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HA CEBEPE 3ATIATHOI CUBUPU

10.M. Momumyk!2, B.1O. Ioaumyk3

"Ancmumym xumuu nepmu CO PAH, 634021, Tomck, npocn. Akademuueckuil, 4, Poccusi; yupolishchuk@gmail.com
2[0z0pcKutl Hayuno-ucciedo6amenbCkuil UHCMUMym uH@GOPMAUUOHHBIX MeXHOL02UIL,
628011, Xanmoi-Mancuiick, yr. Mupa, 151, Poccust
S Uncmumym monumopunza xiumamuveckux u sxorozuueckux cucmem CO PAH,
634021, Tomck, npocn. Axademuueckuii, 8, Poccusi; yu_polishchuk@gmail.com

IIpencraBiennr pe3ysibTaThbl MATEMATHUYECKOTO MOJEANPOBAHNS U IIPOTHO3UPOBAHUS ANHAMUKY 10JIeH
TEPMOKAPCTOBLIX 03€p Ha TEPPUTOPUM MHOTOJIETHEH MepaaoThl 3anannoit Cubupu 10 KOHIIA HBIHEITHETO CTO-
nerws. Onrcana reONMITAIMONHO-PerpecCnoHHas MOZIe b IMHAMHIKH TEPMOKaPCTOBO-03€PHBIX MoJTell, cBolicTBa
KOTOPOI! OIIpeziesIeHbl Ha OCHOBE CTATUCTHYECKOTO PACIIPEIEIEHNsT KOOPANHAT MECTOIIOJIOMKEH IS U TJIoMa el
03ep, TOJTyIeHHBIX 9KCIIEPUMEHTATBHBIM ITyTeM C NCTIOJIb30BaHNEM Pa3HOBPEMEHHBIX KOCMUUECKUX CHIMKOB
Landsat 3a neprog 1973—2009 rr. B Moziesint yuTeHa B3aMOCBsI3b TEPMOKAPCTOBO-03€PHBIX U KJINMATHIECKUX
M3MEeHEHNH, yCTAaHOBJIEHHAs! HA OCHOBE MHOTOMEPHOTO PETrPecCHOHHOTO aHAI3a SKCTIePUMEHTATbHBIX JAHHBIX.
IIporHosupoBanie JUHAMIKH [OJIEH TEPMOKAPCTOBBIX 03€P B 30He MeP3JI0ThI 3amaHoil CHOUpH OCyIiecTBIIe-
HO C IOMOII[bIO KOMITBIOTEPHBIX JKCIIEPUMEHTOB Ha MOJIEJIN C YIETOM M3BECTHBIX IIPOTHO30B N3MEHEHUSI CpejiHe-
TOJIOBOM TEMITIEPATYPBI /ISt HCCIIEyeMOii TeppuTopri. II0KazaHo, 4T MOBbIIIEHHE TEMITEPATYPBI OY/IET COITPO-
BOJK/IATHCS COKPAIIEHUEM IIONA/IN TEPMOKAPCTOBBIX 03€p B 30He Mep3Ji0Thl 3anaanoil Cubupu.

Tepmokapcmosuie 03epa, 2100anvHOe NOMENIEHUE, 2EOUMUMAUUOHHOE MOOCIUPOBANUE, NPOZHO3, OUCTIAHYL-
OHHOE 30HOUPOBaNUe, MHOZoLemHss Mepanoma, 3anadnas Cubups

USING OF GEO-SIMULATION FOR FORECASTING THE CHANGES
IN SIZES OF THERMOKARST LAKES IN NORTHERN WEST SIBERIA
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Results of mathematical modeling and forecasting of the dynamics of thermokarst lake fields in West-
Siberian permafrost up to the end of the century are presented. The geoimitation-regression model of the dyna-
mics of thermokarst lake fields is described. Properties of the model are determined on the basis of statistical
distribution of coordinates and sizes of lakes, obtained experimentally using the Landsat space images during
the period of 1973-2009. The model takes into account the relationship between thermokarst and climate
changes, established on the basis of multivariate regression analysis of the experimental data. Prediction of the
dynamics of thermokarst lake fields in West-Siberian permafrost has been completed with the help of computer
experiments based on the model taking on account of the known forecasts of changes in mean annual temperature
for the study area. It is demonstrated that an increase in temperature will be accompanied by a decrease in the
sizes of thermokarst lakes in the permafrost of West Siberia.

Thermokarst lakes, global warming, geoinformation modeling, forecast, remote sensing data, permafrost,
West Siberia

BBEAEHUE

WsBecTHO, 4TO MOTETJIEHNE KJAUMATa TPUBOAUT  BOTO KoMILIeKca. CHUKEHMe IIPOYHOCTH MHOTOJIETHE-
Ha CEBEPHBIX TEPPUTOPUSIX K POCTY aBADUIUHOCTH HA ~ MEP3JIbIX TMOPOJI, BBI3bIBAEMOE YCKOPEHUEM TEPMO-
TPyOOTIPOBOIAX M APYTUX COOPYIKEHUAX He(TETa30-  KapCTOBBIX MPOIECCOB MO/ BO3AECHCTBUEM MOTETLIe-
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HUS, COMTPOBOKIAETCS POCTOM 9KOHOMUYECKUX W
DKOJIOTUYECKUX YIepOOB Ha NPEAIPULTUAX OTe-
YeCTBEHHOTO He(TerazoBoro KOMIIekca, Tak Kak
OOJIPIINHCTBO Ia30BbIX MECTOPOIKIEHUI U 3HAYM-
TeJIbHAsl YacTh MECTOPOsKAEeHNT HedTH B 3amaHoi
Cubupu paciojiaraiotcsi B 30He BEYHOU MEP3JIOTHI.
PaspaboTka MEPOIPUATHII 110 CHIKEHUIO YIepOoB
HedTerazono0bIBAIOIINX IPEAIPUATHNH HEBO3MOKHA
6e3 MPOTHO3HBIX OIEHOK AMHAMUKI MOP(HOJIOTH-
YECKOU CTPYKTYPBI 03PHO-TEPMOKAPCTOBBIX PABHIH
[ Buxmopos, 2006]. Jlns moaydeHust 3TUX OTIEHOK He-
00XOJIMMO HCTIOJIb30BATh MATEMATUIECKOE MOJIEIU-
poBaHUe IMHAMUKHN TEPMOKAPCTOBBIX TTPOIECCOB HA
TEPPUTOPUHU BETHON MEP3JIOTHI B YCJIOBHUSIX KJINMATH-
YeCKUX U3MEHEHUH.

BesenictBue BbICOKOM cTerneHn 3a60I04eHHOCTI
U TPYAHOMOCTYITHOCTH TEPPUTOPUU MHOTOJIETHEH
MEpP3JIOTHI ATU MCCJEeIOBAHNST KaK B Halllel cTpaHe,
Tak ¥ 32 PyGEsKOM IIPOBOJATCA € IIPUMEHEHUEM JaH-
HBIX JUCTAHIIMOHHOTO 30HANpOBaHus. [Ipr aTom B
KauecTBe HanboJjee MPUTOAHBIX TeoMopdoiornye-
CKUX WHAWKATOPOB N3MEHEHWI MHOTOJIETHEN Mep3-
JIOTBI TIOJT BO3/ICHICTBUEM TTOTEIJIEHNS KJIUMaTa uc-
MOJB3YIOTCS XOPONIO JemupupyemMbie Ha KOC-
MHUUYECKUX CHUMKAX TePMOKapCcTOBbIe o3epa [/lnen-
posckas u dp., 2009; Kpasuyosa, 2009]. Tlostomy
BAKHBIMHU TTPEICTABISIOTCST BOTPOCKHI TPOTHO3UPOBA-
HUSI UI3MEHEHUST Pa3MEPOB TEPMOKAPCTOBBIX 03€P.

B namux pab6orax [I[Toauwyx FO.M., Ilonu-
wyx B.FO., 2011a,6] paspaboTtana Mojie/Ib IOJIel Tep-
MOKapCTOBBIX 03€P, MO3BOJISIONIAS YUUTHIBATH BaK-
HYTO0 3aKOHOMEPHOCTD IMHAMUKHU 9TUX TI0JIeH (COKpa-
MeHue TI0NaZeid TEPMOKAPCTOBBIX 03€P B 30HE
MEPBJIOTHI CO BPEMEHEM ), OATBEPKAAEMYIO B GOJIb-
IIIOM YHCJIe AUCTAHITMOHHBIX UCCIeIOBAHNI, HATIPH-
mep, [Kupnomun u dp., 2008; Kpasyoea, Tapacenxo,
2010]. Ha octoe aroii mojesin namu [[loruwyx B.JO.,
Honuwyx 10.M., 2013 nan nporuo3 u3MeHeHnii 110-
maieil TEpMOKAPCTOBBIX 03€P B 30HE MEP3JIOTH 3a-
naguoii Cubupu 1o 2300 r. ¢ UCIIOIb30BAHUEM MaTe-
PHAJIOB O CPEJHETOI0BON TeMIIEpaType BO3/yXa, M0-
JIYUEHHBIX MTyTEeM JINHEHHOM SKCTPAITOJISIINN TAHHBIX
peaHaiusa.

O/HaKO, KaK MOKa3aJu MPOTHO3HbIE OIEHKH
TeMTlepaTyPHBIX U3MEHEHWN /s ceBepa 3anajHon
Cubupu 1o 2300 r. [ Knumenxo u dp., 2007; Xpycma-
aee u op., 2008], TpeH I BPeMEHHOTO X0/1a CPeIHEro/10-
BBIX 3HAUCHUI TEMIIEPATyPBI B JIOJTOCPOYHOM TIep-
CIEKTHUBE OTINYAETCS OT JInHeHOTo Buia. [loatomy
MPECTABJSIETCS MHTEPECHBIM TTPOBECTH MPOTHO3M-
poBaHUe U3MEHEHUH ToJiell TepPMOKAPCTOBBIX 03€eP
kpuosuTo3onbl 3anaguoin Cubupu g0 2100 r. ¢ uc-
M0JIb30BAHMEM ITPOTHO3HBIX OIEHOK TEMITEPATYPHbBIX
usMeHeHui, noxyuenubix B.B. Kaumenxko c coasTo-
pamu [Knumenxo u op., 2007; Xpycmaies u op., 2008],
YTO U CTAJIO [EJIbI0 HACTOSIIEN PabOTHL.

1. KPATKOE OIINCAHUE
TEOUMUTAIIMOHHO-PETPECCUOHHOM
MOJIEJIN TUHAMUKU TOJIEI
TEPMOKAPCTOBbBIX O3EP
1 EE OKCIIEPUMEHTAJIbHOE OBOCHOBAHMUE

Mogenb moJieit TepMOKapPCTOBBIX 03€P, TIPUTOJI-
Hast JIJIs1 TPOTHO3MPOBAHUSI X THHAMUKH, paspaboTa-
Ha C UCII0Jb30BAHUEM FreOMMUTAIIMOHHOTO TTOAX0/Ia
B Hamux nybaunkauusax [Horuwyx FO.M., Hoxu-
wyx B.IO., 20116]. OcHOBHBIE CBOHCTBA MOJEIU
OTIpe/ieJIeHbl OMITUPUIECKUM ITYTEM HA OCHOBE aHAJIHU-
32 JAHHBIX [UCTAHITMOHHBIX UCCJIEOBAHMI. JKCIIe-
pUMEHTAJIbHbBIE UCCIIEIOBAHNS TTPOBOUINCEH B 30HE
MepasnoTsl 3anaganoil Cubupu, rie 6bi BeIOpanb 29
TecToBbIX yuacTkoB (TY), cxema pacriosioskeHust Ko-
TOPBIX JaHa Ha puc. 1. /L1 mpoBeseHns mccaeoBa-
HUit nctonb3oBano 106 6e3061a4HBIX KOCMUUYECKUX
carMikoB Landsat 3a nepuog 1973—2009 rr. Pesyuib-
TAThl 3TUX UCCJIECAOBAHUN MOAPOOHO UBJIOKEHBI B
crarbe | Polishchuk V., Polishchuk Yu., 2014)].

Hawmu [IHonuwyx FO.M., [loauwyx B.FO., 2012] na
OCHOBE aHaJIN3a 9KCIMEPUMEHTAIBHBIX JIAHHBIX TTOKa-
3aHO, YTO B KauecTBe (hOPMbI HEPETOBBIX TPAHUI] MO-
NETTUPYEMBIX TEPMOKAPCTOBBIX 03€P MOKHO BBHIOPATH
OKPY>KHOCTB. B CBSI3W ¢ 3TUM MOJIeIb TPOCTPAHCT-
BEHHOU CTPYKTYPBI, IIPe/IJIoKeHHas B ctatbe [[lonu-
wyx FO.M., Honuwyx B.1O., 2011a], npencrasisiet co-
60ft COBOKYITHOCTD CITYUAMHBIX OKPY/KHOCTEN, KasK-
JIast U3 KOTOPBIX OTOOPaKaeT B MOJEJH OTAENbHOE
TEPMOKAPCTOBOE 03€PO0. AHAJIN3 IICTOTPAMM Pacipe-
JIeJIEHTIST KOOPMHAT IIEHTPOB 03ep Ha TJIOCKOCTH TO-
kazaJ [Tam gce], 4TO 9KCTIEPUMEHTATIbHBIE 3AKOHBI
pacrpeeseHust KOOPAMHAT IIEHTPOB 03€p 0 KpuTe-
puto %2 ¢ BepoaTHocTio 95 % [Kpemep, 2003] coot-
BETCTBYIOT 3aKOHY paBHOMepHOil miotnoctu. Co-
ranacuo pauubiM [[lonuwyx FO.M., Hoauwyx B.IO.,
2011a; Polishchuk V., Polishchuk Yu., 2014], tepmo-
KapCTOBbIe 03epa pacipeieienbl M0 UX IIONAISIM B
COOTBETCTBUM C 9KCIOHEHIIMAJIBHBIM 3aKOHOM pac-

6|0° 6|5° 7|0° 7|5° 8|0°
@ MeTeocTaHums
TecToBbIV y4aCTOK
Kpuonutosona:
/) cnnowkxas
pepbiBUCTas
OCTpOBHas

75°

70°

65°

60°

Puc. 1. Kapra-cxema pacnoJioKeHHsI TECTOBBIX
Y4aCTKOB U CETH METEOCTaHIIHiA.
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npenenenus. [loaToMmy pactpenesenrie OKpy:KHOCTEN
10 IJIOIIAASIM B MOJIE/IN TaKKe OYAeT MOAUMHATHCS
AKCIIOHEHI[NAIBHOMY 3aKOHY C IJIOTHOCTBIO BEPOSIT-
HOCTeU B BUJIE

()= re™, (1)

rie A — nmapameTp pacipe/ie/ieHIs; § — IJIONa/lb 03ep.

[l MonmenMpoBaHusl IMHAMUKU TT0JIEH 03€ep
Ba’sKHO BBISIBJIEHNWE 3aBUCUMOCTH TapaMeTpa A OT
KJIUMaTUYeCKUX 1mokazaresieit. /lyg nuzyuenus B3au-
MOCBSI3U KJIMMATHYECKUX U TEOKPUOJOTHUECKUX U3-
MEHEHUH HEOOXOMMO COBIAICHUE MECTOIOJIOKEHIIST
(unu, o KpailHell Mepe, GJIU3KOE PACIOJIOKEHIE)
MEeTeOCTAHINI U TECTOBBIX yUyacTKOB. PaccmarpuBas
KapTOCXEeMY PACIIONIOKEHUS METEOCTAHIINI HA MCCie-
JIlyeMOIl TeppUTOPUHU, COBMEIIEHHYIO CO CXeMOT pac-
TTOJIOJKEHUST TECTOBBIX y4acTKOB (cM. puc. 1), Bugmm,
YTO METEOCTAHIIUN U TECTOBbIE YUACTKHU, KaK IPaBU-
JI0, He COBIIQJIAIOT 110 MECTOIIOJIOKeHn 0. [leiicTBI-
TEJbHO, HA TPYAHOJIOCTYITHBIX TEPPUTOPUSX MHOTO-
JIETHel Mep3JIOThl METEOCTAHIIMK 00BIYHO paciioyara-
10TC 110 GeperaM peK MU B HACEJEeHHBIX IIYHKTaX, a
TEPMOKAPCTOBBIE 03€Pa — B MECTaX aKTUBHOTO TEPMO-
kapcra. Takoe pacxosk/ieHre MeCTOTIOJNOKEHWH Tec-
TOBBIX Y9aCTKOB U METEOCTAHIINI MOKET CTaTh IPHU-
YUHOU 3HAYNTEJbHBIX MOTPENTHOCTEN B BBISIBJIEHUU
B3aMMOCBSI3H KIMMATUYECKUX U TEOKPUOJIOTHIECKUX
W3MeHeHUN Ha ncciaenyeMoit tepputopuu. [loaTomy
npoBesierHoe Hamu [[oauwyx B.1O., [loruwyx FO.M.,
2013] uccaenoBanue, HalIpaBJIEHHOE HA OIIpe/iesieHre
B3aUMOCBSA3U U3MEHEHU ILJIOIIaiell TepPMOKapCTO-
BBIX 03€p W KIANUMATUIECKUX TTOKa3aTeseil (CpeTHero-
JIOBOM TEMTIEpaTyphl BO3/yXa U YPOBHS OCAJIKOB), T10-
TpebOBaJIO TMOJYYeHNUs JAaHHBIX O TeMIlepaType |
YPOBHE OCAJIKOB C UCTIOJB30BAaHUEM METOINKH peaHa-
JIN3a, TIO3BOJISIONIEH ONPe/IeJIUTh 3HAUCHUS KITMMa-
TUYECKUX TIOKa3aTeseil B MecTax pacroJiokerus TY.

Peananus (oBTOPHBINT MeTEOPOJOTUYECKUTT
ananus | Meteorological reanalysis, 2011]) nossossiet
MOJYYUTh METEOPOJIOTUUECKY0 MH(MOPMAIIUIO B 3a-
JIAHHBIX ITyHKTaX ucciaepyeMoit repputopuu. OcHOB-
Has njlesl peaHajIi3a 3aK/I09aeTcs B TOM, 4TO Ha 6ase
aHAJTN32 HAKOIIJICHHBIX 32 MePUO/] HECKOJIbKUX JIeCs-
TUJICTUH JaHHBIX PA3JTUYHBIX ADXIUBOB METEOPOJIOTH-
yecKHUX HaGJII0MeHU (hOPMUPYIOTCS HAOOPhI METEO-
JIAHHBIX, KOTOPbIE TIPEICTABIALIOTCS B BUE TIOJIEN
METEOPOJOTUUECKUX TTOKa3aTesel, UTO TTO3BOJISAET
OTIPEIENIUTD KIUMATHYECKIE XaPaKTEPUCTUKU B MeC-
Tax pacnonoxenus TY. CyniecTByOT pa3jaudHbie
nipoekThl cuctem peananusda [APHRODITE’s SCOPE,
2011; European Center..., 2011]. B nacrosuieii pabo-
Te JIJIST OTIpe/ieJIeHNsT KIMMAaTUUeCKUX XapaKTepuc-
TUK MCIIOJIb30BAJIMCH JIaHHbIe IPOEKTOB Reanalysis
ECMWF ERA-40, ERA-INTERIM n APHRODITE
JMA.

C McroThb30BaHNEM JIAHHBIX PeaHan3a B MOHO-
rpadun [Horuwyx B.XO., Honuwyx FO.M., 2013] 6b11u
chopMUPOBaHbI TaGIUIIBI JAHHBIX O CPEIHEr0A0BOI
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TeMIlepaType BO3/IyXa U r0/I0BOII CyMMe OCa/IKOB 32
uccJeyeMblii epuoj Ha BBIOPaAHHBIX TECTOBBIX
ydacTKax. ITH CBEJEHUsI CTaJIU OCHOBOH JIJIsI ITPOBe-
JIEHUST CTATUCTUYECKOTO aHAJIN3A C TIEJIIO OTIpeieie-
HUST 3ABUCUMOCTH ITapaMeTpa A OT BpEMEHU U KJInMa-
TUYECKUX [I0KasaTeseil B BUje ypaBHEHUS MHOXe-
CTBEHHOIT JTuHeitHol perpeccun [ Kpemep, 2003]:

A=Cy~+C 2y +Cyzy +Cy24, (2)

r71e ¢ — CBOOO/IHDIN YieH yPABHEHUS PETPECCUU; C; —
K03((OUIINEHTHI YpaBHEHUsI PErPecCuy; z; — He3aBH-
CUMBbIe TIepeMEeHHbIE YPaBHEHUS PETPEcCUu: BpeMs
(i=1), remniepatypa (i = 2), ocagku (i = 3).

3aMeTHM, 4TO KpOMe U3MEHEHU KIuMaTmyie-
CKUX ITOKa3aTesell Ha BeJIMYMHY TTapaMeTpa A 0Ka3bl-
BAOT BJIWSTHUE W PA3JIUIUS TCOKPUOJOTUUECKIX yC-
soBui Ha pa3Hbix TY. OiHAKO perpeccnoHHOe ypaB-
HeHue (2) ONMMCHIBAET 1TOBE/IEHNE TTapaMeTpa A He Ha
OT/ICJIBHBIX YUACTKAX, @ B CPETHEM JIJIT COBOKYTTHOCTH
HCCJIEIOBAHHBIX TECTOBBIX YYACTKOB, OTOOpaskast 06-
IIye JJTs1 HIX 3aKOHOMEpHBIE B3aUMOCBSI3H TTapaMeT-
pa A ¢ KIMMATUYECKIMU XaPAKTEPUCTUKAMU.

Hwxe mpuBezieHbI ciieiyIoliue 0CHOBHBIE MOJIO-
JKEHUST, KOTOPbIE, COTJIACHO fauHbIM [[loauwyx B.1O.,
Honuwyx 10.M., 2013], openessaior cylecTBeHHbIE
CBOIICTBA TEOMMUTAIMOHHO-PETPECCUOHHOI MOJIEITH
IIPOCTPAHCTBEHHO-BPEMEHHOU CTPYKTYPBI T10JIel Tep-
MOKAPCTOBBIX 03€P:

1) opMbl GEPEroBBIX IPAHMIL 03€P MPEACTABIIE-
HbI yPaBHEHUEM OKPY>KHOCTH C KOOPAUHATAMU TI€HT-
POB X, ¥; U TLIOWABIO S; (I — HOMEp OKPYKHOCTH);

2) IpoCTpaHCTBEHHBbIE U3MEHEHUS KOOPJUHAT
IIEHTPOB OKPY>KHOCTE! ¥ UX IJIOMIAZIel CTaTHCTHIeC-
KU HE3aBUCUMBI;

3) cayvaitHoe pacrpeiesieHne Kaskaoi n3 Koop-
JINHAT OKPYKHOCTEH X;, Y; ONpeiessIeTCsI 3aKOHOM
PaBHOMEPHOI TJIOTHOCTH;

4) cydaitHoe pacrnpejiesieHue Ynucaa OKPYsKHO-
CTel 10 WX TIOTIA/ISM OTIPe/Ie/IsIeTC TOKA3aTeIbHBIM
3aKOHOM pacripeziesienusi B Bujie (1) ¢ mapameTpom A,

5) 3aBUCHMOCTH CTATHCTUYECKUX CBOMUCTB MOJIE-
JIU TUHAMUKU TI0JISI TEPMOKAPCTOBBIX 03ep OT Bpe-
MEHU, TEMIIEPATYPbI U OCAIKOB PACCUNTHIBAETCS 1O
ypaBHeHUIO (2).

B ¢Bs131 ¢ BBITIEN3I0KEHHBIM 001IIast MOJIEITH JTH-
HAMUKU TI0JIell TEPMOKAPCTOBBIX 03eP, OIUCHIBAIO-
11ast TPOCTPAHCTBEHHO-BPEMEHHbIE N3MCHEHUS 9TUX
MOJIEH, TIPEJICTABJISETCS B BUJE COBOKYITHOCTH (Bpe-
MEHHOI TTOCJIeI0BATETbHOCTH ) YACTHBIX T€OMMUTA-
IIUOHHBIX MOJIeJIEN TIPOCTPAHCTBEHHOI CTPYKTYPBI
OJIst 03€ep, NpeyiokeHHbIX Hamu [Hoauwyx 10.M.,
Honuwyx B.IO., 20116]. Tak Kak 3aBUCHUMOCTb
CBO¥ICTB 06Iel MOJENN OT BPEMEHU U KJINMATH-
YeCKUX [apaMeTPOB OIPeesISIeTCs] PErPecCuOHHBIM
ypaBHeHUEM, Oy/IeM Jlajiee [Jist KPATKOCTU Ha3bIBATDH
paccMaTpuBaeMyto 3/1eCh MOJIEh JUHAMUKH TIOJIei
TEPMOKAPCTOBBIX 03ep T€OMMUTAIIIOHHO-PETPECCH-
onHoit Mojtesibio (TMPM).
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2. AHAJIU3 BJUAHUA UBMEHEHU YPOBHS
OCAJZIKOB HA IMTPOTHO3HBIE ONEHKN
TEOKPUOJIOTUYECKUX U3MEHEHUI

CoryacHo ypaBuenuio (2), mapaMeTp MOJEIN A
3aBUCHUT OT BPEMEHU, TEMIIEPATYPBI U YPOBHS 0CA/I-
KOB. /{1 TTOJIy4eH s IPOrHO3HbBIX OIIEHOK [TUHAMU-
KU TI0JIeil TEPMOKAPCTOBBIX 03€P B 30HE MEP3JIOTHI /10
2100 r. MOXHO UCTIOJTb30BATH PETUOHAJIBHBIE PSI/IbI
CPeIHETOI0OBBIX TEMIIEPATYP AJ ceBepa 3amagHoil
Cubupu, npezacrasiaentbie B.B. Kimmerko ¢ coaBTo-
pamu [ Knumenxo u dp., 2007; Xpycmanes u op., 2008).
Ho, x coxamnennio, mporao3oB n3MeHeHUs YPOBHS
ocajakoB g 3anagaHoid Cubupu Ha HepUom 10
2100 r., HACKOJIbKO HAM U3BECTHO, B HACTOSIIIIEE Bpe-
MsI B uTepatype HeT. [10aToMy BaskKHBIM J171s1 TIPOTHO-
3UPOBAHUS IMHAMUKY TI0JI€I TEPMOKAPCTOBBIX 03€P
B YCJOBHUSAX KJINMaTUYECKNX U3MEHEHNI SBIISETCS
uccyeloBaHre CYNeCTBEHHOCTH BIUSHUS YPOBHS
0CaJIKOB Ha PE3yJIbTAThl IPOTHO3UPOBAHUS U3MEHe-
HUI TEPMOKAPCTOBBIX MTPOIECCOB, [IJIS1 YETO MPOBEEM
cpaBHeHue pe3yabTaTOB IPOTHO3UPOBAHIS AUHAMU-
KU TI0JIell TEPMOKAPCTOBBIX 03€P, MOJYIeHHbIX Ha OC-
HOBE UCIIOJIb30BAHUST TEOUMUTAIIMIOHHO-PETrPECCHOH-
HOU MOJIEJIN KaK € YY€TOM, Tak 1 0e3 ydera ypOBHsI
0CAJIKOB.

[Ipexxkie paccMOTPUM Pe3yJIbTaThl aHAIN3A W
[IPOTHO32 M3MEHEHUN TEMITEPATYPBI, BBIITOJHEHHDIE B
TnaBuoil reopusuueckoit o6cepsaropuu (ITO)
um. A. V. BoeiikoBa [ Cmpamezuueckuii npoznos...,
2005] w npuBezsennble Ha puc. 2 B Bue rpaduka Bpe-
MEHHOTO XOJIa IPU3EeMHOI TeMIIEPATYPhl BO3yXa Ha
Tepputopun Poccun, pacCauTaHHOTO TIO aHCaMOJTIO
THIPOINHAMIYECKIX MOJIeJiell KInMaTa Py pas3iimd-
HBIX CIIEHAPUIX PasBUTH IJI00ATbHOI 9KOHOMIKHI
10 2030 r. CoruacHo pabore | Cmpamezuueckuil npoz-
103..., 2005], 5T naHHbIe B CPEIHEM COTIACYIOTCA
C IPOrHO3HBIMU OlleHKaMu MeKIpaBUTeIbCTBEH-
HOU TPYIIIbI 9KCIIEPTOB M0 U3MEHEHUIO KINMAaTa
(MTIDUK, TPCC) [Uzmenenue xnumama, 2007]. Kak
BU/THO U3 PUC. 2, 3BHAYEHUI TEMIIEPATYPbI B ITPOTHO3-
wbiii iepuoz 2000—-2030 rr. B cpe/iHeM COOTBETCTBY-
10T 9KCTPAIOJISINY JTUHEHHOTO TPEH/Ia BDEMEHHOTO
X0/Ia TeMITePATyPBHI, MOJTYIYEHHOTO B TIPE/IIECTBYTO-
it nepuoy Habmogenuii (1970—-2000 rr.). Mssect-
HO [Yemoviprun, 1977], 94T0 3KCTPANONAINNS BPEMEH-
HBIX PSIJIOB, T. €. IPOJJIeHIe B Oy/ylee TeHACHIIUH,
HabJoIaBIIeicsa B IPOIIIOM, ABJSETCA OJHUM U3
HarboJsiee pacpoCTPAHEHHBIX METO/IOB TIPOTHO3UPO-
BaHM. JKCTPAOJIAIUS TeHICHITNI AMHAMIYECKIX
PSIIOB CPABHUTEJLHO MMTUPOKO MTPUMEHSIETCS B TIPaK-
THUKE MPOTHO3UPOBAHUS B CUJIY €€ MMPOCTOTHI U BO3-
MOKHOCTH OCYIIECTBJICHIS HA OCHOBE OTHOCUTEJNBHO
HeOOIBIIOTO 00beMa HHPOPMAIIHH.

ITosTomy 110 anasioruu ¢ paboroii [ Cmpamezuuec-
Kutl npoenos..., 2005] s orpeziesieHus ITPOTHO3HBIX
3HAYEHUI TEMIIEPATYPbI M YPOBHS OCAIKOB IIPH MO-
NeTMPOBAHUN TUHAMUKN TEPMOKAPCTOBBIX 03€p 710
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y=10.033x - 66.59
1.0 1
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1980 1990
Puc. 2. IIporno3upyemsiii pocT TemiepaTtypsl NpH-
3eMHOro Bo3ayxa 1isi Poccun va nepuoa 2000—

2030 rr. (no nanubIM [ Cmpameesuneckuii npoznoas...,
2005]).

2030 r. 6y/1eM UCITOJIB30BATh IKCTPATIOJSIIINIO JIMHE -
HBIX TPEH/IOB BPEMEHHBIX PsIIOB CPEIHETOI0BOI TEM-
epaTypsl M TOJOBON CYMMBI OCA/IKOB, TTOJTYYE€HHBIX
IO TAHHBIM peaHaan3a /s UCCIeyeMol TeppuTo-
puu Mep3oThl 3anaguoit Cubupu. Iporuosuposa-
HUe TUHAMHKH TI0JIell TEPMOKAPCTOBBIX 03€p MMPOBO-
JINJIOCH TIyTeM KOMIBIOTEPHOTO 9KCIIePUMEHTa Ha
MOJIeJIN B COOTBETCTBUM CO CJIEAYIOIINM CIIEHAPHEM.

Cuenapuii 1. IIpoenosuposanue ounamuxu no-
Jlell mepMoKapcmosvix 03ep Ha 0CHOGE 2e0UMUMA-
YUOHHO-Pe2PECCUOHHOU MOOENU U IKCMPANONAUUY
JUHEUHbIX MPEHO06 UMEHEHUL meMnepamypovlL u
ocaoxoe na nepuoo 2010-2030 ee.

JlasHbBIl clieHapWil Ipe/IoiaraeT NCIoJib30Ba-
HUE BDEMEHHBIX PSZIOB CPEHETO0OBON TeMIIePaTyPhl
MPU3EMHOTO BO3/[yXa U IOJOBOI CYMMBI OCAJKOB,
chopMUPOBAHHBIX C TIOMOIIBIO CUCTEM peaHaIn3a
ERA-40 1 APHRODITE JMA cooTBETCTBEHHO.
[Tpotesypa mosydeHust TaHHBIX 00 U3MEHEHUU TEM-
[epaTypsl U YPOBHS OCAIKOB HA OCHOBE PeaHaNn3a
6osree OAPOOHO M3MOKeHa B MoHOTpaduu [[oau-
wyx B.IO., Honuwyx 10.M., 2013]. Ha puc. 3 u 4 1no-
Ka3aHa HKCTPAIOJISIII JIMHEHHBIX TPEHIOB BPEeMeH-
HBIX PSIOB YKA3aHHBIX KIMMATHUECKIX MoKa3aTeelt,
MTOJIYYE€HHBIX 110 IAHHBIM PeaHATN3a JIJIl TEPPUTOPUN
Mepaa0Thl 3anagnoi Cubupu.

C ucrorb30BaHNeM MPOTHO3HBIX OI[EHOK TeMIIe-
paTypel U YPOBHS OCAIKOB JIJIST KaXKA0TO TECTOBOTO
yuyacTka (cM. puc. 1) paccuntaBaiuch B COOTBETCTBUM
¢ popmyJioit (2) 3HaUeHUST TTapaMeTpa A /I Tepruoia
1973-2030 rr. 3atem noTydyeHHBbIE 3HAUEHUS TTapa-
MeTpa YCPETHSIINCD TI0 BceM 29 TeCTOBBIM y4acTKam
HCCJIeyeMOI TeEPPUTOPUH MeP3I0ThI 3anaanoit Cu-
o6upu.
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Puc. 3. xcTpanossiys JMHEHHOTO TPEHIA BpEMEH-
HOTO psijia CPEHET0/I0OBOI TEMIIepaTypbl BO3IyXa Mo
JlaHHBIM peaHaju3a 1 3anaanoit Cudupu.
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Puc. 4. IkcTpanoasnusa JMHEHHOTO TPEHAA Bpe-
MEHHOTO P$/Ia TO0BOH CyMMbI OCAKOB 0 JaHHBIM
peanaausa aug 3anaanoit Cubupu.

B coorBercTBUU cO crienapuem 1 MozmenupoBa-
HUe IUHAMUKHY 110JIell TEPMOKAPCTOBBIX 03ep B 30HE
Mepaaorel anagnoir Cubupu va nepuos ¢ 2010 o
2030 r. ocyecTBIIAI0Ch B BUJIe KOMIIBIOTEPHbIX 9KC-
nepumenToB ¢ [MIPM na 29 moyebHBIX ydacTKax,
KOOPJIMHATHI PACIIOIOKEHUST KOTOPBIX COOTBETCTBY-
10T MECTOTIOJIO}KEHUIO PEATBbHBIX TECTOBBIX YYaCTKOB
(cm. puc. 1). MeTonnmdeckue BOMPOCHI, aJITOPUTMBI U
nporpaMMHOe oOecredeHre MOIETUPOBAHIS INHA-
MUKH TI0JIeil 03ep 0CTATOYHO MOAPOOHO PACCMOTpE-
ubl B.IO. Ionuiyk, FO.M. IToauntyk [2013].

YucsieHHOE MOJIeTUPOBAHNE IMHAMUKHY TIOJIEi
TEPMOKAPCTOBBIX 03eP MPe/IosaraeT KOMIbIOTEPHOE
reHeprupoBaHUE COBOKYIIHOCTE TPOEK MCEBAOCIY-
yallHbIX ymces (X, ¥, s), 0TOOpaKaioUUX COOTBET-
CTBEHHO 3HAYEHWS KOOPMHAT IIEHTPOB OKPYKHOCTEH
u ux maonaau. CorsacHO BBINIEN3I0KEHHOMY, CTa-
TUCTUYECKOE paclpejiesienlie KOOPAMHAT IIeHTPOB
OKPY’KHOCTEI COOTBETCTBYET 3aKOHY PaBHOMEPHO
IJIOTHOCTH, & paclpeiesieHne TAoMaaeil OKpysKHOC-

' . - . &
.“' ’ ) ¢ ®
[ ] . . 9
9 .. .. [ ] .'
. |l. =@, ° e

Puc. 5. @parmMeHT MOIETBHOTO TIOJISI TEPMOKAPCTO-
BBIX 03€p.
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Tell — AKCIIOHEeHIIMAIbHOMY 3aKOHY B Bu/ie (1) ¢ mapa-
METPOM A, TO3BOJISTIONIUM YUUTBIBATH B MOJIEJIN KJTH-
MaTH4YeCcKre N3MeHeHUsI.

PesysbraToM MOIeInpoBaHUs SIBJISIETCS U30-
GpaskeHre MOJIEIbHOTO MOJIst 03€P Ha OTAEIbHBIX MO-
JeJbHBIX yuacTkax. DparMeHT Takoro n300pakeHust
npuBe/ien Ha puc. 5. [l u3ydeHust IMHAMUKY TOJIei
TEPMOKaPCTOBBIX 03ep (hOPMUPYIOTCS COBOKYITHOCTH
n300paskeHUH MOJIEIBHBIX TOJIEH JIJIsT Pa3HBIX MO-
MEHTOB BPEMEHH, MpeCcTaBsione co6oil BpeMeH-
HBIE TTOCJIEI0BATEIbHOCTH H300paskeHUH ToJIel 03ep.
[TpuMepsl TaKMX TOCTEI0BATENLHOCTEN H300pake-
HUN MOJIEJIbHBIX I10JIeil JaHbl B rpaduecKoM BUjie B
Hamux paborax [[loauwyx B.FO., Honuwyx FO.M.,
2013; Polishchuk V., Polishchuk Yu., 2014].

O6paboTka 1 aHaiIn3 U300pakeHUN MOAEIbHbBIX
oJIeil OCYLIECTBISIOTCS aHAJOTUYHO 06paboTKe
CIIyTHUKOBBIX CHUMKOB. [Ip1t 3TOM paccuuThIBaioTCst
TJIOTIAIN CMOJIETTMPOBAHHBIX OKPYKHOCTEH U OTpe-
NENSTIOTCS ST KasKIOTO MOETbHOTO y9acTKa CyM-
MapHbI€ TIJIOMIAIN MOJIEJIbHBIX 03€P, CPEeIHUE 3HaYe-
HUS TIJIOTA/IA 03€P, TUCTOTPAMMBI pacipe/ieseHus
MOJIETTHHBIX 03€P TIO TITOMIAJSIM U [IP.

PesybpTaThl MPOTHO3UPOBAHUS AMHAMUKH T10-
Jiell TEPMOKAPCTOBBIX 03P B 30HE MEP3JIOTHI 3ana-
Hoit Cubupu Ha nepuon 2010—2030 rr., mosryyeHHbIe
IIyTeM MOJIEJTUIPOBAHMUS M0JIEiT TEPMOKAPCTOBBIX 03€P
Ha ocaoBe ' IPM c yuyeTom sKkcTpamnosaiuu JuHei-
HbIX TPEHJIOB CPEIHEr0J0BOIl TeMIIepaTyphbl U TO-
JIOBOM CYMMBbI OCa/KOB, IpeJCTABJIeHbl HA puC. 6
(4epHbIE TOUKH, COETUHEHHDIE MEXK LY COOO0I OTpesKa-
MU TIPSIMBIX JINHWH, — CPeIHIE 3HAYCHUS TIJI0TIAIei
03€p, CIJIONTHAS JTUHUS — MOJTMHOMHUAIbHBIN TPEH]T
BpeMeHHOTO psna). HTepBam mpeackasanust (CM.
IMITPUXOBbIE IMHNUT Ha puc. 6), 371ech U 1ajiee paccuu-
TAHHBII C BEPOSITHOCTBIO 93 % € MCIIOJIb30BaHIEM ITa-
kera npukiaaaabix nporpamm STATISTICA [By-
xonos, 2004]. Cornacuo pabore [Josepumenviivie
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Puc. 6. BpemeHHOi1 X0/1 MO/IEJIBHBIX CPETHUX 3HAYE-
HUI TII0omaziei o3ep.

1 — rpanuna unTepBaJa IpeAcKasanus; 2 — IMHUA TPEeHAa; 3 —
MO/IeJIbHBIE CPe/IHIE 3HAUeHNS TIT0Taei o3ep.

unmepeainvl..., 2011], B orsinunie oT 10BEPUTENHHOTO
WHTEPBaJa, KOTOPBIH TpefocTaBageT HH(MOPMAIIIIO
00 oxugaeMoM (cpefiHeM) 3HaYeHUN 3aBUCUMOI T1e-
peMeHHON, NHTEePBAJIbI IIPEJCKA3aHM 9KCTPAIIOJIS-
UM MTOKA3bIBAIOT TIPE/IeTbl U3MEHEHUS POTHO3HBIX
3HAYCHUN, pACCUMTAHHBIC C 3a[aHHON TOCTOBEPHO-
cThio. VIHTEepBaJ mpecka3aHus st TPOTHO3UpPYe-
MOTO 3HAY€HUS 3aBUCHMON IIepeMEeHHOH yKa3biBaeT
JINATIA30H BO3MOJKHBIX 3HAYCHWH, PACIIOTIOKCHHBIX B
OKPECTHOCTU “MCTUHHOTO” CPEIHETO 3aBUCUMOI Tie-
pEeMEeHHOT ¢ 3a/IaHHBIM YPOBHEM noBepus [/losepu-
menvHvle unmepeal..., 2011].

Ornpesiesiennie CyecTBEHHOCTH BJINUSHNS 0CAl-
KOB Ha Pe3yJIbTaThl IPOTHO3UPOBAHUS AMHAMUKH T10-
Jielt TEPMOKAPCTOBBIX 03€P MPOBOAMIIOCH Ty TEM CPaB-
HEHU JaHHBIX MOJEJUPOBAHUS JUHAMUKHU T10JIeH
03€ep Kak C y4eTOM, Tak u 0e3 yuera ocajikos. Pe3yib-
TAThI TIPOTHO3MUPOBAHMS CPEJAHUX 3HAUCHUH TITOIIA-
Jieit 03ep B MIPOTHO3HBIH TTeproj 6e3 yuera 0CajKoB
oToGpakeHbl Ha prc. 7 (YepHbIE TOUKHU, COETTHEHHBI-
MU OTPe3KaMu NPSAMBIX JuHU). [l cpaBHeHMs Ha
3TOM PUCYHKe TTpUBecH rpaduK BPEMEHHOTO X0/1a
CPEeMHUX TLIOMAIeH TEPMOKAPCTOBBIX 03€P C YUETOM
0CaJIKOB (TPEYTOJbHUKN ), IIPE/ICTABICHHBI BbIIIE Ha
puc. 6.

[Iporuosusie rpacduku (cM. puc. 7) BpeMeHHbIX
XOJIOB CPE/IHUX TIIOMIA/IEH 03€ep, OTIpeieIeHHbIE KaK C
YIETOM OCAJIKOB, TaK 1 H€3 UX YUeTa, B CPETHEM MTPaK-
TUYECKHU COBIAZAIOT. JTO ABJSAETCA OCHOBAHUEM JIJIS
3aKJITOUEHUS O HECYTECTBEHHOCTH BKJIa/la M3MEHe-
HUH YPOBHS OCAQ/IKOB B Pe3yIbTaThl MPOTHO3UPOBA-
HUS IUHAMUKH 110JIell TEPMOKAPCTOBBIX 03€P KPUO-
uto30Hbl 3anagHoil CubupH Mo cpaBHEHMIO ¢ BKJIA-
JIOM M3MeHEeHUN CpeJHerojoBON TeMmIlepaTyphl.
CurefoBarenbHO, B IAJIbHENTIIEM TTPU TTPOTHO3MPOBA-
HUW IMHAMWKH TII01a71el o3ep Ha repuoz o 2100 T.
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Puc. 7. CpaBHeHHEe POTHO3HBIX BPEMEHHBIX XOJI0B
CpeaHux nnoma/:[eﬁ TEPMOKAPCTOBBIX 03€P C YyUY€TOM
nu 6e3 yuyeTra OCaaKOB.
1 — rpaHuMIa MHTEpPBAJIA IPeJICKazaHus; 2 — JIMHUS TPeHAa; 3 —
MOZIe/IbHbIE 3HAYEHUS ¢ YIETOM OCAIAKOB; 4 — MOJE/IbHbIC 3Ha-
denust Ge3 ydera 0CajiKoB.

MOJKHO TTpeHebpeyb BIUSHUEM OCAIKOB, TIPUHUMAS B
pacueT TOJIbKO TeMIlepaTypHble U3MEeHEeHMUSI.

3. MOAEJINPOBAHUE U ITPOTHO3
JUHAMUKU ILIOIIAJEIT TEPMOKAPCTOBBIX
O3EP 0 2100 T.

[lug popMupoBaHus MPOTHO3a IMHAMUKY TTOJIE
TEPMOKAPCTOBBIX 03ep KPUOJIUTO30HbI 3anajaHoi Cu-
OGUPH 10 KOHIIA HBIHEIITHETO BeKa HEOOX0IMMO UMETh
MIPOTHO3HbBIE IAHHBIE 110 KTUMATHYECKIM U3MEHEHH-
sIM Ha UccJeflyeMoil Tepputopun. JlanHbie mporHO3a
TeMIepaTypbl st ceBepa 3amaanoit Cubupu g0
2300 r. mpezacraBieHbl B paborax |Kiumenxo u op.,
2007; Xpycmanes u 0p., 2008], a IpOTHO30B U3MEHE-
HUH ypoBHS ocaikoB Ha niepuo 10 2100 r., corsacHo
BBIIIEN3JIOKEHHOMY, B iuTeparype He umeercst. Kak
MTOKA3aHO B TIPEABIAYIEM pasjiesie, TP MPOrHO3UPO-
BaHWUM TUHAMUKH TEPMOKAPCTOBBIX MPOIIECCOB B 30HE
Mep3J10Thl 3anagHoit Cubupu MOKHO npeHebpedb
BJIMSTHUEM U3MEHEHUs YPOBHS OCA/IKOB 1 YIUTHIBATH
TOJIBKO TeMIlepaTypHble uamenenus. [loaromy B 1an-
HOM paszjiesie TPOTHO3UPOBAHNE TUHAMUKHU TTOJIEH
TEPMOKAPCTOBBIX 03€P MPOBOIUTCS C CIIOJIb30BAHN-
€M JIAHHBIX IIPOTHO3a CPeHET0[OBOM TeMIIEPATYPbI
st cepepa 3amnaganoil Cubupu [ Xpycmanes u op.,
2008] Ha oCHOBE KOMITbIOTEPHBIX AKCITEPUMEHTOB C
'MPM B cooTBeTCTBHUY CO ClleHApUEM 2.

Cuenapuii 2. IIpoznosuposanue ounamuxu no-
Jieil mepmoxapcmoswvtx ozep na ochose THPM c uc-
Nn0b306aAHUEM NPOZHOIHBLX OUCHOK Mmemnepamyp-
Holx usmenenuil Ha cesepe 3anaonoii Cubupu na
nepuod do 2100 .

Ha puc. 8 mpezcraBiien 3aMMCTBOBAHHBIN 13
ny6smkaru JI.H. Xpycrasnesa ¢ coaBropamu [2008]
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Puc. 8. NI3ameHenue cpeHero0Boii TeMneparypbl
Bo3ayxa B paiione r. CypryT (B OTKIOHEHHSX OT
cpennero 3uavenus 3a 1951—1980 rr.), mo gqaHHBIM
[Xpycmanee u op., 2008].
1,2 — pe3yJibTaThl HHCTPYMEHTAIbHBIX Hab oeHmil (1 — esxe-
roziuble, 2 — craakennble 10-JIeTHUM CKOJIB3SIIUM CPETHUM );

3, 4 — pe3ybTaThl MOJIEJTBHBIX PacyeToB 10 ciienapusam MOU
u MI'OUK coorBeTcTBEHHO.

(c U3MeHeHUsIMU TIPUMEHUTEIBHO K 33[[a4aM JaHHON
cratbu ) Tpaduk nmporuosa temreparypsi 1o 2100 .,
Ha KOTOPOM TIOKA3aHbI TPEH/IBI MI3MEHEHUS CTJIAXKeH-
HBIX CPEHEr0I0OBBIX TEMIIEPATYPHBIX AHOMAIUIA JIJIsT
cesepa 3anagHoil Cubupu, MoJyyeHHble 110 ABYM
KJIUMATUYECKUM CIIEHAPUSM: C TTIOMOTIBIO MOJEJH
KJIuMata, pazpaboTannoii B MOCKOBCKOM SHepreTu-
yeckoM nHetuTyTe (crienapuit MOW), u no ciiena-
puto MI'OUK. Coraacno JI.H. XpycrasneBy ¢ coaBTo-
pamu [2008], oTnnuvie 3TUX BYX ClleHAPUEB CBI3aHO
C Pa3IMYHBIMH MPEANON0KEHUSAMH O TMHAMITKE aH-
TPOTIOTEHHBIX (PaKTOPOB, KOTOPBIE 3aBUCAT OT YHC-
JIEHHOCTH HaceJIeHust 3eMJIM U POCTa OTpebIeHust
9HEPreTUYEeCKUX PECyPCOB. 3aMETUM, YTO KJIUMATH-
yeckuii crienapuiit MOU Gosree yMepEHHBIT.

Kax Busno us puc. 8, noBbllienre TeMepaTyphbl,
Havasieecst nocyie 1970 r., MOXKeT TTIPOI0IIKATHCS /10
konta crosietusd. [lo ciierapuio MITOUK mporuosn-
pyeTcs MOYTH JIUHEUHBINA POCT CPeIHEr0/I0BOI TeM-
nepatypsbl 710 2100 T. ¢ ee TOBBINIIEHNEM K KOHITY BeKa
[0 CpaBHEHUIO ¢ HacTosamuM BpemeneM 710 3.5 °C. I1o
6osee ymepennomy cienapuio MOU (em. puc. 8) Be-
JIMYIHA MAaKCUMAJTBHOTO TIOTETJIEHNS MOKET COCTa-
BUTbH K KOHITY TPOTHO3HOTO 1iepuoja 2 °C 1o cpaBHe-
HUIO C HACTOSIIIIMM BPEMEHEM.

PesysbTar MporHo3npoBaHus TMHAMIKH TEPMO-
KapCTOBO-03€PHBIX MOJIEH HA TEPPUTOPUHN 3ATTaTHOM
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Puc. 9. IIporHo3upoBaHue JUHAMHKH CPETHETO

3HauYeHHs IUIOIA/IH TEPMOKAPCTOBLIX 03€p B 30HE
MHOTOJIeTHE MepaaoThl 3anaanoi Cudupu.

-1

1 — rpaHuIa UHTEPBAJIA TPEACKa3aHusT; 2 — JIMHUS TPEH/A; 3 —
MOJIeJTbHbIe 3HAYEHUSI TIIOMIA/Iell 03€eP; 4 — MPOTHO3HbIE 3HAYE-
must 1o crieHapuio MO, 5 — npornosnbie 3HadeHus 1o clieHa-
puto MI'OUK.

Cubupu 0 KOHIa CTOJIETUSI IPUBOJUTCS Ha puc. 9
B Bujie rpaduka BpeMEeHHOU 3aBUCUMOCTH CPETHETO
3HaYeHUs TJI0MIAJAN TEPMOKapCTOBbIX 03ep. Mcropu-
yecKuil mepuoji rpapuka rnpejacTaBieH MOIeJbHbIMU
3HAUEHUSAMU CPeIHUX TIoMael o3ep (Moabie Kpy-
JKOYKH ), TTOJTYIEHHBIMU C UCTIOJIb30BAHUEM T€OMMHU-
TAllMOHHO-PETPECCUOHHON MOJIe/IA TUHAMUKU TT0JIe
o3ep. Pacuer mapamerpa Mozesu A IIPOBOIUIICS TI0
ypaBHEHHUIO MHOKECTBEHHOM perpeccuu (2) 6e3 yue-
Ta YPOBHS OCAJIKOB Ha OCHOBE TPEH/Ia CPEHEr0/10-
BOI TeMIIEPATYPBhI, OTIPE/IETIEHHOTO 110 IAHHBIM pea-
Ha/IM3a.

B nipornosubrii mepuon 2010—-2100 rr. pesybTa-
ThI IIPEJICTaBJIeHbl yepeaneHHbiMu B 10-j1eTHUX MH-
TepBajiaX MPOTHO3HBIMU 3HAUEHUSIMU CPEIHUX T1JI0-
najieit o3ep st ABYX ClieHapUeB KIMMaTUIeCKOTO
[POTHO3a: MOJBIMU POMbOaMK 0TOOPaKEHbI MOJIEb-
Hble 3HaUeHus A ciieHapus MO, yepabIMU TOUKa-
mu — i ciieHapust MTO UK. IIporaosabie 3HaueHNs
JJ1s1 000UX CLieHAPUEB He BBIXOAAT 3a IIPe/eibl UH-
TepBaJia Ipe/ICKa3aHus, YTO O3BOJISIET CJIEJIATh BbI-
BOJL 0 GJIM30CTU IPOTHO30B JUHAMKUKH ILIOLIa/ei
TEPMOKAPCTOBBIX 03€p HE3aBMCHUMO OT HEKOTOPDIX
Pa3JINIKil PacCCMATPUBAEMBIX CIIEeHAPUEB KITMMATHYE-
CKUX n3MeHeHuit (cm. puc. 9).

Haunbosiee BasKHBIM Pe3yJIbTaTOM aHaJIM3a IIPO-
HO3HBIX OIIEHOK, ITPEJICTABJIEHHbIX Ha PUC. 9, sIBJIsIET-
CsI BBIBO/JL O 1TPOJIOJIKEHU M COKPAIIEHUsI CPeIHEN T1J10-
a1 TePMOKapCTOBBIX 03ep 3ananno-Cubupckoii
30HbI Mep3J10Thl. U3 Tpacduka Ha puc. 9 MoxkHO otpe-
JIEJTUTH, 9TO B KOHIIE TPOTHO3HOTO MEPUOA CPEIHSIS
TJIOTIA/Ib 03€P MOJKET COKpaTUThCs 10 12 ra (1ipero-
slaraeMble naMenenud miotmaau ot 10.2 go 13.8 ra).
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Takum 06pa3oM, IIOIIAIK 03€P B 30HE MEP3JIOTHI 3a-
nagHoit Cubupu B cpelHeM MOTYT COKPATHTHCS IO
OTHOIIEHWIO K HACTOSITIIEMY BPEMEHU TIPUOIM3UTEb-
Ho Ha 30 %. JIpyroii BasKHbBIII BBIBOJ| U3 aHAIHM3A IIPO-
THO3HBIX OTIEHOK (CM. prc. 9) — CHUKEeHMe TeMIia Co-
KparnieHus nioimaau odep. [lo nvammm naunueim [[lo-
auuyx B.IO., Ionuwyx FO.M., 2013], nporuosupye-
MOe COKpallleHue cpeaHell MJoIMaxM O3€ep Ha
uccienyeMoit teppuropun 3a 20-1eTHUI EPUOS
(2010-2030 rr.) MmoskeT cocTaBuTh 9.6 %. Kak BuaHO
u3 puc. 9, 3a 20-reruuii mepuosn (2080—-2100 rr.) Bo3-
MO3KHOE COKPAIIleHHEe CPe/IHEN TIOTIAAN 03ep OIlCHU-
BaeTcst okoJio 6 %. CiemoBaTeIbHO, TEMITHI COKpaIie-
HUS TJIOTAIeH 03ep K KOHITY TTPOTHO3UPYEMOTO Tie-
pHOIa MOTYT CHU3UTHCS B 1.5—2 paza OTHOCUTENBHO
HACTOSIIETO BPEMEHM.

Takum 06pasoM, €CJIn TOBBIIIEHHE CPEIHETO0-
BOH TeMmIepaTyphl NpuseMHoil arMocdepbl Oyaer
MIPOIOJIKATHCS 10 KOHIIA HBIHENTHETO CTOJIeTHS], OHO
OyeT COMPOBOKAATHCS COKPANICHUEM B CPEJHEM
IJIOIIA/IEN TEPMOKAPCTOBBIX 03€P KPUOJIUTO30HBI 3a-
nagHoil Cubupu, 4To MOKET CTAaTh CJEACTBUEM Je-
rpajialiiyl MEP3JI0ThI U CHUKEHUsST TPOYHOCTU MHOTO-
JileTHeMep3Jibix mopoj. O6bsicHeHreM 3Toro hakra
MOXKET CJIYKUTH TO, YTO aKTUBU3AIMSA TEPMOKapC-
TOBBIX MTPOIIECCOB B PE3YJIbTATE MPOIOIIKAIOTIETOCS
CHIKEHUSI TIPOYHOCTU MEP3JIbIX MOPOJT OYIET BBI3bI-
BaTh, HAPS/LY C TEPMOIPO3UOHHBIMU (DAKTOPAMU, U
YCKOPEHHOEe 00pa3oBaHKe HOBBIX TEPMOKAPCTOBBIX
o3ep [bpuvikcuna, [onuwyx, 2015], majibie pa3Mepsl
KOTOPBIX OYAYT CIIOCOOCTBOBATH COKPAIIIEHUIO BEJH-
YITHBI CPEIHEN TIJIOIAH 03€eP.

3AKJ/IIOYEHUE

PaspaboTtanHas TeOMMUTAIIMOHHO-PETPECCUOH-
HAast MOJIEJIb ITHAMUKHY TI0JIell TEPMOKAPCTOBBIX 03€eP,
YUUTBHIBAIOIAST PETUOHATIbHbBIE B3AMOCBSI3U MEXKIY
reOKPUOJIOTUYECKUMU U KIUMATHYECKUMU U3MeHe-
HUSIMU, [T03BOJINJIA CIPOTHO3UPOBATD U3MEHEHUs
pa3MepoOB TEPMOKAPCTOBBIX 03€P B YCJIOBUSAX U3MEHE-
HUS KIUMAaTa JI0 KOHIIA TeKYIero ctoietus. Jloaro-
CPOYHBIH TTPOTHO3 AMHAMUKHU TEPMOKAPCTOBO-03€P-
HBIX TIOJIEH ¢ MCTIOTh30BAHUEM YKAa3aHHOW MOJIE/H
MTOKA3aJI, 4TO IT0 MePe POCTA CPETHETOIOBOI TeMTIepa-
TYPBI IPU3EMHOI aTMOochephI MJIONaIN 03ep B 30He
MepssoThl 3anaznoit Cubupu B cpenHeM GyayT co-
Kpamarbest mpubausutesbro ua 30 % K KOHILY Tpo-
CHO3HOTO MEPUOJA.

[Tporuosupyemoe cokparienue B CpeHeM I1JI0-
mazei 03ep Ha IPOTKEHUH OYAyLIINX JeCATUIETUR
MOZKET ObITH 00BACHEHO TEM, UTO aKTUBU3ALIU TEpP-
MOKAPCTOBBIX MTPOIIECCOB B PE3yJIbTaTe MPO0JIKAIO-
[IETOCST CHUIKEHUST TIPOYHOCTU MEP3JIbIX MOPOJ B
YCJIOBUSIX MPEANOTATaeMOro MOTEeTJIeHNS KJIUMaTa
OyIeT BBI3BIBATH, HAPSILY C TEPMOIPO3HMOHHBIMH (haK-
TOPaMU, ¥ YCKOPEHHBIN POCT YKCJia HOBBIX TEPMO-
KapcToBbIX 03ep | bpuixkcuna, Horuwyx, 2015], manbie

pasMepbl KOTOPBIX OYIyT cII0coOCTBOBATH COKpalle-
HUTO BEJIMYMHBI CPeIHEl TITOMA/IN 03ep KaK MoKa3a-
TEJII0 YCKOPEHUS IeTPalallii MHOTOJIETHEMEP3JIBIX
MTOPO/L TIOJ] BO3IEUCTBIEM MOTEMJIEHUS KITUMAaTa, 4TO
HEOOXOAUMO YUUTHIBATh TIPU MIPOEKTUPOBAHUU 00'b-
€KTOB MHOPACTPYKTYPHI U APYTUX NHKEHEPHBIX CO-
OpY’KEHWIT Ha TEPPUTOPUU MHOTOJIETHEI MEP3JIOTHI.
Pabota BoimosHEHA IO I0TOBOPY ¢ MuHHUCTEp-
cTBOM obOpasoBanus U Hayku Poccuiickoit Mexpepa-
un (Ne 14.B25.31.0001 ot 24 uions 2013 r. (BIO-
GEO-CLIM)) u npu ¢dhuHaHCOBON MOAAEPKKE
PODU (mpoektsr 14-01-31489; 15-45-00075).
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