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OBILIAA XAPAKTEPUCTHUKA PABOTbBI

AKTyaJIbHOCTh TeMbl auccepranmuu. CoBpeMEHHbIE H3MEHEHMs KIIMMaTa
OKa3bIBAIOT 3HAYUTEIIBHOE BIMSHHME HA pa3IMYHbIE PErHOHbl MHUpA, BKIOYas
KbIprei3ctan, KOTOpbIA OTJIMYAETCS CIOKHBIM TOPHBIM peibedoM U pazHooOpaszueM
MUKpPOKJIMMAaTUYECKUX 30H. MccienoBanne KIMMAaTUYECKUX M3MEHEHHMHM B JTAHHOM
pEruoHe MMEET Ba)KHOE 3HAYCHHE JJI MPOTHO3UPOBAHUS BO3MOXKHBIX MPUPOIHBIX
karactpod (3acyX, HaBOJHEHWW, W3MEHEHHS BOJHBIX PECYpCOB, Jerpajaluu
JICTHUKOB), @ TAKXKE JJIsI a[JaliTAlluK CEIBCKOTO X035UCTBA, TUAPOIHEPTETUKH U IPYTUX
CTpaTEruM4ecKy BaXKHBIX OTPACiieil SKOHOMUKH.

B ycrnoBusix r17100aibHOrO MNOTEIUICHHS OCOOYI0 3HAYMMOCThH IMPUOOpPETAET
pa3paboTKa TOYHBIX M HAJSKHBIX MATEMAaTHYECKUX MOJCIICH, TO3BOJISIONINX
aHaJM3UPOBaTh M TMPOTHO3UPOBATH KIMMATHYECKHE MPOLECChl HA PETHMOHAIBHOM
ypoBHe. Takue Mojienu HeoOX0AUMBI JUIsl OIICHKH TUHAMUKH TEMIIEPaTyphl, OCAJKOB,
BJIQKHOCTH U JIPYTUX METEOPOJOTUUECKUX TMapaMeTpoB B OTACIbHBIX palioHaX
KoIpreizcrana, pa3paboTKy CIICHApUEB U3MEHEHHS KJIMMAaTa M WX MOCJEICTBUM IS
HYKOHOMHKHU, SKOJOTUU U COIMAJIBLHOTO PAa3BUTUS, a TAKXKE MOJJICPKKU MPUHITHS
perieHuit B cpepe BOTHBIX PECYpPCOB, CETBCKOTO XO3SMCTBA, TPAJOCTPOUTENILCTBA U
HHEProcHAOKCHUSI.

Kpome Toro, yunThiBasi OrpaHM4€HHOE KOJIMYECTBO METEOCTAHIIUNA B TOPHBIX
paiionax KsIprei3ctana, mMaTeMaTHue€CKOE MOJCIUPOBAHUE CTAHOBUTCS BaKHBIM
WHCTPYMEHTOM [IJI1 BOCITOJTHCHHSI TIPOOEOB B JAHHBIX WM TOBBIMICHUS TOYHOCTH
nporHo3oB. MccienoBanue pernoHadbHbIX KIMMATHYECKUX XapaKTEPUCTUK, OIEHKA
OyIylIMX U3MEHEHUM KJIMMaTa U MX TOCJIEICTBUN MUMEIOT CYIIECTBEHHOE 3HAYCHUE
IIPY TUIAHUPOBAHUHU COIMAIBHO-PKOHOMHYECKOTO Pa3BUTHS PETHOHOB KBIPTHI3ZCKOM
PecnyOnuku. HaOnrogaeMble peruoHalibHbIE KJIMMATHYECKUE HM3MEHEHUS HMEIOT
TEHJICHIIMIO K TIOBBIINICHUIO CPEIHETOJ0BOM TEMIIepaTypbl BO3[yXa, IMPU HTOM
HaUOOJBIIUN POCT OTMeUaeTcs ¢ cepearnsl 1970-x TT.

Takum 00pa3oM, UcCCiIeIOBaHUE TI0 IAHHOW TeME SIBIISIETCS aKTyaJIbHBIM KaK C
HAyYHOU TOYKH 3PEHHUSI, TOCKOJIbKY CITIOCOOCTBYET Pa3BUTHUIO METO0B PETHOHAIBHOTO
KJIIMMAaTU4YECKOT0 MOJICIIMPOBAHUS, TaK U C TPAKTUYECKOM, TaK KaK pe3yJbTaThl MOTYT
UCIIOJIb30BAThCS TOCYJIAPCTBEHHBIMU M MEXIYHAPOJIHBIMU OPTaHU3AIUSIMU IS
pa3pabOTKM CTpaTeruil aanTaiuyu K ”3MEeHeHHIo kiaumata B Keipreizcrane.

CBsi3b  TeMbl  JUCCEPTAIMH ¢  NPHOPUTETHBIMHM  HAYYHBIMH
HANPaBJIEeHUSIMH, KPYNHBIMH HAYYHbIMH mporpaMMaMu  (IIPOEKTaMH),
OCHOBHBIMH  HAYYHO-HCCJIeA0BATEIbCKMMH  pPadoTamMH,  NPOBOAUMBIMHU
o0pa3oBaTeJIbHBIMM M HAayYHBIMH YupexaeHusimm. [lucceprammonHass pabota
SIBJISICTCSI HHUITHATHBHOM.

Hear jauccepranuoHHoi padoTrhl - pa3paboTka U MPUMEHEHHUE
MaTeMaTUYeCKUX MOJENeH [l aHajdu3a W MPOTHO3UPOBAHUS KIMMATHUYECKUX
napaMeTpoB (CpenHeil Temneparypsl Bo3ayxa, ypoBHs CO:2 U 0CaikoB) B OTIAEIbHBIX
pernonax KeIprei3cTaHa Ha OCHOBE COBPEMEHHBIX METOJIOB MAIIMHHOTO O0y4YeHUs U
YUCJICHHOTO MOJIEITMPOBAHUA.

Jisi MOCTH:KEHUSl 1eJIH HCCIeA0BAHNS ObLIM MOCTABJIEHBI CJIEYHOIIHE
3a/1a4u:



1. IIpoBecTu CpaBHUTENbHBIN aHATU3 U POTHO3UPOBAHUE CPEAHEMECSUHOM
TeMIIepaTyphl BO3/lyXa B OTJEIbHBIX peruoHax KbIprei3cTaHa Ha OCHOBE BPEMEHHBIX
PSAIOB C UCTIOJIB30BAHUEM METOJIOB MATUHHOTO O0yUYEHHS;

2.  OcCylecTBUTh aHAJIW3 JUHAMUKH W TMPOTHO3UPOBAHHUE BBIOPOCOB
yraekucioro rasza (CO:z) B atMocdepy € yueToM KIUMAaTHYECKUX M aHTPOMOTE€HHBIX
(bhakTopoB;

3. Paspaborarb MaremMaTuyecKHe MOJEIM [IJIi OIMCAHHS TMPOIECCOB
nepeHoca 3arps3HsIOIINX BellecTB B aTMochepe, BKiIovas ypaBHenne HaBre-CTokca
JUTSI MOJICJIMPOBAHUS IBU’KEHHSI BHIOPOCOB M YpaBHEHUE ITEPEHOCA TPUMECEH € YUETOM
HaJIM4us NPEISTCTBUN;

4.  OcCylecTBUTh pacyeT TPAeKTOPUN paCIpOCTPAHEHUs 3arps3HSAIOMIMX
BEIECTB B aTMOc(epe ¢ ydeToM TypOylIeHTHBIX d(PPEKTOB M HATUYUS MPETATCTBHM,
WCIIOJIB3Ys METOJIbl BBIUUCIUTEIBHOW TUAPOJMHAMUKUA B MPOTPAMMHOM KOMILJIEKCE
ANSYS Fluent;

5. BBINOJHUTH YHCIEHHOE MOJCIUPOBAHUE MpoleccoB  nuddy3uun
3arpsiI3HSIIONIMX BEIIECTB B aTMOC(Epe OT TOUEYHOTO MCTOYHUKA C MCIIOIb30BAHUEM
nporpammHoro komiuiekca ANSYS CFX, yuutbiBas BiausiHue TypOYyJIEHTHBIX
MIPOLIECCOB U adPOJUHAMUYECKUX (HAKTOPOB,;

6. IlpoBectu aHaU3 U MIPOTHO3UPOBAHKE CPEIHEMECSIYHBIX CYMM OCAaJIKOB
3a nocneanue 100 nmeT mo JaHHBIM METEOPOJIOTMYECKUX HAOIIOICHUM, HCTOIb3Ys
MOJIETM BPEMEHHBIX PSAOB U METOAbl MAIIIMHHOTO O0Yy4YEHUS,

/. DBBINOJHUT YUCICHHBIM pacdeT (UIbTpALMK TOTOKOB J>XKHIKOCTH B
MOPUCTYIO CPEy C YYETOM pa3pbiBa MOPUCTOCTU JJIsi OUEHKH THAPOJIUHAMHYECKUX
MPOLIECCOB, BIUSIOIINUX HA KIUMAaTUYECKYIO0 CUCTEMY PETHOHA.

Hayynass HoBHM3HAa palOTbl COCTOMT B pa3pabOTKe MaTeMaTH4eCKOM
MOJIeJId POTHO3UPOBAHUS CPEIHEMECIYHON TeMIlepaTypbl BO3AyXa, MO3BOJISIOIIEH
OLICHMBATh HM3MEHEHUs1 Temreparypsl 10 1,6°C, OCHOBaHHON Ha HENPOCETEBOI
apxurektype LSTM u npoaHanu3upoBaHHOW Ha naHHbIX 3a 100-neTHU nepuop
(19212021 rr.);

- BBITIOJIHEH MPOTHO3 IMHAMHUKHU BBIOpOCOB yriiekucioro raza (CO:2) u o0umx
TpeHa0B napHUKoBbIX razoB (III') 3a 1990-2022 rr., mpoBeaeHa anmpoKcUMaIus
BbIOpOcoB I1I" 1o 2050 1.;

- TOJIydeHa MaTeMaThdeckass MoJielb TypOyJEHTHOrO IOTOKa JbIMa MpH
HaJMYUU TPENSTCTBUN HA MYTU €ro PaclpoCTpaHEHHS OT TOYEUHOrO0 MCTOUYHHKA,
pa3paboTaHHas ¢ UCIOJIb30BaHUEM MTporpaMMmHoro komiuiekca ANSY'S Fluent;

- pa3paboTtana Mojenb TU(GY3MOHHOTO pacCEMBaHMS JIBIMOBBIX BHIOPOCOB B
atMocepy ¢ wHCnosib30BaHMEM mporpammHoro komiuiekca ANSYS CFX,
YYHUTBIBAIOIIAS JUHAMAYECKUE XapaKTePUCTUKHU MTOTOKA;

- BIEPBBIC MPUMEHEHO YpaBHEHHME IOTOKA SHEPrUU JJId MOJICIUPOBAHUS
nuhPy3MOHHOTO paccerBaHUs JBIMOBBIX BBIOPOCOB B aTMocdepe OT TOYEHHOTO
HUCTOYHUKA;

- TMOJIy4eHbl KOJIMYECTBEHHbIC 3aBUCUMOCTH CKOPOCTH U JaJbHOCTHU
paclpoCTpaHEHUs AbIMOBBIX IMOTOKOB OT HalpaBi€HUSI MU CKOPOCTHU BETpa, 4YTO
MO3BOJISIET 00JIee TOYHO yUWUTHIBATH aTMOC(EpPHBIE YCIOBHS MPHU MPOTHO3HUPOBAHUU
3arpsi3HEHHsSI BO3AyXa;



- IPOBEJICH aHAJIN3 CPEIHEMECIUHbIX ocaakoB 3a 1921-2021 rr., pa3paboTtana
MOJIeJIb MPOTHO3UPOBAHUS CPEAHEMECSUYHBIX CyMM ocaikoB 10 2040 r. ¢ yuyetom
PErMOHANIbHBIX KIIMMAaTHYeCKUX ocoOeHHocTel KbIpreizcrana.

- BBITNIOJHEHBI YHCIIEHHBIE pacyeTbl (PUIbTPALMUA PACIPOCTPAHEHHUS MOTOKA
JKUJKOCTH B MOPHUCTYID CpEly C YYETOM pa3pbiBa MOPUCTOCTH, YTO IO3BOJSET
YUYUTBIBATh TUAPOJINHAMUYECKHE MPOLIECCH B HEOAHOPOIHBIX IUIACTAX, BIUSIONINE HA
KJIINMaTUYECKYIO CUCTEMY.

IIpakTH4Yeckass 3HAYUMOCTDb MOJIy4YeHHBIX Pe3yJIbTATOB.

- pa3paOOTaHHbIE MOJENU TMO3BOJSAIOT SPPEKTUBHO MPOTHO3ZUPOBATH
KJIINMaTHYECKUE MapaMeTphl, BKJIIOYas CPEIHEMECAYHYIO TEMIIEpAaTypy BO31yXa,
OCaJKi M IMHAMUKY BBIOPOCOB 3arps3HSIONIMX BEIECTB, UTO CIIOCOOCTBYET Oosee
TOYHOMY AHAJIM3Y KJIMMAaTUYECKUX U3MEHEHUI B OTIEIbHBIX pernoHax Kelpreizcrana;

- pa3pabOTaHHbIE MAaTEeMAaTHYECKHUE MOJENHM PaclHpOoCTpaHEHUs: BbIOPOCOB W3
JTBIMOBBIX TPYO, YYHUTHIBAIOIIME BIMSHUE TMPEMATCTBUMA U METEOPOJIOTHYECKUX
(akTOpOB, NO3BOJIAIOT OLEHUBATh TPAEKTOPUU JIBUIKEHUS 3arpsI3HAIOLIUX BEIIECTB, B
ToM umcie yraekuciaoro raza (COz) B armochepe M mpencKa3blBaTh 30HEI
HaMOOJIBIIET0 UX HAKOTUICHHUS,;

- npumeHeHue ypaBHeHMid HaBbe-CTOkca M IOTOKAa DSHEPrUM UL
MOJIETIMPOBAHUS TYpOYIEHTHBIX U TU((PY3MOHHBIX IPOLECCOB MO3BOJISIET IPOBOAUTH
TOUYHBIE PACUEThl IMHAMUKHA aTMOC(EPHBIX BHIOPOCOB B TPEXMEPHOM IPOCTPAHCTBE C
Y4€TOM HECTallMOHAPHBIX (PAKTOPOB;

- UcnoJib30BaHue nmporpaMMHbIx KomruiekcoB ANSYS Fluent u ANSYS CFX
JaeT BO3MOXXHOCTh pEIIaTh CTAalMOHAPHBIE W HECTAMOHApHBIE 3agauu B 3D-
MOJEIUPOBAHUH, YTO MO3BOJISIET MMOBBICUTh TOYHOCTh PACUYETOB MPOLECCOB MEPEHOCA
3arps3HSIONIMX BEIIECTB B aTMocdepe;

- TOJY4YEHHbIE KOJMYECTBEHHbIE 3aBUCUMOCTH CKOPOCTH M JIaJbHOCTH
pacnpoCTpaHEHUs! JIBIMOBBIX IIOTOKOB OT HampaBJ€HUS M CKOPOCTH BETPA,
CTaOMIBHOCTU aTMOC(EPDI, TEMIIEPATYPHI TIOTOKA HA BBIXOJIE U3 TPYOBI, TEMIIEpATyPhl
BO3/[yXa MOT'YT OBbITh UCIIOJI30BAaHBI ITPH SKOJIOTMUYECKOM MOHUTOPUHTE U pa3padboTKe
Mep MO0 CHUYKEHUIO BPEITHOTO BO3AEUCTBUS MTPOMBIIIJICHHBIX BHIOPOCOB;

- pa3zpaboTaHHbIE MPOrHO3HBIE MOJIEIM U3MEHEHMsI TeMIlepaTypbl BO3yXa U
OCaJKOB MOTYT OBbITh NPUMEHEHBI B CEIBCKOM XO34HCTBE, BOJHBIX pecypcax u
IPagOCTPOUTENHCTBE JUISI QJaNTalli K HM3MEHEHUsAM Kiumata U 3()QPEeKTUBHOTO
YIPABJICHUS NPUPOJTHBIMU PECYPCAMMU.

OcHOBHBIE M0JIOKEHUSs] JUCCEPTANNH, BBIHOCUMbIE HA 3aAIIUTY:

1. MaremaTtuueckas MOJEIb MIPOTHO3UPOBAHUSL CpEIHEMECAYHOMN
TEMIIEPATYpPbl BO31yXa, OCHOBAaHHAs Ha aHajIW3€ KIMMAaTUYECKUX AaHHbIX 3a 100-
JISTHUM TIEpUOJ C HCIOJb30BaHUEM HelpoceTeBbix apxuTekTtyp LSTM, XGBoost,
MO3BOJISIONINE BBISBISATH JOJITOCPOUYHBIE TEHJICHLMM W3MEHEHUS TeMIEepaTrypbl B
OTHEeJIbHBIX perrnoHax Keipreizcrana;

2. AHanu3 U CpaBHUTEIBHOE HCCIIEAOBAHNE COCTaBa aTMOC(EepHOro BO3IyXa B
OCCHHUI M BECEHHHUM TEPHOJIbI, BBISBIIIONINE OCOOCHHOCTH CE30HHBIX KOJeOaHWMN
KOHIIEHTPALlUU 3arpsi3HSIONIMX BEIIECTB, OOYCJIOBJIEHHBIE METEOPOJIOrHUYECKUMU
YCJIOBUSIMH U aHTPOIIOT€HHOW HATPY3KOW;



3. IlporHosHas Mojaens AMHAMUKH BbIOpOCcOB yriekucioro raza (CO:z) B
aTMocQepy, BKIIOYAIOas KOJIUYECTBEHHbIE OIIEHKH U3MEHEHHS YPOBHS BEIOPOCOB C
Y4E€TOM KJIMMATHYECKUX U TEXHOTCHHBIX (DAKTOPOB, a Takke TPEHIbl BHIOPOCOB
MapHUKOBBIX ra3oB 10 2050 roxa;

4. Pe3ynbTaThl YKCIEHHOTO MOJCIUPOBaHUS IpolieccoB nuddy3uun u
pacceuBaHMsl JBIMOBBIX BBIOPOCOB M3 TOUYEYHOTO MCTOYHHMKA B aTtMocdepe,
ONPEEIAIONIME OCHOBHBIE 3aKOHOMEPHOCTH IEPEHOCA 3arps3HAIOIIMX BEHIECTB C
YYETOM a3pOJUHAMUYECKHUX XAPAKTEPUCTUK MOTOKA;

5. Mogens TypOYJE€HTHOTO IOTOKa JIBIMOBBIX BBIOPOCOB, YUHUTBHIBAIOIIAS
BIMSIHUE TIPENATCTBUN (3MaHUl W Apyrux oOOBEKTOB) Ha paclpoCTpaHEHHE
3arpsi3HSIIONIMX BEIIECTB, MOCTPOCHHAs HAa OCHOBE PACYE€TOB B MPOrPaMMHOM
komiuiekce ANSYS Fluent, mo3Bosstomias OIEHUTH BO3JEHCTBHE BBIOPOCOB Ha
KaueCTBO BO3/lyXa B TOPOJCKOM Cpene;

6. Monens NPOTHO3UPOBAHUS  CYMMapHBIX  aTMOC(EpPHBIX  OCAJIKOB,
OCHOBaHHAasi Ha METEOPOJIOTMYECKUX MaHHbIX 3a 1921-2021 rr., coaepxkamas
KOJIMYECTBEHHBIE 3aBUCUMOCTH JJIsl OLIEHKU UX AUHAMUKU 10 2040 rojia B OTAEIBHBIX
pernonax KeIprei3cTana;

7. PacyeThl MpOIECCOB  TEIUIOBJAronepeHoca B  MOPHUCTBIA  TPYHT,
YUUTHIBAIOIIME Pa3pblB MOPUCTOCTH, B3aUMOJCHCTBUE IMOYBHI C aTMOC(HEPHBIMU
ocaJlkaMlM M TEeMIEpPaTypHbIMH WM3MEHEHUSIMH, Ba)XXHbIE [JI1 MPOTHO3UPOBAHUS
TUAPOJIOTHYECKUX M KIMMAaTHYECKUX MPOLIECCOB.

JINYHBIA BKJIAJ COMCKATEJS COCTOMT B TEOPETHUYECKOM M IMPAKTHUYECKOM
00OCHOBaHMM OCHOBHBIX HJAEM M TMOJOXKEHUA HCCIENOBaHUs; B pa3paboTKe
MaTEeMaTUYECKUX MOJIeNIel MPOTHO3UPOBAHUS KIIMMATHYECKUX MMapaMeTpOB, BKIIOUYas
CpPEIHEMECSUHYIO TEMIIEPATYPY BO3/1yXa, OCAJIKH U BIOPOCH! yriaekucioro raza (CO2),
C MCMOJb30BAHUEM METOJ0B MAILIMHHOTO 00YYEHHUS U YHCIEHHOTO MOJIEIMPOBAaHUS; B
MOCTPOEHUU U peanu3anuu mojenet nauddysun u TypOYyJEHTHOTO TepeHoca
3arpsI3HSIONIMX BEIIECTB B aTMocdepe € Y4YETOM MPEnsTCTBUI; B MNPOBEACHUU
YUCJICHHBIX PACYETOB IPOLECCOB TEIUIOBIArOIIEPEHOCA.

Anpobauus pe3yJbTaToB Auccepranmuu. OCHOBHBIE pE3yJbTaThl JAAaHHOUN
paboThl paccMOTpeHbl: Ha MeXayHapoIHON HAy4YHO — MpakTU4YecKas KOH(GEpEHITUU
“20-netne UHUT KI'YCTA um.H.McanoBa ” bumkek, 19-21 oktsa6ps 2021 r., Ha
MexnyHnaponnoi koHbepeHIuu «MHTEerpaius Hayku 1 00pa3oBaHus B COBPEMEHHOM
mupe» Hypcynran (Acrana), Kazaxcran. 15 okts6psa 2021 r., Ha MexayHapoaHou
koHpepenuu «30-nerue KI'VCTA um.H.HUcanoBa» bumikek, 28-30 mast 2022 r., Ha
MexayHapoqHOW  Hay4dHO-TIpakTUueckor  koHpepeHuuu  «Poib  Hayku U
WHHOBAITMOHHBIX TEXHOJIOTUH B YCTOWYMBOM pPa3BUTHUU TOPHBIX TEPPUTOPUN U
skocuctem», KI'TY um. U. PazzakoBa (Keipreizctan, bumikek, 27-28 oktsi0pst 2022r.),
Ha MexayHapoaHoM HaydHOU KoH(epeHnn «CoBpeMeHHasi TEXHUKA U TEXHOJIOTHH
B Hay4dHbIX HccienoBaHusx» Hayunoil cranuum Poccuiickoll akageMuum HayK B
r.bumkexk (HC PAH) 26 ampens 2023r., Ha MexXIyHapogqHOM  HAy4YHO —
npakTudeckoi KoHpepeHmu “CoBpeMEHHBIC TPEH Il B CTPOUTENILCTBE: MPOOIEMBI 1
nyt pemeHus 80-71eTHe  BBIJAIOIIETOCS TOCYIapCTBEHHOIO W IMOJHUTHYECKOIO
nesitenst KP H.McanoBa” bumikek, 2 HosiO6ps 2023 1., Ha MexXayHapoaHON HAy4HO-
NPAKTHUECKOH  KOH(EpeHIuu «udposas Tpanchopmanus ooOmecTBa U



VMCKYCCTBEHHBIM MHTEJUIEKT» KBIPreI3cko-I'epMaHCKOro MHCTUTYTa MPUKIATHOM
uHpopmaruku , 23 HosOps 2023 1.

IotHoTa OTpa:keHMs Ppe3yJbTATOB auccepranmuu B nyOaukamusx. Ilo
COJIEP KaHUIO HACTOSIIIIEH AUCCEPTALUU OITyOIMKOBAaHO 7 Hay4HbIX cTaTeid. OCHOBHBIE
pe3ynbTaThl AUCCEpTAllUU OMYyOIMKOBaHbI B *kypHanax: “I[IpobmeMbl aBTOMATUKU U
ynpasinenus” (1 crates), "Bectauk KI'YCTA" (2 crareu), "U3sectuss BY3os
Keiprezcrana" (1 crarbs), “Hayka, HOBbIe TeXHOJIOTMH ¥ MHHOBaIMK Keipreizcrana”
(1 crarbs), “Hayka 1 ”HHOBAIlMOHHBIE TEXHOJIOTUU (2 CTaThu).

Crpykrypa M 00beM auccepranuu. /{uccepranonHas paboTa COCTOHUT W3
BBEJICHHUSI, TPEX IJIaB, BIBOJOB, 3aKJIFOUEHHUS, CIIMCKA UCIIOJIb30BaHHOM JIUTEPATYPhI U
PUIOKEHUS.

OCHOBHOE COAEPXAHHUE JUCCEPTALIUH

Bo BBegeHun 000CHOBAaHA aKTyalbHOCTh MCCIIEIOBAHUS, ONpeaeieHa 1ellb U
c(OpMyJIUPOBAaHbl 3aJaud MCCIEAOBAHUSA, PACKPBITBI Hay4yHas HOBHM3HA U
IpAaKTHUYECKas 3HAYUMOCTb paOOThl, MPEICTABICHbI IOJOKEHUS, BHIHOCUMBIE Ha
3aIIUTy, NPUBEIAEHBI CBEICHUA O JUYHOM BKJIAJEC coucKaress. Taxke onucaHa
anpoOainus pe3yabTaTOB MCCIEIOBaHMs, yKa3aHa MOJHOTA OTPAKEHUS Pe3ybTaTOB
JUCCEpTAlH B IMyOJMKALIUAX, 1TaHA XapaKTEPUCTUKA CTPYKTYpPbI U 00beMa padoThI.

B mepBoii riase mpencraBieH 0030p JUTEpaTypbl MO HCCIEIYEMOM TeMe,
pacCMOTPEHBI  OCHOBHBIE TMOAXOABI K  MAaTEMaTHYECKOMY  MOJCIMPOBAHUIO
KJIIMMAaTUYECKUX MPOIECCOB, aHAIM3y IJAaHHBIX TEMIEpPATypbl BO3AyXa U BHIOPOCOB
YTIIEKHUCIIOTO rasa.

[To-pa3HoMy BeAyT ceOs TeMIiepaTyphl, yCPEIHEHHBIE M0 OTAEIbHOMY PETHOHY.
W3MeHeHus: peruoHanbHOrO KiMMaTa MPOUCXOJAT 4YacTO TIopa3lo ObIcTpee H
npamaTuuHee. MIMeHHO 3TH U3MEeHEeHUsl MPEeCTaBIAIOT OCOOBIM MHTEPEC ISl KaXKI0M
CTpaHbl, HO OHU MPOXOJAT Ha (POHE III00ATBHBIX U3MEHEHUIA.
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Pucynox 1. [IpuHsaTOe KIMMaTHYECKOE 30HUPOBAHUE PECTYOIUKA
(uctounnk KeIprei3rugpomer)

OCHOBHBIM CpEJCTBOM MPOTHO3UPOBAHUS KIMMaTa M OLEHKU MPOLLIbIX U
Oyoylmux W3MEHEHWH KIMMara SIBJSIETCS CPEIHEroJ0Bas TeMmIeparypa BO3IyXa.
MHuorue uccienoBanus MOKa3bIBAIOT, YTO B YCIOBUSIX TJIOOQIBHOTO TOTETUICHUS TI0-
pa3HOMYy BeAyT ce0si TeMmmeparypbl, YCpPEAHEHHbIE IO OTACIbHBIM PETHOHAM.



W3MeHeHus: pernoHaIbHOTO KIIMMaTa MPOMCXOAAT 4acTo ropas3no ObicTpee Ha (oHe
rJ100aJIbHBIX U3MEHEHUH.

Oo6nacts Ilokazatens| batken- | XKanan- | Uccbik- [HapbH|Opeka Tamac-qyjicka
ckasg |Alancka|Kynbcka| - ckast | ¢ CKasl |gq

Cpennee 1961 -1900 | 9 45 8,11 304 |-0341| 632 | 6,13 | 511
Cpennee 1991-2010 | 10,13 | 9,00 330 | 0,11 | 7,16 | 6,66 | 5,65
PasHuia cpeqanx 0,67 0,89 0,32 0,46 | 0,84 | 0,53 | 0,54

Poct c 1 991 mo 2010 1,61 1,42 0,88 157 | 1,36 | 1,39 | 1,22

Tabnuna 1. 3menenue temmepatypsl (°C) 1o permoHam no CpaBHEHHUIO C
0a30BBIM MIEPUOAOM

['maBa mocBsiiieHa MCCAEIOBAHUIO KIMMATHYECKUX M3MEHEHUN B HEKOTOPBIX
obnactsax Keipreizckoit PecnyOnuku 3a 100-metHuit mepuon (1921-2021 rr.) m
NPUMEHEHUI0O  METOJIOB  MAIIMHHOTO  OOydeHus  JyUisi  NPOTHO3MPOBAHUS
CpEIHEMECSIUHON TeMImeparypbl Bo3ayxa. B rimaBe 000CHOBaHa HEOOXOIUMOCTH
MCCIIEIOBAHUSI PETMOHAIBHBIX KIIMMAaTUYECKUX U3MEHEHUM, OMUCAHbI HUCIOJIb3yEMbIE
METO/Ibl MPOTHO3UPOBAHUS W TPEJACTABJIICHA pa3padOTaHHAsT MOJIEIb BPEMEHHBIX
psI0B Ha OCHOBE HelpoceTeBbix apxutekTyp LSTM, XGBoost.

HccnenoBanne OCHOBAaHO Ha aHAJIM3€ BPEMEHHBIX PSIOB CPEIHEMECSIYHOMN
TeMmrepaTypsl Bo3ayxa. [IpeacTaBieHbl HCXOIHbIE KIMMATUYECKUE JaHHbIE, OITMCAHbI
WX OCHOBHBIE XapaKTEPUCTHKHU, BKJIOYAsl CE30HHBIC KOJICOAHUS U JIOJITOCPOYHBIC
TEHJICHIIUY.

JInst 0OpaboOTKM JTaHHBIX HCIOJIB30Bajach UX CTaHIAAPTU3ALMS: BBIYUCISIOCH
CpeaHee 3HAYCHUE TEMIIEPATYPHOTO psJia, MOCe Yero JaHHbIe HOPMHUPOBAIUCH IS
o0ecrieueHus KOPPEKTHOCTH pabOThl MOJIEIIH.

[Iporao3upoBanue cpeHEMECIUYHON TEMIIEpATyPhl BO3yXa OCYIIECTBISIIOCH C
VCIIOJIb30BaHUEM PEKYPPEHTHOU HEUPOHHOM CETHU C TOJITOCPOYHOU U KPATKOCPOUYHOU
namateio (LSTM). LSTM-cetu cnocoOHBI aHaIM3UPOBATh CIOXKHBIE BPEMEHHBIC
3aBUCUMOCTH U SBISIFOTCA 3()()EKTUBHBIM WHCTPYMEHTOM JMJi TMPOTHO3UPOBAHUS
BPEMEHHBIX PSAJOB B KIMMATOJIOTUU.

JIJisi TOCTpOEHHs MOJENM HMCHOJBb30BAIUCH CIEAYIONINE JTambl: pa3OueHue
JAHHBIX Ha OOYyYaloImyl0 U TeCTOBYIO BbIOOpKU: 90% MaHHBIX HMCIOIB30BAHBI IS
oOyuenus, 10% — njs TeCTUpOBaHUS MOJIEIN; HOpMaIu3alus JaHHBIX: IPUBEICHHUE
3HAYCHUN TeMmepaTryp K €IuHOMY MaciiTaldy JJjisi MOBBIIICHUS TOYHOCTH MOJECIIH,
dbopmMupoBaHUE BXOJIHBIX TTOC/eA0BaTeIbHOCTEN /1t 00yueHust LSTM; onpenenenue
IIapaMeTPOB MOJIEIIN, BKIIFOUAs: KOJIMYECTBO CKPBITHIX C10€B — 200 HEHPOHOB; METOT
ontumusanuu — Adam; urcio smox — 250; HaganbHas ckopocTh 00yueHus — 0,005 ¢
aJanTUBHBIM CHUKECHUEM.

OO6y4deHue MOJIe TPOBOIUIIOCH C UCTOJIb30BAHUEM aJITOPUTMA IPaIUEHTHOIO
CIyCKa, MPEIOTBpAIlEHUE TepeoOydeHuss O00ECIeUnBANIOCh 3a CYET OTPaHUYCHUS
rpagyueHTa W aJanTUBHON CKOpocTH oOyueHus. [locie 3aBepiieHusi oOydeHus CeTh
TECTHUPOBAJIACH HA PAHEE HEUCIIOIb3YEMbIX JAaHHBIX.



[IporHo3upoBaHve BBINOJHSJIOCH IIO3TAlHO C HCHOJIb30BAHWEM METOJA
MOCJIe0BATEILHOTO MpeIcKa3aHus OyAyINX 3HaYeHUH Ha OCHOBE paHee MOTYUYEHHBIX
MpEICKa3aHUuM.

Ha puc. 2 npoaeMoHCTpUpOBaHbI MPOTHO3UPYEMBbIE 3HAUCHUSI CPETHEMECTUHOM
TeMIIepaTypbl BO3JyXa Ha MOCICAYIOIIME S5 JIET, MOJYYCHHBIE C HCIOJb30BAHUEM
mozenu LSTM. BuaHo, 4TO mOpeAcKa3aHHBIE JaHHBIE COOTBETCTBYIOT peajbHbIM

TCHACHIUAM.
Mporko3 cpegHel TeMnepaTypsi ¢ LSTM i AMHyed TpeHaa (CKOpPeKTUPOBaHHbifl) MpOrHO3 CpenHed TeMnepaTypsl ¢ XGBOOSE i MUHMER TpeHaa (ynyuleHHsIR)
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Pucynok 2. Jlonrocpounbie MpOrHO3UPYEMbIE 3HAYCHHSI CPEHETOIOBBIX TEMIIEPaTyp

JIns OIIEHKM KaudecTBa IIPOTHO30B UCIIOIb30BANIACh CPEAHEKBAApATUUHAS
omunbka (RMSE). B xoze sxcniepumentoB RMSE coctaBuia 158.1, 4to moaTBepxiaer
BBICOKYIO TOUHOCTb MO/IEIIN.

MporHo3 cpenHerogosoii TemnepaTypel B Owe Ha 10 neT Brepep, (pasHbie Mogenu) MNporHos cpegHerofoBoil TeMnepaTypel B HapbiHe Ha 10 neT Bnepes (XGBoost)
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Pucynok 3. TeHieH1IMs U3BMEHEHUSI CPEIHETOA0BOM TemmepaTypsl B 1.0 u
Happin

['mobanbHOE TOTEIUIEHWE BO MHOTHX HMCCIEOBAHUSAX 110 M3MEHEHHIO KJIMMaTa
CBSI3BIBACTCS C POCTOM MaJIOM KOHIIEHTpanuu yriekucaoro raza CO; B atmocdepe
(kc02=5x10-4). IIpu pemieHnn 3a1a4u IPOTHO3UPOBAHUS BPEMEHHBIX PSAIOB, YJICHAMHU
KOTOPBIX SIBJISIIOTCS SMUCCUU Y TTAPHUKOBBIE Ta3bl B 9kBUBaJieHTEe CO, THICSYN TOHH B
rog HaumHas ¢ 1977 mo 2023 rr., B KauecTBe HEWpPOHHON ceTu Oblaa BhIOpaHa
0000IIEHHO-PETPECCUOHHAS CETh, PEATU3YIONIAas METOMbI SAECPHON anmpoKCUMaIlUuU
(GRNN). HenaBaue uccienoBanue B 001acTH poruo3upoBanus ¢ momoinbio GRNN
npeanosaratoT, 4ro GRNN wMoxer ObITh MHOTOOOEIIArOIEH aTbTepHATUBHOM
TPAIUIIMOHHON MOJIENN BPEMEHHBIX psiioB. OH mokaszan OOJbIINe BO3MOXKHOCTH B



MOJICJIMPOBAHUH U MPOTHO3UPOBAHUU HEJIMHEWHBIX BPEMEHHBIX PSAJOB U MMOCTEIIEHHO
BXOJUT B PSAAbI MHOTOLIETIEBBIX, IIMPOKO HUCIIOIb3yEMBIX METOIOB.

GRNN-ceTb MeeT 1Ba CKPBITBIX CIIOS: CIOW paualibHBIX 3JIEMEHTOB U CIIOM
AJIEMEHTOB, KOTOphIE€ (OPMUPYIOT B3BEUIEHHYID CYMMY JUISI COOTBETCTBYIOIIETO
AJIEMEHTA BBIXOJHOTO CJIOsl. B BBIXOJAHOM CJIO€ OIpENENseTCs] B3BEIICHHOE CPEIHEE
IyTEM [IEJICHUSI B3BCIICHHOW CyMMbl Ha CyMMY BECOB. B KayecTBe paavabHOM
bynkuuu npumensiercs ¢pynkuus [aycca. Ucnonbzyem NEWGRNN st coznanus
00001IIEHHON PETPECCUOHHOMN CETH.

NnHamuka sribpocos CO2 MporHo3 BeiGpocos CO2 Ao 2050 roaa ¢ yyeToM TpeHAa
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Pucynok 4. lunamuka BeiOpocoB 3a 1977-2025 rr. u mporHo3upyemsbie
3Ha4YCHUS OyAyIIMX SMUCCUM MAPHUKOBBIX ra3oB Ha nepuoja 2025-2050 rr.

Wtak, aHanu3 KIiMMaTH4YecKuX u3MeHeHuii B Keipreizckoil Peciy6mke nokaszad,
yTo Temreparypa 3a nepuon ¢ 1885 mo 2020 rr. 3HAYUTENBHO BO3POCIA, MPUYEM
JVHAMHMKA W3MEHEHUM HOCUT HEIIMHEWHBIM XapakTep. B mocnegHue necaTuiieTus
TEMIIbI MOBBIIIEHUSI TEMIIEPATypbl CYHIECTBEHHO YBEIUYMIUCH, 0COOeHHO ¢ 1970-x
roJI0B, UTO MOJATBEPKAAETCS rpaduKaMu TEMIEPATYPHBIX TPEHIOB.

B cpennem B Ommkaiilee 1ecATUIIETUE POTHO3UPYETCS MOBBILIEHUE CPETHEN
temrepatypsbl Ha 1,8°C. 3a 90-neTHuii nepuon (19252015 rr.) BenuurHa MOBBIILIEHUS
CpPEOHETroq0BOM Temmeparypsl coctaBuia 1,6°C coriacHO TMHEWHBIM TPEHIAM.

PesynpraThl aHanu3a KIMMATUYECKMX JAHHBIX M [POTHO3WPOBAHUA,
BBIIIOJITHEHHOI'O C IIOMOIIBI0 HEHPOHHBIX CETEH, CBUIETEILCTBYIOT O BBICOKOMN
00001aroIIei CrmocOOHOCTH METOJ0B MalMHHOro oOydenus. [lo cpaBHeHHIO C
KJIACCMYECKUMH MOJENISIMHM, HEWPOCETEBblE METOJbl OOECeunBaloT 00Jiee TOUHYIO
annpOKCUMAlUI0 W NPOTHO3UPOBAHME BPEMEHHBIX PAIOB, YTO IMOATBEPKAAECT HX
3¢ (EeKTUBHOCTH B 337aUax KIMMaTHYECKOTO0 MOACIUPOBAHUS U IPOTHO3UPOBAHUSI.

Bropas ruaBa mocBdllleHa TPEXMEPHOMY YHCJICHHOMY MOJIEIUPOBAHUIO
MPOLIECCOB PACIPOCTPAHEHUS 3arpSA3HSIOIMX BEUIECTB M3 MPOMBIIUIEHHON TPYOBI C
UCIIOJb30BaHuEeM MporpaMmHubix komiiekcoB ANSYS Fluent u ANSYS CFX
[IpencraBieHbl OCHOBHBIE 3Tallbl MOJEIUPOBAHHUS, BIUSHHE METEOPOJOTHMUECKHX
napamMeTpoOB Ha PACCEMBAHUE 3aTrPSA3HSIONIMX BEIIECTB, a TAKXKE BIUSHUE TApaMETPOB
JIBIMOBOM TPYOBI Ha MPOLIECC BHIOPOCOB.

Uccnenosanue BoinosiHeHO 1151 bunikekckoit TOL, kpynHeiiero notpeduTens
yrias B Keipreizcrane. B pabore paccMoTpeHsl mapamMeTpbl BHIOPOCOB MPHU CKUTAHUU
yIrias ¥ NPUPOJHOIO Tas3a, a TaKKE BIUSHUE MOJECPHU3ALMM MPEANPUATHS Ha
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XapaKTEPUCTUKN BBIOpOCOB. [IpoBeneH aHammM3 KOHCTPYKIMH JBIMOBBIX TPYO, HX
r€OMETPUYECKUX MapaMeTPOB U JUHAMHUKU BO3JIYIIHBIX TOTOKOB.

C wucnonszoBannemM ANSYS Fluent 1 ANSYS CFX npoananu3upoBaHbI:
BJIUSIHUE CKOPOCTH BETpa, TEMIIEpaTyphl OKPYKAIOIIEro BO3[yXa, CTAOMJIBHOCTU
aTMocepbl U IIEPOXOBATOCTH TMOBEPXHOCTH HA PACCEUBAHME 3arpsI3HAIONIMX
BEIIIECTB; BJIMSIHUE TEMIEPATyphl, KOHILEHTPAIMU, CKOPOCTU U BBICOTHI JIBIMOBOMA
TpyObI Ha XapakTep BHIOPOCOB; TypOYyJIEHTHBIE XapaKTEPUCTUKU BO3AYIITHOTO MOTOKA
Y B3aMMO/ICHCTBUE BEIOPOCOB C OKPYXkAIOIIEH CpeIoH.

B Momenm Obum yYTEHBI TE€OMETPHUYECKHE MapameTpbl OO0BEKTa, BKIIIOYAS
pa3Mephl TLIMOBOM TPYObI, 37aHUS M OKPYKAIOIIEro MPOCTPAHCTBA.

OcHOBHBIC MTapaMeTPhI MPEACTaBICHBI B Tadnwie 2:

No JlaHHbIC MOaETH En n3m.
1. Jlnuna npoctpancTBa (ky6a) L1 600Mm
2. [Hupuna npocrpancTsa (kyda) L2 100Mm
3. BricoTa npoctpancTsa (kyba) H1 200m
4 JlnaMmeTp BbIXOJa JIbIMA U3 IBIMOBOU TPYOBI 20Mm
(outletl)
5 BricoTa 1p1M0BOI TpyOBI H2 150m
6. Jnuna 3nanms L3 50m
7. [[Iupuna 3qanus L4 16Mm
8 BricoTa 3manus H3 25Mm
9 Paccrostnue mexay apIM. TpyOBI U 31aHus LS 300Mm
10. CkopocTh BeTpa 3m/c
11, CKOpOCTh AbIMA U3 ILIMOBOM TPYOBI Im/c
12. TemnepaTtypa npocTpaHcTBa 150C
13. Temnepatypa apIMa U3 JTLIMOBOM TPYObI 300°C

Ta6mumna 2. MicxoaHbie mapaMeTpbl TeOMETPUN TPYOHI.

Jlnst mogenupoBanus BbeIOpocoB ucnoiib3oBaH ANSYS Workbench, kotopsrit
MPENIOCTABISAECT MOJYJIbHBIA WHTEpPENC s CO3AaHUsl TEOMETPHUM, IMOCTPOEHUS
pacyeTHOM CETKH, 3aJaHusl TPAaHUYHBIX YCIOBHUI M MPOBEIECHUS YMCICHHOTO aHAIN3a.
Ornucanbl OCHOBHBIEC 3Tambl pabOTHI ¢ MIAT(GOPMOM, BKIIIOUAs: CO3JaHUE PACUETHOM
o0JlacTi M ee MmapaMeTpu3allnio; MOoCTpoeHue THOpUIHON pacueTHOM ceTku (Mesh);
3aJlaHUE TPAHWYHBIX YCJIOBHHM JJii BXOJHOTO U BBIXOJHOTO IMOTOKOB; MPOBEIACHUE
yucienHoro pacuera B ANSYS Fluent.

Hcnonb3oBanack Mojenb TypOyJeHTHOCTH Kk-g  moO3BoJyifgrOmIas TOYHO
OIMHMCHIBATH MPOIIECCHI IEPEHOCA 3arPS3HSIIONINX BEecTB B aTMocdepy. B pesynbrare
MOJIECTUPOBAHUS MOTYyUYEHBbI IAHHBIE O: JABJICHUU U CKOPOCTH BO3JYIIHBIX MOTOKOB;
BEKTOPHBIX TMOJSX JIBIDKCHHS BBIOPOCOB; paclpele]ICHUU TeMIepaTyphl H
KOHIICHTPAIMU 3arps3HSIONINX BEIIECTB.

JIist aHanmu3a paccerMBaHMS 3arpsi3HSIONIUX BEIIECTB OblIa HMCIOJb30BaHa
nudPy3roHHAsT MOJIENb, YYUTHIBAIONIAS BIMSHUE BPEMEHH W METEOPOJIOTMYECKUX
(haxkTopOB.
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Pucynok 5. Onpeznenenue yciaoBUid HECTAIIHOHAPHOTO PEKMMa BEIOPOCOB;
3aJjaHie napaMeTpoB JU(GY3MOHHOTO IIEPEHOCa; BU3YATU3ALUIO PE3yIbTaToOB B
pexxumax Transperency u Streamline.

Contours of Static Pressure (pascal)

PI/IC}’HOK 6. Onpez[eneHI/Ie YCJ'IOBI/Iﬁ HCCTAITMOHAPHOI'O pCKUMaA BI)I6pOCOB C
YUCTOM IIPCISATCTBHA.

Pesynbratel MomenMpoBaHHs IOKa3alid, YTO BBIOPOCHI JIEMOHCTPUPYIOT
XapaKTepHOE MOBEJCHUE B 3aBUCHMOCTH OT TIOTOJHBIX YCIIOBUH, CKOPOCTH BETpa U
napaMeTpPOB UCTOYHUKA 3arpsi3HECHUS.

B pe3ysbrare 4nciIeHHOT0 MOJISIUPOBAHUS YCTAHOBIICHO:

XapakTep pacceMBaHHs BBIOPOCOB 3HAYMTEIBHO 3aBHCHT OT BBICOTHI TPYOBI,
CKOPOCTH BETpa M TeMITEPaTyphl BLIOPOCOB;

Hcnonp3oBaHne MOJIENN TypOYJIEHTHOCTH K-€ TIO3BOJISIET C BRICOKOH TOYHOCTHEO
POTHO3UPOBATH PACIIPEICIICHUE 3arPSI3HSIOIINX BEIIECTB;

Meron muddysmonnoro mepeHoca B ANSYS CFX mo3BossieT y4uThIBaTh
JTUHAMHYECKYIO H3MEHYNBOCTh METEOPOJIOTHYSCKUX YCIIOBH;

[TosrydeHHbIE pe3yabTaThl MOTYT OBITH HCIOJIB30BAaHBI IS ONTHMHU3AINAN
BBIOPOCOB U pa3pabOTKH PEKOMEH AN TI0 CHIDKEHHIO 3arpsi3HEHHS BO3AyXa.

Takum 06pazom, uncnennoe moaenupoBanre B ANSYS Fluent 1 ANSYS CFX
sBIIsieTCs (O (PEKTUBHBIM HHCTPYMEHTOM ]ISl aHAJIA3a BRIOPOCOB M TIPOTHO3HPOBAHHSI
MX BO3JEHUCTBUS HA OKPYKAIOIIYIO CpEy.

TpeThs r1aBa MOCBSIICHA YUCICHHOMY MOJCIUPOBAHUIO ITIEPEHOCA TTpUMEce
B aTMoc(epe U mporieccaM TEIUIOBIaronepeHoca B moprucThix cpenax. [IpeacrapneHs
pa3zpaboTaHHBIE MaTEMaTHYECKHE MOJENH, HWCIOJIb3yeMbIe [JIsl OMHUCAHUS DSTUX

MPOLIECCOB, YHUCJIEHHbIE METOJbl PEIICHHS M Ppe3yJbTaThl MOJEIUPOBAHMUS IS
Pa3IMYHBIX CIIEHAPHEB.
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B 3.1. paccmarpuBaroTcs MareMarudeckas MoOJETIb pacueTa IepeHoca
OCPEHEHHOM IO BBICOTE MACCUBHOM MPUMECU HAJ TEPMUUYECKH U OpOrpapuuecKu
HEOJHOPOJIHON TeppuTopuei, Bkiarovas Keipreizckyo PecnyOnuky. [Ipumenena
JBYMEpHAsi MOJENb, MOJYYEHHAs] MyTEM HMHTETPUPOBAHMS IO BBICOTE YpPaBHEHUI
TUAPOTEPMOAMHAMUKHA aTMOC(HEPHI.

BBenenue npoOiembl 00YCIOBIEHO HEOOXOAUMOCTHIO HM3YyUYEHUs BIIMSHUS
aHTPOIOTEHHBIX (PaKTOPOB HA aTMOC(hEpy, YTO OCOOCHHO aKTyalIbHO JIJIsl TEPPUTOPUIA
C Pa3BUTON MPOMBIIIJICHHOCTHIO U CIOKHBIMH pelbe(pHBIMU yCIOBUSAMU. B Momenu
UCITOJIb3YIOTCSl YPABHEHMSI IBHIKEHHUSI, HEPA3phIBHOCTH, IEPEHOCA TEILIA U IPUMECH, a
TaK)Ke ypaBHEHHE cOCTOsIHUSA. OnpeereHbl KpaeBble U HaYallbHbIE YCIOBUS, BKIIIOYAS
BIIMsIHUE penbeda MoACTUIAIONICH TOBEPXHOCTH, KOA((PULIHEHTHI TypOyIEHTHOCTH U
s dext Kopuomuca.

JUIsT 4YHMCIIEHHOTO peleHUsi TPUMEHEHbl KOHCEPBATUBHO-IMCCUIIATUBHbBIE
Pa3HOCTHBIE CXEMBbI, MMO3BOJISIOLINE YUUTHIBATh CIOXHBIE aTMOC(HEPHBIE MPOLECCHI.
UucieHHble O3KCHEPUMEHTBI MPOBEAEHBI JUIS  PA3JIMYHBIX METEOPOIOTHYECKUX
YCIIOBHM, BKJIIOYas 3alaJHbId W BOCTOYHBIM IEPEHOC 3arps3HSAIOMIMX BEIIECTB.
PaccMoTpens! citydan, MOAEIHPYIOIIKME PACHpOCTPAHEHUE MPUMECH OT TOUYEYHOIO
UCTOYHHUKA U (OpMUpOBaHUE 00IaKa 3arps3HEHNUS.

Pe3ynbrarhl pacueToB MOKa3aJid 3HAYUTENBHOE BIUSHUE Tomorpaduu
IIOBEPXHOCTU HA XapakTep JBMXKECHMS BO3IYIIHBIX MAacC U IEPEHOC IPHUMECEM.
[TocTpoeHbl HM30JMHUM KOHLEHTpPAlMU MNPUMECH B 3aBUCHUMOCTH OT CKOPOCTH U
HaIlpaBJIEHUs BETPa, ONPEEICHbI 30Hbl MAKCUMAIbHOTO HAKOIUIEHUS 3arps3HSIOIIUX
BEIECTB. BBISABIEHO, YTO pacHpoOCTPaHEHUE NPHUMECH MPOUCXOAUT C YYETOM
HUPKYJISIUA ~ BO3AYIIHBIX TOTOKOB, OOYCJIOBIEHHOM CIIOXHOCTbIO  penbeda
MECTHOCTH.

Paznen 3.2. mocBsiteH MaTeMaTHYECKO MOIETTN HeCTAI[MOHAPHON (PUIIbTpaIiu
HEC)KUMAEMOH KUIKOCTA B HEOJHOPOAHOW mopuctoi cpenae. OCHOBHOE BHUMAaHHE
YIEJIEHO YYETY pa3pblBa OPUCTOCTH, YTO UIPAET BAXKHYIO POJIb B THAPOJIOTHYECKUX
IIPOLIECCAX U MPH MPOEKTUPOBAHUN UHKEHEPHBIX CHCTEM.

OCHOBHBIE ypaBHEHMS MOJEIM BKIKOYAOT YPAaBHEHHE HEPA3PBIBHOCTH,
ypaBHEHUS JABWKEHUS C y4eTOM (UIBTPAIIMOHHBIX CHJI U ypaBHEHHE (DUIbTpaIiiu
KUIKOCTU U1l ONKCAaHWA TEYEHMs JKUIKOCTU 4Yepe3 NOPUCTYIO0 cpeny. B mMopenn
YUUTBHIBAIOTCS 30HBI TOJHOIO M YAaCTUYHOIO HAaMOKaHUS, JABIXKEHHE (PpoHTa
HAMOKaHHUS U OCOOEHHOCTH B3aMMOJEHCTBUA KUAKOCTH C KANWLISPHBIMU
cTpykTypamu. Takxe aHaIu3upyeTcs BIUSHUE HEOAHOPOIHOCTH OPUCTOM Cpelibl Ha
JTUHAMUKY (UIbTpaliuu, 4TO OCOOCHHO BAXXHO Il MOJEIMPOBAHUS IPOIIECCOB
MHOUIBTPAMU U TPOTHO3UPOBAHUS U3MEHEHHUS YPOBHS T'PYHTOBBIX BO/I.

JUIsi 4MCIEHHOTO pELICHUS MPUMEHEHbl PAa3HOCTHBIE CXEMbl W METOJbI
MOCJIEIOBATENbHOM penakcaluuu. PaccMOTpeHbl THUIOBBIE 3a/ladyd  OJIHOMEPHOMU
HECTAllMOHApHOM  (QuibTpanuu, BKJIKOYAash  HUMITYJbCHBIM  TOJMB,  MpoIecc
NPOHUKHOBEHUS KHUIKOCTU B CYXYIO CPEy U paclpoCTpaHEHHE (PPOHTA HACHIIICHHUS.
BaxxHOoe BHHMMaHHE YJIEJIEHO OIPEACIICHUIO TPAJUEHTOB [ABJIEHUS U CKOPOCTU
UHOUIBTPALIUH KUKOCTH B Pa3JIMUHBIX 30HaX MOPUCTHIX CPE.

Pe3ynpTaThl YHCIEHHBIX SKCHEPUMEHTOB MOATBEPAWIM BaXKHOCTh Yy4deTa
IPOCTPAHCTBEHHOM  HEOJHOPOAHOCTH  MOPUCTOCTH  HPU  MOJEIMPOBAHUU
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(buIBTpaMOHHBIX MpoIeccoB. [lorydeHHbIe TaHHBIE MOTYT OBITH UCIIOJIH30BAHBI MPU
MIPOEKTUPOBAHUY UPPUTALIMOHHBIX CUCTEM, IPOTHO3UPOBAHUYU JUHAMUKHU BIAKHOCTH
MOYBBl M OIEHKE MpPOLEecCOB MHOUIBTpAMKM B TPYHTOBBIX Bojax. Ha ocHoBe
pacyeTHBIX JIAaHHBIX  OMNpEAeNieHbl MmapaMeTpbl A(OQPEKTUBHOTO  YIPABICHUS
MPOLIECCAMHU YBIIAXKHEHUS MTOYBBI M IPEIOTBPAILCHUS 3aCOJICHUS.

B s3T0li rmaBe Takke paccMaTpUBAIOTCS MPOTHO3UPOBAHUSA BPEMEHHOTO psiaa
OCaJIKOB C MMOMOUIBI0O HEMPOHHBIX CETEH.

Pexum ocankoB B Keipreizckoit PecryOnuke xapakTepusyeTcsl 3HaUMTEIbHON
TEPPUTOPUAIIBHOM W CE30HHOW HW3MEHYMBOCTBIO, a TAaKXKE MEXIO0JI0BOU
HECTAOWJIBPHOCTHIO M IUKINYHOCTHIO. B memom, ¢ Hagara XX Beka B pecmyOimke
Ha0JI0JaeTCsl MOCTETIEHHOE YBEIMYEHUE TOJOBOTO KOJIMYECTBA OCAIKOB — B CPEIHEM
Ha 0,11% exerogno (unmu 1% 3a necstunetrue). C cepeaunbl 1970-x rogoB 3TOT
MPOIIECC YCKOPHUIICS, U TeMIibl pocta nocturiu 0,2% B roj (wiu 2% 3a 1ecAaTuiieTue).

JIns IpOTHO3UPOBAHME BPEMEHHOIO psiia ocaakoB B T. bumikek 3a 100 net
ucnoiab3oBadbl LSTM monenn HEMPOHHBIX CETEH, a TAKKE albTEPHATUBHBIM METOJ
porHo3upoBaHus Takon kak, XGBoost. ['pagueHTHBIN OYyCTUHT — 3TO aJTOPUTMBI
C OTKPBITBIM HCXOJHBIM KOJOM, KOTOPBIA peaM3yeT JEepeBbs TIPATUCHTHOTO
YCUJIEHUS C JOTOJIHUTEIIbHBIMU YIYUIICHUSMHU ISl JIYUIIeH TpOU3BOAUTEILHOCTU U
CKOPOCTH, T.€. 3TO METOJ MAIlIMHHOTO 00Y4Y€HHUs, UCTIOJIb3yEMBIH B 3a7auax perpeccun
u kiaccudukanuu. OH CO3aeT MOJIETh MPOTHO3UPOBAHUSI KaK aHCaMOJb JIPYTHX,
cia0bIX MoOJENed MPOTHO3MPOBAHUA, KOTOpPbIE OOBIYHO SIBJISIOTCS JI€PEBBIMHU
PELICHUN.

MporHos ocagkos XGBoost o 2030 ropa
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https://xgboost.readthedocs.io/en/stable/
https://en.wikipedia.org/wiki/Gradient_boosting
https://en.wikipedia.org/wiki/Gradient_boosting
https://365datascience.com/tutorials/machine-learning-tutorials/decision-trees/
https://365datascience.com/tutorials/machine-learning-tutorials/decision-trees/
https://xgboost.readthedocs.io/en/stable/

JAJbHEUIIINA POCT KOJUYECTBA OCaAKOB B T. buiikek. HabntonaoTcs TEHASHINU U
BO3MOYKHAsi CE30HHOCTb, MPHU ITOM 0KHJAEMOE CE30HHOE PacCIpeICICHUE OCaIKOB B
II€JIOM COOTBETCTBYET HAOJIOICHUSAM IMOCTETHUX JACCATUIICTUH.

Takum  00pa3oMmM, MOXHO  MOJYEPKHYTh  3HAYUMOCTh  YHCJICHHOTO
MOJICIUPOBAHUS B 3aJlayaxX MPOTHO3UPOBAHUS KIUMATUUYECKUX W SKOJOTHYECKHUX
nporieccoB. [IpuMmeHeHHe TPEAJIOKEHHBIX MoOJelel Mo3BojseT Oojee TOYHO
OIICHUBATh BJIMSHHE BHEIIHUX (DAKTOPOB Ha TpaHCIOPT MpuMeceld B aTMocdepe u
MPOIIECCHI BOJOOOMEHA B TPYHTOBBIX CIIOSIX.

3akioueHue

B Xxoxe auccepTallMOHHOTO HMCCIIEJOBaHUS pa3padOTaHbl U MPHUMEHEHBI
MaTeMaTUYeCKUe MOJEIN IS aHajdu3a W MPOTHO3MPOBAHUS KIMMATHYCCKHX
IapamMeTPOB B OTACIBHBIX pernoHax KeIpre3cTana, a TakKe BEIOPOCOB 3arps3HSIIONTIX
BEII[ECTB U MPOIIECCOB TEIJIOBIArONIEPEHOCA B TOPUCTHIX Cpeax.

[IpoBeneHHBIN aHaIM3 KIMMAaTUYECKHX MJaHHBIX 3a mociennue 100 ner
MOKa3aJl, YTO B PErMOoHE HaOIIOMaeTCsl yCTOWYMBasg TEHJCHIMS K TOBBIIICHUIO
TEMIIepaTypbl BO3/lyXa, YTO TMOJATBEPKAACTCS pe3yJbTaTaMU MOJEIUPOBAHUS C
UCIIOJIb30BAaHUEM  HEWpOHHBIX  cered.  [IporHosupoBaHue  CpeaHEMECSTYHOU
TeMmreparypbl  Bo3ayxa ¢ npuMeHeHueM — moxenedt LSTM,  XGBoost
MIPOJICMOHCTPUPOBAIO BBICOKYI0 TOYHOCTh M OOOOIIAIOIIYI0 CIIOCOOHOCTBH, YTO
MO3BOJISIET WMCIOJB30BaTh JMAHHBIA TOIXOJ IS JOJITOCPOYHOTO MPOTHO3HPOBAHUS
KIIMMAaTHYECKIX N3MCHCHUH.

Pa3paGortannbie uncnennble Moaenu nepeHoca CO; U Ap. 3arpsA3HSIOLIUX
BEIECTB B aTMOcdepe, OCHOBaHHbBIC Ha ypaBHeHnN HaBbe-Ctokca u audy3nOHHBIX
YpaBHEHUSAX, TO3BOJIMIIA KCCIICIOBATh BIWSHHUE PA3JTHYHBIX METEOPOJIOTHICCKUX
(GakTOpoB M MPEnsATCTBUA HA pacnpocTpaHeHwe mnpumeced. YucneHHble
DKCIIEPUMEHTHI, BBIMOJHEHHBIE C KCIOJIB30BAHUEM TMPOTPAMMHBIX KOMILJIEKCOB
ANSYS Fluent u ANSYS CFX, mnoka3aad, 4YTO CKOPOCTh M JalbHOCTB
pactpoCTpaHEHUs] 3arps3HAIONIMX BEIIECTB 3aBUCAT OT CKOPOCTH W HAIpPABJICHUS
BEeTpa, TEMIlepaTypbl BBIOPOCOB U cTabuinbHOCTH atMmocdepsl. I[lomydyeHHbIe
pe3yNbTaThl MOTYT OBITh HCIIOJIB30BAaHBI TPU DKOJOTUYECKOM MOHUTOPHUHTE U
pa3paboTKe peKOMEHIAINI M0 CHMYKEHUIO BPEIHOTO BO3JEHCTBUS MPOMBIIIICHHBIX
BBIOPOCOB.

HccnenoBanue TIPOILECCOB  TEIUIOBJAronepeHoca B IMOPHUCTBIX — Cpeaax
MTO3BOJIMIIO BBHISIBUTH BIIMSIHUE HEOIHOPOJIHOCTH TOPUCTON CTPYKTYpPHI HA JUHAMUKY
WHOWIBTPAIUU KUAKOCTH. YUCICHHBIC pacyeThl MOATBEPAMIIA, YTO YYET pa3pbiBa
MTOPHUCTOCTH MTPACT BAXKHYIO POJIb B IPOTHO3UPOBAHUH (DUITETPAITMOHHBIX ITPOIIECCOB,
YTO MOXXET OBITh MOJIE3HO IS THAPOJIOTHYCCKUX HMCCIICIOBAHUHN, MPOSKTUPOBAHUS
UPPUTAITMOHHBIX CUCTEM M YIIPABJICHUS BOAHBIMHA PECYPCAMH.

[IpakTrueckast 3HAYUMOCTb pabOTHI 3aKJIFOYAETCSI B TOM, YTO pa3paOOTaHHBIC
MaTEeMaTUYECKUE MOJICTT W YUCIICHHBIE METOIbI MOTYT OBITH TPUMEHEHBI JIsl aHATN3a
Y TIPOTHO3UPOBAHUS KIIMMATUYECKHUX MMapaMeTPOB, OIIEHKH BEIOPOCOB 3arpsI3HSIOIINX
BEIIECTB, ONTUMU3AIMN SKOJOTUYECKON MOJUTUKU U PEIICHUS 3a7a4, CBA3aHHBIX C
YIPABJICHHEM BOJIHBIMHU PECYpPCaMU U YCTOWYMBBIM Pa3BUTHEM PETUOHOB.
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Takum 00pa3omM, TPOBENCHHOE WCCIIENOBAHWE BHOCUT BKJIAJ B Pa3BUTHE
METOJOB PETMOHAIBHOIO KIMMATHYECKOTO MOJEIUPOBAHUS U 3KOJIOTHYECKOTO
MIPOTHO3UPOBAHUS, @ €ro pe3yjbTaThl MOTYT OBITh KCIOJB30BaHbI KaK B HAyUYHBIX
HCCIIEIOBAHUSX, TAK U B MMPAKTUKE KIMMATUYECKOTO U SKOJIOTHYECKOIO MOHUTOPUHTA
B Keipreizckoit PecriyOuke.

CIIUCOK OIIYBJIMKOBAHHBIX PABOT I10 TEME IMCCEPTALIUN

1. KapranoBa A.J[x, CymnaiimanoBa C.M., AbnpacakoBa A.b.
KommbroTeproe MoienrpoBanre NByx(ha3HOro TEUCHHS CMECH ra3a ¥ TBEPABIX YaCTHII
B KaHaje nepemeHHoro ceueHus [ Tekcr] /IIpobneMbl aBTOMaTHKY U yIipaBieHus. Ne2
(41) 2021r.

2. AbapacakoBa A.b., Kapranoa A.Jlx, Cynaiimanoa C.M. Yucnennoe
MOJEIUPOBAaHUE  TEpPEHOca  IMaCCMBHOM  NPHUMECH  HAJ  OTPAaHMYCHHOU
tepputopueil.[ Texcr] / Bectauk KI'YCTA, Brim. 75 (1), bumkek, 2022r.

3. CynaitmanoBa C.M., AGnpacakoBa A.b. AHanu3 KIMMAaTUYECKUX JAHHBIX C
nomoIsio HelpoHHbIX ceTelt. [Tekct] / Becthuk KI'YCTA, Bein. 77 (3), bumikek,
2022r.

4. A6apacaxoBa A.b. KommnbroTepHoe MojieIMpoBaHre TEMIIEPATYPhl BO3/IyXa C
UCIIOJIb30BAaHUEM OOOOIIEHHBIX PErpecCCHOHHBIX HEUpOHHBIX ceTed. [Tekct] /
N3Bectus BY3oB Kbipreizcrana, Ne 2, 2023r.

5. AGapacakoBa A.b. AGaHbIH TemIepaTypachlHbIH ©3repylIyH OOJKOJII00
YUYYH HEUPOHYK TapMaK bIKManapblH KOJIAOHYY. [ Tekct] / Hayka, HOBbIE TEXHOJIOTUHU
n naHoBanmu Keipreizcrana, Ne 5, 2023r.

6. AbapacakoBa A.b., CymaitmanoBa C.M. TyrtykrepneH abaHbl Oyiaroody
3attapapiH - aucrnepeusicel yayH ANSYS - CFX HerusuHae CUMYISIHUSIIBIK
nporpammaceiH 3D wmogenaee [Tekct] / MYUT. Hayka W MHHOBaIMOHHBIE
TexHoaoruu. Ned, 2023r.

7. Ao6npacakoBa A.b., CynaiimanoBa C.M. IIpuMeHeHHs] pPEKyppEeHTHBIX
HelpoHHBIX ceTeil LSTM 1151 mporHo3upoBaHusi BPEMEHHBIX PAJIOB CPEIHEMECSTUHOM
temneparypbl Bozmyxa [Tekcr] /CymaiimanoBa C.M.! MVYUT. Hayka wu
WHHOBAIIMOHHBIE TexHojioruu. Ne4, 2023r.
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PE3IOME

nuccepranuu  AdapacakoBoii  Aizaabl  balbIOeKOBHbI Ha TeMYy:
«MaTemaTnyeckoe MOJeJUPOBAHNE PErMOHAJIBHOIO KJIUMATA JUISl OTAEJbHBIX
obsacrteii KbIproi3cTaHa» Ha COMCKAHHME YYEHOW CTENEeHU KaHauaaTta (U3HKO-
MaTreMaTHyecKMX Hayk mno crnemuaigsbHoctd 05.13.18 — MaremaTuueckoe
MO/1eJIMPOBaHUE, YNCJIEHHbIE METOIbI H KOMILIEKCHI IPOrpaMm

KitoueBbie ciioBa: MareMaTH4eCKOe MOJIEIMPOBAHKUE, PETMOHANIBHBIN KIIUMAT,
IPOTHO3UPOBAHKUE TeMIepaTypsbl, BEIOpockl CO2, aTMOC(epHbIe 0CaaKU, MAITUHHOE
oOyuenue, Heliponnsie cetr, LSTM, nuddysusa 3arpssusomux Bemects, ANSYS
Fluent, ANSYS CFX, ruaporepMoavHaMuKa, TEIUIOBIArONepeHoc, (GpuibTpanus
XKUIKOCTH, ypaBHeHHe HaBbe-Crokca.

O0BeKT Huccaeq0BaHUs — KIMMAaTHYECKUE MapaMeTpbl OTIAEIbHBIX PErMOHOB
Keipreizckoit PecnyOnuku, BKIIIOYash TeMIIEpaTypy BO3AyXa, OCAJAKA U BBIOPOCHI
yriekucioro rasa (CO.).

IIpeamer wucciaegoBaHMs — MATEMaTUYECKHE MOJENH MPOTHO3UPOBAHUS
KJIIMMAaTUYECKUX T[apaMeTPOB W YHUCJICHHBbIE METOJbl aHaiu3a aTMOCHEpHBIX U
TUAPOJIOTHUYECKUX MTPOLIECCOB.

Hean padoTbl — pa3paboTka ¥ NMPUMEHEHHE MATEeMATHUYECKUX MOJENeH s
aHajau3a U MPOTHO3UPOBAHUS KIMMATUYECKUX MapaMeTPOB HA OCHOBE COBPEMEHHBIX
METO/IOB MAIIMHHOTO 00YYEeHUS M YUCIEHHOTO MOJICTMPOBAHMUSI.

Metoabl uMcciaeA0BaHUsI — B pabdOTe€ HCIONb30BaHbl METOJbl MAIIMHHOTO
ooyuenms (meiipocetn LSTM, XGBoost, GRNN), umcieHHOTO MOIEIMpOBaHUS
atMoc(epHbIx nporeccoB (ypaBHeHus: HaBbe-CTokca, Moaenu TypOyJI€eHTHOCTH), a
Takke BbeluMcauTeNnbHas TuapoauHamuka (CFD) B mporpamMMHBIX KOMIUIEKCAxX
ANSYS Fluent u ANSYS CFX.

OcHOBHBIE pe3yJibTAThl M UX HOBU3HA:

e pa3paboTaHa MaTeMaTU4yecKas MOJENb MPOTHO3UPOBAHUS CPEAHEMECSUHON
TeMIIepaTypbl BO3JlyXa C HCIOJIb30BaHHeM HelpoHHBIX cerer LSTM, XGBoost,
GRNN, mo3Bositoiias ¢ BBICOKOW TOUHOCTHIO OLIEHUBATH TEMITEPATypPHbIC U3MEHEHUS
3a 100-netauit mepuox (1921-2021 rr.);

e BBIMOJHEH TPOTHO3 JAWMHAMUKHA BBIOpocoB yriekucioro raza (CO2) u
MapHUKOBBIX Ta30B, BKIIIOYAS allIpoKcUMaIiuio Beiopocos 10 2050 rona;

o TOJyY€HAa MaTeMaTHueckass MOJeNb TYypOyJIEHTHOrO TIOTOKAa JIBIMOBBIX
BBIOPOCOB C Y4Y€TOM IMpEMNsATCTBHI, OCHOBaHHas Ha ypaBHeHun HaBbe-CTokca u
peanuzoBanHas B ANSYS Fluent;

o pazpabotana nuddy3uoHHas MOJENb pacCeMBaHUs BHIOPOCOB B aTMocdepe ¢
y4eTOM MeTeopoJiornueckux (akTopoB u penbeda mectHoctd B ANSYS CFX;

e TIPOBEACHO YMUCICHHOE MOJICTUPOBAHUE (PUIBTpAIIUU KUIKOCTU B MOPUCTHIX
cpelax C  yd4eToM  pa3pblBa  MOPUCTOCTH,  IO3BOJISAIOIIEE  YYUTHIBATH
TUAPOMHAMUYECKUE MPOLECCHl B HEOJTHOPOIHBIX IIACTaX;

¢ BBINOJIHEH aHAIN3 CPEHEMECSYHbIX ocaiakoB 3a 1921-2021 rr. u moctpoeHa
MOJIEIb TPOTHO3UPOBaHUS ocaakoB 10 2040 roxa.

Pexkomenganum 1no  HWCHOJAB30BAaHUI W 00J1aCTh  NPUMEHEHMUS:
PazpaGoTannsie Monmenu MOTYT OBITh HCIOJB30BAaHBI JUIsl  KIMMAaTUYECKOTO
MOHUTOPUHTA, MPOTHO3UPOBAHMS JKOJIOTUYECKUX H3MEHEHUH, IJIaHUPOBAHUS
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MPUPOJOOXPAHHBIX ~ MEPOINPHUATUN, ONTUMHU3ANUHA BBIOPOCOB  MPOMBIILIIEHHBIX
NPEANPUATUNA, a TAaKKE B IPaJOCTPOUTEIBCTBE, CEILCKOM XO35MCTBE U YIIPABICHUH
BOJHBIMHU PECYpCaMHU.

Du3nKa-MaTeMaTHKA WIMMICPUHUH KaHAUAATHI OKYMYIITYYJIYK
AapakacbiH U3JAeHuN aayy YuyH 05.13.18 — MaremaTUKAJBIK MOAEJ160, CAHABIK
BIKMAJIAP KaHA NMPOTrPAMMAJIBIK KOMILICKCTEP aJMCTUTH 00I0OHYA KA3BLITAH
AOapacakoBa Aiizana baiibimoekoBHAHBIH "' KbIPrbI3cTaHABIH AHPBIM
00JIyCcTaphl YUYYH aiiMaKTBHIK KJIMMATThI MATEMATUKAJIBIK MOJEJI/160' aTTyy
JTUCCEPTANMSACHIHBIH

PE3IOMECH

Hermsrm ce3gep: MaTeMaTUKAIBIK  MOJENAO6, AalMakThIK  KJIMMAT,
Temreparypanbl  00mxo0iaA00, CO: YBITBIHABICH, aTMOC(epanblk KaaH-uyadblH,
MallMHANBIK OKYyTYyy, HeHpoHAyk Tapmaktap, LSTM, Oynaroody 3arTtapibiH
muddysuscer, ANSYS Fluent, ANSYS CFX, runporepmoariHaMuKa, KbUTYYJIYK KaHa
HBIMJIYYJIYK 6TKOPYY, CYIOKTYKTYH puibTpanusicel, HaBbe-CToKC TeHIEMECH.

N3unneenyn o0bekTrcu — Kbiprei3 PecyOnrKkachiHbIH alipbiM aliMaKTapbIHBIH
KJIMMATTBIK TApaMeTpJiepH, aHbIH HUMH 1€ a0aHBIH TEMIIEpaTypachl, )KaaH-4aublH )kKaHa
KOMYP KbIUKbLI Ta3blHbIH (CO2) 06JIYHYT YBITHIIIHL.

M3unneenyH mnpeaMeTH — KIMMATTBIK TapameTpiepan OO0JDKOJIOOHYH
MaTeMaTUKaJIbBIK ~ MOJENJEpU kKaHa aTMocepasiblk  KaHa  THAPOJIOTHSUIIBIK
MPOLIECCTEPAN TATJOOHYH CaHABIK bIKMaJIaphl.

NmtuH MakcaTel — 3aMaHOan MalIMHAIBIK OKYTYY jKaHa CaHABIK MOJEII06
BIKMaJIapbIHBIH HETM3WHJE KIMMATTBIK MapaMeTpiiepAd TalJ00 >KaHa OO0JKOJI00
Y4YH MaTeMaTUKaJIbIK MOAENIEPAH UILITEM YbITYY jKaHa KOJIJIOHYY.

N3unnee pikManapbl — MIITE MalIMHAIBIK OKYTYY bikManapsl (LSTM, XGBoost,
GRNN HeilipoHn Topuosiopy), arMocdepaiblKk MNPOLECCTEPIU CAHIBIK MOJIEII00
(HaBbe-Crokc TeHnmemenepu, TypOyIeHTTYYIYK Mojenaepu), omonaon e ANSYS
Fluent xana ANSYS CFX nporpaMmanblk KOMIUIEKCTEPUHAE ICENTOOUY
ruapoaunamuka (CFD) kongonynras.

Herunsru HaThbliikaIap KaHa aJIapAbIH )KAHbLIBITBI:

o L[STM, XGBoost, GRNN HeiipoH TOpUOJIOpYH KOJJAOHYY MEHEH aOaHBbIH
OpTOYO alJBIK TEMIEPATYPAChIH OOJKOJI00OHYH MAaTEMATHKAIBIK MOJEIN WIITENHUI
gypikkaH, an 100 sxpuiaeik Mes3run wumHaern (1921-2021-x0k.) TemmneparypaHbIH
©3repYYJIOPYH KOTOPKY TaKTHIKTa 02aJI00TO MYMKYHIYK O€peT;

e KeMyp KbIukblUI ra3biHbiH (CO:2) aHa MapHUK Ta3JapblHbIH OeJyHYH
YBITHIIIBIHBIH JUHAMUKACHIHBIH OOJDKOJIY aTKapbUIraH, aHblH wumHze 2050-xbuira
YEHUHWHKHU YbIrapyyJap/bl allIpOKCUMALMIIOO UIIKE alllbIPhLUITaH;

e Haspe-Crokc Tenmemecune Hermsueiared xana ANSYS Fluentre wmmke
allIbIPBUITaH TOCKOOJIIYKTApAbl 3CKE allyy MEHEH TYTYH YbITapyyHYH TYpOYJEHTTYY
arbIMbIHBIH MaT€MaTUKAJIBIK MOJICNIN aJIbIHTaH;

e ANSYS CFXre meTeoposiorusuiblk (hakTopiaopAy >KaHa *KEpAUH pelibeuH
ACKE alyy MeHeH atMocdepana OeyHYN YbIKKaH 3aTTapblH JudPy3UsiIblK MOJEIN
UIITETUI YbIKKAH;
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® Oup TEKTYY dMeC KaTMmapJapaarsl THAPOANHAMUKAIBIK MPOLIECCTEPAU ICKE
alyyra MYMKYHIYK OepreH, Ke30HOKTYYJIYKTYH Y3YJIYUIYH 3CKe allyy MeEHEH
KO30HOKTYY U6Hpe/® CYIOKTYKTYH (UIbTPAIUMSACHIHBIH CaHJABIK MOJIEIA06CY
KYPTrY3YJToH;

o 1921-2021-xpinagap apajbITbIHAAIBl OPTOYO AaMIBIK JKaaH-4YauybIHIIbIH
aHanu3u Kyprysyayn, 2040-Kpuira YeMMHKY >KaaH-4aybIHIBIH OOJDKOJII00 MOJEIH
TY3YJITEH.

Kouonyy 00r0HYa CyHyIITAp KaHA KOJAOHYY 4eiipecy: Miurenun yblkkaH
MOJAENAEP KIUMATTBIK MOHHUTOPHHT, SKOJOTHSUIBIK ©3repyyiepay OoimKoimIoo,
’KapaThUIBIIITH KOProO HII-4apaiapblH IUIAHAAIITHIPYY, OHOP Kaid UIIKaHAIAPbIHBIH
YbIrapyyJiapblH ONTUMAIIAIITHIPYY, OLIOHAON 3JI€ IIaap Kypyy/a, ailbll yapOachiHaa
’KaHa Cyy pecypcTapblH Oalikapyy/ia KOJJOHYIYITy MYMKYH.

SUMMARY
of the dissertation by AbdrasakovA Aizada Baiyshbekovna
on the topic: ""Mathematical Modeling of Regional Climate for Selected
Areas of Kyrgyzstan' for the degree of Candidate of Physical and Mathematical
Sciences in the specialty 05.13.18 — Mathematical Modeling, Numerical Methods,
and Software Complexes

Keywords: mathematical modeling, regional climate, temperature forecasting,
CO: emissions, atmospheric precipitation, machine learning, neural networks, LSTM,
pollutant diffusion, ANSYS Fluent, ANSYS CFX, hydrodynamics, heat and moisture
transfer, fluid filtration, Navier-Stokes equation.

Object of research — climatic parameters of selected regions of Kyrgyzstan,
including air temperature, precipitation, and carbon dioxide (CO:) emissions.

Subject of research — mathematical models for climate parameter forecasting
and numerical methods for analyzing atmospheric and hydrological processes.

Research objective — to develop and apply mathematical models for analyzing
and forecasting climate parameters using modern machine learning and numerical
modeling techniques.

Research methods — the study employs machine learning methods (LSTM,
XGBoost, GRNN), numerical modeling of atmospheric processes (Navier-Stokes
equations, turbulence models), and computational fluid dynamics (CFD) in ANSYS
Fluent and ANSY'S CFX software.

Main results and scientific novelty:

e A mathematical model for forecasting monthly average air temperature
using LSTM, XGBoost, GRNN, neural networks has been developed, enabling high-
precision assessment of temperature variations over a 100-year period (1921-2021);

e Forecasts of CO: and greenhouse gas emissions dynamics have been
conducted, including an approximation of emissions trends up to 2050;
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e A mathematical model of turbulent smoke plume dispersion, considering
obstacles, has been developed based on the Navier-Stokes equation and implemented
in ANSY'S Fluent;

e A diffusion model for pollutant dispersion in the atmosphere has been
created in ANSYS CFX, accounting for meteorological factors and terrain features;

e Numerical modeling of fluid filtration in porous media, considering
porosity discontinuities, has been performed to evaluate hydrodynamic processes in
heterogeneous formations;

e An analysis of monthly precipitation data from 1921 to 2021 has been
conducted, and a precipitation forecasting model has been developed for projections
up to 2040.

Practical significance and application: The developed models can be used for
climate monitoring, environmental impact assessments, optimization of industrial
emissions, and urban and agricultural planning. The results of this study are applicable
in hydrology, meteorology, environmental science, and resource management.
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