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BBenenune

Ha pybexe XX wu XXI BB. 3aQUKCHPOBAHO IMOBBIINICHHE CPEIHETOJIOBOM
IPUIIOBEPXHOCTHOM TemriepaTypsl Bo3ayxa 3emiau Ha 0.6°C, na tepputopun Poccun - 0.9°C.
['moGanbHOE TIOBBIIIEHWE CPEAHETOAOBOM TEMIIEpaTyphl BO3AyXa NPUBOJUT K H3MEHECHHUIO
PETHOHAIBHBIX BEJIMYMH MCIIAPEHUS U OCAIKOB. JTO 00yCIaBIMBACT CPEAHETO0BOE ITPUPAILICHHE
WA COKpAIllEHUE PEYHOro M MOJ3EMHOr0 cTOKOB. Cie10BaTelIbHO, pernOHaIbHAsL U III00ATbHAS
OIICHKA W3MEHEHHH TIOJI3EMHOTO CTOKA KaK JJIEMEHTa BOJHOTO OanaHca MMEET OIpEICICHHYIO
¢busnveckyro oCHOBY. IIporHo3HBIE OIIEHKM HM3MEHEHHS BOJHBIX PECYPCOB Ha OJIMKAWUIIYIO W
OTJAJICHHYIO TIEPCIIEKTUBBI HEIOCTATOYHO COBEPIICHHBI W COJIEpXKAT OIPEICIICHHBIC OITHOKH,
MO9TOMY OHHM JIOJDKHBI OBIThb BapHaHTHBIMH M COOTBETCTBOBAThH HamOoOJiee BEPOSTHOM
HaMpPaBJICHHOCTH KIIMMATUYECKUX U3MEHEHUH B OYyIyIIeM.

K macrosmiemy BpeMeHHM cpeau HAydyHOro cooOlIecTBa HE  BBIPAOOTAHO
KOHCOJIUJJUPOBAHHOTO CYX/IECHUS O BIMSHUM COBPEMEHHBIX KJIMMATHUYECKUX BapualMii Ha
ITOA3EMHEBIC BOJBL;

AKTYyaJIbHOCTBH PaGoThl 00YCIIOBJIEHA HEOOXOIUMOCTHIO OLIEHKU U MTPOrHO3a U3MEHEHUS
BOJIHBIX PECYPCOB B YCIIOBHUSIX MEHSIFOILIErOCs KJIMMAra;

[lomyyeHne CTaTUCTUYECKM JOCTOBEPHOW OLIGHKM BIMSHHUA BapHalMd  KIMMara
MOCTICTHUX U OMKANIIMX IEeCATUICTUN Ha THIpOJIOTHYeckuil pexkum Konbckoro momyoctpoBa -
HEO0XO0/IMMOE YCJIOBHE PALMOHATBHOTO TTPUPOIONOIH30BAHUS U YCTOWYMBOTO Pa3BUTHS CEBEPO-
3anagHou yactu Poccun.

Heabio padoThl ABJAETCH: OLEHKA YYBCTBUTEIBHOCTH MOJ3EMHOTO CTOKa B CEBEPO-
BOCTOYHOM 4acTu baiTuiickoro nmra K COBpeMEHHBIM BapHallysIM KiMMarTa

JInst TOCTUKEHHS ITOM LENH PEeIIAIUCH CIEAYIOIIME OCHOBHBIE 3aaUH:

O aHalu3 TUAPOTEOJIOTHUECKUX YCIOBUNH U (PakTOpoB (POpMHpPOBAHUS CTOKA CEBEPO-
BOCTOYHOI yacTu bantuiickoro mura;

O CO3[JaHME€ MacCHBa SMIUPUYECKUX JAHHBIX IO pacxojaM BOJAbI, TeMIepaType
MPU3EMHOTO BO3/lyXa W KOJHMYECTBY aTMOC(EpPHBIX OCAJKOB, OTBEUYAIOIIETO
TpeOOBaHUSM JJIUTEITHHOCTH, OJJHOPOTHOCTH, TOCTOBEPHOCTH M PEIPE3EHTATUBHOCTH,
HEOOXOJMMBIX JIJII UCCIACAOBAHMMI BIMSHUS M3MEHCHUN KJIMMAaTa Ha IOJ3EMHEIC BOJIBI
BOCTOYHOM yacTu bantuiickoro mura

O CTAaTHCTHYECKUN aHallu3 MHOTOJICTHHUX HM3MEHEHHH KIMMATHYECKUX TEePEMEHHBIX,
ONPEIETAIOMINUX OI3EMHBIN CTOK;

O KOJMYECTBCHHOEC BBIJICIICHHUE OA3EMHOI'0 CTOKA;

O aHajau3 AMHAMHUKHW PEYHOTO U MOJ3EMHOI0 CTOKA;

O OIIEHKAa YyBCTBUTEJIBHOCTH MOJ3EMHBIX BOJ KOJIbCKOTro mojiyocTpoBa K COBPEMEHHBIM

BapuanuiaM KiiuMmara.



OO0beKkT mccie0BaHUA — IIOBEPXHOCTHBIE M TNoOA3eMHblE BoAbl Konbckoro
MOJIyOCTPOBA.

IIpeamer wHccaeNO0BAHUSI — MHOTOJIETHHUE HM3MEHEHUSI THUIPOMETEOPOJIOTHUECKUX
XapaKTEPUCTUK, OIpPENCISIONIMX ECTECTBEHHbIE pecypchl MMOA3eMHBIX BoJ Kosbckoro
MOJIyOCTPOBA.

PaGora wumeeTr MEXIMCHUIUIMHAPHBIA XapakTep W BBHIMOJHEHA HA  CTHIKE
KJIMMATOJIOTUH, TUIPOJIOTHH, TUAPOTCOIOTUH U OKEaHOJIOTUHU

Hayuynass HoBu3Ha padoTbl. BrepBble [ u3y4aeMOW TEppPUTOPUU OIKCaHA
MEXIOJI0Basi M3MEHYMBOCTh IIOA3EMHOIO CTOKA M KIMMATHYECKUX XapaKTEPUCTHK €ro
OTIPEICTISOIIHX.

TeopeTnyeckass 3HAYUMOCTh PadoThl. Onucanue (U3HUECKUX W CTATUCTHYCCKUX
3aKOHOMEPHOCTEH CBSI3U MOJ3EMHOT0 CTOKa U OINpPEAESIONINX €ro €CTECTBEHHBIX (PaKTOPOB
ABJISIETCSI BAXXHBIM aCHEKTOM JJIsi HAYYHOTO TMOHMMAaHUs COBPEMEHHOIO 3Tana 3BOJIIOLUU
KJIUMATA.

IIpakTHyeckasi 3HAYMMOCTb padoThl. OlLIeHKa MOJA3EMHOT0 CTOKA CJIa00 M3yYEHHBIX
TEPPUTOPUN B YCIOBHUAX HAOMIOJAEMBIX JI€BUALMK KJMMaTa HalpaBlieHA Ha peIlIeHue
aKTyaJbHOM MpPAKTUYECKOW 3aJayd O CTENEHU YA3BUMOCTHM BOJHBIX PECYPCOB K
COBPEMEHHBIM M3MEHEHHUSM OKpYXKawIlel cpeasl. Pe3ynpraThl pabOTBl MOTYT OBITH
MIPUMEHEHBI TIPH PETHOHATBHBIX TeorpadUuecKuX U T€OJOTUYECKUX MCCIEOBAHUAX, 4 TAKKE
MOTYT OBITh UCIIOJIL30BAaHbI B Y4€OHOM Ipoliecce I eCTECTBEHHO-HAYYHBIX HApaBICHHUH

3ammiaemMsple MOJI0KEHHS.

0 ChopMupoBaH YHUKAIBHBIM MAacCHB SMIUPUUYECKUX JAaHHBIX IO pacxoiam
BOJbI, TEMIIEpaType TMPU3EMHOT0 BO3JlyXa U KOJUYECTBY aTMOC(HEpPHBIX OCAaJIKOB,
oTBeuaronuii TpeboBanusiM BMO 1o ATUTENBHOCTH, OJHOPOJHOCTH, JOCTOBEPHOCTH U
pEeNpe3eHTaTUBHOCTH, HEOOXOMUMBIX ISl MCCIEIOBaHUN BIMSHUS W3MEHEHUH KIMMaTa Ha
MMOJ3E€MHBIE BOJIBI BOCTOYHOM YacTH barTHiicKoro mnTa;

0 MHoroneTHHe MEXTOoA0BbIe U3MEHEHHUSI TeMIEpaTyphbl MPU3EMHOTO BO3ayXa
CTATHUCTUYECKH 3HAYMMbBI, a 3HAUEHUS YIVIOBOTO KOd(PUIMEHTa TpeHAa MPEBHIIIAIOT
CTaHJApPTHYIO OIIMOKY €ro ompeieleHusl. Opnako, 3HayeHHs KOI(D(HUIIMEHTOB
JIETEPMHUHAIIMN TPEHIOB (WM OIEHKH JTOCTOBEPHOCTEH TpeHI0B) He mpeBbimaioT 50%, a B
psizie CilydaeB 3HAUYUTEITLHO MEHBIIIE;

0 Jns  onucaHusT MHOTOJIETHUX  MEXIOAOBBIX HM3MEHEHMM  KOJIMYECTBa
aTMoc(epHBIX 0CaJIKOB ONTHUMAILHOMN SBISETCS MOJENb CIy4yaifHOro mporecca ¢ MpHUCYIIeH

€My U3MCHYUBOCTBIO,



0 Vcnonb3oBaHue Npu aHaau3€ MHOTOJIETHUX BapUalUil KIMMaTa BEIOOPOUYHBIX
CTaTUCTHYECKUX OLEHOK, a HE HX aHcaMOJysd, IOpPOXKJAeT OMACHOCTh (hOPMHPOBAHUS
CTaTUCTUYECKU HEJOCTOBEPHBIX CYXAECHUN 00 UX XapaKTepe;

0 PaccuuTanbl M NpoaHaIM3UPOBAHBI MHOTOJETHUE MEXKIOJIOBbIE H3MEHEHUS
HOJ3EMHOI0 CTOKA B CEBEPO-BOCTOUHOMN yacTH banTuiickoro mura;

0 Hauano 3umHell MexxeHu cMemmaeTcst Ha Oosiee MO3AHKUE CPOKU U CMEIIAETCs
HA4aJio KpUBOM cmaza pacxo1oB BoJbl. CHEroTasHUE HAUMHAETCS paHbIIE, BCIEACTBUE YETO
IPOJIOJDKUTEIBHOCT MEXKEHH YMEHBUIAETCS. YBEJIWYEHUE I0A3EMHOT0 CTOKAa B 3UMHHUMN
IepuoJl BJeYeT 3a COOOH MOBBIINIEHHWE YPOBHEH MOJI3EMHBIX BOJ, a oOllee MOBBILICHHUE
TEMIIepaTypbl BO3JyXa NPUBOJAUT, KaK CIEACTBHE, K YBEIUYCHHUIO TEMIIEPATyphl MOYB U
noa3eMHbIX BoA. OnHako KOA((GUIMEHTH NETEPMUHALMK YKAa3aHHBIX HAIPaBICHHBIX
U3MEHEHUH COCTaBIIAIOT Beero Jauib 1-4%;

0 3HavyeHus K03((HUIMEHTOB BapHalluy JUIsl U3y4aeMbIX CTBOPOB YKa3bIBalOT Ha
3HAUUTENbHbIE KOJIEOaHUs [T0A3EMHOT'0 CTOKA OT rofia K roay;

0 AHCaMOIb CTaTUCTHYECKUX OIICHOK HE CBHUJETEIBCTBYIOT O CTaTUCTHYECKH
3HAYMMOM BIIMSHUM KJIIMMATUYECKUX JEBHALMI MOCIEAHUX AECATHUICTHH Ha IOJ3€MHBbIN CTOK
B CEBEPO—BOCTOYHOU YaCTU banTUiCKOro mura.

O0beM u cTpyktypa padorbl. Hayuno-kBanmudukamonnas padoTta COCTOUT H3 3
IJIaB, BBeJCHUS W 3akimoueHUs. OO0beM paboThl cocTtaBisier 92 crTpaHuWibl, BKIo4as 17
pucyHkoB U 14 tabnun. bubnuorpaduueckuii criucok conepkut 160 HauMeHOBaHUIHA.

IMy6mmkanuu. Ilo Teme HaydyHO-KBaTU(pHUKAIMOHHONW paboThl OMyOJIMKOBAaHO 2
nevaTHble paboThl, U3 HUX 1 B HAyYHBIX M3AaHUSX, peKoMeHa0BaHHbIX BAK.

o H3wba A. B., KoBaneBa A. A. OnacHOCTb HEIOCTOBEPHOW OLIEHKH BIUSHHS
COBPEMEHHBIX KJIMMATUYECKHX BapualMii Ha MUTAHUE IOA3EMHBIX BOA. //
CepreeBckue  ureHus.  MHXeHepHas  TreojoruMss M TE€03KOJIOTHS.
OyHaaMeHTaIbHble TPoOJieMbl W MPUKIAAHBbIE 33Jayd. — BbII. 18. — M.:
PYJIH, 2016. — C. 487-492.
o /[3roba A. B. KosameBa A. A. Ilpennoceuiku (opMuUpOBaHHS pHUCKA
KOHTAMUHAIIMK MOJI3€MHBIX BOJ B 30HE paclpOCTPaHEHHs] MHOTOJIETHEH
Mmep3ioThel // ['eopuck 2015. C. 448-454
Taxxe moAroToBieHa cTaThs g KypHana Boansie pecypesl (pekomennoBanHbii BAK), Ha
JTAHHBII MOMEHT OHa HAaXOHUTCS Ha dTare myOoInKaluu
o Kosanmera A. A. [[3100a A. B. MHoOrojierHue HM3MEHCHUS KIMMATUYCCKUX
XapaKTEPUCTHK, ONPEAEISIOIUX MUTAHNE MOA3EMHBIX BOJI CEBEPO-BOCTOUHOIM

yacTty bantuiickoro mura



AnpoGanusi padorbl. [lo yka3zaHHBIM MyOJMKAlUSIM W OCHOBHBIM pE3yJIbTaTaMm
HAyYHO-KBAIM(DUKAITMOHHON paboOTHI ClelaHbl JOKJIAasl Ha POCCHIICKUX M MEXIYHAPOIHBIX
HAYYHBIX KOH(QEPEHIIUSAX.

o Hayunas xoudepenuus «Bocemnanuatsie CepreeBcKuUe UYTEHHS» Ha TEMY
«mxeHepHas reosioruss U reoskosnorus. OyHIaMeHTaIbHBIE MPOOIEMbl U
MIPUKJIAHBIC 3a1aun», I. MockBa

o JleBsiTas MEXIyHapoJIHAs HAyYHO-TIpaKTHYeCKas KoH(epeHIus «AHam3,
MIPOTHO3 W YIPABJIEHUE IPUPOJHBIMU PUCKAMH B COBPEMEHHOM MHpPE», T.
MockBa, ycmHuulii 00K1a0

BbnaronapnocTn.  ABTOp  BbIpakaeT  OJaroJapHOCTb:  CBOEMY  HAyYHOMY
pykoBogutento [[3t00e Anekcannpy BuxTopoBHuy 3a NpeaoCTaBICHHYIO BO3MOXKHOCTh

pa6OTaTb M0 JJAHHOM TeMaTHKE M MOMOILb B HAITMCAHUU KBa.]'II/I(bI/IKaHI/IOHHOI‘/‘I pa6OTI>I.



1. T'naaBa 1. CreneHb HAy4YHO# pa3padboTAHHOCTH NMPOOJIEMbI

[Ipu pabore Hax KBaNM(PHUKAIMOHHON pabOTON OBLIM W3y4eHBl HCCIEIOBAHUS
POCCUICKUX U 3apYOEKHBIX YUEHBIX, IOCBSILEHHBIE KPYTY BOIIPOCOB, CBS3aHHBIX C BIUSHUEM
M3MEHEHUH KJIMMaTa Ha Mmoja3eMHble BoJibl. OCHOBHOE BHUMAaHHE yI€JICHO OMYyOJIMKOBAaHHBIM
B Halle cTpaHe U 3a pyOeKOM HAy4YHBIM CTaThsIM B PELEH3UPYEMBIX IKypHalax,
coJIeprKallie METOANUYECKNE aCIIEKThl U KOHKPETHBIE PE3YNbTaThl UCCIEA0BAHUN.

B nocneanue rogpsl BO MHOTHUX CTpaHax BBIIOJIHEHO OIPOMHOE YMCIIO MCCIEAO0BAHUM,
M0 KOJIMYECTBEHHOW OIEHKE, TMAPOJIOTUYECKUX MOCIEICTBUN TII00aJbHOTO MOTEIUICHUS B
pa3MYHBIX PErMOHaX MHUpa. DTU HUCCIeNoBaHMs Oa3HpyIOTCS HAa Pa3HbIX CLEHApUsSIX U
OXBaTBIBAIOT OOJIBIION JIANa30H U3y4aeMbIX OOBEKTOB - OT MaJIbIX BOJOCOOPOB IO KPYITHBIX
PEYHBIX CUCTEM, PETHOHOB, IPUPOAHBIX 30H, KOHTUHEHTOB U 3€MJIU B LIEJIOM.

W3meHeHne kiauMara W aHTPONOTE€HHAs JEATEIbHOCTh WIPAlOT BAXHYH pOJIb B
HaOJI0/ITaeMBIX U3MEHEHHUSAX BOJHBIX PECYPCOB IO BCeMy MHpPY. TeM He MeHee, BelnyrHa
3THX (PAKTOPOB, BIMSIOMIMX HA BOJHBIE PECYpCHl 3aBUCHUT OT pPErHOHA, €ro CTETNEeHU
M3YYEHHOCTH U MaciiTada uccie10BaHu.

MHOrouncIeHHBIM TYONHUKAIMSAM HCCIeA0BaTeNe MpUCYIl OONBIIONW JHana3oH
MHEHUU MPU OCBEIICHUH OTJEIbHBIX ACIIEKTOB JAHHON TEMATHKH.

PaccmoTpenHble ucciieioBanus MOENEeHbl Ha TPU OCHOBHBIE TPYIIIIBL:

1. PaGotbl, olLieHUBarOLIME COBPEMEHHBIE M3MEHEHMSI XapaKTEePUCTUK

BOJHBIX PECYPCOB;

2. PaboThl, olleHMBAIONIME BO3MOKHBIE U3MEHEHHs B MOJ3E€MHBIX BOJAX

CBSI3aHHbIE C BIMSHUEM KJIMMaTHUECKUX BapHUallnii;

3. PabGotel, mocBsméHHBIE  W3y4YeHUI0O  Tepputopun  Komabckoro

II0JIyOCTPOBA.

1.1.  Pabomul, oyeHusarowue co8peMeHHble UBMEHEHUs XAPAKMEPUCMUK B0OHbIX
pecypcog
Pecypchl moa3eMHBIX BOJI, KaK M BOJAHBIE PECYPCHI B LIETIOM, SIBIIIIOTCS KIMMaTHYECKU
00YCIIOBIICHHBIMU TIPUPOJIHBIMU pecypcamu. M3MeHeHus: KimMaTra Hen30eKHbL. JTO — (DaKT,
MOATBEPXKIAIOMUMCS Bcell wucrtopueir 3emnu. Hawmbosee BakHBIMH KIMMATHYECKUMHU
dakTopaMu, ¢ TOUYKU 3pEHUSI OIEHKU BOJHBIX PECYPCOB, SIBISIOTCS OCAIKH, TeMIleparypa u
UCIIapeHue, KOTOpPOE OMpEAENsieTcs] MO JaHHBIM O YUCTOTE pajJuallid Ha YPOBHE 3EMIIH,
BIIQYKHOCTH BO3/yXa, CKOPOCTH BETpa U TEMIIEpaType.
B XXI Beke, B menom, HaOI0MaeTCsl YBEIUUEHNE KOJTUYECTBA OCAIKOB, CYMMapHOTO
UCTIAPEHUS W BIIAXXHOCTHU IMOYBBI B TJII00AIBHOM CpPEIHEM 3HAYCHHH, HO C CYIIECTBEHHBIMH

PCruoHaJIbHBIMU ocobeHHOCTAMH. Pasnuuus wu HCOMPCACIICHHOCTU  OTPAKAOTCAd B



PETHOHAJIBHBIX W3MEHEHUAX U HEOIpPEAEJICHHOCTIX B CYMMapHOM HCHAapeHHH U CTOKE.
[TprunHBl KIUMATHYECKUX W3MEHCHHN pa3lIMYHbl, HEKOTOPbIE W3 HHUX MOTYT OBITh
HETMOCPE/ICTBEHHO  CBSI3aHBl: C  AHTPONOTEHHBIM  H3MEHEHUEM, W3MEHECHUSMH B
3eMJIETIOJIb30BaHUH, MIPOLECCAMH HppUTallid, ypOaHU3aluu, a Takke ¢ (PU3NOIOrHYecKUMU
peakuusamMu pacteHuii Ha ypoBeHb CO2. IIpoekTHbIC KIMMAaTHYECKHUE MOJIEIU IOKA3bIBAIOT
YBEJIMYCHUE KOJUYECTBA OCAJAKOB B CPEAHEM IO MHPY, HO C CYIIECTBEHHBIMU
pernoHabHBIME Konebanusmu [ 109, 118].

Ocankyn M TOTEHLUUATbHOE HCHApEHHE SBIAIOTCS OCHOBHBIMU KIMMaTUYECKUMU
dakTopaMu, BIUSIOIIMMU Ha BOJHBIE pecypchl MpecHOil Boabl. OCaJKu TECHO CBS3aHBI C
COJIep’)KaHWEM BOJSIHOTO Tapa B arMocdepe, TMOCKOIbKY YIeNbHAs BIAKHOCTh HACBIIICHHS
3aBUCUT OT TeMIeparypbl: Oojiee TEIUIbId BO3yX MOXET COAEpKaTh Topa3ao OoJblie
BoasiHoro mapa. CormacHo msaromy aokiany IPCC (MI'DUK) B mocneanue aecsTUICTHS
TEeMIepaTypa MOBBICUIACh, a OTHOCUTENbHAS BIAXHOCTh IOBEPXHOCTH M Tporochepsl
M3MEHWJIaCh He3HAUUTEIRHO [109].

K nmpyrum xnummartudeckuM (hakTopamM OTHOCATCS aTMOC(EpHBIN YIIIEKUCIbIA ras3,
KOTOPBI BIMSET HA TPAHCHHUPALUIO PACTCHHM, a TaKKe OTJIOKEHHUS YEpHOro yriepojaa u
MBLUTH, KOTOPBIE, AK€ B OYE€Hb MAaJIbIX KOHIIEHTPALMSIX, CIOCOOCTBYIOT TassHUIO CHETa U JIbJa
3a CUeT YMEHBIIIEHUs TOBEPXHOCTHOTO ankoeno [109, 118].

HaGmronenus, 3a kmuMaTHYeCKUMH (DaKTOpamMH, CO CPEIHHM U BBICOKUM YpPOBHEM
JIOCTOBEPHOCTH, coriacHo nsaroMy aokiany [IPCC [109] uznoxeHnsl Huxe.

TemmepaTypa MOBEPXHOCTH, KOTOpas BIHMsAET HAa MPOHUIAEMOCTh arMmochepbl H
COOTHOIIIEHUE KOJINYECTBA CHETA U OCAJIKOB, YBEJIUYMBAETCS HEPABHOMEPHO MPUMEPHO B 1,5
paza. [Ipuuem yBenuueHne MPOUCXOIUT OOJIBINE HAl CyIIeH, yeM Hajg okeaHowm [109, 118].

Habmonaemoe noremnieHne MakCUMaibHO HAa0MII01aeTCsl B apKTUYECKUX IIUPOTaX, ITO
MOATBEPKIAETCA M3MEHEHUSIMU B CHEKHOM IOKPOBE M COKPAILECHUIO TUIOHIAIEH JIETHUKOB
[109, 118].

MeHbI11ee KOIMYECTBO KHJIKUX» OCAIKOB BBINMAIAET 110 MEpPE YMEHBIIIEHUS 00beMa U
MPOJIOJKUTENIBHOCTH CHEXKHOTO TMOKpoBa. OJHAKO B XOJOJHBIX PErHOHAX YBEIMYECHHE
MIPOJIOJKUTENIBHOCTH U MHTEHCUBHOCTU 3MMHHUX CHETONAJO0B IMPEBBIIIAECT BEIUYUHY TasHUS
CHEXHOTO TIOKpOBa B Tetuibii nepuox [ 109, 118].

JIJ1s1 peruoHOB C TIOBBIIIEHHON BIQKHOCTBIO JTOXKJIJIUBBIE CE30HBI CTAHOBSATCS OoJiee
MPOJIOJKUTENbHBIMY, @ B 3aCYILIMBBIX PETHOHAX YBEIUYUBAIOTCS Ce30HBI 3acyxu [109].

B menoMm cpenHee KOMMYECTBO aTMOC(EPHBIX OCAJKOB YBEIMYUBAETCS, HO B
HEKOTOPBIX peruoHax yMmeHblmaercsa. OcaJkd HMMEIOT TEHACHLUUI0O K CHIDKEHHIO B
cyOTponMYecKux mupoTax, ocodeHHo B CpemuzemHOMOphe, Mekcuke u lleHTpanbpHOM

AMepHKe, U B HEKOTOPBIX 4YacTaX ABCTpajuH, a YBEJIWYEHHE IPOUCXOJIUT B BBICOKUX
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CEBEpHBIX MIMpOTax, MHAMM U B HEKOTOpbIX pailoHax Cpemgnedd A3uu. OJHAKO M3MEHEHUS
0CaJIKOB OOBIYHO CTAHOBSITCSI CTATUCTUYECKH 3HAYMMBIMU TOJIBKO TOTJIa, KOTJa TeMIIepaTypa
NoBbILIAeTCS Kak MUHUMYM Ha 1,4 °C, 1 BO MHOTMX PETrMOHAxX MPOTHO3UPYEMbIE U3MEHEHUS
XXI-To Beka HaXOATCS B MpEeiiax eCTECTBEHHON N3MEHYMBOCTH KOoHIa XX Beka [124].

ITo omenkam IPCC oxwumaroTcsi Oojiee WHTEHCHUBHBIC JKCTPEMalIbHBIC SIBICHUS
ocankoB [149]. OpHoif W3 MNPEANOJIOKHUTEIBHBIX MTPUUYUH TAKOTO SBJICHUS SIBIISETCA
MIPOTHO3UPYEMOE YBEIIMUYEHUE YACIIbHOW BJIAXKHOCTU: MHTEHCHBHBIE OCAJKH 3a KOPOTKUMU
nepuo BpeMenu (mMenee 1 gaca) [109, 112, 133].

W3meHeHus B HCIapeHUH HMMEIOT 3aKOHOMEPHOCTH, CXOAHBIE C H3MEHEHHUSIMH B
0CaJIkax, 0COOEHHO ATO MPOSBIIAECTCS B 00J€e BHICOKMX CEBEPHBIX HIMPOTaX. 3aBUCUMOE OT
KJIIMMAaTUYECKOTO CIICHAPHUS, YMEHBIIIEHNE BIAKHOCTH HAOIOIAETCS B LICHTPAIBHON U FOXKHOU
EBpore, toro-3amannoii yactu CeBepHoli AMepuku, AMa30HHHM U IOKHOH yactu Adpuku
[109].

B paborax B. ®. JlormHoBa W [p. paccMaTpHUBAIOTCS €CTECTBEHHBIC (aKTOPHI
MI00ATLHOTO U PETHOHATHHOTO M3MEHEHUS KJIIMMAaTa, IMPOBOJSATCS OIEHKA 3KOHOMUYECKHX,
COLIMATIBHBIX M HKOJIOTMYECKUX MOCIEACTBUI SKCTPEMabHBIX KIMMATHUECKUX SBICHUN H
BO3MOYKHBIX H3MEHEHHMI Kaumara [33, 52-54].

[IpenmymectBeHHO B XX Beke ObLIM pa3padOTaHbl U YCIENIHO MPUMEHSUINCH METOIbI
OIICHKM THJIPOJIOTMUECKUX XapaKTEPUCTUK, OCHOBAHHBIE HA THIMOTE3€ CTAlMOHAPHOCTH
TUAPOJIOTUYECKUX U KIMMATHYECKHX YCIOBUN (DOPMUPOBAHUS PEYHOTO CTOKA BO BPEMEHH.
Opnnako, TPaBOMEPHOCTh KOHIIETIIIMU CTAIlHOHAPHOCTH MHOTOJIETHHUX KOJEOAHWU PEYHOTO
CTOKa CTaBUTCS TOJ COMHEHHE MHOTHMM HcciemoBarensmu [1, 9, 33, 52, 72], B cBs3u ¢
YCWIMBIIUMUCS B TMocieAHel derBepTu XX BeKa MpoIeccaMy TI00aTbHOTO TMOTETUICHHS
kiumara [70].

UccnenoBanus Jiménez Cisneros W JAp. BBISIBUJIM, YTO TOJy4YEHHBIE TPEHABI B
HAOJIOZICHUSX TOJIOBOTO CTOKAa OOBIYHO CIEJOBAIH 3a HAONIOJAEMBIMH HU3MEHEHUSIMH
PETHOHANILHBIX OCAQJKOB M TEMIIepaTypbl B TOCIeNHHE JAecaTuieTus. bonee mo3gHuMe
uccieoBaHus, mnpoBeaeHHble B SR1.5, Takke npunum K BBIBOAY, 4YTO Haimuuue |
CTAaTHUCTUYECKH 3HAYUMOW TEHJIEHINH, OOYCIOBIEHHOW KJIMMAaToM, B HaOIIOgaeMoil cepuu
€XETOHBIX CTOKOB OCTaeTcs HeonpeaeneHasM [ 105, 109].

Her derkux TeHIeHIMN HM3MEHEHHUS JIOKAIBHOTO CTOKAa M CTOKa B TJIOOQIBHOM
Maciitabe, OCHOBaHHOTO KaK Ha HaOMIOJaTeNbHBIX, TaK U Ha BOCCTAHOBJICHHBIX HabOpax
JIAaHHBIX B TEUCHHE MOCJICAHUX JeCATUIICTUH [94].

[IpocTpaHCcTBeHHbIE — pa3NuyMsi B CPEAHETOJOBBIX  TEHACHUMUSAX  3HAUYCHUHN
MOBEPXHOCTHOTO U MOJ3E€MHOI'0 CTOKA MO BCEMY MHPY 3aBUCAT OT KIIMMATHUECKUX (DaKTOpOB

(B 4aCTHOCTH, OT OCAJKOB M MOTEHIIMAIBHOTO UCIIAPEHUS IO aHTPOIIOTCHHOTO BO3/ICHCTBHS).
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[Io wumerommMcs HCCAEAOBaHUSAM HaOMIOAAETCA, YTO CTOK MPEUMYLIECTBEHHO Oolee
YyBCTBUTEJICH K H3MEHEHUSIM OCaJKOB, YeM K BO3MOXXHOMY wucrnapenur. Okomo 83%
MHUPOBOI'O CTOKA IOKa3aJIi BBICOKYIO UyBCTBUTEJIBHOCTh K TEHAECHLUSAM OCAJKOB, B TO BPEMs
Kak octaBuecs 17% koHTponaupytoTcs Apyrumu dakropamu [87, 103].

B 3acynumBbIX M TOJY3acyHUIMBBIX OOJIACTSX UYYyBCTBUTEIBHOCTH CTOKAa K
U3MEHEHHUSM OCAJKOB BBICOKA, HO YYBCTBHTEIBHOCTh K JpYruM ¢akropam (Hampumep,
U3MEHEHHE M3MEHUMBOCTH KJIMMATa U 3eMJICTIOIB30BAHUE /XapaKTep 3eMHOTO MOKPOBA) eIle
BbIlIE [87].

Jlis pedyHbIx OaccelHOB, 3aTPOHYTHIX AHTPONOTEHHOW NEATENBHOCTHIO (BOA03a00p,
W3MEHEHHE 3eMJICTIONB30BaHM / MOKPBITHS, SKCIUTyaTalisl TUIOTHH U BOJOXPAHIIIUII U T.1.),
pOIb  KIMMAaTHYeCKWX (akTopoB B  HAOMIOAAEMBIX HM3MEHEHHSX CTOKA  CIEAyeT
UHTEPIPETUPOBATh C OCTOPOXKHOCTHIO. Ilo pesymbraram wuccnenoBanmii 6omee uyem 90%
U3MEHEHHUs CTOKa CBSI3aHHO C AHTPONOTE€HHBIM BO3JACUCTBUEM B KaXKIOM OTACIbHOM
cy0bacceitne pexkn Xyanxd mexay 1960 u 2012 rogamm [113]. Jlns OGonbpIIMHCTBA peK B
Unnnane, Heio-Mopxke, Apusone u Jlxopmkun B CILIA anTpornorenHbie GpakTophl H3MEHEHHUS
CTOKa OKa3aJIuCh OoJiee 3HAUUTEIbHBIMU, YeM KiIumartudeckue [78].

B Toxxe Bpems, CyliecTBYeT BBICOKAsl CTEIEHb YBEPEHHOCTH U JIOCTOBEPHOCTU CPEIU
Hay4yHOro cOOOIIEeCTBa B TOM, YTO B M3MEHEHHUSX CPEIHEro W MaKCHMaJbHOTO CTOKAa PEK,
MPEUMYIIECTBO OCTAETCS 3a KIMMAaTHYECKUMHU (pakTopaMu, OCOOEHHO B XOJIOJHBIX pallOHax
[57].

IIporuo3el Oyaymiero u3MEHEHMs KJIMMaTa cleayromue: Haubosiee BeposSTHOE
r00anbHOE TOBBIIIEHUE CpeaHel TemmepaTypsl Bo3ayxa K 2020-My rogy COCTaBUT OKOJIO
1°C oTHOCHUTEIBHO IOMHIYCTPUAIBHOIO Iepuoja. Takue BBIBOJBI MOJIY4YEHbl Ha OCHOBE
noknanoB MI'DUK u CJCB (cmenManbHbIl JOKJIAA O CLEHapusxX BBIOPOCOB).
['eorpaduueckrie ~ 3aKOHOMEPHOCTH  NPOTHO3UPYEMOTO  IMOTEIUVIEHHWS  IOKa3bIBAIOT
HauOOJBIIMKA POCT TEMIEPATypbl B BBICOKMX CEBEpPHBIX MUpoTax. [IporHosmpyercs, yto
MOBBILICHUE TEMIIEpaTyphl JeToM OynaeT Oosee CHIIbHBIM, YeéM 3MMOM, 32 HCKIIOYEHUEM
apkTH4eckux MmupoT. Oxkumaercs, uro Temmneparypa XXI Beke B OyAeT MOBHINIATHCS B
TEYEHHE BCEX CE30HOB TIOJAa, XOTS M C pPa3sHbIMU NPUPAILECHUSMH, OCAJKH MOTYT
YBEJTUYMBATHCA B OJWH ce30H [131].

Hecmotps Ha TO, 4TO BOIpPOC O MPUYMHAX COBPEMEHHOIO IJI00aNbHOIO MOTEIICHUS
HE SIBJIIETCS /10 KOHIIA PEUICHHBIM, B UCCIEIOBAaHUSAX MHOTUX BEIYIIUX KIUMATOJIOTOB MUpPa
JienaeTcs BBIBOJ OO0 AaHTPOIMOTEHHOM XapakKTepe IOTEIJIeHHs. JTO CBA3aHHO C POCTOM
konmentpanuu C02, CH4 u ap. mapHHKOBBIX ra3oB B atmocdepe [52, 72, 47-50, 85].

B pernonax ¢ XOJOJHBIM KJIMMAaTOM TIJI00aJbHOE MOTEIUIEHHWE YK€ IMOBIHSIIO Ha

HAKOIUICHHE CHEXXHOTO0 MOKPOBAa M MPOLIECCHl TasHUS, KOTOpPbIE OOBIYHO KOHTPOIHPYIOT
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KOJIMYECTBO U BpeMsSl TOJIOBOTO IHUKOBOTO CTOKAa. B TakuX YCIOBUSAX B OOJBIINHCTBE
UCCIIEIOBaHM COO0IAIOCh 00: YBENTMYEHUH CTOKA 3UMOW B OCHOBHOM H3-32 YBEIMYCHHS
KOJIMUECTBA <OKUJIKUX» OCAJKOB; YMEHBIIEHUE CTOKA TaJOr0 CHEra B CBA3M C MEHBUIMM
CKOIUICHHEM CHera; OTMeueHbl Hauboyiee paHHUE IUKHU CHErOoTassHUs M 0ojiee HU3KHE
YpOBEHHU BOJIbl B MeXeHb [87, 105, 109].

B paborax 310061 A. B. U 3ekuepa M. C. paccMOTpeHBI HEOIpPENEIeHHOCTH
COBPEMEHHBIX OLICHOK BIMSHUS MHOTOJIETHUX BapHallMi KIMMaTUYECKUX XapaKTEPUCTUK Ha
MOJ3EMHBIA CTOK U Ppecypchbl MoJ3eMHbIX Boa [27, 146]. BmepBble omnucaH MeXaHU3M
€CTECTBEHHOTO  (PIIOPUCTUYECKOTO JAEeMII(PUPOBAHUS BO3MOXKHBIX H3MEHEHUN MUTaHUS
MOJ3EMHBIX BOJ M B I€JIOM TEMIEPATypPHO-BIA)KHOCTHOIO peXHMa KPYNHBIX PETHOHOB,
BbI3BAHHBIX KJIMMaTHYECKMMH W3MEHEHUSMHU BCJEICTBUE POCTA KOHLIEHTPALMK MMapHUKOBBIX
ra3oB B Tpomochepe [27]. OTumm ke aBTOpaMu ObLT TMPOBEIEH aHaIM3 YCIOBUM
dbopMUPOBAaHUS U TUHAMUKHU MMOA3EMHBIX BOJ BEpXHEH TUIPOAMHAMUYECKON 30HBI CEBEPHOTO
nobepexns EBponerickoii yactu Poccun, pasrpykaromuxcs HemocpeAcTBEHHO B bapeniieBo
u benoe mops [42, 145]. KonuuecTBEHHO OIICHEHBI 3HAYCHHSI CYOMAapUHHOTO TOJ3EMHOTO
croka B CeBepublii JlemoButsiii oxeaH. IIpoBeneH aHaauM3 yCTOMUMBOCTH MOPCKHUX
ApPKTUYECKHX METAHOTUIPATOB B YCIOBHUSAX HAOMIOJAEMBIX U OXKUAAEMBIX H3MEHEHUI
kinuMmaTa. dPuznyecku 00OCHOBaHA HE NMPOTHUBOpEUaIlasi SMIMPUUECKUM JaHHBIM KOHUEMIIHUS
KJIMMaTHYECKH OOYCIIOBJICHHOTO YBEJIMYEHUS CyOMapHHON pa3rpy3Ku IMOA3EMHBIX BOJ KaK
BO3MOKHOM TNPUYUHBI POCTa MHTEHCUBHOCTH Pa3pPYyIICHHs apKTHUUYECKUX THJIPATOB METaHA
[26, 28, 29]. ABTOpamMH OIUCAHbl MEXaHU3MbI (POPMHUPOBAHUS U OLIEHKA NPSMBIX U OOpaTHBIX
CBsI3eM MeX Ay AMHAMUKOW KiimMaTa ApKTUKH U KpuoJauTo30HsHI [31, 30].

I'eopruesckum B. FO. u ExoBeiMm A. B. B 1996 rony maercs olieHKa BIUSHUS
BO3MOXXHBIX M3MEHEHUI KIMMaTa Ha THAPOJOTMYECKUIl PEKHUM M BOIHBIE PECYpPCHI PEK
tepputopun CCCP [17], nmo3xe Takue uccienoBanus caenanbl ['eopruesckum B. 10. u np.
st tepputopun Poccum [16]. [lo OGacceitny Bonrum mpoBefeHBI HCCIIEOBAHUS BIIHSTHUS
KJIIMaTa Ha COCTaBIISIIONINE BOJAHOTO OanaHca Oaccetina [18, 19, 45].

Tennenuun o06mero ra00aJbHOTO M JIOKAJIBHOIO CTOKA MOTYT CYIIECTBEHHO
OTJIIMYATHCS U3-3a Pa3IMUMid B JaHHBIX HAOJIOJCHUMN, IEPUO/IE UCCIEIOBAHNUS, TPUMEHIEMOMN
Metoaonoruu [144]. XoTs CyIIecTBYIOT pa3iInyHble HAOMIOAATEIbHBIC W CMOJICTUPOBAHHBIC
HaOopkI MaHHBIX (Hanmpumep, [ modansHEI eHTp naHHbIX 10 cToKy, GRDC), Bce eme oueHb
npoOJIeMaTUYHO MOJIYYUTh U aKTyaIU3UpOBATh JaHHBIE JJIs1 MHOTUX paiioHOB [144].

Monenu obmelt upkymsiuu armocdepsl U okeana (MOLIAO) SBISIOTCS MOITHBIMU
MHCTPYMEHTAMM YyYeTa I KOMIUIEKCHOM OLIEHKM IPOLIECCOB, BIUSIOIIMX HA BEPOSITHBIC
n3MeHeHus: kiaumata B Oyamymem. Opmnako mporHo3sl MOIIAO B Hacrosiee BpeMs

MOJIBEPKEHbl 3HAUYUTEIHHOW HEOINpPEAEICHHOCTH B MPOIECCe MOJEIHPOBAHUS, IMOITOMY
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JIOCTaTOYHO CJIO)KHO BBIWICHHUTH BIIMSHMS W3MEHEHHH KIMMATHYECKUX XapaKTEPUCTHK Ha
Bo/HbIE pecypcesl [110, 127].

B pamkax npoekra IPCC, moCBAIICHHOMY CpPaBHEHHIO CBSI3aHHBIX Mojelell ObLTH
MIPOAHAIM3UPOBAHBl pe3ynbTaThl BocemHaanmatd MOIIAO. VYV OGompmumuactBa MOIIAO
BO3HUKJIM TPYAHOCTU C MOJEIIMPOBAHUEM OCAJIKOB. Pe3ynbTaThl MOAEIMPOBAHUSA MOKA3AIH
JIOCTaTOYHO IIOXYIO0 CXOJAMMOCTb ¢ HaO0ieHHbIMU 3HaueHusiMu [90, 118, 136].

JU1st OTHOTO M TOTO ke cueHapus BEIOpocoB pasHbie MOLIAO mpuBOIAT K pa3inuyHbIM
MPOrHO3aM, 3TO CBSI3aHO C YHHMKAJIbHBIMU Teorpaduyeckumu ocobeHHocTsiMu. Meehl c
KOJUIETAaMU YTBEPXKIAE€T, YTO CXOJAMMOCTb pEe3yJbTaTOB [Uisl IPOTHO30B HM3MEHEHUU
TEMIEPATypbl HAMHOI'O BBIIIE, YEM JJI1 MU3MEHEHHH ocaakoB. [l M3MeHeHWil 0caJkoB K
koHIy XXI Beka cpeqHee 3HaU€HUE MYJIBTUMO/EIBHOIO aHCaMOJIsl MIPEBBIIIAET CTaHJAPTHOE
OTKJIOHEHHE MEXKIY MOJENISAMH, CO3JaHHBIX TOJBKO ISl «BBICOKMX» IIUPOT. B HeCKOIbKHX
peruoHax MOJEJIM HE COBHAJAIT IO NPU3HAKaM M MPUYMHAM H3MEHEHHM KOJIM4YeCTBa
aTMOC(EpHBIX 0CaAKOB. YTOOBI BBIABHTH HEONPEACICHHOCTH, HCIIOJIB3YETCS MHOMKECTBO
nporoHoB ¢ mpumeHeHueM pa3audyablx MOIIAO ¢ MHOro4HMCICHHBIMH TapaMeTpaMu
mozaenu. llpu ananu3e pe3yapTaTOB ONUPAIOTCS HA MPOTOHBI MOJEIM C HECKOJIbKUMHU
aHcaMOJIsIMU MapaMeTPOB WIIM THICSYH MPOTOHOB C MOCTOSHHBIMU 3HAUYEHUSMHU MapaMeTpOB
st onHot MOIIAO. Takue mnoOaXoabl TO3BOJISIIOT TMOCTPOEHHE YCIOBHBIX CIICHAPUEB
BEPOSITHOCTH BO3MOXKHBIX U3MEHEHHH B Oyaymem [118, 128, 130].

OnHako Takue OoJblIME aHCaMOU MEPEMEHHBIX JOBOJIBHO TPYAHO HUCHOJIb30BaTh Ha
IIPAKTUKE TpU TNPOBEACHUU MCCIENOBAaHUSA BO3ACHCTBHMS Ha BOJHBIE pecypcbl. Iloatomy
3a4acTyl0 BMECTO 3TOT0 MCIIONb3YIOTCS MOJIENbHBIE CLIEHAPUH JJI Pa3IMYHbIX aHCAMOJIEBBIX
3HaueHui. MUHYCOM SIBIISIETCSI - HECIOCOOHOCTh TAaKMX CIIEHapHEB TOYHO BOCIPOM3BECTHU
JMana3oH MOAEINPYEMBIX PETUOHAIBHBIX U3MeHeHui [130].

CylecTByIOT albTEPHATUBHBIE BAapUaHTBl - PAacCMOTPETh Pl Pe3ylbTaTOB U3
pasnuuHbix cymectByommx MOIIAO B r1mobasibHOM ¥ JIOKAIBbHOM — MaciiTale,
OTPaHWYEHHBIM TUIOMIA/IbI0 BogocOopa [131].

B cratee Oki T., Kanae S. mnpoBoautcs neTaJbHBIA aHaIM3 HCIOJIb30BAHUS
pE3yJNbTAaTOB  pPA3IWYHBIX  KJIMMAaTUYECKMX MOJEIEM 1O M3MEHEHUIO0  KOJIMYECTBA
aTMOC(EepHBIX OCAaJKOB TMpU pealu3allid pa3jINYHbIX KJIMMATUYECKUX CIIEHApHUEB.
PaccmaTpuBaroTCsi BOINPOCHI y4yeTa MHTEHCHBHOCTH OCAJKOB, a TaKXe OJKCTpeMalbHBIX
0CaJIKOB IIPY pacueTe MUTAHMS MOA3EMHBIX BoJ [134].

HuknomanoBbM U. A. u I'eoprueBckum B. FO. Obutn BBITOTHEHBI pacyeThl 1O OLEHKE
BO3MOJKHBIX M3MEHEHHI BOJIHBIX PECYpPCOB KpymHBIX pek Oaccerina CeBepHoro JlemoButoro
okeana [70]. B pabGortax »TuX aBTOpOB MpHUBOAATCS pe3ynbTaThl Mo 6 MOIIAO BeImycKa

IPCC-2001. 3aoctpsieTcss BHUMaHuWe Ha HaubOojee TNPOOJIEMHOM, C TOYKH 3PCHHS
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BOZI00O0ECTIEYCHHOCTH PETMOHE - foro-3amaaHas 4dactb EBpomeiickoir Teppuropuu Poccum
(ETP).

Onenka Arnell, N. W. ¢ nmomompio MOLIAO: HadCM2 u HadCM3 (nBe peanuzanuu
moaenu HadCM), na ocnoBe SRES, mnpoBoammuch st Bcero 3eMHoOro imapa [85].
Bo3moxkHble U3MEHEHHsI pacCMaTpPUBAINCh Ha MEPCHEeKTUBY cepenuHbl XXI Beka, ycIOBHO
HaszbBaemyro 2050 r. (mata - ¢popmanbHas; 6epercs cpenHee 3HaueHue nepuoaa 2040 - 2069
IT.). DTO HCCIEN0BAaHUE JEMOHCTPUPYET MOJEIBHYIO HEONpPEAEHEHHOCTh U HMHTEPECHO C
METOJIMYECKOM ToukH 3penHust [83, 85].

HccnenoBanust 1Mo OIEHKE BO3MOXKHOTO JHAara3oHa H3MEHEHUH XapaKTepUCTHK
BOJIHOTO PEXHMMa TPU BEPOSTHBIX KIMMATUYECKUX CIICHAPHUAX OMDKANIINX IeCSITUIICTUI
npoBoauiauck B l'ocynapcrBenHoMm ['miaponormueckom HWMucrtutyre (ITHU) co Bpemenu
nosiBneHus nepsbix MOLIAO 1 najeokIMMaTH4eCcKUX ClieHapUeB. bbulM pUMEHEHbI MOJENIH
u3 komruiekta CMIP3 u momy4yeHbl OIEHKM M3MEHEHMH TOJI0BOTO M CE30HHOTO CTOKa (3a
TETUIBIA/XOJOJHBIN TIepruo) B mepBoil monoBuHe XXI Beka. Pacdersl mpow3BoaminCh Ha
BozocOopax 7 kpynueumux pexk Poccuu (Bonru, [1ewopsi, CeBepnoit JBunsl, {nemnpa, Jlensrn)
[24, 36].

PaboTel 10 o1ieHKEe M3MEHEHHI pedHoro croka B XXI Beke, HA OCHOBE peanu3alui
no00HBIX Mojenel, mpoBoauiuck B ['maBHoit ['eodusudeckoit O6cepBatopun (I'TO) um. A.
W. BoelikoBa misg KpYIHBIX pernoHOB Poccun. B kadecTBe MPOrHO3HBIX XapaKTEPUCTHK
rOJI0OBOrO CTOKA aBTOpPaMM IPHUHMMAalach pPa3sHUIA OCAZAKOB M HCIAPEHMs], pACCUYUTAHHAS 10
ancamb6mio u3 26 moaeneit CMIPS5 [46, 71].

Pa6ots1 C. I'. JIo6poBOJIbCKOTO MOCBALIEHBI TPOOIEME KIMMATUYECKUX U3MEHEHUH, B
YaCTHOCTH TIJ100aJIbHOMY TMOTEIJIEHUIO, M pEYHOMY CTOKy. B HuUX comepkutcs psjg
METOJIOJIOTUYECKUX NPEATIOKEHUN TI0 OLIEHKE JTOCTOBEPHOCTH PE3YyJIbTaTOB, NOJy4aeMBbIX Ha
OCHOBaHUM Ipoekuui kaumara o peanusanusm MOLIAO Box [34, 35].

BepositHple Oynymue HW3MEHEHUS TOJI0BOro oOmero croka OyayT cienoBaTh
MIPOTHO3UPYEMBIM MOJIEJISIM BBINIAJIEHUs OCAJIKOB M0 BceMy mupy. Hamnbombiiee yBenuyeHue
3HaYeHUH TPOTHOZUPYETCSI B CEBEPHBIX BBICOKMX IIMPOTaX, TOrJa Kak HamOobliee
CHI)KEHHE B HU3KOM IOTOKe nporHosupyercs B IOxHoit Amepuke, EBpone u Ha biamxaem
Bocroxe [109, 118].

CoBpeMeHHBbIE OLIEHKH €XKETOAHbIX U3MEHEHUH MOBEPXHOCTHOTO U MOA3EMHOTO CTOKA,
BBI3BAHHBIX IPOTHO3UPYEMBIMH H3MEHEHHMsMHU kiumara B XXI Beke, BBIBOJATCS JHOO
HEMOCPEACTBEHHO B BHUJE BBIXOJA CTOKAa M3 MIOOAIbHBIX KIMMAaTHYECKUX MOJIENEH,
yaactByronmx B CMIPS (GCMs-CMIPS) [94], unu w3 TIIOOANBHBIX THAPOIOTHYCCKUX
moxaenerr (GHM) u mopenert 3emuori moBepxHocTd (LSM) [101] wnm u3 GaccelHOBBIX

(pernoHaNBHBIX ) TUApOTOoTHUecKuX Mozene (RHM) [13, 117, 118].
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[TIporno3sr GCMs-CMIPS noka3bpIBalOT MIMPOKUIA THANa30H BO3MOXKHBIX Pe3yJIbTaTOB,
BKJIIOYas KaK yBEJIMUYEHHE, TaK U YMEHBIIEHUE CTOKA B OOJBIIMHCTBE KPYITHBIX 0ACCEHHOB,
BO MHOTHX CJIy4asx ¢ KOHCEHCYCOM OOJBIIMHCTBA MO OAHOMY WJIHM APYrOMY, HO B JPYTHX
Cy4asix ¢ MPUMEPHO PABHBIM paszzeseHueM. B cooTBercTBUM ¢ BbIBOAaMH Kak ARS, Ttak u
SR1.5, mporuo3si GCMs-CMIPS B 1enom corjacyroTcsi € MPOTHO30M  YBEIMYEHUS
KOJIMYECTBA OCAJKOB B BHICOKHMX IIMPOTAaX CEBEPHOrO MOJIYIIApUs U YMEHBIIECHUS KOJIMUYECTBA
OCaZIKOB B CYOTpONMKAaxX W HEKOTOPbIX PETrMOHAaX CpeAHEH UIIMPOTHI, CIIEJI0BATEIBHO,
MPOTHO3UPYEMBIN CTOK OTpa)kaeT TEHICHIIMIO BbINaJeHUs ocalakoB [95, 96, 117, 118]. Otu
MU3MEHEHUSI CTOKA SIBISIIOTCS PE3YJIbTATOM COOTBETCTBYIOLIMX WM3MEHEHUN ocagkoB Ha 10—
25% B aTux peruoHax. I[IporHossl sBisitOTCS OOJee HAAEKHBIMH W JOCTOBEPHBIMU IS
ceBepHbIX mupoT CeBepHori Amepuku u EBpasuu, B EBpornie u Ha 1oro-3anaae CoeTMHEHHBIX
[ITaTos [109].

OrneHka mporHo3UpPyeMbIX H3MEHEHHI TOJIOBOTO CTOKA B INI00aIsHOM MaciiTade Oblia
B OCHOBHOM OCHOBaHa Ha MojenupoBanun CMIP3 u mnokazana cpenHee yBeIHMYECHHE
CPEIHEr0J0BOr0 CTOKA B BHICOKUX LIMPOTaX U BJIAXKHBIX TPOIHMKAX BMECTE C YMEHBIIECHUEM B
3aCyILIMBBIX TPOMMYECKUX peruoHax. OJHAKO CYIIECTBYET HEOMPEAeIeHHOCTh B MacIITabax
U MpU3HAKaX W3MEHEHUH CTOKa B APYrUX 4YacTax cBeTa, ocobeHHo B FOxkHoi A3sum, rae
Oyaylire U3MEHEHHUS B OCaJKax MYCCOHOB KpailHe HEONpeIeIeHHbl. AHAJIOTUYHO, CE30HHOE
pacmnpeneneHne U3MEHEHNH CTOKAa 3aBUCUT OT CE30HHOTO pacIpesieleHHs] 0CaJKOB, KOTOpOe
KOJIeOJIeTCSI B 3aBUCUMOCTH OT BBIOpAaHHOTO clieHapusi. Takue Oynynue ce30HHbIe U3MEHEHUs
B 1I€JIOM XOpOILIO COIVIACYIOTCS B TEX PalOHaX, KOTOPHIE B HACTOSLIEE BPEMS HAXOIATCS MO
BJIMSTHUEM CHEroNa/ia U TasHUs CHera, B KOTOPBbIX MaKCUMAaJIbHbBIN I'OJJOBON CTOK PEK, B CBA3HU
¢ HaOJII0JaeMBbIMU KJIIMMAaTUYECKUMH M3MEHEHUSIMHU, Oy/leT YMEHbBIIAThCAd U CMEllaTbcsl Ha
Oosiee paHHUE CPOKHU. DTO OBUIO NMPOAHAIU3UPOBAHO, AETAIU3UPOBAHO U MOJATBEPXKIEHO B
SR1.5 Ha ocHOBaHMM MpPOrHO30B cTOKa Ha ocHoBe CMIPS nnst ypoBHe#l rio0anbHOTO
nmorertenns 1,5 ° Cu 2 °C [105, 109].

UccnenoBanuss RHM Obuti BBI3BaHBI MOJMHOKECTBOM KIIMMATHYECKUX MTPOTHO30B, a
umeHHO 5 GCM, KoTopbie OBLITN BHIOPAHBI B paMKaX MPOEKTa CPAaBHEHUSI MEKCEKTOPATbHBIX
mojeneit BosneictBus (Hampumep, ISI-MIP). HanpoTuB, aHamu3 mNporHo30B CTOKa, B
MacimTabe BOJOCOOPHOHM TUIOMIAAM, TMOJYYEHHBIX HEMOCPEACTBEHHO W3 IIOJIHOTO Habopa
GCM B CMIPS5, noka3piBaeT 00JIbILINE HEONPEIEICHHOCTH B IPOrHO3UPYEMBIX U3MEHEHUSIX C
pa3IMYusIMU B 3HaKe Mporuozupyemoro uamenenus [101].

MogenupoBaHeM pPEYHOIO CTOKAa Ha OCHOBE HH(OPMAIMOHHO-MOJETUPYIOIIEro
koMmruiekca ECOMAG 3anumaercs 1O. I'. MortoBunoB. B cBoux paboTtax oH paccMaTpuBacT
cUCTeMbl (U3UKO-MaTEeMaTHYECKUX Mojenell (GOpMUPOBAHUS PEUYHOTO CTOKA M HX

NPUMEHEHHE B 3aJauyax T'MAPOreoSIOTHYECKUX pacyeToB M Mporuo3oB. Ha mpumepe peyHbix
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OacceitHOB, pacCIOJIOKEHHBIX B pa3HbIX (pU3uKO-reorpauyecKux peruoHax, PacCMOTPEHBI
NPUJIOKEHUST MOJIENeH K aKTyaJIbHBIM 3a/layaM THJIPOJOTMH PEYHBIX OacCeiHOB, BKIIOYAs
OLICHKY U3MEHEHUI BOJHOI'O PEKUMA I107] BIMSHUEM U3MEHEHMH KJIMMaTa U aHTPOIIOT€HHOM
HArpy3Kd, yIpaBieHHUS ACHCTBYIOUIMMH BOJHOPECYPCHBIMH cHucTeMaMH, 3(G(EeKTUBHOCTH
MPOTUBOMABOJKOBBIX ~MEPONPUSITHA W JAp., a TakKke K 3ajadyaM OIEepaTHUBHBIX
TUAPOJIOTUYECKUX TTPOTHO30B. [60, 61].

Pabotet A. H. I'enbana u 1p. MOCBAIIEHBI pa3pabOTKe TUHAMUKO-CTOXACTHUECKUX
Mojieneit popmMupoBaHus cToka. Paccuntanbl OIIEHKH BO3MOKHBIX U3MEHEHUN PEYHOTO CTOKA
10 koHma XXI B. MO JaHHBIM TJIOOAIBHBIX MoOJenei knumata. [IpeacTaBieHHbIE OIEHKH U
Mozean (OPMHUPOBAHUS CTOKA MOTYT CIYXKHTb OCHOBOM Il COBEPLIEHCTBOBAHMS
TPaJAMIMOHHBIX METOI0B pacueToB [13-15].

BHyTpeHHsAS W3MEHUMBOCTH M BapualUsd MEXKAy KIUMaTHUYECKUMHU MOJAETISIMU
Hawkins u Sutton 0OBACHAIOT BCIO HEOINPEAETICHHOCTh B OCAJKaX B IEPBbIE HECKOJIBKO
necsatwiietudt XXI Beka B mpoekuusx CMIP3 mpoekra B3auMHOrO CpaBHEHUsI MOJENEH.
Bxiian BHyTpeHHEW  HM3MEHUMBOCTM TMOCTENEHHO yMeHbIIaercs. boiblias 4acth
HEeompeAeNieHHOCTe B 0cagkax OOYCIOBIIEHA PACXOXKICHUSMHU MEXKIy MOZENsSIMHU, a He
cueHapusamu. OmHako, IJIs TeMmIepaTyphl Bo3AyXa Oouibllias YacTh HEOMPEIEICHHOCTEH
CBsI3aHA HEMOCPEACTBEHHO C pa3In4HbIMU clieHapusimu [104, 109].

W3-3a HEOOCTaTOUYHOCTH JAHHBIX JJI  BBISBICHMS] TEHICHIMH TNPUMEHSIOTCS
pa3iaNyYHbIe KJIMMAaTUYECKUE, TUAPOJIOTMYECKM U THUIPOreOJOrMYECKHE MOJENHN, KOTOpbIE
pasinyaTcs MEXJy coO0OW pa3IMYHBIMM BXOJHBIMH MapaMmerpaMu. OJHAKO BIUSHHE
YEeJIOBEYECKOW JesITeNbHOCTH (Hampumep, ypOaHM3alusl) Ha CTOK HE YYHUTHIBAETCS
OOJIBIIMHCTBOM CYIIECTBYIOLUX MOJEIEH.

Zaherpour ¢ xoyuieraMu oueHHJ 3((EeKTUBHOCTh HMIECTH TMIPOJIOTHYECKUX MOjeen
ry100anbHOTO MacuTaba Mpu MOAEIMPOBAHUU OOIIEro CTOKa Ha TeppuTopuu 40 pasindHbIX
BO/1I0COOPOB, MIPUHUMAsi BO BHUMaHNE aHTPOIIOreHHOe Bo3eiicTBue. MccaenoBaTeny mpuILiin
K BBIBOJly, YTO OOJBIIMHCTBO MOJEJIed HCHOJIb3YIOT CpPEIHEr0/I0Bble IMOKa3aTeau WU
KPUTUYECKHE 3HAUeHUs (MAaKCUMYMbl, MUHUMYMBI). [103TOMY, YTOOBI yIydlIUTh MOHUMAHUE
B IIEJIOM, O TPOIIECCe M3MEHEHHUs CTOKa W (paKTOpax, BIHUSIOIMIMX HA HEro HEOOXOIUMO:
MPOJODKUTh M YIAYUYIIUTh U3MEPEHHS MMOTOKOB, OCOOEHHO B pailoHax co cliaboi CTENEeHbIo
U3YYEHHOCTH; OOMEHHUBAThCS B HAyYHOM COOOIIECTBE MMEIOIMIMMHCS JaHHBIMH U
CMOJICTUPOBAaHHBIMM BpPEMEHHBIMHM CEpPHsIMH; M pa3padaTbiBaTh MOAEIH C HaUMEHbIIEH
HEOTpeAeNEHHOCThIO U OoJbIel 2¢heKTUBHOCTHIO [ 144].

Buvisoovr no paszoeny 1.1. HeompeneneHHOCTH B OIIEHKE BO3JCHCTBHM W3MECHCHUS
KJIUMaTa Ha BOJHBIE PECYPChl B OCHOBHOM CBSI3aHbI C HEOPEEIIEHHOCThIO BXOAHBIX TaHHBIX,

TaKHUX KakK 0CaJIKH, BHIOPOCHI MAPHUKOBBIX [a30B, aHTPOIIOT€HHBIE (PAKTOPBHI.
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HeonHo3HayHOCT B MPOrHO3aX  M3MEHEHUS  KIMMaTa  YBEJIMYMBAIOTCA €
IPOIOJDKUTEILHOCTRIO BpPEeMEHHBIX HaOmoneHuii. B nHacrosmee Bpems (2020 rox)
HEOIPEAEIEHHOCTH B KJIMMATUYECKUX MOJENSAX UIPAIOT JOCTAaTOYHO BAXKHYIO DPOJib;, B TO
BpeMs Kak B TeueHHe Oosiee JUIMTENILHOrO IMepUoja BPEMEHHBIX DPsJIOB HEONPEIEICHHOCTH,
CBsI3aHHBIE C BEIOOPOM CLIEHApUs BBIOPOCOB, CTAHOBATCS BCE 00JI€€ 3HAUUTEIIbHBIMU.

[Ipu ucnonszoBanuu MOILIAO pe3ynbTaThl MOJAEIMPOBAHUS NIOKA3bIBAIOT JOCTATOYHO
TUIOXYIO CXOJMMOCTB C HAaOJIIO/ICHHBIMHU 3HAYeHUsAMH. Takue HeonmpeaeIeHHOCTH PUBOIAT K
OTKJIOHEHUSIM NIPH MOJIEIMPOBAHUY MOA3EMHBIX M ITOBEPXHOCTHBIX BOJ| IIPH HUCIOJIb30BAHUU
npsAMbBIX BbIXOAHBIX AaHHBIX MOIIAO. [Ins oAHOrO M TOro K€ KJIMMAaTUYEeCKOTO CLEHApUs
WM creHapus BoioOpocoB pasHbie MOLIAO npuBOAST K pa3inyHbIM POTHO3aM, 3TO CBSI3aHO
C YHUKAIIbHBIMH IreorpauuecKuMu 0COOCHHOCTSIMHU.

UroObl BBISIBUTH HEONPEAEICHHOCTH, HCIOIb3YyEeTCS MHOXECTBO IIPOTOHOB C
npuMeHeHueM pa3inyHbix MOLIAO ¢ MHorouucieHHbIMH mapaMeTpamu mogenu. Ilpu
aHaJIN3€ pE3yJbTAaTOB ONHUPAIOTCSI HA MPOrOHBI MOJEIM C HECKOJbKUMH aHCAMOJISIMU
[IapaMeTPOB WJIM THICSUM MPOTOHOB C MOCTOSHHBIMU 3HAUYEHUSMHU IAapaMeTpPoOB AJIs OJHOMN
MOIIAO. Takue noaxojabl MO3BOJIAIOT IOCTPOCHHE YCIOBHBIX CLIEHApUEB BEPOSITHOCTU
BO3MOXHBIX H3MeHeHMH B OynymeMm. OJHako, 3a4acTyl0 HIPUMEHSTb 3TH METOJAbl Ha
IPAaKTHKE, NIPU MPOBEJCHUHN UCCIIEIOBaHMS BO3JIEHCTBUS Ha BOJHBIE PECYpPChI, TPYAHO, TaK

KakK H€O6XOI[I/IMI>I O6IHI/IpHI:I€, AOCTOBCPHBIC U JOCTATOYHO MPOAOJIKUTCIIBHBIC PAAbI JaHHBIX.

1.2.  Pabomsi, oyenusaroujue 603MONCHbIE USMEHEHUS 8 NOO3EMHbIX 800AX CEA3AHHbLE C
GIUAHUEM KIUMAMUYECKUX 8apUaAyuil

3HAUMTENbHBI WHTEpEC K MpoliemMe BIMSHHUS KIMMaTa Ha TMOA3EMHbBIE BOJBI,
BO3POCIIMI B TIOCIEAHHWE TOJNbI, BBI3BAH, MPEKJIE BCEro, 3alMpocaMy MPAKTUKH —
HEOOXOJUMOCTBIO OIICHUTh COBPEMEHHOE COCTOSHUE W TEPCIICKTUBBI HCIIOTH30BAHUS
MOA3EMHBIX BOJ ISl TIOBBIIIIEHUSI YCTOMYMBOCTH BOJI000ECIIEYeHHOCTH dKOHOMUKH. B XXI
BEKC KOJMYECTBEHHAs OICHKAa W3MEHEHHH pEYHOro CTokKa mpuoldpeTaer 0codyro
aKTyaJIbHOCTh Ha (DOHE CYMIECTBYIOIIMX BapUalMil KJIMMaTa W BO3PACTAIOIIETo AePUITa
BOJHBIX PECYPCOB, YXYJIICHHS SKOJIOTHYECKOTO COCTOSIHHSI BOJHBIX CHCTEM B paloHax
WHTSHCUBHOTO BOJOIIOTPEOJICHHUS U TIOBBIIIICHHON aHTPOITOTEHHON HArPy3KH.

C 1970-x ronoB ypoBEHb MOJ3EMHBIX BOJ CHHU3WICS BO MHOTHUX BOJIOHOCHBIX
TOPU30HTAX MO BCEMY MHPY, OCOOCHHO B 3aCYILIUBBLIX pailOHAX, YTO OOBSICHSIETCS TIaBHBIM
00pa3oM aHTPOITOTCHHBIM BO3JICHCTBHEM, HO TAKXKE M BIUSHUEM KIMMATHUCCKUX H3MCHCHHM.

CoBpeMeHHBIE TIPOOJEMBbI M3YYCHHsS M HMCIOJBb30BaHUS TMUTHEBBIX IMOJ3EMHBIX BOJI
npencraBieHsl B padore bopesckoro b. B., fA3puna JI. C., 3ekuepa U. C. Otum aBTOopamu

MNpeaAcCTaBJiIcCHa OLICHKa COBPCMCHHOIO COCTOSAHUSA BOJHBIX PECYPCOB, HCIIOJIB30BAHUA
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MOA3EMHBIX BOJT M OOCCICUYCHHOCTH XO3SHCTBEHHO-OBITOBBIX IMOTPEOHOCTEH, a TaKKe
MCCJIEIOBAHMH 110 OILEHKE PECYpCHOTO MOTEHIIMAaNa MOJ3eMHBIX BoJl Poccun o cyObekTam u
TUAPOTreOIOTUUECKUM CTPYKTYypam [9].

[TogzemMHblE BOJBI UPE3MEPHO HMHTEHCHBHO OSKCIUTYaTHUPYIOTCS U M3BIICKAIOTCA B
HEKOTOPBIX paiioHaX MHpPA, 3TO MPUBOJUT K CEPbE3HOMY HCTOIICHUIO BOIHBIX PECYpPCOB.
UpesmepHasi 100bI4a OI3EMHBIX BOJ B KPYITHBIX BOJIOCOOPHBIX OacceiiHaX MUpa HEraTUBHO
BIMSET Ha CTOK B riobampHOM Macmrtabe. IIpornosupyercs, uro x 2050 rogy B 42-79%
MHUPOBBIX BOJAOCOOPHBIX OacceHOB, TJe MPOUCXOAUT MHTEHCHUBHAs HKCIUTyaTallus
MOJ3EMHBIX BOJ, OyIyT JOCTUTHYTHI 3KOJOTMYECKH KPUTHUYECKHE 3HAYCHMsI, 4TO, B CBOIO
oudepeib, MOBJIMSIET Ha SKOCUCTEMBI, 3aBUCSIINE OT PEK U MOA3EeMHBIX Boa [93, 102].

Ha panHBIE MOMEHT JOCTOBEPHO HEM3BECTHO B KAaKOW CTENEHW M3MEHEHUS KJMMarTa
BO3JICUCTBYIOT Ha MOJA3EMHBIE BOJBI, TaKasi HEONPEIEICHHOCTh BO3ZHUKJIA B OCHOBHOM H3-3a
OTCYTCTBHS HEOOXOAMMBIX psA0B Habmoaenui [27, 109, 146].

I'moGanpHenii aHamu3 cnyTHHKOBBIX u3Mepenunit GRACE (2002-2016 rr.) [ma 37
KPYIHBIX CHCTEM BOJIOHOCHBIX TOPHM30HTOB MHpa IMOKAa3bIBACT, UYTO TCHACHIIMU B MUTAHUU
MOA3EMHBIX BOJ| IPEUMYIIECTBEHHO HeNuHeWHble. OJHAaKO B PErHOHAaX C XOJIOAHBIM
KIIUMaTOM, TJ€ TasHUE CHera IMpeo0ianaeT B THAPOJIOTHYECKOM IIpoliecce, MUTaHUE
MOA3EMHBIX BOJI COKPATHJIOCh U CMECTUIIOCHh Ha OoJiee paHHIOI0 YacTh rofa [139].

Mansie BogoCOOpHBIE TEPPUTOPUU OOJIe€ UYyBCTBHTEIBHBI K W3MEHEHHUIO KJIMMATa,
yem Oosiee KpymnHble. OTpaHUdeHHbIe U OoJiee TTyOOKHe BOJJOHOCHBIE TOPU30HTHI C OOMBIIEH
BEPOATHOCTHIO OYyAYyT MEHEee YYBCTBHTENBHBI K MPSMBIM MOCIEACTBUSAM H3MEHYMBOCTH U
n3meHeHus kaumara [143]. Touno tak >xe Cuthbert u ap. mpuILIN K BBIBOY, 3aBUCUMBIE OT
MOA3E€MHBIX BOJI DKOCHCTEMBI B apUJIHBIX PETHOHAX 00jiee yCTOWYMBBI K M3MEHEHHIO KIIMMAaTa
110 CPAaBHEHUIO C BJIIAXKHBIMU pernoHami [93].

WNHTepec K M3yyeHUIO KIMMATUYECKUX BapHalMi U MX B3aHMMOCBS3H C MOA3€MHBIMU
BOJIaMU HaIIIe]I CBOE OTPAKEHUE B UCCIIEAOBAHUAX 3apyOEKHBIX U POCCHICKUX aBTOPOB.

Haunbonee xpymHOl paboTOW paHHETO TMEPHOJA, MOCBAIICHHONW HM3YyYEHUIO BIUSHUS
KIIUMaTa Ha MOA3EMHBIE BOJbI, CPEIM OTEUECTBEHHBIX aBTOPOB, sBIseTCA padboTa «Pexum
nom3zeMubix Boa» I'. H. Kamenckoro, H. H. bunnemana, M. A. BeBuoposckoii, M. E.
AnpToBCcKOTO. B 9TO# mMyOnMKanMy BIEPBBIE OMHMCAH MEXAaHWU3M BO3JACHCTBUS DPA3TUUIHBIX
METEOpOJIOTHYECKUX (aKTOPOB Ha PEXUM MOA3eMHBIX BoA. B 1930-x romax B pasHBIX
CTpaHaX HAYaJIUCh CHUCTEMATUYECKHWE HAONIOACHHS 32 PEKUMOM TMOJ3EMHBIX BOJ, YTO
MO3BOJISIET ceiYac MPOBOAUTH UX MPOCTPAHCTBEHHO BpeMeHHOM aHanu3 [11].

Koppensunonusle CBA3M MHOTOJIETHUX HW3MEHEHUW YpPOBHA IMOA3EMHBIX BOJA C
nHaekcamu atMocdeproit mupkymsiuu no I'. A. Banrenreiimy, b. JI. [[3epa3ueBckomy u .

B. MakcumoBoil BrepBble paccMoTpeHbl B paborax B. A. KopobGeitnmkoBa u B. C.
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KoBanesckoro. OtaenbHble pabOThI, MOCBALUICHHBIE BOIIPOCAM BIMSHHS U3MEHEHHUN KiMMaTa
Ha MOJ3€MHBIC BOJIbI OyOarKoBaHbl B 1970-x u 1980-x rr [47-50].

B mnocnennue roxapl mpoBeACH P MCCIEIOBAHUM O BIMSHUU KIMMAaTHUYECKHUX
M3MEHEHUH Ha Pecypchl U pexXHUM MOJ3EeMHBIX BOJ Tepputopun EBpormbl, Amepuku, AQpuki,
A3sun, ABcrpanuu. B 3Tux paboTrax ¢ HCIONB30BAHMEM paA3JIMYHBIX MOJCICH OOIIeH
MUPKYISIUU aTMOCepbl U OKeaHa IOJYYCHBI OIICHKHM BO3MOXHBIX W3MEHEHUN peXHMa
MOJI3¢MHBIX BOJI HA pernoHaabHOM ypoBHe [80-83, 88, 99— 114, 126, 138].

AHcam0neBble  HCCEIOBaHUS, OCHOBaHHbIE Ha  KIMMAaTHYECKHUX  MOJENSX,
BO3/ICHCTBUS M3MEHEHHs] KJIMMaTa Ha BO300HOBJICHHE 3alacoB MOJ3EMHBIX BOJ, a TaK¥Ke
YAaCTUYHO W HA YPOBEHb MOJ3EMHBIX BOJ ObUIM MPOBEACHBI JJIs: BCETO 3eMHOro mapa [135],
Bcell ABctpanuu [91], Gacceitna Hemenkoro JlyHas [84], BOMOHOCHBIX TOPU30HTOB B benbrun
u Anrmun [109], Tuxookeanckoro mobepexbs CIHIA u Kananer [79]. MonenupoBanue
MPOBOAMIOCH TOJIBKO MO OJHOMY CIEHapui0 BBIOpOcOB. JlWama3zoH MPOTHO3ZUPYEMBIX
W3MEHEHUH TIOJ3EMHBIX BOJ I KIMMATHYECKUX MOJENIeld ObUT JOCTAaTOYHO IIUPOKHM: OT
3HAQUUTENIbHBIX COKpPAIIEHUW 10 3HAYUTEIBHBIX VYBEJIMYECHMM B OTHAEIBHBIX paioHaX
TEPPUTOPUU  HUCCeNoBaHUS. JlMama3oH TMPOLEHTHBIX HM3MEHEHHH IPOrHO3UPYEMOTO
MOMOJHEHNUST TOJ3EMHBIX BOJ, B OCHOBHOM, TMpEBBIIIAN JUANa30H MPOTHO3HPYEMbIX
n3MeHeHul aTMocepHbIx ocankos [109].

B pab6ore Dragoni W., Sukhija B. S. ananusupyrorcs MeToapl MCCIEIOBAHUN JIs
BBISIBJICHUS 3aBUCUMOCTH MEXAY KIMMATUYECKUMU U3MEHEHUSIMU U TIOJI3EMHBIMHU BOJaMH, a
TakKe o0acTu, rae cieayeT cpoKyCHpoBaTh THIPOTeOJOTHIECKHIE UCCIEeIOBAaHUS IS TOTO,
YTOOBI CMATYHUTH TTOCIEIACTBHS BO3MOXKHBIX H3MEHEHUH Kimmata [97].

B paGote Barthel R. npencraBnen uHTErpupoBaHHBIM MOAXO0M K OIEHKE MOJA3EMHBIX
BOJ B YCJIOBHSX TJ00QJIbHOTO HM3MEHEHHs KIMMaTa. DTOT MOJXOJ BCTPOEH B CHCTEMY,
pa3paboTaHHYI0O B  paMKax MexXAucCUMUIIMHapHOro mpoekta Glowa-Jynait  ans
MOJICIUPOBAHUS B3aMMOJICUCTBUS MPUPOIHBIX W COIUATBHO-PKOHOMHUYECKUX IPOIECCOB B
BepxHel yactu Bogocoopa [lynas na nepuoa ¢ 2011 mo 2060 rr [83].

B cratbe [IxamanoBa P. I'., CadponoBoii T. WM. oTmeuaercs, uTo Tri106aIbHOE
MOBBIIIEHHE CPEAHETOJOBOM TeMIIepaTypbl BO3AyXa MPHUBEIO K MU3MEHEHUIO PErMOHaJIbHBIX
BEJTMYMH HMCTAPECHUsI U OCAJIKOB W OOYCIIOBHIIO CPEIHEr0JI0BOE MpHUpAIICHHUE (COKPAIICHHE)
PEYHOTO U MOJ3EMHOI0 CTOKA MOA3TOMY perroHalbHasi U Tio0anbHasi MepeolieHKa PecypcoB
MOJ3eMHBIX BOJA B Hauane XXI Beka MMeeT KOHKPETHYIO MPAKTHUUYECKYI) HEOOXOAUMOCTH
[25].

HeomnpenenenHoctn B MNPOTHO3MPYEMOM TIOMOJIHEHHWH 3alacoB MOA3EMHBIX BO/I,
BO3HUKAIOIIME 110 pe3yjbTaTaM TUIPOJIOTHYECKOr0 MOJAETUPOBaHUA, C€1a00 HU3YYEHBI.

CyIecTByeT BCEro HECKOJbKO HCCISAOBAHHMH, MOCBSIICHHBIX OICGHKH B3aWMMOCBSI3U MEXKIY
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MOJ36MHBIMU BOJAMHM, KJIMMAaTOM M PaCTUTEIBbHOCTbIO, U3MEHEHHUS B KOTOPOH BS3aHBI C
BbIOpocamu CO2 [28, 109, 146].

[Ipu m000M KOHKPETHOM KJIMMATHYECKOM CIICHApPHH OOJACTH, B KOTOPBIX OOIIWIA
MOJ3EMHBIX W TIOBEPXHOCTHBIH CTOK IO IMPOTHO3aM yBeluyarcs (WM YMEHbIIATCH),
NPUMEPHO COBIAJAIOT C OOJACTAMHU, TZie MPOTHO3UPYETCS OXKUAAeMOEe YBEJIUYEHHE (MU
YMEHBIIIEHNE) MUTAaHUE TOJ3EMHBIX BOJ M, TaKHM OOpa3oM, BO30OHOBIISIEMBIX pPECypCOB
noj3emMHubIx Boa [117].

OO6HapykeHO, YTO W3MEHEHHUS MUTaHHUS MOJ3EMHBIX BOJ CBS3aHHO C H3MEHEHUEM
OCaJIKOB, C BBICOKOW YYBCTBUTEIBHOCTb [IJIsl MAlbIX BEJIMYMH MUTAHUS M HU3KOH - aJst
OOJIBIINX, MIPUYEM OTHOIIECHWE W3MEHEHUS MUTAHUS K U3MEHEHHUIO OCAJKOB BAPBUPYETCS OT
1,5 no 6,0 [92].

W3meHeHHsT MHTEHCUBHOCTH OCAJKOB BIUSIOT Ha JOJIO OOIIEro CTOKa, KOTOPBIN
MOTMOJHSIET MOoJA3eMHbIe BOJbL. [lOBBIIIIEHHAs MHTEHCUBHOCTH OCAJKOB MOKET YMEHBIIUTh
MUTaHKUE TIOJJ3EMHBIX BOJ M3-3a MPEBBIIICHUS TPOMYCKHOW CIIOCOOHOCTH MHDHUIbTpanuu (KaKk
IIPaBWJIO, BO BIIAXKHBIX O0JIACTAX), WJIM MOXKET YBEIMYUTh €€ H3-3a Oosiee OBICTPOro
MpOCauMBaHMs Yepe3 KOPHEBYIO 30HY PACTEHMH W, TaKUM 00pa3oM, YMEHBIIUTH BEIHUYUHY
cymmapHoro ucrnapeHus. OgHaKo, Ha TEPPUTOPHUSAX C MPeodIaJaHHEeM CHEra yMEHBIICHHE
KOJIMYECTBA CHETOIAI0B, B CBSI3U C MOTETUICHUEM aTMOC(EPHOTO BO3/1yXa, MOXKET IPUBECTH K
YMEHBIIEHUIO TIUTAaHUS TPYHTOBBIX BOJ, JaXK€ €CIHM KOJMYECTBO OCAJKOB OCTaJIOCh
HeusMeHHbIM [119]. Ha yuactkax Ha roro-zamage CIIIA TtasHue cHera oOecrmeunBaeT He
MeHee 40—70 % nuTaHUA 3amMacoB MOJ3EMHBIX BOJ, XOTs TOJIbKO 25-50% cpemaHerogoBoro
KOJIMYECTBa OCAIKOB BBITIAZACT B BUC cHera [98].

UyBCTBUTEIBHOCTh K KIUMAaTHYECKUM BapUalMsIM IS YPOBHS TOJ3EMHBIX BOJI
CHUYKAEeTCs, KaK NPAaBWJIO H3-32 MHOTOJIETHEH pPACTUTEIBbHOCTH, MEJIKO3EPHUCTBIX IMOYB U
AaKBaKyJIbTYyp M IOBBIIIAETCS 3a CYET €XKErOJHBIX IOCEBOB, MECUAHBIX IMOYB U HAIMYHUS
«HEOTPAHUYCHHBIX» BOJIOHOCHBIX TOPU30HTOB [92].

N3menenns B MOA3eMHBIX BOJAX TPAJAUIIMOHHO HAOJIOMAOTCS HA OCHOBE M3MEHCHUM
B YPOBHSX IMOA3EMHBIX BOJI, @ B HEKOTOPBIX CIy4yasX Ha OCHOBE BECEHHEr0 pacxoja WU
ocHOBHOTO cToka. B mocnenuue roast GRACE mpenocraBun yHUKadbHBIA CHOCOO OIIEHKH
W3MEHEHUHN TMOA3EMHBIX BOJ B KPYIHBIX BOJIOHOCHBIX TOPHU30HTAX, HO JJTMHA BPEMEHHOTO
psAga BCe emie CIWIIKOM Maja JUIs BBIABJICHHS M OIEHKH HW3MEHEHHH, CBSI3aHHBIX C
BapualusaMu  kiaumata. [IporHo3umpoBaTh  IPOCTPAaHCTBEHHO-BPEMEHHBIE  M3MEHEHUS
KOJIMYECTBA, MHTEPBAJIa U MEXaHW3Ma MUTAHUS CIIOKHO ISl OOJBIIIMHCTBA KIUMATHUYECKUX
peruonos [139].

W3meHeHne kiaumara MOBIUSET HA MOJA3EMHBIE BOJAbBI, HaXOIAIINECs B MPUOPEKHBIX

30HaxX, B pPE3YyIbTaTC IMPOHUKHOBCHUIA COJICHOH BOAbI, BBI3BAHHOI'O ITOBBIIICHHUEM YPOBH:A
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Mops. IIporHoszupyercsi, 4To HW3MEHEHHME KIMMaTa YBEJIMYUT COJICHOCTh B MPUOPEHKHBIX
MOJI3EMHBIX BOJAX B HMU3KOJIEKAIIMX JIENbTOBBIX CpeJaxX H3- 3a YBEJIUYEHHOI'O 3aTOIICHUS
MOPCKOH BOJIbl, CBSI3aHHOTO C IITOPMOBBIMM HArOHAMHU OT YacCTbIX LIUKJIOHOB [107].

OneHka B3aMMOCBA3M MEXIY KIMMATHYECKUMU HU3MEHEHUSMU U IOJ3EMHBIMHU
BOJaMHU, HaXOJsIIMecs B MPUOPEKHOM 30HE OCIOXKHSAETCS KOJICOAHHSIMH YPOBHS MOpS U
UHTPY3HEH MOPCKUX BOJ B OeperoBbix 30HaX [142]. OcoOeHHO 3TO CKa3bIBAETCS HA y4acTKax
C HEerNIyOOKUM 3aJIeraHreM TOA3EMHBIX BOJA U JenbTax pek. Eciu pasHuina Mexay ypoBHEM
TPYHTOBBIX BOJl U YPOBHEM MOpSl YMEHbIIaeTcs Ha 1 M, TONIIMHA HEOTPaHUYEHHOTO CJIOS
MPECHOW BOJBI MO cooTHomeHuto [umbena-I'epidepra ymensinaercs npumepHo Ha 40 M.
JlenbThl 1oABEpKEHBI BO3AECHCTBUIO IITOPMOBBIX HAarOHOB, KOTOPHIE HAIPABIISIIOT COJIEHYIO
BOJy B BOJIOTOKHM, 3arpsi3Hsisi HIDKEJIEKAIUE TMPECHbIE BOJOHOCHBIE TOpU30HTHI [125]. B
MOJIEJIbHBIX HCCIEAOBAHUAX ObUIO YCTAaHOBIIEHO, YTO BJIMSHHUE MOBBIIMICHUS YPOBHS MOpPS Ha
YPOBEHBb TPYHTOBBIX BOJI OTPAaHUYEHO TeppUTopusMu B rpenenax 10 km ot modepexnbs [89].

B pernonax c¢ pacrnpocTpaHeHHEM MHOTOJIETHUX MEP3JIbIX [TOPOJ, CE30HHBIM CHETOM U
JbJAOM MPOTHO3UPYETCs, YTO OoJiee TEIIbli KIMMAT YBEJIMYUT CyMMapHO€ HCIapeHue, 4To
MpUBENET K YMEHBIICHUIO CTOKA U, BOBMOYKHO, TAK)K€ K U3MEHEHUSAM B MUTAHUU MOJA3EMHBIX
BOJI.

N3yuenne BAUSHUS KIMMATUUYECKUX W3MEHEHUN Ha TMOJ3€MHBIC BOJIBI TEPPUTOPUU
pacnpocTpaHeHus: MHOTOJIETHEMEP3IIbIX opol B Poccun npoBoamiiocs B uccaenoBanusax H.
I'. O6epmana, E. H. byceirunoit, H. b. Kakynosa, A. M. Jleiruna, U. I'. Ulecnepa, A. B.
1310081, 1. C. 3ekuepa. [27, 40, 43, 62, 63, 132].

N3-3a oTCyTCTBUS JAHHBIX JOJITOCPOYHBIX HAONIOAECHUN Takue Oyayliue MpOrHO3bI
UMEIOT OY€Hb HU3KYIO JOCTOBEPHOCTh TOTO, KaK M3MEHEHHE KIIMMaTa MOBJIMIET Ha YPOBEHb
MOJI36MHBIX BOJ] U 9KOCUCTEMBI, 3aBUCSIINE OT HUX.

OcHoBaHHAas Ha MOJIETH, OLIEHKA HAOII0AaeMOT0 CHUKEHHSI YPOBHS MMOA3EMHBIX BOJ B
YEeThIPEX OJKCIUTyaTHPYEeMbIX BOJOHOCHBIX TOpPU30HTaX 3aKapCTOBAHHBIX oOJacTeil Ha
tepputopuu Vcrnanum mpuBena K BBIBOAY, YTO MHUTAHHWE TOJ3EMHBIX BOJ[ YMEHBIIMIOCH B
TeyeHne XX BEKa H3-3a YMEHBILIECHUSI KOJMYECTBA OCAJAKOB M YBEJIMYEHUS] CyMMapHOIO
ucnapenus [77].

Pa6oter B. C. KoBanesckoro, B. II. 3BepeBa u ap. MOCBSIIEHB! W3YYEHHUIO BIUSHUS
M3MEHEHUH KIMMaTa Ha pecypchl IMOA3EMHBIX BOJA Ha Tepputopun Poccuu, momydeHbl
KOJINYECTBEHHBIE COOTHOIIEHUS IOJ3€MHOI0 CTOKa C JIPYTMMH BOA0OAJIaHCOBBIMHU
3JIEeMEHTaMH, YTO JAeT BO3MOXXHOCTb IPOTHO3a M3MEHEHMsI MUTaHUS MOA3EMHBIX BOJ B
Pa3IMYHBIX TPUPOTHO-KIMMATHYECKUX 30HaX 3eMJIM B CBSA3H C INI00AIbHBIMU U3MEHEHUSIMU
KJIUMaTa ¥ MHTEHCHUBHBIM aHTPOIOT€HHBIM BO3ICHCTBHEM Ha BOAHBIA PEKUM TEPPUTOPUIL

[39]. UccnenoBanust mpoOBOIMINCH B OacceiiHaXx peK, ¢ MHOTOJICTHUMH HAOJIOICHUSIMH Ha
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TUAPOMETPUYECKUX CTBOpaxX U MeTeoposiorndeckux crannusx (Boura, {on, Kybans, Jlena u
1p.). CocTaBieHbl KapThl MOJ3EMHOTO CTOKA Pa3IMYHBIX PETHOHOB U CTpaH, BKJIouas Kapry
TUAPOTCOIOTUUECKUX YCIOBUU M MOA3EMHOr0 ctoka Mupa. OCHOBHBIM COJIEP)KAHHEM 3TUX
KapT SBJSIOTCS YACIbHBIE XapaKTEPUCTUKH MOA3EMHOI0 CTOKAa — MOJYJIN ¥ KO3(PDHUIIHESHTHI
[24].

[TogpobHOEe wucciaenoBaHUE KOPPEISIIUOHHBIX — CBSI3€M  MOA3EMHOIO  CTOKa €
KOCMOTeHHBIMU (akTopamu 06110 nposezieHo M. C. 3ekuepom [40].

Teopernyeckne OCHOBBI MOJEIHHOTO MOAXO0/Ja K M3YUYCHHUIO TVIOOATBHBIX M3MEHEHUH
MOA3€MHOT'0 CTOKA, CBSA3aHHBIX C COBPEMEHHBIMH M BO3MOKHBIMH B OJIMDKAUIITNE ACCATHUICTHS
BapHalUsIMH KJIMMaTa, 3aJ0XKeHbl B padoTtax Loaiciga H. A., Maidment D. R., Valdes J. B.
VogelR., Garveyl., SchwarzH.,LeipnikR. B. [120-123].

I'moGanpHBIE HCCAEAOBaHUS BO3JCHCTBHS HM3MCHCHHs KJIMMaTa Ha IPECHOBOIHBIC
pecypcbl, B YacTHOCTH, BOCIOJIHEHHE 3allacoB TOJ3€MHBIX BOJ, B HACTOsIEe BpeMs
MPOBOJATCS C UCIOJIB30BAaHWEM IIMPOKOrO0 psia HMHCTPYMEHTOB  MOJICIUPOBAHMUS,
OCHOBaHHOTO Ha OaJlaHCOBBIX pacueTax OT MPOCTOTO BOJHOTO OajaHca, MOYBEHHO-BOJIHOTO
Oammanca nmo ruAposormdeckux moxenei [129, 135, 141]. B stux wuccimenoBaHUAX IS
MOA3EMHBIX BOJ| HCIIONB30BANMCh NporHo3bl Mozened u3z CMIPS. Ilo pesynbraram
MOJIEJTMPOBAaHUS ObUIM BHITIOJHEHBI IPOrHO3BI BO3MOXKHBIX OyAyIIUX n3MeHeHul [129].

[TaneokmumMaTHYeCKUe HCCIEIOBAHUS H3MEHEHHM PEYHOTO CTOKAa MPEJICTABIIECHHI B
pabotax: Kucnosa A. B., Toponosa I1. A., I'eopruagu A. I'., Mumoxosoii U. I1., Kamrytuna
E. A. [3, 17]. CuenapHble pacueTsl M1 ONPEICIICHUS W3MEHEHHUs CTOKa IPU 3aJaHHbIX
W3MEHEHUSAX KIMMATHYECKUX XapaKTEPHUCTHUK (TeMIlepaTyphl, OCaJKoB) mpoBoauwinck M. B.
Bynawixo ¢ 1980 r [72].

benbunkoBeiM B. A. mpUBOASTCS MOJMBApUAHTHBIE MPOTHO3bI HA OCHOBAHUM MOJENH
['mppomeTneHTpa, a Takke METOJOM aHAJOTMU PacCMaTPHUBAETCS BIUSHUE KIMMATHYECKUX
¢dakTopoB Ha CTOK ¢ ydeTtoM ux poiu. KoBameBckuit B. C. ucmonb30Bayi KIUMaTHYECKHUE
MPOTHO3bI, OCHOBAaHHBIC HA PA3TUYHBIX MAJICOPEKOHCTPYKIUAX ISl OIICHKW BIWSHUSI
W3MEHEHUH KJIMMaTa Ha MO 3eMHBbIE BOJbI [4].

B pa6otax Doll P., Florke M., Fiedler K., Kundzewicz Z W. npoBeneno 06001ieHue
OCHOBHBIX AaCHEKTOB THAPOTEOJIOTHH, BKJIIOYas JUHAMUKY KOJIMYECTBA M KadyecTBa
MOJA3EMHBIX BOJI, CBSI3aHHBIX C TJI00aTbHBIMH W3MEHEHUSMU KJIMMaTa M aHTPOIIOTCHHOTO
BozaeiicTBus [95, 96]. IloTeHnumanbHble BO3ACWCTBUS TMOJA3EMHBIX BOJ Ha TJ00aIbHYIO
KJIIMMAaTUYECKYI0 CUCTEMY B 3HAUMTEJIbHOW CTENEHM HEU3BECTHBI. 3MeHeHus Kiumara,
XapaKTEePU3YIOUIUECs U3MEHEHUEM TEMIIEPaTyphl, dBAOTpaHCIUpAIUU (TIPSMO CBS3aHHOM C
TEMIIEpaTypoi), a Tak)Ke KOJMYECTBA W PEKUM aTMOCHEpPHBIX OCAJKOB, CYIIECTBEHHO

BIUSIOT HAa PECypChl MPECHBIX MOA3EMHBIX BOJ. JlOMOJHUTENbHOE BIMSHUE HA PEYHOU M
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MOA3EMHBIN CTOK IMPOUCXOJAUT MPHU COKPAILEHUH MACCHI JIETHUKOB M COKPAILEHUS CHEXKHOTO
IOKpOBa. OTU U3MEHEHUs, HaOIoJaeMble B IOCIEAHME JECATHIETUS, IO IPOrHO3aM,
yckopstcs B tedeHre X XI Beka. [Io MHEHHUIO 3THX aBTOPOB, MIPOLIECCHI IUTAHUS U Pa3TPy3KH
MIOA3EMHBIX BOJ| HEIOCTAaTOYHO IIOJHO NPEACTABICHbBl B MOJEISIX KIMMATa, IO3TOMY
1eJ1eCO00Pa3HO MCIOIB30BaHUE TIO0ANBHBIX THIPOJIOTHYECKUX MOJeled, Takux kak Water
GAP Global Hydrology Model (WGHM) [95, 96].

Bkiazg B pemenue npo0ieMbl OIEHKH MOA3EMHOTO CTOKA C TIOMOIIBI0 MMHTAIIMOHHBIX
MOJieJIeld BHECIM MHOTME UCCIIEeIOBAaTEeId, B TOM 4YHciie coTpyaHukamu MHctutyta BoaHbix
npobaem Poccuiickoit Akanemun Hayk M. B. bonrosa, /I. 5. ParkoBuya, O. B. CapmanoBa,
. O. Capmanosa [6, 7, 10, 66].

Pa3paboTkoll THIPOTCONOTHYEeCKUX MOJICNCH IS OIICHKH B3aUMOCBSI3H MEXKIY
W3MEHEHUSMHU KJIMMaTa U TOJ3€MHBIMH BOJaMU B HACTOfIIEe 3aHUMalOTCa Ha Kadempe
TUAPOreOJIOTUM UM MHXeHepHoH reomorun MIY wum. M. B. Jlomonocosa. C. IIL
[To3auskoBeiM, C. O. I'pMHEBCKUM U JIp. pACCMOTPEHBI MOJIEIU U IPEJCTABIECHbI Pa3IMyuHbIE
METOJAMKH MOJICIMPOBAHUSI HA OCHOBE (PAaKTHUECKUX METCOPOJIOTHYECKUX JaHHBIX, Ha
TeppuTopud MOCKOBCKOTO apTe3uaHckoro Oacceiina u Kamyxkckoit obGnactu. Boimonnen
KOJIMUECTBEHHBIN aHANU3 MPOTHO3HOM JUHAMUKH TTyOUHBI ce30HHO MEp3ioro cios B XXI B.
C UCNOJb30BaHUEM KiaumaTthyeckux mnpoekuuil no natu MOLIAOAO u3 ancam6is mojenei
CMIPS, nmyTem HMCIIONB30BaHUs TeHEpaTopa MPOrHo3Hbix MeTeoycinoBuii LARSWGS. [23, 64,
65].

Bvigoovr no pasoeny 1.2. HeomnpeneneHHOCTb B KIMMaTHYeCKUX (hakropax
0o0ycClIOBJIEHa TJaBHbIM OOpa3oM BHYTPEHHEM HW3MEHUYMBOCTHIO aTMOC(hEphl, HETOUYHBIM
MOJIEJIMPOBAaHUEM peaklinii aTMoc(ephl Ha BHEIIHME U BHYTpeHHUE Bo3aercTBus [109].

B3aumocBsi3p MeXIy H3MEHEHHEeM KiuMarta (KIuMaTH4YecKuMH ¢akTopaMu) U
NOJ3EMHBIMU BOJAMM SBJSieTCA 0ojee CI0XKHOM, YeM Te DJIEMEHThI, KOTOpble BCTPOEHBI B
COBpPEMEHHbIE UMUTAIIMOHHBIE MOJIEIIH.

Onenka HaOII0JaeMbIX U3MEHEHUH, CBSI3aHHBIX C KIIMMAaTUYECKUMH BapUaIUsAMU IS
MOA3EMHBIX BOJI, 3aTPyJHEHAa W3-32 JOMNOJHUTEIbHBIX AHTPOINOIE€HHBIX BO3JCUCTBU,
HaO0laeMble TEHICHIIMM M3MEHEHH BO MHOTOM CBSI3aHBI C ATHUMH JIOTOJHUTEIbHBIMH
BIUsSHUAMEU. OOHapyXeHHe U3MEHEHUI B CUCTeMax MOJI3eMHbBIX BOJ (M3MEHEHHS B pacxo/ax,
YPOBHSIX), TaK U OTHECEHUE ITHX M3MEHEHUH K KIUMaTHUYEeCKUM HM3MEHEHHSM CII0KHO H3-3a
OTCYTCTBUSI ~COOTBETCTBYIOIIMX HAONMIOJATENbHBIX CKBRXWH M JOJDKHOTO o0beMma
UCCIIE0BAHUMN.

HeonHo3HayHOCTh B IPOTHO3HBIX OLIEHKaX HM3MEHEHUW TUAPOMETEOPOTIOTHYECKOTO
pekuMa B OyayIieM, HEIOCTaTOK JaHHBIX HAONIOACHHUIN 3a CTOKOM M BOJOMOTPEOJICHHEM

ONpEeNeNAl0oT HEOOXOJMMOCTh MCIIOJIb30BAaHMS JUIsl  PAacyeToOB XapaKTEPUCTUK CTOKa
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HUMHUTAIIMOHHBIX MaTEMaTUYCCKUX MOI€C eﬁ, OOJILIIMHCTBO us3 KOTOPBIX HOCHUT

CTOXACTHUYCCKHUI WU IIeTepMI/IHI/IpOBaHHO-CTOXB,CTI/I'-IGCKI/Iﬁ XapaKkTep.

1.3.  Pabomul, nocesawénuvie usyuenuio meppumopuu Konvcxkoeo nonyocmposa

Pecypchl moa3eMHBIX BOJI, KaK M BOJAHBIE PECYPCHI B LIETIOM, SIBJIIFOTCS KIIMMATHYECKU
00YCJIOBJICHHBIMU TPUPOJIHBIMU pecypcamMu. M3MeHeHus: KiimMaTra HeM30eKHbI. JDTO — (akT,
MOATBEPXKIAIOIIUMCS Bcel wucropueir 3emuu. Hawmbosiee BakKHBIMU —KIMMATHYCCKUMH
dakTopaMu, ¢ TOYKU 3PEHUSI OIEHKU BOJIHBIX PECYPCOB, SIBJISIOTCS OCAIKH, TeMIIeparypa u
UCIIapeHue, KOTOPOE OINpEACNsieTCsl MO JaHHBIM O YUCTOTE pajJuallid Ha YPOBHE 3EMIIH,
BJIQYKHOCTH BO3/yXa, CKOPOCTH BETpa U TEMIIEpaType.

PaGoTbl, moCBAICHHBIC U3YUEHUIO KIIMMATa, B TOW WJIM UHOM CTENEHHU, Ha TEPPUTOPUHU
Konbsckoro nmosryoctpoBa B MOCHEAHHUE ACCITHIICTUS, IIPOBEEHBI ClIeyIOIUMU aBpTopamu: H.
H. ®unaros, JI. E. Hazaposa, A. Il. I'eoprues, P. I1. KouerkoBa, H. JI. ®ponosa, A. B.
CemenoB, B. B. JIlpo3nos,H. II. Cmupnos, A. P. Armudepona, E. JI. Cuexkkunen, /[. B.
Marpuuxuii, B. H. Oxoruna, M. U. bornan, O. M. Hayc, B. B. Knumenko, O. H. Jlunka, U.
B. Kpsuienko, E. U. Jlocs, I1. H. Camenukos, b. B. UBanos, U. A. lllukinomanos, A. .
[[uxnomanos u 1p.[12, 18, 55, 69, 70].

Knumat Konbckoro momyocTpoBa omnpeneiseTcss ero reorpauueckuM MoJI0KeHUEM
3a llonmspHbIM KpyroMm u Mexay ApKTHUYeCKHMM OacceiiHOM c ceBepa M EBpomeiickum
MaTEepPUKOM C I0Ta, a TAaKXKe OJIM30CTHIO TETUIOTO CeKTOpa ATIAHTUKU. 3HAYUTEIILHOE BIIUSHHE
Ha KJIMMaT okasbiBaeT Terioe Hopakarckoe teuenue B bapenneBom mope. M30miTouHOE
YBIQKHEHUE SIBISIETCS OCHOBHOM MPUYMHON 0OBOJAHEHHOCTH U 3a00JI0U€HHOCTH TEPPUTOPUH.

Kimmarnueckue nsmeHeHnust Ha Tepputopun KonbCKOro mosiyoctpoBa, B YaCTHOCTH,
MOBBIIICHUE CPETHEMHOTOJIETHUX TEMIIEPATYP, MPUBOJIAT K YBEIMUCHUIO KOJTUYECTBA JIECHBIX
nokapoB. M3ywaemasi TeppUTOpHS TIOJYOCTPOBA XapaKTePU3YeTCS PaclpoCTpaHEHUEM
MHOTOJIETHEH MEp3JIOTHI M OOJIOTHBIX JIaHAIA(TOB, YTO BO MHOTOM OIPEICISIET YCIOBUS
(dbopMUPOBAaHUS TIOJI3EMHOTO CTOKA U CHEIH(PHUKY T€OIKOIOTUYECKON 00CTAaHOBKU B PETHOHE.
OpnHolt 13 mpoOieM HCCIeayeMOoil TepPUTOPUU SIBISETCS TO, YTO PAacIpOCTpaHeHHe OONIOT
CYIIIECTBEHHO OTPAaHUYMBACT XO3SMUCTBEHHYIO JACSATEIBHOCTh M YXYIIIACT YCIOBHUS KU3HU
HaceneHust [58, 68, 74]. bonota, akkymymnupys Ooibmiie o0BeMbl aTMOCHEpPHOW BIarw,
BIIMSAIOT Ha TE0’KOJIOTHYECKOE COCTOSIHUE, THAPOr€OJOTHMYECKUM U TUIAPOJIOTUYECKUM
peKUMBI  HccheayeMoil Tepputopun. OIEHKOW MOA3EMHOr0 CTOKa Ha 3a00J0YEHHBIX
TEPPUTOPHUSAX B pa3HOE BpeMs IUIOJOTBOPHO 3aHUMAIUCh MHOTHE HCCIIEIOBATEIH.
['uaporeonornyeckue yciaoBuss (GOPMHUPOBAHUS TIOJ3EMHOTO CTOKA B PEKH HA TEPPUTOPHH

Kapeno-Konbsckoro pernona 6sutn u3ydensl 3ekuepom U. C. B 1963 rony [40].
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Nwmeercss oOmias 3aKOHOMEPHOCTb B PacHpelleIeHMH OCAaJKOB Ha TEPPUTOPUHU
KoJsibcKkoro mosiyocTpoBa: 4eM BBIIIE HAXOIUTCS MECTHOCTb, TeM OOJbIIe 00bEM OCaIKOB.
Haumensbiee xommuecTBO ocankoB (400—500 MMm/T) BbIMamaeT B JOJIMHAX pPEeK M Ha
PaBHUHHOW YacTH TeppuTOopuu. B paiioHax co cI0XKHBIM pernbedoM 0CaIKU pacHpeesItoTCs
HepaBHOMEPHO M cocTaBisitoT 600—800 MM/T, a Ha BepIIMHAX HanbOoJiee KPYIMHBIX TOPHBIX
maccuBoB (Xubunckue u JloBo3epckue TyHIpb, MoHueTyHApa U UyHaTyH/pa) MPEBHIIAIOT
1000 mm/T [68].

Boznyimineie Macchl, OCTYyNaOIIKE B TEIJIBINA MEPUOJ Tojla C MaTepuKa, UMEIOT 0oJiee
BbICOKOE Biiarocojepkanre. CyMMbl OCaJIKOB JIETHHX MecAleB (HIOJIb—aBrycT) B 2 pasa
NPEBBIMAIOT CYMMBI OCQJIKOB 3UMHHX MecsIeB ((peBpalb—MapT), 9TO HEXapaKTepPHO IS
MOPCKOTO KiiuMara [67].

[TocTOsSIHHBIN CHEXHBIA MOKPOB B OOJACTH YCTaHABIMBAETCS OOBIYHO B TEUCHHUE
OKTSIOpsA, coxpaHsieTcsi Ha BepimmHax XuOuH u YUyHaTyHapel B cpenHeM 220 paHeid, Ha
octanbHOU Teppuropun — 180 nHeil. B paBHUHHBIX palloHaX CpPEeIHEMHOrO-JIETHSS BbICOTA
CHE)XKHOTO TOKpoBa B KOHIE 3uMbl — 70 cM, Ha MypMaHCKOM nOOepexbe, IA€ CHEr
cayBaetcst BeTpom, — 40 cm [67].

B pabore Pomanenko ®. A. wu [lunosmeBoit O. A. paccMOTpeHbI
reoMopdooruueckue npoieccsl B ropax Koiabckoro nosyoctpoBa U U3MEHEHHS KJIMMaTa Ha
ero teppuropun. PaccMOTpeHbl OCHOBHBIE TEHJIEHIIMU KOJeOaHUN TeMIiepaTrypbl BO3/yXa U
oca/IKoB Ha Bcel Tepputopun Konbckoro nonyoctposa [67].

IIpu ouenke u O0O0OOIIEHMH XapaKTEPUCTUK ECTECTBEHHOTO CTOKAa METO/JaMH
TPaJULMOHHBIX TUAPOJIOTMYECKUX PpPAaCYeTOB OCHOBHBIE TPYAHOCTH 3aKIIOYAlOTCS B
OTCYTCTBUM HAJ€XKHBIX JaHHBIX, HECTAL[MOHAPHOCTH BPEMEHHBIX DSIOB CTOKA, AUHAMUKE
KOJIMYECTBEHHBIX M KaueCTBEHHBIX IOKAa3aTeJIed BO BPEMEHU M NPOCTPAHCTBE, HEOCTATKE
JIAHHBIX HAOJIOJICHHIA 32 CTOKOM B €CTECTBEHHBIX YCIOBUSIX ero popmupoBanus [24, 25].

CoBpeMeHHbBIE HCCIIEIOBAaHUSl YKa3blBalOT Ha TO, 4YTO MPAKTUYECKH BCE pSIZIbI
MEXEHHOT'O0 1 MUHUMAJIBHOTO CTOKA HE YAOBJIETBOPSAIOT TPEOOBAHUAM CTallMOHAPHOCTU. B TO
K€ BpEMs HM3BECTHO, YTO A PsAJOB MHHMMAJIBHOIO CTOKAa IPHUCYIIAa HEOJAHOPOIHOCTD,
00ycCJIOBJI€HHasT MEXaHU3MOM (OPMHPOBAHUS MHMHHUMAJIBHOTO CTOKa, YTO caMo Mo cebe
ABJISIETCS IPEMATCTBUEM JJISl €r0 JOCTOBEPHOTO CTATUCTHYECKOIO OMKUCaHus [2].

B cBoeit padore 1. A. lllukiomaHOB OTMEYAET, YTO BaXKHOCTH B3aMMOCBSI3H MEXKIY
MOJ3€MHBIMHU BOJIaMHU U KIIMMAaTUYECKUMHU U3MEHEHUSIMA HE MOXKET OBITh MpeyBEINYEHa, TaK
Kak 15% BOJIbI, HCIIOJIB3YEMON €KETOAHO — 3TO UCKIIIOUUTENIBHO MOA3eMHBIE BoAbI [ 70].

B pa6otax C. P. Kumar ormedaercs, 4To mpsiMoe BO3/IEHCTBHE M3MEHECHHS KJIMMaTa
Ha pecypchl MOJ3EMHBIX BOJ 3aBHCHUT OT M3MEHEHHUS O00beMa M paclpelesieHus MUTaHUS

MOA3E€MHBIX BOJI. Takum 00pa3om, KOJIMYECTBEHHAS OIlEHKA BO3ICHCTBUS U3MEHEHHUS KIIMMaTa
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Ha pecypchl MOJI3EMHBIX BOJl TPeOYeT HE TOJBKO HAJEKHOTO NMPOTHO3MPOBAHUS W3MEHEHHI
OCHOBHBIX KJIMMATUYECKUX TMEPEMEHHBIX, HO U TOYHON OIICHKH MUTAHUS MOA3EMHBIX BOJI
[116].

Bvieoo no pazoeny 1.3. B HacTosimiee BpeMs cpeaud HAyYHOTO COOOINECTBA HET
€JIMHOTO MHEHHS O TOM, KaK KIMMATHYECKHE BapUallMM BIIMSIOT Ha IOJ3EMHBIC BOJIHI,
MOJI3EMHBIN CTOK Ha TeppuTOpUHu KOJIbCKOTO MOIyOCTPOBa — OJTUH U3 HAUMEHEE U3yYCHHBIX B
9TOM OTHOIIEHWH PETUOHOB. MHOTHE BOINPOCH U3YYCHHUS XapakTepa ¢ NPUYUH
WU3MEHYMBOCTH KJIMMAaTa M B3aUMOCBSI3H C TOJ3€MHBIMH BOJIAMH OCTAIOTCS HEIOCTATOYHO
packpeIThiMU. JleuuT nocToBepHONW WH(POPMAIMA O COBPEMEHHOM THAPOTEOJIOTHYECKOM
COCTOSSHUM W €ro MPHUPOJIHO-AaHTPOIIOTCHHBIX HW3MEHEHHUSX B TIOCICIAHHUE JCCATUIICTHS
HETaTUBHO CKa3bIBACTCS HAa BCEM TPOIECCe YIPABICHUS BOJHBIMUA pECypcamu, a,
CJIEZIOBATENILHO, ¥ €T0 COMAIBHO-9KOHOMUYECKOM Pa3BUTHH.

BeimonHsas  Takyro  paboTy, TOCBSIIEHHYIO  OICHKE B3aUMOCBS3H  MEKIY
KIIMMaTHIeCKUMH (PaKTOpaMU U MOA3EMHBIMU BOJAMH TePPUTOPHH KOJIBCKOTO MOTyOoCTpOBA,
onMpaeMcsl Ha TIOJyYeHHBIC IAHHBIC U3 PSIOB CTOKA. J[J1s1 TUX 3HAYCHHI BO3MOYKHA OIICHKA
U3MEHYMBOCTA BO BPEMEHHU, HO BBIWICHEHUE B ITHX HM3MCHEHUSX TOJBKO KIMMATHYECKU

06YCJ'IOBJ'IGHHBIX COCTaBJOIINX, OCTACTCA 110 cell IeHb TPYAHO pemaeMoﬁ 38.,[[3‘16171.
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2. T'naBa 2. CTaTUCTHYECKHUIl aHAJIN3 COBPEMEHHbIX KJIMMATHYECKHUX U3MEHEeHHi B
ceBepo-BOCTOYHOM YacTu banaruiickoro mura
2.1.  Co3zoanue u ananuz Maccuda SMIUPULECKUX OAHHBIX

Bri6op MaccuBOB JaHHBIX THIPOMETEOPOJOTUYECKUX H3MEpPEHUM i aHalld3a HX
W3MEHEHUH B 3HAUUTEIBHOM Mepe MNpelonpenesisseT MOoJyd4aeMblii JMAarHo3 KJiuMara.
MeKnpaBUTEIBCTBEHHONW TPYIIONW 93KCIEPTOB 10 KJIMMATHYECKUM u3MeHeHusiM [159]
OTMEUYEHO, YTO HCIIOJb30BAaHHE HE PEKOMEHJIOBAHHBIX BcemupHoil Mereoponoruueckon
Opraamzanueii (BMO) naHHBIX WHCTPYMEHTAJIBHBIX METEOPOJOTUYECKHX HAOIOJACHUN —
OJlHa W3 TJaBHBIX NPUYUH HEOOOCHOBAHHBIX CYXKICHUW O Macimitabax U MeXaHU3Max
COBPEMEHHBIX M3MEHEeHMM kimmara. Ha teppuropunm Poccum, kpome cern Pocruppomera,
sBysttonierocs: wieHoM BMO, QyHKIHMOHUPYIOT IMyHKTBI METEOPOJIOTHYECKUX HAOIIOICHUN
apyrux BenoMcTB (MwuHOOOpOHBI, ['ocymapcTBEHHOUW CIy>KObl TpaskJaHCKON aBUAIUU
MunucrepctBa Tpancnopra Poccuiickoit denepauuu, MunuctepcTBa 34paBOOXPAHEHUS U
COLIMAJILHOTO oOecreueHus U paja Apyrux). BemomcrBeHHble CeTH, MO 3KCIEPTHONW OIEHKE,
coctaBisitoT 30—40% oOmero 4yucia HYHKTOB METEOPOJIOIMYECKMX HAOMIOJIEeHUH. OTH
MYyHKTBl METEOHAOMIOACHUH (PYHKIMOHUPYIOT HE3aBHCHMO OT METEOPOJOTHYECKON CEeTH
Pocruapomera ¥ mo3ToMy HO HCHIOJIB3YEMOM METOJMKE M PEXKUMY HE HUHTETPUPYIOTCS B
oOLIeHAIIMOHATBHYIO CETh HAOIIOCHHUM 3a COCTOSSHUEM OKPY»KaroIlel IPUPOIHOM cpeibl.

Ho naxe naHHble HE BCeX CTaHUM M MOCTOB PocruapoMera MOKHO HCHOJIb30BaTh
JUTSL OIIEHKW M3MeHeHu# kinumara. HeoOXoauMbIM yCIIOBHEM MPUBJICUEHUS JAHHBIX TOM WU
MHOM craHimu Pocrugpomera sBisSeTCS HalIW4Yue JUJIMTEIBHBIX  PENpPE3€HTATUBHBIX
JIOCTOBEPHBIX U OJHOPOJHBIX HAOMIOAGHWH C MajibIM 4uCIOM HpomyckoB. [lofg
JUINTEILHOCTBIO TIOHUMAETCs, KaKk MHHHMYM, HHTEpBall, pekoMmeHaoBaHHbI BMO, nis
OLICHKM Hu3MeHeHuM kiaumarta paBHbld 30 ronmam. Ilox 1QOCTOBEpPHOCTHIO TOHMMAETCS
HAJEKHOCTh (Ka4ecTBO) JAHHBIX HAONIOJACHUN M PACUETHBIX MPOTHOCTUYECKUX MOJICTHHBIX
BEJIMYMH, MOJIYYEHHBIX CIEUAINCTaMU MO/l KOHTPOJIEM HAI[MOHAJIbHBIX METEOCITYkO UJIeHOB
BMO. Penpe3eHTaTHBHOCTh SMIIMPUYECKOIO0 MACCHBA KIMMATHYECKOW IIEPEMEHHOM —
CBOMCTBO UCIOJIB3YEMBIX JAHHBIX OTPaKaTh 3aKOHOMEPHOCTH MHOTOJIETHUX M3MEHEHUH 3TOU
KIIUMaTHYeCKONH TMepeMeHHOW B oOnactu (mpocTpaHCTBeHHOM ¢parmeHnte) U, Kiumar
KoTopoil u3ydaercs. Ilog OJHOPOIHOCTBIO CclEAyeT MOHUMAaThb CPaBHUMOCTb 3HAuY€HUI
BEJIMYMH KIMMaTHYECKON XapaKTepUCTUKH B Pa3IMYHbIX HHTEPBaJaX U3y4yaeMoro nepuoja.

B ocHOBy naHHO# pabOTHI MOJIOKEHBI MACCUBBI JTAHHBIX O MPU3EMHON TemrmepaType
BO3/1yXa M KOJHMYECTBE AaTMOC(EPHBIX OCAJKOB C MECSYHOM TUCKPETHOCTBHIO TI00ambHOU
HaOoaTeIbHON ceTH, pa3paboTannble U npoaiieBaeMbie LlenTpom Xonmm (Henley Centre) B
yHuBepcutete BocrouHoit Aurnuu moj srunoit KoposeBckoit MEeTeopoIorndecKoi CiyKObI

BemukoOputanun (CRU — Climatic Research Unit). MaccuBer CRU momydeHs
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MHTEPHOJSIIUEN aHOMAJINM METEOPOJIOTHYECKUX XapaKTEPUCTUK (IO OTHOLIEHUIO K MEPUOAY
1961-1990 rr.) Ha MeTEOCTaHIMAX B Y3JIbl MIMPOTHO-AONTOTHOW ceTku 5x%5° m 0.5%0.5°,
KOTOpas 3aJaHa Tomorpauyeckoil MOJENbI0 C HCIOJb30BaHMEM METO/Aa CIUIAHOB C
MOCIIEAYIOLIUM BOCCTAHOBJIEHHEM a0COTIOTHBIX 3HAUEHUN ¢ TOMOIIbIO apXuBa HOpM 3a 1961-
1990 rr. IPCC (The Intergovernmental Panel on Climate Change) xBaauduuupyer MacCHBBI
CRU, kak Haumbojee COOTBETCTBYIOLIME TPEOOBAHUSAM, MPEABSABIAEMBIM K 3MIHUPUYECKUM
JTaHHBIM, Ui OOHApYXeHHsI M olleHku u3MeHeHHi kiaumara [159]. Cornacuo [40], apxus
CRU Bocnpou3BOAUT TEMIIEPATypHOE IOJIE U I0JIe aTMOC(EPHBIX OCAJKOB Ha TEPPUTOPUU
Poccun ¢ HauMeHb1Iel MOrPeuIHOCThIO.

Maccussl CRU nomonHeHsl A1ByMsl KIMMaTUYECKUMH apXUBaMH, pa3pabOTaHHBIMU U
npojuieBaeMbiMH B MIHCTUTYTE robasibHOrO Kiumara u skonoruu Pocrunpomera u PAH u Bo
BHUUT'MU-MI [78].

B pabote aHanu3upyroTcsl ycpeJHEHHbIE OLEHKHU Ul KaJIEeHAApHBIX CE30HOB U rojia B
1enoM. B kayecTBe ce30HOB pacCMaTpHUBAJIKCh: 3uMa (J1ekaOdpb-(heBpalns); BeCHa (MapT-Maii);
7eTo (MIOHB-aBI'YCT) U OCEHb (CEHTAOpPh-HOAOpB). 3a TOA MPUHUMAJCS TEPUOJ C AeKaOps
HpEeIbIAYIIEro rojia o HoA0pb paccMaTpuBaeMoro.

IIpocTpaHCTBEHHO OCPEIHEHHBIE 3HAUEHUS AHOMAJIMKM KIMMATHYECKUX IEPEMEHHBIX
(TeMIiepaTypbl IPU3EMHOIO BO3/lyXa U KOJIMUYECTBA aTMOC(HEPHBIX 0CAJKOB) PaCCUUTHIBAIOTCS
B JiBa 3Tana. Ha nmepBoM, TeppUTOpHS perMoHa pa3douBaeTcs PEeryysipHON CETKOW Ha SYEeUKH
2.5 rpagyca MKPOTHI HA 5 TpaayCcoB JONTOTHI, U B KaKJIOW SYEHKE CETKH PacCUUTHIBAETCS
cpeaHee apu(pMETHYECKOE M3 3HAUYEHUM aHOMalIMi Ha IMOMAaBIIMX B 3Ty SYEWKY CTaHIUSX.
3aTreM BBINOJHAETCS B3BEILIEHHOE OCPEJHEHHE IO SYeKaM C BecaMmH, MPONOPLHOHAIBHBIMU
IUIOLIA/I TIepeceueHus sUeiku ¢ TeppuTopueil pernoHa. OLUEHKN aHOMaIMM MOTYy4YeHbl Kak
OTKJIOHEHHUSI OT CpelHUX 3a pekoMeHaoBaHHbII BMO 6a3zoBbiii mepuox 1961-1990 rr.
AHaJIOTUYHBIM 00pa30oM, MO JaHHBIM O CTAHLMOHHBIX «HOPMax» (CpPEIHMX MHOTOJIETHHUX 3a
0a30BBId TEpUOA) A KaXJOr0 PETHOHA PACCUUTHIBAIOTCS «PETHOHAJIbHBIE HOPMBD.
PervonanbHO oCpeTHEHHBIE 3HAYEHHUS CAMUX KIMMAaTHYECKUX MEPEMEHHBIX PACCUNTHIBAIOTCS
CYMMHPOBAHHEM «PETHOHAIBHBIX HOPM» M «PErMOHAIbHBIX AHOMAJIHUI» (3TOT aIrOPUTM
YMEHBIIAEeT CMEIICHHE OIICHOK, BBI3bIBAEMOE IpOIyCKaMHU B psnax HaOmojeHuii). Bce
pacueThl, BKJIIOYas OINpejAesieHue MPUHAAJICKHOCTH SYEHKH K pPEruoHy, IUIOHIaId HX
NepeceyeHrs] M SUEEUYHBIX BECOBBIX MHOXKUTENEH, BBIMOJIHSAIOTCA aBTOMATUYECKH, Ha
OCHOBaHUU 3aJJaHHON 3aMKHYTOH JIOMaHOM, OrpaHUYMUBAIOIIENH TEPPUTOPHUIO PETHOHA.

BpemeHHbIe psAabl TeMIEpaTypbl MPU3EMHOIO BO3JyXa U KOJUYECTBA aTMOC(HEPHBIX
0CaJKOB, paccMaTpuBaroTcsi B uHTepBaiax ¢ 1936 mo 2019 rr. u ¢ 1976 no 2019 rr. JleBbie
TPaHMITBI PaCCMAaTPUBAEMbBIX WHTEPBAJIOB OMPEEICHBI TOA0M, K Hadary kotoporo (1936 r.)

chopMHpoBaach OCHOBHAs CETh METEOPOJIOTHYECKUX HAONIOIEHH Ha ITOCTCOBETCKOM
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TEPPUTOPUU (O ITOrO0 B apXMBaX METEOPOJOTHMUYECKHX JIaHHBIX MMEIOTCS MAacCOBbIE
npornycku) u rogom (1976 r.), ¢ KoToporo, Mo MHEHUIO MHOTHX HcciemoBareneid [79, 159],
KJIIMMAaTUYECKUE U3MEHEHUS YCKOPUIIHCH.

HeoOxonmuMo OTMETUTh, 4YTO MHOTOJIETHHE W3MEHEHHS OCAAKOB HSMIHUPUYECKU
o0OecrieyeHbl 3HAYUTENBHO XYXKE, YeM IMpU3EeMHas TeMmIepaTypa Bo3ayxa. Takas CHUTyalus
00BsICHSIETCST OOBEKTUBHBIMH WM CYOBEKTHBHBIMU MpuunHaMu. OOBEKTHBHAS NPUYHHA —
Oosee cioxkHas (pu3MYecKas MPUPOJIAa CAMOTO sIBJIICHUS. B yacTHOCTH, CyIIeCTBEHHO 0OJIbIIas
B TMPOIEHTAX K «HOPME» MEXroJ0oBas OCpEIHEHHas [0 Ce30HaM HU3MEHUYUBOCTb U
CYLIECTBEHHO  MEHbBIIAs  CBA3HOCTh  MPOCTPAHCTBEHHO-BPEMEHHOI'O  paclpeaeieHus.
CyObeKTUBHBIE TPUYHMHBI O0YCIOBJICHB MMEBIIMMH MECTO CYIIECTBEHHBIMU PA3IHMUYUSIMHU B
METO/JMKE HaOJIOJeHWH B  pasHele mnepuoabl. M3-3a  OUCKpETHOro  xapakrepa
MPOCTPAHCTBEHHOTO TMOJISI OCAIKOB I UX U3yuyeHus Tpedyercs Oonbliee YUCIO
METEOCTaHIMI, YeM /171 MOHUTOPUHTA TeMIIepPaTypbl BO3AyXa.

B nacrosiiee BpeMs 3TaJOHHOTO MaccuBa ¢ JaHHBIMH MO aTMOC(HEpPHBIM OCajKaM 3a
Mepuol HMHCTPYMEHTAJIbHBIX HAONMIOEHU Ha BCEH CETH POCCUMCKUX CTAaHIUWA HE
cymecTtByeT. Opranusanusi paboThl IO BHEIPEHHUIO B MPAKTUKY HOBBIX METOIOB 00pabOTKH
JaHHBIX  TEKYIIMX THUIPOMETEOPOJIOTUYECKUX  HAONMIOJEHUH H  COOTBETCTBYIOIIEMY
nepepacuery, W aHalu3y apXUBHBIX JaHHBIX 00 aTMoc(epHBIX ocaakax SBIAETCA
HCKJIIOUNTEIIBHO AKTYaJIbHOM U TPYIOEMKOM 3a7aueil.

B nannoit paboTe onieHKH H3MEHEHHUSI aTMOC(EPHBIX OCAIKOB IO CE30HAM U TOJOBHIE
M TOJY4YEHbl MO MAacCHBY JAHHBIX O MECAYHBIX CYMMax OCaJKOB, KOTOpPBIE COAEpPKaT B
uHTEepBatie 10 1966 roma monpaBku Ha cMaunBaHue [83] U cTaHAAPTHOE MPUBEACHUE TAHHBIX
JIOXKIeMepa K Mmoka3anusiM ocaakomepa [82]. Jlanasie mocie 1966 T. 10 HACTOSIIEr0 BpeMEH!
nosryueHsl u3 tesnerpaMM "KJIMMAT’’ u conepskaT NMONpaBKM HAa CMauyMBAaHUE, BBEICHHBIE
HabmonateneM B kaxnoe usmepenue [83]. CormacHo [25, 26] 3TOT MaccHB AaHHBIX IO
ocaJikaM CJIeIyeT paccMaTpuBarh JJis Tepputopuu PO kak Hanbosiee MONHBINA, OTHOPOTHBIN
Y PENPE3eHTATUBHBIN HA CETOIHSIIHUN JICHb.

3a eqUHUITY U3MEpPEeHHsI aTMOC(EPHBIX 0CATKOB MPHUHSITHI MECIYHBIE CYMMBI OCaIKOB
(Mm/mecsitn). Ce30HHBIE U TOAOBBIE OCAIKH MPEICTABISIOT COO0H CpEeTHUE U3 MECSIUHBIX CYyMM
3a MecsIbl paccMaTpuBaeMoro ce3oHa (rona). Mccnepyembie psiabl aTMOC(hEpPHBIX OCAIKOB
MPEACTABICHHl B a0COJIIOTHBIX aHOMAJHSAX, T. €. OTKJIOHEHHSIX OT COOTBETCTBYIOIIETO
cpensero (HopMbl) 3a 1961-1990 rr., 1MO60 B OTHOCUTENBHBIX AHOMAIHIX — MPOIEHTaX OT
ATUX HOPM.

Hcnonp3oBaHHble B  HacTosed paboTe apXUBBI  SMIIMPUYECKHX  JIaHHBIX

anmpoOupoBaHbl B paboTax aBTopos [34, 35].
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2.2.  Memoouka cmamucmuiecko2o aHaiusa

JI1st cTaTUCTUYECKOrO OIMCAaHUS MHOTOJIETHMX M3MEHEHMM XapaKTEPUCTUK KIMMara
MOXHO HCIIOJIb30BaThb TPU OCHOBHBIX BHJA MOJEIM BPEMEHHOIO psAla: MOJIEIb
CTallMOHAPHOIO psAJa ¢ NMPUCYLIEH €My €CTECTBEHHON M3MEHYMBOCTBIO; MOJEIb JIMHEHHOTO
TPEHZIa U MOJENb CTYIICHYaTOro IIEPexoa OT OAHOTO CTAllMOHAPHOIO COCTOSIHUS K IPYrOMY.
Kaxnplii BUI MOAENH OTpaXkaeT TOT WJIM WHOW (PU3MUECKUN MEXaHU3M, JACHUCTBYIOUIMHA B
KmuMaTudecko cucreme [3]. V3MeHeHuWss B BUIEC JUHEHHOrO TpPEHJA BO3HHUKAIOT B
CJ1a0OMHEPIIMOHHOW PABHOBECHOH cucTeMe, KOTOpas OBICTPO OTKJIMKAETCS Ha BHEIIHUE
BozaeicTBusa.  CTyneHdarble  HM3MEHEHHMs  IPUCYIIM  HEPAaBHOBECHOM  CHCTEME,
KOMIIECUPYIOLIEH BHEUIHUE BO3JCHCTBUA O TEX IOP, II0KAa OHU HE MPEBBIIIAIOT IIOPOrOBOrO
3HAuEHUs, MOCJIE Yero cucreMa OBICTPO MEPEXOAUT Ha HOBBIM, YACTO KBa3UCTAllMOHAPHBII
ypoBeHb. CTalMOHApHBIH BPEMEHHOM psAA  MOXET ObITb OCOOBIM COCTOSIHUEM Kak
PaBHOBECHOM, TaK U HEPAaBHOBECHOM CHCTEM. B mepBoM ciyyae 3TO IPOSBIEHUE CIy4YailHbIX
BHEIIHUX BO3/EUCTBUI, BO BTOPOM — II€PUO]I CTAOMIIBHOIO COCTOSIHUSA, B KOTOPBIM BEIMYMHA
BHEIIHEIO0 BO3JCHCTBUSA HE MPEBBICHIA KPUTUYECKOro nopora 3HadueHuil. Kpurepuem
3¢ (eKTUBHOCTH BbIOOpA MOJENIU MOKET CIY)KUTh CTaHIApT OTKJIOHEHUH BPEMEHHOIO psjaa
OT IIPUHATON MOJIEIBHOMN allpOKCUMALUH.

HaubGonee pacrpocTpaneHHBIN CcrIOCO0 aHaIW3a U3MEHEHUN KJIMMaTa — Pa3jioKEeHUe
ekTop-gyHKumn f (r,t) Ha TpeHn fo(r,t) umym o(rt):
fry="frH+ery (22.2)
OTO BEKTOPHOE DPABEHCTBO O3HA4YaeT, YTO BCE COCTABJISAIOUIME, COOTBETCTBYIOLIUE

BbIOpaHHBIM (K) MeTeoposornyeckum nepeMeHHbIM, IPEACTABISIOTCS B BUIE€ CYMMBI TpeHa
U IIyMa:
f (r,t)=f,(rt)+eo(r1) (2.2.2)
ITo cMbIcy BBEIEHHBIX IOHATUH, TPEHA — MEUVICHHO MEHSIOMAsACA 4acTh, 4 IIyM —

OBICTPO MEHSIOIIASACS.
IIpu cpaBHEHNH KTMMaToB B o6macti U Ha oTpeskax BpeMenn [ti, t2] u [t'1 ,t'2] moryr

00HapyXUBAThCS Pa3INYMsl KaK MEJIEHHBIX COCTaBJISIONIMX KIMMATHUYECKUX MEPEMEHHBIX,
Tak U OBICTPBIX, T.€. MOTYT MEHATHCSA CBOMCTBA ciiydaiiHbIX nosiel Ex. M3menenune xnmumara
WIA OTACNBHBIX KIMMATUYECKUX XapaKTepPUCTHK KOHKPETHOH reorpaduyeckoil obiactu 3a
HEKOTOPBI MHTEpBaJl BPEMEHH MOXET OBbITh OMHUCAHO JBYMs crocobamu. Bo-mepBbix,
Pa3HOCTHIO MEXKIY 3HAUCHUSMH TeX WJIM MHBIX THIPOMETEOPOIOTHYECKUX XapaKTEPUCTHK 3a
9TOT TEPHOJI 1O CPAaBHEHHIO ¢ HOPMOW (0a30BBIM MEPHOJOM) WM C APYTHM HHTEPBAIOM
BpeMEHU. B0-BTOPBIX, CTATUCTUYECKUM JMArHO30M MHOTOJIETHEIO MEXKIYTroJWYHOrOo XOza

KIIMMAaTUYCCKUX TICPCMCHHBIX.

29



B kauecTBe Meppl MHTCHCHBHOCTM KJIMMATUYECKUX W3MEHEHUN 3a YKa3aHHBIN
UHTEPBAJI BPEMEHH HCHONB3YyeTCsl KOA(PQPHUIMUEHT JIMHEHHOTO TPEHNA, ONPENEICHHBIA IO
METOAy HAMMEHBIIMX KBAJpaTOB U XapaKTEPU3YIOIIUN CPEIHIO CKOPOCTh W3MEHEHHH
KJIMMAaTUYEeCKOH  IepEeMEHHOM, COOTBETCTBYIOIIYI0 TpeHAy. B  kauectBe  Mepsl
CYLIECTBEHHOCTH TpPEHAA MCIOJIb3YyeTCsA JOJs TUCIEPCUM KIMMATHYECKOW IEepeMEHHOM,
oOBsicHIEMass TPEHAOM (JOCTOBEPHOCTh TpeHAa WM KOd(PPUIMEHT IeTepMHHALIUH),
BBIp@KEHHAsT B NPOIEHTAX OT MOJHOM JHCIEPCHU KIMMATUYECKOH TepEeMEHHOM 3a
paccmatpuBaeMblii unTepBan Bpemenu (R?).

IIpu oueHke JIMHEHHOro TpPeHAAa NPEAINOoJAaraercsi, 4To 3HAYeHHe HaOIr01aeMoi
NEPEMEHHOH (X) JTUHEHHO MEHSETCsl cO BpeMeHEM (t), OIHAKO TaKKe MOJBEP’KEHO BIIUSHUIO
(axTOpPOB HEHANIPABICHHON H3MEHUYNBOCTH:

X(t) =a+bt + £(t) (2.2.3)
3nech (a) u (b) — koncTanThl, a §(t) — He3aBUCHMBIC pealii3aliy [ICHTPUPOBAHHOI
ciyqaitHoit BenmmumHBl (§) ¢ mucnepcueit (D). Ounenku (a) u (b) moiydaeM MeETOIOM
HAaUMEHBIIINX KBAJIPaTOB, T. €. BEIOMpatoTcs Te 3HaueHus (a) u (b), Ipu KOTOPBIX TOCTUTACTCS

MHUHUMYM CYMMBI:

[nlel(X(tn)—a—btn)z] (2.2.4)
TOT METOJI JIA€T CAEAYIONHE OEHKH (b) U (2) COOTBETCTBEHHO:
b= 3 ((t,)~MIX)E, ~MID/ 3-(t, ~ M)’ (225)
a’= M[x]-b"M[t] (2.2.6)
T'ne
ME = (-t )N (22.7)

M[t] = (nzzlltn)/ N (2.2.8)

OTH OIEHKH SBJSIOTCS CTATHCTHYECKH HE CMENICHHBIMH, T. €. MX MaTeMaTU4ecKoe
OKHMJIaHWE PAaBHO 3HAYEHHUIO OICHMBAEMBIX (HO HAM HEHM3BECTHHIX) mapameTpoB (b) u (a).
UToObl MOHATH, KaK JaleKO MOTYT HAXOIUTHCS TMOJIYYEHHBIE OIIEHKH OT WMCTUHHBIX (Ham
HEU3BeCTHbIX) 3HadeHwil (b) u (a), HANO TOMYYUTH MPEACTABICHHE OO0 WX CIy4YailHBIX
ommOKax. JlJis 3TOTO, BO-TIEPBBIX, BBIYHCIUM “OCTaTKH, T.€. OTKJIOHECHHS HAOJI0/IaeMbIX
3HQYEHUW OT TNPEANUCHIBAEMBIX JIMHEHHOW 3aBUCUMOCTbIO, HAWAEHHOW METOJAO0M

HaMMCHBIINX KBAJIPAaTOB:
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“(t,)-a"-b"t,,
n=12,..,N
B mpeanonokeHnn 0 HOpMaIbHOCTH OTKJIOHEHHH (§) oTkimoHeHue (b” — b) Oymer
TaK)Ke paclpeiesieH0 HOPMaJbHO, IPUYEM CTaTUCTUYECKU He3aBucuMmas oT (b™ — b) omenka

(s") ero ommOKk# (s) BEIYMCISIETCS IO OopMyIIe:

1 & .
LoSenr
A & n=l
s"= N (2.2.10)
> (t, —M[t])*
n=1
B uuncmurene (11) — necmemennas ouenka (D) mucnepcun (D). Pacnpenenenue
OTHOIICHHUS
(b™=b) /s" (2.2.11)

ecTb pacnpeneneue CtberofeHta ¢ (N — 2) creneHssmu cBoOoabl. 13 atoro cnenyer,
YTO KPHUTEpHUEM 3HAYMMOCTH TPEHAA WIIM TOJIe3HOCTH Kodddumnmenta tpeHaa (b) moxer
CIIY’)KHTh COOTHOIIICHHE

b~ &s (2.2.12)

rae(§) — CoOOTBETCTBYIONIMI KBaHTWIb pacnupenencHuss CrtprogeHta. KoHkpeTHOe
3HaueHue (§) 3aBUCUT OT AJIMHBI psana HaOmoaeHuit (N) U ypoBHS 3HaUMMOCTH. Ha mpakTuke
CTaTHCTUYECKAsl 3HAYMMOCTh YIII0BOro KoddduimenTta nuHeitHoro Tpenaa (b) onpeaensercs
npu nomotu T-cratuctuk. Habmonennoe 3nauenue (THaO:.) onpenensieTcs myTeM JeleHus
3HAQYEHHUS YTJIOBOTO KOX(P(UIIMEHTa Ha CTaHIAPTHYIO I JI@HHOTO psAlla OIIUOKY
Bbuncienus. [lo TabnuiiaM MaTeMaTHyecKoil CTaTUCTHKU WM UCHoNb3ys QyHkuuio Excel
pacupenenenusi Ctotogenta (CTBIOAPACIIOBP) naxonum T-kpuTudeckoe IBYCTOpPOHHEE
npu 3a7aHHOM BeposiTHOCTH ommOo4YHOro BhIBOAA (00br9HO 0.05 mmm 0.01). Toxpko mpu
(Tuabu.) (TkpuUT.), MOXKHO J€J1aTh BHIBOJ O MOJIE3HOCTH YIJIOBOTO KO3 GUIIMEHTA JIMHEHHOTO
TPeHJa MPH TOM WJIK MHOM YPOBHE 3HAUUMOCTH (00bI4HO 95% 1 99 %).

Kpome omenku mone3noctu kodpQuIMieHTa TpeHaa, MpH aHAIW3€ MHOTOJETHHX
W3MEHEHUH JIFOOBIX SMITUPHUYSCKUAX JAHHBIX NMPHHIHIHAAIBHO BaXHO UMETh CTATHCTHYCCKH
00OCHOBAHHBIII OTBET Ha BONPOC: SBISIOTCA JIM HAOJIIOJCHHBIE HAIPaBIEHHbIE M3MEHEHUS
Hecly4alHbIMU. JlJIsI 3TOr0 MCIOJIb3yeM XOPOIIO U3BECTHBIN F-TecT unu kpurepuii Puiepa.
Ha npaktuke F-tecT cBOguTCS K CpaBHEHHIO HAOMIOJEeHHOTO 3Ha4YeHHs F-cTaTUCTHKU C ee
KPUTHYECKUM 3HAYEHHEM IIpH 3a/laHHOM ypoBHe 3HauMMocTu. Eciii 3HaueHne HaOIt01eHHOM
F cratuctuku 607bI1€ KPUTHYECKOTO 3HAYEHUS TTPH TAHHOM YPOBHE 3HAYMMOCTH, TO HYJIE€Bas
TUIIOTE3a OTBEpraercsa. B mpoTUBHOM cityyae MOJIeTb TPU3HAETCS HE3HAUYMMOM.

JInst OLlEeHKM TPEHIIOB BO BCEX HCCIEAYEMBIX psiaX TUIPOMETEOPOIOTHUECKUX

XapaKTepUCTHUK, OMPEIEISIIONINX PEeCcypchl MPECHBIX MOJ3EMHBIX BOJA, ObUIM pacCUUTaHbI
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CTaHJapTHBIE OIMIMOKU MapHOW JMHEHHOW perpeccuu KIMMaTHUYeCKUX MEPEeMEHHBIX (X) Ha
BpeMs (t) — CpeaHeKBaJapaThdecKas OMIMOKa OICHKH KIMMATHYECKOW IepeMEeHHOU (X)
cormacHo (2.2.3), craHAapTHBIE OIIMOKK YIIOBBIX Kod(ddummeHnTtoB Tperma (a) u
koddurmentor (b) u3 ypaBHenms (2.2.3). Taxke ObUIM BBIYMCICHBI MEPBBICE U BTOPHIC
MOMEHTBHI, MOJIyY€Hbl LEHTPUPOBAHHBIC PSAIbI, BBIYUCICHBI LEHTPAJbHBIE MOMEHTHI 2-TO
NOpsi/IKa, OIpPEENIEHbl TPAHULBI MHTEPBAJIOB, COOTBETCTBYIOIIUE KOA(PPHUIMEHTY IOBEpUs
0.05 1 0.01 (95% u 99 % ypoBHM 3HAUUMOCTH).

[IpoBenen ananu3 JEHCTBUTENBHOCTH (PEATbHOCTH) MHOTOJETHUX HW3MEHEHUH
UCCIIEyeMbIX  TUAPOMETEOPOJOTHUYECKUX  XapaKTePUCTHK. BBISBICHHbIE  H3MEHEHUS
CUUTAIINCH ACHCTBUTEIBHBIME (PEaTbHBIMHE ), €CJIM UX BEIMYUHA MPEBBHIIIAIa OMIMOKN OLIEHKU

STUX U3MEHEHUN.

2.3.  Huacnos mHoconemHux usmeHeHutl KIuMamuieckux nepemeHHslx, Onpeoenaouux
ecmecmeenHbvle pecypcvl NHOO3EMHbBIX 800
HeoOxomuMo 3amMeTuTh, YTO OONBIIMHCTBO HW3BECTHBIX aBTOpaM MyOJUKALIUM,
MOCBSIIEHHBIX BBISBICHUIO M aHAIM3y TEHJIEHUUH B MHOTOJETHEM XOJE€ PErHOHAIbHO
OCpPEAHEHHBIX dMIIMPHUUYECKUX KIMMATHUUECKUX JaHHBIX, OTPAaHUYMBAIOTCS OLIEHKOW YIJIOBBIX
KO3(QQUIHUEHTOB JIMHEHHBIX TPEHJIOB. YOEAUTENbHBIH NpUMEpP 3TOTO YTBEPKACHHUS —
nocneaanit Jloknag MI'OUK [159]. B oTaenbHbIX (Ty4IINX) CiIydasx MOJTY4YeHHbIE 3HAYCHUS
YII0BBIX KO3()(HUIIMEHTOB [OMOJHEHBI OLIEHKOM BKJIaJa JUCHEPCUU TpeHAa B OOIIYyIO
nucriepcuto mpouecca. Ilpumep storo yrBepxknaenus — Btopoit Ouenounsiii loxman o0
U3MEHCHUSX KJIMMara M WX TOCIEACTBHSAX Ha Teppuropuu Poccuiickoit @enepaunu [79].
Heuncnonp3oBaHue XOpOIIO M3BECTHBIX KPUTEPUEB CTATUCTUYECKOM 3HAYMMOCTH YTJIOBBIX
KOA(Q(UIMEHTOB U CIYyYalHOCTH OLIEHOK KOA((UIMEHTOB JeTepMUHALUUU OOyCIaBIMBAECT
paaMKanu3alMio  CYy)KJIEHMH O  TEeHAEHIMSIX B MHOTOJETHHX  M3MEHEHMSIX
TUIPOMETEOPOJIOTMUECKUX XapaKTEPUCTHUK.
Temnepamypa npuzemHo2o 8030yxa
MHorosieTHUE U3MEHEHMSI CE30HHBIX 3HAUEHHWH TeMIlepaTypbl MIPU3EMHOIO BO3yXa,
OCpeHEHHbIe TI0 Tepputopun KoJbCKOro m-oBa, NpeACTaBiIeHbl Ha pucyHke 2.3.1.
Pe3ynbrarthl CTaTHCTUYECKOTO aHAlIM3a MHOTOJIETHUX HM3MEHEHWIl CpeaHErofoBbIX U
CE30HHBIX 3HAUEHUI TeMIepaTypbl BO3yxa MpHuBeeHb! B Tabmuie 2.3.1.
BusyanbHblii aHanu3 MHOTOJIETHEro xona mo rpadukam (puc. 2.3.1) npoBouupyer y
HEMOJIFOTOBJIEHHOTO  TOJIb30BaTenss  (OPMUPOBAHUE  WJUIIO30PHOTO  CYXKIEHHS O
CYILIECTBEHHOCTH JIMHEHHBIX TPEHI0B MPU3EMHON TeMIiepaTypbl Bo3ayxa. K mpumepy, Moxer

CJIOKUTBHCA BICYATICHUC O HAJIWYUU CYHICCTBCHHOI'O ITOJIOKUTCIBHOI'O TPEHAA B 3WUMHHUX
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temriepatypax. OJIHaKO OIIEHKH MMapaMeTpoB ATOTo TpeHaa (Tabn. 2.3.1) He MmoATBEPKAAOT

TAaKOC CYKIACHUC.
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Puc. 2.3.1. V3MmeHeHHsT aHOMaNMi CE30HHOW W CPEIHETOZOBOM TeMIepaTypbl
IPU3EMHOT0 BO3[yXa, OCPEAHEHHBIX MO Tepputopuu Konbckoro moiayoctpoBa. AHOMaluU
paccuuTaHbl Kak OTKJIOHEHHUS OT HOpMBI 3a 1961—1990 rr. XKupnas npsmMas mokasbiBaeT

JIMHEWHBIN TPEH/.
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Tabmuma 2.3.1. OneHku JUHEWHOTO TPEHIla TeMIIepaTyphl MPHU3EMHOTO BO3IyXa 3a

1936-2019 rr. u 1976-2019 rr.

[MapameTp/
Freer
Cesom, o b Sep Sex R? Trecr
MaTepBan
3uma
1936-2019 2.3 0.041 | 0.011 2.18 18 - +
1976-2019 2.2 0.062 | 0.035 2.20 34 - +
Becna
1936-2019 14 0.028 | 0.017 1.24 22 - -
1976-2019 11 0.037 | 0.028 111 28 + +
Jleto
1936-2019 0.9 0.007 | 0.010 1.00 6 - -
1976-2019 1.0 0.029 | 0.015 0.93 14 - +
Ocenb
1936-2019 1.2 0.016 | 0.006 1.21 9 - -
1976-2019 1.2 0.026 | 0.016 1.06 17 + +
Tox
1936-2019 11 0.015 | 0.027 1.23 11 - -
1976-2019 11 0.023 | 0.024 0.82 16 + +

O6o03HaueHHs K TaOIHUIIE:

¢” - CTaHIApPTHOE OTKIIOHEHHE — OIIEHKA CPETHEKBAIPATUIECKOTO OTKIOHEHHUS! OTHOCUTEIHHO
€€ MaTeMaTU4YECKOr0 OXKUIAAHNS HA OCHOBE HECMEIIEHHOM OLICHKH €€ TUCIIEPCUM;

Ax/roq - yrioBoii kodpdunuent auneitnoro peraa (°C / rox wim Mmm/mMecTox

Seb-cranmaprHas ommbKa st yriaoBoro koadduiinenTa;

Sex - craHgapTHas oOmMOKAa pETpeccCuM — CpEeJHEKBAJpaTHYecKas OIMUOKAa OIEHKU
KJIINMAaTHYECKOHN TIEpEeMEHHOM (X) corytacHo (4);

Frect - TecT Ha HeCy4allHOCTh OLIEHKH JIOCTOBEPHOCTH TPEHJIA - CTATUCTUYECKUIN KPUTEPUH,
TECTOBAas CTATUCTHKA KOTOPOTO MPH BBHIITOJIHEHUH HYJIEBOW THIIOTE3bI MMEET pacnpeaenenne dumiepa
(F-pacnipenenenue).

Trect — kpurepuit CThIOAEHTa WM TECT HA CTATUCTUYECKYIO 3HAYMMOCTH YTJIIOBOTO

ko3 unmenrta TpeHaa;
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R2, % - Bkimag TpeHAa B OOIIYI0 AHCIEPCHIO IIporiecca (JOCTOBEPHOCTh TPEH/IA,
K03 PULIMEHT TeTepMUHALINHN);

B cronbuax (Frect) u (Trtect) 3Hak (+) O3HAYaET MONOXKUTENBHBIE PE3YNbTaThl TECTa Ha
ypoBusix 3HauumocTH 0.05 u 0.01, 3HaK (£) O3HAYAET MOJOKUTENBHBIN PE3yabTaT TECTa HA yPOBHE
sHaunMoctd 0.05 w orpumatensHbli — Ha ypoBHe 3Haummoctd 0.01, 3Hak (-) oO3Havaer
OTpUILATENbHBIN pe3yNbTaT TecTa Ha ypoBHAX 3HauumocTH 0.05 u 0.01.

[Ipumedanue: >KUPHBIM KYPCHBOM BbIJENICHBI HHTEPBaIbI WM 3HaueHus (Tadbmuusl mo CII1O),
B KOTOPBIX OIICHKH JIMHEWHBIX TPEHIOB CTATHCTUYECKH 3HAYMMbI Ha ypoBHE 1% MO KpuUTEpUsSM

®umiepa u CTbIO/ICHTA.

CpenHeroioBble U CE30HHBIE 3HAUEHHUsI TEMIIEpaTypbl BO3AyXa B HHTepBanax 1936-
2019 u 1976-2019 rr. nposBIsAIOT TEHACHIMIO K pocTy. OJJHAKO CTATUCTUYECKH 3HAYUMBIE Ha
99% ypoBHE 3HAUMMOCTH IOJIOKUTEIbHBIC JHHEHHBIE TPEHIBI XaPAaKTEPHBI TOJBKO IS
3MMHHUX U BECEHHUX 3HAYCHUN TeMIlepaTypbl IPU3EMHOr0 Bo3ayxa B untepsaie 1976 — 2019
rr. Ilpu sToM yrioBbie KOI(PPUIMEHTH 3UMHUX W BECEHHHX TPEHIOB TEMIIEpaTyphl B
uatepBanie 1976 — 2019 rr. paasr 0.062°C/rom u 0.043°C/rom, a xo3pduueHTH
nerepmuHanuu paBHbl 34% u 28% coorBeTcTBeHHO. OHAKO, 110 HAOJIIOICHHBIM 3HAYCHUSIM
pactupenenenuss Pumiepa 3MMHHE M BECEHHHUE HW3MEHEHUS TEMIIEpaTypbl Ha YpOBHE
3HaunmocTu 0.01 ciyuaitnsl. CTaHnapTHBIE OMIMOKHU ONpeAeTIeHUs YTIOBbIX KO (UIIMEHTOB
JUHENHBIX TPEHJO0B Temneparypbl Bozayxa coctaBisitoT 0.01-0.35°C/rog u conoctaBUMBI ¢
3HAYCHHUSMHU YTJIOBBIX K03(duumeHToB MHOTONETHHE M3MEHEHUS] TeMIepaTyphl BO3ayXa B
000MX MHTEpBaJaxX B APYTUe CE30HbI CTATUCTMUYECKU HE3HAYMMBI M HE ClTydalHBbI yke Ha 95%
YPOBHE 3HAYMMOCTHU. DTO OOBSACHSETCS OONBLION MEXKIOAOBOM HM3MEHUYMBOCTBIO M, Kak
CJIEJICTBUE, MAJIBIM BKJIAJIOM JTUCIEPCHUN TPEHA B OOIIYIO AUCIIEPCHIO TpoIiecca.

B nenom 3a rox v BO BCE CE30HBI, KPOME 3UMBI, B CPETHEM IO TEPPUTOPUU CEBEPO-
BOCTOUHOW wyacTtu banruiickoro mmura runore3a 00 OTCYTCTBHM IOTEIJICHHS YBEPEHHO
oTBepraercs Ha ypoBHe 3HaunmocTH 0.01.

AHamm3 MEXTOJOBBIX HW3MEHEHHS CPETHETOJIOBBIX MPHPAIIEHUH TeMIepaTypbl
npu3eMHOro Bo3ayxa (puc.2.3.2) mokasai, 4To Il UX ONHCAaHUS TPUMEHHMa MOJIENb
npoliecca CIydaifHOro ONy)XKJaHHs C MEXIOJOBBIMU IPHPAIIEHUSAMH OIM3KUMH K Oeromy

mymMmy npu OTCyTCTBUU ACTCPMUHUPOBAHHOTO TPCHAA.
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Puc. 2.3.2. MexronoBbsle U3MEHEHMsI CPEIHErOJOBBIX IPUPAIIECHUN TEMIIEpaTypbl

IIPU3EMHOr0 Bo3ayxa. JKupHas npsiMasi NOKa3bIBaeT JIMHEHHBIM TPEHL.

Ammocgepnvle ocaoku.

CpenHero1oBele U CE30HHBIE 3HAYEHMsS] aTMOC(EPHBIX OCAJIKOB, OCPEIHEHHbBIE IO
TEPPUTOPUU CEBEPO-BOCTOUHON 4acTu bantuiickoro mwura B unrepBanax 1936 — 2019 rr. u
1976 — 2019 rr., HE XapaKTePU3YIOTCS CTATUCTHUECKU 3HAYUMBIMH JIMHEHHBIMUA TPEHAAMHU Ha
ypoBHe 3HaunMmocTd 99% wu 95% (puc. 3, Tabn. 2). CraTUCTUYECKH HEIOCTOBEPHBIN
OTpULATeNbHbIN TpeHa 1-ro mopsinka (yrimoBod ko3dduument -0.59 mm/mec.-Ton, BKIag
JUCTIEPCUH, OOECTIEYeHHOW TPEeHJAO0M, B OONIyI0 aucrepcuio mporecca coctasiser 10%,
CTaHAapTHas omuOKa onpeaeneHus yriaosoro koddduimenta 0.15 MM, ctanaapTHas ommoKa
perpeccun 10 MM, HabmoneHHas cratuctuka CrerogeHta 1.9) HabmronaeTcss B JIETHUX
BEJIMYMHAX 0CAIKOB B nHTEpBaie 1976 — 2019 rr.

B ocranbHble CE30HBI U B TOAOBBIX 3HAYEHMSIX ATMOCQEpPHBIX OCAIKOB B 00OMX
paccMaTpUBaeMBbIX HHTEPBAJaX BBISIBICHBI CTATHCTUYECKH HE3HAYMMBIE MOJIOKUTEIbHBIC
TpeHabl ¢ yrioBeiMH Kodddurmentamu ot 0.01 mo 0.18 Mm/ron u koddpdunueHTamMu

nerepmuHaiuy He 6omee 0.17.
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Puc. 2.3.3. Ce30HHbBIE aHOMAJIMHU MECAYHBIX CYMM OCaJKOB (MM/MECSIIT), OCPETHEHHbIE
no tepputopuu Konbckoro momyoctpoBa 3a 1936—2019 rr. Anomanuu paccUMTaHbl Kak
OTKJIOHEHMS OT cpefHero 3a 1961—1990 rr.IIpsmas nokas3siBaeT JIMHENHBIA TPEHI.

Tabnuua 2.3.2. OueHk TMHEHHOTO TPEHAA Ce30HHBIX U F'OJIOBBIX CYMM aTMOC(EPHBIX

ocankoB 3a 1936-2019 rr. u 1976-2019 rr.

[Tapamerp/ o b Sep Sex R? Freer Treer
Ce3oH,
WuTepBan
3uma
1936-2019 6.3 0.11 0.06 5.9 4 - +
1976-2019 6.4 0.09 0.05 5.7 13 - -
Becna
1936-2019 5.8 0.02 0.02 5.7 1 - -
1976-2019 6.1 0.18 0.09 5.8 11 - +
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Jleto

1936-2019 0.9 0.007 0.005 1.00 6 - +
1976-2019 1.0 0.059 0.015 0.93 10 + -
Ocenb

1936-2019 1.2 0.016 | 0.006 121 9 - -

1976-2019 1.2 0.039 | 0.016 1.06 17 - -

Ton
1936-2019 1.1 0.015 0.027 1.23 11 - -

1976-2019 11 0.043 | 0.014 0.82 16 - -

O003HaueHus: Te e, 4To B Taduuie 1

JluarHo3 MHOTOJIETHUX HM3MEHEHHMM KIMMAaTHYECKUX XapaKTEPUCTHK TMPEICTaBISET
co00i1 MHTEpHIpeTaINIO PE3yIbTaTOB COBOKYMHOCTH OLIEHOK, MOJYYEHHBIX MPHU aHAIHU3E UX
MapHoOM perpeccuu 1-ro u 2-To NOpsAKOB HA BpeMs.

1) JlocTOBEpHOCTD JIMHEHHOTO TTPUOIUKEHUSI MHOTOJIETHUX U3MEHEHUN TEeMIIEPaTyphbl
MPU3EMHOTr0 Bo3ayxa B mHTepBaiax 1936-2019 rr. na tepputopun Koiabckoro momayoctpoBa
He mpeBblaeT 24%, a B OONBIIMHCTBE CIy4aeB 3HAUUTEIHHO HIDKE. BENMUYUHBI YTIOBBIX
KOA((UIIMEHTOB JTUHEHHBIX TPEHIIOB TEeMIIepaTypbl MPU3EMHOIO BO3[AyXa BapbUPYIOTCS B
npenenax 0.04-0.001 °C/ron. B 3aBucEMOCTH OT ce30Ha M MacmTaba BpeMEHHOH u
MIPOCTPAHCTBEHHOW (hparMeHTaIi MPUMEpPHO 0JMHAKOBO. KoaduimenTsr mpu kBagpaTHOM
YJIeHE YpaBHEHHMU TpeHAa 2-ro MOps/iKa, XapaKTEPHU3YIOIIME 3HaK M 3HAYEHUE YCKOPEHUs
TUHAMHUKHU OITM3KH K HYJTIO B TPETHEM 3HAKE MOCIIE 3aMsTOM.

MareMatuueckoe OXXHUJAHWE MEKTOJIOBBIX MPHUPAIIEHUN TeMIEpaTypbl MPU3EMHOTO
BO3/lyXa MPAaKTUYECKU PABHO HYJIIO M HE MEHSETCS CO BpEMEHEM.

Jlns omucaHMsT MHOTOJIETHUX HM3MEHEHHMM TeMIlepaTypbl MPU3EMHOTO BO3ayXa B
uHTepBanax 1936-2019 rr. u 1976-2019 rr. ontumanbHa MOJENb CIy4YailHOrO Mpoliecca C
HE3aBUCHUMBIMH TPUPALICHUSIMH — TIpollecca CIy4yalHOro ONyXIaHUsS C MEXTOJO0BBIMHU
MPUPAMECHUSIMU OJTU3KUMU K O€TIOMY IITyMYy TIPH OTCYTCTBUU JETEPMHUHUPOBAHHOTO TPEH/IA.

2) [ns omucaHUST MHOTOJIETHUX M3MEHEHHMH CE30HHBIX H TOJOBBIX CYMM
atMocdepHbIx ocankoB B uHTepBanax 1936-2019 rr. u 1976-2019 rr. Ha Teppuropuu ceBepo-
BOCTOYHOM yacTu banTuiickoro mmura npeanouyTUTeNbHAa MOJENb CTAalMOHAPHOTO psia C
MPUCYIIEH €EMY €CTECTBEHHON N3MEHYMBOCTHIO.

JluarHo3 MHOTOJIETHEH JIWHAMUKM OCHOBHBIX KIMMAaTHYECKHMX MEPEMEHHBIX

CBHUICTCIILCTBYCT 00 OTCYTCTBHUU CTATUCTUYCCKH 3HAYMMBIX Ha YPOBHC 3HAUYUMOCTHU HAXKC
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0.05 HanmpaBiIEHHBIX U3MEHEHUU THIPOMETEOPOJIOTHYECKUX XAPAKTEPUCTUK, ONMPEICIIIIONIUX
MUTaHUE MOA3EMHBIX BOJI HA TeppuToprn Kosbckoro nojsyoctposa.

OneHka HEONpeAeNeHHOCTEH —  HEoOXOAUMOE  YCIOBHE  KOJUYECTBEHHOTO
onpezeneHus: 1000l (pu3Mueckol BEIUYUHBI, B TOM 4YHUCIIE, BBIABICHUS U OLCHUBAHUS
BJIMSIHHASL MHOTOJIETHUX M3MCHEHUH XapaKTEPHCTUK KjiMMarta Ha moasemubie Boabl [30, 155].
K coxanenuio, B MOJABISIONIEM YHCJIE HCCIEAOBAaHUN 3TOMY BOIIPOCY HE yemseTcs
JIOJKHOT'O BHUMAHUSL.

Heonpenenennoct  MOXHO — KkiaccuuuupoBaTb B 3aBHCHUMOCTH  OT  HX
MPOUCXO0XKICHUS HA JIBA OCHOBHBIX THIIA — “‘HEONPEICTICHHOCTH 3HAYCHUN U “CTPYKTYpHBIE
HEOIpeeIEHHOCTH .

Heonpenenennoctu 3naueHuil BO3HUKAIOT, KOT/Ia TaHHBIC HETOYHBI WM HE B MOJTHOU
Mepe TMpeACTaBISAIOT HMHTEpecyllee Hac sBleHue. HeompeneneHHOCTH 3HAuYEHUUN
00yCIIOBJIEHBI TAKUMH OOBEKTUBHBIMH MPUYUHAMH KaK MOCTYHATeNbHOE Pa3BUTUE METOIUKH
HaOJIIOZICHUH, MOBBIIIAIOIIEE KAaYeCTBO MACCHUBA THAPOMETEOPOJIOTHYECKUX JTAHHBIX, a TAKKe
HEJOCTAaTOYHOCTh U HEPABHOMEPHOCTD IJIOTHOCTH CETH CTAHIIMIA HAOIIOICHUH.

CTpyKTypHBIE HEOIPEAENCHHOCTH CYOBEKTUBHBI, IOCKOJIBbKY WX HCTOYHUKOM
ABIIIETCS BBIOOp TOM WM WMHOHW, alpHOpPH, HE TMOJHOCTHIO aJIeKBaTHOM METOAMKHU
MIPOCTPAHCTBEHHO-BPEMEHHOMU (hparMeHTaIluU JaHHBIX HAOIIOACHHI.

Heonpenenennoctu 3naueHui BO3HUKAIOT, KOT/Ia TaHHBIE HETOYHBI WM HE B MOJTHOU
Mepe MpeACTaBISIOT HMHTEpEcylolllee Hac sABjleHHE. HeomnpeneneHHOCTH 3HA4YEeHUU
00yCITOBJIEHBI TAKUMH OOBEKTUBHBIMH MPUYUHAMH KaK MOCTYHaTeNbHOE Pa3BUTHUE METOIUKH
HaOJIIO/ICHUH, TTOBBIIIAIOIIEE KAa4eCTBO MACCHUBA THAPOMETEOPOTIOTHYECKUX TAHHBIX, 4 TAKKE
HEJI0OCTAaTOYHOCTh M HEPABHOMEPHOCTH TUIOTHOCTH CETH CTAHIIMI HAOJIOICHUM.

Cratuctnuecku v GU3NUYECKU 3HAUMMBIE HEOMPEICTICHHOCTH 3HAYeHU aTMOC(hEPHBIX
0CaJKOB OOYCIIOBJIEHBI MEHSIOIIEHCS METOAMKOM U CPOUYHOCTBIO UX HM3MEpPEHUs, a TaKkKe
HEJIOCTaTOYHON INIOTHOCTHIO HAOIIOMATEIbHOM CETH MW, CIIeI0BATEIIbHO, HEOJAMHAKOBOM
pPENPEe3eHTaTUBHOCTHIO TAHHBIX HAOJIOICHUM.

Jlanubie, nonyyeHHbsle B 20 Beke, U TEKyIIHE, MOCTyNaOUMe M0 KaHajaM CBA3M, IO-
MPEXKHEMY COJEPKAT CYHIECTBEHHYIO MHCTPYMEHTAIbHYI0 HEOJHOPOIHOCTbh, CBSI3aHHYIO, B
YaCTHOCTH, C HEJIOYYETOM TBEPJIbIX OCAIKOB, OCOOCHHO MPHU METENSX M CUIIBHBIX BETpax.
[ToMmuMoO TIPSMOTO CMEIIEHUS B OIICHKE KOJWYECTBA OCAJAKOB 3UMOM (MX 3aHWKEHHUE IO
CPaBHEHHUIO C pPEANbHBIMHU), 3TOT “HENOYYET B YCJIOBHUSX MEHSIOLIErOCS KJIMMAaTa MOKET
MIPUBECTU K MOSBIEHUIO JIOXKHBIX TpeHA0B. Hanmpumep, yMeHbIIEHHEe CKOPOCTH MPU3EMHOIO
BETpa CHOCOOCTBYET YBEIMYEHHIO H3MEPEHHBIX OCAJKOB B PpE3Yy/lbTaTe€ YMEHBUICHHUS HX
NOTeph MPU U3MEPEHUU (JIydllle yJIaBIMBAIOTCS TBepible U cialdble ocalaku). VIHTeHCHBHOE

MOTCINICHHUE KJIMMaTa, B CBOIO OYCPCJb, MOXKCET CO3JaThb HJIJIFO3HWIO YBCIIMYCHHSA OCAJIKOB
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BCJICICTBHE YMEHBILECHHUS IIOBTOPIEMOCTH TBEPBIX OCAJKOB B IOJb3Y KUIKUX U T. II. DTOT U
npyrue 1moaooHbie 3GGEKTH CleAyeT UMETh B BHY NMpPHU BBISIBICHHUH U OLIEHKAX TPEHIIOB.
IIpencrasisieTcs, 4TO MOTHOLEHHO YCTPAHUTh MHCTPYMEHTAIBHYIO HEOJJHOPOJHOCTD yIaCTCs
JMIIb TIOCNIe 3aBeplleHuss paboT IO CO3JaHHMIO STAJOHHONO MaccuBa HaOMIONEHUH 3a
ocaakamu B Poccuu 3a Bech eproi MHCTpYMEHTAJIbHBIX HAOII0ACHUH.

C yd4eroM BBIIIECKA3aHHOTO, JIIOOBIE BBIBOABI O TEHACHLHUAX PETHOHAIBHO
OCPEIHEHHBIX M3MEHEHHUH KIMMATHYECKUX XapaKTEPUCTUK HE MOIYT CUMUTaThCA
ucuepnpiBaloluMy. HeoqHO3HAaYHOCTh — HEW30eKHOE CIEACTBUE OOBEKTUBHBIX U
CyOBEKTHUBHBIX HEONPEIEICHHOCTEH, BO3HUKAIOIIUX IPU BBIABICHUM M KOJIWYECTBEHHOM

OMpCACIICHNU KIIMMATUYCCKUX TPCHOO0B.

3. I'maBa 3. Onenka BJMSIHUI Bapualuii KJAMMaTa HA NMOJA3eMHBbIl CTOK ceBepo-

BOCTOYHOH yacTu Baarniickoro mura

3.1.  Tudpoeceonocuueckue ycnogus u @axkmopwvl popmuposanusi cmoxa 8 cegepo-
socmounol yacmu banmuiickozo wuma

Kounbckuii moyocTpoB paciioyioskeH Ha ceBepo-3anane Poccun u npencrasisieT coo6oi
BOCTOYHYIO OKpaWHy KpyHHOU ¢u3nko-reorpaduueckoil crpanbl — PenHockanauu. Ha
CEBEpPE M BOCTOKE TEPPUTOPHs OMbIBacTca BojaMmu bapenuneBa n benoro mopei. 3anaanas
IpaHUIla peruoHa He SBISIETCS MPUPOJHBIM PYOEKOM M COBIQAAET C TOCYAapCTBEHHOU
rpanutieit Poccun ¢ ®unnsiaauert u Hopserueii (puc.3.1.1) [81].

C ceBepa Ha 1or TeppuTopus mpotrsHyinack Ha 10° mouytu ot 70° c. m1. B paiioHe
noayoctpoBa Peibaunii 10 60° c. 1. y 10kHOH okpauHbl JIagoxckoro o3epa, 4To cocTaBiseT
ceiie 1000 kM. C 3amaza Ha BOCTOK TEPpUTOPHs MpOTATrUBaeTcs oT 28° B. 1. (F0)KHas 4acThb
Kapenuwn) 10 41° B. 1., 60ee uem Ha 500 kM [81].

Konbckuil 1monyocTpoB paclojioXeH B Ipefenax baaTHiCKOro KpUCTANIMYECKOIO
[IUTa, TO3TOMY OTHOCSTCS K HamOosiee npeBHel dactu EBpombl. OgHaKko mpuposia peruoHa
JIOBOJIBHO MOJIOJA, TaK KaK 371€Ch HAXOAWJICS LIEHTP YETBEPTUUHOrO osieaeHeHus. [locnennuit
JeTHUK TIOKUHYJI TEPPUTOPUIO HECKOJIBKO THICAY JIET Haszajd, MO3TOMY Bce JaHamadr
oOpa3yromue  MOpouecchl  JEWCTBOBAIM  3/IeCh  CPAaBHUTENBHO  KOPOTKOE  BpeMs,
«HAaKJIaJpIBasIiChy Ha JpeBHEHIIyI0 ocHOBY. Kimmar permona ¢opmupyercs moj BIUSHUEM
Atnantuku u Teroro Hopa kamnckoro Te4eHus, HO3TOMY OH JOBOJIBHO MSTKMH M BIIQXKHBIN
JUIS 3TUX IIUPOT. TeppuTOpHs MOKPHITA I'YCTOH CEThIO 03€p M PEK, MHOTO 3a00JI0UYE€HHBIX
y4acTKoB. bonbias 4acTh pervoHa JiecHas, ¢ peo0IaaHueM COCHOBBIX JiecoB. CeBep 3aHsIT
TYHAPOH W JecoTyHapoil. Bce 310 — cmnenmduyeckue 4YepThl MPUPOIBI, OTIWYAIONINE

Konbckuii nonyoctpoB u Kapenuto ot Pycckoll paBHUHBI U MO3BOJISIONIME OTHECTH MX K
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npyroit (usuko-reorpaduyeckoil ctpane — DOEHHOCKAaHIUHU, OOJbIIAs YacTh TEPPUTOPUHU
KOTOPO# HaxoauTcs 3a npejaeinamu Poccuu [81].

B wusydeHum mpupoasl peruoHa NPUHUMAIM Y4YacCTUE MHOTHME OTEUECTBEHHbIC
uccnenosarenu: H. B. Kyapssues, b. M. Kymnerckuii, A. E. ®epcman, I'. [[. Puxtep, A. A.
I'puropeeB, A. A. IlonkanoB, A. A. IlapkoB, M. A. JlaBpoma, I'. C. bucks, C. .
Makuesckuii, 0. A. Memepskos, H. 1. Huxonaes, A. A. Huxonos, C. A. CrpenkoB u
MHOrHe Jnpyrue. HauGomnpimmii MHTEpEeC YUYEHBIX TPHUBIEKIO T'EOJOTHYECKOE CTPOCHHE
TEPPUTOPUU U APEBHEE OJIeIEHEHUE, TI03TOMY MHOTO pabOT MOCBSIIEHO JINTOTEHHOW OCHOBE

pervoHa.

Puc.3.1.1 Mecrononoxenue Koabckoro momyoctposa Ha kapte PO [81].

Penveg. Oporpaduueckuii pucyHok Kombckoro momyoctpoBa u Kapenuu nocratouHo
npoct. HauOonbmux BBICOT TEPPUTOPHUS JOCTUTAeT B 3amagHoil yactu Komabckoro
MOJIyOCTPOBA, MMEIOLIEeH pacuieHeHHbIH penbed. 37ech pacroyioKeHbl OTAeIbHbIE TOpHBIE
MacCHBBI C INIOCKUMU BEPIIMHAMH, pa3zeieHHble fenpeccussMu. MIx BoicoThl focturarot 900-
1000 m. JIums enuanyHble BepiinHbl XuOuH (1. YacHauopp — 1191 m), JloBozepckux TyHap
n MonuetyHaps! npesbimator 1000 M. It BOCTOYHOM 1OJI0BMHBI KOIBCKOTO MOITYOCTpOBa
XapakTepeH 0oJiee CIIOKOWHBIN BOJHUCTBIM penbed ¢ mpeobdnanarommmu Beicotamu 150-250
M. Cpenu BOJHHCTOW paBHHMHBI BoO3BbIIaeTcs rpsaa Keiisel (397 M), cocrosmas u3
OTJIENbHBIX IIETeH, BBITAHYTHIX C CEBEpO-3amaja Ha I0ro-BOCTOK BIOJb LEHTPaJIbHOW YacTH
nosryoctpoBa. XoTsi penbed Kombckoro mosyocTpoBa AOCTaTOYHO IMEPECEYSHHBIN, OKOJIO
30% mnoBepxHOocTH 3aHATO Oonoramu. OcobenHo Oorata wmu [loHOMCKas HU3MEHHOCTH
Kounbckoro momyocrposa [81].

Tuopoepagus. Konsckuii momyoctpoB u Kapenus 6oraTel MOBEpXHOCTHBIMH BOJIAMHU.

2

Moaynb cTOKa COCTaBIISIET 3/1€Ch 7- 12 11/cXKM”, a B Topax Bo3pacTaeT 10 25-30 n/cxkm?. Ha
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TEPPUTOPUHU PETHOHA OYeHh MHOTO 03ep — Oosiee 170 Thic. 3mech HAXOAUTCS KpyIHEHIee
o3epo EBponsl — Jlagoxckoe (17,7 Toic. km?). IIpubmmxaercs k 10 Thic. kKM? IIIOMAb
Onexckoro osepa (9,7 toic. kM%). Cpemu Ipyrux o3ep BBIICHAIOTCA CBOEH BEIMUMHOM
Tonoszepo, Mmannpa, Cerozepo, 11s03epo, Boirozepo, numeronue miomaab ot 500 go 1000
KM?, 1 s Gosee Menkux o3ep. OOGHIMIO 03ep CIOCOOCTBYIOT KaK KIMMATHUECKHE YCIOBHS,
TaKk 1 OOJIBIIIOE KOJWYECTBO KOTJIOBHH JICAHUKOBOIO M TEKTOHHUYECKOTO IPOUCXOXKIICHHS.
Ozepa cBs3aHbl MEXKAY COOOM KOPOTKMMHU U MOPOKUCTBIMU pEKaMU. 31€Ch HaCUUTHIBAECTCS
okosio 40 ThIC. pek OO0IeH MPOTSHKEHHOCThIO He MeHee 83 Thic. kM. Bmecte oHm oOpasyror
CJIOHBIE 03€PHO-PEYHBIE CHCTEMbl — CIEeUU(DPUYECKYIO YepTy HMPUPOJIbl JAHHOTO PErroHa.
Haubonee xpynubimu pekamu Koisbckoro nomyoctposa siBisitorest: [loHoi (mymna 410 k),
Noxansera (197 xm), Boponss (155 km). B nutannn pex ocCHOBHast pojib IPUHAJIEKUT TaJIbIM
cHeroBbIM BojaaMm (40-45 %), okono 35 % narT A0XkKAEBbIE BOJBI, POJIb TPYHTOBOTO MUTAHUS
amke (20-25 %).

CHOXHOCTh TEOJIOTHYECKUX U OpOorpadUyYecKux YCIOBUI, HaTHMYue BOJHM3U 3E€MHOMH
MOBEPXHOCTU BOJIOYNOPHOM KPUCTANINYECKOW OCHOBBI, OOJIBIIOE KOJIMYECTBO BbINAIAIOIIUX
0CaJIKOB M OTHOCHTEIFHO MAallo€ MCIAapeHHe BIUAIOT Ha XapakTep ruaporpaduueckoit cetu
Koneckoro mnomyoctpoBa. 31ech BecbMa pa3BUTa peyHasi CETh, a IO KOJUYECTBY O3€p
MOJIyOCTPOB 3aHMMAET OJHO U3 MEPBBIX MecT B Poccuu; HU3MEHHbIE U cllabopacuieHeHHbIE
Y4aCTKU TEPPUTOPUU HEPEAKO MPEACTABISAIOT CO0O0M KpyIHbIE 3200JI04€HHBIE TPOCTPAHCTBA.

Pexu Konbckoro nomyoctpoBa nmpuHajiexar K 0acceitHaMm ByX mopeit — bapeniieBa
u benoro; Bomopasaen mpoxXoauT C 3amaja, Ha BOCTOK — OT IOCYAapCTBEHHOM T'paHMIIbI C
Ounngaauet k ropay benoro mops uepe3 CanbHble, XuOuHckue, JIoBo3epckue TyHIpBI U
ropuyto rpsaay KeiiBel. OTcioga Ha ceBep M IOT TEKyT IJIaBHEWIIME PEKU IOJIYyOCTPOBA.
3aHMMas CpEeIMHHOE TIOJIOKEHHEe, BOJOpa3/ien OOYCIOBIMBAET HEOOMBIIYIO JIUHY
CTEKAIOIUX C HEro PEK, COPOCOBBIN XapakTep HX MPOAOIbHBIX Mpoduie u HeOoNIbIINne
TUIOIAM BOJOCOOPOB. B MIMPOTHOM HANpPAaBIEHMM TEKyT JHIIb peku Jlorra, Mokanbra u
IToHot .

Bce pexku Kombckoro mnomyocTpoBa B 3aBUCUMOCTH OT penbeda Hu  IpPYyrux
reorpauueckux OCOOEHHOCTEH MOXKHO pa3[euTh Ha TPU OCHOBHBIC TPYIIBI: TMONY
paBHUHHBIE, 03€pHOro THUNa M ropHele. Becero Ha KonbckoM mosyocTpoBe HAacUMTHIBAETCS
20616 pek. Camoii mpoTspkeHHOU siBIsieTcs p. [loHo# mymHOM 426 KM, caMoii OOJIBIION peKon
10 TIoMmamy Bogoc6opa — p. Tymoma (21500 km?, 3 mux 18200 Ha Tepputopun Poccun).

Knumam. Ha xnumar KonbCKoro moiyocTpoBa OOJNBINOE BIUSHUE OKa3bIBacT
MOJIOXKEHHUE pPEeTrHOoHa Ha KpallHeM ceBepo-3amane Poccun. M 00ycClOBJICEHO OTEIUISAIOIICE
BIUsHUE ATIaHTUKM © Hoppakarckoro TtedeHus, MNpoxoasmero O0au3 MypMmaHCKOTro

nmobepexps, Omarogaps yeMy KIMMAT 37IeCh MEHEe CypoB M 0oJjiee BaKEH, YeM B JPYTUX
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pernonax Poccum, nexamumx Ha Tex ke muporax. OIHaKO ceBepHOE MOJI0KEHHUE ONpeaeseT
3HAYUTEIHHOE BIUSHHUE XOJOAHBIX apKTUYECKUX BO3AYIIHBIX Macc U HEOOJBIIYIO BETHUUHY
COJIHEUHOM pajualuu, y4acTBYIOIIeH B KimMarooOpasyromux mnponeccax. Haj akBaTopueit
bapennieBa Mopsi 3UMOIi U JIETOM HPOXOISAT IUKJIOHBI apKTHYECKOro (PpOHTA, CYIIECTBEHHO
BIIUSIOLINE HA KIIUMAT PErroHa.

3umoii Ha KosibckOM TOJIyOCTpOBE, MOYTH MOJIHOCTHIO JIEKAIIEM 3a MOJSPHBIM
KpyroM, YCTaHaBJIMBAETCA IMOJISIpHAs HOYb, KOTOpas IPOJOJKAETCd Ha IO0JIYOCTPOBE
Pr16aunii n1Ba Mecsia, B MypmaHcke cBbiiie Mecsia (36 nueit), a B Kanmanakie — BoceMb
nHell. B TeyeHne 3TOro BpeMeHHU COJIHIIE COBCEM HE MOKa3bIBaeTCs HajJ ropu3oHTOM. Jlaxke B
F0KHBIX parioHax Kapeinn OHO IMOAHUMAETCS HEBBICOKO, U MOCTYIAONIAs pagualns KpaHe
mana. OJgHaKo, HECMOTpS Ha 3TO, 3UMa 3JeChb JOCTATOYHO MsrKasl, 4TO OOYCIOBIIEHO
0COOCHHOCTSIMU aTMOC(HEPHON TUPKYIISIUH.

B 3umHee Bpemsi pa3BUBaeTCs IUKIOHUYECKAs JESATENbHOCTh Ha bapeHieBoMopckoi
BETBU apKTHUYECKOro (PpOHTA, YTO OMNPENENseT T'OCHOJCTBO Haj Teppuropuei Kosbckoro
MOJIyOCTPOBAa YCTOMYMBOIO IOro-3amajJHOro IOTOKa OoJiee TEIIoro MOPCKOTO BO3AyXa
YMEpPEHHBIX IHUPOT ¢ Temmeparypamu, Onuskumu K 0°C, 1100 KOHTHMHEHTaIbHOTO,
o0pa3oBaBIIerocs 3a cueT TpaHcGopMalli MOPCKOTo; ero Temmepatypa Huxe (-10...-15°C).
VYcraHaBnuBaeTcs OTHOCUTENIBHO TeJias, HO BETpeHasl U CHexHas morojaa. Camasi BbICOKas
cpennsisi Temneparypa staaps (-6°C) Habmromaercst Ha ceBepe moyiyocTpoBa Pribaunii, e
0COOEHHO CHMJIBHO TMposBIseTca oTemuisitoniee BiusHue Hopakamnckoro tewenus. Ha
nobepexbe Konbckoro nmoiyoctpoBa cpesiHe ssHBapcKasi Temreparypa coctasiser -/...-10°C,
noutn Takas ke Temmeparypa (-8..-10°C) Ha tore Kapemuu; BO BHYTpEeHHHX paifoHax
Konbckoro momyoctpoBa um Ha ceBepo-3amane Kapemum oHa cocraBmser -12..-13°C. C
BTOP)KEHUEM TEIIOTO BO3/yXa OBbIBAIOT CBsI3aHbI OTTEIENU (TeMmIepaTypa MOAHUMAETCS 0
5°C), rononen, noxau. Temnepatypa Bo3ayxa yacto konebnercs okono 0°C. HanGomnbime
MOXOJIO/IAHNS BBI3BIBAET BTOP)KEHHME B AHTHULMKIOHAX BO3/AYyXa M3 IEHTPAIbHBIX DPAaliOHOB
ApkTHKH. B Takux ciydasx Temreparypa MOXKeT MOHIKaThes 10 -35...-40°C. AGCOMOTHBIHI
MHUHHMYM B OTJIEJIbHBIX ITYHKTax Konebnercs ot -38 o -54°C.

[IpeoOnananre LUKIOHUYECKOH MOroabl 3uMOH  OOYCIOBIMBAE€T  BBICOKYIO
OTHOCHUTENIbHYIO BJIQXHOCTh (0K0JI0 80%), OONbLIYyI0 MACMYpPHOCTh M YacTble CHETONajbl.
CHEeXHBII MOKPOB JIEKHUT MOYTH MATh MECALIEB B TO/y, a Ha ceBepe MHorAa u noJjsbie. Ero
MOIIIHOCTh K KOHILY 3uMbI focturaetr 50-70 cM. B ropHbIx paiioHax cHera cKariMBaeTcs euie
6onbie (1o 1 M u Gonee). BenencTBre HepaBHOMEPHOTO paciipe/ieieHus] CHEKHOW TOJIIIN Ha
CKJIOHax rop oOpasyiorcs JaBuHbl. Cxonut cHer B Kapenuu x cepeanHe masi, a Ha ceBepe

Kombckoro IMOJIYOCTpOBa JIC)KUT 10 KOHIIA Masl — Hadalla UFOHA.
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Jlerom Ha  KoJbCKOM  TMOJIyOCTpPOBE  YCTAHABIMBACTCS  MOJSPHBIA  JCHb,
npoaoJpKaroumics B MypmaHcke 1Ba mecsna, a B Kannanakime — ogun. Ha ceBepe Kapenuu
(66° c. 11.) MOJSIPHBIM I€Hb COCTABIIAET BCETO OJHU CYTKHM, HO HOuM B Kapenuu xopotkue,
CyMepeuHble, TOSTOMY CYMMapHas paguaius JOCTUraeT 3HAYUTEIbHBIX Belu4yuH. Ha
KoJIbCKOM TOITYOCTPOBE 3a MIOHB-aBIYCT OHA COCTaBIseT 36-37,5 kkan/cm?. OpHAKO yacTas
o0nadyHOCTh CcHMXKaeT wHHcossAnuioo. Jleto Ha KoibckoM moayocTpoBe MNpoXjajHOE MU
JOXAJMBOE. YCHIIMBACTCA IMKJIOHMYECKAs JESITEeIbHOCTh Ha apkThueckoM ¢ponre. [lytu
JICTHUX LUKJIOHOB IMPOXOJAT HECKOJIBKO IO’KHEE, YeM 3UMHHUX. B ThbUI LIMKIIOHOB 3aTeKaeT
XOJIOHBIM apkThueckuid Bo3ayx. Ha moGepexbe Koabckoro mosyoctpoBa mnpeobiamaroT
CEBEPHbIC BETPBI, HO MPHU 3HAYUTEIBHOM IOCTYIIJIEHUHM COJHEYHOH pajualuu apKTUYECKUIl
BO3JyX JIOBOJILHO OBICTPO IPOrpEBAETCS, MOITOMY M30TEPMBbI HIOJS B CEBEPHOM YacTH
nosyoctpoBa commkensl. CpeHue TemMrepaTypsl 37ech cocTaBisiioT 8-12°C. Bo BHyTpeHHUX
paiionax onu gocturaroT 14-15°C. OTHOCUTENbHAS BJIAXKHOCTh BO3/yXa JIETOM MEHbBIIE, YEM
3UMO#, HO BCE k€ JI0CTATOYHO BhICOKA (65-70%). MHOTO MOXKMIUBBIX JHEH. JIeToM ocaakoB
BbIlaiaeT OoJibllle, YeM B JApYyrue Ce30Hbl. M3penka ciydaroTcsi BTOP)KEHUsI TPOIUYECKOTO
BO3/yXa, IPU KOTOPBIX TeMIepaTypa MokeT focturarh 25-35°C. AGCOMOTHBIN MaKCUMyM Ha
Konsckom nomyocrpose 30- 33°C.

l'omoBass cymma ocankoB cocrtasisger 500-700 MM, B topax — g0 1000 mwm.
Bo3moxHOe ucnapeHue 3HauMTENbHO HMKE KOJMYECTBA BBIMAJAIOLIUX OCAIKOB, MOATOMY
yBIIQXKHEHUE MTOBCIOAY U30bITOYHOE, UTO ONpeAeseT 00blIyt0 00BOHEHHOCTh TEPPUTOPHH.

ITo xnumarudeckomy paifonupoBanuto b. I1. AmmcoBa (1956 r) cesep Komabckoro
MOJIyOCTPOBA OTHOCUTCS K ATIaHTHUECKON 00J1aCTH cyOapKTHYecKoro nosica. Best ocranbHast

TEPPUTOPUS BXOIUT B ATIAHTHUKO-APKTUYECKYIO 00JIaCTh YMEPEHHOI'O TosIca.

3.2.  Awnanuz memeoponocuueckux Gakmopos obueco peuno2o cmoxka Ha meppumopuu
Konvckoeo nonyocmposa

NudopmaninoHHONW OCHOBOW pellleHus] TOCTAaBIEHHBIX 3aJay ObLI MAacCUB JaHHBIX,
COCTOSIINIA U3: METEOJAHHBIX (TEMIEPaTyphl, OCAJIKH) MO cTaHIUsAM KoabcKoro moixyoctpoBa
(exxerogHble  €XKEMECAYHBIC), MAHHBIX II0 pacxojaM Ha CTBOpax peK (eKeroaHbie
exxemecsianble, cyrounbie) (Ta6:1.3.2.1, Ta6:1.3.2.2). DT CTBOPHI U METEOCTAHIIUH BKITFOUCHBI
B TOCYJIApCTBEHHYIO HA0II0AaTeIbHYI0 ceTh PocruapomeTa, U B 6a3y MOHUTOPUHTA KIUMaTa

WuctutyTa rinodansHoro kiuMara u skonorur PAH. Jnuna psaos: 1932(36/53) — 2015 rr.
it cOopa JaHHBIX HCHOJB30BATUCH CIEAYIONHUE OOMICIOCTYITHBIC JJICKTPOHHBIC

peCypChI: http://meteocenter.net/ world_weather_stations.htm, http://meteo.ru/. u

THUAPOJIOTHYCCKUEC CIKCTOJHUKU. HpOBCIIeHO COMMOCTABJICHUC TUAPOMCTPUYCCKUX CTBOPOB C

METEOPOJIOTUYECKUMHU CTaHIUsAMH. MHpopManus 1mo M3yd4eHHOCTH IPEJCTaBICHAa HA KapTe
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dakTuueckoro matepuana (puc. 2.1). Crenan CTaTUCTHYECKUHN aHAIM3 JaHHBIX HA H3ydaecMOi

tepputopuu Kojabckoro momayocTposa.
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Tao1.32.1. JTassseno creopav Kombckoro rarmyocTposa

Hazearnve BonHoro

Kon

Faccrose

T ep0n CIRA

NdNo

OOBEKTA IyHKTA | BOJHOO | (KM.) OT BYIOC- | WUIOMECILION T0CTa ! '

u TyHKTA | HAOTFO- | QOBKCKTA oopa, BbX0ma, | GiCrava | [Ivpora | A0Tora
nit HOFQTRHAA TCHV Y @i OTERI | SR BbKOT | IPMVH. | TPMUH.
1| PRV Ty oot 140 0 1| 1440 | OLOLISSS Jkem | 000 | BC | 6857 | B3

Pl B0V I0Mi-

3 | 2| Rpwooxboes | 7004 10100001 142 | 550 | 18I0 | 1200193 JHiom | 000 | EC | 603 3008

C

9 |3 p*m@m*m" 7010 100000001 180 | 330 | 1B | OLI0IT Jkim 40 | (BCT) 695 | 013

5 |4 Eil_bﬂirab[ﬂnw 7018 | 0100027 B0 | 80 | 160 | 19001%7| Jhim | 1354 | (BCT7) | 6931 | 3L10

% |5 pypggjp@’ 7104 010008 600 | 300 | 100 | 122194 JHim | 146 | (KCTT) | 6016 48
p.lymva-13C

0 | 6 Bowe | 7000 10000112 100 | 630 I/AD | 180619% Jeim | O | BC | 6% | 3145
Tymovoas

pIymnva-13C y
5 7 . 7065 | 10I000112| 640 | 000 | 21500 |OLOLISY Jkiem 000 | EC | 6850 | 49
X o | pliem-cliamyy | /lUo/ | IUIUULLS| /BU 1 19 (A1) JbeB. | W 15 @) oA 3143
58 |9 p“mwwm"r 7108 | 101000128| 370 200 | 5B | 2110161 Jeiem | 853 | (7)) | 6841 | 3L
bl |1V pBym-yYne 10/ | JUIUUIG | DU ZWJ > o ¥ Wb.¥os | s | YL/ | (BL//) | Bl 340
 u P %lm 70/ | 01000074 640 | 300 | 1740 | (BOBI%S| JHim | 07 | (BCT7) | 6300 0I5

pJlora- y -
® 2 7065 | 10100004 100 | 610 | 2540 | 2110199 JHiom | 10513 | (BCT]) | 82 B%
pJlora- y
0B 7085 | 0100004 10 | 610 | B0 | OL0719%6| Jhiom | B | (BCTT) | 82 B%
B 14 P ‘I?WHOT* mw Tl i0m | 1000008| 60 | 250 | 319 | OLODASE| JHiom | 7747 | (BCT) | 6% | M
B 15 pAm}‘:I::IM’T 700 | 010000 60 | 600 | M0 | (07196 JHim | 808 | (KCT]) | 848 0D
0 |16 P “Ormm”w““ 71006 | 1010004 420 200 2B | OLO719%6 JRim | &7R | BC77) | 6845 | 04
al | 1/| pRom—KCRK (1B | 1JUIUUUAS | 1W U 200 JDAIEA| JbeB. | 12 | (BL//) | B4 3316
pROB- 1429511
® |18 wiOsGraoi | 7104 10100063 750 | 800 30 | 1810197 Jhim B8 | (CT) | 8% | B
KL
pKum- y
g 1© b N0 | 10000074 &0 | 220 U5 | (6RI9R Jkicm | 10040 | (BCT) | 6837 | BT
B || ploca-yme (17 | J0ouUAY | 11U 110 1o/ A 199| /BB 493 BL) (07104 B
1w |2 PP Bmﬁm 06 | 10000020 640 | 630 | 9B | 0600197 [k | 1648 | (BCTT) B84 | AR
1o | Z] pBopoHs1-nmCrK | /1Lal | [UIUUUSSo | sl 1/ 3/ U LU0 | s | 1524/ | (BL//) | Bal Kok o)
p.tim‘lfﬂ'
18 | B Copdpmaes | 713 | 1000008%| 107 | 480 | 860 | 1108190 Jkicm 000 | B | 6851 | B
te 1




TV IGCTRAEL

NdNo - (ad) o o Koopmvams!
) TIYHKTA | HAOFO- | QOBEKTA oopa, BbI0ma, | GiCTeVa | LIFpOTa | 0o
i HATHOIEHiA TH S VI e ae R el Y EKOT | [PMUH. | IPMYHL
p.tmﬂlﬂ'
100 |2 Coxoproan | 71136 | 1010008% 130 | 60 %0 | 50190 Jiem | 00 | K | 685 B4
02
1 | | pHea-yene 113D | JUIUUUSS/ | Z1U 1W AA HBWIEY| JbreB. | 1AL | (BL//) | Blo Kol o]
w | P WOTW“"“W 0 | 1000038 478 | 30 | 1250 | 000719 Jkiem | 197 | (BCT7) | 6817 | 3607
s [ 27 pJhyHb-YCIE (41 | JUI0UU0s | 18U U 1o DU (5| s, | 1o/ BL) (9e¥i60) S oYe)
p.IyverHast - o q
g B P awe 0w 20 | 4D 1 UGS Jeos | 040 (0 | 6B | B4
24 | PP Ormw“"jm 7153 | 10100047 20 | 300 A6 | 1009198 Jkim 1550 | () | 675 | 360
plIFO- .
1B D 16 10000066 1% | 20 | B0 | O7BIY0 Jhkm | 478 | B0 | 672 | F@
1 |3 10” “m: T 718 1000066 312 | 114 | 10D | 2008199 Jkim | 12481 | (BCTY) | 6708 | 3940
pYaEaiHa- y
155 2 O g 000 40 | 30 1M | B0 JEom | 1967 (7)) | 6B | 4
57 | R pcm’;”a' 86 | 100000766 B1 | B0 790 | O70319F Jkim 871 | (BCT) 6624 | B3
oA | Al p.YMoa-HKCIK (Y5 | 100U | UV 123 233) IV | JipCIB. | 1d4ooA | (BL//) | bl ALY
m % rg)ym' M9 1000062 19 | 3 | 640 | 1406190 Jkicm 348 | (BCT) | 664l | 3419
1% | % pw&_klm 724 10000066 40 | 430 | 180 | BGILS JHom | 00 | BC | 678 @ 2B
1% 37 p“%‘égm 7120 | 10000086 300 | 620 | 18D |OLOLISD| Jeem | 000 @ BC | 6712 @ 2B
I | B plom-wCrxk | /129 | JUIUWULZ| VA 2d) JA WA | BB, | LAY | (BL//) | blaf 3L31
AU | Y| pEm-nockm (1241 | JUlUUMMod| (ZU o 1) ULlUoIYss| JeB. | 1ol4l | (BL//) | blof 3LA
0 | 2 pr*m‘pa' 7126 | 100000084 170 | 190 | 110 | OLI0I9B Jkem  A010 | (BCT) 673 | 3L
25 |41 PO on oo 250 | 310 50 | 12101983 Jkiom | 1998 | BC77) | 6806 | 3819
ploHEG- y
28 2 P 7067 | 10000102 120 150 | 98 | 0BO9I%KL| Jkiem | 1000 (RCT) | 6750 | 3314
29 | &3 pfq””mm“f' 706 | 100001043| 120 | 150 | 99 | 1406199 Jkicm 14 | (BCTY) | 674l | 315
2 4 p*ru““m" 7277 | 10000009 790 | 180 | B3 | 700198 Jkiem | 3676 | (BO) | 67B | BA
plnpara-
20 |46 paywpgame | 7184 10000071 510 | 340 O60 |0L0LI9B Jkim | 00 | EC | 679 | 3146
COOPYKCHIC
435 |4do| pHoma-ym:e (1453 | JUlUU4 | 1Y 13 FANL ULULIY) | /rciB. fool | (BL//) | oY 13




Tabmn. 3.2.2. ConocraBieHue NpoaHAIN3UPOBAHHBIX CTBOPOB ¢ METEOCTAHIIUSMHU

CtBOp Ne I'oner HaOIFONEHUH MeteocTannus Ne
p.lleuenra - cr.Ileuenra | 4 C 1957, xpome 1996 [lepesau, Ilanyn 14,15
C 1934, kpome 1936,
p.Ypa - c.Ypa-I'yba 5 VYpa-I'yba 27
1996
p.Ileua - c.Ilanyn 8 C 1930, kpome 1996
p.I'mpBac - 2.1 km oT
11 C 1968, xpome 1996
YCTbsl
p.Jlorra -
12 C 1959, kpome 1996 Bepxosbe JIOTTHI 8
nop.Kaymnokocku
p.Jlorra - BepxoBbe JIOTTHI,
13 C 1965, kpome 1996 8,16
nop.JIoBHaKoCKH Husankrons
p-AKKHM - 6 KM OT ycThs | 15 C 1981, xpome 1996 Huankroib 16
p-Kona - 1429-p1ii kM
18 C 1927, xpome 1996
OKTS0pbCKOM XK. 1.
p.Kuma - cr.Jlomapckas | 19 C 1947, kpome 1996
p-Ilonoii -
30 C 1940, xpome 1996 Kpacnomenne 22
c.KpacHoienbe
C 1933, kpome 1938-
p.Ilonoii - c.KaneBka 31 KaneBka 7
1943
p.YUaBanbra - c.HaBanbra | 32 C 1962, xpome 1996 YaBanbra 20
p.Bapsyra - c.Bapzyra | 33 C 1935, xpome 1996 Kamxkapaniis 19
C 1932, kpome
p.YmM0a - ucrok 34 ATaTUTHI 25
1989,1996
p-YMmba - nop.Ilasnka 35 C 1930, xpome 1996 Ymba 9
C 1934, xpome 1941-
p-TonBa - ucrok 38 Kosmop 3
1962,1996
C 1933, xpome
p.EHa - noc.Ena 39 Kosnop 3
1939,1996
C 1980, kpome 1996,
p.Hora - ycthe 46
2001-2005
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macwTab 1:2 000 000

Puc.3.2.1. Kapra Konbckoro momyoctpoBa ¢ U3y4aeMbIMHU CTBOPaMHU (CUHUM) U METEOCTAaHIIUSAMHU (KPACHBIM)
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3.3.  Awnanuz cmamucmuueckux Xxapakxmepucmux

W3MmeHeHus KiauMaTa OIIGHUBAIOTCS KaK pPa3HOCTH KIMMATHYECKUX MEPEMEHHBIX,
XapaKTepU3YIOMIMX CpPaBHUBAGMbIC TMEPHOJbI BPEMEHH, M KaK TEHICHIUM W3MCHCHUN
KJIIMMaTHYECKUX MEPEMEHHBIX BHYTPU OJIHOro mnepuona. OOHapyKeHHbIE W3MEHEHUs KIIMMaTa
OLICHUBAIOTCSl KaK peajbHble (COOTBETCTBYIOIIME ACHCTBUTEIBHOCTH), €CIM WX BEJIMYMHA
MPEBOCXOIUT PACCUYUTAHHYIO OMIMOKY BEIMYMHBI HU3MEHEHH (IUCTICPCHs, CPEIHEKBAIPATHUHOE
OTKJIOHCHHE).

[Ipoananu3upoBaHbl U3MEHEHUS (€KETOIHbIE, eKeMECIYHbIE) TEMIIEPATYPhI IPU3EMHOTO
BO3JlyXa M OCaJKOB Mo 8 mereoctaHuusM Ha teppuropun Koibckoro momyoctposa (Komop,
Kpacnomenne, Ymba, Tepubepka, Mypmanck, Kannamakmra, Kaneska, Snuckocku). Tak xe
MPOBEJICH CTATUCTHYCCKHUI aHAJIU3 CPEITHEMECSYHBIX U CPETHETOOBBIX U3MEHEHUH pacxoaa Ha
22 ctBOpax. bbuin paccunTaHbl CleayIOMINUE CTATUCTUYECKNE XapaKTEPUCTUKU:

O yrJ0BOH KOG GHUIMEHT JINHEHHOTO TpeH A (a);

O BKJAJ TpeHJa B OOIIyI0 JUCIEPCHIO Ipolecca (I0CTOBEPHOCTh TPEH/a MEPBOTroO
nopszka, R). CpaBHUBaIOTCS (haKTHUECKUE 3HAYCHUS Y M 3HAUYCHUS, TOJTydaeMbIe
U3 YpaBHEHMsI MPSMOIl; IO pe3ysibTaTaM CpaBHEHUS BBIYHMCIsAETCS Kod(hdUImeHt
JIETePMUHUPOBAHHOCTH, HOpMHUpOBaHHBINA oT 0 10 1. Ecnu oH paBeH 1, To umeer
MECTO TIOJTHASI KOPPEISAIUsS C MOJICTBIO, T. €. HET PA3IHIUs MEKIY PaKTHICCKUM
M OIICHOYHBIM 3HAYCHUSMH Y. B TIPOTHBOMOJIOKHOM Cllydae ypaBHEHUE

perpeccuu HEyJauHoO.

10,0
90 y =0,0308x - 55,402
’ R2=0,1761
8,0
3 ®
$ 70
2 60 ?
& )
)
S 5,0 —
a.
4,0
3,0 - L 2
2’0 T T T T T T T T 1
1935 1945 1955 1965 1975 1985 1995 2005 2015 2025

Foapbl

Puc.3.3.1 3meHeHus cpeiHero pacxo/ia BOJIbI B SSHBape MecsIle Ha cTBope p Ypa- ['y0a
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Puc. 3.3.2 I3MeHeHus cpeJHEr0JOBOTO pacxo/ia BoJisl Ha ctBope p EHa- noc. Ena
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Puc. 3.3.3 I3MeHeHus CpeTHET0I0BBIX TEMIIEPATyp HAa METEOCTAaHIINH Y MOa

Ocaaku, mm/mec
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Puc. 3.3.4 VI3MeHeHUs CpeTHETOI0BBIX OCAJIKOB Ha MeTeocTaHIuu KoBmop
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Jliist BceX CTBOPOB, Ha KOTOPBIX BO3MOXKHO TPOBECTH pacyeT, HAOI0AaeTCsl TCHICHIINS
YBEJIMUYEHUS CTOKA, 0COOEHHO B 3UMHHUE MeCsIIbl. BKiIax TpeHia B 00IIyI0 JUCTIEPCHUIO Mpoliecca
B 3UMHUH mnepuoj uzMensercsa B auanazone 0,05 — 0,28, Ttak ke Ha BCeX CTBOpax, KpoMme
p.I'puBac-21 kM OT ycThs, HaOJMIOMACTCS TCHICHIMS YCKOPEHUs mpoiiecca. Temreparypsl, Mo
BCEM METEOCTAHIUSIM YBEIUYMBAIOTCS, & OCAJKU MPEACTABIISAIOT COO00M «Oenblii mrym». Ctout
OTMETUTh, YTO HAONIOJEHUS ¥ HW3MEPEHUs pacxolOB Ha CTBOpAX H TEMIEparyp Ha
METCOCTAHIUAX HAYalNCh 3HAYMTEILHO paHBIIE, YeM U3MEpPEeHHs oOcaakoB. M3-3a 3TOrO
IPOIOJDKUTEIBPHOCTh AHAJTM3UPYEMOTO psiJla OCAaJIKOB MEHBIIE, YTO TapaHTHPYET MEHBIIYIO
JIOCTOBEPHOCTH MPH cTaTHCTHYecKOM aHanu3se (puc. 3.3.1. — 3.3.4, tabi. 3.3.1 -3.3.4).

[TocTpoena kapTa TOCTOBEPHOCTH TPEHJIOB MIEPBOTO MOPSAKA IS CPEIHETOJOBOTO CTOKA

Konbckoro moiryoctpoBa, B mpejeniax Iuiomaiei Bogocoopa, paccMaTpuBaeMbIX CTBOPOB (pHC.

3.3.5).
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Puc. 3.3.5 Kapra gocToBepHOCTH TPEHIOB MIEPBOTO TOPSIIKA TSI CPEAHETOI0BOTO MOI3eMHOTO cToKa Kobckoro moxyoctposa
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Ta6u. 3.3.1. Pe3ynbrarel CTAaTUCTHYECKOM OLIEHKH IO CTBOpaM

CrtBOp Mecs SuBaps | ®eBpans | Mapt | Anpens | Maii | Urons | Uions | ABryct | CentsiOps | Okta6ps | Hos6ps | dexaOpb Porerompie
Crarucrtuka 3HAYCHUS
p.Ileuenra - a 0,03 0,01 0,02 0,07 0,38 | -0,57 | 0,05 0,05 -0,11 0,62 0,03 0,06 0,22
cr.Iledyenra R? 0,10 0,04 0,07 0,03 0,056 | 0,09 | 0,005 | 0,003 0,02 0,007 0,005 0,11 0,01
p.Ypa - c.VYpa- a 0,03 0,02 0,02 0,02 0,24 | -0,13 | 0,06 0,04 0,04 0,08 0,06 0,03 0,08
I'y6a R? 0,18 0,09 0,11 0,02 0,09 | 0,03 | 0,04 0,02 0,02 0,10 0,07 0,09 0,17
p.Ileua - a 0,03 0,02 -0,05 0,07 0,34 | -0,12 | 0,05 0,03 0,01 0,06 0,08 0,04 0,05
c.Ilagyn R? 0,28 0,28 0,0007 | 0,08 0,13 | 0,02 | 0,009 | 0,004 0,0006 0,02 0,09 0,18 0,08
p.I'mpac - 2.1 a -0,07 -0,03 |-1193| 0,13 |-0,05| -504 | 0,17 | -0,02 -0,12 -0,31 -0,13 0,90 0,55
KM OT YCThsl R? 0,09 0,03 0,08 0,10 |0,001| 0,13 | 0,02 | 0,0007 0,02 0,28 0,10 0,04 0,43
p.JlorTa - a 0,04 0,02 0,03 0,09 0,54 | -0,27 | 0,04 | -0,01 -0,12 0,11 0,04 0,05 0,49
nop.Kamnokocku R? 0,07 0,04 0,08 0,07 0,09 | 0,02 | 0,002 | 0,0001 0,009 0,02 0,003 0,03 0,05
p.JlorTa - a 0,04 0,04 0,02 0,13 0,65 | -0,69 | 0,13 0,08 -0,12 0,09 0,06 0,02 0,82
nop.JIoBHaKOCKH R? 0,04 0,04 0,01 0,05 0,04 | 0,04 | 0,006 | 0,002 0,004 0,007 0,002 0,001 0,01
p.AKKHUM - 6 KM a -3,64 0,03 0,02 -1,14 | -0,19 | -0,52 | -0,17 | -0,02 -0,15 0,04 0,10 0,07 -0,06
OT YCTbs R? 0,07 0,05 0,03 0,009 | 0,02 | 0,11 | 0,02 | 0,0009 0,03 0,006 0,06 0,08 0,02
p-Kona - 1429- a 0,08 0,05 0,05 0,10 0,87 | -0,07 | 0,27 0,20 0,10 0,22 0,18 0,11 0,61
BII KM
Oxrabprekoit R? 0,24 0,15 0,20 0,03 0,10 | 0,0002 | 0,06 0,06 0,01 0,09 0,10 0,25 0,05
K.
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Mecs/ Esxeronnbie
CrtBOp SuBaps | ®eBpans | Mapt | Anpens | Maii | Urons | Uions | Asryct | CentsiOps | Okta6ps | Hos6ps | dexaOpb
Crarucrtuka 3HAYCHHUS
p.IloHoii - a 0,03 -0,07 0,02 0,15 0,79 | -0,18 | 0,12 0,05 -0,07 0,01 0,14 0,07 0,09
c.Kpacnouiense R? 0,05 0,01 0,05 | 0,0014 | 0,20 | 0,007 | 0,02 | 0,004 0,008 0,00002 | 0,04 0,07 0,05
p.Ilonoii - a 0,22 0,18 0,15 0,24 2,20 | -0,53 | 0,19 0,33 0,003 0,38 0,42 0,34 0,98
c.KaneBka R? 0,22 0,31 0,38 0,05 0,11 | 0,009 | 0,007 | 0,02 | 0,000006 0,03 0,06 0,17 0,04
p.YUaBansra - a 0,04 0,01 0,002 0,06 02 | -1,09 | -0,07 | 0,03 -0,006 0,09 0,17 0,13 0,001
c.YaBanpra R? 0,05 0,01 0,0007 | 0,08 0,02 | 0,09 | 0,03 | 0,004 0,0003 0,03 0,1 0,18 0,00002
p.Bap3yra - a 0,12 0,12 0,10 0,22 1,35 | -0,54 | 0,38 0,31 0,10 0,43 0,41 0,27 0,98
c.Bap3zyra R? 0,12 0,23 0,19 0,02 0,06 | 0,02 | 0,05 0,04 0,003 0,04 0,06 0,14 0,06
a 0,09 -0,01 0,08 0,06 0,07 | 0,07 | -0,05 | -0,05 -0,07 0,008 0,03 0,05 0,09
p.YmMba - ucTok
R? 0,15 0,0006 0,28 0,18 0,03 | 0,007 | 0,004 | 0,005 0,02 0,0003 | 0,005 0,03 0,02
p.YmMmo0a - a 0,11 0,11 0,09 0,17 0,75 | -0,07 | -0,11 | -0,06 0,22 0,12 0,17 0,20 0,14
nop.ITastka R? 0,06 0,09 0,10 0,14 0,10 | 0,001 | 0,006 | 0,0024 0,005 0,009 0,03 0,10 0,04
a 0,05 0,03 0,02 0,04 0,38 | -0,78 | -0,10 | -0,11 -0,12 -0,03 -0,04 -0,008 -0,005
p.-TonBa - ucTox
R? 0,05 0,02 0,03 0,08 0,12 | 0,12 | 0,02 0,03 0,05 0,004 0,01 0,001 0,0003
a 0,04 0,03 -0,73 0,04 0,19 | 0,007 | 0,08 0,03 0,01 0,04 0,01 -0,13 0,05
p.Ena - moc.Ena
R? 0,19 0,18 0,03 0,11 0,09 | 0,0001| 0,05 | 0,007 0,001 0,03 0,005 0,03 0,09
v a 0,06 0,04 0,04 0,05 045 | 0,10 | 0,07 0,12 0,07 0,54 0,12 0,09 0,11
.MoHu4a
P R? 0,22 0,21 0,28 0,31 0,23 | 0,002 | 0,01 0,07 0,04 0,02 0,21 0,22 0,25
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Ta6u. 3.3.2. Pe3ynbrarhl CTATUCTUYESCKOMN OIIEHKH IO METEOCTAHIIUSIM

Mecsaw/
Mereo Iapa Cratuc | SuBaps | DeBpaib Mapt | Anpens | Maii | Urons | Urone | Abryct | Centsiops | Oktsaopp | Hosiopp | [lexaOpb Excrommbie
CTaHIIUsS MeTpBI THKA 3HAUYCHUA
Temme a 0,06 0,06 0,06 006 | 003 | 001 | 002 0,02 0,04 0,04 0,04 0,08 0,04
Kosrop p;;y R?2 0,08 0,06 0,1 019 | 005 | 001 | 0009 | 0,04 0,16 0,06 0,05 0,11 0,35
Ocan a 0,18 0,07 0,08 0,04 | 029 | 030 | 023 0,08 0,37 0,16 0,14 0,21 0,05
KH RZ 0,03 0,005 | 0,008 | 0,002 | 0,06 | 0,02 | 0,006 | 0,002 0,04 0,008 0,01 0,04 0,01
Temne a 0,007 0,02 0,06 0,03 | 0,03 | 0,01 | 0,007 | -0,006 0,01 0,02 -0,006 0,01 0,02
Ig’j;fé’ p;;y R2 0,002 0,006 0,13 008 | 011 | 0,02 | 0,004 | 0,005 0,03 0,03 0,002 0,005 0,08
Ocan a 0,13 0,06 007 | -006 | 033 | 031 | 0,18 0,04 0,33 0,06 0,19 0,18 0,07
KH RZ 0,02 0,006 | 0,007 | 0,004 | 0,08 | 0,03 | 0,006 | 0,0004 0,04 0,001 0,03 0,03 0,03
Temne a 0,02 0,03 0,07 003 | 0,03 | 002 | 001 | 0,001 0,01 0,01 0,0006 | 0,01 0,02
VMGa p;;y R2 0,02 0,02 0,18 011 | 0,13 | 0,06 | 0,02 | 0,0005 0,05 0,02 0,00003 | 0,005 0,13
Ocan a 0,63 0,36 0,09 018 | 0,25 | -0,10 | 0,62 0,53 0,27 -0,04 0,20 0,45 0,15
KH RZ 0,31 0,15 0,01 0,06 | 0,04 | 0,004 | 0,09 0,07 0,02 0,0004 0,02 0,16 0,12
Temme a 0,007 0,01 0,03 0,02 | 0,02 | 0,003 | 0,008 | -0,006 0,02 0,01 0,01 0,01 0,01
TZPK‘;Ge pgzly R? 0,006 0,009 0,09 0,05 | 0,08 | 0,002 | 0,008 | 0,008 0,07 0,02 0,01 0,009 0,05
Ocax a 0,43 0,26 0,18 0,04 | 020 | -0,40 | -0,56 0,04 0,07 0,28 -0,50 -0,16 -0,14
KH RZ 0,10 0,07 0,02 | 0002 | 001 | 002 | 003 | 00004 0,002 0,01 0,08 0,01 0,06
Tewmne a 0,006 0,02 0,04 0,02 | 0,02 | 0,002 | 0,007 | -0,003 0,02 0,01 -0,02 0,001 0,01
Myp p;:f/ R? 0,002 0,01 0,1 0,06 0,1 |0,0004 | 0,008 | 0,002 0,06 0,01 0,02 | 0,00005 0,04
MaHCK Ocan a 0,04 0,08 0,30 025 | 034 | -0,002 | 040 0,04 021 0,38 0,16 0,09 0,11
P R? 0,003 0,02 017 | 012 | 010 o,gg;)o 004 | 00003 | 0,02 0,06 002 | 0,008 0,06
MerT ITapa Mecswy/ Exxeromasr
ereo p Craruc | AuBaps | @eBpans | Mapr | Anpens | Maii | Mions | Urons | Asryct | Centsiopsp | Oxrsaops | Hosiopes | [exaOpb ClOMIBIE
CTaHIIU S METpLI 3HA4YCHUA

THKa
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Temme a -0,009 0,005 0,04 002 | 002 | 0,008 | 0,002 | -0,01 0,002 -0,001 0,03 0,02 0,002
Kanna pl';‘;y R? 0,004 | 0,0008 | 0,08 004 | 008 | 001 |0,0007]| 003 0,0008 0,0002 0,06 0,009 0,001
TAKIA 5 can a 0,20 0,20 0,08 | 0005 | 039 | 022 | 057 0,04 0,13 20,05 0,05 0,24 0,14
KH R? 0,03 0,04 0,008 | 0,00004 | 0,07 | 002 | 008 | 0,0000 | 0,005 0,001 0,002 0,05 0,09
Temne a 0,05 0,04 0,04 004 | 003 | 002 |-0002 | 0001 0,03 0,04 0,009 0,04 0,03
KaHeska p;;y R? 0,03 0,02 0,04 007 | 004 | 002 |00002| 0,0001 0,09 0,06 0,002 0,02 0,12
Ocaxn a 0,006 0,03 20,02 | -0,003 | 0,39 | -0,03 | 013 0,59 20,20 0,11 0,06 0.1 0,08
K R? 0,00009 | 0002 | 0,001 | 0,00002 | 0,13 | 0,0004 | 0,005 | 0,09 0,02 0,007 0,006 0,01 0,04
Temne a 0,02 0,02 0,01 004 | 002 | 0,004 | 0005 | 001 0,03 0,03 0,02 0,03 0,02
pary
Stamcko | poi R? 0,01 0,003 | 0,003 0,1 0,03 | 0,001 | 0,002 | 0,03 0,08 0,06 0,008 0,01 0,07
CKH a 0,02 20,07 011 010 | 055 | 033 | 002 | -001 0,32 0,34 019 | -0,009 0,08
Ocan 0,0000
K R? 0,0002 | 0,006 002 | 0007 | 015 | 002 | (7" | 000004 | 0,04 0,04 0,02 | 0,0001 0,04
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Jlisa aHanu3a TEHIEHUUH B HM3MEHEHHMH MHOTOJIETHHUX PAJOB PACXOJOB, OCAAKOB H
TEMIEpaTyp, Ha BTOPOM OJTame ObUIM BBIOPAHBI CTBOPHI M CTAHIMH, C JOCTOBEPHBIMH U
pEeNpPe3CHTaTUBHBIMY JAHHBIMU MAaKCUMalIbHOW JUTMHBI U HAXOMSIIUECS B HEMOCPEICTBECHHOU
Onu3octu Apyr oT apyra. Pacuer mpoBoawics MHTEpBaIbHO (Ui Kaxkabix 20 yer), Tak Kak
YCTaHOBJICHHE KOPPENSTUBHBIX CBA3CM aHAJTUTHUYECKUM METOAOM JOIMyCKaeTcs Mpu
JUTUTETTFHOCTHY TIapaJuIeTIbHBIX HAOTIOACHHI 32 N3y9aeMbIMU SIBJICHUSIMHA HE MeHee 15 jer.

Jis pacdera W aHalM3a CTATHCTUYECKUX OIICHOK, ONKCHIBAIONIUX MHOTOJICTHHE
M3MEHEHHUS KIMMAaTUYECKUX MEPEMEHHBIX, ONMPEIeSIONINX MUTaHUuEe MOA3EMHBIX BOJ, TOMUMO
yII0BOro K03 UIMeHTa JIMHEHHOT0 TPeH1a U BKJIaJa TPeHa B OOUIYyI0 AUCIIEPCHUIO Mpoliecca,
OBLT MPOM3BEACH aHAIM3 TPEHIOB BTOPOTO MOPSIKA, KOTOPHIE MOKA3BIBAIOT YCKOPEHUE HIU
3aMeJUIEHHE Mpollecca M PAcCUUTaHbl CIEAYIOIME CTaTUCTUYECKUE XapaKTEPUCTHKH IS
Ka)KI0r0 Meproja:

o Kk0d(uIMeHT TpeHaa BToporo nopsaaka (az - °C/ron?);
O CTaHJapTHBIC OIMIMOKU BCEX MapaMmeTpoB ypaBHEeHW. CTaHIapTHAs OIMIMOKA pErpeccuu

(cranmapTtHas ommOKa OLIEHKH) paccMaTpUBAeTCs B KaueCTBE MEphl pa3dpoca JTaHHBIX

HAOMIOJIEHUN OT CMOJENUPOBAaHHBIX 3HaueHud. CraHgapTHas omuOKa perpeccuu

pacCUHUTBIBACTCA KaK KBaI[paTHLIﬁ KOpPpCHb U3 HECMEIEHHON OIeHKU JUCTICPCHUHA

perpeccun:
5 =52 ll_ 1 " I ?=1(x:'_f}(}’:‘_f}]:
&=vol= ‘\|| (n—2) Zle(}'i — )% - "~ 2)° , (3.3.1)

rae n — oOulee 4uciao HAOMIOACHUM, yi— 3HA4eHMs HaOII0JaeMOM IMEpPeMEHHOH, Xi—
. . ¥ .
3HaYeHUs OOBACHAIOIIEH IepeMeHHOM, - — CcpelHee 3HadeHHe HabIoJaeMoil

9] Xx 9 >
INEPpEMCHHON 110 BBI60pKe, — CpCAHEC 3HAYCHHC O6LHCHHIOIJ.[CI/I MEpEMCHHON 110

BBIOOpKE,

— HECMENICHHAasl OIIEHKa IUCTIEepPCUU perpeccuu. Yem MeHbIe 3HaueHUe
CTaH/JapTHON OIIMOKHU PErPecCuu, TeM KauyeCTBO MOJEIH BBIIIIE;

o wuucno crenene cBoOonbl (df). CremeHu cBOOOIBI TMONE3HBI [T HaxoxaeHus F-
KPUTHYECKHX 3HaueHWil. JlJ1g omnpeneneHus: ypoOBHS HAJIEKHOCTH MOJEIU HYXHO
CPaBHHTH MOJTYYCHHbIE KPUTHUUECKUE 3HAYCHHSI C HAOII0IEHHBIMH;

O perpeccroHHas (ssreg) U octaTouyHas (ssresid) cymMma KBapaToB;

O CpemHEKBAAPaTUUECKOe OTKJIOHEHHE (G) - Mepa TOro, HaCKOJBKO IMIMPOKO pa3zOopOCcCaHbI
TOYKH JAHHBIX OTHOCHUTECIIBHO UX CPEIHETO,

o nucnepcus (D), mepa paccenBanus (OTKJIOHEHUS OT cpennero). [Hucmepcust —

OTKJIOHCHUC Ha6J'IIOI[aeM01"O 3HA4YCHUA (I[JBI Kaxjgoro Ha6JIIO,Z[CHI/IH) OT CPCOHETO

apudmeTrueckoro. BeibopouHast qucnepcus BEIUUCISETCS 110 cienyomeit popmyie:
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, 1% )
§ = EZ(X-[ - X)% (3.3.2)
i=1

I'ne X

— BbIOOpPOYHOE cpenHee, n — pasMmep BblOOpKU. Ecnu pasmep BbIOOpKH
OTHOCHUTEJIBHO OTpPaHMYeH, TO /s Oojiee TOYHOrO pacyera NpUMEHseTCs (GopmyIa

HECMEILIEHHOH (MCIIPaBIIEHHO) TUCTIepCHu:

£

, 1 s
& = — 12("" —x)*, (3.3.3)
i=1

X

rae “* — BRIOOPOYHOE Cpe/iHee, Xi— AIEMEHT BBIOOPKHU; N — pa3Mep BBIOOPKH;

o HabmonarenbHas cratuctuka F-pacnpenenenus, Fogo, Fogs kputnueckue 3nauenus F-
pactipeaenenust s ypoHs 3HauuMoctu 0,99 u 0,95 coorBerctBeHHO. Mcmomb3yercs
JUIsL OTIpEZIeNIEHUsl TOTO, SABJIAETCS JIM HaONroJaeMas B3aWMOCBS3b MEXY 3aBUCUMON U
HE3aBHCHUMOU MePEMEHHON CITy4ailHON WIIN HET;

o HabmoJaTenbHas CTaTUCTUKAa oOpatHoro pacnpeaeneHuss Crprogenta Toge, Toos
KpuTHueckue 3HadeHust T-pacmpenenenuss aius ypoBHs 3Hauumoctu 0,99 u 0,95
COOTBETCTBEHHO;

o koapdunuent xoppensuuu (K). Mcnonb3yercs npu u3ydeHUH MOJI3EMHOTO CTOKA JUIS
YCTaHOBJICHHS U OIIGHKE CBS3M MEXKIY pa3IUYHbIMU MIPOIECCAMH U  SBICHUSMU
(THAPOTEONIOTUYECKUMHU, TUIAPOIOTHICCKUMHU, METEOPOJIOTHYECKUMH U Ap.). JTa CBS3b
HOCUT OOBIYHO KOPPEISATHBHBIN XapakTep. DTO 3HAYUT, YTO MPH OJAHOM H TOM K€
3HaYeHUU OJHOM TIepeMEHHON BEIMYMHBI BTOpas MOXKET IPUHMMAaTh HE OJHO, a
HECKOJIbKO ~ 3HaueHuil. OObsACHSAETCS 3TO TeM, UYTO  THAPOJOTHMYECKHEe H
THJIPOT€OJIOTUIECKHE XapaKTEPUCTUKU 3aBUCIT OJHOBPEMEHHO OT MHOTHX IPHPOTHBIX
daktopoB. Tak, Hampumep, WHOUIBTPAIIMOHHOE MHTAHUE CBS3aHO C ATMOC(HEPHBIMHU
ocajikaMH, UCTIapEHUEM U BEIMYMHAMU ITOBEPXHOCTHOTO CTOKAa. MaKkcHUMasbHbIE YPOBHH
BOJIbI B PEKaX B MEPUOJI BECEHHETO MOJIOBOJIbS 3aBUCAT OJIHOBPEMEHHO OT 3aracoB BOJIbI
B CHETE B MOMEHT CHETOTasHU, TEMIIEPaTyphl BO3/1yXa B MIEPHUOJ CHETOTASIHUS U APYTHX
(bakTopoB.

B kadyecTBe Mephl HHTEHCUBHOCTH KJIMMAaTHYECKHX M3MEHEHUH 3a yKa3aHHBIA MHTEPBAJ
BPEMEHU HUCHOJIB3YIOTCA KOI(QUIMEHTHl JIMHEHHOro TpeHJAa M TpeHaa 2-To  TOopsjKa,
XapaKTEePU3YIOLIUE CPETHIOI CKOPOCTh M YCKOPEHNE N3MEHEHUH KIIMMATHYECKON ITEPEMEHHOM.

B kadecTBe Mephl CYIIECTBEHHOCTH TpPEHAA OIEHHWBACTCS OIS  JAHCIEPCHU

KJIMMaTH4YeCKOMI HepeMCHHOﬁ, oOBsICHsIEMas TPECHAOM, BBIpa)XCHHAasA B IMPOLCHTAaX OT MMOJTHOM
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JTUCTIEPCUN M3MEHEHHUs KIIMMaTH4YeCKOW MEepPeMEHHOHN 3a pacCMaTpUBAeMblii HHTEPBAJ BPEMEHU
(1O0CTOBEPHOCTH TPEHAA).

Jlj1 OLIEHKHU CTENEHM HE CIy4ailHOCTU ONPEENIEHUs JOCTOBEPHOCTH TPEHAA PACCUUTAHBI
99%-ubIii U 95%-HbIl YPOBHU 3HAUUMOCTH, OIIPEENIIeMbIE 110 pacipeneiacHuo duiiepa.

Jlis OLIEHKH CTaTUCTUYECKONW 3HAYMMOCTH (II0JIE3HOCTH) KO3(h(UIKMEHTOB TpeHaa
ucnonb3yercst 99%-upiii U 95%-HbII ypOBHH 3HAYUMOCTH, OIpEACIsieMble 0 OOpaTHOMY
pacnpenenenuto CTbIOICHTA.

HccnenoBanne KOPPENATUBHBIX CBSI3eH CBOAMTCA K YCTAHOBJICHHIO HAIMYHUS CBS3EH,
onpezeneHu0 GOpMbl U OLIEHKE TECHOTHI CBA3M MEXAY H3ydyaeMbIMH Mpoleccamu. Popma-
CBSI3M MOXET OBITh MNPSAMOJIMHEHHOW W KPUBOJMHEHHOW, yCTaHABIMBACTCA NPU IOMOIIA
rpadu4ecKuX U aHATUTUYECKUX METOJIOB.

I'padmyueckue METOABI OTIMYAIOTCS MPOCTOTOM; AAIOT HAIVISIAHOE TMPEACTABICHUE O
dbopMme cBsA3eil U MOATOMY OCOOEHHO MIMPOKO MCHONB3YIOTCS B FUAPONOTUU. OAHAKO TOYHOCTD
UX HEBEJIMKA, IOCKOJbKY MPOBEACHHUE JUHUI CBS3U MO TOYKAM HEM30EKHO BHOCUT M3BECTHBIM
CyOBEKTHBH3M B IOCTPOCHHE CBSI3EH.

AHanUTUYECKWE METOJAbl CBOASTCA K BBIYHCICHUIO YPAaBHEHHH CBSI3U MEXKIY
M3Y4aeMbIMH SIBJICHHSIMHM M TPOLECCAMH, MO KOTOPHIM MOXHO B CiIy4ae HEOOXOIMMOCTH
MOCTPOUTH TpaUKU CBSI3U. Y CTAaHOBJICHHWE KOPPEISATHBHBIX CBS3€H aHAIMUTUYECKHM METOIOM
JIOTTYCKAeTCsl MPHU JJIUTEIbHOCTH NMapajUleIbHbIX HAOMI0JCHUM 3a M3y4yaeMbIMU SIBICHUSIMHU HE
menee 10— 15 ner.

JUisi OLIEHKM TECHOTBI CBSA3M M CIYXHUT Ko3(pduiueHt koppenauuu. [lo BenuunHe oH
MOeT u3MeHsATbest oT 0 go +/- 1 . Yem Oosbine aOCoOMOTHOE 3HAUYeHHE KoddduimeHTa
KOppeJsIlIMM, TEM TECHEE CBSA3b MEXIY H3ydyaeMbIMH SBICHUSIMHU. Eciau Kod3pPuIeHTbI
KOPPEeSLUH paBHbI WIM OJM3KHU K HYJIIO, TO 3TO CBUAETENBCTBYIOT 00 OTCYTCTBUHU CBSA3H MEXIY
SBJICHUSMH, a €CJIM paBHbI WM OMU3KU £ 1, — O HaNWYMM OYEHb TECHOW CBSA3M MEX]Y HUMH.
[TonoxxurenbHOe 3HaueHHe Kod(p(UIMEeHTa yKa3blBaeT Ha HaJIW4YME NPSIMOM CBA3H MEXIY
KOPpEIUPYEMbIMU SIBICHUSIMH, ITPU KOTOPOH C yBEIMYEHUEM OJHON BEIMUMHBI YBEITMUUBACTCS U
BTOpast (C POCTOM KOJHMUYECTBA aTMOC(HEPHBIX OCAJKOB YBEJIMYMBAETCS CTOK); OTpULIATENbHOE
3HaYeHne Kod3(duimeHTa KOppensuu CBUIETEIbCTBYET 00 0OpaTHOW CBSA3M, MPU KOTOPOHl ¢
YBEJIMYEHUEM OJIHOM BEIMUYMHBI BTOpas BEJIUYMHA YMEHbIIAETCS (C POCTOM HCHApeHHUs CTOK
YMEHbILIAETCH).

[IpunsATO CuMTaTh, YTO NMPH 3HAYEHUH KOdPPHIKEHTa Koppensuuu He menee * 0,75
MCIIOJIb30BaHUE KOPPEISATUBHOW CBSI3U ISl PacyeTOB W IMPOTHO30B BIIOJIHE jpomycTumo. [Ipu
OoJjiee HUBKUX 3HAYCHHUSX OTOTO KOod(h(HIIMEeHTa HCIOJb30BAaHUE CBS3€H MOXKET TOBJIEYh 3a

c000i1 3HAYNTENBHBIE OIMNOKH.
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Jlia cyXIeHus O HaJeKHOCTH MOJIyYEHHOT0o KOd(p(UIIMEeHTa KOPPENISIIUUA BhIYUCIAETCS
€ro BeposATHas OMMOKa; YeM OHa MEHBIIIE, TeM Ha/le)KHee 3HaueHue Ko PHUIIHEHTA.

OnHoBpeMeHHO ¢ KO03()(PUIMEHTOM KOPPEISAIMH BBIYUCIAIOTCS YPaBHEHHS pErpeccuu,
KOTOPBIE XapaKTePU3YIOT (OPMY CBSI3U MEXKIY KOPPEIUPYEeMbIMU BETUUYNHAMHU.

B psne ciydyaeB BO3HHMKaeT HEOOXOJUMOCTb B aHAU3€ CBSI3eH MEXIY HECKOJIbKUMHU
IIEPEMEHHBIMH BEIMYMHAMM. JTa 33]]a4a PELIAeTCs] MHOXKECTBEHHON KOPPEISILIUEH.

[Tpu uccnenoBaHUU KOPPENATUBHBIX CBSI3€H HEOOXOAMMO SICHO MPEICTABIATH IPUPOTY
TOH WM WHOW TNpEAIrosaraeéMod 3aBHCHMOCTH. Y CTAaHOBJICHHE CBsI3ed, (PU3UUECKHI CMBICI

KOTOPBIX HE COBCEM SCCH, BCEraa HCHAACKHO.

130,0

y =0,3251x2 - 1262,8x + 1E+06 y =-0,7161x + 1467,6
120,0
110,0

| 2

\ R?=0,2045 K R*=0,0346
100,0 A| N N
SO N A A
[\ X

Pacxopg, m3/cek

70,0 -

60,0

50,0 u \vJ

40,0 T T T T )
1930 1935 1940 1945 1950 1955

Foabl

Puc.3.3.6 N3meHeHHe CpemHEroJOBBIX PacXoJoB Ha cTBOpe p. Ymba-m. [lasuika 3a mepuon

HaOmroneHnii ¢ 1932 rmo 1950 r
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Puc.3.3.7 M3MeHenue cpeaHErofoBBIX pacxojoB Ha ctBope p. [lowoit - c¢. KpacHomenbe 3a

nepuo HabmoaeHuit ¢ 1951 rmo 1970 r
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Puc. 3.3.8 V3meHeHHWe cpemHEroJoBBIX pacxoioB Ha crtBope p. Ena - moc. Ena 3a mepuon

gaOroneHuii ¢ 1971 rmo 1990 r
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Puc. 3.3.9 l3meHeHHME CpEeIHETOJIOBBIX PAcXoJOB Ha CTBOpe p. TonBa - MCTOK 3a TEPUOJ

gaOmroneHuii ¢ 1991 rmo 2015

Jlis Bcex paccMaTpuBaeMbIX CTBOPOB HaOINIOAeTCsl TEHIEHIUS CHUXKEHUS CTOKa B
uHTepBanax ¢ 1932 -1950 rr, 1991 — 2015 rr u TenaeHuus yBenuuenus croka 1951 — 1970 rr,
1971 -1991 rr. D10 cOmMOCTaBUMO C MEPUOJAMHU MOTEIUICHUS U TOXOJIOJAHHUS B H3y4aeMOM
peruone. CTOMT OTMETHUTh, YTO I BCEX HWHTEPBAJOB BpeMeHw, kpome 1951 -1970 rr.
HaOJI01aeTCsl OTpULATeNbHAs JUHAMHMKA TPEHJa BTOPOTO MOPSAKA, YTO CBUAETEILCTBYET O
3aMeJIeHUH (3aTyXaHuM) Mpoliecca u3MeHeHus. Bkian Tpenna B o0IIylo IUCHEepCHIo Mpolecca

AJI1 OTPpUHATCIBbHO HAIIPABJICHHBIX TPCHAOB BTOPOTO MOpSAAKA U3MCHIACTCSA B AHUAIIA30HC 0,01 —
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0,21, nns monoxutenbHO HanpaBieHHbIX — 0,01 — 0,20. 3nauenus koddduimenTa KOppeIAIun
He npessimaioT + 0,30, creqoBaTebHO, UCIOJIB30BAHUE KOPPEISTUBHON CBA3U JJIsi PACUETOB U
IPOTHO30B MOJKET TIOBJICYb 3a COOO0M 3HaUnTENbHbIC OMMOKH. (puc.2.7. — 2.10., Tadin. 2.5.).

[TonydeHnHble pe3ynabTaThl CBUAETEILCTBYIOT O TOM, YTO JUIsl M3Yy4aeMON TEeppUTOpUHU
HAOJIO/IAIOTCS CTAaTUCTHUECKU — 3HAUMMBIE TMOJIOKUTEIbHBIC, PEKE OTpULIaTeIbHbIC JIMHEHHbIC
TpeHabl. MHOTrOJeTHHE W3MEHEHHS MEXIOJOBBIX TEMIIEpaTyp MPHU3EMHOTO BO3dyXa
craunoHapHsl. OHM MOryT OBITH ommcaHbl Kak MapkoBckas nenb (BunepoBckuii mporecc
MEepBOro Mnopsaka). MapKoBCKHil mpoiecc — 3T0 Pa3sHOBUIHOCTh CTOXAaCTUYECKOIO Ipoliecca, B
KOTOpoM Oynyllee 3Hau€HHWE IMEPEeMEHHON 3aBHCUT TOJIBKO OT €€ MPEebIAyIIero 3HaueHUs.
CriocoObI MaTeMaTHYECKUX OMHMCAHUI TAKUX CIIyYalHBIX CTOXAaCTHMYECKHX MPOIIECCOB B CHCTEME
C JIMCKPETHBIMH COCTOSIHUSIMU 3aBHUCST OT TOT'O, B KAKUE MOMEHTBI BpEMEHHU (3apaHee N3BECTHHIC
WIH CIIy4aiHbIe) MOTYT IMPOUCXOIUTH MEPEXOIbl CUCTEMBI U3 COCTOSTHUS B cocTosiHue. [lepexon
BO3MOXXEH B JII00O0ON ciyyailHbIi MOMEHT BpPEMEHH - ClydalHblii MapKOBCKUN mpolecc ¢
HENPEPBIBHBIM BPEMECHEM.

Tak ke MONy4eHBI 3HAYMMBIC TPEHIBI BTOPOTO TMOPSIKA, KOTOPBIC XapaKTePU3YIOT
BEJIMUMHY 3aMeIJICHUS, PEXKe YCKOPEHUs Ipoliecca B MHOTOJIETHEM XO/I€.

CraTucTUYeckuii aHamu3 MHOTOJETHHX HW3MEHEHUH aTMOC(EpHBIX OCaJKOB B
paccMaTprUBaEeMBIX PETHOHAX MTOKA3al — OTCYTCTBHE CTATUCTHYECKU 3HAYMMBIX TPEHIOB MIEPBOTO
U BTOpOro mnopsiika. MHOrojseTHuE HM3MEHEHMsI B STOM PETHOHE 3a YKa3aHHbIA HHTEpBal
Bpemenu (1936 — 2015 rr.) moryt ObITH OMHMCAaHBI CIIy4allHBIM MPOIIECCOM C XapaKTEPHON

JUACTIEPCUEN.
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3.4. Tenoenyuu 6 usmeHeHuu MHO2OJEMHUX PAOOS

[TomydeHHBIE peE3yNbTAaThl CBUACTEIBCTBYIOT O TOM, 4YTO IS HM3y4aeMOW TEpPPUTOPUU
HAOJIOIAl0TCA CTaTUCTHUUECKU — 3HAUYMMBbIE TOJOXKUTENbHBIE, PEXe OTpHUIATENbHbIE JIMHEHHBIC
TpeHAbl. MHOTOJIETHUE U3MEHEHUS MEXTOJIOBBIX TEMIIEpaTyp MPU3EMHOr0 BO3yXa CTAllMOHAPHBI.
Onu moryT ObITH ommcaHbl Kak MapkoBckas nenb (BuHepoBCkHii mpoliecc MepBOTO MOPSAKA).
[Iporiecc ymeHblIeHUs MOA3EMHOIO CTOKA COBIAAACT C MEPUOJIaMHU YBEIUYCHHUSI TEMIEPaTyphl B
peruone. Ilpomecc moTeruieHUs HOCUT HEPaBHOMEPHBIN XxapakTep: moremieHue 1920-1930-x rr.
cMeHuoch noxonoganueM 1960-1970-x rr., a coBpeMeHHOE MOTEIICHHE HAYaJIOCh MPUMEPHO CO
BTopoi mnosioBuHbl 1980-x rr. Ilocneanee mnoTemyieHUE MPOSIBIASETCS Kak B HM3MEHEHMSX
CPEIHETO/1I0BOM TeMIIepaTyphl, TAaK U CPEIHE CE30HHBIX Temmneparyp. [Ipu 3ToM eciiu coBpeMeHHbIe
JIETHUE TEeMIIepaTypbl MPAKTUYECKH HE TPEBOCXOAAT TEMIIEpaTyphl MPEABLIYIIETO MOTEIUICHUS
(1920-1930-x rT.), TO CpEIHETOIOBBIC SBISAIOTCA HamOolee BBICOKMMH 3a BECh IIEPHOJ
HaOJIFOJECHU.

Tak ’xe TONy4eHBI 3HAYMMBIC TPEHABI BTOPOTO TOPSIKA, KOTOPBIE XapaKTEPU3YIOT
BEJIMYMHY 3aMEJICHUS], PEXKE YCKOPEHUs IPOLIECCa B MHOTOJIETHEM XO/IE.

Ha Bceit Tepputopuu ob6iacTu, BKIOYas TOpHbIE pallOHBI, HAOMIOJAETCS 3HAUYUTEIHHOE
nonobue KapTHH MEXIOJOBBIX Bapualuil TemrepaTypbl BO31yXa, aTMOC(PEPHBIX OCAJIKOB U
MOA3EMHOI'0 CTOKA, YTO YKa3bIBACT HA €MHBIN MEXaHU3M HaOII0JaeMbIX U3MEHEHUH.

CyIIecTBeHHBIX W3MEHEHUN KOJIMYECTBAa OCAJKOB, 3a mociennue 50 jieT, Ha paBHUHHON
TeppuTopun HeT. B BekoBoM Xxone HabmomaeTcss HeOOJbIlas IMOJOXKHUTENbHAs TEHICHIMS K
YBEJIIMYEHUIO CPEIHEr0JJOBOr0 KOJIWYEeCTBa OCAIKOB. JlMama3oH HM3MEHEHHH CyMM OCaJKOB B
TOPHBIX paiioHax OoJjiee IIUPOKUM 3a CUYET BapualMii oOporpauueckoil COCTaBISAIONICH,
BO3HHUKAIOIIMX BCIEJCTBUE U3MEHEHNN MAKPOLUUPKYISIITUOHHBIX yCIIOBUM. CTaTUCTUYECKUIA aHAIIN3
MHOTOJIETHUX HW3MEHEHUH aTMOC(epHBIX OCAJKOB B PAcCMATPUBAEMBIX PETHMOHAX TIOKa3al —
OTCYTCTBHE CTATUCTUYECKH 3HAYMMBIX TPEHIOB TMEPBOTO W BTOPOTO MOpsAaKa. MHOroieTHue
M3MEHEHHs B ATOM pErvoHe 3a yKa3aHHbIH uHTepBan BpemeHu (1932 — 2015 rr.) moryr ObITH
OMNMCAaHbI CIYYAHBIM MPOIIECCOM C XapaKTEPHOU TUCTIEPCUEN.

YCTOWYNBBIX TEHACHIMH K YCWICHHUIO 3aCyIUTMBOCTH WM TMOBBIIIEHUIO YBIAKHEHUS

peruoHa HE OTMECUACTCA.

3.5.  Pacuem noodzemno2o cmoka na 0moenbhbix 60003a00pax u NPAKMu4eckas e20 OYeHKa
dopmupoBaHUe TOJI3EMHOTO CTOKA B PEKM U KOJIWYECTBEHHAS XapaKTEPUCTHKA ITOTO
rporiecca MPeACTaBISIIOT CO00M HAyYHBIM W MPHUKIAAHOW WHTEpec. M3ydeHne moa3eMHOro CToka
CIOCOOCTBYET YTOYHEHHWIO TIPOIECCOB KPYroBOPOTa BOABI B  TPHPOJE, OIPEIACICHHUIO

MpOAOJIKUTCIIBHOCTU LMUKIIOB KPYroBopoTa, TCMIIOB BO,Z[OO6MCHa B BCPXHUX HACTAX 3€MHOM KOpBI,
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BBISICHEHHUIO YCJIOBMM NMUTAaHUS M Pa3rpy3Ku BOJOHOCHBIX TOpU30HTOB. MccienoBanue mpoieccoB
MOA3EMHOI'0 CTOKA MPEACTABIISIET UHTEPEC MPU PEUICHUN TUIPOTEOJIOTMYECKUX, THAPOIIOTMUYECKUX,
reo(U3M4eCcKnX, TeOXUMUYECKUX U F€OJOTMUYECKHX 3a]a4, HalpUMep, ISl KOJIMYECTBEHHON OLIEHKH
MUTpAllMd XUMUYECKHX 3JIEMEHTOB, B 0Opa30BaHUU M DPA3PYIICHUU MECTOPOXKICHUN MOJIE3HBIX
HCKOMAEMBIX, B IEPEHOCE TeTia U (OPMUPOBAHUH, TE€OTEPMUIECKOTO PEKUMA 36MHOM KOPHI.

Hampumep, Oonee riay0okoe moHMMaHHe (U3MYECKUX W XUMHUYCCKUX B3aMMOCHCTBHIMA
BEPXHHUX 4YacTel 3eMHOW KOpbI, TUapochepsl U arMochepsl BO MHOTOM 3aBHUCUT OT CTEICHHU
PacCKpBITUSL 3aKOHOMEPHOCTEH (POPMUPOBAHUS MOJI3EMHOIO CTOKA M TOYHOCTH €r0 KOJIMYECTBEHHOM
OLICHKH.

Hns  ananuM3a UCMOJIB30BAINCH CYTOYHBIE JIaHHBIE II0 pacxojJaM Ha  CTBOpax
HE3aperyJIMpOBaHHBIX PeK (3TO HCKIIOYAeT HEOJHOPOJHOCTH THAPOJIOTMYECKUX PSJIOB 32 CYET
AQHTPOIIOTCHHOTO BO3JICHCTBUSA), HAaXOAAIIUXCA BOMM3M MeTeocTaHmumid (mo 200 kM, momMoraer
OLICHUTh KIMMATUYECKYIO0 COCTABIISIONIYIO), C IUIOMIA/IbI0 BOAOCOOpHOTO OacceitHa 6osee 5 ThIC.
kM2 (pasmep OacceifHa ompesenseT BOJOHOCHOCTh — BEIMYMHY PAacXoja, Ha 6AacCeiHBbI MeHbIIeH
IIOmAnH OyIyT CHIBHO BJIHATH JIOKAJTbHBIE (AKTOPHI, MOATOMY 5 ThIC. KM? — ONTHMAJbHAs
BEJIMYMHA BOJOCOOPHOTO OacceliHa ISl OMpEeeNieHUs IMapaMeTPOB CTOKA, XapaKTePHBIX IS
KOHKPETHBIX IPUPOIHBIX YCIOBHIi), MMCIOIIUE MPOJODKUTEIbHBIC PSAbl JAHHBIX C BBICOKOM
JIOCTOBEPHOCTBIO CTATUCTHYECKOM OLIEHKU. DTUM TPEOOBAHUSM COOTBETCTBYIOT JIBa CTBOpa: Y MOa-
[Masika (1932 - 2014 rr.) u [Tonoit-Kaneska (1953 - 2014 rr.).

CtBop Ha p YMmOa, BOmm3u nopora Ilasnka, cymectByer ¢ 14 utonsa 1930 roma. Iloct
CBaliHbIN pacrnojoxeH B 3,7 KM OT ycTbs benoro mMopsi, Ha neBom Oepery peku. KoopanHatel mocta
66°42" c. . u 34°18" B. 1, WIOMmMAaL BogocGOpHOTO GacceitHa coctapiser 6470 km2 CTBop Ha p.
[Tonoit BOM3u cena Kaneska, pacrionoxeH B 14 kM oT ycTbst benoro Mopsi, Ha JIeBOM Oepery pekH.
Koopaunatsl nmocta 66°37" c. m. u 37°54" B. 1, miomaae BoJocOOpHOro OacceifHa cocTaBiseT
10200 km? (Tabm. 3.5.1).

JonuHbl peK TpoJoKeHBl 1o paziomy, U — o0pa3HO (QOpMBI C KOTJIOBUHHBIMU
pacmpenusivu. [lpuiieraromass MECTHOCTh XapaKTEpU3YeTCs KPYMHOXOJIMHUCTBIM peibedoM, C
HaTM4ueM OOJIBIIOTO KOJMYECTBa 3a00J0YEHHBIX KOTJIOBAHOB M HE3HAUUTENBHBIX 03ep. CKIIOHBI
pacceueHbl OBparamu, Oaikamu - BBICOTOM 10 50 M, KpyTble, KAMEHHCTBIE MTOPOCIINE CMEIIaHHBIM
necoM. Pycio yMepeHHO — U3BUIIMCTOE, TTOPOXKUCTOE C 03€POBUIHBIMHU TiecaMu. JIeOBBIN pekUM
Ha y4YacTKax THAPOMETPHUYECKUX TOCTOB ycToiuumB. JlemooOpa3oBaHuMe Ha peKkax B CpeIHEM
HAYMHAETCS B KOHIIE OKTAOpe, Ha IUiecaX M oO3epax MOSBISIFOTCS 3a0eperd, a Ha IMoporax
MPOMCXOJUT HMHTEHCUBHOE OOpa3oBaHHE JOHHOTO IbJaa. BeceHHUWIl senoxon HaOmromaercs

©XKEeroJIH0, HO OH HEMHTEHCHBHBIA [1po0/KUTEIRHOCTD JIe0X0/1a B OJU3M UCTOKOB pek 8 - 20
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nHel, y yeThbst — 1 - 5 nueii. [TonHoe «0cBOOOXKICHNE» OT JIbJa HAOII0AaeTCs MIPUMEPHO B CEpEeIUHE
Mmasl.

Tabm. 3.5.1. XapakTepucTUKH aHATM3UPYEMBIX CTBOPOB

JlaHHBIC/CTBOD YmMmba-Ilasika [Tonoii-KaneBka
KOX((UIMEHT MIEPOXOBATOCTH pycia N, 1. 0,05 0,05
VYkI10H BoAHOM MoBepxHOCcTH L, 11.e 1,2 0,68
JUTHA PEKH BBIIIIE PACYETHOTO cTBOpa Lo, KN 119 312
BoJ0COOpHas IIoMmanh Fo, kM2 6470 10200
MomHOCTh BOJOHOCHOTO TOPU30HTA,
20 30
JIPEHUPYEMOTO PEKOH, M, m

Pacunenenne ruzaporpada pednoro croka mpoBogwioch Merogom b. W. Kynenuna, B
nporpaMMHbIX maketax Regim_3 um GrWat. [l psna peXMMHBIX H3MEPEHHH pacxoia pek
JIOTYCKAETCsl XPOHOJIOTMYECKasi HEPaBHOMEPHOCTh HAOIIOICHHIA.

Peanuzayusa ¢ npocpamme Regim_3. IlporpammMHsblil makeT Regim 3 sBisieTcsa mpoayKTom
TPETHEro TIOKOJICHHSI IIMPOKO M3BECTHOM M TMPHUMEHSEMOW B THIPOTCOJIOTUYECKHX U
TUIPOMETEOpOJIOTHYeCKUX —opranuzanusx nporpammel REGIM, paspabateiBaemoint P. C.
[lIrenrenoBeim ¢ 1989 1.

OOpabatbiBaeT JaHHBIE MO pacxoiaM 3a 3aJaHHbIA MPOMEXYTOK BPEMEHH, TOMYCKAIOTCS
npornycku. Jisg KaXJIoro KaleHAApHOTO Trojia CUYUTAIOTCA Pa3lIMYHbIe TOJOBBIE XapaKTEPUCTUKU
CTOKa, Takme Kak: 00beM peunoro (Vp, m°) u momzemuoro (Vm, M°) cToka, pacxomsl pearoro (Qp,
M%/cyT) 1 moazemuoro (Qm, M%/cyT) cTOKa, MOZYIM HOBEPXHOCTHOTrO (M, 11/CXKM?) U MOA3€MHOTO
(Mmn, 1/cxxm?) cToka. Uepes 9TH XapaKTepUCTHKH PACCUUTAHBL: MIPUBEAEHHbIH MOYIIb MOA3EMHOTO
croka (Mmnpus, (1/cxkM%)/M), kodbduimenT nomsemHoro muTamus pek (Kmm, m.e.), Croit
noazeMHoro (Y1, MM/ToJT) ¥ TOBEpXHOCTHOTO (Y, MM/TOJT) CTOKA.

[Tpumep pacyera, JaHHON TIPOTPAMMOIA, TIPEICTaBICH B Tadymie 3.5.2.
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Tab6u. 3.5.2. ®parMeHT €KEroHBIX Pe3yabTaToB pacuera st ctBopoB [Tonoii-Kaneska n Ymb0a — ITastika B mporpaMmmuoM makete Regim_3

Fom/Hapanetp Vpeu Qpeu.cTok lc\?;i: Vo3 Qm, M, Mi.p, - Vi, V. o
croka, M> | a, M/cyT croka, M° | M/cyT T/CXKM? n/cxXkM?/m MM/TOJL
/CXKM?
ITonoii - KaneBka

1953 1.60E+09 293.00 28.70 1.70E+08 31.10 3.10 0.10 10.80% | 3.05E-06 | 2.82E-05
1961 1.75E+09 325.96 31.98 2.05E+08 46.70 4.58 0.15 14.32% | 4.58E-06 | 3.20E-05
1969 1.58E+09 435.19 42.67 2.14E+08 59.07 5.79 0.19 13.57% | 5.79E-06 | 4.27E-05
1993 1.49E+09 469.21 46.00 3.44E+08 107.70 10.56 0.35 22.96% | 1.06E-05 | 4.60E-05
2000 2.83E+09 42491 41.66 2.71E+08 40.77 3.40 0.11 8.16% | 4.00E-06 | 4.90E-05
Cpemmee 1.64E+09 218.00 41.00 2.28E+08 30.00 7.00 0.16 14.72% | 4.69E-06 | 3.92E-05

3HAYCHHUC

YmMmba - [Nasnka

1932 1.16E+09 210.67 35.56 2.08E+08 37.69 5.83 0.29 16.39% | 5.83E-06 | 3.55E-05
1941 4.79E+08 120.61 18.64 1.01E+08 25.48 3.94 0.20 21.14% | 3.94E-06 | 1.86E-05
1952 7.60E+08 258.74 40.00 1.16E+08 39.55 6.11 0.31 15.28% | 6.11E-06 | 4.00E-05
1963 4.88E+08 152.67 23.60 8.95E+08 27.98 4.33 0.22 18.35% | 4.32E-06 | 2.36E-05
1971 6.80E+08 187.52 28.98 1.13E+08 31.02 4.79 0.24 16.53% | 4.79E-06 | 2.90E-05
1980 3.33E+08 142.55 22.03 7.18E+07 30.78 4.76 0.24 21.61% | 4.76E-06 | 2.20E-05
2014 7.50E+08 133.51 20.64 1.61E+08 28.62 4.42 0.22 21.41% | 4.42E-06 | 2.07E-05
Cpennee 6.73E+08 160.32 24.79 1.64E+08 31.69 491 0.25 19.87% | 4.90E-06 | 2.48E-05

3HAYCHHC
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Peanusayusa 6 npoepamme GrWat. Ilporpamma GrWat neinuT cyTodyHble pacxo/bl BOJbI Ha
BOJOXO3SIIICTBEHHBIE TOoAa (T.e. OT Hayaja IMOJIOBOJAbS STOT0 KAJICHJAPHOTO TOAa 10 Hayaia
MIOJIOBOJIbS CIICAYIOIIEro KaJeHJapHOTo roja). Jis Kaxkaoro roja CUMTaloTCs pa3indHble rOJI0BbIC
XapaKTEPUCTHKH CTOKA, TaKhe Kak: cpemHeronosoii pacxon (Qy, M°/cyT), MaKCHMAIbHBIA Pacxoj
Boabl (Qmax, M°/cyT), naThl: Hayana monoBoaks (Datestart), HaCTyIIEHHS MAKCHMAJIBHOTO PAcXo/a
Bojbl (datemax); pasnuyHble XapaKTEPUCTUKH MHHHUMAJIBHOTO CTOKA: MHHUMAJIbHBIA MECSUHBIN
pacxon Boxsl neTHell (Qmmsummer, M%/cyT) u 3uMHeil (Qmmwin, M/cyT) MekeHH, HoMepa
MeCSIIeB, KOT/Ia OH Habro1aeTces - JIeTHUX (monmmsummer), 3uMHuX (Nommwin), MUHUMAIbHBIHA
30, 10 u S-cyrounslii pacxox Bosl sertHeil (Q30s, Q10s, Q5s, M¥/cyr) u 3umHeit (Q30w, Q10w,
Q5w, m/cyT) mexenn, natel Hadana (date30s(1), datel10s(1), dateSs(1), date30w(1), datel0w(1),
date5w(1)) u oxonuanus (date30s(2), datel0s(2), date5s(2), date30w(2), datelOw(2), date5Sw(2))
JUIS 3TUX TEPHOIOB; CPEIHUN pacxo] MOJ3EMHOM COCTaBIISIIOIICH pedHoro croka 3a ron (Qygr,
M%/cyT), 06Bem monosoassa (Wpol, km®), (Wpo2, km®), o6bem maBoakos (Wpavsl, km®), (Wpavs2,
kM), BeMYMHA TTABOIKOB 3a cueT ocankos (Wpavthawl, xm®), (Wpavthaw2, kM), MakcHManbHEIH
pacxon BoAbl B Tepuoj TaBoakoB (Qmaxpavs, m°/cyr), mata sToro pacxoma (datemaxpavs)
MaKCHMAIbHBIH PacXo BOJIBI B TEPHOJ TABOAKOB 3a cueT ocaiakoB (Qmaxpavthaw, m/cyT), ero
nata (datemaxpavthaw).

B nporpamMe mpucyTcTBYIOT KanmOpyeMbie mapamerpsl (Tadn. 3.6.2). Onu mopOupanuch
IUIsL IBYX CTBOPOB Ha OCHOBAaHHMH aHAJIHM3a THApOrpada pedHoro CTOoka, Mo ACCATHICTHSIM (Tall.

3.5.2 — 3.5.3). IIpumep pacuera, JaHHOM ITPOrpaMMOii, IpeacTaBicH B Tabuie 3.5.4

Ta61n.3.5.3. Kaymmbpyemsbie mapamerpsl B mporpamme GrWat

Ha3zBanue
YcnoBusi, KOTOPBIE 33/1aeT TapaMeTp
napamerpa
mome MECHI, C KOTOPOrO0 HAYMHACTCS 3UMHSISA MCXKCHb
d WHTCHCUBHOCTH criajia/moabeMa Q 3a c4éT TpyHTOBOH COCTABIISIFOIIICH,
are BBIpOXEHHAsI B JIOJISIX OT pacxo/1a MpeIIeCTBYIONIETO JHS MOCe Crajia
" WHTEHCUBHOCTH cliajia/moabemMa Q Ha crajie oJI0BO/Ibs 33 CUET TPYHTOBOM
e COCTaBJISIFOIICH, BRIPaXKEHHAS B IOJISIX OT Pacxo/ia MPeAIeCTBYIOIErO THS
cdoarl Max J0MyCTUMOE MOBBINICHUE IPYHTOBOH COCTABIISIONICH 110 CPABHEHUIO C
Qur HayvaJIbHBIM 3HAYCHHEM (yKe TIOCIIE CIajia MOJIOBOIb)
polmon (1) caMblil paHHHUW MECSI], KOT/1a MOXKET HaOJF0IaThCsl HA4aio TOJIOBOIbS
polmon (2) CaMBIi TTO3JHUIA MECSII, KOTJ]a MOXET HAaOJFO1aThCsl HA4asIo MOJIOBOIbS
polkol(1) KOJIMYECTBO JTHEH C Hayalla OJIOBO/IbsI C YCTOMYUBBIM YBEITHUECHUEM B
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HasBanue

VYcnoBus, KOTOpBIE 3aJ1a€T MapaMeTp

napameTpa
CpeIHEM =yCTaHOBJICHHOMY rpaaueHTy polgrad(1)
KOJIMYECTBO JTHEW C HayaJia IMOJIOBO/IbsSI C YCTOWYMBBIM YBEINYCHUECM B
polkol(2)
cpenHem Ha >=0 %
KOJIMYECTBO JTHEH ¢ Havalla IMOJIOBOIbS, 32 KOTOPOE MPOXOIUT OCHOBHAS
polkol(3)
BOJIHA TTOJIOBOJIbS
polgrad(l) | 3HaYeHus rpagueHTa YCTOWYMBOIO YBEIMUYCHHS PAcXo/ia B Ha4aje MOJOBOIbSI
BO CKOJILKO Pa3 CpeAHHIA pacxo/1 BOAbI 3a mojioBo ke polkol(3)
polgrad(2) rapaHTHPOBAHHO MPEBBIMIACT MPEIICCTBYOLIHHA TOJOBOABI0 MEKCHHBIH
YPOBEHB
KOJIMYECTBO JTHEW C JaThl MAKCUMAIIBHOTO pacxoa aeicTBus grad, mocie
prodspada
3TOrO mepexoauT Ha gradl
KOJIMYECTBO JTHEH, 32 KOTOPOE aHAIM3UPYETCSI CyMMa OCaJIKOB U CyMMa
nPav
TEeMIIEPaTyp, HEYETHOE YUCIIO
Pcr MM OCaJIKOB - KpUTHUYECKAs CyMMa, KOTOpasi BEI3bIBACT 3HAUYUMBIH TABOIOK
Terl C cpennsist Temneparypa 3a nPav, <= KOTOpo# - CHer, > Tor/a MaBOIKU
Tcr2 C cpennsis Temriepatypa 3a nPav korga HaOm0/1aeTCs Tablid MaBOIOK
Tzam C cpenHsisg cyTouHas TeMiieparypa coObITus "3aMopo30k"
) 3HAYMMBIH Meperaj pacxo0B (s BHIOOpa 3HAYUMBIX CIIaJ[0B/TI0IbEMOB TIPH
SignDelta
OTJICJICHUH TTABOJIKOB) B JIOJISIX OT MAKCHMAJIBHOTO Pacxojia BOJbI 3TOTO rojia
SignDeltal =SignDelta*0.15 !3naunMBbIii IEpena s MOUCKA JIOK.MaKCUMyMa
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Ta61.3.5.4 Tlogbop mapamMeTpoB AJisi ABYX CTBOPOB

[TapameTpsl
TI'oner CtBOD
mome | polmon(1) | polmon(2) | polkol(1) | polkol(2) | polkol(3)
Tlonoi-
KaneBka
1931-1940
YmMmbOa-
12 5 14 20 25
ITasnka
Tlonoi-
KaneBka
1941-1950
YmMmbOa-
4 5 13 14 30
ITasnka
Tlonoi-
4 5 18 14 30
KaneBka
1951-1960
YMmba-
4 5 9 12 30
Tlasnka
Tlonoi-
4 5 14 14 35
KaneBka
1961-1970
YMba-
3 5 14 16 20
Tlasnka 11
Tlonoii-
4 5 15 14 30
KaneBka
1971-1980
YMmba-
4 5 10 15 25
TTasnka
Ilonon-
4 5 10 13 25
KaneBka
1981-1990
YMba-
4 5 8 13 25
[Tagnka
Ilonon-
4 5 15 16 40
Kaneska
1991-2000
VYMba-
4 5 10 13 25
ITagnka
Ilonon-
4 5 14 17 30
2001-2010 KaneBka
YmMmba- 4 5 16 15 25
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[TapameTpsl
TI'oner CtBOp
mome | polmon(1) | polmon(2) | polkol(1) | polkol(2) | polkol(3)
[Tasinka
[Tonoi-
2 4 11 16 35
KaneBka
2011-2020
YmMmba-
4 5 9 21 30
[Tasinka
[Tonoi-
2 14 32
[Ipunumaemoe Kaneska
5 15
3HAYEHUE Ymba-
3 11 26
[Tasinka

Ta6:m.3.5.5 Bxoansie napametpsl B mporpammy GrWat

[Tapametp/CtBOp ITonoii-KaneBka Ymba-Ilasnka
mome 11
grad 1.5
gradl 2.5
kdQgrl 200
polmon (1) 2
polmon (2) 5
polkol(1) 14
polkol(2) 15
polkol(3) 32
polgrad(1) 2
polgrad(2) 1.4
prodspada 90
nPav 5
Pcr 20
Terl 0
Tcr2 2
Tzam -0.5 -0.5
SignDelta 0.05 0.05
SignDeltal 0.0075 0.0075

72



Teon. 3.5.6 PpanvierT exeronHLX pe3ysTaroB pacsera, st creopos [ lonoHKanerra n Yvoa—I Tasra B iporpavvie GiWat

1 loroi - Kasesa
Year Lae Lae Lae dm | Ivomm {n NOM aedls | caEeds a3 | CarEeduwv caells
Yer
1 2 ot ped Y™ o YW e e o om0 ™ g g P g
15 A4 ova Brot A3/ 75100 SVt 47UL o010 0) o100 2001 ZW0) A33 o6ccH SOKT 039 3 sHB BB M.o 10amp
CHELS CAEIOW | CHELUW eS| S CHEBN | CHESW VRS | VWES | W | Wi | WTEX | DHETEX| QTEX | DHETEX
Ql0v 035 GBw Wl | Wl
@ @, @ @ 2 @, @ 1 2 tanl | ten2 | pas | pas | pavtaw | pevtaw
Sea | 24&2 T BSvep | 3ap | S | ap | Wap | A% | v | 3ap | 1S | UW | 1@ | U3 | 23 | LU | 3BW | Bwvai | #6W | $vai
Wia-1 brra
Year Lae Lae Lae dm | Iivomm {n NOM aeidls | careds a3 | CaEeduwv caells
Yer
1 2 st ped Y™ o YW e g o min o g g B g
18 199 3lnvap 14 mex (8.9 20 I/van 2/ Z(1o 4 Z(.1o 400 200 3invap Dap 1Y 16Map 14amp 13/ 3lnvap
CHELS CHELOW | CHELUW GBS | S CHESN | CHESW VRS | VWES | W | Wi | WTEX | DHETEX| QTEX | DHETEX
Ql0v 035 GBw Wl | Wl
@ @, @ @ 2 @, @ 1 2 tarl | ten2 | pas | pas | pavtaw | pevthaw
vap | A | Zvep | Sap | 96U | 3ivep | dap | A% | v | 3ap | 23 | LB T Ld | UD | 1w | U | ¥oW | Mum | U | BEK




3.6. Bauaumue eapuayuii KwMama HA NOO3EMHBINL CHMOK Ce8epPO-60CMOYHOU  4acmu
banmuiickoeo wuma

OnenuBas 00y TEHICHIIUIO U3MEHEHHS CTOKA PEK, BBIJEIIEHBI IEPUObI MOBHIIICHHON 1
MOHIKEHHOM BoJHOCTH. HeogHOokpaTHas cMEeHa STHX IMEPHOJO0B IMO3BOJISIET TOBOPUTH 00 OOIIei
MUKIMYHOCTH U3MEHEHHSI BOJAHOCTH, CBSI3aHHOHN C IUKIMYECKUMH N3MEHEHHUSAMHU KIMMAaTa.

Hayvasno 3uMHel MexeHH cMelaeTcs Ha 0oJiee M03/1HUE CPOKH U CMELIAETCs Hayallo KpUBOU
crmajga pacxonoB Bojbl. CHEroTassHue HaUMHAETCS PaHbIIIE, BCIEACTBUE YETO MPOAOKUTEIBHOCTD
MEXEHH yMEHbIAeTcs. YBEJIMYeHHE MOJ3EMHOr0 CTOKa B 3UMHMM NEpUOJ BJIEYeT 3a cOoOOM
MOBBILICHUE YPOBHEW MOA3EMHBIX BOJI, a 00lee MOBBIIICHHE TEMIIEPATyphl BO3AyXa MPUBOAUT, KaK
CIICICTBUE, K YBEJIMUCHHUIO TEMIIEpaTyphl MOYB U MOA3EMHBIX BOJ. M3MeHEeHHe BOAHOTO peKuMa
«IOJICPKUBACTCS WM JaKe YCUIMBAETCS aKKyMYJISIMEW BIaru B BOJOCOOpPHBIX OacceifHax Ha
(dhoHe 3a001auMBaHUS TEPPUTOPHH.

Jns BoisiBneHUs (AKTOPOB, OINPEACTSIONINX OSTH TMEPUOMbI, pacXoAbl BOABI B peKax
COIOCTABIBUIUCh C JAaHHBIMA 110 W3MEHEHHIO KIMMATHYECKHX XapaKTepHCTUK (OCaIKOB U
TEMIIepaTyp BO3aAyXa).

B coBpemeHHOE BpeMsi €CTECTBEHHBIN PEKUM PEYHOTO CTOKA PEK, HAPYIIEH XO035HCTBEHHON
NeSITeNIbHOCThIO YEIOBEKa, YTO MPUBOAUT K H3MEHEHHUIO OJHOPOJAHOCTH MHOTOJETHUX PSIOB.
OLEHUTh CTENEeHb BIMAHUS KIMMAaTHYECKUX W AaHTPOIOTCHHBIX (PAKTOPOB Ha PEYHOH CTOK
BO3MOYKHO C TIOMOIIBIO BOCCTaHOBJICHHSI €CTECTBEHHBIX XapaKTEPUCTHK CTOKA.

B pernone HabiromaeTcss CMeIIeHHE BPEeMEHH Hadana moioBogss (puc. 3.7.1.). B 6omee
BOJHBIE TO/a, HaOmonaercss Ooblliee KOIMYECTBO MAaBOJAKOB. [IpogoOmKHTENBbHOCTD IMOJOBOAbBS
UMeeT TEeHICHIMI0O K yMeHbIIeHWIo (puc 3.7.2.), 00 5TOM CBHUAETEIHCTBYIOT OTPHIIATEIbHBIC
JTMHEWHBIE TpeHAbl. MUHHMMaNbHas TPOJOJDKHTEIBHOCTh Ha cTBope YMmOa — [lasika 21 nwued,
[Tonoii — KaneBka 22 nusi, MakcuMmanbHas — 42, 40 qHei, COOTBETCTBEHHO.

N3meHeHue noazeMHoro croka Ha ctBope [lonoii-KaneBka, 3a nepuon Habmoaenus ¢ 1953
1o 2014 rr, onmuChIBaeT MOJIOKUTEIBHBIN TUHEHHBIA TPEH]I, BKJIA] B OOIIYIO TUCIIEPCUIO MpoIecca
coctapnser 0,01 1. e. MakcumanbHOe 3HaueHHe Tom3zeMHOro crtoka 71,40 m%cyr (1971 1),
muHAManbHOe — 12,82 M%/cyT (2012 1). s crBopa Ym6a-TTasmka (1932 - 2014 1T) H3MeHeHue
MOJI3EMHOI0 CTOKAa XapaKTepU3yeTcs OTpULATEIbHBIM JIMHEHHBIM TPEHIOM, BKJIAJ B OOLIYIO
nucnepcuto nponecca cocrasiser 0,01 a. e. MakcuManbHOe 3HaYeHHE MOJ3EMHOrO cToka 62,19
M%/cyT (1943 1), MuanmansHOE — 12,61 M/cyT (1942 1).

AHasiornyHasi KapTHHa HAOJMI0AaeTCsl IPU aHAJIM3e W3MEHEHHsI MOAYJIS MO/A3EMHOT0 CTOKa
Ha 3TUX cTBOpax. s ctBopa IloHoii-KaneBka n3MeHeHHst MOy MOA3EMHOIO CTOKA BO BPEMEHHU

OTHCHIBAIOTCS TOJIOKUTEIBHBIM JIMHEHMHBIM TPEHJOM, BKJIaJ B OOIIYI0 JHMCIEPCHUIO Tpoliecca

74



cocrapister 0,02 1. e. MakcuManbHOE 3HaUEHHE MOy TToA3eMHoro cToka 10,56 n/c km? (1993 1),
MuHEManbHOe — 1,26 1n/c km? (2012 r). Ha ctBope YM6a-Tlasnka u3MeHeHHEe MOy TIOA3EMHOTO
CTOKa XapaKTepHU3yeTCsl OTPULIATEIbHBIM JTUHEHHBIM TPEHIOM, BKJIa/ TPEHIa B OOIIYIO AUCIIEPCHIO
npouecca coctapiseT 0,01 1. e. MakcumanbHOe 3HaU€HUE MOAYJIS OJ3€MHOTO cToKa 9,61 11/c KM2
(1943 r), muaumansaoe — 1,95 n/c km? (1942 ).

3navyenus kodddunuenta Bapuanmu ans naHHbX cTBopoB 0,61 (ITonoii-Kaneska) u 0,32

(YmMba-Ilassika) yka3bIBalOT Ha 3HAYUTENIBHBIC KOJIeOaHUs TIOJ36MHOTO CTOKA OT Tojaa K roxy. Jlms

ctBopa [lonoit-KaneBka 3Tu u3smeHenust 0osiee CylnieCTBEHHBI.

800,00

700,00

600,00

500,00
=¢==1971_1990

—8—1991_2015

400,00

Pacxoa, m3/c

300,00
4 —+—1951_1970

200,00 ——1932-1950
100,00

0,00
Hosnbpb [ekabpbdeBpans Anpenb Mali  Uionb  Aeryct OkTabpb/lekabpb AHBapb

OHn

Puc. 3.6.1. I3menenue ruaporpacgos Ha crBope [lonoit — KaneBka

—@— YMmba-MNaanka
—@— [oHoli-KaHeBKa

40
eeeee JlMHelHan (YMmba-Masnnka)
eeceee JluHeiHan (MoHoM-KaHeBKa)
s
I
S}
30 y =-0,635x + 1421,6
R? = 0,0446
y =-1,0472x + 2208,2
R?=0,1822
20
1920 1940 1960 1980 2000 2020

loabl

Puc.3.6.2. IIpoomkuTeIbHOCTD MOJIOBOABS Ha cTBOpax YMmoOa-Ilasnka, [Tonoii-KaneBka
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&40 T' R =0,0101
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Puc.3.6.3. M3meHeHne pacxona IMOJ3EMHOIO CTOKa BO BpeMeHHM Ha cTBopax: IloHoii-KaHeBka,

VYmoa-Ilasnka

Ta61.3.6.1. Cratuctuueckue pacyeTbl IS MOJYJs MOA3EMHOIO CTOKa Ha crBopax: Ilonoii-

Kaneska, Ym0Oa-Ilastiika

ITapamerp/CtBop | Ilonoil-KaneBka | YmOa-Ilasnka
Cs 0.61 0.32
Cs 0.77 0.77
c 4.24 1.57
D 0.00 2.44
K - -0.11
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3akiiloueHue

3HaHHUS O TMOJ3EMHOM IMHUTAaHUU PEK U €ro JUHAMHKE CIOCOOCTBYIOT Pa3BUTHUIO TEOPHH
TUIPOJIOTUYECKUX PACUYE€TOB W IMPOTHO30B PEYHOrO CTOKa, Oosee riIyOOKOMY aHAaIM3y YCIOBUMN
(GbopMUpPOBaHUS PEUHOTO CTOKA, €r0 BHYTPUIOJOBOTO PACHpPENEICHUs U AUHAMUKH, (OPMUPOBAHUS
BCEX BHJIOB BOJHBIX pecypcoB. M3yueHue moa3eMHOro CTOKa M ONPEEICHUE ero KOJIMYeCTBEHHOM
XapaKTePUCTHKU MOXKET O0O0€CIeYUTh YCIEIIHOE PEIIeHWe HapOJHOXO3SUCTBEHHBIX —3ajad,
CBA3aHHBIX C KOMIUIEKCHBIM HCIIOJb30BAHMEM M OXPAaHOW BOJHBIX PECYpPCOB, LEIEHANPABICHHBIM
YIPaBJICHUEM TOBEPXHOCTHBIM U MOA3EMHBIM CTOKOM, TPOTHO3UPOBAHMEM MUHUMAJIBHBIX PACX0/I0B
peK s THUAPOIHEPreTUYECKOro IMPOEKTUPOBAHUS, CYAOXOJICTBA, JIECOCIUIaBa, HpPPUTAIUH,
BOJIOCHAOKEHUS U IPYTUX OTPACIICH HAPOTHOTO XO3SHUCTRA.

Hccnenyemble BRIOOPKH TaHHBIX HAOTIOJCHUI 10 pacXxojaM BOJIbI, TEMIIEPAType MPU3EMHOTO
BO3/lyXa U KOJIMYECTBY aTMOC(HEPHBIX OCAJIKOB PENPE3eHTATUBHBI COOTBETCTBYIOIUM IeHEpaIbHbIM
COBOKYIHOCTSIM JIJIsl UCCIEAYEMOIO PETHOHA.

OOHapy>XeHHbIE M3MEHEHHUsI TeMIIepaTypbl BO3AyXa pealbHbl, TaK KaK MPEBOCXOJAT
CTaHAAPTHYIO OIIMOKY pacyeTa BEJIMYUHBI U3MEHEHHH.

[TapameTpsl ypaBHEHUN TPEHAOB 1-TO M 2-r0 MOPSAJKOB B MHOTOJIETHEM XOJE TEMIEPATYpPbI
BO3/lyXa CTaTHUCTHUYECKU 3HA4YMMbl. OLIEHKHM JOCTOBEPHOCTEH TPEHAOB 1-ro u 2-ro MOpSAJIKOB B
MHOT'OJIETHEM XO0/]Ie TEMIIEpaTyphl BO3yXa HECITy4yalHbI, OJJHAKO UX 3HAYCHUs HE TpeBbIimaoT 50%.

OOHapy>XeHHbIE HW3MEHEHHUsI KOJHUYECTBa aTMOC(EpPHBIX OCaTKOB HAMHOTO MEHBIIE
CTaH/IAPTHOW OINMOKM pacyeTra BEJIMYWHBI WM3MEHEHHH WU, CJIeJOBaTeNbHO, CTAaTHCTHYECKH HE
JIOCTOBEPHBI.

[Ipu aHanmu3e NOA3EMHOTO M PEYHOTO CTOKA BBIJCICHBI MEPUOJABI TOBBIIICHHON U
MMOHMKEHHOW BOAHOCTH. HeonHOKpaTHass cMeHa STHX TEPHOJIOB TO3BOJISIET TOBOPUTH 00 OOIIeH
UUKJIMYHOCTH U3MEHEHHS BOJHOCTH, CBA3AHHOM C IMKJIMYECKUMU U3MEHEHUSIMU KIIMMATa.

Hauano 3umMHell MexxeHU cMelaeTcs Ha OoJiee MO3JHUE CPOKU M CMEIIAETCsl Hayalno KpUBOU
cnaza pacxo/ioB Bojbl. CHerotasHue HAYMHACTCS paHbIle, BCIEACTBHE YETO MPOIOJIKUTEIHLHOCTD
MEXEHH YMEHBIIAETCs. YBEJIWYEHHE IOJ3€MHOT0 CTOKa B 3UMHHUN TMEpUOJ BJIEYET 3a COOOM
MOBBIIIIEHHE YPOBHEH MOA3EMHBIX BOJ, a 00IIee MOBBIIICHHE TeMIepaTyphl BO3yXa MPUBOJIUT, KaK
CJIEJICTBHE, K YBEJIMUEHUIO TEMIEPATYPHI ITOYB U MOJI3EMHBIX BOJ.

B coBpeMeHHOE BpeMsl €CTECTBEHHBIN PEKHUM PEYHOIO CTOKA PEK, HApYyIIEH XO35AHCTBEHHOU
NESTETPHOCTHIO YEJIOBEKA, YTO MPUBOAUT K H3MEHEHHUIO OJIHOPOJHOCTH MHOTOJIETHUX PSIOB.
O1eHUTh CTeNeHb BIMSHUS KINMAaTHYECKUX U aHTPOIIOTeHHBIX (DAKTOPOB HA PEYHOM CTOK BO3MOKHO

C MOMOMIBIO BOCCTAHOBJICHUS CCTCCTBCHHBIX XAPAaKTCPUCTUK CTOKA.
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3HavyeHus ko3 duuueHTa Bapualuy A1 U3y4aeMbIX CTBOPOB YKa3bIBalOT Ha 3HAYMTEIbHbIC
KoJsie0aHUs IOJ3EMHOI0 CTOKA OT rojia K rojy.

[To pe3ynbraTam pabOTHI MOIYYEHBI CIEAYIOIINE PE3YIbTAThI

0 CchopmMupoBaH yHUKAIbHBI MacCHUB AMIMPHYECKUX JAaHHBIX 1O PAcXOAaM BOJBI,
TeMIeparype IpPU3EMHOr0 BO3AyXa U KOJMYECTBY aTMOC(EpHBIX OCAJKOB, OTBEYAIOIIUH
TpeboBanussM BMO no mmTenbHOCTH, OAHOPOIHOCTH, JOCTOBEPHOCTH U PENpPE3eHTATUBHOCTH,
HEOOXOJUMBIX Ul MCCIIEOBAaHUIN BIMSHUSA M3MEHEHUH KIMMAara Ha IMOJ3EMHBIE BOJBI BOCTOYHOU
yactu banTuiickoro mura;

0 MHoronerHue MeXroJoBble H3MEHEHHUs TeMIepaTypbl IPU3EMHOIO BO3JyXa
CTaTUCTMYECKH 3HAUUMBI, a 3HAYEHUs YIJIOBOro Ko3((UIMEeHTa TPeH 1a MPEBBIIIAI0T CTaHIAPTHYIO
ommOKy ero ompezaeneHus. OjHAaKO, 3HAUYEHUS KOA()OUIIMEHTOB JCTEPMUHAIIMM TPEHIOB (WK
OLIEHKH JIOCTOBEpPHOCTEN TpeHA0B) He npesbimatoT 50%, a B paje ciydyaeB 3HAUUTEIbHO MEHBIIIE;

0 Jlis onucaHus MHOTOJIETHUX MEKIOZOBBIX M3MEHEHHUIH KOJIMYECTBa aTMOC(EpPHBIX
0CaJIKOB ONTUMAJIHOM SBJISIETCS MOZEIb CIy4aiHOTO MpolLecca ¢ NpUCyIleld eMy H3MEHUYUBOCTHIO;

0 Hcnonb30BaHue Mpu aHAIW3€ MHOTOJETHUX Bapualui KJIMMaTa BbIOOPOYHBIX
CTaTUCTHYECKUX OICHOK, a He X aHCaMOJIs, IIOPOKIAET OMACHOCTh (POPMUPOBAHHS CTATUCTHUYECKH
HE/I0CTOBEPHBIX CY)KJICHHH 00 X XapakTepe;

0 Paccumtanbl M IpOaHATM3UPOBAHbBI MHOTOJIETHHE MEXIOJOBbIE  M3MEHEHUS
IIOA3EMHOI'0 CTOKA B CEBEPO-BOCTOYHOM YacTu banruiickoro mura;

0 Hauano 3umHel MexeHU cMelaeTcs: Ha 0oJiee MO3/IHUE CPOKU M CMEIAeTCsl Hayajo
KpUBOM cmaja pacxofoB Bonabl. CHerorasHue HA4YMHAETCA paHblle, BCIEACTBHE YErO
IIPOJOJDKUTEIBHOCTh MEKEHHU YMEHBUIAETCA. YBEIMUYEHHUE IOA3EMHOIO CTOKAa B 3MMHHUN NEPUOJ
BJIEYET 3a COOOI MOBBIIIEHNE YPOBHEN MMOA3EMHBIX BOJI, a 0011e€ MOBBIIIEHUE TEMIIEPATyphl BO3IyXa
MIPUBOJIUT, KaK CJIEICTBUE, K YBEIMUEHHUIO TEMIEpaTypbl MOYB M MOA3EMHBIX BoJ. OnHako
KO3 QHUIMEHTH! 1eTepMUHALIMN YKA3aHHBIX HANpPaBJICHHBIX U3MEHEHUH COCTaBISIOT BCEro JIMMIb |-
4%;

0 3HaueHuss Ko’(Q(ULMEHTOB Bapualuu i1 H3Y4aeMbIX CTBOPOB YKa3bIBAIOT Ha
3HAYUTENIbHbIE KOJIEOaHUs MTO/I3EMHOIO CTOKA OT r0/ia K rojy;

0 AHcaMOJ1b CTaTUCTUYECKUX OIEHOK HE CBUJETEIBCTBYIOT O CTATUCTUYECKH 3HAYMMOM
BIUSHUM KIMMATUYECKUX JEBUALMI IOCIETHUX ACCATUIETHII Ha TOA3EMHBIM CTOK B CEBEPO—

BOCTOYHOMW YacTU bajTUUCKOro mIuTa.
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