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[mobanbHOE M3MEHEHME KiIMMaTa W BBICBIXaHME ApajibCcKOTO MOpPsI OKa3bIBAIOT CYIIECTBEHHOE
BIMSTHE HAa OWHAMUKY M TIPOCTPAHCTBEHHOE paclipefesieHre aTMOC(EepHBIX ocamkoB B HOKHOM
[Ipuapanbe, 4TO TPUBOAUT K JECTAOMIM3AIIUKM 3KOCHCTEMBI peruoHa. B mccienoBaHUM aHAJIM3H-
PYIOTCSI TIPOCTPAHCTBEHHO-BPEMEHHbIE TEHACHIIMM U U3MEHUUBOCTb TOOBBIX, CE30HHBIX U MECSu-
HbIX ocankoB B peruoHe KOxHoro Ilpuapayibs Ha OCHOBE MaTepragoB HAOIIOACHUI METECOCTaHIIUI
U CIYTHUKOBBIX MAHHBIX CETOYHOTO MponaykTa. JlaHHBIE O KOJMYECTBE €XEMECSYHBIX OCaaKOB 3a
1981-2023 rr. moay4yeHsl U3 (DOHIOBBIX MAaTEPUATIOB AT€HTCTBA TUIPOMETEOPOJOTUYECKON CITYKObI
V36ekucrana (Y3rumpoMeT) U COBMECTHO C CETOUYHBIMHU ITPOMYKTAMHU CYTOUHBIX OCAIKOB IIPHUME-
HEHBI IUIST YCTAHOBJICHMST BPeMEHHBIX N3MEHEHHUI 1 IMIPOCTPAHCTBEHHOTO pacIIpefe/ICHUs] B peTUOHE
IOxHoro INpuapanbs. AHaIU3 pe3yabTaTOB U3MEPEHUI aTMOCHEPHBIX OCATKOB Ha METEOCTAHIIUSIX
nmokasai, uro B perrnoHe lOxnHoro Ilpuapanbs HaOmomaeTcsl exeromHasi TEHISHIUS K YMEHbIIIE-
HUIO KojimyecTBa ocankoB ¢ 1981 mo 2023 r., B cpenHeM Ha 7 MM B necsituieTue. CeTouHble TaHHbIe
00 ocankax obl1M moydyeHbl u3 HabopoB naHHbIX CHIRPS (anes. Climate Hazards Group InfraRed
Precipitation with Station) 1 PERSIANN-CDR (awues. Precipitation Estimation from Remotely
Sensed Information using Artificial Neural Networks — Climate Data Record). O6benuHUB aHaIN-
Tnaeckuit moreHuan odommpHbeiXx JaHHBIX GEE (anes. Google Earth Engine), cpaBHeHBI TIpocTpaH-
CTBEHHBIC 3aKOHOMEPHOCTUM M BpPEMEHHBbIC TEHICHIIMU B HAOJIIOMACMBbIX M MOICIMPYEMBIX OCaI-
KaxX Y BBISIBIEHO, YTO MPOAYKTHI NMCTAHIIMOHHOTO 30HAMPOBAHUSI MOXHO HAJEXHO HMCIOJb30BaTh
B HEOCTYIMHBIX paiiOHaX, TJIe METEOCTAHIIMU OTCYTCTBYIOT. OCHOBHBIE BBIBOJbI JAHHOTO MCCJIENO-
BaHUS 3aKJI0YAlOTCS B TOM, UTO cMoaeiarpoBaHHble ¢ moMolnblo CHIRPS ocanku yka3biBaioT Ha
YMEHBIIIeHNE TOIOBBIX M Ce30HHBIX ocankoB Ha 1,73 u 1,0 MM B mepuog ¢ 1981 mo 2023 r., Torma Kak
Ha3eMHBbIe HAOIIONEeHUS CBUACTEIBCTBYIOT 00 YMEHBIIIEHU Ha 8,8 11 2,5 MM.
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BBepeHune

ATMochepHbIe 0CaaKuU, SIBJISISICh OTHUM M3 OCHOBHBIX 3B€HbEB B I'MAPOJOIMYECKOM IIUKJIE, OKA3bI-
BAIOT CYIIECTBEHHOE BIMSHME Ha COCTOSIHME OKPYXKAIOIIEH Cpelbl, TeM CaMbIM UIrpasl BaxKHYIO POJb
B Pa3BUTHUHM Pa3JIMYHBIX OTpaClieil SKOHOMHKHU, OCOOCHHO B CEIbCKOXO3SIMCTBEHHOM CEKTOpEe —
3eMJIeACIMY 1 XKMBOTHOBOJICTBE, B MPOM3BOACTBE THAPOAJIECKTPOIHEPTUM (rocygapCTBEHHbIC pali-
oHHbIe snekTpocTanu (I'POC), 'DC n THOL), a Takke B coxpaHeHNN OMOPa3HOOOPaA3UI TEPPU-
topuu (Kanabaes, FOngoibaena, 2019).

Ychixanue ApajabCKOro MOpsI, KOTOPOE COIIPOBOXIAETCS INIOOAIbHBIM M3MEHEHUEM KJIH-
MaTa, 3HAYUTEIbHO ITOBIMSIO HAa TWHAMMKY M IMPOCTPAHCTBEHHOE pacrpenejeHrue aTMOC(hepHBIX
ocankoB B FOxnHom Ilpuapainbe, BbI3BaB MX OTHOCHUTEIHLHOE YMEHBIICHHE U TepepacIipeicIcHIe
B TeUCHHUE Troda. DTO OTPa3WIOCh Ha 3KOCHCTEME PEerMoHa M IPHUBEIO K OIpeAeJI€HHBIM Hapylle-
HusM. Pe3ynbTaTbl HeITaBHMX HCCIIEIOBAaHMII MOKa3aliM, YTO KOJMYECTBEHHBIC XapaKTePUCTUKU
n3mMeHeHNs kaumara B KOxxnowm [lpunapanbe mpeBwIIaloT cpeaHre MUpoBbIe 3HaueHUs (Kanabaes,
Cynramona, 2019). C HaOmomaromuMes €XerogHbIM IIPUPOCTOM HACeIeHUSI B PETHOHE, CTPOM-
TEJIbCTBOM HOBBIX IIOCEJICHUI OMHOBPEMEHHO PE3KO BO3pacTaeT MU MUTPALMs HACEIeHMSI C modepe-
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XKbsI ApaJbCKOIO MOPSI B LIEHTpaJbHbIe palioHbI pecityoauky Kapakanmmakcrad. [loaTtoMmy nsyueHue
IWHAMUKKM aTMoc(epHBIX ocankoB B FOxHowm [Ipuapanbe cTaHOBUTCS Ype3BBIYATHO BaKHBIM UL
KOMIUIEKCHOTO IUIAHMPOBAHMS OTpaciell 5KoHoMuKu KapakaimakcraHa.

PernonanbHOe pacmpeneiieHue ocamnkoB B paiioHe HOxnoro Ilpumapanbs pa3nmyHo; Tak, Ha
ceBepe pernoHa B MyitHakcKoMm 1 KyHrpamckom paifoHaxX cpegHee MHOTOJIETHEE KOJIMIECTBO aTMO-
cepHBIX 0camTKoB OTHOCUTENLHO BhIIe (130—150 MM) 1 MX OCHOBHAS YacTh IIPUXOAUTCS HA 3MM-
HUE 1 BeceHHHE ce30HBI. Ha 1ore permona B TypTKylIbCKOM M DJUIMKKAIMHCKOM paiioHAX KOJH-
YeCTBO OCAIKOB HECKOIbKO yMeHbImaeTcs (70—90 MMm), a MX MHTEHCUBHOCTh B BECEHHMI IIEPUOI
YBEIUYUBACTCSI.

g momydeHnsT JOCTOBEpHOIT MH(OpPMAMKU 00 M3MEHEHUSIX IIPOCTPaHCTBEHHO-BPEMEHHOIO
pacmpeneneHus: atMocgepHBIX ocankoB B HOxnHom Ilpumapanbe cymieCTBEHHBIM HPEISITCTBHEM
SIBJISICTCSI pa30pOC METEOCTAHIINM 110 pernoHy. [losToMy 1 ompeneeHnss COBPEMEHHOI TeHICH-
LIMA ¥ MIPOTHO3a OyOyIIMX M3MEHEHUI B PACIIpPeleICHMN M KOJIWYECTBE aTMOC(EPHBIX OCAIKOB
HCITOJIb30BaHbl JOCTMKEHHMS B O0JIACTM OOJAYHBIX BBIYMCICHUI, ITO3BOJISIIONINE 00padaThIBaTh
CIIYTHUKOBBIE JaHHBIE 00 OcamKax C MCIIOJb30BaHWEM BeO-IIaT(opM AUCTAHIIMOHHOIO 30HIUPO-
BaHwms1, Takux Kak GEE (anen. Google Earth Engine). CieayeT oTMETUTB, YTO ¢ HEIAaBHETO BpeMEHH
IIOCTYIT K CETOYHBIM CITYTHUKOBBIM JAHHBIM cTayi 0osiee oTKpHITEIM (Banerjee et al., 2020; Lopez-
Carr et al., 2014; Sharifi et al., 2016; Sidhu et al., 2018). [To3TOMy MHOTrO4YMCAEHHbIE CITYTHUKOBbBIE
HaOJIONeHNS 1 TaHHBIE peaHalm3a 3a ocagkaMu ¢ 00jiee BEICOKAM MPOCTPAHCTBEHHBIM 1 BpEMEH-
HBIM pa3pemreHueM, Takne Kak TRMM (auen. Tropical Rainfall Measuring Mission), GPCC (auea.
Global Precipitation Climatology Centre), APHRODITE (awnes. Asian Precipitation — Highly
Resolved Observational Data Integration Towards Evaluation), ERA-Interim (anes. European Centre
for Medium-Range Weather Forecasts Interim Reanalysis), CFSR (awres. Climate Forecast System
Reanalysis), GPM (anes. Global Precipitation Measurement), CHIRPS (aues. Climate Hazards
Group InfraRed Precipitation with Station) m PERSIANN-CDR (auen. Precipitation Estimation
from Remotely Sensed Information using Artificial Neural Networks — Climate Data Record), cTtanu
JIOCTYITHBIMMU.

B nccrnemoBanum mcmonb3oBaH Habop ganHeIX CHIRPS m PERSIANN-CDR, yuuteiBasg mx
0Ooyiee BBICOKOE IIPOCTPAHCTBEHHO-BPEMEHHOE pa3pelleHHe, TOCTYITHOCTb IOCICIHUX TaHHBIX,
IIPUTOTHOCTH VIS PABHUHHOM MECTHOCTH, Takoi Kak KOx#oe [Ipuapanbe. DTu maHHBIE SIBISIOTCS
BaXKHBIMM pecypcaMM IJIsI aHAIM3a METEOPOJIOrMIECKIX 1 KIIMMaTUIECKNX U3MEHEHMIA.

YuuThiBas BaXXHOCTh OLEHKM KOJMYECTBA, CE30HHOCTH, M3MEHUYMBOCTH M HTOJITOCPOYHBIX
TeHICHIIMI B XapaKTepUCTUKAaX OCAAKOB B PETMOHE, 1IeJb JAaHHOTO MCCICOOBAHUS 3aKII0YaeTCs
B OLIEHKE IIPOCTPAaHCTBEHHO-BPEMEHHOI TMHAMUKK aTMOC(hepHBIX ocankoB B OxxHowm Ilpuapanne
3a mepuon ¢ 1981 mo 2023 r. 1 BBISIBICHUM 3aKOHOMEPHOCTEH M3MEHEHMSI KOJMYECTBAa OCAIKOB
1 BO3MOXKHOTO BO3ICHCTBUS Ha OKPYXKAMOIIyIo cpemy. His moCTKeHMS LieJIM HaMEeYeHO BBITIOJIHE -
HHE CIeIyIoIINX 3a0ay:

a) cOop M aHaIM3 JAHHBIX OCATKOB, COOpPAaHHBLIX M3 1) MMEIOIMMXCS Ha3eMHBIX HAOJIOIEHUIA,
HAXOMSIIMXCS TION yIpaBJIeHHWEM THUIPOMETEOPOJIOTHIECKOM CIyxKObl Pecrybnukm Y30ekucran
(VarugpomerT); 2) maHHbBIX peaHanmu3a ocagkoB oT CHIRPS u 3) cmyTHMKOBBIX TaHHBIX 00 OcamKax
PERSIANN-CDR;

0) pa3paboTKa KapThl TOOOBBIX U TMHAMUKM CE30HHBIX BPEMEHHBIX PSIIOB OCAIKOB, COIIOCTAaB-
JICHHE Pe3yIbTaTOB peaHalIn3a 1 CIIyTHUKOBBIX TaHHBIX C JAHHBIMU HAa36MHBIX CTAHIINIA;

B) OLIEHKA TOJOBOI0, CE30HHOIO U €XKEMECSTYHOTO pacIipeAe/ICHNSI OCAaKOB 1 MX TCHICHIINIA;

1) OOCYINTh PEeTHMOHAJIbHBIE COLMAIbHO-3KOHOMNYECKNE MOCIEeICTBUS HAOII0IaeMOil M3MEH-
YUBOCTU OCAIKOB.

JKonoauyeckasa xapakmepucmuka lOxHoezo lpuapanes

IOxxHoe ITpuapanbe — yacTb TeppuTOpUU peciydnnku KapakannakcTaH Ha ceBepo-3arane Y30eKu-
craHa (puc. 1, cm. c.319). Ilpyu HayyHOM aHaiIu3e MNPUPOAHO-reorpapuuecKux OCOOECHHOCTEN
IOxxHoro Ilpuapainbsi 0cod60e BHUMaHUE YAEISIETCS €ro CIOXHONW 3KOJOTMYECKO CUCTeMe, Kiv-
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MAaTUYECKAM M TUOPOJIOTUYECKUM YCIOBHSIM, CTPOCHMIO 36MHOI ITOBEPXHOCTH, OMOJIOTHTYECKOMY
pa3sHOOOpa3nio, COCTOSTHUIO IIPUPOMTHBIX PecypcoB. B permoHe mpeobaamaioT 3aCylUIMBBIE U IIOJTY-
3aCyLIJINBBIE KJIIMMATUYEeCKUE YCIOBHUSI, FOJ0BOE KOJIMYECTBO OCAIKOB cocrTaBisieT MeHee 100 mm,
a pe3Kue Iepenanbl TeMIIepaTypbl 3MMOM U JIETOM HAMpPSIMYIO BIMSIOT HAa 3KOJIOTO-TUAPOJIOTHYE-
CKME XapaKTepUCTUKM permoHa. JICTHsIsI TeMmepaTypa Bo3ayxa mogHuMaeTcs no 44 °C, a B 3UMHHE
MecsIbl ormyckaercst 10 —20 °C, 3Th M3MEHEeHUSI 0KA3bIBAIOT CYIIECTBEHHOE BIMSHNIE HA OMOJIOTH-
YeCKHE Y TUAPOJIOTUIECKIE IIPOIIECChI 36MHOM ITOBEPXHOCTH.
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Puc. 1. Pacnonoxenue KOxuoro Ipuapanbs (LMP — nudposas moaesb penbeda)

CTpyKTypa MOBEPXHOCTU TEPPUTOPUU COCTOMT B OCHOBHOM M3 PAaBHUH M HU3KOTOPHBIX 30H
C MHOXECTBOM IeCYaHbIX JIOH U COJIOHYAKOB. M3-3a cokpallleHusT BoI ApajabCKOTO MOPS pacllu-
PWIKCH CTapoe ModepexXbe U MYyCThIHHbIE TEPPUTOPUN PETMOHA, YCUJIUINUCH MPOLECCHl 3aCOJeHUS
MOBEPXHOCTU 3€MJIM. DTU MPOILIECCHl BAUSIOT Ha CEIbCKOXO3IHCTBEHHOE WCIOJIb30BAaHUE 3€METb
U IPUPOJHBIX PECYPCOB, TaK KaK 00pa3yroTCs 3aCOJEHHbIE MOYBBI U MecYaHble TOBEPXHOCTU, TOP-
MO3d111e pa3BuTue (JIophbl U (hayHbI.

B ruagponornyeckoM OTHOILIEHUM OCHOBHbIE BOAHbIE MCTOYHUMKM B FOxxHoM Ilpuapanbe
COKpAIIlalOTCsI, YTO OKAa3bIBA€T HETAaTWBHOE BIMSHHWE HA KOJOTMYECKYI0 CTaOWJIBHOCTH pEruoHa.
B pesynbTaTe BhIChIXaHUsI ApaJibCKOro MOPSI U UCTOLIEHUST BoA AMyaapby BOAOCHAOXEHUE MTpeTep-
Meja0 CylLIeCTBEeHHbIe M3MeHeHUs. BbichixaHue ApaabCKOro Mopsi U yCUJIEHUE 3aCOJICHUST €ro BOI
MPUBENA K YIpo3e 9KOCUCTEME M OMOpa3HOOOpa3nio. YCyryossis KOJOTUYECKHUE MPOOJIEMbl, 9TU
MPOILIECCHI TIPUBEN K 9PO3UH MTOUYBHI M COKPAIIEHUIO PECYPCOB 15T CEJIbCKOTO XO3SMCTBA U Hacese-
HUS B pETHOHE.

C Touku 3peHMs1 OHopa3zHOOOpa3usi B peruoHe OrpaHMYEHO KOJMYECTBO BUIOB pACTECHUM
U KMBOTHBIX, HO HEKOTOpPbIe MEepeETHbIe NMTULbI U MYCThIHHBIE PACTEHUST BCE ellE CYLIEeCTBYIOT.
XOTSI TIPUPOJHBIE PECYPCHl PETMOHA, OCOOEHHO IOJIE3HbIE MCKOITaeMble M pa3padoTKa 3ajexei
COJIM, TTOBBICUJIA COLMATbHO-3KOHOMMWYECKYIO 3HAUYMMOCTh TEPPUTOPUM, OJHAKO U3MEHEHUE KIIU-
MaTa U FT'UAPOJOTMYECKUe TIPpOoOIeMbl CTaau MPEISITCTBUEM €ro pa3BUTUIO.
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MaTepman bl 1 meToAbl

Ha6nioodaemole OaHHbie
JanHbIe 0 HaOMIOOEHHBIX exXkeMeCsTYHBIX ocankax ¢ 1981 mo 2023 r. ObutM MOIyYeHBl OT ATEHTCTBa

Varunpomera (maba. 1). Hag€xuble 1 1OCTaTOYHO HENPEPhIBHbIC €XXeMECSIUHbIC JaHHbIC IJI 3TUX
Ha3eMHBIX CTAaHIINI OBUTY TOCTYITHEI 3a Tiepuof ¢ 1981 mo 2023 1.

Tabauya 1. laHHbIe HAOMIOAEHWI HA METEOPOJOTMYECKMX CTAaHIIMSX (COOpaHbI B Y3ruapomeTe)

MeTteocTaHuusa MecTtomnonoxeHue Ilepuon Bricora, m
°c.1l. ° B. 1.

Hyxkyc 42,45 59,62 1874 r. — HacT. BpeMs 77

Myitnak 43,75 58,73 1928 r. — HacT. BpeMs 55

Kynrpan 43,08 58,93 1934 r. — HacT. BpeMs 64

Kacnbik 43,88 57,52 1951 r. — HacT. BpeMms 128

JaHHble 06 ocadkax 8 cemke

Hapgany c¢ HaOGmoaéHHbIMM gaHHbIMM, oauH peaHanau3 (CHIRPS) u oauH CHyTHUKOBbIA
(PERSIANN-CDR) ceTyaTbhlif TpOAYKT OCaAKOB ObUIM TOdy4YeHbl ¢ ucrnonb3oBaHueM GEE
(maba. 2). TlpumeuatenbHO, YTO ceTyaThiii mMpoAyKT exenHeBHbIX ocaakoB CHIRPS mpencras-
JiseT co00l KOMOMHAIMI0O HAOJII0JaeMbIX M CIYTHUKOBBIX JaHHBIX 00 Ocajgkax U MMeeT HU3KOe
cuctematnyeckoe cmeleHue (Beck et al., 2017; Prakash, 2019; Ullah et al., 2018) ¢ nauTeabHbIM
nepuoaom 3anucu. Jlanueie CHIRPS pmocrynubl Ha BeO-caiite Climate Hazard Group. /laHHbIe
PERSIANN-CDR npeacTtaBasiioT co00# CITyTHUKOBYIO OLIEHKY €XXeIHEBHBIX 0CAIKOB C UCIOJb30-
BaHMEM MCKYCCTBEHHBIX HEHMPOHHBIX CETEH ¢ BBICOKUM IPOCTPAHCTBEHHO-BPEMEHHBIM pa3pelle-
HueM 1 TouHocThio (Guo et al., 2015; Yang et al., 2016) u ussnekarorcs u3 Be6-caiitta NCAR (awen.
National Center for Atmospheric Research, HaumoHaabHbIl LEHTp aTMOC(HEPHBIX UCCIEeI0BAHUI).
HckyccTBeHHast HEMpOHHAs CeTh OLICHUBAET OCAAKM MO MUKCEISIM XOJOIHBIX 00aKOB U CMEKHBIM
00beKTaM, UCMOJIb3YS AeTAU IPKOCTU TeMIepaTypbl CIYTHUKOBOM CETKMU.

Tabauya 2. JlanHble, NCTIONB3YeMbIe IJIST OTIEHKHU TOJITOCPOYHON N3MEHIMBOCTH OCAIKOB

ITponykT naHHBIX Tonpr HMcrounuk Paspeiienue, m
CHIRPS 1981-2023 UCSB/CHG 5566
PERSIANN-CDR 1983—-2023 NOAA/NCDC 27 830

1S OLIEHKM JOJTOCPOYHBIX TEHACHLIMIA Ha OCHOBE HWMEIOIIMXCS 3anuceil HabaoaeHUi
VarugpomeTa ObLIM cOOpaHbl JaHHbIE O MecsIYHBIX ocagkax ¢ 1981 mo 2023 r. ITocaeagHue npo-
CTPAHCTBEHHbIE U BPEMEHHbIE TEHACHLUU ObLIM peaqr30BaHbl MYTEM CPaBHEHUS UX C UMEIOIIU-
MUCSI KOOpAMHALIMOHHBIMU (aHea. reanalysis data) naHHbIMU 3a iepuon ¢ 1981 mo 2023 r.

O6pabomka 0aHHbIX U cmamucmuyeckue npusoxeHus 8 GEE

l'omoBbIe, ce30HHBIE M MECSIYHBIC HJAHHBIE O KOJIMYECTBE aTMOC(EPHBIX OCAAKOB OBUIM ITOJyYEHBI
¢ nomotiwto mnaropmel GEE (Banerjee et al., 2020; Gorelick et al., 2017; Vos et al., 2019; Wang
et al., 2017) ¢ ucnonab3oBaHuem anroputma ee.ImageCollection M mpuMeHeHUsT KOMaHAbl (PUIb-
Tpa (ee.Filter.calendarRange) nist oxBata nepuona ucciaenoBanus (1981—-2023). ITocne o6padboTKu
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n3obpaxkenuii (.sum) (GyHKuMsT o0pe3ku (.clip) ObLIa KMCITOIb30BaHA IJII OrpaHWYCHUSI T'PAHUIL
B permoHe ucciaenoBanus HOxnoro [Ipuapanbs. DT cMomenmpoBaHHbIE HAOOPHI JAHHBIX BHICO-
KOTO paspelleHus ObLIN 3arpy:KeHbl U MpoaHaau3upoBaHbl B pegakTtope Koma GEE. B pesynbpraTe
IIEPBUYHOTO aHAJM3a YCTAHOBJICHO, YTO CYIISCTBYET 3HAUMTE/IbHAs pa3sHUIA MEXIY 3HAUYCHUSIMU
aTMoc(epHBIX 0CAIKOB, IoaydeHHBIMH 13 0a3bl naHHBIX PERSIANN-CDR (187 MM) 1 ¢ Ha3eMHBIX
cranumii HaOmoneHus1 (94 mm). I[losToMy Ha ciemylomieM 3Tame MCCICOOBaHUIT CTaTUCTUYECKUIA
aHaJIN3 1 pacuYETHI MTPOAOIKMINCH Ha ocHOBe maHHBIX CHIRPS n manHBIX Ha3eMHBIX HAOTIOMCHII.

3arem B GEE Obul BBINONHEH aHAIM3 OOJTOCPOYHOIO IIPOCTPAHCTBEHHO-BPEMEHHOTO
TPpeHIa Ha OCHOBE MHUKCeNeil I HaOopa OAaHHBIX C CETKOM C MCIIOJb30BaHMEM ajrOpUTMa
ee.Reducer.senSlope. Haxion Cena (BeauumHa TpeHIa) OBIT MPOBEpPEH C MMOMOIILIO BBIPAKECHUS
Manna— Kenpanna (nmpu ypoBHe 3HaunMoct o = 0,05, cratuctuka Z= 1,96 mojydeHa U3 cTaH-
IapTHOII HOpMAaJIbHOM TaOJIUIIbI). 3aTeM CETOYHbIC €KEOHEBHBIC 3allMCH OCAIKOB OBLIN OOBEIM-
HEHBI B €XXeMeCSIHbIE M CE30HHBIC UTOTM, a MMEHHO: BECHa, JIETO, OCeHb, 3uMa (Zelenakova et al.,
2017).

B pernone IOxHoro Ilpmnapanbsi, 0cOOEHHO Ha BBICOXIIIEM MOPCKOM JHE M Ha IIaTO YCTIOPT,
METEeOHAOIIOACHMS He TIPOBOASITCS, IIO3TOMY ISl IIPOBEPKU paclpeneieHUs JaHHBIX M OTHOCUTEIb-
HO IPOAYKTUBHOCTH HAOOPOB ¢ CETKOI JaHHBIX OBbLIN IMPUMEHEHBI HEKOTOPHBIE OITICATEIbHBIC CTa-
TUCTUYECKHE TTOKa3aTeI. DTO MO3BOJIMIO MCIIOIb30BaTh B JaJbHEHIINX MCCICI0BAHUSIX BHICOKO-
KayeCTBeHHBIE CIIYTHMKOBBIC TaHHBIE 00 OcamKax.

[IpuMeHeHBI caeayIomme CTaTUCTUISCKIE TT0KA3aTeIN: CPEeIHSIS UCTIEPCHST MEXIy HaOoaae-
MBIMU Y CITyTHUKOBBIMM/MOIEIbHBIMH 3HAUCHUSIMU OCanKoB Bias (awes. cMmellieHre); MyIbTUTLIN -
KaTuBHBIe cMmelneHus MBias (anes. multiplicative) mis n3amepeHNsT cpelHel BETUUYNHBI CMEIIeHMS;
oTHocuTenbHoe cMmelleHue RBias (awes. relative) st BbISIBJIEHUSI CUCTEMAaTUYECKOTO CTAaHAAPTHOIO
OTKJIOHEHUS; cpenHee paccornacoBanie MAE (anes. mean absolute error) miIst MOXydeHUs CPEIHETO
HAKJIOHA; CPpeIHEKBAApaTUIeCKoe OTKJIOHeHHe (C) IUIST OLEHKW CpemHEell BeJIMYMHBI OTKJIOHEHUS,
K03 GUIIMEHT Koppesinun () I OLeHKU CTeIIeH! CBSI3M MEXAY HaOJomaeMbIMM U CITyTHUKO-
BeIMM gaHHBIMU (Beck et al., 2017; Maan, 1945; Sen, 1968).

CMmemenne Bias 0003Ha4aeT CpegHIO OHMCIIEPCUI0 MEXOY OAHHBIMU in Situ W JAaHHBIMH CO
cnytHuKa. [lonoxurenpbHoe cMellleHre yKa3biBaeT Ha HEMOOIEHKY, a OTpUIIaTeIbHOe — Ha Iiepe-
OLIEHKY KOJIMYECTBA OCaIKOB.

as— LS~y
Blas_n;[Xs'_ XO,-]’

rme X, v X, — CIYTHUKOBbIE M HaOJIIOlaeMble 3HAYEHUS OCATKOB COOTBETCTBEHHO; 7 — YMCIIO
HaOJI0NeHUIA.

MynsTunankaTuBHoe cMmelneHrue MBias — 3To cpenHsiss BeIMYrMHA 0CaJgKOB B CeTKe M0 HabJIio-
JlaeéMbIM pacuéram, Ilie He0OoleHKa, O-BUAMMOMY, COCTaBJISIET MeHee eAUMHUIIbI, a TIepeolieHKa —
oosblre equHuLbl. PakTUecKM 3TO OlleHKA (PYHKIIMKM MACChl BEPOSITHOCTH IJISI OTACJIBHBIX SIIEP
Habopa HaOI0IeHW, BKIII0Yask AUCIIEPCUIO 1 CPENHIO MHTErPUPOBAHHYIO CTAHAAPTHYIO OLLIUOKY.

OtHocutenbHoe cMeleHre (RBias) mimocTpupyeT cucTeMaTUyecKylo MOTrpelIHOCTb CITyTHU-
KOBBIX TAaHHBIX 0CAIKOB 1 CIYKUT aHaJI0roM oobsiuHoro cmetieHus (Bias). OHo ¢pakTryecku olieHN-
BaeT CTAaHAAPTHYIO OLIMOKY MeXIy HaOII01aeMbIMU U CIIYTHUKOBBIMY JaHHBIMMU.

n

. [Xsi a X"i ]

X,
=1

RBias ==
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C.b. Kanabaes u 0p. AHann3 JONroCpoOUHbIX TeHAEHLMIA 0cafkoB B KOxxHOM Mprapanbe

Cpe,I[HCC paccoriacoBaHue MAE HUCITOJIB3YCTCA OJId AOCMOHCTpallnn Cpe,Z[Hefl BCJIMYHNHDBI
IIOIrp€IIHOCTU B CIIYTHMKOBBLIX U HabJII0JaeMbIX 3HAYECHUSIX OCaJIKOB, MAE — IIoKasaTciib, IIpEa-
CTaBJISIOIINIA CpEOAHIOIO a6COJHOTHYIO pasHUy MEXK1y JaHHbIMU CITYTHUKOB 1 HaOJIIOAEHHBIMU 3HA-
YeHUSIMUA. DTOT TTOKA3aTellb HMCITOJIB3YCTCA OJIAd OOHCHKHN TOYHOCTU AAHHBIX, USMCPCHHbIX CITYTHH-
KOM, 1N OTO6pa)KaCT eé IIOIpCIIHOCTL B abCoIOTHBIX equHMULAX. PaccunuTheiBaeTcst 1o CJICAYIOLIEMY
BBIPAKCHUIO:

n
Z‘Xsi _Xol.

MAE = 1=!

n

CpegHekBaapaTUyeCcKoe OTKJIOHEHHME O aHAJOTMYHO cpedHell abconmoTHOM ommobke. OgHaKo
OHa OTHAET MPUOPUTET pacyETy CpemaHell BEJIWYMHBI OIIMOKM B CIIYTHUKOBBIX M HaTYPHBIX
U3MEPEHMUSIX.

1 2
o= ;Z(Xsl —Xo[)
i=1
KoadduuneHT KoppeIsiliiy IMPOKO UCIOIb3YeTCs IJIsT OIMMCAaHUS ITPOCTPAHCTBEHHOTO COIJia-
CHd MEXIY Ha6ﬂlOﬂ,aeMblMI/l N CETOYHbBIMU Ha60paM1/1 JaHHBbIX. I/IﬂeaﬂbHOC OTHOLICHME YyKa3bIBacT
Ha +1.

n

Z[Xsl_ X, ]-[Xo[ X, ]

i=1

n

Z[Xs _Xs

i=l1

2 n

S(x, x, [

i=l1

Kpome Toro, onenka HakioHa CeHa MCIIOJIb30Bajach JJIs pacuyéTa JOJTOCPOYHON BETUYMHBI
M3MEHEeHUs B HabJIogaeMbIX JaHHBIX cTaHUMU, TecT ManHa — KeHgasnia OblT TpUMEHEH C UCITOJIb-
30BaHMEM s3bIKa IporpamMmupoBaHusi MatlLab st OLIEHKM MX CTAaTUCTUYECKOM 3HAYMMOCTU
(Drépela, Drapelov4, 2011; Hamed, Rao, 1998).

PesynbTraTbl

lMpocmpaHcmeeHHo-8pemMeHHOe pacnpedesieHue
ocaokoe 8 0xHom lNpuapanee (1981-2023)

CpenHee rogoBoe KOJIM4yecTBO ocaakoB 3a MHoroseTtue (1981—2023) B Hykyce, KyHrpane, Myii-
Hake, ZKacibike cooTBeTcTBeHHO paBHO 100, 107, 126, 134 mMm. KosimdyecTBO 0CagkoB OOJIbIlIE BCETO
Ha ceBepe U ceBepo-3anaze (140—160 Mm) u HeckobKo MeHblIe (90 MM) Ha toro-Boctoke KOxxHoro
IMpuapanbs (puc. 2, cm. c. 323).

M3ydyeHo BHYTpUronoBoe pacripeaeieHre aTMocgepHbIX ocankon 3a 1981, 2023 rr. u B cpeaHeM
3a nepuon 1981—2023 rr. Ilo pesyiapTaTaM rccienoBaHuii, B 1981 r. KoaMyecTBO OCaaKoB Ha 00JIb-
IIel yacTu perroHa M3MeHsioch B uHTepBase 153—182 MM, a B 2023 r. 3TOT nokasaTtesib 3apuK-
cupoBaH B mpenenax 69—89 mm. Takum o0pa3om, 3a 43 roga KoJMUeCcTBO aTMOC(EPHBIX OCAIKOB
B PETHOHE COKPATWJIOCH ITIOYTH B JIBa pasa.

AHanM3upys roJoBoe paclipeesieHrue aTMOC(hEPHBIX 0CaaKOB 3a BEChb IEPUOI, YCTAaHOBJIEHO,
YTO KOJUYECTBO aTMOC(EPHBIX OCATKOB B CEBEPHOI YaCTW PErMoHa, B YACTHOCTM Ha BBICOXILEHA
aKkBaTopuu ApallbCKOIO MOpSI M Ha ceBepe IuiaTo YCTiopTa, B cpenHeM Ha 30 MM Oouiblile, 4eM
B I0XKHOM 4aCTU peTUOHA.

MakcumanbHOEe KOJIMYECTBO OCaJKOB 3a(pMKCUPOBAHO B BeCEHHMI ce30H — 42 % OT rogoBoro,
3uMoit — 29 %, ocenbio — 22 % u tetoM — 7 %. JlaHHble HAOMIOAEHWI HA CTAHLIMY MTOKAa3aJIu, YTO
cpelHee ToOO0BOe KOJIMUecTBO ocaakoB B pernoHe FOxHoro Ilpuapanbs coctamiaseT 122 MM, a 10
CHIRPS — 114 mMm. BecHa gBisieTcs C€30HOM ¢ HAUOOJIBIIMM KOJIUYECTBOM OCAJIKOB, 32 HEMl Cle-
IIYIOT 3UMa U OCeHb (maba. 3).
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CpepHee 3HaveHWe 3a 1981-2023 rr.

ayeHue & 2023 r.

Cpepuee 3HaueHue B 1981 r.

™~
By
™~

CeaoHHble ocanku (Mm) 1981-2023 Ce3oHHBbIe ocapku (Mmm) 2023 CesoHHeie ocanku (mm) 1981
([ ) ) (N [ [ [ . ---------
21 42 62 82 104 124 144 16 32 48 €4 80 96 111 20 38 56 82 110 127 147 165
a
N N
A s 19812023 rr.

-

MpocTtpaHcTBeHHOE pacnpeaeneHWe CPeAHErOAOBOro KONMYECTBa OCAAKOB (MM)

43-69 70-89 90-109 110-128 129 - 152 153 - 183 184 - 215 216 - 253 254 - 306
0

Puc. 2. TIpocTpaHCTBEHHOE pacIIpeieIeHe Ce30HHOTO (@) ¥ TOTOBOTO (6) KOJTMYECTBA OCAIKOB

Ceruatsiii Ha0op maHHBIX CHIRPS mokaspiBaeT CXOXYI0 IPOCTPAaHCTBEHHYIO M3MEHYMBOCTh
Ha BCEX CTAHLMUIX, HO JIydlllee COOTBETCTBME HAOJIOOACTCSI B CE30HHBIX M MECSYHBIX MacluTabax.
CpenHee romoBoe KOJIMYECTBO OCAaOKOB, HaOMIOJAaeMbIX Ha CTaHIMSX, cocTtaBuio 109—127 mm,
a CHIRPS 3anmxaer xonuuectBo ocankoB g0 102—125 mm. Ceryateiii Habop maHnHbix CHIRPS
JIy9Ille COTJIaCyeTCsl C JaHHBIMU 00 ocanKaxX Ha BCeX METEOCTaHIIMSIX 3a BECHY, OCEHb U 3UMY, a 3a
JIETHUE MECSIIIBI OCaIKHU 3aHKaloTcs (puc. 3, cM. ¢. 324).
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Tabauya 3. CpenHee TomoBoe, Ce30HHOE U MECSIIHOE pacIpeIeIcHIe CTAHIIMOHHBIX
u cetounblx faHHbIX CHIRPS B pernone FOxunoro Ipuapanss 3a nepuon ¢ 1981 mo 2023 1.

Ce3oH Hyxkyc MyitHak Kynrpan XKacnpik
in situ CHIRPS in situ CHIRPS in situ CHIRPS in situ CHIRPS
BecHna 46 51 53 48 53 47 49 50
Jleto 8 3 17 13 17 6 22 18
OceHb 24 14 25 31 25 22 27 26
3uma 31 34 31 33 31 32 29 31
Ton 109 102 126 125 126 107 127 125
Mecsix 1 2 3 4 5 6 7 8 9 10 11 12
Hykyc in situ 10 10 17 16 12 4 3 2 4 7 13 9
CHIRPS 11 11 17 18 15 2 1 0 0 6 8 8
MyiiHak in situ 11 10 22 15 17 6 5 5 4 8 13 11
CHIRPS 13 9 20 18 11 7 0 5 1 12 18 11
Kynrpan in situ 10 10 19 16 18 10 4 3 4 8 13 10
CHIRPS 11 10 18 15 14 2 0 4 1 8 13 9
Kacabik in situ 9 9 17 14 18 11 6 4 5 9 13 11
CHIRPS 9 9 16 18 15 11 4 3 2 9 15 10
1401 e insitu  wm CHIRPS
120 |
Z 100
< 80
& 60
20
04
Hykyc Myiinak Kynrpan Kacnbik
a
60 -
50 4
=
2“ 40
g 30
g 204
© 10 4
0
Becna Jleto OceHb 3uma
m Hykyc in situ m Hykyc CHIRPS m MyiiHak in situ m Myiinak CHIRPS
m Kyurpan in situ  mm Kynrpag CHIRPS ms 2Kacnbik in situ XKacneik CHIRPS
0
25
= 20 1
Eﬂ 15
g
5 10
Q
O 5
04
1 2 3 4 5 6 7 8 9 10 11 12
m Hykyc in situ m Hykyc CHIRPS m Myiinak in situ ~ m Myiinak CHIRPS
m Kyurpan in situ  m Kynrpan CHIRPS m XKacnbik in situ XKacnaeik CHIRPS

8

Puc. 3. CpegHee pacripeesieHUe 0OCaIKOB IO METCOCTAaHLIMSIM U B ceTKe. ['omoBhIe (a),
CE30HHBIC (0) U MECSIUHBIC (8) OCAIKMU COOTBETCTBEHHO 3a Tiepron ¢ 1981 mo 2023 r.
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nOapO6Hble pe3ysiemameol onucamesibHOU cmamucmuku

Ilo pe3ynbrataM CTaTUCTUUECKOTO aHajlKM3a MUHUMAJIbHOE 3HAUYEHUE CPEIHETO PacCOIIaCOBaHMS
(MAE) cocraBwio 18 Mm (Hykyc), a makcumanbHoe — 37,96 Mm (Myiinak). Jannsie CHIRPS
3aBBICUJIM KOJIMYECTBO ocagkoB B Hykycckom, MyitHakckoMm m 2KacibIKkcKoMm paiioHax (Bias —
CMeEIlleHWe TIOJIOKUTeNbHOe) W 3aHm3uau ero B KyHrpanme (Bias — cmelneHuwe oTpunaTeabHOE).
MBias npencrapisieT coboii cpentioo pazHuiy Mexny CHIRPS u nanHbsiMu HaOmoneHuit, e€ Hau-
MeHbIIIee 3HaueHre 3acukcupoBaHo i1 Hykyca, a Haubomnbinee — B MyitHake. 3HaueHne MBias
B KyHrpane orpuuarensHoe u paBHo —0,94 (maba. 4).

Tabauya 4. CTaTUCTUYECKUE UHACKCHI IS MPOBEPKU MPOCTPAHCTBEHHOTO CXOJCTBA
MexX1y HabaoaaeMbIiM U ceTouHbIM HabopoMm gaHHbIX (CHIRPS) 3a nepuon ¢ 1981 mo 2023 r.

CTaTucTyeckre MHIEKCHI C eIMHULIAMU U3MEPEHUST CHIRPS
Hyxkyc MyiiHnak Kacnbik Kynrpan
CpenHeKBaapaTUIeCcKoe OTKJIOHEHUE O, MM 22,40 45,10 41,20 33,10
Cpennee paccormacoBanue MAE, MM 18,00 37,96 32,77 26,42
Cwmemienue Bias, Mmm 4,00 11,00 23,00 —7,00
MynpTunMKaTuBHoe cMelieHue MBias, MM 1,04 1,09 1,19 —0,94
OtHocurenbHOe cMmeleHne RBias, % 3,93 9,09 18,85 5,74
KoadduumeHT koppensuuu r 0,76 0,55 0,72 0,79

Breicokne 3HaueHust koadpduumenta xoppenasunn mexny CHIRPS w mannHsiMu Habmmo-
IeHuil 3aMKCUpOBaHBI Ha BCEX CTaHLMSAX, Kpome MyitHaka. CpemHee cCMelIeHHWE TaHHBIX
CHIRPS cocrasnger 11 MM, a Ko3pOUIIMEHT KOPPEISIIUN ¢ JaHHBIMKA HaOmoneHuit paseH 0,70.
MeteocTaHiun B OeidbTe AMymapby IIPOAEMOHCTPUPOBAIN CXOXYH IIPOCTPAHCTBEHHYIO CBS3b
C CeTOYHBIMM Habopamu maHHBIX. CTaTUCTUYECKMII aHAJIM3 T0Ka3aJl XOPOIIYID COTJIaCOBaHHOCTH
mexny nanHeiMu CHIRPS 1 HazeMHbIMU HaOmoaeHUSIMM. BBIIO 3aMedeHO, 4TO 3HAYEHNE CMeEIIle-
Hus coctaBiisieT 4 MM B Hykyce u 7 mm B KyHrpanme, 4To OIM3KO K IpUEMJIEMOMY 3HAYECHUIO ISt
aTuX MeteoctaHuuii. OmHako B 2Kacieike 1 MyiiHake Bias oka3aioch HECKOJIBKO BBIIIE IIPUHSITOTO
3HaueHus B 10 MM.

npOCTpaHCTBeHHO-BPEMEHHbIe TeHAeHUun: oaHHble Ha6mop,e|-||/||7|

fo0o8bie U ce30HHble meHOeHYUU 8 OAHHbIX
mMemeocmaHyuli no ocaokam (1981-2023)

Ha crenyromem asrare mcciaeqoBaHus OBLIM M3yYeHBI TOMOBOE, CE30HHOE pacIpeneieHue U TeH-
meHuMsT ocagkoB ¢ 1981 mo 2023 r. MakcumaabHOE TOJ0BOE KOJIMYECTBO OCAIKOB 3a(pUKCHUPO-
BaHO Ha PaCHOJIOXKEHHOW HEMHOTO BBIIIE METEOPOJIOTMUYECKON cTaHIMM 2KaClbIK, gajee CIIeIyIoT
craHuuu KyHrpan, MyitHak u Hykyc. AHanu3 JaHHBIX MOKAa3biBaeT, YTO Ha TPEX METEOCTaH-
WX HaOIomaeTcs TEHISHINS K CHIDKEHWIO KoaudecTBa ocamkoB. B mepwon ¢ 1981 mo 2023 1.
YMEHBIIEHUEe KOJIMUecTBa atMocdepHbIX ocankoB: B Hykyce —5,9 mM/necatunetue, B KyHrpane
—8,9 MM/necaTuieTue, a MaKCHMMaJbHO HHM3KOe 3HaueHue ObU1o paBHO —23,0 MM/mecsTuiieTue
B MyiitHake (ma6a. 5). 3uMOil Ha BceX CTAaHIMIX HaOromanaach TEHACHIIUS K CHIDKEHWIO KOJIMYe-
CTBa 0CaIKOB, KpoMe MeTeopoJiornueckoii ctanumny 2Kacineik. Ha ctanumu KyHrpan cymecTBeHHOE
YMEHBIIIEHNE OCAIKOB IMPOMCXOOMUIO BO BCE CE30HBI roma; Tak, 3uMoil Ha —1,0 MMm/mecsaTuierue,
OCeHbIO Ha —1,5 MM/nmecaTuneTre, BeCHOIM Ha —3,6 MM/IecATUIIETHE U JIETOM Ha —1,4 MM/mecaTu-
snetre. MakcnMabHOe TIOHMKeHME KOTMUeCcTBa 0CagkoB B MyiiHaKe ObUTO 3a(pMKCUPOBAHO 3MMOI
1 COCTaBUJIO —7 MM/IECSATIIeTHE, TaKXKe OBLIM ITOJyYeHBI 3HAUCHUS: IJI1 OceHU —3,9 MM/mecsTu-
jnetne, jiera —3,8 MM/IecITIIETHE M BeCHBI —3,2 MM/mecATwieTue. 3HAUYUTEIbHOS YMEHbBIICHUE
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KOJIMYECTBA OCAIKOB Ha0I0aaI0Cch B MyitHake 3uMoii: —7,0 MM/IecsITHIeTHE, YTO OBLIO CTATUCTH-
yeckd 3HaUMMbIM. B Hykyce oTpuiiatensHas TeHaeHIUS GUKCHpoBaaach: BecHoi —0,5 MM/mecsTh-
netve u JjetoM —0,6 MM/IecsITUIeTHe, a Takxke oceHblo —(0,7 MM/mIecaTuIeTie, HO OHA ObLIa CTaTH-
CTUYECKM He3HAYMMOIA.

Tabauya 5. TogoBoe U ce30HHOE paclipeesieHre ocankoB U TeHaeHIus (1983—2023)
B pernoHe OxHoro [1puapaiibst o TaHHBIM Ha3€MHBIX CTAHIIUIA

MeTteocTaHst Haxkion CeHa (B MM/necsaTuiieTue)

lon BecHa Jleto OceHb 3uma

Hyxkyc Pacnipenenenue 104 45 7 22 30
Tennenuus -5,9 —0,5 —0,6 —0,7 -2,9

MyiiHak Pacnipenenenue 121 52 15 24 30
TenneHuus -23,0 -3,2 -3,8 -39 -7,0

Kynrpan Pacnipenenenue 123 52 15 24 30
TenneHunsa -8,9 -3,6 —-1,4 -1,5 —1,0

Kacnblk Pacnipenenenne 122 48 20 25 31

TengeHuus 2,3 1,7 -0,5 -0,2 1,0

ITpumMeyanue: BolneneHHbIE MOMYKMPHBIM HauepTaHUEM YHMCJIa CTAaTUCTUYECKHU 3HAaYnMBI (o0 = 0,05).

ExxemecAa4YHble meHOeHyuu 8 0dHHbIX MemeocmaHyut (1981-2023)

Ut majibHEMIero u3y4yeHus1 U3BMEHEHU KOJIMYECTBA OCAKOB B PETMOHE 32 MCCJIEAYEMbI TTepUOL
ObLIM MPOAHATMU3UPOBAHBI €XEMECSYHOE paclpeincieHue W TEHICHLMS BBITAICHUSI OCAIKOB.
Haubompliiee KoIM4ecTBO 0CaaKOB Ha BCEX METEOCTAHIIMSIX HaOJI0Ial0Ch B MapTe, allpesie U Mae.
CTraTUCTMYECKUI aHaauM3 TEHACHIIMI I10Ka3blBaeT 3aMETHOE CHIDKEHHE ocagkoB B MyiiHake
B siHBape Ha —1,7 MM/necsatwieTue, B MapTe Ha —2,0 MM/necsTwiIeTue 1 AeKadpe Ha —2,5 MM/mecs-
Tuietue (maba. 6). Mecstanble 3HayeHus 1 KyHrpama He IoKa3bIBalOT CTATUCTUYECKM 3HAYMMBIX
TEHIAEHLIUIA, XOTS KOJIMYECTBO OCAJKOB B SHBAPE U MapTE 32 UCCICIYEMbII ITEpUOI YMEHBIIIIOCD.

Tabauya 6. MecsiuHOe pacnpee/ieHre U TeHIeHIIMU ocaakoB B FOxxHowMm I[puapaibe
(B MM/mecsitrretrie, 1981—2023 IT.) Mo JaHHBIM CTAHIIMOHHBIX HAOTIOICHUIA

Mecsn 1 2 3 4 5 6 7 8 9 10 11 12
Hyxkyc Pacnipenenenue | 10 10 17 16 12 4 3 2 4 7 13 9
TenneHuus -1,5 -0,1-0,6| 0,8 | —1,0 | —0,3 0 0 0 0,1 | =1,0 | -0,3
Myitnak | Pacnipenenenue | 11 10 22 15 17 6 5 5 4 8 13 11
TenpeHuus -1,7 -1,1,-20|-18| -0,6 | —-1,5 | -0,1 |-0,2 | -0,3| —-1,1| —1,6 | =2,5
Kynrpan | Pacnipenenenue | 10 10 19 16 18 10 4 3 4 8 13 10
TenneHuust -0,7| 1,0 | -3,0|-0,2| —-1,4 | 0,6 |04 | 0 0 0 |-0,41|-0,3
XKacawik | Pacnpenenenue | 9 9 17 14 18 11 6 4 5 9 13 11
Tennenuust L2 02|10 0,1 |-15-17| 1,0 0 0 |0,02|-0,1]-0,8

ITpumeyanue: BolaeneHHbIe MOJYXKMPHBIM HauepTaHUEM YMCJia CTaTUCTUUECKU 3HaUYuMBI (a0 = 0,05).
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lNMpocTpaHcTBEHHO-BpeMeHHble TeHaeHuunun: CHIRPS
lo0oevbie u ce30HHbIe meHOeHyuu (1981-2023)

CraTUCTMYECKM 3HAYMMBbIe TEHACHIMM K CHIDKEHUIO TOJOBOIO KOJIMYECTBA OCAaIKOB TaKXKe
OTMEUEHbl B CeTKe AaHHbIX, cocTaBissi B cpeaHeM —0,05 mm/necatunetue (maéa. 7). Ilo nau-
HeiM CHIRPS, 3a nccmenyemblili meproa HAOMIOMAIOCh YMEHBIIIEHE KOJTMUYECTBA OCAaaKOB BO BCE
CE30HBI, 3a WMCKIIoYeHneM ceBepHBbIX permoHoB. Jlanusie CHIRPS memoHCTpupyloT Xopolryio
COIIACOBAHHOCTH 3a MCCIIEAYyEeMbIl IIEpHOI, UTO ITOATBEPKIaeTCs Oojiee BEBICOKMM KO3 duiimeHToM
koppemsiuuu (= 0,74). B mpocTpaHCTBEHHOM OTHOIICHMU CTATUCTUYECKU 3HAYMMasl TeHICHIIUSI
YMEHBIIEHUS KOJIMYECTBA OCAAKOB MPUYPOYEHA K IOr0-3aIlafHOM, I0r0-BOCTOYHOU M LIEHTPAILHOM
YacTU UccieayemMoii Tepputropun (puc. 4). TeHaeHIMs K yMEHBIIEHNIO KOJIMYECTBAa OCAIKOB B I0I0-
3aMajgHoN YacTW palioHa CTaTUCTWUYECKM He3HaumMa. B ceBepHoif wactu permona (Ilpmapainbe,
K BOCTOKY OT YCTIOpTa) HaOJI0maeTcsl yBeIndeHre KOJIMIeCcTBa aTMOC(EPHBIX OCAAKOB, YTO CTaTH-
CTUYECKM 3HAYMMO.

Tabauya 7. TonoBble U CE30HHBIE TEHAESHLIMU KOJUUECTBA OCAIKOB
B IOxHoMm IMpuapanse (Mm/necsatuierue, 1981—2023 rr.)

CHIRPS lon Becna Jleto OceHb 3uma
Hyxkyc -0,9 —0,2 3,80 2,0 2,2
Myiinak -0,5 -1,7 0,07 -0,1 -0,7
Kynrpan -3,8 -2,0 —1,80 —1,4 —1,4
Kacabik 5,0 5,6 5,00 4.6 5,6

IIpumeyaHuue: BoimeneHHbIE MOMYKUPHBIM HauepTaHUEM YHCJIa CTaTUCTUUEeCKU 3HaUuMBI (o = 0,05).

BecHa Neto OceHb 3uma

g 1o 220 440 KM o 10 220 440 XM
TR S T T S T | | IR TS T NS T - |

Haknow Cena (Sen's slope) CraTncrhueckn C HYECKH C THYECKH
3HaYMMBLI (+) 3HAYMMBbIiA (-)  HE3HAYMMO

kb s |
Puc. 4. TIpocTpaHCTBEHHOE paclipe/ie/ieHe TeHIEHIIMU TOIOBbIX U CE30HHBIX
0CaJKOB U MX CTaTUCTUYECKasl 3HaUMMocTh (1983—2023)

Hanusie CHIRPS xopoiio KoppenupyloT ¢ JaHHBIMU MeTeocTaHuu Kacabik (r=0,72)
1 MOKA3bIBAIOT YBEJIMUEHUE KOJIMYECTBA OCATKOB BO BCEX CE30HAX B CEBEPHOI YaCTH permoHa (3Ha-
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yuTelbHYI0 TeHaeHnuoo). CornacHo ganHeiM CHIRPS, B paitone cranunu KyHrpanm Habmomaercst
3HAUUTENIbHOE CHIDKEHNE OCAIKOB M 3TO M3MEHEHME SIBJISICTCS CTAaTUCTUYECKU 3HAUYMMBIM. OIHAKO
B I0XXKHOI 9acTH ApaJbCKOTO MOPSI M B 3allalHBIX palioHAaX IUIaTO YCTIOPT TakkKe 3a(pUKCHUPOBAHO
YMEHBIIIEHIE OCAaIKOB, HO 3TO M3MEHEHNE He SIBJISICTCS CTAaTUCTUIECKU 3HAYMMBIM.

ExxemecayHbie meHOeHyuu: CHIRPS (1981-2023)

Cormacno manaeiM CHIRPS, B gsuBape, MapTe, Mae, aBrycTe 1 JeKadpe HabIromaeTcsd 3HAUNTETbHOE
CHITXEHHE KOJIMYECTBa 0canKoB (maba. ). B To ke BpeMst B (peBpajie u amnpene 3apUKCUpOBaHa CTa-
TUCTUYECKM 3HAUMMAasl TeHACHIIMS K HEOOJIBIIIOMY YBEJIMUCHUIO OCAIKOB.

Tabauya 8. ExXeMecsTYHBIN TPEH 0CaAKOB 10 CETOYHBIM
HabopaM JAaHHBIX (B MM/necaTtunetue, 1981—2023 rr.)

Mecsan 1 2 3 4 5 6 7 8 9 10 11 12
Hykyc —0,4 0,3 —0,2 1,7 | 0,7 0 0 0,0 0 0,6 0 -0,4
MyiiHak | 0,2 0,2 | —09 1,6 | 0,6 | —0,6 -1,3 —0,4 0,1 | 0,3
Kynrpan | —0,4 0,2 -1,0 1,9 | —0,4 0 -0,8 0,1 0,1 | -1,3
Kacneik | 0,3 0,3 -0,8 1,3 0,5 | —0,4 0,0 0,2 0,6 0,4

ITpumMeyanue: BoiaeneHHbIe MOJYKMPHBIM HauepTaHUEM YMCJIa CTaTUCTUUECKHU 3HaYuMBI (o0 = 0,05).

Me»x20008a14 UsMeH4YUB80CMb U MeHOeHUUU KoJlu4ecmaa 0caoKos
(7981-2023) no 0aHHbIM HabmooeHuli Ha cmaHyusax u CHIRPS

B IOxHoMm Ilpuapanbe mMexromoBass M3MEHUMBOCTb ocaakoB B mepuon 1981—2023 rr. Obl1a mpo-
aHAIIM3MPOBaHA HA OCHOBE MAaHHBIX CETOK U JAaHHBIX METEOPOJOTMYECKMX cTaHIuii KyHrpag
u ZKacibIK, KOTOPbIe UMEIOT HauOOJIBIIYIO KOPPEISILUIO ¢ 3TUMU AaHHBIMU (r = 0,79). Pe3ynbraThl
HCCIIeOBAHMII TIOKA3aJiM, 4YTO, COIVIACHO JaHHBIM CTAHLUMOHHBIX HAOJIONECHMI, KOJIUYECTBO
ocankoB B mepuon 1981—2023 rr. B cpenHeM yMeHbIIaaoch Ha —8,9 MM/necsatuietvie (IO OaH-
HeiM CHIRPS — na —0,05 mm/necatunetue). B ceBepHO# yacTu permoHa Ha cTaHIUM 2KacibIk,
HAIlpOTUB, HaOJIOAAeTCs TEHIASHIMSI YBEIWYEHUsI OCaakoB Ha 2,3 MMm/mecsTwieTve (110 TaHHBIM
CHIRPS — Ha 5 mM/necatuieTtue). PesynbTaThl MCCaenOBaHMS TakKe IMOKA3bIBAIOT, YTO HA CTaH-
mun Kacneik 3a mocaegHue 20 et (2003—2023) MecsauHble M CE30HHBIE OCAAKU YBEJIUYUIIUCH
110 CPaBHEHUIO C MPEAbIIYIIIUMU IecATUWIeTUusIMU. B To Xe BpeMs Ha craHuuu KyHrpan 3agpuxkcu-
POBAaHO 3HAYUTEILHOE CHIKEHHME KOJMYECTBA OCAJKOB, KOTOPOE COCTaBIsICT —8,8 MM/IeCATUICTIE

(puc. 5).

350 -
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Puc. 5. MexrogoBast UBMEHYMBOCTb OCaJIKOB
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O6c¢cyxpeHune

B aTOM mMCcenoBaHUM aHANIM3UPYIOTCSI TOMOBBIE, CE30HHBIC M MECSIUHbIC TCHACHIIUM 1 M3MEHUM-
BOCTh OCanKOB 3a mocienHue 40 JIeT ¢ UCIToIb30BaHMEM Ha3eMHBIX HaOIIOASHUI 1 Habopa CeTou-
HBIX JaHHBIX BbIcOKOoTo paspemenus (CHIRPS). Dtu nBa Habopa JaHHBIX OBIIM OTKAJIMOPOBAHBI
1 CPaBHEHBI C MCIOJIH30BAHNEM HECKOIBKUX HeapaMeTpUUEeCKUX CTATUCTUIECKUX METOI0B, KOTO-
phle BBIABJISTIOT YPOBHM 3HAUMMOCTH (o < 0,05) mIst mMpoKoro nuara3oHa XapaKTepUCTUK JaHHBIX.

B uccnemoBaHuy 1mokasaHo, YTO B T€YEHHUE Iofa HamOOJbIIee KOJIMIECTBO OCAIKOB HaOI0Ia-
Jtoch BecHO (42 %), 3aTeM cienosany 3uMa (24 %), ocenn (20 %) u neto (13 %).

BpemeHHble meHOeHyuu 8 Habsto0aembix ocaokax (1981-2023)

3HauUMTEeIbHbIE KOJIEOAHMST TOMOBBIX, CE30HHBIX U MECSIUYHBIX OCAIKOB OBLIM OOHAPYKEHBI C TIOMO-
IO HAOMIOAEHMIA, IMOJIYYEeHHBIX Ha MeTeocTaHIusX. Ha mcciemyeMoil TeppuTopur OTYETIUBO
IIPOCJIEKUBAETCS IPOCTPAHCTBEHHASI MU3MEHUMBOCTh TEHASHIIMI OCAIKOB 1 BIMSHUE TaKMX (haKTO-
pPOB, Kak peibed u reorpaduieckoe MOJIOXKEeHWE Ha pacipeneneHue ocagkoB. B MyiiHake HaOJI0-
JIaJIOCh 3HAYUTEJbHOE CHIDKEHME TOMOBBIX M 3UMHUX ocankoB (—23,0 u —7,0 MMm/necsaTuieTue), 3a
HuM cienyioT Kynrpam m Hykyc. B Takux yciaoBHsIX 0COOEHHOCTH peibeda SIBISIOTCS OCHOBHBIM
(akTOpOM, BIMSIONIMM Ha paclpelesieHhe OCaaKoB, Hampumep, 2KaclbIK pacIonaoXeH OTHOCH-
TeJIbHO 3altamHee M TIoJlydaeT OoJble ocankoB 3mMoit, yeM Kynrpam m Hykyc. B mepuon ¢ 1981
mo 2023 1. B paiione Kynrpaga m MyiiHaka Ha KOxHowm I[lpmapanbe Habmogaaoch yMeHBIIICHIE
Kom4ecTBa atMocdepHbIx ocankoB (—0,2—7 MM/mecsITUIeTHE) BO BCe CE30HBI Tofa M3-3a PE3KOTo
CHIDXEHUS YPOBHS BOIBI B ApajibcKoM Mope. JIuib Ha mato YctiopT (2KaciplK) KoIu4ecTBO oca-
KOB YBEIMIMJIOCH BecHOI 1 3uMoii (1,0—1,7 mM/necaruneTue).

Coomeemcmeue Habopoe 0aHHbIX ¢ cemKoli
C HazeMHbIMU Hab1r00eHuUamuU (1981-2023)

Kiaumat HOxnoro Ilpuapanbs KOHTUHEHTAJIBHBIN, MOCIEe BRICHIXaHUS APalbCKOTO MOPSI HA HOBOM
IYCTBIHHOM MECTHOCTU MOI Ha3BaHMEM ApalKyM METEOpPOJIOTUYECKME CTaHIIUM OTCYTCTBYIOT.
[ToaToMy mpOAYKTHI IMCTAHIIMOHHOTO 30HAMPOBAHNUS 1 pPeaHaIn3a CIyXKaT OCHOBHBIM UCTOYHUKOM
IIJIST OTIpeneIeHrs] KOJIMYECTBa 0CaIKoB B 3TOM pernoHe. O6naunble BerauciaeHnss GEE u mpomyKrsl
CHIRPS nis onpeneneHusT KOIMIECTBA OCAIKOB MOXHO CpPaBHUBATh M CTaTUCTUYECKU aHAJIM3H-
poBaTh ¢ TOYKHU 3peHus 3 GEKTUBHOCTU ¢ TaHHBIMU Ha3eMHBIX HaOMoaeHui. JlaHHbBIe 00 ocagkax
CHIRPS 6butM M3y4eHBI ¢ MCITOJIb30BAHUEM HECKOIBKMX CTATUCTUUECKUX METOIOB M YCTAaHOB-
JICHO, YTO JOJITOCPOYHBIC T'OMOBBIC M CE30HHBIE TEHICHIIMUA OCAAKOB COOTBETCTBYIOT HAa3eMHBIM
HaOIIOICHUSIM.

Cratuctuueckuii aHaims3 nokaswiBaeT, uto CHIRPS nMeer 0ojiee HU3KUE cHUCTEMATUYECKUE
CMEIIeHUsT U OIIMOKM IIPOCTPAHCTBEHHOIrO pacmpeneieHus. ['omoBble, Ce30HHBIE WM MECSYHBIC
TpeHnbl ¢ 1981 mo 2023 1. XopoI1110 0TpaXaroT TaHHbIE HA36MHOI CTaHIIUH.

BnusHue usmeHeHul Koiu4ecmea ocaokoe Ha pe2uoHaJiIbHYO OKpyXarowyro cpeay

O4YeBUIHO, YTO M3MEHEHUSI B KOJIMYECTBE OCAIKOB OYyIyT MMETb 3HAYMTEIIbHBbIE 3KOJOIMYECKUE
U COLMAJIbHO-3KOHOMMYECKHUE MOCIEICTBUSI, 0COOeHHO Ha paBHMHAX KOxHoro [Tpuapanbs.

3a mocaemHue HecKonbKo mecsatwietuit (1979—2023) nacenenue KapaxkanmakcTaHa yBeIudu-
Jock B 2,1 paza — ¢ 0,9 mo 1,9 MJIH 4eoBeK, Ipu TeMIlax npupocta B 11 %, 4To BbIILIE CPEIHErO
MMpOBOro mokasarejsi. [IpuBenéHHBIE 37eCh BpeMEHHBIC 3aKOHOMEPHOCTU BBINAJACHUS OCAIKOB
YKa3bIBAIOT HA TO, YTO HACEJIEHUE YXKE CTOJKHYJIOCH C OOIbIIMMU TPYIHOCTIMU B 3TOM OTHOILICHUH,
a B OynoyleM OyzmeT cTaikuBaThesl Be€ yaiie. [Toutn 60 % HaceneHUs] perMoHa 3aHATO B CEIbCKOM
XO3SIMCTBE, MEJIKUM MPOU3BOACTBOM U IMO3TOMY MOJHOCTBIO 3aBUCUT OT BOOOCHAOXKECHUS U3 PEKU
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AMy,I[apr/I. PanHue BeceHHME OCagKU UMEIOT peiarmee 3Ha4YCHUC JId YCIICITHOTO pa3BUTHUA I1aCT-
OMIIIHOTO KMBOTHOBOJICTBA.

BbiBOAbI

OCHOBHOI1 1IeJIbI0 JTAaHHOTO MCCAeA0BaHUs ObUIa OLIEHKA IIPOCTPAaHCTBEHHO-BPEMEHHON TMHAMUKU
ocankoB mis perruoHa KOxwnoro I1puapanbst B mepuon ¢ 1981 mo 2023 1. ¢ MCoIb30BaHUEM KaK TaH-
HBIX 00 OcamKax in sifu, TaK M JaHHBIX C ceTKoi. HemapameTpuyeckme CTaTUCTUYSCKNME MHICKCHI
MIPUMCHSUINCh B COYETAaHMU C IIepedoBoii BeO-IutatdopMoii obiauHbix BeraucieHuin (GEE).
B HacTosmmem mcciiemoBaHUM aneKBaTHO MCITOJIB3YIOTCS IIPIIIOKEHUS OOJBIINX TaHHBIX C IIPHUME-
HenreM matdopmbl GEE, a Taxke sg3bIka mporpammupoBanusg MatLab (Python) mrg onmmcanus
MOHOTOHHOTO TPeHa JAaHHBIX C CETKOI M HaOmMomaeMbIX TaHHBIX. OCHOBHBIC BBIBOIBI MCCIICAOBA-
HUSI MOXHO PEe3IOMUPOBATh CIIEAYIOIIM 00pa30M.

Hacrosiee nccnenoBanmne ga€T BCECTOPOHHEE MIOHUMaHUE JOJATOCPOYHOM TeHASHIINN HAOIIO-
IlaeMbIX OCagKOB BMeCTe ¢ HabopamMu HAaHHBIX peaHann3a. CTaTHCTUYECKME MHIEKCHI ITOKAa3alu,
yro maHHble CHIRPS mMeroT xopolryio mpoayKTUBHOCTh M TOYHOCTh II0 CPaBHEHUIO C JAaHHBIMU
HaOmoneHuit. I1poayKThl ¢ CeTKOI JaHHBIX 3aUKCUPOBAIN CTAaTUCTUYCCKHU 3HAYMMBIC TeHIACHIIAN
ymeHbineHus (Kynrpanm) u yBenmuenus (2Kacnplk) KonmdectBa ocagkoB ¢ 1981 mo 2023 r. HabGop
CHIRPS 1moka3zan aHaJOTMYHYIO TEHICHIIMIO, COOTBETCTBYIOIIYIO NAHHBIM CTAHLMMU, B CpPeIHEM
—0,2 MM 0ocagkoB 3a gecaTwieTue (MakcuMyM —3,8 MM/IeCSTIIeTHE) 32 N3yYaeMbIii IIEPHOI.

[loHnMaHMe MPOCTPAaHCTBEHHBIX M BPEMEHHBIX 3aKOHOMEPHOCTEH, TEHICHIINI OCAaIKOB B peru-
oHe IOxHoro [Ipuapanbst ocTa€Tcs CIOXKHOM 3agaveil BCISACTBUE YCIOBUI pe3KOr0 KOHTMHEHTAJIb-
HOTO KJIMMaTa, HU3KOro IIPOCTPAHCTBEHHOIO MOHUTOPHMHTA M3-3a OTCYTCTBUS CTaHIIMII Ha 00COX-
mreM mHe Mopsi. IlpoaykThl maHHBIX peaHaan3a Beicokoro paspemeHus (CHIRPS) moxHo aHanm3u-
pOBaTh C IIOMOIIIBIO 00JIee MOIITHBIX COBPEMEHHBIX ITPMITOKEHUI 00IaUHBIX BEIYMCISHUH, TAKIX KaK
GEE, u mpenocTaBIsaTh IEHHYIO MHGOPMAIIUIO O TMHAMUKE 0CaIKOB B PETHOHE.
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Analysis of long-term precipitation trends
in the Southern Aral Sea region

S. B. Kalabaev 1’2, F.Ya. Artikovaz, B.E. Adenbaev>
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E-mail: salauat.kalabaev@gmail.com

2 Mirzo Ulugbek National University of Uzbekistan, Tashkent 100174, Uzbekistan

Global climate change and desiccation of the Aral Sea significantly affect both the dynamics and
spatial distribution of precipitation in the Southern Aral Sea region, leading to ecosystem destabili-
zation. This study analyzes spatial and temporal trends as well as the variability of annual, seasonal,
and monthly precipitation in the Southern Aral Sea region, using meteorological station observations
and gridded satellite datasets. Monthly precipitation data for the period 1981—-2023 were obtained from
the archival records of the Agency of Hydrometeorological Services of Uzbekistan (Uzhydromet) and,
together with the grid products of daily precipitation, they were used to establish temporal changes
and spatial distributions in the Southern Aral Sea region. Analysis of precipitation measurements at
weather stations has shown that the Southern Aral Sea region has an annual downward trend in pre-
cipitation between 1981 and 2023, by an average of 7 mm per decade. Gridded precipitation data
were obtained from CHIRPS (Climate Hazards Group InfraRed Precipitation with Station) and
PERSIANN-CDR (Precipitation Estimation from Remotely Sensed Information using Artificial
Neural Networks — Climate Data Record). By utilizing the analytical capabilities of GEE (Google
Earth Engine), we compared the spatial and temporal patterns of observed and remotely sensed pre-
cipitation data and demonstrate that remote sensing products can be reliably used in inaccessible areas
where there are no weather stations. The main findings of this study indicate that CHIRPS-modeled
precipitation shows a decrease in annual and seasonal precipitation by 1.73 and 1.0 mm respectively
between 1981 and 2023, while ground-based observations indicate reductions of 8.8 and 2.5 mm.
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