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CnieKTpaAbHO-BPEMEHHOM aHAAH3
AAUHHOIIEPUOAHBIX KAMMATHYECKHX PSIAOB
Ha npuMepe I'peHAaHACKON CKBa>KHHBI

© T.E. AarvoBa, b. B. Ilepeasirur, 2016

Op€ecCKUH TOCYyAapPCTBEHHEBIN 3KOAOTHYECKUN YHUBEDCUTET,
Opecca, YKpauHa

[Moctynuaa 7 mast 2015 1.

IIpegcmaBaeno wrenom pegkoareruu B, I. baxmymoBbiM

CHeKTpaArbHO-4aCOBUH aHaAi3 rapMOHIK BiAHOBAEHOTO PSIAY TeMIIEpaTypH MOBITPsA B LEHT-
panbHil yacTuHi ['peHAaHAIl BUSBUB ABa ITepiOAM 3 MAKCUMAABHMMY 3HAUeHHSAMU eHepril CIIeKT-
pa. TlokasaHo, 1110 cTiliKo y yaci Bepe cebe HaliMeHIIa rapMOHiKa. Bci rapMoHiku xapakTepuay-
IOTBCA MAaKCUMAABHUMHY 3HAYeHHSAMH eHeprii Mip Jac MepioaiB pi3Kux 3MiH TeMIlepaTypH IO-
BiTp#, HaiIMeHIIli 3HAYEHHsI eHepril CIIoCTepiraroTbCA B IIEPIOAM MaAuX 30ypeHb TeMIlepaTypH.

Kal04o0Bi cAOBa: BiAHOBAEHUH PSAA TeMITepaTypH IIOBITPs, CIIEKTPAALHO-4aCOBHHM aHAAI3, rap-

MOHIKH.

BBeaenmne. MccaepoBanust IIMKAUYHOCTH TAO-
GaAbLHOM KAUMATHYEeCKOM CUCTEMEI CBSI3aHEI C HC-
MMOAB30BaHUEM AAMHHOIIE PUOAHBIX KAUMATHYEC-
KHX PSAOB U 6a3UpyIOTCA Ha aHaAM3€e AGHHEIX I1a-
A€OPEKOHCTPYKIHH C IOMOIIBI0 METOAOB MaTeMa-
THYEeCKOM CTaTUCTUKHU. OAHUM M3 CIIOCOOOB MOAY-
YeHHUSI AAMHHOTIEDHOAHEIX KAUMATHUECKUX PSIAOB
SIBASIETCSI U3YUEeHHe TASITHAABHBIX OTAOJKEHMIL. AHa-
AH3 AEASHOTO KEPHA AQeT BO3MOKHOCTE IIOAYYUTh
CBEAEHUS O KAMMATHYECKHX YCAOBHSIX 3@ AAUTEADL-
HEIY [TepuoA BpeMenu. M3yueHre HUBAABHO-TASI-
IIMAABHEIX CUCTEM IIPOIIAQOTO C TOMOUILIO A€AO-
BEIX KEPHOB IIO3BOASIET TOAYYHTH HHPOPMAIIHIO
0 COAEpIKaIeMCsi B HeM AeTepui, MUKPOYaCTH-
1aX, IAPHUKOBBIX ra3ax, M30TONaX U OLIeHUTD M3~
MeHEeHHsI TEMIIEPATYPH! BO3AYXa 3a IEPHOA, OXBa-
THIBAIOMINUM HECKOABKO KAMMATHYECKUX LIHKAOB
[KotasikoBs, 2000]. ITareokauMaTHYEeCKHE PAaGOTEL
IIOCAEAHHUX AE€T CBUAETEALCTBYET O TOM, UTO U3-
MeHeHHUsI TAOOAABHOTO KAUMaTa B XX CTOAETUH
TIPOUCXOAUAM B OCHOBHOM IIOA BO3AEHCTBHEM €C-
TecTBeHHHIX IpuunH [Grootes et al., 1993; Meese
et al., 1994; Steig et al., 1994; Stuiver et al., 1995,
1997]. AeTaAbHEE NaA€OPEKOHCTPYKUIMHU TeMIIe-
paTypHL CTPOSITCSL Ha OCHOBE aHaAM3a U30TONHO-
T'O COCTaBa KEPHOB, @ UMEHHO, IPOIIeHTHOTO CO-
AEP KaHHUA TSPKEAOTO U30TOoIa KUCAOPOAG 180 (ero

Teogpusuueckuil xypnar Ne 3, T. 38, 2016

CpeAHee COpAepIRaHue B IpUpoAe OKoAO 0,2 % oT
BCeX aTOMOB KHUCAOPOAA) . MOAEKYAEL BOAEL, CO-
AepJKallie 3TOT U30TOII KUCAODPOAQ, TSKeAee HC-
TIApSIIOTCS U Aerde KOHACHCUPYIOTCs. OLleHUB U30-
TONHEIM COCTaB CHETa MAH AbAQ, MOJKHO OII€HUTD
H TeMIlepaTypy, IpH KOTOPOU OPMUPOBAAUCH
ocapkd. Tak Obira BRIIBAECHA CBSI3b MEXAY U30-
TOITHOU KPHBO U3 'PEHAGHACKON CKBa>kKuHEI Cre-
te ¥ KpUBEIMU TeMmepaTyp B AHTAUM u VMcaan-
AUH. OTH TeMIlepaTyphl PeKOHCTPYHUPOBAHEL AAA
nocaeaHnX 300—500 AeT 10 HAAEKHEIM 3aIlHCAM
NIPSIMEIX HAOAIOAEHHH 3a IPUPOAHBIMH IIPOLIEC-
camu [Grootes et al., 1993; Stuiver et al., 1995, 1997].
Bce 3T0 AaeT ocHOBaHMeE pacCMaTpHBAaTh I'peH-
AQHACKHE AeAHUKOBLIE KEPHHL B KaUueCTBe UyBCT-
BUTEABHOI'O €CTECTBEHHOI'O PETHCTPATOPA TEMIIE-
PaTYPHEIX hAYKTyanuil B CeBepHOM MOAYIIapHHA
H, B yacTHoCTH, B EBpomne.

Oco6eHHOCTh HCCAEAOBAHUS AAMHHOTIEPUOA-
HEIX KAUMaTHYeCKHUX PSIAOB 3aKAIOYAETCS B CBOM-
CTBe HeCTalMOHapPHOCTH 3TUX PSAOB. B HUX uH-
¢ OPMATUBHEIM SIBASIETCS caM (pakT H3MEHEHMsI Ya-
CTOTHO-BPEMEHHHIX XapaKTepPUCTUK PAAQ, OTpa-
JKAIOIIUNA AVHAMUKY KAMMaTHYeCKHX IPOIeCCOoB.
YacTo UCIOAB3YeMOE B UICCAEAOBAHHUSX NTpeobpa-
3oBaHue Qypee {Schlesinger, Ramankutty, 1994;
Minobe, 1997, 1999, 2000; Chao et al., 2000; Man-
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T.E. AAHOBA, b. B. I[IEPEABITHUH

tua, Hare, 2002; KasmrropuH, Aro6yums, 2005;
Humlum et al., 2011; AanoBsa, Ilepeawirun, 2013]
OKa3hIBaeTCs HEAOCTATOUYHO 3(PHeKTUBHEIM TPHU
TIPUMEHEHWH €T0 K CAOKHEIM HeCTarfHOHapHLIM
psiaam. Harmprimep, npeo6pazoBanue Qypre He pas-
AWYAeT CYMMY U IIOCAEAOBATEALHOCTE CUHYCOUA,
BO BpeMeHHW — WX CIEKTPHI IPAKTHIECKU OAU-
HAKOBHI, B pe3yAbTaTe 4ero TepsieTcsa nHpoOpMa-
ITUSA O BPEMEHHBIX XapaKTePHUCTHKAaX PAAA.

B oTAnune OT rapMOHUK Ipeotpa3oBanus Dy-
PBb€, AOKAAU30BAHHBIX TOABKO B 4aCTOTHOM OOAa-
CTH ¥ TIPEAOCTABASIIONINX MH(OPMAITHIO TOABKO
O YaCTOTHEIX CBOMCTBAX CUTHAAA, BeMBAET-(PYHK-
I UMEIOT YaCTOTHO-BPEMEHHYIO AOKAaAU3AIIHIO.
BelBAET-CIIEKTp IPEACTABASIET COOO0M Tpexmep-
Hoe u3obpaxkenue Kosddunuento W (a, b). B
KAMMAaTHUdeCKHUe NCCACAOBAHUA BelBAET-aHAANS
OBIA BBEAEH PsIAOM aBTOPOB [Lau, Weng, 1995; Tor-
rence, Compo, 1997; Baliunas et al., 1997; Isaks-
son et al., 2005, Butler et al., 2007]. TTpuMeneHue
BeMBAET-IpeoOpa30BaHUsA TO3BOASIET BLISIBUTE 1
HATASIAHO ITOKa3aTh KBa3UIEPHOANYECKYIO CTPYK-
Typy OIIUCHIBAEMOTO PSIAG, BEIAGAUTH OCITUANAITAN
He TOABKO C XOPOIIIO QUKCUPOBAHHEIM IEPHOAOM,
HO M HeCTaIl[MOHAPHEIE OCHUAAIIIMHA U AOKAAN30-
BaHHEIe TepUOAMIHOCTH. Taxk, B pabore [AaHOBa,
[Mepeawrun, 2015] BeliBAeT-aHaAW3 AAA BO3MOXK-

HOCTE OIIPEAEAUTE HE TOABKO macurad OCITHAAA-

1H#, BEISBUTH HAYAAO B KOHEI KOHKPETHOM OC-
TUAASIIAH, @ TAK)Ke YTOUHUTEL BO3PacT COOBITHN
XaMHpHUXa U IIPOBECTU CPAaBHEHUE C AATHPOBKA-
mu [Bond, Lotti, 1995; Vidal et al., 1999; Hemming,
2004; Bacuapuyk, 2009]. MicioAb3oBaHMe BEUBAET-
aHAAM3a AASI AOATOTIEPHOAHBIX KAUMATHIECKUX Ps-
AOB II03BOASIET TIOAYYUTE GOA€e TOUYHHIY BO3pacT
OTAEALHBIX COOLITHI B MHOTOBEKOBOH II€IIH KAH-
MaTH4YeCKHUX U3MeHEeHHUN . MOKHO B3TASHYTH Ha
HCCAEAYEMEIHN POLIECC U C ADYTOM TOYKH 3PEHUS:
HapsAy ¢ oOliel KapTUHOM, IIPEACTaBASIOIIEH AU-
HaMHKy IIpOLiecca B I[eAOM, MOJKHO He TOABKO OII-
PEAEAUTH TOYHHIM BO3PACT OTAEABHEIX OCITHAAS-
IIMH, HO ¥ COOTHECTH UX C KOHKPETHLIMHA KAUMa-
THYECKUMM SIBA€HUSIMU U OLIeHUTE SHEPreTHKY STHX
ssBaeHnH. OAHAKO MCIIOAB30BaHNWe BeMBAET-aHa-
AM3a AASI AOATOTIEPHUOAHEIX KAMMATHYECKHAX PSi-
AOB He II03BOASIET IDOCAEAUTE AUHAMUKY BO Bpe-
MeHHU Halboaee XapaKTePHBIX AASI AQHHOTO PAAA
TIEPHOAMYHOCTEN. AASL STUX LieAeH JKeAaTeAbLHO HUC-
MOAB30BATh CTIEKTPAABLHO-BpeMeHHoH anan3 (CBAH).

CBAH npuMensieTcs aAxst OGHapy>KeHHst HeCTa-
IIMOHAPHEIX CUTHAAOB BO BPEMEHHEIX PSIAAX CUC-
TeM TeodU3UIEeCKOTO MOHUTOPHHTA [KasrropuH,
Aro6yims, 2005; Minobe, 1997, 1999, 2000]. CBAH
HeCTalMOHaPHOTO NPOLiecca 3aKAIYaeTCs B OI[eH-
Ke TeKYIIero CIIeKTPa YacTH PsIAQ, COOTBETCTBYIO-
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Iero CKOAb3AIEeMy BpEMEHHOMY OKHY HEKOTO-
po¥ Mano#t pANHEL [1py TakoM OIleHKe IIOAyYaeM
3aBHCHMOCTE CIIeKTpPa 3HEepPruu CUTHaAa Kak OT
YaCTOTRI, TAK ¥ OT IIOAOXKEHUSA CEPEAVHEI HAY IID&
BOTO Kpasi OKHA Ha HCCAEAYEMOM DSAE B BHAE pe-
Abeda. MakCUMaAbHRIM 3HaUEeHUAM TaKoH 3aBH-
CHMOCTH COOTBETCTBYIOT BpeMeHHbIe UHTEPBAAK
YBEAUYCHHUS SHEePIUHU KoAeDaHUH B Pa3HBIX dac-
TOTHBIX IIOAOCAX, YTO U IIOAAEKUT HCCAEAOBAHHUIO
B HaCTOSAIIEH CTaThe.

Hcnioab3yeMble AaHHbIE B METOABI aHaAH3a.
AHaAU3 COCTOSTHUS AEAOBEIX KEPHOB AG€T IIOAHYIO
KapTuHy 006 M3MEHEHHUAX KAUMAaTa 3eMAHU U CO-
CTOSTHUM aTMOC(ePEHI B pornaoM. CoxXpaHUBIIHe-
Cs1 HACAOEHHS AbAA IIO3BOASIIOT A€AATh BLIBOABL O
3HAYEHHUAX U XOAE TeMIepaTyp ABAEKHUX 3I0X C
1%-no11 omm6KoH [Grootes et al., 1993; Meese et
al., 1994; Stuiver et al., 1997]. BoccTraHoBA€HHAA
TeMIIepaTypa BO3AyXa B IPU3EMHOM CAO€ B IIE€HT-
panbHOM YacTu I'peHAaHANH 3a TocAepHMe 50 000
AeT OBblAA TOAYYEHA Ha OCHOBE aHaAU3a CTabUAL-
HBIX U30TOTIOB N 5 U AT, TOAYUYEHHEIX U3 AEAOBEIX
KepHOB. OHa OTPa’KaeT XOA 3UMHUX 3HAYEHUH TeM-
TIepaTypsl BO3AYXa, KOTOPEIe, KaK U3BECTHO, OAM3-
KU K CPEAHETOAOBEIM TeMIlepaTypaM [Mounus, 1982].
PekoncTpyHpoBaHHEIE AQHHEIE TEMIIEPATYPHI 3d
nocaeprue 50 000 AeT npeaocTaBA€HE MEPOBEIM
LIeHTPOM AQHHEIX areokauMaTororuu World Data
Center for Paleoclimatology, Boulder, USA (http:
//www.ncdc.noaa.gov/paleo/datalist.html}. 3t
AAHHEBIE TIPEACTABASIOT OG0 HabOp TO4YEK, (hUK-
CHUPYIOIIMX H3MeHEeHHe TeMIIepaTyphLI BO3AYyXa B
HeperyAsipHEle MOMEHTEI BpeMeHH.

AAs HCCAeAOBaHHUS OBIA UCIIOABL3OBAH TPe0s-
PAa30BaHHBINA PSA PEKOHCTPYHMPOBAHHEIX AGHHBIX
TeMIlepaTypel TpuMepHo 3a 50 000 AeT (TouHee 3a
49 830 reT). AAsI 3TOTO M3 UCXOAHOTO PsIAA Ha OC-
HOBe HHTEPIIOAAIINH ObIA ChOPMHUPOBAH psip 3HA-
YeHUH TEMIIEPATYPHl BO3AYXa Yepes Ka’KABIE TPHA:
naTk AeT (puc. 1). Ileprnoa BHIGOPKH BeAUIHUHON
B 30 AeT cBs3aH C TEM, YTO CMEHAa TeHAEHIUH B
HM3MeHEeHHUH TeMIIepaTyphl U AABACHUS, BAEKYIIINX
3a coB0M CMeHy THIa aTMOCHEPHON IUPKYASIUY,
MIPUBOAUT K COOTBETCTBYIOIIUM M3MEHEHUSM B yT-
AOBOM CKOPOCTH BpallleHHus 3eMAH.

[Ipu NOHU>XEeHHOU YacTOTe MOABAEHUA MEPU-
AHOHAABLHOM (pOPMBI HUPKYASLIUY HaOAIOAQETCA
YCKOpeHHe BpalieHus 3eMAH, H HaobopoT [Pyas-
eB, 1990]. OTa TeHAEHIIHs HMEeeT KBa3UIIEPHOAN-
YeCKHUH XapakTep ¢ IpUMepPHEIM IIePHOAOM B 30—
35 aer.

B kadecTBe OCHOBHOIO METOAA UCCAEAOBAHUSA
B paboTe ucnoar30BaH CBAH — MeToA HCCAEAO-
BaHUA HeCTAIJHOHAPHEIX BpEMEHHEIX PSAOB, 3a-
KAIOYAIOIIMICS B OLleHKe "TeKyIero” crekrpa 4a-
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Puc. 1. Tlpeo6pa3oBaHHEIN pPsIA PEKOHCTPYHMPOBAHHEIX 3HaUeHHH TeMIepaTyphl B IeHTPAABHOM YaCTH
I'peHAGHAMH C AMCKDPETHOCTHIO 30 AeT.

CTH CUTHAAQ, COOTBETCTBYIOILETO CKOAB3SANIEMY
BpPEMEHHOMY OKHY HEKOTOPOM Manou AHHEL pu
TIOAOBGHOT! OIIEHKE ITOAYYAEeTCS 3aBUCUMOCTE CIIEKT-
pa 3Hepruy CUTHAaAA Kak OT YaCTOTHL, Tak U OT II0-
AOJKEHUS (CepeArHBI MAH IIPABOTO Kpasi) OKHA. JTa
3aBUCHMOCTE BU3YAAU3UPYETCS B BUAE AHOO ABY-
MepHEIX AUHUM YPOBHEH, AUOO TPeXMepHEIX pe-
Abed0B, KOTOpHIe HasbiBatoT CBAH-aAnarpamMma-
Mu (puc. 2).

MaKkcUMaAbHEIM 3HaUYeHHUSAM TaKOH 3aBUCUMO-
CTH COOTBETCTBYIOT IEPHUOABI BPEMEHH yYBeAHYe-
HUS 3HEpruM KoaebaHUM B TeX MAM HHEIX 4Yac-

Puc. 2. CBAH-pnarpamMa [Kasmrropus, AtoOyIINH,
2005].
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TOTHBIX OAOCAX . [IpuMeHseMoe IpU CIIEKTPaAL-
HO-BpEMEHHOM aHaAu3e IipeoOpa3oBaHue Pypre
TI03BOAsIeT BHUHCAUTE CIEKTPAABHYIO IAOTHOCTh
MIpOIIeCCcq, MPEACTABASTIOILETO COO0H (PYHKIHIO Bpe-
MEeHH UAH IIPOCTPAHCTBEHHBIX KOOPAWHAT.

ITOCKOABKY MCCAEAYEMEIN PSIA IPEACTABASET
Ccob0l eAMHCTBEHHYIO PEaAM3alHio CAydarHoOTro
npolnecca, To UCIOAB3YEeM AAS eTO aHaAMu3a He-
apaMeTpHUYeCKUH MeToA CIIeKTPAABHOTO aHaAU-
33, T. . He 6yAeM IPUMEeHATb MeTOARl YCpeAHe-
HUS CIeKTPOB, IPUCYIIIUE MeTOAAM IlapaMeTpH-
YEeCKOTO UAH, KaK TOBOPST, MOAGABHOTO aHaAM3a
[KoTiOK, LIBeTkORB, 1970]. B HameM cayvae Hemna-
paMeTpUYeCKUN MeTOA CIIEKTPAABHOTO aHaAM3a
3aKAIOYAETCSI B MPUMEeHeHUN AUCKPETHOTO Ipe-
o6pazoBanus Pypbe C IOMOIILIO CUCTEMEBI KOM-
NBIOTEPHOM MaTeMaTuku MatLab.

I'Tpu npoBepeHUU AUCKPETHOTO IIpe0oOpa3oBa-
Hua Pypbe B yKa3aHHOU cUCTeMe KOMIBIOTED-
HOM MaTeMaTHKH IPEANOAATAETCS, UTO MIOCACAO-
BaTEABHOCTE OTCUETOB aHAAU3UPYEeMOTO PsiAa SIB-
ASeTCA NEPUOANYECKH IPOAOAKEHHOM BIEPEA U
Ha3zap Bo BpeMmeHH [Cepruenko, 2002]. Ecau 3Ha-
YeHHs HaYaAbHEIX M KOHEUHBIX OTCUETOB PSAAA Pa3-
AMYAIOTCS, TO OPU NEPUOANYECKOM HOBTOPEHUH
Ha CTBIKaX CerMeHTOB BO3HHUKAIOT CKauKH, U3-3a
KOTOPHIX CHEKTD pacUIupseTcsa. ITO ABAeHUe Ha-
3BIBaeTCs pacTeKaHHeM CIeKTpa. AAs ero YMeHb-
IIeHUsI MPH AMCKPETHOM peotpa3oBannu Pypre
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TIPUMEHSIOTCA BeCOBRIe (PYHKIIUHY, Ha3bIBaeMhle
TaK)Xe OKHaMu. B 3ToM cAaydae mepep pacueToM
CIIEKTpa C TpUMeHeHUeM ANCKPETHOTO IIpeobpa-
30BaHUs1 Oypre psiA YMHOKAETCS Ha BECOBYIO (PYHK-
ITHI0, KOTOPAast AOAKHA CIaAaTh K KpasiM CerMeH-
Ta. [IpuMeHeHHe ONlepalluy YMHOXEHUA PSAA Ha
dYHKIUIO OKHA IIPUBOAHT K TOMY, YTO IIHKH, CO-
AepKanruecs B CrieKTpe CUTHAAA, HECKOABKO pac-
mupsaroTcs. OAHAKO IIPU 3TOM CTAHOBUTCS BO3MOXK-
HEIM YMEHEITIEHIE YPOBHS OOKOBBIX ACTIECTKOB CIIEKT-
paAbHOM QYHKIIUH, YTO U ABASICTCA B HAIIIEM CAY-
Yyae IeAbl0 IPUMEHEHUs BeCoBON MyHKIHUHU. M3
BCEro MHO>XECTBa OKOHHBIX (DYHKITHH AAST ICCAE-
AyeMOTO PsIAA I1eAeCOO0Pa3HBIM ABASIETCS HCIIOAL
3oBaHHe oKHa YebrIiieBa. OHO CO3AaeT HE3HAYHU-
TEABHOE MO CPAaBHEHUIO C ADYTUMH OKHAMH {IIps-
MOYTOABHBLIM, TPEYTOALHEIM, XaHHa, baekmaHa,
XemMmuHTa, ThIOKH U AD.) PaclIupeHIie TAaBHOTO
AernecTKa criekTpa [3aamMan3oH, 1989] ¥ 103BOAs-
€T CO3AATh HallepeA 3aAaHHBIN MAABIA OAMHAKO-
BBIN YPOBEHB €r0 GOKOBBIX ACIIECTKOB (B HAIlleM
caydae 40 AB).

ITpu nmpoBeAeHHHU CIIEKTPAABHO-BPEMEHHOTO
aHAAVI3a €TI0 Pe3yALTaThl OTOOPashM B BUAE TPEX-
mepHot CBAH-puarpammer. ITo ocu aberucce ot-
KAGABIBAETCS BpeMs, TI0 OCH OPAMHAT — 4acToTa,
a BAOAB OCH aIllIAMKAT 0ToOpaskaeTcsa 3HaueHUe
aHepruu crekrpa. CTpOUTCs CneKTporpaMMa che-
Ayromum o6paszoM. BpeMeHHOE OKHO BEeAWUNHON
B 3aA@HHOE KOAWYIECTBO OTCUETOB PSIAA CMeIaeT-
CSl BAOABL PSiAA CA€Ba HAaNpPaBO C 3aAAHHEBIM Ila-
TOM. AAS K@)KAOTO I11ara PpaCCYUTRIBAETCS CIIEKTP
SHepruu pparMeHTa pPsipa, MONaBIIero B OKHO, I1o-
AYYEeHHbIN CIIEKTP 3HEPIUH Pa3BOPaYUBAETCS BAOAD
OCHU OPAMHAT CO 3HaUeHHUeM abCIHCChI, COOTBET-
CTBYIOIIeH ITIOAOKEHHUIO CepeArHEl OKHA. PopMa
OKHa uMeeT GopMy BecoBot pyHKuNU Yebniie-
Ba. Ock abcruce nporpaayupoBaHa HOMeEpPaMHu OT-
CYeTOB UCXOAHOTO PsIAQ, IPUYEM B HaYaAe U B KOH-
IIe OCH BBEAEHEI HyA€BBIE 3HAUEHUS AAUTEALHO-
CTBIO B IIEAYIO YaCTh IIOAYIIHPUHEL OKHA, [IOCKOAL-
Ky HCXOAHBIN psip, HUKaK He AOTIOAHSACA. OCh Op-
AWHAT UMeeT MaKCUMaAbLHOE 3HaUeHHe YaCTOTHI,
onpeAeAsieMOe 3HAUeHHEeM IIIara psAa Bo BpeMe-
uu 1/30 rop 1. MUHMMaAbHOE 3HAYEHME YaCTOTHE
Ha OCH OpDAHMHAT OIIPeAeAsieTCs pa3MepOM OKHA U
pPaBHO MaKCUMaABHOMY 3HAUYEHUIO YaCTOTHI, Ae-
A€HHOMY Ha BEAHUHMHY OKHA. B pesyAbTaTe moAy-
YaeTcs 3aBUCUMOCTD OI[eHKH CIIeKTpa 3HEPTUH OT
ABYX IIapaMeTpOB B BUAe peabeda, a UMEHHO, OT
YaCTOTEI ¥ IIOAOKEHMA BpEMEeHHOTO OKHa. [1po-
caexxuBasi XpeOThI Ha peabede, MOJKHO ITIOAYYHTh
IIpeACTaBAE€HME O TOM, KaK MHTEHCHUBHOCTE IIPO-
SIBA€HUSA TOM UAM UHOU ITUKAWYHOCTH H3MEHsIAACh
C TedeHHEeM BpeMeHHU (CM. puc. 2).
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Tak, B pabote [KasitiTopuH, Aro6yinH, i
CBAH-anaAn3 TeMIepaTyphl BO3ayxa 3a 1500-Aew
HUH NEPHOA MO AGHHLIM I'PEHAGHACKHX KEDHOm
[Dansgaard et al., 1975] 1O3BOAMA BEIABHTE,
HMHTEHCHBHOCTH KAMMATHIECKUX [TUKAOB 3HAUHTeAl |
HO U3MeHseTcs BO BpeMeHH. [lepropuyHocTs 16 ;
A€T XOPOIIIO BLIpaKeHa ¢ Hauara 1200-x A0 KOHEg
1300-x TOAOB, IOCAE YEeTO UCYe3aeT, UHTEHCUBHOCT :
55-AeTHeH epHOAMYHOCTH HelIpepLIBHO Hapac-
TaeT ¢ 1500-X 1 AoCTUTaeT MAKCUMAABHOTO YPOB-]
HA K KOHIy 1900-x ropoB. BTOpoli 10 HHTeHCHD-
HOCTH sIBAsieTCA IepHOANYHOCTb 30—32 ropa. Cy-
IL[eCTBOBAHHE MMEHHO 3THX KAHMATHYECKUX me-!
puoanuHocTet (50—70 1 30 AeT), BEISIBASIEMEIK |
[IPY U3yYeHUU Pa3AWYHEBIX IIPOIeCCOB, IIO,A,’I'Bep-_
XKpaeTcs B psipe pabor [Schlesinger, Ramankutty, !
1994; Minobe, 1997, 1999, 2000; Chao et al., 20001
Mantua, Hare, 2002; I'rok, Maaunms, 2011; Aamo-}
Ba, 2011].

AHaAM3 ThICAUEACTHHX U3MEHEHUH KAUMATR
o AaHHEIM GISP2 180, IIpEeACTaBACHHEIA B paﬁo-f
Te [Stuiver et al., 1995], mokazar HaAWYHE TPKED]
BBIPaKeHHEIX IEPHOANYHOCTEM B AnarasoHe 830— |
1050 ret. BeiiBaeT-anaaus GISP2 [Humlum et al, |
2011] TakKe MOKa3ar AOMUHUDPYIOIIHE HepI/Io.L\,l!!—i
HocTtH 1130—1140, 790—770, 560—590 1 390—
360 ret. B pa6orax [Bond et al.,, 1997, 2001] suipe- |
A€eHa XOPOIIIo BEIpasKeHHas TePUOAWIHOCTE ~ 1500
AeT, KOTOPast HOCUT Ha3BaHMe ITUKAOB Boraa nom
PeAEAsieTC BO BpeMsi TOAOLIEHa B OCHOBHOM I |
MaTepHaraM (pAYKTyallui B o6A0MKax aticGepro- |
BOTO AbAA. CoOBITHS BOHAA MOTYT GBITH MEKACA- '
HUKOBBIMHM @HAAOTaMH OCITHAAAITHHI AaHCTOpa— |
Otrepa 1470-AeTHe# IMKANYHOCTH C MATHUTYACH |
OKOAO 15—209% OT AAHHKOBO-AOAEAHHKOBOTO TEM- |
nepatrypHoro usMeHeHnus [Dansgaard et al., 1984} |
TaruM 06pa3oM, AAsI KANMATHYECKIX U3MEHCHHN
HanboAee XapaKTepHa IIePHOAMYHOCTE = 1470+ 500
Aet [Stuiver et al., 1995; Grootes et al., 1993]. Kpo-
Me TOro, B pabore [Bond, Lotti, 1995] noka3aHo,
YTO AMSI KAMMATHYECKUX U3MEeHEeHUEH TakKe Xapak-
TePHEI TMKAUYHOCTH ¢ ITeproaoM 2000—3000 aer.

Panee npuMenenntie MeTopsl Oypre-aHarR-
3a [AaHoBa, ITepeaniruH, 2013] u BeiiBAeT-aHA-
Ausa [ AaHoBa, Tlepearrun, 2015] Kk npeoGpaso-
BAHHOMY DSIAY PEKOHCTPYHPOBAHHLIX 3HaUCHHH
TeMIepaTypHl 3a ~ 50 000 AeT B IeHTPAABHOH Ya-
cte 'peHAGHANH TaKKe IO3BOAHMAM BLIAGAHTD OC-
HOBHBIE TADMOHHKH € Ilepuopamu B 2500, 1500,
1000 u 450 ret. CpaBHUBAA PEe3YALTATH IPHBE-
ACHHBIX BHIIIIe pab0T, MOKHO CAEAATh 3aKAIOYe-
HHe, YTO, HeCMOTPS Ha Pa3AMYHEIE PSALI, UCIIOAB-
3y€eMEIe AL BRIABACHHS 3HAYMMEIX 1€ PHOAMYHO-
CTeH, IOAYYEeHHl OAM3KNE 3HAYEHUS TePHOAHY-
HOCTeM.
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CIIEKTPAABHO-BPEMEHHOHW AHAAMU3 AAUHHOITEPHOAHBIX KAUMATUYECKHX PAAOS ...

Ananusuposats CBAH-apnarpammy Ha 50 000-
AeTHEeM OTpe3Ke BpEMEHH, YIUTEIBasA, YTO 3@ 3TOT
IIepUOA BpeMeHU HabAIOAAAOCH OTPOMHOE KOAH-
4eCTBO FApMOHMK, KparkiHe HeyA0OHO. [TosToMy mipo-
BOAMACS aHAAM3 U3MEHEHMs HDHEPIiH CTIeKTpa Kask-
AOU HHTepecyIoiel Hac TapMOHUKHU OTAEALHO. B
KayeCTBe aHAAM3UPYEeMBIX BEIOpaHEl TADMOHUKHI
c nepuopuyHocTamu B 2500, 1500, 1000 u 450 aet.

O6cysxpeHHe pe3yAbTaTOB HCCAEAOBaHHUS.
OnpeAeArM BPEMEHHOE OKHO AASI KaSKAOM U3 BHI-
OpaHHBIX TaDMOHUK BEAWYUHOM, paBHOM AAUTEAD-
HOCTU TapMOHUKH. CMeIIaTh OKHO BAOAB PSIAQ CAe-
Ba HanmpagBo 6yAeM C 3aAaHHEIM 1IaTOM, PABHEIM
OAHOMY OTcYeTy, T. €. 30 ropaM. AHAAU3Y IOAAE-
JXKHUT TOABKO TPAEKTOPHS CMelleHHsI BO BpeMeHH
MaKCHUMAARHOIO 3HAYEeHUS S3HEPTEeTUIECKOTO CIIEKT-
pa, IPHUCYIIETO AQHHON rapMOHMKe ((hbaKTHYEeCKHU
MOARI). YYUTHIBaSA, YTO B Ka4eCTBe IIara u3bpan
OAHH oTcueT, paBHbI 30 ropaM (3HaYeHUEe AUCKDET-
HOCTH ITpeoOpPa30BaHHOTO PsIAQd), B pe3yAbTaTe BU-
3yaAHM3aliy AQHHEIX PAaCcyeTOB NIOAYINM rpacduxk
HU3MeHEeHUS MaKCUMAaABHOTO 3HaUEeHUA JHEPreTH-
YeCKOTO CIIEKTPA, BLISIBASIONINN BCe TOHKOCTH AU-
HaMUKU BEIOpAHHON TapMOHUKYU BO BPEMEHH.

Bri6epeM IepBy10, OAAESKAITYIO aHaAu3y 2500
AETHIOIO TapMOHUKY. [1epuoAMYHOCTH, OAM3KHE K
2,5 THIC. A€T, IPOCAEKUBAIOTCA HA IPOTIKEHUN
35 280 aet: ¢ 49 830 o 14 550 et Ha3ap,. B nepu-
oA ¢ 14 550 o 10 020 Aet Ha3ap 3Ta rapMOHHMKA
CTAaHOBUTCS IIPAaKTUIECKH eAMHCTBEHHOM, UMEFo-
e MaKCUMaABHYIO SHEPTUIO U, CAEAOBATEABHO,
BAHMAIONIEN Ha KAMMAT TOH 310XH. B mocreaepHN-
KOBHIM IIEPHOA 3Ta IUKAUYHOCTE UCYe3Aa U OOAL-
1IIe He IIPOCAEXUBaAAch [AaHOBa, [lepennmu, 2013].

Anaanz ppaamMuku 2500-AreTHeM TapMOHUKH 10
Ka3aA ApKO BEIPaKEeHHYIO IEPUOAUYHOCTSE (pHC.
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3. a). BEIABA€HO HaAWYHE ABYX OTPE3KOB BpeMe-
HH, KOTAQ A@HHAs1 rTapMOHMKa UMeAa MaKCHUMaAb-
HYIO 3HePIHIO, a TaK)Ke OTPe30K BpeMeHH, KOTAa
MaKCHUMaABHAsl SHePIrusi rapMOHUKY OblAa HE3Ha-
YUTEABHO,

ITepBHIl IepHoOA MaKCUMyMa 3Hepruu (~ 220)
3aKOHYUACH OKOAO 35 300 AeT Hazap. Kak usse-
CTHO, AOCTOBEPHOCTbH PEKOHCTPYKIIUIM ADEBHETO
KAMMaTa ONIPEAEASIETCSI CTENIEHbIO HAAEKHOCTH pe-
KOHCTPYKIUHN HU3UKO-reorpaduiecKnx 06CTaHO-
BOK, CYIIIECTBOBABIIIUX B YCAOBUSX IOAOGHOTO KAU-
MaTa AAUTEABLHOE BpeMsi U OTPa3uBIINXCS Ha CO-
CTOSTHUM JKUBOTHOT'O MHPA ¥ PaCTUTEABHOTO II0-
KpoBa [Beanuko, flcamaHoB, 1986]. CArepoBaTeAB-
HO, HeOOXOAMMO COOTHECTH BBISIBACHHYIO AMHAMU-
Ky TapMOHHK C CYIIECTBYIOIINMH ITOKa3aTeAIMH
KAMMAaTHYeCKOHN U3MeHYHBOCTH.

Ha remnepaTypHO mkane (cMm. puc. 1) nepu-
OA MaKCUMyMa 3Hepruu crekTpa 2500-AeTHel rap-
MOHHWKHY XapaKTepU3yeTCs pe3KUMHU KOAeOaHUsAMU
TeMieparypkl ~ 10,0 °C u omuckBaeTcst HauGoree
CypoBoH (ha30ii MOCAeAHETO BIOPMCKOI'O OA€AEHE-
HUIST, OAHAKO AASI FOJKHEIX paiOHOB EBDOIIHI B 3TOT
IIEPUOA OTMeYaeTCsI posiBAeHUe Monoro-1llekc-
HUHCKOTO MeXAEAHUKOBHBS (BpsAHCKUHM HHTEpPCTa-
auan). Tak, B pabote [Beanuko, 1968] noka3saHa Au-
HaMMKa HaKOIIAeHUS AeCCOB PycCkol paBHUHH,
KOTOpasi CBUAETEABCTBYET O PE3KOM YBEAMYEHUU
MHTEHCUBHOCTH UX HAKOIIAEHUS B IIEPHOA II10C-
Ae 35 000 aet Hazap,. Bpems ot 32 A0 24 Tricaue-
AeTHM Ha3ap 6biA0 HauboAee TEeIALIM, 3TO HaXo-
AT IIOATBEPIKAEHHE IPH aHaAN3€e PacCeAeHHUs ye-
aroBeka B CeBepHoii EBpasun [Beauuxo u Ap., 2003;
AoayxaHoB, 2008], a Tak)Ke B pacIpoCTpaHeHUHR
IHPOKOANCTBEHHEBIX ACCOB [Aa3yKOB u Ap., 1981].
TaruM 06pa3oM, IEPBEIM MAKCUMYM SHEPTHUH IIpH-
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Puc. 3. UaMeHenue 3Hepruu citekTpa 2500-AeTHell rapMOHUKH (@), 1500-AeTHell rapMOHUKHU (6).
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XOAMTCS Ha BpeMsi pe3KuxX KorebGaHHUM TeMiepa-
TYPHI ¢ 60ABIITOH aMIAuTyA0M (~ 10,0 °C), xapak-
TepHu3ylolileecs: OLICTPHIM IIOBLIIIEHUEM TEMIIEPA-
TyphI (~ 100 AeT), a 3aTeM ITaAeHHEM Ha NPOTSIKe-
HUH HECKOABKHUX COTEeH AEeT.

Aanee caepoBaA OoTpe3oK BpeMeHH ¢ 28 000 o
18 600 AeT Hazap, KOTAA MaKCUMaAbHast SHEPIUs
2500-AeTHEV TapMOHUKHY OHING HE3HAUYUTEABHOMN
(cM. puc. 3, a). Ha TeMnepaTrypHOH IKaAe (CM.
pHC. 1) 3TOMYy IIePUOAY BPEMEHH COOTBETCTBYIOT
KOAe6aHUs TEMINIEPATYPh! ¢ HeOOABIIOH AMIIAUTY-
A0 (~ 2,0—5,0 °C). Ternoe MOAOTOLIEKCHUHCKOE
BpeMs CMeHHUAOCH TpUMepHO 20—18 ThIcAgeAe-
THUH Ha3ap MOXOAOAGHHEM, KOTAQ Pa3pOoCIIHHCS
CKAHAMHABCKHUHM AGAHUKOBLIM ITIOKPOB AOCTHUT CBO-
€r0 MAaKCUMAALHOTO PA3BUTHS. DTO OLIA IEPHOA,
TIO3AHEBAAMANCKOTO OAEAEHEHMS, BPEMsI YCTOMYH-
BO HU3KHUX TeMIlepaTyp {Beanuko, 1991; Ehlers,
Gibbard, 2004; Mangerud et al., 2004]. AaHHHEe
COBPEMEHHBLIX UCCAEAOBAHUHN CBUAETEALCTBYIOT
O TOM, UTO IIPEAEAbHAs I'PaHHIla pacIpoCcTpaHe-
HUS BAAAAHCKOTO OA€ACHEHHS I1IAQ B IIHPOTHOM
HallpaBAeHUH OT BuabpHIOCa K CMOAEHCKY, a 3a-
TeM Ha CeBepO-3anap K PRIGMHCKOMY BOAOXPaHU-
auty, o3epy Ky6ernckomy u rope Hataoma. IMosa:
HIOIO CTaAMI0 BaApaiiCKoOro MOKPOBHOTO OA€AEHE-
HUs XapakTepu3syeT OCTallIkOBCKOE OACACHEHHE
[IBapumaH, BoaoToB, 2008].

Bropoti oTpesok BpeMeHH,' Koraa 2500-areTHsIsT
rapMOHHUKa MMeAd MaKCHMAABHYIO SHEPIHIo (~ 250),
HavUHaACS OKOAO 18 600 aeT uHa3zap,. ITocae 10 000
A€T Ha3aA 5Heprus 3ToN rapMOHUKH Pe3KO CHHU-
XaeTcs NPakTHYeCKH A0 HyAeBBIX 3HaueHm. men-
HO 3TOT BpPEMEHHOH OTPE30K BHIAEASIETCST CTPEMH-
TEABHBIM NTaAeHueM TeMneparypbl. Hauaro cobri-
THUSI COOTBETCTBYET epuoAy 12 850 reT Hasap, a
KoHell — 11 450 AeT Ha3ap (cM. puc. 1). Konern
TIO3AHEro ApHaca AQTHPYEeTCsT BO3PaCTOM IIPHUMED-
HO 11 550 AeT Hazap, OIIEHEHHBIM C IIOMOIIBLIO Pa3-
AMYHEIX MeToAOB [Taylor, 1997 Spurk, 1998; Hug-
hen, 2000; Rapp, 2009]. ®akTHuecKH, OKOHIaHHE
3TOTO IEPHOAA COOTBETCTBYET HauyaAy caMOro Tell-
AOT0O ¥ BA@JKHOTO IEPHOAA FOAOIIeHa — ATAQHTH-
YeCKOMY IEPUOAY COTAACHO IIEPHUOAM3AITUY TOAO-
IleHa Ha OCHOBE MOAM(HUIIMPOBAHHOTO BapUaHTa
IIIMPOKO U3BECTHOM ITKaAH (cxeMHl) baurra—Cep-
HaHaepa. OHa IOCTpoOeHa Ha Pe3yABTATaX UCCAe-
AOBaHUH TOP(PIHUKOB AGHUH, KOTOPEIE MPOBEAN
HopBexell AKcenb bautT (1876) u mBep Pytrep
Cepuanpep (1910), 1 npeacTaBAsieT OGO IIOCAE-
AOBATEABHOCTH OCHOBHEIX KAMMATHYECKUX COOBI-
THH (IO MHEHMIO aBTOPOB CXEMBI, IEPHOAOB), UMEB-
mmx Mmecto B CeBepHoii EBporne ¢ KoHIIa TO3AHE-
T'O HEOIAEHCTOIleHa U A0 HACTOSIEero BpeMeHH.
Ilepuoau3zanus roaoreHa aast CeBeproit EBpasnu
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6bina yrouneHa H. A, Xorusckum [Xorusckui, 1987
Takum 0Gpa3oM, BTOPoi MakKCHMyM SHepruu 2500-
AeTHel TapMOHUKH IIPUXOAMTCS Ha TIEPHOA, KOTAR |
Ha 001eM )oHe YCTOMYHBOTO MOBLIIIICHHUS TEMIBe-
paTyp HaGAIOAAAOCH CTPEMUTEABHOE TTAACHHE TEM |
NepaTyphl, Ha3bIBaeMoe IIO3AHUM ADHACOM U aB-
ASIFOTIMMCST B TeOXPOHOAOTHMH 3aBEPIIAIOIIEM JTa-
IIOM MOCAEAHEro orepeHeHust {Mowuratir, 1973).

Chaepayroliasi FTapMOHUKE, TOAAEIK AT aHAAM-
3y, cooTBeTCTByeT 1500 roAAM U TPEACTABASIET BEF |
COKOYACTOTHYIO IIMKAMYHOCTL, Ha3bIBAEMYIO OC- |
[UAASIIMSIME AaHCrOopa— JIIrepa, KOTOphIE OmE- |
CHIBAIOT H3MEHEHUs TeMIIePaTyphHl BO3AYXA B ACK-
HPKOBEIA [IEPHOA, XapPaKTEPU3YIOMIHECST DE3KHMM §
U3MeHeHusAMH KauMaTa [Rapp, 2009]. O6mas kap- 3
THHA, OIIPEAEAAIONIAs AMHAMUKY MaKCHMAALHON |
SHepIuu crekrpa 1500-AeTHEN rapMOHUKY, O9eHl
6an3Ka Kk 2500-reTHel, 0OAHAKO 3HaYEHUS JHEPIHM |
cnekTpa 6oaslre (320—330), a korebaHUsI HMEIOT |
MIAGBHEIE ITIEPEXOAH (pUC. 3, 6). ToT dakT, uro 1500~
MAEeTHSIsSI TapPMOHUKA XapaKTepU3yeTcss OOABIIHMME
3HaYeHUsIMH 3HEPruH CIIeKTpa, YeM 2500-reTHAS, |
MOATBEDIKAQETCS €€ BhIABACHHUEM IIDH HCCAEAOBA- t
HUU AMIHHOIIEPHOAHHIX PSAOB C PA3AHYHON AHC- |
KpeTHOCTEIO [Dansgaard et al., 1984; Grootes et al, |
1993; Stuiver et al., 1995; Bond et al., 1997, 2001}

INepBrIit MaKCUMyM SHEPrUHU ceKTpa (~ 320)
HabAropaeTcst oT 46 300 Ao 26 800 AeT Ha33A, BTOpOR
MaKCHMyM SHepruw crekrpa (~ 330) — ot 18 600
A0 7800 AeT Hazap. Oba MaKCHMyMa COOTBETCTBO-
BaAH BpeMeHHU pe3KUX KoAebaHuM TeMIIepaTyps
€ GOABIIION aMITAUTYAOH. [leproa HaMMEeHBITINX 383
YeHUH MaKCUMAALHOM 3Hepruu crekrpa 1500-Aer
HeH TapMOHMKH XOPOIIO BLIPasKEH B IIDEAEAAX OF
26 800 po 18 600 reT Ha3ap,.

ITpuGAM3HUTEABHO TaKue Ke BpeMEeHHbIe Ipo-
MEXYTKH COOTBETCTRYIOT IIEPHOAAM MAKCHMyMOB
n muHMMyMa 1000-AeTHel rapMOHUKY (pHC. 4, a).
OTamums HaOAFOARIOTCSI TOABKO B 3HAUEHUSIX JHep-
THH A IIepBoro (~ 350) u BTOporo MakcCHMyMa
(~ 320). UaMmeHeHus sHepruy criekTpa 450-reTHe#
TapMOHHKH TAK>Xe COOTBETCTBYIOT OOIIlel KapTH-
He, HO 3Ta rapMOHHKa IIposiBAsieT cebs1 6oaee poB-
HO Ha NPOTSIXKEHUH BCETO IIOCAEAHETO AEAHUKO-
BOI'O NIepHOAA (pUC. 4, 6). MaKcuUMaAbBHEIE 3HATE-
HUS SHEPTHH CIIEKTPa B AEAHUKOBEIH IIEPUOA CO-
OTBeTCTBYIOT ~ 200, BO BpeMsi BTOPOT'o IIEPHOAQ MaK-
CHMYMOB HaOAIOAQETCsT Pe3KUH, KaK U BO BCEX APY-
IrUX TapMOHUKAX, CKavOK dHepruu (~ 320) B npe-
Aenrax 14 300 aeT Hazap,. IJTa AaTa XapaKTepu3y-
€T OKOH4YaHHe II0CAeAHET0 AEAHUKOBOTO MAKCH-
MyMa, HA9aA0 KOTOPOTO OTHOCUTCSI KO BpeMeHH
OKOAO 26—20 TBIC. A€T Ha3aA,

3akaroueHne. [TpOBEACHHLI CTIEKTPAALHO-Bpe-
MEHHOH aHaAM3 XapaKTePHRIX AAsI BOCCTaHOBACH-
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Puc. 4. U3menenne sHeprud cunekrpa 1000-areTHeit rapMoHUKH (a), 450-AeTHEN rapMOHUKH (6).

HOrO psipa TeMIIepaTyp BO3AyXa [EHTPAABHOHU da-
cTu 'peHABHAMY TapMOHUK (C IEPUOAMIHOCTBIO
B 2500, 1500, 1000 1 450 AeT) TOKa3aA, YTO AAS AVL-
HAMHWKHU BCEX TAPMOHUK XapPaKTEPHEIMU ABAAIOT-
CsI ABa II€PHOAA C MAKCUMAALHEIMY 3HAUEeHHAMH
SHepPruu cuekrpa. Bce rapMOHUKY XapaKTepu3ay-
FOTCSI MAaKCHMAABHBIMH 3HAYEHUSMU SHEPTHUH B IIe-
PHOABI CKauKOOOPa3HBIX M3MEHEHUHN TeMIIePaTy-
PBI BO3AYXa U, HAO60pOT, HAUMeHbIITHE 3HAYEHU
SHEPrUM HabOAIOAQIOTCS B II€PUOAB! MAARIX TEMITE-
paTypHBIX BO3MYILEHHHA,

AAs BCcex rapMOHUK BBISTBAEHA 3aKOHOMEPHOCTh,
HaOAIOAATOITIASICSA B AGAHWKOBBIM IIEPHOA, — C YMEHb-
IIeHueM epPHOAA TaApMOHUKH YBEAMYUBAETCS IPO-
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Spectral-temporal analysis of long-period
climatic series, the core of the Greenland
borehole as an example

© T.E. Danova, B.V. Perelygin, 2016

Spectral-temporal analysis of harmonics of restored series of air and temperature in the cent-
ral part of Greenland has revealed two periods with the maximal values of energy of the spect-
rum. It has been shown that the least value harmonic behaves stably in time. All harmonics are
characterized by the maximal values of energy during the periods of spasmodic variations of air
temperature, the least values of energy are observed during the periods of small temperature

disturbances.

Key words: the restored series of air temperature, spectral-temporal analysis, harmonics.
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