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Pa3pa6oTaHa AIIHaMIIKO-CToxaa114ecKaR MOAeflb, KOMnOHeHTbl KOTOpoil - AeTepMIIHIICTll4eCKaR MOAenb �OpMllposaHIIR CHe>KHOro noKposa II CTOXa
CTll4eCKlle MOAen11 speMeHHblX PRAOB BXOAHblX Me1eoponorn4ecK11x senll411H (aoxaCTll4e(KIIM reHeparnp noroAbl). ,lle1epMIIHIICTll4eCKaR MOAeflb �op
MllpOBaHIIR CHe>KHOro noKposa onllCblBaeT 113MeHeHIIR BO speMeHII TOflU\IIHbl (Hera, COAep>KaHIIR flbAa II 1anoil BOAbl B HeM, npo4eCCbl CHeroTaRHIIR, 
cy6n11Ma4111111 3aMep3aHIIR TanoH BOAbl B 10n111e (Hera. Kan116posKa MOAen11 no AaHHblM MHOroneTHIIX Ha6ntoAeHIIH 3a CHe>KHblM noKpOBOM Ha 36 Me1eo
ponorn4eCKIIX CTaHl.jllRX Ha EsponeHCKOH 1epp1110p1111 POCCIIII no3801111na nony411Tb aAeKBaTHble pe3y11bTaTbl no socnp0113BeAeHIIIO 3anacos BOAbl B CHe>K
HOM noKpose 11 101111111Hbl cHera. Pa3pa601aH c10xan114ecK11H reHeparnp noroAbl (NEsted Weather Generator, NEWGen) A11R MOAe1111posaH11R MeTOAOM 
MOHTe-Kapno MHOroneTHIIX speMeHHblX PRAOB cpeAHecyT04HblX 3Ha4eHIIH TeMnepaTypbl B03Ayxa, oca,11KOB II Blla>KHO{TII B03Ayxa, KOTOpble npeACTaBllRIOT 
co6oH BXOAHble nepeMeHHble AeTepMIIHIICTll4eCKOM M0,11e1111. ,llnR 01.jeHKII napaMeTpOB II nposepKII aoxaCT114eCKOro reHeparnpa nOrDAbl IIC0011b30BaHbl 
AaHHble MHOroneTHIIX Ha6ntoAeHIIM Ha Me1eopo11orn4ecKIIX CTaHl.jllRX EsponeilCKOH 1epp1110p1111 PoCCIIII. Tb1Ul4enern11e PRAbl Me1eopo11orn4ecKIIX se1111-
411H, creHep11posaHHble MeTOAOM MoHTe-Kapno, 3a,11asa1111Cb B Ka4eCTBe «BXOAOB» B MOAellb �OpM11posaHIIR CHe>KHOro noKposa, C nOMOU\blO KOTOpOH pac
C411Tb1Ba1111cb PRAbl 101111\IIHbl CHera II CHero3anacos II 04eH11Ba1111Cb IIX sepORTHOCTHble xapaKTepllCTIIKII. nony4eHO YAOB11e1sop111e11bHOe COOTBeTCTBlle 
CTaTIICTll4eCKIIX napaMeTpOB, onpeAeneHHblX no �aKTll4eCKIIM II paCC411TaHHblM PRAaM xapaKTepllCTIIK CHe>KHOro noKposa. 

A dynamic-stochastic model, which combines a deterministic model of snow cover formation with a stochastic weather generator, has been developed. The 
model showed good performance in simulating time series of the snow water equivalent and snow depth. A disaggregation procedure has been proposed for 
transforming parameters of the annual weather generator into the parameters of the monthly one and, subsequently, into the parameters of the daily gener
ator. Multi-year time series of the simulated daily weather variables have been used as an input to the snow model. The described model has been applied to 
different landscapes of European Russia, from steppe to taiga regions, to show the robustness of the proposed technique. 

Bse)],eHue 

MHOfOJleTHHH H3MeH<IHBOCTb CHeroJanaCOB B 3Ha-

411TeJlbHOH CTeneHH onpe.uemreT pe)l(HM CTOKa Kpyn

HeHWl1X peK CeBepHoro no11ywap11H, BmrneT Ha MHO

ro11eT1-1He Bap11au1,111 JanacoB no<rneHHOH BJ1arn H 

HcnapeHH51 B 6accei";i1-1ax 3THX peK, BHOCHT 13KJl3)], B Jl,H

HaMHKY KJIHMaTH<leCKOH CHCTeMbl. Bee 3TO no3BOJ151-
eT C4HT3Tb 11CCJle)],OBaHHH (pHJH<leCKHX MexaHH3MOB 

npeMeHH6H H3MeH<IH130CTH c1-1er03anacon H HX BepOHT

HOCTHblX CBOHCTB 0)],HOH 113 aKTYaJJbHblX npo611eM rn

Jl.POMeTeopo11orn11 H KJIHMaTOJIOrHH. ConepweHCTBO

BaHHe MeTO)],OB oueHKH nepOHTHOCTHblX xapaKTepHCTHK 

cHero3anacoB 11MeeT 6011bwoe JHaYeHHe npH pewe

HHH npo611eM HH)l(eHepHOH rJJHUHOJIOrHH, CBH3aHHblX c 

pac<1eTaMH CHerOBblX Harpy30K Ha CTpOHTeJlbHble KOH

CTPYKUHH Jl.JIH 6011bwei";i <1acTH reppHTOpHH PoccHH. 
npHMeHHeMble B OTe4eCTBeHHOH npaKTHKe Me

TO)],bl pacYeTOB OCHOBaHbl Ha CTaTl1CTH4eCKOH o6pa-

60TKe Jl,aHHblX CHeroMepHblX H3MepeHHH H onpe)],e

JJeHHH pac<1eTHb1x 1-1arpyJoK no CHeroJanacaM MaJIOH 

BepOHTHOCTH npeBblWeHHH, no11yYeHHblX nYTeM 3KC

TpanOJJ51UHH KPHBblX pacnpeJ],eJJeHHH c1-1ero3anaCOB B 

0611aCTb pe)],KOH nOBTOpHeMOCTH f7J. npH HMeJOw.eH

CH npOJ],OJl)l(HTeJJbHOCTH CHeroMepHblX Ha6JIIO)],eHHH 

Ha 60JlbWHHCTBe rHJl.POMeTeopo11orn<1ecKHX CTaH

UHH (fMC) PoccHH TaKHe MeTOJl.bl He 06ecneYHBa10T 

no11yYeHHH Ha)],e)l(Hb!X oueHOK CHefOBblX Harpy30K. 

KpoMe Toro, npH npHHHTOH YaCTOTe CTaHJ],apTHblX 

CHeroMepHblX H3MepeHHH (pa3 B )],eK3Jl.Y) onpe)],eJJeH

Hble no HHM 3Ha<reHHH M3KCHMaJ!bHblX CHero3anacoB 

B OT)],eJJbHb!e rOJl,bl 6b!JIH JaMeTHO JaHH)l(eHbl. HaKO

HeU, Tpa)],HUHOHHblH nOJl,XOJl. OCHOBaH Ha rnnoTe3e 

CTaUHOHapHOCTH PHJl.OB Ha6JJIO)],eHHH, KOTopaH MO)l(eT 

HapywaTbCH npH H3MeHeHHH YCJJOBHH cpopMHpOBa

HHH CHe)l(HOro noKpOBa B pe3yJJbTaTe KJIHMaTH4eCKHX 

H3MeHeHHH, 4TO eiue 60JlbWe yBeJIH'IHBaeT Heonpe)],e

JJeHHOCTb noJJyYeHHblX oueHOK. 

Ll,JJH KpynHblX pe4Hb!X 6acceHHOB Me)KfOJl,OBaH H3-

MeH4HBOCTb MaKCHMaJ!bHblX CHerOJanacoB - pe3yJJbTaT 

CJIO)l(HOro B3aHMOJl,eHCTBHH pernOHaJ!bHblX KJIHMaTH-

4eCKl1X npoueccoB H cpH3HKo-reorpacpw1ecKHx oco6eH-

1-1ocrei";i cpopMHPOB3HHH CHe)l(HOro noKpOBa (xapaKTepa 

peJJbecpa, paCTHTeJJbHOCTH). nepcneKTHBbl )],JIH HCCJJe

Jl,OBaHHH 3TOro B3aHMO)],eHCTB1151 H oueHKH BepoITTHOCT-
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HblX xapaKTepJ1CTJ1K MaKCJ1MaJlbHbTX CHer03anacoB CB51-
3aH bl C npJ1MeHeHJ1eM ).l,J1HaMJ1KO-CTOXaCTJ1'-leCKJ1X 
MO).l,eJleM co CJlyYaMHblMJ1 «BXOJ.l,aMJ1>>, yYJ1Tb1BalOl.l..(J1MJ1 
Bep051THOCTHYIO npJ1pO.ll.Y MeTeOpOJ10fJ1'-leCKJ1X npouec
COB J1 (pJ13J1'-leCKJ1e (.ll.eTepMJ1HJ1CTJ11.tecKJ.1e) MexaHJ13Mbl 
<pOpMJ1POBaHJ151 CHe)l<HOro noKpOBa. 

8 paMKaX HaCT0511.1..(ero J1CCJleJ.l,OBaHJ151 aBTOpa
MJ1 pa3pa6oTaHa ).l,J1HaMJ1KO-CTOXaCTJ1'-leCKa51 MO).l,eJlb 
cpopMJ1pOBaHJ151 CHe)l(HOrO noKpOBa, COCT0511.1..(a51 J13 
llBYX OCH013HbIX KOMnOHeHT: I) (pJ13J1KO-MaTeMaTJ1-
'-leCKOM MOJ.l,eJ1J1, onJ1Cb1Ba10l.l..(eM (pJ13J1'-leCKJ1e Mexa
HJ13Mbl cpopMJ1pOBaHJ151 CHe)l(HOro noKpOBa J1 CHe
roTaHHJ151 B pa3Hbtx <pJ1JJ1Ko-reorpacpw1ecKJ1X J1 
KJl ),I MaTJ1'-teCKJ1X ycJ10BJ1HX; 2) CTOXaCTWieCKoro <<re
HepaTopa norOJ.l,bl>> )],Jl51 MOJ],eJ1J1POBaHJ151 MHOroJleTHJ1X 
P51.ll.OB cyTO'-IHbIX 3Ha'-leHJ1M MeTeopOJ10rl1'-leCKJ1X ne
peMeHHbIX. C nOMOW,blO ).l,J1HaMJ1KO-CTOXaCTJ1'-1eCKOM 
MO).l,eJlJ1 paCC'-IHTaHbl MHOro11eTHJ1e BpeMeHHbte P51.ll.bI 
MaKCJ1MaJlbHbIX CHeroJanacoB J1 TOJll.l..(J,IHbl CHera pa3-
HOM 06ecnet.teHHOCTJ1 Ha TeppJ1TOPJ1J1 EBponei1cK011 
TeppJ1TOpJ1H PocCJ1J1. 11cnOJlb3013aHHa51 B pa6oTe Me
TOJ.l,OJ10r1151 ll,J1HaMJ1KO-CTOXaCTJ1'-leCKOro MO.ll,eJ1J1pOBa
HJ151 paHee 6hrna pa3pa6oTaHa npJ1MeHJ1TeJ1bHO K J1C-
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A.H. renbcpOH, 8.M. Mopeuoo 

PHC. 1. PacnoJJOJKeH He MeTeopOJJOrHlJe

CKHX CTaHUHH, ,!laHHble Ha61110t1eHHH KO

TOPhlX HCnOJJbJOBaHhl AJJH anpo6au1111 

MOt1e1111: 
1 - MeTeopo11or11,1ecK11e cTa11u1111; 2 - rpa-
1111ua 6accclhia p. Bom-a 

Fig. 1. Location of the meteorological sta

tions used for simulations: 
1 - meteorological stations; 2 - Volga river 
basin boundary 

CJle.ll,OBaHJ1IO Bep051THOCTHblX xapaKTepHCTJ1K pe'-IHOrO 
CTOKa J1 pacCMOTpeHa B pa60T3X [4, 5]. 

MeTO)).HKa HCCJie)),OBaHIDI 

,l],Jl51 pa3pa60TKJ1 ll,J1HaMJ1KO-CTOXaCTJ1'-l.eCKOH MO
.ne1111 cpopMJ1pOBaHJ151 CHe)l(HOrO noKpOBa 11cnOJ1b30-
BaJIJ1Cb c11e.ny10mJ1e MeTeoponornt.tecKHe napaMeTPbI, 
no11yYeHHbte Ha 36 fMC (pJ1c. I): cpe.nHecyTO'-IHbie 
3Ha'-leHJ151 TeMnepaTypbl J1 OTHOCJ1TeJlbHOM BJ13)1(
HOCTH 803.llyxa, a TaK)l(e cyTO'-IHbJe CYMMbl oca.n
KOB. 11CTO'-IHJ1K3MJ1 ll,3HHblX CJ1y)l(J1JlH apXHBbl 
BHM11fMl1-MLl,,l], Pocrn.npoMeTa J1 BceMJ1pHoi1 
MeTeopo11or11YecKoi1 opraHJ1JaUJ1J1 [2, 91. Ha6J1 10.Lie
HJ1H OXB3TbJBatoT nep110.ll 1880-2009 r.; npO.ll,OJl)l(J,I
TeJlbHOCTb PH.LIOB Ha6J110.LieHJ1M sapbJ1pyeT OT 52-x .LIO 
129 11eT. ,l],aHHb1e J1JMepeHJ1M cHeroJanaca J1 TOJ11.1..(J1Hb1 
CHera .ll,1151 yKa3aHHblX CTaHUJ1M B351Tbl J13 6a3bl .LiaH
HblX .neKa).l,ttbJX ctteroMepttbIX Ha61110.nettJ1i1, pa3pa-
60TaHHOM cosMeCTHO l1ttcTJ1TYTOM reorpa<pJ1H PAH 
H Ll,eHTpOM J13y'-l.eHJ,Hi CHera 11 Jlbll,a YHJ1Bepc11Te
Ta Ko11opa.no (CWA) [9], a TaK)l(e J13 MaccJ1Ba .LiaH
HbIX <<MapwpyTHble CHeroMepHbie CbeMKl1>> apXJ1Ba 
BHl1MfMH-MI..Ll1. [31. OH11 oxBaTbIBalOT nepHo.n c 
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CHe}l(HbtiJ noKpoa u CHe}l(Hbte 11aauHbt 

J 966 no 2009 r.; npOllOJl)l(l1TeJI bHOCTb pSlllOB 1 -ia6mo
ne1-111 H KOJ1e6J1eTC51 OT BOCbMl1 J],0 4-x JleT. 

<J>n3HKO-MaTeMaTH'leCK3H MO,ll.eJib (J>opMHp083HHH 

CHe.)l(HOfO noKpOBa 

v13MeHeHIHI TOJIU.1,111-lbl 11 nJIOTHOCTl1 CHe)l(1-rnro 
noKpoBa oT 1-1a'-!a11a ero c:j)opM11pona1111n no 0Ko1-1lia
H11SI neceHHero CHeroTaSIHl151 paCClll1TblB310TC51 C Y'-IC
TOM nocTynlleHl1Sl rnepllblX 11 )1(11Jl.Kl1X OC3llKOB, c:j)a-
30BblX nepeXOJ],08 B TOJIW,e c11era, 3a.n.ep)l(3Hl151 TaJJOH 
BOllbl, ynJ10T1-1e1-111si cHera non neticTn11eM co6cTne11-
HOH MaCCbl 11 onpe)leJISIIOTC51 C nOMOW,blO CJ1eny10w.11x 
ypaBHeHl1H [6J: 
d

:s =pw[ Xsp/-(S+Es)(pJsf']-V; 

:t (PJsHs)=pw(Xs -S-Es)+S;;

d 

dt (pwwsHs)=pw(X, +S-E, -Rs)-S;, 

rne Pw, P; 11 Po - COOTBeTCTBeHHO nllOTIIOCTl1 BO)lbl,
Jlb)la 11 CBe)l(e8bln3BWero CHera; XS 11 x, - COOTBeTCT
BeHHO 11HTeHCl1BHOCTl1 TBCp)lblX 11 )1(11Jl.K11X ocanKo13; 

S - 11HTeHCl1BHOCTb CHefOT351H1151; Es - 11HTel-lCl113-
HOCTb cy6J111Mau1111 (B03f0HK11) CHe)l(I-IOro noKpona; 
E, - 11 HTeHCl1 BHOCTb 11cnapeH 1151 )1(11)],KOH BOJJ.bl 113 
CHe)l(HOro noKpOBa; V- 1111TeHCl1BHOCTb ynJ10T11e1111s1 
c1-1era noa aeticTn11eM co6crne1rnoti Macchi; Hs - TOJ1-
w.111-1a CHe)l(HOro noKpooa; is 11 ws - COOTBeTCTBe11110
06beM1-1oe coJJ,ep)l(a1-111e Jlb)la 11 )1(11Jl.KOH 130Jl.bl B c1-1ery;

S; - 11HTeHCl1BHOCTb o6pa30133Hl1SI Jlb)la np11 33Mep3a
Hl111 TaJIOH BOJ],bl B c1-1ery; R

s 
- 11HTeHCl1BHOCTb BOllO

OTll3lll1 c1-1e)l(1-1oro noKposa, t - npeMSI. 
v1 HTeHCl1BHOCTb CHefOTa51Hl151 Clll1TaeTC51 nponop

U1101-13Jl bHOl1 nOJl0)1(11TeJlbHOH TeMnepaType B03llyXa 
T

0 
> 0 °C 11 paCC'-111TbIBaeTCSI C 11CnOllb30831-111eM 3Mn11-

p11lfeCKOfO K03cpcp11u11e1-1rn crn1,rnamrn ks no c:j)opMylle 

S={
ksTa, Ta > 0 oc.
0, T

0 
�0 °C 

Ko3c:j)cp11 u11eHT cTa11 BaH 1151 ks - 3M n 11p11l1ecK1111 
napaMeTp, .n.11anaJOH 3Hal1eH 1111 KOToporo Jl.JISI pa3JI 11'-I
H blX Tl1nOB nOJJ,CTl1Jl3IOW,el1 nosepxHOCTl1 (flee, noJle 
(If T.Jl..) npHBe)lCH B Jll1TepaType (1 -1anp11Mep [I]). 31-1a
lleH11e 3Toro Ko3cpcp11uHeHTa YTOlfHSleTC51 13 npouecce
Kan116pOBKH MO)leJ111. l1HTeHCl1BHOCTb (p330BblX nepe
X0)],08 np11 JaMep3a1-111H Tanoti BOJJ.bJ 13 c1-1ery onpe.n.e
J151eTcs1 no c:j)opMyJ1e 

s. ={
k

: vfr;l, 
I O 

' 

T
0 

< 0 °CA es > 0

T >0°Cve =0' 
a - s 

r.ue k\ - 3Mm1p11l1ecK1111 KO:>cpc:j)11u11e11T, np11H11Mae

Mb111 l111c11eH1-10 pan11b1M Ko:xpcp11u11e1rry cTa11BaH1151. 
CyMMap1 -10e 11cnape1111e c H e)l<11oro noKpo

na E
s
, = E

s
+ E

1 
C'-!11TaeTcs1 nponopu11011anb1-1b1M cpeJJ,

HeCYTOlflfOMY .n.ec:j)11u11Ty BJl3)1(110CTl1 B03JJ.yxa do, T.e. 
E

s
, = k,,da, r.n.e k1

1 - :)Mn11pw1eCKl1!1 KO:xpc:j)11u11eHT, KO
TOpb111 YTOlff-151eTCSI B npouecce Kan116pOBKl1 MOJJ.eJ111. 

)].0J151 cy6J111Mau1111 E
s 

11 11cnapeH1151 )1(11Jl.KOH c:j)a3bI E
1 

onpe.n.em1eTC51 B :xtn11c11MOCT11 OT conep)l(a111151 Jlblla 11 1-1e
JaMep3weti BJ1arn B c11ery no cneny1ow,11M Bbip3)1(e1-11151M: 

E = 

PJs 
E = k d PJs . 

s 
Ps 

sf E a 
Ps 

' 

£ =PwWs £ =k d 
PwWs

I 
Ps 

sl E a 
Ps 

, 

r.n.e Ps - nJ1on1ocTb c1-1e)l(11oro noKpona, panHasi

Ps = P/s + PwWs.
BoaooTJJ.a lfa c1-1e)l(1-1oro noKpona 1-1alrn1-1aeTcsi

nOCJle npeBblWeHHSI KOJll1'-leCTBa TaJJOH BOllbl 11 COOT
BeTCTBe111-10 neJ1Hl1111-1b1 sonoy.n.ep)l(11Ba1ow,eti cnoco6-
11ocT11 c11era wmax· 01-1a onpeJJ,eJ1s1eTCS1 KaK

R
s

= X, + S- E,- Wmax(dHjdt), 

r.n.e wmax =0,11-0,11�. 
Pw 

v11-1Tel-lCHBI-IOCTb ynJ10T11e1111S1 CHera no.n. ael1CTBl1-
eM co6CTBe1-11-1oi1 M3CCbl v (cM/'-laC) Bbllll1CJISleTCSI no 
c:j)opMyJle 

V= O,Olp5 exp(0,08T0 
- 21ps)H/,

rne nJIOTI-IOCTb H TOJIW,111-13 CHe)l(I-IOro noKpOBa Bblpa
)l(ef-lbl COOTBeTCTBel-11-10 B r/cM3 H CM. 

MoaeJlb, OCHOBaHl-1351 Ha lJHCJleHHOM pewe1-11111 
3Tl1X ypa81-1e1-111i1, peanH30831-1a 11 HCnOJlb30BaJJaCb B Te
lfe1-111e .D.J111TeJ1b1-1oro npeMe1111 Jl.JISI paclfeTa xapaKTepH
CTHK Cl-le)ICHOro noKpOBa np11 MOlleJ111po8aHHl1 c:j)opM11-
poBaHl1SI Tanoro CTOKa. CTpyKTypa MOlleJ111, anropHTM 
ee lf l1CJ1e1-11-1ol1 pean113au1111, MeTOJJ.bl 3aaa1-111S1 napa
MeTpoo 11 o63op pe3yJlbTaTOl3 11cnb1Ta1-11151 MOJJ.eJ111 no 
ll3HHblM MeTeopOJIOfl1lfeCKl1X (If CHeroMepHblX 1-1a6J110-
.n.e1-1Hl1 B pa3HblX np11pO)lHblX yCJIOBHSIX noapo61-10 pac

CMOTpeHbl B pa6oTe [4]. Mo.n.eJ1b HMeeT .n.na Kan116po
BOlfHb1x napaMeTpa - K03Q)(pHU11eHTbl CT31183Hl1SI 11
HCnapel-11151 C nonepXHOCTl1 CHe)l(HOro noKpona, KOTO
pble oueHHBaJIHCb MHH11MH33I.J,Heti cpe.n.1-1eKBa.n.paTHlfe
CKOl1 norpew1-1ocr11 pac'-!eTa c1-1ero3anacon H TOJ1w,111-1b1 
c1-1era Jl.JISI K3)1(Jl.Ol1 H3 36 CTa1-1u1111. Ha pHc. 2 n Kalfecrne
np11Mepa noKaJaHbl pe3yflbTaTbI paclfeTa e)l(en1-1en1-1b1x 
3Hal1e1-111i1 c1-1ero3anacon no na1-11-1b1M 1-1a6J11011.e1-111ti 1-1a 
fMC CblKTbIBKap, a Ha p11c. 3 .n.a1-1b1 pe3yJlbTaTbI pac
lfCTa cpe11.1-1eMHOrOJ1eTHl1X 3H3lfeHl111 M3KCHMa.JlbHblX B 
rony c1-1ero3anacoB.D.J1S1 K3)1(Jl.OH cra1-1u1111. 

-46-



A.H. [enbqJGH, 8.M. Mopeuao 

SWE,MM 

250 
23804 CblKTblBKap 

200 

150 

100 

50 

(0 ,._ ,._ ,._ 
0) 0) 

co co 
C! 0 

0 0 

_J 
<X) ,._ 
0) 

co 
0 

0 

(j) 0 
co ,._ <X) 

� 0) 0) 

(() oci oci 
0 C! C! 

0 0 0 

N 
<X) 

(") 
<X) 

0) 0) 

oci oci 
C! C! 

0 0 

... 
• 

v 
<X) 
0) 

co 
C! 

0 

l{) 
<X) 
0) 

oci 
C! 

0 

(0 ,._ <X) 0) 
<X) <X) <X) <X) 
0) 0) 0) 0) 

oci oci oci oci 
C! C! 0 0 

0 0 0 0 

Puc. 2. Conocn11meH11e CMO.lle1111poeaHHb1x ( /) 11 cpaKTl14ecK11x (2) e)t(e.llHeBHblX cHeroJanacoe SWE 
Fig. 2. Comparison of the modelled ( /) and observed (2) snow water equivalent SWE 
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KaYeCTBO MO,lleJH1pOB8HIHI oueHl1BaJlOCb no OTHO

weH11IO cpe.uHeKBa,llpaT11<1eCKOH norpewHOCTl1 pacYeTa 

CHero3anacoB (S) K cpe.uHeKBa.upaT11YeCKOH 113MeHYl1-

BOCTl1 cl)aKTl1YeCKl1X CHero3anacoB (o). LfeM MeHbWe 

OTHOWeH11e S/o, TeM BblWe KaYeCTBO paCYeTOB. np11 

S/o � I TOYHOCTb pacYera Hey.uoBJ1eTBop11TeJ1bHa51. 

AHaJll13 nOJly<leHHblX peJyJlbTaTOB noKa3aJI, YTO .llJl51 

6 0JlbW11HCTBa CTaHU11H noilyYeHbl Y.llOBJ1eTBop11TeJ1b

H hie pe3yJ1bTaTb1 pacYeTa xapaKTep11cT11 K cHe)KHOro 

noKpoBa no Kp11Tep1110 S/o. Cpe.uHee 3HaYett11e 3Toro 

Kp11Tep1151 nOJlyYHJIOCb paBHblM 0,6, npH 3TOM Ha 55% 

CTaHUHi1 ero 3HaYeHH51 He npeBblWaJlH 0,7. He Y.llaJlOCb 

nOJlyYHTb Y.llOBJleTBOpHTeJlbHble peJyJlbTaTbl JIHWb .llJl51 

O.UHOH rMC - Arypai1 (fypbeB), Ha KOTopoi1, KaK no

Ka3aJI aHaJll13 .ll8HHblX, B03MO)l(Hbl BblCOKMe norpew

HOCTH CHeroMepHblX H3MepeHHH. 

Puc. 3. ConocrnsJJeH11e cpaKT114e
cKoi1 (2) 11 paCC411TaHHOH ( /) HOPM 
MaKC11MaJJbHblX cttero3anacoe; 3 -
rpatt11ua Bb16opo1.JHOH norpewHO
CT11 oueHK11 cpe.llHero no cpaKT111.Je
CKOMY PH.llY 
Fig. 3. Comparison of the ob
served (2) and simulated ( /) maxi
mum mean SWE; 3 - sample stan
dard deviation is shown for the ob
served mean value 

CroxacTn'leCKHH reuepaTop norO.ll.bl 

<<feHepaTop noro.ubl>> - ttaJBaHHe pa3pa6ornH

HOi1 K. PHYap.ucoHOM [IO] cToxacTHYecKoi1 MO

.ueJ11,1 WG EN (Weather Generator), on HCb1Bat0mei1 

COBMeCTHblH BpeMeHHOH XO.ll HeCKOJlbKHX cpe.uHecy

TOYHblX MeTeopoJ1or1,1<1eCKHX BeJIH'-111H. TepMHH <<re

HepaTop noro.Ubl>> CTaJI Hap1,1uaTeJ1bHbIM 1,1 cei1Yac 

HCnOJlb3yeTC51 .llJl51 o603HaYeHH51 CTOXaCTHYeCKHX MO

.ueJ1ei1, n 03BOJl51 10LUHX noilyYaTb MeTO.llOM MoHTe

KapIIO MHOroJleTHHe HCKYCCTBeHHble nocJle,llOBaTeJlb

HOCTH MeTeopOJIOrHYeCKHX nepeMeHHblX CYTO"IHOro 

pa3peweHH51, CTaTHCTHYeCKHe xapaKTepHCTHKH KOTO

pblX 6JIH3KH K COOTBeTCTBYIOLU11M xapaKTepHCTl1KaM 

cl)aKTl1YeCKHX p51.ll0B. CyiuecTBYIOLUHe reHepaTOpbl 

noro,llbl B 6 0JlbWHHCTBe CBOeM OCHOBaHbl Ha no.u

xo.uax, npe.llJIO)KeHHbIX B pa6oTe [ I 01, 1,1 He co.uep)KaT 
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CHe)l(HbtiJ noKpoe u CHe*Hbte naeuHbt 

HBHOrO om1caHI-HI BpeMeHHblX PH.UOB MeTeoponorn
YeCKl1X BeJ111lJl1H c 66JlbW11M BpeMeHHblM ocpe.n.He
Hl1eM, 'leM CYTKl1. 003TOMY 3Tl1 reHepaTOpbl noro
)],bl 06bl'IH0 38Hl1)1(8IOT Hl13KOY8CTOTHhle (ce30HHYIO,
Me)KfO)],OBYIO) COCT8BJ15ll01.U11e 113Mett<ll1BOCTl1 MeTeO
pOJ10rHYeCKl1X nepeMeHHblX [8]. B paMKax )].8HHOro
11cc11e.n.0Batt11n 6b1Jl pa3pa60TaH rettepaTop noro.n.b1
NEWGEN (NEsted Weather GENerator), CTPYKTy
pa KOToporo npe)].CT8BJ15leT co6oti Cl1CTeMy <<BJlO)l(eH
HhlX>> rettepaTopoB, o6oJHaYaeMblX 6yKBaM11 <<Y>>, «M>>
11 <<D>>, KOTOpble on11Cb1B8IOT noc11e.n.0BaTeJ1bHOCTl1 Me
Teopo11or11<1eCKl1X nepeMeHHblX c BpeMeHHhIM ocpe.u
HeH11eM ro.u, Mecnu 11 CYTKl1 COOTBeTCTBeHHO. 

Orn11Y11TeJ1bttan YepTa HOBoro reHepaTopa noro
.Ubt - npoue.uypa .ue3arperau1111 napaMeTpOB, T.e. ne
pexo.ua OT HeJaB11c11Mo onpe.uenneMblX napaMeTpOB
rettepaTopa norO.Ubt <<Y>> K napaMeTpaM rettepaTopa
<<M>>, a OT H11x - K napaMeTpaM rettepaTopa <<D» c rre
TOM ceJOHHoro xo.ua MeTeopo11orw1ecK11x nepeMeH
HblX. l1Hb1M11 CJ10B3Ml1: 3Ta npoue.uypa n03BOJ1HeT 33-
)],3Tb YaCTb napaMeTpOB BblCOKO'taCTOTHOH MO)].eJ111
<<D>> no napaMeTpaM Hl13KOYaCTOTHbtX Mo.n.eneti <<M»
11 <<Y>>. HcnOJlb30B3Hl1e B KaYeCTBe OCHOBHblX He3a
Bl1Cl1MblX napaMeTpOB reHepaTopa norO)],bl CT3Tl1CTl1-
YeCKl1X xapaKTep11CTl1K cpe.n.1-1erO)],OBblX 3H8'1el-111H Me
Teopo11or11<1ecK11x Be1111Y11H 11 11x ceJOHHOro xo.ua, a 
He xapaKTep11CTl1K cpe.n.HecyTOYHblX 3HaYeHl1H (KaK
3TO .uenaeTcn B cyw.ecrnyiow.11x rettepaTopax noro.n.bt), 
3H3Yl1TeJlbHO nOBblWaeT Bbt6opOYHYIO yCTOH'-111BOCTb
oueHOK napaMeTpOB no 11MelOlU11MCH p51)].3M Ha611ro
.ue1-111ti 11 po6aCTHOCTb MO)],eJ111 (ycTOHYl1BOCTb CTpyK
TYPbl 11 napaMeTpOB MO)].eJ111 K 113MeHeHl1IO 11CXO)].
HblX )],3HHb!X). noc11e.u1-1ee o6CTOHTeJlbCTBO B3)1(H0 np11 
11cno11bJOBatt1111 reHepaTopa noro.n.bl .unn 6011bworo
lJl1CJla CT3HU11H, pacnOJlO)l(eHHblX B pa3HblX KJll1Ma
Tl1'1eCKl1X YCJ10Bl151X. PacCMOTp11M B 06m11x <1epTax
anrop11TM MO)],e1111poBaH11H 11CKyCCTBeHHblX nocne
)].OBaTeJlbHOCTeH MeTeoponornYeCKl1X BeJ111lJl1H C no
MOW,blO pa3pa6oTaHHoro rettepaTopa noro.n.bt.

I. C noMOW.blO rettepaTopa noro.Ubl <<Y>> MeTo
.UOM MoHTe-Kapno paccY11TbtBa10TCH cpe.n.1-1ero.n.0Bbte
3HaYeHl151 TeMnepaTypbl B03)].yxa, 6e3yCJlOBHOH Bepo-
51THOCTl1 Bbtna)],eHl151 OCa,!l,KOB, 11HTeHCl1BHOCTl1 OCa,!l,
KOB B )].Hl1 C OTp11uaTeJ1bHblMl1 11 nOJ10)1<11TeJlbHblMl1
TeMnepaTypaM 11 BoJ.n.yxa, .n.ecp11u11Ta BJ18)1(HOCT11 B03-
.uyxa B .UH 11 6e3 oca.n.KoB. ,l],nn on 11catt11n M HoroneT
Hero xo.ua 3Tl1X nepeMeHHblX 11cnOJ1b3YIOTC51 MO)],eJ111 
He33Bl1C11Mb!X cnyYaHHbIX BeJ111lJl1H, napaMeTpbl KO
TOpblX oue1-111Ba10TCH no 11MelOW,11MCH MHOroneTHl1M 
pn.n.aM MeTeopo11ornYecK11x 1-1a611 io.n.ett 11 ti. 

2. C noMOW.htO re1-1epaTopa noro.n.bt «M>> MO)le-
1111pyeTcn BHyTp11ro.uosoi1 xo.u MeTeopo11orw1ecK11x

nepeMeHHblX, nepey11c11eHHbrx B n. 1, c 11cnoJ1bJO
BaH11eM nep110)],11YeCKl1X Q)YHKU11H, no.uo6paHHblX 
no COOTBeTCTBYIOlU11M MeCHYHblM )],3HHblM. Dp11
3TOM creHep11poBaHHb1e c11y<taHHb1e cpe.n.1-1ero.uo
Bbte 3Ha<1eH11H nepeMeHHblX 33)],3IOTC51 B KaYecrne 
napaMeTpa BepTl1K3JlbHOro CMemeHl151 COOTBeTCTBy
lOW,eH Q)YHKU1111. napaMeTpbl aMnmtTY)].bl 11 Q)33bl 
CYl1T3IOTC51 nOCT051HHblMl1, paBHblMl1 11X cpe.n.tte
MHOroneTHl1M 3HaYeHl151M, no.uo6paHHblM no )],3H
Hb1M tta6mo.n.eH11ti.

3. C noMOI.UhlO reHepaTopa noro.n.h1 <<D>> Mo.n.e1111-
py10Tc.H cpe.n.ttecyTOYHbre 3HaYett11n MeTeoponorn
yecKMX nepeMeHHblX C 11CnOJlb3083H11eM MO)],eJJei1,
paCCMOTpeHHblX .uanee.

Mooe/lb meMnepamypbl 603oyxa - 3)],)],11T11BHan 
MO)],eJlb C ce30HHbIMl1 TpeH)],3Ml1 CJlyYaHHblX OTKJJO
HeHl1H, on11cbrnaeMblM11 Mo.n.e11b10 aBToperpecc1111
nepsoro nop.H.n.Ka:
T,, = T,, + /j. Tn; /j. T,, = cj>!J. Tn-1 + an, 
r.ue T,, - cpe.n.1-1eCYTOYHan TeMnepaTypa B03.uyxa o n-e 
cyTKl1 (n = I, 2, ... , 365); T,, - 3HaYeH11e ce301-11-1oro 
Tpe1-1.ua B n-e CYTKl1; tJ. Tl! - OTKJlOHeH11e OT TpeH)],a B 
n-e cyTK11; <t> - napaMeTp aBToperpecc1111, paBHbri1
cpe.n.ttero.n.oBoM)' K03cj)cp11u11eHTY Koppe11nu1111 Me)K)].y 
3HaYeH11nM11 T11 

11 T
11
_1; a11 

- 6e11b1i1 wyM c ttyneBblM 
cpe.n.tt11M 11 .u11cnepc11ei1, paBHOH cr� = ( 1-cj>2 ). 

CeJOHHblH TpeH.n. T,, on11cbrnancn nep110.n.11YeCKOH 
cj)yHKU11ei1, annp0Kc11M11pyiomei1 xo.u cpe.n.HeMHoro-
JleTHl1X 3HaYeHl1H TeMnepaTypbl B03)].yxa B n-e CYTKl1: - (2n ) Tn =T

0 
+t,cos N n+a

2 
, (I) 

r.ue T
0 - cpe.u1-1eMHoro11eT1-1.srn ro.uooa.sJ TeMnepaTypa 

BOJ.n.yxa; a1 11 a2 - napaMeTpbl aMn1111Ty.Ubl 11 cpa3bt co
orneTCTBeHHo; N = 365.

MooeAb amMoc,PepnbtX ocaoKo6 on11cbrnaeT .usa 
npouecca: I) noc11e.n.0BaTeJ1bHOCTb .n.ttei1 c oca,!l,KaM11
11 6e3 oca.n.KOB C 11cnOJ1b30B3H11eM MO)].eJ111 )],11CKpeT
HOH MapKOBCKOH uen11 nepsoro nop.sID,Ka ()],M Ul );
2) 11HTeHCl1BHOCTb oca)],KOB B )],eHb 11X Bbrna.n.eHl151 c
11CnOJlb30BaH11eM MO)],eJ111 He3aBl1Cl1MblX raMMa-pac
npe.ueneHHblX cnyYaHHbIX Be1111Y11H. Mo.uenb )],MU I c
.UBYMH COCTO.sJHl151Ml1 w11pOKO 11CnOJlb3yeTC.sJ )],Jl.sJ on11-
ca1-111n noc11e.n.0BaTeJlbHOCTl1 CYTOYHblX oca)],KOB [4].

MapKOBCKOe CBOHCTBO noc11e.n.0BaTeJ1bHOCTl1 )],Heti C
0Ca)],K3Ml1 11 6e3, on11Cb1BaeMoe MO)],eJlblO, COCTOl1T B
TOM, YTO TeKymee COCTO.sJHl1e yCJlOBHO He3aBl1C11MO
OT Bcex npOWJlblX COCTO.sJHl1H np11 33)],3HHOM npe)],we
CTBYIOI.UeM COCT051Hl111:
Pr[J

n
= jlJo, Jp ···, J

n-2, J
n-i= i] =Pr[J

n = jlJn-1 = i], 
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Pnc. 4. CpaBHeH11e Q)aKTl1'JeCK11X (2) 11 paCClJl1TaHHbIX (]) c nOMO!llbIO retteparnpa noro.nbI cpe.uHeMeCHlJHblX JHa1.JeH11l1 MeTeO
ponorn'leCK11X xapaKTep11cT11K: 
a - TeMnepaTypbl 803.Uyxa; 6 - necJmunTa BJ1IDKHOCTl1 BOJ.uyxa; 6 - cyMMbl OCMKOB; z - lJl1CJla .ntteli c oca.uKaMH 
Fig. 4. Comparison of the observed (2) and simulated (/)mean monthly characteristics: 
a - air temperature; 6 - air humidity deficit; 6 - precipitation amount; z - number of wet days 

{
l,X >0 

rneJ = 

n . 
n OX =0' , n 

X
n 

� 0 - nOCJie.UOBaTeJibHOCTb CJIY'-!aHHbIX Beml'HfH 
KOJI11Yecrna oca.uKoB; i,j = 0,1; n = 1, 2, ... , 365 -

HOMep speMetttt6ro wara. 
Mo.ueJib .UMU I xapaKTep113yeTc5r: 

MaTp11uet1 nepexo.UHbIX Bepo.HTHOCTetf -

P!i =(Pr)[J
n =j/Jn-1 =i] 

H Bepo.HTHOCT.HMH HaY:aJibHblX COCTO.HHl1H -

n; = Pr[J0 = i]. 
YYHTbIBa.H, YTO P;o + Pn = I H n

1 
= I - n0, Mo.ueJib 

co.uep)[(ttT Bcero TPH He3aBMCHMhIX napaMeTpa. Co
rnactto [ 4], napaMeTpbI nepexo.UHhIX Bepo.HTHOCTetf 
MO)[(HO oueHMTb no .UBYM 6e3yCJIOBHblM CTaTMCTH
KaM, onpe.ue1rneMbIM no pH.UY nocJie.uoBaTeJibHOCTetf 
.UHeH c oca.uKaMM H 6e3 OCa,11.KOB. P, = Pr(Jn = I) -
6e3yCJIOBHaH BepOHTHOCTb Bbma.ueHHH oca.UKOB, 
paBHaH MaTeMaTM'-leCKOMY 0)[(HJlaHl1!0 BeJIH'-IHH Jn ; 
r

1 
= Corr(Jn , Jn+I) - K03Q)Q)HUMeHT KoppeJIHU11H

Me)[(Jl.y BeJIMY:HHaMH J/1 B coce.UHHe cyTKH. He3aBl1-
CHMble nepeXO.UHbie BepOHTHOCTM (ttanpHMep, Poo II[
P

11) HaXO.UHTCH no CTaTMCTMKaM P
1 

H r1 H3 npHBe.UeH
HOH HH)[(e CHCTeMbl ypaBHeHHVI, a TaK)[(e paBeHCTBa 
P;o + Pn = I:

Poi
� = (2) 

Pio +Poi' 

r1 
= P11 

- P01 • (3) 

BeJIH'-lttHa n; = Pr[J
0 

= i] np11tt11Manacb paBHOH 

P1. BttyTpMro.noBotf xo.u cpe.nHeMeCHYHbIX 3HaY:e
Htti1 BeJil1Y:11H P, onMCblBaJICH nepHO.lll1Y:eCKOH Q)yttK
UHeH, aHaJIOrHY:HOH (I), npH N = 12; BeJIH'-IHHa r,

CY:ttTaJiacb nocTOHHHOH BHYTPH ro.na. B pe3yJibTa
Te .llJIH Ka)[(Jl.oro KaJieH.uapttoro Mee.Hua no ypaBHe
HHHM (2) H (3) paCC'-IMTblBaJIHCb nOCTOHHHble 3Ha
Y:eHl1H nepeXO.llHbIX BepOHTHOCTeH B Te'-1eH11e 3TOro 
MeCHl.l,a. Cpe.uHeCYTOYHaH HHTeHCHBHOCTb Bbma.ue
Hl1.H OCa.llKOB BbIY:HCJIHJiaCb no MO.UeJIH raMMa-pac
npe.neJieHHblX CJiyY:aHHblX BeJIH'-lll[H c napaMeTpaMH, 
pa3JIM4HblMl1 .llJIH cyTOK C nOJIQ)[(ll[TeJibHbIMl1 II[ OT
p111.1,aTeJibHblMl1 TeMnepaTypaM11. 3T11 napaMeTpbI 
(cpe.nttee 3HaY:ett11e 11 .n11cnepc11H) C411TaJil1Cb nocTo
HHHhIMH B TeY:eHHe Ka)((,11.0ro KaJieH.uapttoro MeCH
ua II[ paBHbIM11 COOTBeTCTBYIOlll.HM cpe.uHeMeCHY:HbIM 
3HaY:eHl1HM. l13MeHeHHH cpe.ntteMeCH4HblX 3Ha4eHHH 
cpe.uttero 11 .uMcnepcH11 B TeYem1e ro.na on11cbIBaJittcb 
nepttO.llHY:eCKl1Ml1 Q)YHKUMHMl1. 

MoiJeJlb iJe,Puu,uma 6Aa:>1Cnocmu 603iJyxa. BeJIM'-111-
Ha .neq:>111.J,MTa BJia)[(H0CTl1 B .ueHb 6e3 OCa,11.KOB paCC'-IH
TbIBaeTC.H no MO.UeJil1 He3aBl1CMMblX raMMa-pacnpe
.ueJieHHblX CJiyYaHHblX BeJIMY:11H, BHYTPl1rO.UOBOH xo.u 
napaMeTpOB KOTOpoJ;l (cpe.nHero 3Ha4eHl1H 11 K03Q)Q)l1-
u11eHTa Bapwaumr) Ja.uaeTcH nep110.nMY:ecKoi1 cj)yHK
UHetf, attanornYHOH (I). B .uettb Bhma.uett11n oca.uKoB 
.ueq:>111.1,MT BJia)[(HOCTl1 B03,llyxa np11H11MaeTCH paBHbIM 
H)'JIIO. Pa3pa60TaHHhIH rettepaTOp norO.UbI co.nep)[(11T 
28 napaMeTpOB, KOTOpble 6bIJIH oueHeHbl no MHO
roJieTHMM PH.UaM MeTeopOJIOrl14eCKMX Ha6JIIO.UeHl1H. 
EblJil1 CMO.UeJI11poBaHbl TaK)[(e 11CKyccTBeHHbie pH.Ubl 

4 fle,11 1-1 Ctter, N2 2, 2014 
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CHe>KHb/U noKpOB u CHe>KHbte naBUHbl 
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Puc. 5. C1rn3b cpaKTH'leCKHX H paCC'IHTaHHblX cpe11HeMHOfOJleTHHX MaKCHMaJibHblX CHerOJanacon (a) H MaKCHMaJibHOH B ron.y 

BbJCOTbl CHera (6) 
Fig. 5. Correlation between observed and calculated mean annual maximum SWE (a) and snow depth (6) 

MeTeopoJIOfl,tl!eCKHX nepeMeHHblX AJIHHOH 1000 JieT 
AJIH Ka)l(JIOH MeTeOpOJIQfl,11.jeCKOH CTaHUHH. Ha pHC. 4 
cpaBHHBalOTCH HeKOTOpbie CTaTHCTHl!eCKHe xapaK-
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TepHCTHKH cpenHeMeCHl!HbIX 3Hal!eHHH cpaKTHl!e
CKHX H CMoneJIHPOBaHHblX PHAOB. Pacl!eTbl nOKaJaJIH, 
l!TO HOBblH reHepaTop noroAbl n03BOJIHeT ynoBJieTBO-
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Puc. 6. KpHBbJe Bep051THOCTH npeBbtWeHH51 CHefOJanacoB Ha 28 cpeBpaJI51, noCTpOeHHble no cpaKTH'leCKHM (2) H paCC4HTaH
HblM ( /) p51llaM 
Fig. 6. Exceedance probabilities of SWE based on the calculated ( /) and observed (2) SWE values on February, 28 
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PHTeJlbHO BocnpOH3Becn1 BpeMeHHb'ie p51.LJ:bl MeTeo

ponorw1eCKl1X nepeMeHHbIX pa3Horo speMeHH6ro 

ocpe,n:HeH1151 Ha paccMaTp11saeMoi1 TeppHTop1111 Espo

nei1cKoi1 Tepp11Top11i,i Pocc1111. 

,Ll;nnaMHKO-CTOXaCTfftleCKOe MO,ll,eJmpoBauue 

cuero3anacos 

C noMOW.blO Mo.aeni,i NewGen MeTo,n:oM MoHTe
Kapno reHep11posan11cb HCK)'CCTBeHHbie nocne.uosa

TeJlbHOCTH BHYTPHfOAOBOro xo.ua cpe,n:HecyTO'-IHblX 
3Ha'-leHHH OCMKOB, TeMnepaTypbl 11 BJ13)KHOCTl1 803-

.uyxa AJ111HOH 1000 JleT, KOTOpbie 3 3AaBMl1Cb B Ka'-le
CTBe rpaHl1'-IHbIX YCJ10Bl1H B MO.D,eJlb Q)OpM11poBaHH51 

CHe)KHOro noKpOBa, C nOMOlUblO KOTOpOH paCC'-111-

TbIBMHCb 1000-JleTHl1e p51.D,bl xapaKTep11CTl1K CHe)K

HOro noKposa (cHero3anacos 11 TOJlUJ.HHhI cHera) 
Ha paCCMaTpHBaeMbIX CTaHU1151X. Do.a<1epKHeM, '-!TO 

KJIHMaT11'-!eCKHe napaMeTpbl, KOTOpbie 3a,LI.aBaJll1Cb 

B Mo,LI.eJlH NewGen, H creHep11posaHHbie no Hei1 

1000-JleTHHe p51,LI.bl MeTeopOJlOrH'-!eCKl1X BeJlH'-111H, a 

cne.nosaTeJlbHO, 11 pacc<111TaHHb1e pHJJ.hI xapaKTepH

CTHK CHe)l(HOfO noKpOBa COOTBeTCTBYIOT COBpeMeH

HbIM KJil1MaTH'-leCKHM YCJ10B11HM. c nOMOlUblO MO.Ile-

so· 

083-100

-101-200

-201-300

-301-400

A.H. renbq:>OH, B.M. Mopeuao 

PHc. 7. Kairra paCClJHTaHHblX MaKCHMaJJb

HblX cHero:ianacoB 4%-H o6ecnelJeHHOCTH. 
TO'IKH - MeTeoCTaHu1111; JaJJHBKa - rpana
U1111 c1-1ero:ianacoB, MM 

Fig. 7. Map of maximum SWE for 25-year 

return period. Dots are meteorological station 

locations, gradient fill - SWE classes in mm 

Jl 11 YllOBJleTBOp11TeJl bHO paCC'-111TaHa TaK)Ke cpe.D,H5151 

no 6accei1Hy BeJll1'-111Ha cpe.aHeMHOfOJleTHl1X MaKCl1-

MMbHbIX CHero3anacoB B ro.n:y. TaK, K03Q)Q)11LI,11eHT 

.D,eTepM11HaLI,11H Me)KJJ.y cpaKTl1'-!eCKl1Ml1 11 paCC'-111TaH

HbIMl1 3Ha'-!eHl151MH COCTaB11Jl 0,78 (p11c. 5, a). Mo

.D,eJlb YAOBJleTBOPHTeJlbHO onl1CbIBaeT 11 MaKCHMaJlb

HYIO TOJ1IU11HY CHe)KHOrO noKposa; K03Q)Q)11Ul1eHT 

.D,eTepM11Hau1111 Me)KJJ.y cpaKTl1'-!eCKHMl1 11 paCC'-IHTaH

HbIMl1 MaKCl1MaJlbHbIM11 B ro.n:y napaMeTpaM11 TOJlW.11-

Hbl CHera paBeH 0,83 (CM. p11c. 5, 6). 

8 Ka'-JeCTBe np11Mepa pe3yJlbTaTOB pac'-leTOB Ha 

p11c. 6 nOKa3aHbl BepOHTHOCTH npeBbIWeHl151 CHer03a

naCOB, TIOCTpOeHHbie no cpaKT11'-1eCKl1M .aaHHbIM H3Me

peHl1H Ha 28 cpeBpMH 11 no paCC'-111TaHHblM 1000-JleT

H11M p51,n:aM cHero3anacos Ha TY )Ke ,LI.ary AJ151 wecT11 
CTaHu,11i1. Ha p11c. 7 np11Be.D,eHa KapTa MaKC11MaJlbHbIX 

cHero3anacoB 4%-i'.1 o6ecne'-leHHocTH, nocTpoeHHaH 

no paCC'-111TaHHblM PH.UaM CHero3anacOB 11 11J1JllOCTp11-

PYIOW.a51 B03MO)KHOCTl1 .lll1 HaM 11 KO-CTOXaCTl1'-!eCKOH 

MO.UeJ111 8eJ111'-IHHbl TaKOH pac'-leTHOH o6ecne'-leHHO

CTl1 11CTI0Jlb3YIOTCH B OTe'-!eCTBeHHOM 11H)KeHepHOH 

npaKTl1Ke .rum oueHKl1 MaKCHMaJlbHbIX CHerOBbIX Ha

rpy30K Ha CTp011TeJlbHhle KOHCTPYKU1111. 
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(He)l(Hb/U noKpOB u CHe)l(Hble naBUHbl 

3aKJJIOlfeHHe 

Pa3pa6oTaHHaH ,UHHaMl1KO-CTOXaCTl1lleCKaH MO

.n.eJJb cpopM11p013aHl1H ct1e)l<HOfO noKpona COCTOl1T 113 

.illlYX KOMnOHeHT: I) .n.eTepM111111CTl14eCKOH Mo.n.e1111, 

on11cbrna10LUei1 cp11311l1ecK11e npoucccb1 n c11ere  np11 
ero HaKOnJJeHHl1 11 TaHH11H; 2) CTOXaCTl1lleCKHX MO,Ue

JJei1 MeTeopoJ1or114ecK11x B03.UeHcrn11 H 11a c11e)K1-1 bl H 

noKpOB (TaK 1-1a3bll3aeMblH CTOXaCTl1llCCKl1H reHepa

TOP norO,Ubl), no3BOJIHIOLU11X BOCllp0113BCCTl1 MCTO.UOM 

MoHTe-Kap110 11cKyccrne1-11-1b1e M Horo11en 111e pH.Ubl 

MeTeopOJJOrH4eCKl1X .n.aHHblX, 3a.n.a13aeMblX B Ka4eCTBe 

rpaHH4HblX ycJJOl31111 B .n.eTepM111111CTl1'1eCKOH MO.UeJI 11. 

.[1.eTepM11HHCTH'leCKaH MO,UeJlb 11 reHepaTop IIOfO.ilbl 

KaJJH6poBaHbl 11 npoaepeHbl no .n.a11J-1blM MHOroJleTHHX 

MeTeopoJ1or114ecK11x 1-ta61110.n.eHHH 11a 36 fMC Eapo

nei1cKoi1 TeppHTop111,1 Pocc11H. Pa3pa60TaH11aH .n.1,111a

MHKO-cToxacT114ecKa51 MO,UeJlb n03BOJIHJla C Y.UOBJleT

Bop11TeJ1bHOl1 TQl(HOCTblO paCC411TaTb CTaTHCTH4eCKHe 

xapaKTep11CTl1Kl1 Me)Kf0.UOBOl1 113MeH411 BOCTl1 CHero-

3anacoB Ha paccMaTpHBaeMoi1 Tepp11Top1,111. 

Pa6oTa BbtnOJJHeHa B paMKax nporpaMMbl NQ 12 cpy11-

.n.aMe1-1rn11 bH btx 11cc11e.n.0BaH 1111 OT.n.e11e111151 1-1ayK o 

3eM11e PAH <<flpoueccbt B aTMoccpepe 1,1 KpHoccpepe 

KaK cpaKTop H3MeHeHHl1 OKpy)l<aJOUleH cpe,Ubl». 
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Summary 

A dynamic-stochastic model, which combines a de

terministic model of snow cover formation with a sto

chastic weather generator, has been developed . The de

terministic snow model describes temporal change of 

the snow depth, content of ice and liquid water, snow 
density, snowmelt, sublimation, re-freezing of melt 

water, and snow metamorphism. The model has been 
calibrated and validated against the long-term data of 

snow measurements over the territory of the Europe

an Russia. The model showed good performance in 
simulating time series of the snow water equivalent and 

snow depth. The developed weather generator (NEsted 

Weather Generator, NewGen) includes nested genera
tors of annual, monthly and daily time series of weather 

variables (namely, precipitation, air temperature, and 
air humidity). The parameters of the NewGen have 
been adjusted through calibration against the long-term 

meteorological data in the European Russia. A disag

gregation procedure has been proposed for transform

ing parameters of the annual weather generator into the 
parameters of the monthly one and, subsequently, into 

the parameters of the daily generator. Multi-year time 
series of the simulated daily weather variables have been 

used as an input to the snow model. Probability prop
erties of the snow cover, such as snow water equivalent 

and snow depth for return periods of 25 and I 00 years, 

have been estimated against the observed data, showing 

good correlation coefficients. The described model has 

been applied to different landscapes of European Rus

sia, from steppe to taiga regions, to show the robustness 
of the proposed technique. 
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