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IMpenioxeHa MeToAMKa OLIEHKU TUAPOMDU3NIECKUX U XMMUKO-OMOJIOTHYECKUX XapaKTEePUCTUK HEU3YUEH-
HBIX MJIBIX U CPEIHUX 03ep (TuIoianso 1o 100 KM2) apkTuueckux Tepputopuii Poccun ¢ ncnonb3oBaHueM
METOIO0B JUCTAHIIMOHHOTO 30HIUPOBAHUSI U MATEMAaTUYECKOTO MOJEIMPOBaHUs. MeToauKa OCHOBaHa Ha
HCTIOJIb30BAaHUY OMHOMEPHOM MOJETN THAPOTEPMOAMHAMUYECKUX M XUMHKO-OMOJIOTTYECKUX MPOIIECCOB
B BomoeMax. [IpenioxxeHHbI MoaXo 1 MO3BOJIsIET Ha OCHOBE MH(MOPMAaIUU O reorpachruiyeckKux KoopanHa-
Tax ¥ TUTOIIAIN TTOBEPXHOCTH 03epa MOJIYYUTh OLIEHKY TETIONepeHoca MeX Iy aTMochepoit, IbIOM, BOIOMN
U TOHHBIMM OTJIOXKEHUSIMU, ATy 00pa3oBaHUsI JIEAOBOTO MOKPOBA, €ro TOJIIUHY U MPOAOKUTETbHOCTh
CYILIIECTBOBaHUS JIENOCTaBa, pACCYUTHIBAThH MPOMIIIN TeMITEPaTypPhl BOIALI M JOHHBIX OTJIOXEHUM, a TaKXKe
pPacTBOPEHHOTO KUCI0poJa no rimyouHe. [Ipy 3ToM He TpeOyIoTCsl KOHTaKTHbIE U3MEPEeHUsI, UTO KpaiiHe
BayKHO [JIST TPYTHOIOCTYITHBIX M MAJIOU3YYeHHBIX CEBEPHBIX TEPPUTOPHI HaIlleil CTpaHBI.
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Ctparerust pa3BUTHUSI ApPKTUYECKOIl 30HBI Poc-
cuiickoit @enepaumu [ 1, 8] HarpaBeHa Ha aKTUBHOE
U3ydeHUEe U OCBOCHUE APKTHKU, B TOM YUCIIE U €€
MIPUPOAHEIX pecypcoB. O3epa SIBIISIOTCS HEOTheMJIe-
MOIT 9aCThIO MPUPOIHBIX IAHAIIA(PTOB apKTUYECKO-
ro perrnoHa P®. Ha crmyTHUKOBBIX CHUMKAaX B IIpefe-
Jax Apktudeckoii 30HbI P nemmdpupyercs 6oiee
2.5 mutH BomoemoB. CyMMapHasi Iioiaiab BOTHOI Mo~
BEPXHOCTU apKTUYECKUX 03ep cocTamisieT ~160 ThIC.
KM?, WJIM 4yTh MEHEE MOJIOBUHBI CyMMAPHOM IUIOIIA-
I BOOHOI MOBEPXHOCTU BCEX €CTECTBEHHBIX BOHO-
eMoB P® [1, 5, 6]. AGcomOTHOE OOIBIIMHCTBO Ma-
JIBIX Y CPETHUX 03eP apKTUUECKUX TEPPUTOPUIA SIBIISI-
JOTCS HEM3YYEHHBIMU TJIABHBIM 00pa3oM M3-3a UX
TPYAHOAOCTYITHOCTH.

Llenbio HaCTOSIETO UCCAEA0BAHMS SBJISIETCS pa3-
paboTKa METOAUKU AUCTAHIIMOHHON OLIEHKU XapakK-
TEPUCTUK Heu3dydeHHBIX ManbiX (1—10 km?) u cpen-
Hux (10—100 km?) 03ep TYHIPOBBIX JaHIIIADTOB Ha-
et cTpaHbl HA OCHOBE METOMOB MaTeMaTUYECKOTO
MOJIEJIMPOBAHUSI C HCIIOJb30BAHUEM CIYTHUKOBOM

! Huemumym ozeposedenus Poccuiickoii akademuu HayK —
o0b6ocobaennoe cmpykmyproe noopazdenenue Cankm-
Temepbypeckoeo Pedepanvroeo ucciedogamensckozo
uyenmpa Poccuiickoii akademuu nayx, Cankm-Ilemepoype,
Poccus

*F-mail: ARasulova@limno.ru

nHGOPMAITNN TUCTAHIIMOHHOTO 30HIMPOBAHMS TTO-
CTIJTAIONIEH TTOBEPXHOCTH, 0a3 MTaHHBIX METEOPOJIO-
IMYECKOTO peaHaliu3a U reocTaTUueCKUX 3aBUCHUMO-
cTeit MeXXIry Mop(OMeTPIIEeCKUMHY XapaKTepUCTUKA-
MM 03ep TTPUPOTHBIX 30H.

O0OBeKTaMU UCCICIOBAHUS SIBISIOTCS OYeHb Ma-
able ¥ Manble (Tutowansio 0.1—10 km?), a Takxke cpel-
Hue (10—100 km?) o3epa [3], pacronoxeHHbIE 3a MO-
JIIPHBIM KPYIOM B 30HE€ TYHAPHI BIOJb MOOEPEXKbs
CesepHoro JlenoBuToro okeaHa u bepuHrosa mMopst
(puc. 1). XapakTepHOii 0COOEHHOCTbHIO 3TOI Teppu-
TOPUMU SIBJISIETCS HAJIMYME BEUHOIT MEP3JI0THI.

IMoGepexnbe Mmopeit CeBepHoro JIenoBUTOro okea-
Ha MPaKTUYECKU MOBCEMECTHO MOKPHITO TYCTOM ce-
Thlo BomoeMoB. Hapsiny ¢ mpuOpexxHo-JTaryHHbIMU
BOJAOEMaMMU, B Mpeaeiax MOPCKUX aKKYMYJISITUBHbIX,
BOMHO-JIENHUKOBBIX U O3€PHO-aJUTIOBUATIbHBIX PaB-
HUH IIMPOKO pPACIpPOCTPaHEHbl TEPMOKAPCTOBBIEC,
JIETHUKOBBIE, TIpOCaoyHble, MOMMEHHbIE U 3alla-
IUHHbIE 03epa. BOJbIIMHCTBO U3 HUX XapaKTepU3y-
I0TCS MaJIBIMM TUIOIIAASIMU U HE3HAUYUTETbHBIMU
DIyOMHaMU, COCTaBJISIIOIIMMU OT 1 10 2 M U JIUIlb
UHorga — 1o 3 u 6oaee MeTpoB [6]. OgHUMU U3 OC-
HOBHBIX OCOOEHHOCTEN TaKUX BOJOEMOB SIBJISTIOTCS
CyllleCTBEHHasi TOpU3OHTaJIbHasi OMHOPOJHOCTh TO-
Jisl TEeMIepaTypbl B HUX U MpeodagaHre MpoleccoB
BEPTUKAIBHOTO TepeHoca Terula Hajl aJIBEeKTUBHbI-
mu. IIpu MomenupoBaHWM TEPMUUYECKOTO pexrma
BOIOEMOB 3TOr0 KJlacca 3a4acTylo JOCTATOYHO MC-
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Puc. 1. TynnpoBsie npupoaHbie 30HbI Poccun: 1 — Kojbckre HU3KOropHbIe TYHAPBI U PenKojechs, 2 — bolbliiezeMenbeKue
TYHApPBI, 3 — SIMano-Teinanckue TyHapsl, 4 — CeBepo-TailMbIpCKUE apKTUYECKUE TYHAPHI, 5 — CeBEPOSIKYTCKUE TYHAPHI, 6 —
Yyxkotckue TyHapbl, 7 — TyHnpsl u penkosiecbst Kopsikckoro Haropbst (https://ecoregions.appspot.com/).

MOJIF30BaTh ITPOCTHIC OMHOMEPHBIE MOIETH, OCHO-
BaHHBIE HAa WHTETPUPOBAHUM YpPaBHEHMS BEpPTU-
KajbHOI nuddy3un Teria U pa3IndyHbIX criocobdax
TMPENCTaBICHUST BEPTUKAJIBHOTO  paclpenesIieHUs
TEeMITepaTyphl.

TIpy1 HEBO3MOXKXHOCTH BBITIOJTHEHUS KOHTAKTHBIX
U3MEPEHUI XapaKTePUCTUK O3ep, HAXOMSIIMXCS B
TPYIHOMAOCTYITHBIX O00JIacTAX, IIpeliaraercs BOC-
MOJIb30BATHCI METOIMKOMN OLIEHKU COCTOSTHUSI 03€p,
cxeMa KOTOpOIi IpeAcTaBlieHa Ha puc. 2.

OCHOBHBIE 3Talbl AUCTAHIMOHHOI OLICHKU Xa-
PaKTEPUCTUK O3€p CBOIITCS K CJIEIYIOIIEMY ajiro-
putmy. C MCITOJIB30BAHUEM CPEICTB JUCTAHIIMOHHO-
IO 30HANPOBAHMS ITOBEPXHOCTU 3eMIIN AN PPUPY-
e€TCSI UMHTEpecylolnidi OOBEKT, HaXOIATCSI €ro
reorpacdudyecknue KOOPAMHATHI W IUIOIIANb BOTHOI
MOBEPXHOCTU 03epa. Ha ocHOBE reocTaTuCTUYECKUX
(TeppUTOPUATBHO-O0IINX JII paccMaTpUMBaeMOro
peruoHa) COOTHOIICHU MEXITy ILJIONIAnbIO U TITyOu-
HOWM, MOCJEIHSS OLIEHUBAeTCS IJIs HEU3yYEeHHBIX
ozep. Ilo reorpapuyeckumM KoopauHaraM Hu3 06a3
JaHHBIX METEOPOJIOTMYECKOIO peaHajin3a MOXET
OBITH ITOJIydeHa MeTeOMH(OopMaIns TpeOyeMOro pas3-
pelneHus. ImyOorHa o3epa U MeTeOdaHHBIE SIBJISTIOTCSI
BXOOHBIMU ITaHHBIMU B Monenb FLakeEco, xoTtopas
pacCcUMTHIBaeT TEPMUUECKUE XapaKTEePUCTUKU BOJIO-
eMa, mapaMeTpbl €ro KMCJIOPOTHOTO pexXXruMa, a TaK-
Ke TEIUIONEPEHOC B MOHHBIX OTIOXeHUsIX. IIpu oT-
CYTCTBUU [JOCTyMa K MOIEJIU IS NMPUOIMKECHHOMI
OLIECHKM TePMMYECKUX XapaKTEPUCTUK BOAbLI U JIOH-
HBIX OTJIOXEHUII, a TaKxKe MoKa3aTelieid KMCIOPO-
HOTO peXrMa 03epa MOTYT ObITh MCIIOJIb30BaHBI CO-
OTBETCTBYIOILLIME HOMOIPAMMEI, IOCTPOCHHBIEC 3apa-
Hee II0 pe3yabTaTaM MOJACIABHBIX pPacyeToOB JISI
WHTEpECYIOIIei 00J1acTH.

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

MHCTpyMEeHTOM TMCTAaHIIMOHHOI OIIEHKM XapaK-
TEPUCTUK HEM3YUCHHBIX 03€P B IMpeaaracMoil MeTo-
nuke sBisetcsa moaenb FLake (www.lakemodel.net),
pa3paboTaHHass COBMECTHBIMU YCUIUSIMU COTPYIHM -
koB MHctutyra ozepoBencHuss PAH, HMuctutyra
BomHbIX ITpobieM CeBepa PAH, MHcTuTyTa BOgHOIM
9KOJIOTUM U BHYTpEeHHEero pniboBoacTBa I'epmaHuu
(IGB) u Cnyx6s1 noroasl I'epmanuu (DWD) [12,
16]. Monenp FLake siBIIsieTcst yHUBEepCaIbHOM MaTe-
MaTUYEeCKO MOJEbIO THAPOTEPMOAMHAMUKY 03€epa,
B KOTOPOM pealTm30BaHbI OCHOBHBIC MUPOBBIC TOCTH-
XeHUs B obnactu (U3NYeCKOil JTMMHoJoruu. Mo-
nenb FLakeEco nmpencrasisieT co60ii MoguduKammo
FLake, nomosmHeHHYIO THAPOIKOJIOTUIECKIM MOIY-
JIeM, TIO3BOJISTIOIINM PAaCCUMTHIBATH PEKUM PacTBO-
peHHoro kucjopoaa B o3epax [9, 13]. IIpoaykT cuH-
Te3a moaenu o3epa FLake 1 mpunoBepXHOCTHBIX Me-
TEOPOJIOTMYECKUX NAHHBIX M3 MpPOEKTa peaHaiusa
NCEP/NCAR mnonyyun nHasBanue FLake-Global
[14]. Ormeuaercsi, yto FLake-Global “mo3BoJsier
MPaKTUYEeCKN MTHOBEHHO OLICHUTDH CE30HHBIN ITHKIT
TeMIlepaTypbl U YCIOBUI TepeMellIuBaHUS & 1H00M
MeNK0BOOHOM NPEecHOBOOHOM o03epe No 6cemy mupy’.
Kak ormeuaercst Ha caitte momenu (www.lakemod-
el.net), oHa MOXeT UCIOJIb30BaTbCS B CUCTEMAX YMC-
JICHHOTO TIPOTHO3MPOBAHMS TOTOABI, MOACINPOBA-
HUYS KJIUMAaTa v IPYTUX SKOJTOTHIECKUX TTPUITOKESHUIA
KaKk OmHOMEpHash MOIelb B aBTOHOMHOM peXHUMe
WK Kak (pr3ndecKkuii MOIyib B MOIEJSIX O3€PHBIX
skocucteM. B mexanyHaponHoMm Ipoekte COSMO
(https://www.cosmo-model.org/content/model/cos-
mo/default.htm) monenr FLake ucnonb3dyercs: npu
OLICHKE BJIMSIHUSI BOMHOM MOBEPXHOCTHU BOIOEMOB Ha
JIOKaJIbHBIN Kaumat. B HacTosiieii paboTe BriepBbIe
MaTeMaTHYeCcKoe MOIEIUPOBAaHNE W PE3yIbTaThl
KOCMUYECKHUIT CheMKH TIPUMEHEHBI IS TUCTaHITA-
No 2
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Puc. 2. Cxema 1uCTaHIIMOHHON OLICHKU XapaKTEPpUCTUK MAJIbIX U CPEAHUX HEU3YUCHHBIX TPYAHOAOCTYITHbBIX BOIOEMOB.

OHHOIT OLIEHKM XapaKTepUCTUK HEU3YYEHHBIX 03ep
apKTU4YeCKoii 30HbI PD.

IMpumepsr Bepndpukannmu monenn Flake Ha o3e-
pax CeBepo-TaltMBIpCKOIT apKTU4YeCKOM TYHAPHI PD
npencrasieHbl B padoTtax [10, 17]. Ha puc. 3 B KayecTBe
IprMepa JIOHOJIHUTEIbHOI BeprupUKalmym MOISIN Ha
ozepe CropraB-Manto (69.7° c.u1., 75.6° B.11.), pacno-
JoxeHHoro B AIMano-I'sigaHcKoii TyHApe, IIpeacTaB-
JIEHBI U3MEpEHHbIE 3HAYSHUSI TeMITepaTyphbl BOALI Ha
pa3HbIX TIIyOMHaxX Ajs ABYX JaT B KOHIIE JieJoCTaBa
[4] 1 paccunTaHHBIE IO MOAEIIN 11 OTUX XKe JaT TEM-
nepatypHbie Tpoduian. COOTBETCTBME PaCUYECTHBIX U
HATYPHBIX JAaHHBIX MOXHO IIPU3HATH YIOBJIECTBOPHU-

TeAbHBIM, a MoAeb FLake — BIioyiHe npurogHoi ajist
JOCTVKEHUSI 1ieJield HaCTOsIIe paboThI.

st IUCTaHIIMOHHOM OLIEHKU XapaKTepUCTUK
o3epa ¢ ucrnoabzopanneM moaean FLake Heobxonm-
MO HMMeTh reorpadgpuyeckme KOOpIMHAThl OOBEKTA,
ero CpemHio IIyOomHy (MM IUIOIIAadb, IO KOTOPOI
MOXHO BBIYMCIIUTh [TYOWHY) U MPUBSI3aHHbIE K HUM
JIaHHBIE METEOPOJIOTUYECKOrO peaHanm3a. B HacTos-
et padote ucrnosab3oBaiics peaHans NCEP/NCAR
(www.esrl.noaa.gov/psd/data/reanalysis/reanalysis.
shtml), KoTopblii mpencTaBiaseT COO0I psIIbI BOCCTa-
HOBJICHHBIX BEJIMYUH METCOPOJOTNYSCKHUX ITapaMeT-
POB ISl BCETO 3¢MHOTO IIapa. BpeMeHHoi1 1mar Mexmy
cpokaMu “HabofaeHMit” cocTtaBusieT 6 4. BeiGopka

JOOKJIAIBI POCCUMCKOM AKAJTEMUU HAYK. HAVKU O 3EMJIE  Tom 511 Ne2 2023
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Temnepatypa, °C
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Puc. 3. UsmepeHHbIe 1 paccuuTaHHbIe 1o Monenu FLake
BEpPTUKAJIbHBIC paclpelecHUusI TeMIlepaTypbl B 03epe
CropraB-Mainrto, fAmano-I'sizaHckast TyHIpa.

HEO0OXOIMMBIX JIJIST Pacye€ToOB JAaHHbLIX IMPOMU3BOIUTCA
I10 KOOpaAuHaTaM pacquHoﬁ TOYKMU.

HauGonee mpuemMieMbIM B paMKaX HacCTOSIIei
paGoThHl METOIOM OIIpeAeseHMs IUIOLIAAU BOZOeMa
SABJISIETCS NelIndpUpoOBaHUE CITyTHUKOBBIX CHUM-
KoB. [Ipu pellleHUM 3a0a4M AUCTAHIIMOHHOM OLIEHKU

Taomuna 1. TeocraTucTuyeckue 3aBUCUMOCTU CpeEIHEi
ryouHbl o3epa (4) ot ero momwanu (F) nis pa3IuyHbIX
30H TYHIpPbI (Ne 30HBI COOTBETCTBYET pUC. 1)

No KonunuecTtBo 03ep

- Bun 3aBucumoctu | B Beioopke HydroLAKES
30HBbI b 2
(0.1 xm~ < F< 100 kM)

1 h=6.215F%198 1724

2 h=4.028 F0-028 2761

3 |h=0.521In(F) + 4.515 18179

4 h=4.932F0219 30586

5 h=4.59] F0-144 20096

6 |h=1.049In(F) + 6.946 4002

7 h=4.985F0104 5216

JOKJIAIBI POCCUMCKOW AKAJTEMUU HAYK. HAYKHU O 3EMIJIE

XapaKTEepUCTUK HEM3YUYEHHbIX 03€p B FObl pa3IMYHOM
BOIHOCTU MPUMEHMMBI KaTajoru gaHHbix Global Sur-
face Water (https://global-surface-water.appspot.com),
MojiydeHHble Ha ocHoBe TipoekTa Copernicus
(https://www.copernicus.eu/en) U CHUMKOB CO CITyT-
HukoB Landsat ¢ 1984 no 2021 r. [IpocTpaHCcTBEHHOE
paspemenue Bcex KataaoroB GSW cocrasiseT 30 M.

BonpocaM moucka reocraTU4eCKUX B3aUMOCBS-
3ei MeXAy TaKUMU MOPp(HOMETPUISCKUMU XapaKTe-
pUCTUKaMU 03ep, KaK IJIOLIaAb U TIyOMHa, MOCBSI-
IIEH psif HAay9HBIX MCCISAOBAHUM KaK OTEUYECTBECH-
HBIX [2, 7, 17], Tak 1 3apyOesKHBIX [15] crmerrmanncTos.
B HacrosiiieM ucciiemoBaHUM JIsI BCEX CEMU 30H
TYHApPHI (puc. 1) MCIoab30BaHBI SMIUPUYECKIE 3a-
BUCHMMOCTHU IJTyOMHBI 03€pa OT ero ruiomanu (tadm. 1),
KOTOpBIE ObUIM MOJYYEHBI B pe3yJibTaTe CTaTUCTUYE-
cKoit oopabotku 6a3 nanHbix HydroLAKES [15] o
BbIOpAHHBIM 30HAM.

Heo6xoanuMo oTMETHUTh, UTO COBEPIIIEHCTBOBAHUE
TepPPUTOPUATBLHO OOIINX B3aUMOCBSI3eil MeXX Iy MOp-
¢doMeTpUIECKUMU XapaKTEpUCTUKAMU 03ep pa3iany-
HBIX IPUPOIHBIX 30H SIBIISIETCI OOHUM U3 OCHOBHBIX
HaIpaBJIEeHUI pa3BUTUSI MeTOoda AVMCTAHLIMOHHOI
OLICHKY HEU3YyUYEeHHBIX 03€PHBIX DKOCUCTEM.

IMpn HamMIM HEOOXOMMMOI MCXOTHOU MHAPOP-
Malliu MOJIeJIb PAaCCUYUTHIBAET CJIECAYIOIINE XapaKTe-
PUCTUKY BEIOpAHHOTIO 03€epa:

* TEIUIONEPEHOC MEXKIY aTMOC(HEPOIA, JILIOM, BO-
JIOW ¥ JOHHBIMU OTJIOXEHUSIMMU;

* MpoduIb TeMIIepaTyphbl BOABI 11O TIIyOMHE, TEM-
MepaTypy y ITOBEpXHOCTH U Y THA;

* poduJIb TEMIIEpaTyphl B JOHHBIX OTJIOXKEHUSIX;

* 1aTy 00pa30BaHUs JIEIOBOIO IOKPOBA, €Er0 IMPO-
JIOJDKUTENLHOCTD U TOJIIMHY;

* NIyOMHY TIpOTauBaHUS JOHHBIX OTJIOXEHUI B
o3epax 30HbI BEUHOIT MEP3/IOTHI;

* NpodnJib KOHIIEHTPAIUM PACTBOPEHHOTO KUC-
Jiopoja To TIyOWHE W TOJIIIUHY aHA’POOHOU 30HBI
(Ipu HATUYWHN).

PacyeThl BBIMOIHSUIUCH 7T IIECTH TOYEK, PacIio-
JIOKEHHBIX B MIPEICTaBICHHBIX Ha pHc. 1 ceMun o6ra-
CTSIX 30HBI TYHAPHI M COOTBETCTBYIOLIMX CJIEAYIOIIAM
ozepam: 1 — o03. babozepo, MypmaHckas oOI.
(67.993980° c.m1., 37.603655° B.1.); 2 — 03. [1opuTHI,
Henenxuit aBTOHOMHBINM OKpyr (67.888251° c..,
59.076433° B.1.); 3 — 03. CoxoHro, Amano-Heneuxkwmii
ABTOHOMHEII OKPYT (69.166749° c.111., 70.109453° B.1.);
4 — o03. Cupyrarypky, KpacHospckuit Kpait
(73.685402° c.u1., 97.586035° B.1. ); 5 — 03. Menora,
Pecrmt. Caxa (71.168933° c.mr., 144.813443° B.1.); 6 —
03. DaapreitreiH, Yykorckuit AO (68.804262° c.u.,
171.274288° B.n.); 7 — 03. bypbeimuu — Kamuarckuii
Kpait (63.962810° c.m1., 168.493262° B.11.). K ykazaH-
HBIM TOYKaM TIPWBSI3aHBI TaHHBIE METEOPOJIOTUYEe-
ckoro peaHanusa cemeiictBa NCEP/NCAR, ocpen-
HEHHBIE 3a TPUOLATUICTHUN WHTEpPBaJI BpPEMEHMU.
B nmepBoM nipuOIMKeHUM MOXHO CUMTATh pe3ysibTa-
Ne 2
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Temnepartypa, °C
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Puc. 4. HomorpamMmabl [J1st IpUOIMXKEHHOM OLIEHKY CPeIHMX 3HAUYCHUIA TeMIIepaTyphbl IOBEPXHOCTU BOBI (a), TOMILMHBI JIbIa
(6) B 3aBUCMMOCTH OT ILJIOIIAaN 03epa, TEINIO0OOMEH Yepe3 rpaHMIly BoJa—IHO (B), a TAKXKe BHYTPUTOIOBasi TMHAMUKA MaKCH-
MaJIbHO BO3MOXHO# TOJILMHBI aHA3POOHOM 30HBI (') AJIsI pPa3JIMYHBIX 30H TYHAPbI IO pe3yJibTaTaM MOAEIMPOBaHUs (HOMepa

30H COOTBETCTBYIOT puc. 1).

Thl paC4y€TOB, BbLIMMOJIHCHHBLIX OJI YKa3aHHBIX TOUYCK,
PENIPE3CHTAaTUBHBIMU  [JIsA COOTBETCTBYIOIINX 30H
TYHIPBbI.

Ilo pe3ynpraTaM MpoBeIeHHBIX PACYETOB ITOCTPO-
€Hbl HOMOTPAMMBbI, CBSI3bIBAIOIIINE TCPMUUECKUE Xa-
pPaKTepUCTUKM (CpemHUe 3HAYCHUS TeMIIepaTyphl
ITOBEPXHOCTHOTO CJIOSI BOIBI M TOJIIIWMHBI JIEISTHOTO
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MMOKPOBa) MaJIbIX U CPEIHUX 03€p CO 3HAUCHUSIMU UX
TUIOIIAEH ISl CEMU pacCMaTPpUBAEMbIX 30H TYHIIPbI
(puc. 4).

[1pu 3TOM CiegyeT HOMHUTD, YTO ITIOCTPOUTH OIle-
HOYHBIE HOMOTPaMMBbI JJISI APYTUX reorpaduyeckux
KOOpAMHAT C UCIOJBb30BAHUEM COOTBETCTBYIOIIIUX
JNAHHBIX METECOPOJIOTMYECKOrO peaHalIn3a Ha OCHOBE
Ne 2
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METOAWNKA TUCTAHIIMOHHOM OLIEHKU XAPAKTEPUCTUK

pe3yJIbTaTOB PACUYEeTOB IO MOACIU HE COCTaBIISIET
OOJIBILIIOTO TPyAa.

Pucynku 4 a u 4 6 WITIOCTPUPYIOT 3aBUCUMOCTD
CpemHMX 3HAYEHUM TeMmIlepaTyphbl ITOBEPXHOCTH BO-
JIbl U TOJIIIIMHBI JIbAa OT ILJIOIIAAN 03€pa B CEMU pac-
cMaTpWBaeMBIX 30HAx TYHIpHL. Ilojoras dopma
MIPEICTABIIEHHBIX T'Ppad®UKOB SBISIETCS CIEICTBUEM
cJ1a00i1 3aBUCUMOCTHU IIIYOMHBI BOIOEMA OT €ro IJ10-
Iaad, YTO SIBJISIETCS XapaKTepHOM 0COOEHHOCTHIO
TYHIPOBEIX 03ep. Pa3HuIIa B pacnoJioxXeHUU rpadpu-
KOB OOBSICHSIETCS pa3IMYHOI IIUPOTOI paccMaTpu-
BaeMBIX TOUYEK, a TAKKE PETMOHATBLHBIMU Pa3TUNI-
MM JTaHHBIX METEOPOJIOTMIECKOTO peaHam3a. Mak-
CUMaJIbHbIE 3HAYeHUsI TeMIlepaTypbl IOBEPXHOCTHU
BOIBI 1 MMUHHMMAJbHAsI TOJIIIMHA JIbIAa XapaKTepHBI
111 KobCKUX HUBKOTOPHBIX TYHIP M peIaKoJieceit,
MOJABEPKEHHBIX BIMSIHUIO TEIJIOr0 aTJaHTUYEeCKOTO
tedeHus1 ['onbdcrpum. IIporuBonoIOXKHASI KApTUHA
HaOmogaeTcsl B pe3yiabTarax pacdera 1mo CeBepo-
Taiimbipckoii apkTuueckoii TyHape (Ne 4), ceBepo-
saKyTcKoi (No 5) m yykoTckoit (Ne 6) 30HaM TYHIPEI.

PucyHok 4 B mpencTaBiisieT pe3yabTaThl pacyera
BHYTPUIOAOBOI AMHAMMKM MOTOKA TEIljla yepes rpa-
HUIIy Bomga—OHO IS pacCMaTpuBaeMbIX ToueK. He-
TPYAHO BUIETh, YTO B 30HAX 4, 5 1 6 TTOTOK TeIIa IMo-
JIOXKUTEJIEH, T.€. HAaIllpaBJieH B JOHHbIC OTJIOXEHUS B
Te4eHHE BCETO roja, YTO OOBSICHSETCS BIMSHUEM
BEUHOI Mep3JIOTHI. B ocTaIbHBIX 30HAX OCEHHE-3UM-
Hee BbIXOJIAaXKMBaHWE BOMHOM MacChl IPUBOAUT K
BO3HMKHOBEHUIO OOpaTHOIO MOTOKA TeIlIa, TaK KakK
JIOHHBIE OTJIOXEHUS JOJIbIIE YAEPKUBAIOT TEIJIO MO
CpaBHEHUIO ¢ BOOHOI Maccoil. B HauboJblleil cre-
TIEHU 3TO BBIpaXXeHO B 03epax KombCKoii TYHAPHI.

B xauecTBe nmepBoro 11ara Mpu repexoae OT BhIYMC-
JIEHVSI TEPMUYECKIX ITapaMeTPOB 03ep K PEIICHUIO 3a-
a4yl JUCTAHIIMOHHOI OLIEHKU MX 3KOJOTUYECKOTO
COCTOSTHUSI MOTYT CIYXKMTh pPacyeT XapaKTepUCTUK
KHMCJIOPOAHOTO PeXMMa M OlLIEHKa ITePCIIEKTUB BO3-
HUKHOBEHUS aHA3pOOHBIX 30H, GOPMUPYIOIINXCS B
YCJIOBUSIX OCTPOTO JIe(pUIIMTa paCTBOPEHHOTO B BOJIE
Kuciiopoga. B aTux 3o0Hax aKTMBU3UPYIOTCS BOCCTa-
HOBUTEJIbHBIE POLIECChI, MPUBOISIINE K 00pa3oBa-
Huto metaHa (CH,), cepoBonopona (H,S) u ammuaka
(NH;), koTopble HE TOJBKO YXYAIIAIOT KauyecTBO
03€pHOI BOJHOI MacChl, HO U MOTYT ObITb TOKCHY-
HBIMU JUISI TUAPOOMOHTOB (OCOOEHHO 3TO KacaeTcs
H,S). BxoaHoii undopmaliueii njs pacuera xapakre-
PUCTUK KHUCJIOPOIHOTO peXMMa SIBISIETCSI CKOPOCTh
norpedaeHus kuciaoponaa 6akrepusimu (bBITKs), 3a-
JaBaeMasl 110 U3BECTHBIM JIMTEPATYpHBIM aHajoraM
[9, 12]. Ha puc. 4 r mpencrapjieHa paccydTaHHas
BHYTPUIOIOBAas TMHAMMKA CPEIHEI TOJIIIMHBI aHAd-
POOGHO1 30HBI U151 pacCCMaTPUBAEMbIX TOUEK U PaCIIO-
JIOXXEHHBIX B HUX o3ep. Kak mokasanu rnmpoBeeHHbIE
pacyeTbl, PUCK BO3HMKHOBEHMS aHA’pPOOHBIX 30H
HanboJiee BeposTeH B o3epax 30H Ne 3, 4, 5u 6. Mak-
cuMaJibHasl TOJIIIMHA aHA3pOOHOI 30HbBI XapaKTepHa
it CeBepo-TaliMBIDCKOM apKTUYECKOW TYHAPHI
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(3oHa No 4), xapakTepu3yolIeiics MaKCHUMaJlbHOI
TOJILMHOM JieaAstHOTro nokposa (puc. 4 6). s o3ep,
HaxomsaIuxcs B 30Hax Ne 1, 2 m 7, BOBMOXHOCTh
dopMupoBaHUS aHAdPOOHBIX 30H HE BHISIBJICHA.

OCHOBHBIM PE3YJIbTATOM MCCAEA0BAHMS SIBIISIETCS
METOAMKA MOJHOCTBIO TUCTAHIIMOHHON OLIEHKU Xa-
PaKTepUCTUK TEPMUIECKOTO U KUCIOPOTHOIO PEXKM -
MOB HEU3YYEHHBIX 03€p CEBEPHBIX TeppuTopuii. Oc-
HOBHBIM WHCTPYMEHTOM JUISI BBITIOJHEHUS TaKOTO
pona OLEHKM CIIY:KUT OTHOMEpHAasi MaTeMaTudecKast
MoIelb TuIpoTepMognHaMuKu o3epa FLake, a Tak-
ke ee mpousBoaHbie FLakeEco u FLake-Global B co-
BOKYITHOCTHU C UMeIoILIelics nH(popMaleit MeTeopo-
JIOTMYECKOIO peaHain3a B U3y4aeMOM PErMOHEe U 13-
BECTHBIMMU TI€OCTATUCTUYECKNUMU 3aBUCUMOCTIMU
cpemHeii IyOMHEL 03epa OT ero Iuroianu. Jdaxe mpu
OTCYTCTBUHU JOCTYyNA K MOJEJIN JII0O0 BOAOIIOIb30-
BaTe/Ib, 3aMHTEPECOBABIIMIICA 03€POM C U3BECTHBI-
MU reorpaduieCKMMU KOOpAUHATAMU ¥ OLICHUBIITWIA
IUIOIIAAb €70 MOBEPXHOCTH, MOXET Ha OCHOBAaHUU
ITOJIYYEHHBIX B PE3yJabTaTC MOICINPOBAHUA HOMO-
rpaMM COCTaBUTh IIPUOJIMKEHHYIO OLICHKY TepMUYe-
CKHMX XapaKTepUCTUK BojmoeMa (IIPOAOIKUTETbHOCTh
JiemocTaBa, TOJIIWHA Jbla, TeMIlepaTypa MOBepX-
HOCTHOTO CJIOSI BOJBI U JOHHBIX OTJIOXKEHUIT, HaIU-
4Me WJIM OTCYTCTBUE O€CKUCIOPOMHOI 30HBI 1 Ip.), a
TaKXe XapaKTEepUCTUK KUCIOPOAHOro pexuma. He-
00XOIVIMO OTMETUTD, UTO IIPU YCIOBUU AOIOJTHEHUS
mogaenu FLake coOoTBeTCTBYIOIIMMM IIPOTrpaMMHBIMU
MOAYJISAIMU, I1O HpVIBCILGHHOﬁ BbIIII€ METOANKE MOT'YT
ObITb OLIEHEHBl W APYrue XUMUKO-OMOJIOTUYECKUE
XapaKTepUCTUKN BOJOEMOB, TaKMe KaK, HallpuMep,
Ouomacca M TIepBUYHAS IMPOAYKIIMS BOMOPOCIHEN,
MIPO3pavyHOCTh BOJIBI U JIP.

ITpu aTOM, Kak yXe yrmoMHUHAJIOCh BhIlIE, HE MO-
TpeOyeTcsl CJI0XKHO peaiu3yeMbIX KOHTAKTHBIX U3MeE-
PEHUA, YTO KpaiiHe BaXKHO U1 TPYAHOILOCTYITHBIX,
HEU3YYCHHBIX WJIM MAJIOU3YYEHHBIX CEBEPHBIX TEp-
PUTOPMIA HAIIEI CTPaHBI.

NCTOYHUK OPMHAHCUPOBAHUA

PaGora BbInoOIHEHA B paMKax rocy1apCTBEHHOTIO 3a1a-
Hug 1o tfeMaM FMNG-2019-0001 1 FMNG-2019-0004.
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METHODOLOGY OF REMOTE ASSESSMENT OF THE CHARACTERISTICS
OF UNEXPLORED LAKES OF THE CONTINENTAL PART
OF THE RUSSIAN TUNDRA
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A methodology has been proposed to assess the hydrophysical and chemical-biological characteristics of un-
explored small and medium lakes (with an area of up to 100 km?) in the Arctic territories of Russia using re-
mote sensing and mathematical modeling methods. The methodology is based on the use of a one-dimen-
sional model of hydrothermodynamic and chemical-biological processes in water bodies FLake. The tech-
nique makes it possible to obtain an estimate of heat transfer between the atmosphere, ice, water, and bottom
sediments, the date of ice cover formation, its thickness, and duration of existence of freeze-up, calculate pro-
files of water and bottom sediment temperature and dissolved oxygen by depth based on information on geo-
graphical coordinates and lake’s surface area. Contact measurements are not required, which is extremely im-
portant for hard-to-reach and poorly explored northern territories of our country.

Keywords: distance assessment, lake, tundra, mathematical model, reanalysis
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