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B pabote craBuimack 1eib, OLCHHTh KIMMAaTHYECKHE H3MEHEHHMS MHHHUMAIBHOTO CYTOYHOI'O CTOKA DPeK
CesepHoro IIproxoTomopss 3a neTHe-0ceHHUH nepuoa. Haumenbmue pacxossl BOJbL 3a IEPUOJ OTKPBITOIO
pycia MOryT HaOJIIoIaThCsl B JIIO00H JETHUI Mecsl], NPEeHMMYIIECTBEHHO BO BTOPOH IIOJIOBHHE JieTa. B ator
MEepUOJ] TIUTAaHHE PEK OCYIIECTBIIETCA, INIABHBIM 0Opa3oM 3a CYET PECypcOB BOJOHOCHOTO CE30HHO-TAJIOTO
ciost M TanukoB. CpaBHEHHE CPEIHEMHOTOJICTHUX 3HAYEHUH MOAYJIS MHUHHMAIBHOTO CYTOYHOTO pacxoja
BOJbI, paccuntanHbix A0 1980 r., u 3a mepuox 1981-2016 rr. mokasano, 4to cTok yBemudmics Ha 8-53 %.
YBenmuueHne MUHIMAIBHOTO CTOKA PEK B MEPBYIO o4epeb 00yCIOBIEHO POCTOM aTMOC(EpHBIX 0caakoB. Tak
CyMMa OCaJKOB 3a TPEeTHi KBapTaj 3a IMOCJIeIHHE JIecsATHieTus ypenuuumiack Ha 21 %. B cBsasu ¢
HNOTEIUICHUEM KJIUMAaTa YBEIMYMBAIOTCS MOIIHOCTb CE30HHO-TAJIOTO CJIO0S U pa3Mepbl TaJUKOB, a 3TO
NPUBOJUT K IOBBIIICHHUIO IMOJ3EMHOT0 CTOKa pek. Ha mpumepe HamOosee M3yd4eHHOH pEKH, ITOKa3aHO, YTO
MOXKHO PacCUUTHIBATh, Kakas OyJeT HOpMa MHHUMAJIBHOTO CYTOYHOTO CTOKA 3 JICTHE-OCCHHHH MEepHON NpH
Pa3INYHBIX CIICHAPUAX NOBBIIICHUS CPETHETOIOBON TEMIIEpaTyphl BO3AyXa.

Knrwouesvie cnosa: Tn00aIbHOE TOTEIUICHHE, MOIYJIb pPacxola BOIBl, MHHHUMAJBHBIA CTOK, CKOJB3SIIEe
cpenHee

BBEJEHUE

Ha mutaneTe uaer nporece riio0aibHOro MOTEeIUICHUs KiimMaTa [1], B TOM 4uclie U B
Poccun [2, 3, 4, 5]. B reuernn XXI Beka Temrieparypa Bo3ayxa MPOIOIDKHUT MOBBIIATHCS,
HauOOJBIIETO IOTEIUIEHUs] ciexyeT oxunaTth B CuHOMpH W B apKTHUECKUX U
cybapkTruecknx paiioHax Poccum [6]. Knmmarmueckwe W3MEHEHHS BBI3BIBAIOT
WU3MEHEHUs TUIPOJIOTUYECKOT0 pekuMa Mopei u pek [7, 8, 9, 10, 11].

Baxxnoe MecTo B THIPOIIOTHYECKOM PEXHUME PEK 3aHUMAeT MUHMMAIbHBINA cTOK. OH
MMEET HE TOJIFKO BOJIOXO3SHCTBEHHOE 3HAUY€HHUE, HO M 3Kojoruueckoe. Peku CeBepHoro
[TproxoTOMOpBSl  UCIIONB3YIOTCS JJIsl  PHIOOJNIOBCTBA, HWCKYCCTBEHHOTO pa3BEICHUS
JIOCOCEBBIX PHIO M KOMMYHAJBHOTO XO03fiicTBa. Ha ycnmoBusi HepecTa JOCOCEBBIX PBIO
CYIIIECTBEHHO BIIMSIET PEXXHUM CTOKa pek. B paboTe craBuTCS 11€11b, JaTh KOJINYECTBEHHYIO
OIIEHKY KJIMMaTHYeCKHM H3MEHEHHSIM MHHHMAJIHHOTO CYTOYHOTO CTOKa pek CeBepHOro
IIpnoxoromopss 3a seTtHe-oceHHui nepuoa. CeepHoe [IproxoTomopbe — TeppHTOpHUS
OacceliHoB pex OXOTCKOTO MOps B mpejienax MaranaHnckoit obnactu. B pabdorax [12, 13]
OBIIO TOKa3aHo, YTO Omarojapst KIMMaTHYECKUM HM3MEHEHUsM B Oacceiline p. Kombimel,
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KOTOPBI TPAHUYUT C MCCICAYEMBIM PaiiOHOM, CYIIECTBEHHO YBEIMYHJIICS PEYHOH CTOK B
Mae, aBrycTe U CeHTSO0pe.

st paccMarpuBaeMOd TEPPHUTOPHH  XapaKTepeH XOJOMHBIM kiauMmat [14],
MIPEPBIBUCTOE M OCTPOBHOE pacHpOCTpaHEHHe MHorosneTtHed Mep3noTel [15]. JlecHoit
nanmmadT Ha TOPHBIX XpeOTax W HAropbix CMEHSETCS TYHIPOW, KaMEHUCThIMU
nycteiHsaMH [16]. Cpennsis ronoBast TemIeparypa Bo3nyxa Hmwke Hyns (-2,5+-7,2°C) [17].
Haunbonee x0710AHBIM SBISETCS SIHBAPbh, CAMBIM TEILIBIM — H0Jb. OCaZku B TEUCHUE BCETO
roja ONpPEeAeISIIOTCS UUKIOHMYECKOH JeATeNbHOCTBbIO, BHYTPUMACCOBBIC OCAIKH,
00yCJIOBIEHHBIE CHJIBHBIM TIPOTPEBOM, BHOCST HE3HAYMTENBHBIH BKJIAJ B TOJOBYIO
CyMMY.

Pexxum cToka pek OTiaM4aeTcs 3HAUYUTEIbHOM HEPaBHOMEPHOCTBIO BHYTpU rojaa. B
Mae-OKTs0pe MpoTeKkaeT OCHOBHas Mmacca Boabl (94-99 %) [18]. B 3umHHE MecsIiibl
(HOsOpB-MapT) CTOK He3HauuTeNeH. [ naporpadsl NOIOBOIbS XapaKTEPU3YIOTCS 3a4acTyIO
nunoobpasHoi. JlokaeBble MaBOAKM MPOXOAAT B HEPUOJ CEPEAMHA HIOHA-CEHTSIOPB.
HaunmMenbinne pacxoabl BOJBI 32 IEPUO]] OTKPBITOTO PyCiia MOTYT HAONIOJAaThCs B IIO00H
JIETHUM MECAL, NPECUMYIIECTBCHHO BO BTOpOI71 IMOJIOBHHEC JICTAa U NEPC] IOABJICHHUCM Ha
peKe OCCHHHUX JICHOBBIX sSBICHUH. IIpONOIKUTEIBPHOCTD JIETHUX MEXKEHHBIX INEPHUOJOB,
KaK TIPaBWJIO, HEBETMKA. 3UMHISI MEeKEHb HaOIFOMaeTCs ¢ KOHIa OKTAOpsA. OCOOEHHOCTH
MUTaHUS PEK TOro pailoHa B MEKEHHBIC MEPHUOJIBI, C YIETOM €ro XOJIOJHOTO MOPCKOTo
KJIMMaTa 1 OCTPOBHOTO XapakTepa KpHOIUTO30HbI, pacCMOTpeHo paHee B [19].

1. ACXOJHBIE JAHHBIE 1 METO/IbI

B pabore ananu3upoBaauch MHOTOJIETHHE DSIbl MHUHHMAIBHBIX JIETHE-OCCHHUX
CYTOYHBIX MOAYJIEH CTOKa Ha MATH pabOTAIOIIMX T'MAPOJIOrHYecKux mnocrax CeBepHOro
[Mpuoxoromopest (Tabn. 1). CneayeT OTMETHTh, YTO paccMaTpuBaeMas TEPPUTOpPHUS B
THJIPOJIOTHYECKOM OTHOIICHHH OYE€Hb CJIa00 M3y4eHa, B HACTOsIIIee BpeMsi paboTaeT BCero
CeMb THAPOJIOTMYECKUX IOCTOB C HM3YYEHHEM PEYHOro croka. [y aHanmm3a ITyHKTHI
HaOJFO/IEHHH 32 CTOKOM BBIOMPAITUCH TaK, YTOOBI OHU YIOBIETBOPSIIN JABYM CIEAYIOIIAM
TpeOOBaHUSIM:

1) rTuapojoruyeckuii PpeXUM HE JOJDKEH OBLI IMOJIBEPraTbCs AaHTPOHNOI€HHOMY
BO3/ICHCTBUIO HU B POILIOM, HU B HACTOSLIECM;

2) mepuosa HaOIIOAEHUN JOIKEH OXBaThIBATh BTOPYIO MOJIOBHHY XX BEKa U BTOPOE
necstunerue XXI Bexa.

Hannpie o crtoke B3aTbl U3 [20] W TUOPONOTHYECKUX  €KErOJHUKOB
I'ocynapcTBeHHOTO BOAHOTO KajacTpa.

Taomuua 1
CBeneHus 0 THIIPOIOTHYECKUX MTOCTAX
Pexa — myHKT [Tnomans B(;)loc6opa, lon Havana
KM HaOJII0ICHUH 32 CTOKOM
p. Ayk4a — ycThe 330 1961
p. Marananka — r. Maramgan 48,5 1972
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Pexa — myHKT IInomane B(;aoc6opa, T'ox Heulqana
KM HaOIIFOICHUH 32 CTOKOM
p. XaceiH 1. XacelH 682 1941
p. Yorap — n. Ynorap 265 1940
p. Tayit — c. Tanoun 25100 1941

W3 manHpIX Taby. 2 BUAHO, YTO 32 IOCIEAHUE NECATHICTHS CPEIHEMHOTOJETHHE
MOJYJIM MUHUMAaJBHOTO CYTOYHOTO Pacxoja BOIbI yBenuumwics Ha 8-53 % (tabn. 2). U
3TO MpHpaIIeHHue 00PaTHO IPONOPIIMOHANBHO IUIoMAau Boocoopa (puc. 1)

AM =162Ig A*%, xosddurment nerepmunarm R2= 0,92, (1)

rae A — miomaap Bogocoopa, Km2.

Tabmuma 2
CpeTHEMHOTOJICTHUE 3HAUCHHSI MUHUMAJILHOTO CYTOYHOT'O JICTHE-OCCHHETO CTOKA PEK
Cegepnoro [IproxoToMopbst

CpeIHEMHOT0IETHUM MUHUMAJIbHBII
Peka — myHkT CYTOYHBIH MOJLYJIb CTOKA, JI/(C KM?)
10 1980 r. 1981-2016 rr.
p. Jyk4a — ycTbe 9,5 12,8
p. Marananka — r. Maragan 13,2 20,2
p. XachIH 1. XachkIH 7,4 8,8
p. Yorap — . Yorap 7,9 9,6
p. Tayii — c. Tanon 6,7 7,2
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Puc. 1. CBs3p KIMMAaTHYECKOTO NPHUPALICHHUS MOAYJSI MHUHHUMAJIBHOIO CYTOYHOTO
pacxojia BOJbI 3a JIETHE-OCEHHUI MEPHOJ C IUIOIAABI0 BogocOopa.

W3MeHeHnsT KITUMAaTHYECKUX XapaKTEPUCTUK TeMIepaTyphl BO3IyXa U aTMOC(EPHBIX
0CaIKOB B I. MarajaHe ONpENesUIUCh MO PEryJSIpHO MOMOJHAEMBIM MHOTOJETHHM
MaccuBaM  JIaHHBbIX,  pPa3MEIICHHBIX Ha  caidte  Bcepoccuiickoro  Hay4HoO-
WCCIIEIOBATENBCKOTO HMHCTUTYTa THIPOMETEOpPOJIOrHIeckoll uHpopManuu—MupoBoro
neHTpa ganaeix (BHUUTMU-MI) [21].

2. OBCYXJIEHHME PE3YJIBTATOB

Poct munnmansHoro croka pex Ceseproro IIproxoTomopbs (cM. Tabi. 2) B mepBYyIO
oudepelb 00YCIOBICHO POCTOM aTMOC(hEPHBIX 0CcaaKoB (Tadl. 3) Kak B IEJIOM 3a TOJI, TaK
M 3a TPeTHH KBapTaj, BHYTPH KOTOPOTO HAOIIONACTCS JIETHE-OCEHHSS MEXKEHb.
KBapranpHas cyMMa 0caZKOB 3a TOcJeIHHe necaTuiieTHs yBennumiack Ha 21 %. Kpowme
TOTO, B CBS3M C IIOBBILICHHEM TEMIEpaTyp Bo3ayxa (CM. Tabi. 3) yBeIMYMBArOTCS
MOIIIHOCTh CE30HHO-TAJOTO CIIOS M Pa3Mepbl TAIMKOB, a 3TO HPUBOAUT K IOBBIIICHHIO
MOJI3EMHOTO CTOKA PEK.
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Tabnuna 3.

CpeI[HeMHOFOJ'ICTHI/IC S3HAYCHUS KIIMMaTHYCCKUX XapaKTCPUCTUK

Ko Cpennee
UMaTHYeCKas XapaKTEePUCTHKA 0 1980 . 19812015 1.
CpennerosioBast TeMiiepaTtypa Boznyxa, C° -3,5 -2,6
Temrmepatypa Bo3z[y>é103 TpeTheM KBapTale, 10,0 105
CymMma 0CaJIKOB 3a TOfl, MM 530 577
CyMMa 0caJIKOB 3a TPETUN KBapTall, MM 209 252

Ha pmc. 2 mpexacraBieH BpPeMEHHOM XOI CKONB3AMMX 30-JETHHX CpPETHUX
CpPEHEr0/IOBOM TeMmepaTypbl Bo3ayxa B I. Marajane ¥ MUHUMAJIBHOTO CYTOYHOTO
MOJYJIsl CTOKA Ha p. XachiHe y 1. XackiHa. [1o 3THM rpadukamM MOKHO MPOCIICANTh, KakK C
TEYEHUEM BPEMEHH PACTYT HOPMBI, paccuuTaHHblie 3a 30 neT.

000 0000 OFOOOLOOCO 6u00

5OOO0Q00 0000 OOCY

-6

1970 1980 1990

2000 201

— 30 —© = Q30

0 2020

Puc. 2. Cxonpasmue 30-1eTHHE CpeTHUE CPETHETOJOBOM TeMIIepaTypsl BO3AYXa B T .
Maranane (130 B °C) ¥ MUHMMAaJIBHOTO JICTHE-OCEHHETO CYTOYHOIO0 MOJMYJS CTOKA Ha P.

Xaceine y 1. Xaceina (Q30 B i1/(c-xm?)).
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Ckonp3siue 30-netHue cpeaaue momyisi croka Q30 m temmeparypbl Bozayxa t30
OYEHB XOPOIIIO CBSI3aHBI MEXKTY CO00it

Q30, =0,97t30, +8,28, R>=0,87, (2)

rae i — rox okoHyanus 30-JIeTHETO MEPHOIA.

CymecTByOT pa3iudHbIe ClieHapuu ToreruieHus: kiammara B XXI| Beke [22, 23].
[Monk3ysick Gopmynoi (2) MOKHO PacCUMTATh HOPMY MUHUMAJIBHOTO CYTOYHOTO MOIYJIS
pacxoma BOAbl p. XacklHA TPU  Pa3IUYHBIX CIICHAPUSAX TOBBINICHUS HOPMBI
CpPEeIHETroI0BO TemmepaTypsl Bo3myxa. Tak, Hampumep, ecau k 2050 1. HOpMma
CPEIHET0I0BOM TeMmepaTypbl Bo3Ayxa B Maragane moBeicutcss Ha 1°C  (mocTurher
BeanuuHbl -1,5°C), To HOpMa MOAYJIE MUHUMAJILHOTO CYTOYHOT'O CTOKAa Ha p. XachblHE
yBenuuuTcs Ha 13 % 1o cpaBHEHHIO ¢ HOPMOM, paccunTaHHOH 3a 1976-2015 rr.

3AK/IIOYEHHUE

[IpoBeneHHbIl aHANHU3 pPEAKLIMM MUHUMAJIBHOIO CYTOYHOI'O CTOKA 32 JIETHE-OCCHHUM
nepuof Ha pekax CeepHoro [IproxoToMopssi Ha COBpEMEHHOE IT100aIbHOE MMOTEIUICHHE
3a(puKCUpOBaNl YBEIMUEHUE MHUHUMAJILHOTO CcTOKa Ha 8-53 %. Ilpuyem kimumaruueckue
M3MEHEHUS CTOKA 3aMeTHEee Ha MBIJIax BOAOCOOpax, TaK Kak Tam A0S TMOA3EMHBIX BOJ B
(GbopMHPOBAaHNH CYTOYHBIX MUHUMYMOB BBILIE.

Ha npumepe p. XacblHa, MOKa3aHO, YTO MOKHO PacCUMTHIBATH, Kakas OyJeT HopMma
MHUHHUMAJIBHOI'O0 CYyTOYHOI'O CTOKa 3a JIETHE-OCEHHU I MEpUOJ IMpU pa3IMIHBIX CHCHAPUAX
MIOBBIILICHHS CPEAHEr0I0BOM TeMIIepaTyphl BO3AyXa.
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CLIMATIC RESPONSE OF THE MINIMAL SUMMER-AUTUMN DRAIN OF
THE RIVER OF THE NORTHERN PRIHOTOMORIE
Ushakov M. V.

!North-East Interdisciplinary Scientific Research Institute n.a. N. A. Shilo, Far East Branch, Russian
Academy of Sciences
E-mail: mvilorich@narod.ru

The aim of the work was to investigate the climatic changes of the minimum daily runoff
of the rivers of the Northern Priokhtomorie for the summer-autumn period. The rivers of
the area under consideration are used for water supply, fishing and artificial salmon
farming. The territory is characterized by a cold climate, intermittent and island
distribution of permafrost. The smallest flow of water during the open channel period can
be observed in any summer month, mainly in the second half of the summer. During this
period, the feeding of rivers is carried out, mainly due to the resources of the aquiferous
seasonally thawed layer and taliks.

The work analyzed the perennial series of minimum summer-autumn daily runoff modules
at five working hydrological posts of the Northern Aral Sea region (Table 1). It should be
noted that the territory under consideration has been very poorly studied hydrologically,
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currently only seven hydrological posts are working with the study of river flow. For the
analysis, the observation points for the drain were chosen so that they satisfy the following
two requirements:

1) the hydrological regime should not have been subjected to human impact, either in the
past or in the present;

2) the observation period should cover the second half of the 20th century and the second
decade of the 21st century.

Comparison of the mean annual values of the module of the minimum daily water
discharge, calculated before 1980, and for the period 1981-2016 showed that the runoff
increased by 8-53%. And this increment is inversely proportional to the catchment area.
The increase in the minimum flow of rivers is primarily due to increased precipitation. So
the amount of precipitation for the third quarter over the past decades has increased by
21%.

Due to the warming of the climate, the thickness of the seasonally thawed layer and the
size of the taliks increase, and this leads to an increase in the underground flow of rivers.
In small catchments, the flow of rainwater into rivers occurs faster than at large ones, and
hence the share of groundwater in the formation of a minimum runoff is greater there than
in large basins where surface runoff predominates. This can explain the decrease in the
response of the minimum daily runoff to climatic changes with an increase in the size of
the catchment area.

Using the example of the most studied river, it is shown that it is possible to calculate
what will be the norm of the minimum daily flow for the summer-autumn period under
different scenarios for increasing the average annual air temperature.

Keywords: global warming, water disharge module, minimum flows, the moving average
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