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AnHotamusi: Maxorada MODIS kop Konaamu OUHAMUKACU MABIYMOMAAPU ACOCUOd MOE
oapénapunune secemayusi 0A8pU OKUMUHYU V30K MyO00amau npoeHo3iaw umxkonusmiapu ITluckom oapécu
muconuda ypeanunean. Muoa macoghadan sononraw — MODIS maviymomaapu 6yiiuya xucoonanean Kop
KONIamu UHOEKCU KYPCAMmKUULApU ACOCUOA NPOCHOZNAUWIHUHE pecpeccusi MeH2AaMAnapy my3uiead 6a
Tuckom oapécu eecemayus 0aspu OKUMU HPOSHO3U amanea owiupuiean. llpoenosnapuune y3uHu oxnaui
oapasicacu 8a camapadopaucu Kaoyn KUIUHeAH mMypiu Me30Haap OViuia 6axoianeaH.

Kanur cy3nap: dapé oxumu, oxum npocHosu, eecemayusi 0aspu, macogadan 30HONAUL, KOD
kKonaamu, Kop koniamu uuoexcu, MODIS, peepeccuss meneramacu, npocnos camapaodopaueu, NSE,
HUCOULL XAMOMUK.

Kupunr. Masaymxn, Ypra Ocué Xyaymuaa acocuii CyB pecypciapd TOF Japéaapu
OKMMH XMcOoOIaHuO, yJaap MUHTaKa OYyitnad HoTekuc TakcumiaHrad. Tor mapémapu XaB3aHUHT
IOKOpHM KUCMUJA MIAKJUTAHTaH KOp Ba MY3JHKJap xucobwura tyiimHaau xamaa yHuHr 80% raua
OKMMH  amnpeib-aBrycT OWllapura TYFpu Kenaau. Bereranuss jaBpuja UKTUCOIUET
TapMOKJIapu(3HEPreTHKa, KUIUIOK XY)KaJUIH, CYB XY)KaJUTM)HUHI CyBra OYiran iokopu
TanabuaaH Keiaubd 4YMKKaH XOJiJa, XaB3aja IAK/UIAHUMUIM MYMKHUH OYiaran aapénap OKMMHUHU
IIPOrHO3/IAll MacajajJlapy KaTTa axaMusarra sra. XaB3aHMHI IOKOPM KMCMHJA IIAKJIJIAHraH KOop
KOTJIAMU MabIIyMOTIApUAaH qapé OKUMUHU MTPOTrHO3aNIa (orJamaHul HMKOHHUSITH MaBxKYy/I.

Tor xaB3amapyga KOp 3axXUpacd MabIyMOTJAapUHU AHUKIAIL  EFUHTAPYMIIMK
KypcaTKHWwiapd XamJa KOp KOIUIAMHHHM YPraHWil MabIyMOTJIApura MyBOQHK amaira
ommpunanu. Tornapaa Kop KOIJIAMUHUHI HOTEKHC IIAKJJIAHWINM, OadaHANMK Ba €HOaruprap
Oyiina® Kop 3axWpaJapUHUHT KaTTa Y3rapyBuaHiaurd Tydalnu OanaHIIMK 30HANapu y4yH
IIaKJIJTAaHTaH CyB 3aXupallapiuHu OYTYH XaB3ara HHcOaTaH XUcCOOJallIap IOKOPU aHUKJINKKA 3Ta
smac. bupok, Oanana Torim Xyayajgap ydyH OyHAal MablyMOTJIapHH OJIMII OMpPO3 MYpPaKkaol.
Okopu Oananymkiapaa >KOHJAIraH METEOPOJOTHK CTaHLMsIIapAa CyTKa JaBOMHAA KOp
KaJIMHJIUTH Ym4a® Oopwica-ga, ymOy MabIyMOTHHM YMYMHI XaB3a MalJOHHM YYyH KyJUlall
Xpcobanuiapia MyaisH ueTnamuinmiapra om0 kemaau. Jlap€ xaB3acuia MIakiIJIaHTaH KoOp
KOTJIaMHU XaKHJa MabJIyMOTJap eTapii OyiMarad xoiapia EpHUHT cyHBMI HYIAOLIIN OpKaiu
OJIMHIAaH MabJIyMOTJIAp IIAK/UIAHAJUIAaH OKUM MUKJIOPMHM AaHUKIAIl Ba YHIAH caMapalu
(o¥ifanaHNI UMKOHUSTIAPUHHU SpaTau.

Tankukor o0bekTH. [luckom nmapécm xar3acu FapOuii Tsumanauar Tamac OnatoBu
xamaa Iluckom, MalionTon, YroM TH3Manapu opanufuja sxoinamrad. Jlapé yHr TomonaaH
MaliIoOHTOJl TH3MACHHUHT IIMMOJIMK EHOarpuaa >KOMJIAIraH KHYMK KyJaaH OoIljaHaauraH
MaiigonTon Ba yam TomMoHAaH [IMckoM TH3MacHHUHT mmUMonu-Fapouii €éubarpuaa LlloBypcoii
HOMHM OwmiyaH OonutanyBud OWravHr JapélapuHUAHT KeauO KYIIWIMIIHAAH XOCHJI OYJaau

[ynb, Mamparos, 1969]. Iluckom mapéch XaB3aCHHHHT yMyMmii MaiimoHnm 2840 km’,
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y3ynimuru 70 kM 0ynub, nenrus carxugan Oamanamuru 760 m man 4400 M ra xajgap Typiau
nanamadT 30HamapuHu Kampad osaau (1-pacm).

[Tuckom nap&cuHuHT Mysiana mocTuaard Kyn HUuMK yprada cyB caphu 77,8 M°/c HE
TalKWa dTaad. Mkku paBp Oyiuya CoOAMINTHpUIITaHia MHWUIMK ypradya cyB capdu
1961-1990 iinmiapaa 78,5 M°/c HE Tamkun ortrad 6ynca, 1991-2020 inmiapga Gy Kuiimar
Kamaiin6, 74,3 m’/c ra Tenr Gymran. Ypra xucoGna MHLIMK OKUMHHUHT 42-46 (ousH ampenb-
HIoHb oinapuaa, 36-40 dousu 3ca HrOIb-CEHTIOPH oiyapura Tyrpu Kenaau. [Tuckom Yupyumk
JTapECHHUHT SHT HUPUK WKKHHYUM UpMOru O0ynu0, YopBOK cyB omOopura ¥y3 CyBIQpHHHU
KeNTUPHUO Kysiau. X0o3upa JapEHUHT Kyin KucMuaa Xaxmu S11 muH. M’ O6ynran cyB oMOOpH Ba
kyBBaty 400 MBT ra tenr 6yiran I'DC kypunumm OonuiaHra.

Balandlik, m

0510 20 30 4ok =Max:4375
B Min : 858

1-pacm. ITuckom napécu XaB3aCMHMHI reorpauk Ko amm
Puc. 1. I'eorpadguueckoe noso:xenune 6acceitna pexu Ilckem
Fig. 1. Geographical location of Pskem River basin

bupaamun mMabayMmotiap. Xo3upaa CyHbHH HyIgomuiap opkaiud onub OopuiiaguraH
KaTTa MacmTabJard MOHUTOPUHT TapKHOMIa KOp KOIUIaMH Oyinda XaM Ky3aTyBliap MaBXkyI.
Kop cuptunuHr rokopu anb0enora sraiuru cababiii yHHHT TaCBHpH OOIIKa CHpTiIapra HucoaTaH
IOKOPH aHMKJIMKKA 3ra.

Epunar TERRA Ba AQUA cywsmii iynpomutapura ypuatuaran MODIS (Moderate
Resolution Imaging Spectroradiometer) criekTpopaaiMOMeTpu CyTKa JAaBOMHUJA 2 MapTa TacBHUpP
onaau [Riggs, Hall, 2011]. TacBup 500x500 M aHUKIHMKAA KOWHUHT KOp OMJIaH KOIUIAHTaHIUTU
xakuga MabiaymoT Oepamu [Gafurov, Bardossy, 2009; Gafurov et al, 2015]. MODIS
MabJIyMOTIapy TAaAKUKOTYMIAD TOMOHMIAH AYHEHUHT TYpJIU XyAYAJIapu Y4yH CHHOBIAH
VTKazuiaran Ba WXoOMM HaTmka Oepran. TacBup MabIyMOTIApUHHM TYFpUIAH-TYFpU
KYJUIAIIIHAHT aCOCHW KaMYIJIMTH OyJyT OWIlaH KOIUIAHTAHJIMK XOJAaTH XucoOJiaHamu. bupok,
MODSNOW-Tools nactypu opkamu Oy MyaMMOHH Xaj 3THII MyMKHH. JlacTyp aBTOMAaTHK
Tap3aa 8 6ockuuga OyayT KOIUIAMHUHM TACBHPJAH OO TalUIAWAM Ba €p CHPTHAA KOP KOIUIAMH
MaBXyZ €KM MaBXyJ SMacIMrd Xakuaa Mabiaymor Oepaau [Gafurov et al, 2016]. Bymnyt

64



['unpomereoposiorusi Ba aTpo-MyXUT MOHUTOPHUHTH Ne 3, 2022

Kortamu omrHraa MODSNOW kop Koriamu XapuTaJapUHHHT aHUKIUMTH Mapkaszuii O cuéHnHT
Kopamapé xaB3acupma ypranwiran Ba ypraua 94% anukinukka spuinuirad [Kamanmukosa,
["adypos, 2017].

TagkukoT ycy/uiapu. Kop Komiamu xakujard MabiyMoTjiap VpTa Ocué napénapuHUHT
CYBJIWJIMTMHU MPOTHO3 KUJIMII YYYH XaM KYJUIAaHWIAIM XaMJa XyAyA1a MaBCYMUU KOp KOIUIAMU
3axypaliapu gapénap OKUMUHM MIAKJUIAHUIIUIA Xald KAJyBYM POl YHHAUIM.

Japé€ OKMMMHH MPOrHO3 KUJIMII YYYH CYHBUH HYIAOII MabJIyMOTJApU acocujia Kop
KOIUIaMH MabJIyMOTIapuaH OupuHUYM MapTa (oijananunn UMKoHusTH 1977 #unma A.Panro
TomoHuan wucbornanradn [Rango et al, 1977]. MODIS TacBupnapu Kop KoOmjaamu
MabIyMOT/IAPHAAH THAPOJOTHK IIPOrHO3MapAa (oimamanumn 6yiuda TagkuKkoTmap Ypra Ocué
XyIdyauaard Oup HedTa WMpUK Ba ypTada mapé€ xazadapuaa ytkaswiarad. XXymmaman, H.Amen,
A.Fadypos, O.KananHukoBa Ba ssHa OMp KaHYa MyTaxaccuciaap TOMOHUAaH Oarkapuiran 0ymuo,
MKOOUI HaTHKanapra SpUILUITaH.

MODIS TacBupimapuHH acocuja XaB3aJard KOp KOIUIAMHUHUHI  MalJIOHUHH
XMCOOJaliIUral aJropuTMJiIap Xamja yHJAarud OyiyT KOIUIaMH TacBUPJIAPWHM OJNUO TallJoBUYU
MODSNOW-Tools pnacTypu spaTWIMIINM XaB3aJa HCTAJraH JaBp Yy4yH KOp KOIJIaMH
JUHAMHUKACUHUHT Y3rapuIIMHU YPraHuil HWMKOHUSTHHM spatau. Hatwkama kop KoIuiamu
Oyiiuya OJMHTaH MabIyMOTJIapJaH TypJid WIMHM-amManuii Makcaiiapaa (¢oiganaHul
MMKOHUSTHU Maiao 6yiuau.

Kaiita wnuianran Kop KOIUIaMHM XapuTacuJa XaB3a MaiJIoHM Typiau OayaH] UMK
30HAJIlApHra akKpaTuiaau Ba Xap Oup OanaHUIMK 30HACH Y4yH KOp Kormiamu Maiizonu — SCA
(Snow Cover Area) xucoOmananu. bynnma SCA wmyaiisH OanaHJJMK 30HajJa Kop OwiaH
KOIUTAHTaH MaUJOHHUHT YMYMHI MaiIOHTa HUCOATHHU YTyl XucoOuaa mhoJaJoBuu mapaMerp
xucobsanamy (2-pacm). Kop KonmjgaMUHUHI JaBOMHUIUIMIM Ba YHMHT Y3rapuiiu OuiaH gapé
okuMu Vpracuma Oormanunuiap Maexyn [Eric et al., 2016]. by ¥3 naBbatuma SCAHUHT
y3rapuim opkamu udomananaauran Kop kormtamu uHAekcn — SCI (Snow Cover Index)
MapamMeTpUHU Jap€ OKUMUHM MPOrHO3JAIIa KYJjaall MyMKUHIIUTUHU KYypcaTaau Ba y Kyruujaaru
dhopmyna OViinua XucoOnaHaIu:

n=365/366
SCI= Y SC4, (1)

n=1

0y epaa: SCI — kop koramu uHaekcu (Snow Cover Index), mporHo3 Ty3uigaaurad MyagaTradya
oynran naBp maBomuiuru; SCA — Kop Kortamu Maiinonu (Snow Cover Area), XaB3aHUHT Xap
KyHJIMK (ou3 MUKIOpHZa KOp OMJIaH KOIJIJaHTaH KUCMHU; nh — KyHuap conu [KanmamHukosa,
['agypos, 2017].

Bererauust maBpu OomnntaHMIIM OWJIaH XaB3aja Xapopar KyTapuinO, KOp KOIUIaMHu acTta
CEKHH 3pHil Oonuiaiian Ba Aap€ OKUMUHM IIAKJUIAHTUPHUO, Japéna TYJIMH CyB AaBpU OONLIaHAIH.
[Iuckom napécu xaB3acuaa 2001-2021 itmnnap opanuruaa KysaTwirad kyn cysiu (2002 iiwi) Ba
kaM cyBim (2021 iinn) inmmapaga MODIS taceupnapu Oyiinda Kop KOIJIaMH AMHAMHKACHHHHT
WWJUTMK OKUM TIAKJUIAHUIIUTA TAbCUPHU YPraHUIIIH.

Kyn cysmm 2002 #imunaa xaB3aja KOp KOIUIAaMHM JIaBOMUMIIMTU y30KPOK JaBOM 3TraH Ba
OKUM MUKIOpH xaM karta OymraH. Kam cyBmm 2021 #wmnma sca, akcMH4Ya, KOp KOILIAMH
JABOMUMIIMTH KUCKA XamJa TYJIUH CyB JIaBpH 3pTa Ba KaM MHUKJOpAa Ky3atuiras (3 -pacm).

Vpra Ocuéna ruapooruk HuiHHET Gomvnamuum cudatuaa 1 OKTA6ps canack KaGyim
KHJIMHTaH OYyu0, 1y gaBpiaaH Oomuniad gapé xaB3acuja HAMIIMK TYIJIaHA OONUIAMIH, SHHU KOP
KOIUTAMH IIAKJUIAHUIIKM OonuiaHaau. XaB3acMHUHT okopu Kucmu 4000 M gaH Oanann Oynrad
napénapna Oy Oupo3 AIpTapoK OonuIaHUIK MYMKHH. Jlap€ OKMMUHM MPOTHO3NAIIIA YHUHT
AHUKJIMK Japakacd IOKOpH OVynuimM y4yH KyOo XaJuld perpeccus TEHIJlaManapuiaH
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¢doiinanannnaau [['eopruesckuii, Illanoukun, 1987]. Maskyp nporxosnamr TeHrJamalapuHu
TY3WII YIyH Bereranus JaBpuaaru ypraua oismk cyB capdiapu Ba SCI, SCA ypracunaru xydpt
Koppemsinust ko3 unuenTaapu smnupuk udonanap Epnamuaa anukianrad [HwuszoB um p.,
2020]. IIporHo3nam TEHIJIAMACHHM TY3MILI Ba CaMapaJOpJIMTMHU Oaxonalyia Ky3aTuiraH CyB

capdu MabIIyMOTJIApUJIaH XaM (O TalaHUIIH.
SCA, %
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2-pacMm. [Inckom napécu xaB3acuaa Kop KOIUIaMu Maii/IOHMHUHT
O0ananIuK 30HAJapu Oyitnua y3rapumm (2001-2021 ifii.)

Puc. 2. U3meHeHNe IUIOMIAIH CHEKHOTO MOKPOBA 0acceiiHa
pexu Ilckem mo BoicoTHBIM 30Ham (2001-2021 rr.)

Fig. 2. Dynamic of snow cover area of Pskem River basin by elevation zones (2001-2021)
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3-pacm. [Iuckom gapécu xas3zacuaa kyn cysiau (2002 ii.) Ba kam cyBau (2021 i)
THAPOJIOTHK HHJLJIapaa OiJIMK CyB cap(uiapu Ba KOpP KOIJIAMH TAKCUMJIAHM LA
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Puc. 3. CpennmecsiuHuii pacxoa Bobl U JUHAMMKA IJIOLIAAH CHEKHOT0 MIOKPOBA
B MHOTOBOAHOM (2002 r.) u masioBogHoM (2021 r.) rogax B 6acceiina pexu Ilckem

Fig. 3. Average monthly water discharge and dynamic of snow cover area
in Pskem River basin on high water (2002) and low water (2021) years
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[Iporno3mam perpeccust TeHrnamanapuan Ttysuimmga SCI kuiimatimapu gapé€ XaBzacH
500 MerpiuKk OalaH/UIMK 30HAJIapra aXpaTUAH Ba Oy KuWMatiap OMJIaH ypTada OWJIMK CYB
capduiapu ypracunaru xxydt koppessnus KodpunueHTnapy anukiaaunau (1 -xaasai).

1-srcaosan
SCI Ba ITuckoM gapécu oiliuk ypraua cys capguapu ypracuaaru
Ky(PT Koppeasuusa Kod3pGuureHTIapH
Taonuua 1
Ko3dpduuuenrnl napuoii koppeasiuuu me:xxkay SCI u cpeaineMecsiYHbIMHU
pacxoaamu BoabI peku Ilckem

Table 1
Pairwise correlation coefficients between SCI and mean
monthly water discharges of the Pskem River
Bananajauk 3oHanapu, M
876-1376 | 1376-1876 | 1876-2376 [2376-2876(2876-3376| 3376-3876 |3876-4376
Qn=f(SCl,y3) 0,169 0,290 0,443 0,565 0,558 0,535 0,556
Qv=f(SCl94) 0,284 0,386 0,379 0,391 0,322 0,273 0,300
Qvi=f(SCl,5) 0,140 0,307 0,509 0,676 0,624 0,490 0,446
Qvi=f(SCl, o) | 0,002 0,240 0,548 0,768 0,821 0,735 0,672
Qvin=f(SClyy7) | -0,155 0,105 0,431 0,617 0,684 0,658 0,609
Qix=f(SCl,y5) | =0,151 0,061 0,307 0,470 0,550 0,558 0,532
Quw-x=f(SClyo3)| 0,081 0,243 0,402 0,547 0,561 0,524 0,527
Qv.x=f(SClyy4) | 0,057 0,277 0,491 0,600 0,566 0,511 0,508

[IporHos;ami TeHrIamMadapHu TY3UII YY4YyH BEreTalus JaBpH ypTada OHJIMK CyB capdiapu
Ba SCA ypracuaaru xydt Koppessius KodpOUIHEeHTIapy XaM aHUKIaHau (2 -)KaBain).

2-o1ca0ea

SCA Ba [Iuckom napécu oisiuk YpTraua cyB capdJiapu ypracuaaru ;kyQT Koppeasimust
k03¢ puumeHTIAPH

Taonuua 2

Ko3dpuuuentnl napuoii koppeasiuun me:kay SCA u cpeaHeMecsIYHbBIMH
pacxoaamu Boabl peku Ilckem

Table 2
Pairwise correlation coefficients between SCA and average monthly water
discharges of the Pskem River
Bananaimk 3oHajgapu, M
876-1376 | 1376-1876 | 1876-2376 | 2376-2876 | 2876-3376 | 3376-3876 |3876-4376
Qn=f(SCA;) 0,095 0,102 0,277 0,204 0,105 0,099 0,100
Qv=f(SCA,) 0,246 0,379 0,379 0,360 0,355 0,242 -0,279
Qvi=f(SCAs) | -0,019 0,064 0,619 0,702 0,633 0,546 0,449
Qui=f(SCA¢) | 0,302 0,352 0,655 0,874 0,860 0,754 0,659
Qvini=f(SCA;) | -0,042 0,238 0,160 0,574 0,741 0,634 0,556
Qux=1f(SCAy) 0,495 0,432 0,451 0,304 -0,025 0,289 0,190
Quw.x=f(SCA;) | 0,126 0,178 0,332 0,231 0,095 0,086 0,088
Qvxi=f(SCAy) | 0,127 0,298 0,415 0,471 0,471 0,346 -0,026
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[Iporuosznam perpeccus TEHTIaMaJlapHHU TY3HINIA Jap€ OKUMHU MPOTHO3 KWJIMHAETTaH
aBBaJIrM OWIapAarv yprauya cyB capdu MabiymMoTIapuiaaH xam ¢doigananum mMyMkuH. [y
MakcaJijia OMJIMK ypTada cyB capdiapu opacujard Xyt Koppessus KodpPUIMCHTIApH XaM
aHuKIaHau (3-KkanBan).

3-arcaosan
ITuckom napécu oilyinkK ypraya cys cap.iapu ypracuaaru Kyt Koppeassuus
K03 puumeHTIapu
Tabauua 3
Ko3¢pdpunneHTs NapHOH KOPPEJSIIUA MEXKIY CPeIHeMeCIYHbIMHU
pacxogamu Boabl pexku Ilckem
Table 3

Pairwise correlation coefficients between mean monthly water discharges
of the Pskem River

Qu Qu | Qv Qv Qvi | Qv | Qvii | Qix | Qivax | Qvax
Qu 0,618 | 0,413 | 0,530 | 0,393 | 0,359 | 0,447 | 0,438 | 0,495 | 0,477
Qm 0,618 0,581 |1 0,495 | 0,418 | 0,261 | 0,182 | 0,239 | 0,438 | 0,388
Qv 0,413 | 0,581 0,586 | 0,483 | 0,475 | 0,347 | 0,411 | 0,638 | 0,542
Qv 0,530 | 0,495 | 0,586 0,706 | 0,529 | 0,444 | 0,548 | 0,772 | 0,752
Qui 0,393 | 0,418 | 0,483 | 0,706 0,807 | 0,666 | 0,662 | 0,924 | 0,934
Qwvn 0,359 | 0,261 | 0,475 | 0,529 | 0,807 0,843 | 0,775 | 0,918 | 0,929
Qvn 0,447 10,182 | 0,347 | 0,444 | 0,666 | 0,843 0,840 | 0,816 | 0,837
Qix 0,438 | 0,239 | 0,411 | 0,548 | 0,662 | 0,775 | 0,840 0,810 | 0,821
Qivax | 0,495 | 0,438 | 0,638 | 0,772 | 0,924 | 0,918 | 0,816 | 0,810 0,993
Qvax | 0,477 0,388 | 0,542 | 0,752 | 0,934 | 0,929 | 0,837 | 0,821 | 0,993

IOxopunaru smnupuk dopmynanap €paamuna KOp KOIULIAMHUHUHI Jap€ OKuUMUTra
OOFIUKJIUTY TCKUIMPWIIN Ba SKy(QT Koppensius KodhQUIHEHTIApUHUHT I0OKOPH KUWMaTIapu
TaHnad oauHMO, yJaap acocuia MPOTHO3MALI PErpeccusi TEHIVIAMACUHUHT YMyMUH HdoTacuHu
xocun ke mymkuH [Eric et al., 2016]:

Qr=a*SCln-1)H1-2ytb* Q1+ *SCAn-1)+d (2)

Oy epna: SClyi-H2)-IPOrHO3 KMJIMHAIUTAaH oirada Oyiaran MyaaaT y4yH KOp KOIUIAMU HHIEKCH;
(Hy — Hy) — Gananymk 30HacH, M; Qn.1) — IPOTHO3 KWIMHAETTaH OWJaH OJIMHTH YpTada oMK
cyB cappu; SCA(,.1) — OKMMHU IIPOTHO3 KMJIMHAETTaH OJJUHTU OMHHMHI KOp KOILUIAMH MailoHU
ypraua kuiimatu [I'adypoB A. Ba 6omik., 2020; Huszos k. u ap., 2020].

[y 6unan Oupra, perpeccusi TeHTIamMalapuia OWIHMK ypraua cyB capdiapu opacujaaru
Ky(pT Koppemauus kodduuueHTIapuaal Keaud YMKKaH XoJj1a oimk yprada cyB capdiaapu
aifHaH OJNIMHTH OMHHHT YpTada cyB capdu smac, 6aaku OUp Heda ol OJIUHTHU YpTaya OHINK CYB
capduapugan xam ¢GoiganaHuI MyMKHH.

Acocuif HaTHIKAJIap Ba YJapHUHI Myxokamacu. Kyn Xomnapaa KMIILUIOK XY Kalaurd Ba
TUIpOIHEpreTKa KaOu CyB HMCTEbMONUMIIAPUHU Y30K MYAJATIM Aap€ OKUMHU IPOrHO3JIapH
KM3uKTUpaau. Bererauus naBpuparu nap€ OKMMHHU Y30K MYJJIATIM MPOrHO3JIAII TMAPOJIOTUK
IOPOTHO3JIAPHUHI  Mypakka® MacamamapuyiaH Oupu  xucoOmaHagu. TaaKuKOT — HIIMaa
1-3-xanBaylap MabJIyMOTIApU acoCHaa HOKOpH Xy(hT Koppesuus KodhduuueHTIapuaaH
doiinananran xoj1a NPOrHO3JAIl perpeccust TeHraamaiaapu Ty3wigu. MODISHuHr Mapr oitn
OXMpPUJATr¥ KOp KOIJIJAaMH MabJIyMOTJIapy aCOCH/JAa BEreTalus JaBpuaaru xap oup o Ba yMymui
JaBplard yprada cyB capdu opacuia XxaMm KOppessuoH OOFaHUIIIAp MaBXyATUTH aHUKJIAHIH
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Ba Oy MabiayMoTiap/an doiinanaHrad xoija BereTaluus JaBpujaaru xap oup ol Ba yMmymuii 1aBp
Y4yH MPOrHO3/1all TeHIIaMalapy Ty3UJIJIH .

['maponoruk MpOrHO3MAPHUHT 3HT ACOCHM KMXATH — YJIAPHU Y3UHU OKJIAll Jlapakacu
xucobsaHaau. by aca ¥3 HaBOaTH/1a IPOrHo3iamaa KyJUIaHWIraH yCyJUIapHU caMapajaopiiirura
oormukaup [BaitHoBckmii, ['yctoeB, 2019]. IIporHo3nam yCyJaMHHHT camapaaopiurvuHu
Oaxonamga OuMp KaHya ycyJuiapaaH ¢oinananuim MyMKuH. [IporHos3nap camapalopiiMrdHu
Oaxosaiga Kyduaaru CTaTUCTUK KypcaTkudiapaaH (oiaanaHuiau:

1) xydT Koppensanus KodpHUIueHTH;

2) camapaaopiiuK Me30HHU (aOCOMIOT XaTONMKJIAPHUHI YpTaua KBAJPAaTUK XaTOJUIH —
S/o);

3) HucoOuit xaronuk — E, %;

4) Hemi-Catkmudd me3onm — NSE (Nush Sutcliff effeciency).

1. XKyt xoppensuus xkodpPUIHEHTH HKKHA Y3rapyBud YpTacuIard TYFPH UYU3HKIN
OOFJIAaHUIIHU aKC 3TTUpagu. bu3 Ky3aTuiaran Ba NMpPOTrHO3 KHJIMHTAH CyB capdiapu opacugaru
TYFpPU YM3UKIM OOFJIAHUIIHM XaM aHUKIaIuK. by XxaMm ¥3 HaBOaTtua Ty3WJraH MpOTrHO3IapHUHT
XaKUKUH KHAMaTiapra KaHYaJIuK SIKWH SKaHJIUTUHA udomanai omaam:

X nQi-ef-ah
= it
VEL, (Q-@)2.31 (QF-ah)2 3

R

Oy epma: Q; — Kysatuiran cys caphu; Q. — IPOrHo3 KuImHraH cys capdu; O — Ky3aTHiraH Cys

capdmapuHUHET Yprada apupMeTHK KuitmaTti; (Q° — NPOrHO3 KUIMHTAH CyB capdIapHHEHT

Vpraua apudmernk kuiimatn [Biondi et al, 2012]. XXydrt xoppemsius kodpduiueHTn
kuiimaTiapu O Ba 1 opanuruaa y3rapaau Ba KyWuaaru Me3oH Oyinda 6axonananu (4-xaaBan).

4-acaosan
Kydt xoppeasiuus kod3pPpumueHTH 6axoaam Me30HIaAPH
Tabnuua 4
MMoka3zarenu kpurepus d3PpPekTUBHOCTH
Table 4

Criteria of pairwise correlation coefficients

Kyna roxopu IOxopu Ypraua Kyucus Kyna kydcus
0,9>P>0,7 0,7>P>0,5

2. T'uaponoruk MpOrHO3MAIl YCYIU EKH YCIYOMHHMHT CaMapaluiiurd Me30HH — S/G
Kyluaru4ya aHuKJIaHaIx.
[Manposioruk mporao3iap abCoMOT XaTOMMKIAPUHHUHT ypTaya KBaapaTin GapKu

¢ [Fo-0’y @
n

6y epma: Q — KysaTWIraH THIPONOTHK KaTTaimk; QF — Gamopar KHIMHTAH THAPOIOTHK
kaTtaauk. [IporHo3  KuaMHAETraH THUIPOJIOTMK  KAaTTAJMKHUHT  aMaija  Ky3aTWIraH
MUKJIOPJIAPUHUHT YpTaua KBaapaTiu (hapku XucoOaaHaau:
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o= ’Z(Q_Q)z (5)
n

udponana O — NporHo3 KWIMHAETTaH KATTAJIMKHUHT Ky3aTHIraH Kuimatinapu; () — Ky3aTHIraH

KMMMaTIapaH TallKWI TONTaH KAaTOPHUHT Yyprada apudMeTuk Kuiimatu [['eoprueBckuid,
[[Tanoukun, 1987].

[y HucOaTHUHT KuiMaTUra OOFIMK XOJ/Ia TMAPOJOTMK MPOTHO3JALI YCYyJH KyHuIaru
cudaTt KypcaTKUWIapy MPOTHO3 KHIMHAJWTaH KAaTopilap COHWUTa OOFIHMK Xojna Kyhuaarmda
OGaxonaHaau (5-kaaBan).

3. HucOwmii XaToJUMK ME30HM IPOTHO3 KUJIMHTAH KATTAIMKHUHT Ky3aTHJITaH KaTTaJuKIaH
(dapkuau ¢ou3 HucOaTma dYETNAMINMMHU Hoataan Ba Kyhugarm wudoma Epmammma
XHUCOOIaHAIN:

E=2 =2 100% (6)
&)

6y epna: Q — KysaTunran cys capu Kuitmatn; Q° — MPOTrHO3 KMIMHTaH CyB capdu KuiimMaTH
[["eopruesckuii, [llanoukun, 1987].

5-acaosan

CamapajlWwiIuK Me30HH KYPCATKUYIapu
Tabauua 5

IMokazarenu kpurepusi 3PPeKTUBHOCTH
Table 5

Indicators of effeciency criteria

Karopnap conu SAxum Konukapau Konukapcus
n<l15 0,40<S/c <0,70
15<n<25 0,45<S/c <0,75
n>25 0,50<S/6 <0,80

4. Hem-Catxmudd wme3onm (Nash-Sutcliffe efficiency) xopmwkna rumposoruk
Xpco0anuiap Ba MOJEIUIAIITHPHINIA KEHT (oiiaTaHuaauran Me30oH XpcoOiaHaau. Maskyp
KYypcaTKW4 IIPOrHO3 KWJIMHIaH Ba Ky3aTWIraH KUHMaTIapHH TaKKOCJAIl TaMOWMIMTa

acociianran OymuO, y kydugaru udona épmamuna xucoodmnanaau [Biondi et al., 2012; Nahat,
2015].

> ©"-0)

NSE =1- =
> © -0

(7

Oy epaa: Q — Ky3aTuirad cyB cappu KHiMaTH; Q" — nporHo3 KuIHHTaH cyB caphu KuitmaTu;
Q - xy3atuiran cyB capdu KUAMATIapuHUHT ypraya apudmeruk kuitmatu [Nahat, 2015].
YuuHr kuiimatinapu -1 Ba 1 opanukna y3rapaau Ba Kyhiugaruda 6axosianaau (6->kaasain).

['mpponoruk mporHoziap Oyinua KyjulaHMara acocaH THJAPOJIOTUK MPOTHO3JaApPHUHT
TYFpU YMKKAHIUTH XaKHJAard XyJjoca IPOTHO3HHUHI aO0COJIOT XaTouurd (0) OwimaH Wy
KYWHIIMIIM MYMKHH OYJIraH XaTOJNMK (Oy)HH COJMINTHPHUIIN OPKAJIM aMalira OIIUpHIaand. Arap
06, maprtu Oaxkapuica, Oeprirad MPOTHO3 TYFPU YUKKAH, aKC XOJIa, SbHUA 0>0, OynraHma sca
HOTYFpU XucoOJiaHaIu. ['MIPOJOTrUK MPOTHO3HUHT WY KYWMJIMIIK MyMKUH OVJIraH XaTOJHUTH
(0y) 2ca Kylinnaruya anukiaaHaau: o= 0,674c.
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6-xrcadsan
Hem-Carkiand ¢ me3onn 0yiinda 6axonam KypcaTKu4wiapu
Tabnuua 6
IMapameTps! onenku no kpurepuo Hema-Carkiangda
Table 6
Evaluation parameters according to the Nash-Sutcliffe criterion

Kyna axumm Axmu Konuxkapiu Konukapcus
0,65<NSE<0,75 0,50<NSE<0,65 NSE=0,50
-0,65>NSE>-0,75 -0,50>NSE>-0,65 NSE=>-0,50

[IporHoznapHUHT Y3UHM OKIall aapaxkacu — P Hu xucoOnamga Wyn KYyHUIUIIN MyMKUH
OynraH xaToJMKKaya OYiraH yeTIallMIulap XUcoOJaHTaH MPOrHO3JIAPHM Y3WHHU OKJaras, 1ed
KaOyJ1 KWINHAIH:

P=".100% ®)
n

Oy epna: m — TYFpu YMKKAH ITPOTHO3JIAp COHU; # — YMYMHUN NPOTHO3Jap COHU [l €OoprueBCcKuid,
[Hanoukun, 1987]. [IpornoznapHuHr y3unu oxyamu ¢ousiapaa udoaamaHud, MPOrHo3IapHUHT
MyJIaThra OOFJIMK X0JIa Kyiuaarnda 6axonanamu (7 -kaaBai).

7-ncaosan
[IporHo3apHUHT Y3MHM OKJIANI JapasKacura Kkypa 6axoJam KypcaTKu4/japu
Tabnuua 7
IMapameTpshl OlleHKU MPOTHO30B MO ONPABAbLIBAEMOCTH
Table 7
Evaluation parameters according to forecast success rate
Kucka myanatiu nporaosnap V30K My1aT/Ii IPOTHO3J1ap
Asno [ [ [
SAxum 87 <R <93 84 <R <90
Konukapau 80 <R <87 75 <R <84
Konukapcus R <80 R<75

MODSNOW MabJiyMOT/Iapy acocujia XHCOOJIAHTaH KOp KOIJaMu WHAEKCH OYinda
nporuo3iam ycymdaaH ¢ovigamann6 2001-2021 ¥ummap fgaBpu OVitmua  y30K MyJIAaTiIiv
MPOTrHO3Jap ABHU, OYTYH BereTaus AaBpW Ba YHAArd Xap OUp ol y4yH MpOrHO3Nap TY3HJIIH.
[TporHoznmam gactiab Bereramusi AaBpy OONUIAHWIIMIAH OJJAMHTU (MapT OWM OXHPHUIATH)
MabIyMOTIapra acoCJIAaHTaH XOJjia Oa)Kapuiiau, MPOTHO3JIAP Ky3aTWIraH XaKUKUW KHiiMaTiap
OWIaH TaKKOCIaHMO MPOTHO3JAI YCYJMHUHT CaMapaJljurd IOKOPUAArd ME30HJap acocuia
aHUKJIaHU (8-)KamBan).

[IyHUHTIEK, MPOTrHO3JIAIl Xap OWJard SHrujaHTaH MabJiyMOTJapra acocJIaHTaH XoJjia
XaM Oakapwid Ba MPOTHO3JIAp Ky3aTWIraH XaKMKUH KuiMmaTiap OWJlaH TaKKOCJIaHUO,
MPOrHO3J1alI YCYJIMHUHT CaMapaIIMTU FOKOPUIArd ME30HIap acoCH1a aHUKIanu (9 -kaaBan).

XyJioca.

1. Tluckom mapécm ouauK Yypradya cyB capdiapu OyiiMua Ty3WiaraH MPOTHO3JIAIIT
perpeccusi TEHrjaMajapu CcaMapajopiurd Maid, HIOHb, HIOJb OMJIapyu y4yH IOKOpH OYyiau Ba
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MPOTHO3APHUHT Y3UHH OKJamm 62-95% Hu Tamkwn dtrad 0yica, GakaT mMapT oM oxupuIaru
MabJIyMOTIapAaH ¢oinananud Oaxxapuirad NporHo3napaa Y3uHU okjam aapaxacu 62-90% Hu
TALIKWJI T/IN.
8-arcaosan
MODSNOW MabayMOT/JIapH acOCHIA XMCOOJAHTAH KOP KONJIAMHU UHAEKCH
O0yin4a Ty3WJIraH NPOrHo3/iap caMapajop/auru
(MapT oiin oXupHIaru Kop KonjiaMu MabJayMOTJIapu 0yiinua)

Taoauua 8
¢ ¢peKTUBHOCTH MPOTHO30B HA 0CHOBE MH/IEKCA CHEKHOI'0 MOKPOBa,
paccuuTanHoro no fanabim MODSNOW
(M0 TaHHBIM 0 CHE:KHOM MOKPOBe HA KOHEIl MapTa)

Table 8
The effectiveness of forecasts based on the snow cover index calculated by MODSNOW
data (according to snow cover data at the end of March)

N Me3sonnap

Ojlsink mporuo3aap R | Slo |NSE|E. % P,%
Qiv=1,556SCl,0.32376-2876) 10,71 7Q3+1,203SCA32376-2876)7195,3 0,721 0,691 0,52 | 16,1 | 61,9
Qv=0,624SCl,0.302376.2876) 13,052Q,+0,825SC A3(1876.2376-60,4 0,74 | 0,67 0,55| 119|714

Qvi=2,289SCl, .32376-2876) 12,268Q512,398 SC A5 (187623767319, 1 0,82 | 0,58 | 0,67 | 8,6
Qui=2,863SCl10.30876.3376) T1,714Q3,+3,089SCA31876.2376452,3 0,74 | 0,67 | 0,55 | 13,9 | 76,2
Qui=1,39SClip32876-2376) 10,517Q3+1,287SCAs(1876-2376)-169,8 0,63 0,78 | 0,40 | 14.8 | 61,9
Qix=0,332SCl.33376-3876) T1,029Q5+0,375SCA3(1876.2376)-32,8 0,60 | 0,80 | 0,37 | 13,5 | 66,7

H3zo0x: R-oicypm  roppenayus kosgppuyuenmu, S/o-camapadopaux mezonu, NSE-Hewr Camrnugg
mesonu, E-nucouti xamonux, P-oxnanuwm, %
9-arcaosan
MODSNOW MabjaymMOT/Iapu aCOCHIA XUCOOJIAHTAH KOP KOILUIAMHM HHAEKCH
OyHun4a TY3WJraH NPOrHO3/1ap caMmapaiopauru
Tabnuya 9
¢ ¢eKTUBHOCTH MPOTHO30B HA OCHOBE HH/IEKCA CHEKHOT'0 MOKPOBA,
paccuuTanHoro no fanubix MODSNOW
Table 9
The effectiveness of forecasts based on the snow cover index calculated by
MODSNOW data

Mesonnap o
R | S/c [NSE| E, % P.%

OiisMk MporHosJap

Qnv=1,556SCl 3023762876 70,71 7Q511,203SCA32376-2876)F195,3 0,72 10,69 0,52 | 16,1 | 61,9

QVZO,SZGSCL0_4(2376_2376) +3,136Q2+0,573 SCA4(2376_2876)+14,8 0,79 0,61 0,62 8,2 66,7
QVI:O,O78 SCI]O-5(2376-2876) +1 ,138Q5+1 ,OSSCA4(2376_2876)+53,7 0,87 0,50 ‘ 8,9 81,0
Qvi=1,295S8Cl,o.62876-3376) 70,827Q6,+5,714SCA42876-337649,1 *
Quir=0,705SCl1g.702876.3376) 10,324Q71+2,41SCA300876.3376 73,2 0,83 | 0,56 | 0,68 | 11,6 | 76,2

Qux=0,156SCl1.533763576) +0,165Q549,032SCA 331763876 6,3 0,84 | 0,54 0,71] 9,8 | 81,0

Bererauusi 1aBpu y4yH Npor{o3s
(MapT oiin oXHpHAATH MABJIYMOTJIap 6Viinya)

Quvx=1,533SClg-32376-2876) T1,094Q5+1,657SCA;311876-2376212,6 0,80 { 0,60 [ 0,64 | 8,9 | 85,7

Maii-ceHTAOpH Oil1apH Y4YH MPOrHO3
(anpeJib oiiM OXUPHAATH MABLJIYMOTJIAP Oyiinya)

Qvax=1,5238Cl9.30876-3376) T1,17Q3+1,748 SCA301876.2376-216,1 0,88 10,48 |1 0,77| 7,8 | 85,7

H30x: R-oicygpm xoppensyus koapguyuenmu, S/o-camapadopaux mezonu, NSE- Hew Camxnughg
mesonu, E-nucouti xamonux, P-oxnanuwm, %
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2. Tyswiran perpeccusi TeHrinamanapu acocuaa 2001-2021 vumimap y4yH mporsosiap
Tal€praaHaM Ba MPOTHOZNAPHUHI CaMapaWiMTd TYpJd Me3oHIap E&paaMuna OaxolaHMH,
MPOrHO3IAPHUHT Y3UHU OKJIALI 1apakacu aHUKJIAH/H.

3. IluckoM JapECHMHUHI TYWMHMININMIA KOpP KOIUIAMMHHHI XHMCCACH KaTTa OYJTraHJIMIU
cababnu 0KOpHUAaryd MPOTrHO3JAll TCHIVIaMaJlapyuJaH WIMUN Ba aMauii MakcaJajiapaa, XycycaH,
napé€ OKMMHMHHM MPOrHo3naiaa GpoigantaHuil MyMKHH.

4. Jlap€ okuMHu OOLIKapyBHHHM ONTHMAJIJIAIITUPUILAA XyCycaH, napéna 6apno sTunaérran
cyB omOopu Ba ['DC daonmmarnan camapaiy TalIKWI YTHINAA, SKCTPEMall CyBIHM HIIDIapaa 3apyp
yopa TaadupIapHu KypuIlll Kabu Macaanap/a NpOrHO3JIapHUHT aXaMUSITH KyJa FOKOPH.

Myanaudaap xuccacu. JI.V. SIpameB: MeTOIOJOTHA, MAaKOJa MAaTHHHM G3HII,
rpauKIapHu SpaTHIl, MakKoJaHu pacMmuinamrtapunl. A.A. FadypoB: Maxoma Froscw,
MeTomonorus, paxboapmuk kwmml. A.A. FadypoB: MabIyMoOTIapHM WHFHIN, KaiTa HIIIIAII,
Maco(haBuii 30HTAII MabIyMOTIapy ycTuaa ummant. F.Y. YMup3akoB: MabiymoTnap durum,
KaiiTa unuiami, rpagukiapHu spaTuil. bapdya myammudaap Kyia€3MaHUHT HaMIpra TaépiaHraH
HIAKJIMHN YKUO YUKIMIap Ba Y3 pO3WINKIAPUHN OMIIINpaniIap.
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MMPOTHO3 CTOKA PEKH IICKEM HA BETETAIIMOHHBIN ITEPHOJ]
HA OCHOBE MOHHUTOPHUHTI' A CHEKHOT' O ITIOKPOBA
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AHHOTaunusl. B cmamve usyueHvl GO3IMOICHOCHU O0A20CPOYHO20 NPOSHOZUPOBAHUS CHOKA
2OPHBIX PEK 34 8eceMAYUOHHBIL NePUOO N0 OAHHLIM OUHAMUKY CHedcHo20 nokposa MODIS na npumepe
pexu Ilckem. B pabome paspabomamvi ypasHeHus pespeccuu NPOSHO3UPOBAHUS HA OCHOBE 3HAYEHUL
UHOEKCA CHEJCHO20 NOKPOBA, PACCHUMAHHBIX NO OAHHbIM OUCmanyuoHHo2o 30HOuposanus MODIS,
u npocHo3uposar cmok pexu llckem 3a eecemayuonuviii nepuod. Oyenena cmenensb onpagoblBAeMoCHi
U 3¢phexmurHoCmuU NPO2HO308 NO PAITUYHBIM NPUHAMBIM KPUMEPUSIM.

KiioueBble ca0Ba: peunoll cmox, NpocHO3 CHOKA, 6E2eMAYUOHHDBIL NEPUoo, OUCMAHYUOHHOE
30HOUPOBAHUE, CHEJNCHBILL NOKPO8, UHOEKC CHedcHo2o nokposa, MODIS, ypaenenue pezpeccuu,
aghgpexmusnocms npocroza, NSE, omrocumenvras owmoka.

FORECASTING RUNOFF OF PSKEM RIVER FOR VEGETATION PERIOD
BASED ON SNOW COVER MONITORING

D.U. YARASHEV!, A.A. GAFUROV?, A.A. GAFUROV?, G.U. UMIRZAKOV"*
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Abstract. The article studies possibilities of long-term forecasting of mountain river runoff for
vegetation period by using MODIS snow cover dynamics as an example Pskem River. In this work,
forecasting regression equations were developed based on snow cover index estimated by MODIS remote
sensing data, and the runoff of the Pskem River for vegetation period was predicted. Forecast
performance and efficiency was evaluated according to various accepted criteria.

Keywords: river runoff, runoff forecast, vegetation period, remote sensing, snow cover, SHow
cover index, MODIS, regression equation, performance criterion, NSE, relative error.
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UKJNM V3T APHIIAHUHT OXAHTAPOH JAPECH XAB3ACHIATH KOP
KOILJIAMM JMHAMHUKACHUT A TADCUPHU

b.2. HULIIOHOB!, K.K. MAXMYI[OB”, A.K. MAMAPAUMOB!
' 'unpomereoposorus WIMHA-TAIKUKOT HHCTUTYTH, jahongirmahmud@mail.ru

AnHotamusi: Maxonaoa Oxaneapon O0apé Xae3acuHuHe MO KUCMUOA Memeop OJI02UK
KYpcamxuunap 6a Kop KOWIAMU Y32apUuiapu OUHAMUKACY MAXAul KuluHean. Xaezaoaeu Jlykawm
memeoponoausi cmanyusicu 6a  Kawmuux xop kyuku cmanyusnapunune 1991-2020 dunnapoacu
MABIYMOMAAPYU TMAXTUTU HAMUNCACUOA YPMAYA TWLIUK XA60 XAPOPAMUHUHZ KYMAPUIAEMeaHIucU 6a
E2uMnap MUKOOPUHUHE KAMAEMeanaueu aHUKIAH2AH. XAG3aHUHZ MO KUCMUOA KOp KONLamiu
KVHIQpHUHEe Kamauub Oopaémeanaueu xysamuimoxoa. MODIS cynwvuii tynoowu MaviyMomiapuHu
MODSNOW-Tool oacmypuoa kauma uwuwnaw acocuoa 2000-2020 tunnapoa 31 mapm xoramuea Kop
KONIaMu MAUOOHUHUHE V32apuuiiapu KVpud YuKuieaH.

Kamut cy3nap: xop xonramu, xaeo xapopamu, ésunnap muxoopu, ukium yzeapuuiu, MODIS,
MODSNOW, Oxaneapon oapécu, 0apé xas3acu.

Kupum. [lynéna papénap CcyB OKMMHUHUHI XOCUJ OyiaMIIMAa MaBCyMHMH KOp
KOIJJAMUHUHT aXaMUATH KaTTa. 3aMOHABUU UKJIUM Y3rapuild MAPOUTUA CYHITH YH WHILTUKAA
Oyryn EBpocué O6¥iinad Kop KOIUIAMUHUHT MaWJIOHNapd Ba KOp OWIaH KOIUIAHTAHIIUK
JABPUHMHT JaBOMUNINIU CE3UJIApJU Japakajla Kuckapmokaa [Bropoii..., 2014]. Iy cababuu,
NyHENA KOp KOIJIAMU [MHAMUKACUHU YpraHull, KOp KOIUIAMH MalJOHMHHM XucoOnall
yCyJUIapUHM TAaKOMHJUIAIITHPUIITAa KaTTa 3bTHOOp KapaTuiMokna. JKymiiagaH, 4eT SJUIHK
A.B.IToropenos (2001), W.Immerzeel et al. (2010), J. Adam et al. (2009), [.D.Dobreva (2011);
A.G.Klein (2011), C.E.Woodcock (2014), W.W.Immerzeel et al. (2010) Ba Oomxka
TAAKUKOTYMIIAD TOMOHHUAAH HWKJIUM Y3rapuiid [MapoUTHAA KOp KOIUIAMH JHHAMUKACHUHHHT
Y3rapuluIapuHu TYpJH XaB3ajgap MUCOJIMAA YPraHWITaH.

Mabiymky, Y36eKHCTOH Ba yHra TyTam OyiraH TOFIM XyAyaiapia IAKIUIaHAAUraH
NAPENApHUHT acoCHil CyB MaHOaM KOpJNApHMHT SpHIIH XpcoGmaHaanm. Ypra Ocué Tor napé
XaB3aJapy  MHCOJHMJAa KOp KOIUIAaMM  JUHAMUKACH  Y3TapuIIMHU  TAJKUK  STHLIHU
TaKOMUJUTAIITHpUII Macananapu yrran acpHuHr 70-90-imnnapuna I'.E.I'maseipun, b.K.Ilapés,
M.U.I'etkep, B.H.lllamcytnuuos, E.I'.Kakypuna, ®.W.Ilepnurep Ba Oomka onmmiap
TOMOHHAAH yprauuiaran. CyHrru fimmnapaa Ypra Ocué MEHTAKacHaa KOp KOMIAMHUHH CYHBHIl
nynpom épmamuna Macodanan 3onpiania MODSNOW nacrypupan ¢oiigananummra karra
apTHOOp OepriMokaa [Mamaraimov et al., 2022]. IOkopuaa keaTHpuITraH TaJKUKOTIApaa
Oxanrapon napé xaB3acuJa HKIUM Y3rapuiid MIapouTHAA KOP KOIUJIAMUHMUHT Y3Tapuill
JUHAMHKACU YPraHUJIMAaraH.
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