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TEMIIEPATYPHBIN PEXKUM HAPOUAHCKHX O3EP HA ®OHE MHOT'OJIETHUX
KIMMATHYECKUX U3MEHEHHUU

IIpoaHam3upoBaHbI JaHHbIE O TEMIIEPaTy PHOM pexkuMe Tpex HapodaHCKUX 03ep U TeMIleparype Bo3yxa B HapouarckoMm peruone
3a TIOCTIE/IHUE IIIThAecAT JeT. C IOMOITIBIO KOPPEISIIMOHHOTO aHATM3a II0Ka3aHO HaT4Ke clalbIxX TeHISHIHE K MHOTOJIETHEMY YBEIIH-
YEHHIO TEMIIEPATYPBI JUISL BEpXHUX (10 8 M) TOpU30HTOB 03. Hapoub U noBepxHOCTHBIX (0,5 M) ropu30HTOB 03. MsicTpo u baropuso.
OtMeueHa IIpsiMasi CHIBHAS CBSI3b MEKIY TeMIIepaTypoi BO3/lyXa U TeMIIepary poit Bopl Ha HEGOIBIINX U CPEJHUX ITyOUHaX. AHAIU3
Oypbe, BHUUCICHAE aBTOKOPPEIBIMIA, ITocTpoecHHe U cpaBHeHUE Mojieneil APTICC cBuieTenbCeTBYIOT 00 OTCYTCTBHH BBIPAKEHHO-
IO TpeH/la B U3MEHEHUY TeMITepaTyphl BO3/yXa Ha IPOTSHKEHUH paccMarprUBaeMoro repuojia. OTMEUeHo, YTo Kap/uHaIbHbIE Iiepe-
CTPOMKH, TIPOM3OITIE/IIHE B CTPYKTYPHOH U (PYHKITMOHAIBHOM OpraHu3aIiuy 3KocucTeMbl HapouaHcKux o3ep 3a nociemue 60 Jer, ¢
GOTBITION JI0NeH BEPOATHOCTH BBI3BaHbI (haKTOpaMy, HAIIPSIMYIO HE CBS3aHHBIMH ¢ INIOOATHHBIMU KIIMMATUYECKUMU H3MEHEHISIMY, &
HMMEHHO CYIIECTBEHHBIM CHKEHHEM aHTPOIIOT€HHOM Harpy 3K Ha X BOJ0cO0p, a TakKe BeeleHueM B KorIle 1980-X I'T. B 03epa Mo
Heifimero QrIbTpaTopa — MoJntiocka Dreissena polymorpha Pallas, 1 Ipor3omeIiMe BCIeT 3a STUM TpolieccaMy GeHTH(OUKAT V.

Kouesste cnosa: HapO‘{aHCKI/Ie 03€pa, TeMIicparypa BOJBL, TEMIIEpaTypa BO3JyXa, MHOTIOJICTHAA JUHAMUKA, KOppeJ'Iﬂ]_[I/IOHHI)H\/’I
aHalins, CTaTUCTHYICCKUEC MOJACIIA.

The data of temperature conditions of Naroch lakes and air of the region for last fifty years are analyzed. The presence of weak
tendencies of long-term increasing of temperature for top layers (up to 8 m) in Naroch lake and surface layers (0,5 m) in Mayastro and
Batorino lakes by correlation analysis is shown. The right strong correlation between water and air temperatures on surface and middle
water layers is marked. Fourier analysis, autocorrelations and autoregressive integrated moving average model shows the absence of
evident trend in the changing of air temperature for concerned period. There is marked that fundamental changes in structural and
functional conditions of Naroch lakes ecosystem are caused, most likely, by the factors, which are not concerned with global climatic
changes directly. These factors are the decrease of anthropogenic influence on the catchment area and the processes of bentification,
concerned with invasion in the lakes in the end of 1980s of powerful suspension feeder — mollusk Dreissena polymorpha Pallas.

Key words: Naroch lakes; water temperature; air temperature; the long-term dynamics; correlation analysis; statistic models.

JBOMIOLHUS O3CPHBIX SKOCHCTEM U TpanchopMmanmsa ux OHONOTHYCCKUX KOMIIOHCHTOB OIPEACIACTCS CO-
BOKYITHOCTBIO Pas3IHYHbIX (PAKTOPOB, K OCHOBHBIM N3 KOTOPBIX CICAYVET OTHECTH KITUMATHUYCCKUC VCIOBHS, &
TaKXKE CTPYKTYPY BOXOCOOPHOU TCPPUTOPHH U aHTPOIIOTCHHOE BIMSHUC Ha Hee. B mocieanee BpeMs IHPOKO
00CYXKIACTCS CIIE OJMH MEXaHU3M BO3ICHCTBHS YCIOBCKA, 4 IMCHHO BIMAHHC HA NTOOATBHEIC U TOKATBHBIC
KITUMAaTHICCKHE MPOLECCHI U, KAK CICACTBUC, HA 3KOCHCTEMBI 03¢, A KOTOPBIX OJHUM U3 KIOUEBBIX a0HO-
THYECKHX (JaKTOPOB ABISCTCS TEMICPATYPHBIN pexxuM. TemneparypHsiil 3¢QeKT cBg3aH cO BCEMH OHOIOTH-
YECKHUMH MPOLECCAMU, TPOUCXOMIIIMMHI B 03¢PHBIX SKOCUCTEMAX, — OT OHOXUMHUECCKON KHHETHUKH 10 H3ME-
HCHHS BPCMCHH TCHEpauu otacabHBIX BUOOB [1]. KpoMe Toro, yBeamucHHE TeMIepaTypel MOXKET CKA3aThCs
Ha BO3PACTaHUM KAaK BHYTPCHHEH (32 CYCT MHTCHCU(HKALUN XUMHUYCCKHUX U OHONOTHYECKUX MPOLICCCOB B
BOJOEMAaXx), TAK ¥ BHEIIHEH (32 CUET YBEIUUCHHS UCTIAPCHINS ) OMOTCHHOH HArpy3KH HA BOJOCMBI, IPHUYEM 3TO
BO3ACHCTBHE, 0COOCHHO A7 (PUTOIIAHKTOHA, MOYKET OKa3aThcs OOJIEC CYIIECTBCHHBIM, YEM MPSIMOE BIIMSHUE
MTOBBIIIICHASA TEMIIEPATYPhI HA KU3HCHHBIE ITPOLIECCHI BOJHBIX OPraHNU3MOB [2].

VYBeIUueHUE TeMIEPaTypbl BO3AyXa U BOAB MOBEPXHOCTHBIX BOJOCMOB B HACTOSIIECE BPEMS OOBICHACTCS
€ JBYX OCHOBHBIX ITO3HIINI: HATMYHE TPEHIA K MOBBIIICHAIO TEMIIEPATYPHI B TEUCHHUE ITOCIETHETO CTOICTHA,
00VCIOBICHHOE ¢ OONBIIOH JOICH BEPOSATHOCTH AHTPOIIOTCHHBIM (PAKTOPOM, H HATHIHE (IYKTYaluil TeMIie-
parypsi ¢ nepuogom 60—75 met [3]. B mepBoM ciydae CUMTASTCS, YTO TOBBIIICHUE TCMIICPATYPBI OYACT Mpo-
JOJDKaThCs U Janee v npuodperars Bce Hosiee cephe3Hble OCICACTBUS [T (PYHKLIHOHUPOBAHUS SKOCHCTEM

26



bunogorns

MTOBCPXHOCTHBIX BOZOECMOB [4]. Mcxoas u3 BTOPO KOHIICTIINH, TEMIICPATYPa B HACTOSIICE BPCMS HAXOIUTCS
HA MUKE KOJCOAHUS U HAYHET TOHMKATHCS B OnpsKaiiue rogpl [5].

B nroGom cayuae A 0OBCKTHBHOTO aHAMHU3a TPaHC(HOPMALIK SKOCUCTEM 03¢P HEOOXOAUMO YCTAHOBHUTh
BO3MOXKHOE HANMYHC TPCHAA M3MCHCHUS TEMIEPATYPhl U OLICHUTh €0 BIMSHHUC HA BOXHBIC OOBCKTHL, B TOM
YHCIC B CPABHCHHUH C APYTUMH BRKHBIMH (aKTOPaMH, BO3ACHCTBYIOIIUMH HA Pa3BHUTHE KOHKPETHOW 3KO-
cuctemsl. [lo otHomenmo k Hapouanckum o3epam k TakuM GakTopaM MOXHO OTHECTH MPHPOIOOXPAHHBIE
MEPONPHUATHS HA BOXOCOOPHOU TeppUTOPHH B pamMkax [ocynapcTBeHHOM MporpaMMBl IO IKOIOTHIECKOMY 03-
JoposneHuto o3ep B 1980-x rT. 1 MHBa3MIO U NOCIEYIOIEE MaccoBOE pactpocTpadenye B 1990-x rr. mosmro-
cka-unsTparopa Dreissena polymorpha Pallas |6, 7]. Bousane kmumartinaeckux $akropoB MOXKHO BBUSIBUTD C
MOMOIIBIO CTATUCTHICCKOTO aHAN3A JITUTCIBHBIX PSAIOB HAOMIOICHHM.

O0beKTbI H METOAbI HCCJIEA0BAHH

Osepa baropuno, Msctpo u Hapous pacnonoxensr Ha cesepo-3anaae bemapycu, mpunapie;kar 0acceiHy
p. Heman, cucteme p. Hapous. 9t Tpu 03epa Haxoaarcst Ha OAHOU BOZOCOOPHOM TCPPUTOPHH, CBA3AHBI IPO-
TOKaMH, MPEICTABISIOT COO0H CAUHYIO SKOCHCTEMY [ 8], SBISIOTCS MOTUMHUKTHICCKUMU TI0 THITY MECPSMEIIH-
BaHMH, HO 3aMETHO Pa3NHYAOTCS IO MOP(POMETPHUICCKHM U THAPOIOTHICCKUM XapakrepucTukam (tadm. 1).

Ta6bmnuma 1
OCHOBHBIE XapaKTEPUCTHKHU HCC/IeyeMbIX 03ep [9]
Tlokasaren 03. Batopmso 03. MsieTpo 03. Hapous
I To1ma s BOAHOIO 3epKajia, KM 6.3 13,1 79,6
OGBeM BOJTHON MacChL, MIIH M 18,7 70,1 710,0
T'my6uma, M (cpemHsisy/ MakcIMaTHHAST ) 2.4/5.5 54/11.3 8,9/24.8
Bpewmst BojiooOMeHa, To]1 1,0 2.5 10-11

B xome uccnenoBaHMii MpoaHANH3MPOBAHBI JAHHBIC O TeMIEparypHoM pexkume Hapouanckux o3zep:
¢ 1956 . — baropuno, ¢ 1966 r. — Mscrpo u Hapous — o 2012 r. Temneparypy (°C) uamepsiiu B ryGOKOBOA-
HOW 30HE 03¢ Ha CTAHLMAX U FOPHU30HTAX MOCTOSHHBIX HAOMIOACHHH C MOMOIIBIO ITYDOKOBOIHOTO TCPMOME-
tpa tuna T ¢ uenoit aenenus 0,1 °C. HaGmroaeuus nposoawtu 1-3 pasza B Mecs1] BO BPEMsl BETCTALIMOHHOTO
ce3oHa (Mail — OKTAOPB). YUNTHIBAS MOTUMHKTHYCCKUN XapakTep 03ep, T. €. OTCYTCTBHE YSTKO BBHIPAKCHHOMN
JIUTENBHOU cTpaTidukaniy B O¢31eIHbIH IEPHOA, TEMIEpaTypy H3Mepsaau B 03. baropuno Ha rybunax 0,5;
3u3Mm,B03. Mactpo—0,5;4; 7u9wm, Bo3. Hapous — 0,5; 3; 6; 8; 12 u 16 m. JlanHbIC 0 TeMIIEpaType BO3AVXA
3a 1970-2011 rr. mpeacrasneHsl [ocyaapcTBeHHBIM yupexacHueM «PecyOnuKaHCKHH THAPOMETEOPOIOTH-
4yecKui neHTp». M3MepeHns1 BRIOTHEHBI 10 PEIIAMCHTUPOBAHHONW METOAMKE Ha Ompkaiimeit k Hapouancko-
My peruony Mereocranimu B T. 1. Lllaproemuna ButeOGckoit obnacTu.

J1 cTaTHCTHYECKOrO aHAMH3a U3MCHCHHH TEMIIEPATYPHOrO PeskuMa OBLITH UCTIONbB30BAHBL 1BA KOPPEI-
LUOHHBIX METOJA: MAPAMETPHUCCKUH 1 HenmapameTpuueckuil. [lpu ucnonp30Banuy napaMeTpuiIeckoro MeTo-
Ja BbrauCIN ko3 driueHT nuHEHHON Koppenauuu [IupcoHa, KOTOpPEIH NO3BOIIET OOHAPYKUBATh JIUHCH-
HBIC U3MCHCHHS — MOCTOSIHHOC OJHOHAIPABICHHOE M3MCHEHHE TEMIICPaTyphl BOABI WM Bo3ayxa. B ciyuae
HCIONB30BAHUS HEMAPAMETPHUECKOTO METo A (IIOCKONBKY JAHHBIC TEMIICPATYPHOTO Psia MOIIIN HE TOTYH-
HATHCA 3aKOHY HOPMAJIBHOTO PACIPEACICHUS) BBIUUCISLTH PAHIOBEIN KoadiduumeHT koppeasuny CrupMeHa,
KOTOPBIH HEYYBCTBUTEICH K OPME pacTIpeac/ICHHS.

Ja Gornee MOMHOTO aHAmW3a JTUTCIBHBIX PAAOB HAOMIOACHUH, 3a)MKCHPOBAHHEIX B PABHOOTCTOSIIUE
JIPYT OT Apyra MOMCHTBI BPEMCHH (BPEMCHHBIX PAIOB), OBLTH HPUMCHCHBI CTATHCTHUCCKUAE METOIBI, IPEATIO-
Jararoiye, YTo B PaA3BUTHU MPOLIECCA MOYKHO BBIACITUTD COCTABISIONINIEC YaCTH, TAKUE KaK: TPCHI, CC30HHAS,
LUKINYICCKAs U OCTaTouHas (CayvaiiHasg) KOMIOHEHTHL. 7pero XapakTepH3yeT JONTOBPEMEHHYIO TCHACHIIUIO
Pa3BUTHS HEKOTOPOTO SIBICHHS, HATPUMED MOCTOSHHOE MOBBIMICHNUEC TEMIIEPATYPHI BOAB! HA MPOTSKCHUH TIC-
puona mmepenus. Ce30HHas KOMNOHEeHMA XapaKTePU3YET BO3ACHCTBHE (akTOPOB, BOZHUKAIOLIUX C OIMpe-
JEJICHHOH NEPHOIMYHOCTBIO, HAPHUMEP IMOBBIMICHUE TEMIICPATYPhl BO3AYXa JCTOM H MOHIKCHHE 3UMOM.
Ce30HHAsT KOMIIOHEHTA TEMIICPATYPHOIO BPEMCHHOTO PsAa OTPaHHYCHA OZHUM TOJOM WU BETCTALIHOHHBIM
ce30HOM. [{urnuueckas KOMNOHeHMA XapaKTEPU3YET BO3ACUCTBHE (PAKTOPOB, ACHCTBYIOMMX € JTATEIbHBIM
(Oonee roma) nepuonoM. Ocmamounas KOMNOHEeHMA BRPAXKACT BO3ACHCTBHE CITyUaHBIX (aKTOPOB.

C moMoInpI0 demepMuHupOBaHHOt KOMNOHeHMbL (MPEHO, Ce30HHASN U YUKIUYECKAsS. KOMIOHEeHMbl) CACTa-
HAa TIOMBITKA MPEACKA3BIBATh 3HAYCHHS BPEMCHHOTO P2, C TOMOIIBIO CIYYAHOW KOMIOHEHTHI — BETHYHHY
BO3MOKHOTO OTKJIOHCHHUS U BEPOSTHOCTh TAKOTO OTKIOHEHH. [ onpenencHus Haawaus TpeHa Obliia BhI-
YHCIICHA MOCICAOBATEIFHOCTh KOS HLNCHTOB aBTOKOPPEIIILNH, KOTOPBIC MPEACTABISAIOT COOOM THHCHHEIC
KOPPEJSILUN MEKIY MOCICAOBATEIBHOCTIMH BEIMUHH OIHOTO PsAa, B3ATHIMH CO CIBUIOM IO BpeMeHH. bputn
TaKXKe TMOCTPOCHBI TpaduIcCKhe OTOOPKEHHS — KOPPEIOrPaMMBL, TAC BEMUYHHA KOB(PHULHCHTOB aBTOKOP-

27



Bectauk BI'Y. Cep. 2. 2014. No 2

PETLUK BBIPAXKEHA ATHHON CTOIOHNKOB, 4 HAPABICHHUE CBA3U — 3HAKoM. Eciu koppenorpaMma xapakrepusy-
eTcs OBICTPBIM 3aryxaHueM (B npeaenax 15-20 maroB koahPUUUeHTH MPUOIKAKOTCS K HYII0 H HE BEIXOIAT
3a IpeJeITbl JOBEPUTEIBHOIO HHTEPBAIA), 5TO CBUACTEIBCTBYET O TOM, UTO B JAHHOM BPEMCHHOM PSIy HET HU
TPEHAA, HA CE30HHOH cocTaBittomeil. MeaneHHoe yOBIBAHUE KOPPEIOrPaMMBI CBUAETEIBCTBYET O TOM, UTO
nMmeet Mecto TpeHd. Hamuuue B koppenorpamMMe SBHO BRIPAXKCHHBIX MTHKOB, KOTOPBIC PETYIAPHO YCPEAYIOTCS,
CBUJACTEIBCTBYET O MPUCYTCTBHU CC30HHOW KOMIOHEHTHI. J[1s TOro 4ToObI HCKIIOUUTh BIHMSHUE CE30HHOM
KOMIIOHCHTHI ¥ TPCHAA M OLICHUTDH CIVIAHHYIO KOMIIOHCHTY, OBUTH MPOBEACHBI HHTETPALIUH PIIOB METOIOM
B34THS KOHCUHBIX PA3HOCTEH C ONMPEICICHHBIM neprogoM ' (J1laroM) B MOCTPOCHBI HOBBIC BPEMCHHBIE PSIBL,
B KOTOPBIX KXKIBIN UICH PABCH PA3HOCTH MEXKIY ABYMS WICHAMU HCXOXHOTO BPEMECHHOTO PsAa, OTCTOSIIUMHI
apyr ot apyra Ha /' maros. [lociae npoBeaCHUT HHTETPALUH OILITh MOCTPOCHBI KOPPEIOTPaMMEl M OLICHECHA
CXOAMMOCTD K HYIIO KO3 (HUIIMCHTOB aBTOKOPPEILILUM Al BHOBB MOCTPOCHHOTO paga. [Ipu orcyTeTBum cxo-
JUMOCTH KOPPEIOrpaMMBbl K HYITIO MIPOLECAYPY HHTCTPALHH OBTOPSUTH. IS BBISIBICHHS CE30HHOH KOMIIOHCH-
THI TAKKE OBLIT UCIIOIb30BaH CHCKTpanbHei aHanns ®ypee [10].

C menpro onucaHus CITyIaiHON KOMIOHEHTBI BPEMEHHOTO Psiga IMPOBEACH MOA0OP MOAEICH aBTOPErPECCHI
u ckonpasamero cpeanero (APCC). Moodens asmopeepeccuu mocTpocHa HA OCHOBAHUH THHEHHON perpeccu,
B KOTOPOH TEKYIIEE 3HAYCHHUE Psja Y, ABIICTCA TUHEHHON KOMOWHALMCH p MpeIplAyINNX 3HAYCHHUH psaaa U
CIy4aliHOH OIIHOKH €,

V=0, ¥ 0L, , ... F0 Y, TE,.

Benvunna p (p < f) HaseIBacTCA MOPSIIKOM MOJCITH; BETHYHMHEL O, — TAPAMETPaMH MOJETH HITH KO3 dHIH-
SHTaMH MOJENIN aBTOPETPECCHH; ¥, — TEKYIEEe 3HAYCHNE PAAA; ¥, , — MPSABIAYINE 3HAUEHUS PsAa B MOMEHT
BPEMEHHU 1.

Mooenwv cronvzsugeco cpedneco MOCTPOCHA HA OCHOBAHUM MPEATIONOKEHHUS O TOM, YTO TEKYIICE 3HAYCHHE
psaa y, MpeACTaBILIETCS B BUAC TMHCHHOW KOMOWHALIMY TCKYIICH U MPOLIIBIX 3HAYCHHUH OIIHOKH €:

yi=¢+Bg,  +Bg ..+ qut—q’

Benuuuna g (¢ < 7) Ha3bIBACTCS MOPAKOM MOJEIH;, BETMYUHBI 3, — mapamMeTpaMu MOAETH Win Kodbduum-
CHTaMHU MOJENN CKOIB3AIIETO CPCAHETO; €, — 3HAYCHUE OIIUOKH Ha mare /.

Bpemennol pag omucan 0000IIEHHON MOJENBIO aBTOPETPECCHU U MPOUHTCIPUPOBAHHOTO CKOIB3AIIETO
cpeanero APIICC (p, d, g); rae p — nopsAaok MOJCTH aBTOPETPECHH; d — MOPAAOK HHTEIPALMH; ¢ — TOPIIOK
MOJCITH CKONb3s1Iero cpeanero. [lopsaaku Moxeneli aBTOperpeccuy U CKOMb3AIICTO CPEAHETO NOAOHPATIH Ha
OCHOBAHHU TOBCICHHS aBTOKOPPECISLUOHHON (VHKIMH H TPeOOBAaHUHA BEIOOpa HAHOOJEE MPOCTON MOJEIH,
XapaKTCPHU3YIOLICHCS HANMCHBIINMH 3HAYCHHAMH p W/UnH ¢. C IOMOIIBIO aBTOPErpeccH Obliia MPOMOACTIH-
poBaHa U Ce30HHOCTh. PakTHUECKH 3T0 OOBIYHAS MOAECTb C OTPAHHYCHHUEM HA MapaMeTphl MOACTH (paBeH-
CTBO HYJIIO IAPAMETPOB MPH Jarax MCHEE BEIHUHHEI JIara CC30HHOH KOMIIOHEHTHI s). Ce30HHAs 4acTh MOACTH
APIICC ctpourcs no To# e cXeme, 4To U €€ HECe30HHad YacTh. Ha npakTHke CE30HHOCTE MOMKET COUCTATh-
cs ¢ oObraHOH aBroperpeccuci. Takyro 0bo0mennyio Moxens oboznauator APLICC (p, d, q)(p,, d, g.), tae
P, — TOPAJOK aBTOPETPECCHUH CE30HHOM COCTABIIOIICH; ¢, — MOPSIOK HHTETPALIUH CE30HHOU COCTABIIIOIICH;
¢, — IOPSLIOK CKOMB3SIICTO CPEIHETO CE30HHOM COCTABILIOIICH. B c€30HHOI YacTi MOIEH BCE 3TH COCTABIIS-
IOLIKE OMEPUPYIOT C MOCICA0BATCIBHBIMHY WICHAMH PSIIA, PACTIOIOKEHHBIMI HA PACCTOSHUY § APYT OT APVyTa,
LJC § — YUCJIO OTCUCTOB HA MEPHOA.

AJCKBATHOCTE MOACTH OIPEACISIIH €€ MPEACKA3ATCIBHON CHITON, KOTOPYEO OLICHUBAJIN C TOMOIIbIO aHATIH-
3a psAAa ocTaTKoB (PA3HOCTEH MEXAY PEanbHO MONYICHHBIMU 3HAYCHUSAMH U 3HAMCHUAMH, MMPEACKA3aHHBIMHU
MOJICIIbIO, HAYNHAI C HEKOTOPOTO MOMEHTA BPEMCHH). A ICKBATHAS MOJEITb JOKHA XapaKTePU30BaThCs PIIOM
OCTAaTKOB, KOTOPHIH NOTIHHACTCS 3aKOHY HOPMAJIBHOTO PaclpeieiCHHS H UMEET CPEAHEE 3HAUCHHUE, OIH3KOe
k Hymo [11]. Jlas 9uCaIeHHON OLCHKH aACKBATHOCTH MOJACIH BBIUUCIISLIH BEIMUUHY OLIMOKH MPESACKA3AHMUS,
MPEACTABISIOIYIO COO0H OTHOIICHUS AUCIICPCHH PSIIA OCTATKOB K JUCIICPCHH UCXOAHOTO psiaa JaHHbIX [ 12].

PesynbTarhl HecnenoBanmii u ux o0cy:kaeHHe

B nensx mpoBepku rumoTe3sl O BIMSHHNA MHOTOJICTHHX KITUMATHYCCKUX H3MCHEHHUN HA TEMITCPATYPHBIN
pexxum HapouaHckux o3ep Obuia paccuuTaHa U NPOAHATH3UPOBAHA KOPPEISLUSI MEKAY TOAOM H3MEPCHUS
U CpeIHCH A BETCTALMOHHOIO CE30HA TEMIEPaTypOH BOIBI Ha Pa3HBIX IyOuHax. B anamuse yuactBoBamu
TOJBKO 3HAYCHUS, MONYUCHHBIC I YeThIpeX U OGomee uamepeHuid 3a ce30oH. KoagduumenTs koppemsiaum,
MPEACTABICHHBIC B Taba. 2, CBHACTCIBCTBYIOT O TOM, YTO 00a MeToAa (HMapaMeTPHUCCKHI H HETapaMeTpH-
YECKHUH) JA0T MPAKTHYCCKU OJHHU U T¢ k¢ pesynprarel. Cradble TCHACHIMH K MHOTOICTHEMY VBEINICHUIO
TEMIICPATYPBI TTPOCICKUBAIOTCS A1 BEPXHUX (10 8 M) ropuzonToB 03. Hapous u nosepxuocTHbIX (0,5 M)
ropu3oHTOB 03. Msctpo u baropuno. [Ipu 3ToM k03 UIHMEHTB KOPPETALNH SBISIOTCSI HEBBICOKUMU H Ha-
XOIATCS MPAKTHICCKH HA MOPOTe CTATUCTHUCCKON 3HaUnMOCTH. Hu onuH k03 GUIMEHT HE MPEBOCXOIUT BE-
mmanny 0,5.
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TaGnunma 2

KosddummenTs! Koppesitum MexIy TeMIlepaTypoii BoIbI H IoI0M H3MepeHH s

Temmeparypa, °C, Ha TTyOHHE Koapdmment xoppensipm [Tupcona | Kosdpdmmment xoppenanun CIMpMera
O3. batopuHo (71 = 45)
0.5m 0,29 0,30
3Mm 0,27 0,28
S5m 0,23 0,22
O3. Msctpo (n = 45)
0.5M 0,33 0,42
4m 0,22 0,31
™M 0,09 0,26
oM —0,00 0,19
O3. Hapous (n=47)
0.5m 0,34 0,44
3Mm 0,34 0,43
6M 0,39 0,45
3M 0,37 0,42
12 ™M 0,18 0,27
16 m —0,01 0,09

[Ipumeuanune. JKupHbiM mpudTOM BIIEICHBI CTATHCTHYSCKH 3HAYNMbIe cBs3u T1pH p < 0,05.

JU1s1 oapoOHOro aHaaM3a BPEMCHHBIX HM3MCHCHHH OBUTH PAacCMOTPCHBI CPSIHCTOIOBBIC 3HAYCHHS TCM-
nieparyp Boabl Ha miyouuHe 0,5 M (puc. 1), paccuuraHHbie 10 CPpeAHEMECTYHBIM TeMreparypam. [lomuMukTu-
YCCKHM XapaKkTep H3y4aeMbIX 03¢p, M0 BCCH BHAMMOCTH, 00YCIOBHI TO, YTO JAKC B MOBCPXHOCTHOM CJIOC
(0,5 M) HEe OTMEUYEHO BBIPAKESHHBIX TEHACHLIMH TMOBBIIICHUS TEMIIEPATY PhI BOIBI 3@ UCCIICIOBAHHBIN TIEPHOT
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Puc. 1. I'padmk cpennux snadennii Temmeparyp Bozst (°C)
SRINRBYILRRAIRRZ8T 88S Ha riy6une 0,5 M o3ep: a — batoprHo, 6 — Mscrpo,
L = g - N N - S R = R == 5
ZRERARRLTRTIZRZT RS IKRKK 6 — Hapoub. Beprukanbhbie oTpesku obosnagaior 95 %
Tox JIOBEPUTEJIbHBIH HHTEPBAI
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95 % noBepUTENbHBIE UHTEPBAJIBI MEPEKPBHIBAIOTCS, W TPEHA OTCYTCTBYET. AHAIOTHYHBIE PE3YIILTATHI OBIIH
MOJYYEHBI ¥ U1l OCTANIbHBIX DITyOUH n3MepeHus. B To jxke BpeMsl B IBYX M3YUEHHBIX 03¢pax BenukoOpuranuu
u Upnanauu pa3HuIa B OBBIICHUN TEMIIEPATY Phl BOJIBI B BEPXHEM CJ10€ ObljIa YE€TKO CBA3aHA C HHTCHCUBHO-
CThIO UX nepeMemuBanus [13].

Boniee 060CHOBaHHBIMK MPUBEICHHBIC BhILLIE 3aKIIFOUEHHS, HA HAIL B3I, BBIIJISLAAT C YUETOM [TPOBEICH-
HOTO aHATM3a CBSI3W TEMIEPaTyPhbl BOJLI C TEMIEPaTypoi BO3/IyXa M CTATHCTHUECKON 00PabOTKM MHOTONET-
HUX BPEMEHHBIX PAIOB TEMIEPATYPHl BO3AyXa B HCCICIOBAHHOM PETHOHE.

B nensx oLeHKH CBA3M U3MEHEHHUS TEMIIEPATYPBI BOABI M TEMIIEPATYPhl BO3AyXa ObLIIM PACCUUTAHBI KOPpe-
TSIMOHHBIE KOG PUITMEHTHI Tl pasHbix myOouH Hapouanckux ozep (tadn. 3). Jlns pacuera Opaiu cpeiHeMe-
CSIYHBIE TEMIEPATyPhl BO3AyXa B MEPHOJ] IIPOBEACHUS 3aMEPOB TEMIIEPATYPHI BOJBI.

Tabnunma 3
Koa¢ppuuueHTHI KOppEIsSINE MEKAY TEMIIEPATYPOH BOAbI H TEMIIEPATYPOH BO3AYyXa
Temmeparypa, °C, Ha nryOune | Kooddurmenr xoppemnsumu [Tupcona | Kooddrment xoppensnmm CrimpMmeHa n
Os. baropuso

0,5w™ 0,92 0,91 218

3m 0,92 0,91 219

SMm 0,90 0,89 219
03. MsicTpo

0,5™ 0,92 0,91 218

4m 0,92 0,91 219

AY 0,90 0,89 219

9™ 0,92 0,91 218
O3. Hapous

0,5m 0,84 0,86 238

3m 0,81 0,84 238

6 M 0,76 0,79 238

8™ 0,70 0,72 238

12 m 0,56 0,58 238

16 m 0,47 0,46 238

Ipumeuanue. Xupusm mprToM BbIIEIEHB! CTATUCTHYECKH 3HAUMMBIe CBsi3u ipu p < 0,001.

W3 Tabn. 3 BUAHO, YTO CYIIECTBYET MPAMast CUIIbHAS CBSA3b MEKIY TEMIIEPATy POl BO3AyXa M TEMIIEPaTypoil
BOJIBI Ha HEOOJIBLIMX W CPEIHKX [TyOrHaX. HeCMOTPs Ha MOJMMUKTHYHOCTE 03€P, 3aMETHO, YTO 110 MEPE YBEIIH-
YeHUS UX ITYOHUHBI CBA3M CTAHOBATCS Cradee.

CunbHast KOPPENAIMOHHAS CBA3b MEKILY TEMIIEPATY POii BO3/1yXa M TEMIIEPATY PO BOJIBI O3BOJISET CAENATH
BBIBOJL 00 OJIHHAKOBOM MOBEICHHH TEMITE-
paTypHBIX PSJOB M CBHIETENLCTBYET, YTO
141 | TEepPMHUYECKHIT PEKHM 03€p HAMPSIMYIO
2} | ompemenseTcs KIMMATHYECKAMH YCITOBHS-
MH. DTO JaeT OCHOBAHWE MPEINOI0KHTb,
9TO JUIA ONEHKH BITHAHUS TIOOATBHBIX
8t 1 KIMMaTHYeCKUX M3MEHEHHH Ha HKOCUCTE-
My HapouaHckux 03ep 060CHOBAHHBIM SIB-
JIAETCS AHAJTM3 BO3MOYKHOTO MHOTOJIETHETO
TPEH/Ia U3MEHEHHUS TEMIIEPATY Pl BO3IyXa
2 | { B pervone. TIpu 5TOM GoJiee ajeKBATHBIM
OyZIeT CMOJIB30BAHKE TOIOBOTO PsIIa TEM-

16

10t

Temmeparypa Bo3ayxa, °C
o

ol
nieparyp (puc. 2).
27 1 Kos(puuueHTsl Koppessiuum, paccuu-
4 TaHHBIE MEKAY TOJOM U3MEPEHUS U Cpel-
S AN T O 0 O AT O 0V O ANT O XX O o % O = £
SEE5582885288 888 % g g2 HEl TeMmeparypoil Kaxaoro mecsua, no-
Ka3aJiM, 4TO TEMIIepaTypa TOJIbKO B anpesie
Ton

U SHBape UMeeT cnadyro CTaTHCTHYECKYHO

Puc. 2. Tpaduik cpesux sHaueHmii Temneparyp sosnyxa (°C). Bepruxansheie  3HAYUMYIO CBA3b C TOAOM HAOIMFONCHUS
oTpe3ku 0003Ha4aoT 95 % NOBEpPUTENILHBIN HHTEPBAI (TaGJ'I. 4).
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Ta6bnuna 4
KoadppunueHnTs1 Koppeasiimm Me:KIy TeMIlepaTypoii Bo3ayXa u roqamMmu usmepenus (n = 40)
Mecsrg Kosddmuent xoppensun [Tipcowa Kosddmment xoppersrn Crimpmera
STuBapb 0,25 0,33
Oeppaib 0,04 -0,002
Mapr 0,08 0,05
Arnpernb 0,35 0,39
Mait -0,18 -0,21
Wionp 0,04 0,04
Wioms 0,31 0,23
ABrycr 0,18 0,17
CeHTI0pb 0,17 0,17
OKTI0Pb 0,28 0,29
Hos6ps 0,11 0,20
JlexaOpb 0,07 0,06

ITpumeuanue. KupaemM mpudToM BHICTICHB! CTATUCTIHYECKY 3HAUMMBIE CBsI3u Iph p < 0,05.

TaxrM 06pazoM, KOPPEIALMOHHBIN aHATN3 MTOKA3BIBACT, YTO MPAKTHICCKH BCE CBA3H MEXKIY TEMIIEpaTypon
BOJBI HA PA3HBIX NIYOHHAX, TEMICPATYPOH BO3AYXa U FOOOM U3MEPCHHS OKA3aInuch CabbIMU U CTATUCTHYC-
CKU HC3HAaYUMBIMH, T. €. TAKOH aHAIN3 HE JACT OCHOBAHUH MPEANONATraTh, YTO CYLICCTBYET THHEHHOE H3MEHE-
HHUE TEMITCPaTyPHl BOABI H BO3AyXa HAa MPOTSDKEHUH Beero nepuoaa uavepenus (donee 40 net). Oanako koppe-
JSILMOHHBEIN aHATH3 KaK METOJ MIOUCKA CBA3CH HMEET CBOM OTPAHHUCHHUS, HE TIO3BOISCT BHISBIATE HEKOTOPHIC
HEJIMHCWHBIC M3MCHCHUS W HEUYBCTBUTEICH K HEOONBIINM HM3MEHCHHAM XOTS Obl OZHOH W3 MEPEMECHHBIX.
BosMmoxkHO, 4TO HEOONBIIOE H3MEHEHHE CPECIHETOJOBBIX U CPEAHEMECSYHBIX TEMIICPATYP CO3MACT MPOGIeMy
OTpPaHUYCHHOTO MHTEPBANa JaHHEIX (truncated range) U HE JACT MPOSBUTHCS UMEIOIICHCS 3aBUCUMOCTH.

Jna Gonee MOTHOIO aHATW3a JIUTCIBHBIX PAAOB HAOMIONCHHUH 33 TEMIIEparypol Bo3ayxa ObLIH MpHME-
HCHBI CIICIHAIBHBIC METOABI PA0OTHI C BpeMEHHBIMU Psiaamu, B uactHocTH Moeas APTICC. Ucxoausiii Tem-
MEPATYPHBIN P, TOCICAOBATEIFHOCTE aBTOKOppEILHi (Koppenorpamma) u cuektp ®ypre ams atoro paga
MIPEICTaBJICHBI HA pHUC. 3.

KoppenorpaMma u ciekrpaibHbIi aHATH3 OTUCTIUBO JEMOHCTPHPYIOT, YTO TEMICPATyPHBIH P51 UMEET SIB-
HYIO nepuoguaHocTh B 12 mec. [loatomy Oplia mpoBeacHa NpoLeAYpa HHTETPALH JAHHOTO BPEMEHHOTO Paa
¢ garom 12. BpeMcHHOH psana mOCie Mpoucayphl HHTCTPALTNH MPCACTABICH Ha puc. 4, ¢. BuaHo, ut0 TpeHX
OTCYTCTBYET, U MPH 3TOM MOCICAOBATEIBHOCTE aBTOKOppemsuid (puc. 4, 0) 6ricTpo 3aryxaet. [loBTopHas
HHTErpanys ¢ 1aroM 1 He mprHECIa Oy THMO HHBIX PE3YIbTaTOB.

OmnucarenapHas CTATUCTHKA MO UCXOXHOMY PAAY U ABYM €r0 MOCIEAOBATEIBHBIM HHTETPALAM NPEACTAB-
JcHa B Tabn. 5, U3 KOTOPOH BUAHO, UTO YKE MMOCIE NICPBONM HHTETPALMH CPEIHCE 3HAUCHUC PAAa CTAHOBUTCS
OMH3KUM K HYJIIO, & BTOPas HHTErPaLUsl NPAKTHYCCKH HE YMCHBIIACT €ro, HO HECKONIBKO YBEIHYHBACT CTAH-
JAPTHOE OTKJIOHCHHE.

Ta6bnuma 5
OnmcarebHAasI CTATUCTHKA JJIS1 ICXOTHOTO Psiia TeMIlepaTyphbl BO3/yXa H IBYX €ro I0c/Ie/I0BaTe/IbHbIX HHTerpamuii
Pan i{zzﬂel:;z (iTr?cI;ﬂo?{iTHI;f MuHuMy M Maxcumym 7, 9UCIIO U3MEepeHuit
Temmeparypa Bo3ziyxa, °C (MCXOHBIA 6,18 8,58 -16,28 21,70 480
P
Temmeparypa Bo3myxa, °C (uHTErpa- 0,04 3,13 -11,69 12,00 468
1M ¢ JtaroM 12)
Temmeparypa Bo3xayxa, °C (uHTErpa- 0,01 3,95 -13,87 19,72 467
1IMS ¢ J1aroM 12 U IOBTOPHAs UHTETpa-
1M ¢ J1aroM 1)

brun noctpoenst paznuanbic Mogaenu APITCC (kak ¢ moOaBiacHUEM TPEHAA, TaK U OS3 HETO) U BBIYUC/ICHBI
nokaszarenu ux aaekearHocTd. [Ipu mocTpoeHNH nepBoi MOAETH HCXOOUIH U3 MPEATIONOKEHUS, YTO UMECTCS
TOJBKO CE30HHAs COCTABILOMmas ¢ neprogoM B 12 mec. [Ipu atom BEIOHpann Haubonee NpOCTHIC MOACTH U
OLICHUBAITK WX NapaMeTpsl. Eciau nmapaMeTprl ObIIM 3HAYUMBIMH, TO MPOBOJMIIN OLICHKY OCTATKOB H OIpPEAc-
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Puc. 4. Unterpauus BpeMeHHOro psja ¢ aarom 12: a
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JCHHE OITHOKY MPSACKA3aHus. 3aTeM B MOJACIB M0OAB/IIA JOMOMHUTESIBHBIC CIAracMbIe M MPOLIECC MOBTO-
pAiacH. ECJ’II/I JAOIOJHUTCIIBHBIC TAPAMCTPBI 6LI.]'II/I HC3HAYUMBIMH, TO aHAJIHU3 OCTATKOB TaKOU MOACTIN HC IIPO-
BOOAWUIIN. AHaJ'IOI‘I/I‘{HO paccMarpuBai MOACTIN, B KOTOPBIX YIUTBIBAIUCH U CC30HHAA COCTABJIAIOIIAA, U TPCHA.

MO,Z[GJ'II/I, napaMeTpPhbl KOTOPBIX OKA3aJIUCh 3HAYUMBIMU, d TAKXKC CTATUCTUYCCKUC KPUTCPHUU, XapPaAKTCPH-
3VIOLIHUE MOJYUYCHHBIC PSbI OCTATKOB, MPEACTABICHEI B Ta0I. 6. V3 Tabauibl BUAHO, YTO HU OJHA MOJCIb HE
Janaa HOpMaJIbHOro pactpeaeacHus ocrarkos (kpurepuil lanupo — Yumka Bo BCeX caydasx 3HAYUMBIH), O-
HAKO OLIHOKA MPEaCKa3aHust Aj1s OOIBIIMHCTBA MOACICH Maa, T. . He npesocxoaurt 0,10. Tem He MeHee B MO-
JSTSIX, B KOTOPBIX MPEAIOIAracTCsl TPSHA, OMHOKA MPSACKA3aHU HECKOJIBKO BBIIIC U CAMH MOJCH CITOKHEE,
uTO rOBOPUT 06 OTCYTCTBUHU MPCBOCXOACTBA 3TUX MO,Z[GHCﬁ Haa MOACTIAMU, MOCTPOCHHBIMU 663 yucTa TpCHAA.

Tabnunma 6

OnucarenbHast CTaTUCTHUKAa, ommKa npeacKkasannd u pe3y/ibTaTbl KPpUTEPUA ]J_IaHI/IpO — Yika AJI pAAOB 0CTATKOB
pPas/inYHbIX MO}Ie.]'Iei/i HU3MEHECHU A TeMIIEpaTypbl BO31yXa

Mogers APIICC TZ:I:I?;J;Z X ;zzﬂ;;z Meguara | Mumumym | Makenvynm | Jucmepers Hpgﬂ”;fiim Kpurepuit amupo — Yiixa
Mogenu 6e3 TpeHia
(0,1,0)0,0,1) 468 0,26 0,30 -9,84 8.85 6,00 0,08 W=0,980 74, p = 0,000 01
(0,1,0)(1,0,1) 468 0,28 0,28 -9,90 8,34 5.94 0,08 W=0,983 22, p=0,000 03
(0,1,0)(1,0,1) 468 0,06 0,07 -10,02 8,11 5,96 0,08 W=0,983 03, p =0,000 03
¢ KOHCTaHTOH
(0,1,1)(0,0,1) 468 0,24 0,31 -9,48 7,75 5,65 0,08 W=0,979 98, p = 0,000 01
Mogenu ¢ TpeHIOM
(0,1,0X%0,1,1) 467 -0,13 0,00 -10,95 12,55 8,87 0,12 W =0,980 01, p = 0,000 00
(0,1,1)0,1,1) 467 -0,27 0,22 -10,35 7,98 6,33 0,09 W=0,990 09, p = 0,003 09
(0,1,2)0,1,1) 467 -0,30 0,20 -10,21 7,78 6,25 0,09 W=0,98944,p=0,00192
(1,1,2)0,1,1) 467 -0,27 0,20 -10,29 7,92 6,32 0,09 W=0,990 28, p = 0,003 56

Taxum oOpazom, anamu3 Dypbe, BHIUKUCACHHS ABTOKOPPS/SIMM, MOCTPOCHHEC U CPABHCHUE MOJICICH
APIICC moareep:Kaar0T pe3yasTaThl, MOTYUICHHBIC ¢ TOMOIIBIO KOPPEIIMOHHBIX METOAOB, 00 OTCYTCTBUH
BBIP)KCHHOTO TPEHJAA B M3MCHEHHUH TEMICPaTYPhl BO3AYXa Ha NMPOTSHKCHUM BCETO MEPHOA UBMEPCHHS, YTO
HECKOJIBKO OTIMYACTCS OT BEIBOJOB, CACTAHHBIX HA OCHOBAHHH aHaIn3a TeMeparypubix Janaeix MC «Bomno-
skuE» ¢ 1946 o 2006 r, rae 610 YCTAHOBICHO, YTO CPSAHEMECIIHBIC TEMIICPATY P IPUOOPSIH YCTOHUHUBY O
TeHACHIMIO K oBbimeHHO [ 14]. Ecte cBenenus o nosbimennn remmneparypsl Ha 0,074-0,12 °C B gecars ner
3a mocieauuii Bek |15, 16]. CornacHo 3akmoucHuio B, @. JloruHoga, rmo0aabHOS COBPEMEHHOE MOTCIUICHUS
KIIMMaTa 0Ka3aloch caMbIM MOIIHBIM 32 UCTOPUIO HHCTPYMEHTATIbHBIX HabmoacHui: B CeBepHOM momyIua-
puu poct Temreparypsl coctasun 0,9 = 0,2 °C. CropocTs pocta riodanbHOH TeMIIepaTypel 3a MOCIeIHUE TPU
JECATHIICTHS OKa3aIack CaMOi BHICOKOH, PH STOM MOBBIICHUE TEMIIEPATYPhl OBEPXHOCTHOTO closi Mupo-
BOTO OKEaHA B HACTOAIIMM MEPHO HE M3MEHHIIOCH 110 CPABHEHMIO C TIEPBOM MONOBHHONW XX B. M COCTAaBHIIO
okono 0,5 °C [17]. U3meneHue TeMmeparypsl IpU3eMHOTO ¢10st Bozayxa B Kapenuu B cpeanem 3a 100 jer
cocrasuio 0,2 °C [18]. I'lo matepuanam 1945-2009 rr. qs kaxaoi u3 odnacreii benapycu cagiaad BHIBOI, UTO
COBPEMEHHOE TIOTEIJICHUE KIMMara HanboIee BEIPAXKCHO B STHBAPE — alpelic, HECKOIBKO MCHEE 3HAYUTCIBHO
B HMIOJIC, aBryCcTe H Jckadpe u ¢i1abo BBIPAXCHO B ocTanbHbie Mecsibl [19, 20]. MameHeHue TeMmeparypbl
BOJBI B 03€Pax TaK)Ke MOATBEPIKIACTCS PAAOM HccienoBareei. Tak, TeMreparypa B MOBEPXHOCTHOM CIIOE
BOAbl B 03. Bunnepmuep (BenukoOpuranwms) yeeauumwiack Ha 1,4 °C ¢ 1960 mo 2000 r, B 03. Jlox ®ur —
Ha 0,7 °C [13]. Ilo ouenkam I1. K. Kupsens, 3a 1945-2007 rr. HaOar0naeTCs YCTOHYHUBOC MOBBILIICHUE TCMIIC-
parypsl Bogsl B o3epax benopycckoro [Tonecesa u bemopycckoro IToozepss [21]. Ilo omenkam Toro e aBropa,
B o3epax Hapous u UepBoHoe B Gesnenosbiii nepuon temmneparypa moebimanack Ha 2,0 u 1,9 °C cootset-
cTBeHHO, B cpeaneM Ha 0,5 °C xaxapie 10 et (ko3 HuImeHT anmporcuMaIiy TMHEHHOTO Tperaa (R°) paseH
cootsercTBeHHO 0,33 1 0,31) [22]. Mcxoms U3 HAIIKMX JAHHBIX, TAKUC U3MCHCHHS HE MPOCICHKUBAOTCS.

OtcyTcTBUE BRIPAKCHHOTO TPCHA B HAIIUX HCCICAOBAHUAX MOJKET OOBSICHITHCSA HENOCTATOUHOCTRIO JITH-
HBI BPEMEHHOTO PsAa U MaTbIMH H3MCHCHHSAMH TEMIICPaTyp B HAYAJIC M KOHLE psaa HaOmoaeHui. B nanHOM
AHAJIN3E HCIOIb30BATNUCH CPCIHCMECYHBIC JAHHBIC, & OHH HMCIOT OONBIIVIO AUCIICPCHIO MO CPABHCHHIO C
JUCTIEPCHEH CpeIHErofoBbIX TeMreparyp. Takas pasHUIA B TUANa30HAX U3MEPSICMEBIX 3HAYCHUH MOMKET Ipe-
ISITCTBOBATH MPOSBICHUIO HEOOIBIINX MO 3HAYCHHIO TEMIICPATYPHBIX H3MCHCHUH B 3aBHCHMOCTH OT IOJa.

33



Bectauk BI'Y. Cep. 2. 2014, Ne 2

a Ecnu paccmarpuBath yCpeqHEHHBIE 32 JECATIIICTHS JaHHbBIE TEM-
19 nepaTypel BOIbI B MOBEpXHOCTHOM cioe Hapowanckux osep, 3a-
18 METHO OTYeTIIMBOe moxonomaHue B 1980-e I U MOCTENEHHBIN
MOABEM TEMITEPATYPBl B O3epax, NMPOAODKAIOLINICS U B HACTOS-
17 mee Bpems (puc. 5). JlucrnepCHOHHbBIN aHAINU3 MOKA3aJ, 4TO MPH
6 3TOM B 03. baroprHO HET CTaTUCTUYECKH 3HAYMMBIX Pa3iIHyuil
MeXy PacCMaTpuBaeMbIMHU JECSATHIIETHSIMH, B 03. Msctpo u Ha-
15 poub yBenuueHue temmneparypsl B 2000-x I'T. CTaTUCTUYECKU 3HA-
YHMO O cpaBHEHHUIO ¢ 1980 rr, HO NpU TOM HUKAK HE OTJINYAETCS
14 ot 1970-x rr.
13 Taxmne 3aKOHOMEPHOCTH OTMEUEHBI B JINTEPATyPE U IJIs TEMIIe-
1960-e 1970-e 1980-¢ 1990-¢ 2000-¢ patypsl Bo3nyxa. Tak, MpU aHANW3e BPEMEHHbIX M3MEHEHUN TeM-
Hecsarunerne nepaTypsl B TeUeHHEe XX B. BBIIEISUINCH MEPHOIBI MOTETUICHHS:
6 ¢ 1910 mo 1945 & u ¢ 1976 no 2000 1, a Mexxay HUMHU HAOIFOMA-
19 Juck nepuonbl noxononanust [23]. INoremienne 8 1900-30 rr. Ha
18 IOxnHOM VYpane cMEHMIOCH MEPHONOM TOHIKEHHS TEMITePaTyphl
BO3[lyXa, a O4YepenHoe MoTerieHne npuuuiock Ha 1945-2000 rr
17 (Opeunbypr) umun Ha 1965-2000 rr. (Vda) [24]. Tlo marepua-
JlaM, TIpUBEIEHHBIM B cTaThe [25], 3a mocneanue 100 jet mpowc-
16 XOOUT TOCIeNOBaTeNbHas cMeHa moxonomanuii (1910-20-e rr,
15 1960-70-e rr.) u notemtenwuii (1930-50-e rr., 1980-2000-e rr). [To-
XOJIOAAHMSI XaPaKTepU30BAIUCh CHIDKEHUEM TeMIepaTypel Ha 0,2—
14 1 °C, morerieHus — nMoBbIlIeHHEM Temmeparypsl Ha 0,5-0,7 °C.
13 OTMmeueHHas nekagHas AWHAMHKa Temmeparypsl B Hapouan-
1960-¢ 1970-¢ 1980-e 1990-¢ 2000-¢ CKHX 03€pax O4YeHb MOXO0XKA HA OTPE30K PEryJSIPHBIX (OCLMIIISLIM-
TecsTrneTre OHHBIX) MIO0ATBHBIX M3MEHEHUH TeMIeparypsl, 00y CIOBIEHHbIX,
6 MO MHEHHUIO HEKOTOPBIX YUEHBIX, PSAOM LUKINYeCKUX (EeHOMEHOB
19 robanpHOro Macmrada [26-29].
18 YuureBas NpeACTaBIeHHBIN aHAIN3 JAaHHBIX 110 TEMIIEPaTyp-

HOMY pexxumy pernona HapouaHckux o3ep B MepUOJ MPOBENECHUS
17 HaMH KOMIIJIEKCHOTO MOHUTOPUHIA UX 3KOJOTHYECKOrO COCTOS-
HUSI, MOKHO ¢ OOJBLION monel BEPOSITHOCTU MPENIONOKUTh, YTO

16 MHOTOJIETHUE U3MEHEHUs TeMIepaTypbl He HOJKHBI CyIIECTBEeH-
15 HO BJIMATH Ha OMOJIOTUYECKHE MPOLECCHI, MPOHCXOMSIINE B STHX
o3epax. KapnuHanbHble NmepecTpOWKH, MPOU3OLIEAIINHE B CTPYK-

14 TypHOI# 1 Qy HKLIMOHANLHON OpraHU3aL|i SKOCUCTEMBI 3a MOCJe-
13 Hue 60 ner [30], Be3BaHbI HAaKTOPAMHU, HAPSIMYIO HE CBS3aHHBI-
1960-¢ 1970-e 1980-¢ 1990-¢ 2000-e MU ¢ DIOOAJBHBIMU KIUMATHYECKUMH H3MeHeHHsMU. EcTb Bce
JlecaTrneTHe OCHOBAHMS TIOJAraTh, YTO COBPEMEHHAsl SBOJIOLHS HKOCHUCTEMBI

Hapouancknx ozep ompeznenseTcss CyIECTBEHHBIM H3MEHEHHEM

LeMEpATY P BOTE (°C) B MOBEPXHOCTHOM CT0S AHTPOIIOTEHHO! HArpy3KH HAa UX BOHOCOOp (B pesyJbTare mpHpo-

(0.5 M) 03¢p: a — BatopuHo, 6 — MscTpo, JIOOXpaHHBIX Mep K cepenuHe 1980-x rr. BHeInHssl OMOreHHas! Ha-

6 — Hapoub. BepTUKaIbHEE OTPE3KH rpy3Ka Ha 3KOCHCTEMY CHHU3MJIACh mpumepHo Ha 30 %), a Takxke

06o3HaqaroT 95 % JOBEPHTENBHEIN HATepBan  BCEJieHUeM B kKoHIle 1980-x rr. B 03epa MoIHeliero GuisTparo-

pa — Mmosuttocka Dreissena polymorpha Pallas u npousoruenmimu

BCJIEA 32 3THM Tponeccamu OeHTU(HKALNN — CMELIeHUs] MPOLECCOB TPaHCPOPMALMH BEIIECTBA M3 TOJLIU
BOIBI B IPUIOHHBIH cjioit [30].
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TToctynuma B pegaxmuro 06.03.2014.

Tampana Bacunveena Kykoea — nokTop GHONOTHUECKUX HayK, UPEKTOp Y UeGHO-HayHOTO 1eHTpa « HapouaHnckas Guomormde-
ckag craHius uM. [. I BunGepra» bernopycckoro rocyiapcTBEHHOTO YHUBEPCUTETA.

Hamanusa Ilaenosna Padunkoea — KaHi1aT IICHXOIOTHUYECKUX HayK, JOIEHT (akyibTeTa IICHXOIoru bermopycckoro rocyap-
CTBEHHOTO I1e/IaTOTHYECKOTO YHUBEpcUuTeTa uMeHu Makcuma TaHka.

Bopuc Bnaducnasoeuu Adamoeny — xauauaT CHOIOTHUECKUX HayK, 3aBe/ YOI HayUHO-HCCIIeI0BaTeIbekol Tadoparopueit
rusiposkonorud bI'Y.

Tamapa Muxaiinoena Muxeeea — JOKTOp CHOTOTHYECKUX HAYK, JIOLICHT, IJIABHBIM HayYHBIH COTPYJIHHUK Hay4HO-HCCIIE0BaTENb-
CKOH 1aB0paTOPUH TH/IPOSKOIOT L.

HOmua Koncmanmunoena Bepec — xauyyar GHOJIOTMUECKUX HayK, CTapIIMii COTPY/HUK HayYHO-HCCIIe10BaTeNbekoit taGoparo-
PHH TUIPOSKOIOTHH.

Anexcandp bepenveenuu Medeunckuii — nokTop QU3MKO-MareMaTHIECKUX HayK, IIpodeccop, 3aBeyronuil nadoparopueit 6ro-
br3uKY BO30YUMBIX cpesl THCTUTYTa TeOPEeTHUECKON U 3KCIIepUMEHTaNIbHOM Grodusnky Poccuiickoit akajeMun Hayk.
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