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Murpanmnsa A30pcKOro cymepIiniroMa 110 reoun3miecKumM mn
MIEeTPOJIOTTIECKIM JaHHbIM

JI. B. dvurpues', C. FO. Cokonos? , H. C. Coxkosos?
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2I'MIH PAH,
SMTI'Y um. JlomoHOCOBA

Awnnoranus. B xone nerasbHOro mcciaenoBanusi Hambosiee n3ydennoit gactu CpeanHHO-
Arnanrugeckoro xpebra (CAX) B unrepsasie 0—80° c.uil., BK/IIOYAIOLIErO COLOCTABIEHUE
MMETPOJIOTUIECKUX W TEOXMMHUYECKAX MMapaMeTpoB MarMaTwu3Ma, JAHHBIX CITyTHUKOBOM
AJIBbTUMETPUN, CEHCMOJIOTHH, TJIYOMHHON TOMOrpaduu U MOBEPXHOCTH reou/a, ObLIa yCTa-
HOBJIEHA yCTOMYMBAs KOPPEJIsUs NePEeIUuCIeHHbIX TapaMeTPOB BJIOJIb €r0 COBPEMEHHO
oceBoii 30HbI. JIoKazaHo cocymiecrBoBanue 3zaech miioMoBbix (IIB) u cipeauuroseix (CB)
accommarnuii 6a3aabTOB, (GOPMUPYIONUXCS B YCJIOBUAX ABYX MPUHIUAMAAIBHO PASIAIHBIX
reoMHAMUYIEeCKAX O0OCTAaHOBOK. Pacmpesesienne 3TuX acconuanuii B IMPOCTPAHCTBE XpedTa,
COTJIACYeTCsl C er0 TEKTOHO-MArMAaTUYECKON CEerMeHTAINell U COOTBETCTBYET KOPPEISIuu
MMETPOJIOTUIECKUX U reodr3ndeckux mapamerpos. llomyderunie pe3yabTaThl CTUMYJINPOBA-
JIK TIOOBITKY PEKOHCTPYKIMK TEKTOHO-MArMaTUIeCKuX yJIoBuil (hopMUpPOBaHUs JTUTOCHEPHI
ATNaHTUKY B MCTOPUYECKOM ACHEKTE MyTeM HCIOIb30BAHUS JAHHBIX 00 M3MEHYHUBOCTU
TPABUTAIIMOHHOTO TIOJIS BIOJb M30XPOHHBIX MpOduiieil, COBMEIIEHHBIX C JIUHEHHBIMU Mar-
HUTHBIME aHOMaJUAMEU. B 9TOM aciekre Mccae10BaHa 9acTh ILIOMAAN ATIAHTHIECKOTO
okeana B waTepBaje 15-40° c.ur. 3meck Brosb CAX rpanuna mexay 1B u CB npoxoaur
BOm3u 30° C.I11., 9TO COOTBETCTBYET IOXKHOMY OKOHUYaHWI0 A30pPCKOr0 Meraruiioma. Bmoub
nap (3anaaHoil u Bocrounoit) 5, 13, 21 u 30 JMHEHHbIX MAIHUTHBIX AHOMAJIUIA 110 JAHHBIM
[Sandwell and Smith, 1997] GbuUTH MOCTPOEHBI W30XPOHHBIE TPOMUIN 3HAYCHUH AHOMAIINN
Qasg ¢ paspenieareM 2 JIyroBble MUHYTbHI. JleTajbHOE CONOCTABJIEHHE HApP HW30XPOHHBIX
upoduiieii ¢ npoduiieM BIOIb 0CH XpedTa M03BOJIAET NPeANoIOKUTh ciaeyomee: 1) Hacrs
sgurocdepbl Mexay paziaomMavu KeilH m ArjanTuc B TedeHHe MOCHCTHUX 65 MJIH JIeT
dopMEpOBaACH B YCJIOBUSX YCTOWYUBOIO CIIPEUHIA MPAKTUYECKU BHE BJIMSTHUS HAJIO-
JKEHHBIX TEKTOHMYECKMX MJIM MarMaTu4deckux mpoueccos. 2) Peruonbl, coorsBercrsyioniue
nposunnusM 1B u CB B npenenax uccmeayemoii moma u, CymecTBOBaIn He Menee 67 MIH
aer. 3) Hapylenue cuMMerpuun rpaBUTalMOHHOIO 110Jis 110 00€ CTOPOHbL OT ocu xpebra,
BBI3BAHHOE HAJIOXKEHHBIMUA MArMATHYECKUMU UM TEKTOHUYECKUMU CODBITUSIMU HE MOXKET
ObITH JATMPOBAHO MO MAJEOMArHUTHBIM JaHHbIM. 4) Vcxos u3 JomyneHus O TOM, 9T0O KOp-
pesisnys TeTpoJIOruYecKuX u reo(pu3nIecKux mapaMerpoB, JOKA3AHHAS JIJisi COBDEMEHHbBIX
cobbrruit Brosib ocu CAX, coxpansiiach 67 MJIH JieT, MOXKHO IPEJIIOJ0KUTh, 9TO 33 TOT
IEPUO/T BPEMEHU Me0IMHAMUYECKAsT OOCTAHOBKA, COOTBETCTBYIOMIAS YCIOBUSAM (HhOPMUPOBA-
Hus A30pPCKOro MeramiiomMa, MArpupoBasa #a or ot 41° no 30° c.ul. co CKOPOCTHIO OKOJIO
18 mMm/roz.
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K 4gmcny mepemeHHBIX, HO aKTyasbHBIX IIPOOJIEM Te0JIo-
rAu JHA OKeaHa OTHOCHUTCS IIPO0JIeMa SBOJIOMIH MAHTHUIAHO-
0 MarMaTw3Ma Tpu 00Pa30BAHUN OKEAHCKOM JTUTOC(EPHI OT
Ha4aJja PACKOIA KOHTUHEHTOB /I0 ee aKKPEIUU B COBPEMEH-
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HBIX CTPYKTypax cpeamHHO-okeanmdeckmx xpedros (COX).
IIpsmble u Ha/IeKHBIE CBEIEHUS IO MAarMaTU3My OTHOCITCS
Jmnb K oceBbiM U rpebuesbiM dactam COX, T.e. xapakrepu-
3yI0T COOBITHS B MHTepBaJje npuMepHo 1 murw ser. Pacmmd-
POBKa 3TUX COOBITHIl IO MAHHBIM METPOJIOTHU W TEOXUMUN
CBH/IETEJIBCTBYET O IVI0DAJIbHON U JIOKAJIBHON HEOILHOPOLHO-
CTH MAHTHUIHOTO UCTOYHMKA 6A3a/IbTOB, 0 PA3HOM Macuitabe
MaHTHUNHOTO AITBEJIJIMHTA W MPOAYKTUBHOCTH MarMaTU3Ma U
Ap. DTHU CBeeHns HeOOX0MMMBbL s Cy 2K I€HUs O NeOUHAMU-
ke (popMupoBaHus TUTOCHEPHI OKEAHOB HA KOJIMIECTBEHHOM
(crarncrmaeckom) yposre. [laHHbIE OMPOGOBAHAS MATrMaTH-
deckux 1opoj Ha suemnux duranrax COX ¢ Bozpacrom 10
5-10 MJIH JIeT BeCbMa OTPBIBOYHBI, & O COCTaBe OO PyHIA-
MEHTA JI0ZKa OKEeaHOB ¢ Bo3pacToM 110 150-180 mJH jieT MOXK-
HO CyJMTb JIMIIb 110 MaTepuasaaM 11y b0KOBOAHOro OypeHus.
CorytacHO 9TUM CKYZHBIM JAHHBIM 0a3a/IbTHI JI0KA OKEAHOB
10 BapHaIMsAM COCTaBa comocTaBuMbl ¢ 6azamspramu COX.
DT0 NO3BOJILET CAeNaTh €JUHCTBEHHBIN, HO IPUHIUIINAILHO
BaJKHBIH BBIBOJ O TOM, ITO B IVIODAJIHHOM MacuITabe, B Ife-
JIOM TeOJUHAMUYECKUE YCIOBUS MAHTHUHHONO MarMaTu3Ma B
TeYeHue BCero nepuoga GpopMupoBaHus JATOCHEPbl OKEAHOB
OCTaBAJIACh B TEX JKe [Ipefesax, KOTOPble YCTAHOBJICHBI I
cospemennbix cTpykTyp COX. OmHako 3T0r0 MaTepuaia sB-
HO HEIOCTATOYHO JJid CyXK/eHus 00 IBOJIIOLUU MarMaTu3-
Ma ¥ Te0NHAMUKHY B IIPOCTPAHCTBEHHO-BPEMEHHOM aCIIeKTe.
Paspaborka ymomsamyTOil pobsieMbl BO3MOXKHA IIyTEM HKC-
[10JIb30BAHUsl JAHHBIX O KOPPEJIUUU [ETPOJIOTUIECKUX I1a-
paMeTpoB MarmMaTu3Ma, TEKTOHWKH, JAHHBIX 10 pejbedy u
110 reodU3NIECKUM TOJIAM TeX WU APYTUX CTPYKTYD, pe-
ruonoB u 1p. Takas koppensuug qiusa COX Ha Ka4ecTBEHHOM
YPOBHE OTMEYAETCsI BO MHOTUX COBPEMEHHBIX ITyO/IMKAIIAIX.

Hepasuo cramu pocrynmbiMu Marepuadsbl 10 reodusude-
CKHUM II0JIsIM OKEaHa C BBICOKMM Pa3pELIEHUEM, HAKAILIUBa-
ercs HOBBI dakTraeckuil marepuas no marmarusmy COX.
D70 1MO3BOIAET HOJOUTU K OLUEHKE KOPPEJISUU [1eTPOIOIU-
4ecKuxX U reodu3nUecKuX IapaMerpoB i COBPEMEHHOIO
(“zero-age”) srana popmuposanuss COX Ha KOIUIECTBEHHOM
yposue. Takas omeHka ObLa BBIIIOJIHEHA s HAnOOIee moJI-
HO m3ydeHHoil cesepuoil yactu CpeguHHO- ATIaHTUYECKOrO
xpebra (CAX) [Amumpues u dp., 1999]. B xome sroro uccie-
J0BaHMs ObliIa OLpe/esieHa yCTONYnBas KOPPEIAus MKy
[JIAaBHBIMU IIapaMeTpPaMyu MAaHTHIHOIO MarMaTu3Ma, TeKTO-
HO-MarMaTHUIecKoil cerMeHTanueil xpedra, 3HAIeHUIMI aAHO-
MaJIMU CHJIbI THAYXKECTH, IIOBEPXHOCTBHIO I'eonaa, CeUCMUIHO-
CTHIO U JAHHBIMU TOMOrpaduu. DT0 PacCMATPUBAIOCH KaK
CJIEZICTBUE B3aWMOJIEHCTBUSA TIPOIECCOB BCEX ypPOBHEH (MaH-
TUHHBIA AIBEJIMHAT, TEKTOHUKA, MAarMaTu3M U Ap.), yIacT-
Byomux B dopmuposanuu COX, Habi101aeMOro B TeKy Liuit
MOMEHT BpDEMEHHW, U elle He 3aMaCKMPOBAHHOTO Oy IyIIIMU
reoIorudecKkuMu cooblTugMu. B pesysibrare 310ro ucciaeno-
BaHUs ObLIO yCTAHOBJIEHO TAKKe, YTO MAHTUIHBIA Marma-
TH3M 37eCh Peaau3yercs B YCJIOBUAX ABYX SCHO BBIPAYKEH-
HBIX B I[IPOCTPAHCTBE DPE3KO PA3JIUYHBIX EOJUHAMUUECKUX
00CTAHOBOK, CBA3aHHBIX C HE3aBUCUMBIM (HPOPMHUPOBAHUEM
CIIPEIMHTOBBIX W ILIIOMOBBIX accorualmii 6a3aapToB. Takwne
acCOUMALMK HAJIEKHO UACHTU(DUUUPYIOTCH 110 BapUALUIM
COJIep2KAHUH TJIABHBIX [IE€TPOr€HHBIX JIEMEHTOB B 6a3a/ibrax.
ITomy4aennbie pe3ynbTaThl CTUMYJINPOBAJIN MIONBITKY PEKOH-
CTPYUPOBATH IIETPOJIOIMYECKHUE [TaPaMeTPbl MArMaTU3Ma, JIO-
7Ka OK€AHA B MCTOPUYECKOM ACIIEKTe IT0 BAPUAIMSAM TDABH-
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TAIIMOHHOI'0 IOJIA BAOIL JIMHEHHBIX MAarHUTHBIX AHOMAJIUI
Pa3HOT0 BO3PACTa IPHU JOIYIIEHUH, YTO KOPPeIdnud MeXKIY
9THMU BeJITYNHAME CYIIEeCTBEHHO He MEHAETCA CO BpeMeHeM.
OnsIT TaKOH PEKOHCTPYKIIAN COCTABIISAET 330aIy HACTOSIIE-
r0 UCCIeIOBAHUS.

Bribop o0beKTa mccesemoBaHMii

J1j1sl HaIeKHOTO peIleHns IIOCTABJICHHOM 3aJaI1 HEO0XO0-
AuMO ObLIIO BBIOpATH OrpaHudeHHBIH paiion CesepHoii At-
JlanTuKU, (GOPMUPOBAHKE KOTOPOI'O MPOUCXOAUJIO C MUHU-
MAaJIbHBIMH OCJIOXKHEHUSIMHU, CBSI3AHHBIMM C TEKTOHUKON K
HAJIOXKEHHBIM MarMaTHU3MOM, HO BKJIIOTAIONEM ILTIOMOBBIE
U CIPEIUHIOBbIE accouuanuu 6a3aabTOB [0 IIPOCTUPAHUIO
CAX. BaKHBIM YCJIOBHEM OBLIIO TAK¥Ke [T0 BO3MOXKHOCTHU CTa-
OMJIbHOE pacCIpeesieHne JIMHEHHBIX MArHUTHBIX AHOMAJIUH
B 9TOM paiione. Takum TpeOOBAHUAM yAOBIETBOPSET PANOH
Mexay 14° u 39° c.1u1., BBIIEIEHHBIH Ha PUC. 1, Tj1e IpeacTas-
JIEHa, CXeMa TEeKTOHO-Marmarudeckoii cermentaryu CAX mo
[Amumpues, 1998] ¢ nonomnenusmu. CorsacHo 1ol cxeme
BBIODAHHBIM PANiOH PACHOIOXkKeH B mpemesax HOxHoro pe-
ruona Ceseproii Atnanruku (cerment II mepBoro mopsaka)
U 3aHUMAET UeJMKOM L[eHTpa/IbHbIi CErMEHT ITOI0 PEruoHa
(cermenT 2 BTOpOTO MIOPsKA). JeTaspHoe 060CHOBAHKE ITOM
CXeMbl TaHO B YIIOMSIHYTOIl paboTe, IIO9TOMY 34eCh MBI yKa-
JKEeM JIMIIb TO, 9TO HEOOXOAMMO [ilsl JAJbHERNINX [I0CTPOe-
HUAIA:

1) BoiOpaHHbIil CErMEHT TPEACTABAAET HamOosee “Ipes-
auit” bparment murocdepsr AranTukn (BpeMs PacKpPbITUS
nopsiaka 170 mutH Jer).

2) Ba Bech mepuon GoOpMEUpOBaHUS STOTO (HPArMeHTa Be-
AYIOAM IPOLECCOM OBLTT yCTOWYHUBBINA MEJIEHHBIN CIIPE/INHT,
CKOpPOCTh KOTOPOTO OblLIa, MPAKTHYECKHU, MOCTOAHHON (~3
MM/Tom).

3) Paiion xapaxkrepu3yeTcs MHHUMAJIBHBIM IIPOIBJICHU-
€M HAJIO’KEeHHBIX TeKTOHWYeCKNX HapyureHuil. Yucao TpaHc-
G OpMHBIX PA3/I0MOB HA €JUHUILY IIIOIIATH 31€Ch 3HATUTEIIb-
HO MEHbIIIE 110 CPABHEHUIO C APYTUMU CerMenTamMu ATiaHTu-
ku. MeHbire Takke M aMIUIUTYZa TPAHC(HOPMHOIO CMelre-
HUS 10 3THM PA3JIOMaM.

4) Cpenusaa gactp paiiona (mumporHas 3oma mexay 20°
m 35° C.II.) TMPAKTWUYECKU JIAIICHA BJIMSHWUS HAJIOKEHHBIX
MarmMarudeckux npoueccos. [IposiBjienus BHY TPUILIATOBOrO
MarMaru3Ma OTYETIMBO BbIPAXKEHbI JIMIIb BOJIM3U TPAHUIL]
pationa.

5) Bonburas gacrs CAX (or passioma 3esieHOro Mbica Ha
15° c.. 10 30° c.m1.) coroKkena 6a3anbraMu ClIpeIMHrOBOM ac-
cormanuu. IleHTp A30pCKOro CymepIuiioMa IpUXOaUTCs IPH-
MmepHO Ha 45° c.m. (3a npenenavu paiiona). 3oHa mepexona
OT CIPEJVWHIOBOI acCOIMAINU K ILIIOMOBOU pacIOIaraercs
mexy 30° u 40° c.am. | T.e. JIEKWUT B MPEIEIaX BbIIEJTCHHOTO
CerMeHta.

Obuee upeacrabienue 0 6arumerpun BbIGDAHHOTO paii-
OHA [aeT KapTa, COCTABJIEHHAS IO JAHHBIM IIPEICKA3AHHOMN
ronorpaduu [Smith and Sandwell, 1997] n nokasannaa Ha
puc. 2. 3uech BuHO, 9TO /115 GosibLieil yacTu pafiona xapak-
TepeH CHOKOHHBIN pesibed C MOCTEIeHHBIM [TOBBIMIEHHEM OT
JIOXKa, OKeaHa K 0CeBO#l dacTu xpedra. Baosb npocrupanus
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Puc. 1. Cxema rexrono-marmarmieckoii cermenranyu Cpenuuno-Arranrudeckoro xpebra [mumpues,
1998] ¢ momomuenusimu. O6osmauenusi: 1. TOP-1; 2. TOP-1+TOP-Fe; 3. TOP-2; 4. TOP-1 + TOP-2;
5. TOP-K. TOP-1, TOP-2 u 1. 1. — nmoacaenusa B Tekcre. [LaomoBas accommanusa Bkiaodaer TOP-1,
TOP-Fe u TOP-K; cupenunrosas accouuanus npeacrasiaena TOP-2. I) IT) IIT — cermenrst 1 mopsijika:
I - FOxuasa Arnanruka, 1T — FOxueiit pernon Cesepnoit Arimantuku, 111 — Ceseprbiit pernon CesepHoit
Arnanruku. (1)—(4) — cermentst 2 nopaaxa: (1) — npmdkBaTOpHasbHBIA cermenT, (2) — LEHTPAJIBbHBLA
cerment, (3) — Asopckuii cerment, (4) — Ucnanackuit cerment. 3onbt pasnomos: JM — fIn-Maiten, CG —
Yapmm I'mb6ca, P — ITuko, O — Oxeanorpad, K — Keitn, CV — 3enenoro meica, CH — Yeiin, 26° — Pazmom
BOsm3m 26° 10.1m., BV — Byse. Paiion nccnenosannii 06BeeH Iy HKTHPOM.

xpebra penbed maaBHO nmoebimraerca or 30° c.un. K cesepy.
Ha puc. 3 nmoka3zaHa KapTa IPaBUTAIMOHHOTO IOJIL, IIOCTPO-
€eHHas B TOM JKe Macurade [0 JAHHBIM CIIy THHKOBOH a/IbTH-
Merpun ¢ paspemenueMm 2 ayrosoie munyThl [Sandwell and
Smith, 1997]. Kapra pacupeznesenust uaeHTH(GUINPOBAHHBIX
ocell TMHEeAHbIX MAarHUTHBIX aHOMAJIMI B IIpe/iesiaX BbIOpaH-

HOro paiiona, cocrasnennas 1o |[Cande et al., 1993] nokasa-
Ha Ha puc. 4. 31€Ch XOPOIIO BUIAHO, YTO AHOMAJIVH IO BO3-
pacra ~70 MJIH JleT 4eTKO BbIPDAyKEHbl HA BCEM HMX IIPOTH-
xeHnu. BuaHo Takike, 9TO MHTEPBAJI IPOCTPAHCTBA MEKIY
HUMU JOCTATOYHO BBI/IEPKaH 10 00€ CTOPOHBI OT OCH XpedTa.
IIpu TakoMm ycroiiumBOM XapakTepe pacIpeneeHus JIMHeH-
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Puc. 2. Baruverpuaeckas kapra paitona ucciaenosanuii. Cocrasnena nmo manneiv [Smith and Sandwell,

1997].

HBIX MarHUTHBIX aHOMAaJIM IIOCTPOEHWe W30XPOHHBIX IIPO-
dueit peaCTaBISETCS BIIOIHE HAIEKHBIM.

OcobeHHOCT MarMaTu3Ma U KOPPeJIsIIus
IEeTPOJIOTUYECKUX ITapaMeTpPOB C
I‘eO(l)I/IBI/I‘IeCKI/IMI/I II10JIAMn

Kak ynomwmnamoch, npm GOpMHPOBAHUA COBPEMEHHBIX
COX MaHTHHBII MarMaTu3M IIPOSIBJISETCS B YCIOBUSAX ABYX
[PUHLIUANAAIBHO PA3JIMYHBIX I'€0IMHAMUYIECKUX 0DCTAHOBOK
— IJIFOMOBOM ¥ cupeawHroBoil. lerajibHast XapaKTePHUCTHKA
IeTPOJIOTO-TEOXUMHUIECKUX 0cobeHHocTeil marmaruzma COX
1 000CHOBaHUE CBA3U MEOJMHAMHYECKAX 00CTAaHOBOK C (op-
MHUPOBaHHEM CHenUPUIECKUX acconuanuii 6a3ajabToB JaeT-
cs B paborax [Jmumpues, 1998; Jmumpues u dp., 1999].
31ech Mbl OrPAHUYUMCS JIUIIb TEMU CBEJIEHUSIMHU, KOTOPbIE
HEOOXOAUMBI JIjIs PelleHus] IOCTaBAeHHON 3aadu. ILaomo-
Basi accommarms 0a3aIbTOB 00pa3yercs MPU WHTEHCUBHOM
nogbeMe BemectBa MaHTHU ¢ raybma ot 400 mo 700 u 6o-
siee KM (BO3MOXKHO /10 HMZKHEH MaHTUHM) U €ro IaCTUIHOM
JIABJIEHUM TIPH TIOBBIIEHHOH TemmepaType (Gomee 1400°C),
JalolieM Hadasjo 6a3ajbroBomy Mmarmarusmy. Acconuauus

srsouaer tpu rpynust TOP (Tosennrosbie 6a3anbrer Oxe-
aamaeckux Pudros): TOP-1 — manbosee pacnpocTpaneHnast
rpyIIa, POJOHAYAIbHEIE PACILIABBI KOTOPOI OTIEJISIOTCS OT
MaHTUHHOINO UCTOYHUMKA IIPU OTHOCUTEJIbHO BBICOKUX 3HAa-
YeHUAX TeMIepATyphl U JaBJIeHUs. BoabuimHCTBO 3THX 6a-
3a/IbTOB OTHOCATCA K reoxumuieckomy N-type mo | Wilson,
1989] ¢ upusnaxkamu craboro oboramenus. I'pynna TOP-Fe |
MIpe/ICTaB/ISAIOMast 0a3a/IbThl, 00OTAIIEHHBIE YKETI€30M — IIPO-
AyKrbl BHyTpukamepuoit quddepenumanuu TOP-1. I'pynna
peakux TOP-K — naubosiee riyOMHHBIX U BBICOKOTEMIIEDA-
TYPHBIX 0a3a71bTOB. DTH 0a3abTHI T€OXUMUIECKN 3aMETHO
oborawensl 1 orHocsarcs K T-type no [ Wilson, 1989]. Passu-
THe IJIIOMOBON aCCOIMAIMA COITPOBOXK/JAETCS BBICOKOU IpO-
JQYKTHUBHOCTBIO BYJIKAHU3Ma, OOpa3oBaHmeM 0a3aIbTOBOIO
€105l MOBBIIIEHHONR MOLIHOCTA U (POPMUPOBAHUEM IIOJIOKU-
TeJibHBIX (OpM pesibeda.

CopenunroBast accormanusi 06a3ajabTOB 00pal3yercss IIpu
M€/IJIEHHOM II0[/beME BEIeCTBA MAHTUU C OTHOCUTEIbHO He-
Gonburoit ry6bunsr (menee 400 km). Ee miasienue unpouc-
xomuT mpu Temmneparype mwmke 1400°C. daa cnpemwHTO-
BOI accoupanyu XapakKTepHa HU3Kas [IPOJLyKTUBHOCTb BYJI-
KaHu3Ma 1 00pa30BaHUe MAJIOMOLIHOI0 06a3a/IbTOBOIO CJIOS,
BILIOTH JI0 €r0 OTCYTCTBHUs. ACCOIUIUs BKJIIOUYAET Hanbojee
pacrpocrpaHeHsyio rpyuny obegnennnix 6asanbros TOP-2
(N-type) u rpynmy TOP-Na (menee pacnpocrpanennas pas-
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Puc. 3. Kapra pacupe/eneHnus rpaBETAIMOHHBIX aHOMAJHUI B CBOGOIHOM BO3/yXe HCCIEAYeMOro paiona
10 jaHHbIM anbrumerpuu [Sandwell and Smith, 1997].
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Puc. 4. Ilosokenne WHIEKCHPOBAHHBIX JMHEMHBIX MACHUTHBIX QHOMAJIMN B HMCC/IELyeMOM paiioHe IO

[Cande et al., 1993].
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Puc. 5. Koppessinus reodpusuyueckux u nerpoaoru4ecKkux mnapamerpos Bosib ocesoit 3oubi CAX or sxBa-
Topa 70 80° c.m. BeprukaabHbIE TMAMT — FPAHAIBI MEK Ty CETMEHTaMu XpedTa 1mo pasiomam (cMm. puc. 4).
Peruons! 1momMoBoit acconuanuu 3aurpuxosanst. (a) IlosBepxuocrs reouna no [Lemoine et al., 1996] u
JTaBJIEHNE KOTEKTHIecKoi kpucramm3samum TOP, P, k6ap. (6) AroMannm CUIbI TAXKECTH B CBOGOIHOM
Bo3zayxe [Sandwell and Smith, 1997] u mapamerp D1. (8) Anomanus Byre u MomHoCTS 6a3aJIbTOBOI KODBI

(cm. Tekcr).

HOCTh Hambonee obemaerHabix TOP-2 ¢ mOBBIIEHHBIM COIED-
JKQHUEM HATDPUA).

ILmromoBas m cripenwHrOBasi accoruanuu 0a3a/IbTOB Ha-
J€2KHO MIEeHTUMUIUPYIOTCS 110 COCTABY UX 3aKAJI0YHBIX CTe-
KOJI C IPUMEHEHNEM BOChMUKOMITOHEHTHOMN TMCKPUMUHAHTHI
D1, sestmamna koropoii 3aBucut ot PT ycnoBuit dopmuposa-
HUsl POAOHAYAJIBHBIX PACILIABOB U uXx dBosouuu. C yBesnye-
HMEM CKOPOCTH CITPEJIMHTA BO3PACTAET POy KTUBHOCTD Mar-
maru3ma, uarepsai PT ycioBmilt kKoTekTmwaeckoil Kpucras-
Jm3anuu, Juana3on sapuauuii cocrasa TOP, ysesmmuusaercsa
J0JIs CIIPEIMHTOBBIX ACCOIAAIUN OTHOCUTEIHHO IIIIOMOBBIX.

IIpu mwm3KO#l cKOpOCTH CHpeaUHra PA3BUTHE ILIIOMOB
MPEACTABIAEeTCA KaK HE3aBUCHMBIN IIPOIECC, HAIOKCHHBIN
Ha copeauHr. IIpu 3TOM IUTIOMOBBIE W CIIPEIMHIOBBIE ACCO-
umanuu TOP pesko o6ocobienst B mpocrpancrse. B cesep-
HOU ATJIaHTHKE 9TO OTYET/INBO IPOCIEKUBAETCS Ha IIPUMEpe
4eTKoil Jiokam3auuu Mcimanackoro u A30pcKoro CynepIuo-
MOB, & TaKK€ MUKPOILIIOMOB [0KHEE Pa3/I0Ma 3€JIeHOI0 Mbl-
ca, y 22° m 25° c.r.. C BO3pacTaHWeM CKOPOCTH CITPEIMHTa,
rPAHUIBI M€Ky ILTIOMOBBIMHU U CIPEIUHIOBBIMU ACCOLHA-
OUSIMU HCYIEe3aI0T.

IIpumep KOppeJTayy eTPOIOTHIeCKAX TAPpaMeTpOB (1aB-
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Puc. 6. Koppensinus anomannn Pas u nuckpumuHantbl D1 Baons ocu CAX B mpejenax uCC/IeayeMoro
paiiona. D1 paccumrana no Beibopke 2964 amasinm3a 3aKaJIOUHBIX CTEKOI 6a3a1bTOB m3 0a3bl JAHHBIX
T'EOXH PAH, skuouatomeit Volcanic Deep Sea Glass Data Base. W. G. Melson et al. Smithsonian
Institution. Department of Mineral Sciences. 2000; Ridge Petrological Data Base. Lamont Doherty Earth
Observatory. 2000, mureparypHble U OpUTrHHAIbHBIE JaHHbIE. Pacupegesenye mioMOBbIX U CIIPEAUHIOBbIX
acconmanuii 6a3a/IbTOB IIOKA33aHO PA3HBIMU CHMBOJIAMA.

JIeHIe KOTEKTUYIeCKO KPUCTAJIJIN3AINN 0a3aJIbTOBOTO pac-
miaBa, guckpumuHanTa D1 m paccauranHas MOIHOCTL Oa-
3aJIbTOBOI KOPbI KakK (DyHKIUs POLYKTUBHOCTH BYJIKAHU3-
Ma) u reodusndeckux mojei (II0BePXHOCTb Ie0UIa, aHOMAa-
g Paa u penykuumsa Byre) gns Bcero CAX or sxBaro-
pa mo 80° c.m. pmaerca ma puc. 5 m3 paborel [Amumpues
u dp., 1999]. B Toit ke pabore MOKA3aHO, YTO PACIIPEIEIIe-
HUE [ETPOJIOTMYECKUX [1aPAMETPOB, OTPAXKAIIMX IUHAMU-
Ky Pa3BUTHs MarMaTu3Ma, XOPOLIO COIJIACYETCH € TeKTOHO-
marmarudeckoii cermentamueii CAX, ero ceficMUYHOCTBIO,
TEIJIOBBIM II0JIEM U C JAHHBIMU CeficMudecKoil Tomorpaduu.
Kak ormeuasioch, koppessinmsi BCeX yIOMsaHYTbIX 31€Ch I1a-
pameTpoB u reojoro-reodusndeckux xapaxkrepuctuk CAX
00'bsICHAETCS TECHBIM B3aUMOJIECTBUEM BCEX I'€0JIOTMIECKUX
[IPOLIECCOB, IPUHUMAIOIIUX yIacTue B GOPMUPOBAHUU COBPE-
MEHHOM OKEAHWYIECKON JUTOCGEphl TAaHHOTO OOBEKTa B pe-
ruoHaJIbHOM MacirTabe. [IpuMepbl KOppesisiuu 1eTposior-
YecKuX U reou3nYecKux mapaMerpos pu (GOpMUPOBAHUI
ILUTIOMOBBIX U CIIPEJMHIOBBIX accomuarmii 6a3aaIbTOB BIOJIb
ocu CAX B mpenesiax BbIODAHHOIO PErvOHA IIPUBEIEHbI HA
puc. 6 u 7. Ha puc. 6 xopomo BuaHa obparHas KOppes-
s 3HaYeHuii quckpuMuHAHTE D1 m anomammn Pag (rpa-
BUTAIMOHHOE II0JI€ B CBOOOIHOM BO3/yXe€), II0 CYUECTBY OT-
paxarouieit ocobennocru pesibeda. ObparHas Koppessuus

anomasmu Byre, orpakaiomeil pacrupenesieHue mI0THOCTeH
B KOpP€ M PACCYATAHHOM MOLIHOCTH 0a3aJ/IbTOBOrO CJIOst (I/I.]'II/I
IIPOAYKTHUBHOCTH ByJ‘IKaHI/ISMa), [IOKa3aHa Ha PUC. 7.

PekoHCTPYKIINSA HNETPOJIOTUIECKUX
napaMeTpoOB II0 3Ha4YeHusAM aHomayinu Pas

Pemrere mocTaBIeHHOMN 331440 BKJIIOYAJIO B JTAIIA.

1) ITocrpoenne n30xpoHHBIX HpoduIIei BIoabs ocu xpedra
(“zero-age”) u BIO/Ib Lap JIMHEHHBIX MAIHUTHBIX AHOMAJIUIA: 5
(9,5 muta gret), 13 (35,5 mura jqter), 21 (46,5 mua set) n 30 (67
M ser) no wkaie [Cande and Kent, 1992] no o6e cropombt
or ocu xpebra. D1u npoduin, HAaHECEHHbIE HA KAPTYy Pejlbe-
¢da, mocrpoennyio merogom “shaded” o mauusiv [ETOPOS,
1993|], nokasanbr Ha puc. 8. Coxa ke HAHECEHO IIOJIOXKEHUE
IUIIOMOBBIX U CIPEAUHIOBBIX acconuauuil 6a3aibroB 3a mnpe-
pemamu CAX (6aza manubsix TEOXII PAH).

2) Baosb 91ux npodusiei 6p1m BOCCTAHOBJICHDI 3HATMEHUS
anomasuu Pasi, nokazanubie Ha puc. 9. 31ech rOPU3OHTAIb-
HbIE JINHUY COOTBETCTBYIOT HYJIEBOMY 3HATEHUIO AHOMAJIVH.
TTonoxwurenbuble 3HaYEHUS BbLAEIEHBI KPACHBIM LBETOM.
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Puc. 7. Koppessinua anomanuu Byre u mompocrun 6a3anbrosoro ciost Buosib ocu CAX B npenenax
ucciemyemoro paiiona. MouHocTh 6a3a7bTOBOIO €108 PACCYUTAHA U3 TOM 2Ke BBIOOPKU 110 IapaMerpy
Nas) [Klein and Langmuir, 1987]. Pacmpegesenie IUIIOMOBBIX U CIIPEIMHTOBBIX aCCONMAIN 6a3a/bTOB
IIOKA3aHO PA3HBIMH CHMBOJIAMHU.

Puc. 8. [lonoxkenne onopubix n3oxpouubix npodureit 0, 5, 13, 21 u 30 Ma B npemenax mcciaemyeMoro
paiioHa U pacipe/ie/IeHue IJIIOMOBBIX U CIIPEIMHIOBBIX acconuanuil 6a3a/ibroB, noauaTeix BHe 306 CAX.
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Puc. 9. Pacupenenenne 3uauenuit anomasinu Pas Buonb ocu CAX u Biosb map u30XxpoHHBIX poduiei
0, 5, 13, 21 u 30 Ma. IlosoxkuTeabHbIE 3HAYEHUST AHOMAJIMHN BBIAEJIEHBI KPACHBIM IIBETOM.

Puc. 9 mo3BosIsI€T OTMETHUTH CJIEAYIONTHE OCOOEHHOCTH PaC-
npenenerus: anomaann Past B ucciesyeMoM paiioHe.

1) Boosb oceBoit pudToBOil 30HBI 00mas CMEHA OTPHIA-
TEJHHBIX 3HaUCHWI anoMamu Das Ha MOI0KATETbHBIE (MBI
WMeeM BBUY CMEHY CDPEIHEer0 3HAYeHUs, a He IPEBBIIIECHUsT
OTJE/IbHBIX YKCTPEMYMOB) HaIuHAETCA K cesepy or 30° c.u.
3mech e IPOUCXOMUT IIEPEX0Z OT CIPEIMHIOBBIX ACCOIMA-
it 6a3aIbTOB K IJIIOMOBBIM (F02KHOE OKOHIaHue A30pCKOTO
MEramIoma, CM. BBIIIE).

2) CMena OTPUIATETHHBIX 3HAMECHWI Ha TOJIOXKATETHHBIE C
f0ora, Ha CeBep IIPOMCXOANUT BIOJIb BCEX AP W30XPOHHBIX IIPO-
duiteii. I[Ipu 5TOM 110/I02KEHMS TOBBIIIEHUI 3HAYEHUI AHO-
MaJinu (POPMUPYIOT KJIMH, UMEIONTUH CAMMETPUIHBINH XapaK-
Tep: Ha H AaHOMAJIUH TI0 00€ CTOPOHBI OT OCH XpedTa Mepexo/T,
K TIOJIOKUTETHHBIM 3HAYEHUAM ITPOUCX0oauT BOm3n 23° c.u.,
Baob 13 anomasuu — npumepno Ha 30°. Ta ke TeHmeHIUs
coxpangerca u g 21 u 30 3amaIHpIX AaHOMAJIUM C TOCTEIeH-
HBIM CABUI'OM KX II0JIOXKUTEIbHBIX 3HAYE€HUN K CeBepy C yBe-
JuderneM ux Bo3pacTa. g 21 u 30 BocTOYHBIX aHOMAIII
9Ta TEHIEHIINS HAPYIIEHA, TaK KaK CMEHA OTPHUIATEIbHBIX
3HAYEHUN AaHOMAJIMK HA [IOJIOXKUTEJIbHBIE IIPOUCXOIUT 3/1€Ch
1okHee, Ha 25° u 28° c.mr1. cooTBeTcTBeHHO. OTMEYEeHHBIH BhI-
e KJIMH IIepexolla aHOMAJIdil OT OTPHUIATEJIbHBIX 3HAUYCHUN
K IIOJIOKUTEeIbHBIM Hapyutaercd B ocesoil 3oHe CAX. Dto

OOBSICHAETCSI T€M, ITO HA YPOBEHb IPABUTAIIMOHHBIX aHOMA-
JIiii B CBOOOIHOM BO3/IyXe BJIMSET OOl ypOBEHDb pebeda,
KOTODBII B OCHOBHOM OIIPE€JEJIeTCsd CTEleHbIO OCThIBAHM
smrocdepst o Mepe yaanerus: ot ocu CAX. Beenenue coor-
BETCTBYIOIINX KOPPEKIWII B yPOBEHb AHOMAJINI B CBOOOIHOM
BO3ayxe OoT npoduiasd K HpoduIo yCTPAHUIO OBl PA3HUILY
cpenHero (poHOBOrO 3HAUEHUS HA IPOMUIAX B UCCIELYEMOM
CerMeHTe, HO IIPK 9TOM HM KaK OBl He MOBJINSIO ObI HA IIO-
JIOY)KeHHe K/uHa, GOPMUPYEMOro Pa3HbIMU 3HAYEHUAMEI AHO-
Masuit Baosib npoduiteit. [losToMy HMKAKMX KOPPEKIWil He
PACCIUTHIBAJIOCK.

3) HauGosee crabuibHOE IPABUTALMOHHOE I[IOJI€ M CHM-
MeTpUSI ero paclpeaeseHus B0 Tap N30XPOHHBIX IPOdU-
Jieii coxpansierca B uarepsase ot 20° mo 30° c.ur. (mpuMepHO
mexay pasnomamu Keitn u Arsianruc).

O6cyx/1eHue pe3yJibTaToB

Ananu3 nojaydeHHbIX Pe3yJIbTaTOB IIPUBOAUT K CIIEHYI0-
meMy.

Ecnn mcxomuTh M3 JOMyIIeHus O TOM, UTO KOPPEJIaIus
MIETPOJIOTHIECKUX U re0(PU3nIecKnx IapaMerpoB, YCTAHOB-



402

JIEHHAs JJIsT HyJIEBOTO BO3PACTA, COXPAHSIETCS JIJIsT BCEro IIe-
puona GopMHUpPOBAHUS JINTOCHEPHI B Ipeesax JAHHOIO pe-
ruoHa (CM. BBIIIE), TO MOXKHO CIUTATH, 9TO [IOBBIIIEHUE 3HA~
qennii anomasmu Pasi CBA3aHO C MEPEXOIAOM OT CIIPEIWH-
TOBBIX accomuarnuii 6a3a/JbTOB K MIOMOBbIM. OTCioma ciie-
JyeT, 94TO KJIMHOOOPA3HOe DACIIPEIE/IEHUE I0JI0KUTEIbHBIX
AHOMAJINI C PACIIMPEHNeM K CeBepy OOYCJIOBJIEHO TeM, UTO
B xome GhOopMHUpOBaHUs JUTOCHEPH PErmoHa 33 mepuo 67
MJIH JIET [IPOUCXO/IMJIO IIOCTEIIEHHOE CMEIEHHUEe ILII0Ma, C Ce-
BEepa Ha IOT.

Hapymenne cumMeTpun rpaBUTAIMOHHOTO TIOJISI B CEBEPO-
BOCTO4HOM wacTu permona (Baosb 21 m 30 BOCTOYHBIX IIPO-
dbuneit) MOrIO MPOM30iTH B pE3y/IbTATE HAJIOKEHUS JIOKAJIb-
HBIX IPOSIBJICHUI BY/IKQHU3Ma C 0OPAa30BAHUEM 3/1€Ch CHCTEe-
Mbl HOABOAHBIX rOp Amyanrtuc-Mereop. Ocioxuenue pac-
npenenerns anomann Pas B 10ro-3ara HOM YaCTH PETHOHA
TaKKe MOTJIO OBITH BBI3BAHO HAJIOXKEHHBIMU T€0JIOTUIECKU-
MU IIPOLECCAMU, B TOM CJLy9ae CBsA3aHHbIMU C 06pa30BaHueM
TaKUX CTPYKTYP KakK CyOmupoTHBIH Tpor Poiisr Ha 3ama;i-
uom Quranre CAX.

B wesnom, noka3aHHbII 31€Ch Marepuas HE [IPOTUBODPE-
9UT W3BECTHBIM MPEICTABICHUSIM O JTUHAMUKE (POPMHUPOBA-
HUS TTIOMOB M WX B3aWMOJEHCTBHU CO CIPEJWHTOM B CH-
CcreMe CPeJMHHO-OKEaHWYeCKUX XPebTOB, 0 MUIDALUU ILIIO-
MOB ¥ O Pe3y/IbTaTaX dTOT0 IPOIECCA, 3AMMCAHHBIX B IETPO-
JIOTUYECKUX I1apaMeTpax MarMaTu3Ma U B reodu3nvecKux
1 reoMOP@OJIOrIIeCKUX 0COOEHHOCTAX JIMTOCKhEPDI, HALIPU-
mep, [['paues, 1987; Ito and Lin, 1995; Ribe et al., 1995;
Schilling, 1991; Sleep, 1996; Vogt, 1976; White et al., 1995;
Yale and Phipps Morgan, 1998|. Pe3synbrarer ucciemosa-
HUs MUrpauu A30pCKOTo MeramioMa 3a nociegave 10 MiiH
JIeT, OCHOBAHHbIE HA JETAJIbHOM COIIOCTABJIECHUU IIOAPOOHBIX
MaTepuaJioB 10 MOPMOIOruK, TEKTOHUKE, IPABUTALIUOHHOMY
nosti0, Tomorpaguu CAX u B3auMOOTHOIMIEHUIO MATHATOMET-
PUYECKUX JAaHHBIX ¢ GarmMmerpueil B mATEepBase 36—40° ¢.1m.
C JaHHBIMM II€TPOJIOTMYECKOTrO MO/I€IMPOBAHUS [IPUBE/IEHbI
B pabore [Cannat et al., 1999]. Cormacuo sromy uccieno-
BaHUIO, Murpauus A30PCKOr0 MeramjioMa UMEET MeCTO CO
ckopocTpio 60 MM/roz B TEUEHHE IOC/IEIHUX HECKOIbKUX
My JeT. Ecau cormacuthea ¢ Tem (paKTOM, 9TO 00CYKIa-
eMblil B JaHHOM cTarbhe KiauH aHoMmaanil Pas apiigercs cie/-
CTBHEM IIPOABUTAONIElicd Ha IOT B TeYEHHEe BCEro KailHo-
3051 30HBI TJIIOMOBOTO MarmMaThu3Ma, TO YTOJ HAKJ/IOHA 3TO-
ro KJIMHA B KOOPAMHATAX IIPOCTPAHCTBA (PACCTOSHUE BIOJIbL
CAX)/Bpemsa (Bo3pact anomamu npoduiisa) 1acT HAM CPea-
Hee 3HAYEHWE CKOPOCTH 3TOro mpomasmkeHus. Cumrasi, ITO
dponT 1wIIOMAa, BIBJIEHHBIH 110 KiauHy anomasuii Pasi, npo-
ABUHYJICE TPUBIU3UTENIbHO OT mMPOoThl passioma OkeaHo-
rpad 10 mupors padnoma Keiin (~11 myroBbrx rpasycos mo
mupore uiau 1221 kM) 3a nepuoy or 30 anomanuu (67 min
JIET) [0 HACTOALIEr0 BPEMEHW, MbL IIOJLY MM 3HAYEHUE CKO-
pocTu npoABuiKeHUst ~18 MM/rof, cpenHee st KailHO30s.
YuursiBasi, 9T0 1/100aIbHBIE TEKTOHHYECKHE IIPOIECCHl HA
3eMsIe IPOUCTEKAIOT HEJMHEHHO (B MMILyJIbCHOM DPEKHME),
MOKHO C YBEPEHHOCTHIO KOHCTATHPOBATH, 9TO CPEIHEE 3HA-
YeHue CKOPOCTH 3a JOBOJIbHO GOJIBINOI IIePUO/L, BDEMEHU BCe-
raa OyayT MeHbIIe IIMKOBBIX B OT/IE/IbHbIE SIIOXU. 1akuM 00-
pa3om, nosefenre A30pCKOro MerarIoMa BO BpeMEHH, OIpe-
JIEJIEHHOE 110 COBOKYITHOCTH CaMbIX PAa3HOOOPA3HBIX [TAHHBIX
MHOTHUMHY UCCJIEI0BATE/ISIMHU, HEITPOTUBOPEUNBO OITPEIE/ISTeT-
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Cd KaK HeCTAI[MOHADHOE NPOJIBHKEHWe Ha 0r ¢ (GopMupo-
BaHWEM HAJIOXKEHHBIX Ha CTAHJTAPTHYIO OKEAaHUIeCKYI0 KOpY
CTPYKTYD.

3akJroueHue

BrimosirenHOE MCCIe0BaHMe TIOKA3bIBALT, 9TO B X0e (hop-
MupoBanus jaurocdepbl ATJaHTUKY B 1IpejesiaX BbIOpaHHO-
ro paifoHa reoguHaMUYeCKas 00CTAHOBKA, COOTBETCTBYIOIIAs
yCJIOBHSIM 00pa30BaHUs ILIIOMOB, CYNIECTBOBAJjIa HE MEHEee
60—70 mm srer. CMemenne IIIOMOBBIX aCCONMANN 0a3a/b-
TOB 3a 9TOT IEPUOJ, BDEMEHH Ha 3HAYUTEJIbHOE PACCTOSHUE
(3mech me menmee 1200 kM) TpU CPaBHUTEIHHO MOCTOSHHOM
CKODOCTH CIIPEIWHIA CBUIETEIbCTBYET O TOM, ITO (hopmu-
pOBaHME IJIIOMOB HE 3aBUCUT OT CIPEIUHIA U HABJIAETCH II0
OTHOIIEHUIO K HEMY HAJIOXKEHHBIM ITPOIIECCOM. DTOT BBIBOJL
[IOATBEPXK TAeT 3aKJII0YEHNE O HE3ABUCUMOCTH 00OUX IIPOIIeC-
COB, BbICCKa3aHHOE B [Jmumpues u dp., 1999].

IIpenroxkenubiit B 310l paboTe HOBBIN TOIXOI IS pe-
KOHCTPYKIMU II€TPOJIONMYECKUX [IaPAaMETPOB MarMarm3Ma
10 JAHHBIM H30XPOHHOrO IPOMMINPOBAHUS 3HAYEHUI aHO-
MaJIuil TPABUTAIMOHHOTO IIOJIA IIPEACTABIIAETCA IepPCIeK-
TUBHBIM /IS PEUIEHUs 334a9d 00 IBOJIIOLIH MAarMaTH3Ma
npu GPOPMUPOBAHU OKEAHCKOH JIMTOCKHEPHI B UCTOPUIECKOM
acrmekTe. [Ipu WCHOIB30BAHWK TOrO IMOIXO0/IA HEOOXOIUMO
YUUTBIBATD P4/l OrPAHUYEHU, CBA3aHHBIX C HEPABHOMEPHOI
IUIOTHOCTHIO OIPOOOBAHUSA MArMaTHYIeCKUX IOPOXd, C Pas-
HOU HAJIEXKHOCTHIO MAarHUTOMETPUYECKUX JTAHHBIX U PA3HOMN
CJIOKHOCTHIO TEKTOHMIECKON NCTOPUH IIPHU BHIOOPE TOrO MK
WHOTO paitoHa uccienoBanuii. [Ipu pa3BuTHE 3TOro MOIXO-
Ja BO3MOXKHO HCIIOJIb30BAaHUE TAHHBIX 0 aHOMAJInu Byre u
MaTepHUaJIOB II0 TEIJIOBOMY IIOTOKY.

BaarogapHocTu. ABTOpDBI BBIPAsKalOT MPU3HATEIBHOCTH

A. ®. I'paueBy, H. B. Koponosckomy, C. A. CumanrbeBy u
A. O. MazapoBuuy 3a mosje3Hoe OOCY2K/J€HHe MATEPHAJIOB CTa-
Thu. PaboTa BhImOHEHA NpHU HoaAepkKe rpantamu POOU # 01-
05-64168 u rpanTa MunuCTepcTBa IPOMBIIIJIEHHOCTH, HAyKH H
rexnosoruit Poccuu no mpoexry “Kiiouessie paitonst Cpegunmo-
ATrnanTudeckoro xpeora’.
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