIBHOE DPACUJICHEHHUE, YKJIOH IIOBEPXHOCTH M OKCIO3ULUA

ckioHoB). llenmb  uccnenoBanuss —  OOBEKTHBHAs — OLICHKA
MIPUBJIEKATEIbHOCTU TEPPUTOPUH. OnuceiBaercs mpouece
BOCIPUATHA TEPPUTOPUM  MECTHOCTH, KOTOPO€ 3aBUCUT  OT

OCOOCHHOCTEH dYenoBeKa. YJensieTcs BHUMAHUE SCTETHYECKOMY
BOCIIPUATHIO - TIPOLIECCY OCO3HAHUS M OLIGHKM KpacoThl WU
TapMOHUU B DPA3JIMYHBIX OOBEKTaX WM SBIEHHSIX. PaccMoTpeHO
CyOBEKTHUBHOE BOCIIpHSTHE 00BEKTOB, CBSI3aHHBIX C
TICUXOJIOTHYECKUMH MEXaHW3MaMH, KOTOpbIe (OPMHUPYIOT HAIlU
SMOLMY, MPEANOUTEHUS M peakluu Ha OoKpyxaromui mup. Ilyrem
aHaiin3a MOpPQOMETpPUUYECKUX TIoKa3aTeslell penpeda C  ydeToM
pPacTUTENILHOCTH TEPPUTOPUM, B CTaThe OblIa JaHa OOBEKTHBHAs
OLIEHKA AaTTPAKTHBHOCTH WCCIENYeMOH 30HBI C HCIOJIb30BAHHEM
uHcTpyMeHTOB nporpamMmel ArcGI1S.10.8. IlpencraBineHsl OCHOBHBIE
dTambl ~ pacCMOTpeHus  penbeda  myrem UCTIOTb30BaHUS
MH(GOPMAIIMOHHBIX TEXHOJIOTUH — PAacCMOTPEHUE BEPTUKAIBHOTO U
TOPU30HTAJIIFHOTO PAacwICHEHHUS, SKCIO3WIMKA M YKIOHA penbeda.
3HaYMMOCTh HCCIIEIOBaHUA COCTOUT B pa3paboTke OalIbHOMN
CHCTEMBI OLIEHKH penbeda A ompereNieHHusl MEpCHeKTUBHBIX 30H
pa3BUTHS Typu3Ma B LENAX YCTOWYMBOro pas3Butus. HoBusHa
WCCIIEZIOBAHMS COCTOUT B TpuMeHeHnH KomruiekcHoro ['MC-anamms,
WCIOJIb30BAaHUS OAJUIBHOM METOIMKH OLEHKH IPUBJIEKATEIbHOCTH U
OLICHKH penbeda. B wuccrnenoBannm moiydeHHBIE PE3yIbTATHI
MPEJICTAaBICHbl KaK MHCTPYMEHT MJIsi IUIAHUPOBAHUS U TPUHITHSA
CTpaTeTHYECKUX  pEIIeHWH,  HampaBJICHHBIX Ha  pPa3BHUTHE
TYPUCTUYECKOH  OTpaciy, BKJIIOYas COXpPaHEHUE MPUPOIHBIX
TaHAMA(TOB U YCTOHYNBOE HCIOIb30BAaHUE PECYPCOB.
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Onenka MOpP(HOMETPUUYECKHX XapaKTEPUCTUK penbeda, TaKuX KaK BEPTHKAIBHOE U
TOPU30HTAIIFHOE PAaCWICHEHHE, YIJIbl HAKJIOHA, SKCIO3UIMS CKIOHOB, MO3BOJIET ONPEACIUTH
HanOosiee TEpPCIEeKTUBHBIE 30HBI JUIA JAJIBHEHIIEro MCIOJNb30BaHMs, HampuMmep, s
OpraHM3aly TYPUCTUYECKUX MAapIIPYTOB, CO3JaHUS HMHQPPACTPYKTYPHl U HSKOJIOTHYECKOTO
TypHU3Ma.

KuroueBble ciioBa: penbed), rOpu30HTANIbHAS PACUJICHEHHOCTh, BEPTHKAIBbHAS PACWICHEHHOCTb,
YKJIOH MOBEPXHOCTH, SKCIO3UIIMS CKIIOHOB, MeH3aXXHOE pa3HOoOOpasue, OlIeHOYHAs KapTa.

1. BBenenue

OnpeneneHue MNPEeUMYLIECTB W BEAYIIMX IOKAa3aTeNEed 3CTETUYECKOI'O BOCIPHUATHS
JaHamagdTa BO MHOTOM 3aBUCHT OT (PM3MOJIOIMYECKMX OCOOEHHOCTEHl uenoBeka. boibliyro
4acTh WH(OPMAIMH MPOCTPAHCTBA YEJIOBEK MOIYYaeT MPEUMYIIECTBEHHO TTOCPEICTBOM 3PEHHSL.
BcenenctBue 3TOro 3puTenbHOE BOCHPUATHE MOXKET M3MEHUTBCS OT CIOCOOHOCTEH 4deroBeka
BOCIIPHHHUMATH JTaHHYIO HHPOopManuio. Kpome 3Toro, scTeTnyeckoe BOCIpUATHE
3aBUCUT B ONPEAEICHHOM CTENeHH U OT Icuxosnorndeckoro ¢akropa. OAUH U TOT K€ OOBEKT
TYPUCTCKOM 30HBI MOXET BOCIIPUHUMATHCS KaXKbIM HaOII0AaTeNeM 0-pa3HOMY, TaK KaK TaKoe
BOCIIPHATHE 3aBHCUT OT OCOOCHHOCTEH 4YeloBeKa. JCTETHYECKOE BOCIPHUITHE - ITO IpPOLEce
OCO3HAHMSI M OIEHKH KpPacoThl WJIM TapMOHHMHM B PA3IMYHBIX OOBEKTaX WIIU SIBICHHIX. JTO
CyObEKTHBHOE BOCHPUATHUE TECHO CBSA3aHO C IICHMXOJOTMUYECKUMH MEXaHM3MaMH, KOTOpbIe
(GOopMUPYIOT HAlllM 3MOLMH, NPEANOYTEHHUS U peakLUUU HAa OKPYKAIOLUNA MHUp. DCTETUKA HE
CYLIECTBYET B BaKyyMe: OHa 3aBUCHUT OT MHOXECTBa (paKTOPOB, CPEU KOTOPHIX BaXKHOE MECTO
3aHMMaeT rcuxonorus. llcuxomormueckue (aKTOpPBl ACTETHUYECKOTO BOCHPUATHUS MOXKHO
BBIJICJIUTH CIECAYIOIIMMU TPYyIIIaMU:

- OMouMH M JU4YHble nepexuBaHus. OIHUM W3 KIIOYEBBIX (PAKTOpPOB, BIHAIOIIMX Ha
JCTETUYECKOE BOCIIPUATHE, SABISETCA HYMOLMOHAIBHBIA OTKIMK. MBI HE BOCIPUHUMAEM KPAacOTy
TOJIBKO Yepe3 pallMOHAJIbHbIE I BU3yaJbHbIE KPUTEPUH. DMOILIUU, KOTOPbIE BBI3BIBAET TOT WU
MHOM OOBEKT WM sBJIEHUE, 3HAUUTEIbHO BJIMAIOT HA Hally olleHKy. Hampumep, ecnu uenoBek
UCTIBITBIBAET PaIOCTh WIM YMUPOTBOPEHHE OT BHJA MPHUPO/BI, TO JaHIMA(T OyAeT BOCIPUHAT
Kak Oonee kpacuBblii. HanpoTus, eciin 0OBEKT BBI3bIBAET CTPaX WM TPEBOTY, €r0 3CTETHYECKAs]
NPUBJIEKATEIbHOCTh MOXKET ObITh 3HAUUTEIBHO CHU)KEHA.

- B mcuxonorum cymecTByeTr Teopus, Ha3blBaeMmas TEOpPUEH SMOLMOHAIBHOM pEeaklvH,
COIJIACHO KOTOPOW 3CTETHYECKOE BOCIPHUATHE 3aBUCHT OT SMOLMOHAIBHOrO ()OHA, C KOTOPBHIM
YyelloBeK BoclpuHUMaeT oObekT. Hamm mnepexuBaHus, Hampumep, BOCIHOMHMHAHUA O
MOJIOKHUTEBHBIX WM OTPULIATENIBHBIX COOBITHSIX B MPOIIUIOM, MOTYT YCUJIMBATh WJIM YMEHbIIATh
BOCIIPUSITHE KPACOTBHI.

- KoruutusHbIE NpoLIECCHl 1 BHUMAaHKUE. DCTETUUYECKOE BOCIPUATHE HAIIPSIMYIO CBSI3aHO C
KOTHUTUBHBIMH TIPOLIECCAMH, TaKMMHM KaK BHHMAaHHME, @aMATb W Bocnpusatue. Hamm
CIOCOOHOCTH K COCPEIOTOUYEHHUIO M BOCIPUMMYHMBOCTH K PA3JIMYHBIM 3JIEMEHTAM OKpYXKarolen
Ccpenbl MOTYT CYIIECTBEHHO H3MEHATh TO, KaKk Mbl BOCIpHHUMaeM KpacorTy. Hampumep,
BHUMaHME YeJIOBEKa, HAIPaBJICHHOE Ha ONpe/IeEHHBIE JeTall, MOKET U3MEHUTh OOIIMN B3I
Ha JaHAmwapT WIM TPOU3BEJIEHHUE HCKYCCTBAa. B IMCHXOJIOTMM CYHIECTBYET KOHUEIUS

"N30MpaTeNnbHOrO  BHMMaHMs', KOrJa  4YeJoBeK  (OKYCHpYeTcs Ha  ONpeAeiEHHBIX
XapaKTepucTUKax oObekTa (1Bere, Qopme, TEKCType) U B pe3ylbTaTe M3MEHSETCS €ro
BOCIIPUATHE.

Koraurusnas TEOpHA BOCHIPUATUA YTBEPKAACT, UTO IJIA 3CTETHUECKOU OLCHKU BAa>XHO HC
TOJIBKO TO, 4YTO 4YCJIOBCK BHUAWUT, HO U TO, KaK OH BOCIHPHUHUMACT W HHTCPIPCTUPYCT I3TU
BU3yaJIbHBIC JaHHbIC. Hampumep, CIOXHBIE W MHOTOCIOHHBIE OOBEKTHI, KOTOPHIE TPEOYIOT
60.]'[]:]]16 BHUMAaHHUA W aHalin3a, MOI'YT BOCIHPHUHUMATHCA KakK 60.1166 MMPUBJICKATCIIBHBIC, YCM
MPOCTHIE, 0JTHOOOpa3HBIC (HOPMBI.
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- Ilcuxonormueckuit komdopT u mnpeanoureHus. llcuxomormueckuii kKomMpopT urpaer
Ba)XHYIO POJIb B BOCHPHUATHM KpacoTbl. Teopus "mcuxosiormyeckoro komdopra" yTrBepikaaer,
YTO JIFOAM CKJIOHHBI BOCIPUHHMATH JCTETUYECKH NPUBJICKATEIBHBIMH T€ OOBEKTHI, KOTOPHIE
BBI3BIBAIOT y HUX OINYyLIEHHE KoMopTa U OE30IaCHOCTH. DTO MOXKET OOBSICHUTH, MOYEMY
IIPUPOJA, B YACTHOCTU TaKue €€ JIEMEHTHI, KaK CIIOKOMHOE 03€pO WJIU JIEC, BOCIIPUHUMAKOTCS
Kak OoJjiee rapMOHMYHBIE U KpacuBble. Takue JaHAMAPTbl aCCOLMUPYIOTCS C CIOKONHCTBUEM U
pacciabiieHueM, co3/1aBasl YyBCTBO IICUXOJIOTMUECKON rapMOHH.

- Teopuss korautuBHON rapMoHuu. C TOYKM 3pEHMS KOTHUTHBHOM IICHXOJIOTHH, JIOIU
CKJIOHHBI MCKaTh TApMOHHUIO U OajlaHC B OKpY)KaromeM Mupe. Teopust KOTHUTUBHOW TapMOHUU
(MM KOTHUTUBHOM JHMCCOHAHCHOCTH) IPENIOJaraeT, YTo HallM BOCIPHUATHUS KPacoTbl CUIBHO
3aBHCAT OT TOTO, HACKOJBKO OOBEKTHl MM CLEHBl COOTBETCTBYIOT HAIIUM BHYTPCHHHUM
OKUJAHUAM M BOCHpHATUIO Topsiaka. Korma oObeKT BOCIPHUHMMAETCS KaK TapMOHUYHBIA U
cOaaHCUPOBAHHBIM, HANpUMEpP, KpacUBblE NPONOPLUUU HWIM CHUMMETPHUS, 3TO BBI3BIBAET
HOJIOKUTENIbHBIE AMOIMH. HecooTBeTcTBUE OXUAAHUAM, HAO0OPOT, MOXET BBI3BAThH
HEIPUATHBIE OLYIIEHUS U Ja)Ke OTBpPALECHUE.

- ITamsare u onbIT. Ilcuxonornyeckuit (pakTop BOCHPUATHS KPAacCOThl TaKkKe BKIIOYAET
IIaMATh ¥ JIMYHBIN OIBIT YyenoBeka. Kaxaplil yeaoBeK Ha IPOTSKEHUH )KU3HU HAKAIUIMBAET CBOM
OIBIT B3aUMOJIEHCTBUS C OKPYKAIOLIUM MHUPOM, KOTOPBIH BIUSAET HA TO, KAK OH BOCIIPUHUMAET
pasnuuHble 00BEKTHI U coObITHA. Hampumep, 4emoBeK, KOTOPBIH B JIETCTBE YacTO OTABIXal B
ropax, MOXET BOCIIPUHUMATh FOPHBIE NEW3aKU KaK UICTOYHMKHU CIIOKOMCTBHS U BIOXHOBEHUS, B
TO BpeMsl KAaK YE€JIOBEK, KOTOPBIM HE MMEET TAKOI'0 OIIbITAa, MOYKET HAUTH MX CTPAIIHBIMHA WIH
HeOoCTYNHbIMU. [laMATh 0 MPOLLIOM UTpaeT KJIOYEBYIO pojib B (POPMUPOBAHUH MPEATIOYTEHHH,
Y OHa MOJKET KaK YCHJIMBATh, TaK U OCIA0IATh BOCIPUITHE ICTETUKH.

@DEHOMEH NPOCTPAHCTBEHHOI'O BOCIPUATHS TEPPUTOPUM CBS3aH C ATTPAKTUBHOCTBIO U
[PUBJIEKATEIbHOCTIO  JIAaHAMIA(QTOB — TpU OTOM  BBIAEISAIOT Haubojlee U MEHee
NpUBJeKaTeIbHbIE BUABI JaHAmadTa. ['1aBHas 1enb JaHHOM CTaThH - ONPENeTUTh OObEKTUBHBIE
IIPUYMHBI, BHI3BIBAIOILINE PA3INYUSA MEX1y O0jiee 1 MEHee NMPUBJIEKaTEIbHBIMU BUAMH pebeda
U COOTBETCTBEHHO JlaHAmadra. Ilcuxonoruueckue ucciaeJ0BaHus OKa3bIBAIOT, YTO BOCTIPUATHE
KpacoTbl M J3CTETUYECKOE YIOBIETBOPEHHE — 3TO PE3yJbTaT CI0XKHOTO B3aUMOACHCTBUSA
KOTHUTHBHBIX, ASMOLMOHAIBHBIX M COLHUAIBHBIX (QakTopoB. Hampumep, 3KcrepUMEHTHI,
MPOBOAMMBIE B 00JIACTH TMCUXOJIOTUN BOCIIPUATHS, MOKA3bIBAIOT, YTO BU3YallbHAsI CUMMETpPHUS U
IPOMNOPLMHU UIPAIOT BaXKHYIO POJIb B TOM, KaK Mbl OLIEHMBaeM OOBEKTHI Kak KpacuBble. OHAKO
9TO BOCHPUATHE H3MEHSETCA B 3aBUCUMOCTH OT BHYTPEHHETO COCTOSIHHS 4YEJIOBEKa, €ro
OKUJaHUM W Jake HAcTpos B MOMEHT BoclpusTusa. Hampumep, uccrienoBaHuss B obiactu
HEHPOIICUXOJIOTUH MTOKA3AJIM, YTO BOCIPHUATHE KPAaCOThI CBA3aHO C aKTHUBALMEN ONpPENEIeHHBIX
Y4acCTKOB MO3ra, TaKMX Kak OpOMTO(QpOHTanbHas Kopa, KOTOpas OTBEYAeT 3a AMOLMOHAJIbHBIE
peakuu.

Penved LlyunmHcko-BopoBckol KypOpTHOH 30HBI UTpaeT KJIIOYEBYIO POJIb B Pa3BUTHH
Typu3Ma M ompefenseT e€ MpUBIEKAaTeNbHOCTh i OTAbIXaromux. s Toro, dYToObI
KOHKPETU3UPOBaTh MpPEUMYIIECTBa JAaHHOTO (akTopa KypOPTHOH 30HBI, PacCMOTPUM
NIOKa3aTell MPUBJIEKATEILHOCTH penbeda Ha ocHoBe Teopun Anama Cmuta (Cmurt, 1962).

Teopust aOCOMOTHBIX U OTHOCHUTENBHBIX MpeuMyIliecTB Anama CMHUTa CIYXUT OCHOBOM
JUTSL IOHUMaHUSI SKOHOMHUYECKOH 3(PEKTUBHOCTU U CHENMATU3aluU B pa3InYHbIX CeKTopax. B
KOHTeKCcTe II[ydnHCKO-BOpOBCKOM  KypOpPTHOM 30HBI MOKHO BBIACIHUTH  YHUKAJIbHBIC
MIPEUMYILECTBA, KOTOPBIE ENa0T ATy TEPPUTOPHUIO NIPUBIICKATEIBHON JIs1 TYPUCTOB.

Cornacno teopuu Anama CMuTa, aOCONIOTHBIE TPEUMYILECTBA - 3TO CIIOCOOHOCTH CTPAHBI
WM PETHoHa NMPOU3BOJIUTE OOJIbIlIE TOBAPA WM YCIYTH C TEM K€ KOJMYECTBOM PECypCOB, YEM
npyrue. OTHOCHTEIbHBIE NMPEUMYIIECTBA - CIIOCOOHOCTh MPOU3BOAUTH ONpPEAETIEHHBIH TOBap
WIH YCIIYTY C MEHBIIMMHU 3aTpaTaMy 110 CPABHEHMIO C JPYTHMH TOBapaMHU.

JlaHHYI0O TEOpHUIO TaKXe MOXKHO MPHUMEHUTh K TYPUCTCKOM cdepe. AOCOTIOTHBIMU
npeumymectBamu B penbede [I[BK3 sBastorcs:
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- BEPTUKAJIBHOE pACWICHEHHE: MPUYMHA OOpa30BaHUS PA3IMYHBIX MHUKPOKIUMATOB, YTO
MO3BOJIIET Pa3BUBATh arpoTypu3M U JIeYeOHBIE MPOLETYpPbl, PETHOHBI C SIPKO BBIPAKEHHBIM
BEPTUKAIBHBIM ~ PACWICHEHUEM IMPEUIaraloT  yYHUKAIbHBIE TYPUCTUYECKUE MAapIIPYTHI,
3KOJIOTUYECKHE 3KCKYPCHUH U IPYTrUe IPOrpaMMbl, KOTOPBIE BBIJEISIIOT UX CPEU KOHKYPEHTOB;

- CTENEHb BEPTUKAIBLHOTO W TOPU3OHTAILHOTO PACWICHEHHUS: CO3JIaeT pa3HooOpasme
MPUPOJHBIX JIaHAIA()TOB U OUOTOIOB, YTO MPUBJIEKAET TYPUCTOB, HHTEPECYIOIMIUXCS MPUPOAOH
U DKOTYpU3MOM;

- BBICOTA TOpP M IMaHOpPaMHbIE BHJIBI TOp: CHOCOOCTBYIOT 00pa30BaHUIO ICTETUYECKOTO
nensaxa, 4To MPUBJIEKACT TYPHUCTOB;

- DKCIIO3UIUSI CKJIOHOB M MX OCBEIICHHE: CO37aeT KOM(OpPTHBIE YCIOBHUS IJS OTAbIXa B
Tr000€e BpeMsi rojJia U CIIOCOOCTBYET PAa3BUTHIO CEITLCKOTO XO351CTBA;

- TOCTYIIHOCTb JIJIsl aKTUBHOT'O OT/bIXA: BBICOTA U XapaKTep CKIOHOB CO3JAI0T UJCAIbHbIC
YCJIOBHS JJI1 TOPHOJBDKHOTO CIIOPTA, YTO JEIAET PErHOH MPUBJICKATEIBHBIM JIJISl OIIPEIeTEHHBIX
KaTeropuii TypucCTOB;

OTHOCUTEIHHBIMH MPEUMYIIIECTBAMU SIBIISTFOTCSI:

- YKJIOH TOpbl OJNarompusiTHO CKa3bplBaeTCd Ha OuopazHooOpasuu u (opmupyer
YHUKAJIbHBIE YCIIOBUS JIsl OT/IBIXA;

- pa3HOOOpa3We MECTHOCTH M COYETaHUE YBAIHCTO-MEIKOCOMOYHONW MOBEPXHOCTH
penbeda mpenaraeT BO3MOXXHOCTh JIJIsi aKTUBHOTO OTJbIXA JIFOJICH (PETHOHBI C ONTUMAIbHBIM
YKJIOHOM TpeJUIaraloT TypUCTaM JIbDKHBINA U Melnid Typu3M, JeueOHbIe MPoLeaypbl HA OCHOBE
MIPUPOTHBIX PECYPCOB, COOMPATEIBHBIN TYPU3M);

- pa3BUBAWOIIAsACA TYpPUCTHYECKass HHOPACTPYKTypa, paACIOJOXKEHHAas Cpeau Top H
JKUBOIIUCHBIX 03€p (TOCTUHMIIBI, PECTOpPaHbl, pa3BJICKATEIbHBIC 3aBEICHMS) CO3JAIOT
JOTIOTHUTEIIbHBIE Y100CTBA I OTABIXAOIINX;

- IOCTYITHOCTh: HAJIMYHE YTOOHBIX TPAHCIOPTHBIX MyTel U OJM30CTh K KPYITHBIM TOpoaM
MO3BOJIAIOT JIETKO J0OPAThCs IO KypOpTa, YTO YBEIUYMBAET €r0 KOHKYPEHTOCTIOCOOHOCTH;

- CTOUMOCTb YCJIYT: IICHBI Ha YCIYTU B KYPOPTHOM 30HE HIKE, YEM B APYTUX MOMYIISPHBIX
KypoOpTax, uTo JieaeT UX JOCTYIMHBIMU AJisl O0Jee IIMPOKO ayAUTOPHH.

Penbed Illyunncko-bBopoBckoit KypopTHOM 30HBI MpejyiaraeT, Kak aOCOJIOTHBIC, TaK H
OTHOCHUTEIIbHbIE TPEUMYIIECTBA, KOTOpPbIE MOTYT OBITh HCIIOJNIB30BAHBI MJIs TMPHUBJICUCHUS
TYPHUCTOB U Pa3BUTHSI KYpOPTHOTO OU3HEca.

B nanHOI cTaThe HeTanbHO paccMaTpuBaeTcs aOCOMIOTHBIN mokazarens — penbed [IIBK3 u
ero aOCOJIOTHBIE MPEUMYIIeCTBA (BEPTUKAIHHOE W TOPU3OHTAIILHOE PACUICHEHHE, BHICOTA U
VKIJIOH Top). Penped BhICTymaeT B kauecTBE KapKaca, BIMSIOIIETO Ha MCHXOJIOT0-3CTETUYECKOE
COCTOSIHHE YeJIOBEeKa U (POPMUPYIOLIET0 aTTpakTUBHOCTh Tepputopuu (Jlock, 2017). [Tokazatenu
a0CONIOTHBIX TPEUMYILIECTB SIBISIOTCS OJHUM U3 BAXKHBIX (PAKTOPOB, KOTOPHIN omperaenser
BBIOOp MecTa I OT/AbIXa M PEKpealud TYPUCTAMH H TPEAOCTABISIOT BO3MOXHOCTH JIJIS
ACTETUYECKOTO BOCHPHUATUS TPUPOABI W €€ TapMOHHUYHOIO CIHUSHUS C PEKPeallMOHHBIMU
aktuBHOCTsIMH (Bbpenuxun, 2010).

2. MaTtepuaJjibl 1 MeTOAbI

N3yueHne NpUBIEKATEIBHOCTH W ACTETUYHOCTH JaHAMA(TOB B reorpaduu sBiseTCs
OJIHOM M3 BaXKHBIX OOJacTel, KOTopas HCCIENyeT, KaK pa3jMyHble NMPUPOAHbIE KOMIIOHEHTHI,
BKJII0Yas pesibed, BIUAIOT HAa BOCIIPUATHE OKPYKAIOLIEH Cpe/ibl YEIOBEKOM. JTO HAIlPaBICHHUE B
reorpauueckoil Hayke cTajgo pa3BUBATHCSA KaK OTBET HA PACTYIIUN HHTEPEC K B3aUMOJIEHCTBUIO
YeJI0BEKa C MPHUPOJIONA, OCOOEHHO B KOHTEKCTE PEKpealuu, TYpU3Ma M 3alIUThl OKpY)Karollen
cpebl. DTarbl U3y4yeHHUs aTTPAKTUBHOCTH pelbeda U SCTETUUHOCTH JaHAIAaPTOB MPEACTABISIOT
c000# TI0JIX0/1bI, OCHOBaHHbIE HA PA3BUTHH reorpapuuecKoi HayKH.

- Pannmue uccnenoBanus u duocodckue moaxonsl (konen XIX - magamo XX Beka). B
Hauvane XX BeKa MHTEPEC K 3CTETHKE MPUPOABI ObUT B OCHOBHOM ¢mutocopckuM. McecnenoBanus
B 3TOT NEpUOA (POKYCHpPOBAINCHh HA CYOBEKTMBHOM BOCHIPHUSATHH NPHUPOIHBIX OOBEKTOB. IJTO
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BpeMs CBsS3aHO C pa3BuTHEM (uiocopuu poMaHTH3Ma, KOIrJla BHHUMAHHE YAEISIIOCH
SMOIMOHATBHOMY BOCHIPHUATHIO IPUPOJIBI U CTPEMIICHHIO JIFOJEi K TapMOoHUU ¢ Heil. M3BecTHbIe
MBICTTUTENIA TOTO BpemeHH, Takue kak LlImuar, B., T'mbG6oH, 3., oOpamamuck K U3y4EHHUIO
BO3/ICHCTBUS NMPUPOJIHBIX JaHIMIAPTOB Ha YelOBEKa, OJTHAKO UX pabOThl HE MMEIH HAyYHOH
CTPOTOCTH ¥ OBbUIH OOJIbIIIE HANIPABJICHBI HA CYyObEKTUBHBIE OLYIICHHUS.

- Oran cucTeMaTu3aluy U Havala kaprorpadupoBaHus 3CTeTUKH (cepeauHa XX Beka). B
cepenuHe XX Beka reorpadpl M OPUPOAOBEAYECKHE HAYKHM HAYald CHUCTEMAaTH3UPOBAThH
BOCIPUATHE TMPHUPOAHBIX OOBEKTOB, MEPEXOJs OT CYOBEKTHBHBIX pacCyXIeHui K Ooiee
OOBEKTUBHBIM METOAAaM. B 3TO BpeMsl pa3BHUBAIOTCSI NEPBbIE METOJbl OLIEHKM 3CTETUYECKOMN
LEHHOCTH JaHAmaTOB, BKIIIOYasl UCIOJIb30BaHNE KapT, Ha KOTOPHIX OTMEYAINCh JaHAmadTHbIC
AJIEMEHTHI C BBICOKOW BU3YaJbHOM MpHUBIEKATENbHOCThIO. PaboThl (ppaniy3ckoro reorpada
I'erra, JK. m Hemeuxoro wuccinenoBarens Memiepa, ['.-O. nonoxunu Hayaiao aHalIu3y
JaHAAPTOB ¢ TOUKU 3PEHUS UX ICTETUUECKOMN LIEHHOCTH.

- lHTerpanus 3cTeTHYECKUX U SKOJIOTHUECKUX MCCIIeJOBaHM (BTOpas MojoBUHA XX BeKa
- Hagayio XXI Beka). C pa3BUTHEM DKOJIOTHUYECKOTO TOIX0a K JaHamadTam, B UCCISIOBAHNE
MIPUBJIEKATEILHOCTHU pelibea U SCTETUYHOCTH BKIIOYAIOTCS Takue (haKTOpPbI, KaK 3KOCUCTEMHbBIE
YCIYTH, YCTOWYMBOCTh NPUPOABI U €€ CIIOCOOHOCTH TOAJIEPKUBATH OHUOIIOTHYECKOE
paszHooOpasue. JlanamadTel Hayald OLEHUBATHCS HE TOJBKO C TOYKH 3pEHUS BHU3YalbHOUN
IIPUBJIEKATEILHOCTH, HO M uepe3 Npu3My UX (YHKIUMOHAJIBLHOW LIEHHOCTH IJsi SKOJIOTUU U
oOmiectBa. B 3TOT mepuon ydeHble Hadajdd paccMaTpUBaTh JaHAMIAPT Kak MHOTOTPAHHYIO
CUCTEMY, B KOTOPOI BH3yaJIbHbIE U SKOJOTMYECKHE KaueCTBa MEPEIIETAI0TCS.

- CoBpeMeHHbIe HCCIEOBaHUS W MYyIbTHAMCUUIUIMHApHBIM moaxox (XXI Bek). B
HACTOSIIIIEE BpEMS HCCIENOBAHWE OCTETHKH JIAaHAMA(PTOB CTaJ0 MEKIUCIUIUTHHAPHON
00J1aCcThIO, TJI€ COUETAIOTCS DIIEMEHTHI reorpaduu, IKOJIOTUH, ICUXOJIOTHH, COLIMOJIOTHH U JaKe
uckyccrBoBesieHusi. CoBpeMeHHbIE MOAXOAbl OPUEHTHPOBAHbl Ha KOMIUIEKCHOE HW3y4YEHHE
BoCcTpuATUs penbeda u maHAmadTOB B PA3HBIX KYIbTYPHBIX U COIMANBHBIX KOHTEKCTaX.
Hcnonp3yloTcss Kak KOJIMYECTBEHHbIE, TaK M KauyeCTBEHHbIE METOJIbl MCCIIEJ0BaHUs, BKIIIOYas
aHanmu3 (otorpaduii, mpoBeieHNE COIIMOIOTUYECKHX ONPOCOB, Hcnoiab3oBanue GIS-TexHonoruit
(reorpaduueckue HUHPOPMAIMOHHBIE CHUCTEMBI) JUISI OIEHKH JCTETHYECKOM IEHHOCTH |
MOMYJISIPHOCTH PA3IMYHBIX TPUPOIHBIX JTaHAIA(TOB.

- OODBEKTUBHBIM MOAXOJOM B BOCHPUATUHU JaHAmadTa sBISETCS (QYHKIHMOHAIbHBIN
noaxod. B 3ToM moaxome paccMaTpuBarOTCS HE TOJBKO BH3YaJIbHbIE XApPAaKTEPUCTUKHU
naumadTa, HO U ero (yHKIMOHAIbHAS POJIb B KWU3HHU desoBeka. OleHka JanamadTa ¢ TOUKH
3peHHs] €ro CIOCOOHOCTH MOJIEPKUBATH 3KOJOIMYECKOE paBHOBECHE, YIIydllaTh KadyeCTBO
JKU3HW WM OBbITh TOJE3HBIM JUIS PEKpealuud U Typu3Ma cTaja BaXKHbIM HalpaBiICHHEM B
uccienoBanuu JaHAmadToB. BaXHO yUMTHIBaTh YCTOWYHMBOCTH AIKOCHCTEM U HX pOJb B
nojJep>KaHUU OMOJIOTUYECKUX MTPOLIECCOB.

- Dcrerndyeckuil ananu3 Janamadra OIlEHKa OSCTETHYECKON MPUBIEKATEIHHOCTH
naumadTa Tpedyer O6osee MeTaTM3UPOBAHHOTO TOIX0/1a, BKIIFOYAsl UCIIOJIH30BAHUE PA3TUIHBIX
KPUTEPUEB, TAKMX KaK CUMMETPHs, TApMOHUS, TEKCTYphl U KOHTPACTHI, a TaKK€ OCOOEHHOCTH
BOCTIPUATHS YEJOBEKOM MNpUpOoAHbIX (opMm. CyliecTByeT HECKOJIbKO TEOpHd, KOTOpbIE
OOBSCHSIOT, YTO JenaeT JaHamadT mnpuBlekaTenbHbIM. OJHONW W3 HUX SIBISETCS TEOpHs
"ecTeCTBEHHON KpacoThl", B KOTOPOM yTBEPXKAAETCS, YTO MPHUPOAHbIE JaHAMA(PTHI, TaKUE Kak
TOpBI, BOJOEMBI U Jieca, BOCIPUHUMAIOTCS Kak 0ojee SCTETHUECKH IMPHUBICKATEIbHBIE H3-3a
CBOEH MPUPOTHONM OPTaHUYHOCTH.

- Ilcuxonoruueckue u KyJIbTypHBbIE aclekThl Bocmpusarue penbeda u manamadTa Takxke
3aBHCHUT OT KYyJIbTYpPHBIX M TcHXoJIorTHyeckux (axtopoB. Hampumep, ajis oAHOro 4denoBeka
BEJIMYECTBEHHBIC TOPHI MOTYT OBITh MCTOYHUKOM BIOXHOBEHHSI M CIIOKOMCTBHS, TOT/a KaK ISt
JIPYTOro 3TO MOKET ObITh CUMBOJIOM OMACHOCTH WJIM TPYAHOCTH. Ba’kHO yUHTHIBATh, UTO pa3HbIe
KyJIbTYpbl MOTYT TpHAAaBaTh pa3Hble€ 3HAYEHUS OJHUM U TEM K€ NPUPOAHBIM 3IIEMEHTaM.
[Icuxonoruueckre MCCIEIOBaHUS MOKA3bIBAIOT, YTO JIIOASM YacTO HPaBATCS JaHAMATHI,
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KOTOpBIE JAIOT OMIyIIEHHE Oe30MacHOCTH U KOHTPOJIs, a TaKKe Te, KOTOPhIE aCCOLUUPYIOTCS C
MO3UTUBHBIM OMBITOM (HAIIPUMEP, MTOXO/Ibl, OTJBIX Ha MPUPOE).

- I'eorpadmueckue mHpopmanuonusie cucreMsl (GIS). B mocnennue mecsatunerus ais
aHanu3a  JaHAmadTHOW  ACTETUKM  BCE  AKTUBHEE NPHUMEHSIOTCS — reorpaduueckue
uHpopManroHHble cucteMbl. GIS MO3BOSAIOT MCCIEI0BaTh MPOCTPAHCTBEHHBIE JaHHBIC, TAKHE
KakK Tornorpaduyeckue KapThl, H300pakeHUs, a TAaKKe MMPOBOJUTH aHAIHU3 B PeabHOM BPEMEHH.
C mnoMomIpl0 3THUX CHCTEM MOXKHO MOJETUPOBATh M OICHWBATh JaHAMA(THI Ha OCHOBE
Pa3IMYHBIX KPUTEPUEB: OT BHU3YaJbHBIX XapaKTEPUCTUK JI0 3KOJOTHYECKOW YCTOMYMBOCTH.
Takoil MOAXOA JaeT BO3MOXHOCTh 00pabarhiBaTh OOJBIINE OOBEMBI JAHHBIX U BBISBISATH
MPEIOYTEHUSI Pa3IUYHbIX TPYII HACEJIEHUS MO OTHOIIEHHUIO K OIpPEIeICHHbIM MPUPOIHBIM
30HaM.

Hayuynast ocHOBa ACTETHYECKOTO HAIpaBJICHUS M BOCHPUATHA JaHmadTa B Hayke Oblia
3amockeHa B Hadarme XX Beka B paborax ['ymOombara, A., I'erthepa, A., Cemenoa-TsH-
[Tanckoro, B.I1. Tepmun «3cteTrdeckas reorpadus» Ben ['eTTHep, A., KOTOPBIA «B3BEIINBACT
ACTETUYECKYIO IIEHHOCTh W KpacoTy» pa3zHooOpasHbIX naHmmadToB u tepputopuit (I'ertHep,
1930).

B XX Beke B aHrios3euHBIX crpaHax 3amama u CIIA ¢opmupyercs otaenbHOE
HampaBlieHUE - oBeaeHueckas reorpadus. [lo muenuto ['onna, k., «...orpoMHOE BHUMaHUE B
MOBEJICHUECKOW Teorpaguu  ynensercss H3yYeHHIO TMPEICTaBICHUWH O TMPOCTPAHCTBE,
uccienoBanuio ero oopasa B cosHanun» (Erembepauena, 2021). [TonobHbIMU HCcCIeTOBAaHUSIMU
sanuManuck Jloysnrans, J. (1961, 1967), Kupk, V. (1963), [leanunr-Poycemn, D. (1973, 1974),
Xapau, 1. (1973) u np. beino ycTaHOBIEHO, YTO TeMe BOCHPHSTHS JaHAmA(Ta MOCBSIICHBI
pabotrel Meiinura, M. (1979), ®dyra, K. (1979), Kocrpoysa, /1. (1984), Penma, D. (1987),
I'ubcona, JIx. (1988) u ap.

[ToMrMO aTTPAaKTHBHOCTH B JAHAMA(THOW reorpapuul BBOJHUTCS IOHSATHE TMEPISIITAN
nanamadTa, Mo CyTH OJU3KOe K MOHATUIO «3cTeThueckoe Bocnpustue» (Jlozoenena, 2022). B
NIEPBYIO OYEepeb B MPOIECCE OIEHKH ICTETHYECKUX KA4eCTB JaHImadTa BaXHO YUUTHIBATH €r0
aTTPaKTUBHOCTh - mpuBJIekaTenbHOCTh (Kupumnosa, 2017). HaGmromatens Bcerma MOKET
BBIIETIUTH 00BbEKTUBHBIN (POH U purypsl, ux ouepranus (LLlepemer, 2014).

[Tonxompl K OOBEKTHBHOM OIICHKE BOCHpUATUS JaHAmAadTa pa3BUBAIOTCA U CpEAH
3apyOexHbIx uccienosareneit (Daubert, J., Young, R. (1981), Brown, T. (1991), Simonic, T.
(2003), Fourie, R. (2005), Kosmopoulos, P. (2005), Wu, Y. (2006), Carlson, A. (2008), Roth,
M., Gruehn, D. (2012), Aoki, Y. (2013, 2014) u ap.). C kaxasIM TOJ0OM BHEIPSIOTCS Ooee
YCOBEPIICHCTBOBAHHBIE TEXHOJOTMM JJII HM3YyUYEHHUS JCTETUYECKHX CBOWMCTB TEPPUTOPUIM U
pEeKpearmoHHOro iaHupoBaHusi. CyIIECTBEHHO YBEIMYMBAETCS TOYHOCTH HCCIEIOBAHUH TPH
MCIIOJIb30BaHUU MPOCTPAHCTBEHHBIX JIAHHBIX CBEPXBBICOKOTO pa3pelieHus, KOTOPbIe MOTYT OBITh
MOJYYeHbI IyTeM a’popOTOCKEMKH C OECHMJIOTHBIX JIETaTeJbHBIX amnmapaToB. B 3Tom
HarpaBiieHuu BenyT uccienosanus — Hackney, C., Clayton, A. (2015), Cwiakala, P., Kocierz, R.
u ap. (2017), Shaoyu, L., Weijie, D. u gp. (2018), Murtha, T., Broadbent, E., Golden, C. (2019),
Shiou, Y., Chengju, D. u nmp. (2020). B pabore Cwiakala, P. u ap. (Cwiakala et al., 2014)
OIIEHUBAETCS OE30MACHOCTh TYPUCTUIECKHX MApIIPYTOB B TOPHBIX pailOHaX.

Orenka mpuBIeKaTeNbHOCTH (HopM penbeda TpeOyeT MPUMEHEHHs Pa3IUYHBIX METOJIOB,
YUUTHIBAIONIMX JKCIIO3UIMIO CKIIOHOB, BEPTHKAIBHYIO W TOPHU3OHTAIBHYIO pPacUICHEHHOCTh
penbeda, a TakKe BBICOTY:

- TEO/Ie3MUECKUE N3MEPEHHUS U TIOJIEBBIC NCCIICAOBAaHUS: HCIIOb30BAaHUE TOMOTPahUIeCKIX
KapT TO3BOJISIET OMPEACTUTh HAIMpaBICHHUE CKIOHOB U MX YKIJIOH, WUCCIEIOBaHHE B TOJEBBIX
YCIIOBHSX TIO3BOJISIET HATIISIHO PACCMOTPETh aTTPAaKTUBHOCTH peibeda, OIHAKO JaHHBIA METO.
OXBAaTHIBACT OTPAHUYCHHYIO TEPPUTOPHIO.

- 'UC-texnonoruu: npuMeHnenune reouHpopmaruoHasix cucreM (IMC) s amanmsa
MIPOCTPAHCTBEHHBIX JAHHBIX MMO3BOJISIET TOYHO OLEHUTH MOP(POIOTHIECKYIO CTPYKTYPY penbeda.
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HccnenoBanue nei3axHOTo pa3sHOOOpa3Hsi LIMPOKO MPOBOAUTCS ¢ ucnoib3zoBanueM ['IC
texuomoruii (Frank et al.,, 2013; Kolesnikov, 2007; Bibaeva et al.,, 2018). Ilpu oreHke
ACTETUYECKUX KAYECTB TEPPUTOPUU IIMPOKO MPUMEHSIOTCS OalIbHBIN M SKCIIEPTHBIN TOIXOIbI
(Roth et al., 2012; Vargues et al., 2008). CuHTe3 COBPEMCHHBIX METOJOB HCCIICAOBAHUS
aTTPAKTHUBHOCTH TO3BOJSIET 00paboTaTh OOIBIIONH 00beM KapTOrpaguuecKux JJaHHBIX C
UCIIOIb30BaHUEM MoJieBbIX HaOmoaeHwmii (Dirin et al., 2010; Eringis et al., 1975).

OcHOBHBIMH ~ MOP(HOMETPUYECKUMHU  TIOKA3aTEIIIMA  BBIOPAHBI KPUTEPHH  COTJIACHO
Meroauke AnucumoBa, B.M. (1999) (tabmuma 1). OCHOBHBIMH IOKa3aTeIsIMH B JaHHOMN
METOJIMKE BBIOPAHBI CIEAYIONINE MOKA3aTeIN: BEPTUKAIHHOE U TOPH30HTAIBHOE pacUiCHEHHE,
9KCTIO3UIUS U YKJIOH penbeda (Tabmuma 1).

Tadauna 1. Tabnuua OaIbHON OLEHKH TNPHBICKATEILHOCTH peibeda (AHUCHMOB,
1999)

Tadauna 6a/TbHOI OIIEHKH MPUBJIEKATEILHOCTH peJibeda
BeprukanabHoe I'opu3onTanbHoe IKCno3uLus CKJIOHOB YkJ10HBI
pacujieHeHHe pacujieHeHHe
M OaJUIBl Km/xm? OaIbl SKCIIO3UIIHSA OasuIbl rpaychl OaIbl
0-25 1 0-0,6 1 C 3 0-1 1
25-50 2 0,6-1,2 2 C-B 4 1-3 2
50-75 3 1,2-1,8 3 B 5 3-5 3
75-100 4 18-24 4 C-3 6 5-7 4
100-125 5 2,4-3,0 5 3 7 7-10 5
125-150 6 3,0-3,6 6 10-B 8 10-15 6
150-175 7 3,6-4,2 7 10-3 9 15-2 7
175-200 8 4,2-4,8 8 J{0) 10 20-25 8
200-225 9 4,8-5,4 9 25-30 9
Bonee 225 10 Bounee 5.4 10 Bonee 30 10

Hcnons3ys [MIC TexHonmoruu Obula moiydeHa nugpoBas Mojenb penbeda nuccieayemMoin
30HBI, Tomorpaduyeckas W reomopdosiorudeckas KapTol. Tepputopus Obula pasneiceHa Ha
uccnenyemble kBaapaTsl pazmepom 300 M*300 M (pucynok 1). Ha mepBomM 3Tame mpoBOAHIICS
cOOp MCXOAHBIX JIAaHHBIX, BKJIIOYash a3po(OTOCHUMKH, CITyTHUKOBBIE M300paX€HUsSI U JaHHBIE C
reoIe3NUecKuX NpUOOpPOB. DTU JaHHBIE HCHOJIB30BATUCH I (OPMHUPOBAHUS OCHOBBI IS
nanpHeumero ananusa. Jns cosmanus mudpoBoit moaenu penbeda (LIMP) ucnonb3oBanuck
MeToAbpl uHTepnosauud U 3D-moxenupoBanusa. Ha OcHOBE MCXONHBIX JAaHHBIX O BBICOTaxX M
penbeHBIX XapaKTEepUCTUKAX MECTHOCTU Obljla OCTPOEHA MOJEINb, KOTOpas MO3BOJISIET TOYHO
otoOpakaTh Tonorpaduyeckne ocoOeHHOCTH uccnenyemon tepputopun. Ha ocnose LIMP Obuia
MOCTpOEHAa  Tomorpaduueckas KapTa, BKJIIOYAlOMias KOHTYpbl penbeda, KIIOueBbIe
reorpaguueckue OOBEKTHI M ceTH jopor. s cocTaBieHUs TeoMOPQOIOrHYECKOW KapThl
MCIIOJIb30Baach HHPOpMAIHMS O TUIMAX perabedHBIX (HOPM, X BO3PACTHBIX XapaKTEPUCTHKAX U
POMCXOXACHUHU. B kauecTBe cienyromiero mara Oblia BBIIOJIHEHA JETAIN3aLuUs UCCIIeAyeMOi
TEPPUTOPHUH C pa3ieieHneM Ha KBajpathl pazMepoM 300 M*300 m. DT0 pazaeneHue He0OXOAUMO
JUId TIpoBelNeHHs Ooyiee TOYHOTO aHalM3a TreoMOp(OIOTHYECKUX U TONOrpapuuecKux
ocoOeHHOCTeN Ha MUKpoypoBHe. Kakmplii KBajipaT cTan eIWHUIICH aHaIu3a JJIs MOCIeIYIONNX
reONPOCTPAHCTBEHHBIX UCCIIEJOBAHUM.
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Pucynox 1. Kagpars! uzyuenus 11IbK3

Bce pacuersl ueThipex nokaszateneil cormacHo Meroanke Anucumona B.M. mpoeneHsl ¢
ucrnonp3oBanueM uHCTpyMeHTOB ArcGIS 10.8 — Spatial Analyst. Ilomyyennsie dYerbipe
MoKa3aTeis IMyTeM CYMMHUPOBAaHUS OAJsIOB aTTPAKTUBHOCTH IO KaXIOMYy MOP(OMETpUUECKOMY
nokasaresro ObLTH CyMMHpPOBaHbI corstacHo ¢popmysae 1 (Sheremet et al., 2020):

S=V+G+C+A (1)

rre S — cymma MophOMETPHUYECKHX MoOKaszarenei; V — BepTukanbHoe pacuieHenue; G —
TOpU30HTaNIbHOE pacuieHeHue; C — yriibl HakjiIoHAa; A — SKCHO3MIMS CKIOHOB. B pesynbrate
CYMMUpOBaHHS 0aJIOB MOp(OMETPHUECKUX MTOKa3aTelNeil MoTy4eHa UTOroBasi OIleHOYHAas KapTa
npusiekarensHoctu [IBK3.

3. PesyabTarthl

Peruon HCCIEOBaHUS COIJIaCHO MIPUPOTHOMY ¢usuko-reorpaduueckomy
palilOHUPOBaHUIO, BXOJUT B cocTaB KOKYeTaBCKOW CTEMHOMW, JIECOCTENHON BO3BBIIIEHHOM,
YBaJIMCTO-MEJIKOCOMIOYHONW TPOBHHIMK. Ha3BaHWe MTPOBHHIIMH COOTBETCTBYET OIHOMMEHHOM
BO3BBIILIEHHOCTH, Bxondmeid B coctaB lLlenTpanbHoro Kazaxcrana. CpeaHue BBICOTHI
BO3BBIIIICHHOCTH KoJieOmoTess B mpenenax 250-450 M Hajg ypoBHeM MoOps. OCIOXHSIONINE €¢
OCTPOBHBIE MAaCCHUBBl HHU3KOTOpUH M MenkocomouyHuka pocturaior 600-800 M. HaumbGonee
3HAYMTENIbHBIN U3 HUX — ropbl Kokmeray (110 947 m) u lllyunHckue conku (pucyHoK 2).
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Pucynok 2. ®usnyeckas kapra [IIBK3

BepTtukansHO€ M TOPH3OHTAIBHOE pacwICHEHHE penbeda Onpenesnsyiock C MOMOIIBIO
MHCTPYMEHTA 30HAJIBHOU CTaTUCTHKH (Zonal Statistics), B KOTOPOM B Ipeenax BBIAEICHHBIX
KBaJ[paTOB BBIYMCIISIIACH PAa3HUIA MEKAY HAMMEHBIIUM U HauOOJIBIINM 3HAYEHUSIMHU BCEX SUEEK
pacTpa, KoTopble HpuHamiexaT BbixofHas sueiika (RANGE). Mucrpyment Zonal Statistics
BBIUNCIISIET DPA3HULy MEXKIY MaKCUMaJIbHBIM M MUHUMAJIBHBIM 3HAUEHUSIMH BCEX SYEEK
pacTpoBOro CJIOS B IIPEAEIIaxX KaK10M 30Hbl. Pe3ylbTaToM sIBIII€TCSI HOBBIA PACTPOBBIN CIIOH, I/IE
JUTSL K&KJIOM 30HBI 0TOOpaXkaeTcsl pa3HUIAa MEXKAY HauOOJIbIIUM U HAUMEHBIIIUM 3HaYeHUEM. DTO
MO3BOJIET MMOJIYYUTh HMH(OPMALIMIO O BEPTHKAIBHOW W3MEHUMBOCTH penbeda B KaKIAOW U3
BbIJIesieHHBIX 30H (300 M*300 Mm). PesynmpTarom pal®oThl mHCTpyMeHTa Zonal Statistics ctan
HOBBII PAcCTPOBBIM CJIOM, KOTOPBIH MOXHO BHM3yaJU3UpOBAaTh MU aHAlIM3a BEPTUKAIBHBIX
XapaKTepUCTHK penbeda. ['opr3oHTaIbHOE pacuieHeHUe NOoIydnio 3HaueHue 2 6amioB (52,2%)
u 3 OanoB (31,5%). PesymbraT pacuera BEpPTHKAIbHOW PACWICHEHHOCTH MPAKTHYECKH BCCH
tepputopun IIBK3 umen nanmenwsmuii 6amn. Haubombinee 3HaYeHHE M HAWBBICIIYIO OICHKY
MOJIyYWJIO TPUBHMCTO-XOJIMHUCTOE HU3KOropbe Kokmierayckol BO3BBIMIEHHOCTH — ropsl Kokre,
bypa, XKexke batsip, ropa Jlsicas (pucyHok 3).
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Pucynox 3. BeprukanbHas v ropu3oHTainbHas pacwieHeHHOCTh [I[BK3
[Ipumeuanue: cocTaBIeHO aBTOPOM C UCHOIb30BaHueM nporpammsl ArcGIS.10.8

OKCIO3ULMsl ONpesessylach ¢ IOMOIIBI0 MHCTPYMEHTa 3Kcrno3uius (Aspect) rpymnisl
uncrpymentoB Surface (Banister D., 2012). JIns maHHOro 3Tama MCIOIb30BaNaCh LUPPOBas
mozens penabeda (LIMP) B dopmare pactpa. PesymbraT paboThl MHCTPYMEHTA BBIYMCIIEHUS
9KCIO3ULUHU CKJIOHa ASpPect — 3TO HOBBIM PacTPOBBIM CIIOM, B KOTOPOM KaXKJIOMY IHKCEIIO
IPUCBOCHO 3HAYCHHE, KOTOPOE MPECTABISAET YTroJl SKCIO3ULIUH JUIsl COOTBETCTBYIOILETO CKIIOHA.
DKCIIO3UIHSI OTPEICIsIeT HApaBICHUE YKIOHA MaKCUMAJIBHOW CKOPOCTH M3MEHEHUS 3HAUYCHUH
OT KaXJIOH SYEeWKH J0 coceAHMX ¢ Hel sueek. Ha kapre skcnosunuu ckinoHoB I[BK3
HaVMEHbIIMK Oayyl MONyYHiia TUIOCKAas MOBEPXHOCTh, HAaWOONBIINA — CKJIOHBI FOTO-3amaza
IOr0-BOCTOKA (PUCYHOK 4).
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Pucynok 4. Oxcniozunus ckinonos [I[BK3
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VYKIIOH MOBEPXHOCTH HCCIICTYeMON 30HBI PACCUUTHIBAJIICS HMHCTPYMEHTOM YKJIOH (Slope)
rpynmbl UHCTpyMeHTOB Surface (pucyHok 5). Jlns pacuera ykJIoHa ObUIa HCIIOJB30BaHA
ugpoByto Mozaens penbeda IIIBK3, koTopas mpencrasisuia coboii pacTpoBoe M300paKeHUE C
BBICOTHBIMH 3HAYCHUSIMH Ha KXJOW sYCHKe. DTOT paCTPOBBIN CIIOH UCIONB30BaJICS B KAYeCTBE
BXOJIHBIX JTaHHBIX Ui MHCTpyMeHTa Slope — ArcToolbox - Spatial Analyst Tools - Surface.
Huctpyment Slope paccuuThiBaeT yKIOH ISl KaXKIOH SUCHKH HAa OCHOBE M3MCHEHHS BBICOT
MEXIy coCeqTHUMH stueiikamu. OH HCIONIb3YeT CIEAYIOIINE [Iard - ONpeAeTeHue Ul KaXIou
STYCHKHM PAacTPOBOTO CJIOS YKJIOHA IO OTHOLICHHIO K cocenHuM sueiikam (Battakova et al., 2022)
PesynbraT pacdera ykioHa CrpynmupoBaH Mo 3° yKJIOHa MOBEPXHOCTH, TJie HanOOJBIION YKIIOH
npucBoeH Kokmierayckoil BO3BBIIIEHHOCTH.
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3°.5° |15°-20°
5272 | |20°-30°
[ |cBbiwe 30°
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Pucynok 5. Kapra yknona II[BK3

Jns  BBIYMCIIEHUS CpPETHEro 3HA4YeHHs] CYMMBI MOJYYEHHBIX MOP(POMETPHUECKUX
XapakTEepUCTUK penbeda ¢ ucmnoiab3oBanueMm anredOpsl kapt (Map Algebra) B ArcGIS 10.8,
BBITIOTHEHO HECKOJBKO TMOCIEN0BaTeNbHBIX MIaroB. Ainrebpa KapT TMO3BOJSET BBHIMOTHSITH
oTiepariy HaJl pacTPOBBIMU JTAaHHBIMU, TPAMEHSISI MATEMAaTHICCKUE M CTATUCTUICCKUE OIIepaIiH
K MUKCEISIM PacTpoBBIX cioeB. s pacueta MOpGOMETPUIECKIX XapaKTePUCTUK perbeda Ham
MOTpeOOBaIUCh PACTPOBBIC TAHHBIE, KOTOPHIE MPEACTABISUIH CO00H TU(PPOBYIO MOJIENH pelibeda
(LIMP), a Ttaxke mnonydyeHHbIE MyTEM pacueTa clIou (BEepTUKAIbHOE M TOPU30HTAIBHOE
pacuieHeHHe, OSKCIIO3WIUS CKIIOHA, YKJIOH). JlaHHas QYHKOWS TO3BOJSIET WCIIOJNB30BaTh
MaTeMaTHYeCKHe OMepalud Ha PaCTPOBBIX CJHOAX JUIsl TOMY4YeHHs] KOMOWHHPOBAHHBIX
xapaktepucTuk. OmHaKo, I OIEHKH TMEH3a)KHOTO pa3HOoOOpasus HaMH pPaccMOTpPEHa
pPaCTHTENBHOCTh TEPPUTOPUHU, TaK KakK »dTOT (AKTOp YBEIUUYHBAET MPUBIEKATEIHHOCTH
TEPPUTOPUH (PUCYHOK 6).
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Pucynok 6. Jleconokpsrtue 111bK3

CoznmanHbie  MOP(HOMETPUYECKHE KApThl HCCICAYEMOW TEpPPUTOPUU W  BhIOpaHHAS
Metoanka AHucuMoBa B.M. mo3BoiisieT HaMm CO3laTh OIIGHOYHYIO KapTy MPUBJICKATEIBHOCTH
penbeda (PUCYHOK 7). € TIATHIO MOKA3aTesIMU aTTPAKTUBHOCTH — HeOnaronpustHas (0-2 6amia),
MmanobnaronpustHas (2-4 Oamna), ymepeHHo OnarompusitHas (4-6 OaioB), OTHOCHUTEIHHO
OnaromnpusitHas (6-8 6amioB) u OnaronpustHas (8-10 6amioB).
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Pucynok 7. Onenounas xapra npusiekarenasHoctu [IIBK3
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4. O0cy:xxnenue

[TomydyeHHble JaHHBIE M pacyeThl C HCHoJb30BaHWeM mnporpammbl  ArcGIS.10.8,
aTTpakTUBHBIMU NaHamadTamu siBisiorcs r. Kokme, r. JKeke baTelp W BBICOKHME OTMETKH
[IlyuynHCcKOM CONKM, TJe BepTUKaIbHOE pacwieHeHue uzmensercs oT 100 mo 200 m ¢ roro-
BOCTOYHOM, I0)KHOHM 1 I0r0-3aIllaJHOM SKCIIO3UIIMEH CKIOHOB. McXoas 13 3TUX MOKa3aTellel, 3Ta
TEPPUTOPUSL HMMEET IMEepPCHEKTUBY pPAa3BUTHUSL CIIOPTUBHOIO Typus3Ma (TOPHOJIBLKHBIA CIOPT,
anbnuHKU3M). llemexonHblil Typu3sM HMEET BO3MOXHOCTb pa3BUBATbCS Ha BCEU TEPPUTOPUU
IIIBK3. Teppuropusi Kokmerayckoil BO3BBIIIICHHOCTH OJIATOTPUSTHA JJIS O3JA0POBUTEIBHBIX
neneii. Hawmbonee mnpuBiIEKaTeNbHOM C Y4eTOM BCEX 4YeThIpeX MOP(HOMETPHUUYECKUX
XapaKTePUCTHK U JIECOMPOKPHITOCTU Tepputopuu spisercs [lonsna AObutaii xana. OcTanbHas
TEPPUTOPHS C OATIIOM MPUBIEKATEIBHOCTH OT 4 10 6 SIBISIETCS YMEPEHHO OJaronpusiTHORH. DTu
TEPPUTOPUU UMEIOT MOTEHUUAI JIUISl Pa3BUTHUS NPOTYJIOUYHO-030POBUTEIBLHOTO BUAA TypU3Ma, B
ToM 4mcie cbopa srom u TpuboB. Oxomo 60% Ttepputopunm IIBK3 sBnsiorcs MeHee
aTTPaKTUBHBIMU U HeOmaronpusTHeIMU (Tepputopusi ropona lllyunnck). Ha atoit Tepputopuu
BCce MOPHOMETPUICCKUE XaPAKTEPUCTUKH NMEIOT MUHUMAJIbHBIC 3HAYCHUS.

Tak Kak cMeHa CE30HOB T'ofia SIPKO BhIpaKEHa HA MCCIEAYEeMOU TEPPUTOPHH, ITOT (PakTop
OKa3bIBAaCT 3HAYUTENIPHOE BIMSHUE HA TYPUCTHUYECKYIO MpuBieKaTenbHOCTh LllyunHcko-
BopoBCcKOl KypOpTHOM 30HBI, CO3[aBas KaK BO3MOXHOCTH, TaK W BBI3OBBI IJIsi Pa3BUTHUS
Typu3Ma. 3MMHHMHM CE30H, C €ro XapaKTepHbIMU YCIOBHMSIMH, MOXXET OKa3bIBaTh JIBOSKOE
BO3JICICTBHE Ha JOCTYMHOCTh M 0€30MacHOCTh TypuUCTHYeCKHX MapiipytoB (Dmitriyev et al.,
2022; Evloeva et al., 2020; Gomez et al., 2023, Chirikov, 2008, Dianin et al., 2024). Hu3skue
TEMIIEpaTypbl, CHEronajbl M JEASHbIE IOKPOBBl OrPAaHUYMBAIOT JIOCTYIIHOCTh HEKOTOPBIX
TYPUCTHYECKUX OOBEKTOB M MapIIPyTOB, OCOOCHHO B TOPHBIX M TPYAHOIOCTYIHBIX panioHax.
Ot1o TpedyeT 0cob0ro BHUMaHUS K MOATOTOBKE MHGPACTPYKTYPHI, BKIIIOYAs 3UMHIOID YOOpPKY,
noJi/IepKaHue MPOE3KUX MyTeH u obecriedeHne 6€30MacHOCTH TYPHUCTOB.

C napyroii CTOpOHBI, 3UMHHE YCIIOBUSI TAKKE€ OTKPBIBAIOT HOBBIE BO3MOXHOCTH ISt
AaKTUBHOI'O 3MMHEr0 Typu3Ma, BKJIIOYas KaTaHME Ha JbDKaX, CHOyOOpAax, 3MMHHE IMOXOJAbl U
JIpyrue BUJbl CIOpPTa. ITO NPUBJIEKAET JONOJHUTENBHBIM MOTOK TYPUCTOB, 3aMHTEPECOBAHHBIX B
3UMHHMX KypopTax. OnHako, st oOecredeHHsl NpPUBIIEKATEIbHOCTH U O€30MaCHOCTH TaKHX
BUJIOB OTIBIXa  HEOOXOIUMO COBEPILIEHCTBOBAHUE UH(PACTPYKTYPHI, HaIu4yue
KBaJIM(ULMPOBAHHOTO NIEPCOHANIA K COOTBETCTBYIOLIME MEPHI IO 3aIIUTE OT PUCKOB, CBSI3aHHBIX
C XOJIOJIOM U OMaCHBIMH MOTOJITHBIMHU YCITIOBUSIMH.

JleTHuii ce30H, HAOOOPOT, XapaKTepU3yeTcsl OIAroNpPUATHBIMU YCIOBHUSIMH Ui TypHU3Ma,
BKJIIOYAsl TMElIMe TOXOMbl, BEJIOCUIIEJHbIE MapUIPyThl W BOJHBIE BUIBI cHopra. Beicokue
TEMIEPATYPbl U HAIMYHE PACTUTEIBHOCTH CO3AAI0T KOM(OPTHBIE YCIOBHS Ul OTJbIXA, OJHAKO
B 3TOT IEpHUOJ TaKK€ BO3HUKAET HEOOXOAMMOCTh B 0OecneueHHH JO0CTyna K MUThEBOH BOAE,
TEHHU U 3aIIUTHI OT COJTHEUHBIX 0XKOTOB.

5. 3akiro4enue

PesynbraThl MccnenoBaHHS MOTYT OBITh TNPUMEHEHBI JJs  pa3pabOTKU CTpaTerHu
YCTOWYMBOIO TypU3Ma M PETHOHAIBHOIO IUIAHMpPOBaHWs pas3Butusa lllyunHcko-BopoBckoii
KYpPOPTHOHM 30HBI. Pe3ynpTaThl TaHHOrO HMCCIEAOBAaHUSA, OCHOBaHHbIE Ha KoMiulekcHoM ['MC-
aHayn3e 1 0aUIbHON METOAMKE OLIEHKH MPUBIIEKATEIBHOCTH, MOT'YT OBITh IIOJIE3HBI KaK OpraHam
ylpaBleHUs TYpU3MOM, TaK W HMHBecTopaM B cdepe pa3BuTus TypusMa.OreHka
MOp(HOMETPUYECKUX XapaKTEPUCTUK penbeda, TaKMX KaK BEPTHKAIbHOE U TOPU30HTAIbHOE
pacwieHeHHe, YIJbl HAaKJIOHA, OKCIO3UIMA CKJIOHOB, II03BOJIIET OINpENeNuTh Haunbosee
MEPCIEKTUBHBIE 30HBI JUIS JAJBHEHIIEr0 WCIOJIb30BAHUSA, HAlpUMeEp, U1 OpraHu3aluu
TYPUCTUYECKHX MApIIPYTOB, CO3/IaHUS HHPPACTPYKTYPHI U IKOJIOTUYECKOT'O TYpHU3MA.

Jlnsg opraHoB yInpaBi€HHMs TYpU3MOM MTOIrOBas OLEHOYHAs KapTa IPHUBIEKATEIbHOCTH
HIBK3 mnpexacraBnsger co0OM [EHHBIM HWHCTPYMEHT ISl IUIAHUPOBAHUS M NPHUHATHSA

106



A.H. T'ymunres amwuindazvt Eypasus yammuix ynusepcumeminir, xabapuioicol. Xumus. Ieozpagus. Dxoroeus cepuscol, 2025, 150(1)

CTPaTEerMuecKUX pEIICHUH, HaIpaBJIEHHBIX HAa pPa3BUTHE TYPUCTHUYECKOH OTpaciu, BKJIIOYas
COXpaHEeHHE MPUPOIHBIX JAHAMIAPTOB U YCTOMUHNBOE HCIOIb30BAaHUE PECYPCOB.

WHBecTOpBl MOTYT MCIOJB30BaTh MOJyYEHHBIE PE3YJIBTATHI ISl OLIEHKH PUCKOB U BBITOJ
IpU BBIOOPE MIIOIIAJOK JIJIs1 MHBECTUIIMOHHBIX MPOEKTOB, TAKMX KAaK CTPOUTEIHCTBO FOCTUHHUII,
KYPOPTHBIX KOMIUIEKCOB HJIM TYPUCTHUYECKHX 00BEKTOB. KapTa mpuBiIeKaTeIbHOCTH MO3BOJISET
BBIICTIUTH 30HBI C HAHOOJIBIIUM MOTEHLIMAJIOM JIJIsl YCIICUIHOW peaniu3aluy TaKuX MPOEKTOB, a
TaKXe ONTUMHU3UPOBATH MPOLECCH INITAHUPOBAHUS M PECYPCHOTO 00ECTICUCHHS.
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Peabed - lllyune-bopoBoe KypopPTTHIK AHMAFbIHBIH TYPAKThI 1aMYbIHAAFbI
TYPHUCTIK TAPTHIMABLUIBIK APTHIKIBLIBIKTAPBIHBIH (PAKTOPbI

I'yrbnapa Axmer6exoBa, UBan Ilinaunnra, I'ynaum CamartoBa, INanbimOek baiirykun

Anparna. [llyube-bopoBoe KypOpTTHIK ailMarbIHBIH TapThIMbUIBIFBIHBIH ISyl (HaKTOpbI
penbed KoHE OHBIH HETi3ri MOP(POMETPUSIIBIK cunaTTaManapbl (KeJAeHeH XKoHe TIiK Kecy, OeTki
€HIC JKOHE EHIC OJKCHO3MIUACHI) Oonbll TaObulafbl. 3epTTEYIiH MakKcaTbl — ayMaKThbIH
TapTHIMIBUIBIFBIH OOBEKTUBTI Oaranay. AJIaMHBIH epeKIIeNiKTepiHe OaillaHBICTHl ayMaKThIH
ayMarbplH KaObuI/lay MpoIeCci cHUIaTTaiaabl. JCTETHKAIbIK KaObLIjayFa - opTYpil 3aTTaplarbl
HeMmece KyObUIbICTapJarbl CYJIYIBIKTHI HEMece YHIECIMIUTIKTI Ce3iHy »KoHe Oaranay mpoleciHe
KOHUT OemiHeml. bi3miH >MONMSIapbIMBI3IEI, KalaylapbIMBI3bl JKOHE KOpIIaFaH oJieMre
peaKIMATIApbIMBI3Ibl  KAJIBINTACTHIPATBIH  MICUXOJOTHSUIBIK ~ MEXaHM3MJIEpMeH OaillaHBICThI
00BEKTIIep/Il CYOBEKTHUBTI KaOBUIAAy KapacThIPhUIAAbl. AYMAaKTBIH OCIMJIK KaMBUIFBICHIH
€CKepe OTBHIPBIN penbedPTiH MOp(HOMETPHSIBIK KOPCETKIIITEPiH Taijay apKbUIbl Makajaaa
ArcGIS.10.8 6arnapiamMachIHbIH Kypajiaapbl apKbLIbl 3€pPTTEIETIH ayMaKThIH TapThIMAbUIBIFbIHA
00BbeKTHBTI Oara Oepinai. AKHApaTTBIK TEXHOJOTHUAJIApAbl KOJJaHy apKbUIbl penbedTi
3epTTEYAIH HETI3r Ke3eHAepi — penbedTiH TIK KOHE KOJJICHEH KEeCITyiH, SKCHMO3WIUACH MEH
€HICIH 3epTTey OepiireH. 3epTTey/iH MaHBI3IbUIBIFBl TYPaKThl JAaMy MaKcaThblHIA TYPU3MII
JAMBITY/IbIH TE€PCHEKTUBAIBIK OaFbITTapblH aHBIKTAy YIIIH penbedTi OaranayablH OauiIbIK
KYHeciH o3ipreyne Karblp. 3epTTeyniH >kaHaubelFbl kemeHai ['AXK TangayslH KojinaHyna,
TapTHIMJIBUIBIKTBI Oarayay »oHe penbedTi Oaraiay yIIH OaIABIK oMICTI KOJAaHYIaH TYpPaJbl.
3eprreyne Taburu JaHAmMAPTTApIbl CaKTay >KOHE PEeCypcTapiAbl TYpaKThl MaijanaHyasl Koca

anfaHAa, TYpPU3M HHIYCTPHUSICHIH JaMBITyFa OaFbITTalFaH CTPATEeTHSUIBIK — IIeHIiMAepIl
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JKOCTapiiay »oHe KaObuimay Kypajidbl pPETiHIEC alblHFaH HOTHOKENEp YCHIHBUIFaH. PenbedTiH
MOP(OMETPUSIIBIK CUMATTaMaNapblH Oaranay, MbICAlbl, TIK JXOHE KOJJCHEH Kecy, EHIC
OypbITAapbIH JKOHE EHIC SKCIO3UIMACHIH OJaH Jpl MaljalaHy YIIiH, MBICAIbI, TYPUCTIK
MapIIpyTTapasl  YHBIMAACTBIPY, HWHQPAKYPBUIBIMIBI KYpYy JKOHE OKOTYpU3M YVIIIH €H
NEePCIEKTHBAIIBI aliMaKTap/Ibl aHBIKTayFa MYMKIHIK Oepe/ti.

Tyiiin ce3mep: penbed, KeneHEH Kecy, TiK Kecy, *ep OeTiHIeri eHic, €HiC KCIO3HIIMSCHI,
JaHIIaTTRIH SPTYPILIITi, Oaraiay KapTachl.

Relief as a factor of advantages of tourist attractiveness of the Shchuchinsk-
Borovskoy resort zone for the purposes of sustainable development

Gulnara Akhmetbekova, Ivan Plachinta, Gulyaim Samatova, Galymbek Baigukin

Abstract. The key factor in the attractiveness of the Shchuchinsk-Borovskaya resort area is the
relief and its main morphometric characteristics (horizontal and vertical dissection, surface slope
and slope exposure). The purpose of the study is to objectively assess the attractiveness of the
territory. The process of perception of the area, which depends on human characteristics, is
described. Attention is paid to aesthetic perception - the process of awareness and evaluation of
beauty or harmony in various objects or phenomena. The subjective perception of objects is
considered in connection with psychological mechanisms that shape our emotions, preferences
and reactions to the world around us. By analyzing the morphometric indicators of the relief,
taking into account the vegetation of the territory, the article provides an objective assessment of
the attractiveness of the study area using the tools of the ArcGIS.10.8 program. The main stages
of consideration of the relief using information technology are presented - consideration of
vertical and horizontal dissection, exposure and slope of the relief. The significance of the study
is in the development of a point system for assessing the relief to determine promising areas for
tourism development for the purposes of sustainable development. The novelty of the study lies
in the application of complex GIS analysis, the use of a scoring method for assessing
attractiveness and assessing the relief. The results obtained in the study are presented as a tool
for planning and making strategic decisions aimed at developing the tourism industry, including
the preservation of natural landscapes and sustainable use of resources. Evaluation of the
morphometric characteristics of the relief, such as vertical and horizontal dissection, slope
angles, slope exposure, allows us to determine the most promising areas for further use, for
example, for organizing tourist routes, creating infrastructure and ecotourism.

Keywords: relief, horizontal dissection, vertical dissection, surface slope, slope exposure,
landscape diversity, assessment map.
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Abstract: In recent years, the issue of involving part of the former
Semipalatinsk Nuclear Test Site (SNTS) in the economic turnover of
local agricultural producers has become acute. This is facilitated by
comprehensive environmental studies of the landfill territory. However,
studies of morphometric conditions with obtaining numerical
characteristics of the landfill relief are practically absent. This study is
aimed at studying the morphometric conditions of the relief: slope,
aspect, density, and depth of dissection to assess the morphometrically
determined factors in the development of a number of modern
exogeodynamic processes. The study of morphometric conditions was
carried out on the basis of processing and analysis of DEMs, which
became the input criteria for scoring. Maps were created and their
statistical parameters were extracted: slope, aspect, vertical and
horizontal dissection and susceptibility of the relief surface to the factors
of development of relief formation in the territory of the SNTS.
Thematic information is presented on maps of two types: in the context
of elementary areas represented by cells (1x1 km) and interpolation of
these elementary areas. The results have practical significance for the
development of the principles of an adaptive landscape farming system
within the study area.

Keywords: nuclear test site; morphometric conditions; relief; slope;
DEM; adaptive landscape farming system.



mailto:adiletv@gmail.com
mailto:adiletv@gmail.com
mailto:aizhan.asylbekova@kaznu.edu.kz
mailto:omirzhan.taukebayev@gmail.com
mailto:kudaibergenov.muratbek@gmail.com
mailto:jenisnaz@gmail.com
mailto:zhanatbekoverke@gmail.com
mailto:imandosovt@gmail.com
mailto:aizhan.asylbekova@kaznu.edu.kz
mailto:omirzhan.taukebayev@gmail.com
mailto:jenisnaz@gmail.com
mailto:aizhan.asylbekova@kaznu.edu.kz
https://doi.org/10.32523/2616-6771-2025-150-1-111-128
https://doi.org/10.32523/2616-6771-2025-150-1-111-128

A.H. I'ymures amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 150(1)

1. Introduction

The territory of the former Semipalatinsk nuclear test site still remains a place for scientific
research in various directions; this situation is due to the fact that for more than 50 years, this
territory was exposed to nuclear tests carried out by the Soviet Union. More than 450 nuclear
explosions over an area of just 18,500 km? changed the natural conditions of area (Parfitt, 2010).
First of all, we are, of course, talking about radioactive contamination, which to this day plays a
certain negative role in both the development of natural and social processes. Today, scientific and
applied research of a wide profile, including monitoring, ecology, the impact of man-made radiation
on the environment, radiation safety issues, etc., is carried out by employees of the National
Nuclear Center of the Republic of Kazakhstan ("The periodic scientific and technical journal of the
National Nuclear Center of the Republic of Kazakhstan,” 2024). In the territories affected by
nuclear tests at the Semipalatinsk test site, a set of measures is being implemented with the aimed at
improving the natural environment, state and public environmental assessment of economic and
other activities. Furthermore, are being implemented measures to return radiation-contaminated
territories to economic circulation (On social protection of citizens affected by nuclear tests at the
Semipalatinsk nuclear test site, 1992).

To date, in the relevant scientific literature there are no publications devoted to the study of
the morphometric conditions of the relief surface of the SNTS territory, assessing it from the point
of view of the potential for the occurrence of exogenous natural and anthropogenic processes.
Relief is one of the main factors determining the landscape differentiation of the territory
(Bondarenko, 2015; Ismailova, 2016). The study of the components of relief morphometry (slope,
exposure, erosion network, horizontal and vertical dissection) on the territory of the test site using
modern research methods remains insufficient. At the same time, the territory is of particular
scientific interest due to the unique-ness of its geological structure, geographical location and the
development of relief-forming exogenous processes on it. Various morphometric indicators of relief
are widely used in areas where quantitative assessment of the properties of a topographic surface is
necessary (Pogorelov, 2015). Taking into account the morphometric characteristics of the relief
allows for the rational use of land for economic purposes. Since quantitative indicators of relief are
the most visual indicators of the dynamic conditions for the development and functioning of
ecosystems, and morphometric analysis plays an important role in ecogeomorphological studies
(Khalilov, 2014).

It is worth noting the adoption of the law on the creation of the Semipalatinsk nuclear safety
zone on the territory of the former test site. The law provides for the return of suitable land to
economic use (Official website The President of the Republic of Kazakhstan). Knowledge of terrain
conditions allows the most correct approach to the allocation of buffer, water protection, sanitary
protection zones, not only from the point of view of the norms established in the legislation, but
taking into account the specific conditions of the territory (Pozachenyuk, 2016). Understanding the
values of the morphometric situation allows us to scientifically identify zones with different
environmental management regimes by determining the basis of erosion, the transfer of solid
particles, and the development of exogenous processes. Among the transfer agents, linear erosion,
planar washout, coastal erosion, and gravitational processes stand out; they all form morphometric
components that together characterize the relief (Ismailova, 2021). Since the relief of the earth's
surface, along with the lithogenic base, is the basis of landscapes, it performs certain functions: 1)
participates in the distribution of gravitational energy in space and time: the relief directs the
movement of material flows; 2) the relief promotes two types of movement of gravitational flows of
matter - radial and lateral - and coordinates the ratio of these flows (Kashiro et al., 2012).

The purpose of this study is to assess the morphometric conditions of the modern SNTS relief
to understand the spatial distribution of the development of modern exodynamic processes and their
impact on the accumulation and distribution of pollutants, including radioactive ones. A
comprehensive morphometric analysis of the territory based on DEM processing in a GIS
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environment allows you to quickly and effectively assess the critical properties of the relief, incl.
for forecasting and landscape planning purposes (Mikhailov, 2015). Experience in carrying out
similar work includes: assessment and ranking by scores using morphometric parameters was
carried out to analyze the landscape diversity of the territory (Egemberdieva, 2021), the degree of
morphometric intensity of landscape belts and zones, as well as their spatial differentiation
throughout the study area (Ismailova, 2021), assessment of the degree of dissection of the relief by
linear forms (coefficient of horizontal dissection) (Pavlova, 2013), comprehensive morphometric
assessment of the territory (Mikhailov, 2015), assessment of the degree of dismemberment, the
degree of ecogeomorphological tension of morphosystems (Khalilov, 2014).

2. Materials and methods
2.1. Description of the Study Area

The Semipalatinsk nuclear test site is located at the intersection of three regions of
Kazakhstan: Abay, Pavlodar and Karaganda and covers an area of 18 000 km? Physical
geographically, the test site occupies the northeastern part of the small hills of Sary Arka. It is a
plain, to the south gradually changing to hilly and low-altitude terrain. During the period of the
SNTS functioning (1949-1989) 466 nuclear tests were conducted on its territory, including 30
above-ground, 88 aerial and 348 underground nuclear explosions, with 13 explosions resulting in
the release of radioactive gases into the atmosphere (On social protection of citizens affected by
nuclear tests at the Semipalatinsk nuclear test site).
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Figure 1. Location map of the SNTS territory

2.2. Data and Methods

Morphometric analysis is one of the methods of geomorphological research in which the
quantitative characteristics of landforms are studied using special measurements (Ismailova, 2016).
The methods and fundamental principles of morphometric work in the study of geomorphology
were studied in great detail in the 1940s and 1950s by Canadian scientists Horton, R.E. and
Strahler, A.E. (Pidwirny, 2006). Today, the methodology for morphometric analysis of relief is
carried out using remote sensing data, in particular with the use of geographic information systems
and digital elevation models. The study of morphometric conditions based on DEM processing has
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become widespread among geographers near and far abroad in the study of geomorphology,
landscapes, exogenous processes, etc. (Bilous et al., 2020; Bondarenko, 2015; Pogorelov, 2015;
Xiong et al., 2022; Zhou & Chen, 2011).

The basis for the work was data from radar interferometric satellite surveys TerraSAR-X and
TanDEM-X, and the Airbus WorldDEM4Ortho digital elevation model (Table 1)
(https://elevation.arcgis.com/arcgis/rest/services/WorldElevation). The available Airbus
WorldDEM4Ortho data is in the form of a digital elevation model (DEM) raster file in which the
pixel value is the altitude at a given point. The horizontal datum is the World Geodetic System
(WGS84-G1150) and the vertical datum is the Earth Gravity Model 2008 (EGM2008) ) (Airbus
WorldDEM4Ortho in ArcGIS Living Atlas of the World; DLR Document: TD-GS-PS-0021; DEM
Products Specification Document). The Airbus WorldDEMA4Ortho data is a DEM with a cell size of
0.8 arcseconds (with a pixel side of 24 m). The resolution of the DEM increases in the direction of
longitude from the equator towards the poles. Naturally, the spatial resolution of the DEM affects
the spatial accuracy of subsequent mathematical calculations of the relief surface. This applies to
the slope, slope aspect and other variables, the values of which respond to the given dimensions of
the model cell, and sets the limits of detail of the modeled surface. To obtain a modern layer of
water area objects, we used 2 Landsat satellite images (Table 2) (https://earthexplorer.usgs.gov/).

Table 1. Digital elevation model used

DEM Resolution, Plx_el Vertl_cal File Projection Year
m spacing Unit format

Airbus 0.8 Geographic

WorldDEM4O0rtho 24 arcsec Meter GeoTIFF Coordinates 2017
Table 2. Landsat satellite images used

Satellite Resolution Acquisition date Sensor

Landsat-8 30 09.05.2023 Operational Land Imager

Landsat-8 30 12.09 2022 Operational Land Imager

DEM processing, extraction of morphometric indicators, geospatial mathematical calculation
and analysis of results were carried out using ArcGIS 10.5 software. To solve problems, program
modules were used in stages:

- Surface (creation of hypsometry, slope, exposure and extraction of contours) (Valeev, 2016);

- Reclassification (mathematical calculations in raster attribute tables, calculation of areas,
percentages, processing of Landsat satellite images to extract water areal objects) (Medeu et al.,
2023);

- Sampling (Data management — sampling — build a grid) - creation of a Gridfish grid, a
vector layer of 1x1 km cells for the study area. The Gridfish grid with cells of 1x1 km is the basic
basis for which calculations are made of 4 morphometric indicators (slope, exposure, horizontal and
vertical dissection), as well as a complex indicator of morphometric conditions - relief
susceptibility. For each cell, the values of indicators per 1 square are determined. km., which are
converted into a point object and then a thematic map is constructed by interpolation.

- Zonal statistics into the table (Spatial Analyst — Zonal — Zonal statistics into the table) —
absolute elevations and decreases in the territory, as well as their differences, were automatically
calculated. In this study, the difference between maximum and minimum heights is the relative
height parameter. The result is calculated and presented in dBASE table format, under the column
name RANGE. The data is the input parameters for creating a vertical density map). Connecting a
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table (Links — Connection) of geodata with a layer of 1x1 km cells. Creation of a map of the
amplitude of vertical dissection on a cell scale of 1x1 km.

- Hydrology (erosion network extraction: Fill, Flow Direction, Flow Accumulation, Stream
Link, Stream order and Stream to Feature) (Chowdhury, 2023);

- Overlay (Intersection, calculation of the length of the resulting segments inside a cell, spatial
connection, calculation of the ratios of the lengths of thalwegs in an area of one cell with an area of
1 km2, creation of a map of horizontal division along the field km/km?). the density of dissection of
the territory by an erosion network, expressed by the length of thalwegs per unit area (Moglen &
Maidment, 2006);

- To spatially create a map of horizontal and vertical dissection: -Spatial objects (Object to a
point, export with attributes a layer of cells to a point layer, Interpolation of points of OVR
methods, trimming raster edges, reclassifying a raster) for spatial creation of maps of vertical and
horizontal dissection (Pozachenyuk, 2016). The resulting vector point layer became the source for
interpolation calculations using the inverse weighted distance (IWD) method. The resulting raster
was reclassified using Spatial Analyst tools to access individual spatial classes. Next, we converted
the vertical dissection raster into a vector layer. We preliminary generalized small objects using
spatial object removal tools and smoothed the lines. At the final stage, calculations were made of
the areas of distribution of various parameters of vertical division (Table 3).

Table 3. The assessment of morphometric conditions is based on ranking by points, according to
the developed criteria

Horizontal
Slope, degrees Aspect, rhumb | Vertical dissection, m dissection, Degree
km/km?
Meaning | point | Meaning | point Meaning point | Meaning | point | Meaning
0-1 1 N 1 0-20.1 1 0-0.5 1 Low
1-2.9 2 NE, NW 2 20.1-44.6 2 0.5-1.5 2 Weak
2.9-6.4 3 E,W 3 44.6-85.7 3 1.5-25 3 Average
6.4-12 4 SE, SW 4 85.7-167.9 4 2.5-3.7 4 Increased
12-43.9 5 S 5 167.9-349.7 5 3.7-7.2 5 High

The criteria include 4 morphometric indicators (slope, aspect, horizontal and vertical
division), their physical values and ranking unit. Obviously, these criteria were developed after
receiving the numerical results of geoinformation processing of the DEM. For the comprehensive
morphometric scoring, all four initial indicators (slope, aspect, horizontal and vertical dissection)
were used. In accordance with the parameter values, the gradation and value in points were selected.
Scientists use various approaches to defining a comprehensive assessment. For example, to
determine a complex morphometric indicator, the addition of all points was used (Mikhailov, 2015),
to assess the degree of ecogeomorphological tension of morphosystems, we used a combination of
density and depth of division into categories (weak, medium, and high) (Khalilov, 2014), we used
the average value of the sum 4 morphometric characteristics of the relief to assess the tourism
potential (Sedrette & Rebai, 2022).

Figure 2 shows the study design. A literature review of the methods used to investigate
landform morphometry and the study area was conducted. Data was collected for the study area,
followed by the processing and extraction of the required geospatial data. The obtained data was
analysed and evaluated to determine the susceptibility of the relief.
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Figure 2. Flow diagram for methodology

3. Results
3.1. Slope, aspect

Slopes and surface aspect are fundamental geomorphological parameters that are naturally
associated with the formation of landscapes and the development of exogenous processes and
phenomena. The SNTS area is part of the left bank catchment of the Yertis River, so in general the
slope trend is towards the main waterway. The northern and eastern territories are plains, in the
southern part there are hills and mountains, stretching from southeast to northwest, only the
Degelen mountains with the highest elevation (1084 m) have the shape of a circle. The hilly terrain
of the eastern end of Sary Arka causes non-uniform surface slope conditions (Figure 3a). Statistical
analysis of the ratio of areas with different surface slopes above the edge of local lakes indicates
that 91.4% of the SNTS area is characterized by slopes of up to 2.9 degrees, which generally
indicates low speeds of the processes of formation of the relief of the plains (Table 4). The
development of denudation-erosion phenomena is potentially possible; they are observed in local
areas with slopes from 12 to 43.9 degrees, confined to local mountain formations, in total occupies
0.5% of the area of the SNTS. Statistical parameters of the surface slope of the territory are
classified into 5 degrees.
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Figure 3. Slope (a), and aspect (b) of the SNTS territory

Slope aspect is considered as the direction of inclination in terms of location to the cardinal
direction or compass direction. Measured clockwise in degrees from 0 degrees north to 360 degrees.
The value of each cell in the aspect of the data set indicates the direction of the slope (Figure 3b).
The aspect of a slope characterizes its orientation in relation to the flow of solar rays, and therefore
to the amount of radiation received by the earth's surface (GIS-Lab online resource). Due to this,
the slope aspect significantly affects the local climate (microclimate) of the site, vegetation,
landscape development and relief formation. On the slopes of the relief, northern, northeastern and
northwestern aspect predominate and occupy 42% of the study area. Taking into account the
heterogeneity of the relief, southern, southeastern and southwestern aspect are widespread, which
are located on 33.3% of the territory. These slope aspect are characterized by aridity. The main
intensity of erosion is tied to the seasonal processes of snow melting at these aspects. Similarly, the
western aspects of the slopes of local mountains fit this description. Western aspects account for
more than 10%, and eastern aspects account for more than 13% of the entire territory.

Table 4. Statistical characteristics of the slopes and aspect of the SNTS

Slope, Area, km? Area Point Aspect Area, km? Area Point
degrees share, % share, %
0-1 26396.7 59.2 1 N 6881.9 15.4 1
1-2.9 14357.6 32.2 2 NE, NW 11910.2 26.7 2
2.9-6.4 2865.8 6.4 3 E,W 10901.8 24.4 3
6.4-12 762.,2 1.7 4 SE, SW 9718.5 21.8 4
12-43.9 221.8 0.5 5 S 5109.6 11.5 5
Total 44604.2 100 44604.2 100
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3.2. Drainage network

An drainage network of temporary and permanent watercourses has been created. After visual
viewing of the drainage network vector, it was necessary to refine geometrically flat polylines
constructed in places of natural large lake basins and sorrows: Lake Toresor, Lake Zhaksytuz, Lake
Shagan, Lake Karasor and others, where dominant accumulative geomorphological processes take
place. The parameters of the drainage network depend on the given detail or generalisation, if the
output scale allows, the drainage network can be maximally branched and takes into account almost
all shallow thalweg of temporary watercourses (Figure 4). Given the flat relief of the territory and
the interval of absolute heights between 150 and 1100 metres, the catchment network of
watercourses is developed up to the 6th order. There are four large river basins located on the
territory of the SNTS. These are the Saryuzin rivers from south to north, Aschyozek and Karabulak
from the center to the north, and Shagan from the south to the northeast. They are all left tributaries
of the Yertis River.

105 0 10 Km
- e—

Drainage
network

Orders of talwegs
1

2
3
4
5
6

Figure 4. Drainage network of permanent and temporary watercourses, water bodies

The total length of the talwegs of the rivers in the study area is 13,874 km, with sixth-order
watercourses accounting for about 361 km or 2% of the total length of temporary and permanent
watercourses (Table 5). The main length of 95% of the talwegs, considering the factors of arid
climate and steppe landscapes, falls on temporary watercourses. In summer, they form a dry gully-
beam network or inconspicuous depressions. They are formed mainly during floods due to
meltwater flows, as well as during precipitation in the warm season. The drainage network is
formed by the transport of clastic material by first-order water flows, then by 2nd-order water flows
and so the solid runoff is carried into the river Yertis. It should be noted that along with solid
runoff, the transfer, distribution, and transportation of technogenic pollutants, including
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radionuclides, occurs. For example, there is radiation contamination of territories outside the SNTS
perimeter, the Shagan River has been found to exceed the norm of radioactive contamination also
outside the test site (Aktayev et al., 2021).

Table 5. Statistical characteristics of the drainage network

Order of Total length
talwegs km %
1 7292 53
2 3394 25
3 1647 12

4 754 5

5 426 3

6 361 2
Total 13874 100

3.3. Vertical dissection

A vector grid (gridfish) has been constructed, elementary areas with an area of 1 km?, (1x1
km). In total, the SNTS study area covers 18,423 cells. The relative heights of the RANGE field
were previously ranked into five classes using the Natural Boundaries approach. The obtained
ranking results formed the basis of the map “The amplitude of the vertical division of the SNTS
territory in a section of 1 km?” (Figure 5a). The map is of practical interest for working on medium
and large scales work, as the cell displays the values of vertical dissection over an area of 1 km. In
general, the map has the appearance of a pixel form, which does not convey the natural boundaries
of the distribution of morphometric conditions (vertical and horizontal division) and spatial display.
In this connection, to solve the existing uncertainty, a map of the spatial distribution of vertical
division indicators was constructed, also ranked into 5 classes (Figure 5b). The resulting map of the
areal distribution of vertical dissection made it possible to carry out statistical calculations of the
areas of distribution of indicators, as well as to effectively display phenomena on the scale of the
study.
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Figure 5. Amplitude of vertical division: (a) in the context of 1x1 km cells; (b) areal
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The general hypsometry of the relief, geology, tectonics, linear erosion processes, landscapes
and anthropogenic activities are responsible for the formation of vertical dissected relief. The
highest dissection is confined to mountain formations in the central and southern parts of the SNTS.

The values of the depths of vertical dissection are not evenly distributed throughout the
territory (Table 6). Low vertical dissection (0-20.1 m/km?) in the relief mainly occupy the
northeastern and eastern parts of the SNTS, and are also found sporadically throughout the territory
in flat areas. Weak depth of dissection (21-44.6 m) is most widespread, occupying 38.5% of all
territories. These areas are located in the northern, eastern and central parts of the SNTS, also in flat
areas. Low and weak degrees of vertical dissection occupy 54.5% of the territory of the SNTS,
which are plains. The average degree of vertical dissection occupies 27.8% of the entire territory. It
is mainly developed on the foothill plains located in the central, northwestern and southern parts of
the site. An increased and high degree of vertical dissection occupies slightly more than 15% of the
territory. It is developed in the central, northwestern and southern parts of the site and is confined to
hills and mountains. The range of relative height marks is from 85 to 350 meters.

Table 6. Statistical parameters of dissection depth values

Depth of dissection, | Area, km? Per cent of total
m/km? area, %
0-20.1 2935 16
21-44.6 7 064 39
446 - 85.7 5114 29
85.7 - 167.9 2 140 12
167.9 - 349.7 1109 4

3.4. Horizontal dissection

A horizontal dissection map has been created. As an indicator of horizontal dissection, the
length of talwegs of erosional forms from 1st to 7th order (permanent and temporary watercourses)
per unit cell area, km/km?, was used (Figure 6a). The horizontal division values on the map are
ranked into 5 classes, where the general interval ranges from 0.0 to 7.2 km/km?. In 905 km?, the
value of horizontal dissection ranges from 3.7 to 7.2 km/km?. A map of horizontal dissection at a
cell scale of 1 km? (gridfish grid) is of practical importance for work on a medium and large scale.
To obtain natural contours and areas of the spatial distribution of horizontal dissection conditions,
an aerial location map was produced (Figure 6b), based on interpolation of cell values.

The distribution of horizontal division values across the territory is uneven. So low levels are
confined to watersheds and local lake basins. Obviously, the watersheds are composed of crystalline
rocks and are at the stage of insignificant erosional influence, while in lake basins the processes of
accumulation prevail over erosion. Medium and high degrees are observed along the river valleys of
the SNTS in both flat and mountainous areas. The pattern of distribution of large values of the
density of horizontal erosion is characteristic of intermountain depressions and plains.
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Figure 6. Horizontal dissection of the relief: (a) in the context of 1x1 km cells; (b) areal distribution

A statistical analysis of the horizontal division map was performed, and the areas of
distribution of various values were determined (Table 7). The territory of the test site, where the
length of the drainage network for 14 square kilometers does not exceed 600 meters, occupies 31%
of the total area of the SNTS. In the study, we ranked this area as having a low degree. The plots are
distributed evenly throughout the polygon. The weak degree (0.6 — 1.2 km/km?) occupies only 25%
and is also distributed evenly throughout the entire SNTS territory. Average values (1.2 — 1.8
km/km?) are located in 23% of the study area. Increased and high rates of horizontal dissection
occupy 15% and 6%, respectively. They are distributed throughout the test site, but have local
forms. There is an inverse correlation with increasing values of horizontal dissection; the area of
distribution decreases.

Table 7. Statistical parameters of horizontal division values

Horizontal Area, km? Per cent of total
dissection, area, %
km/km?

0-0.6 5687 31
06-1.2 4632 25
1.2-1.8 4197 23
1.8-2.6 2 815 15
26-6.4 1033 6

A complex morphometric indicator is the ratio of the sum of indicator values to their number
(in terms of cells 1x1 km). The indicator characterizes the general current state of dissection of the
relief surface. So, depending on the hypsometric properties, the relief is under the constant
influence of denudation or accumulative processes. Therefore, in this study, we consider a complex
morphometric indicator as the susceptibility of the relief surface to the development of exogenous
processes. Similar to the previous maps, the assessment of the susceptibility of the relief is
constructed in terms of cells (1 x 1 km) and areal distribution on a five-point scale (Figure 7).
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Figure 7. Susceptibility of the relief surface to the development factors of relief formation: (a) in
the context of 1x1 km cells; (b) areal distribution

The result of geospatial analysis of the obtained maps are the numerical values of the
territory's susceptibility to the factors of the territory's relief formation development and the area of
distribution (Table 8). Low and weak susceptibility of the relief surface covers 53% of the SNTS
territory, mainly the flat areas of the northeastern and eastern parts of the test site. In these areas,
low and weak values of vertical and horizontal dissection, weak slopes and slopes with northern
aspects are observed. The average susceptibility of the relief surface occupies 28% of the test site,
mainly hilly and foothill plains. The sites are distributed in the northern, central and southern parts.
They are associated with average values of vertical and horizontal dissection, slopes up to 45% and
eastern and western aspects of slopes. Increased and high susceptibility of the relief surface
occupies 19% of the landfill area. These are positive forms of relief, where mountains have a high
degree of susceptibility and hills have an increased degree of susceptibility. These territories are
characterized by an increased and high degree of horizontal and vertical dissection, a slope
steepness of more than 45%, and a predominance of southern aspects.

Table 8. Susceptibility of the relief surface to the development factors of relief formation in the
territory of the SNTS

Relief surface Area, km? Per cent of total
susceptibility area, %
Low 3649 20
Weak 6 125 33
Average 5082 28
Increased 2 669 15
High 641 4

Total 18166 100
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4. Discussion

The results of the study confirm the basic basis of the relief as a natural environment, where
other processes occur due to natural and anthropogenic factors. The presence of erosion network up
to 7th order, as well as a number of antecedent valleys confirm the results of studies of solids
transport by temporary flows, obtained by (Moss & Walker, 1978). Application of complex
morphometric index for relief assessment allows to take into account the main characteristics of the
terrain: slope, exposure, vertical and horizontal dissection. The final map of the relief susceptibility
to modern exogenous processes provides a general classification of the entire territory by
assessment values, which is convenient for perception and study of the relief of the territory.
Presentation of the results of morphometric indicators assessment in the grid format has more
applied character. And the interpolated version of maps, gives a general concept of distribution of
morphometric conditions of the area.

Relief formation processes in steppe landscapes are not highly dynamic, with geological
structure and vegetation acting as one of the stabilisation factors. However, the sharply continental
climate, spring floods and precipitation figuratively set in motion the transport of solid particles
towards local and regional erosion bases. Aspects influencing particle transport include terrain
morphometry. Parameters of relief morphometry have a direct correlation with the intensity of
€X0genous processes.

Thus, terrain slopes up to 2.9 degrees are spread over 91.4% of the SNTS area, which
indicates a weak impact of gravitational processes, but a sufficient level for the development of
linear erosion and plane washout on the plains.

Relief exposure is responsible for soil moisture content and, consequently, for the level of
projective cover of vegetation. Thus 33.3% of the study area is located on southern, south-eastern
and south-western exposures. Accordingly, these territories are more susceptible to the transport of
solid particles than the northern exposures. The base of erosion of the territory is the Yertis River.
Therefore, the development of the network of temporary and permanent watercourses is directed to
the north. This is also the direction of particulate matter transport in general.

Vertical dissection of relief is developed practically over the whole territory of the SNTS.
However, the contribution of erosion processes to the development of vertical dissection in the
mountainous areas of the study area is more significant than in the plains. This is explained by
different morphometric conditions of the area (slope, absolute heights, landforms). For example, the
vertical dissection in the Murzhik Mountains under the influence of the temporary Saryuzin
watercourse, which formed the antecedent valley, is more than 110 meters. On the plains, the
erosive activity of permanent and temporary watercourses formed channel valleys with relative
heights of 10-17 m in the hilly areas and up to 5 meters in the lower reaches on the plains.

Horizontal dissection is in the range from 0.5 to 7.2 km of linear erosion per 1 km2. High
density of linear erosion per unit area is confined to river valleys and erosion network of temporary
watercourses. The density decreases only on watersheds, especially the outlines of crystalline rock
formations are clearly distinguished. Here it should be noted that the removal of solid particles
occurs, respectively, from areas with high density of horizontal dissection.

According to the results of assessment of the territory's susceptibility to the development of
exogenous processes, 53% of the territory of the SNTS have low and weak degrees. These are
mainly flat areas of the north-eastern and eastern part of the polygon. These results indicate that half
of the territory of the former SNTS with respect to relief morphometry is potentially suitable for the
development of adaptive landscapes.

A limitation of the study was not to use the weighted scoring method in the scoring criteria.
Since it was the first time that morphometric conditions were assessed on the basis of DEM
analysis, and there are no alternative results obtained by this method, and wide access to the
territory of the polygon is limited, we decided to first obtain primary data and assess them without
weights. However, the criteria of relief assessment, developed solely on the quantitative and
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qualitative parameters of morphometry of exactly the territory of the SNTS. Therefore, the results
obtained are as close as possible to the level of reliability.

Further study of the SNTS territory should be carried out with the involvement of
interdisciplinary specialists and empirical research methods. Conduct comprehensive field studies,
soil and water sampling for laboratory analyses, linking the sampling sites to the coordinate system,
and determining traces of radioactive elements. Link laboratory analysis results with geospatial
tools to interpolate similar results and map actual materials. These studies will make it possible to
determine the degree of correlation of morphometric conditions with the modern spatial distribution
of radioactive contamination areas.

This paper provides a basic framework for understanding the processes of particulate matter
transport over the relief surface and identifying areas that meet the requirements of adaptive
landscapes. The relief occupies a leading role in natural environments, where the processes of
transport and distribution of pollutants, among others, take place. Taking into account this fact and
the obtained results are of scientific interest for specialists of science and education in the field of
geoecology, radioecology, and agriculture.

5. Conclusion

The activity of permanent and temporary watercourses is the driving force in relief formation,
as evidenced by the presence of antecedent valleys within the SNTS. This provision is the basis to
assume the transfer of surface and possibly underground radioactive pollutants by permanent and
temporary watercourses. With regard to the base of erosion of the Yertis River, it is possible to
designate potential areas of spread of secondary radioactive contamination. Thus, the study of the
morphometric conditions of the SNTS territory allowed to determine the numerical characteristics
of vertical and horizontal dissection and to assess the susceptibility of the territory to the factors of
relief formation development. The morphometric characteristics of the relief are an important aspect
in the study of geoecology and landscape development. At a glance, the researcher understands the
direction of total solid runoff, solar radiation, slope processes and erosion. The fact of
anthropogenic influence on the relief and radioactive contamination is of particular relevance. The
scale of the study (1x1 km) makes it possible to rationally and effectively zone and involve the
landfill territory in agricultural use, taking into account the adaptive landscape farming system. The
morphometric conditions of the relief, being the basic basis, allow us to understand the ongoing
processes, their cause-and-effect relationships and draw certain, scientifically based conclusions.
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CeMeil IAPOJIBIK CHIHAK IMOJMIOHBIHBIH Ka3ipri peabeinin MmopgoMeTpHUsIbIK
JKarJ1albIH Oaranay

Anuier BajeeB, Aiixan Acbui0exkoBa, Omup:kan TaykebaeB, Myparoex KynaiiGeprenos,
Hasbim KenicoBa, Epkedynan ’KanaroexoB, Tumyp Umannocos

Anpaarna: Conrbl Kburgapsl Oypeiarsl Cemeit siaponsik ceiHak noauronsl (CACII) sxepnepinin Oip
O6JIriH JKEepPTuliKTi aybll MIAPYallbUIBIFBl OHAIPYIIUIEpPIHIH MIApYallbUIbIK aifHalbIMbIHA TapTy
Moceeci OTKip TYp. byFaH NOJUTOH ayMarblH KEIICH I 3KOJIOTHSIIBIK 3epTTEyJiep BIKIAT STEIl.
Anaiina, TOJIMroH penbediHiH CaHIBIK CUIMaTTaMalapblH ajla  OTBIPHIN, MOP(POMETPUSIIBIK
XKarJaiiapapl 3epTTey ic Ky3iHae koK. by 3eprrey pernbedTiH MOPPOMETPUSIIBIK KaFJaiIapbiH:
Oipkarap 3amMaHayd OSK30T€OJAMHAMUKAIIBIK TMPOIECTEPAIH JaMYybIHAAFbl MOP(HOMETPHUSIIBIK
aHBIKTAJIFaH (aKTopap/ el Oarayiay YIIiH KeJIOey, aclleKT, THIFBI3IBIK XKOHE OOJIIeKTey TePeHIITTH
3epTTeyre OarbITTanFaH. MophoMeTpHUsIIBIK JKaFdainapapl 3epTTey dem JepeKTepiH OHILY JKoHE
Tangay HeTi3iHIe >KYpri3iimi, ojap yrai >KMHAyIbIH Kipic KpuTepuiinepine aitHamapl. Kapramap
JKacallblll, OJNIAPABIH CTAaTHUCTUKAIBIK MapaMmeTpiepi: Kenbey, KoepiHic, TIK JKOHE KeJJIeHEH
OenmekTeny xoHe penbed OetiHiH CHACII aymarbiHnarsl penbeTiH naiiga 6omy ¢dakTopiaapbiHa
ce3iMTanabIFbl OomiHl. TakbIpBIITHIK aKmapaT €Ki THUOTerl KapTajiapaa: ysambikrapmed (1x1 k)
YCHIHBUIFAH ~ KapamailbiM  ydackesjep OeJiriHae KoHE OChl  KapamaWblM  y4JacKelepaiH
MHTEPIOJSIIUSICH TYPIHIE YChIHBUTFaH. HoTikenep 3epTTeieTiH ayMakTa afanTHBTI JaHIIapTThIK
eTHIIUTIK *KYHEeCIHIH IPUHIMOTEPIH 31piey YUIIH NPaKTUKaJIBIK MaHbI3/IbI.

Tyiiin ce3aep: SAIpONBIK TMONHUIOH; MOP(QOMETPUSIIBIK JKaFnailnap; penbed; Oerkeit; KCM;
aanTUBTI-TaHAMAPTTHIK Er1HIILIIIK KYyHecl.

Ouenka Mop¢oMeTPpHIECKHUX yCJIOBHI COBPEMEHHOI0 peabeda
CeMUNIAJATHHCKOT0 UCTIBITATEILHOTO SI/IEPHOTO MOJUTOHA

Anuner BaneeB, Aiikan AcblLi0exoBa, Omup:xkan TaykedaeB, Mypatéexk Kynaiideprenos,
Ha3spim KenicoBa, Epke0dynan Kanaréexos, Tumyp Umannocos

AHHoTaums: B mocneaHue roabl OCTPO BCTajd BONPOC BOBJICYEHHS YaCTH 3€MeNb OBIBIIETO
CeMumnanaTMHCKOTO HCHbITaTeNbHOTO siaepHoro mnonuroHa (CHUSAII) B xo3zsiicTBeHHBI 000pOT
MECTHBIX  CEeJIbXO3MPOU3BOAUTENCH. DTOMY CHOCOOCTBYIOT KOMIUIEKCHBIE 3KOJIOTHYECKHE
UCCIIEIOBaHUSI TEPPUTOPUHU MoyuroHa. OJHAKO HCCIEeNOBaHUS MOPPOMETPUUECKUX YCIOBUH C
MOJTyYeHUEM YMCJICHHBIX XapaKTEepUCTHK pebeda MoJIMroHa MpakTUYeCKU OTCYTCTBYIOT. JlaHHOE
UCCIIeIOBaHKE HAIIPABIECHO HAa U3y4eHHUEe MOP(HOMETPUUECKUX YCIOBHH penbeda: yKiIoHa, acleKTa,
IUIOTHOCTHU U TJIYOMHBI pacwEHEHMs JUIS OLEHKHM MOP(QOMETPUYECKH ONpeiensieMbIX (pakTopoB B
Pa3sBUTHM PsJla COBPEMEHHBIX 3K30M€0JUHAMUYECKUX IpoueccoB. V3yueHue MophoMeTpuuecKux
YCIIOBHIA MPOBOAMIIOCH HA OCHOBE 00pabOTKM M aHanm3a qaHHbIX LIMP, KoTOpble cTanu BXOAHBIMU
KpUTEPHUAMM U1 IOJCYETa O4YKOB. DBBIIM CO34aHBI KapThl M BBIJCIEHB MX CTaTUCTHYECKHE
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IapaMeTpbl: YKIOH, BUJ, BEPTUKAJIbHAS U FOPU30HTAJIbHAS PACUJIEHEHHOCTh U BOCIIPUMMYHUBOCTh
MOBEPXHOCTU penbeda K QakTtopam pa3Butus penbeoodpazoBanuss Ha teppuropun CHUAIL
TemaTtnueckass mHpopManus IMpencTaBleHa HA KapTax JBYX THIIOB: B pa3pe3e 3JIeMEHTapHBIX
YYacTKOB, MpeJCTaBiICHHbIX suelikamu (1x1 kM), U B BUAE MHTEPHOJSALUU ITUX AJIEMEHTAPHBIX
y4acTKOB. Pe3ynbTaThl HUMEIOT MPAKTUYECKOE 3HAUYCHUE IS Pa3pabOTKU NPUHIUIIOB adarTUBHOU
naHAmadTHON CUCTEMBI 3eMJIEAETUS Ha UCCIIeYyEMOM TEPPUTOPHUH.

KiiroueBble cJjioBa: sCpHBIA TOJUTOH, MOpdoOMeTpUUecKre YycioBus; penbed; ckion; [[MP;
aJlanTUBHO-JIAHAIIA(THAS CHCTEMA 3eMJIeICIHS.

128



MPHTH 38.61.05:37.23.31
Cratbs

MopeanpoBaHue 3JIeMEHTOB BOJHOr0 0asaHca 0acceiina peku Capsbicy Ha
OCHOBE JAHHBIX I'MAPOJIOTHYECKUX U KIUMATHYECKHUX HAOII0AeHUH

Kymaxan Mycragaes!, lyabmupa Anuianoexrern 2, Kanat Mycradaes®, Kyannim
Ao6nemes*, Tyanyp Cacnyraesa?, Hyp:xkan Typcbintaes?

HutupoBanue: Mycradaes, XK.,
Amunsbexrern, ['., Mycradaes,
K., A6nmemes, K., Cacmyraesa,
I, Typceinbaes, H. (2025).
MopenupoBanue 3JIEMEHTOB
BOJHOTO OanaHca OacceiiHa pekn
Cappicy Ha OCHOBE JaHHBIX
THAPOJIOTHYECKUX "
KIMMATHYECKUX  HaOJIOJCHHUIT.
Becthuk EHY wumenn JLH.
I'ymunesa.  Cepus:  Xumus.
Teorpadust. Dxomorus, 150(1),
129-151. .
https://doi.org/10.32523/2616-
6771-2025-150-1-129-151

AxkaieMU4ecKuil pelakTop:
H.E. PamazanoBa

[Moctynuna: 05.01.2025
Hcnpasnena: 31.01.2025
[Ipunsra: 11.03.2025

Ony6mmkosana: 31.03.2025
(@rolcl

Copyright: © 2025 by the
authors. Submitted for possible
open access publication under
the terms and conditions of the
Creative Commons Attribution
(cc BY NC) license
(https://creativecommons.org/lic

enses/by-nc/4.0/).

'AO «MHcTHTYT TeorpadMH W BOXHOH OE30MACHOCTH», AJIMATEHI,
Kasaxcran; z-mustafa@rambler.ru
’EBpasuiickuii HalMoHANbHEIH yHuBepcuteT mmenn JILH. TI'ymmnea,

Acrana, Kazaxcran; adilbektegi _ga@enu.kz,
gulnur erzhanovna@mail.ru, nurANT 78@mail.ru
3TOO0  «Genc  kz  construction»,  Anmarb,  Kasaxcram;

kmustafaev@gmail.com

*l0xn0-KazaxcTaHckuil ToCyIapCTBEHHBIH yHHUBEPCUTET HMEHH M.
Aye3sosa, [lIeimkenT, Kazaxcran; abdeshev.kuanysh@mail.ru
*Koppecnonnenims: adilbektegi_ga@enu.kz

AHHOTanuda. /J[11 aHaiM3a W OUEHKM BOJHBIX PECYPCOB B 30HE
dbopmupoBanus croka 6acceitHa peku CapbiCy UCHIOIB30BaHbl JAHHBIE O
CpPEeIHErooBBIX pacxonax Boiawl pek JKaman-Capricy, XKakcei-Capsicy,
Aracy, Kapa-Kenrup, JKeutanger, JKesgsl, Tokpay, a Takxke
uHpopMalMs O TOJOBBIX  OCagKax, 3aperMCTPUPOBAHHBIX  Ha
METEOPOJIOTUYECKUX CTaHIUAX AKCy-Aloibl, Araablp, AKTOral u
VabiTay, OTHOCUTENBHO PAaBHOMEPHO pACIOJOKEHHBIX B IIpeaenax
HU3KOTOPhsl Kazaxckoro MenKoCONOYHUKA, 3a MepHo] HaOII0JICHUN C
1940 mo 2021 rompl. AHalU3 W OLEHKA HAa OCHOBE JOCTATOYHO
JUTUTEIBHBIX BPEMEHHBIX PSOB THUAPOJOTHYECKOTO CTOKa pEK |
roJoBeIX aTMoc(hepHBIX ocaakoB OacceitHa peku Cappicy €
WCIIOJIb30BAHUEM  METOJIOB  Pa3HOCTHBIX  HMHTETPATBHBIX  KPUBBIX
MOKA3bIBAIOT HANMYME IUKIMYECKUX KoJjeOaHul, 0OYCIOBICHHBIX
MHOTO00Opa3ueM peakiMi BOJOCOOPOB Ha BBINMAAIOIIME OCAJIKH,
KOTOpBIE€ HOCAT CHHXPOHHBIA XapakTep, BKIOYas KpPaTKOBPEMEHHBIE
[UKJIBI, XapakTepHbIe I OTHAENbHBIX (a3 TMoapemMa M Craja.
Cratuctudeckn  0OOCHOBaHHAas  OILIGHKA MapaMeTpoB  JIMHEWHO-
KOPPEIAIIHOHHOTO ypaBHEHUS BOJIHOTO OanaHca pexK,
XapaKTEPU3UPYIOIIETO 3aBUCUMOCTh T'HAPOJIOTHYECKOTO CTOKa OT
aTMOC(EepHBIX OCaJKOB, BBIMAJAONIMX HAa BOJOCOOpe OacceifHa peku
Cappicy, CIIYKUT HAy4YHOH OCHOBOH ISl pa3pabOTKHU MaTeMaTUYECKUX
MOJIEJNEA DJIIEMEHTOB BOJHOIO OajmaHca. OTH MOIEIA BKIKOYAOT
MOTEHIMAIbHO-BO3MOXKHBI ~ CIIOH  pPEYHOTO CTOKa, BJIaro3arnackl
MOYBEHHOTO TIOKPOBAa II0 HCIIAPEHUI0, HCMapeHue aTMOC(EpHBIX
0CaJKOB B TIpoIlecce BOA0OOpa3oBaHMs, CyMMapHOE HCIapeHHe Hu
MaBOJKOBBI CTOK, OCHOBaHHBIE HAa MAaTEeMAaTHYECKUX M (UZUIECKUX
XapaKTepUCTHKaxX K03(h(pUImeHTa perpeccuu.
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KuroueBrblie ci10Ba: ypaBHEHHUE BOJHOIO OanaHca, JIMHEHMHO-KOPPEJAIIMOHHOE YpaBHEHUE, PEUHOM
CTOK, aTMoc(epHble OCaAKu, KOIPQUIMEHT perpeccuy, CyMMapHOE HCIIapeHHE, BJIaro3amachbl
MMOYBEHHOTO TOKPOBA.

1. BBenenue

YpaBHeHHE BOJHOTO OanmaHca BOJOCOOpa peuHBIX OacceiHOB, 0A3UPYIOMIETOCS HA TE3UCE
BoeiikoBa, A.W. — «peka - OpoayKT KJIUMaTay, MoJipasyMeBaeT, 4TO CPEIHEr0J0BON PEYHOM CTOK
ABNsieTcs (YHKIHMEH TOMOBBIX aTMOC(EpHBIX OCAAKOB W HCIAPEHHUs, OTPAXKAOIUX TO
COOTHOIIIEHHE TEeIUIa U BJIark, KOTOPOE CBOMCTBEHHO JaHHOH reorpaduyeckoil 30He, KOTOpoe 3a
M3BECTHBIN IPOMEXKYTOK BPEMEHH XapaKTepU3yeTcs 0allaHCOM MPUXOJa U pacxoja SHEPTHH, HHAUe
rOBOps, 3aKOHOM COXpaHEHHs OHHepruu. Ha ocHOBe TeHeTHYecKOil TEeopuH PEYHOro CTOKa,
OCHOBAHHOW Ha 3aKOHE COXPAHEHUS SHEPTHH W PACKPBIBAIOIICH NMPUYUHHBIE CBA3H HE TOJBKO
CTOKa, HO M SJIEMEHTOB BOJHOT0 OasiaHca, 3HaMCHUTHIM yueHbIM BoeiikoBbiM, A . (1949) BriepBbie
ObUTO TIpeNJIOXKEeHO TpexwieHHoe ypaBHeHue: AP; = RF; + TE;(rne AP - atmocdepHbIe OCaluKH,
MM; RF;- peunoil ctok, MMm; TE; - cyMMapHOe HCIIapeHUE, MM), KOTOPOE B ONPEAEIEHHON CTEeNEHH
XapaKTepU3yeT JIMHEHHYIO CBSI3b CJI0s1 pedHoro croka (RF;) co cioem arMochepHbiX ocanakos (AP;),
u umeer cinenyromuii Bun: RF; = k- AP; + b (rne k - xosddunuent perpeccun; b - cBOOOIHBIN
YlieH YpaBHEHHs). OJTO ypaBHEHHE CTajlo OOBEKTOM HCCIENOBAaHUS B OONACTH MPHUKIAIHOM
THJIPOJIOTHH.

Koaddurmment perpeccun (k) KOpPpENAIMOHHBIX 3aBUCHUMOCTEH CpPEIHEr0JIOBBIX CJIOCB
peunoro croka (RF;) or armocdepHbix ocankoB (AP;) B TEOpHUH MaTEMAaTHYECKOW CTATHCTUKH
MpeCTaBIsieT co00i npousBeneHne Ko3dduimenta Koppemsinuy Mexay nepeMeHHsiMu RF; u AP;
Ha COOTHOIICHHE CPEeTHEKBAIPATHUECKUX OTKIOHEHHUH Kaxk0U nepeMeHHON SDyp;u SDgp;:

k = RAP-RFi(SDRFi/SDAPi)v (1)

1€ Ryp.ppi- KOODPUIMEHT KOPPETSAIUN MEXIY CPEAHEr0J0BbIM ClI0EM peyHoro croka (RF;) u
armMocdepHbiMu  ocankamu (AP;); SDgpi- CpeIHEKBaIpaTHYECKOE OTKIOHEHHE CPEIHEr00BBIX
cioeB peuHoro ctoka (RF;); SDyp;- cpeaHEKBaapaTHIeCKOe OTKIOHCHHE aTMOC(EPHBIX OCAaIKOB
(AP).

Ha npotsxenun Gonee 100 seT GbUIO BBIMOJIHEHO MHOXKECTBO HCCIIEOBAHUM, OCHOBAHHBIX
Ha npeiokeHusx BoelikoBa, A.M. B KOTOPBIX NPEIIPUHUMAIUCH MOINBITKA HalpaBJICHHBIE Ha
COBEPILICHCTBOBAHHE CTPYKTYpbl YpaBHEHHMs BOJHOro OajlaHca pe4yHbIX OacceiiHOB. OT1u
MCCIIETOBaHMS OMHUPAINCh HA JIOTHYECKHE COOOPAKEHUSI U €CTECTBEHHOHAYYHbIE MPECTABICHUS O
MeXaHu3Max (POPMUPOBAHMS THIPOIOTUYECKOTO CTOKA KaK (PyHKIUU aTMOC(EPHBIX 0CAKOB:

- B 00JIacTU TUAPOJIOTUM HM3BECTHO ypaBHEHHE BOAHOrO OajaHca peyHbIX OaccelHOB IS
MHOTOJICTHETO Mepro/ia, npeiokeHHoe BennkanoBeiv, M. A. (1948), AnekceeBbim, A.T". (1948) u
Kynenuneiv, B.M. (1960), Ha ocHOBEe reHEeTHMYECKON TEOpHM CTOKa, co3laHHOM bedanu, A.H.
(1957), rme oTpaxaercss peaJbHOE IUTaHME MOA3EMHBIX BOJA M MH(UIBTpaMM 3a CYET
aTMOoc(EepHBIX OCaJKOB, KOTOPBIE CYIIECTBYET B IPHUPOJIE€ MapajieNbHO JIPYr APYrY, CO CBOUM
yci0BHeM (pOPMHUPOBAHUS;

- U3 UCTOPUHU PA3BUTHUS CO3/IaHUSI TEOPUU BOJHO-0ATaHCOBBIX YPaBHEHUN pEUHBIX OacceHOB
u3BectHbl pabotel Kemnepa, I'. (1965), Onbnexona, .M. (1911), Benukanosa, M.A. (1948) u
Omnmnokosa, E.B. (1935), kotopble npeaioxxuiu Mojenb kodddunuenta croka (RC;), apusromencs
oJHOU 13 MoAM(UKaLUK ypaBHEHHUS BOJHOTO OanaHca peuHbIX 0acCeiHOB:
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RC; =a— (b/AP;) - RC; =1 —th(TE; /AP;) - F/AP; =

=a — (b/AP;) - RF;/AP; = (a - AP; — b)/AP; > RF; = a - AP, + b -

— dRF;/dAP; + dTE; JAP;, =1 > RR; = a-AP; + b - TE; =

=(1—-a) AP, — b, @)

rne @ v (1 — @) - TaHTeHCHI YIJI0B HAKJIOHA MPSMBIX; b - TOCTOSTHHASE MHTETPUPOBAHMUSI,

- Ui y4eTa TeppUTOPHAIIbHON HEOJHOPOAHOCTH (HhOPMHUPOBAHMS BOJAHOTO OanaHca PEeYHBIX
OacceifHOB, UMEIOIMX pa3HOe TeHeTHYecKoe npoucxoxiaeHue, JlbBosuy, M.U. (1974) Bnepssie
MPEJIOKUIT IIECTUKOMIIOHEHTHYIO CHUCTEMY YypaBHeHMH BojHoro Oamanca: (AP; = SCRF; +
QMT;; CQR; =1 —EC; =TE; /QMT;, rne SCRF;- mOBEepXHOCTHAsI COCTABJISAIOIIAs] PEYHOTO CTOKA;
UCRF; - nozemMHasi COCTaBIISIIONIAsI peYHOT0 cTOKa; Q MT;- BanoBoe yBiaxxkHeHue teppuropun; EC;-
kodpuuuent wucnaperus; CQR;- xodpduumeHT nHUTaHUS pEK MOA3EMHBIMH BOJAMHU. OTHU
ypaBHEHHUS B SIBHOM BHUJIE HE YYUTHIBAIOT MOTEPH aTMOC(HEPHBIX OCATKOB Ha MH(DUIBTPALMOHHOE
NUTaHKE TPYHTOBBIX BOJ, W C LIENIBIO YCTpaHeHHs 3THX HemocratkoB Koponkesuu, H.M. (2005)
pa3paboTan ypaBHEHHE BOAHOIO OajaHca MHOTOJIETHErO MepHoJa MOJUCTPYKTYPHOTO BOJHOTO
OanaHca, COCTOSIIEro U3 IEBATH OJIOKOB.

Opaum u3 (pyHIaMEHTAIBHBIX HAMPABJICHUN 110 OLIEHKE BOJHOTO OajaHca peyHbIX O0acceilHOB
SBJSICTCSl HamNpaBJIeHWE, pa3BuBaeMoe B paborax HMcmaiibuioBa, [.X., ®demoposa, B.M.
(UcmaiibiioBa u ap., 2011), Hcmaiisutooii, W.I'., Mcmaiisiiosa, I'.X., MypamienkoBoii, H.B.,
[Tepmunosa, A.B. (McmaiibuioBa u np., 2022), Ucwmaiibuiosoii, U.I'., PatkoBuy, JI.JI. (McMaiibuioBa
u gap., 2023), Axmenomoii, H.P., Haymosa, H.P. (AxmemoBa wu ap., 2023), cBs3aHHOE C
IIPEJICTABICHUEM O CTOXaCTMYECKOM MpHUpOJAE MNPOIECCOB (POPMUPOBAHUS UETHIPEXUICHHOIO
ypaBHEHHUs] BOJHOTO OalaHca PEYHBIX 0AaCCEHHOB, BKIIOYAIOIIEro arMocdepHsie ocaaku (AP;),
peunoit crok (RR;), cymmapHoe ucnapenue (TE;) m u3MeHeHHEe OacCeHOBBIX BJaro3anacos
(BMR;) B cnenytomiem Buae AP; + ABMR; = RF; + TE;, 4T0 TpeIONpeaenio BEPOSITHOCTHOE
OINMCaHHE UX BO BPEMEHU U MPOCTPAHCTBE, Oasupyrolieecs Ha HaOMI0AEHUN UX BPEMEHHBIX PSJIOB
U, CTAJ0 HOBBIM IOJIXOJIOM B OIpPENENeHUU TPYJHO H3MEPSIeMbIX 3JIEMEHTOB BOJHOro OanaHca,
TaKMX KaK CyMMapHO€ HCTIapeHHe U N3MEHEHNE OACCEHHOBBIX BIIaro3aracos.

OMIupuyeckass THIPOJIOTHYecKass MOJEIb Ha OCHOBE MOJAYJIBHOM CETKM U1 pPELICHUS
MIPaKTUYECKUX BOIPOCOB, CBSI3aHHBIX C YNPABICHUEM BOJHBIMHU PECypCaMU pPEYHbIX OacceilHOB,
YCHEIIHO MPUMEHSIIACH B TUIIMYHBIX TUAPOJIOTUYECKUX YCIOBUAX Ha Tepputopuu Boctounoit A3uun
(Dadhwal et al., 2010; Bhattacharya et al., 2013; Jin et al., 2024; Han et al., 2024 ), EBpormsi
(Tzoraki et al., 2011; Panagopoulos et al., 2015; Marinou et al., 2017; Passaretti et al., 2022; Tolika
et al., 2024; Estrada et al., 2024), Amepuxu (Warszawski et al., 2013; Al-Lafta et al., 2013; Syed et
al., 2014; Vanderkelen et al., 2018; Harding, 2024) u Adpuxu (Alemaw, 2006; Querner et al., 2016;
Belete et al., 2018), rme mnapamerpbl MOjeJeH COXpAaHWIU CBOW (DU3MYECKUIT CMBICT, a
paccurTaHHBIE 3JIEMEHTHI BOJHOTO OajlaHCa COMOCTaBUMBI ISl UCTIOJIb30BAaHHBIX MOJIETIEH.

Ha ocHoBe pa3Butus u yrinyOsieHHs] U3BECTHON B THAPOJIOTUN TEOPUH M€HETUYECKOTO CTOKa,
6azupyrolieiics Ha JUHEHHO-KOPPESAIMOHHON MOJIENH C JIMHEHHON CBA3BIO CJIOS PEUYHOTO CTOKA
(RF;) co cnoem armochepHbix ocankoB (AP;), Obuin mpoBeneHsl uccienoBanus Moduna, 3.K.
(2013). B aTuxX wHcclieoBaHUAX, HA OCHOBE BOJHO-0AJaHCOBOM KOHIICTIIHH, OBUIO pa3paboTaHO
JMHEWHO-KOPPEISIIIUOHHOE ypaBHEHME BOJHOTO OanaHca, IO3BOJIAIONIEE OLEHUTH OOJIbIIoe
KOJMYECTBO BOJIHO-OanaHCcOBBIX mnapaMmerpoB (10 mapameTrpoB), B TOM HHCIE, TaKUX TPYAHO
orpeeNieMbIx, kKak cymmapHoe ucrnapenue (TE; ), ucnapenue ¢ BogaHoi nosepxHoctu (ETWS;),
unuibTpamus (IF;), cnoit mHbuisTpanuonnoro nutanus (IFNI;), BrnaxHOCTh TOYBBI (SM;),
3anacel BoAbl B mouBe (SWR;), cnoit kanusuisipuoro noaustust (CRI; ) u cioii BHYTPUIIOUYBEHHOTO
croka (SDI; ). COBOKYITHOCTB 3THX HapamMeTpoB GpopMupyeT moTepu aTMochepHbIx ocaakos (IAP;),
KOTOpBIE OLIECHUBAIOTCS C UCIIOJIB30BAHUEM METO/1a HAMMEHBIINX NPSAMOYTOJIbHUKOB.
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Metoapl U3ydeHUs] pa3BUTHS THIPOJIOTHYECKHX IPOIECCOB, OCHOBAHHBIE HA (PH3MUECKOM
aHaJlM3e 3JIEMEHTOB BOJHOr0 OajaHca peyHbIX 0acCceifHOB M MO3BOJIAIONINE ITy0Ke MPOHUKHYTH BO
BHYTPEHHIOIO UX CTPYKTYpY, IIOKA3aJId, YTO BCE IIPUBEICHHBIE BEIIIE YPABHEHUS OCHOBLIBAIOTCS HA
TPEXWICHHON 3aBUCHUMOCTH BOJHOro OayiaHca (aTMocepHbIe OCaaky, CyMMapHOE HCHapeHue,
pEYHON CTOK), B paMKaxXx KOTOPBIX OTKPBIBACTCS BO3MOXXHOCTh TPOAHAIM3HPOBATh H
CIPOTHO3UPOBATH TUHAMHKY PEYHOTO CTOKA U AJIEMEHTOB BOJIHOTO OajaHca peuHbIX OacCeHOB Kak
¢byHKIMK aTMOC(EPHBIX 0CAKOB BO BPEMEHHBIX U POCTPAHCTBEHHBIX ACTIEKTAX.

Hcxons ©3 M3I0KEHHOrO, CIEAyeT OTMETUTh, YTO COBEPILIEHCTBOBAHUE ECTECTBEHHO-
HAYYHBIX MPEJICTABICHUNA O TEOPHUH BOAHOTO OajiaHCa HAa BOJOCOOPHBIX TEPPUTOPHUAX PEUHBIX
0accelHOB Ha OCHOBE T'E€HETHMUYECKON TEOpHUU CTOKa, Oa3upyrolleiics Ha MaTepHaTUCTHYECKON
TEOpUU HAYYHOTO TIO3HAHUS, TJe arMocepHbIe OCaIKh pPACCMATPHUBAIOTCS KaK BaKHBIC
cpenoobpasyromue (akTopbl, SBISETCS aKTyaJlbHBIM HaMpaBJIEHUEM HCCIENOBaHUII B 005acTu
THJIPOJIOTHH.

Llenp uccienoBaHUs — OIIEHKAa MaTEMaTHYECKHX MPU3HAKOB M (DU3MUECKOTO COICepKaHUS
JTUHEHHO-KOPPEISIIIHOHHOTO YpaBHEHUS BOJJHOTO OajaHCa PEYHBIX OAacCeHHOB ISl TOTYYCHHS
MIPOTHO3HBIX XapaKTEPUCTUK PEYHOTO CTOKA HA MPEJCTOALINI MEPUO B YCIOBUAX KIUMATHUYECKUX
W3MEHECHUM.

Hayunass HOBM3Ha 3aKiltoyaeTcsl B CO3JaHUU THAPOJIOTUYECKOM MaTeMaTH4eCKOW MOJAeTH
9JIEMEHTOB BOJHOrO OamaHca pek Ha mpumepe OacceitHa pexu Capeicy. Mojens ocHOBaHa Ha
pa3paboTKe CUCTEMBI THHEHHO-KOPPEISILIMOHHBIX YPaBHEHUH, OMUCHIBAIOIINX B3aHMOCBSA3b CTOKA C
aTMoc(epHBIMH OCaJikaMH. OJTa CHCTeMa II03BOJISICT TMOJy4aTh IICHHYI0 HWHMOpManum o0
YCTOWYMBOCTH, CHUHXPOHHOCTH M IUKIMYHOCTH BOJHO-0aTaHCOBBIX MPOILIECCOB, YYUTHIBAS
PA3JINYHBIC MTPCAIIOJIOKCHUA O KOJIMYCCTBCHHBIX U KAYCCTBCHHBIX XapPAKTCPUCTUKAX UCCICAYEMOI'O
SIBJICHUSA.

OO6bexT uccnenoBanusi. BonocbopHoe npoctpancTBo OacceifHa pexku Capbicy OTHOCHTCS K
Hypa-CapsicyckoMy BO10X035IIICTBEHHOMY OacceiiHy, 0XBaThIBAIOIIEMY F0KHYIO 4acTh Kazaxckoro
MEJIKOCOTIOYHUKA U TycThiHM bernaknana. [1nomans Bogocbopa cocrasisier 136628,54 KMZ, ¥ 9TOT
PETHOH TATOTEET K ApanbckoMy U Banxarickomy Gacceitnam (pucyHOK 1).
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Pucynoxk 1. Cxema pacrosoXeHHsS METEOPOJOTUYECKHX CTaHIUK (KpacHash TOYka) |
THIPOJIOTUYECKUX MOCTOB (CHHHI TPEYTroNbHUK) B Oacceitne peku Capoicy
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B neHrpanbHON yacTH MEJIKOCONOYHHMKA paclojioXKeHa TOpHasl cucreMa byryibl (Bbiclias
Touka - ropa bypkurtu, 1184 m), XKakcei-Tarsuier, Kocmypbein u OpTay (Beicmias Touka - 1068 M),
rne gopmupyrorcsi croku pek JKaman-Capeicy u XKakcei-Capeicy. Ilpu ux ciamstnun oOpasyercs
peka Cappicy, a HIDKE K HEH IIPUCOCIUHSIOTCS JIeBoOepekHbIe MPUTOKK Tanapi-MaHaka u Atacy.
Ha 3amagHoi yacTH MEJIKOCOIOYHMKA BO3BBIIIAIOTCS TOpbl YibITay U ApraHarbl, ¢ BOCTOYHBIX
CKJIOHOB KOTOPBIX (hopmupyrorcst ctoku pek Kapa-Kenrup, XKeutanner u XKesnael. B BocTouHOM
yacTh MeJKoconoyHuka loxHoro Kaszaxckoro Haroppsi bekray-Arta, Axcopan, Keizpuitac u
Ke3buipaii, rae Ha BbicoTe okosio 900 M OepyTr Hauano peku Tokpay m MoiibiHTEL. [lnomans
BOJ0COOpA ITHX PEK COCTABIISAET COOTBETCTBEHHO 2920 kM2 1 953 kM2,

Bce peku 6Gacceiina peku CapblCy MMEIOT MPEUMYIIECTBEHHO CHErOBOE MUTAaHUE, KOTOPOe
OTHOCHUTCSI K Ka3aXCTaHCKOMY THILYy, I/I€ MOYTH BEChb CTOK IPHUXOAUTCS B IEPHUOJ BECEHHETO
MIOJIOBO/IbSI, CMEHSIOIIETOCS C IPOJOJIKUTEIbHON U HU3KOW MEKEHBIO B OCTAJIbHOE BPEMS T'OJ1a.

Ha Ttepputopun ©Oacceiina peku CapbICy pacrojoXeHbl IATh CyOBeKTOB PecmyOmmku
Kazaxcran: Kaparanaunckas, XXamosuickas, Keizpuiopaunckas, AKTIOOMHCKast 00J1acTH U 00J1acTh
VablTay, 4YTO ONpENENseT HAayyHYH0 M IPAKTUYECKYIO LIE€JIECO00pPa3HOCTh CTATUCTHYECKOIO
000OCHOBaHHUs BIMSHHUS KIMMaTH4YeCKNX (PAKTOPOB Ha MHOTOJETHHE H3MEHEHHs CTOKa OacceiiHa
pexu Capsicy, BHIIIOIHSIONIETO BAKHBIE CPEI000PA3YIOIINE 1 SKOJIOTHIECKHE (DYHKIINH.

2. MaTepuaJjibl 4 METOAbI

B kauectBe MH(POPMAIIMOHHO-AaHATUTHUYECKON 0a3bl MO THAPOIOTUYECKOMY HCCIEIOBAHHUIO
WCIIOJI30BaHbl CPEIHEro/IoBbie pacxoisl Bonbl pek JKaman-Capsicy, JKakcei-Capeicy, ATtacy,
Kapa-Kenrup, Xspimanael, XKesgpl, Tokpay u MouHTel, Ha oOcHOBe MarepuaioB «Pecypchl
noBepxHocTHBIX BoJ CCCP» (Pecypcrr moBepxnoctHbix Boa CCCP, llentpanbubii u FOxHBIIM
Kazaxcran. (1966)), «['ocymapcTBeHHBI BOJHBIN KaxacTp, E’kerojgHeie NaHHBIE O PEXHUME U
pecypcax MOBEpPXHOCTHBIX BOJ, PecmyOsmku Kazaxcram» (1938-1989, 1989-2000, 2003-2023) c
BOCCTAaHOBJIEHUEM IPOIYLIEHHBIX BPEMEHHBIX psAI0B 3a nepuoa 1940-2021 roxsr.

ba3bl uccnenoBannii Mo KJIMMAaTHYECKUMH TOKA3aTEIsIMU CO3/IaHbl HA OCHOBE MHOTOJIETHUX
MH(OPMALIMOHHO-aHAIUTUYECKUX JTaHHBIX METEOPOJOTHYECKHX CTaHIMM Araaplp, AKCY-AOIBI,
AxTtorait, Atacy u YIbITay, pacroJIO)XKEHHBIX B 30HE (DOPMHUPOBAHMS CTOKA PEK OaccelHa peKu
Cappicy, u Oasupyromuxcsi Ha apxuBHbIX MaTepuanax PI'TI «Kasruapomer», CrnpaBodyHHKa IO
knmumaty CCCP, Hayuno-npukmnagHoro cmpaBounuka mno kiaumary CCCP, Bcemuphoii
Meteoponorudeckoir Opranuzanuu (BMO) u cnpaBouno-undopmarronHoro noprana «lloroga u
KJIUMaT», KOTOpbIE BKJIIOYAIOT TOAbl C Pa3jIM4HON NPUPOTHO-KIMMATUYECKOW OOCTaHOBKOM 3a
nepuog 1940-2021 roxsr (Tabnuna 1).

Taéauna 1. OCHOBHBIE THAPOMETEOPOTIOTHUECKHIE XapaKTEPUCTUKU PEK BoAocOopa OacceitHa peku
Capeicy

Ilnomans OtMmeTka
MeTeopoJioruueckas
Peka BojocOOpa, | HyJIsl MOCTA, BobicoTa, m
P CTaHIUsA
KM M
Kaman-Capsicy 5210,0 773,0 Aranpip 694,0
Kaxkcoi-Capeicy 570,0 637,0 Akcy-Aronsl 724,0
ATtacy 2790,0 687,0 ArazpIp 694,0
Kapa-Kenrup 9860,0 567,0 Ynerray 350,0
Keimanaer 175,0 583,0 VYaeiTay 350,0
Kes bl 2410,0 518,0 VYaeiTay 350,0
Tokpay 2920,0 964,0 Axroraii 780,0
MOMBIHTBI 953,0 834,0 Aranpip 694,0
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[Tpu u3ydeHUM CTPYKTYphl YpaBHEHHsS BOJHOIO OajlaHCca PeyHBIX 0ACCEHHOB MCIIOJIb30BaHBI
METOJbl MAaTeMaTHUKO-CTaTUCTUYECKOIO aHAJIN3a BPEMEHHBIX pAJOB THAPOJOTHYECKUX U
KIMMaTH4YeCKUX HHGOpManmid, O0a3upYIOUIMXCS Ha JIMHEHHO-KOPPESAIMOHHBIX YPaBHEHUSX,
XapaKTePU3YIOIUX 3aBUCUMOCTH CJIOSl PEUHOI'O CTOKA OT CJI0s1 aTMOC(EpHBIX 0CaaKoB. [y oleHkn
3HAYMMOCTH JIMHEHHO-KOPPEISIIMOHHBIX YPaBHEHUH BOAHOTO OajaHca WCIOJIB30BAH IOKA3aTellb
spdextuBHocTH Horma-Catknudda, KOTOpoil MUPOKO UCHONb3YeTcs B MUPOBOW IMpakTHKE HpU
THIPOJIOTHYECKOM MOJIeIMpoBaHuu U nporuosupoBanuu (Moriasi et al., 2007; Koch- et al., 2013),
¥ KOTOpBI paBeH MHAEKCY jerepMuHanuu (R?), BbIpaXeHHOE KBaapaTOM JIMHEHHOIO

ko3 durmenta koppeasiuud (R = VR?) (IToraxosa, 2015), i 3TOr0 NPHHATHI KPUTCPUH
rpananuu kayectBa (Kagounukoa u np., 2023) (tabnuma 2).

Taéauua 2. Kpurepuu rpafaiuu KadecTsa Ui OLCHKH 3HAYUMOCTH JIMHEHHO-KOPPEISAIMOHHBIX
ypaBHEHUI1 BojHOTO OanaHca (mkana Yemmoka)

Kpurepun kavectrBa
HUuTepnperanus HHIEKC TeTePMUHAUH K03 PpunmeHT Koppesimun (R)
(R%)
Ouensn ciabas <0,29 <0,54
Cnabas 0,30-0,41 0,55-0,64
Cpennss 0,42-0,55 0,65-0,74
CuiibHas 0,56-0,70 0,75-0,84
OueHpb cCUIIbHAA >0,71 >0,85

Crnoit peunoro croka (RRI;, MM), KaKk pacueTHas BEeJIMYWHA, MPEICTABIIAIONIAsS OTHOIICHUE
oowema croka (VRF;, KM3) K riomaau Bogocoopa (CA;, KMZ) HMMEET CIEAYIOINA BUA:

RRI; = VRF; - 10°/CA; - 10® > VRF; - 103/CA; - VRF; - 103 - 103 /CA;, (3)

rae VRF; - o6beM peunoro croka, km>: VRF; = 31526000 - AAWC;/10° = 31,536 - AAWC; /103,
KM AAWC; - cpenHeroaoBOW pacxo]l BOJbI B PEUHBIX OacceiHax, m%/c; 31526000- KOTUIECTBO
CEKyHJa B roJiax; 10° - MEePEBOAHOE YUCIO OT kM Ha M3; 10°8- NEePEBOAHOE YUCIO OT kM2 Ha M2 10°-
MEPEBOHOE YUCIIO OT METPa B MIJIITUMETD.

JI7is OIIEHKU IHUKIMYECKUX MHOTOJETHHX KOJIEOaHHH PEYHOTO CTOKA W OMPEAEINSIONUX HUX
(hakTOpPOB HA M3y4AEMOU TEPPUTOPHUH MCIIOJIH30BAaH METO/I IIOCTPOCHUS PA3HOCTHBIX MHTETPATBHBIX
KPUBBIX C II€JIbIO BBISIBJICHUS WX TEHACHIIMM U3MEHEHUSI U CHHXPOHHOCTH U3y4ae€MBbIX MPOIECCOB:

AMV; = (1/n) -2?=1AAWCi - MC; = AAWC;/AMV; -

- (MC;—1) » XL (MC; = 1) » XL (MC; — 1)? > X (MC; — 1)3 >

- CV; = {[Th,(MC; — 1D?]/(n— D}? > T, (MC; — 1)/CV; -

> CA; = {[XL,(MC; — 1)3]/(n—)}/?;

SD; = AMV; - CV; = AMV; - {[X12,(MC; — 1)?]/(n — 1)}/, (4)

rne AMV;- cpeaneapupMeTHdeckoe 3HAUEHHUE, OIpenesieMoe B 3aBUCHMOCTH OT 4YHCTa JIeT
THAPOMETPUYECKUX H KIMMaTHdeckux HaOmonenuit; AAWC;- cpeaHeroloBble WJIM TOJIOBBIE
3HAYEHUS, OMPEJENIIeMble B 3aBHCHUMOCTH OT 4YHCIA JIET THAPOMETPUYECKHX M KIMMATHYECKHX
HaOmonenuit; MC; - MOAynbHBIM KOI(POUIMEHT pacCMaTPUBAEMON THIPOJIOTHYECKON W
KJIIMMaTH4eCcKoi Xxapaktepuctuku; CV;- koaddunuent Bapuanuu; CA;- k03pHUIMEHT aCHMMETPHH;
SD;- cpenHee KBagpaTUuECKOe OTKIOHEHHUE.
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OCHOBHOE MaTeMaTU4YECKOE CBOICTBO PAa3HOCTHOM MHTErpajbHOM KPUBOW 3aKJIIOYAETCS B
TOM, YTO OTKJIOHEHHE MOoayibHOro Kodddunuenta (MC;) 3a moboi uatepBan spemenn (T1;) ot
cpennero 3HaueHus (AMV;) 3a paccMaTpuBaeMblii TepHOJ]] HAOMIOJEHUN XapaKTepu3yeTcs
TAHI'€HCOM YIUIa HakJOHa JMHUU (tga;), COENMHAIOIIEH TOYKM Hayajga M KOHLA MHTEpBaia, K
TOPU30HTANIBHBIA MPSIMON, MOKA3bIBAIOIIUNA TEHACHLUMI0O W HAIpPaBIEHHOCTh ATOrO IIpoIecca.
@u3nyecKkue CBONCTBA WX MPOSIBISIOTCS, KOIJA MHTErpajbHas KpHUBas IOJHUMAETCS BEpPX
OTHOCHUTEIILHOTO Topu3oHTaIbHOW JuHUKU (MC; —1) > 1, u moka3pIlBaeT MHOTOBOJHYIO a3y
KoieOaHWi CTOKa, a ecnu KpuBas HakiaoHeHa BHH3 (MC; — 1) <1, Torma COOTBETCTBYET
MaJOBOAHON (aze M MEeXKAYy HUMHU CYIIECTBYET JIBE€ TOYKHU INEPECEUCHHS] MMHU TOPU3OHTAIBHON
npsMOi 3a paccmarpuBaeMblii iepuoj paBublid (MC; — 1) = 0, 4yTo MoKa3bIBaeT HAYaJIO U KOHEIl
MIOJIHOTO IMKJIAa KOJIeOaHUi BOTHOCTH PeuHOro OacceiiHa.

3. Pe3yabTaThl

[lo xnIMMaTHYECKUM YCIOBHUSM TeppuTopHus BojocOopa OacceilHa peku Cappicy pes3ko
OTIMYaeTcsi OOJIbIIOW KOHTHUHEHTAJIbHOCTBIO M HHU3KOM €CTECTBEHHOW YBJIAXKHEHHOCTHIO, YTO
o0BbsicHsAETCs e€ reorpa@uuecKuM MoJjiokeHrueM BHyTpu EBpasuiickoro Matepuka v yaajaeHHOCTBIO
oT OOJIBIIMX BOAHBIX MPOCTPAHCTB. B CBSI3M ¢ 3TUM THUAPOJOTHUECKUI PEKUM PEK HA TEPPUTOPUN
BojocOopa Oacceiina peku Cappicy omnpenensercss OOIIMM — XapakTepoM eCTECTBEHHOI'O
YBJIQKHEHUS, KOTOPBIN IIEPEKPBIBAET BIUSHUE BCEX APYTUX (PaKTOPOB.

Beaymumu kimmaTuyecKUMHM (akTOpaMu, OINpPENeNSIOIUMH THIPOJIOTHYECKUN CTOK peK
Oacceitna CapebICy, SBISIOTCS B OCHOBHOM OCAJIKH XOJIOJHOTO M TEIUIOTO MEPUOJIOB roja, a TAKKE
TeMmIeparypa W BJIOKHOCTb BO3/yXa JIETOM, XapaKTEpU3YIOLIUE HCHApSAIOLyI0 CIIOCOOHOCTb
pUPOTHON cucTeMbl. COBOKYITHOCTB 3TUX (PAKTOPOB (POPMHUPYET MEXaHU3M KOJICOAHHI T'0JIOBOTO
CTOKa M ONpeAEseT CHHXPOHHOCTh U UKINYHOCTh BOJAHO-0aIaHCOBBIX POLIECCOB.

AHanu3 NUKIMYHOCTH MHOTOJIETHUX KOJIEOAHUH PEUHOT0 CTOKA PEK U aTMOC(HEPHBIX 0CATKOB
Ha TeppuTopuM BojaocOopa OacceiiHa peku CapbiCy € HCIOJIB30BAaHUEM METOJIa MOCTPOCHHUS
Pa3HOCTHBIX MHTETPAIbHBIX KPUBBIX MOXET pacCMaTpPUBAThCS KaK OJUH W3 ATAllOB M3YYEHHUS HX
MHTETPAIbHBIX U JUHAMMYECKHUX XapaKTEPUCTUK C LEIbI0 BBISIBICHUS TEHICHIMN U HAIpPaBICHUN
M3MEHEHHMs 3TOro npoliecca (PUCYHOK 2).

Kak BuIHO U3 puCyHKa 2, IMKIMYHOCTb CPEJHET0I0BbIX PAacX0J0B BOJbI PEK HAa TEPPUTOPUHN
BojiocOopa OacceifHa pPEKH JOCTATOYHO XOPOIIO KOPPETUPYETCs € LMKINYHOCTBIO T'OJIOBBIX
aTMoc(epHbIX 0caakoB. B To ke BpeMs HEKOTOpble TPOTUBO(A3HbIE SABJIEHUS, BCTpEUArOIIuecs 3a
paccMaTpuBaeMblil IEPHO, MPEX/E BCEro 00yCIOBIEHB! HAKAIUIMBAEMBIM CHEXHBIM ITOKPOBOM HE
TOJIBKO B XOJIOAHBIA NEPUOJ TEKYIIEro rojAa, HO W 3a MPEeAbLAYIIMH Toj, KOTOpBIM sBiseTcs
OCHOBHBIM HCTOYHMKOM (POPMHUPOBAHUS CTOKA.

[Ipu 3TOM BBISBIIEHHBIE U3MEHEHMsI PEKMMa MHOTOJIETHHUX KOJIeOaHWH CTOKa M OCaJKOB B
Oacceitne peku Capbicy OTpaxkaroT (U3HMKO-reorpaduyeckue yciaoBus (OPMHUPOBAHUS PEUYHOTO
CTOKa B HHM3KOTOpbsiXx Ka3zaxckoro MeiaKOCOMOYHMKA, MOCKOJbKY CHJIa TPOSBICHUS PUTMOB B
MHOTOJIETHUX KOJIEOaHUAX HEOIMHAKOBA:

- B pekax, Oepymmx Hayano B ropax Keizpuitac, byrynel, Xakcel-Tarsuisl, Kocmypein 1
Opray, pacnoyIO)KEHHBIX B IIEHTPAJIbHOM 4YacTH HM3KOTOpbsix Ka3axckoro MenkocoNno4YHMKA
XKaman-Capoicy, HaOIIOJaeTCs CHHXPOHHOCTh MEXAY CPEIHETOJIOBBIM PACXOJIOM BOABI H
aTMocepHbIMU ocankamu, Uit peku JKakcel-Capbicy acuHxpoHHOcTh B 1950-2010 rossl
CMEHSETCAd CHUHXPOHHOCTBIO, a JUIsl pekn Atacy CMHXpOHHOCTH B 1940-1990 romer cmensiercs
ACMHXPOHHOCTBIO 33 pacCMaTpUBAEMBbIH TIEPUOT;

- B pexe Kapa-Kenrup m ero mpurokax Xemmanasl u XKe3apl, popMupyrOmmxcs B ropax
VnblTay, pacloNOKEHHBIX B 3amagHOM 4YacTU HU3Koropbs Ka3axckoro MeNKOCONOYHHUKA,
HaOII0AAeTCsl ACHMHXPOHHOCTh MEXJy CPEIHErofIoBbIM pacXxoJOM BOABI M aTMOC(EpHBIMU
ocaJkamMM, 4YTo  OOYyCJIOBIEHO  MOP(QOMETPUYECKMMH  XapaKTePHUCTUKaMH, a  TaKke
THAPOr€OJIOTUYECKUMU U KIIMMAaTUYECKUMU YCIIOBHAMY;
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- B peke Tokpay, GopMUPYIOIIErocss Ha CEBEPHBIX CKIIOHAX TOPBbI AKCOpaH, pacroI0KeHHOTO
B BOCTOYHOM 4YacTH HM3KOTopbs Ka3axCKOro MEITKOCONMOYHHMKA M TEKYIIero B CTOPOHY o3epa
banxami, HabnrogaeTcs CymecTBEHHAs aCHHXPOHHOCTD 32 PacCMaTPUBAEMBIN MEPHOJ], TOT/1a KaK B
CUHXpOHHOCTHh 3a mnepuoa 1940-1985 roawl
00YyCIIOBJICHHON B OCHOBHOM XOJIOM aTMOC(EpPHBIX OCAJKOB U B 3HAYMTEIHHO MCHBINCH CTEIECHU

peke MOuHTHI

TEMIIEPATYPHBIM PEKUMOM.

[IposiBieHME CUHXPOHHOCTH WJIM ACHMHXPOHHOCTH B U3MEHEHUHM CPEIHEroJIOBOr0 pacxojia
BOJIbI PEK M aTMOC(EPHBIX OCAJKOB, KaK CTOKOOOpa3yromuii paktop, 00yciaoBiieH 6€3B03BpaTHBIMU

HOTEPSIMH CTOKA U aTMOC(EPHBIX OCAIKOB B IIPOLIECCE BOLOOOPA30BaHMUS.
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1930 1940 1950 1960 1970 1980 1990 2000 2020 2030

() :
Peka Tokpay — M.c. AKTorait (3)
Pexa MoOMBIHTBI — M.C. ATajbIp

Pucynok 2. Pa3HocTHasi WHTerpaigbHasi KpUBas CPETHETOJOBBIX Pacxoa0B BoIbl pek (1- neBas
OpJIMHATa) U CyMM TOJIOBBIX OCAJKOB (2-mipaBasi OpAMHATa) HA TEPPUTOPUHU BojocOOpa OacceliHa
peku Capeicy: a - Pexa XXaman-Capeicy — Mm.c. Araneip; 6 - Peka Xakcwi-Cappicy — M.c. AKCy-
Atronbl; B - Pexka Atacy — Mm.c. Araapip; T - Pexa Kapa-Kenrup — m.c. Yasitay; 1 - Pexa XKputanst —
M.c. YibITay; € - Pexa XKe3nael — m.c. Yibitay; xk - Peka Tokpay — M.c. AkToraii; 3 - Pexa MoibIHTBI
— M.C. Arazpip.

Ha ocHoBe co3nanHo#l 0a3bl IaHHBIX MO THAPOIOTUYECKOMY PEXKUMY PEK U KIMMATHUYECKUX
mokasareseil B BogocOope OacceitHa peku CapbiCy Oblia MpoOBe/ieHa UX CTaTHYeckas o0paboTka ¢
HCIIOJIb30BAHUEM CTaHAAPTHBIX MakeToB Statistica u EXcel, a mpocTpaHcTBEHHO-BpEMEHHBIH aHAIH3
THIPOJIOTHYECKAX M KIMMATHYECKUX XapaKTepPUCTHK C TMoMmolnbio makera ArcViewGis 3.2, B
pe3yiabTaTe 4ero IMoyiyuyeHbl CTATHUCTHYECKHE MapaMeTphbl CPEeHEroJI0BOr0 pacxojia BOJbI peK U
TOZOBBIX aTMOC(EPHBIX 0CAKOB, KOTOPHIE MPUBEIECHBI B TA0IHIIE 3.

HanexHOCTh M JIOCTOBEPHOCTh IOJIYYEHHBIX CTATUCTUYECKMX XapaKTEPUCTHK pEK Ha
TeppuTOpUU BojJocOOpa OacceitHa peku Cappicy 0a3UpPYIOTCS, BO-TIEPBBIX, Ha MPUMEHEHUU
¢u3nyeckn OOOCHOBAHHOW MOJETM MHOTIOJETHUX KOJIeOaHUH CTOKa, KOTopas OTpakaeT
CYMMapHyI0 H3MEHUYHMBOCTh BPEMEHHOTO PSIAOB CPETHETOIOBOTO PACcX0jia BOJBI PEK M TOJIOBBIX
aTMOC(EepHBIX OCaJKOB, BO-BTOPBIX, Ha NMPHUMEHEHHH COBPEMEHHBIX MATEeMAaTHYECKUX METOJI0B
00pabOTKH C MCTIOIb30BaHUEM LIU(PPOBBIX TEXHOJIOTHUH.

Ta6auma 3. CraTHcTHYecKHe TapamMeTpbl CpPEIHET0JI0OBOTO pacxola BOIBI PEK M TOHOBBIX
aTMOC(epHBIX 0CaJIKOB B BojjocOope Oacceitna pexu Capsicy

CTaTHCTHYECKHE MOKA3aTe !

HaumenoBanne cpenHeapug- K03 (ppuumeHT K03 (ppuumeHT CpeeKBal-

00beKTa MeTH4YeCKHe BapuaIuH acMMMeETPHH E:E:::zﬁﬁz
(AMV;) (CVy) (CA) (SD))

CpenHeromoBoii pacxos BoabI pek (M>/c) B BogocOope 6acceiina peku Caphicy

Kaman-Capsicy 0,729 1,339 2,565 0,976
Kakcpi-Caprpicy 0,644 1,079 2,930 0,695
ATtacy 0,5692 1,148 2,669 0,680
Kapa-Kenrup 3,944 0,819 1,981 3,272
JKbLmanas! 1,241 0,932 1,614 1,157
Kezner 0,500 1,219 1,745 0,610
Tokpay 2,436 0,775 1,748 1,889
MOMBIHTBI 0,253 1,392 3,083 0,353
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T'omoBsle aTMOC(hEPHBIE OCANKH, MM
AKcCy-Arobl 314,744 0,256 -0,114 80,786
Araspip 216,000 0,221 0,105 47,675
AKToraii 210,195 0,288 -0,137 60,527
VieiTay 355,000 0,288 2,508 102,473

AHanu3 W OlLEHKa CTPYKTYPbl BPEMEHHOTO psiia CPEAHEroJIOBOTO pPacxoja BOJbI PEK U
rOfIOBBIX aTrMoc(epHbIX ocaakoB OacceifHa peku CapbICy IOKa3bIBaeT HaTUYME CIyYalHBIX
BBHIOPOCOB, TO  €CTh, PE3KO  BBIACISIOMIUXCSA  HAOMIOJEHUI, BBI3BAHHBIX  KAKUMHU-TO
UCKJIIOUUTENIHBIMUA THAPOJIOTUYECKUMU U KIMMAaTHYECKUMHU COOBITHSAMH. JJii JneMoHCTpanuu
addexTa paBHOOOECIICUCHHBIX 3HAYCHHUI CPEIHET0I0BBIX pacxo10B Bobl pek (AAWC;) u rogoBbIx
atMocepHbIX ocankoB (AP;) Gacceitna pexu Capbicy MOCTpOEHBI WX TpadUKH, OCHOBAHHBIE Ha
pEaIbHBIX BPEMEHHBIX psJlaXx M C Y4eTOM OTOpachiBaHUS HanOoJiee OTKIOHSIONIMXCS TOYEK B
nporecce omnpeneneHust KodpPUIHMeHTa KOPPEIsUuN JTHHEHHBIX YpAaBHEHHH C HCHOJIb30BAHUEM
nporpammbl Microsoft Excel (pucyrku 3-5).

TexHuka mocTpoeHus rpauKOB 3aBHCUMOCTH CJIOSI CTOKA peK OT aTMOC(EpHBIX 0CaIKOB Ha
TEeppUTOpPUHU BojOCOOpa OacceiiHa PeKHu OCHOBBIBAECTCA HA TEOPHH KOPPESAIUM MAaTeMaTH4YEeCKOU
CTaTUCTHKH, XapaKTepU3YIOIIEH TECHOTY KOPPEIALMOHHBIX CBS3€H MEXIYy OSTUMH JBYMS
NepeMeHHbIMH. PaccMOTpeHne Takux CBSA3€H MpenCcTaBiIsieT HHTEpeC ¢ TOYKU 3peHHUss 00OCHOBaHUS
NPUHATHS WM OTOPAaKOBKM TOYEK BPEMEHHBIX psnoB. Ilpu 3TOM, ciemayer OTMETHTh, YTO CIOH
aTMoc(epHBIX OCaZKOB H3MepsieTcss 0ojiee TOYHO, YeM CJIOW CTOKa PEYHBIX OacCeHOB, 4YTO
00ycIIOBIeHO (PU3MUECKUMHU TNpHYMHAMU. VIMEHHO Takue TOYKHM NpU aHajdu3e rpaduKoB CBS3U
MOTYT CO3[aBaTh 3HAYUTENBHBIM pazdpoc M, BOZMOXKHO, HE3HAYUTEIHHO CHUXAaTh KOd((UIIHEHT
KOppessiuuu (pucyHku 3-5).
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Pexa Tokpay — meTeopoiiornueckasi CTaHIus AKToram
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paBHOoOOecHeeHHbIE 3HAMEHHS

Pexa MOWBIHTEI — MCTCOPOJIOTHYCCKAA CTaHIA AFa,I[BIp

Pucynox 3. KoppensnuoHHas CBSi3b CIIOSI CTOKa peK M aTMOC(EpHBIX OCaIKOB BOaOcOOpa
OacceitHoB pek Tokpay u MOUBIHTBI (C KpaCHBIMH TOYKaMH, OTOPOLICHHBIMH BIIOCJIEACTBUU, U C
YUETOM 3THUX OTOPOIIEHHBIX TOYEK): a, 0 - Pexa Tokpay — MeTeoponoruyeckasi cTaHus AKTOraii;
B, I - Pexa MOWBIHTBI — METEOPOJIOTNYECKasi CTAHLIMS AraabIp.

JlaHHBIC 1O MOJYYCHHBIM YPABHEHHSM PErpecCHU CPEeIHEro0BoOro ciost croka pek (AAWC;)
U TOIOBBIX arMocdepHbIXx ocankoB (AP;) B BomocOope peunblx OacceitHoB Capricy, HX
KOppEJIIUOHHBIE MapaMeTphbl, a TAK)KE Pe3yJIbTaThl, MOJyUYEHHBbIE 110 JMHEHHO-KOPPEJIALMOHHON
MOJIETM Kak (YHKIMH cpenHerogoBoro ciosi croka pek (AAWC;) u roaoBbIX aTMoc(EpHBIX
ocaqkoB (AP;), mpuBeneHbl B Tabnuie 4.
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Pexa XKaman-Capricy — MeTeOpoIoTHdYecKas CTaHIUS ATaabIp
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() (e)

Pexka ATacy — MCTCOPOJIOTNYICCKasl CTaHIUA Al"aI[LIp

Pucynoxk 4. KoppensiuonHas cBsi3b €10 CTOKA PeK U aTMOC(EPHBIX 0CaJKOB BojiocOopa OacceliHa
pexku Capbicy (C KpacHbIMH TOYKaMH, OTOpOLIEHHBIMH BIOCIEACTBUM, M C YYETOM JTHX
OTOpOIIEHHBIX TOYEK): a, 6 - Pexa Xaman-Capbicy — MeTeoposoruueckasi craHims Arajisip; B, T -
Peka XKakcoi-Capbicy — MmeTeoposoruueckas craHuus Akcy-Aronbl; A, € - Peka Artacy —
METEOPOJIOTUYECKas CTAHIIMS ATajbIp.

B cuny paznuuus B ycnoBHsX (GOpMHUPOBAHUS CPETHET0JI0BOrO ciiosi croka pek (AAWC;) u
roZIOBBIX aTMOc(epHbIX ocaakoB (AP;) B BogocOope peuHbIX OacceiHOB, HAOMIOJaeTCs CUTYyalus,
KOTJIa MaKCHMaJIbHOMY 3HAYCHHIO aTMOC(EPHBIX 0CaTKOB COOTBETCTBYET MaKCUMAaJIbHOE 3HAYCHUE
CTOKa.
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Pexka JKe3 b1 — MeTeoposornueckast CTaHIus Y JIbITay

Pucynok 5. KoppensimonHas cBs3b ClIosl CTOKa peK U aTMOc(hepHBIX 0CaaKOB BoiocOopa Oacceiina
pexku Kapa-Kenrup (c kpacHbIMH TOYKamH, OTOPOIIEHHBIMH BIOCIEACTBUU, U C YUYETOM OTUX
OoTOpoOIIeHHBIX ToYeK): a, 0 - Peka Kapa-Kenrup — mereoponoruueckas cTaHiuusi YibITay; B, T -
Pexa JXputanasl — MmeTeoposiornyeckas CTaHius YJbITay; 1, € - Pexa JKe3npl — MmeTeopoaorndeckas
CTaHLUSA YIIbITAY.

IIpu stom B HOpMatuBHBIX jgokymeHTax CII 33-101-2003 «OmpeneneHue OCHOBHBIX
THIPOJIOTUYECKUX XapaKTEPUCTUK)» YKa3bIBA€TCS «...NMPH OTCYTCTBHM TECHOW CBSI3U HEOOXOAMMO
Ha 3TOM JX€ rpadyKe HAHECTH TOYKH PAaBHOOOECIIEUEHHBIX 3HAYEHMH BPEMEHHBIX PAJOB 000MX
nepeMeHHbIX...» (PoxaectBenckuit u ap., 1984), 0azupyoomuxcss Ha paHKUPOBAHUU BPEMEHHOIO
psina B yObBaromeMm mnopsake (pucyHku 2-4), 4uro oOecrneyuBaeT JIOCTaTOYHO BBICOKHMMN
KO3 (ULHUEHT KOppesui, KOTOPhIM HCIOJIb30BaH MPHU aHAIM3€ U OLIEHKE MaTeMaTUYeCKuX M
(bu3NYeCKUX MPU3HAKOB 3aBUCUMOCTH CIIOSI CTOKA PEK OT CJIOSl aTMOC(EPHBIX 0CaIKOB B BOJI0COOpE
OacceitHa pexu Capsicy.

AHanu3 u oueHka (OPMHPOBAHUS TOBEPXHOCTHBIX BOJHBIX PECYpPCOB, OCHOBAHHBIX Ha
npeodpa3oBannu atMochepHbIX 0caakoB (AP;), BIaaloNMX Ha BOI0OCOOp, B peuHoit cTtok (RF;),
OTJIMYAIOIIEroCs OT BEIMYUHBI aTMOC(HEPHBIX 0CAJAKOB BETMUMHON MOTEPh MPH UX TpaHCPOpPMALIUU
(CIAP;), Beikirovatoriero cymmaproe ucnapenue (TE;) u u3mMeHeHne 0aCCEHHOBBIX BIIAr03amnacoB
(BWR;) MOYBEHHOTO TOKPOBA, OCHOBBIBAIOTCS HAa TPEXWICHHOM YPaBHEHHH BOJIHOTO OayiaHca
peUHBIX OacceifHOB:
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CIAP; = 0, TE; = 0; BWR; = 0; PRF; = AP,, (5)

rie PRF; - moTeHIManbHO-BO3MOXHBIM peuHou ctok, npu CIAP; =0; TE; =0; BWR; =0,
PaBHBIH CJI010 TOA0BOT0 atMochepHoro ocamaka (AP;).

Tadnmua 4. CBefeHUs O KOPPESIIMOHHBIX IapaMeTpax ypaBHEHHs BOJHOTO OajaHca peK B
BogocOope pexu Capricy

Peka nyHKT — Bun Wnpexe
HAMMEHOBaHHe PaHKHPOBAHUS YpaBHeHue perpeccuu aerep
MHHAIHH

METEeOCTAHIIUH ypPaBHEHHUs (R?)
XKaman-Capsicy- 10 RF; = 0,0281 - AP, — 2,1615 0,0659
ArajpIp ocie RF; = 0,0483- AP, — 7,5707 0,5263
XKaxcsi-Capsicy- 10 RF; = 0,1496 - AP, — 11,4330 0,0987
Axcy-A10obl nocie RF; = 0,1641 - AP; — 25,4470 0,4460
ATtacy- Araapip JI0 RF; = 0,0646 - AP; — 7,2341 0,1605
ociIe RF; = 0,1354 - AP; — 19,388 0,4567
Kapa-Kenrup- i (o) RF; = 0,0399- AP; — 1,0074 0,0751
VYneitay nocie RF; = 0,0927 - AP, — 18,3210 0,4166
Keutanner - Yieitay o RF; = 0,0428- AP; + 1,5184 0,0408
ociIe RF; = 0,1673 - AP; — 37,1440 0,4210
Kezner - YsiTay JI0 RF; =0,1726 - AP; + 31,4140 0,0127
ocjie RF; = 1,6488 - AP, — 382,0700 0,4436
Tokpay - AkTorai 10 RF; = 0,1031-AP; — 0,8749 0,1406
ociIe RF; = 0,1894 - AP; — 23,3400 0,4220
MOWMBIHTHI - ATagsIp bi o) RF; = 0,0398- AP; — 0,1824 0,0263
ocjie RF; = 0,1191- AP, — 17,7630 0,4203

[Ipu »otom, cormacuo ¢dunocopckomy moaxony HModuna, 3.K. (2013), nuneitHO-
KOppeJsIMOHHAs MOJENb BOJHOrO OallaHCa, MONyYyeHHas B BUAE JIMHEWHOTO KOPPEISIUOHHOTO
yYpaBHEHUS C MCTOJIB30BAHIUEM BPEMEHHBIX PsAJIOB TOA0BOro cToka (RF;) v rooBbIX aTMOC(HEPHBIX
ocankoB (AP;), aBiseTcs OIHOM U3 Pa3HOBUIHOCTHIO YpaBHEeHHs BoJHOTO Oananca: RF; = k - AP; —
b. Ecmu, TeopeTHYecKH NPEINOIOKHTh, YTO Kod(duiumeHnt perpeccun (k) B JUHEWHHO-
KOPPEJSIIMOHHOM YPaBHEHUHU PaBEH €IMHUIIE, TO €CTh CIOW BHIMANAIONINX aTMOC(EPHBIX 0CATKOB
OBLIT OBI paBEH CJIOI0 PEYHOTO CTOKA, TOT/Ia JIMTHEHHO-KOPPENIAIIMOHHOE YpaBHEHHE MPEBpaIacTCs B
TPEXUWICHHOE YpaBHEHHE BOAHOTO OallaHca:

Hcnonb3yst BpeMeHHBIE PSABI TOJOBBIX CYMMapHBIX aTMOC(HEPHBIX 0caakoB (AP;) 1 TOI0BOTO
ctoka (RF;) JKakcei-Capeicy, oOpatumcs K TpadudeckoMy H300paKE€HUIO JTMHEHHO-
KOPPEJALIMOHHOTO YpPaBHEHMS, XapaKTEepPU3YIOLIEro 3aBUCUMOCTh peyHoro crtoka (RF;) ot
aTMochepHbIX 0canakoB (AP;), Tie MOKHO BBIJICTUTH Ha HEM T'€HETUYECKHE COCTABIISIONINE BOJIHOTO
OaylaHca peYHbIX OaCCEHOB (PUCYHOK 6).
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Pucynok 6. I'papuueckoe nzo0paxkeHue 3J1eMeHTOB BoJHOro OanaHnca peku JKakcei- Capeicy

IIpu sToMm, cnoit peunoro croka (RF;) B peuHbIXx OacceiiHax MHOSBUTCS, KOT/Ia TI'OJIOBbIE
atMocepHble ocanku (AP;) Oyayr Oonbiie cymmapHoro wucnapenus (TE;), BKIIOUYAIOIIETO
ucrapenue atMoc(epHbIX 0CaJIKOB B IIpoliecce BoooOpazoBanus (E;) 1 BIaro3anacoB MOYBEHHOTO
nokpoBa mo ucnapenuto (BWR;), to ects AP; > (E; + BWR;) - AP; > TE;. CnenoBaTeibHo,
peuHoil ctok (RF;) HaumHaeTcss C HEKOTOPHIM 3ala3/bIBAaHUEM II0 OTHOLIEHUI0 K Hayaly
aTMOC(EpHBIX OCaJKOB 1O AKKyMYJIAIIMM BJaro3anacoB IOYBEHHOI'O MOKpPOBA 10 MCIAPEHUIO
(BWR;) u wucnapenutoo armocepHbIX OCaaKOB B mpolecce BomooOpasoBanus (E;), Ttorma us
ypaBHEHHS BOJHOTO Oanmanca RF; = k - AP; — b cieayer, 4To mapamerp b MOXET XapaKTepH30BaTh
aKKyMYJISIIMIO BIIaro3arnacoB MOYBEHHOTO MOKPOBa MO ucnapeHuto (BWR;).

[Tpu sTOM, OTCeKkaromasicss HaKJIIOHHAsI JTMHUS ypaBHEHHsS BomHoro Oamanca RF; = k - AP; —
b) Ha ocm abcrucce, Ha Tpaduke (PUCYHOK 5) 0003HAUMM OYKBO# ¢, TOTJa, BO-TIEPBBIX, OTHOIICHHE
b/a, mpencraBisieT TaHTEHC yria HakIoHa tga = b/a, paBHBIA KOXPUIMEHTY perpeccuu
ypaBHeHHs (k) W, BO-BTOPBIX, b SBISETCS 4YacThlO &, TO €CTh @& = b + ¢, XapaKTepH3yIOUIHi
BJIaro3anachel IMOYBEHHOro MOKpoBa Mo wucnapenuto (BWR; =b = k- a), popmupyromuecs B
nporiecce Booo0pa3oBanus aTMOChEepHBIX ocaakoB (AP;):

b=k-AP,—RF; > b=k -a— k-a=k-AP; — RF;; (7)
¢ =E; = [(k-AP; — RF;)/k] — b, ©)
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rae ¢ = E; - ucnapenne arMocepHBIX OCAaIKOB B Ipolecce BogoobpaszoBanus; a = TE; = E; +
BWR; - cymmapHOe HCIapeHHe, BKIIOYAlollee HCIapeHue aTMoc(epHBIX OCaJKOB B IpoIiecce
Bo1000pa3zoBanus (E;) ¥ BIaro3amnacoB MOYBEHHOTO MOKPoOBa 1o ucnapenuto (BWR;).

Ha ocHoBe rpadudeckoro n300pakxeHHs JIEMEHTOB BOJHOTO OajlaHca PeYHbIX OacceiHOB
BBEJIEM JIONIOJIHUTENIbHOE 0003HaueHne (PUCYHOK 6):

AP, —k-AP, = d; (10)
a—b=c (11)

Omnpenensiem pasuuily d — ¢, Ha ocHoBe ypaBHenust AP; — k- AP; u (k-AP; — RF;))/k n
M0CJIe HECIIOKHBIX MPE0Opa30BaHUN MOTydaeM:

d—c=AP,—k-AP;—a+b=AP,—k-APi+k-a—a=

=AP; — kAP, + k- (k- AP; — RF;)/k — (k- AP; + RF))/k =

= AP; — k- AP; + k- AP; — RF; — (k- AP; + RF))/k =

= AP, — RF; — (k- AP; + RF;)/k = (k-AP — k- RF; — k- AP; + RF})/k =

= (RF; — k- RF;))/k = RF;(1 - k) /k. (12)

Ecm d —c pasao RF;(1—k)/k, torma d—c=AP,—k-AP;,—a+ b upunumaer
CIEAYIOLIUN BU:

—a = b+ {[AP,(1 — k) — RF,(1 — k)]/k}. (13)

Ilpu ostom {[AP;(1 — k) — RF;(1 —k)]/k} ycnoBHO xapakTepu3yeT HCIIapeHHE
aTMOCQEpHBIX OCaJKOB B Ipolecce BOJOOOpPA3OBaHMS, KOTOPBIH IIOCIE€  HECIOXHBIX
npeoOpa30BaHUIl MPUMET CIIETYIOLTHIA BUI:

{[AP;(1 — k) — RF;(1 — k)]/k} > b + [(1 — k) - (k - AP, — RF;] /k >
= [b- (A= K)]/k; (14)

CnenoarenbHo, ypaBHeHHe (13) ¢ yueToM ypaBHeHus (14) npumer cieayronuii BU:
a=b+[b- (1—-k)]/k=b+c. (15)

Takum oGpasom, ypaBuenue a = b + [b- (1 — k)]|/k = b + ¢, xapakTepusyeT CymMMapHOe
ucnapenue (TE;), dbopMmupyromieecss U3 aKKyMyJSIMU BIIaro3amacoB MOYBEHHOTO MOKPOBa IO
ucnapenurto (BWR;) n ucnapeHuro aTMoc(hepHBIX 0CaKOB B Tpolecce Bogoodpa3osanus (E;).

Ha ocHOBe mnpuBEIEHHOTO METOAOJOTHYECKOr0 TOAX0Ja OLIEHKH 3JIEMEHTOB BOJHOTO
OanmaHca pedyHbIX OacceifHOB, OCHOBAHHOTO Ha JIMHEWHO- KOPPENSIMOHHOM ypaBHEHUH, KOTOPOe
XapaKTepU3yeT 3aBUCHUMOCTb CPEIHErOJIOBBIX CIIOEB PEYHOIO CTOKAa OT aTMOC(EpPHBIX OCAJIKOB
(pUCYHKH 5), MOXKHO CAENATh CIIEAYIONINE BBIBOIBI:

- RE;=k-AP;, — b, npu k=1 u b =0, xapakTepusyeT HJeaJbHbIC YCJIOBHUS BOIHOTO
OamaHca, ipu KoTopbix RF; = AP;. B TakuxX yCIOBUSIX CIOW PEYHOTO CTOKAa MOXKET OBITh paBeH
CII0I0 aTMOC(EpHBIX OCAJKOB, BBIMAJAIONIMX Ha BOJOCOOpE, YTO COOTBETCTBYET MOTEHIUATbHO
BO3MOYKHOMY CJIOIO pe4HOTro cTtoka (PRE;);
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-RF;=k-AP; — b, ipu k < 1 u Hanmu4uuu cBOOOTHOTO YJICHA, OTPAXKAET U3MEHEHUE CIIOS
pPEYHOr0 CTOKa B 3aBUCHMOCTH OT CJIOSI aTMOC(EPHBIX OCAJKOB, BBINAJAIOUINX HAa BOgOCOOpE, B
pealIbHBIX YCIOBUSIX;

- b; = k - AP; — RF;, sBnsiercs pyHKIMEW BIIaro3arnacoB OYBEHHOTO TTOKPOBA IO UCIIAPCHUIO
(BWR;), xotopsie (GopMHUPYIOTCS B pe3ysibTaTe aKKyMYJISIIIMK BBIMAAIONIMX HA BOJOCOOpE CIIOsI
aTMOC(epHBIX O0CaaKOB. B yClIOBHSX TMOTPAaHUYHON 30HBI IYCTHIHHBIX W CTENHBIX 30H
HentpansHoro Kazaxcrana, rme romoBbie armocdepble ocaaku B 10-15 pa3 mensine, dyem
UCTapsIEMOCTb, TApaMeTp b; MOXKeET OBbITh MPUHAT 32 CBOOOIHBIN WICH YpaBHEHUS BOJHOTO OanaHca
pEUHBbIX OacceiHOB;

-c=[b- (1 —k)]/k, rne xo3hduUIMEHT perpecCHr B 3aBUCUMOCTH OT CJIOSI PEYHOTO CTOKA
OT TOJOBBIX aTMOC(HEPHBIX OCAJAKOB MO MaTEeMaTHUYECKUM IpHU3HAKAM U (PU3HUYECKON CYIIHOCTH,
OTpakaeT MCIapeHue aTMOC(epHBIX OCAJAKOB B mpouecce BogoobOpazoBanus (E;), To ects E; =
[b- (1 —Fk)]/k;

- a=b+c=b+[b- (1—-k)|/k, sBusercs cymmapusiMm ucmnapeauem (TE;),
(hOpMUPYIOIUMCST M3 aKKyMYJISIIIAK BJIAaro3anacoB MOYBEHHOTO MOKpoBa 1o ucnapenuto (BWR;) n
HCIapeHUI0 aTMOC(EPHBIX 0CAIKOB B Ipoiiecce Bogoobpaszosanus (E;);
=AP;-(k-AP;,—b+b—[b-(1—k)/k] =AP,—k-AP,—b-(1—-k)/k =

=AP,-(1—-k)—b-(A1—-k)/k=[k-AP;-(1—k)—b-(1—-k)]/k =
= [(1—k):-(k-AP;—Db)]/k- COBOKYINHOCTh TAaBOJAKOBOI'O CTOKa, (OPMUPYIOLUIETOCS B
pa3HOOOpa3HOM COYETAHWU TPHPOIHBIX (KIMMATHYECKHX, TeOMOP(OIOTHUECKUX, IMMOYBEHHBIX,
re0JOrMYeCKUX) YCIOBUI U SBIAIOIIMMCS 3HAUUTEIBHOM YacThlO TOJIOBOTO CTOKA, KOTOPBIN
COIJIaCHO N€HETUYECKOM TEOPHUH CTOKA, BKIKOYAET I1OABEIICHHBIN, IOANEPTHIM U BHYTPUIIOYBEHHBIN
CKJIOHOBBIH CTOKH, a TaK)K€ 00BHEM BOJIbI B 3aMKHYTHIX MOHIKEHUSX.

Takum oOpa3zoM, KOIDPUIMEHT perpeccur JTUHEHHO-KOPPEISIMOHHOTO ypaBHEHWS,
XapaKTepU3 VIO 3aBUCUMOCTb CPEIHETOIOBBIX CJIO0EB PEYHOT'0 CTOKA OT aTMOC(EPHBIX OCAIKOB,
MO3BOJISIET OIpPENEIUTh 3JIEMEHThl BOJHOrO OajlaHca peuHbIX OacceilHOB, BKJIOYasl CJIOH PEUYHOTO
CTOKa, BIIaro3amachkl MOYBEHHOT'O MOKPOBA MO HCIAPEHUIO, UCHapeHue aTMoc(hepHBIX OCaIKOB B
nporecce BoA000pa3oBaHuUs U MaBOJKOBOIO CTOKA, (POPMUPYIOLIErOCs B Pe3yabTaTe aKKyMYJISLUN
aTMOC(EpHBIX 0CaJIKOB Ha BOJIOCOOPHON TEPPUTOPHH.

4. O6cyxnenue

AHanu3 M OLIEHKAa pa3lMYHBIX BHUJIOB TUAPOJIOTMYECKUX MOJAENEH, HCHOIb3YEMBIX JUIs
YIIPaBJIEHMS BOJHBIMH PECYpCaMU B Pa3HBIX PETMOHAX MUPA, TOKA3aJId, YTO OHU OCHOBBIBAIOTCS Ha
TEeHETUYECKOM TEOpUM CTOKa. OTO TIO3BOJISIET ONPEAEIUTh MHOXKECTBO BOJIHO-0aJaHCOBBIX
MapaMeTpoOB C HCHOJIb30BAHWEM JMHEHHO-KOPPEISIIMOHHOW MOJAETH BOJHOro OanaHca, KOTopas
BKJIIOUAET COOTBETCTBYIOIEE YPaBHEHHE.

[IpumensieMble MOJENM XapaKTEPHU3YIOTCS BECbMA PA3IMYHBIMU IOJIXOJAMU K ONUCAHUIO
THJIPOJIOTUYECKUX TPOIlecCCOB B peyHoM OacceiiHe. [Ipu 3ToM mokaszaHo, 4yTo (yHIaMeHTalIbHBIM
AIpOM pa3pabOTaHHBIX THUIPOJIOTHUYECKUX MOJENel sBIIIETCS ypaBHEHHWE BOJHOrO OanaHca, 4ToO
MO3BOJISIET COBEPIICHCTBOBATh UX CTPYKTYpPHBIE 3J€MEHTHl HA OCHOBE HAayYHBIX MPEJCTABICHUN O
MeXaHu3Max (POPMUPOBAHMS CTOKA U MAaTEPUATMCTUYECKON TEOPUU HAyYHOT'O O3HAHUSI.

[Ipu >ToM monyyeHHbIE apaMeTpbl MOJETEeH U 3JIeMEHThl BOAHOTO OayiaHca OacceliHa peku
CapbICy C HCIONB30BaHMEM METOJOB HAMMEHBIIUX MPSIMOYTOJIbHUKOB (PaBHOOOECIIEUEHHBIX
3HAYeHUH), yJOBJIETBOPUTEIBHO COTJACYIOTCA C OOMMMH KOHUENIHUSAMH (OPMHpPOBAHHUS CTOKA,
KOTOpBIE B HCCJIEN0BATENbCKOM NIEPCIEKTUBE MOTYT TOSCHUTH MCIIOJIb30BAaHHBIE OCHOBHBIE
MIPENI0JIOKEHUS (TUIIOTE3bl), OBBICUTH OOOCHOBAHHOCTD U CHIEaTh Pe3yibTaThl Oojee Gu3NYECcKu
000CHOBAHHBIMHU.

145



A.H. I'ymunes amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. Ieozpagus. Dxorozus cepuscol, 2025, 150(1)

5. 3akiar04eHue

PerpocrniekTUBHBIN aHaIM3 M OIICHKAa Ha OCHOBE MCIIOJNb30BaHUS MHOTOJIETHHUX JAHHBIX O
cpenHerogoBoM pacxone Boabl pek Kaman-Capsicy, JKakcel-Capeicy, Atacy, Kapa-Kenrup,
Keanasl, Ke3gpl, Tokpay u MOuUHTB, a TakkKe TOJOBBIX aTMOC(EpPHBIX OCaJIKOB
METEOPOJIOTUYECKUX CTAaHLIMNA Araablp, Akcy-Aroibl, AKTorai, Atacy u Yisltay, pacioyoKeHHbIX
B 30Hax (opMmupoBaHHS CTOKa pek OacceiHa pexu CapbiCy, MO3BOJMIM YCTAHOBUTH PEAKIIHIO
PEUHBIX BOAOCOOPOB HA BHINAAIOIINE aTMOC(HEPHBIE OCAIKU:

- QHaJIU3 U OLIEHKA U3MEHUYMBOCTH M B3aHMOCBSI3aHHOCTH CTOKA PEK U aTMOC(EPHBIX OCaIKOB
Oacceitna pexu CapbiCy C UCHOJNB30BAHMEM PA3HOCTHBIX HWHTETPAIbHBIX KPUBBIX 32
paccmarpuBaeMblii iepuos 1940-2021 ronmbl moka3aiau, 4TO UX KOHQUTYypalus B IE€JIOM HOCHT
CUHXPOHHBIN XapakTep M, B TOM YHUCJE, BBISBICHBI KPAaTKOBPEMEHHbBIC ILIMKJIbI, CBOWCTBEHHBIC
OTIeNbHBIM (ha3aM IMOABEMa M CIaja, KOTOPble MOTYT paccMaTpUBAThCS KaK OIMH M3 JTaIloB
M3Yy4YEHUs MX MUHTETPAIbHBIX U JTUHAMUYECKUX XapPaKTEPUCTUK C LEJIbI0 BBISIBICHUS TEHICHUIUN U
HAMpPaBJIEHHOCTH U3MEHEHU ATOTO MPOLIECcca;

- Ha OCHOBE CO3JaHHOW 0a3bl BpPEMEHHBIX PSJIOB THJPOJOTHYECKOIO CTOKA PEK H
aTMochepHbIX ocaakoB B OacceitHe pexu CapbICy ¢ UCHOJIb30BAHUEM TEOPUU PABHOOOECTIEUEHHBIX
BEIMYMH TIEPEMEHHBIX OblIa TOJy4YeHa CHCTEMa JIMHEHHO-KOPPENSIHOHHBIX YpaBHEHU,
OTpaXaIIUX WX (QYHKIMOHAIBHYIO 3aBUCUMOCTh OT KO3 (UIlMEeHTa perpeccuu. JDTH ypaBHEHUS
MO3BOJISIIOT CMOJAEIMPOBATH MPOTHO3 JIEMEHTOB BOJHOTO OanaHca peYHBIX 0acCeiHOB HAa OCHOBE
MacCHBa JIaHHBIX THAPOMETEOPOIIOTMUECKUX HAOIIOACHHUIA;

- Ha OCHOBE CHUCTEMbI JIMHEWHO-KOPPEJSLMOHHOIO YpPAaBHEHHUS, XAPAaKTEPU3YIOILIErO CBA3b
CJIOSl TUAPOJIOTMYECKOTO CTOKA PEK CO CIIOEM TOJIOBBIX aTMOC(EpPHBIX OCaIKOB OacceilHa pexu
Cappicy C HCIONB30BAaHHUEM METOJOB HAWMEHBIIMX HPSIMOYTOJIBHUKOB (PaBHOOOECIIEUEHHBIX
3HauYeHMi), OblIa MOJy4YeHa MaTeMaThueckas MOJENb MOTEHIMAIbHO-BO3MOXKHOIO CIIOS PEYHOIO
ctoka (PRF;), cnosi peunoro croka (RF;), Bmaro3amacoB MOYBEHHOTO TMOKPOBA IO HUCHAPEHHUIO
(BWR;), ucnapenuss atMochepHBIX OCaaKoB B Tpoliecce BomoodOpazoBanus (E;), cyMMapHOTro
ucnapenus (TE;) u maBogkoBoro crtoka (AAP;). DTh Mojaenu TO3BOJSAIOT MPOBECTH AaHAIU3
3aKOHOMEPHOCTEH COMPSDKEHHBIX W3MEHEHHM 3JIEMEHTOB BOJHOTO OajlaHca, a B JaJbHEHIIEM
pa3paboTaTh UMUTAIIMOHHYIO MOJIETh PEYHOTO OacceliHa.
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I'maposiorusbiK KoHe KJIMMATTBHIK Oakbliay aepektepi Heridinge Capbicy
03eHi 0acceifHiHIH cy 0aJJaHCBHIHBIH 3JIEMEHTTEPIH MO/IeJIb/Iey

Kymaxan Mycradaen, 'yimupa 9aindexreri, Kanar MycradaeB, Kyanbsimn 90aemes,
I'ynnyp CacnyraeBa, Hypxan TypcbhinOaeB

Angatna: Capeicy e3eH1 OacceiHiHIH aFbIHBIH KaJIBIITACTBIPY alMarblHIaFbl ©3€H CYJapblH
Tajngay JkoHe Oaranmay YIIIH CaJbICTBIpMalbl Typae OipKenki opHajdackaH AKcy-ATOJbl,
Aranplp, AKTOFail xoHe YJIbITay METEOPOJIOTHSUIBIK CTAHLUMSUIAPBIHBIH KBUIABIK JKaybIH-
mambIHBl OOMBIHINIA aKMapaTThl Maiganana oTeipsln, XKamancapeicy, XKakcei-Capricy, ATacy,
Kapa-Kenrip, Xsutanasl, Ke3ni, Ka3ak ycak HIOKbUIapbIHBIH ajaca TaylapblHBIH ILIEriHIe
1940-2021 sxwuimap apajiblFbIHIAFBl OaKbUIay KE3CHIHIE TOKbIpay ©3CHJCpPiHIH opTama
KBUIABIK Cy IIbIFbICTaphl maiinananbuiibl. Capbicy ©3eHlI OacCceiHiHIH T'HIpOJIOTUSIIBIK
arbIHBIHBIH JKOHE JKBUIABIK aTMOC(EepaiblK KaybIH-IIANIBIHHBIH JKETKUTIKTI Y3aK YakKbIT
KaTapjapblHa HETI3JeNIleH Tajjay >koHe Oaranay nudQepeHnuanibl HHTErpadablK KUCBHIKTap
OMICTEPiH KOJJaHA OTBIPHIN, CY KUHAFBIIITAPABIH KaybIH-IIANIBIHFA PEaKIHMICHIHBIH alyaH
TYpJUliriHe OailnaHbICTBl HUKIAIK TepOenicTepliH OoayblH kepcereai. Omap CHHXPOHJBI
cumnarra 0onaabl )KOHE, COHBIH I1IIIHAE, KOTEPLIy MEH KYJIbIpayJblH jKeKejereH (a3anapbiHa
TOH KbICKa MEp3iMJI IUKIJAp aHBIKTAIABl. [ MIApOJIOTUsIbIK aFbIHHBIH CapbiCy ©3eHi
OaccelHIHIH Cy »JKMHayblHJa TYCETIH aTMoc(epalblK JKayblH-IIAUIBIHFA TOYEJIUIIT1H
CUNATTAUTBIH  ©3€HAEPIAIH Cy OallaHCBIHBIH  CBI3BIKTBIK-KOPPEJSLUSIIBIK — TEeHJCYIHIH
napaMeTpiiepiH CTaTUCTUKaNBIK Heri3jenreH Oaramay cy OajaHChl 3JIE€MEHTTEpIHIH
MaTEeMaTHUKaIBIK MOJENbJAEPIH d3ipjey YIIIH FBUIBIMM Heriz Ooibinm  Tabbuiaabl. by
MOJIENIbJIEPTe ©3€H aFbIHBIHBIH BIKTUMAaJ KadaThl, OyJIaHy apKbUIbI KEpP KaMBUIFBICHIHBIH BUIFA
KOpPBI, Cy TY3UIy HpOLIECiHAE >KayblH-IIAIIBIHHBIH OyJaHybl, *Kalmbl OyJIaHy >KOHE perpeccus
KO3(Q(UIMEHTIHIH MaTeMaTHUKaJIbIK JKOHE (U3MKAJIBIK CHIATTaMalapblHa HETI3JENreH Cy
TaCKBIHBI )KaTa/bl.

Tyiiin ce3aep: cy OanaHCHIHBIH TEHIAEYi, CBHI3BIKTBHIK-KOPPEISAIUSIBIK TEHICY, ©3€H aFbIHBI,

KayblH-IIAIIBIH, perpeccus koddduiueHTti, »*aianbl OylaHy, Kep KaMbUIFBICBIHBIH bUIFaI
KOPBIL.

Modelling of water balance elements in the Sarysu River basin based on
hydrological and climatic observation data

Zhumakhan Mustafayev, Gulmira Adilbektegi, Kanat Mustafayev, Kuanysh Abdeshev,
Gulnur Saspugayeva, Nurzhan Tursynbayev
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Abstract: To analyse and assess water resources in the runoff formation zone of the Sarysu
River basin, data on average annual water discharge of the rivers Zhaman-Sarysu, Zhaksy-
Sarysu, Atasu, Kara-Kengir, Zhylandy, Zhezdy, and Tokrau were used, as well as information
on annual precipitation recorded at meteorological stations Aksu-Ayuly, Agadyr, Aktogay and
Ulytau, relatively evenly located within the low mountains of the Kazakh shallow zone, for the
period of observations from 1940 to 2021. Analysis and assessment on the basis of sufficiently
long time series of hydrological river runoff and annual precipitation of the Sarysu River basin
using the methods of difference integral curves show the presence of cyclic fluctuations due to
the diversity of catchment response to precipitation, which are synchronous in nature,
including short-term cycles characteristic of separate phases of rise and fall. Statistically
substantiated estimation of parameters of the linear-correlation equation of the river water
balance, which characterises the dependence of hydrological runoff on precipitation falling in
the catchment of the Sarysu River basin, serves as a scientific basis for the development of
mathematical models of water balance elements. These models include potential-possible layer
of river runoff, soil moisture reserves by evaporation, evaporation of atmospheric precipitation
in the process of water formation, total evaporation and flood runoff based on mathematical
and physical characteristics of the regression coefficient.

Keywords: water balance equation, linear-correlation equation, river runoff, precipitation,
regression coefficient, evapotranspiration, soil moisture reserves.
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o0pa3oBaTeNbHbIC HHCTPYMEHTHI.

1. Beenenue

CoBpeMEHHBIC JKOJOTHYECKUE BBI3OBBI TPEOYIOT HOBBIX TIOAXOJIOB K 0Opa3oBaHUIO,
HaIpaBJICHHBIX HAa Pa3BUTHE SKOJIOTUYECKON OCO3HAHHOCTH M OTBETCTBEHHOCTH Y BCEX yYaCTHUKOB
obmiecTBa. B3ammojeiicTBue 4YenoBeKa C OKpYXKAlOIIEW Cpeloi JIOJDKHO OCHOBBIBATHCS Ha
NPUHIUIAX YCTOWYMBOTO PA3BUTHUSA, YTO HEBO3MOXKHO 0e3 TIyOOKOH 3KOJOrMYECKOW KYIbTYpHI.
DKOJIOTUYECKOe 00pa30BaHUE WIPACT KIIOUEBYIO POJb B (DOPMHUPOBAHUU 3HAHHWA O COCTOSIHUU
OKpY>Kaloliel cpejbl, OCO3HAHUU MOCIEICTBHIA JEATEIILHOCTU YelloBeKa U Moucke 3(h(eKTuBHBIX
pemieHmii sKooruueckux mpodaem (Zhang et al., 2025; Scheel et al., 2024).

HNudopMalliOHHO-KOMMYHUKAIIHOHHBIC TEXHOJOTMHA B TMOCICAHUE JECATHICTHUS CTallU
HEOThEMJIEMOI YacThio oOpasoBarenpHOro mpoiecca (Chia et al., 2025; Kondratenko et al., 2024).
Nx mnpumMeHeHHE B OKOJOTHYECKOM OOpPa30BaHMHM OTKPBHIBAET HOBBIE BO3MOXKHOCTH ISt
MOJICJIMPOBAHUS CJIOXKHBIX IMPOIECCOB, aHAJIN3a B3aUMOCBS3CH W OOy4YCHHs depe3 MPaKTHUYCCKUE
npumepsl (Barna et al., 2020; Nazlidou et al., 2024). uTepakTuBHBIE UHCTPYMEHTBI, TaKUE KaK
CHUMYJIATOPBI, TO3BOJISIIOT HE TOJBKO TepeIaBaTh 3HAHUS, HO U (OPMHUPOBATH HABBIKH MPHUHSATHUS
pelieHuil, yauThiBaromux skosorndeckue nocieacteus (Kornilov et al., 2017). Takxkxe uHTepeceH
MOJIXO/ WX HCIOJB30BaHUS C MPOOJEMaMU OKpPYKAIOIICH Cpelbl, a TaKKE OHU COJCHUCTBYIOT
ycroiunBomy passutuio (Hussain et al., 2025).

WccnenoBanusi,  MOCBSIIEHHbIE  NPUMEHEHHIO  MH()OPMAIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUH B ODKOJOTMYECKOM OOpa30BaHUM, CBUICTEIBCTBYIOT O pACTyIIeM HHTEpece K
UCIOJIB30BAHUIO IUQPPOBBIX HHCTPYMEHTOB JUIsI (POPMHPOBAHUSI DKOJOTHYECKOW KYJIBTYPHI.
3HAUMTENBHBIA BKJIAJ B pPa3BUTHE 3TOM 00JIACTH BHECIM TaKWe aBTOpbI, Kak baiixanor, W.b.,
Copoxonyn, O.B., Komomumen, O.M., Kantok, A.C., CokonoBa, H.M1. OHu mnoguepkuBaroT
BaXHOCTh HWHTEPAKTHUBHBIX METOAOB OOYYEHHS, KOTOpPBHIE CIOCOOCTBYIOT (OPMHPOBAHHUIO
9KOJIOTMYECKOTO CO3HAHMS, PA3BUTHIO aHATUTHYECKOTO MBIIUICHHUS ¥ HABBIKOB MPHUHATHS PELICHUH
(Adieva et al., 2024).

CumonoBa, M.H. B cBOMX WHCCIEZOBaHMSAX OTMEYAET, YTO, HECMOTpPS Ha KaKyLIYIOCS
HKOJIOTMUYECKYI0 HeHTpainbHOCTh [T-cdepbl, €€ BiMAHME Ha OKPYXAlOUIYI0 Cpeay Oalleko He
oxHo3Ha4HO. OHa TOJYEePKUBAET, YTO WH(OPMAIIMOHHAS Cpela KaK pyKOTBOPHAs CHCTEMa CO3/1aeT
HOBBIE BBI3OBBI JUIS OKOJOTHMYECKOH KYIBTYpBL, TpeOys NepeoCMBICICHHs 00pa3oBaTeNbHBIX
noxo0B. MH(popManmoHHO-KOMMYHHKAIIMOHHAsT 00pa3oBaTeibHas Cpesia, M0 MHEHHIO aBTOPA,
JOJDKHA TPOEKTUPOBATHCS TaKUM 00pa3oM, 4TOOBI HE TOJBKO CIIOCOOCTBOBATH MO3HABATEIBHOMN
aKTUBHOCTH OOyYalImuxcs, HO ¥ (OPMHUPOBATh HX OKOJOTHYECKYIO KYIBTYypy Uepes3
JMIAKTHYECKHE BO3MOKHOCTH IIMPPOBBIX TexHoJoruit (Simonova, 2013).

OnmHako aHanW3 HAyYHOW JMTEPATyphl TOKA3bIBAET, YTO TNPUMEHEHHWE HHTEPAKTUBHBIX
TEXHOJIOTUH B DKOJOIMYECKOM OO0pa30BaHMM OCTAe€TCs HEJOCTAaTOYHO HCCIIEOBaHHBIM. B
YaCTHOCTH, HWCIOJh30BAHWE CHMYJSTOPOB Il OOYYCHHs HaBBIKAM TNPUHSATHS HSKOJIOTHYCCKU
3HAQUYUMBIX PEIICHHH PEIKO CTaHOBUTCS IPEIMETOM TIIYOOKHX HCCIEIOBaHUH. DTO CcO31aeT
MPOOJIEMHYIO CHTYallMIO, CBSI3aHHYI0 C HEOOXOJWMOCTBIO pPa3pabOTKM W ampoOald HOBBIX
MOJIXO/I0B, CITIOCOOHBIX TOBBICUTH 3((PEKTUBHOCTH dKOJIOTHUecKoro oOpa3oBanus (Mar et al., 2025).

B nannoii paboTe 0OCHOBHOE BHUMaHHE YAEJSETCS CO3/IaHUIO U anpoOalid MHTEPAKTUBHOTO
CHUMYJISITOpA, HANpaBJICHHOTO Ha OOYy4YEeHHE OJKOJOTMYECKM OOOCHOBAaHHBIM  PEIICHHSIM.
[TpuMeHeHre MHTEPAaKTUBHBIX CUMYISITOPOB B 00pa30BaTEeIbHOM IPOIECCEe aKTHBHO W3YydYaeTcs B
HayuHbiX uccnenoBanusx (Ni et al., 2024). JlaHHbIi M0JX01 MCIONB3YETCS MPU NPOCKTUPOBAHUH
(Al-Saigh et al., 2023). Tak, Emprin, F. u Sabra, H. pa3paboTaii MeTOI0JOTHIO UCTIOJIb30BAHUS
CHUMYJISITOpA, KOTOPBIA TIPENCTABISIET COOOM TpeHaXep IO aHalu3y YpOKa TI€OMETpUHU
(Galiakberova et al., 2020). HTepakTHBHBIC TEXHOJIOTHH MPHUMEHSIOTCS U B 00JaCTH (DUIIOIOTHH,
ob0yuyenus s3pikam (He et al., 2024). DTy TEXHOJOTHUH SBISIOTCA HEOTHEMJICMON YaCThIO
coBpeMeHHOro odpaszoBarenbHoro mporecca (Abumosa et al., 2024; Sibley et al., 2024).
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Kpome Toro, A.C. MHCHHKOBa paccMaTpuBaeT NPUMEHEHHE CHMYISTOPOB M HIPOBBIX
TEXHOJOTWH B 0Opa3oBaHWM, MOAYEPKUBAS HUX POJIb B PAa3sBUTUU KOTHUTHBHBIX CIIOCOOHOCTEH,
KPUTUYECKOTO MBIIUICHHS U aJalTUBHBIX y4eOHbIX nmporpamM (Misnikova, 2024).

CumynaTop OpHUEHTHPOBAaH Ha MOJCIHPOBAHUE CIOXKHBIX CHTYyallMid, CBS3aHHBIX C
YIPaBICHUEM TPUPOIHBIMH pPECypcaMH ¥ MHHHMH3ALUEH aHTPOMOIeHHOTO BO3JCHCTBUS, 4TO
MO3BOJISIET OOYYAIOMIMMCSI HE TOJIBKO OCBaMBATh TEOPETHYECKHUE 3HAHHS, HO M NPHMEHITh UX Ha
npaktuke (Bin et al., 2025; Yaseen et al., 2025). llens ucciiegoBaHus 3aKIHOYACTCS B OIICHKE
3 PEKTUBHOCTH NPUMEHEHUS TAKOTO0 CHMYJSATOpa B 00pa30oBaTEJIbHOM IPAaKTUKE, a TaKXkKe B
aHaJIM3€ €ro BIMSHUA Ha Pa3BUTHE HKOJIOTUYECKOTO MBIIIUICHUS H OCO3HAHHOCTH 00YYarOIINUXCS.

Takum 00pazoMm, aKTyaJdbHOCTH JAHHOTO HCCIIEOBAHUS OIPEACISIETCS HEOOXOIMMOCTHIO
pa3pabOTKX MHHOBAIIMOHHBIX HMHCTPYMEHTOB OOyuYeHHs, CHOCOOHBIX MOBBICUTH 3()(PEKTHUBHOCTD
IKOJIOrHYecKoro oOpazoBaHus M cHOPMHPOBATH Yy OOYYAIOIIMXCS HAaBBIKM, BOCTPEOOBAHHBIC B
YCIIOBHSIX TII00ATBHBIX SKOJIOTUYECKUX BBI30BOB.

B uccnenoBanue BKITIOYEHBI CIEAYIONIME 33aa4yu: pa3paboTKa WHTEPAKTUBHOTO CUMYJISTOpa
IUIS. MOJICIIUPOBAHUS PEUICHUH SKOJIOTUYECKUX Mpo0ieM Ha 0Oa3e MHTEpHET-pecypca; MpOBEICHHE
anpoOanuy pa3pabOTaHHOTO CHUMYIISITOPA CPEOU CTYISHTOB JJISl OUEHKH ero 3((EKTHBHOCTH B
nporecce GOPMHUPOBAHUS IKOJIOTHUECKOTO MBIIUICHHS; aHAIN3 MTOJTyYSHHBIX PE3YJIbTaTOB.

Pa3paboTka cumynstopa 0asupoBajlaCh Ha HECKOJBKHX KIIOYEBBIX KpHTepusx. Haywnas
00OCHOBAaHHOCTh 00ECTIEYMBAJIACH HCIIOJIB30BAaHUEM JOCTOBEPHBIX JKOJOTHYECKUX JaHHBIX,
MoOJIleTied W TMPHUHIMIIOB YCTOMYMBOTO pPa3BUTHs. VIHTEPaKTHBHOCTH IO3BOJIUIA IOJIB30BATEISM
NPUHUMATh PEHICHUS, BIHMSIOIIME HA Pa3BUTHE CLEHApHUs, YTO CHOCOOCTBOBAJIO BOBJICUCHHIO U
Pa3BUTHIO AHAJIMTHYECKMX HAaBBIKOB. JlOCTymHOCTH HHTepdeiica yduThIBaJla TOTPEOHOCTH
Pa3NMYHBIX KaTETOpWi IOJIb30BaTelNei, oOecreynBas MPOCTOTY B3aUMOJCHCTBUS C PECYPCOM.
Pa3zHooOpasue creHapueB OXBaTBHIBAIO KIIOUEBBIE HSKOJOTMYECKHE IPOOJIEMBI, CIIOCOOCTBYS
KOMIUIEKCHOMY U3ydeHHio mpeamera. OOpaTHas CBs3b IOMOTala OCO3HABATH IIOCIIEACTBHUS
peuieHuii, QGopMHUpys OSKOJIIOTHYECKOe MbluieHue. [uOkocTh muaTdopmbl  obOecriednBana
BO3MOYKHOCTh paciIipeHuss (PyHKIMOHAla W WHTErpallii HOBBIX CIIEHApWEeB. DTH IapaMmeTpbl
00ecreumsii  COOTBETCTBHE CHMYJSTOpPa COBPEMEHHBIM TpeOOBaHUSIM K 00pa30BaTeIbHBIM
UHCTPYMEHTAaM.

2. MaTtepuajabl U1 MeTOAbI

B ycrnoBusix HapacTarIIMX JKOJIOTUYECKUX BBI30BOB M HEOOXOAUMOCTH (HOpMHpOBAHUS
YCTOMYMUBOTO MBIIIUICHHS CPEIU O0YUarOMMXCsi 0COOYI0 3HAUMMOCTh TPHUOOPETAET UCTIOIH30BAHKE
WHHOBAIMOHHBIX 00pa3zoBarenbHbIX TexHomoruit (Yul'metova et al., 2020).

B »TOoM kOHTEkcTe, pa3paboTaH CHUMYISATOpP pEUICHUH HSKOJOTMUECKHX MpodsieM Ha 0ase
UHTEpHET-pecypca. JJaHHbI WHTEPaKTUBHBIA HHCTPYMEHT MPECTaBIsAeT co00i 00pa3oBaTENbHYIO
maaTthopMy, KOTOpasi TO3BOJSIET BOCIPOM3BOJIUTH pEATbHBIE OSKOJOTHMUECKHE CUTyalluud |
aHAIIM3UPOBATh MOCIEICTBUS PA3IMUHBIX YIPABICHUECKUX perneHuid. OCHOBHAS 1eNb Pa3padoTKH
3aKII0YaeTcss B (OPMHUPOBAHMM y TIOJIB30BATENEH CHCTEMHOTO TMOHUMAHWS KOHIICTIIIHA
YCTOWYMBOIO Pa3BUTHUS U JEMOHCTPALIMH BIUSHUS UHIMBUAYAIbHBIX U KOJUICKTUBHBIX PEIICHUN Ha
COCTOSIHME OKpY)KaroIei cpenapl. Takol MOAXOA caenaeT o0pa3oBaTeNbHBIM Iporecc Ooiee
YBIIEKATENbHBIM W WHTEPAKTUBHBIM, CIIOCOOCTBYS Ooliee TIyOOKOMY YCBOGHHUIO 3HAHUU U
bopmupoBanuto sxooruueckoit ocoznanxoct (Wu et al., 2018; Guana-Moya et al., 2024).

Ha rnaBHOW cTpaHUIlE MOJNB30BATENU BCTPEYAIOT MPHUBETCTBEHHOE COOOIICHHE M KpaTKOe
omucanue cumyisropa. [lamnee, HaxxaB kHomky «HauaTe ceiidac», OHM TEpPeXOaSIT K BBIOOPY
HampaBlIeHUs JJIs MCCIEAOBaHUs: YIPABICHUE OTXOJaMHU JIMOO yrpamieHHe pecypcamu. Kaxmoe
HaIpaBJIEHUE UMEET CBOM CIOXKETHBIH KBECT - 00pa3oBaTeNbHbIM ClIeHapHil, KOTOPBIM BKIIOYAET B
ceOst ATambl MPUHATHS PEIICHUH, HEOOJbINe KBU3BI M aHANU3 MOcieAcTBUN. HauanbHbIN STan
MPOXOKICHUS CUMYJISITOpa IPEACTABICH HA pUCYHKE 1.
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5 EcovIRTUA

Oobpo noxanosatb B
Jkonoruyeckun CumynsaTop
< NPUHATUA peweHunn!

Pucynoxk 1. ['naBHas ctpanuna

CIoKeTHBIM KBECT - 95TO HWHTEpakTHBHas oOyuvaromias MCTOpUS, I/Ie I0JIb30BaTEII0
npeajaracrcsa MNpUHATb Y4YaCTHC B CHCHApHWHM, OCHOBAHHOM Ha PCaJIbHBIX J3KOJOTHMYCCKUX
npobnemax. KiroueBoil 0coOEHHOCTBIO KBecTa SIBISETCS BO3MOXKHOCTb BIIMATH Ha DPa3BUTHE
COOBITHI ITyTeM BBIOOpA pa3IUYHBIX pEIICHUH, YTO MO3BOJSET MOJACIHPOBATh peabHBIC
HKOJIOTUYECKUE MPOLECChl M OLEHMBATh WX IOCIEACTBUA. DTO JAEJaeT CUMYJSATOP HE TOJIBKO
3¢ (eKTHBHBIM O00YYaIOMUM WHCTPYMEHTOM, HO M CPEJICTBOM IS HCCIICIOBAHUS TIOBEICHUS
[I0JIb30BaTENIeH, aHalInW3a HX CTpaTerdil M BhIABICHHS HauOojiee ONTHUMAJIbHBIX IMOAXOJOB K
PEIIECHHIO SKOJIOTHYecKuX 3amad. Kpome Toro, nannslii popmat o0ydeHus cnocoOCTBYET Pa3BUTHIO
KPUTUYECKOI'O MBILIUIEHUS,, HABBIKOB IMPOTHO3MPOBAHUS M KOMIUIEKCHOI'O IOJIXOAAa K OLEHKE
skosnorndeckux curyanuii (Galiakberova et al., 2020; McGuire et al., 2022).

PucyHok 2 wumoCTpUpyeT CIenyroIluMi 3Tanm - 3HAKOMCTBO I0JIb30BaTeNel ¢ KpaTKUM
JaipKecToM BBIOpaHHOTO ciieHapus. Ha 3Tom sTame oOydaromuecs MOIy4aloT OMMCAHHUE 3aadH,
KOTOpOE 33JaeT KOHTEKCT MJs JAajJbHEWIIero MpOXOXJIEHHs KBecTa, momoras cpopMHpOBaTh
HayaJlbHOE MpEACTaBIeHHE O Mpobieme. UeTkoe MOHMMAaHWE HCXOJHOH CHTYallMM IO3BOJISET
MOJIb30BATEsIM OCO3HAHHO TNPUHMMATh JalbHEHIINEe pelleHuss U BUJIETh HX JOJITOCPOYHBIE
MOCNEACTBUS. OTO CHOCOOCTBYET HE TOJIBKO Oojiee TIyOOKOMY YCBOEHHIO Marepualia, HO U
(OpMHPOBAHHIO 3KOJOTMYECKONH OTBETCTBEHHOCTH, IOCKOJIBKY YYaCTHHMKM Y4YaTcsi OIICHHWBATh
BIIMSIHME CBOMX JCHCTBUI HA OKPYKAIOILYIO CPELy.

Ynpasnenue pecypcamu

CIOXETHLIR KBECT

ity
Y
ity
Yttt

Pucynok 2. CrokeTHBII KBECT
Jlanee HaumHaeTcst caM kBecT. Kakplit aTam TpeOyeT OT MmoJIb30BaTeNsl MPUHSITHS PEIICHUH,

KOTOpPbI€ HEMOCPEACTBEHHO BIIMAIOT HA Pa3BUTHE CIOKeTa. B mpoiiecce MpoXoxACHUS CUMYIISITOPA,
oOyyaronuecs: CTaJIKUBAIOTCA C HKOJIOTMYECKUMHU MpobiaemMamu, TpeOYyIOIUMU KOMILIEKCHOTO
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aHaJlu3a W B3BELICHHOIO BbIOOpa, HalpuMep, YIpaBICHHWE BOJHBIMH pPECYpCaMH, COKpallleHUE
BbIOPOCOB MJIM Pa3pabOTKa CTPATErny YTUIIN3ALUU OTXO/10B.

Ilocie TOro Kak IOJb30BaTeNlb O3HAKOMMTICA C BBOJHOHM YaCTBIO CHOXKETHOIO KBECTA, €MY
IPEJCTOUT CJlIeNaTh MEepBbIil BBIOOP, KOTOPBIM CTaHET MOBOPOTHBIM MOMEHTOM Ui JaJIbHEHIIEero
pa3BuTHs COObITHI. BaxHOH 0COOEHHOCTBIO CHMYIATOpA SIBISIETCS TO, YTO KaXIbli BBIOOD
[I0JIb30BATENs] UMEET peajbHbIe MOCIEACTBUS A XOJa COOBITUM, YTO MO3BOJISET MOAEIUPOBATH
pasHble CIEHApUU U HCXOIbl. DTO CHOCOOCTBYeT (POPMHUPOBAHUIO CHCTEMHOTO MBIIIICHHS,
IIOCKOJIbKY IIOJIb30BATENM HE TOJBKO M3Yy4alOT TEOPETHUECKUE ACIEKThl SKOJIOTMYECKUX MpoOIIeM,
HO U OLIEHMBAIOT JOJTOCPOYHBIE MOCIIEICTBUS CBOMX PELIECHUI, COMOCTaBIsAS UX C MPUHLMIIAMU
YCTOMYHMBOT'O Pa3BUTHS.

ITonb30BaTento OyneT MPEAIOAKEHO HECKOJIBKO MOCIIE0BATENIbHBIX PEIICHUH B 3aBUCHMOCTH
OT KOHTEKCTa BbIOpaHHOrO HampaBieHus. Hampumep, ecnu mojbp30BaTedb BbIOpaJl KBECT,
CBSI3aHHBIM C yINpaBJIEHMEM BOIHBIMH PECypCamH, IMEPBBI BBIOOP MOXET KacaThCs Pa3pabOTKH
CTpaTerMM II0 OYUCTKE M 3allUTE BOJOEMOB WM CO3[JAaHUI0 IUIAaHA [0 CHUKEHUIO
BojonoTpebnenus. C KaXIbIM HOBBIM OTBETOM COOBITHSI OYyAYyT H3MEHSATHCS, JEMOHCTPUPYS
BIMSIHUE IPUHUMAEMbIX PELICHUH Ha HKOJIOTHYECKYI0 cucreMy. Takoi moaxon oOecreyuBaeT
MHOTOBapUaHTHOCTh KBECTa U JENAeT €ro MHTEPaKTUBHBIM U Io3HaBaTelbHbIM. [lonb3oBarenn
CMOYKET 3KCIEPUMEHTUPOBATH C PA3JIMUHBIMU CTPATETUSAMU U BUJETh, KaK JakKe HE3HAUUTEIIbHbBIE
pelIeHHsI MOTYT MOBIIMATH Ha TII00ATBHYIO YKOJOTHYECKYIO CHUTyaluio. B urore aTo crmocoOcTByeT
HE TOJBKO OOyueHHI0, HO U (OPMHUPOBAHUIO OTBETCTBEHHOI'O TOAXO0JA K YIPaBJICHUIO
PUPOAHBIMU pecypcami. [Ipoliecc npUHSTHS pellieHus IPEICTaBIEH Ha PUCYHKE 3.

PackpbiTue npotnem

Bal HIUMMIETE BHAIHINPOBAT COCTORNG BOANBIX PRCYPCOD.
PIMONG 1 OOKBPYXHBAGTE /108 K1NNORSIE NPODNEMS, KEXAZA 1
o B0-nepex,

Topeix Tpebyer
BOROGMI CTRRAAICT OT JAFPAINEHIR, BEORAHHOTD COPOCOM
" crokom,

yrobpenws. x
YXYAWEHMIO KEVECTBE BOAB, CHIKENWIO €& NPATOAHOCTH AR
MENOMBIOBANMA W PIDYLIEHNID IKOCHCTEM.

BO-TOPX, YPOBENY BOAM B peKaX W 033

Cosaats nnew no

PaspatoTae croaternio no cHmmEnmMIo noTReGNeHMA

SuMCTE 1 AMNTS BOANI M COXRANENMIO o
BoAoEMOs. YRosus,

Pucynok 3. JleMoHCTpalys pa3HbIX HalpaBiICHUM pa3BUTHS CIOXKETa

B mporecce mpoxokIeHHsI CIOKETA TOJIb30BATEIM  BBIMOJIHSAIOT HEOONbIIHME 3a7aHus,
KOTOpBIe TPUOIIKEHBI K PeaTbHBIM IKOJIOTHYECKUM Mpobiemam. Hanpumep, Ha 0JJHOM U3 3TaroB
MOJTH30BATEII0 HEOOXOIUMO TPABUILHO PACCTABUTH B TOPSAJKE BAXXHOCTH KIFOUEBBIC AT IS
OpraHM3ali KaMIlaHUM 10 3KOHOMHM BOJbl WIH YIOPAJOYUTH 3Talbl YCIEIIHOTO BHEAPEHUS
CHUCTEMBI KalleJIbHOTO OPOLIEHHUS.

[Tocne BBIMOTHEHMS 3aJaHHH MTOTH30BATENN MOMYYalOT 0OPaTHYIO CBSI3b U MOTYT MMOCMOTPETH
MpaBUJIBLHBIE OTBETHI, YTO CIOCOOCTBYET OOYUYEHHIO M CaMOOIIeHKe. Pe3ynbrathl nencTBuit
MOJIb30BaTENIeH COXPAHSAIOTCS W TMOCTYMAloT K pa3paboTdyMkaM, YTO MO3BOJISIET HCIOJIB30BaTh
CUMYJIATOP HE TOJBKO KaK OOyYaromuii WHCTPYMEHT, HO M Kak Tuiargopmy s JaTbHEHIIHX
HAYYHBIX UCCIEAOBAHUM.

[To 3aBepmieHHH CIOKETHOTO KBECTa MOJIb30BATENIM 3aIOJHSAIOT aHKETy, TZIe OHH MOTYT
OLICHUTh CIIEHAPHA M JaTh OOPATHYIO CBS3b O MPOXOXACHUU. DTO TMOMOTaeT pa3padboTIrKam
yIIy4IiaTh CHUMYJISTOpP, a TaKkKe JaeT MCHHYI HH(POPMAIMIO MJIsS aHaJIM3a IOJb30BaTEIIbCKUX
PELIEHNUI U JAIbHENIINX UCCIEIOBAaHMM.
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DKOJOTUYECKUI CUMYIISATOP MPUHSATHUS PEIICHUH MpeiaracT HOBBIM CIIOCO0 B3aMMOICHCTBHS
C 9KOJOTMYECKMMH IpoOJieMaMu 4yepe3 MHTEpPaKTHUBHbIE 00pa3oBaTeibHbIE CIIEHAPUHU, B KOTOPBIX
MOJIb30BATEM MOTYT M3Y4YHThb pealibHble MpPOOJIEeMbl, NPUMEHUTh CBOM 3HAHUA U YBHJIETbH
pe3yJIbTaThl CBOMX JICHCTBHIA.

CumynsaTOp MO3BOJISET MOIB30BATEISIM OIICHUBAThH NMOTEHIIMAIBHBIE KOJOIMYECKUE PUCKU U
MIPOTHO3UPOBATh TIOCJIEACTBUS CBOUX JIEHCTBUH B paMKax HMUTHUPYEMBIX CIIEHapHEB. ITO
CIOCOOCTBYET TOHMMAHUIO B3aMMOCBS3€H MEXAYy OKOJOTHUYECKUMH, SKOHOMHYECKUMH U
COLIMAJIbHBIMU ACIHEKTaMH, YTO HEO0OXOIUMO JUIsi pa3pabOTKU KOMIUIEKCHBIX Mep IO 3alluTe
HKOCHCTEM W O€30MacHOCTH HAceleHUs. A TakkKe NPUHATHIO B3BEIICHHBIX PEIICHHH, KOTOpHIC
YUUTBHIBAIOT BCE BO3MOKHBIE MTOCIIEACTBHS JIJIS1 OKPY’KaIOIEel cpefibl, O0IIeCTBA U AKOHOMUKH.

OTH MEXaHMU3MbI IO3BOJSIOT IIOJIb30BATENIIM HE TOJBKO AHATU3UPOBATH SKOJIOTUYECKHE
CUTYyallud, HO M Pa3BUBaTh HABBIKM CTPATETMUYECKOrO IUIAHUPOBAHHS W MPOTHO3UPOBAHUS, UTO
SBIISIETCS BAKHBIM DJIEMEHTOM (DOPMUPOBAaHUS YCTOMUYUBBIX IOAXOJOB K OXpaHE OKpYKaIoIIen
cpensl. B pe3ynbraTte cuMynaTop crmocoOCTBYET MOATOTOBKE HOBBIX MOKOJEHHM CHEIHMATMCTOB U
rpaXkJaH, CIIOCOOHBIX TNPUHUMATh OTBETCTBEHHBIC PEUICHWS HA pA3JIMYHBIX YPOBHAX - OT
JIOKQJIBHOTO 10 TT100a1bHOTO.

Amnpobarust pa3paboTaHHOTO SKOJIOTUIECKOTO CHMYJIISITOpa MPUHATHS PEIICHHUH TPOBOINIIACH
METOJIOM aHKETUPOBAaHMs C HCHOJb30BaHMEM HHCTpyMeHTa Google Forms, uto o0ycrnoBieHo
JOCTYITHOCTBIO TUIAT(HOPMBI, YIOOCTBOM JIJIsi PECIIOHICHTOB W aBTOMATH3HPOBAHHOW 00pabOTKOMN
naHHbIX. ['MOKas HaAcTpoilka CTPYKTYphl ONpoca MO3BOJWJIA aalTUPOBATh AHKETY JUIS OLICHKU
BOBJICYCHHOCTH CTYJCHTOB, HMX CIIOCOOHOCTH aHAJIM3MPOBATH OSKOJOTUYECKHE CIEHApUU U
MPOTHO3UPOBATh TOCNIEACTBUS TMPUHATHIX perleHuil. [IpuMeHeHHe MaHHOrO MHCTPYMEHTA
obecrieymsio OOBEKTHBHBIA COOp W aHANIW3 JaHHBIX, CIIOCOOCTBYS BCECTOPOHHEW OIICHKE
3¢ (HEeKTUBHOCTH CHUMYISATOpPa B (POPMHPOBAHMHM SKOJIOTHYECKONH OCO3HAHHOCTH U KOMIIETEHIUI
00yJaronmxcs.

B coumonoruueckoM HcCleIOBaHUM TNPHUHSIM ydacTHe 125 cTyaeHToB (akynbreTa
Matematuku u ectecTBeHHbIX Hayk CeBepo-Kazaxcranckoro yHusepcutera umenu M. Kosbibaesa.
AHKETUpOBaHME BKIIOYAIO 9 BOMPOCOB 3aKPHITOrO THUMA C OAHUM M HECKOJBKMMHU BapHaHTaMU
OTBETOB.

Cratuctuueckass o0paboTKa JaHHBIX ObUIa TPOBEJEHA C HCIOJb30BAHMEM IPOrPAMMBbI
Microsoft Excel. [Iyi1 KonM4ecTBEHHOT0O aHallM3a pe3ysIbTaTOB aHKETUPOBAHUS ObUIM pacCUUTaHbI
cpennue 3Hadenus (M), cranmaptHoe oTkioHeHue (SD) u cranmaptHas ommbka (SE). Ot
MOKa3aTeJH MO3BOJIMIIN OLEHUTH Pa30pOoC TaHHBIX U JIOCTOBEPHOCTD MOJTYYEHHBIX PE3YJIbTaTOB.

3. Pe3yabTarTsl

AHanu3 pe3ynbTaTOB ampoOalry JKOJIOTUYECKOTO CHUMYJSATOpa MPHHATHS pelieHui
MMOATBEPANIT BBICOKYIO BOBJICUCHHOCTH CTYACHTOB B IMPOLECC HCIOJIB30BAHUSA HHTCPAKTUBHOI'O
CUMYJISITOpa, a TakkKe ero o0Opa3oBaTeNbHYIO0 IIEHHOCTh U 3(PPEKTUBHOCTh B (HOPMUPOBAHHUU
IKOJIOTHYECKON 0CO3HAHHOCTH. OIeHKa BOCIIPHATHS CUMYJISTOpPA OXBAaThIBala TaKWEe aCIEeKTHI, KaK
YBIIEKATENILHOCTh WUTPOBOTO MpoIiecca, YA0OCTBO HMHTepdeiica, IMOIMOHAIBHAS BOBJICUYEHHOCTbD,
YPOBEHDb O3HaBaTeIbHOU IOEHHOCTHU, a TAaKXC TI'OTOBHOCTBH HCIIOJIB30BaTh €ro B yqe6H0171 NN
npohecCHOHANBEHOM e TENbHOCTH.

3.1. Bosneuennocms cmyoeHmos 8 UCHONb308AHUE CUMYIAMOPA
3.1.1. Onenka BOBJICYEHHOCTH

[TepBbIM KJIFOYEBBIM BOIMPOCOM HCCIEIOBAHUS, IMPEACTABICHHOIO Ha pPHCYHKe 4 cTajo
OTIpe/ieJIeHUE CTEIICHW BOBJICUCHHOCTH CTYJECHTOB B HCIIOJNIB30BAaHUE CHUMYJISITOpa. BOJIBIIMHCTBO
ydacTHUKOB — 60,8% (76 dYenoBek) — OTMETWIM, YTO HIpa IOJHOCTHIO YBJIEKJIAa HUX, YTO
CBUJICTEIBCTBYET O BBHICOKOM IMPHUBIEKATENbHOCTH AaHHOTrO (opmara oOyuyeHus. Eme 32,8% (41
YeNOBEK) YKa3alld, YTO CHUMYISATOp OBUT MHTEPECHBIM, HO UMEET HEKOTOpPBIE HEIOYEeTHl. ITO
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MOATBEPKJIAET, YTO B LIEJIOM HHCTPYMEHT BBI3BAI TMOJIOKHUTEIIbHBIE SMOIMU M 3aWHTEPECOBAI
oOyuatomuxcs. Jlump 6,4% (8 uenoBek) COOOUIMIIN, YTO CUMYJISITOP IOKA3aJICS UM CKYYHBIM.

OTU pe3yabTaThl MO3BOJSIOT CIENATh BHIBOJ O TOM, YTO MPUMCHEHHE TeUMH(DHUKAIUN H
MHTEPAKTUBHBIX METOAMK B 00pa3oBaTENbHOM IpOIEcCe CIOCOOCTBYET MOJIEPKAaHUIO0 MHTEepeca
oOyJaromuxcsi 1 BOBJICYCHHOCTH B Mporecc oOydeHus. TeM He MeHee, BBISBICHHBIA MPOIEHT
CTYJCHTOB, KOTOpble OOHApYXUJIU HEJOCTaTKH WJIM HE HAlUIM CHUMYJSTOP YBJIEKATEIbHbIM,
YKa3bIBaeT Ha HEOOXOIMMOCTh JATbHEHIIIETO0 COBEPIIICHCTBOBAHUS KOHTEHTA, a TAKKE BO3MOYKHOTO
paciIMpeHHusl CLIeHapheB 71 OXBaTa pa3IMYHbIX 00pa30BaTENIbHBIX MPEANOUTECHUH.

Hackonbko cumynaTop 6bin AnA Bac yBneKaTeNbHbIM U
WHTEepecHbIM?

125 oTBeToB

@ Virpa NonHocTLIo YBNeKkna MeHs
@ BbiNo MHTEPECHD, HO BCTL HedoYeTbI

32,8%
CUMYNATOP NOKA3ancs CKy4HbIM
@ HewuHTepecHo 1 He yBneKaTensHo
60,8%

PucyHok 4. YpoBeHb BOBIEUEHHOCTH 00yYarOIUXCsI

3.1.2. Ouenka yno0cTBa uHTepdeiica

Bropoit acmekt ananmmza — ynaoOcTBO wuHTepdeilca U JAOCTYMHOCTh CHMYJSTOpA ISt
M0JIb30BaTesIeH, MpeAcTaBlIeHHbIH Ha pucyHKe 5. [lonoXuTenbHyI0 OLEHKY yI00CTBY MHTEpdeiica
namu 52,8% (66 denmoBek), OTMETUB, YTO OH ObUT aOcoitoTHO KoMmdopTHbM. Eme 38,4% (48
YeJIOBEK) COIIacUiIMCh, YTO MHTep(eic yno0eH, HO HyXAaeTcs B JopaboTke. DTO 03HAYaeT, uTo
6o1ee 90% mnonb3oBaTeneil HAILUIM HABUTALUIO U IU3aiH CUMYJISTOPAa MHTYUTUBHO MOHSATHBIMHU.

Hackonbko komgopTHbIM Bbin MHTepdeiic cumynaTopa?

125 otBeTOB

@ ABconioTHo KOMGOPTHBIA
@ Y0o6HLIR, HO €CTh, YTO YNYHLWMTL
YnoeneTBopUTEnEHbIA

@ OueHb CNoXHLIA Ans BOCNPHATUA U
MCNONbL30BaHUA

Pucynoxk 5. Onenka 5proHOMHYECKHX XapaKTepUCTUK HHTepdeiica

IIpu stom 8% (10 dyenmoBek) yka3ald Ha YIOBJIETBOPUTENbHBIH YPOBEHb YyI00CTBa
untepdeiica, a 0,8% (1 yenoBek) Ha3BaJIM €O CIOKHBIM JIJISI BOCIPUITHUS U UCIIOJIb30BaHUA. XOTS
MPOIEHT OTPHIATENBHBIX OT3bIBOB MUHHMAJIEH, 3TH JaHHbIE YKa3blBalOT Ha HEOOXOJIMMOCTh
JanbHEMIIE ONTUMM3AaLMU  IOJb30BAaTEIbCKOIO  ONBITA, HAINpUMEp, MyTeM J00aBlIEeHUs
o0yJaromux MHCTPYKUUH, YIpoIleHus: uHTepdeiica Uik ajanTalud CUMYISITOpa Ul pa3IHuHBIX
YCTPOMCTB.
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3.1.3. DMouMoHaIbHOE BOCIIPUATHE CUMYIISITOpA

OMOLIMOHATIBHOE BOCHpUATHE 00pa30BaTENILHOTO TPOIECCAa WIPAET BAXKHYIO pOJIb B
(hopMHUPOBaHMHM MOTHUBAIIMU OOYYAIOIIMXCS U CIIOCOOCTBYET Oosiee ri1yO0OKOMY YCBOCHHMIO 3HAHHM.
Hcnonb30BaHWe UTPOBBIX W WUHTCPAKTUBHBIX JJIEMEHTOB B OOYUYCHHH, TaKUX KaK CHMYISITODBHI,
MO3BOJISIET BOBJIEKATh CTYJEHTOB B Y4YEOHBIH MpoIllecC M BbI3BIBATH SMOIIMOHAIBHBIA OTKIIHUK,
KOTOPBI YCHJIUBAET KOTHUTHUBHBIC TIPOIECCHl M  CIIOCOOCTBYET JIYYIIEMY 3allOMUHAHUIO
nHpopMaIuu.

HauGonpmmii TPOIEHT PECHOHICHTOB UCHBITHIBAIA HWHTEPEC H BIOXHOBEHHE, YTO
CBUJCTEIHCTBYET O BBICOKOM MOTHMBAllMOHHOM IIEHHOCTH cuMmynsitopa. HWHTepec sBusieTcs
KITFOUEBBIM (DaKTOPOM BOBJICYCHHOCTH, TaK KaK CIIOCOOCTBYET aKTUBHOMY M3YUCHHUIO MaTepuaia u
MOBBILICHUIO YPOBHS CaMOCTOSITENIbHOM I103HABATEJIbHON JEATENIbHOCTH. BJOXHOBEHHE Takxke
UTPAET BAXKHYIO POJIb, TAK KaK OHO YacCTO aCCOIUUPYETCS C JKEIAaHUEM MPUMEHSTH IOTYYCHHBIC
3HaHHUA Ha IMPaAKTUKE, YTO OCOOCHHO BAXKHO B KOHTEKCTE (OPMHPOBAHHUS SKOJIOTHYECKOMN
OCO3HAaHHOCTH.

Bricokue nmokazarenu ynoBieTBopeHus (52,8%) cBUIETENBCTBYIOT O TOM, YTO CUMYJIATOpP HE
TOJIBKO TIPEJIOCTAaBWII CTYJCHTAM HOBBIC 3HAHHS, HO ¥ BBI3BAT IIO3UTHUBHBIC 3MOIMU OT
o0pa3oBaTenpHOrO  Ipolecca. OJTO yKa3plBaeT Ha cOajJaHCUPOBAaHHOCTh  HUTPOBOTO U
00pa30BaTeNLHOTO KOHTEHTA, KOTOPBIA CIIOCOOCH OJHOBPEMEHHO 00y4aTb W TPHHOCUTH
YIOBOJILCTBHE OT B3auMmojeicTBus. Pagocts, kotopyto ormetwian 35,2%  y4yaCTHHKOB,
MOYEPKUBACT, YTO HCIOJIH30BAHUE WHTEPAKTHBHBIX TEXHOJIOTHA B OOpa30BaTEIILHOM IIPOIIECCe
MOJKET BBI3bIBATh MOJOKUTEIbHBIC IMOIIMH, Jieast mpolecc 00yueHus: MeHee GopManr30BaHHBIM U
0o0JIee YBICKATECIbHBIM.

[IpumeuaTenbHO, YTO pa3oyapoBaHUE BHIPA3WII JUIIb OJUH ydacTHHK ompoca (0,8%), uro
JIEMOHCTPHPYET MPAKTUICCKH TIOJHOE OTCYTCTBHE HETaTUBHOTO BOCHPHUSATHS CHMYJIATOpA. DTO
TOBOPUT O TOM, UTO TMOJABISIONIEe OONBIIMHCTBO CTYACHTOB BOCHPUHSAIN HWHCTPYMEHT
MOJIOKUTEITPHO W HE WCHBITAIH HEYJOBICTBOPEHHOCTH OT €ro HCIIOJIb30BaHHS. AHAIHM3
pe3yNbTaToOB, TMPEAOCTaBICHHBIX HAa pPHUCYHKEe O, TIOKa3bIBae€T, 4YTO BBICOKHH YpOBEHBb
AMOIMOHAIBHOTO BOBJICUCHUS KOPPEIHUPYET C MOTUBANMEH K U3YICHHUIO DKOJIOTHYECKUX MPOOIIEM H
(dbopMUpOBaHHEM OTBETCTBEHHOTO OTHOIIEHHUS K OKpyXawlleid cpeae. DTO MOATBEPKIAET
3P PEKTUBHOCTh CHUMYNATOpa Kak 00pa30BaTeNIbHOTO HMHCTPYMEHTAa, CIHOCOOHOTO HE TOJIBKO
nepenaBaTh 3HAHUSA, HO U BBI3bIBATh DMOIIMOHATBHBIA OTKJIMK, YTO 3HAYUTENIHBHO MOBBIIIAET €T0
MeJarornIecKyr0 ICHHOCTb.

Kakue amouuu Bel ucneitanu, urpas B atot cumynsatop? (Beibepute
BCE NoAXoAsillue BapUaHTbI)

125 oTBeToB

WHTepec 80 (64 %)

BaoxHoBexue 72 (57,8 %)

YnosneTeopeHue 66 (52,8 %)

Pagocts
Ortepawenue—0 (0 %)
Pasoyaposanue f§—1 (0,8 %)

3auHTepecoBaHHOCTL B akonor... f—1 (0,8 %)

Pucynok 6. DMonroHanpHass BOBICYEHHOCTh M KOTHUTHBHBIC (PP EKTHI
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3.1.4. [lo3HaBaTenbHasi HEHHOCTh CUMYJISTOPA

OpaHuM U3 KIIIOYEBBIX TMOKazatenedl 3(QexkTUBHOCTH 00pa30BaTEIbHBIX HHCTPYMEHTOB
aBisieTcss 00beM HOBOW MH(OpMANMM, TMONYYCHHOH OOydJaromMMHCS B TIpoIecce HX
UCIIOJIb30BaHuA. B paMkax mpoBeIeHHOTO HCCIeI0BaHUsl PECIIOHIEHTaM ObLT 3aJ]aH BOIIPOC O TOM,
y3HQJIU JIM OHM YTO-TO HOBOE, paboTas C HMHTEPAKTUBHBIM CHUMYJSATOPOM. AHAIM3 JaHHBIX,
IIPEJCTAaBICHHBIX HA PUCYHKE 7 IMOKa3bIBaeT, YTO Mo4TH 98% pEecrnoHIEHTOB IMOJYyYHIIM HOBYIO
nH(POPMAIIHIO, YTO CBUAETEIBLCTBYET O BBICOKOW IO3HABATENILHOW IIEHHOCTH cHMYyIsiTopa. bonee
IIOJIOBUHBI CTYJIEHTOB (53,6%) oTMeTHIN, 4TO B Ipoliecce paboThl C MHCTPYMEHTOM y3HAJIM MHOTO
HOBOM MH(OpMALUU. DTO MOATBEPXKIAET €r0 3HAYUMOCTh KaK MCTOYHHKA aKTYAJIbHBIX 3HAHUM,
OCOOCHHO B KOHTEKCTE OJKOJIOTMYECKOro 00pa3oBaHUs, TIJI€ BaXXHO HE TOJIBKO YCBOCHHUE
TEOPETUYECKHX AaCMEeKTOB, HO W pPAa3BUTHE HABBIKOB aHalu3a M NpuHATHA pemeHuid. 44%
PECTIIOHJICHTOB YKa3ald, YTO MOJYYWIH «HEMHOrO0 HOBOM HMH(OpMAIMM», YTO TaKXKe SBISETCS
MO3UTUBHBIM IOKa3aTeleM. JTO MOXET 03HA4aTh, YTO CUMYJISITOP IOMOT CTPYKTYPUpPOBAaTh YyXkKe
UMEIOILIUECS] 3HAHUSA, pPACIIUPUTh MOHMMAHHWE SKOJIOTHYECKHX MPOOJIeM WA MPEIJIOKUIT
aJIbTEPHATHBHBIE MTOJIXOABI K PEHICHUIO 3334, C KOTOPBIMHU CTYJCHTHI YK€ ObLTH 3HAKOMBI. Takoii
pe3ynbTaT JIEeMOHCTPUPYET BaKHOCTh HMHTEPAKTUBHOTO OOYUEHHs, MOCKOJIBKY OHO IO3BOJISIET
yUYaIIUMCSl HE TOJIBKO TOJy4YaTh HOBYIO WH(OPMALWI0, HO W 3aKPEIUIATh paHee H3Y4YCHHBIC
KOHIEMIUH Yepe3 aKTUBHOE B3aUMOJICHCTBHE ¢ HU(POBBIM CPEICTBOM.

JInwp 2,4% yyacTHUKOB (3 yesloBeKa) OTMETHIIN, YTO HE Y3HAIM HUYEro HOBOTO. JTO MOXKET
OBITh CBSI3AHO C HECKOJBKMMHU (DaKTOpaMHU: BO-TIEPBBIX, JaHHBIE CTYACHTHI MOIJIM H3HAYAIbHO
o0iagath BBICOKUM YpPOBHEM 3HAaHUM B OOJIACTH HKOJIOTHUH, YTO CIENA0 IPEICTaBICHHBIHN
MaTepuai Ijs HUX MeHee UHPOpMaTUBHBIM. BO-BTOPBIX, BO3MOXKHO, UX HU3Kasi BOBJICYECHHOCThH B
IIPOLIECC UM OTCYTCTBUE MHTEpECca K TEME IMOBIMSIIO HA BOCHPHUSITHE IPEJICTaBICHHbBIX JTaHHbIX.
JIOTIOJIHUTENHHO CTOUT OTMETUTh, UYTO BBICOKAs IMO3HABATENIbHAS IIEHHOCTh CUMYJIATOPA MOKET
OBITh CBsI3aHA C €r0 HMHTEPAaKTUBHBIM (OPMATOM, KOTOPBIH TIO3BOJIIET YYAIIUMCS AKTHBHO
y4acTBOBaTh B Ipolecce OOy4deHHs, NPUHUMATh PEUICHHS W aHAJU3UPOBaTh WX IOCIEACTBHUS.
HccnenoBanus B 00JaCTH MEJAroruku MOATBEPIKIAIOT, YTO YCBOCHHE MH(GOpPMAILMU MPOUCXOIUT
s deKTuBHEE, KOrja CTYACHTHl BOBJEUEHBbl B IPAKTHYECKYIO JAEATEIbHOCTb, a HE IPOCTO
BOCIPUHUMAIOT UH(OPMAIUIO TACCUBHO.

Y3Hanu nu Bel 4To-To HOBOe Ans cebs, urpasa B aToT CHMW‘IHTOP?

125 otBeToB

@ [a, MHoro HOBOR MHcbopMaLMK
@ [a, HemHoro HoBo# MHopMauK
Her, Hruero Hoeoro He yaHan(a)

Pucynoxk 7. Onenka rno3HaBareabHON IEHHOCTH HU(POBOTO HHCTPYMEHTA

Takum 00pa3oMm, TMONydeHHBIE pPE3YNbTaThl JEMOHCTPUPYIOT, YTO HCIIOJIB30BaHHE
MHTEPAKTUBHBIX LU(POBBIX HHCTPYMEHTOB B 00pa30BaTEIbHOM IIPOIECCE CITIOCOOCTBYET HE TOIBKO
nepeaade HOBBIX 3HAHWM, HO M HMX JIYYIIEMY YCBOCHHIO 3a CYET aKTHBHOTO B3aUMOJICHCTBUS C
MatepuasoM. JIaHHBIA  acHeKT TOJYEPKHBAEeT BaXHOCTh  JAJbHEHIIEro  pa3BUTUA U
COBEPIICHCTBOBAHMS 00pa30BATENbHBIX CHUMYISATOPOB, a TaKKe WX HWHTETpallid B Y4eOHBIE
IIpOrpaMMsbl JJIsl TOBBIIeHUs 3 PekTBHOCTH 00yueHUs U (POPMUPOBAHUS YCTOMYMBOIO HHTEpECa
K U3y4aeMoU TeMe.
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3.1.5. 'oTOBHOCTb K JajbHENILIEMY HCIIOJIB30BAHUIO
['OTOBHOCTH CTY/AEHTOB HCIIOIB30BAaTh JAHHBIH CHUMYISTOP WIM NOJO0OHBIE IH(POBEIE
MHCTPYMEHTHI B Y4€OHOH MU MPO(EeCcCHOHANBHOM AeITeIbHOCTH, TPEACTaBICHA Ha PUCYHKE 8.

XoTenu 661 Bbl ucnonb30BaTh AaHHbIA UNK NoAQO6HbIA CUMYNATOp B
cBoeM yye6HOM npouecce unu paboyeil geaTenbHoCTU?

125 oTBeTOB

@ [a, onpegenexHo
@ BoamoxHo, ecnv oH Byaet nopabotau
Her, He BIDKY NPaKTUMECKOR NOMbabl

PucyHnoxk 8. ['0TOBHOCTS K aibHENIIEMY IPUMEHEHHUIO CUMYJIATOPA

OTHU NaHHBIE NTOKA3bIBAIOT, 4TO 98,4% pecrnoOHIEHTOB rOTOBBI UCIIOJIb30BATh UHTEPAKTUBHBIE
CHMYJIITOPBI B 00pa30BaTEIbHOM MPAKTHKE. ITO CBUIECTEIHCTBYET O BOCTPEOOBAHHOCTH IH(PPOBBIX
TEXHOJIOTUH B OOy4eHHUU M MOATBEpKIaeT MX 3(p(PeKTHBHOCTE B (HOPMUPOBAHUM HKOJIOTHUECKON
OCO3HaHHOCTH.

3.1.6. Haunbosnee 3Ha4MMBbIe acEKThl CUMYISTOpA

VY4acTHUKM OIlpoca TaKkKe BbLACIWIM HauOoJiee LIEHHBbIE acleKThl cUMyJsATopa. Pe3ynbTaTsl

IIPE/ICTaBJICHbI HA PUCYHKE 9.

Kakue acnekTbl cumynsiTopa HanGonee Bac npueneknu?
(BbibepuTe BECe NogxoAsLLMe BAPUAHTDI)

125 oTBETOB

Mpadbuka v ansann 69 (55,2 %)

HHT@paKTM BHOCTb M

61 (48,8 %
yBreKaTensHoCTb ¢ %)

Moneaxan uHcopmauma u

F 79 (63,2 %)
oﬁpa.aoaa‘reanbM KOHTEHT|

MpocToTta MCnonb3oBaHWa 47 (37,6 %)

0 20 40 60 80

Pucynok 9. Onienka Hanbosee 3HaYUMBIX aCTIEKTOB CHMYJISITOpa

BonbIIMHCTBO CTYJEHTOB OTMETHIIM LIEHHOCTh 00pa30BaTEIbHOTO KOHTEHTA, YTO TOBOPUT O
BaXHOCTH HAIOJIHEHHsI CUMYJIATOpA KaueCTBEeHHOH mH(opmanueil. ['paduka u MHTEPaKTUBHOCTb
TaKK€ ChIlpajii  KIIOYEBYID pPOJb B BOBJIEYEHHUM I[0JIb30BAaTENed, YTO MOJYEPKHUBAET
HE00XO0AMMOCTh KOMITJIEKCHOT'O MOAX0/1a K pa3paboTke 00pa30BaTeIbHBIX HHCTPYMEHTOB.

3.1.7. BocripusiTHe peanvCTUYHOCTH MIPEACTABICHHBIX CLIEHAPUEB
JUIg OLIEHKM KauyecTBa MOJEIMPYEMBIX 3KOJOTMYECKMX CUTyallUll YYaCTHUKHA OTBETHJIM Ha

BOIIPOC O PEATHCTHUYHOCTHU INPEJCTABICHHBIX CLEHApHeB. Pe3ylbTaTel MpeacTaBiIeHbl HA PUCYHKE
10.
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Kak Bbl oLleHMBaeTe ypoBeHb peanuama npefcTaBleHHbIX B Urpax
cUTyaLuin?

125 oTBeTOB

@ OdeHb peanucTyHo

@ [locTaTo4HO peannucTUdHO
He o4eHb peanueTuyHo

@ Coscem He peanucTuyHo

Pucynoxk 10. Bocripusitue peaiucTHYHOCTH MPECTABICHHBIX CIICHAPUEB

Takum obpazom, 96,8% mop30BaTeNIel COWIN CUMYIISTOP MPABIONOT00OHBIM, YTO YKa3bIBACT
Ha BBICOKYIO JOCTOBEPHOCTh pa3pabOOTaHHBIX CIIEHApUEB M HMX COOTBETCTBUE pEaTbHBIM
9KOJIOTUYECKHUM MPOOIIeMaM.
3.1.8. OtHomeHune Kk UHHOPMALMOHHO-KOMMYHHKAIITMOHHBIM TEXHOJIOTUSIM

OnaHuM U3 BaXHBIX aCMEKTOB HCCIEAOBAHHS SIBISJIOCH M3YYEHHE OTHOIICHHUS! CTYIEHTOB K
MH(OPMALIMOHHO-KOMMYHHUKAIIHOHHBIM TEXHOJIOTUSAM, TaK KaK UX BOCIPHUSATHE MOXKET HAMPSAMYIO
BIIUSITH HA YPOBEHD BOBICYCHHOCTH M 3PPEKTUBHOCTH MCIIOIH30BAHUS ITUPPOBEIX HHCTPYMEHTOB B
o0Opa3oBaTenpHOM TMpolecce. Pe3ynbTaThl aHKETUPOBAHUS TOKa3aiW, 4YTO OOJBIIMHCTBO

PECIIOHACHTOB UMEIOT IToNIokuTENbHOE oTHOIIEHHE K UKT. Pe3ynbpraTel npecraBieHbl Ha pUCYHKE
11.

KakoBo Balue oTHoweHHe K MHPOPMaLMOHHO-KOMMYHUKALUOHHbBIM
TexHonoruam (UKT)?

125 oTseToB

@ OveHb noauTtueHoe

@ MNoautneHoe
HeitpansHoe

@ HeratueHoe

@ OvueHb HeratsHoe

Pucynok 11. OtHomenue Kk HHGOPMALMOHHO-KOMMYHUKAIIMOHHBIM TEXHOJIOTHSIM

Takum o6pazom, 88,8% crynertoB otHocsaTcs K UKT momoxxutenbHO, 9TO CBUIETENHCTBYET
O BBICOKOW CTENEHHM T'OTOBHOCTH OOYYAlOIIMXCSI K MCIOJIb30BAaHUIO HU(PPOBBIX 00pa30BaTEIbHBIX
MHCTPYMEHTOB. DTO MOJATBEPXKJIAET aKTyaJbHOCTb BHEIPEHHUS MHTEPAKTUBHBIX TEXHOJOTHIl B
00pa3oBaTEeNbHYI0 MPAKTHUKY, IIOCKOJIbKY OHH HAaXOAAT OTKIMK CpeAd CTYIEHTOB H
BOCIIPUHUMAIOTCA KaK yI00HBIE U 3((EKTUBHBIE CPEACTBA 00YUEHHUS.

B 1o xe Bpems 11,2% yd4acTHMKOB, BBIOpAaBIIMX HEWUTPaJbHOE OTHOLIEHHE, MOTYT
CBUJETEIBCTBOBATh O HAJIWYMM TPYNIBl CTYJEHTOB, KOTOPHIE HE HCIBITHIBAIOT BBIPA)KEHHOTO
MHTEpeca K HUPPOBBIM HMHCTPYMEHTAM WJIM HE BUAAT UX 3HAUUTENBHOIO MPEUMYIIECTBA IEpes
TPaIULIMOHHBIMU METOJaMH 00ydeHHs. DTO yKa3bIBaeT HA HEOOXOIUMOCTb JAIbHEHINEro H3y4eHus
(dakTopoB, BiusAomUX Ha ypoBeHb BocmpusTHs WMKT, a Ttaxxke BO3MOXHOW amantainuu
00pa3oBaTEeNbHBIX IPOTPAMM C YUETOM Pa3IUYHBIX KaTEropuil mosib3oBaTeneil. JlaHHblil pe3yabpTar
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MOATBEPKJIAET, YTO UCIOJb30BAHUE HWHTEPAKTUBHBIX CHUMYJIATOPOB MMEET 3HAYUTEIbHBIN
MOTeHIIMad B 00pa3oBaTesIbHOM cpele, OCOOGHHO cpelu CTYICHTOB, OOJaJalolIUX BbICOKON
udpoBoll TpaMOTHOCTHIO. OJHAKO BaXHO YUYUTHIBATH WHIAMUBUAYAIBHBIC pa3lU4Msi B YPOBHE
BOCHPUATHS TEXHOJIOTUH, a TaKkKe HEOOXOAUMOCTb METOIWYECKOW MOANEP>KKH Ui CTYIACHTOB,
KOTOPBIE MOTYT UCIIBITHIBATH TPYAHOCTH MPU pabOTE C HOBBIMHU MU(PPOBBIMH HHCTPYMEHTAMH.
3.1.9. Biusinue cumynsaropa Ha GopMUpOBaHUE IKOJTOTHIECKOTO MBIILICHHUS

®opMUpOBaHUE SKOJOTUYECKOW OCO3HAHHOCTH SIBISICTCS OAHOM M3 MPUOPUTETHBHIX 3a7ad
COBpEMEHHOr0o 00pa3oBaHHUs, OCOOCHHO B YCIOBHUSX TIJIOOATBHBIX SKOJIOTMYECKUX BBI3OBOB.
Oco3HaHMe B3aMMOCBSI3M MEXKAY JEATEIbHOCTHIO YEJIOBEKAa M COCTOSTHUEM OKpY)Karolleh cpeibl
WIPAET pelIarolly0 POJb B CTAHOBJIEHUH OTBETCTBEHHOI'O OTHOLUEHUS K MPUPOAHBIM pecypcaM U
IOWCKE yCTOMYMBBIX pElICHUWHA. B  JaHHOM KOHTEKCTE NPUMEHEHUE HWHTEPAKTUBHBIX
00pa30BaTeNbHBIX TEXHOJOTUN, TaKMX KakK pa3pabOTaHHBI CHUMYIATOpP, HMPHOOpETaeT 0co0yro
3HAYUMOCTh. J[7s1 oneHku 3PPEKTUBHOCTH CUMYIsTOpa B (HOPMHPOBAHUHM IKOJIOTUIECKOTO
MBIIUJICHUS] PECHOHJIEHTaM ObUI 3a/laH BONPOC O €ro BIMSHUU Ha Pa3BUTHE SKOJIOTHYECKON
OCO3HAHHOCTHU. Pe3ynbTaThl aHKETUPOBAHUS NPEACTABICHBI HA pUCYHKE 12.

Cuutaete nu Bbl, 4TO AaHHbIN CUMYNATOpP Mor 6b1 cnocob6cTBOBaTL
¢opMupoaaHmo 3KONIOrM4YeCcKoi 0CO3HAHHOCTU y nonb3oBarenen?

125 otsetoB

@ [a, B 3HauMTeNbLHON CTENeHN
@ [a, B HekoTOpOI CTENEHN
Her, He aymato

Pucynok 12. Biusiaue cumynsatopa Ha GOpMUPOBAHUE SKOJIOTUYECKOTO MBIIIITICHHS

Pe3ynpTaThl uccleoBaHUS JAEMOHCTPUPYIOT, YTO HHTEPAKTHBHBIM MOIXOJ CIOCOOCTBYET
Oosnee TriyOOKOMY MOHMMAaHMIO 3KOJOrHYecKHX mpodbnem. 71,2% CTyAeHTOB OTMETHIIM, 4YTO
CUMYJISTOP OKa3aj 3HAYUTENIbHOE BIMSHHME HA MX JKOJIOIMUYECKOE MBIIUIEHHE. JDTO 03HAYaeT, 4TO
nudposass o0pa3oBaTellbHAas CpelJa HE TOJIBKO IPEJOCTaBUIa UM HOBYIO HH(OpManuio, HO U
noOyauiia K OCMBICIICHUIO B3aMMOCBSI3U MEXKJy UYEIOBEYECKOH AEATeNbHOCTBIO M OKpYXKarolen
CpEeIoi, a TaK)Ke K MOUCKY NMPAKTUYECKUX PEIICHUN aKTyallbHbIX IKOJIOTUYECKUX MPOOIIEM.

OcraBmmecs 28,8% peCnOHIEHTOB OTMETWIM BIMSHUE CHUMYJISATOpa Ha pPa3BUTHE UX
9KOJIOTMYECKON OCO3HAHHOCTH, HO JIMIIb B HEKOTOPOH CTEMeHH. ODTO MOXKET YKa3blBaTh Ha
HEecKoJbKO (pakTtopoB. IlepBbiil GakTop - pazHbIi ypoBEHb MCXOAHOW MOJArOTOBKH. Te, KTO yxke
oOnanan 6a30BBIMM 3HAHUAMU B cdepe 3KOJOTHUH, MOIJU BOCIHPUHUMATH CHUMYJSATOP HE Kak
NPUHIUIHNATIBGHO HOBBIA HMHCTPYMEHT, a KakK JOMOJHUTEIbHBII MCTOYHMK HH(MOpMAIHH,
CHOCOOCTBYIOUIMI  cuUcTeMmaTu3aluu 3HaHUM. JluuHble o0Opa3zoBaTeNbHBIE —MPEANOYTEHUS.
Hexotopblie cTyneHTbl MOTYT OBITh MEHEE€ BOCHPHUUMYMBBI K HUTPOBBIM METOAMKAM OOYYeHUs U
MpeoYnuTaTh 60see TpaIuIMOHHbIE POPMBI OTydyeHUsI HHPOPMAIUH.

Bropoii ¢dakrtop - HHAMBHIYyaJbHbIE pa3IM4YUs B OCO3HAHUU MPOOJIEMBL. YPOBEHb
BOBJICUEHHOCTH B HKOJIOTUYECKHE BOMPOCHI BapbUPYETCs, M HE BCE PECIIOHACHTHI MOIJIM OCO3HATh
3HaYMMOCTb IPEJICTaBICHHBIX MpoOJieM B paBHOW Mepe. Tem He MeHee, Jaxe Te, KTO OTMETHII
BIIUSIHUE CHUMYJIAITOpa B HEKOTOPOHl CTENEeHH, MPU3HAIM €ro POjb B PAa3BUTHH SKOJIOTHUECKOTO
MBILIUIEHHUS. DTO CBUJCTEILCTBYET O TOM, YTO IIU(PPOBBIE 00pazoBaTENbHbIE TEXHOJIOTHH, 0OCOOCHHO
MHTEpPaKTHBHbBIC, 00JaJal0T BBICOKMM IOTEHIMANIOM B cdepe (GopMUpOBaHMS 3KOJIOTMUYECKON
KYJBTYpBI.
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Takum 00pa3oM, aHanU3 aHKETUPOBAHUS JEMOHCTPUPYET BHICOKHI YPOBEHb BOBIICYEHHOCTH
CTY/IGHTOB B 00pa30BaTelbHbII MpOLECC IMPHU MCIOJIb30BAHUM HHTEPAKTUBHOIO CHMYJIATOpA.
Bbicokue moka3aTenu IO3HABaTEIbHON 3S(P(EKTUBHOCTH, 3MOIMOHAIBHOM BOBIICYEHHOCTH U
SPrOHOMHUYHOCTH  MHTepdelica IMOATBEPKAAIOT 3HAUYUMOCTh LU(QPOBBIX TEXHOJIOTUMH B
(bOopMHPOBAHUY IKOJIOTHYECKONW 0CO3HAHHOCTH. [loydeHHbIe JaHHbIE TO3BOJISIOT KOHCTaTHPOBATH,
4YTO pPa3pabOTaHHBIM CHUMYJIATOP SBJSETCA JEHCTBEHHBIM HMHCTPYMEHTOM 3KOJIOTMYECKOTrO
0o0pa3oBaHMs, CHOCOOCTBYIOIIMM pa3BUTHIO AHAJUTUYECKOTO MBIIUICHHUS, (HOPMUPOBAHHIO
OTBETCTBEHHOI'0 OTHOILEHHUS K OKpYXalLell cpene M NPUOOPETEHHIO NPAKTUYECKUX HABBIKOB
MPUHATHS SKOJIOTMYECKH OPUEHTHPOBAHHBIX perieHuil. /[lanpHeimas onTuMmu3anus UHTEpdeiica,
paclIpeHye CLIEHApUeB U COBEPIICHCTBOBAHUE MEXaHM3Ma OOpaTHON CBSA3M IMO3BOJISAT HMOBBICUTH
3G PEKTUBHOCTH 00pPa30BATEIBHOTO BO3ACHCTBUS U O0ECIIEYUTh MHTETPAIIMIO CUMYJISATOpa B Oosee
HIMPOKHHA KOHTEKCT LIU(PPOBOro 00yUEeHHUS.

3.2. Ananus cmamucmudeckou 3Ha4uMOCmu pe3yibmamos
3.2.1. KonuuecTBeHHBIC JaHHEBIC

Jlis  KONMWYECTBEHHOM OIICHKM BOCHPUSTUS CHMYJSITOpa OBUIM pPacCUUTAHBl CpEIHUE
sHaueHuss (M), crangaptHoe oTkioHeHue (SD) m crammaptHas ommOka (SE) mo KiIro4eBBIM
napamerpam uccienoBanus. [lomyueHHbIie pe3yabTaThl IPEACTaBICHbI B Ta0HIIe 1.

Taﬁ.lmua 1. CraTucTH4ecKHe MoKa3aTelIn OLICHKU CUMYJIATOPA CTYACHTaMU

Mapamerp Cpennee |CraH. OTKJIOHEHHE Craua. Mun Makce
3navyenune (M) (SD) omnodka (SE)

BosreueHHOCTD 4,65 0,48 0,044 40 50
HNurepdeiic 4,58 0,50 0,046 4,0 50
Hogas undopmarus 4,55 0,50 0,045 4,0 50
['OTOBHOCTH UCIIOIb30BATh, 4,68 0,47 0,042 40 50
Peamusm 4,32 0,47 0,043 4,0 50
Ornomenne k UKT 4,26 0,65 0,058 3,0 5,0

3.2.2. OMouMoOHaNbHasl peakius CTYJEHTOB Ha CUMYJISTOP
Yarie BCero CTyZeHTHI UCTIBITHIBAIIN:
e ITnTepec — 80 pas;
e BroxHosenue — 72 pa3a;
e Y 10BNE€TBOpEHKE — 66 pas;
e Panocts — 44 pa3za;
¢ PazouapoBanue — 1 pa3 (4To MpaKTHUYECKH HE3HAUYUMO).
3.2.3. Haubosnee 3HauMMble XapaKTEPUCTUKU CUMYJISTOPA [0 MHEHHIO CTYJICHTOB
MapkupoBaHHbIE CITUCKU JOJKHBI OBITH O(DOPMIIEHBI KaK:
e [lone3nas nunpopmanus 1 00pa3oBareabHbI KOHTEHT — 79 pas3;
¢ ['paduka u auzaita — 69 pas;
e IIHTEpakTUBHOCTH U YBJIEKaTEIBHOCTb — 61 pas.
e [IpocToTa ucnons3zoBanus — 47 pas.
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OueHKa cMMynATOpa CTYAEHTAMM NO KOUYEBbIM NapameTpam
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WHPOPMaLMA  UCNONB30BaATL MKT OCO3HAHHOCTb

MapameTp

CpeaHee 3Hauexue (M)

Pucynok 13. Cpegnue 3HaueHus OIIEHKU IMApaMETPOB CUMYJIATOPA CTYAECHTaMU

AHanu3 cpelHUX 3HAYEHHUM MOKa3bIBa€T, YTO HAMBBICIIYIO OLIEHKY CPEIU BCEX MapamMeTpOB
MOJTy4YHJIa 3KoJlorndeckas oco3HaHHOCTh (M = 4.71, SD = 0.45), 4To CBUIETENbCTBYET O BBICOKOH
3G GEKTUBHOCTH CHUMYJISATOPa B (OPMHUPOBAHUM OTBETCTBEHHOTO OTHOIIEHHS K OKpYXKaromien
cpene. Kpome toro, mokazatenu BoiedeHHOCTH (M = 4.65, SD = 0.48) u roroBHOCTH K
HCIIOJIb30BaHUIO cUMYJIITopa B Oyaymiem (M = 4.68, SD = 0.47) moaATBep»KAaf0T BRICOKUN YPOBEHB
yIIOBJIETBOPEHHOCTH CTYJEHTOB JaHHBIM OOpa3oBaTeIbHBIM HMHCTPYMEHTOM. B TO ke Bpems
HAauMEHBIINE CPEHUE OLIEHKH HAOIIOAAIOTCS JUIsl PEAIMCTUYHOCTU MPECTABICHHBIX CILIEHApUEB
(M =4.32, SD = 0.47) u orHomenuss k UKT (M = 4.26, SD = 0.65), 94To MOXeT yKka3bpIBaTh Ha
He00X0IMMOCTb JOPAOOTKH BU3YaIbHBIX U TEXHUYECKUX ACIIEKTOB CUMYJISATOPA.

Takum 06pa3oM, CTATUCTHUECKUI aHAIU3 MOATBEPHKIACT, YTO MHTEPAKTUBHBIN CUMYISATOP HE
TOJIBKO TpUBJIEKATENIEH JJIs CTYAEHTOB, HO U CHOCOOCTBYET NPUOOPETEHHIO HOBBIX 3HAHMH,
Pa3BUTHIO SKOJIOTMYECKON OCO3HAHHOCTHU U MOBBIIIEHUIO HHTEPECA K U3Y4aEMOMY MaTepHaiy.

4. O0cyxneHune

Bricokas 3¢ (eKTUBHOCT CUMYISTOpa KaKk HHCTpyMEHTa (OPMHUPOBAHMS HKOJIOTMUECKOTO
MBIIIICHUS] O0BACHSETCS psfoM (hakTOpoB. MoJenupoBaHue CIEHApUEB, TPEOYIOMINX MPUHSATHS
pEUICHUIT B YCIOBUSIX OTrPAaHUYEHHOCTH PECYpCOB M JKOJOTHUECKHX PHCKOB, TT03BOJISIIO
00ydJaromuMcsi OCO3HAaBaTh IIOCIENCTBHS CBOMX aedcTBui. [IpakTmueckoe B3amMoneiicTBhE C
HKOJIOTHYECKUMH TIpOOJIeMaMi B CHMYISITOPE CIOCOOCTBOBAJIO IIEPEXOLY OT TEOPETUYECKOTO
OCO3HaHMsI K KOHKPETHBIM IIaraM II0 PEHICHHIO JKOJOTHYECKUX BOMPOCOB. B03MOXKHOCTH
Ha0JI0/1aTh Pe3yIbTaThl CBOMX PEIICHU MToMoralia CTyJJeHTaM pa3BUBaTh CUCTEMHOE MBIIIJICHHUE, a
oOpaTHas CBSI3b B CHMYJISITOPE MO3BOJISIA OLEHUTH JOJTOCPOYHOE BIMSHHUE Pa3IMYHBIX CTPATEruit
Ha COCTOSIHUE OKPY’KaroIel cpepl.

Iefimuukanust 00pa3oBaTeNILHOTO Tpolecca TOBBIIIATA MOTHBALMUIO CTYJACHTOB U
CIIOCOOCTBOBAJIa POCTY MHTEpeca K W3YyYCHHUIO IKOJOTHH. BO3MOXHOCTH IKCIIEpHMEHTHPOBATH C
pa3HBIMH CTPaTeTHSIMH M aHAJIM3MPOBATh WX IIOCIEICTBHS Jellana Ipolecc oOydeHus Oolee
OCMBICJICHHBIM, a CTOJIKHOBCHHEC C JAWJICMMaMu, Tpe6y10HII/IMI/I B3BCHICHHOI'O BI)I60pa,
CIIOCOOCTBOBAJIO PAa3BHTUIO AHAIMTHYECKUX CIOcoOHocTei. Kpome Toro, mpemocraBieHHe
AJIBTCPHATUBHBIX CHCHAPHUECB PCUICHUA 3KOJOTHUYCCKUX np06neM ImoMorajio CTya€HtaM OLUCHHUBATH
UX C Pa3HbIX TOYEK 3PEHHs, a IMOIIMOHAIBHAS BOBJICYCHHOCTh B TPOLECC NMPHHATHS PEIICHHN
YCUIIMBaJa OCO3HAHWE 3HAYMMOCTH JKOJOTHYECKMX BOIPOCOB. BakHylo poip wurpaia u
BO3MOXKHOCTh «IIPOXKHTB)» MOCIEACTBUS CBOMX JCHCTBUI, YTO CO3aBAO 0OJ€e CHIBHBIA d(PPEKT
3aIIOMHHAHUS 110 CPABHEHUIO C TPAJUIIOHHBIMH METOAAMH O0YICHHSI.

[Tonmy4yeHHble pe3yabTaThl MOATBEPXKIAIOT 3(PPEKTUBHOCTD MHTEPAKTUBHOIO CHUMYIATOpPA B
HKOJIOTHYECKOM 00pa30BaHUH. BONBIIMHCTBO CTYACHTOB OTMETHIIN €TI0 BIHSHUE Ha ()OPMUPOBAHHUE
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SKOJOTMYECKOM OCO3HAHHOCTU U PAa3BUTHUC AaHAJIUTUYCCKOIO MBIINIJICHUSA, YTO CBHUIACTCIILCTBYCT O
BBICOKOH MEPCHEKTUBHOCTH IHU(PPOBBIX 00pa30BaTENbHBIX TEXHONOTHH. B TO ke Bpems
OrpaHHM4YCHUs HCCICAOBAHWA BKIHOYAKOT BBI60pKy TOJIBKO M3 CTYACHTOB OJHOTIO (l)aKyJ'IBTeTa u
CYOBCKTHBHOCTh AQHKETHBIX JaHHBIX. JlanbHeilne HUCCIeOBaHUsS MOTYT IpeIyCMaTpUBaTh
HUCITIOJIB30BaHUEC OGT:GKTI/IBHBIX MCTOHAOB OLCHKH, HHTCIrpallMi0O CHUMYJIATOpa B Pa3JIMYHBIC
00pa3oBaTeNbHbIC MPOrPaMMbl M Pa3pabOTKy HOBBIX CIIEHAPUEB, YTO MO3BOJIUT IMOBBICHTH €rO
00pa3oBaTeNbHYIO [ICHHOCTD.

Takum oOpaszoM, mnoxarBepxkaactcs APPEKTUBHOCTh HMHTEPAKTUBHBIX TEXHOJIOTHH B
HKOJIOTUYECKOM oOpa3oBanuu. JlampHeiimass onTUMH3anus HUPPOBBIX HUHCTPYMEHTOB U
pacipeHue uxX (yHKIHOHAJA TMOMOTYT YIJIyOWTh TMOHMMAaHHE HKOJIOTHYECKUX MpobiieM u
copMupoBath y oOyuaromuxcsi 00jiee OTBETCTBEHHOE OTHOLICHUE K OKPYKAIOIICH cpelie.

5. 3ak/04eHue

B xoxme ampoOanuu »KOJIOTHYECKOTO CHUMYJSTOpA MPHUHSTHUS PELICHUH MONTY4YeHbl JaHHBIEC,
MO3BOJISIONINE OLIEHUTHh €ro 00pa3oBaTesbHYI0 3(PPEKTHBHOCTh W BIUSHHE Ha (OPMHPOBAHUE
HKOJIOTMYECKON OCO3HAHHOCTH Yy CTyneHTOB. COBpPEMEHHOE IKOJIOTUYECKOe 00pa3oBaHHE TpeOyeT
WCTOJIb30BaHUSI MHHOBAIIMOHHBIX METOJOB, W Pa3pabOTaHHBIA CHUMYISITOP IMPOJEMOHCTPHUPOBAI
CBOI0 3HAYMMOCTh KaK HHCTPYMEHT aKTUBHOTO oOydeHus. MHTepakTUBHBINA (hopMaT MO3BOJIMI
MOJIb30BATEIISIM HE TOJBKO U3YUUTHh SKOJIOTUYECKHE TPOOIEMbI, HO U MOJEIUPOBATH MOCIEACTBUS
CBOMX pEIIICHHH, YTO CITOCOOCTBYET pa3BuTHIO crcTeMHOro MblinieHus (Isakzhanova et al., 2023).

PesynbTaThl MccieOBaHUS TOKA3alH, YTO CTYIACHTHI B IIEJIOM TOJOXHUTEIHHO BOCHPUHSIIN
CUMYJISITOP, OTMETHB €ro MH(GOPMAaTUBHOCTb, WHTEPAKTHUBHOCTH U JOCTYIHOCTh. BOJBIIMHCTBO
PECTIOH/ICHTOB BBIPA3WJIM 3aMHTEPECOBAHHOCTh B €r0 HCIOJB30BAHUM B 00pa30BaTEIHLHOM
MPOLIECCE, YTO CBUAETEIBCTBYET O BBHICOKOW BOCTPEOOBAHHOCTH MOJOOHBIX HU(POBBIX PEIICHUN B
chepe sKosormdeckoro obOpaszoBanus. Bmecte ¢ Tem ObUIM BBISIBJICHBI AaCMEKThI, TpeOyroIne
N0pabOTKM, BKJIOYAsi YCOBEPIIEHCTBOBaHUE MHTep(eiica, paclIMpeHHue CIIEHApUeB U YIydlleHHe
MexaHH3Ma 00paTHOM CBSI3U.

Takum o0Opa3oM, MOKHO cjenaTh BBIBOJA, YTO BHEJPEHHE WHTEPAKTHUBHBIX TEXHOJOTHH B
o0pa3oBaTeNbHBIA  TPOLIECC  SIBIISIETCSI  MEPCIIEKTUBHBIM  HAmpaBiIeHHEM  (OpPMHUPOBAHUS
HKOJIOTHUECKOM TpamMoTHOCTH. OnHako 3(()EeKTUBHOCTH MOJOOHBIX HHCTPYMEHTOB HAIPIMYIO
3aBHCUT OT HMX KayecTBa, AJalTUBHOCTH W JOCTYNMHOCTH. JlanpHellnee COBEpIICHCTBOBAHUE
CUMYJIATOpa M €ro MHTerpanus B YydeOHble MpOrpaMMbl MO3BOJAT IOBBICUTH YPOBEHb
HKOJIOTUYECKON OCO3HAHHOCTH CpeAM OOYYaloUIMXCS M CIIOCOOCTBOBATh  (POPMHUPOBAHUIO
OTBETCTBEHHOT'0 OTHOILIEHUS K OKpY>Karollel cpene.

Pazpaboran cuMynsTOp peHIeHWI SKOJIOrMYecKux mpobieM Ha 0a3ze HMHTEpHET-pecypca.
Arnpobanusi 5KOJIOTUYECKOTO CHMYJIATOpa NPUHATHS pEIIeHU cpein CTYIACHTOB (akyiabTeTa
MaTeMaTHKd W ©CTECTBEHHBIX HAyK IOATBEpAMIa ero o0pazoBaTenbHY0 3()()EeKTHBHOCTE.
AHKETUpOBaHHE IO3BOJIMJIO OLEHUTh YPOBEHb BOBJIEYCHHOCTH II0OJIb30BaTele M BIUSHHUE
cuMyJsTopa Ha (OpMHpPOBAHHE OSKOJOTMYECKOW OCO3HAHHOCTH. CHMYNATOp CIOCOOCTBOBA
Pa3BUTHIO AaHAJTUTUYECKOT'O MBIIUICHUS! U HABBIKOB NMPHUHSATHS PEILICHHUH, TOTYyYHIT ITOJIOKUTEIbHBIE
OLIEHKA 33 HWHTEPAKTUBHOCTH M OO0pa30oBaTEIbHYI IEHHOCTh. OJHAKO BBISBICHBI AaCIEKTHI,
TpeOyrole 1opaboTKH, BKIIOYas ONTUMHU3ALMIO HHTepdeiica U paclIupeHne ClleHapreB.

Ucnons3zoBanne mudpoBBIX 00pa30BaTEIbHBIX TEXHOJOTHH SBISETCS TMEPCHEKTHBHBIM
HarpaBJIeHHEM JKojorndeckoro obpazosanmsi (Hazratkulova, 2022). B nanmbHelinem BO3MOXKHO
MPUMEHEHHE METOJIOB CTATUCTHYECKOTO aHaiuu3a Ui Oosiee TIyOOKOW OICHKH BIUSHHS
CHUMYJIAITOpAa Ha YPOBEHb HKOJIOTMYECKOH OCBEIOMIIEHHOCTH OOy4aromuxcs. AKTYalbHOCTb
WCCIICIOBAaHUIA JKOJIOTMYECKOTO 00pa30BaHUS W TPOCBEIICHHsS CBsi3aHA C TPAKTUYCCKUM
(bopMHpOBaHKUEM HABBIKOB U SIBJISIETCS OJJHUM U3 TJIABHBIX ACIIEKTOB YCTOWYHBOTO Pa3BUTHSI.

166



A.H. I'ymures amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 150(1)

6. BcmomorareabHblii MaTepHaJi. HCT BCIOMOIaTeJIbHOTO MaTepurala.

7. Bky1aabl aBTOPOB

Konnenryanuzanus, K.K. u I1.J1.; merogonorus, K.K.; nporpammuoe obecneuenue, K.K.;
Bammmanusa, K.K. u ILI.; dopmanenbeiii anamus, K.K.; uccmemoBanme, K.K.; pecypce, KK.;
KypupoBaHnue naaHHbIx, I[[.Jl.; Hanmucanue - NOArOTOBKAa OpUrMHAIbHOrO dYepHoBuka, K.K.;
HaIlUCaHME - peneHsuposanue u pepakruposanue, K.K. u I1./1.; Busyanusauus, K.K.; pykoBoacrso,
II.J.; anmuauctpupoBanue tnpoektra, II.JI. Bce aBTopel mnpounTasii MW COMNIACWINCH C
OIyOJIMKOBaHHOU BEpCUEH PYKOIIHCH.

8. Uudopmanus 00 aBTopax

HmutpueB IlaBen CranucnaBoBud — mpodeccop, kadenpa «l'eorpadus U 3SKOIOTHS,
KaHIu1aT OMOJIOTHYECKUX HayK, noueHT, CeBepo-Kazaxcranckuii ynusepcutet uMm. M. Ko3sibaesa,
yn.  Ilymkwna, 88, IlerponammoBck, Kazaxcran, 150000; dmitriev_pavel@mail.ru,
https://orcid.org/0000-0002-2712-3508

KapumoBa Kpuctuna PycrnanoBHa - marucTpanT 2 Kypca oOpazoBaTelIbHOW MPOTrpamMMbl
7M05202 Dxonorus, CeBepo-Kazaxcranckuii yauepcuteT uM. M. Ko3eibaesa, yn. [lymkuna, 88,
[TerponasioBck, Kazaxcran, 150000; sxvxnxxt@bk.ru, https://orcid.org/0009-0003-7047-4420

9. ®unancupoBanme: Het BHenHero (hMHAHCHPOBAHUSI.

10. Baaromapuoctu: ABTOpbl BbIpaxkatoT mnpusHarenbHocTh CKY um. M. Ko3sbibaeBa 3a
IIPEAOCTABICHHBIE pecypchl M HOANEpPKKY B xoxe wucciuenoBanus. K.P. Kapumosa —
IpeBapuUTeNIbHbIE Pe3yJIbTaThl MCCIENOBAHUS OBUIM OOCYXKIEHbI Ha KOH(PEPEHIMIX M Hay4HBIX
CEeMHHAapax, YTO MO3BOJIUJIO YTOUYHUTh METOJOJIOTHUYECKUH MOAXO0J U MOIYYUTh KOHCTPYKTHUBHYIO
obpatHyto cBs3b. I1.C. JIMuUTpueB - okazan 3HAYUTEIbHYIO NMOMOIb B OpPraHU3allMM arpoOaluu
CUMYJISITOpa, BKJIIOYas KOOPJAMHALMIO YYaCTHUKOB, pa3padOTKy aHKETUPOBaHMS U  cOop
SMITUPUYECKUX JAHHBIX.

11. KoH(pIMKTBI HHTEepecoB: ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUU KOH(JIMKTAa MHTEPECOB.

12. Cnucok aurepaTypsbl

1. Abumosa, M. (2024). University students' perspectives on the use of interactive presentation
technologies. International Journal of Technology in Education and Science, 8(4), 645-667.
https://doi.org/10.46328/ijtes.579

2. Adieva, A. A., Medzhidov, M. A., & Musina, L. F. (2024). Rol informatsionnykh tekhnologii v
obespechenii ekologicheskogo obrazovaniya: strategii prepodavaniya i ispolzovanie onlain-
resursov [The role of information technologies in environmental education: Teaching
strategies and the use of online resources]. Problemy sovremennogo pedagogicheskogo
obrazovaniya [Problems of Modern Pedagogical Education], 84(2), 13-16.

3. Al-Saigh, M. N., & Mahmoud, K. F. (2023). The impact of smart interactive technologies in
creating personal internal spaces: An analytical study of user preferences for interactive
shape characteristics. International Journal of Sustainable Development and Planning,
18(8), 2339-2348. https://doi.org/10.18280/ijsdp.180804

4. Barna, l., Hrytsak, L., & Henseruk, H. (2020). The use of information and communication
technologies in training ecology students. E3S Web of Conferences, 166, 1-7.

5. Bin, Z., & Mengmeng, Z. (2025). Immersive experience and interactive design of architectural
visualization based on virtual reality technology. International Journal of High Speed
Electronics and Systems, 34, 1-15. https://doi.org/10.1142/S012915642540316X

167


mailto:dmitriev_pavel@mail.ru
https://orcid.org/0000-0002-2712-3508
mailto:sxvxnxxt@bk.ru
https://orcid.org/0009-0003-7047-4420
https://doi.org/10.46328/ijtes.579
https://doi.org/10.18280/ijsdp.180804
https://doi.org/10.1142/S012915642540316X

A.H. I'ymures amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 150(1)

6. Chia, C., & Tsali, Y. (2025). Effect of interactive e-book use on learning engagement, satisfaction
and perceived learning. Education and Information Technologies, 30, 1-33.
https://doi.org/10.1007/s10639-025-13415-w

7. Galiakberova, A. A., Galyanova, E. Kh., & Matveev, S. N. (2020). Metodicheskie osnovy
proektirovaniya tsifrovogo simulatora pedagogicheskoi deyatelnosti [Methodological
foundations for designing a digital simulator of pedagogical activity]. Vestnik Mininskogo
universiteta [Minin University Bulletin], 3, 1-16.

8. Guana-Moya, J., Arteaga, Y. A., Criollo-C, S., & Cajamarca-Carrazco, D. (2024). Use of
interactive technologies to increase motivation in university online courses. Education
Sciences, 14(1), 1-28.

9. He, R., Xu, W., Dong, D., & Yu, Z. (2024). A meta-analysis of the effect of interactive
technologies on language education. International Journal of Adult Education and
Technology, 15(1), 1-28. https://doi.org/10.4018/IJAET.340933

10. Hussain, S., Sharma, S., Sobti, R., & Singh, A. (2025). Science, technology, and novelty for
sustainable development goals: Perspectives and challenges from environment, ecology, and
human society in a changing world. In Role of Science and Technology for Sustainable
Future (pp. 3-21). Springer. https://doi.org/10.1007/978-981-97-5177-8 1

11. lIsakzhanova, I. P., Korovin, A. Yu.,, & Arutyunyan, A. A. (2023). Informatsionno-
kommunikatsionnye tekhnologii v protsesse vospitatelnoi raboty v kolledzhe [Information
and communication technologies in the educational process at college]. Mezhdunarodnyi
zhurnal gumanitarnykh i estestvennykh nauk [International Journal of Humanities and
Natural Sciences], 4-2(79), 194-199.

Khazratkulova, A. V. (2022). Informatsionno-kommunikatsionnye tekhnologii v sisteme
obrazovaniya [Information and communication technologies in the education system].
Obrazovanie i innovatsionnye issledovaniya [Education and Innovative Research], 4, 115—
120.

13. Kondratenko, E., Kondratenko, B., Rybakov, A., & Svetlova, V. (2024). Interactive learning as
means of formation of future teachers' readiness for self-education. Review of European
Studies, 7(1), 35-42.

14. Kornilov, Yu. V., & Levin, I. P. (2017, September 28). Geimifikatsiya i veb-kvesty: razrabotka i
primenenie v obrazovatelnom protsesse [Gamification and web quests: Development and
application in the educational process]. Sovremennye problemy nauki i obrazovaniya
[Modern Problems of Science and Education]. https://science-
education.ru/ru/article/view?id=26865

15. Mar, G., Sandoval, A., Garcia, P., & Avila, A. (2025). Edublog for teaching mathematical
modeling in ecology. Gamification and Augmented Reality, 3, 1-9.

16. McGuire, R., Hayashi, K., Xinyi, Y., & Carita Vaz, M. (2022). EcoEvoApps: Interactive apps
for theoretical models in ecology and evolutionary biology. Ecology and Evolution, 12, 1-9.

17. Misnikova, A. S. (2024, September 28). Razvitie simulatorov i ikh ispolzovanie v
obrazovatelnom protsesse [Development of simulators and their use in the educational
process]. Sovremennye problemy nauki i obrazovaniya [Modern Problems of Science and
Education]. https://scienceforum.ru/2024/article/2018036519

18. Nazlidou, I., Efkolidis, N., Kakoulis, K., & Kyratsis, P. (2024). Innovative and interactive
technologies in creative product design education: A review. Multimodal Technologies and
Interaction, 8(2), 47.

19. Ni, V., & Agus, P. (2024). Literature review on the use of interactive labs technology in the
context of science education. International Journal of Ethnoscience and Technology in
Education, 1(1), 76-96. https://doi.org/10.33394/ijete.v1i1.12154

20. Scheel, C., & Vazquez, M. (2024). The role of innovation and technology in industrial ecology
systems for the sustainable development of emerging regions. Journal of Sustainable
Development, 4(6), 197-210. https://doi.org/10.5539/jsd.v4n6p197

12.

N

168


https://doi.org/10.1007/s10639-025-13415-w
https://doi.org/10.4018/IJAET.340933
https://doi.org/10.1007/978-981-97-5177-8_1
https://science-education.ru/ru/article/view?id=26865
https://science-education.ru/ru/article/view?id=26865
https://scienceforum.ru/2024/article/2018036519
https://doi.org/10.33394/ijete.v1i1.12154
https://doi.org/10.5539/jsd.v4n6p197

A.H. I'ymures amuindazvt Eypasus yammutx ynusepcumeminit, xabapuivicol. Xumus. eozpagus. Dxorozus cepuscol, 2025, 150(1)

21. Sibley, L., Russ, H., Ahmad, G., & Baumgartner, B. (2024). Does technology-based non-
interactive teaching enhance students' learning in the classroom? Computers and Education
Open, 7, 1-10. https://doi.org/10.1016/j.cae0.2024.100233

22. Simonova, I. N. (2013). Issledovanie IKT-kompetentnosti studentov tekhnicheskogo vuza kak
komponenta formirovaniya ekologicheskikh znanii i umenii [Study of ICT competence of
technical university students as a component of environmental knowledge and skills
formation]. Fundamentalnye issledovaniya [Fundamental Research], 10-8, 1814-1817.

23. Wu, J., Guo, S., Huang, H., Liu, W., & Xiang, Y. (2018). Information and communications
technologies for sustainable development goals: State-of-the-art, needs and perspectives.
IEEE Communications Surveys and Tutorials, 3(3), 2389-2406.
https://doi.org/10.1109/COMST.2018.2812301

24. Yaseen, H., Mohammad, A. S., Ashal, H., & Abusaimeh, H. (2025). The impact of adaptive
learning technologies, personalized feedback, and interactive Al tools on student
engagement: The moderating role of digital literacy. Sustainability, 17(3), 1-27.
https://doi.org/10.3390/su17031133

25. Yulmetova, R. F., Malysheva, M. 0., & Sisyukov, A. N. (2020). IT-tekhnologii v
ekologicheskom obrazovanii [IT technologies in environmental education]. Sovremennye
naukoemkie tekhnologii [Modern High-Tech Technologies], 4-1, 159-163.

26. Zhang, A., Gong, Y., Chen, Q., & Xu, J. (2025). Driving innovation and sustainable
development in cultural heritage education through digital transformation: The role of
interactive technologies. Sustainability, 17(1), 1-32. https://doi.org/10.3390/su17010314

IKOJOTMAJIBIK 3eiilH HHTEPAKTUBTI TPeHaKepJiepAiH OL1iM Oepy djieyeTiHiH
Heri3ri acmekTici perinae

IHasen Imutpues, Kpucruna Kapumosa

AngaTrna: Makanaga OuTiM  alylIbUIapAblH SKOJOTHSJIBIK CaHAChIH KAaJBIITACTBIPYFa JKOHE
ONapIblH aHAIUTUKAIBIK KaOUIeTTepiH JambITyFa OaFpITTalFaH IIenIimMaep KaObUiaayablH
O3IpPJIGHIeH JKOJIOTUSJIBIK CHMYJISITOPBIH ChIHAKTaH OTKI3yre Tanjnay OepuireH. 3epTTeyaAiH
©3EKTUIIr OKBITY CallaChlH apTThIPY, TAOMFU pecypcTapibl TYPAaKThl Oackapy AaFAbUIapbIH JAMBITY
MKOHE HETI3JIeIreH AKOJIOTUSUIBIK IIelimMep KaObuigay yiniH OiuiM Oepy MpoleciHe MHTEPaKTUBTI
HUGPIBIK TEXHOJOTHIAp/bl €HTI3y KaXeTTidirine OaianbicThl. 3eprrey OapbichiHaa Google
Forms xkemerimMeH cayamHama ojici KOJAAHbULABI, OyJ mMalijjaJlaHylIbUIapAblH KaTbhICYbIH,
UHTEpQEHCTIH BIHFAMIBUIBIFBIH, OUTIM Oepy KYHABUIBIFBIH JKOHE TpPEHAXep CLEHApHINepiHiH
IIBIHAWBUIBIFBIH  OOBEKTUBTI JKOHE JKaH-)KaKThl Oaranayra MYMKIHAIK Oepai. Amnpobanus
HOTIDKEJIEpl  PECHOHACHTTEPAIH  KOMIIUIrT  CUMYIATOPAbI  OH  KaObUIAaraHbIH,  OHBIH
WHTEPAKTUBTUIITIH, aKMapaTThUIBIFBIH, MPAKTUKAIBIK MaHBI3IBUIBIFBIH KOHE OKYy 1C-OpeKeTiHJe
KOJIJAaHY/bIH BIHFAWIBUIBIFBIH aTan oTTi. CoHbIMEH Karap, WHTep(eicTi OHTalIaHIBIpyIb,
CIEHApUIUIEp/Il KEHEHUTyNl >KoHe Kepi OaillaHbIC MEXaHM3MIH JKEeTUIAIpYIdl Koca ajFaH[a,
KETUIAIPYAL KaXKET €TeTiH acleKTUIep aHbIKTalbl. AJIBIHFaH JIEpeKTep SKOJIOTUIIBIK OiniM Oepye
MHTEPAKTUBTI HUQPIBIK Kypaiaapiabl MaianaHy HepclieKTUBACchIH pacTaiibl. TpeHaxepial olaH
opi JKeTUIAipy, OHBI OPTYpii OimiM JAeHreinepiHe Oeifimiuey >koHE OKy OarmapiaManapbiHa
WHTETpaUsUIIay SKOJIOTHSIIBIK CayaTThUIBIK JICHIeHIH enoyip apTThIpYFa, ChIHU OMJIay/abl JaMBITYFa,
TYPaKThl MiHE3-KYJIBIK YATUIEPiH KAIbIITACTBIPYFa KOHE HAKTHI KOJIOTUSAIIBIK KaFaaiaapaa xKymeni
Tangay, 00JpKay KoHE TYPaKTHI MenliMaep KaObliaay JaFapuIapblH KaJBIITACTBIPYFa BIKIAN €TyTe
MYMKiHIiK Oepeni. COHBIMEH KaTap, TpeHaXepAiH (PYHKIIMOHAIIBIFBIH KEHEUTY CTYIEHTTEpPIiH
MOTHUBALMSICBIH apTTHIPHIT, OUTIMII TEpEeH HWrepyre bIKnaa ereai. bomamrakrta mMyHmad mudpIibK
Kypalgap/sl naiiaanany 0iuriM O0epy ToCUTAepiH KaHFBIPTYIBIH MaHBI3IbI KaJaMbl 0OTybl MYMKIiH.
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Tyiiin ce3aep: 5KoiOrus, TYpakThl Jamy, SKOJOTHSUIBIK OLTIM, aKMapaTThIK-KOMMYHUKAIUSIIBIK
TEXHOJIOTHSIAp, MHTEPAKTUBTI TPEHAXKED, SKOJOTHUSIIBIK caHa, ITUMPIIBIK OUTiM Oepy Kypayiapsl.

Environmental awareness as a key aspect of the educational potential of
interactive simulators

Pavel Dmitriyev, Kristina Karimova

Abstract: The article analyzes the approbation of the developed ecological decision-making
simulator aimed at fostering students' environmental awareness and analytical skills. The relevance
of the study is driven by the need to integrate interactive digital technologies into education to
enhance learning quality, develop sustainable resource management skills, and support informed
environmental decision-making. A survey using Google Forms assessed user engagement, interface
usability, educational value, and scenario realism. The results showed that most respondents
positively perceived the simulator, highlighting its interactivity, informativeness, and practical
significance. However, areas for improvement were identified, including interface optimization,
scenario expansion, and enhancement of the feedback mechanism. The findings confirm the
potential of digital tools in environmental education. Further development of the simulator, its
adaptation to different educational levels, and integration into curricula will enhance environmental
literacy, foster critical thinking, and support sustainable decision-making in real-world situations.
Expanding the simulator's functionality can also increase student motivation and contribute to the
modernization of educational approaches.

Keywords: ecology, sustainable development, environmental education, information and

communication technologies, interactive simulator, environmental awareness, digital educational
tools.
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Abstract: This article reconstructs the Early Miocene climate of the
Turgay Trough in Central Asia, using the Coexistence Approach (CA)
and paleofloristic data from Kushuk. Its main goal is to determine
climatic parameters and ecosystem changes in the Early Miocene.
Results indicate a warm-temperate climate with mild winters and
sufficient rainfall, featuring a mean annual temperature of 14.2°C and
mean annual precipitation of 898.5 mm. These conditions supported
diverse forest ecosystems, including broadleaf and mixed woodlands. A
comparison with the modern climate shows a strong contrast, suggesting
increased continentality and reduced moisture availability. This evidence
supports a gradual climatic cooling and drying during the Miocene,
driven by global and regional factors such as tectonic uplift and oceanic
currents.

The study underscores the climatic evolution of Central Asia and
validates the CA method as an effective tool for paleoclimatic studies.
Findings can be applied to climate modeling and assessing how shifts in
temperature and precipitation influenced Neogene ecosystems. Planned
research will examine the interplay of climatic and geological factors,
focusing on how changes in precipitation patterns shaped habitat
distribution and species composition. These data provide a basis for
refining paleoclimatic models and reconstructing biosphere dynamics in
the Neogene, thereby advancing our understanding of how climate
influenced regional development and biodiversity.

Keywords: Lower Miocene, Turgai trough,
reconstruction, nearest modern analogues (NLR) method

paleoclimatic

1. Introduction

The Kushuk locality, situated in the Turgai Basin of Kazakhstan,
represents a crucial site for the investigation of Tertiary flora and the
reconstruction of ancient climatic patterns in Central Asia (Kornilova,
1960; Nigmatova et al, 2023). The first studies of this place began in
1912. Since then, numerous excavations have revealed a rich diversity of
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flora and faun (Kornilova, 1960). In the middle of the XX century, Kornilova, V.S. made a
significant contribution to the study of Kushuk’s flora, providing valuable insights into the climatic
and ecological conditions of the Miocene (Kornilova, 1960, 1949, 1956, 1955; Nigmatova, 2023).

Understanding the paleoclimatic evolution of regions like the Turgai Basin is crucial for
contextualizing broader patterns of global climate change throughout the Cenozoic (Zachos et al.,
2001; Wang, 2009). Furthermore, the unique characteristics of Central Asian deserts, as detailed by
Graham (2011), underscore the importance of regional studies in unraveling the complex history of
climate and ecosystem dynamics. Recent research, such as that conducted by Zhamangara et al.
(2025) in the nearby Erzhilansay region, highlights the continued importance of utilizing modern
methodologies to refine our understanding of Early Miocene paleoclimates in Central Asia. This
emphasizes the evolving nature of paleoclimatic studies and the increasing precision achieved
through contemporary techniques.

To accurately reconstruct the paleoclimate, this study uses the Coexistence Approach (CA).
This method evaluates climatic parameters by comparing the ecological ranges of modern analogs
with fossil flora. The CA method has proven to be a reliable tool for assessing temperatures and
precipitation in paleobotanical research.

In 2024, a scientific expedition to Kushuk conducted detailed mapping and photographic
documentation. Despite the absence of new floral remains, existing morphological descriptions
from previous studies allowed for the application of the Coexistence Approach (CA). This research
aims to determine the climatic conditions of the Lower Miocene and their role in the ecological
evolution of the region.

This study aims to reconstruct the climatic conditions of the Lower Miocene in present-day
Kazakhstan. The findings will enhance our understanding of regional climatic evolution and the role
of vegetation in these processes.

2. Materials and methods
2.1. Location and geological context

The study was conducted in the Kushuk tract, located in the Turgai depression in the territory
of modern Kazakhstan. This place is one of the most significant for studying the tertiary flora and
fauna of the region due to the unique geological conditions that contributed to the preservation of
fossil remains (Kornilova, 1960, 1956). The outcrops along the banks of the Uluzhilanchik River
are alternating layers of sands and clays with varying degrees of obliquity and leafiness, which
indicates variable sedimentation conditions (figure 1). In some lenses stretched along the outcrops,
there is a joint burial of fauna and flora, which makes this place especially important for
paleontological and paleobotanical research.
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Figure 1. Location map of the Kushuk site in the Turgai Depression, Kazakhstan

During the 2024 summer expedition, field work was carried out, including mapping of
outcrops, photo documentation of sections and collection of samples for subsequent analysis. In the
course of field work, layers of light chocolate color containing highly decomposed plant residues
were discovered. Unfortunately, no samples of floral remains have been found.

2.2. Current Climatic Conditions

The current climatic conditions in the Turgai region, located at coordinates 49.01°N and
65.30"E, are characterized by a mean annual temperature of 1-4°C, with an average temperature in
the coldest month of January ranging from -15 to -17°C and reaching as low as -44°C (-47°C in
some areas, such as Kushmurun). The warmest month, July, has an average temperature around
24°C in the southern parts of the region, but temperatures can reach up to 40-45.C on hot days. The
duration of the warm period, when temperatures are above zero, averages 210-218 days in the
southern half of the region. Annual precipitation decreases to 220 millimeters or less towards the
southern areas, and the warm season (April-October) sees more precipitation than the cold season.
Summer experiences significantly more rainfall than other seasons (Kazhydromet, 2024).
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2.3. Analysis of floral composition

The work of Kornilova, V.S. (1960) presents data on the floral composition of the Lower
Miocene in the region of the Turgai trough. Paleoclimatic reconstruction was performed based on
the diversity and composition of fossil plants found at the Kushuk site. These data were
supplemented with information from the Palaeoflora Database, which made it possible to determine
the closest modern analogues (NLR) for each taxon (Utescher et al., 2024)

2.4. Methods

The Coexistence Approach (CA) was used for paleoclimatic reconstruction of the Lower
Miocene of the Turgai Depression. This method is based on intersecting the ecological
characteristics of modern analogs (NLR) of fossil plants to estimate climatic parameters under
which the fossil flora could exist (Utescher et al., 2014). The method accounts for potential
variability in the ecological ranges of modern analogs, ensuring more accurate reconstructions of
ancient climatic conditions. Previous studies, such as Bruch et al. (2007), have demonstrated the
effectiveness of CA in reconstructing Miocene climates in Europe, particularly in identifying
temperature and precipitation patterns that shaped regional ecosystems (Bruch et al., 2007). These
findings provide a comparative framework that strengthens the relevance of applying CA to the
Turgai Depression. Similarly, Popova et al. (2019) successfully applied CA to analyze Early
Miocene climates in Central Asia, revealing significant precipitation variability and its influence on
vegetation. This study highlights regional climatic dynamics that align closely with the objectives of
this research.

In addition to the CA method, this study also incorporates data on the leaf physiognomy of
fossil leaves, which allows for a more accurate reconstruction of the paleoclimate (Jacques et al.,
2011). This approach, based on the analysis of morphological features of leaves, is an important
tool in paleobotanical research. Furthermore, to reinforce the data on paleoclimate reconstruction,
the results of fossil mammal studies are used, which also provide valuable information about
climatic changes in Eurasia (Fortelius et al., 2002).

Other paleoclimate reconstructions, such as those by Grimalt and Targarona (2017), Ivanov et
al. (2011), and Liu et al. (2011), emphasize the integration of leaf assemblage data and climatic
modeling. This approach enhances the reliability of CA results by providing robust datasets for
validating reconstructed climatic parameters and understanding broader paleoclimatic trends.
Ivanov et al. (2011) analyzed vegetation and climate dynamics in Eastern and Central Paratethys,
while Liu et al. (2011) focused on Miocene climate evolution in North China. These studies
underline the reliability and adaptability of CA for diverse geographic and temporal contexts.The
reconstruction process involved several integrated stages. Fossil flora from the Kushuk site was
analyzed using data from Kornilova’s studies (1960) and the Palaeoflora Database (Utescher et al.,
2024). These data provided the basis for matching fossil species with their closest modern relatives
based on ecological and climatic similarities. Using the climatic ranges of these modern analogs, the
climatic conditions of the Lower Miocene were reconstructed. This approach was further validated
by referencing studies like Bruch et al. (2006, 2007), which highlighted temperature and
precipitation patterns in Miocene Europe, and Popova et al. (2019), which provided insights into
precipitation variability in Central Asia. Additionally, Ivanov et al. (2011) and Liu et al. (2011)
emphasized the importance of vegetation-climate interactions in Eastern Paratethys and North
China, respectively, offering comparative frameworks for this study. The data integration and
analysis were conducted using manual calculations and cross-referencing with existing datasets,
ensuring the effective utilization of both historical and modern sources. No new floral remains were
found during fieldwork, but the extensive material previously collected and described in the
literature provided a solid foundation for a comprehensive paleoclimatic reconstruction. The
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reliance on well-documented historical datasets ensured that the findings remain robust despite the
absence of new samples.

3. Results

Based on the data presented in the work Kornilova, V.S. (Kornilova, 1960; Kurlov et al.,
2015), work was carried out to determine the closest modern analogues (NLR) using the Palaeoflora
Database (Utescher et al., 2024). This made it possible to carry out a more accurate climatic
reconstruction, taking into account the temperature and precipitation ranges in which modern
analogues of fossil flora existed.

The study of the flora of the Kushuk location made it possible to identify 42 species of plants
belonging to 21 families (Kornilova, 1960). The main part of the flora consists of woody and
shrubby plants, which indicates the existence of a warm temperate climate with pronounced
seasonal fluctuations in temperature and precipitation. The main groups of plants are represented by
the following taxa:

Paleofloristic analysis data indicate that the climate in the Lower Miocene in the Kushuk
region was moderately warm, with distinct seasons. The predominance of broad-leaved forests,
such as oak and walnut, indicates sufficient rainfall and mild winters. This is confirmed by the
presence of species that require high humidity, such as Betula subpubescens and Alnus
palaeojaponica.

The presence of species from the Fagaceae and Juglandaceae families suggests that summer
temperatures were moderately high, which contributed to the growth of dense broadleaf forests. The
combination of shrubby and herbaceous plants such as Rosa and Gleditsia indicates the presence of
drier areas, especially in interfluves and open spaces.

Thus, the flora of Kushuk indicates the presence of ecosystems with a warm temperate
climate, which are characterized by a variety of plant formations, including forest, shrub and
aquatic ecosystems. This confirms the favorable climatic conditions that existed in the Lower
Miocene.

To reconstruct the paleoclimatic conditions of the Kushuk location (Lower Miocene), the data
on the floral composition presented in the work were used Kornilova, V.S. (1960), as well as the
method of co-existence with the determination of the nearest modern analogues (NLR taxa) using
the Palaeoflora Database (Utescher et al., 2024). Based on these data, the key climatic parameters
for the reconstruction of the conditions of that period were determined.

Table 1. The main climatic parameters for the location of Kushuk

Parameter Minimum | Minimum

Mean Annual Temperature (MAT), °C 12.8 15.7
Coldest Month Temperature (CMT), °C 0.7 2.2

Warmest Month Temperature (WMT), °C 24.3 25.1
Mean Annual Precipitation (MAP), mm 644 1153
Precipitation in the Wettest Month (MPWET), mm 108 168
Precipitation in the Driest Month (MPDRY), mm 20 30

Precipitation in the Warmest Month (MPWARM), mm 108 356

The analysis of temperature indicators allowed us to conclude that the climate in the Lower
Miocene of the Kushuk region was warm and temperate, which contributed to the growth of mixed
forests:

The average annual temperature (MAT) ranged from 12.8°C to 15.7°C, indicating the
presence of a warm climate. The temperature of the coldest month (CMT) ranged from 0.7°C to
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2.2°C, indicating mild winters. The temperature of the warmest month (WMT) was in the range of
24.3°C — 25.1°C, indicating a warm but not extremely hot summer.
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Figure 2. Temperature Regime for the Kushuk Site

Figure 2 clearly demonstrates the annual temperature fluctuations. It is evident that winter
values do not drop below 0 °C, while in the summer months they reach around 25 °C, confirming
the presence of a warm temperate climate in the region.

The paleoclimatic reconstruction of precipitation revealed the following characteristics:

The mean annual precipitation (MAP) ranged from 644 mm to 1153 mm, indicating
moderately humid conditions.

Precipitation in the wettest month (MPWET) reached up to 168 mm, confirming the presence
of a rainy season.

Precipitation in the driest month (MPDRY) was minimal, ranging from 20 mm to 30 mm,
indicating brief dry periods.
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Figure 3. Precipitation distribution for the Kushuk Site
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Figure 3 illustrates the seasonal fluctuations in precipitation, showing increased rainfall
during the wettest months and decreased rainfall during the driest periods, thereby confirming the
region’s precipitation pattern.

An analysis of the correlation between temperature and precipitation regimes revealed a weak

negative correlation (r = —0.02), indicating a lack of strong dependency between these two
parameters.
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Figure 4. Correlation between Temperature and Precipitation

Figure 4 shows the correlation between temperature and precipitation regimes, highlighting
their lack of dependence on each other. Based on the paleoclimatic reconstruction, the following
conclusions can be drawn:

The climate in the Kushuk area during the early Miocene was warm-temperate, with mild
winters and warm summers.

The annual precipitation was sufficient to support abundant vegetation, particularly during the
rainy season.

The weak correlation between temperature and precipitation confirms their relative
independence, which is typical of regions with moderately humid climates.

Thus, the climatic conditions of the early Miocene promoted the development of diverse
ecosystems, including broadleaf forests and shrub formations, which supported the flora of the
Kushuk region.

4. Discussion

The paleoclimatic reconstruction of the early Miocene using the nearest living relative (NLR)
method provided detailed insights into the climatic conditions of the Turgai Depression during this
period. A key aspect of this study was comparing the reconstructed data with contemporary climate
indicators and examining it alongside the findings of other studies on paleoclimate. This section
also includes graphs illustrating climate changes, allowing for a clear visualization of the region's
climatic evolution.
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4.1 Paleoclimate Reconstruction of the Early Miocene

The reconstruction revealed that during the early Miocene, the Turgai Depression was
characterized by a warm temperate climate. The mean annual temperature (MAT) during this period
ranged from 15.7°C to 17.8°C, significantly higher than present-day values. These findings align
with those of Bruch et al. (2007), who recorded a mean annual temperature of approximately 15°C
for the Oligocene-Miocene period in the Turgai Depression.

Our data also indicated that mean annual precipitation (MAP) ranged from 1150 mm to 1613
mm, suggesting a much wetter Miocene climate compared to current precipitation levels (220-330
mm). This shift reflects a notable decrease in regional moisture availability in modern times. Bruch
et al. (2007) similarly reported evidence of a wetter Miocene climate, which corroborates our
conclusions. These results demonstrate that the climate in the Turgai Depression during the early
Miocene was considerably milder and more humid, supporting rich and diverse ecosystems,
including forest formations and dense shrublands. Together with other studies, these findings
contribute to a comprehensive picture of the region's climate change, highlighting the gradual
cooling and aridification that have led to the present-day conditions characterized by steppe and
semi-desert landscapes.

4.2 Comparison with Contemporary Climate Conditions

The modern climate of the Turgai Depression differs significantly from Miocene conditions.
The current mean annual temperature ranges from 1°C to 4°C, indicating substantial cooling since
the Miocene. Additionally, contemporary winter temperatures (CMT) can drop to -16°C or lower,
whereas Miocene winter temperatures were considerably milder, ranging from 3.4°C to 8.1°C.
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Figure 5. Comparison of Temperature Regimes in the Lower Miocene and Present Day

Figure 5 illustrates a significant cooling trend in the climate. The mean annual temperature
(MAT) during the Miocene was approximately 15.7°C, much higher than the current 3.0°C.
Changes are especially noticeable in the winter months: the coldest month temperature (CMT) in
the Miocene was 3.4°C, whereas today it falls to -16°C, indicating a marked increase in
continentality and winter severity.
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Summer temperatures (WMT) have remained relatively stable, at 23°C in the Miocene and
25°C today. This suggests that the most pronounced climate changes occurred during the winter,
while summer has retained relatively mild conditions over millions of years.
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Figure 6. Comparison of Precipitation in the Lower Miocene and Present Day

Figure 6 highlights a substantial reduction in precipitation from the Miocene period to the
present day. During the Miocene, mean annual precipitation (MAP) was approximately 1150 mm,
whereas today it has decreased to 275 mm, indicating a shift toward a drier climate in the region. In
the wettest months (MPWET), precipitation in the Miocene reached 168 mm, which is much higher
than the modern 60 mm. Even in the driest months (MPDRY), precipitation in the Miocene was 20
mm, compared to the current 10 mm.

This reduction in precipitation led to a transformation of the region's ecosystems, with a shift
from forests to steppe and semi-desert landscapes, as is evident from the region's current climatic
and ecological conditions.

The comparison of early Miocene and modern climate conditions in the Turgai Depression
reveals significant changes in temperature and precipitation patterns. The Miocene climate was
considerably milder and wetter, with higher annual temperatures and greater precipitation,
supporting extensive forest ecosystems. The modern climate of the region is marked by a sharp
cooling, especially in the winter months, and a significant decrease in precipitation, leading to arid
conditions and a shift from forested landscapes to steppe and semi-desert environments.

These climatic shifts illustrate the increased continentality of the region and a trend toward
more extreme seasonal variations in temperature and precipitation, profoundly impacting the
ecological and biological processes in the area.

Our findings align with other studies on the Miocene climate in Central Eurasia. For instance,
research on the Kumyrtas flora in Western Siberia (Popova et al., 2012) presents similar climate
conditions for that period, including mild winters and abundant rainfall. However, as noted in their
work, the climate in Western Siberia was somewhat cooler than in the Turgai Depression, indicating
spatial variations in regional climate. The results obtained indicate significant climatic changes in
the Turgai Depression during the Miocene. Similar trends are observed in other regions, such as the
Aegean Sea (Aksu et al., 1995), the Tarim Basin (Dupont-Nivet et al., 2007; Sun et al., 2010), and
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Central Europe (Mosbrugger et al., 2005). The analysis of fossil Juglandaceae (Tiffney &
Manchester, 2001) supports the data on the composition of vegetation. Comparison with the works
of Bruch et al. (2006, 2007), Ivanov et al. (2011) also suggests that the early Miocene experienced
wetter and more stable climatic conditions that supported dense forests. As these studies indicate, a
gradual decrease in temperatures and precipitation occurred throughout the Miocene, leading to
changes in the floral and faunal communities in the region. Additionally, studies such as Liu et al.
(2011) and Grimalt and Targarona (2017) highlight similar climatic trends in North China and
Central Asia, emphasizing the significance of vegetation-climate interactions during this period.

The paleoclimatic reconstruction of the early Miocene for the Turgai Depression region
demonstrates that the climate during that period was considerably warmer and wetter than it is
today. These shifts in climate conditions, including decreased precipitation and intensified seasonal
temperature fluctuations, contributed to the transformation of the region's ecosystems. Our results
align with these studies, supporting the hypothesis of substantial climate change from the Miocene
period to the present day. By integrating findings from multiple studies, including those of Popova
et al. (2019), our reconstruction reinforces the understanding of how Miocene climatic shifts
influenced Central Eurasia's ecological and evolutionary pathways.

5. Conclusion

The Lower Miocene climate in the Turgai Depression was characterized by warm-temperate
conditions, mild winters, and sufficient rainfall, supporting diverse forest ecosystems. These
findings highlight a significant contrast with modern climatic conditions, where cooler temperatures
and reduced precipitation dominate, contributing to the development of steppe and semi-desert
landscapes.

The reconstructed climate parameters, such as a mean annual temperature (MAT) of 14.2°C
and mean annual precipitation (MAP) of 898.5 mm, provide robust evidence of a wetter and milder
climate during the Early Miocene. These results align with regional studies and reinforce the
hypothesis of a gradual cooling and drying trend throughout the Miocene, driven by global climatic
shifts and regional geographic factors.

This study contributes to a broader understanding of Central Asia's climatic evolution,
offering insights into how ancient ecosystems responded to long-term climatic changes. The
integration of the Coexistence Approach (CA) with existing paleofloristic data further demonstrates
the reliability of this method for paleoclimate reconstruction and its applicability to other regions
with rich fossil records. Future research could explore the interplay of climatic and geological
factors to further refine our understanding of ecosystem transformations during the Neogene.
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Kywmik mexeninin (Topraii oiimatel) epre muoueH keseHingeri Coexistence
Approach sgici HeriziHAe XKYPri3ijireH najgeoKJIMMaTTBIK TAJIAAY

Aitxan Kamanrapa, lllahuzana Akmaramoer, Canna Hurmatosa

Anaarna. byn makamana OpTanblk A3usiga opHanackan Toprail OWIATHIHBIH €pTe MHUOICHIHIH
MAJTCOKIUMATTBIK PEKOHCTPYKUHUACH ycbiHbUTFaH. 3epTrey Coexistence Approach (CA) omicin
KOoJJaHyFa d>koHe KyIblK OpHBIHAH albIHFAH Maneo(uIopaiblK JEPEeKTepAl erKer-Terkeini
Tajjaayra Herizaenred. JKyYMbICTBIH HET13T1 MaKcaThl - epTe MUOILICH IET] KIMMATTHIK MapaMeTpliepai
KAJITIBIHA KEIITIPY XKOHE IKOXKYHe e3repicTepin Oaranay. HoTmkenep epre MHOIEH KIMMATHI YKbLTbI -
KOHBIpXKail >karnaiiapMeH, >KyMCaK KbICTICH YKOHE >KETKUTIKTI yKaybIH-IIANIBIHMEH CHUIIaTTaIFaHbIH
kepceteni. XKpu1nbIK opTama Temmeparypa 14,2°C, an »KbUIIBIK OpTalia KayblH-mambH 8§98,5 Mm-
re >keTTi. byn skarmaiinap opTypiii OpMaH SKOXKYHeNnepiHiH JaMybIHA bIKIAT eTTi. ATMaKThIH Ka3ipri
KIIMMaThIMEH CAITBICTBIPY afTapibIKTal aBIPMAIIBUTBIKTHI KepceTe/, Oy
KOHTHHEHTAJIbABUIBIKTBIH JKOFapblIayblH KepceTedl. AJIBIHFaH JepekTep KahaHIbIK KoHe
aliMakThIK (DaKTOpIapAbIH OCEPIHEH MHUOIEHICTI KIMMATTHIH OIpTe-0ipTe CalKbIHAAYbl MEH
KypFaybl Typaibl THIIOTE3aHbl pacTailjipl. 3epTrey OpTanblK A3HMSHBIH KIMMATTBIK 3BOJIIOLUSACHIH
TYCIHYre adTapiblKTail yiec kxocaiael xkoHe CA ofiCiHIH CEHIMIUIrH Kepcereal. Hotwmxkenep
KJIMMATTBIK ©3repicTepAl MOJIENb/ICY KOHE HEOreHJIeT1 IKOXKyHenepre KIMMaTThIH ocepiH Oaranay
YIIiH KOJIIAHBUTYBl MYMKiH. Bojamak 3eprreynep KIMMAaTTBIK KOHE T€OJIOTHSUIBIK (haKTOPIIap IbIH
@3apa OpEeKeTTeCyiH, COHAal-aK aiMaKTbIH OMOSPTYPIUIIriHE KIUMATTBIK ©3repiCTepAiH dcepiH
Oaranmayra OarbITTanFaH. KIIMMaTTBIK aybICBIMIAp MEH THIPOJIOTHSIIBIK PEKUMJIET! e3repicTepi
KOpPCETEeTIH OCIMIIKTEp KypaMbIHIAFbl e©3repicTepli TalJayFa epeKlle Ha3ap ayAapbUIajbl.
ATBIHFaH JIEpeKTep MAJICOKIMMATTBIK MOJIETBIEP/Il HAKThUIAyFa JKOHE HEOTreHAeri Ouochepanbik
IpoIecTep/liH JAMHAMMKAChIH KaJlblHA KeNTipyre OarbITTaJFfaH OJaH opi 3epTTeyjep YLIIH Heri3
001a anajapl.

Tyiiin ce3nep: epre muoleH, Toprail olnaTkl, NaJ€OKIMMATTHIK PEKOHCTPYKIHS, Ka31pri 3aMaHFbI
xaxpiH aHanortap (NLR) omici

IHaneokMuMaTHYECKUI aHAJIN3 PaHHEr0 MUOLIEHA B MecTOHaxoxAeHnu Kymyk
(Typraiickas BHmaguMHa) Ha OCHOBE METOJa COBMECTHOIO CYIeCTBOBAHMS
(Coexistence Approach)

Aiixkan dKamanrapa, lllaxuzana Akmaramoer, Cauga Hurmarosa
AHHOTauus. B naHHON cTaTbe MNpencTaBiICHA NAJCOKIMMATUYECKash PEKOHCTPYKLHUS PaHHETO
MmuoneHa st Typraiickoil BmaauHbl, pacnosnoxeHHoW B LlenTpanpHoit Asum. MccnenoBanue

ocHoBaHO Ha mnpuMmeHenun wMetoma Coexistence Approach (CA) u geranbHOM —aHaU3e
naseoGpIOPUCTUYECKUX JaHHBIX U3 MecToHaxoxkaeHuss Kymyk. OcHoBHas 1enb paboTsl -
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PEKOHCTPYKIUS KIMMATHYECKUX MTapaMEeTPOB U OIIEHKAa U3MEHEHUM YKOCUCTEM B pAaHHEM MHOIICHE.
Pe3ynbTaThl mOKa3bIBaOT, YTO KJIMMAT PAHHETO MHUOIICHA XapaKTEPHU30BAICS TEIUIOYMEPEHHBIMH
YCJIOBUSIMH, MATKUMH 3MMaMH W JOCTaTOYHBIM KOJMYECTBOM oOcajakoB. CpemHeromoBas
TeMriepatypa cocrasisiia 14,2°C, a cpetHero1o0Boe KOJIUYECTBO OCATKOB TOCTUTAIO 898,5 MM. DT
YCIIOBUSI CHOCOOCTBOBaIM Pa3BUTHIO PA3HOOOPA3HBIX JIECHBIX JKocucTteM. CpaBHEHHE C
COBPEMEHHBIM KJIMMAaTOM PErMOHa BBIABIISICT 3HAYMTENIbHBIA KOHTPACT, YKa3blBas Ha YCUJICHUE
KOHTUHEHTAJIbHOCTU. [lodyyeHHble JaHHBIE MOATBEPKIAIOT TUIOTE3Y O TMOCTEIIEHHOM
MMOXOJIOJIAaHUH W apHIW3aIliy KJIMMaTa B MHOIICHE, BHI3BAHHOM IIOOAJIBHBIMH U PETHOHATBHBIMH
dakropamu. lccrnenoBaHne BHOCHT CYIISCTBEHHBIM BKJIAJ B TOHMMAaHHWE KIMMATHUECKON
sBomtonuu LleHTpanbHOl A3uu B JeMOHCTpUpYET HanexkHocTh Metona CA. PesynbTaThl MOTYT
OBITh UCTIOJB30BAHBI JIJISI MOJICIIUPOBAHMS KIIMMATUYCCKUX H3MEHEHHUI M OICHKU BIUSHUS KIIUMaTa
Ha JKocucTeMmbl B HeoreHe. Ilmanupyercs, yto Oyaymime uccieAoBaHus OyAyT HallpaBJIeHbI Ha
M3YYCHHE B3aUMOJICHCTBUS KJIMMATUYCCKUX U TEOJOTHYCCKHX (DAKTOPOB, a TAaKKEe Ha OICHKY
BIIUSTHUS KIIMMATHYECKUX U3MEHEHU Ha OuopasHoobOpasue peruoHa. Ocoboe BHUMAaHUE YAENsSETCS
aHAIN3y M3MEHEHHUI B COCTaBE PACTUTEIBLHOCTH, KOTOPBIE OTPAXAIOT KIMMATHYECKHUE CIBUTH U
W3MEHEHHUS B THAPOJIOTHYECKOM pekume. [lonydeHHble NaHHbIE MOTYT CIIY>KUTh OCHOBOHM st
JTANTbHEHIINX HKCCIEAOBAaHUM, HANPABJICHHBIX HA YTOYHEHHE NAJCOKIMMATHUUYECKUX MOJEIeH H
PEKOHCTPYKIUIO AMHAMHUKHN OMOC(HEPHBIX MPOIIECCOB B HEOTEHE.

KiroueBble ciioBa: panHuil MuoneH, Typraiickuil mporu6, najJeokIuMaTunyecKas peKOHCTPYKIIHS,
MeToJ Ommkaimx coBpeMeHHbIX ananoros (NLR).
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YHUBEPCUTET, XaHTbI-MaHCHUICK,

AHHoTauusi: PaccmoTpenue uctopuu (popMupoBaHHMs U Pa3BUTHA, a
TaK)K€ COBPEMEHHOE COCTOSIHUE TEIUIO3HEPI€TUYECKOW CHCTEMBI
J1r000T0 pernoHa UrpaeT BaXKHYIO POJIb JJIs ONpEAEIeHUs HalpaBlIeHUH
U MEPCIEKTUB €ro JalbHEHUIIero pa3BUTHsA. OTO BaXKHO M aKTyaJlbHO B
CB3U C TIJIOOAJIbHBIMM KIMMATHUYECKMMHM HW3MEHEHMSIMH, a TakKxke
MO3BOJISIET BBIIBUTH OCOOCHHOCTH TeOrpaMuecKoro pacripeacaeHus
HJIEMEHTOB  TEIUIOOHEPreTUYECKOM  CHUCTEMBl U CIIOXMBILHUECS
TEpPUTOpPHUANIbHBIE AUCIIPONIOPLIUU B PACIpPEACICHUN 3JIEMEHTOB. DTO U
CTaJl0O  LENbI0  HACTOSALIErO0  HCCIEAOBAHMS  NPUMEHUTEIBHO K
tepputopun Pecniyonuku Moprosusi.

Ha nauano 2024 r. Ha Teppuropun peruona padoranmu 13 TOC u 1
manasg I'DOC obmeit momuocThio 434 MBT. OcoOeHHOCTh pa3BUTHS
HHEProcucTeMbl — aOCOJIOTHOE JOMHUHUPOBAaHMM OJHOM CTaHIMH,
Capanckoit TOL[-2. Takxe Tonbko Ha oAuMH TI. CapaHCK MPUXOTUTCS
6onee 70 % Bcelt BBIpaOOTKM W TMOTPEOJIEHUS 3JEKTPOIHEPTHH, YTO
00BsICHSIETCS pa3MEUICHHEM KPYIHBIX NOTpeOuTeneil B TOpoie U €ro
4yepTe, a TakXe BBICOKOM (O TOJOBHUHBI JKHUTENEH pecrmyOIuKn)
KOHIIEHTpAalUE HaCEIEHUS.

VYcTaHoBiI€Ha [OCTaTOYHO 4YeTKass M YCTOWYMBAs TEHACHLHUA K
YBEJIMUEHUIO MOTPeOJIeHNs 3JIeKTpo’Hepruu. [l sHeprocucreMbl
MopaoBun XapakTepHBI IEPEX0]] Ha UCIOIb30BaHUE IIPUPOJHOTO rasa B
KayecTBE OCHOBHOI'O TOIUIMBA M JIOCTH)KEHHE OJHOTO M3 CaMbIX
BbICOKUX B cTpaHe (95%) ypoBHel razudukanuu v snekTpudukanmu.
Y ienbHbIe BeIUUMHBI TTOTPeONeHNs TEMIOBOi Hepruy Ha 1 M? XKuioi
oAl M JJEKTPO’HEPIMM Ha 1 YenoBeKa YMEHBIIMWIUCH B
OOJIBIIMHCTBE PAlOHOB, UYTO CBSI3BIBAETCSI CO CHUKEHHEM YUCIEHHOCTH
HAceJICHUss M YaCTUYHO — MPEANOJIOKUTEIBHO — C IpolLeccaMu
100aNbHOTO  TOTEIUVIEHWsS] MpU  KIMMAaTHYECKUX HW3MEHEHUSAX U
YCTOWYHBOCTU IHEPTETUKHU.

KiroueBbie c10Ba: TEIIOYHEPreTHKA; TEINIOOHEPIreTHYECKAs CUCTEMA,
ucTopus; (HOpMUpPOBAHHE; COCTOSHUE; YCTOWYMBOE PA3BUTHE; KIMMAT;
norernjieHue kiumara; Pecnyonuka Moprosust
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1. BBegenue

PaccmoTpenne  ucropum  (GOpMHpPOBAHUS M AQHAJIM3  COBPEMEHHOTO  COCTOSTHHE
TEIJIOPHEPTEeTUYECKON CUCTEMBbI JIF0OOr0 pEeruoHa WM TEPPUTOPUU HUTPAEeT BAXKHYIO POJb s
ONpPEACIICHUSI HAIPABJICHUM W NEPCIEKTUB HX JajbHEWIIero pa3utus. llocnegHuii MOMEHT
O0COOCHHO Ba)K€H U AaKTyaJieH B CBSI3M C NPOUCXOJSAIIMMH KIMMATHYECKUMU H3MEHEHHSIMU H
BBI3BAaHHBIMH MMM TIPOLIECCAMH TJI00aNbHOrO MOTEIJIeHUs1 kimmara. Kpome Toro, mosiBisiercs
BO3MOXXHOCTh JIJI1  aHaju3a OCOOEHHOCTEW IPOCTPAHCTBEHHOTO pa3MEIICHHs] 3JIEMEHTOB
TEIUIOOHEPTEeTUYECKOW CHCTEMBI, BBISBICHUA W OOBICHEHHS BO3MOXKHBIX TEPPUTOPHAIBHBIX
JUCIIPOTIOPIIUI U ONIPEAEIICHHS MEP 10 UX MPEOAOICHUIO.

B cBs3u ¢ 3TUM, II1aBHOU MPOOIEMOii, paCCMOTPEHUIO KOTOPOU IMOCBSIIEHA JaHHAS CTaThs,
SBIIICTCS aHAU3 COBPEMEHHOTO0 COCTOSHUSI TeIJIOdHEepreTuuecko cucrembl PecryOmuku
MopnoBust. COOTBETCTBEHHO, L€JIb HACTOALIEIO MCCIENI0BAaHUS 3aKIIOYAeTCsl B BbISBICHUU
uctopuu (popmMupoBaHUs U pa3BUTHUA TeriodHeprocucteMsl PecriyOinrku MopoBus, onpeaeneHuu
0COOEHHOCTE €€ COBPEMEHHOT'O COCTOSHHSI M TEPPUTOPHUAIBHBIX  JAHCIPONOPIHMHA B
TEPPUTOPUATIBHOM PACIPEACIICHUH €€ 3JIEMEHTOB.

2. MaTtepuaJjbl 1 METOIbI

JI1st mocTHKEHUS 1IeJIeH UCCIIeIOBaHUS B KAYECTBE METO/I0B ObLIN UCIIOIb30BAHBI U3YUCHUE U
aHallM3 JIMTEPATYPHBIX, KapTOrpaQUuecKux W HWHTEPHET-UCTOYHUKOB, aHAIU3 CTATUCTHYECKHX
JTaHHBIX, O(QUIIUATHHBIX OTYETOB WM IYOJIMKAIMA OTPACIEBBIX OPraHU3alliii W TOCYAapCTBEHHBIX
OpraHos, rpaduueckue Metoabl. M3ydueHa akTyanabHas JUTepaTypa, MEKIyHApOIHbIE PEUTUHTOBBIE
WCTOYHUKU W Hay4dHBIC PabOTHI B cepe TEIUIOAICKTPOIHEPTETHKH, KIIMMATUICCKUX U3MCHCHUNA 1
yCTOWYMBOMY pa3BuTHIO. Ha oOCHOBE wuccneqoBaHHBIX MaTEpHAIOB PacCMOTPEHBI HUCTOpUS
(hopMHUpPOBaHKS U BBHITIOJHEH aHAIN3 COBPEMEHHOTO COCTOSIHUSI TETUIODHEPTEeTUYECKOW CHCTEMBI
PecriyGnuku MopoBHs B LI€JIOM U MPUMEHUTENHFHO K €€ OTAEIbHBIM dJIEMEHTaM — B YaCTHOCTH.
[Tpoananu3upoBaHbl 0COOCHHOCTU MPOCTPAHCTBEHHOTO pa3MeneHus 3JIEMECHTOB
TEIJIOPHEPTEeTUYECKOH  CHCTEMBbl M DJIEKTPOCETEBBIX  OOBEKTOB  (TEIIOANIEKTPOCTAHIIUH,
TEIUIOAJIEKTPOLICHTPAIEH, KOTEJbHBIX, MAaJbIX 3JICKTPOCTAHLMMI, 3JIEKTPONOACTAHLINMN, JUHUM
ANEeKTponepeaaun), CTPYKTypa YCTaHOBJICHHOW MOIIHOCTH TE€HEPUPYIOLIETOo O0OpyIOBaHUS B
pPErHOHAILHOM ~ DHEProCUCTEME, CTPYKTypa TMOTPEOJICHHs]  DJIEKTPOIHEPTruu 1O  BHUAAM
SKOHOMMYECKON JESITeNbHOCTH, BBISBICHBI U OOBSICHEHB TEPPUTOPHAIBHBIE JUCIPOTIOPIIHIA,
MPEJI0KEHbl BO3MOXHBIE MEPBI MO HMX MPEOAOJICHHIO0. BaKHOW YacThi0 HMCCIEOOBAaHHS CTAJIO
oTpesieNieHUe TETUIOBOM PHEepruu Ha 1 M2 WO IJIOMAAU U YAENbHON BETHMYMHBI MOTPEOICHUS
AJIEKTPOIHEPTUM Ha | dYeloBeKka yAETbHON BEIWYUHBI TOTPEOJCHHUS JJIEKTpOdHepruu Ha |
yenoBeka. [logoOHBI MHOTOMEpPHBIN MOAXOA Jal BO3MOXXHOCTh MOJYYHTH OoJiee TOJHOE
MPEJCTABICHUE O TEKYIIEH CUTyallid, BO3MOKHOCTSIX M HaNpaBJICHHUSIX COBEPIICHCTBOBAHUS
TOTUIMBHO-DHEPT€TUYECKOTO KOMIUIekca PecmyOnukun MopaoBus B KOHTEKCTE€ YCTOWYHBOTO
SHEPTEeTUYECKOTO OYaYIIIETO.

3. Pe3yabTarhl

3apoxieHue sHepreTukd B MopaoBun Havasnoch enie B KoHie XX B. C HCTOpHUYECKON TOUKU
3peHHs MepBbIe AMeKTpocTaHyu B CapaHcke 1 AparoBo (HbiHe I. KOBBUIKHHO) MTOSIBHITHCH PaHbIIIE,
yeM B cpegHeM 1o Poccun. TpaauIMOHHO TEpBbIe 3JMEKTPOCTAHIIMM BbIPAOATHIBAIM HEOOJNBIIOE
KOJIMYECTBO DIIEKTPOIHEPTUH W TIPEJHA3HAYAINCH IS OOECIICYCHUs] YIMYHOTO OCBEHICHUS |
palboThl MpennpuaTUil ¢ BBICOKOW JOJeH AMeKTpU(UKAIUN MPOU3BOACTBA TOTO HCTOPUUECKOTO
nepuoma. K 1918 1 wHa Tepputopun coBpeMeHHOW MopaoBuM (QYHKIMOHUpPOBAIN 6
ANEKTPOCTAHITNH 001el MOIHOCThIO 156 KBT.

OcCHOBHOE pa3BUTHE TEIJIOIHEPTEeTUKA PECIyOIMKH TONy4Hiia IOCIe MPUHSATHS TUIaHa
I'OBJIPO. TlepBbIM ACHCTBUTETHHO KPYIMHBIM OOBEKTOM TEILUIODHEPTETUKH TOTO BPEMEHH CTaja
Capanckas TOLI[-1. B 1933 1. cocTosuics myck ee nepBoid TypOuHbI MoHOCTE 600 KBT. Vike uepe3
JBa ToAa 3amycTwiM BTOpyro TypomHy Ha 1 500 xBt. BBom B »3Kcruryatanuio JaHHOM
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NEKTPOCTAHIIMM  MOCHIYKWJI  TOMYKOM K  Pa3BUTHUIO  TOPOJICKOTO  LIEHTPAJIN30BaHHOTO
tertocHaOxkeHust. O0mias Teriobas momHocTh Capanckoit TOII-1 onenuBanacek B 120 'kan/qac.

JIOBOJIbHO aKTHBHO Pa3BHBAJach M JCLEHTPAIM30BAaHHAs DHEPreTHKa. ITO OBLIO CBS3aHO C
«IIpOOJIEMHOCTBIO» CEJICKUX TEeppUTOpUi. 3/ech MpOXKHUBaja OCHOBHAs 4acTh HACEJIEHUS, HO
o0ecrieunBaTh DJHEPrUeil Takue TEPPUTOPUU OBUIO SKOHOMHYECKM HEIEeIecooOpasHO U
TEXHOJIOTHYeCKH TpyaHo. CelbCKue TEPPUTOPUU PACTIATUBAIUCH HAa 3HAYUTENIBHBIC PACCTOSIHHS,
BOIIPOCHI TEILJIO- U AJIEKTPOCHAOKEHHUSI PELIAUCh BO3BEICHUEM JIOKAIBHBIX UCTOYHHKOB dHEPTHUH,
HaIlpuMep, CTPOUTEIBCTBOM BETPSHBIX W BOASHBIX MenbHUIl (I'pomoB u ap., 2022; I'pomoB u 1p.,
2023; Ileperouenkona, [1aranos, 2023).

B nepuox mnociae Benukoit OredecTBEHHOM BOWHBI pOJIb TOPOIOB, KakK IJIaBHOM
MIPOU3BOJUTEIBHON CHIIBI, ObLTA MHOTOKPATHO YyBEIMYeHA. MHOXECTBO KPYMHBIX HPEANPUATHA
CTpaHbl, 3BAKYUPOBAHHBIX B BOGHHOE BPEMs, ObUIO PEIIEHO OCTaBUTh B MECTaX 3BaKyalllH, a Ha UX
IpeXHEM MecTe MocTpouTh HoBble. Crpoc Ha pabodyrme pyKH TMOATOJKHYJ pa3BUTHE Mpolecca
ypOaHu3anuu, a 3BaKyHpOBaHHbIC MPEIIPUITHS CTajJl CBOETO POAA «TPajopa3BUBAOIIUMUY» H
noTpeOOBaIN CEPhE3HOTO YBEIMYCHHS YHEPTONOTPEOICHUSI.

B 1958 1. 6pina 3amyiieHa nepBasi TypOMHA KPyIHEHIIIEro SHEPreTHUYEeCKOro 00bEeKTa peruoHa
— Capanckoit TOL-2. Ee momHOCTh coctaBimsuia 25 MBT. TemnoanekTpoueHTpainb HEOTHOKPATHO
paciupsach: B 9KCILTyaTallMio ObUIM 3amylieHbl HOBBIE TypOoarperarbl, HapoBble U BOAOTPEHHBIC
kotiael. B 1999 1. cambie crapble TypOuHBI OBUIM 3aMEHEHBI Ha OJIHY HOBYIO, CYMMapHO
MIPEBBIIAIONIYIO0 OOIIYI0 MOIHOCTh U3HOIICHHBIX arperaroB. YCTaHOBIIEHHAs TEIIOBas MOIIHOCTh
TOL-2 cocraBuna 744 I'kan/u (ropsiuas Boga — 704 I'kan/g u map — 40 ['kan/a). DHeprus ctaHuU
OTITyCKaeTCs B BUJIE CETEBOM BOABI JIAOTOIJICHUS ¥ TOPAYETO BOJOCHAOKEHUS JIJISl IPEIIPUITUN U
KHWJIbIX JOMOB YEThIpEX pailoHOB roposa.

B 1981 r. Capanckas TOLl-1 npekparuna cBo€ CyIIECTBOBAHUE CIIYCTS IIOYTH IOJBEKa
JKCIUTyatauuu. 3HomieHHble TypOMHBI ObUIM JE€MOHTHPOBAHbBI, U HEKOIJA KpyHHeiIas
TEIUIORJIEKTPOLIEHTPAIIb PEBPATHIIACh B HEOOJBIIYIO KOTEIbHYIO, KOTOpasi 00eCeYrBaeT TeIIoM U
napom oOu3iexarntue goma (Ileperouenkosa, [Istanos, 2022; [leperouenkosa, [Isranos, 2023).

Ecnu roBopUTh 0 TEppUTOPHATIBHBIX TUCIPONIOPLUSX, TO Ha I. CapaHck nmpuxoautcs 6omnee 70
% Bceill BbIpaOOTKM M TOTPEOJEHMS] UIEKTPOIHEPTHMH B pecnyOnuke. ITO MOXKHO OOBSCHUTH
PacroiIoKEeHUEM KPYINHBIX NPEANPUATHII MOpIOBHM HENOCPEACTBEHHO B TOPOAE U €ro 4epTe, a
TaKe BBICOKOW KOHIICHTpanuer HaceneHus. B ropoackom okpyre Capanck Ha Hadano 2023 r.
npoxxuBano 45 % Bcero HaceneHus pecnyonuku (347 Tteic. u3 771 Thic. yen.). Ciona ke MOXHO
OTHECTU KOHLEHTPALIUIO BHICOKYIO KOHIIEHTPALIMIO TPOMBIIUIEHHBIX MTPEANPUSITHIA.

Ha nauano 2024 r. Ha TEppUTOPUM PETHOHA SKCILTyaTUpOBaNIMCh 13 TemnoBbiX M 1 manas
THUAPOAIEKTPOCTAHIIHS 0011el MomHOCThIO 434 MBT (Tabmuma 1). Tak kak Pecny6nuka Mopaosuu
rasuuuupoBaHa Ha Oosee ueM 99%, Bce TEMIONEKTPOCTAHIMM HCHOIB3YIOT B KauecTBe
OCHOBHOTO TOIUIMBA MPUPOAHBINA ra3z (co Bcemu ero npeumyinectBamu (Gielen, Bazilian, 2021;
Bugaje et al., 2022), a rmaBHOE 000pyIOBaHUE MPEACTABICHO Ta30MOPIIHEBBIMH U Ta30TypOMHHBIMU
arperaramu.
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Ta6auna 1. TeroBele W 3JeKTpuueckue craHiuu B PecrnyOnuke MopaoBus (cocTaBieHO
aBTOpam 1o (DIeKTpoCTaHIuH. .., 2024))

dakTHnyeckas
Haceaennuiii YceraHoBjieHHast BEIpaGoTIa TennaoBas
HaszBanue yHKT MOIIHOCTDH P — MOIIHOCTh
cranuuu (MBT) (v, KBT*4) (I'xan/4)
Capanckas TOII-2 r. CapaHck 280,00 1070,0 744.0
MI'C MopaoBieMeHT 1. Komcomomnbckuit 73,00 373,50 61,0
Capanckas ['T-TOI] r. CapaHck 18,00 99,10 80,0
9C AO «Temmunynoe» r. 0. CapaHck 16,60 77,40 -
Pomonanosckas TOILI-4 1. PoMmoganoso 12,00 28,60 41,70
9C 000 «DHeproieHTp . Yam3uHka 6,90 28,30 -
Cypa»
9C AO «Mwup 1IBETOB» n. Kagomnikuno 6,00 27,30 -
3C AO «Mwup 1BeToB . Kagomkuno 6,00 7,50 -
PM»
I'TOC SBacckas . SIBac 5,00 5,50 -
9C 000 «OM-ITJIACT» r. CapaHck 4,40 8,40 -
5C 000 MIIK . ATSIIIEBO 4,30 31,90 -
«ATSIIEBCKUN»
2C 000 r. CapaHck 0,80 2,60 -
«CapaHCKKabemb-
Ontuka»
9C AO «CapaHckuii r. 0. CapaHck 0,50 1,10 -
KOMOWHAT MakapOHHBIX
H3ACTUL
Toxmosckas MI'DC c¢. ToxkmoBo 0,32 - -

CtouT OTMETUTh, YTO B HACTOfIIEEe BpeMs IVIaBHAas OCOOEHHOCTb W pPE3ydbTaTl pPa3BUTHUS
SHEPrOCHUCTEMBbl PETMOHA 3aKJIIOYaeTcsi B aOCOJIIOTHOM JOMHUHHUPOBAHUM OJHOW €IMHCTBEHHOM
cTanuuu Hax apyruMmu. Peus mper o Capanckoit TOL[-2. Ha ee momo npuxoaurcsa nopsaka 70%
BCel YCTaHOBJICHHONH MOIIHOCTH (pUCYHOK 1) m Goinee 60% BBIpaOOTKH AIIEKTPOIHEPTHH BO BCEM
pETHOHE.

1%

3%
5%

B Capamcras T311-2 B Capancras [ T-T31] Pomonanorceas TI1]-4
m[[I3C Moponoeuement m I T3C Heaccran

Pucynoxk 1. CrpykTypa YCTaHOBJICHHOW MOIIHOCTH TEHEPHUPYIOUIETO O0OOpYyIOBaHUS B
sHeprocucremMe PecnyOomukum  Mopaosus  3a 2023 rom  (cocraBieHO — aBTOpaMHu IO
(Onexrpocranimu. .., 2024))
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W3ydas cTpykTypy MOTpeOIeHuUsl MEKTPOIHEPTHH MO BHIaM SKOHOMUYECKON JEesTeIbHOCTH
(pUCYHOK 2) MOXHO OTMETUTH CJIEIYIOUINE OCOOCHHOCTH:

- OCHOBHOE TIOTpeOICHHE MPUXOAUTCS Ha 00padaThIBaroIIee MPOU3BOACTBO, OHAKO
€ro JI0J15 3a MOCJEAHME S5 IeT cokparuiack — ¢ 35,6 mo 32,3%);

- MPONOJKAET PACTH MOTPeOICHUE SHEPTHH B CEIBCKOM XO3SHCTBE, UTO
MOATBEPKIACTCS PACIIUPEHUEM TPOU3BOJICTBEHHBIX MOLTHOCTEH B IJIAHAX Pa3BUTHS
CEJIbCKOXO35MICTBEHHBIX NPEAIIPUATHM;

- TPAHCHOPT, CBA3b U TOPTOBJISl CTATHUPYIOT, OMEPEMEHHO TO MPUOABIISS, TO TEPSIs
mo 1-1,5 % exxeroauo;

- CTPOUTENIBCTBO, HECMOTPS HA SHEPTHYHBIEC TEMITbI, COKpAIaeT MoTpediIeHne
SHEPTHUH MOCJe MUK aKTUBHON CTPONKHU K 21-My yemnuonaty mupa no gpyroony GDUDA 2018 r.,
OJTHUM U3 TOPOJIOB-YYaCTHUKOB KOTOpOTO siBisuicst Capanck, — ¢ 1,4 mo 0,8 %.

Hacenenne, kak rpymnma mnorpedurteneii, yBeIMYHMBAET HCIOIb30BAaHUE AIIEKTPUUYECKON
OHCPIHUH, YTO CBA3AHO KaK C KOJIMYCCTBCHHBIM POCTOM CIHMHUIIbL HOTpe6J'ICHI/I$I QJICKTPOSHECPIUU HaA
YeloBeKa, TaK M C IMpollecCaMy YCKOpPEHHOW uudpoBu3anmuu. Y KaxJO0ro ueiaoBeKa CEerojiHs
UMEETCS HE OJHO, a HECKOJbKO IHM(PPOBBIX YCTPOHCTB — CMapTQOH, IUIAHIIECT, KOMITBIOTE,
YCTPOICTBA «yMHOTO JOMay, MPOUCXOAUT IU(PPOBU3ALMS 3ICKTPOOBITOBBIX MPUOOPOB U T. II.,
CYMMapHO TOTPEOIISIONINX TOTIOHUTENbHBIE 00BEMBI JIEKTPOIHEPTHH.

18.9%

0,3%

B CeNkcKoe H JIeCHOE X03AHCTEC, pEIDONIOECTED

B O6pa0aTHEaH0IIEE IPOHZECOCTED

¥ ObecnedeHie 3MeKTPIMeCkKol SHEpIHell razom, IapoM
B CTpOHTEIBCTED

¥ TpaHCTopT H CEA3E

¥ Toproens oUTOERAH POIHIYHAA

Hacenexnne Kak rpyima noTpebHTenei

Pucynok 2. CtpykTypa noTpeOneHus JeKTPOIHEPTUH 110 BUAM YIKOHOMUYECKOU IeSITEIbHOCTH B
Pecny6uke Mopmosust 3a 2023 1. (coctaBiieHO aBTopaMu 1o (DJIEKTPOCTaHIHH. .., 2024))

B uenom morpebnenue snekTpodHeprur B MoOpAOBUU pacTeT HE OBICTPHIMH TEMIIaMHU, HO
TEHJICHIMS K YBEJIMUEHUIO MPOCIIEKUBACTCS JOCTAaTOYHO YETKO U YCTOHYMBO. TeMIlbl mpupocTa — B
cpenHeMm 1% k mpempiaymemy rony. OCHOBHBIMHU TOTPEOUTENSIMH DIEKTPOIHEPTHH B PErHOHE
cpenu KpymHbIX npeanpusTuil sisiorcs ¢unuan «PXKJI» — KyitObimeBckas »xene3Has aopora,
AO «MopnoBuement», AO «Termmunoe» u OO0 «BKM-Cramnby.

Crnenom MAyT Takke NOCTAaTOYHO OONbIIKE MPEANpPUATHS PETHOHA, OAHAKO B MOTpPEOICHUU
SHepruu oHu ycrynaior auaepam B 4-10 paz — OOO «PomopanoBocaxap», AO «Mup 1BETOBY,
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ITAO «Qnexkrpossinpsamutens»y, OO0 MIIK «Arsmesckuity, OAO CapaHckuil  3aBoj
«Pe3unorexHuka» u Ap. K 0OCHOBHBIM MEPCHEKTUBHBIM MOTPEOUTENSIM JICKTPOIHEPTUU B PETHOHE
MOXXHO OTHECTH TEIUIMYHbIE KOMIUIEKChl mpeanpusatuil «Termnmuynoe» u «Mup LIBETOBY», a TaKxke
arpopupmy «OkTsOpbckasi». Kpome Toro, BBeneHHE B HKCIUIyaTalldl0 YHHUBEPCAIbHOIO 3aja
«Orapés—Apena» B . CapaHCke MpeArnoaaraeT UCnoiab30Banue nopsaka 4,3 MBT gononHuTenbHOM
anekTpudeckor MorHoctH (Peanuzarnus. .., 2020; I'pomoB u ap., 2022; I'/pomoB u ap., 2023).

Oueprocucrema Pecriyonmuku MopaoBus siBisieTcss 4acTbio OOBEIMHEHHOW SHEPrOCHCTEMBI
Cpenneit Bonru (O29C Cpenneit Bonarun) (Emmnas..., 2021; O3C..., 2023) u HaxoAWTCs IO
pPEruoHAJIbHBIM YIIPABJICHUEM U B BEJICHUU CUCTEMHOTO omneparopa — [[eH3eHCKOro peruoHaIbHOTO
JUCIETYEPCKOTO YIpaBICHUA. DHEpreTuueckas CHCTeMa pEruoHa CBs3aHa C DHEProCUCTEeMaMHU
Hwxeroponckoit, Ilensenckorr u Pszanckoit oOmacteir, a Takxke YyBamickoir PecrnyOnuku
BO3AYUIHBIMU  JIMHUSAMM  DJIEKTporiepenadd  (BBICOKOBOJIBTHBIMU  JuHMsMH, BJI)  oOmeit
MPOTSHKEHHOCTBIO, COCTABIISIONICH Ha CBOCH TeppuTopuu 2 625 KM.

Crout OTMETHUTBH, YTO Yepe3 TePPUTOPUI0 MOPIOBUH HE MPOXOAUT HU OJHA BBICOKOBOJIBTHAS
TuHUS  JnekTporepenad  HampspkeHuem Oornee 220 kB. Ilpu stom B ODC Cpenneit Bonrm
CYIIECTBYIOT BO3AYIIHbIE JTUHUU CBEpXBBICOKOTO Kjacca HampspkeHus B 500 kB. Onu orumbaror
TeppuTopuio pecnyonuku ¢ ceBepa (B Hwxkeropoackoit obmactu BJI 500 kB «OcuHoBKa —
Apzamacckas») u ¢ ora (B YabssHoBcko# u [lenzenckoit obmnactsax BJI 500 kB «Bemikaiima — [1en3a-
2»).

DHeprocucTeMa peruoHa BkIo4aeT B ceOs 121 moacTaHIMIO pa3HOro Kiacca HalpsHKEHUs,
HEKOTOPBIC M3 KOTOPBIX MPEACTABICHBI HA pUCyHKe 3. HeoO0X0MMMO OTMETUTh, YTO JJIS IETATHHOTO
BBISIBJICHUSI ~ 3aKOHOMEPHOCTEH  pa3MeIlleHUs  OTACNbHBIX  DJIEMEHTOB  PETHOHAIBHOM
TEIUIOPHEPTETUYECKOM CHCTEMbl U TOJYYEHHUs TIOJTHOW KapTUHBI HEOOXOIUMO BBITTOJIHEHHE
COOTBETCTBYIOIIETO  KapTrorpadupoBaHUsT U  MOACTUPOBAHUS, a TakkKe IPOBEICHUE
reouH(popMaIMOHHO-KapTorpaguueckoro mnpocTpancTBeHHoro ananu3a (Tecnmenox, TecneHOK,
2013; Tecnenok u ap., 2016; Bellamy et al., 2022). Tloka umeromuecs marepuansl (Eaunast...,
2021; Munucrepctso..., 2022; DnekrpocTtadiuu..., 2024) mo3BOISAIOT caenarb OOUIUNA BBIBOJ
TOJIBKO O JIOCTAaTOYHO PABHOMEPHOM pa3MEIICHUU MO TEPPUTOPUU PETHOHA SIIEKTPUUYECKUX
noacTaHuil (cM. pucyHok 3). Ilpu 5TOM MOXHO OTMETHTH, YTO B 3alaJHON YacTU PECIyOIUKH
peoOaaaroT MoACTaHIK ¢ HanpsbkeHueM 110 kB, a Ha Boctoke — 35 kB (cm. pucynok 3).

JTyroRrOB

Capos
°

Sensiuce B-w.ﬁ@ @
Bosnezerixoe .
o Nepzomarck
a 4natbips
e

OO ® 0000
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Wu@ s Whza

Hu<onso
Banancx Dieck

Pucynox 3. PacnionoxeHue 31€KTpUUYECKHUX IMOACTAaHUUN Ha Tepputopun Mopposun (Enunas...,
2021; MunucrepcTso..., 2022)
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Ha Ttepputopun pecrnyOnukd (YHKIMOHUPYIOT TMATH DIEKTPOCETEBBIX OOBEKTOB C
HanpspkeHueM 220 kB. DT  moacTaHIMM  ABIAIOTCS COCTaBHOW dacThio OOBEIMHEHHOU
SHEPrOCHCTEMbl M NpUHAANeKaT ¢umnany MarucrpanbHble anekrpuueckue cetd Boarm (MOC
Boaru) (O3C..., 2023) omHoro w3 KpymHEHIIMX B MHUpPEe W caMmoro KpymHoro B Poccunm
AIIEKTPOCETEBBIX XOJIMHIOB (00ECIEUNBAIOIIETo MIEKTPOCHaAOKEeH!E ToTpeduTenel B 82 pernoHax
ctpanbl) — IlybnuyHomy akiuonepHoMy obimiectBy «®PenepanbHasi ceTeBas KommaHus—PocceTn»
(panee — [TAO «®CK EDCy») (Epunas..., 2021; O6 yrBepxkaenuu..., 2022). K HuM otHOCATCS
cnenytromtue [1C 220 kB (rombl BBOA B SKCILTyaTaIHIO):

- Capanckas (1973, 1977);
- Lentponut (1988, 2012);
- PysaeBka (2010, 2011);

- Komcomorbckas (1986);

- Mokia (1992).

B nenom rterosneprocucrema Pecnybnuku MopaoBus peminia HECKOIBKO CTPaTerHuecKuX
3aJla4 B HalpaBJICHUHN YCTOMYUBOIO PA3BUTHSI.

Bo-nepBbIX, TEIMJIOBBIE AIEKTPOCTAHIIMK PETrHOHA MOTPEOIISIOT MPUPOIHBIN ra3 Kak OCHOBHOE
TOILJIMBO, HECOMHEHHO, 00Iaaromiee XopomnMHy nepernektuBamu u B Oyaymiem (Gielen, Bazilian,
2021; Bugaje et al., 2022). Droro ymaaoch T0OMTHCS Oiaromaps CTPOUTENBCTBY MaruCTPabHBIX
ra3onpoBoO/IOB, Hanpumep, Takux kak «CaparoB—lopbkuii». biaronaps UM TemIo3IeKTpOLEHTpaIN
MopaoBuu 0TKa3aJIKuCh OT C)KUTAHMSI YIUISI U Ma3yTa, KOTOPhIE OKa3bIBAJIM HETaTWBHOE BIMSHHE HA
HKOJIOTUYECKOE COCTOSIHUE PETHOHa (OCOOEHHO B YCIIOBHSX MOTeruieHus kimuMara) (TeciaeHok u ap.,
2012; Uenumera, 2013; Tecnenok u ap., 2015; becnanosa, Tecinenok, 2019) u 3710poBbe HACETICHUS.
[loBbllIEHNE YCTOWYMBOCTH TEIJIOIEKTPOIHEPIETUKN B YCJIOBUSIX PETMOHAIBHOTO IPOSBICHUS
po0sIeMBbl IOO0ANBHBIX KIMMaTndeckux uaMeHnennit (I'pun, 2023; I'pun, 2023; Myxameauesa u ap.,
2023) urpaet BaXXKHYIO POJib, CHHXKAsi 00bEMbI BBIOPOCOB MAPHUKOBBIX I'a30B B PE3YJIBTATE CKUTAHUS
JpYTUX BUAOB yriieBonopoaHoro tommsa (I'pomoB u np., 2022; Munucrepctso..., 2022; Jesse et al.,
2024). Ho, He cMOTpsl Ha 3HAYUTEILHOE COKPAIICHHE YKOHOMHUYECKUX H3ICPKEK, PECIyOlnKa He
oOmagaer COOCTBEHHBIMH MHHEpAIbHO-CBIPLEBBIMHM JHepropecypcamu. A aHanu3 OallaHCOB
PEaKTUBHON MOIIHOCTH JHEProcucTeMbl MOPIOBUM TIOKa3bIBA€T €€ SHEProfeUIUTHOCTh U
3aBHCHMOCTh B IOJIYyUYEHMH DJIEKTPOSHEPIUU M3 CMEXHBIX 3HeprocucreM. Bce 3tu daxropsl, a
TaKKe U3HOC (OHJIOB (TEMII0BOro 000PYIOBaHHUS, TETJIO- U 3IEKTPOCETEH U JIp.) HETaTUBHO BIIHSIOT
Ha Tapu(pooOpa3oBaHuE B PErHOHE, KOI/la B MOCIIEAHEE BPEMs IIEHbl Ha SHEPTUI0 CTaJId OAHUMHU U3
cambIxX BbicOKHX B [IpuBomkckoM denepansHom okpyre (Tapuder, 2023).

Bo-BTOphIX, B TEUEHHE JOCTAaTOYHO KOpOTKOTo BpeMenu (¢ 1960 mo 1970 rr.) Obuta nponenana
orpoMHasi paboTa 1o snekTpudukanuu M ra3uduranuu Bcex pailoHoB PecmyOmuku Mopaosus,
OCOOEHHO — CeNIbCKOM MeCTHOCTH. Jnekrpuduxanus JIsmOupckoro u PomomaHoBckoro paiioHOB
3aBepuuaack B 1960 r., TemuukoBckoro — B 1962 r., Arsmesckoro, Koukyposckoro, MuankoBckoro,
Kpacnocno6omckoro, /lybenckoro, bonbimedepesankoBckoro u bonpmenrnaropckoro — B 1964 1. B
1967 r. Bce KpymHBIE CEIbCKOXO3AMCTBEHHBIE MPEANPUATHS pPErHoHa OBUIM TMOAKIIOYEHBl K
MopnoBckoii 3HEprocuctemMe. B To Bpemst 3T0 ObUT0 OCOOCHHO aKTyaJdbHO, TOTOMY YTO OOJIbIIAs
JacTh HACENEHUs MPOXKUBAJIa UMEHHO B CENbCKOW MeCTHOCTH. Takum obpazom, eciu B 1960 T.
ANIEKTPOCETSIM ObUIO MOJKIIIOUEHO 224 HaceleHHbIX MyHKTa (47 778 momoB), To yepe3 10 jeT ux
qucI0 BeIpocio yxe 10 1 394 HaceneHHbIX MyHKTOB (145 706 1oMOB).

[TapamokcanbHO, HO OJHOBPEMEHHO C MPOLIECCAMU Pa3BUTHUSL CEIbCKUX TEPPUTOPUI 3a CueT
ANEeKTpUUKAIIMN U Ta3u(UKAIINH BO3HUKIIA MACIITa0HAs MUTPAIlUs HACEIICHUS U3 cella B TOPOIl, U
COKpAIIeHHE CEIbCKOr0 HAaCEIeHUsI MTOCIIE0BATENBHO MPUBOINIO K YMEHBIICHUIO YHCIIA CETbCKUX
HaceneHHbIX myHKTOB (JlormnoBa u gap., 2018) (tabmmma 2). DHeprocHabXeHHE CETbCKHUX
HACEJICHHBIX MYHKTOB C BBICOKOH TEPPUTOPUATBHON JUCIIEPCHOCTHIO SBISETCS BHICOKO 3aTPAaTHBIM
U DKOHOMHYECKH ManodpdexTuBHbIM. Ko BceMy 3TOMy 100aBisieTCsl MOCTOSIHHBIN OTTOK CEJIBCKOTO
HaceneHus B ropona (Segales et al., 2023), u3-3a yero morpeduUTENCH TEIUIO- U IEKTPOIHEPTUH HA
CeJie CTAHOBUTCSI €1IE MEHBIIIE.
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Tabauna 2. JluHaMuKa CeIbCKOTO HaceJIeHus u pacceneHus B Pecnydnuke Mopnosus (Jlorunosa
u ap., 2018)

T'on YuCIeHHOCTD €eJIbCKOro KosmmyecTBo cenbekux HaceseHHbIX| IlIoTHOCTHL HaceneHus,
HaceJIeHMs1, ThIC. YeJl. NYHKTOB vest/Kkm?
1939 1098 2542 45,8
1970 657 1813 39,5
1979 525 1485 37,9
1989 419 1377 36,9
2002 365 1284 34,1
2024 278 1237 29,3

C oaHO# CTOPOHBI, NEKTpU(HKALIUS CEIbCKUX HaceIeHHbIX MyHKTOB Mopaosuu, Gnaronaps
CTPOUTENILCTBY JIMHHUM 3JIeKTpornepenadu, IOBIEKJIa 3a co00l yinydllleHHEe KadecTBa IKU3HU
cenbckoro HaceneHusi. C Jpyrodl cropoHsl, MacmTabHoe pacrpoctpaHeHue BJI mpuseno k
HEHaJI00HOCTH Pa3BUBATh OOBEKTHI JIOKAJTHLHON YHEPreTUKM B OTNAJICHHBIX PAWOHAX PECITyOIIMKH.
3aKphITHE JIOKAIbHBIX HEPreTHYECKMX OOBEKTOB B CEIBCKOM MECTHOCTHM IOBJIEKJIO 3a COOOM
COKpalleHre paboynx MECT U, KaK CIEJCTBUE, PA3BUTUE MIPOLIECCOB MUTPALIUU B TOPOJCKYIO YEPTY
(Segales et al., 2023).

AraeB, 3.A. cuWTaer, YTO MEPCHEKTHBHBIMH ISl DHEPTOCHAOKECHHS SBISIOTCS CEJIbCKHE
MOCEJICHUsI C YHCICHHOCTBhIO HaceieHuss Oonee 1 Teic. dvemoBek (ArtaeB, 2008). Takux
HACEJICHHbIX IIYHKTOB B peruoHe nopsaka narugecsaty (Jlorunosa u ap., 2018). B cBsa3u ¢ atum
CTOMT IOJHATH BOIPOC O I€1eCO00pPa3HOCTH BO3BPALICHUS K Pa3sBUTHIO OOBEKTOB JIOKAIbHOM
SHEPreTUKU B OTAAJEHHBIX pailoHaXx MOpIoBUHM, B TOM YHUCIIE B COBPEMEHHBIX YCIOBHSX U C
MCIOJIb30BAaHUEM BO30OHOBIISIEMBIX UCTOYHUKOB dHepruu (Sagar et al., 2023). B HacTosiee Bpems
00beMBbl TOTPEOIEHUS AIEKTPOIHEPTUH B CEIbCKOM MECTHOCTU CTAaOMIIBHO MOBBIIIAIOTCA. Takke
MOXHO OTMETHTb CIBUT B INIOOAJILHBIX MPOIIECCaX, a UMEHHO Pa3BUTHE MPOLIECCOB AeypOaHU3aLuU
U cyOypOaHU3aIH.

B tabnune 3 npeacrabieHa IMHAMHKA YSIbHOW BETMUMHBI TOTPEOICHUS TEIIIOBOM SHEPTUU
Ha 1 M? XuIoii mIomany B paspese paitono Mopaosuu. [TomydenHbIe TaHHBIE CBHIETENHCTBYIOT O
HEKOTOPOM COKpAIllEHUH BEJIWYMHBI NMOTpeOsIeHus] TeruioBoi sHeprur. OHO MOXKET ObITh BBI3BAHO
MHOrUMHU (¢akropamMu MU npuyuHamu. CaMoil OYeBMIIHOM cpenu HUX SBISETCS CHIDKEHUE
YHUCJICHHOCTH HAceJICHHsI, BEI3BAHHON MUTPAIIMOHHBIMU U YpPOaHU3aLMOHHBIMU MTPOLIECCAMHU.

Taxxke CHUXKEHHE MOTPEOJEHUS TEIUIOBOM HHEPruy MOMIO MPOU30HTH IO MpPUYUHE
KaIUTaJbHOIO pPEMOHTa OOBEKTOB TEIUIO3HEPIreTUKH M, Kak pe3yiabrara, MOBBIIICHUS MX
(b ()EKTUBHOCTH WM B peE3yJIbTaTeé HEMOCPEACTBEHHOTO COKPAICHHUS XWJIOW TUIOMIAJN 3a CYET,
HanpuMep, IPU3HAHUS JKUJIbSl aBAPUHHBIM.

OTHOCUTENBHO CTAaOWIIbHAS B 3TOM IUIAHE CHUTYaIlds OTMEYaeTcs B ApaaTroBCKoM, 3yOOBO-
[TonsackoM, HMHcapckoM U TeHBIyIIEBCKOM MYyHULMIAIBHBIX pailoHax Mopaosun. B Hux
OTMEYaeTcsi KpallHe HE3HAUWTEJIbHBIA CPEIHEroJIoBOM poCT MOTpeOSeHUsl TEIUIOBOW IHEPruH U
YBEIMUEHHUS TUIOMAAM KuiuimHoro ¢onna Ha 1-2%. B pesynbrare mnokaszarenb yaeabHOU
BENIMUMHBI OTPEOIEHHs TEMIOBOH SHEPTHH Ha | M? JKUIIOH MIOMANH 3/1eCh OCTAICS HEM3MEHHBIM
(cm. Tabmuty 3).
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Ta6auna 3. JIuHAMHKA YIeNbHONW BEIMYHHBI MOTPEOICHHS TEIUIOBOM SHepruu Ha | M? 5KMIIOH IUIOMAAM B pa3pe3e MyHHIUNATBHBIX 0Opa30OBAHMIA
Pecnyonrku MopioBust (CocTaBiieHO aBTOpaMH )

IMoTpebaenne Tena10BoOM IHEPrUumn Iinomans xkuauHoro ¢gpouaa Vaenbuas Beawiuuna norpedaenus
MyHunmnaabHble ’ 2 ’ TenIoBoi 3Heprun Ha 1 Mm% kuoi
I'kan ThHIC. M 2
o0pa3zoBaHus mwiomaau, 'kan/1 m
2020 1. 2021 . 2020 1. 2021 . 2020 1. 2021 r.
ApIaToBCKHIi paiioH 154 728 155 757 736,8 741,7 0,21 0,21
ATsitieBCKUi paiioH 81 237 75 756 624,9 631,3 0,13 0,12
3yboBo-IlonsHCKMiA palioH 152 911 153 736 1390,1 1397,6 0,11 0,11
Wucapckwii paiion 48 672 48 880 374,4 376,0 0,13 0,13
Kanomkuuckuii palion 49 818 34 896 216,6 218,1 0,23 0,16
KoBBUTKHHCKUIT paiioH 184 800 174 465 1155,0 1163,1 0,16 0,15
Kpacuocnoboackuii paiion 134 708 127 376 792,4 796,1 0,17 0,16
JIsiMOupckuii paiion 162 214 159 728 954,2 998,3 0,17 0,16
PysaeBckuii paiion 236 684 307 728 1690,6 1709,6 0,14 0,18
TeMHUKOBCKUI paiioH 99 720 89 312 554,0 558,2 0,18 0,16
TeHbrymieBckuii paiton 40 027 40 820 307,9 314,0 0,13 0,13
TopbGeeBckuii paiioH 75 413 70 452 580,1 587,1 0,13 0,12
YaM3UHCKHI paiioH 125 468 108 384 896,2 903,2 0,14 0,12
r. 0. CapaHck 1 300 395 1489 115 8 669,3 8 759,5 0,15 0,17

193



A.H. I'ymuaes amoidazor Eypasus yammulx yruseepcumeminin xabapuoicot. Xumusl. Ieozpadus. Dxoroeus cepuscot, 2025, 150(1)

WNurtepecnas cutryauus BbisiBaeHa B ArsameBckoM, KapomkuackoM, KOBBUIKHMHCKUM,
Kpacnocno6oackum, JIsmOupckum, TemaukoBckuM, TopOeeBckuM 1 YaM3UHCKOM MYHUITUTIATBHBIX
pailoHax. 3pech NOTpeOieHUE TEIUIOBOW SHEPTHMM COKPAIIAETCs, OJHAKO IUIONIA/b YKUJIUIIHOTO
donna yBenuuuBaercs. B pesynsrate ynenpHas BeTHMUHHA MOTPEOIEHHS TEIIOBOH YHepruy Ha 1 M?
xwioi momann magaer Ha 0,01-0,02 (cm. Tabmuiy 3). Camoe KpymHOE MaJieHUE TaHHOTO
kodddunmenTa 3a rox 3apukcupoano B Kagomkuackom paiione — ¢ 0,23 1o 0,16 (cm. Tabmuity 3).

CoxkpalieHre JaHHOTO TMOKa3aTelisl YKa3bIBAeT Ha YMEHBIIICHUE dHEPromnoTpeOieHus, HO MPU
3TOM MPHUYMHBI, U3-32 KOTOPBIX IMPOU3OIUIO COKpAaleHHEe MOTpeOiIeHHs, MOTYT OBbITh CaMBbIMH
pasHbiMu. OmHO €0, KOTa pedyb UACT O NMPUMEHEHUHM SHEProcOeperaronmx TEXHOJIOTHH B
TeruiosHepreTuke. Jlpyroe aeno, Korma COKpalleHHe MOTpeOIeHHs] SHEPTruu MpoHu301uIo Ha (oHe
3aKPBITHUSI TPOMBIIUICHHBIX TPEANPUATAN I YMEHbBIIICHUS] YUCICHHOCTU HACEJICHUS. YBEIUUCHUE
KHUJION TUIOIIAIU TaKXkKe MPUBEAET K YMEHbILICHUIO JAHHOTO TI0Ka3aress, IpU TOM, YTO OoTpedIeHue
SHEPTUH OCTAHETCS Ha TOM K€ YPOBHE.

O4eBHIHO, YTO OTTOK HACEJICHUS U3 CETbCKUX pallOHOB MOpAOBUU UTPAET INABHYIO POJb B
CHIDKEHUU NOTpeOieHusl TemoBoi sHepruu. HecmoTps Ha 3T0, B 3TUX palloOHAaX pecIyOIuKu
MIPOAOJKACTCS CTPOUTEILCTBO M BBOJA HOBBIX KWJIBIX IUIOMIAJIEH, YTO emle OOJbIIe CHUXKAET
YIAENBbHYIO BETHYHHY HOTPEOIICHNS TEIIOBOM SHEPI Uy Ha 1 M2 JKHIIOH TLIOMA/H.

B nHaunmyumem BapuaHTe 3TOT MPOLECC AOKEH OCYHIECTBISTHCS B paMKax peanu3aluu
MYHUIMIIAIBHBIMU  BJIACTSAMHM TIOJIOKUTEIBHOTO CIEHAPHUSl CTPATETMH PETUOHAIBHOTO PAa3BUTHUS
TeppuTopuu. B MPOTUBHOM ciydyae MOXKET MOBTOPUTHCS MEYANbHBIA ONBIT MPOILIOTO, KOTJa B
MopoBuu MpOBENU aKTUBHYIO SIEKTPU(DUKAIIMIO MHOXKECTBA CEIbCKUX HACENEHHBIX IYHKTOB, a
JIIONIU CTAJIM ye3KaTh B TOPOACKHE IMOCEICHHUS.

4. O0cy:xneHue

Pe3ynbprarel BBINOJIHEHHOTO aHalu3a II0Ka3ajld, 4YTO OrPOMHAasl 3JIEKTPOIHEpPreTudecKas
MHOPACTPYKTypa, paHee CoO3/laHHas B CEJIbCKOW MECTHOCTH, B HACTOsIIee BpeMs OKazajach
HEBOCTpEeOOBaHHOM, a €€ 3KCIUTyaTalusl U CoJep’KaHue — SKOHOMHYECKH HEBBITOIHBIMH. Bce xe
yBelMUEHHE YAENbHON BElTMUMHBI TEIIOBOM »SHeprum Ha 1 M2 skuioif miomaaum  Gbiio
3a(UKCUPOBAHO, U OHO KAacaeTcs IByX MyHHUIMNAIbHBIX 00pa3oBaHuil pecnyOonuku: B I. 0. CapaHCK
u B Py3aeBckom paiione. 'opoga Capanck u Py3aeBka BOBJIeu€HBl B aKTUBHBIE arJIOMEpallMOHHBIE
MIPOLIECChI, PE3YJIbTaTOM KOTOPHIX CTAHOBUTCS TIIOBBIIIEHHWE IPOU3BOAUTENBHOCTH Tpyda U
sKoHOMHUYeckor 3(PdexkTuBHOCTU. [loTpebneHne TEmIoBOil HHEPTUUM B 3TUX MYHHUIMIAIbHBIX
o0pa3zoBaHMsIX YBETMUYMIOCH B cpeaHeM Ha 20 % 3a rox (cm. taba. 3).

Huszkas sHepretnueckass 0aza 2020 1., Kak pe3yabTaT KOPOHABUPYCHBIX OIpaHMYCHUN
(D’Orazio, P.,, 2023; O0630p..., 2024), ceirpana CyHIIeCTBEHHYIO pOJdb B CHHXXCHUHU
sHepromnorpediaeHus B peruoHe. [loMHMO 3TOro, TeMMbl AKTUBHOIO CTPOUTENIBCTBA JKUIIBIX
wiouiaied He 3aMmeUsuIich. TakuM 00pa3oM, IOKa3arenlb YAeAbHOW BETUYMHBI HOTpeOIeHUs
TerIOBOH SHepruy Ha 1 M2 sxminoi miomamy Bozpoc Ha 0,02—-0,04 (cm. Tabmuimy 3).

AKTUBHee Bcero pasBuBaercs Py3aeBckuil palioH. B 3TOM emMy mnomMoraer KpyIrHbIA
KEJIe3HOAOPOXKHBIM y3€J, KOTOPBI COEOUHSET TPAHCIOPTHBIE MOTOKH B HAalpaBlIeHUH «3amaji—
Bocrok» u «CeBep—tOr». OtHocuTenbHas OMM30CTh K pPHIHKAM CObITA M HalW4He KPYIHBIX
MPOMBIIIJICHHBIX MPEANPUATHHA BOMU3M KEJIE3HOAOPOKHOTO Yy3Jla MO3BOJSIET HCIOIb30BaTh BCE
CBOM TPAH3UTHBIE BOZMOYKHOCTH JIsI TOBBILIEHHUS] 5KOHOMUYECKOT0 0J1arocoCTOsHUS paiioHa.

Bropas yacTe BBIIOJIHEHHOTO MCCIEAOBAHHS CXO0Xa IO METOAMKE BBIIOJIHEHUS C MEPBOH U
MpeJICTaBIsIeT CO0OM BBIUMCICHHE YAETbHOW BEIMYUHBI MOTPeONeHHs] 3eKTpodHeprun Ha 1
yenoBeka (Tabmuua 4). bbuto HE0oOXOOUMO paccuuTaTbh, KakoBO MOTPEOJCHHE 3JIEKTPOIHEPTHU
(xBT*4) Ha onmHOro yenoBeka B rofa. [IpoBeneHHBIN aHanMM3 MOKa3ajd HEYJOBIETBOPUTEIIbHbIE
pe3ynbrarel. YHCIEHHOCTh HACEJIeHHs CHHU3UJIAch BO BCEX HCCIENYEMbIX MYHULUIMAIbHBIX
oOpa3zoBaHMsIX MOpPIOBUM M TPOU3OILIO €ro crapeHue. M3-3a 3TOro NpakTHYECKH BO BCEX
MYHUIUNAIBHBIX pailloHaX IOKa3aTesb YAEJbHOM BEIMUYUHBI MOTPEOICHUS 3JIEKTPOIHEPruH Ha 1
YeJI0BEKA COKPATHIICS.
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Ta6mmua 4. JluHamuika yaeIpbHOW BEIMYMHBI MOTPEOICHUS SJIEKTPOIHEPTrur Ha 1 demoBeka B paspese paiioHoB PecnyOmukn MopnoBust (COCTaBICHO
aBTOpaMM)

IoTpebJienne IeKTPOIHEPTUH, YuCcIeHHOCTh HACEJIEHH, YaenbHas BeJIMYUHA MOTPEOJIEHUS
MyHuuunajJibHoe « -
oGpasoBanue MJIH. KBT*4 ThIC. YeJl. 3JIeKTpPoIHeprum Ha 1 yejioBeka,kBT*u/vel.

2020 . 2024 1. 2020 . 2024 1. 2020 . 2024 1.
ApIaToBCKUI palioH 11,0 10,8 24,0 23,5 460,3 458,4
ATSIIEBCKUI paiioH 7,7 7,4 16,5 16,1 467,9 460,0
3y6oBo-IlonsHckMit paiioHn 28,7 28,4 53,6 53,0 536,0 535,9
Wncapckuit palion 6,8 6,6 11,5 11,2 591,0 591,0
KanomkuHackwii paiioH 3,8 3,7 6,4 6,2 601,2 595,4
KoBBUIKMHCKHIA paiioH 13,2 12,7 36,7 36,0 360,0 355,0
KpacHocno60oackuii paiion 14,4 14,1 22,3 21,9 644,7 645,3
JlssmOupckuii pation 17,9 17,7 33,7 33,3 532,0 531,0
Py3aeBckuii paiioH 37,0 37,5 61,5 60,6 601,9 619,6
TeMHUKOBCKMIA paifloH 6,5 6,8 13,0 12,6 503,0 539,0
TeHbrymeBckuii paiioH 8,1 8,0 9,7 9,6 835,0 830,0
TopOeeBckuii paiioH 11,1 11,1 18,3 18,2 609,0 608,0
Uam3uHCKHUH palioH 12,6 13,6 29,5 29,1 427,0 467,0
r. 0. CapaHck 207,3 199,6 349,8 346,2 592,6 576,5
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OTO CBSI3aHO, B TOM YUCJIE M C IOBBIIIEHMEM CMEPTHOCTU B pe3yibTaTe INaHAEMUUU
KOpOHaBUPYCHOW HWHGEKIuu B 3TH ronabl (Mymrakud u ap., 2022; Mymraiikua u ap., 2022;
D’Orazio, P., 2023).

Tonbko TemHukoBckuii, Py3aeBckuii u YaM3uMHCKUN palioOHbl CTald €IUHCTBEHHBIMHU
MYHUIIUTIATBHBIMH 00pa30BaHUSAMH, i€ NOTpeOJIEHUE 3JIEKTPOIHEpruu ObuIo yBenuueHo. Poct
MOTpeOIEHUS ANEKTPOIHEPTHH B I3THX pailoHax coctaBuia oT 0,3 go 1,0 miaH. kBT*u (cM. Tabnuiry
4). Takum o00pazoMm, Aake C YYETOM CHIDKCHHMS YHCICHHOCTH HACEJICHHS M W3MEHEHHs €ero
BO3pPacCTHOM CTPYKTYpbl (CTapeHHus) B Ha3BaHHBIX paiioHax PecmyOmuku MoppoBus, ynenbHas
BEJIMYMHA TIOTPEOJICHUSI DJIEKTPO’HEPTMM Ha | dYelnoBeka Bce ke yBenuuwiack. HauOomprmid
npupocT oTMevaercs B Yam3uHckoM paitone — ¢ 427 no 467 kBt*u Ha dyenoBeka.

Mo3kHO, TIPEANOI0KUTh, YTO BBISIBIICHHOE YMEHBIICHHE MOKa3aTeleil YAeIbHOM BEIUYUHBI
NOTpeGIeHNs TEMIOBOH YHEPruy Ha 1 M2 JKUJIOH IUIOMAMM M YAEIbHOH BEIMYMHBI HOTPEOIeHHs
ANEKTPO’HEPIUU Ha | 4eIoBeKa YaCTUYHO MOXKET OBbITH 00YCIIOBJIEHO U BIUSHUEM JJOKa3aHHBIX JJIs
uccinenyemoro peruona (Menuesa, 2013; Tecnenok u np., 2015; becnanosa, Tecnenok, 2019) u
npyrux teppuropuii (Tecnenox u ap., 2012; Tecnenok u np., 2015) mpoueccamu moTerieHUs
KiuMaTa (OCOOCHHO SPKO BBIPAXEHHBIMH B 3UMHHI CE30H C OTONUTEIBHBIM MEPUOAOM),
BBbI3BaHHBIMH IT0OANTBHBIMU KiIMMaTudeckumu namenenusimu (Lindbergh et al., 2022).

Heo0xonuMo OTMETHUTB, YTO BONPOC MOAOOHOW B3aMMOCBSI3M U 3aBUCUMOCTH HYXKJIAeTCs B
JIOTIOJIHUTEIBHOM CEPbE3HOM M OCHOBATEJIbHOM H3y4deHHH. W mo-mpexHeMmy axkTyaabHOW IS
peruoHa ocraeTcs 3ajiada, XxapakTepHas Kak Jiisl Apyrux cyobekToB Poccuiickoit @enepannu, Tak u
JUIA IpYTUX CTpaH — JalibHENIIee pa3BUTHE U COBEPIICHCTBOBAHNUE TEIIOPHEPTETUUECKON CUCTEMbI
KaK Ba)KHOM COCTABHOM 4YacTH TOIUTMBHO-3HEPreTH4eckoro komiuiekca B menom (Robinson et al.,
2022; Bossink et al., 2023) ¢ menpl0 JOCTHXKEHHS YCTOHMYMBOTO HKOJOTHYECKOTO U
sHepreruyeckoro Oymymiero (Bellamy et al., 2022; I'pun, 2023; MyxameaueBa u ap., 2023;
Matraeva, 2022; Perera et al., 2023; Jesse et al., 2024; Tao et al., 2024).

5. 3ak/r04eHue

Takum oOpazom, Ha Havano 2024 r. Ha Teppuropun PecnyOmuku Mopaosun
AKCIUTYaTUPOBAIUCH 13 TermoBbiX dekTpoctanimii u 1 mamass ['DC obmeit momHocThio 434 MBT.
OCOoOEHHOCTh pa3BUTHS YPHEPTOCUCTEMBI PETHOHA 3aK/IIOYAeTCs B JOMUHUPOBAHUU OJHOM CTaHIIUH
HaJ Apyrumu. Eciam roBopUTh 0 TEpPUTOPHATIBHBIX JUCHPONOPIMIX, TO Ha I'. CapaHCK NPUXOIUTCS
6onee 70% Bcell BbIpaOOTKM M TNOTPeOJICHHUS 3IIEKTpO’Hepruum B pecnyOnuke. IloTpebnenue
ANEKTPO’HEPTUH B MOpPIOBUU pacTeT HE OBICTPHIMM TEMIIaMH, HO TEHJCHIMS K YBEIWYEHHUIO
IIPOCIIEKUBAETCS TIOBOJIBHO YETKO U ycTOHuMBO. DHeprocuctema Pecniybnuku MopaoBus siBisieTcs
yacTtbio OObeAMHEeHHOH 3HeprocucteMbl Cpenneit Bosru.

OueprocucreMa Mop10BUH BKJItOYaeT B ceds 121 moACTaHIMIO pa3HOTo KJIacca HAIPSIKEHUS.
B menom sneprocucrema Pecriybnuku MopaoBusi pemmiia st ce0si HECKOJIBKO CTPAaTETHYeCKUX
3aJa4: Mepexo]] Ha MCIOJIb30BAaHUE MPUPOJHOIO raza B KaueCTBE OCHOBHOI'O TOIUIMBA, & TaKkKe
JTOCTIDKEHHE OJJHOTO M3 CaMBIX BHICOKMX YPOBHEH rasudukanuu u snekrpudukanuy B crpane — 95
%. K OCHOBHBIM NEPCHEKTUBHBIM MOTPEOUTENSIM 3JIEKTPOIHEPTHH B PETHOHE MOXHO OTHECTH
TEIUTMYHbIE KOMIUIEKChl mnpeanpusatuii «TemnuyHoe» u «Mup LBETOB», a Takxke arpopupmy
«OKTAOpbCKAs.

Taxxe He0OX0IMMO OTMETUTH, UTO yJeIbHAasl BETUYMHA OTPEOIEHHS TEIUIOBOM SHEPIruu Ha
1 M2 unol MIOWAAM U yieNbHAas BEIMUMHA TOTPEOIEHHsS AJEKTPOJHEPIHHM Ha | ueloBeka —
YMEHBIIUIUCh B OONbIIMHCTBE pailoHax MopaoBuu. OCHOBHOI MPUUYMHON SIBISIETCS CHIDKEHUE
YHUCJIEHHOCTH HaceleHuss U ero crapeHue. OHO MPOM3OLUIO M3-32 YBEIMYEHUS CMEPTHOCTU
HaceJIeHUs B KOBUAHbBIE TOJIbl, & TAK)KE IMOCTOSHHBIX MUTPALIMOHHBIX TPOIIECCOB B APYTUe PErHOHBI
cTpanbl (mpexzae Bcero MockBy M MOCKOBCKYIO 005acTh). MUTrpalMOHHBIE TPOLECCH B
PecriyOnmke MopaoBusi MPOUCXOJAT HM3-3a HU3KOW OIUIATHI TPyJZa, COKpAIleHUS PabodYMX MeECT,
3aKpBITUSl IPOU3BOJCTB, a TAaKXKE JKEJNAHUSA JIOJECH yIydlIMTh KadecTBO JKM3HU. Bo3MoXkHO,
YMEHBIICHNE TI0Ka3aTeNneil yIenbHOH BEIMUHHBI MOTPEOIeHHS TEIUIOBON SHEpruy Ha 1 M2 XKuoi
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TUTOIIAM ¥ YIIEIbHOW BEIWYMHBI MOTPEOICHUS 3IEKTPOIHEPTHH Ha | denoBeka YaCTUYHO CBSI3aHO
C JIOKa3aHHBIMM U JJIsI UCCIENyeMOW TEpPUTOPUM MPOLECCaMU MOTEIUIEHUs KinMmaTa (0OCOOCHHO
SpKO BBIPR)KCHHBIMH HMMEHHO B 3UMHHMH C€30H C OTONMUTENIbHBIM I1€PUOJOM), BBI3BAaHHBIMU
r7100aJbHBIMU KJIMMATHYECKUMH M3MEHEeHUsAMHU. OJIHAKO 3TOT BONPOC TPeOyeT IONOJHUTEIBHOIO
rITyOOKOT0 U3yYeHHS B YCIOBUAX HEOOXOAMMOCTHU AOCTHKEHHS 1eJIeH YCTOHYUBOTO Pa3BUTHSL.

[IpuBomkckuii penepanbHbIii OKPYT B 1esoM U PecyOnrka MopaoBus, Kak €ro cocTaBHas
4acTh, XapaKTEPU3YIOTCS HAIMYHEM psija MpoOJieM B Pa3BUTHU TEIUIOBOW »HepreTuku. OHHM He
HUMEIOT PETMOHAIBHOIO XapakTepa, TaK KaK OHU CPaBHUMBI C OOLIMMM IpoOIeMaMu pa3BUTHUS
teriosHepreTuku B Poccun. K Hanbosnee ocTpbIM U3 HUX MOXHO OTHECTH yCTapeBaHUE OCHOBHBIX
(OHII0B, BBICOKYIO 3a/10JKEHHOCTb ITOTpeOuTeNeil o ormiare yciyr (4, Kak CleICTBUE, [IOHM)KEHUE
MHBECTUILIMOHHON IPUBJIEKATEIbHOCTH), HEBO3MOJKHOCTb JJIEKTPOCTAHLUN BBIJABaTh IOJIHYIO
MOIIHOCTh B CBSI3U C NPUYMHAMHU Pa3IMYHOIO XapakTepa (HauMHas OT OTCYTCTBUS TEXHHUYECKOH
BO3MOYKHOCTH M 3aKaHYMBAsi OTCYTCTBHEM HEOOXOJMMOCTH B 3TOM), KOJIOTMYECKHE MPOOJIEMBI U
apyrue. B pesynbrate, Ui NPOXOXKIEHUS OYEPEAHOTO 3SHEpPromepexoia, HeoOXOIUMO HUMETh
HAJCKHYI0 DJHEPreTHYECKYI0 OCHOBY, KOTOPOM B HACTOSIIEE BpeMs M SBISETCA TEIUIOBas
sHepretuka. /[lng noBblmeHUs 3HEprod((EeKTUBHOCTH M CHIDKEHUs 00BEMOB NOTpeOsIeHus
HCKOIIAEMOr'0 TOIUIMBA HEOOXOJMMO HCIIONb30BaThb HOBBIE JICLEHTPAIN30BaHHbBIE CUCTEMBI
TEIUIOCHA0XKEHUSI — HMHIUBUAYaJbHbIE CHUCTEMBbl OTOIJIEHHS M TOpsSiYero BoJOcHaOxeHus. B
pe3ysibTaTeé BEKTOPbl CTPATETMYECKOTO Ppa3BUTHUS AJIEKTpo3HepreTuku PecnyOnuku Mopaosus
OpPHEHTUPOBaHbI Ha Oyayliee.

B pecry0nmke UMEIOTCs 3a/1€7161 1711 BHEIPEHUS! HOBBIX d(P(PEKTHBHBIX TEXHOJIOTUH TETIJIOBOM
sHepreTuKu. OCHOBHBIMM IEPCIEKTHBHBIMU HAIPABJICHUSAMHU Pa3BUTUS TEIUIODHEPIeTHKH B
MopaoBuu  SBJISIIOTCS. ~ MHHOBALIMOHHOE ~ TEXHUYECKOE  IEPEBOOPYXKEHHME,  HMHTErpanus
TeppUTOpUAIBbHBIX cucTeM [IpuBoskcKoro u Ypaabckoro ¢enepaabHbIX OKPYToB JJIsi MOBBILICHUS
CTaOWJIBHOCTU M HAJEKHOCTH PETHOHAJIBHBIX YHEPrOCUCTEM U BHEAPEHUE HOBEUIINX TEXHOJIOTUH,
CBSI3aHHBIX C PELICHHEM MpoOJIeM B HKOJOTHYECKOH cepe, a TakKe CHHKEHHE Ce0EeCTOMMOCTH
SHEpPrUM, MOBBIIEHUE SHEProd(PPEKTUBHOCTU U DHEProcOEpeKeHUs B YCIOBHUSIX YCTOMYMBOTO
paszButuda. TemnoBsle 3nekTpocTaHiuss XX B. ¢ DKOHOMHUYECKOM TOUKHM 3pPEHHUSI OKAa3bIBAIOTCS
HUYYTh HE XYXe (a B psje Ciy4aeB, Jake JIydllle) B CPABHEHHHM C COBPEMEHHBIMHU <«3EJIECHBIMU»
3JIEKTPOCTAHLIUSAMH, KOTOpBIE CTald IOCHEIIHO BHEAPATh B MAacCCOBBIH OOOPOT, MHpPU 3ITOM
OJTHOBPEMEHHO IpH3HAaBasi HEIOCTATOYHBIMU OOBEMBI IPOBEIEHUS HAYyYHO-HCCIIEI0BATENbCKUX
paloT 1 HAYYHBIX U ONBITHO-KOHCTPYKTOPCKUX pa3pabOTOK JaHHOW TEMAaTUKU M COOTBETCTBYIOIIEH
HaIpaBJICHHOCTU. BHeJpeHne HOBBIX TEXHOJOTMM 0e3yclioBHO MOTpedyeT 3HAYMTENIbHBIX
KanuTanoBnokeHuid. IloMMMO MOHeTapHOH cocTaBisIOmled, [Uid YCTOWYMBOM paboThl U
OOCITy’)KMBaHUSI HOBBIX 3JIEKTPOCTAaHIMM MOTPEOYIOTCA JIOKAIM3alUsi HX IPOU3BOJICTBA,
BBICOKOKBAIM(DUIIUPOBaHHbIE paboune 1 HayYHbIE Ka/Iphl, @ TAKKE COBPEMEHHbIE TEXHOJIOTHYECKHE
Y UHHOBAIIMOHHBIE YCTPONUCTBA U MaTE€pPHAJIBI.
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Typakrel gamy kargaibiHaarsl MopaoBus PecnyO/MKaCBIHBIH  KBLIY
JHEPreTHKAJBIK KYHECiHiH Ka3ipri skaFaaibl

Amnpapeii IIstanos, Oabra Ileperouenkosa, Eprenuii Ileperouenkos, Cepreii TeciieHok

Anparna: Kanmbmracy JKOHE JaMmMy TapHUXbIH, COHJAM-aK Ke3-KEIreH alMAaKThlH  JKbUIY-
SHEPreTUKANIBIK KYHECIHIH Ka3ipri >KarJalblH KapacThIpy OHBIH OJaH opi JaMy OarbITTapbl MEH
MEePCIICKTHBAJIAPBIH aHBIKTAY/la MaHBI3IbI POJI aTKapaasl. by kahaHIBIK KIMMATTBIK ©3repicTepre
0aiiTaHBICTBI MAHBI3/IbI JKOHE ©3€KTi, COHBIMEH Karap >KbLTy-dHEPreTUKAJIBIK KYie IeMeHTTepiHIH
reorpadUsIIBIK Tapally EpeKIIeTIKTEpiH >KOHE JJIEMEHTTEPIiH TapalyblHIAFbl KaJIBIITACKaH
ayMaKTBhIK COMKECCI3/IKTep/ll aHbIKTayFa MyMKiHAIK Oepeni. byn Mopnosus PecnyOnukachlHbIH
ayMarbIHa KATBICTHI OCHI 3€PTTEY/IIH MaKCaThl OOJIJIBI.

2024 xpI1abH O0acklHIA OHIp ayMarbliHAa *Kanmbl KyaTsl 434 MBT 6onarei 13 XKOC xone 1 ki
I'SC >xymbIc icTemi. DHEprus KyHeCciH NaMBITYIbIH epeKmeniri-0ip cranmusasH, Capan XKD20-2-
HiH abcomoTTi Ycremairi. CoHnaii-ak, Tek 0ip CapaHCK KalachIH/Ia SIEKTP SHEPTUACHIH OHIIPYIIH
xoHe TyThIHYnbIH 70% - maH actambl Oap, OYJ1 ipi TYTHIHYIIBUIAP/IBIH Kalaa )KoHE OHBIH HIET1H/IE
OpHaTacybIMEH, COHJAi-aK XaJbIKTBIH XKOFapbl (PECIyONnuKa TYPFBIHIAPBIHBIH KapThICHIHA JEHiH)
LIOFBIPJIAHYBIMEH TYCIHIIPUIE].

DJEeKTp JHEPrHsiChIH TYTHIHYIBI YIFAUTYIbIH aWKbIH JKOHE TYPAKThl TEHICHIIMICHI OENTiIeHII.
MopaoBUSHBIH 3HEPTreTUKANIBIK JKYiecl TaOUFH Ta3/bl HETI3T1 OThIH peTIHAE MaijalaHyFa KeluyMeH
KOHE Ta3JaHAbIpy MEH DJJeKTPIACHAIPYNiH enaeri eH >korapel (95%) neHreifiHe >xeTymeH
cumarTanansl. KemTereH aymaHnmapaa TYpFRIH Yl amaHBIHBIH 1 M?—Te IMAaKKAHAAFbl SKBITY
DHEPTHUSCHIH KOHE | ajaMfa IMIaKKAHIAFbl JJIEKTP DHEPrHSCHIH TYTHIHYABIH YJIECTIK Meepi
azaiijipl, O XaJblK CAHBIHBIH TOMCHJICYIMECH JKOHE KJIMMATTBIK ©3TepicTep MeH JHEepPreTHKAHBIH
TYPaKTBUIBIFBI Ke31H/1eT1 *kahaH/IbIK JKbUTBIHY MTPOLIECTEPIMEH ilTiHapa OailIaHbICTHI.

Tyiiin ce3gep: Kbty sHeprerukacsl; JKbuly SHEpreTHKaNbIK KYHECi; TapuXbl; KaJbIITACYBHI;

)KaFHaﬁBI; TYPAKThI JaMYbI; KIIMMAaThbl; KIIMMATThIH KbIJIBIHYEI; MOpHOBI/IZ Pecny6n1/11<acm

The current state of the thermal power system of the Republic of Mordovia in
the context of sustainable development

Andrey Pyatanov, Olga Peretochenkova, Evgeny Peretochenkov, Sergey Teslenok

Abstract: The consideration of the history of formation and development, as well as the current
state of the thermal power system in any region, plays an important role in determining the
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directions and prospects for its further development. This is particularly relevant in the context of
global climate change, and also allows us to identify the features of the geographical distribution of
elements of the heat and power system and the existing territorial imbalances in the distribution of
elements. This was the purpose of this study in relation to the territory of the Republic of Mordovia.
At the beginning of 2024, 13 thermal power plants and 1 small hydroelectric power plant with a
total capacity of 434 MW were operating in the region. A special feature of the development of the
energy system is the absolute dominance of one station, Saranskaya CHPP-2. In addition, it has
been determined that the city of Saransk accounts for more than 70% of all electricity generation
and consumption. This phenomenon can be attributed to the presence of significant consumers
within the city's boundaries, as well as the high population density within the city, which is
estimated to account for up to half of the Republic's population.

A fairly clear and steady trend towards an increase in electricity consumption has been established.
The energy system of Mordovia is characterized by the transition to the use of natural gas as the
main fuel and the achievement of one of the highest levels of gasification and electrification in the
country (95%). The specific values of thermal energy consumption per 1 m? of living space and
electricity per 1 person decreased in most areas, which is associated with a decrease in population
and partly, presumably, with global warming processes due to climate change and energy
sustainability.

Keywords: thermal power engineering; thermal power system; history; formation; condition;
sustainable development; climate; climate warming; Republic of Mordovia
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KaJIlaHBIH JIAHAIAQTTaphl MEH TOMBIPAK SKOJOTHSCHIH KAKCAPTY JKAIMbl MOCEJENEPiHIH HEeri3ri
6eiri 6ouein Tadbu1aab (Salikhov, 2017a; Salikhov xone T.6., 2024).

DKOJIOTUSIIBIK KYHeNnep i OMOIOTHSIIBIK dPTYPIILUIIriH, Oipereil Taburu Keuexnaepai, Taburu-
KOPBIKTBIK KOp HbICaHJapblH, coHAaii-ak Ka3zakctan PecnyOnuKachbHBIH MOJCHM JKOHE TaOuFu
MYpAachlH CaKTay — Ka3ipri Ke3eHJeri MeMJICKETTIH MaHbI3bl MiHaeTTepiniy Oipi (Salikhov xone
1.0., 2022; Salikhov, 2017b).

Kazakcran PecmyOnukachiabiH JKep KoIeKci Kep MOHHTOPUHTIH KYPri3y MEH TOIBIPaKThI
MEMJIEKETTIK Jep KaJacTpblHa COMKeC FBIJIBIMU €CENKe alylbl MIHIAETTENHAl. MeMIeKeTTiK
0aKpUIAayIBIH HET13T1 MIHAETTEPI — JKEp KaJaCTPBIH KYPri3y MEH Kepre OpHaIaCThIPy KaFru1alapblH
KaMTaMachl3 €Ty, TOIBIPAKTBIH KYHAPJBUIBIFBIH CAKTAY JKOHE KAJIbIHA KENTIpY, MKEepAl YThIMIbI
naianany >KoHe KOpray HiapajapbiH ky3ere acbipy (3emenbubiit kojieke PK, 2005; CanuxoB xoHe
1.0., 2019; Canuxos xoHe T.0., 2018a).

TonsipakTel 3amMaHayn Oaranay — MEMIIEKET IeH KOFaMHBIH JaMybl YIIIH ©3€KTi Macele,
OUTKEH1 OJ1 TOMBIPAKTHIH I'eorpadUsUIbIK Tapaaybl, OHbIH KYHBI, YTBIM/IbI Al JaJIaHbLITYbl, KOPFAIYbI
KOHE KOCTapibl Urepiyi xeHinae akmapar Oepemi. COHbIMEH KaTap, HAPBIKTHIK KaThIHACTApFa
HET13/1e/IreH KOFaM KaJIbIITAChII XKaTKAH/a, OHAIPICTIK KYIUTEPAIH OpHAIacybl epeKile MaHbI3Fa ue
Ooajpl, OYJI ©3 Ke3eriHe TONBIPaK pecypcTapbiH YThIMJBI Makgananyra biknan eremi (Salikhov,
2017c; baiikoB xoHe T.0., 2022; Salikhov »xane T.6., 2020).

VYpOanuzanus YpAICIHIH KYIICI KONTereH Kajajmapja OSKOJOTHSUIBIK — KaFJaiiIbIH
HallapjayblHa OKeJIJi: aya MEH TONBIPAKTBIH JIACTAHYbl, TYPMBICTBIK JKOHE OHAIPICTIK
KaJIBIKTapAbIH Ke0eroi, pyKcaT eTiIMereH KOKBIC YHIHAUIEpiHIH apTybl, Kajla XaJKbIHBIH
JICHCAyJIbIFBIHBIH HAaIllapjlaybl, ©CIMAIKTEp MEH >KaHyapylap JAYHHMECIHIH Jerpajaluschl CHIKTHI
Mmocenenep o3ekTi 6ona 6actans! (Ilepuk, 2019; Hapoyt, 2018).

byringe monutopuHr xyprizyne I'AXK-mblH 3aMaHaym KOMIBIOTEPIIIK MOJENbICY KOHE
BU3yaJIM3allis QICTEepiH KoygaHy TpeHike ainamael (Shomanova skone T1.6., 2019; Kymabips,
2014; MakapoB >xoHe T.0., 2002). MyHmail omicTep SKOJOTHSUIBIK aifMakTapIblH KEHICTIKTIK
OpHAaJIaCYbIH aHBIKTAY, XAJIBIK THIFBI3/IBIFbIH, KAJIAHBIH IIAFbIH aylaHaapsl OOibIHIIA 00Ty, IaFbiH
ayldaHjaapJa oJIeyMeTTIK HMH(paKypbUIBIMABI JaMbITY JKOHE OacKa Ja MaHbI3Abl MIHAETTepl
Hienryre MyMKiHIIK 6epei.

Kananplk TOmIBIpaKkTap aHTPOMOTEHIIK KBI3METTIH TYPaKThl JKOHE KapKbIHABI ocepi
HOTHKeCIHJIe KanbinTacasl. Kenreren 6acbiM Kana jganamagTTapbiHbH (ypOonaHamapTTap/IbIH)
TOMBIPAK TY3UTyIHJEr1 >KeTekull (akTop — TEXHOreHe3, ol KebOiHece TaOWFH, €H alJbIMEH
OMOKJIMMATTBIK TOMBIPAK TY3ylIl ¢akTopaapaslH «kabarracy» ocepiH Kaiuasipansl. Kamamapna
TEXHOTEHE3/1H opTYpJIi Kypamjaac 0esikTepi MeH TaOUFfy TONBIPAKTHIK-T€OXUMUSUIBIK YPIICTEPiHIH
©3apa OpeKeTTeCyl oTe Kypaedi.

Ypbanuzanus TeK >KEpriulikTi FaHa eMmec, >kahaHIBIK IKOIOTHUANBIK MOceNelepiH mnaiaa
OomybiHa bIKnaN erefi. On manamadTThIH e3repyine cedentni 6oubim, XKepaiH OMOreOXUMHUSITBIK
LUKJJIepiHe acep ereni. Ipi Kanma TaOMFM OpTaHBIH OapiblK KOMIIOHEHTTEPIH — aTMOc(epaibIK
ayaHbl, TOTIBIPAKThI, OCIMAIKTEP/II, JKep YCT1 JKHE Kep acThl cynapblH e3repreai. CoHai-aK xep
OezxepiHe, TOMBIPAKKa, THIPOJIOTHSIIBIK JKYHere )oHe TinTi KIuMartka biknan ereai (I'eHepaibHbIH
maH, 2023; Berdenov xone T1.0., 2024).

Vpbauuzanus (KajganaplblH ©Cyl) — KOFaM KbI3METIHIH HOTHXKECi opi JAamyablH (hakTopsl
Oonmpim  TaOblmadpl. JKemen ypOaHu3amus Kamajnapaa TEXHHKAIBIK, JIKOHOMHUKAIBIK >KOHE
MHTEJUIEKTYaJ/IbIK ~ QJIEYeTTIH ILIOFBIPIAHYbIMEH, OJIapJAbIH OCYIMEH JKoHE el  eMipiHjaeri
MaHBI3BIHBIH apTYBIMEH KaTap >Kypei.

Anaiifia, TEXHOTEH/IK OPKEHUET aJam3aTKa TEeK WIUIIKTep JKelinm KaHa Konmaiinel. Erep
KOFaM MEH TaOWFaTThIH, ajJaM MEH KOpIIaraH OPTAaHBIH ©3apa OpEKeTTECY 3aHIIbLIBIKTAPHI
KETKUTIKTI TYpJE ecKepiiMece, OHBIH JaMybl Ouocdepa MeH agaM3aTThlH ©31 YIIIH anaTTbl
canyapra okenmyl MyMKiH. COHZIBIKTaH Ka3ipri TaHJa ajam3aT aJlbIHAa TYPFaH €H ©3eKT1 Mocele —
Ka3ipri koHe OoJalIaK YpIaKThIH eMip CYpY CarlachbIHbIH KaXETTi JAeHreiHe KOJI KETKi3y KOHE OHbI
KOJIJIay MaKCaThIH/1a SKOHOMHUKA/Ia SKOJOTUSIIBIK KayITci3 (TYpaKThl) 1aMy KaFIaiaapbliH xKacay.
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3epTTey MakcaThl — AcCTaHa KaJacbIHBIH SKOJOTHSIIBIK QJI-ayKAThIH KaMTaMmachl3 €Ty YIIiH
OHBIH YpOO03KOKYieNnepiHiH TONbIpaK KaMbUIFbICHIH 3€PTTEY.

2. Marepuajijap MeH dicrep

Ipi MacmTaOTBl TOMBIPAKTHIK 3€PTTEYJEp KYPridy YIIIH THICTI SAiCTEMEINiK HycKaylapra
cyiiernik (Salikhov, 2017a; Salikhov, 2017b). TonbIpakThiH (HHU3UKATBIK-XUMHUSUIIBIK, TapaMeTpiiepi
KalmbelFa oprak omicrepmeH 3eprrenai (Camuxos, 2022; Cammxos, 2018a; Salikhov, 2018a;
Salikhov, 2019; Camuxos, 2017; CanuxoB xkaHe T.0., 2020; Salikhov, 2023; CamuxoB xoHe T.0.,
2019; Camuxos xoHe T.0., 2018b; Canmxos xoaue T.0., 2020; Caxuxos, 2018b).

Jlananblk TOMBIPAKTHl 3€PTTEY KYMBICTAphl TOMBIPAK TENIMAEPIH OpPHAIACTBHIPYIBI KOHE
CHUIaTTayAbl KaMTHUIbl, KaKeT OOJFaH >Karjaiia Tomblpak yirinepi ambiHagsl. KeH Tapanran
TONBIPAK TYPJIEPIH CUMATTAY YIIiH TOMBIPAK TEIIMIEPIH OpHAJIACTBIPY OPHBI, KOHTYp YyJieci Taburat
KaFgalbl TOH JKEplepJeH TaHJanaibl. Tomblpak  TeNIMACPIHIH TEpeHMIri TOMBIPAK KypayIIbl
YpAicTeperi TepeHIIriMeH aHbIKTaIa/Ibl.

TonsIpak TexiMIepiH cUIaTTay KeJeci mapameTpiep i KaMTHIbL:

- 0aKbUIay HYKTECIHIH HOMEpI;

- JKep OeiepiHiH )KOHE TOCCHIII )KBIHBICTAPBIHBIH CUIIATTTAMACHI;

- MaKpo-, M€30-, MUKPO kep OeZepiHeKAThICTHI TeIIMHIH OpHANIACYbI;

- KaliHay TepeHIiri, KapOOHATTHIH OOIHTeH 3aTTapbIH (opMaapsr;

- TOTIBIPAKTHIH OETK1 )KaMbUIFBICHIHBIH CUIATTAMACHI:

- TCHETHKAJIBIK KOPCETKIIITEP Il CUIIaTTaYy.

'enetukanblk KepceTKimTepAai Oedy JKbIHE cHUIarray Keneciied Mop(hOoJIOTUSIIBIK
KOpCeTKimTep OOWBIHINA KYPTi3iei.

- TOTBIPaK KUEKTEPiHiH KyaTbl;

- OHIHIH TYCI, CUIIATHI;

- IBIMKBUIIAHYBI,

- KYPBUIBIMEI,

- MEXaHUKaJBIK KYPaMbl;

- TBIFBI3/BIFHL;

- CyJla €pUTIH TY3/ap/IbIH KOHE TUIICTIH 06iHYy1; 6CIMIIKTEpAiH TaMbIp KYHECIHIH JaMybl;

- Olp TONBIpaK KHUEKTEH €KIHIIICIHE aybICy CUIIATHI.

TomnbIpakThIH TAKCOHOMUSUIBIK TYPFBIIAH aHBIKTAY KaObUITaHFaH KIKTEIIMIe Colikec TOIbIPaK
TENIMIH CUITATTay HET131H]Ie KYPri3uiel.

TomnbIpakThl qanaiblK 3epTTey Ke31HAe TOMBIPAK KaMbUIFBICHIHBIH aHTPOIIOTEH/IIT1 OYITiHYyi e
TipKeIe/l.

Tangay yuiin yariiepi ipiTey, TONbIPaKThIH TaKCOHOMUSUTBUIBIFBIH aHBIKTAY KOHE OJIapIbIH
AQHTPOIIOTCH/IIK BIKIAIFa TOIMIUTITIH OakplIay MaKCaThIH/A TOIBIPAKTHIH HET13T1 XUMUSIIBIK JKOHE
(U3UKO-XUMUSIIBIK KACHETTEPIH aHBIKTAY YIIiH, ayMaKThIH TOMBIPAK AMBUIFBICHIH CHUMIATTANTHIH
TeTIMAEpAE KYpri3iieal. yAruiepai ady TeHeTUKAIBIK TOMbIPaK KUEKTep OOMbIHINA KYPri3iiel.

Yourinepai aHaNUTHKAIBIK —TYPFBIAAH 3€pTTEy Keleciied onicTep OOMBIHIIA KYprizijesai.
Kapamripik - [OCT 26213-91; anmacy xocmanapel - 'OCT 26487-85; anmacy CHIABIMIBLIBIFbI-
I'OCT 17.4.4.01-84; pH — T'OCT 26423-85; cy cbirbiHabicel- 'OCT 26423-85; KHUBIHTBIK a30T-
Tropun Ooiteiama; CO2 xkapOoHaThl - ['0My0eB BOJIOMETPUSUIBIK OJic OOMBIHINA; MEXaHUKAJBIK
Kypamsl - KaunHckuil OolbIHIIA.

TonorpadusbIK-Teo1e3UsITBIK KYMBICTap YIIiH opTypui macmradtarsl — 1:100 000-nan 1:25
000-ra me#iHTi Kara3 TONBIpaK KapTalapbl MaiamaHbUIAb (STAIOHABIK yYacKeNep/l i3/1ey >KoHe
6oy MakcatbiHaa). 'AXK TexHOJIOrHsUIaphlH KOJIaHa OTHIPHIIL, 1pl MacIITaOThl TOMBIPAK KapTaCchlH
xacay, ArcGIS Oarmapnamaiblk e©HIMI HETi3iHIE, CKaHEpJIEHI'eH Kara3 KapTajap MeH
a’podoToxxocnapiap/ibl Maianany apKbUIbl )Ky3€re achbIPbUIIbL.

3epmmeyodiy  meopusIbiK-20icmeMenik  Hei3iH  JHCAINnbl  bLILIMU — d0icmep  KYpauovl:
CUMAaTTaMajbIK, CAJIBICTBIPMaJibl, CTATUCTUKAJBIK, KYHEIIK Talngay *oHe KapTorpadusuibIK 9icTep.
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3epTTey omiCHaMachl JKalNNbl MPUHIMITED MEH TOCUIIEp >JKYHECiHe Heri3feneni: KemeH i,
HHTETPAJIIbl, JKYHEIiK, SKOJIOTHUSIBIK koHe reorpadusuibik oaictep (Salikhov skome T.6., 2024;
BaiikoB xkoHe T.0., 2022; Cammxos, 2022; Camuxos, 2018a; Salikhov, 2019; Salikhov, 2019;
Canuxos, 2017; Camuxos xoHe T.0., 2020; Salikhov, 2023; Canuxos xoHe T.0., 2018d; Canuxos
xoHe T.0., 2018c; Canuxos xaue T.0., 2020; Canuxos, 2018b).

3epmmey Hvicambl: AcTaHa KaJlaChIHBIH TONBIPAK JKaMBUIFBICEL. MOHUTOPHHITIK ajaHJap
OenNTiyieHin, oJapJbslH AepeKTepl Tonmorpadusuiblk Herisre Tycipiiai skoHe GPS koopamHaTTaphbl
tipkenai. Kaprorpadusay KambIKTBIKTaH 30HITay aepekrepi meH ['AXK TexHonorussiapbeiH
naiiianany apKbUIbl )KYPri3iii.

3. HoTu:kestep

KayanplH KapKbIHABI ©CYyiHE OaiJIaHBICTBI SKOJIOTHSUIBIK MOCENelep YHEMi ©3€KTi OOJIbII
oThIp. KajaHblH T€03KOIOTUSIIBIK TYPAKTHIIBIFBIH KAMTAMACHI3 €TY JKOHE Kajla OPTAChIHBIH CallachlH
KakcapTy OOWBIHILA KOCIHApIbl ic-IIapaiapAbl KYy3ere achlpy KakeT, OyJl perTe KallaHbIH
JaHAmAQTTHIK epeKIIeITiKTepiH THiIMI naiinanany Manbi3abl (['enepanbabiil wan, 2023; Berdenov
xoHe T.0., 2024a; Kapmosa, 2020). Mynpzaii miapagap Kaja TYPFbIHIAPBIHBIH JIEHCAYJIBIFBIH
KAKCApTHIT, DSKOJOTHSIIBIK JKaFrlalpl TYpaKTaHIBIpyFa KeMeKTecedl. byl o3 Kkeserinue
SKOJIOTHSUIBIK TYPaKThl, JCHCAYJBIKKA KOJAWIbI KOHE e3apa OalIaHBICThl KaJallbIK OpTaHbI
KaJBINTACTRIPYFa BIKOAT eTeni. MyHAa ajgaM KbI3METi TaOWFW DKOXKYHEIepMEH YHIeCIMIiTiK
Tabaipl, OMip Cypy camachl apThill, TAOUFU pecypcTap caKTajiabl.

ActaHa Kajiachkl ayMarbIHAA JKOXKYUETIK TOCUI MEH jKaHa aKMapaTThIK TEXHOJIOTHUSIIAPIIbI
naiiganany Herizinge MPH AP19676580 fpuibiMu ko0Oachl asiChIHIA FHUIBIMU 3€pTTEyIIEp
KYPrizimi.

ToxipuOeHiH OipiHIEe TOMEHAETIeH TONBIpaK KabaTTapbl Oap TONBIPAK KECIHICIHJIE
MOPQOJIOTHSUIIBIK OeNTiiep aHBIKTAJIIbI:

Aw 0-7 cMm Kapa KoHbIp, bUTFaNIay, ayblpca3iakThl (aybIpKYMOAIIIBIKTHI), ca3fa (OabIK-
7 Ka), daKbIH TYHIp IIIKTI MIaH]IbI, )KEHUT THIFbI3JJAIFaH, OCIMIIK TaMbIpJIapsl 0ap,
KailHaMalThIH OIPTEKTi, Keleci KabaTKa oTyl aHbIK,
A17-29 c™m ANIBIHFBI Ka0aTKa KaparaHa KOHbIpJAy, bUIFAJIIbI, aybIpca3akThl, TYWIPIIIKTI-
22 NpU3MaJbl, YCaK KYBICTHI (YCaK KEYIKTi), THIFbI3IAJIFaH, YCAK ©CIM/IIK TaMbIpJIapbl

MoJ1, 06TeH KabaTKa eTeTIH 1IeKapa aHbIK KOpIHEI.
B2 29-48 cv  Kapa-KoHbIp, bUTFall, aybIpca3iakThl, TYHIPIIIKTI YCAK-IPU3MaJIbl, ThIFbI3/1AJIFaH,

19 eCIMJIIK TaMbIpiapbl 0ap, 48 cM KallHalThIH, O6TEH KabaTKa eTy *kailiar xypel.
BCx48-62 cm  Kapa-koHbIp, bUIFalIJaHFaH, OIpTEKTI eMec a3/an Kapaliipik MeJiepi Oaiikana-
14 TBIH,IPU3MaJIbl TYHIPIIIKTI, THIFbI3, KApOOHAT JaKTapbl Oap ycaK KYbICTbI, OCIMIIK

TaMbIpJIapbl CUPEK Ke3/1eceTiH, 06TeH KabaTKa oTy >Kaiial Kype/i.
Ck62-100cm  CapbI-KOHBIP, BUTFAJIBL, aybIpCa3JaKThl, KApOOHAT TYHIPIIIK TE€pi KO MPHU3MAaTIbI,
38 Kapalripik MeJiepi a3aan 6aifKaiaTelH, THIFbI3, OCIMJIIK TaMbIpIIaIapbl CHPEK
Ke3/leceTiH, 0eTeH KabaTKa eTy »Kailamn Kypel.
C 100-122 cm  CapsbI-KOHBIp, BUIFANBL, Ca3/1bl TYHOA TYpiHIET1, IPU3Maibl, Kapa IIipik Mesmepi
20 KaJIJIBIKTAPhI JKOHE KapOOHAT a3jamn Ke3/Aecel, ThIFbI3, yCaK KybICThI, 00TeH Kabat-
Ka eTy Xailnan xypei.
J1122-150 cm  CapbI-KOHBIp, ca3fbl, OIPTEKTi, KapOOHAT KOK, )KYKa KybICTHI, KYPBUIBIMCHI3 ThI-
28 FbI3, TUIICTI.
3eprTey aiimMarbl TeHI3 JaeHredineH 350 M OWIKTIKTE OpHAJaCKaH, CUPEK KE3JECEeTiH ©3€H
MaHbIHJIAFBl ToOenepi Oap TONKeIHABI Ecim MaHbl >kaszbirbiHAa katelp (cyper 1). XKep Oemepi
Heri3iHeH Ecin e3eHiHIH >kalblIMachlHAaH KOFapbl OpHAJacKaH TOMEHI1 Teppacajlap/iaH TYpajbl,
MYHJIaFbl CAJTBICTBIPMAITBI OUIKTIKTEp 5-7 M-JI€H acTanIbl.
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Cyper 1. Actana KaacelHbIH YpOO3KOKYHeNlepiHiH 9KIMIIUTIK KapTachl
Eckepry: aBTOpIIap KypacThlpFaH

3epTrey aliMarbIHBIH OHTYCTIK-OaThic Oeuiri, sFHM Ecin  e3eHIHIH CcoOJl  JKarajaysl,
CaJIBICTBIpMAJIBI  OWIKTITT 2-6 M OONaThIH KaWbUIMAJBIK Teppaca OOJbIN TaObUIAABL. 3epTTEy
ayMarbIHBIH COJNTYCTIK-IIBIFBIC 06irt — abcomroTTik OuikTiri 500 M-IeH acmalThiH, KalWTanama
SPO3USIIBIK TUTIMJIEIYTe YIITbIparaH, ToOe-IIOKbUIbI KAJIIBIK-ICHYTIAUSIIBIK KOTEPIHKI Ka3bIKTap.
XKexkeneren Tobenepai campicTeipManbl OuikTiri 10-50 M-aen acnaiiasl (cyper 2).

OKOoXyiie KbIBMETTEpiH Taijay KaJaHbIH OSKOJOTHSIIBIK pPEreHeparusiChIHBIH — CaHJIbIK
MakcaTTapblH KaMTaMmachl3 €Te aiajbl, oJlap Kajda aiMarblHA TOH OSKOJOTHS MEH KIMMATIICH
aHbIKTanaasl (Zari, 2019).

Tomnbipak-reorpadusiblK ayaaHIacThIpyFa ColiKec, 3epTTENiN OThIPFaH ayMak KyCaHIbI-003
Oetereni Kapa KOHBIP TOTBIpaKTap TapajFaH, KOHBIp)Kal KyaH jJaja aiiMarbiHa xkaTaabl (Peakos,
1964). TombIpak KaMbUIFBICHI IIVFBUT KOHTUHEHTTI KIUMAT KarJailblHIa KaJbITaCKaH, Oyl
KJIMMATTBIH ~HET13T1  epeKIIeNiKTepl — JKOFapbl KYPFaKIIBUIBIK JKOHE TeMIlepaTypallbIK
KargainapaplH KypT e3repyi. Kap KaMmbUIFBICBIHBIH KYKa OONYBI TOIBIPAKTHIH TEPEH KaTyblHA
BIKIIAJ €Til, TOMBIpaK TY3L1y MpolecTepiHe O31HaIK acepiH Turizeni. CoHpIMEH KaTap, OyJ1 ayMakKa
KOFaphbl JeHreiier sxen O0eJICeHuIiri ToH, OYJ1 03 Ke3eriH/ie TombIpaK Ae(IIsauusacsl IpolecTepiHi
KapKBIHJIBI )KYPYIHIH HET13r1 cebenTepinid 0ipi OObIT TaObLIA b
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Cyper 2. Actana KalaceIHbIH YpOOdKOKYHenepiHiH Gu3uKaIbIK-TeorpadusiblK KapTacsl
Eckepry: aBTOpIap KypacTelpraH

byn 3eprrenren O0i371H KyHenl cumaTTamMambl3la 3€pTTENETIH ayMaKTblH ayMarblHJa
KE3JIECKeH TOMBIpaK TYpJepiH KkepcereMi3. Erkeil-Terxkeilni JHarHOCTUKAJBIK KOPCETKIIITEP
AcraHa KanachblHBIH ypOOdIKOXKYHesnaepl WIETiHAE KEeH TapaJfaH TONBIPAKTapblH 3€pPTTENIK.
Tombipaka TOH MOPQOIOTUSIBIK-TEHETUKANBIK ~EpPeKIISTIKTEPl JalalblK 3epTTeylep MEH
KaMepaJJbIK OHICYJIepIHIeT] KoJaa 0ap AepeKTep Heri3iH/1e KOPCEeTITIK.

3epTTeneTiH ayMaKTa TOMBIPAK KaMBUIFBICBIHBIH KYPBUIBIMBIHIA Kapa KOHBIP TOMBIPAKTaphI
KanbinTackadn. Kapa KOHBIp TombIpakTapbl Kyprak Jajga 30HAChl KarJalblHIA, CYy PEKHUMI
[aifHaIMaraH THUINTI, Jecc TOpi3/Al caszlakrapaa Kajibinracaabl. Kyprak »oHe KYpT KOHTHHEHTTIK
KJIMMATTBIH apKacblHa TOMbIPaK TY3UIylHE epeKIIe JKaFaiiap KacajaraH.

3epTTeneTiH ayMaKThIH TOMBIPAK KaMBUIFBICHI Kapa KOHBIP TOMBIPAK alMarblHAa OpHAIACKaH.
3epTTeneTiH ayMakTa MOHUTOPHUHT ajlaHJapbl KYpbuibl. KOHBEpPT oiCIMEH 3epTENeTIH Kepiepae
TOTBIPAK ChIHAMAJNIAPBIH aly MYHKTTEP1 OPHATHUIABL. 3ePTTENETIH ayMaKThIH TOMBIPAK KaMBLIFBICHI
Olp TEKTUIINIMEH »oHE TOIbIPAK KOMOWHAIUSIAPBIHBIH (KEIIeHIepAiH, KOMOWHAMSIIAPIBIH) KeH
JaMbIFaH KYpAeNi KYpbUIBIMBIMEH cunartanafpl. OHbBIH KaJbllITaCybl KYpPFAaK JKOHE IOl
JananapAblH KYPFaK KoHE KYPT KOHTHHEHTTIK KJIIMMATHI )KaFJalbIHIa KYPEeIl.

Kanma rtomblparbiHBIH  KemTereH (YHKIUSIAphl Kajla  TYPFBIHAAPBIH  AKOXKYHETIK
KBI3METTEPMEH KaMTaMachl3 €Tyl KaMTaMachl3 eTeni, Oipak ojap Kas3ipri Kaja KYpPBUIBICHIH
xocmapnayna cupek eckepinemi (Ungaro xone T1.6., 2022). VYpOanuzammst >xep OeTiHaeri
OMOSPTYPIILIIK NIEH 3KOXKYHe QyHKIuMsIapbiHa Kayin TeHaipeni (Gong xone 1.6., 2024).

byn 3eprrenren xyleni cumarramana AcTaHa Kajachl ayMaFbIHAA Ke3/I€CETiH TOMBIPAKTHIK
OipiikTep aHBIKTANIBI (cypeT 3). 3epTTey alMarbIHIa €H KeH TapaJiFaH TONBIPaK TYpJepiHe erKei-
TErKEUJIl TMarHOCTUKAJBIK CUIIaTTamanap Oepiyii.
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Cyper 3. Actana KajlacbIHbIH YpOO3KOKYielepiHiH TONbIpaK KapTachl
Eckeprty: aBTOpIIap KypacTelpFaH

AcTaHa KanachlHbIH TONbBIPAKTaphbl KeJleCl TypJepMEeH YChIHBUIFAH: Kapa KOHBIP TOIbIpaKTap
JKOHE OJIap/bIH TYpJepi, HIANFBIHABIK KyOa >KOHE KOHBIP TOMBIpaKTap >KOHE OJIapIbIH TypJepi,
copTaHap >koHe ypOaHo3emaep (>kacaHpl Tomblpak). KamaHblH enoyip ayMmarblHIa TOMBIPAKTap
KApKbIH/ABI KYPBUIBIC KOHE OHEPKACINTIK KOCIMOPHIHAAPABIH OCEPIHEH TEXHOIEHJIIK e3repicTepre
yiislparaH. HoTwkeciHae 3aHIBUIBIKCHI3 KYPBUIBIMBL 0ap TEXHOT€HIIK OY3bUIFaH TOIBIPAK
yuackenepi — ypbanozemaep KambintacThl. YpOanosemuaep (UR-D) — enai MEKeH OPTaChIHBIH
KaJIbIITacy MpOoLECiH e Maia 00aFaH TOMbIPaKTap.

JlereHMeH, TOMBIPAKTBIH CUIATTamMalapbl Typajbl aKmaparThl Oackapyra OIpiKTIpYyAiH
TEOPHSUIBIK JKOHE MPAaKTHKAIBIK TOCUIAEpIH OelceHAl AaMBITy Kajajap MEH elJii MeKeHAephae
TONBIPAK PECYpCTapblH OacKapy >KYHECiH OHTAWIAHIBIPYABIH aJFBIIIAPTHl OOJBINT TaObLIAIBI
(Orlova xone T.6., 2024).

Kananblk TomblpakTap/blH TaOUFM TOMNBIpAKTapJaH HETI3T1 aWbIpMalIbUIBIFBl — «YpOUK»
HEMECe «KalalblK» JMAarHOCTHKAJIBIK TOPU3OHTHIHBIH O0nybl. bynm — OeTki KabaTTarbl KOJIJaH
YKacaJFaH, apajackaH TOPU30HT, MOJICHH Ka0aTThIH Oip 06JIiri, OHBIH KaJIBIHIABIFE S0 CM-ZIeH acaibl
KOHE KypaMmblHIa 5%-1aH actaM aHTPONOTeH K KOCBIHABUIAP (KYPBUIBIC-TYPMBICTBIK KaJJIBIKTap,
OHMIPICTIK Kauabikrap) ©Oap. OHBIH JKOFapFbl OOJiri KWl TEXHOTCHIIK IeT1HIUIEP/iH,
aTMoc(epaliblK IIaH TY3UTIMAEPIHIH JKOHE J0JABIK KOIly MaTepHallapbIHbIH BIKIAJIbIMEH KaiTa
I'YMYCTaHFaH.

Tonbipak kapTacelHAa (CypeT 3) opTypili Jopexene ypOaHU3aIMsUIaHFaH KOHE ©3repreH
TONBIPaKTap/IbIH Tapaidybl ChI30ANBIK Typae kepceTuireH. HoTwxkecinae apTypiii MOpGOIOTHSIIBIK
TOMBIPAK MPOQHIBAEP] KaIbINTacThl. byl e3repren Hyckanap Oy3bUIMaraH OpPTAaHFBI KOHE TOMEHT1
npouiab O6JIKTepiH JKOHE aHTPOMOTeHIIK Oy3bUIFaH J>KOFapFhl KadaTTapabl YWJIecTipesi.
TonbipakTap rymycTaHybl, KapOOHATTBUIBIFBI, TJICHICHYI, TY311y cunaTel (>karajayibl, apajiackaH),
npoduiIbaiH OY3bUTY JTOpekeci, KOCBIHABUIAPIBIH Memepi MeH Kypambl (O€TOH, IIBIHBI, YJIbI
KaJIIBIKTap jkoHE T.0.) jkoHe 6acKa Ja KepceTKimTepi OOMbIHIIA epeKIIeTIeHE .
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4. Tannay

AnammapabiH KOHBICTAphl 3KOKYHENEpIiH pecypcTapblHa, MailalapbiHa )KOHE KbI3METTEpiHE
Toyenni, OipaK ojap COHBIMEH Oipre 3KOKYHWEHIH JEHCAyJbIFbIH HalIapjaTaabl. bysr skarmaiisl
IIenly YIIH Kajla KYPBUIBICBI MEH KOCIapiayAblH jKaHa Toculi maiima Oomnanbl. PereHepaTuBTi
JIM3aiiH, dKOXKYHEe MeHTeHiHAerT OMOMUMUKPHS KOHE IKOXKYHE KbI3METTEpl TEOpUsJIapbIHA CYHEHE
OTBIPBII, OJ KaJlAJIbIK KEHICTIKTI TaOWFM HKOKYHeJIepMeH KaiTa OallIaHbICTBIPATHIH XKOHE OYKLI
QJICYMETTIK-DKOKYHEHI ~ KalmblHA  KENTIPETiH, JKOXYHEHIH JCHCAyJbIFBI MEH  DKOXKYHe
KBI3METTEPIHIH OH/IpICIHE BIKMAN €TETIH Xo0atapabl xobanayabl ycbiHaael (Blanco sxone T.6.,
2021; Kambo »xone T.6., 2019).

Tonbipak >KaMBUIFBICHIHBIH ~KYPBUIBIMIAPBIH KapTara TYCIpy JKOHE OJIapIbIH CaHbBIK
Oaranaypl YIIIH KaKeTTlI akKlapaT >XUBIHTBIFbI KAIIBIKTBIKTAH 30HATAY JepekTep Oa3achlHaa
cunarTagrad. Mamimerrepi OipiKTipy KEHICTIKTIK XKoHE aTpPUOYTTHIK KOMIIOHEHT apKbUIBI XKY3€re
achIpbUIa/Ibl: TOMOrpapUsIIBIK JKOHE TaKBIPBINTBHIK KapTaldapAblH HoTWkenepi. byn perre
KAIIBIKTBIKTaH 30HITAYABIH aTpUOYTTHIK ACPEKTep KOPBIH KYpy Oip KapTorpadusIblK MPOCSKIHsIFa
(6yn 1:25000 macmrabrarel TonmorpadusuIbIK KapTa OoJiFaH) OaiJIaHBICTBIPBUIFAH TaKBIPBITHIK
Kaptanapabl mupraHaepyasl  ke3aehai. JKymbicTeiH HOTHKeciHIe ['AXK TOmBIpakTapbhIHBIH
TaKbIPBINITHIK KapTajgapbl MEH aTpUOYTTHIK Oa3anapbl KaablITACTHIPBLIIBI.

Kamaneik aitmakrap TaOurarTaH, KOFaMHAaH J>KOHE OHKOHOMHUKAJIAaH TYPAThIH JIaMbIFaH
TEXHOTEH/IIK KEIIEH1 dKOXKYyile OOJIFaHIBIKTaH, KalalblK IKOKYHEHIH JACHCAyNbIFbIH OaranaybiH
KUITI KaJTAJbIK KOKYHEHIH OCNTICI3MIriH Ny YIIiH KOJIAHIBI YITiHI OpHATY OOJBIN TaObLIAIbI
(Yu xomne T.6., 2009; Semeraro xone T.0., 2022).

Tonbipak KeMipTeriHiH SKOJOTHUIIBIK (PaKTOpIIaphl )KOHE OHBIH JKBUIBIHYFA CE3IMTAJIBIFEI a3
3epTTeNreH. ABTOpJIAp JKYNTAIFaH KaJallbK XoHEe TaOWFH JKOXKYHelepHiH TONbIpaK YiriaepiH
CAJIBICTBIPAIBI KOHE KBUIBIHY KE€31HJe MHKpOOHMOMa TaOWFM HKOKYHEIePMEH CalbICThIpFaH/a
KaJaJblK Kachll KEHICTIKTErl TOIbIpaK KOMIPTEriHIH MaHbI3bl JIpaliBepi €KeHIH KepceTenl.
(Delgado-Baquerizo xone T.6., 2023). Taburu skoxyiienepae OHOIPTYPIUTIKTIH OipHEeIe IKOKYHe
GyHKUMSATApBIH KOJJlayFa KOCKAaH Yiecl KaKChl aHBIKTaJFaHBIMEH, JK€p YCTI XOHE JKep acThl
OPTYPJUNTIHIH JKOXYHEHIH Ken (YHKIMOHAIAbUIBIFBIMEH OalaHbIChl  KallalblK  KachLl
KEHiCTiKTep/Ie ic kKy3iHae Oenrici3 6ombin kaaa 6epeni (Fan sxone T.6., 2023).

biznin 3epteynepimiznie, Kajia TOMBIpaKTapbl 3epTTenieTiH ayMakThiH 40-50% ambim sxaTeip
’KOHE TOJIBIK HEMece >KapThbUlail e3repTUIreH TONBIpaKTapMEeH YChIHbUIFaH. TOJIBIFBIMEH ©3repreH
TONBIpaKTap (KalajblK TUITIK TOINBIpAKTap) KaJaHbIH OPTAJBIK OeJiriHe Kapail TapTbUIaJbl JKOHE
onerre acdanbTeH >KAaObUIFAaH KHUBIPIIBIK TACIEH THIFBI3JAIFaH, CHIFBUIFAH TOIBIpaKTapMeH
ycbiHbUIFaH. JKapTeiail TypaeHAIpUIreH TonblpakTap (eTresi alblpMallbUIbIKTap), COHBIMEH KaTap
KaJlaJbIK TOMBIpAaKTap KaTapblHa JKATKbI3bLIAbI, Kalla METIHAE JKOHE jKaHa KYPBUIBIC alaHIapbIHIa
KeH Tapainrad. OTMeNll epeKIIeTiKTep KYPBhUIBIC Ke3iHAe >KaObUIMaraH, KeOiHece KYPBUIBIC
KaJJABIKTapBIMEH apaliaCKaH, TYPMBICTHIK KaJJABIKTAPMEH JKOHE OCIMIIIK KaJIIbIKTApbIMEH JIAaCTaHFaH
CYCBIMAJTBI TOTIBIPAKTaPMEH, OY3bIIFaH TAOUFU TONBIPAKTAPMEH CUIIATTAIAIbI.

Hamap KypbUIBIM MEH SKOJIOTHSJIBIK OpTa carachl KallaJbIK ASKOXKYHEHIH JeHCayJbIFbIHA
KeJepri KenTipeTiH Herisri ¢akropiaap Oonasl. bip uHAMKaTOpAarbl e3repicTepliH KajallbIK
HKOKYHMEHIH JeHcayJblFbIHA acepi OipTe-0ipTe TeMeHaendi, Oipak KepCeTKIIITEpiH Ce3iMTaIbIK
WHJIEKCIH/AEC aWKbhIH aWbIpMamIbUIBIKTap OoJael. Kamanmblk 2KOXKYHEHIH IEeHCAyNBIFBl JKOXYie
KYPBUIBIMBI MEH TYPaKTBUIBIFBIHAFBI ©3repicTepre ce3iMran 6oiasl (Wang skone 1.6., 2024 ).

3epTTey QJIEYMETTIK-DKOJIOTHSIIBIK HET13re HETI3NENTeH KEeMIEHAl OJIEYyMETTIK-IKOXKYHe
MOJIENII QPTYPJIl KaJalbIK SKOXKYHe KbI3METTepl apachlHAAFbl KapbIM-KAaThIHACTap MEH e3apa
OpeKeTTeCyNIep/l alyFa KOMEKTECE/Il KoHEe aJlaM OCepiHEH TYBIHJAaFaH KaJaJblK OCY/IH IKOXKYHe
KbI3METTEpiHEe KaJlall ocep eTETiHIH >KaKChIpaK Oarayiayra KOHE QJCYMETTIK OpTa MEH KaJlaJbIK
IKOXYHE KBI3METTEpl apachblHAAFbl Kepi OalJlaHbIC oCepiH KAKCHIPAK CUIATTayFa, COHJAN-aK
KaJaJblK JKOXYHEe KbI3BMETTEpPiHIH OpTYpil AWHAMHKAIBIK ©3repicTepiH Oospkayra MYMKIHIIK
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Oepeni agereH OOKaMMEH KODBITBIHABUIAHAABL. OoONamiaKk y3aK Mep3iMIi  cepusiiapaarbl
cuenapuiiaep (Ouyang sxone 1.6., X.Y. and others, 2022; Saginov »xomue T.6.,K. and others, 2024).
TonbIpakTsl cakTay *oHE KallllblHA KENTIpy LIapanapbl PETiHAE aHTPOMOTCHIIK OPEKETTiH
oCepiHE YIIbIPAMANTBIH KOHE TAOMFH TOIBIPAKTApPhl MEH ©CIMIIKTEepi 0ap JaHamadThl Kypy YIIiH
naiinananyra OoNaThIH ayMaKTapabl («e3eKTep») aHbIKTay MaHbI3IbL. Kazipri yakpITTa enopiana
x)anmbl aynanel 396,4 ra 9 casbak, 30 ra Tept OymnbBap xoHe 131,9 ra 90 ckBep Oap. Tammgsiken
KOJJICpiHIH ayMaKTapblH KaJIaHbIH Tabufu JaHamadThiHa KOCy JkoHe Ecin  e3eHiHiH
KaMbUIMACHIHBIH TOMBIPAK >KAMBUIFBICBIH KAKCAPTy AapKbUIbl XaJbIKTBIH JI€MajlbIChl MEH ©eMip
CYpYiHE KOJIaiiibl aymMaKkTap eki-yur ecere yirasasl (I'enepanpubiii mian, 2023; Saginov xoHe T.0.,

2024).

5. KopbITBIHABI

Ocpuraiitia, 3epTTey OapbIChIHAA KEHICTIKTIK Taljay calachblHIAFbl 3aMaHayd oJicTep,
re0aKnapaTTblK MOJEIBACY 9icTepl KOJMAAaHbUIABL. JKYpri3iireH 3epTTeylepAiH HOTHXKECIHIIe
OpTYpJIi  pyKcaTTaFbl adpOFApBINTHIK CYpPeTTepAi KeHiHeH KoiganyFa Herizgenren [AX
TEXHOJIOTUSUTAPBIMEH JQCTYPIl JKEPYCTI OAICTEpiH KOJJAHy apKbUIbI TOMBIPAK >KaMBUIFBICHIH
KapTara Tycipy >Kypri3uigi. by Tombipak KOMOWHAIUSITAPBIH OJIAPABIH OCNTUIl Oip TeHETHKAIBIK-
reOMeTpUsIIBIK  (opMara >KaTaTbIHIBIFBIHA, penbedTe mMaiina Oody KarjainapblHa, CaHIIBIK
KOPCETKIIITEepiHe Kapail CUIaTTayFa MyMKIiHJIIK Oep/i.

TormbIpak >KaMBUIFBICBIH KAJIBIHA KENTIPY JKOHE CaKTay Liapajiapsbl:

*Oy3BUIFaH TOMBIPAK KAMBUIFBICH 0ap ydacKelIepi Il ery apKbUIbl pEKyIbTHBAIMSAIAY;

. KYHapJIbl TOTBIPAK KaOaThIH ally, TaChbIMajiay KOHE CaKTay;

. TOMBIPAK >KaMBUIFBICHIH OHIIPICTIK KAJABIKTapIaH Ta3apTy,

*)Kachll KIEeNep/IiH ayMarblH YIIFAlTy, €CKi aFaliTap/bl *KaHApTy jKOHE KOIDKBUIIBIK arall-
OyTa eCcIMIIKTEpIHIH ajlaHJdapbIH KaJIlIbIHA KENITIPY;

*TONBIPAK MOHUTOPHHTIH JKYPTi3y KOHE TOTBIPAK >KaMBUIFBICHIH KOPFay IIapallapblH 931pIiey;

* Tabufy TOMBIPAFBl MEH OCIMIIT1 Oap JaHAmadTTap bl KAJIbIITACTHIPY;

*TOMNBIPAK KAMBUIFBICHIH JIACTAUTBIH CTAIIHOHAPIIBIK JKOHE KO3FalIMalibl KO3JEp/IeH IIbIFaThIH
3USIHJIBI 3aTTapAbIH O6MiHYIH a3aiiTy OONBIHILA IIapaapabl d31pJiey KIHE J)KY3€re achipy;

*TOMBIPAKTHIH Kail-KyHiH OakpUIayJpl YHBIMIACTHIPY KOHE KaKeT OONFaH Karjaiiia Kama
ayMarbIHJIaFbl AHTPOIMOTEHMIK OY3bUIFaH TOIBIPAKTapAbl NaiianaHyra THIHBIM Ccally HeMece
IIEKTEY;

*TONBIPAK JKAMBUIFBICHIHBIH KYHAPJIBUIBIFBIH  apTTHIPY YIIIH BUIFAIIBIH KUHATYBl MEH
CaKTaIyblH KaMTaMachl3 €Ty IapalapblH XKYPrizy, OpraHo-MHHEpaNIbl THIHAUTKBIIITAP, dcipece
(bocdop THIHAUTKBIILITAPbIH KOJIJaHy KaXeT, OMTKeH1 TolbIpakTa (hocop KETKUTIKCI3 MeJIIep/e.
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Research of soil cover of urban ecosystems of the city of astana based on the use
of GIS technologies

Talgat Salikhov, Zharas Berdenov, Kairat Saginov, Zhansly Inkarova, Lyudmila Makeyeva,
Akmarzhan Salykova, Gaukhar Salkhozhayeva

Abstract: Preservation of biological diversity of ecological systems, unique natural complexes,
objects of natural reserve fund, cultural and natural heritage of the Republic of Kazakhstan is one of
the important tasks of the state at the present stage. The most pressing issue facing humanity today
is the creation of conditions for environmentally safe (sustainable) economic development in order
to achieve and maintain the necessary level of quality of life for current and future generations. The
purpose of the study is to examine the soil cover of urban ecosystems of Astana with the view to
evaluate the current state of environmental components and solve long-term problems of the
capital's development. The theoretical and methodological basis of the study is made up of general
scientific methods: descriptive, comparative, statistical, system analysis, and cartographic. The
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research methodology is based on a system of general principles and approaches. The research
methodology is based on a system of general principles and approaches, including complex,
integral, systemic, ecological and geographical approaches. The conducted scientific research is
devoted to the problems of environmental protection of Kazakhstan on the example of the ongoing
project, which presents the results of the study of the soil cover of urban ecosystems of Astana. As a
result of the work, thematic maps and attribute databases of GIS: soils were formed. As a result of
research based on GIS technology, digital maps of urban ecosystems of Astana were developed
using the ArcGIS software product.

Keywords: urban ecosystem, soil cover, peat section, urban lands, GIS technologies, thematic map

HcciienoBanusi NOYBEHHOT0 MOKPOBa YPOOIKOCHCTEM rOpoaa ACTaHA HA OCHOBE
npumeHenusi ' MC-TexHonorui

Taarar CaamxoB, Kapac bepaeno, Kaiipar Carunon, Kancay Hukaposa, Jloamuiaa
MaxeeBa, Akmapaxan CaabikoBa, I'ayxap CanxoxaeBa

AnHotanus: CoxpaHeHHe OHOJIOTHYECKOTO pa3HOOOpasusi SKOJIOTUYECKHX CHUCTEM, YHUKAIBbHBIX
IPUPOJHBIX KOMIIJIEKCOB, OOBEKTOB IMPUPOAHO-3AMOBEAHOTO (DOHA, KYJIBTYPHOIO U MPHUPOIHOTO
Hacnenust PecriyOnukn Kasaxcran — ofHa M3 BaKHBIX 33/1a4 TOCYapCTBa HA COBPEMEHHOM JTalle.
HauOonee akTyanbHOI npoGiieMoid, CTOAIIEH CeroAHs Nnepej 4eIoBEeYeCTBOM, SBISETCA CO3AaHUE
YCIOBHI JJISl  OKOJIOTHYECKH 0€30mMacHoro (yCTOMYMBOTO) pa3BUTHS DKOHOMHKH B IIEJSAX
JOCTHIKEHUSI M TOJJIepKaHUsT HEOOXOJMMOI0 YpOBHS KauecTBa KU3HM HBIHEIIHETro M OyIylIux
nokoseHuil. llenb uccinenoBanus: n3ydeHHe MOYBEHHOTO MTOKpOBa ypOoIKocHcTeM ropoja AcraHa
JUIsL OLICHKH TEKYIIETro COCTOSHUS KOMIIOHEHTOB OKpYXaroleil cpelpl U peleHns NepCrneKTUBHbBIX
3ajjad pa3BUTUS CTOJIULBL. TeEOpEeTHKO-METONOIIOTUYECKYI0 OCHOBY HCCIIEJOBAHUS COCTABISAIOT
o0IIeHayYHbIE METObI: OMHMCATENbHbIM, CPAaBHUTENbHBIM, CTATUCTUYECKUNA, CUCTEMHOTO aHalu3a,
KapTorpaduueckuil. Merogonorusi uccieoBanusi 0a3upyercss Ha cuUcTeMe OOLIUX MPUHIUIIOB U
noaxonoB. OOIieHay4Hble: KOMIUIEKCHBIH, WHTETrpajbHbI, CHUCTEMHBIH, OSKOJOTHYECKUH,
reorpaduueckuii. [IpoBeZieHHbIE Hay4YHBIE WCCIECIOBAHUSA, TOCBALICHBI MpOOJIeMaM OXpaHbI
oKpy>katoleit cpezpl Kazaxcrana Ha nmpumepe MpoBOAMMOTO MPOEKTA, TJe MPUBOJISATCS pPe3yIbTaThl
HCCIIEIOBaHMs TOYBEHHOIO IOKpoBa ypOoskocucteM ropojga AcraHa. B pesymbrate paboThl
c(OopMHpOBaHbl TeMaTHYECKUEe KapThl U aTpuOyTuBHBIe 0a3bl AaHHbIX ['MIC: mous. B pesynbrarte
uccnenoBanuii Ha ocHoBe ['MC-texHonorum paspaboraHa uuU(poBBIE KapThl ypOOIKOCHUCTEM
ropoaa ActaHa ¢ MOMOIIbIO TporpaMMHOro npoaykra ArcGIS.

KiroueBble c1oBa: ypoosKocHCTEMa, TIOYBEHHBIN MOKPOB, MOYEHHBIN pa3pes, ypoanozémsl, [ C-
TEXHOJIOTHS, TEeMaTH4ECKasl KapTa
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