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IIpoBenen ananus sanucu aHTapKTUYECKUX KePHOB, 1pex/e Bcero crannuu Dome C. [Tokasano, uto na-
JICOKTTUMATITIECKIE 3AITICH JIEAOBOTO KePHA AHTAPKTH/IBI OTPAXKAIOT TI0OATBHBIE KIMMATHYECKIE H3MEHEHHST
[JIEHCTOIEHA 1, CIIE/IOBATELHO, MOTYT OBITh BbI3BAHbI OPOUTATILHBIMI BAPHAIIMSIMI HHCOJISIIIMN, HMEIOTHMI
robanbHbIil Xapakrep. [IpoBeeHo KpaTtkoe cormocTasierne (M MOKa3aHbl MPEMMYIIIECTBA) HOBOH KOHIIETIINI
opOUTATIbHOIT TEOPHH MaJIeOKIMMaTa ¢ Teopreil M. MUJIaHKOBIYA U TEOPETUYECKUMHU BEPCUSIMHU €70 TIOCTIE/10-
paresieii. CpaBuenue samicu §D ¢ opOUTAIbHO-KINMATHYECKOI [MArPaMMOii BBISIBUIIO UX CYIECTBEHHOE MO~
no6ue, 9TO, B YACTHOCTH, YKa3bIBAET HA BO3MOKHOCTD TIPSIMOTO BO3IEHCTBHS 9KCIIEHTPUCUTETHDIX BAPUAIHIL
MHCOJISIIN Ha u3MeHeHMst kinmata rnoceaanx 800 teicsty srer. Clesan BbIBOJI, YTO rJI0GaIbHBIE KOJIEOAHMsT
KJIMMATa B IIUKJIAX OJIe/ICHEHNEe—MEKIEHIKOBDE, BBIPAKAIONINECS B IIMKINYECKUX KOTEOAHUSIX TEMITEPATy PbI
AnrapkTuzipt ¢ ammatyaoii 6osiee 10 °C, m0KHbBI ObLINM OTPAKATHCA U HA M3MEHEHUH Kpuochepbl 3eMau B
[EIOM. DTH U3MEHEHHsT KpUOchepbl, B CBOIO OYEPE/Ib, A0JKHbI ObLIU TIPOSBIIATH TAKAKE OPOUTATIBHBIC [IMK/INY-
HOCTH, TJIAaBHBIMHU U3 KOTOPBIX B TIIelicToriene ABsoTces 41- m 100-ToicsayeneTHIE TTEPUOIBL.

Opbumanvras meopusi, narCOKIUMAMUUECKUE 3ANUCU JeD08bIX KepHO8 AHmapkmuodvl, SKcyeHmpucumem

ORBITAL FACTORS OF IMPACT ON EARTH’S CRYOSPHERE
(ON THE EXAMPLE OF ANALYSIS OF THE ANTARCTIC CORES)
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Analysis of the Antarctic cores records, first of all from the station Dome C, has been carried out. It has
been demonstrated that the paleoclimatic records of the Antarctica’s ice core represent the global climatic
changes of Pleistocene. Brief comparison of the new orbital theory with Milankovichs theory and the theories
of his followers has been fulfilled. The comparison of 8D record with the orbital-climatic diagram revealed their
essential similarity that indicates in particular the possibility of direct impact of eccentricity variations of inso-
lation on the climate change during the last 800 thousand years. A conclusion has been made that the global
climate fluctuations in glaciation—interglacial cycles (particularly in the cyclic changes of Antarctica’s tem-
perature with amplitude of more than 10 °C) should be reflected in the changes of the whole Earth’s Cryosphere.
These changes of the Cryosphere, in turn, had also to demonstrate the orbital cyclicity, the main of which in the
Pleistocene are of 41 and 100 thousand-year periodicities.

Orbital theory, paleoclimatic records of the Antarctica’s ice cores, eccentricity

BBEJEHUE

http://www.izdatgeo.ru

WNsydenne geHOMeHA MIEHCTOIEHOBBIX OJIefie-
HEHWI UMeET JINTEJbHYIO, TIOUTH IBYXBEKOBYIO HIC-
topuio. K HacTosIeMy BpeMeHH! NOTy4eHO OrPOMHOE
KOJIMYECTBO AMITMPUUYECKUX MATCOKINMATHIECKIX
JTAHHBIX, B KOTOPBIX 3a(pUKCHUPOBAHBI CBS3AHHBIE C

IUKJIAMU OJIeJIeHEHUSI —MeKIeTHUKOBDST NU3MEHEHUS
MIPUPOTHON Cpefibl. DTU JJAHHbBIE TTOJYYeHbI TIPU HC-
CJIeJ0BaHUU KaK IIyOOKOBOAHBIX, TAK U KOHTHHEH-
TaJIbHBIX OTJIOKEHU pa3nyHoro renesuca. OHu oT-
PaKAT U3MEHEHUST TJI06ATBHOTO 00beMa JIb/Ia, TEM-

Penxosuerns xxyprana “Kpuocdepa 3emun” npuHsiia pererne o myOJuKaiiy JaHHON CTaThit B ICKYCCHOHHOM MOPSI/IKE,
PYKOBOJCTBYSICh aKTYaJIbHOCTBIO IOCTABJIEHHOI aBTOpamMu 1pobsieMbl. PeIKoJIernst IPHUTJIAIIAET BCEX JKeNAONUX IPHHSTD ydac-
THE B IUCKYCCUH O BO3AEHCTBUN OPOUTATbHBIX (DAKTOPOB Ha KIUMAT U Kprocdepy 3eM/In Ha CTpaHuIax Ky pHaJa.
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mepaTypbl, BAAKHOCTHA, COCTABA M IUPKYJISIUN
atMocdepnl. HecMoTps Ha 3T0, /10 CUX 11OP He co3/1a-
Ha Teopus, KOPPEKTHO OMUCHIBAIOIIAA TPUINHBI
CTOJIb OPA3UTETbHBIX, TIT00ATBHBIX KOTeOAHMIT KU~
Marta. By mpesoKenbl 1eCATKI TeOPETUICCKUX
BepCHii, HePEKO B3aUMOUCKIIIOYAIONINX JAPYT JAPyTa
[IIsapybax, 1955]. Haubonbiee pasputue u mpu-
3HAHUE MOJIyYnIa opouTasbHast (MM aCTPOHOMUYEC-
Kasl) TeOpUs NAJeOKINMAaTa, KOTOpask Havyasla pa3By-
BaThcs IpuMepHoO B cepeute XIX B. [Adhémar, 1842;
Croll, 1875, Bol’shakov et al., 2012].

[locTatouHOo 0UEBHUIHO, YTO CO3/IaHNE KOPPEKT-
HOHN TEOpUU U3Yy4aeMOro SABJICHUS 3aKjiouaeTcs He
TOJIBKO B HEMPOTHBOPEYUBOM OOBSICHEHUU HAKOII-
JIEHHBIX 9MIINPUYECKUX JAaHHbBIX. Takas Teopus 10JK-
Ha /IaBaTh ITPOTHO3 PA3BUTUS ITOTO SABJICHUS TIPU U3-
MEHEHHH apaMeTPOB CUCTEMBI, 4TO OCOOEHHO aKTy-
AJIbHO B HACTOSAIIIEE BPEMsI, YIUTbIBAS AHTPOIIOTEHHOE
BJIMSTHUE HA TPUPOIHYIO cpeay. Kpome Toro, Teopus,
KOPPEKTHO 00bsICHSIONAst IMITUPUYECKIE JTaHHbIE,
€CTEeCTBEHHO, TOJITBEPKAAET U TIPUHSATYIO TIPU €€ CO3-
JaHUW WHTEPITPETAINIO 9TUX JAHHBIX. YKa3aHHOE 00-
CTOSITEJILCTBO TAK)KE aKTYaJIbHO MIPU PAa3BUTUU TEO-
PUU JIEJHUKOBBIX 1IUKJIOB ILIelicToleHa. /lesio B ToM,
YTO, XOTS TOUYKA 3PEHUS O CYIIECTBOBAHUY B TLJIEHCTO-
TeHe IUKIMYECKU MOBTOPSIBINMUXCS TIOOATBHBIX TO-
KPOBHBIX OJIe[[eHeHUI curTaeTcs npeobiagaionei,
psin uccaenosareseit ee orpunaioT. [loaTomy cosma-
HUE KOPPEKTHOU TeOPUH JIETHUKOBBIX ITUKJIOB ILIeH-
CTOIleHa IBUJIOCH OBl €llle OHUM BECKUM JOBOJOM B
10JIb3Y KOHIIETIIUY ITOKPOBHBIX OJIEZICHEHUIA.

B 1976 1. [Ix. Xeiic, [Ix. Im6pu u H. lekaton
[Hays et al., 1976], usy4dast joHHbIE KOJTOHKH, OJIHSI-
Tele B IHAMIICKOM OKeaHe, IT0Ka3aJjl, YTO HEe MEHee
80 % KIMMATHYECKOW M3MEHUYMBOCTHU TTOCTEHUX
500 ThIC. JIET CBSI3aHbI ¢ OPOUTATBHBIME BAPUAIIUSIMU
¢ XapaKTepHbIMU TlepuognyHocTsiMu okoJio 100, 41,
23 1 19 ThIC. J1eT. DTO XOPOIIO MOATBEPKIANI0 OPOU-
TANBHYIO THIIOTE3y MaJTeoKanMaTa 06 00yCIoBIeH-
HOCTH TJI06aJIbHBIX KOJIeOaH il KIMMaTa BapUallisIMu
WHCOJISIIINY, CBSI3aHHBIMU C KBA3UTIEPUOTUIECKUMI
U3MEHEHUSIMU OPOUTATBHBIX HapameTpoB. OnHAKO
9TU e JIaHHbIE BBISIBIIIN CYIIECTBEHHBIE TIPOTHBOPE-
yust ¢ Teopreit M. MutankoBuda, OOIIEeNPUHSATON B
KauecTBE OCHOBHOU Bepcuu OPOUTATIBHON TEOPUU
[Munanxoeuu, 1939].

[TonbiTkM MOZIEpHU3MPOBATH Teopuio MusaH-
KOBHMYA He IIPUBEJIU K PEIIeHNIO OSIBUBUINXCS 11PO-
6JieM, TJIABHBIMU M3 KOTOPBIX OCTAIOTCST TaK Ha3bl-
Baemas npobaema 100-ThicsYeIeTHETO TIEPHOIA U
pobJieMa CpeHEeIIERCTOIIEHOBOTO Mepexoa. VX pe-
[IeHIe BUAUTCS B paspaboTKe TpeACcTaBIeHUN 0 Me-
XaHU3Max rI00aNbHBIX KIMMATHYECKUX KOJTeOaHuit
MJIEHCTOTIEHA W COMTOCTABIEHUN HOBBIX T€OpeTHYec-
KUX pazpaboTok ¢ Hanbosiee HaEKHBIMU, JITTUTEb-
HBIMU ¥ WHOOPMATUBHBIMU MAJTCOKIUMATHICCKUMHA
3anucamu. VIMeHHO K TaKUM 3allUCSAM OTHOCATCS U
JIAaHHBIE, TIOJIyYeHHBIE TI0 JIeJIOBBIM KepHaM AHTapK-
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TU/bL. B CBSI3W O CKa3aHHbBIM BBITIIE TIPEICTABJISIETCS
AKTYaJbHBIM COTIOCTABUTD MATCOKINMATIHUECKIE 3a-
MTACH JIEJIOBBIX KEPHOB AHTAPKTHUJIBI C TIOJIOXKEHUSIMU
HOBOH KOHIIENIINK OPOUTANbHOM TEOPUH TTATCOKIIH-
MaTa, pazBuBaeMoil B paborax [Boavuaxos, 2001,
2003; bBoavwaros, Kanuya, 2011; Bol’shakov, 2008)].

HoBast KoHIENIUS OTIMYAETCS KapAMHAJIbHO
WHBIM 10 CPAaBHEHUIO C TPAAUIIMOHHBIM B3TJISIIOM Ha
ompesieJieHe KIMMAaTUIeCKON 3HAUMMOCTH BapUaInuii
OT/IEJIbHBIX OPOUTANBHBIX 91eMeHTOB. CyTh €ro 3a-
KJII0YaeTCst B 00513aTe/IbHOCTH PACCMOTPEHMSI TIOJTHBIX
FOZOBBIX U IJI00ANbHBIX BapUALMil MHCOMSALNHY, BbI-
3bIBAEMbIX M3MEHEHUSAMU KasKJ0TO OPOUTAIBLHOIO
9JIeMEHTA, a TaKKe HaXOKICHWS W yueTa crenudu-
YECKUX JJIsI KasKI0TO OPOUTAIBHOTO dileMeHTa 00paT-
HBIX CBs3€el, MpeobpasyomuX 9TU NHCOIAIUOHHbIE
CUTHAJBI B KJIUMaTnieckue uaMenenus. [Ipu atom
YKa3bIBAa€TCsI, UTO CHJIA BO3ACHCTBUS Pa3INIHBIX 00-
PaTHBIX CBSA3EH U Iaske caMO UX HAIMYHe MOTYT U3Me-
HATHCA B 3aBUCUMOCTH OT IJ100aIbHOTO KIMMATUYeC-
KOTO COCTOSIHWSI, HATIPUMEDP B TEPMO- U TJISIIIHOIPHI.
[enbio gaHHON PabOTHI IIPEAIIONATAETC PACCMOTPE-
HUe ¢ MO3UIUI HOBOU KOHIEIIUU BAUSHUS OPOU-
TaJIbHBIX BapUalil Ha KAUMATHYECKUe KOJIeOaHms
(B TOM umcJie Ha Kprocdepy 3eMiin) B IJIelicToleHe
Ha IpUMepe aHaIn3a MaJeOKINMaTUIeCKUX 3aIicei
JIEJIOBBIX KEPHOB AHTaPKTU/IBI.

MMAJIEOKJINMATHYECKASI TH®OPMAIIMS
10 JIEJJOBBIM KEPHAM
¥ COIIOCTABJIEHUE C AHAJIOTUYHO
VMH®OPMAIIUEI IO IJIYBOKOBO/HBIM
1 KOHTUHEHTAJIbHBIM PABPE3AM

Pazsmynble mokaszaTesiu, perucTpupyemMbie B
KepHax Jibaa, Takue Kak 3D, §'80, CO,, CH,, comep-
JKaHWe TBLIH, SBJISIOTCS KOCBEHHBIMH (ProxXy) ToKa-
3aTeJISIMU, XapaKTePU3YIOIUMHU KJIUMATHYECKUe 13-
MeneHust. OHU 0TOOPAKAIOT M3MEHEHUS TEMITEPATY -
por (8D, §180), KoHIEHTpanMyK MTaPHUKOBBIX Ta30B,
OTIPEIeJISTIONIIX TETIIIOBON PERIIM TIITAHETHI, a COZIeP-
JKaHUe TBLJIN B KePHE YKa3bIBaeT HA U3MEHEHWs aT-
MOC(hEPHON IUPKYJIAIIH, B YACTHOCTH €€ MHTCHCUB-
HOoCTHU. [Ipr 5TOM OWH U3 TIABHBIX BOZHUKAIOIINX
BOTIPOCOB: SIBJISIOTCSI JIU TIOKA3aHuUsI, QUKCHPYEMBIE B
JIeTOBBIX KepHAX AHTAPKTUJIbI, U3MEHEHUSIMU PETHO-
HAJIbHBIMU UJIU OHU OTPAKAIOT TaKKe riIoOaJbHbIe
rkosnebannda kimmarta? OueBUIHO, 9TO OTBET Ha TOT
BOITPOC MOYKET OBITD JIAH TOJBKO TIPY CPABHEHUHN aH-
TAPKTUYECKHUX TTAJIEOKINMATIYECKUX 3aMUCell ¢ aHa-
JIOTUYHBIMU 3ATTUCSMU B IPYTUX PETHOHAX TJIAHETBI.
KoneuHo, aT1 3amucu JOJKHBI OBITh TaKKe Helpe-
PBIBHBI, XOPOIIIO IATHPOBAHBI U OTPAKATh TTAJIEOKIIU-
MaTHYeCKUe U3MeHEHUsT [0 BO3MOKHOCTH B UHCJIEH-
HOI, y100HO# i1t aHasm3a Gopme. VIMEHHO TaKiuMK
00BEKTaMU SABJISIOTCST U30TOMHO-KUcaopoaHbie (1K)
KPUBbIE TITYOOKOBOAHBIX OCATKOB U 3ATMCH N3MeHe-
HUs cofepskanns 6rmorenHoro kpemuesema (BioSi) B
ocajikax o3. batikan (puc. 1).
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Cornacto [Kapabanos u op., 2001], uamenenust
BioSi oTpaxaioT MeXJIeHUKOBbS W OJeeHeHUs
(TepMOXPOHBI U KpUOXPOHBI) B CHOUPCKOM PErHOHE.
B 1eniom Gaiikasabckast 3anuch oxBarbiBaeT 12 MurH
JteT. XpOHOJIOTHST 3TOH 3aMUCH JIJIST TIOCTETHUX O MITH
JIeT OCHOBaHa TMPE’K/e BCETO HA MaJeOMAaTHUTHBIX
JAHHBIX 1 MTPEITOTI0KEHNHN O TIOCTOSTHCTBE CKOPOCTH
CceIMMEHTAIUY BHYTPU MAJE€OMATHUTHBIX JAaTUPO-
BaHHBIX ypoBHeii. Ha puc. 1, 6 mpezicraBiena 3anmch
BioSi ars mocienanx 800 Toic. set, coracuo | Wil-
liams et al., 1997], ¢ HamMMU TIOTIPaBKaMU BO3PacT-
HOII MOJIEJIU TI0 METOLY, U3JI0KeHHOMY B [ borvwaros,
2003; Boawvwaros u op., 2005].

Jlnst conocrasierust ¢ TK-3amucsimut o riryGoko-
BOJIHBIM OCaJIKaM MbI BEIOpasu HanboJiee NCrmorb3ye-
MYIO B HacTosmiee Bpems sanuch LR04 (cm. puc. 1, 6)
[Lisiecki, Raymo, 2005]. Ona npeacrasiser coboit
rJ106aJTbHO OCPEIHEHHYIO 110 57 KOJIOHKaM MUpPOBOTO
OKeaHa ISt TTocyIeiHnX 5,3 MJIH JieT 3amuch 8180 mo
O6eHToCHBIM (0OUTAIONIMM B IPUAOHHBIX Bogax) ¢o-
pamunudepam. Ha puc. 1, 6 samucn 880 Takxke nana
s nocsaenanx 800 Teic. set. Kak m3BecTHO, N3Me-
nenus §'80 1o 6enrocHbM hopamuHndepaM oTpa-
KaloT U3MEHEHUS TI00aIbHOTO 0OheMa JIbJla U TeM-
nepatypsl. IloBbITIeHNE CO/IEPIKAHNS TSIKETIOTO U30-
TOTIa KUCJIOPO/IA TI0 KOJTOHKAM OTPaKaeT YBeJUIeHIE
r06aIbHOTO 06BeMa JTh/la 1 TIOHKEHWE TeMITepa-
Typhl (onegenenue), nonnxkenue 580 — coorser-
CTBEHHO yMeHbIleHrue 00beMa Jibjla 1 MOBBIIIEHTE
TeMmepaTypsl (MexJIeHNKOBBE). MakcuMmymam n
MmuHUMyMaM Ha IK-kpuBoli mprcBoeHa ornpejesien-
Hast Hymeparust. [lnkam ¢ moHKeHHbIMY 3HAYEeH U -
mu 880 (rpaduueckne Makcumymbl Ha puc. 1, 6) pu-
CBOEHBI HEUeTHBIE HOMepa (MesKJIeTHUKOBbIE MOP-
ckue uzoromubie ctagun — MU C), a c ToBbITIIeHHBIMU
snavenusamu 8'80 (rpaduueckie MUHIMYMBI) — YeT-
Hble HoMepa (JeaankoBbie MU C).

[t cpaBHEHMS ¢ ATUMU TATEOKIUMATIUECKUMU
3anucsaMu B HactosIell padore (em. puc. 1, a) pac-
CMaTPUBAETCs U3MeHeHUe CoepKanus AelTepus B
JIeIOBOM KepHe aHTapKTudeckoil craniuu Dome C
[EPICA..., 2004]. JlemoBble KepHBI 9TOH CTAHITIH OX-
BaTHIBAIOT HanboJIee TUTETbHBII BpeMEeHHO HHTED-
Ban (740 teic. netr). Bapuanuu neiirepust BeIOpabl
MOTOMY, YTO UMEHHO OHU HauboJiee HAJIEKHO U He-
MTOCPE/ICTBEHHO MEPEBOSATCS B U3MEHEHUS TeMIIepa-
Typsi [Jouzel, 2013]. Bpemennast nikana 3anucu 8D
crannuu Dome C ocHoBana Ha: a) 1Mo/ICU€Te TOTOBBIX
CJI0EB JIb/Ia; 6) KOPPENSIIY ¢ U30TOMHO-KUCIOPO/I-
HOH rJIyGOKOBOIHOM TITKAJIOH; B) MOJIE/N PACTEKAHMUS
spzia. CortocTaBieHIe YKa3aHHBIX MTAJTeOKTINMaTITIeC-
KIX 3aITHCell TOKA3bIBAET UX BBICOKYIO CTEIEHb MO0~
6us (cm. puc. 1). Xopolio BhIAEeNSII0TCs BCe TIaBHble
(100-TBICcAUeTeTHIE) KANMATUIECKHUE IUKITBI OJIefIe-
HEHUsI—MeXJIeTHIKOBbs. bosee Toro, MokHO OTMe-
TUTD JJa)Ke CXOJCTBO BHYTPEHHEH CTPYKTYPBI MEXK-
JIETHUKOBUM U OJie/leHeHN T B 3aITUCSIX 9TUX IIUKJIOB.
Koadduuuent xoppesanuu samuceii §'80 LR04 u
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Puc. 1. ConocrapjieHue najeoKJUMaTHYECKUX 3a-
Mnuceii:

a — anrapkruyeckoii cranimu Dome C [EPICA..., 2004]; 6 — rio-
6aJIbHO OCPeAHEHHON M30TOIHO-KUCI0poAHON 3anucu LRO4
[Lisiecki, Raymo, 2005] (st yno6eTBa cpaBHeHUsT 3HAYEHUST
3180 ymnoskensl Ha —1); wudpsl y MK-kpuBoii — Homepa Mop-
ckux usoronupix craauii (MUC); 6 — GallkaJabCKON 3amucu
6uorentoro kpemuesema [ Williams et al., 1997].

8D — 0,72; on yBenuuusaercs 10 0,8, ecoivt cIBUHYTH
kpuByio 6D B cTopoHy oMosoxkenus 3amucu 0D Ha
3 ThIC. JieT. BO3MOKHO, TIOCIeIHEEe 00CTOATETBCTBO
VKa3bIBaeT Ha CHCTEMATHYECKYIO HECOTJIACOBAHHOCTD
B OIIEHKe a0COTIOTHOTO BO3PACTa MaleOKINMaTHYEC-
KUX COOBITHH, 3aUKCUPOBAHHBIX B 9THX 3aIUCIX.
OpHaKO He MCKJII0YEHO, YTO OHO OTPakaeT 00hEKTUB-
HBIIl BDEMEHHOW C/IBUT B 3aIIMCU TOJBKO TEMIIEpATy-
pbI (B JIEZI0BOM KePHE) U 3aIiCH IJ106aIbHOro 00beMa
JIbJIA + TeMIIepPaTyPhl B TIIyOOKOBOAHBIX OCAIKAX.
CormocraBienue NCXOAHDBIX ITaJieOK/JIMMaTHn4decC-
KUX 3alucel 1o jgeqoBomy kepny Antapkrumsi, UK
raybokoBogHOM 3amcu LRO4, 0TI0KeHUSIM 0CaIKOB
03. Baiikas (cm. puc. 1) npuBoOAUT K BBIBOJLY, UTO 3a-
nuch 8D 1o craniiuu Dome C B OCHOBHOM ITpejicTaB-
JisteT rao0basbHble KIMMaTHYeCKue U3MEHEHMS, IPO-
HUCXO/ISIINE B 1IE€JIOM OJJHOHAITPABJIEHHO 1 CUHXPOHHO
110 3eMHOMY T1apy. B uactHOCTH, OHA OTpaskaeT KoJe-
GaHus rJ106aIBHON TEMIIEPAaTyPhI ¢ AMILUIUTYIO0H OKO-
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j0 10 °C (B MecTe oTGOpa KepHa) B IUKJIE OJiejleHe-
HUe—MeKJIeTHUKOBbe [Jouzel, 2013]. Takum o6pasom,
C YYETOM HTUX JAHHBIX MPEJACTABJIEHUS O PAa3BUTUU
OOIIMPHBIX, IUKJINYECKU TTOBTOPAIONIMXCS TOKPOB-
HBIX OJIeJIeHeHUI, TIPeK/Ie BCETO PAa3BUBABIIUXCS B
CeBepHOM TIOJIYIIAPUN, KAXKYTCS JIOTUUYHBIMU. YBe-
nndenue (yMeHblIeHre) TI006aabHoro o0bemMa abaa
JIOTUYHO COMOCTABJISIETCS € TTOHUKeHUeM (TTOBbIIIe-
HUEM) TeMIIEPATYPbI MJIAHETHI, OTIPEAETUBITUM U 13-
MeHeHUs cofiep:kanmst BioSi B ocazkax 03. batika.

Eciu mocmotpers Ha 1pobiiemy GoJiee IUPOKO,
To orpaskenue 1o 100-ThicsavyesneTHell MMKJINIHOCTH
MOKHO OTMETUTbH U B IPYTUX TOKA3ATEJISIX, XapaKTe-
PUBYIOIIUX IBOJIOIUIO TTPUPOIHON CPeJIbl 32 TIOCIE]-
HUII MUJJINOH JieT. VI3aMeHeHMe aTUX mokasaresen
TaKsKe corJiacyercs ¢ 001eil KapTUHOM IUKIMYHOCTH
MOBTOPSIONIMXCS OOIIMPHBIX IIOKPOBHBIX OJIE/ICHEHUI,
repeMeskaeMbIX MeXJIeTHUKOBbsIMU. [Ipeske Bcero
3TO CcyIiecTBeHHbIe (¢ aMmuTy ol 6osee 100 M) us-
MeHeHUsT ypoBHa MupoBoro okeana. EcrectBenno,
YTO TPAHCTPECCHU COOTBETCTBOBAJIN TASTHUIO JIeHU-
KOB, MEKJIETHUKOBBSIM, & PETPECCUN — OJI€/IEHEHUSIM,
TaK KaK MUTaHUe JIeJIHUKOB OCYIIECTBISIOCH 32 CYCT
BOJIBI U3 OKeaHa BCJIE/ICTBUE ee hcrapeHns. XpoHOJIO-
IMYECKOE COOTBETCTBHE TUX 3HAYMTEIbHBIX KoJieba-
HUH YPOBHSI MOPS C OJIeZIECHEHUSIMA U MeKJIeTHUKO-
BbhsiMmu VIK-1TKaJIbl Ha/Ie?KHO YCTAHOBJIEHO 10 Kpaii-
Heit Mepe 11t ocsteanux 500 Toic. et [Frigola et al.,
2012]. Koppessiiiust kosiebanuii 8D (Temiiepatypbl) B
JIeTOBOI 3aTIMCH TI0 CTaHIIUT BocToK B AHTapKTHIE C
KosteGaHusIMK ypoBHs MUPOBOTO OKeaHa IpuBegeHa
B pabore | Petit et al., 1999].

C 1nuknamMu oJiefieHeHUsI—MesKJIeJHUKOBbST TaK-
JKe JIOTUIHO CBS3bIBAaeTCS (DOPMUPOBAHUE JIECCOBO-
[OYBEHHBIX FOPU30HTOB. Kak mpasuio, o6pasoBanue
JIECCOB COOTHOCHUTCS € TIEPUOJIaMU OJie/IeHeHU I, KO-
TOpBIE XapaKTePU3yIOTCs MOHMKEHHOW TeMIiepaTy-
POl U BJIAKHOCTBIO, MTOBBINIEHHON UHTEHCUBHOCTHIO
NUPKYJASIUN aTMocdepsl (TTocse/iHee TOTBEPIK/1a-
€TCs TIOBbINIIEHNEM KOHIIEHTPAIUH TBLJIA B JIEJIOBOM
KepHe, TPUXOAAIINMCS Ha “TeTHIKOBBIe” MHTEPBAJTHI,
XapaKkTepu3yeMble CHUKEHUEM TeMIIepaTypbl, UJIN
nonmkenuem 8D [ Komasxos, Jopuyc, 2000]). Ha-
000poT, GOPMUPOBAHUE IIOYB COOTHOCHTCS € MEXK-
JIETHUKOBBSIMU, BO BPEMST KOTOPBIX YBEJTUIMBAIOTCS
BJIAr00OECIIEYEHHOCTh, TeMIIepaTypa, HabaI01aeTCs
MeHbIIIasi KOHTPACTHOCTD KJUMaTa. B urtore MoskHO
CYUTATh JJOCTATOYHO XOPOIIO IOKA3aHHBIM, UTO I1a-
JIeOKIIMMaTrIeckasd 3anuch ctanrmu Dome C (1 ctan-
1 BocTok) B OCHOBHOM OTpaskaeT riiobaibHbIe KO-
sebannda kanmara rnocsaeanux 740 toic. aet. B To ke
BpeMsI 9Ta 3allUCh MOATBEPKAAET I106aaIbHOCTD Ha-
JIEOKJIMMATUYECKUX UBMEHEH U, 3a(pUKCUPOBAHHBIX,
Hanpumep, B TK-1aHHbBIX 110 11yOOKOBOIHBIM OCa/l-
kaMm. [Tosromy 3amuck 3D BrosHe MOKET OBITH KC-
110JTb30BaHa JIJIsI IPOBEPKY TEOPETHYECKUX BHIBOJIOB,
[OJIy4aeMbIX IIPU Pa3paboTKe PasJUYHBIX BEPCUI
TEOPUU TTAJICOKTTIMATA.
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OCHOBbBI TEOPUU MUJIAHKOBHYA,
IMPOTUBOPEYNA OMIIMPUNYECKNUM JAHHBIM
1 IIOIIBITKN EE MOJAEPHHN3AIININ

B Hacrosiiiee Bpems actpoHoMudeckast (opou-
TaJMbHas) TEOPHS OOBIUHO ACCOIUUPYETCS C TEOPHEit
cepbekoro yyenoro Muryrnna Muankosuya [ 1939].
Ero Teopus xopolo u3BecTHA W TOJYIUIA TTPAKTH-
yecKku moBcemMecTHoe mpusHanne. M. MuirankoBud
GBI TIEPBBIM, KTO MATEMATHYECKU CTPOTO PACCUUTA
opbuTambHO 06YCIOBIEHHbIE U3MEHEHUS WHCOJISIUH.
Erte ora ocoberrocTh Teopun Munankosuua (TM),
B OTJIMUHUE OT APYTUX BEpCHil opOUTATIBHOI TeopH,
3aKJjioyaeTcd B caenyloneMm. Kaumarndeckas 3ua-
YIMOCTD BapHaluil OpOUTAIbHBIX 9J1€MeHTOB B TM
oTpesiesIFeTCsT KOTUIECTBEHHBIM BKJIAZIOM KasK/[0TO
9JIeMEHTa B PACCUUTAHHYIO UM CYMMAapHYIO HHCOJISI-
IIMOHHYIO InarpamMmy (KPUBYIO), a /IaThI OJIe/IeHEHU
Ceepnoro nosrymapus g nocyaeaaux 600 Toic. et
ornpeiesisTioTest HarboJiee TIyOOKUMU MITHIUMYMaMi
nHCcongnnoHHoU nuarpamMmel. Cormacao TM, nsme-
HEHUS TeMIIePaTypbl MOBEPXHOCTU 3eMJIU JIJIs OT-
JIEJTBHBIX MUPOT ¥ CE30HOB rojla MO0OHBI COOTBET-
CTBYTOTIUM U3MEHEHUSM WHCOJISTINY TTO/l STHMHU TITH-
potamu [ Munanxosuu, 1939, duazpamma 4]. imenno
3T OCHOBHBIE TToJIokeHusA TM 10JIKHBI aHAIN3U-
pPOBATLCA B COTOCTABJIEHUH C AMITMPUYECKUMU JTaH-
HBIMH.

Ynydienne KauecTBa SMITUPUIECKUX JIAHHBIX,
KOTOPOE OBLJIO CBSI3aHO MPEK/IE BCETO ¢ BO3MOKHOC-
ThI0 0TOOPA KOJOHOK TITyGOKOBOAHBIX OTJIOKEHUH,
PaspaboTKOil U TPUMEHEHHEM U30TOTTHO-KUCIOPOJI-
HOTO METO/1a, TPUBEJIO BO BTOPOI moJsioBuHe XX B. K
Ba)kKHOMY OTKphITHIO. B pabore [Hays et al., 1976] no-
Ka3aHo, YTO TIEPUO/IBI IJIABHBIX KITMMATUIECKUX KOJIe-
Ganunii nocaeanux 500 JieT NpaKTUYECKH COBIIALAIOT
C OCHOBHBIMU TIEPUOJAMU Bapualuii OpOUTATbHBIX
anemeHTOB. Bosee Toro, 6110 06HAPYKEHO U (hazo-
BOE COOTBETCTBHUE ATUX KOJIEOAHWIA, UTO MPAKTIHYECKH
He OCTaBJISITIO COMHEHUI B CYTIECTBOBAHUN CBSI3U OC-
HOBHBIX KJIMMaTUYECKUX KoJebaHuil TeiicToena ¢
op6UTANBEHO 00YCIOBICHHBIMU BaPUAIIUSIMU WHCO-
agrun. Takum 06pasoM, opOuTanbHast runoTesa Obi-
Jia, HAKOHETI, MO/ITBEP;K/ICHA.

[MoxTBepsxkaeHIE OPOUTATBHOM THIIOTE3BI HMEJIO
GOJIBIITIOE 3HAYCHUE U BIIOCIIEACTBUN TTOCTYKUIO OC-
HOBOH /71 11eJIOTO psifila OTKPBITUil. B TO ke BpeMs
MOJTydeHHbIe HMIIUPUYECKUE JaHHbIE BBISIBUJIN CY-
NIeCTBEHHbIE TPOTUBOPEYUS ¢ Teopreil MIIanKoBH-
ya. BriepBble HECOOTBETCTBUSA MEKIY TeOpUEl 1 aM-
NUPUYECKUMU JaHHBIMKU ObLIM 0000IIEHBI TOJBKO
HenasHo [ Borvwaros, 2001, 2003; Elkibbi, Rial, 2001].
Kaxk yxe ormevanocs, M. MusiaHKoBUY HapIMyIo
COTIOCTABJISAJ U3MEHEHUS TeMIlepaTypbl Ha pa3iny-
HBIX MHUPOTAX NIAHETHI C PACCYNTAHHBIMU UM U3Me-
HEHUSMU CE30HHOU MWHCOJISTINY /i 9TUX mupoT. Ca-
Mble TIyGOKIe MUHUMYMbI €10 HHCOJISIIIMOHHOM JT1a-
IpaMMbl, PACCUNTAHHOM JIJIS JIETHETO KaJIOPUYECKOTO
moJIyrofius mox 65° C.IiL., OH MHTePIPETUPOBAJ KaK
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onenerennsi CeBepHoro moaymapus. Ha puc. 2 Bua-
HBI OCHOBHBIE (BCEro UX OOJIbIIIE MIECTH ) TPOTHBOPE-
yust TM amnupuueckum VK-ganubiM: BpeMeHHOE
HECOOTBETCTBUE B I[€JIOM OJIC/ICHCHU TUATPAMMBI
MunankoBnuua osneneHernsiM M K-kpuBoii u oTcyT-
crBue 100-ThIcsTUeIeTHEN TEPUOAUIHOCTH OJie/IeHe-
HUH Ha AnarpammMe MuimankoBuya.

K rmaBubim npotuBopeunsm TM oTtHocuTCS 1
TaK HasbIBaeMast MpobjieMa CpeHENIeiCTOIEHOBOTO
nepexoga (CIIIT) — cmena npeobJiagaonieit epuo-
JIUYHOCTH JIEJIHUKOBBIX IUKJIOB OT 4 1-ThIcsuesieTHei
K 100-TpicstuesieTHeit, npouctie/iias 0koso 1240 Twic.
set Hasan [ bomvuaxos, 20136]. OpuruHaibHOE TPO-
asyenne cesazanubix ¢ CIIIT mpoTruBopeunii namo
aBropamu pabotsl | Tabor et al., 2014, p. 41]. Oun
numyT: “OxHuM 13 Harbosiee HHTPUTYIONIUX MTPO-
TUBOPEYUi Teopuu MUJTaHKOBUYA HIMIUPUYECKUM
3aIUCSAM SABJISIETCS OTCYTCTBUE CUIBLHOTO MPEIecCh-
OHHOTO CUTHAJIA B U3MEHEHUSX TII00aTbHOTO 00beMa
sbza (T. e. B 6entocHbix sanucax 880 no cennmenta-
[IUOHHBIM KOJIOHKAM) paHHero Ielictorena (2,588—
0,781 mutH JieT), HECMOTPST HA TO, YTO TpeEIeCcCcus
obecmeurBaeT OCHOBHYIO U3MEHYHBOCTD BETHUNH
JIeTHEH MHCOJSAIMHU BBICOKUX ITUPOT... DTOT SABHBIH
mpoBas Teopun MujlaHKOBUYA MMPUBEJ K HOBBIM T'H-
[OTE3aM O TOM, KaK OPOUTaIbHbIE IIUKJIbI BT Ha
06beM Jbaa”.

ITociie 0OHAPYIKEHHBIX HECOOTBETCTBUI OBLIN
MIPEAINPUHATEI MONBITKYA MOJIEpHU3UPOBaTh TM Taxk,
9TOOBI OHA MOTJIAa a/[EKBATHO PENTUTH BO3HUKIINE
npobIeMBl U OOBACHUTD KOHKPETHBIE 0COOEHHOCTH
KJIMMaTUYeCKNX IMKJIOB IJIelicToneHa. Buauase Bce
MOMBITKHA MOJIEPHU3UPOBATH TEOPUIO CBOJUIHCH K
ToMY, 4TOObI 00bACHUTD 100-ThICAYEETHIE IIUKIIbI,
OCHOBBIBasICh Ha Teopun Munankosuua. Takske 110-
SBUJTUCDH HA CBET aJIbTePHATUBHBIE TEOPUH, OJTHA U3
KOTOPBIX usyoxkeHa B paborax [Muller, MacDonald,
1995, 1997]. Llukipl osieieHEHUT CBSI3BIBAIOTCS ABTO-
paMu ¢ BapuaIlusIMy HAaKJIOHEHUS TIOCKOCTH 3€MHOM
OpGUTHI 10 OTHOIIEHUIO K MHBAPUAHTHO MIIOCKOCTH
CoJiHeuHO# cucTeMbl, KOTOPblE XapaKTepU3yIOTCs
peodIAIAI0NINM, TPAKTUYECKU €[MHCTBEHHBIM TIe-
puogom 100 Toic. seT. VI3sMeHeHme MoT0KeHUs TT0C-
KOCTH 9KJIMIITUKU B [IPOCTPAHCTBE, 110 MHEHUIO aBTO-
pOB, IPUBOJIUT K TOMY, YTO 3eMJs MePUOIUYECKH
MOMAAET B IOTOK KOCMIYECKOI TN GOJIBIIEH 1IN
MeHbIIEH IJIOTHOCTH, YTO U3MeHsIeT UHCOJALMIO U,
COOTBETCTBEHHO, KJIUMaT 3eMuin. [paduk uamenenus
HAKJIOHEHUS SKJIUTITUKA B I1€JIOM HETLIOXO COOTBET-
crByeT K-KpuBbIM IIPU YCJI0BUU 33-ThICAYEIeTHETO
3aI1a3/IbIBaHNA KIUMaTHYeCKOTO OTKJIMKA Ha TIPEJIIIOo-
JlaraeMblii HOBBIH acTpoHOMUYecKnii curHas. JlanHas
TEOpUs BBI3BIBAET CYIIECTBEHHbIE COMHEHUS, ITPEKIE
BCETO M3-32 0YE€HB HOJIBITOTO BPEMEHHOTO (ha3oBOTO
pas3anums aCTPOHOMUYECKOTO CUTHAJIA U KIUMAaTH-
YeCKOTO OTKJIMKA. BTOpoe Bo3paskeHue — IUKJIbI 0Jie-
JIEHEHUSI—MEKJIETHUKOBDS SIBJISIIOTCS KBa3UIEPUO-
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Puc. 2. ConocraniieHre HHCOJISIIMOHHOI IHArPaMMBbI
M. MunankoBuya (a, MTHCOJISIIUS B YCJIOBHBIX KaHO-
unyeckux eaunnnax) ¢ MK-kpusoiit LR04 (6).
W1-W3 — tpu craguum onesenennsd Biopm; R1, R2 — nBe cragumn
oseseHenus pucc; M1, M2 — 1Be cTaguu ojiejleHeHUs MUH/E/Ib;
G1, G2 — nBe craguu onesieHenud rionn. Ha quarpamme Mu-

JIAHKOBHMYA HE OTPAKEHBI OJIe[ICHEHHS, COOTBETCTBYIOIIME
MUC6, 8, 10.

JIMYECKHUMHU, T. €. He UMEIOT MOCTOIHHOIO IIepruojia
100 Tbic. JieT, KOTOPBIN ecTh B Teopuu MioJiiepa u
Maxkzmonanba.

Csou Mmopudukanuu B Teopuio Muiankosuya
BHec A. Bepike. JIJ1s1 Hauasia OH MPOU3BEJ IIEPepacyer
Bapualuii OpOUTAIbHBIX DJIEMEHTOB, YYUThIBast HO-
Jiee TOUHbIe TPUOIMKEHIS [Tl TapaMeTPOB OpOUT U
Macc rianer [Berger, 1977; Berger, Loutre, 1991].
HecooTBeTcTBHE paccunTaHHBIX UM 10 MeToy Mu-
JIAHKOBWYA BapUAIM{ WHCOJSAINY JIETHUX KaJIOPU-
YECKUX TTOJIYTO/IUH /IJIsi Pa3HBIX ITUPOT, B YaCTHOCTH
st 65° .., MK-gaHHbIM IPUBEJIO €70 K BBIBOJLY,
YTO “XapaKTEePUCTUKA PEAJbHBIX MAJEOKIUMATOB 110
KPUBBIM COJTHEUHOU pajnanuu MujaHKoBHUYa TOJIb-
KO Ha OCHOBAHUU UAEHTU(PUKAINU COOTBETCTBYIO-
HIMX MaKCMMyMOB U MHUHUMYMOB MJLJIIO30PHA, TaK
KakK OHa BCerjia MpUBOJUT K BUAMMOMY COTJIacHIO”
[Berger, 1978, p. 9]. lloatomy A. Bepxe tnipeanaraet
BMECTO BapHalllil MOJYTOA0BOM UHCOISIIUN UCIIOITh-
30BaTh JJIS HAJEOKJINMATUYEeCKUX UHTepIIpeTaluii
cpelHeMecSYHbIe U JJake CyTOUYHbIE BAPUAIIUK UHCO-
ssiiun. OCHOBAHUEM [IJIsT TAKOTO BBIBOJA OBLIO CJie-
nytoree: “MuTaHKOBUUCKIE KaJTOpUYeCKHe TOJIyTOo-
JI1s1 MACKUPYIOT BHYTPUTOJIOBYIO U3MEHUUBOCTD U e
Bapuanuu...”, U MO3ITOMY “..MOJIeJIMPOBAHUE ITPO-
[IJIOTO KJIMMata TpeOyeT 3HaHUs JHEBHOM Wi Me-
CSIYHOI MHCOJISAIME BMeCTO MO0 B JIONOJTHEHNE K
MUJAHKOBUYCKOW ce30HHOU uncomsnuu’ [Berger,
1980, p. 116].
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B.A. bOJIbIIIAKOB, B.A. ®E/TUH

Jloruka cnemannoro A. Bep:ke npemyioxxenus
VYUTHIBATH “BHYTPUTOMOBYIO N3MEHYMBOCTD” TpeOyeT
WCTIOTb30BAHNS JIJIST MAJEOKIMMATUIECKNX UHTEP-
npeTanuii Bapuanuii cpefHeMecaYHON MHCONINU
Bcex Mecates. OHaKO B JaIbHEHIIEM OH OOBIYHO UC-
TTOJTb30BAJT IJI PA3TUUYHBIX WHTEPIPETAINi 1 CO3-
JIaHUST TAJTeOKJINMAaTHUEeCKUX Mojiesiell Bapuanuu
TOJIbKO MIOHBCKOHN (MU MIOJIbCKOM ) MHCOJISITINN TTO]T
65° c.ir. KpuBast cpeiHeMecsTuHOM WHCOISITIAN OTJIN-
YaeTcs OT KPUBOU TTOJYTOZOBON WHCOJSIIUN TTPEKIe
BCETO yBEJIUYEHHBIM BKJAJOM MPEIeCCHOHHON CO-
cTaBJstIoNIe (110 CPaBHEHUIO € BKJIAJIOM 32 CUET Ba-
puanuii HakJaoHa 3eMHoit ocn). Takum 0Opa3om, BBe-
JleHUEe CPeHEMEeCIYHON WHCOMLIUK T0L00H0 UC-

MOJIH30BAHUIO MTOJTYTO0BOM WHCOSAIIY JIJIS TAPOT
mmxe 65°. CremoBaTebHO, JAHHOE HOBOBBECHUE
A. Bepske BpsiJL iU CIOCOGCTBYET PA3pEIeHHIo TTPO-
tuopeunit TM, 4To uamocTpupyer puc. 3.

Ha puc. 3 nposesneno cpasuenne UK 3amucn
LRO04 ¢ xpuBOil MIOJBCKON WHCOJSIINY IO 65° C.1IL.
SIBHO BbIpa’keHHOE HECXOJCTBO 3TUX KPUBBIX 110]I-
TBepIKIAaeTCs U MaTeMaThuiyeckuM anannsom. Koad-
(urnuent xoppensanyu AByX KpuBLIX paBeH 0,24; on
YBEJTMUNBACTCS 10 MAKCUMAJTLHOTO (HO BCE-TaKW HU3-
xoro) 3uavenus 0,34, ecqit MHCOJATNIO CABUHYTH Ha
3 TBIC. JIET BIIepel. AMIUINTYAHO-4YaCTOTHBIE CIEKT-
PBI IByX KPUBBIX TTOKA3BIBAIOT, YTO 3TO HECXOJCTBO
00yCJIOBJIEHO B OCHOBHOM JIBYMsI TPUUYMHAMHE: &) OT-
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YacTtoTa,1/TbIC. NneT
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Puc. 3. HopmupoBaHHbIe H3MeHEeHUS U30TONMHO-KUCIOPOAHON KpuBoit LR04 (smHust 1) 1 u3MEHEHUs HI0JIb-
cKoit uHcosstiuu moa 65° c.m. (aunus 2) [ Berger, Loutre, 1991] niasa nociennero MuLIHoHa Jet (a).

JlaHHble CIIEKTPaJbHOTO BPEMEHHOTO aHan3a usMenenuii: 6 — 8180, ¢ — unconstun. [ndpbl y KPUBBIX — NEePHObI HanboJee
3HAYMMBbIX FADMOHUK COOTBETCTBYIOINX U3MEHEHU, ThIC. JIET.
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cytcTBreM B cniekTpe uHcossannn 100-TeicsueneTHeit
TapMOHUKHU, KOTOPast Pe00IajlaeT B MaJeOKINMATH -
YecKoil 3amncir; 6) 0OpaTHBIM COOTHOTIIEHUEM BKJTajia
B COOTBETCTBYIOIIKE (MATEOKINMATUYECKIE U UHCO-
JIATIMOHHBIE ) I3MEHEHUS CO CTOPOHBI Tperieccun (Tre-
puosibl 0koJ10 23 1 19 Thic. JieT) U HaKJIOHA 3eMHOM
ocu (riepuoj okoJio 41 teic. net). Buano, yTo ocHOB-
HOU BKJIaJl B MHCOJISITIUIO JIAET MPeTeccus, a B KJIuMa-
THYeCKUe U3MeHeHUst 60l (OTHOCUTENbHO TIpe-
I[ECCUU ) BKJIAJ IaeT BapHUAIUsT HAKJIOHA 3eMHOI OCH.

Jlx. ImGpu ¢ coasropamu [Imbrie et al., 1993,
p. 730] npenioxuan 0606IAOINYI0 KOHIETITYalb-
HYIO MOJIeJIb, B KOTOPOH “MaccuBHBIE JIeJTHUKOBBIE
muTel CeBepHOTO MOMyNIapus UAeHTU(PUITIPYIOTCS
Kak HauGOJBIIUI HCTOYHUK WHEPIIUHU, KOTOPBI, yC-
TaHaBJWBas B3aUMOJIeHicTBHUE ¢ aTMocdepoii, okea-
HOM U JiuToCchepoit, TPOU3BOUT BHYTPEHHEE TEPMHU-
yeckoe BozjieiicTBue, kotopoe ymnpasiageT 100-Toics-
YeJIeTHUM TTUKJIOM OJiefieHeHus... B aToll Momenn
BCAKUH pas, Kak KomOunauusa 41- u 23-Thicayeer-
HUX IIMKJIOB, BO3/IEHICTBYS HA JIeHUKOBBIE TIUTHI,
YBOJIUT WX JTATIEKO OT PABHOBECHSI, ITUTHI CAMU yTIPaB-
JISTIOT aTMOC(EPHBIMU MTPOTIECCAMU U YCTAHABIUBAIOT
MeXaHU3MbI B aTMOCdepe, KOTOPbIE TIepeIaloT KJIuMa-
TUYECKYIO HEPTHUIO B To10cy yacToT 100-ThIcsavesneT-
Hero neproja. Viamensist amb6eo, yrpasJisisi BETpaMu
U U3MEHSIST CBOMCTBA BO3/LYTITHBIX MACC BO B3AUMO/IEH -
CTBUU C OKEAHOM U CYIIIeid, TIPOIIeCC POCTA U YMeHb-
IIeHWS JIeTHUKOBBIX IUTOB BBI3BIBAET U3MEHEHUS
OKEAHCKOW MUPKYJISAINN. ITH U3MEHEHUS YCUTUBAIOT
HayaJbHbIe HEOOJBIINE OTKIMKN Ha BHENIHUE BO3-
JIEHCTBHS ITyTEM TPAHCTIOPTUPOBKHU TETLIA B CEBEPHbBIE
MTUPOTHI U UI3MEHEHUS KOHIIEHTPAINK aTMOC(HEPHOTO
CO,". Kak KOHKPeTHO IPOUCXOAUT Tiepejiaya aHep-
UU U3 TI0JIOCHI 4acToT 23- u 41-ThicsiuesieTHEro 1ie-
puonoB B 100-ThicgueseTHIO TIOJIOCY, HE YTOUHSI-
ercst. TakuM 06pa3oM, MEXaHW3M BO3HUKHOBEHUSI
100-TICSUesIeTHETO KA OCTACTCS HEBBISICHEHHBIM,
OTCIO/Ia TIOSIBJIEHHUE MTOCTIEYIONTNX TyOauKaiuii | Ber-
ger et al., 1999; Ganopolski, Calov, 2011].

Jlecstuerist pabOTHI IO YCOBEPIIIEHCTBOBAHUIO
TM u, COOTBETCTBEHHO, PAa3BUTHIO OPOUTAIBHOI I'ii-
TTOTE3bI TPUBEJIN K PSY CYIIECTBEHHBIX IOCTHKEHNT.
[Tonydero orpoMHOe KOJTUIECTBO YHUKAIbHBIX DMITH-
PHYECKUX JAAHHBIX, COCTABJISIONINX OCHOBY NCCJIEI0-
BaHUI1 B 9TOM HaTpaBJIeHIH. YOEAUTEIbHO MOKA3aHa
CBs13b OPOUTAIBLHO O0YCIOBIEHHBIX BAPUAIIUN HHCO-
JISIIIAY € TJI06ATbHBIMY U3MEHEHISIMU MTa/ICOKTMAaTa.
PaspaboTrana HOBast M30TOMHO-KUCJIOPOIHAS KITMMa-
TOXPOHOJIOTIYECKA IIKaJIa TIIeHCTOTIeHa, OTIpeiesIeH
HOBBINT BO3pACT TaJeOMarHUTHON mHBepcun Martysi-
Ma—bpionec u 1. 1. TeMm He MeHee, KaK U cJIe0BATO
O’KUJATh, TIONBITKI YCOBEPIIEHCTBOBAHUS TPOTHUBO-
peuarieii SMITMPUIECKAM JJAHHBIM TCOPUHU OKA3aJTICh
TAKKe TTPOTUBOPEYUBBIMU U MATIOYOEIUTETbHBIMHI.
Boutee TOTO, 3TN TIONBITKY SBJSIOTCS HE YCOBEPIIEH-
CTBOBAaHUEM CTapoil, a pa3BUTHEM HOBOMH, OJHAKO
JIOBOJIBHO HEOIIPe/leJIEeHHON ¥ HeMoC/Ie0BaTeTbHOMN
TEOPUN.

0 HOBO¥ KOHIIENIUU
OPBUTAJIbHOI TEOPUU ITAJIEOKJIMMATA

[IporuBopeunst reopun MuiankoBuYa SMINUPHU-
YECKUM JIAaHHBIM YKa3bIBAIOT HA TO, YTO Y 9TOU TEOPUN
€CTh HeJIOCTATKU. B OCHOBHOM OHU CBOJATCA K CJIE/Ly-
foneMy [ boavwaros, 2001, 2003].

1. B masleokmmMaTueCKOI YaCT CBOEW TEOPUHN
M. MuslankoBUY NMPaKTUYECKW He YUYUTHIBAJ BJIUSI-
HUe 0OPaTHBIX CBSI3eH B KIMMATHYECKOU CUCTEMe
3emumn. Takum o6pasoM, 0HO U3 HanuboJee BbIA0-
MUXCST OTKPBITUH B (T1aI€0 ) KITMMATOJIOTHH, C/leJIaH-
Hoe Bo BTopoit nonosune XIX cronerus [x. Kpos-
JIeM, — OTKPbITHE 00paTHBIX CBA3EH B KJIMMaTUUECKON
cUCTeMe — He TTOJYYHIIO JaTbHENTIIero Pa3BUTHS.

2. B cBOMX maseokgInMaTUIeCKUX WHTEPIPETa-
usax M. MutaHKOBUY He YYUTBIBAI Peaivio Oeil-
CIBYIOWUX HA 6CHO 3EMII0 NOTHBIX 20008bIX BAPUAUUTL
UHCONAYUU, CBABAHHBIX CO BCEeMU OPOUTANBHBIMU
asemernTaMu. OH OCHOBBIBAJICS HA AMCKPETHHIX Ba-
pUanusaxX WHCOAIUY (HapuMep, Ha U3MEeHEHUN WH-
COJNIAIUN JIETHETO KaJOPUICCKOTO TOJYTONUS O]
65° c.111.), 9ero, KOHEYHO, [eJaTh HeNlb3sl, YUNThIBAS
U3BECTHBIE OCOOEHHOCTH CBSI3aHHBIX C OTAEJbHBIMU
OpOUTATBHBIMU dJIEMEHTAMU BapUALMii MHCOJISIIIL.
3nech MMEToTCd B BULY TPOTUBO(A3HBIEC M3MEHEHUS
MIPEIECCUOHHON WHCOSATINHT, TTPOUCXOASIINE KaK B
Pa3HBIX MOJYMapugx 3eMJIu, TaK U Ha OTAEJbHBIX
IMUPOTaX B TeUeHNWe 3UMHUX U JIETHUX MOJIYTOIUH.
OHM TPUBOAAT K TOMY, YTO, C OTHON CTOPOHBI, CBS-
3aHHBIE C TIpereccreil N3MeHEeHUSI MHCOSINN Beeit
3eMJIM paBHBI HYJIO U, C IPYTON CTOPOHBI, PAaBHBI
HYJITO TTOJIHBIE TO/IOBbIE U3MEHEHUST NHCOJISAIIUU Ha
Jioboit mpore. Takske TPOTHBO(A3HBI 00YCIOBIEH-
HbIE KOJICOAHUSIMU HAKJIOHA 3€MHOI 0CU M3MEHEHIIST
WHCOJISTIUN BBICOKUX U HU3KHUX IMUPOT, YTO OTISATH JKe
He U3MeHsIeT NHCOJSAHIo Beelt 3emun. VI monwvko 6a-
PUAUUU FKCUESHMPUCUMEMA USMEHSIOM NOTHYH 2000~
8Y10 UHCONAUUIO 8Cell 3eMau, XOTS 9TO U3MEHEHIE He-
BEJINKO — OHO He mpeBbiano 0,2 % B CTOThICSYEIET-
HeM I[UKJIe 32 TTOCTeIHIe 2 MJIH JIeT.

Takum 00pa3oM, UCIOIB30BAHUE AUCKPETHBIX
BapuaIUit UHCOJISITIVY JIJIST TATEOKIUMATIUECKUX UH-
TepIrpeTalyii, u TeM GoJiee [1Jis IaJe0KINMaTUIeCKO-
ro MoJenupoBanus, B pabotax M. MuiankoBrUYa 1
€T0 TIOCTIe/I0BATEICH HEeJIb3sT TPU3HATD TTPABUIIHHBIM,
TaK KaK 0O He OMmpanicaem HenpepuleHvlx U ei00aus-
HOIX, M. €. PEALbHO 0CUCTNEYIOULUX, USMEHEHUT UHCOILS -
yuu, 0OyCIOBIEHHBIX BapUALUAMU BCEX TPEX 0pOu-
TAJbHBIX 2JIEMEHTOB. B TO jke BpeMs y4eT MOJIHbIX
TOZIOBBIX OPOUTANBHBIX BapUaAI[Uil WHCOISIUN ISt
BCEX MUPOT MO3BOJSET C NPUHYUNUATLHO UHDLX, He-
dcenu 0ouwenpunambLe, NO3UYULL TOJONTH K PacCMOT-
PEHUIO BIUSHUS BApUAIIUN OPOUTAIHLHBIX 3JIEMEHTOB
Ha KJINMaT 3eMJIN.

Hampuwmep, nocse ycranosiaenus ¢akra, 4To
rJIaBHbIe U3BMEHEHUS KJINMAaTa B TOCJIe[HUI MUJITTUOH
Jet cBg3anbl co 100-TpIcSYeIeTHUMY BapUAIASIMU
SKCIIEHTPUCHUTETA, OOIIECTPU3HAHHBIM CTAJI0 MHEHHE,
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4YTO BBUJY OTHOCUTEJIHBHOU MAJIOCTU CBI3AHHBIX C
AKCIEHTPUCUTETOM U3MEHEHWIH UHCOJSIIUN MeXa-
HU3M KJIUMATHYECKOTO YCUJIEHUS /IS 9TUX U3MeHe-
HUH 10JKeH ObITh NPUHIUINAIBHO MHBIM, YEM JIs
BapHaluil MHCOMSALNUN, 00YCIOBJIEHHBIX ABYMSI JPY-
MM OpOUTAIBHBIMU dJIeMeHTaMu (TIPeIoJIaranoch,
YTO HETIOCPEACTBEHHOE BO3/IEHCTBUE HKCIIEHTPUCH-
TETHBIX BapuallMil MHCOJISIIUU HEe MOTJIO BbI3BATh
cT0JIb 3HaunTeNbHBIX, 100-ThicsIUeIeTHUX IIUKJIOB
oJie/IeHeHUSI—MEesKJIeTHUKOBbS TTOCJIEHETO MUJLIH-
oHa JieT). Tak, eciu MpeTeCCUOHHBIN U CBSI3aHHBIN C
HaKJIOHOM 3eMHOUM OCU CUTHAJIbI YCUJIUBAINUCH “JIU-
HENHO”, TO AKCIIEHTPUCUTETHOMY CUTHAJY TIPUTTUCHI-
BaJICS HEKUI “HeJMHEHHBIN MeXaHU3M YCHUJICHII.

O1HaKo, yYUTHIBAs, YTO OTKJIMK Ha OPOUTAIbHBIE
CUTHAJIBI (KJIMMATHYECKOE U3MEHEHUE ) STBJISIETCS He-
MPEPBIBHBIM ¥ TT00ATBHBIM, HEOOXOAUMO PACCMATPHU-
BaTh TaKyKe IIOJIHbII, HeIPEPBIBHBINM U rI106aIbHbII
MHCOJISIITUOHHBIA BXOIHOU CUTHAJ. A TaKOI ITOJIHBIN
BXOJIHON cUrHAJ, 00yCIOBIEHHbII IIpereccueil u Ba-
puanusaMu yria HakJoOHa 3eMHON ocu (g), Kak M3-
BECTHO, PaBeH HYJIIO, TOT/IA KaK 9KCIIEHTPUCUTETHBIN
CHUTHAJI, XOTS U HEBEJIMK, HO Oobiie Hyst. C 9Tux mo-
3UINI UMEHHO “HeJUHEWHbIN”, T. €. KAKON-TO He-
00OBIYHO CHJIbHBII, MEXaHU3M YCUJIEHUS CJIe/lyeT UC-
KaTh /i IpeobpasoBaHus B KIUMAaTUYECKIe U3Me-
HEHUS CBSI3aHHBIX C JABYMsI IEPBBIME OPOUTATIBHBIMU
3JIeMEHTAaMU BXOHBIX CUTHAJIOB, — BE/lb T CUTHAJIBI
paBHbI HyJ10. Tem He MeHee ntocienoBaresn M. Mu-
JIAaHKOBUYA MTPOOJKAIOT OCTABAaThCS HA “IMCKpET-
HBIX” MHCOISATIMOHHBIX TTO3UIINSIX, YBETUINBast TPY/I-
HOCTbh MHTEPIPETAINN IMITUPUUYECKUX JAHHBIX C
HO3UIIKI OpOUTAIBHOI TeopHUH NajieokIuMaTa [ Boib-
waxos, 2013a). 1o BeIpaXkKaeTcs, B YaCTHOCTH, B TIO-
apaennn mocye 1976 r. orpoMHOro KOJIMYecTBa cTa-
Tel, B KOTOPBIX pemraiorcs npobaembr “100-Tbics-
yejieTHEero nepuoga” U “cpeHernIeicTOIeHOBOTO
nepexozga”. OgHako 0OMIENPUHATOTO 00bACHEHUS
ATUM SIBJIEHUSIM HET JI0 CUX TTOP.

YuuTbiBag ykazaHHble Bblllle HEJOCTaTKK “KJlac-
cuyeckoil” Teopur MUIAaHKOBMYA U €T0 TIOCJIEI0BA-
TeJsieil, s JajbHeiInero pasBuTHs opOUTAIbHON
TEOPUH MaJEOKJUMATa U /I aeKBATHOTO 00bsCHEe-
HUS C IMO3UIUNA OPOUTANBHON TEOPUN IHUPOKOTO
CIIEKTPa OMIUPUYECKUX JaHHBIX OblLja IPeIIokKeHa
HOBasl KOHIEIIUS OPOUTATbHON TEOPUH TTAJICOKIIH-
Mata [boavwaros, 2001, 2003]. Ona copmysnuposa-
Ha ciaexnytomnum obpasom. 1. CTerneHb u Xxapakrep
KJIMMaTUYECKOTO BO3AEHCTBUS Bapraliii opOUTaib-
HBIX 9JIEMEHTOB 3aBUCAT OT IJ100aJbHOIO MaJIeOKIN-
MaTHUUYECKOTO COCTOSTHUST 3eMJin (OT TEPMO3APBI 10
TJISITIHO3PBI ), OTIPEETSIEMOTO, CKOPEE BCETO, KaK 3eM-
HBIMH, TaK ¥ KOCMUYECKUMHU TTpuunHamu. 2. Onpese-
JIeHWe KJIMMAaTUIeCKOW 3HAUMMOCTH Bapualuil Kax-
JIOTO 13 TPEX OpOUTAIbHBIX DJIEMEHTOB TpeOyeT yuyera
crieninUKU HEITPEPHIBHBIX BO BPEMEHU U MTPOCTPAH-
CTBe U3MEHEHWI MHCOJISAINY, a TAaK)Ke OJJHOBPEMEH-
HOro yueTa 1 60Jiee TOUHOU paspaboTK MEXaHI3MOB
3EMHbBIX KIMMaTHYeCKUX 00PATHBIX CBSA3EH, ¢ IIOMO-
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MBI KOTOPBIX OPOUTATBHBIE CUTHAIBI TPAHCHOPMU-
PYIOTCST B TJI06ATTbHBIE KITUMATHYECKUE M3MEHEHNSI.

Takum 06pasoM, HOBast KOHIIETIIINSI TPUBOAUT K
UHOMY B3IJISIIy HA MEXaHU3M TJI00QJIbHBIX H3MeHe-
Huil naneokaumara. [Ipu atoMm, ucxond u3 rex xe
AMIUPUIECKUX JAHHBIX, KOTOPbIC aHAJIN3UPOBAIHICH
JIPYTHMHU aBTOPAMU, MOTYT OBITh MTOJYYE€HBI BBIBOIBI,
CYIIECTBEHHO OTJIUYAIONINECS OT BBIBOJIOB ATHX aBTO-
poB. Ha ocHOBe HOBOI KOHIEMIUHN ObLI TPEJIOKEH
YIPOIIEHHBIN CITOCO0 TIOCTPOEHMUST IHarpaMmbl (Kpu-
BOI), peacTaBAsIoNel, I0A00H0 UHCOIALMOHHOM
JuarpaMme MUIaHKOBUYA, TTATCOKINMAaTHIeCKHE 13-
MeHenus. [Tockosibky B KauecTBe epBUYHOTO haKTo-
Pa, YIPABJISIONIETO KIUMATHIECKUME KOJIeOaHUSIMU
maeficToIeHa, PaCCMAaTPUBAIOTCST Bapualliu opou-
TaJIbHBIX 9JIEMEHTOB, OHa OblJIa Ha3BaHa OPOUTAJIBHO-
kaumatudeckoii guarpammoit (OK/L) [Boavwaxos,
2003].

ITpu cosparun OK/I ObLIM yUTEHBI CIEAYIOINE
nosioxkenus [ boavwaros, 2000, 2001, 2003]. lpexne
BCEro HMIMPUYECKHUE IaHHble YKa3bIBAIOT HA TO, YTO
HEOOXOIMMO YUUTBIBATD HENOCPEOCMEEHHOE BIIVSTHIE
BapuaIii gcex mpex opoUTAIbHBIX 2JIEMEHTOB, BKIIIO-
yas sKcienTpucurtet (e). IIpsmoe Bo3aeiicTBre Bapu-
aruii e Xxopoino npossisercs B UK-kpuBbIx, mpuyem
HE TOJIBKO B I1€PHOJIC NX OCHOBHBIX U3BMEHEHUH, HO U
B (baze. [locemree BoIpazkaeTcss B TOM, UTO MUHUMY-
MaM e, TTPUBOJIAIINM K YMEHBIIEHUIO WHCOJISATINH, CO-
OTBETCTBYIOT YeTHble, X0soHble cTajnu IK-kpusoii.
IToMuMO 5TOTO, KakK OBLIO MOKA3aHO BBIIIIE B CIyYae
BO3/ICHCTBUS TIOJHBIX BApUAIIUN MHCOAIINN, NPAMOE
8030eticmeue IKCYeHMPUCUmMema moxcem Goims pac-
CMOMPEHO HapasHe ¢ OpyzumMu OPOUMANLHOIMU e~
menmamu. OTHOBPEMEHHO JOJIKHBI OBITH pa3paboTa-
HBl WHAUBUAYATbHbBIE JJS KAKIOTO OPOUTATIBHOTO
3JIEMEHTA MEXaHU3MbI OOPATHBIX CBSI3€, TI03BOJISTIO-
e mpeobpasoBaTh COOTBETCTBYIONNE CUTHAIDL B
rJ106aTbHBIE KITUMATHYECKUE M3MEHEHSI,

TpeGoBanue yuera HEMPEPHIBHBIX BO BPEMEHH,
T. €. ICHCTBYIONINX B TEUEHHE BCEro roja, U robaib-
HBIX (17151 Bcell 3eMJTn) Bapualliii MHCOJISAIIUN Y/10-
BJIETBOPSAETCST cieyionum obpasom. IIpu mocTpoe-
Hun OKJI paccmarpuBatoTcs cambie ob6uue, Ka-
YeCTBEHHBIE TIPEJICTABJIECHUS O TI00ATbHOM KJIUMa-
TUYECKOM BO3JEHCTBUM Bapuanuii OpOUTATHLHBIX
aneMeHTOB. [Ipu aTOM TIpe/oaraeTcst, YTo BbI3BaH-
HOE U3MEHEHUEM Kaxk/[0r0 OpOUTAIBHOTO BJIeMEHTa
(uckarovas mpereccuio) yMeHbIIeHne WHCONSIINN
OPUBOAUT K MOXOJOJMAHUIO U YBEJIUUECHUIO 00beMa
JIbJIA, & yBeJIMYEeHUe WHCOISAINHI ITPUBOJIUT K TIOTEI-
JIEHUTIO W TasTHUIO JIbJIa. DTU BapUaIlUU CYIIeCTBEHHO
YCUIMBAIOTCA TMOCPECTBOM BOBJICYCHUS MOJOKM-
TeJNbHBIX 00paTHbIX cBsseil. [Ipu mocrpoenn OK/I
MPUHUMAJINCE CIIEYIONIIEe MEXaHU3MBI (PE3YJIBTaTHI)
r06aTbHOTO KIMMATHYECKOTO BO3/IEHCTBUS Bapua-
Uil OpOUTANBHBIX 9JIEMEHTOB B ILJIEHCTOIIEHE, KOTO-
PBIE JIOTUYHO BBITEKAIOT U3 BJIUSHIS BapUAInii opou-
TAJIBHBIX TAPAMETPOB HA M3MeHeHne HHCoJsiin (60-
Jjiee moApoOHO eM. [Boavwaros, 2003, 2010]).



OPBUTAJIbHBIE ®AKTOPBI BOSJIEHUCTBUA HA KPUOCDEPY 3EMJIU

1. ¥YMenbienne (Man yBeJIndeHre) sKCIEHTPH-
cuTeTa HIPUBOJUT K COOTBETCTBYIONIEMY YMEHbIIIe-
HUO (YBEJUYEHUIO) UHCOJSIIIUE U TII00ATbHOMY 110~
xoJsiofanmuio (Toreryiernio). (YTBep:K/eHne B cTaThe
[Menvruxos, Cmyavckuii, 2004, c. 4] o Tom, 4To 11pU
YBEJTMYEHUH IKCIIEHTPUCUTETA MHCOJISIUS YMEHbITIA-
eTcs, MO-BUIUMOMY, SIBJISIETCS OMTUCKOM. )

2. Ymenbinenue (yBeJWMUeHUE) yria HaKJIOHA
3eMHOM OCH BeJIeT K yMeHbIIeHUIo (YBeJNYeHUI0) MH-
COJISITIM BBICOKUX TITPOT 00OUX MOJIYIIAPUN 1, Y-
TBHIBAs MEXaHU3M asbOeHON 0OPATHOI CBSI3U, K MO~
X0JI0JaHU10 (MOTEIIEHN0) B 060UX MOJYIIapUsIX
3eMJTH.

3. Tlpu yuere Bapualuii mpereccuu riaobaabHO-
MY OJIeZIeHEeHUIO, HarpuMep, O6YyT cmocoOCTBOBATH
KJIUMaTHYeCKUe YCIOBUSA C JJTUTEIbHBIM TTPOXJIA-
HBIM JIeTOM (1 MSITKOI KOPOTKOI 3uMoii) B CeBepHOM
MOJIYIIAPUHN U JITTUTETbHOM X0JIOHON 3uMOoii (U Kap-
KUM KOPOTKUM JieToM) B IQKHOM mosrymapu, 4to
OCYIIECTBJIACTCA TIPU HAXOXK/IeHUN 3eMiin B adesinn
JietoM i1t CeBEepHOTO TOJTYTHAPHS.

[Ipu moctpoernn OK/I rpacdhuku namenenns 3a
MOCJIEIHUI MUJJIMOH JIET BCEX TPEX OPOUTATBHBIX
3JIEMEHTOB CTPOUJINCH TaK, YTOOBI UX MUHUMYMBbI
COOTBETCTBOBAJIN MOXOJ0JaHUAM. J[J1s1 3TOTO M3Me-
HEeHUs IPEIeCCHOHHOT0 UH/eKca esinw (rie w —
JIOJITOTA TIEPUTENIUS OTHOCUTEbHO TOYKH BECEHHETO
PaBHOEHCTBNS ) yMHOKaMch Ha — 1. Jlormuno nipej-
MIOJIOKUTH, YTO BPEMEHHbIE MHTEPBAJIbl HAMMEHbBIITUX
COBOKYITHBIX 3HAUEHUI Bapualuii Bcex Tpex opou-
TAJIBHBIX AJIEMEHTOB U OYYT IPUXOAUTHCS Ha OJIefle-
Henust. OIHAKO TIPEK/ie, YeM CKJIAJBIBATD TPahuKu
JUU1S1 HAXOKAEHUS 9TUX COBOKYITHBIX MUHUMAJIbHBIX
3HAUYEHUI, KPUBbIEC HEOOXOAUMO HOPMHUPOBATD, TAK
KaK OHM OTPaKAIOT pa3jMyHble (B TOM 4ucie 1o $hu-
3UYECKOH CyTH ) TapamMeTpbl u3MeHeHni. B pe3ysibra-
Te Kak/asl 13 HOPMUPOBAHHBIX KPUBBIX Bapualnii
OpOUTATIBHBIX [TAPAMETPOB OTPAHUYNBAETCSI MHTEPBA-
som ot —1 1o 1. Jlasree, paccunThiBast COBOKYITHOE 13-
MeHeHUe OPOUTANBHBIX JIEMEHTOB Ty TEeM CJOKEHHSI
BCEX TPeX rpapuKOB, MMEIOITUX TeTePb OMHAKOBBII
MaciTad, HeoOX0UMO YYECTh, YTO pasHble OPOUTATIb-
HBIE 2JIEMEHTBI IMEIOT PA3HYIO MaJCOKINMATHIECKYTO
3HAYUMOCTD. JTO CJIEIyeT U3 IMITNPUYECKUX JAHHBIX,
COTJTACHO KOTOPBIM PA3JIMYHBIM MTEPUOAM KIUMATH-
YeCKUX U3MEHEHUH COOTBETCTBYIOT U Pa3Hble aMILIH-
Ty/Zbl (MHTEHCUBHOCTD) 3TUX U3MEHEHUH, a TakKe
COIJIACY€eTCs € HAIUMU [1PE/ICTaBJICHUSIMU O BJIUSHUN
CTPYKTYPBI OTJEJIbHBIX OPOUTATBHBIX CUTHAJIOB HA UX
KJAuMaTuyeckue 1nposasiaenusd. IloaTomy Hopmupo-
BaHHBIM U3MEHEHUSIM KaK/[0TO OPOUTAILHOTO BJIe-
MEeHTa MPUABAJIC PA3JINIHBIN Bec, nian Koahuim-
eHT kauMaTryeckoit 3Haunmoctn (KK3).

HawuboJiee 3aMeTHbBIE KIUMaTHYECKAE U3MEHE-
HUS TOCTEAHET0 MUJIJINOHA JIET XapaKTepUu3yIoTcs
MEePUOINIHOCTBIO 0K0JI0 100 TBHIC. JIEeT, UTO CBSI3bIBA-
eTcs ¢ BapualusaMu akciienTpucutera. Iloatomy s
SKCIEHTPUCUTETHOI KPUBOTL OBLI MPUHSIT HANOOJIb-

it KK3, paBubiit 1. [l7ist BYX APYTUX OPOUTATLHBIX
anementoB KK3 naxoauuch myrem mozxbopa, Tak
9TOOBI TIOJTyYeHHAsT CYMMapHast KpUBas B HanOOJIb-
IIeli CTEeNEeH COOTBETCTBOBAJIA UMEIOIIMMCST HAJIeXK-
HBIM (M C JIOCTATOYHOI CTENEHbIO Pa3pelenus ) u3o-
TOITHO-KUCJIOPOIHBIM KPUBBIM, KOTOPbBIE B HACTOSTIICE
BPEMsI SIBJISTIOTCS HanboJIee I0CTOBEPHBIMHU 3aMUCSMHU
rJ06aTTbHBIX KIUMATUIECKUX U3MEHEH T, DT K03bh-
unrenTs okazanuch paBubiMu 0,7 181 yriia HaKJIO-
Ha 3emHo#t ocu u —0,55 mus npereccun. Ilo cyru
cBoero noctpoenust, OK/l mpezacraBisier ycgoBHYTO
OTHOCUTENIbHYIO BEPOATHOCTD (AP) HACTYILIEHUS T10-
TeryieHni (MesKJIeTHUKOBUH ) JIJIST TTOJIOKUTETbHBIX
AP nnn moxonomanuil (oJeeHEeHNIT) AT OTPUIIA-
TenmbHBIX AP. CpaBHeHMe MOJy4YeHHON TaKUM CII0-
cobom OK/I ¢ UK szamucpio LR0O4 B unrepsane 0—
1240 Teic. JleT HA3a/ MOKA3aJI0 XOPOolliee, YIUThIBAS
MIPOCTOTY U Tpo3pauHocTh moctpoenus OK/I, momxo-
6ue. KoadhduuueHT KOppeasiiiuu ABYX KPUBBIX, C
YUETOM 33JIEPXKKH KIMMATHIECKOTO OTKINKA Ha Op-
OGuTaibHOE BO3ielcTBIE B 5,5 ThIC. JieT, paseH 0,57.

OPBUTAJIbHBIE TUKJIbI B 3AIINCH
JEAOBOTO KEPHA CTAHIIMU DOME C

s cpaBHeHus ¢ 3anucbio dD Jies1oBOTO KepHa
HCII0JIB3YEM YCOBEPIIeHCTBOBaHHY0, HOBYI0 OK/]
(OK/In), B koTopoii uckmoueno piustaue 400-Toics-
YyeJieTHel 9KCIeHTPUCUTETHON TapMoHUKY [ bonvuia-
xoe, ITpyoxoecxuii, 2013]. Oxazanocs, 4to koadbu-
IIMEeHT KOPPEJSIINY MeX/ITY 3TUMH KPUBbIMU (puc. 4),
[P yuyeTe KIUMAaTUIeCKOTO C/BUTA HA 5 ThIC. JIET,
pasen 0,76. Ha 06erX KPUBBIX YETKO MPOSIBISACTCS
100-ThicsTUeIeTHU I AKCIEHTPUCUTETHBIN IUKJI, YTO
MO/ITBEPSKIAET MEXAHU3M TIPSIMOTO BO3/ICHCTBUS 9KC-
LEHTPUCUTETHOIO UHCOJIAIMOHHOrO curnaa. Ilpes-
CTaBJIgET UHTEPEC TaKxkKe IIPOBeIEHUE CIIEKTPAJIbHO-
BpeMeHHoro aHasusa 3anucu dD. IIpu atom Hazmo
MTOHUMATh, YTO PE3YIBTAThl TAKOTO AaHAIN3A 3aBUCST
OT MHOTMX (haKTOPOB. JTO IIPEK/E BCETO KayeCTBO
3amnucei, KOTopoe B IaHHOM CJIyyae Olpe/e/geTcs
O/IHO3HAYHOCTHIO TTATCOKINMATUUECKOM UHTEPIIpe-
Taruu BHIGPAHHOTO TIOKasaTe st (apaMeTpa), OTCyT-
CTBUEM MCKAXKEHUH celnMEeHTallMOHHON UJIH JIeZI0BOH
3alMCH B 11€JIOM, OTCYTCTBMEM BJIUSHUS HA TaJeo-
KJIMMATHYECKYI0 3aIUCh MOOOUHBIX (HEKJIMMATHIEC-
Kux) (hakTOPOB, aMILTUTYION €ro U3MEeHEeHUs, KOP-
PEKTHOCTHIO (TOYHOCTBIO) BPEMEHHON ITKaJIbI 3a-
nucu. Boijesenre riaBHbIX TaDMOHUK BPEMEHHDIX
MEPUOMYHOCTEN 3aBUCHT OT JIJTUTEIHBHOCTH BPEMEH-
HOTO Psijia, 4aCTOTHI 0TOOPa (BPEMEHHOTO TI1ara) aHa-
JU3UPYeMbIX TPo6 (06pasIoB) 1 faxke OT CTOXACTH-
yeckux npudnH. Ilo-Bupmmomy, Bce atn hakToOpb
CKa3aJIUCh MPU TTPOBE/IEHNU CIIEKTPAIBHOTO BPEMEH-
HOTO aHAJIM3a UCCIIeyeMoit samucu (puc. 5).

TeMm He MeHee NIPOBEICHHDBIN CIIEKTPaJIbHO-Bpe-
MEHHO} aHAJIN3 ITOW 3aMUCH BBISIBII OPOUTAIbHBIE
nukangHoctu. Ha puc. 5 K 9KCIIeHTPUCUTETHBIM CJie-
nyet oTHecTH 1epuoast 96 u 115 Toic. seT, K mperec-
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Puc. 4. Conocrasienue 3amucu 5D craniyu Dome C (kpuBag 7) ¢ opOHTaIbHO-KIMMATHYECKOH qrarpaMmMoi

(xpuBas 2) OK/IH.

AP — oTHOCHUTEIbHAS BEPOATHOCTb llOXOJlO]_laHMﬁ U IIOTEILICHUIA.

CUOHHBIM — TIepuoibl 23 u 22,6 Teic. 1eT. OT™MeTHM,
YTO TPEIECCUOHHbIE TIEPUOJIBI, TAK YK€ KaK U Ha CTIeKT-
paJibHO-BPEMEHHBIX AMarpaMMax I1yOOKOBOMLHBIX
U30TOITHO-KUCJOPOAHDIX 3alIUCEH, BhIPasKeHbI Hanbo-
Jiee caabo. J{Jist crieKTpasbHON JuarpaMMBbl JIEI0BOTO
KepHA JIOTUYHBIM BBITJIAAUT GoJIee CUIbHOE IPOSBJIe-
Hue (110 CpaBHEHUIO, HAIIPUMED, € TIyOOKOBOIHBIMU
3amrcamMn) 56- 1 29-ThICSUeIeTHUX TapMOHHK, KOTO-
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Puc. 5. AMIUIUTYIHO-4aCTOTHBIN criekTp 3amucu 5D
nenoBoro kepua craniuu Dome C.

[Tucpst y KpuBoil — HanbGoJIee 3HAYMMbIE BbIJIEIEHHbBIE B 3aITH-
CH [IEPHOJANYHOCTH (B TOM YHCJIE€ OPOUTATILHBIE), THIC. JIET.
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PbIe BbIIEISIOTCS Kak HarboJiee 3aMeTHbIe TapMOHI-
KU Bapualil HaKJIOHA 3eMHOM OCH, TOMUMO UMeI0-
nieit npeobasaioliee 3nadeHue 41-Toicsgyenernei
nepuogamyHOCTH [ Berger, Loutre, 1991]. Jlanubrit haxTt
MOSKET ObITh 06YCJIOBJIEH TE€M, YTO OTHOCUTEIbHBIE
U3MeHEeHUsI UHCOJISLNUN, CBI3aHHble ¢ KoaebanueM
HaKJIOHA 3eMHOIN 0CH, HAUOOJIbIINE B BBICOKHX INUPO-
TaX, B KOTOPBIX U HaxoauTcst ctantmst Dome C.

To, uTo Bapumanum yrJyia HakJOHA 3eMHOH OCHU
nposiBagiorcs B 3anucu 8D crantiuu Dome C cuiib-
Hee, 4eM IPeLecCHOHHbIe Bapualliu, 00bICHIETCS, C
MO3UIUN HOBOI KOHIETIIMH OPOUTANIBHON Teopuun
HaJeOKJIMMAaTa, CAEAYIOIMMI 06CTOATENbCTBAMU.
[Ipeneccrnonnble Bapuanum He U3MEHSIIOT TOJ0BON
MHCOJIAIUI Ha JII0O0I IUPOTE, TOra KaK CBA3aHHbIE
€ HAaKJIOHOM 3€MHOM OCH TO/TOBbIE BapUAIUH WHCOJISI-
1MUY COOTBETCTBEHHO BBICOKUX W HU3KUX MIUPOT HE
paBHbI HYJII0. Bostee Toro, Bapuanuu yriia € ogHodas-
HbI B 000MX TIOJIYIIAPUX, I 9TUX BapUalluil ecTh
OOIIEPUHATHII MEXaHN3M UX ycuiieHnst. JlaHHbie 06-
CTOSTENBCTBA W OTPEJIEJISTIOT, 10 HAllleMy MHEHWIO,
GoJiee CUIbHOE BO3AEHCTBIE Ha KINMATHIECKHE 13-
MeHeHHUs TJelicTolleHa Bapualnil HakJIoHa 3eMHON
OCH TI0 CPAaBHEHUIO C TTPETIECCHOHHBIMU BapUaIllusiMU.
Oco6eHHO 9TO TIPEBOCXOACTBO TIPOSIBIISIETCS B IIE€PHU-
on 2,7—1,24 MuH JieT Haza/, KOTaa Ha r1y0OKOBOLHBIX
NK-kpuBbIx GUKCUPYIOTCH TPAKTHICCKU TOJBKO
O/lHU 41-ThICadesieTHHE KIUMaTHYecKue KoJaeOaHus.

BbIBO/IbI

1. ComnocraBnenue 3anucu 6D ¢ OK/] BorstBUIO
UX CYIECTBEHHOE T10A001e, YTO YKa3blBaeT Ha oIpe-
JeJIsIoliee BIMsaHIe OpOUTAIbHBIX BapUaUil MHCO-



OPBUTAJIbHBIE ®AKTOPBI BOS/IEHUCTBUA HA KPUOCDEPY 3EMJIU

JIAIUN Ha KoslebaHus KauMaTa B AHTApKTHAE U, B
YAaCTHOCTH, Ha BO3MOKHOCTH TIPSIMOTO BO3/I€HCTBUS
AKCIIEHTPUCUTETHBIX BAPUAIIUIT MHCOJISIIINY HA U3Me-
HeHus kanMara nocieataux 800 ToicaY Jer.

2. I'nobanpuble KoMebaHNd KaIMMaTa B IIUKJIAX
oJie/leHeHUsI—MeKJIeTHUKOBbSI, BhIPasKalON[ecs B
[UKJIMYECKUX KOJTeOaHUAX TeMIIepaTypbl AHTAPKTH-
1Bl ¢ aMILuTy Aol Gosee 10 °C, 0-BUIMMOMY, TOJIAK-
HbI OBLIN OTPasKaThCA U Ha U3MEHEHUH KPUOChepbI
3eMJTH B T1eJIOM. DTH U3MeHeHusi Kpuochepsl, B CBOIO
ouepelb, AOJKHBI OBLIU TIPOABIATH OPOUTATIBHBIE
MUKJIMYHOCTH, TJIABHBIMU M3 KOTOPBIX B IJIEHCTOIEHE
apagiores 41- m 100-ToicsyesieTHIE TTEPUOIBI.
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