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Ha ocHOBe cBSI31 IIMPOTHOTO pactpeeNIeHus TOA0BO MHCOSIIIMA U IPUTIOBEPXHOCTHOM TeMITepaTyphl
Bo3ayxa (IITB) paccuuTanbl ro/loBble HHCOJIALMOHHBIE TeMIepaTypsl Ha repuof ¢ 1900 mo 2016 rr.
ITokazano, uro wHoronerHue usMeHeHus [ITB onpenenstoTrcss MHOTOJIETHUMH HU3MEHEHUSMU
KOHTPACTHOCTH HWHCOJISIIIMOHHBIX TEMIIEPaTyp W WHCOJSIMOHHOW KOHTPACTHOCTHIO. MHOTONETHHE
VM3MEHEHUS] MHCOJAIIMOHHON KOHTPAaCTHOCTH O0OOIIEHHO (10 OONIACTSAM HCTOYHHKA M CTOKA TETIa)
OTpa)XatoT MHOTOJIETHHE M3MEHEHHUS MEPHUIUOHAIHHOIO I'paJMeHTa MHCOSIMU. MepuauoHanbHbIM
TPaJUeHTOM HWHCOJSIIUN PETyIUPYyeTCs MEpHINOHATIBHBIA IEePeHOC TeIla B CHCTEME OKeaH —
atMoctepa. IlokasaHo, 9TO WHCOJNSIIMOHHAS KOHTPACTHOCTH JIMHEWHO CBsi3aHa C HAKJIOHOM OCH
Bpamenus 3emin. U3 aToro cieayert, 4To MHOTONIeTHee yBennuenne aHomanuu [1TB u nabmomaemoe
ro0albHOE TIOTEIUICHHWE KIIMMaTa, B OCHOBHOM, ONPEACTSIOTCS E€CTECTBEHHBIMH IMPHYMHAMH, U
CBSI3aHBI C yMEHBIIEHHEM HAKJIOHA OCH BpallleHHs: 3eMIIN.

[Ipencrasiena oOmias cxeMa MEXaHW3Ma U3MEHEHUS TEMIIEPATYPHOTO PeXUMa 3eMITH U MOTYHIAPHA.
OmnpeneneHo, 4To NMpH YBEIMYEHUHM KOHTPACTHOCTH HMHCOJISALMOHHBIX TEMIIEpaTyp TeMIlepaTypHas
KOHTPaCTHOCTh B CEBEPHOM TONYIIAPUX YMEHBIIIAETCS, 4 B FO)KHOM TONYIIAPUU YBEITUIHBACTCS.
KaroueBbie ca0Ba: WHCOMNSIMS, WHCOJSIMOHHBIE TEMIIEPaTypbl, NMPUIIOBEPXHOCTHAS TEMIIEpaTypa
BO3/lyXa, KOHTPACTHOCTh TEMIIEPATyp, TEHIACHIINH.

BBenenune

[IpoGnema W3MeHEeHMs] KIIMMaTa M, MPEXJE BCEro €ro TeMIEPaTypHOro PEeXuma, B
HACTOSIIEE BPEMSI CTAHOBUTCS OJIHOM M3 BaXHEHIINX MPOOJIeM YeI0BEUECKON MBUIU3AIUY.
Ota mpobiema 3aTparuBacT MHOTHE cdepbl KXU3HH 4YeIOBeKa M OOIIECTBA: 370POBbBSI,
MCUXOJOTUYECKUE, COIMAIbHO — DOKOHOMHUYECKHME M TIOJUTHYECKUE AacCHeKThl. OTUM
ompenenseTcss ocodas HaydHas aKTyaTbHOCTh MPOOJIEMBI, CBA3aHHOW C N3MEHEHHUEM KJIMMaTa,
MPUYMHAMY U3MEHEHUN 1 TIOCTIEICTBUI 3 TUX U3MEHEeHU. Borpoc o nmpuunHax HaOIr01aeMoro
r100aTbHOTO TIOTETUICHUS SBIISICTCS KITFOYEBBIM B HCCIIEIOBAHUSX KIIMMAaTHYECKUX H3MCHEHUH
Y IPOrHO3MpOBaHUU U3MeHeHun kiumara (MonuH, 1982; Kongparses, 1987, 1992; MonuH,
[wmxog, 2000).

N3BecTHO, UTO OCHOBHBIM HMCTOYHUKOM SHEPIMM KIMMATHYECKON CUCTEMBbI 3eMIn
sBisieTcs Jiyurctas sHeprus Consna. CoHEeYHOM paaralueit OnpeaensieTcs paJualioOHHbIN 1
terioBoit Gananc 3emnu (Byasiko, 1968; Mounun, umkos, 1979; Konapatees, 1980). Ha
MMOBEPXHOCTH 3€MJIM JIYYUCTasi DHEPrusl YaCTUYHO OTPaKaeTcs U  IOIJIONIAeTCH,
TpaHCPOPMUPYSACH B TEIUIOBYIO DHEPIHIO, a TaKXKe B TMOTCHIMAIBLHYI0 U KHHETUYECKYIO
SHEPrUI0 BOJHBIX W BO3AYIIHBIX Macc. JlanmpHeiee mnepepacnpenesieHue Temia B

* Paboma evinoinena ¢ coomeemcmauu ¢ 20coOr00xicemnoti memotl «l eodxonocuveckuil aHanus u
npoeno3 ounamuxu Kpuoaumoszonsl Poccuiickoti Apxmuxuy (Ne AAAA-A16-116032810055-0).
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KOHTPACTHOCTH I'O/JOBBIX HHCOJIALIMOHHBIX TEMIIEPATYP U TEH/JEHI[UNU
MHOTOJIETHUX U3MEHEHHH ITPUTIOBEPXHOCTHOH TEMIIEPATYPBI BO3[IYXA

KIIUMaTH4ecKoi cucreMe 3emuu (B aTrMocepe M OKeaHe) CBA3aHO C MeEXaHHU3MaMH
TEIIOOOMEHA: MEPUIMOHAIBHBIM TEPEHOCOM TeIjia, TEIUIOOOMEHOM B CHUCTEME OKEaH —
MaTepUK, CBSI3aHHOTO C PEBEPCHBHON CE30HHOW CMEHOM obiacTeil Xonoga W TeIua,
TEII000MeHOM B cucTeMe okead — atmocdepa u ap. (Ilyneiikun, 1953).

C XX Beka oTMedaeTcsi TEHICHIMsS MOBBIINICHUS TIJI00aJBbHON MPUIIOBEPXHOCTHOMN
temneparypsl Bo3ayxa (IITB). Ilupoko pacnpocTpaHEHO MHEHHE O TOM, YTO OCHOBHOM
MPUYMHON MOTEIUICHUS II00AIbHOTO KJIMMAaTa SIBJSETCS «ITapHUKOBBIN» AP dEeKT, CBA3aHHbIH,
[JIaBHBIM 00pa3oM, € OMHUCCHEH IapHUKOBBIX Ta30B, ONPEAEIIEMON aHTPOIOIE€HHBIM
dakTopom (Climate Change, 2013). B To »e Bpemsi, HE MMOABEPracTCs COMHEHHIO TO, YTO
COJIHEYHAas paJualds HMMEET BaXKHEillllee 3HaueHue B TeHe3uce kiaumara. Kpome Toro,
M3BECTHO, YTO OCHOBHBIM IApHUKOBBIM Tra3oM sBiseTcs BoasHON map. [Ipum oTmedaemom
r7100abHOM TIOTEIUICHHMH YBEIMYMBACTCS HCHApEeHHEe M COJepKaHWE BOJASHOTO Tapa B
atmocepe. ConepxkaHue BOASHOTO Mapa B arMocdepe Ha 3—4 mopsiaka MpeBbIIIAET
cogepkanne CO; CBSI3aHHOTO C JEATEIBHOCTHIO UeNOBeKa. [IpUOIM3UTENBHO V4
JUTMHHOBOJIHOBOM pagualiiul yJep>KuBaeTcss B aTMochepe BOASHBIM MMapoM M TOJIBKO OKOJIO
0,4% IBYOKHUCBIO yTIIepoJa aHTPOIMOTEHHOTO MPOUCXOXKICHUA. TakuM 00pa3oM, COJTHEUHAs
paauanus U MTapHUKOBBIN 2P deKT m1aHeThl (CBSI3aHHBINA B OCHOBHOM C COZIEpKaHHEM BOJISTHOTO
napa B atMoc(epe) SIBISIOTCS TJIABHBIMU KJIMMaTtooOpasyommMu (akropamu. B nuHamuke
9TUX (PaKTOPOB CJEyeT U UCKATh MPUUYUHBI U3MEHEHUN COBPEMEHHOTO II00aNbHOTO KIMMaTa
3emun (Degopos, 2018).

Lenpto paboTbl  sBIsSIETCA  OMpEeNieHWe CBSI3M  MHOTOJIETHUX  W3MEHEHHUU
IIPUIIOBEPXHOCTHOM TeMIepaTypbl BO3AyXa 3eMIM M MOJywapuil € MHOTOJIETHUMU
W3MEHEHHUSMU KOHTPACTHOCTH HHcosuoHHOM Temmeparypsl (TKW) u uHCconmsuumoHHON
koHTpactHocTH (MK) B rmobGansHOM Maciitade.

MeToauka uccjie10BaHu

[IpoBenen pacuer roJoBOM NPUIIOBEPXHOCTHON Temmeparypbl Bo3ayxa (IITB) Ha
OCHOBE JaHHbIX WHcoissuuu. OCHOBHAas 3ajada, CBsI3aHHAs C pacueTaMud TOJOBOU
WHCOJISIITUOHHOW TPUIIOBEPXHOCTHOM TeMIepaTypbl BO3[yXa, — OIPEICICHUE BIUSHUS
WHCOMSIIMU M €€ W3MEHEHHH, ompeaensieMbplXx HeO0eCHO-MEeXaHMUECKUMHU IpolieccaMu
(OpOUTANBHBIM JABUKEHUEM 3E€MJIM M HW3MEHEHUEM, BIMSIONIMX HA HMHCOJSIUI0 3EMIIH,
XapaKTePUCTHK ATOTO JBUXKEHH), HAa (hopMupoBaHue U n3MeHeHue roaosuix [ITB 3emnu u
nonymapuii. Takum o00pa3oM, u3 o00mIed COBOKYMHOCTH BIMSIONIMX HA TEPMHUECKOE
COCTOSTHUE KJIMMAaTHYeCKON cucTeMbl 3eMiau (aKTOpOB BBIACTSETCS M HCCIEAyeTCs
WHCOJISIITUOHHBINA (PaKTOP, OMPEEIISIETCS €r0 POJib B JOPMUPOBAHUN U U3MEHEHHH TTI00ATBHBIX
ronoBbix [ITB, oTpakaronux coCTOAHNE U JMHAMUKY TEPMHUUECKOTO PEXKUMA KITUMAaTUYECKON
CHCTEMBI 3€MJIH.

B kauecTBe MCXOIHBIX KIMMATHYECKUX JAHHBIX MPU pacyeTax MPUHUMAINUCh CPEIHUE
JUIs UAPOTHBIX 30H 3HaueHus [ITB 3a 6azoBeiii mepuox 1961-1990 rr., npuBencHHBIE B
MaccuBe aOCONIOTHBIX TeMIepaTyp yHuBepcuTeTa BocTouHoit AHrMHU U MeTeo0ropo Xdamu
(Jones, et al., 1999; Jones, et al., 2001; Brohan, et al., 2006; Jones, et al., 2012; Temperature
data...) (ta6m. 1). Knumartuueckas nHopma IITB 3a mepuon 1961-1990 rr. orpaxaer
CBOMCTBEHHBIE €l XapaKTepUCTUKH NapHUKOBOTO H¢(deKTa, COIHEYHOW aKTHUBHOCTH U
MEXaHU3MOB TEIUIOOOMEHa, YYacTBYIOIIUX B (OPMHPOBAHUHM CPEIHEMECIYHOU |
CPEIHETr0ZI0BOM TeMIepaTyphl U €€ paclpeAeIeHUN MEXaHU3MaM1 TEII000MeHa 0 IIUpOoTam
u cezoHam. OJHaKO TIPH pacdeTax roJoBBIX MHCOAIMOHHBIX [ITB B mpomutoe u Oymyrmiee
YYUTHIBAIUCH TOIHKO U3MEHEHUS MHCOISAINY (IPUXOIAIICH Ha BEPXHIOO TPaHUILy aTMOcheps
COJIHEUHON pamuanmu). M3meHeHne mapHUKOBOTO d(deKkra, CONMHEUHONW aKTHBHOCTH H
MEXaHHU3MOB TEIUI000MeHa (MEPHUINOHAIBHEIN MEPEHOC TEeIlIa, TEIIO0OMEH MEXIy OKEaHOM
u atMocdepoii u Ip.) 3a npeaenamMmu KauMaTudeckoi HopMbl 1961-1990 rT. He yYUTHIBAIOCH.
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Taoauma 1.
Pacnpenesnenue rogosbix HopMm IITB (Temperature data...) u uncoasimum (CostHeuHast
paguanys M ...) 0 IIMPOTHBIM 30HaM (cpeaHee 3a mepuox ¢ 1961 mo 1990 rr.)

T'eorpaduueckas mmpora, CeBepHoe MmoJTyIIapue IOxHOe monyrrapue
rpap. I1TB, °C Wncomsms, Jx/m? I1TB, °C Wncomsrms, JIx/m?
0-5 26,15 1,316E+10 25,97 1,315E+10
5-10 26,35 1,307E+10 25,77 1,307E+10
10-15 26,42 1,289E+10 24,91 1,289E+10
15-20 25,66 1,262E+10 23,77 1,262E+10
20-25 24,03 1,226E+10 22,25 1,226E+10
25-30 21,27 1,182E+10 20,25 1,182E+10
30-35 17,09 1,131E+10 17,79 1,131E+10
35-40 13,62 1,072E+10 15,02 1,072E+10
40-45 10,07 1,008E+10 11,55 1,008E+10
45-50 6,16 9,376E+09 7,85 9,376E+09
50-55 3,12 8,637E+09 4,31 8,637E+09
55-60 0,48 7,879E+09 0,92 7,878E+09
60-65 -4,60 7,135E+09 -3,35 7,135E+09
65-70 -8,83 6,494E+09 -10,76 6,494E+09
70-75 -12,09 6,058E+09 -24,68 6,058E+09
75-80 -15,14 5,763E+09 -34,66 5,763E+09
80-85 -16,73 5,576E+09 -38,96 5,576E+09
85-90 -17,07 5,485E+09 -46,18 5,485E+09

PaccuuTannble 11 5-TU rpayCHBIX IIMPOTHBIX 30H 3€MHOI0 3juinnconsa (0e3 yuera
atMocdepsl) 3HaueHus uHcosuK (ConHeuHas paauanus u. ..) (cpeaaue 3a nepuop ¢ 1961 mo
1990 rr.) conocraBisuuch ¢ KauMarudeckoit Hopmoii I1TB 3a nepuoa 1961-1990 rr. (puc. 1,
Tabmn. 1).
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Puc. 1. Pacnpenenenue MHCONALMM OTHOCUTEIBHO CPEIHEro A 5-TU IpalyCHOMU
IIUPOTHOM 30HBI 3HaueHUs (1) u abcomoTHbIX 3HadeHuil [ITB (2) mo muUpOTHBIM 30HaM
(cpennee 3a mepuop ¢ 1961 mo 1990 rr.) (ConHeuHas paguarus ... )

Pacnpenenenue IITB no mupoTHBIM 30HaM XapakTEpU3yEeTCs TECHOU KOPPEIALUOHHOM
CBSI3BIO C pacIpe/IeICHUEM MPUXO/ISIICH Ha 3eMHO# 3JUTUTICOM]T COTHEYHOU pauaiuu (puc. 1).
Koaddunment xkoppemnsiuu (R) kmumatudeckoit Hopmsl ITTB (1961-1990 rr.) u npuxopsimeit
COJIHEUHOU paJiaIify 1o BceMy MupoTHOMY auamna3zony (90°c.ur. — 90°10.11.) xapakTepu3yeTcst
3HayeHueM 0,942, st ceBeproro nonymapust — 0,997, mis 1oxuoro nomymapus — 0,942,
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VYpaBHeHHs] perpeccur ONpeesIUCh Ha OCHOBE pa3/iebHON ammpoKCUMAIMN TpeX
IIMPOTHBIX JUANa3oHOB 3emiid (Tak JOCTUrajach ONTUMalIbHAs anmpokcumanus). s
anmnpoKcuMaIuu roaoBbix 3HaueHut [ITB B nuanazone mumpoTHbIX 30H OT 85°-90° c.mi1. 110
10°-15°c.11. ucnonp30BaIcs MONMMHOM 6-i crenienu. B quanazone ot 5°—10°c.m. go 55°-60°
[O.II. ¥ B quana3one oT 60°—65° ro.m. 10 85°-90°0.11. — MOJIMHOMEI 3-# CTEIEHH.

3nauenust kodd¢unuenta aerepmuHanuu (R2) okazammch Bcex Tpex IIMPOTHBIX
nuana3zoHoB paBHbIM 0,99. OTo cornacyeTcs ¢ pe3ysibTaTaMU COIOCTABICHUS PACCUUTAHHBIX
M0 JTAHHBIM HAOJIOICHUH ¥ OCPETHEHHBIX 110 OMYIIAPHIO U 32 TOJl U3MEHEHUH TIIaHETapHOTO
panvanMoHHOro OajaHca, CBsI3aHHBIX € oOsiagyHocThio. OKaszamoch, 4YTO HMMEET MECTO
MPAKTUYECKH IIOJIHAS KOMITeHcaus. To ecTh, MpH TII00aIBHOM MacmTabe yCpeaHEHHS
BIIMsSIHUE OOJIAKOB Ha pajuarioOHHBIA pexkuM Majio (Moxos, 1982). IllupoTHbie quana3oHbI
arnMpOKCUMALIUKA OTPAXKAIOT HEOAHOPOJHYIO CTPYKTYPY MOACTHIIAIONICH MOBEPXHOCTU 3eMIU
B MOJyHIapusx (pa3luyHble COOTHOIIEHUS KOHTUHEHTOB M OKEaHOB B MOJIYIIAPHUSX, JICAOBbII
KOHTHHCHT AHTApKTHIA), TPOSBISIONIYIOCS B XapakTepe CBSI3M IPUIIOBEPXHOCTHOM
TeMIIepaTypbl Bo3ayxa ¢ uncossiueii (Fedorov, Grebennikov, 2017).

[To mony4eHHBIM TOJMHOMHUATHHBIM yPAaBHEHUSM PETPECCHU JUIS S5-TH TPayCHBIX
HIMPOTHBIX 30H MO JAaHHBIM uHconsAuuu (ConHeuHas pamuanus U ...) ObUIM pacCYUTaHbI
(YuuTBIBAIOLIME TOJIBKO U3MEHEHNE UHCOISIMK ) ToAoBble 3HaueHus [1TB nns nepuona ¢ 1900
o 2016 rr.

HcxoaapiMy acTPOHOMUYECKHMH JTAHHBIMH JIJTST PACUETOB WHCOJISIIUN ObLTH CKIIOHCHHE
u sximntudeckas gonrora ComHia, paccrosHue oT 3emuu a0 ConHIa, pa3HOCTh XOJa
paBHOMEpPHO Tekyulero (koopauHatHoro BpemMeHu — CT) UM BCeMHPHOTo KOPpPEKTUPYEMOTO
spemenu (UT) (Giorgini, et al., 1996; NASA, Jet Propulsion ...). IToBepxHocTs 3emin
anmpokcumupoainack dumnconioM (GRS80 — Geodetic Reference System, 1980) ¢ qnmuaamu
nonyoceit paBHbIME 6378137 M (Oonbiue) u 6356752 M (manas). B obmiem Buie anroputm
pacYeToB MOXHO MPEJICTABUTH BBIPAKCHUECM:

L o z
lin(@1.2) = [| [o(H.0)| [A(H tp,@)da do |dt, (1)
L\ & -
rae | — mpuxonsmas cosiHe4Has paguanus 3a 3JIE€MEHTapHbIM n-il pparMeHT m-ro
Tpormueckoro rozga (JIk); ¢ — IUIOmMAAHOW MHOXHTENb (M), C TIOMOIIBI KOTOPOTO
BbIUUCIIAETCS IulomaaHol muddepenuman o(H,p)dadp — momanps OECKOHEUHO Malon

Tpameuuu — SYeWKH DIUIMICOMIA; ¢ — YacoBOW yYroji, ¢ — reorpaduueckas IIHPOTa,
BbIpaXXCHHBIE B pajinaHax; H — BbICOTa MOBEPXHOCTHU 3JUIMIICON/1a OTHOCUTEIHHO OBEPXHOCTU
3emnu (M); A(H, ¢, 1, @) — uHCONAIUS B 3a/laHHBII MOMEHT B 33JJaHHOM MECTE TTOBEPXHOCTH
smmanconna (Bt/m?), t — Bpems (c). 1llaru npu WHTETPUPOBAHMM COCTABIISIIH: TI0 JONTOTE 1°,
no mupore 1°, mo Bpemenu 1/360 vacTh mpomoinKuTebHOCTH Tpormyeckoro roaa (Climate
Change, 2013). 3HaueHHe COJHEYHOW MOCTOSHHOHN (cperaHee MHOrojieTHee 3HaueHue TSI)
MPUHUMAJIOCh paBHbIM 1361 B1/m? (Jones, et al., 2012). U3menenne aktuBHOCTH COJIHIIA HE
yuuthiBaniochk (Pemopos, 2018, 2019a; Federov, 2013; Fedorov, Grebennikov, 2017).
Paccuntannble 3HaUEHUS MHCOMISIUU [ S-TH IPalyCHBIX IIUPOTHBIX 30H JIJIS IEpUOAa
¢ 1900 mo 2016 rr. MCHOAB30BAINCH B IOJYYEHHBIX YPAaBHEHHUSX PErpecCHH B KAdeCTBE
apryMeHTa. Pacuer HWHCONSUMOHHOW TeMmeparypsl MNONyIIApUid HU 3eMJIM COCTOSI B
cnenytomeM. [lo ypaBHEHUSIM perpeccuu M JaHHBIM HMHCOJSIUU PACCUUTHIBAINCH CPETHUE
(st BEIOpaHHOW HOPMBI) 3HAYEHHS] TEMIeEpaTyphl AN S5-TH TPaAyCHBIX IIHPOTHBIX 30H
(Tabm. 1). OTu 3HAYECHHS YMHOXAIUCh HA CPEIHMA KOCHMHYC IMUPOTHI KKIOW 30HBI (COS ().
3areM (neneHreM Ha 18 — YUCIIO MUPOTHBIX 30H B MOMYIIAPUHN ) HAXOIUIOCH CpEAHEe A S-TH
rpaayCHOI MIMPOTHOM 30HBI 3HAUYEHUE VIS MOIyLIapus, KOTOPOE 3aTeM JETUIOCH Ha CpeiHee
[0 BCEM LIMPOTHBIM 30HAM MOJylIapus 3HadeHue cos @ (cos 45°). Ilpu pacuere, Takum
o0pa3oM, YYMTHIBAeTCS M3MEHEHHE IUIOMIAJM IIMPOTHOM 30HBI B 3aBUCUMOCTU OT
reorpauueckoil MUPOTH U KPUBHU3HBI MMOBEPXHOCTU. TaKk pacCcUUTHIBAIACh HHCOJSIIIHOHHAS
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TeMreparypa nonymapuil. Jns 3emMiau MHCOJSIMOHHAS TeMIIepaTypa pacCUUThIBAIaCh Kak
cpennee no nonymrapusim (Rudolf, Scheider, 2004).

PaccuntanHas ¢ HMCHOJIb30BAaHUEM YpPaBHEHUU pErpeccH MO JaHHBIM HHCOJSALUU
rosioBas HopMa [ITB s mepuoaa ¢ 1961 o 1990 rr. cocrasnser 13,97°C nnst 3emnu, 14,54°C
st ceBepHoro u 13,40°C st rokHOTO monymrapus. Ilo gaHHBIM apxXxuBa aOCOIOTHBIX
temneparyp, HopMmbl IITB (daxtuueckue HOpMBbI) Ha uHHTEpBaie ¢ 1961 mo 1990 rr.
coctaBisaroT i 3emun — 13,97°C, st ceBepHoro nonymapus — 14,59°C, njis 10)KHOro —
13,36°C. Pa3HocTh Mexay (aKTHYECKUMHU M pacCYMTaHHBIMU 3HaueHUsMH coctaBuia 0,003
st 3emnn, 0,044 — s ceepHoro nonymapus u -0,04 — a1 10)KHOTO momymapus (OImMOKH
anmpOKCUMAIIUN ).

Paccunrannble, ¢ y4eTOM M3MEHEHUS TOJIbKO MHCOJIALMOHHOTO (hakTopa (M3MeHeHui
WHCOJISINY, OTPEIeNIIeMbIX HEOECHO-MEXaHMUYEeCKUMH TIporieccamu), rogossie [ITB HazBaHbI
HaMU I'0JIOBBIMU MHCOJISIIMOHHBIMH TeMIepaTtypaMu. Takum oOpa3om, uHcomsiuonHas [1TB —
3TO MPUIIOBEPXHOCTHAS TEMIIEpaTypa BO3/AyXa IPH CTAIMOHAPHON U HEM3MEHHOM 0 COCTaBy
atmoctepe. Mucomsunonnsie [ITB oTpaxaioT poib TOIBKO HHCOJSIMOHHOTO (akKTopa,
VYHUTHIBAIOT MMAPHUKOBBIA 3PQPEKT, CONHEYHYIO AKTUBHOCTH, MEXAaHU3MbI TEIUIOOOMEHA H
COCTOSIHUE KJIMMATHYECKOM CHUCTEMbl XapakTepHble st HOpMbI 1961-1990 rr., u He
YYUTBHIBAIOT TPEAIISCTBYIONIMNE U JAJIbHEWIINE W3MEHEHHUS COJIHEYHOM AaKTUBHOCTH,
MapHUKOBOTO 3(dekTa (CBI3aHHOTO ¢ COCTaBOM arMoc(hephbl) U MEXaHH3MOB TeIJIooOMeHa. B
CBSA3U C TEM, YTO OCHOBHBIM HMCTOYHHUKOM HHEPTUU THIPOMETEOPOJIOTHUYECKUX IPOIIECCOB
aBigeTcs npuxopsimas ot CoJHIla pagualys, TeOpeTuIecKas oleHKa paaualuoHHoro ¢pakropa
dbopMupoBanust 1 MHOToJIeTHUX M3MeHeHui [1TB, oTpakaromieil COCTOSHHE TEPMHUYECKOTO
peXHMMa COBPEMEHHOTO II100aIbHOTO KIIMMAaTa, MPeICTaBIsSETCs BaKHOI.

PesynbTaTsl Hecjief0BaHUI U UX 00CYKICHHE

[To mHaiinennsiM ypaBHeHusim  perpeccun  (Fedorov, Grebennikov, 2017)
paccuuThIBaIUCh To0Bble HHconAnMoHHbIe [ITB nis xaxnoro rona B unrepsane ¢ 1900 no
2016 1r., obecriedeHHOM JOCTOBEpHBIMH MeTeoganHbiMU (Jones, et al., 1999; Jones, et al.,
2001; Brohan, et al., 2006; Jones, et al., 2012; Climatic Research Unit ...,). Taxxke
paccuuThIBaIUCh a0coNMOTHBIE 3HaueHus: roaoBoil IITB (mns momymapuit u 3emmu). Otu
pacyeTsl  BBINONHSUTHCH — aJreOpanueckuM  ClIoKeHueM 3HadeHud aHomammu [ITB,
npencrasiaeHHbix B MaccuBe HadCRUT4 (Met Office Hadley ...,), ¢ paccunTanHoii o MmaccuBy
abcomoTHBIX Temneparyp Hopmoit [ITB mis 6a3zoBoro nepuoga 1961-1990 rr.

B ceBepnom nonymapuu B cpenHem Qaxtuueckue I1TB npeBsiaoT HHCOMAIMOHHBIE
TeMieparypsl. B 1oxkHOM momymapun, Haoo6oport, daxktuueckue IITB B cpennem ycrynator
MHCOJISIIMOHHBIM TemriepatypaM. Berunranuem u3 dakruueckux 3Hauenuit [1TB (s nepuona
¢ 1900 o 2017 rT.) COOTBETCTBYIOMUX 3HAaYeHHUHN HHCOsIIMOHHOM [1TB Haxoamiace pa3HOCTh
MEXAy aOCOMIOTHBIMHM 3HaueHUsIMU (akTudeckoil n uHcomsiuuonHor IITB. Ilomyuennsie
3HAYEHUS Pa3HOCTH (aKTUUECKON 1 nHCOoNsIMoHHOM [1TB cpaBHUBAMCE ¢ TaHHBIMU aHOMAJTUU
IITB (Climatic Research Unit ...), npeacrasiennsiMu B MaccuBe HadCRUT4 (puc. 2).

Okxkazanioch, uro anoManus I1TB (puc. 2) u pa3HOCTh (PaKTUYECKUX M MHCOJSILIMOHHBIX
[1TB koppesanoHHO TECHO CBsA3aHbI (Koa( GuireHt koppenduuu pasex 0,999). Berantanuem
paccuMTaHHOW pa3HOCTU (akTHUeCKUX M HHcoMAUMOHHBIX [ITB u3 cooTBeTcTBYIOMIMX
daxTryeckux 3HaueHuit anomanuu [1TB (puc. 2) (Climatic Research Unit ...) Obuti oTy4eHbI
XapaKTepUCTUKH UX pasnuuuid. [{ng 3emin pacxoxkaenue B cpenneM cocrasiser -0,003°C, nns
ceBepHoro nonymapus -0,044°C, ms roxxaoro nomymapust 0,04°C.

Paccunrannas nns nepuona 1961-1990 rr. unconauunonnas Hopma IITB B roxxHOM
noymapuu npessimaeT (aktudeckyto Hopmy [ITB atoro mepuona na 0,04°C. B ceBepHOM
nonymapuu oHa ycrynaet et Ha 0,044°C. daktuyeckas Hopma [ITB 3emnn okazanach Ha
0,003°C BbIle paccUMTaHHOW ISl HEE MHCOJSAIMOHHON HOpMBI. Takum oOpaszoM, cpenHee
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pacxokaeHue Mexay gaxtuueckumu 3HaueHussMU anomanuu [1TB u pazHoctbio pakTrueckux
u uHcosuoHHbIX IITB coBmagaer mo aOCONIIOTHBIM 3HAUYEHUSM C OTMEUYEHHBIMHU BBILIE
omrOKaMu anmpokcuManuu. MisMeHeHue 3Haka B pa3HOCTH (DaKTUUECKUX 3HAYCHHUI aHOMAaTTUU
[1TB u pasHoctu ¢axTHueckux ¥ UHCOIIIMOHHBIX [ITB (0THOCHMTENPHO OTMEUEHHBIX HpPU
anmpokcuManuu HopMbl 1961 — 1990 rr.) cBsizaHo ¢ TeM, uto nHcossiimonHsie [ITB ceBepHoOro
noytymapusi 1 3emiiu cj1iabo yMEHbIIAITCA, a HHCOsMoHHbIe [ITB B 10)kHOM nonymapuu B
nepuoa ¢ 1900 mo 2016 rr. cnabo yBeTuIMBaIOTCS.

°C 1,5

[ —

1,0

0,5 J\WVVV-
00 . M‘M Q,q : M/
VAN

-0,5 1

-1 YO T T T T T T T T T T T
1900 1920 1940 1960 1980 2000
oAbl

Puc. 2. Usmenenune anomanuu I1TB mo manueim HadCRUT4 (Climatic Research
Unit ...); 1 — ceBepHOE monymapue, 2 — 10KHOe nonymapue, 3 — 3eMis

B cpennem nmo monymio 3HaueHus ¢akruueckoit anomanuu [ITB cocraBnsror 0,234°C,
0,254°C u 0,238°C st 3eMiu, CEBEPHOTO U FO’KHOTO TMOJIYIIAPUsT COOTBETCTBEHHO. CpemHue
s uatepBana (1900-2016 rr.) anomanuu IITB cocTaBistoT A CEBEPHOrO MONYIIAPHS
+0,048°C, nns roxxaoro noinymapus -0,063°C, s 3emiu -0,007°C. Takum obpasom, cpenHue
3HaueHus aHomanuu [ITB B monymapusx uMer0T MpOTUBONOJIOKHBIE 110 3HAKY 3HAUCHHUS.

PaccunthiBanach KOHTPaCTHOCTh TOIOBBIX MHCOMAIMOHHBIX Temnepatyp (TKH) kak
pa3HoCTh roJoBbIX HHCOMANUOHHBIX [ITB B skBaropuansHoii (0°-5°) u momsipHoit (85°-90°)
30oHax. TemmneparypHas koHTpacTHocTh (TKUM) B ceBepuom mnomymapum (puc. 3)
yBemuuuBaetrcs ¢ 1900 r. mo 2016 t ot 43,44°C no 43,48°C (na 0,04°C, unu Ha 0,09%). B
1oxHOM Tonymmapun TKU ysemmumBaetcst ot 70,73°C no 70,87°C (yBenmueHHE COCTaBIISET
0,14°C, numu 0,20%). To ectb, yBenuuenne TKU B mepuon ¢ 1900 mo 2016 1T. B 10KHOM
IoJIylIapuu 1no4tH B 3,5 pasza npessimaeT yBenudaeHnne TKH B ceBepHOM nosrymapuu.

IIpencraBnenHble Ha puc. 2 BpeMeHHbIE psfbl (akTuueckoil anomanuu I1TB umeror
BBICOKYIO TIOJIOKHTENIbHYI0 KOoppensanuio (BeposTHOCTH 0,99) ¢  COOTBETCTBYIOIIMMH
BPEMEHHBIMU psifamMu ToJoBbIX 3HaueHUl TKy. B ceBepHom mnomymapuu koddduimeHt
koppemsiiun (R) pasen 0,794, B roxxHoM nosrymrapuu 0,869. s 3emimn (TKy Haxoawmoch kak
cpeanee no nonymapusaMm) R pasen 0,843. Cxoxnble 3HaueHHUs KO UIIMEHTA KOPPETALIH
XapakTEePHBI U JJIs1 PSAOB Pa3HOCTH (haKTHUIECKOW M mHcossiuonHon ronoBoi [ITB u TKy.
Onu umeror 3nauenus R, pasusie 0,794 u 0,871 u 0,844 coorBercTBeHHO. CreoBaTeNbHO,
u3MmeHenus anomanuu [1TB Bo Bpemenu onpeznenstorcst usmenennem TKy (paccuntanHoii o
WHCOJSIIMU W SBJISIONICHCS aHaIoroM MEPUANOHAIBHOTO TpaJueHTa HHCOJSIIHH), YTO
MOATBEPIKIAETCS TECHON U MOJOKHUTEIBHON KOPPEISITUOHHON CBSA3bIO0 MEXKITY HUMHU.

[IpoBeneH KOppeNsAMOHHBINA aHAU3 PsiIoB dakTudeckoit rogooi I1TB u anomanuu
I[ITB B nmanazone ot 1900 mo 2016 rr. ¢ nOpuUXOAslIed COJHEYHOW paauanver u
uHCONAMOHHON KoHTpacTHOCThIO (MK) (Tabn. 2). Ilog MHCONSIIMOHHON KOHTPACTHOCTHIO
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(MK) namMu moHMMaeTcs pa3HOCTh TOJAOBOWM MHCOJSIMU B IIMPOTHOM auarnazone 0°-45° u B
mUpoTHOM jauanazone 45°-90° B nomymapusx. DTa BeTUYHHA OTPAXKAET Pa3HOCTh MHCOJISIIH
B 00JacTH, SIBISIOLICHCS HCTOYHMKOM TEIUIA M HHCOJSIMH B obnmactu croka Temna. MK
0000111eHHO (110 00JIACTSIM HCTOYHUKA U CTOKA TEIUIA) OTPAXKAeT M3MEHEHUE MEPUIMOHAIEHOTO
rpaauenTa uncossun (degopos, 2018).

O 43,48 70,90 ©
E‘g // F
43,47 47086
M /\ N
43 46 / \///\\X - 70,82
AN/A z
43,45 //J\\’\////\\\\y v 70,78
43,44 %/\ 70,74
43,43 T T T T T T T T T T T 70,70
1900 1920 1940 1960 1980 2000
[oabl
Puc. 3. 3menenue TKy B ceBeproM (1) u 10xHOM (2) nosymapun
Tab6auua 2.

3Havyenns ko3¢ Ppuunenta koppeassuun rogosoi uncoassuun, UK n TKu € ronosoii IITB
u anomauuei IITB

daktuueckas [ITB Anomanus [1TB
3emiist CII IOI1 3emirst CII IOI1
WHconsuus 0,003 0,010 -0,001 0,003 0,010 -0,001
K 0,835 0,786 0,856 0,835 0,786 0,856
TKyu 0,843 0,794 0,869 0,843 0,794 0,869

Bo Bpemennbix psnax daxtuueckon I[ITB, ee aHomanuu u wHCOMAUUM 3eMIIU H
nonymapuii cBs3p He oOHapyxwuBaercs (R<0,01). OgHOBpeMEeHHO OTMeyaeTcss TecHas
MOJIOKUTEIbHASL CBA3b BPEMEHHBIX psiioB (aktuueckoi romosoil IITB, ee anomanuu u
WHCOJISIMOHHON KOHTPACTHOCTH (Talu1. 2).

Cpennue 3HaueHust aHoMmanuu (axtudeckux [ITB umeroT npoTHBOIIOIOKHbBIE
3HAUEHUS B CEBEPHOM M IOKHOM IOJYIIApUU. OTO YyKa3blBa€T HA TO, YTO MEXAHU3M
MEPUIUOHAIBHOTO MEpEeHO0ca TeIIa MO-Pa3HOMY MPOSBISETCA W, BIUSAET HA TEMIIEpaTypHBII
pexuM B nodyuapusx. To ectb, 3ddextsr oT nepepacnpenencHus npuxozasmero or ConHia
TEIJIa, ONPENENIEMOr0 MEPHAMOHAIBHBIM II€pEeHOCaM TeIlla, B TONYIIAPUAX HMMEIOT
CYLLECTBEHHBIE PA3JINYUSL.

Mepunuonaneuelii nepenoc Ttemna (MIIT) ocymecTBisiercs Kak —peryJsipHbIM
nepeHocoM B OLIA (o6mas mupkymnsuus atMocdepsl) — stueitku Xoum (Iaanes), @eppens,
noJiipHasl s4eiika, Tak M BUXPEBBIMH 00pa30BaHUSMHU (TPONMUYECKHE U BHETPOINUYECKUE
nukinonsl) (demopos, 2018, 20196). M3-3a Oomnbleil HEOTHOPOMHOCTH TMOJCTHIIAIOIIEH
MOBEPXHOCTH B CEBEPHOM IIOJIYIIAPUU TaM, B 3HAUUTENbHO OOJbIIEH CTENEHH, YeM B
OTHOCHUTEJIBHO OAHOPOJHOM I0KHOM nousymapuu, MIIT ocymecTBisieTcss TpOMUUECKUMU U
BHETPONIMYECKMMH IMKJIOHAMH. Kpome TOro, Kak TIIOKa3bIBAalOT BBINOJHEHHBIE paHEe
uccnenoBanust (®Pemopos, 2018, 20190), yBenuueHHE MEPUANOHATIBHOTO TIPAJAUEHTA
uHCcosInuu (KoTopbiM perynupyercst MIIT) ormedaeTcst B 3MMHHE MOJYrOJusl B MOJISIPHBIX
Aueiikax, a B JICTHUE IOJyTONs OHA CHU)KAETCSA. YBEIMYEHUE I'OJOBOI0 MEPHUIAMOHAIBHOIO
rpaJieHTa WHCOMANMK (TIepeHoca Teruia) OTMEYaeTcs B 00JacTsIX  JIOKaJIM3aIluu
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HUPKYJISIUOHHBIX siueek Xoamu u deppenst. HeoqHOpogHOCTE MOACTUNIAIONICH TOBEPXHOCTH
B IOJYLIAPUSIX XapaKTEpPU3yeTCs COOTHOLIEHUEM ILIOLIAJAM KOHTMHEHTOB M OKeaHOB. B
ceBepHOM noxyumapuu 39,3% ero miomaau npuxoaures Ha cyury ¥ 60,7% Ha okeaH, B F0XKHOM
NOJIyIIApUM IUIOIAAhL cylu coctasiseT — 19,1%, nnomans okeana 80,9%. Tak exeroaHoe
KOJIMYECTBO TPOMUYECKHX IIUKIOHOB B CEBEPHOM IOIyIHIapUU (CeBEpHAs ATIaHTUKA U CEBEPO-
3amajHas 4acTh THXOro oxkeaHa) B CpelHEM cocCTaBisieT okoino 60. B rokHOM mosymapuu
TPONMMYECKUX IUKJIOHOB 3HaYNTEILHO MeHbIe — 68 (Demopos, 2018). B roxxHOM nosrymapun
MEPUIMOHAIIBHBIM MEpEHOC TeIula OJOKUPYETCS MOIIHBIM 3aIllaJJHO-BOCTOUHBIM IEPEHOCOM
«pEeBYIIIHE COPOKOBBIE», CYIIECTBOBAHNE KOTOPOIO CBSI3aHO C OAHOPOJHOCTHIO MOTYyIIApUs U
BBICOKUM MEpPUUOHAIBHBIM TPAJAUCHTOM TEMMEPATyphbl (3HAUYUTENHHO MPEBBIMIAOIINM
MEPHUANOHAIIBHBIN I'PAIMCHT TEMIIEPaTyphl B ceBepHOM noryinapun). Tak ke MIIT B roxxHOM
NOJTyLIapuH OJOKUPYETCS IUPKYMITOJIIPHBIM aHTAPKTHYECKUM TeueHueM. [1oaTomy, HecMoTps
Ha 0oJiee BBICOKHE 3HAYCHHS MEPHIMOHAIBHBIX TpaareHTa Temiepatypsl (1 TKu) B roxHOM
nonymapuu, 3G(GeKT MepuANOHAIBHOTO TMEpPEeHOoca TeIlia 37eCh BBIPAXKECH ciabee, YeM B
CEBEPHOM MOIYIIAPUH.

Mpuoronetnue u3MeHeHus ¢akrtudeckoir IITB (ee aHomammu) He CBS3aHO C
M3MEHEHHEM MHCOJSIUH, HO TecHO cBs3aHo ¢ u3menenueM TKy u UK. Ilpu sTom oTmeuaeTcs
nunerHas cBsa3b TKy u UK (puc. 4).

O 4349 7095 O
" y = 1,823E-08x - 3,772E+01 g
= R? = 0,9983 =
4347 70,90
4345 70,85
43,43 70,80
43,41 70,75
y = 7,460E-08x - 2,615E+02
R? = 0,9954
43,39 ; : - 70,70
4,452E+09 4,453E+09 4,454E+09 4,455E+09 4,456E+09
x/m2

Puc. 4. Cesa3p TKy u UK B ceBeproM (1) u ro:xHOM (2) nonymapuun

Mpuoronernue wusMmeHnenuss (Qaxtudeckor [ITB, anomamuu IITB wu pasnoctu
daktryeckoir u uHcomsuonHnoit [1TB (mo cytu paBHoit aHomanuu [1TB) TecHO cBsi3aHBI C
MHoroneTHuMHU u3MeHeHussMu TKy u MK, koTopbie mTuHelHO CBsA3aHbI MEeXIy coboi. M3 aToro
clenyeT, 4YTO MHOrojeTHue u3MeHeHuss aHomanuu [ITB, B OCHOBHOM ompenenstorcs
mHorosieTHuMu n3meHenusmu MK. Tlokazarens unconsuuu (1K), o600menHo (o obiactim
MCTOYHMKA U CTOKA TEIJIa) OTPAKAaeT U3BMEHEHUE MEPUIMOHAIBHOTO TPaJMeHTa UHCOISIUU Ha
BI'A. UK nuHeliHO CcBsi3aHa ¢ M3BMEHEHUEM HakKJIOHa ocu Bpamienus 3emiu (Pemopos, 2018,
2019a, 20196; demopos, Koctun, 2019). IlockonbKy conHeYHas paauanusi SBISETCS
OCHOBHBIM HMCTOYHHUKOM DSHEPTHU THAPOMETEOPOJIOTHYECKUX TMPOIIECCOB, OTMEUYCHHBIC
KOPPEJALMOHHBIE CBSA3H CIIEYyEeT CUNTATh U IPUUMHHO — CJIE€ICTBEHHBIMHU.

Kak cnenyer u3 npoBeeHHOT0 aHanu3a rojioBbie HHCOsIMoHHbIE [ITB ymenbmaroTcs,
HO yBEJIMYUBaeTCs TeMiieparypHas KOHTpacTHOCTh (TKy). Ananu3 u3meHeHus GaKkTHIeCKUX
ronoBeix [ITB B oGnactsax, sBiusrommxcs ucrounukamu (0°—45°) u croka (45°-90°) tema
NIOKa3bIBaeT, MHOW Xapakrep pacnpezneieHus paxkrudeckux [ITB (maccuB HadCRUT4 (Met
Office Hadley ...)). st pakrrueckux I1TB (B oTmuune ot uHcomsiuonubix [1TB) B mepuos ¢
1900 o 2016 rr. oTMeuaeTcs TEHACHIMS K YBETUUEHUIO.
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Ouenka pacrnpenenenus (aktudeckux [ITB mpoBomgmiace mo manueM ¢ 1960 rona,
KOTOpBIC IPU3HAIOTCs Hanbosee gocroBepHbiMu B MaccuBe HadCRUT4. Dot neproa umeer
MEHBIIIE IPOITYCKOB JAaHHBIX KAaK MO MecsAlaM, Tak U MO 5-TH IPAJLyCHBIM IIMPOTHBIM 30HaM,
YeM TIpeACTaBICHHBIA B MaccuBe Oosiee paHHuid mnepuoxa. I[lo ngaHHBIM MaccuBa
pacCUMTHIBAINCH TOJIOBBIE 3HaveHWs riobanpHOM IITB s oOmacreid, SBISIOIIUXCS
nuctouyHuKoM (0°—45° mmpotel) U cTokoM (45°-90° mMpoOTHI) Temaa B KaXIOM MOTYIIAPUH.
Pacuers 11t 3THX 0651aCTEil BBIMOIHSIIMCH QaHAJIOTUYHO pacdyeTaM roJIOBBIX MHCOJISIIMOHHBIX
[ITB nns nonymapuit. OHaKo, B 3TOM ClIy4ae CPeIHET010BbIE TEMIIEPATYPhl HAXOIUITUCH JIJIS
«MOJIOBUHOK» Kaxjaoro mnoiymapus. IlonydeHHble aJie HIMPOTHBIX 30H CPEIHErOJOBBIE
3HadyeHus I[ITB yMHOXanuce Ha cpeaHue Mg 5-TH IpajyCHBIX IIHPOTHBIX 30H KOCHHYCHI
IIUPOTHI. 3aTeM HAaXOIUJIOCh CPEHEE IS 5-TH rpaJyCHON MIUPOTHOU 30HBI (TI0 9-TH 30HaM)
3HaYEHUE, KOTOPOE MEIMIIOCh Ha KOCHHYC 22,5° uisi pacdeToB TeMmIepaTypbl B 00JIACTH
MCTOYHUKA TEeIJIa U Ha KOCHUHYC 62,5° mpu pacuerax TemmepaTypbl B 00JACTH CTOKa Teria
(Rudolf, Scheider, 2004).

W3 ananusa mony4eHHBIX PE3yJbTaTOB cienyer, uTto ¢aktuueckue rogossie I[ITB B
CEBEPHOM TOJTYIIAPHH YBEITHUUBAIOTCS KaK B O0JIACTH SBJISIOIICHCS HCTOYHUKOM TEIUIa, TaK U
B oOyiacTu cTOKa Teruia. Takke B CEeBEPHOM IMOJIYIIAPUU HA MPOTSHKEHHH 3TOTO MEepHoja
YMEHBILIACTCS TeMIIepaTypHas KOHTPAacTHOCTh To1oBbIX pakrudeckux [1TB (TKo) — pazHocTs
ronoBbix (akrtuueckux I[ITB B skxBatopmanbhHoit (0°-5°) m mossipaor (85°-90°) 30Hax
MoJIyIapusi. TO CBSI3aHO C TEM, YTO B CEBEpHOM mouymapuu ysenuuenue [ITB B oGiactu
cToka Teria mpeBocxoauT yBenuueHue [ITB B oGmactu uctounHuka teruia. B rokHOM
MOJTylIapuy HaOII0JaeTCsl HECKOIbKo uHas kapTuHa. daxtmueckue romoswie [ITB Tarke
YBEJIMYUBAIOTCS Kak B 00JacTW MCTOYHHMKA TeIJia, TaK U B 0OmacTu croka Teruia. OmHako,
TEeMIIEpaTypHas KOHTPACTHOCTb 3/1€Ch, B OTIMYHUE OT CEBEPHOIO IMOJIYIIAPUS YBEIUYUBACTCS.
OT1o cBs3aHO ¢ TeM, uro yBenuueHue IITB B oOnacTu HMCTOUHMKA TeIula MPEBOCXOAUT
yBenudyenue IITB B oOnactu ero croka. OTMeuaeTcsi BBICOKas KOPPESIMOHHAS CBS3b
MHOTOJIETHUX H3MeHeHHH ¢akTtudeckoir romoBoit [ITB ¢ MHoromeTHUMH H3MEHEHUSMU
rogosoii K B ceBeprom nonymapuu. B obnactu ucrounuka temna R pasen 0,827. B o6nactu
croka temia — 0,841. B 10HOM monymapuu cooTBeTCTBYIoLIME 3HadeHus: R pasubl 0,876 u
0,307.

W3 cpaBHEHMSI PE3YJIBTATOB PACUETOB rOJOBBIX HHCOIALMOHHBIX [ITB ¢ monyuenHsiMu
JaHHBIMU cieayeT, 4uro (akrtuueckue I[ITB B ceBepHOM modymapum HU3MEHSIOTCA B
npotuBoaze ¢ uHcomsiuuoHHbMH [1TB. Taxxke B mpotuBodasze m3mensitoress TKu u TKo.
I'onoBble 3HaueHus uHconssunoHHod [ITB ymenbmarorcs, a 3HaueHus ¢axkruyeckoit I1TB
yBEIUYMBAIOTCS (Kak B 00JacTH MCTOYHMKA, TaK M B obnacTu croka Tteruia). 'onosas TKu
YBEIIMYUBAETCSA B CEBEPHOM M F0KHOM nosrymapud. ['onoBas TKe ymeHpmiaeTcss B CeBEpHOM
MOJIyIIapUU U YBEIMYMBAETCs B 10KHOM. B ceBepHoM nomymapuu roposas UK (iaunelHo
cBs3aHHasa ¢ TKy), Takum 00pa3oM, yBeTMUUBAETCS, a TEMIIEPATypHasi KOHTPACTHOCTh MEX]TY
00JIaCTsIMH  SIBIAIONIMMHCS HMCTOYHHKOM M CTOKa TeIla CoKpamaercs (M3-3a yCHIICHHSA
MEPUIUOHAIIBHOTO IEepeHoca TeIUIa, ONPEAEIsEMOr0 YBEIMYEHHEM MEPHUIMOHAIBHOIO
rpaguenTa uHcoasauuu i MK nuHeiHo cBA3aHHOM ¢ HAKJIOHOM OCH BpalleHus). B roxHOM
nonymapuu ¢pakruyeckue [ITB cnabo yBenuunBaroTcsi B 001aCTH UCTOUYHMKA M CTOKA TEIUIa,
HOo TKo Bo3pactaer (mpu Bospactanuu u TKuy). DTo ompexpensiercs Tem, 4TO B HOKHOM
nonymapuu 3¢pdexT MepuauoHansHoro neperoca Temiaa (MIIT) BelpakeH ciabee, yeM B
CEBEPHOM IMOJIyIIapUH. JTO, KaK OTMEYAJIOCh BBIIIE, CBA3AHO C OJOKHPYIOIIMM 30HAJIbHBIM
IIEPEHOCOM  («PEBYIIME COPOKOBBIE»), LUPKYMIIOJISIPHBIM AHTAPKTUYECKUM TEUEHUEM,
HaJIMYMEM JIEJOBOTO KOHTHHEHTa AHTAapKTHIa W OKEAaHMYHOCTHIO IOYKHOTO MOJyLIapus,
HEOOJIBIITNM YHCIIOM TPOITUYECKUX IIUKIIOHOB.

VBennuenue IITB B oGnacTu McTOYHMKA Temsa sSBISETCS CIEICTBHEM YBEJINYECHUE
MPUXO0/1a COJTHEUHOU panuanuu B 3Ty oomacts (Demopos, 2018, 2019a). Yeenuuenue [1TB B
o0JacTaxX CTOKa SBISETCS CIEACTBHEM YCHJIECHUS MEpPUIUOHAIBHOTO TMepeHoca Tera
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MHOTOJIETHUX U3MEHEHHH ITPUTIOBEPXHOCTHOH TEMIIEPATYPBI BO3[IYXA

(denmopos, 2019a, 20196, 20198). IIpu 3rom MIIT (ripu cxomuo# romoBoit nucossiuu U UK)
UMEET CYLIECTBEHHbIE IIOJIyIIapHbIE pa3iuuus, KOTOpPbIE CBSI3aHbBl C OTMEYEHHBIMU
MOJyIIapHBIMU OTJIMYUSMU B KIUMaTHUeCKON cucremMe 3emiu. B ob0mem, u3MeHeHue
NOJIyIIApHBIX TEMIIEpATyp, BEPOSATHO, ONPEIENAETCS COOTHOIIEHWEM MEPHUINOHAIBHOIO
TEMIEPATypHOTO TpaJMeHTa WIM pa3HOCTbIO Temmeparyp skBarop — mnomoc (TKe) u
MEpPUAMOHAILHOTO TPaJUeHTa MHCOJSINH, 0000MEHHOH (10 00JacTsIM MCTOYHUKA U CTOKA
Terya) Xapaktepuctukoil koroporo smisercs WK, WK nmneitno cBszana ¢ TKu.
CrnepnoBarenbHO, MEPUAMOHAIBHBIN [IEPEHOC TeIIa (M TEMIIEPATypHbIE PEXXUM HOJYIIApUA U
3emun), B OocHOBHOM, ompenensiercs cooTHomenueM TKuy m TKe. B Hacrosmee Bpemst
MepUANOHANIbHBIM rpaaueHToM uHcossinuu (MI'U wnu UK) onpenensercst MepuaroHanbHbIN
nepeHoc teruia (MIIT) u, B ocHoBHOM MHorosieTHue u3MeHenus [1TB. OnHako co BpeMeHewM,
npu ocnadiennd MI'U 3T0 COOTHOIICHHWE MOXET M3MEHHTHCS, TPEKIEC BCErO, B CEBEPHOM
MOJTyIIAPHH, TJIe MEPUAMOHAIBHBIN IPaTUEHT TEMIEpaTyphl yMeHbliaeTcs. OTMedaemMoe i
CEBEPHOI0 INOJYyLIAapHs YMEHBIICHHE Iepernajga TeMIleparyp SKBaTop — IOJIOC MOMKET
CIO0COOCTBOBATh CHUKEHHUIO CKOPOCTH T€HEpalli M YMEHBIIECHUIO OOIIEero 4yucia BUXped B
atmocthepe (MoxoB u ap., 1992). CnencrBueM 3Toro MoxkeT ObITh NoHMkeHue [ITB B
CeBepHOM modymapuu. s omnpeneneHus XapaKTEPUCTUK M XPOHOJIOTUU BO3MOXKHOTO
nonmxenuss [ITB B ceBepHoM monmymapuu HeoOXoAMMO  (DHU3HKO-MaTeMaTHUECKOE
MOJIeJTMPOBAHUE KITUMATHUECKUX MpolieccoB. Heo6X0aAuMOCTh MOIEHpPOBAHUS OTIpEesieTcs,
BO-TIEPBbIX, PA3HOPOJHOCTHIO KOMIIOHEHTOB KJIMMaTU4ecKoil cucteMbl. Bo-BTOpbIX,
CIIOHOCTBIO M MHOrooOpa3zueM cBsizeil (MpsSMBIX U OOpPaTHBIX) MEXIYy KOMIIOHEHTaMU
cucTeMbl. B-TpeTbux, MOCTOSTHHBIM M3MEHEHHUEM COCTOSIHHM KaK OTJIEJbHBIX KOMIIOHEHTOB,
TaKk ¥ KIMMaTHYEeCKOW CHCTEMBI B II€JIOM, B MPOCTPAHCTBE M BO BpeMEHU. B-ueTBepThIX,
M3MEHEHHUEM BO BPEMEHU U B MPOCTPAHCTBE CBS3EH MEXAy KOMIOHEHTAMHU KIMMaTHYECKON
cuctembl. OJTHAKO, paIMAIIMOHHbIE OJIOKU CYIIECTBYIONMUX (PU3UKO-MAaTEMAaTHUECKUX MOJAeNEeH
KJIuMaTa HyXkaarTcsa B MoaepHu3anuu (denopos, 2019a).

B o0miem Buie MexaHN3M M3MEHEHUS TEMIIEPATYPHOTO pexruMa 3eMIIH U TOMyIIapHii MOXKHO
MPEACTaBUTH CXeMoi (puc. 5).

MHconaumnsa 3emnu

Y

YMeHbLUEHWNE yrna HaknoHa ocu BpalleHus 3emnm

Y

YBenunyeHue MepunanoHanbHOro rpaguneHTa
MHCconAauun n mepunanoHarnbHOro rnepeHoca tenna

v

YBenuyexue
TemnepaTypsbl
B obnacTtsax cToka
Tenna
YBenu4yeHune
coaepxaHue
BOASIHOrO napa. YBenuyeHue
Ycunexune ncnapeHus
NapHUKOBOIO
athekTa

Puc. 5. [IpuHnunuanbHas cxeMa paJraioHHOT0 TeII000MeHa B aTMocdepe
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Tpu cBsI3aHHBIX HWKHHMX OJIOKa B CXEME NPEICTABISIOT COOOM KIMMaTUYeCKUI
JETEKTOp, TMPUBOMASIIMNA K YCWICHHIO TIOOAIbHOTrO moTterieHus. Kpome Toro, mporecc
MOTEIJICHUS] YCHJIMBAETCd W OOpAaTHBIMHU TOJOXHUTEIbHBIMH CBS3SIMU H3-3a COKpallleHus
TUIOMIAIM MOPCKHX JIBJIOB M JIGTHUKOB M YMEHBIIICHHS IUIaHETapHOro anboeno. [loBbimenue
TEMIIEpPaTyphl B 00JIACTSAX CTOKA TeIJia CBSI3aHO HE TOJBKO C MEPHUAMOHAIBHBIM MEPEHOCOM
Teruia (IBHOE TEIUIO), HO U C MPOLIECCAMU KOHJICHCAIIUH BOJISTHOTO Tapa B atMochepe (CKpbIToe
TEIUIO0) MPU MEPUTUOHATILHOM JIBUKEHUH BO3IYIIHBIX Macc.

Cxema noarsepkaaercsi orMeueHHbIMU TecHbIMU cBsi3siMu [ITB ¢ TKy u UK, TecupiMu
ces3simu MUK ¢ yriiom HakjioHa OCH BpallleHHs M JIOTUKOW KJIMMAaTHYeCKUX 3HaHui. Cxema
MOJKET OBITh UCTIOJB30BaHA B KAYECTBE MOHATUHHOTO AITOPUTMA B (PU3HKO-MAaTEMATHICCKIX
MOJIETISIX KJIMMAaTa.

3akiiloueHue

Wucomsunonnsie rogoBbie [ITB ommmyarorcs ot ¢aktuueckux roaoBeix [ITB Ha
BesmunHy aHoMasmu [ITB. Muoronernue wusmenenus anomanuu IITB, orpaxaromme
MHOT'0JIETHUE U3MEHEHUS IT100aJIbHOTO KJIMMaTa (ero TEMIEPAaTypHOTO pexXuma), B OCHOBHOM,
onpeaensaorcs MHorojaeTHUMH u3MeHeHusMu TKy u UK. WHbIME cioBamu, M3MeHeHUE
riodanpHOM Temmeparypbl B XX CTOJIETUM M B HACTOSIIEE BpeMsS OIpEAeseTcs
pacrnpenelieHueM NPUXOAAIIEH COJHEYHOM pajualuu 10 LIMpOTaM — HHCOJISILIMOHHOU
KOHTPACTHOCTBIO.

MHoroneTHue MU3MEHEHUS] UHCOJIALIMOHHOM KOHTPAaCTHOCTH 0000IIEHHO (10 o0nacTsam
MCTOYHUKA U CTOKA TEIlJIa) OTPAKat0T MHOTOJIETHUE U3MEHEHHSI MEPUMOHAIBHOTO TPaJIeHTa
UHCOJALMU. MepuIuoHaIbHBIM TI'PAJUEHTOM HMHCOJILIMUA PETYIUPYETCS MEPUAMOHAIbHBIN
nepeHoc Teria B cucreme okead — atmocgepa (MIIT) (Penopos, 2018, 20196, 20198). TKu
nuHeHo cBs3ana ¢ UK. MHcomsnnoHHast KOHTpaCcTHOCTh, B CBOKO OYEpEb, JINHEHHO CBsI3aHa
¢ HakJIoHOM ocu Bpamenus 3emtn (Pemopos, 2018). 13 atoro ciemyer, 4T0O MHOTOJIETHUE
n3MeHeHus (yBenuuenue) anoManuu I[1TB u nHaGmoaemoe rinodanbHOE MOTEMICHHE KIUMaTa,
B OCHOBHOM, OTIPEJIEIISAIOTCS €CTECTBEHHBIMU TPUUMHAMU U CBSA3aHbBI C YMEHBIIEHHEM HaKJIOHA
OCH BpallleHUs1 3eMJIH.
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CONTRAST OF ANNUAL INSOLATION TEMPERATURES AND TENDENCIES OF
LONG TERM VARIATIONS OF SURFACE AIR TEMPERATURE
Fedorov V.M.
Lomonosov Moscow State University, Moscow, Russian Federation
e-mail: fedorov.msu@mail.ru

Based on the relationship between the latitudinal distribution of annual insolation and the near-surface
air temperature (ST), the annual insolation temperatures from 1900 to 2016 are calculated. It is shown
that long-term changes in ST are determined by long-term changes in the contrast of insolation
temperatures and insolation contrast. Long-term changes in insolation contrast (summarized in the areas
of heat source and sink) reflect long-term changes in the meridional gradient of insolation. The
meridional gradient of insolation regulates the meridional heat transfer in the ocean-atmosphere system.
It is shown that insolation contrast is linearly related to the tilt of the Earth's rotation axis. It follows that
the long-term increase in the ST anomaly and the observed global climate warming are mainly
determined by natural causes and are associated with a decrease in the inclination of the Earth's rotation
axis.

The general scheme of the mechanism for changing the temperature regime of the Earth and the
hemispheres was presented. It is determined that when the contrast of insolation temperatures increases,
the temperature contrast in the Northern hemisphere decreases, while in the Southern hemisphere it
increases.

Keywords: insolation; insolation temperatures; surface air temperature; contrast of temperatures;
tendencies.
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