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AOCAIAKEHO €HEePreTHKY CIIEKTPAABHIX CKAGAOBHUX, OTPMMAaHUX 3a AOTIOMOTOIO BEeHMBAET-aHa-
Ai3y IIePeTBOPEHOTO PSIAY PEKOHCTPYMOBAHOI TeMIIepaTypy B eHTPAABHIN yacTuHI ['peHAaHAIL
3a AQHUMU ABOAOBUX KEPHIB. BUABA€HO OCIIMAALIT 3 DiKCOBAaHUM IIEPIOAOM i HeCTalliOHapHi OCITU-
Ad1il. YTOYHEHO BiK emi3oaiB XalHpixa. BeliBaeT-aHaAI3 AaB 3MOTY CIIIBBiAHECTH MOAiL 3 KOHKPET-
HUMU KAIMATUYHUMU SBUIIAMU Ta OI[IHUTHU €HePreTUKYy IIUX SBUIII.

KAro4oBi caroBa: AbOAOBI KepHU, PEKOHCTPYHMOBaHa TeMIlepaTypa IIOBIiTps, BeUBAeT-aHaAi3,

emizopmn XarHpixa.

BBepeHue. LJUKAMYHOCTD U pPUTMUYHOCTD M3-
MEHEeHUsI TAACOKAMMATOB OTMEUAAN MHOTHE UCCAE-
AoBaTeAr. Ho Takas IIMKAMYHOCTE He OBbIAa AOKa-
3aHa AO ITOSIBA€HUS AQHHBIX 00 M3MEeHEeHUH U30-
TOITHOT'O COCTaBa MHOTOAETHUX AEAHUKOBBIX Kep-
HOB. C cepepnnnl XX B. BCe OOABIITYIO POAB B U3Y-
YeHUW KAUMATUYEeCKUX CHUCTEeM IPOIIIAOTO UTpPa-
eT aHaAM3 KepPHOB M3 TAYOOKUX CKBa’KMH, ITPOOY-
PEHHBIX Ha A€AHUKAaX B 30HaX aKKYMYAIITUNA. AHa-
AU3 COAEPIKaHMS B AEATHOM KepHE AeUTepHs, MUK-
pOYacTHIl, TapHUKOBBIX I'a30B 1 N30TOIIOB yoKe 103~
BOAMA OII€HUTDH U3MEeHEeHUs TeMIIepaTyphl BO3AY-
xa 3a neprop okoao 800 Teic. AeT [EPICA ..., 2004;
Jouzel et al., 2007]. AeTarbHBIE TAACOPEKOHCT-
PYKIIUM TeMIIepaTypPhl CTPOSTCS Ha OCHOBE aHa-
AM3a U30TOITHOTO COCTaBa KEPHOB, & UMEHHO, ITPOo-
TIEHTHOT'O COAEPIRAHUS TIKEAOTO U30TOIIa KUCAO-
poaa 80 (ero cpepnee copepikaHme B IPUPOAE —
0KO0AO 0,2 % OT Bcex aToOMOB KUCAOPOAa). Moae-
KYABI BOABI, COAEPIKaIIe 3TOT U30TOII, TSKeree
WCTIAPSIIOTCS U AeTue KOHAeHcUpytoTcst. [ToaTomy,
HampuMep, B BOASHOM TIape Hap MOBEPXHOCTHIO
Mops copepskanue 180 HIKe, 4eM B MOPCKOH BO-
Ae. A B KOHAEHCAITUM Ha TOBEPXHOCTU (POPMUPY-
IOITUXCSI B OOAAKaX CHE)KHBIX KPUCTAAAOB OXOT-
Hee IPUHUMAIOT yIacTHe MOAEKYABI BOABI, COAED-
sxamue 180, 6raropaps ueMy UX COAepIKaHHe B
OCaAKax BBIIIIE, YeM B BOASTHOM Mape, U3 KOTOPO-
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ro 0CapKU (POPMUPYIOTCS. HeM HUJKe TeMIIepaTy-
pa bopMUpPOBaHUS OCaAKOB, TEM CUABHEE IIPOSIB-
ASIeTCSI AQHHBIHM 3 (DeKT, T. e. 6oAbIIe B HUX 80,
ITosTOMY, OIl€HUB U30TOMIHBINA COCTAB CHEra UAU
ABAQ, MOJKHO OII€HUTDH U TeMIIepaTypy, IpX KOTO-
pot GopMUPOBAAUCE OCAAKHU. Beira OOHApy KeHa
CBsI3b MEJKAY U30TOITHOU KPUBOU U3 'PEHAQHACKOU
ckBakuHEI Crete u KpuBBIMU TeMITepaTyp B AHT-
Aun u Mchraspun. OTH TeMIlepaTyphl PeKOHCTPY-
upoBaHbl AN TocAeAHUX 300—500 AeT IO Hape K-
HBIM 3aMUCAM IPSIMbIX HAaOAIOACHUU 3@ IIPUPOA-
HBIMU Ipolieccamu [ Grootes et al., 1993; Meese
et al., 1994; Stuiver et al., 1995, 1997]. Bce 3TO pa-
€T OCHOBAHMS PacCMaTpHUBaTh I'PEHAAGHACKUE AEA-
HUKOBBIEe KepPHBI B KQUeCTBe YyBCTBUTEABHOI'O eC-
TECTBEHHOI'O PETUCTPAaTOPa TeEMITePaTyPHBIX (DAYK-
Tyanuii B CeBepHOM IOAYIIIaPUHU U, B YaCTHOCTH,
B EBporne.

HukanunOCTU CpepHel tepuoprnaHocTy (5000
... 10 000 AeT) Ha3BaHBLI COOBITUSAMU XaWHpUXa U
BBIAEAEHBI KaK [IUKANYHOCTU PEe3KUX U3MeHeHUN
U30TOITHOTO COCTaBa AbAA B A6AHUKOBBIX KepHax
I'peHAGHAMY, TIPOSIBASIOINIUXCS B BUAE TUTAHTCKIX
ceppsKen. AUTOAOTHYeCKHE OCAAKU, COOTBETCTBY-
OITTMie COOBITHUAM XaWHPUXa, BEIAGASTFOTCS KaK CAOH,
HACHIIeHHbIe AeTPUTOM. [TocrepHUY TIepeHeceH
aricOepraMu B pe3yAbTaTe IIEPUOAUYECKOU HeCTa-
OMABHOCTH A€AOBBIX IIOTOKOB C CEBepoaMepuKaH-
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CKOT'0 AQBPEHTUNCKOTO AEAHUKOBOTO IIIUTA B Te-
yeHUe nocrepAHux 70—60 TrIc. AeT [ BacuabuyK,
2009]. TakuM 06pa3oM, TEPHUOABI HAKOTIAEHUS TUX
CAOEB U SIBASIIOTCS COOBITUAMU XaWHPHXa, IIOAY-
YUBIITUMU TOPSIAKOBBIE HOMEPa, BO3PaCTaroIIye o
Mepe YBeAUeHusI Bo3pacTta. AQTUPOBKa COOBITHM
XaHpuxa He SIBASIeTCS IIPOCTOM 1 3aKOHUYEHHOU
npoiieaypoi. B paborax [Hemming, 2004; Vidal
et al., 1999; Bond, Lotti, 1995; Bacuapuyxk, 2009]
MIPEATTPUHSITEL Pa3AUYHBIE TIOAXOABI K AQTUPOBKE
coObITUYM XanHpuUXxa.

OOBEKTHI U NICXOAHBIE MaTEPUAABI HCCAEAO-
BaHM4. B uccrepoBaHmu OypeM OIIUPATHCS Ha AQH-
HEBle, IIOAYUYeHHEBIe OT ABYX HauOoAee U3BECTHBIX
13 IPOOYPEHHEBIX B ' DeHAQHANN 3@ IIOCACAHUE YeT-
BepTh Beka ckBaykuH — GRIPu GISP2 [Grootes et
al., 1993; Meese et al., 1994; Stuiver et al., 1995,
1997]. AHaAU3 COCTOSTHUSI A€AOBBIX KEPHOB AQeT
[IOAHYIO KapTHHY 00 U3MeHEeHUIX KAUMaTa 3eMAU
U COCTOSTHAM aTMOC(QepHI B IPOIAOM. COXpaHUB-
IITeCsT HACAOEHUS AbAQ TIO3BOASIIOT AEAATh BBIBO-
MBI O 3HAUEHUSIX 1 XOAE TEMIIEPATYP AAAEKHUX 310X
c 1% ommobkol [Grootes et al., 1993; Meese et al.,
1994; Stuiver et al., 1995, 1997]. BoccTanHoBAeHHasA
TeMIlepaTypa BOo3AyXa B IPU3eMHOM CAOE B IIeHT-
paArbHOM YacTu ['peHAaHANM 3a TTocAaepHue 50 ThIC.
AeT OBIAA NIOAYyYEeHA Ha OCHOBE QHAAN3a CTAOMAB-
HBIX U30TOIOB N, 1 Ar, IIOAyYEHHEIX U3 A€AOBEIX
KepHOB. OHa OTpa’kaeT XOA 3UMHUX 3HAUEHUU TeM-
IepaTyphsl BO3AYXa, KOTOphble OAU3KU K CPEAHe -
TOAOBBIM TeMIlepaTypaM [MonwuH, 1982]. PekoHCT-
PYHPOBaHHbIE 3HAUEHUS TEMIIEPATYPHI 3@ IIOCAEA-
uue 50 TeIC. AeT mpepocTaBaeHbl World Data Center
for Paleoclimatology, Boulder, USA (www.ncdc.noaa.
gov/paleo/datalist.html). 3T pAaHHBIE TPEACTAB-
ASIOT COO0M HabOp TOueK, (PUKCUPYIOMINX U3Me-

HeHUe TeMIIepaTyphl BO3AyXa B HEPETyASIpHbBIe MO-
MeHTHI BpEMEeHH.

AAs nccaepAOBaHUS ObIA UCIIOAB30BAH IPeo0n-
Pa30BaHHBIN PsA PEKOHCTPYUPOBAHHBIX 3HAUEHUN
TeMIlepaTyphl IPpUMepPHO 3a 50 THIC. A€T (TOYHee
— 3a 49 830 AeT). AAST 3TOTO U3 UCXOAHOTO PSIAA
Oblra cpopMUpPOBaHa BEIOOPKa 3HaUeHUN TeMIle-
paTyphl uepes kakaple 30 AeT [MonnH, 1982] (puc. 1).

TaxkuM o6pa3om, AAMHA Psiaa cocTaBAsieT 1661
3Ha4eHue. A mepuop BEIOOPKUA BeAndnHOM B 30 AeT
CBsI3@H C TeM, YTO CMeHa TeHAEHITUHN B M3MeHeHU!
AABAEHUS U TeMIIlepaTyphbl M CMeHa THUIIa aTMO-
c(hepHOM HUPKYAILINUA BAEKYT 3@ COOOM COOTBET-
CTBYIOIIIVe U3MEeHEHUs B YTAOBOM CKOPOCTH Bpa-
meHus 3eMAU. [ Ipu NOHM>KEeHHOU 4acTOoTe IIOSIB-
AeHMSI MEPUANOHAABHON (DOPMBI IUPKYASAIINY Ha-
OAIOAQeTCS YCKOPEHUe BpallleHUusa 3eMAM, U Ha-
obopor [Pyases, 1998]. OTa TeHAeHIINA UMEET KBa-
3UNEPHUOANYECKUM XapaKTep C IPUMepPHEBIM Ile-
puoapom B 30—35 AeT. 3aMeTnM, 4TO KpaTHLIE Tap-
MOHUKHU C tepruopamu = 30 + 60 AreT XxapaKTepHBI
AASI CTEPUYECKUX KOAeOAHUM YPOBHSA MUPOBOTO
OKeaHa, TAOOAABHOM TeMITePATyPhL BO3AYXa U TEM-
nepaTyphl IOBEPXHOCTU OKeaHa [['AoK, MaamHuH,
2011; Kasimiropus, AtooymkuH, 2005].

Temneparypa Bo3ayxa 3a 49 830 AeT nipeTeprie-
BaAa 3HAUUTEAbHBIE U3MeHeHus (cM. puc. 1). O06-
11IeU3BECTHO, UTO AIOOBIE IEPUOANYHOCTH KOAeDa-
HUSI aTMOC(epHON HUPKYASIIUY IIPOSIBASIIOTCS Ha
MIPOTS>KEHUM HEKOTOPOT'O BpEMEHHOI'0 MHTEpBara
(AeCATKY, THICAYU UAM MUAAMOHBI AET) U CO BpeMe-
HeM U3MEeHSIOTCSI MAH ICUe3al0T ITIOAHOCTHIO [Kasii-
TopuH, NtoOy1IKuH, 2005]. Kaykpas HUKAUYHOCTD
uMeeT CBOIO Mepy YCTOMUYMBOCTH BO BPeMEHU U
5THUM IIMKAAGM COOTBETCTBYET OIIpeAeAeHHas Hep-
reTHUKa, KOTOpasl 3aBUCUT OT MHOTUX BHEIITHUX U

AeT mazay,

Puc. 1. IlpeoOpa3oBaHHBIN pPsiA PEKOHCTPYMPOBAHHBIX 3HAUEHUN TeMIIepaTyphbl B II€HTPAABHOM 4YacTHU
I'peHAGHAUUM C AUCKPETHOCTBIO 30 Aer.
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TTPUMEHEHWE BEUBAET-AHAAU3A AN YTOYHEHUA BO3PACTA COBBITUM XAHHPUXA

BHYTPEHHUX KAUMATOOOpa3yroIInx (pakTopos. I'lo-
3TOMY BaKHOU 3apadell sIBASIETCS BEISIBACHUE He
TOABKO SHEPreTUYECKH 3HAUMMBIX TIEPUOAOB KOAE-
OaHuM, HO U MPOSIBAE€HUS HanboAee "sSpKux’ nepu-
OAMYHOCTEM B KAUMATUYECKOU CUCTEME TAAHETHI.

MeToABI HCCAEAOBaHUS. B paboTe caeraHa
IIONBITKA YTOUYHEHUSI BO3pAaCcTa COOBITUY XalHPH-
Xa Ha OCHOBe BeWBAeT-aHaAU3a. AAS UCCAEAOBaA-
HUS BOCIIOAB3yeMCsI OAHOMEPHBIM HeIIpePBhIBHBIM
BelBAeT-IpeoOpa3oBanmeM. 1o anaroruu ¢ pypne-
nmpeobpa3oBaHUEeM BeUBAET-TIpeoOpa3oBaHUe —
9TO TaKoe JKe pPa3AroykKeHHe CUr'Hana B psip Oasuc-
HBIX (DYHKIIVY, IOMHOXEHHBIX Ha OIIPEACACHHEIE
Koa(purnmeHTsL. ba3ducHoM (OhyHKIIKEN PSAQ B 3TOM
cAydae SIBASIeTCSI He TapMOHUKQ, a TaK Ha3bIBae-
MBIY BeliBAeT. B o01ieM caydae hopMyAa IpsAMO-
r'O HEIIPEPHLIBHOT'O BEUBAET-IIPEOOPa30BaHU BhI-
TASIAUT CAeAyroIIUM oOpa3oM [CmoaeHneB, 2005]:

W(a,b) =

_1/2 Xx—-b

s(x) a dx, (1)

— oo

rae W(a, b) — coBokymHOCTBL BeHBAET-KO3(DPUTTI-
€HTOB, Hecylllasl BCIO NH(POPMAIUIO O CUTHAAE S.

I'Tpu nocTpoennn psipa 6a3UCHBIX PYHKINUNI ''Ma-
TEPUHCKasd ' BeMBAET-(DYHKIIUS IIPEACTABASIETCS CBO-
UMU Pa3AUIHBIMU COKaTBIMU UAYM PACTSIHYTHIMU Bep-
CUSMHU, CMellleHHBIMU B OlIpeAeA€HHbBIe MecTa Ha
BpeMeHHOM (KOOPAMHATHOM) OCH CUTHaAa. AHaAU-
TUYECKU (PYHKIIUS 3aIIMCHIBAETCS Kak

1 x—-b

‘I’(X)=ﬁ\vo a |

2

TAe a — TapaMeTp, 3aAAOIIUM CTelleHb CRATHUS
VAU PacTaKeHUd (MacliTab) BeBAeT-(OYHKIINY,
b — mapamertp, 3aparomui cMeleHre PYHKIIUY
110 KOOPAMHATHOM (BpeMEeHHOII) OCH, | — caMa
""MaTepuHCKasa" BeUBAET-PYHKIUA, YAOBAETBOPSI-
IOIlast OIIPEAEAEHHBIM YCAOBUSIM.

AN OCyILIeCTBAEHNS BEUBAET-IIPe00Pa30BaHUA
0a3uCHBIE BEMBACT-(PYHKIIUN AONKHEBL YAOBAETBO-

PSATH CACAYIOIINUM YCAOBUSAM ! +

— AOIIyCTUMOCTH (HyA€BOTO CPEAHETO f v (x)dx=

— o0

:0);

— OTPAHUUYEHHOCTU (BEUBAET AOAKEH 0OAAAATH
+ oo

KOHEYHOM SHepruet, T. e. J. (X)) Zdx < ool);

— o

— AOKaAU3alVM (BEUBAET AOAKEH OBITH AOKAAU-
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30BaH BOAW3M HYASI apTyMeHTa KaK BO BpeMeH-

HOM, TaK U B YaCTOTHOM ITPOCTPAHCTBE);
— aBTOMOAEABHOCTHU Oasmca [AcTtadbeBa, 1996].

B oTanuue oT rapMoHUK Ipeobpa3oBanug Dy-
pbe, AOKAAU30BAHHBIX TOABKO B 4aCTOTHOM 00AQ-
CTH ¥ TPEAOCTaBASTIONINX MH(POPMATIINIO TOABKO O
YACTOTHBIX CBOMCTBAX CUTHAAQ, BEUBAET-(DYHKITUYU
MMEeIOT YaCTOTHO-BPeMEHHYIO AOKaAnU3aInio. B auc-
KPEeTHOM CAyYae IIapaMeTph a 1 b M3MeHsI0TCs Ha
AMCKpeTHEIe 3Hauenus a=2! u b=k2), raeju
k — mjearte ymcaa. B aToM cAydae HeNpephLIBHBIN
BEUBAET-aHAAM3 [IPEBPAIIAeTC B KPAaTHOMACIITAa0-
HBIM BEUBAET-aHAAU3, U TOTAQ BEUBAET-(DYHK-
nus 6ypeT UMeTh BUA,

Vi k=

a Irpsamoe BeﬁBAeT-HpeOGpaSOBaHI/Ie 3alIUIIeTCsa
TakK:

W(j, k)=

+ oo

- s(x)a‘j/zw(x—b/aé )dx. (4)

— oo

Vaesa kpaTHOMAaCIITaOHOIO aHAAM3a 3aKAI0Ya-
eTCs B TOM, YTO Pa3A0O’KeHUe CUTHaAd IIPOU3BO-
AUTCS IO OPTOrOHAABHOMY 0a3ucCy, 00pa30BaHHO-
MY CABUTaMM U KPATHOMACIITAOHBIMU KONUSIMU
BelBAeT-pyHKINH. [Tpy 3TOM BBOAUTCS TaK Ha3bl-
BaeMast MaCIITaOMPYIOLIAs UAU CKEMAUHT-(DYHK-

+ oo

1mst @ (X) ¢ yeAOBUEM HOPMUPOBAHUS f [0) ( x) dx=1.
3OT0 — 6a3uc pa3roKeHus1, POpMUPyeMBIN Ha OC-
HOBe BeUBAeT-(DyHKIMN. B KpaTHOMACIIITaOHOM BEUB-
AeT-aHaAM3e CUTHAA pacCMaTpUBaEeTCs IIOCPEACT-
BOM IIOCA€AOBATEABHBIX TPUOAUKEHUM ero pop-
MBI C Pa3AUYHOM CTelleHbIO AeTarm3anuu. [1pu-
OAVDKeHUe (aIIITPOKCUMAIINS) CUTHAAA 38AQ€TCS UTe-
PanMOHHON POPMYAOH:

5;(x) =X W(j k) o i (x). (5)

3apaeTcs Kak Obl MacIITab pa3rosKeHUd (Ae-
KOMIIO3UIINHY) U IPEACTAaBAEHUS CUTHaAQ. [ Ipraem
MacIITad UAY TAyOMHA PA3AOIKEHUS 3aAAeTCsI He-
TIOCPEACTBEHHO TTapaMeTPOM a BeNBAeT-Ko3(pdu-
IWEeHTOB (HOMEPOM j) — 3TO AEKOMIIO3UITUS CHUT-
HahAa YpoBHS j. HyaeBoM ypoBEHb — 3TO HCXOA-
HBIM curHaA. ECAM HCTIOAB3YyeTCS OPTOrOHAABHBIN
BEUBAET, TO AAS @aHaAU3a 001Iei OPMBL CUT'HAAA
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npuMeHsieTcs 6a3uc @ (X), a AAd aHaAM3a AOKAAb-
HBIX OCOOEHHOCTEel CUTHaAa — COOTBETCTBEHHO
Gasuc y (X).

B BeliBAeT-aHaAU3e, KaK U B Dypbe-aHAAU3E,
TOXKe CyIIeCTBYeT IIOHATHE CIIEKTPa CUrHana. Belis-
AET-CIIEKTP ITPEACTaBASIET COOOM TpexMepHOoe U300-
paxkenune koapdurmerntor W (a, b). I'lo ocu abe-
IIFCC OTKAAABIBAETCS KOOPAMHATA (BpeMsi) b cur-
HaAa, IO OCH OpAMHAT — 3HaueHMsd Macmitaba a,
a BAOAB TPEThEU KOOPAWHATEI — 3HaYeHUs KOdd-
(pUITEeHTOB, HOMepa j KOTOPBIX COOTBETCTBYIOT AUC-
KPETHBIM 3HaYeHUsIM MacITaba Ha OCH OPAMHAT.
Homepa ko3(hdUIineHToB BAOAL OCH OPAUHAT CAE-
AVIOT OT HYA€BOTO (CaM CUTHaA) A0 HauOOABIIIETO
3HaueHUd (rpybas KoIusg CUrHara). Takom BeUB-
AeT-CIIEKTP NPEACTaBASIET COOOUN HEKOTOPYIO pe-
ABe(PHYIO IOBEPXHOCTEL U HECET B cebe nH(popMa-
IIVIO O AETAASIX CUTHAAQ, He 3aMeTHBIX Ha OOBIY-
HoM criekTpe Dyphe, HaIpuMep O pa3pklBax, U3-
MEHEHUAX 3HaKa [IePBOU ¥ BTOPOU IIPOU3BOAHOU
u T. A. [TpaBUABHOE AeluprupoBaHUe BEUBAET-
CIIEKTPa MOJKET AQTh ITIOAHYIO MH(OPMAIHIO O CUT-
Hane. CrIocoOBI BU3YaAU3alliy 3TOU NH(OpMaIuu
MOTYT OBITH PA3AWYHBIMU. BMeCcTO n300pakeHus
IIOBEPXHOCTEM YacCTO IPEACTABASIIOT UX IIPOEKITUN
Ha MAOCKOCTh ab ¢ M30AMHUAMY, TTO3BOASIOIITUMU
IIPOCAEAUTH 3MEeHEeHVe MHTEHCUBHOCTHY aMIIAUTYA,
BeUBAET-TIpeoOpa30BaHus Ha pa3HbIX MaciITadax
BpeMeHHU [AcTtadneBa, 1996].

I'lpu npoBepAeHNY BEUBAET-AHAAM3A Ba)KEH BbI-
Oop camMoro BeMBAeT-0a3uca, T. e. BeliBAeTa. Ero
HeOOXOAUMO IOAOUPATH II0 BEIOPAHHOMY KpPUTe-
PUIO OITUMAABHOCTU. BEIOOP IAyOUHEBI pa3aoike-
HUS AOAJKEH 00ecIieurBaTh IPeAOCTaBAEHUE BCeX
0COOEHHOCTEelN CUTHaAA ITPU 9KOHOMUU BHIYUCAU-
TeABHBIX pPecypcoB. [IpuMeHeHNe MeTOAOB BEUB-
AeT-aHaAM3a IT03BOAsIET BHIAEAUTEL HauboAee 3Ha-
YUMble IePUOAUYHOCTU B COOTBETCTBUM C BEAU-
YUHOM SHEePI'uH, KOTOpask IPUXOAUTCS Ha KajKA0e
KonebaHue. Oypre-aHaAn3 He IPEAOCTABASIET WH-
dopMaIm 0 BKAGAE B CIIEKTP Pa3HBIX BPEMEHHBIX
IIePHOAOB @HAAU3UPYEMOTO PSIAQ, T. €. OH He 00Aa-
AAEeT CBOMCTBOM BpPeMeHHOM AoKaAu3aIiiuu. [Tpea-
AaraeMoe AASL UCTIIOAB30BAHUSA BEUBAET-IIPeoOpa-
30BaHNUeE OAHOMEPHOTO PIAA ITIO3BOASET IIOAYYUTH
ABYMEDHBIM MaCCUB 3Ha4eHUU KO3(POUITUEHTOB
W (a, b). Pacripepesenne 3TuX 3HAYEHUM B IIPOCT-
pancTBe (8, b) — mo BpemenHOMY MacIirtaby v BO
BpeMeHM — A@eT MH(POPMAIIUIO 00 3BOAIOITUM SHEP-
reTUYeCKOTO BKAAAA B BEMBAET-CIIEKTP IIPOIeCCOB
Pa3HoOro BpeMeHHYyTO Maclrraba. BeBaeT-crieKTp
IIO3BOASET He TOABKO BBHIIBUTH IEPUOAUYHOCTH B
CAy4aWHOM IIpoliecce, HO U IPOCAEAUTH AWHAMU-
Ky U3MEHEHUN IePUOAOB KOAeOAaHU BO BpEMEeHNU
[AcTacdreBa, 1996].

168

B cTaTbe OBIAM IPDUMEHEHBI METOABL BEUBAET-
aHaAM3a K IpeoOpa30BaHHOMY PSIAY PEKOHCTPY-
UPOBAHHBIX 3HAUEHUM TeMIIepaTyphl B IIeHTPaAb-
HOM JacTu ['peHAaHAUYN. AHAAN3 IIPOBOAUACS C TI0-
MOIIIBIO TTaKeTa MPUKAAAHBIX ITporpamMm \Wavel et
CHCTEMBI KOMITBIOTePHOM MaTeMaTruku Matlab. Aast
BU3yaAM3aluu ObIAA BEIOpaHa IIPOEKTUBHASA Pop-
Ma OTOOpa’KeHMsI Pe3yAbTaTOB PACYeTOB BeHBAET-
CIIEKTPOB, IOTOMY UYTO Ha HeW Aydllle HaOAIOAQ-
IOTCSI OCOOEHHOCTH IIPOIecca, a Ha TPeXMepHOM
CIIEKTPE UX PAaCCMOTPETh CAOKHee (CPaBHUTEH PHUC.
2, au 0). AAd aHaAU3a BEIOMPAEM BEUBAET, UMe-
IOITUM AOCTATOYHO Y3KYIO U CUMMETPHUYHYIO aMII-
AUTYAHO-9aCTOTHYIO XapPaKTePUCTUKY U, 3HAUMT,
XOPOIITYIO pa3pelIaolyio CIOCOOHOCTD T10 YaCTO-
Te M B TO K€ BpeMs KOMIIaKTHBIN HOCUTEAb, UYTO
obecrieunT XOpoIllee BpeMeHHOe pa3pellieHne. OTUM
TpeOOBaHUSM YAOBAETBOPSIET BXOAAIINN B KOMII-
AEKT TTaKeTa CUMMETPUYHBIN BeMBAET Symb (puc.
2, B, r). 'nyOuHy pasnoskeHUst YUCA€HHO BbIOMpPa-
eM paBHOM Pa3MepHOCTH aHAAU3UPYEeMOTO Mac-
CUBa AQHHBIX AASL TOTO, YTOOBI HE IIPOIYCTUTD OCO-
OEHHOCTHU AOATOIIEPUOANYECKUX IIPOIECCOB BHYT-
PH TPEYTOABHUKA AOCTOBepHOCTU. [Tpu Oonee ae-
TaABHOM aHaAW3e KOPOTKOIIEPUOANYECKUX IIPO-
I1eccoB OyAeM YMeHBIIATh TAYyOUHY Pa3AOsKeHUs
AN YAYUIIEHUS HaOAIOAQEMOCTHA OCOOEHHOCTEMN.

Pe3yabTaThl aHaAM3a. AHAAW3 BCETO PSIAQ AAU-
TeAbHOCTBIO 49 830 AeT ¢ puckpeTHOCTEIO 30 AeT
TIOKa3an HaAWdre MHOTOYPOBHEBOM CTPYKTYPHI, Xa-
paKTepu3yIolel BpeMeHHYIO AUHAMUKY BOCCTA-
HOBAEHHOM I10 AQHHBIM A€AOBBIX KEPHOB TeMIIepa-
TypHI Bo3payxa I'peHranpun (puc. 3).

Bepxuui1 ypoBeHb NIPpEACTaBACH OAHUM KPYII-
HOoMacIITabHbIM coObITHeM 28 000 AeT, KOTOpoe
MAVIAOCE OKOAO 29 250 AeT, U XapaKTepUu3yeT AeA-
HUKOBBIU IIepuoa,. [ TpakThuecKu BCSI BpeMeHHas
AUHAMMKa aHaAM3MPYeMOTO IIpoliecca COCpeAo-
TO4YeHa B Macirrade Ao 15 900 aeT, KOTOpast, B CBOIO
ouepeAb, TaKKe AeAUTCSI Ha HECKOABKO YPOBHEN
(cm. puc. 3, a). B cpepHEM ypOBHE MOJKHO BBIAE-
AUTBH KPyIIHOMAaCHITaOHbIe TepPUOAUYHOCTH: TIep-
Boe coObiTHe (14 100) pamTerbHOCTRIO 15 450 AeT
patupyetcs nepuopoM 36 030—20 580 aet, BTO-
poe (13 100) pauTeabHOCTBIO 2550 AeT pAaTUPYET-
cs tepropoM 20 580—18 030 aeT. DTH cOOBITHS Ha-
YMHAIOTCSI B CepeArHe IIOCAEAHETO AeAHUKOBOTO
IIeprOAA M XapaKTepU3yIoT NUKOBOe BrucamHCcKoe
onepeHenne. CoOriTre Macirrabom 15 900 aeT pa-
THUpyeTcd nepuopoM 11 430 — Hallle BpeM4 U Ha-
YMHaEeTCsI AAMEpPeACKUM IOTeIAeHeM, BKAIOUaeT
B ce0s TIO3AHNUM ApUac 1 COBPEMEHHBIN TOAOIIEH.
AAst TOAPOOHOrO aHaAru3a 0oAee KOPOTKOIIEPUO-
AMYECKUX IIPOIECCOB PA3A0KUM TOT JKe PSA Ha
MEeHBIIIYIO TAYOuHY (CM. puc. 3, 0).
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Puc. 2. OroOpa’keHre OAHOTO U TOTO JKe BEMBAET-CIEKTpPa B BUAe CKeAeTOHA (@) U TPeXMEePHOTO
uzobpaxenus (6), popMa BerBAeTa SYyM6 (B) M ero 4acTOTHas XapaKTepHUCTHKA (I).

M3BecTHO, 4TO COOBITHSA XalHPUXa — CpeAHe-
yacToTHbIE (ITUKAUYHOCTEB 5000 ... 10 000 AeT) u3-
MEeHEeHUs B COCTaBe AOHHBLIX OTAOKEHUH B Teye-
HUe nTocaepHnX 70— 60 TBIC. A€T C PUTMUYHBIM
yepeAOBaHHEM CAOEB C BAAYHAMHU (IIOPOKAEHHBI-
MU OBICTPBIM OOpa3zoBaHueM aucOepros B CeBep-
HOM ATAAQHTHKE) ¥ TOPU30HTOB, CAOKEHHBIX OTHO-
CUTEABHO TOHKOOOAOMOUYHBIM MaTrepruaroM. COOBI-
Tig XalHprXa UMeIOT TOPsAKOBEIE HOMepa, BO3-

pacTarolye ¢ AABHOCTBIO. CpepAHU YPOBEHB 3TOU
MHOTOCAOMHOU CTPYKTYPHI XapaKTepU3yIOTCs CO-
ObrTraMu: iepBoe (Macirad 6800) AAMTEABHOCTBIO
7200 reT paTUpyeTcs mepropoM 45 630—38 430 rer
U npeapcTaBaseT coooit H-5. I'lo patrpoBke [Hem-
ming, 2004 ] mepBoe cOOBITHIE MOKHO MHTEPIIPE -
THUPOBATh Kak H-5 (5-e coOnITHEe XattHpuXa) OKOAO
45 TeIC. AeT Ha3ap,. Bropoe (5800) AAUTEABHOCTBIO
3300 reT paTupyeTcs nepuopoM 35 130—31 830 reT

Puc. 3. CkereTOH BeUBAET-CIIEKTPa, MOAYYEHHBIM IIPU aHaAW3e BCero pspa Temieparyp (1661 3HaueHue)
c TAyOuHOU pasaroskeHusa 1661 (a) u 450 (0).
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U TIPEACTaBAsIeT COO0M H-4, coBmapaeT C AQTUPOB-
Koy [Vidal et al., 1999; Bacuabuyk, 2009]. TpeTne
coorrTre (9750) pautensHOCTBIO 1800 AeT paTHDY-
eTrcs rmepuopoM 29 130—27 330 AeT, IpeACTaBAS-
eT coboit H-3 u coBmapaeT ¢ paTupoBKO# [Bond,
Lotti, 1995; Bacuapuyk, 2009]. HeTBepTOe cOOBITHE
(4500) pruterpHOCTBIO 900 AET AQTHPYETCS IIePU-
opoM 23 730—22 830 aeT, mpepcTaBAsieT coboit H-2
U COBIIaAQeT C AaTUpoBKoM [Hemming, 2004; Bond,
Lotti, 1995]. CaepyeT 3aMeTUTE, YTO 3TH COOBITUS
HabOAIOAQIOTCSI B A€AHMKOBOM Ileproae. Kak Bu-
AWM, A 9TUX COOBITUM XapaKTePHO YMEHBIIICHNUE
AAUTEABHOCTU. Aaree MOJKHO OTMETUTE ellle ABa
COOBITHS, OAM3KUX I10 MACIITaly, UMEIOIINX OTHO-
IIIeHNe K TOCAEAEAHUKOBOMY IIEPUOAY: HISITOE CO-
obrtre (5900) pamTenbHOCTRIO 1780 AT AQTUPYET-
ca nepuopoM 14 580—12 800 aeT, mpeacTaBAgeT
coboit H-1 u coBnapaer ¢ paTupoBkol [ Vidal et
al., 1999; Bacuawuyk, 2009]. IlecToe coobrTe (4200)
AAATEABHOCTBIO 7200 AeT AaTUPYETCSA IIEPUOAOM
11 130—3930 AeT, 3aXBaThIBAET IEPUOA AANEPEA-
CKOTO MOTENAEHUS, IIO3AHUU ApHUac 1 ATAQHTHU-
YEeCKUM ITIePUOA — CaAMbIU TETIABIN U BAGKHBIU T1e-
puoa roaolieHa. [ ToayuyeHHyIO HaMU AQTUPOBKY CO-
OblTH XaHpUXa IOMECTUM B TaOAULY. AaHHBIE
TaOAMITBI IOATBEPIKAQIOT, YTO COOBITUS XauHpUXa
SIBASIIOTCSI CPDEAHEUYACTOTHBIMU (HUKAMYHOCTE 5000
... 10 000 AeT), ToabKO H-0 (BLIAGAEHO SKUPHBIM ITTPUQ-
TOM) BBITI@AQET M3 3TOTO IIpaBura — Meskay H-0 u
H-1 Bcero 3450 aer.

Bo3MoskHO, B 3TOT eprop, HabAIOAAAOCH COOBI-

THe, IPUBeAlIee K KAUMaTUUYeCKUM U3MEeHEHUSM,
koTopele [Hemming, 2004] naTepnpeTHpoBan Kak
H-0. A BBISIBA€HUS IPUYMHBI BO3HUKHOBEHHS CO-
obiTusz H-0 mpoBeaeM AOTIOAHUTEABHBIE UCCAEAO-
BaHUS BPEMEHHOTO IePU0AA, B KOTOPOM HaOATO-
DAAOCH AQHHOEe COOBITHE. AAST 3TOTO PaCCMOTPUM
CKEAETOH, IIOAYYeHHBIN IIPU aHAaAW3€e 9acTH PSAA
TeMIIepaTyp, IPEACTABASIIOLIEY OO beAUHEHNE TTe-
PexXoAHOTO IepruoAa 1 Halllero Bpemenu (708 3Ha-
4eHMU), C TAyOnHOU pasaoskeHus 600 (puc. 4). O
PEAEAVIM AAUTEABHOCTD IIEPEXOAHOIO IEPUOAA B
21 270 AeT. OCHOBHOE COOBITHE ITOTO PIAQ UMe-
eT Macwrad 16 230 AeT, MAaKCUMYM KOTOPOTO (DUK-
cupyetcst oKoAo 8350 AeT Hazap,. CoOvITHE BepX-
HETO CAOSI MOJKHO MHTEPIPEeTUPOBaThH KakK Ipo-
IIeCC YCTOMYHUBOTO POCTa TeMIIepaTyphl BO3AyXa
B CeBepHOM IIOAYILIAPUAY, KOTOPBIA XOPOLIO IIPEA-
CTaBA€H Ha pHUC. 4, a. DTOT IIPOIIECC IPOAOATKAN-
CsI BIIAOTB A0 6935 AeT Hazap,, UYTO XOPOIIIO COOT -
BeTCTBYeT ATAaHTHYeCKOMY Itepuopy (5000—8000
AEeT Ha3ap) — CaMOMY TEIIAOMY U BAQKHOMY IIe-
PHOAY TOAOIIEHA.

[MaaeoreorparueckKuM 3TaAOHOM IIEPHUOAN3a-
IIUM TOAOIIEHA CAYKUT MOAU(DUIIUPOBAHHBIN Ba-
PHAHT IIUPOKO U3BECTHOU IIKAABI (CXeMBbl) BanT-
Ta—CepHaHpepa. OHa ITOCTpoOeHa IO pe3yAbTa-
TaM UCCAEAOBAHUN TOP(PAHUKOB AGHUH, KOTOPBIE
npoBeAu HopBeskell AKceab bautt (B 1876 1.) u
mBep, Pyrrep Cepranpaep (B 1910 1.), nipepcTas-
AsieT cOOOM ITOCAEAOBATEALHOCTH OCHOBHBIX KAH-
MaTU4eCKUX COOBITHY (10 MHEHHIO aBTOPOB CXe-

Macmra6 (ropsl) m BpeMs (ThIC. A€T Ha3ah) HavyaAa coObITUM XaMHpHXa

Macrrtad
COOBITUS

OxoHuaHUE
COOBITUS

Hauano
COOBITUS

Homep
COOBITUS

HNHuTepBan coObITUA AQTHPOBKa COGBITHIA

XanHpuxa

HAQ4YaAO OKOHYaHUue

1 45 630 38 430 6800

2 35130 31 830 5800

3 29 130 27 330 9750

4 23 730 22 830 4500

5 14 580 12 800 5900

6 11 130 3930 4200

H-5

10 500 [Hemming, 2004]

6600
H-4

[Vidal et al., 1999],

[Bacuabuyk, 2009]

6000 4500

H-3
[Bond, Lotti, 1995],
[Bacuabuyk, 2009]

5400 4500

H-2
[Hemming, 2004],
[Bond, Lotti, 1995]

H-1

[Vidal et al., 1999],
[Bacuabuyk, 2009]

9150 10 030

3450 1700

H-0
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Puc. 4. CkeneTOH BeUBAET-CIEKTPA, NOAYUYEHHBIM IIPU aHaAU3e 4aCTH pSAd TeMIepaTyp, NPeACTaBASIOIIeN
o0bepUHEHNEe NIePeXOAHOTO IIepHUoAa U Halllero BpeMeHHu (Bcero 708 3HaueHUI), ¢ TAyOuHOM pas3aoxkenus 600.

MBI IIEPUOAOB), UMeBIIUX MecTO B CeBepHOU EB-
poIlie C KOHIIa TO3AHET0 HEOIIAEUCTOIleHa M A0 Ha-
crosiiiero BpeMeHu. [ leproau3arins rororieHa AAs
Cesepnou EBpasuu Onira yrounena H. A. Xotun-
ckuM [XoTtuHckui, 1987].

Bropoli ypoBeHB CKeAeTOHA BEUBAET-CIIEKTPa
IIpeACTaBAEH TpeMsi cOObITHUsIMU. [TepBoe cOObI-
THe (MacmradboMm 3700 aet ¢ MakcumyMoMm 16 150
A€T Ha3ap ), KOTOpOe Ha4aroCh OKOAO 17 150 aer
Hazap U 3aKOHYUAOCH 14 600 AeT Ha3ap, xapak-
TepHU3yeTCsl OKOHUYaHKUEM IIOCAEAHETO AeAHUKOBO-
o MaKCUMyMa, OTHOCSIIErocs KO BpeMEHU OKO-
A0 26—20 TrIC. AeT Ha3ap [Bowen, 1978; Quater-
nary ..., 2004; Mangerud et al., 2004]. Bropoe co-
OBITHE IBASIETCS HanOoAee MOUTHBIM, C MacIITa-
6om 6400 reT, ero MaKCUMyM HAaOAIOAAACS OKOAO
12 550 AeT Ha3ap,, HAYaAO COOBITHSI COOTBETCTBYET
nepuopy 12 850 et Hazap, KoHer, — 11 450 aer
Hazap,. VIMeHHO 3TOT BpeMeHHOM! OTPe30K BEIAE-
ASIETCSI CTPEMUTEABHBIM IaAeHNEeM TeMIIepaTypHl,
KOHeI] ITI03AHEeTro ApHaca AQTUPYeTCsl BO3pacToM
npuMepHO 11 550 AeT Ha3ap,, IOAYYEHHEIM C I10-
MOIIIBIO Pa3AMYHBIX MeToAOB [Taylor, 1997; Spurk,
1998; Hughen, 2000; Rapp, 2009]. B pabore [Isra-
de-Alcéntara et al., 2012] ykassiBaeTcs, 4To MexX-
AyHapOAHAs IPyIIa YYeHBIX, paboTarollas B pam-
KaX Me>KAUCHUIIAMHAPHOTO IIPOeKTa 110 N3yYeHUIO
TIareOKAMMaTa 3eMAN, TOUHO AQTUPOBaAa U UAEH-
TUPUITUPOBara KaK UMEIOIINY OAHO3HAYHO BHe-
3eMHO€ IIPOUCXOKACHUE CAOM OTAOKEHUN Ha AHE
o3epa Kymuiieo (1ieHTparbHas 4yacTb MEeKCUKN), KO-
TOPBII MOT 00Pa30BaThCA IIOCAE CTOAKHOBEHUS
METEeOPOUAA C 3€MHOU [IOBEPXHOCTHIO. AQHHBIE, TI0-
Ay4YeHHbIe aBTopaMu cTaThu [Israde-Alcantara et
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al., 2012], moATBEpP>KAQIOT, YTO BHE3aIIHOe ThICS-
JyeAeTHee IIOXOAOAaHUe , HauaBllleecd Ha 3eMAe
12 900 AeT Ha3aA ¥ U3BECTHOE KaK MMO3AHUMN APU-
ac, 6BIAO CIIPOBOIIMPOBAHO NIaAeHUEeM KPYITHOT'O
MeTeOpUTa. XPOHOAOTMYECKU CAOU OTAOKEHMUM, UC-
CA€AOBAHHBIN aBTOPaMU CTaThH, COBIIAAAET C Ad-
TUPOBKOM ITOCAEAHETO TI0 BpeMeHU COOBITHS XaliH-
puxa H-0 okoao 12 900 Aet Hazap, [Hemming, 2004].
Takum 0Opa3oM, Ha CKEAETOHE BEUBAET-CIIEKTPA
NIPUCYTCTBYET OATBEP KAEHNUE PeaKIIUU KAMMa-
THYECKOU cUCTeMBI CeBEPHOIO MOAYIIAPUSA HA TAO-
OaABHYIO KaTacTpody Ha pyOeske MAEUCTOlLleHa U
TOAOIIeHA. 3aMeTUM TaKyKe, UTO ITOAOIKUTEABHBIN
NIMK TeMIepaTypsl 0KoAO 14 500 aAeT Hazap, (cM.
puc. 1), Mo Bce¥i BUAUMOCTH, SIBASIETCS TIPU3Ha-
KOM HayaBIIerocs OTeNAeHUs], KOTOpoe OBIAO OC-
TAHOBAEHO IIaAeHUEM KPYIIHOTO METEOPHUTA.
Tpetbe cobrlTHe MacmTabom 4550 AeT ¢ Mak-
cuMyMoM 6050 AeT Hazap Havyarock okoAao 11 350
AeT Ha3ap U AAUTCS 10 Hallle BpeMs, MaKCUMyM
3TOTO COOBITHS MMeeT Pe3KyI0o I'PaHuIly OKOHYa-
HHA OKOAO 5600 AeT Ha3ap U COOTBETCTBYET OKOH-
YaHUIO CAaMOTO0 TEIIAOI'0O ¥ BAAJKHOT'O IIEPUOAA T'O-
roreHa CeBepHolt EBponibl — ATAQHTHUYECKOTO Tie-
puoaa. KauMar B 9TO BpeMs OBbIA B IIEAOM TEIIAEE
HBIHeITHero. Hapo 3aMeTuTs, UTO CTPYKTYpa Iiep-
BOTO U TPETHETO COOBITUI (DOPMHUPYETCS HECKOAD-
KUMM Pa3HOMAaCIITaOHBIMU AETaASIMU, KOTOPhIE CAe-
AYIOT OAHA 3a APYTOM U, KakK OBl AyOAUPYS APYT
APYTQ, IPEACTABASIOT COOOU IIEPUOANYECKYIO CTPYK-
Typy. OCOBeHHO IPKO 3TO BEIPA’KEHO B TPEThEM
COOBITUM, KOTOPOE UMeeT OTHOIIIEHUE K TOAOLIEHY
U 3Ta IepHopAUYecKasi CTPYKTypa IIpeACTaBAsIeT
nukAbl Boupa [Bond et al., 1997]. IToacaoi Tpe-
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THEro COOBITHS IPEACTaBAEH (POPMOM C MaCIITa-
©60oM okono 2400 AeT, Ha4aAO KOTOPOU (DUKCUPY-
etcs okoao 8100 AeT Hazap U COBIIAAAET C TAO-
OaAbHBIM ITOXOAOAaHMEeM 6200 AeT A0 H. 3. — ca-
MBIM CYPOBBIM I'AOOAABHBIM ITOXOAOAAHHEM T'OAO-
IleHa, aHOMAaABHBIM AAS TETIAOTO ATAQHTHYECKO-
ro nepropa. OHo mpoaoAKaroch oT 200 Ao 400 rer,
B TeueHWe KOTOPHIX KAUMAT 3HAaUYUTEABHO M3Me-
HUACS, UYTO MPUBEAO K MCUE3HOBEHUIO PSIAA PaH-
HeHeoAuTHueckux KyAbTyp [Nesje, Dahl, 2001].
BsiBOABI. [IprMeHeHMe BeUBAET-ITPeoOpas3o-
BaHUS AAST aHAAM3a MPeoOpPa30BaHHOTO PSIAA 3Ha-
YeHHM TeMIlepaTyphl BO3AyXa B IIEHTPaALHOM Ya-
cty 'peHAG@HAWY TIO3BOAVIAO BBHISIBUTH W HATASIA -
HO IIOKa3aTh KBa3UIIEPHOANYECKYIO CTPYKTYPY OITH-
CBIBaeMoTO psipa. MacirrabHO-BpeMeHHast pa3BepT-
Ka, IOAYYEHHAsA B pe3yAbTaTe BeUBAET-IIpeodpa-
30BaHMsI UCCAEAYEMOTO PSIAQ, IIO3BOANAA BEIIBUTH
He TOABKO OCIIMAASITIUM C XOPOIIIO (PUKCHUPOBaH-
HBIM IIEPUOAOM, HO ¥ HECTAITMOHAPHBIE OCITUAAS-
1Y, ¥ AOKAAM30BaHHBIE TIEPUOANYHOCTH.
AHanu3 AaA BO3MOKHOCTE OITPEAEAUTDH HE TOAB-
KO MacImTad OCITUAASTIAM, HO U BBISIBUTH HA9aA0
U KOHEI] KOHKPETHOU OCITUAASIITUM. YTOUHEH BO3-
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Application of wavelet analysis for updating
Heinrich events age
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Results of studies of spectral components energy reconstructed in the central part of Green-
land air temperature transformed sequence data investigation by using wavelet analysis by the
data of ice cores have been presented. Oscillation with fixed period as well as non-stationary os-
cillations has been revealed. Heinrich events age has been updated. Wavelet analysis allowed to
correlate events with concrete climate phenomena and to estimate energy of these phenomena.
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