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Abstract: Paleomagnetic data are the priority source of information for global paleotectonic reconstructions representing hori-
zontal movements of the crustal blocks. Upon receipt of new paleomagnetic data, kinematic models of the East European
platform in the Paleozoic are regularly revised and improved. The article presents results of the paleomagnetic study of sedi-
mentary gray-colored and red beds of the Silurian and Lower Devonian sequences located in the Dniester river basin, Podolia
region, SW Ukraine. The study covered 17 outcrops that are stratigraphically correlated with the Wenlock, Ludlow, Pridoli
states of the Sillurian and the Lochkovian stage of the Devon. Over 400 samples of grey limestone, argillite, dolomite, red
limestone and sandstone were analyzed, and two components of natural remnant magnetization (NRM) were revealed. The
first component with SSW declination and negative inclination is revealed in the majority of the samples during AF- and
T-magnetic cleaning. Its pole positions, that are calculated separately for each series, are trending to the Permian segment of
the apparent polar wander path (APWP) published by Torsvik et al. [2012] for Baltica / Stable Europe. Considering its chem-
ical origin, this NRM component is related to formation of authigenic minerals due to rock remagnetization. The second
component is revealed only in some samples taken from the red beds (during thermal demagnetization in the range of un-
blocking temperatures from 590 to 690 °C) and in few samples of grey limestone (in AF fields from 30 to 70 mT or in the
range of unblocking temperatures from 300 to 460 °C). This component has SW declination and positive inclination, goes to
the origin of coordinates of the diagrams, and has all the indicators of primary magnetization of sediments. Calculated posi-
tions of the poles (0 °S and 329 °E for grey limestone of the Tiverskaya series, 2.3 °S and 338.4 °E for red beds of the Dnies-
trovskaya series, etc.) are well correlated with the Devonian segments of APWP for Baltica / Stable Europe. The same is true
for the Silurian poles. The new results suggest that in the Ludlow, the East European platform was located at the near-
equatorial latitudes of the Southern Hemisphere, and in the Pridoli, it moved to the north towards the equatorial latitudes of
the Southern Hemisphere. Later on, the drifting mode was changed, and the platform moved to the south. In the Lochkovian,
its position was stabilized at the equatorial latitudes of the Southern Hemisphere. Drifting of the platform can be described by
counterclockwise rotation by 16° around the Euler pole (®=34 °S, A=247 °E).

Key words: paleomagnetism, Middle Paleozoic, East European platform, apparent polar wander path (APWP), paleotectonic
reconstruction.
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AnHotaips: [TaleOMarHUTHBIM JIAHHBIM OTBOJUTCS TIPHMOPUTETHAs POJIb TMPH IVI0OA/MbHBIX MaTe0TeKTOHMYECKUX PEKOH-
CTPYKLHSIX, KOTOpPble 0TOOPaXKat0T FOPU30HTa/IbHBIE TIePEMELIeHNs OT/e/IbHbIX OJI0KOB 3eMHOM KOpBI. [T0CTpOEHHbIE Ha MX
OCHOBe KMHeMaTH4ecKue Mo/ie/id Myurpanuy BocrouHo-EBpornelickoii natdopmsl (BEIT) B rasieo3oe 1o Mepe MOCTYIIIEHUS
HOBOro (haKTHUeCKOro Marepuasa MOCTOSHHO YTOUHSIOTCA. B paboTe NMpUBOAATCS pe3y/bTaThl MaleOMarHUTHBIX MCCIIeZ0-
BaHMI 0Ca[0UHBIX CEPOLIBETHBIX M KPaCHOLIBETHBIX OTJIO)KEeHHI Cu/lypa M HIDKHEro JeBOHa oro-3amnaja YKpauHbl (paiioH
IMoponuu, H6acceliH peku [THecTp). /15 NajleOMarHUTHBIX MCC/Ie0BaHUN ObLM BbIOpaHbI 17 oOHa)KeHHH, KOTOpble CTpaTH-
rpauuecky CONOCTaBUMBI C BEHJIOKCKUM, JIyJIOBCKUM, NPKU0/IECKUM OT/e/IaMi CH/Typa U JIOXKOBCKUM SIDYCOM JleBOHA U
TIpe/iCTaB/IeHbl CepOLBETHBIMU M3BECTHSKaMU, aprUUIMTaMy, JOJOMUTaMU U KPaCHOLIBeTHbIMU U3BeCTHAKAMU U IeCYaHU-
Kamu. B pe3sysbrare nccieoBanuii Kosiekuun 6omee 400 06pa3ijoB GbUTH BbIE/IEHBI JBe KOMITIOHEHTBI eCTeCTBEHHOMH OCTa-
ToyHoi HamarHuueHHocTH (EOH). ITepBas BbifiesisieTcst Ha GosbmmHCTBe 06pasnos npyu H- u T-uncTKax, UMeeT I0r-I0ro-
3anaJjHoe CK/IOHeHHe U OTpuIiaTe/lbHOe Hak/JoHeHHe. COOTBETCTBYIOIIME el TlasleOMarHUTHbIE TMOJIFOCH, paCCUUTaHHbIe IS
Ka)X[J0il CepuM OTZeNbHO, TATOTel0T K IepMCKOMY CerMeHTy CerMeHTa TpaeKTOpHMH KaKylleiicss murpanuu nomoca (TKMIT)
nnist Bantuky / crabuneHoit EBporns [Torsvik et al., 2012]. DTa KOMIIOHEHTa XUMAYeCKOM MPUPO/LI CBsi3aHa C 00pa3oBaHUEM
ayTUreHHBbIX MUHEPAJIOB MPY MepeMarHU4YMBaHWM 1opoJ. [Ipyrasi KOMIIOHeHTa, BbiJie/sieMast B TOJIbKO B OTZe/IbHbIX 00pas-
[[ax KpacHOLBeTOB (IIPU TeMIepaTypHOM YKUCTKe B [uaria3oHe Aebokupyroiux temreparyp 590-690 °C) u B eJMHUUHBIX
obpastax cepoiBetoB (B nepemenHbix mossix 30-70 mTn mbo B auamasoHe gebmokupyroiiux temmeparyp 300-460 °C),
rMeeT F0ro-3arnajHoe CKJIOHeHHe U I10JIOKUTe/IbHOe HaK/IOHeHUe, U/eT K Haualy KOOpAMHAT AuarpaMM U XapaKTepu3yeTcs
BCeMHU MpU3HaKaMH IepBUYHOI HaMarHuueHHOCTH. PaccurTaHHble nasieoMarHuTHEIe nosoca (0 °S, 329 °E fyis cepoliBeToB
TUBepCKor cepud, 2.3 °S, 338.4 °E /11 KPacHOL[BETOB JHECTPOBCKOM CepUH W [Jp.) XOPOILO COI/IACYIOTCS C HIKHe[eBOH-
ckum ¢parmentom TKMIT anst Bantuiku / crabuibHON EBpoIibl. DTO JKe CIIpaBeyIMBO U /IjIsi CUIyPUMCKUX 110/F0coB. Co-
[JIaCHO HOBBIM pe3yJibTaTaMm, B jyAnoBe BEII pacrnonarasack B NpU3KBaTOpHaIbHBIX IIMpoTax HOKHOro nosyimapus, B
MIP>KUZ0/IBCKOE BpeMs TlepeMellianach K ceBepy B 3KBaTOpHasbHble IMPOTh HOxkHOro nonymiapus. [lanee xapakrep apeiida
W3MEHSIeTCs — IIPOUCXO/UT TepeMellleHre Y)Ke B 10’)KHOM HarlpaB/ieHHUH, U B JIOXKOBCKOe BpeMs nosiokeHre BEIT crabummsu-
pyeTcsi B IPU3KBaTOpHa/bHBIX HIMpoTax FOxkHOro momymapusi. XapakTep fpetida naaTgopMbl MOXKHO OMUCaTbh ITOBOPOTOM
NIPOTUB YaCOBOM CTpeJIKU Ha 16° BOKpYT nosmoca Dijepa, ¢ koopauHatamu ®=34 °S, A=247 °E.

Kntouesble cosa: mameoMarseT3M, CpefjHUH Maseo30l, Bocrouno-EBpornetickas riaT¢opMa, TPaeKTOPHs KaXKylehcss Mu-
rpaLyH T0JII0Ca, Nale0TeKTOHNYeCKHe PeKOHCTPYKLN.

1. BBEJEHUE

[TaeoMarHUTHBIM JIaHHBIM OTBOJUTCSI NIPUOPUTETHas!
POJIb TIPH T/I00a/IbHBIX TIa/Ie0TeKTOHUYECKUX PEKOHCTPYK-
LIUsIX, KOTOpble 0TOOpa’kar0T rOPHU30HTAbHBIE U POTaLy-
OHHble TepeMellleHHs] OT/e/NbHbIX OJI0KOB 3eMHOM KOpBI
[Ipy 3TOM pelaeTcss psifi TeOJIOTMUYECKUX 3afiad, Cpeu
KOTOPBIX MO)KHO BBIIETUTh CHHXPOHM3ALMI0 U KOpPpeJs-
L[MI0 MarMaTHMUYeCcKHX TIPOsIBIEHWH Ha KOHCOJIMMPOBaH-
HBIX TUIAT(GOPMEHHBIX YYaCTKax, OIpeZesieHHe YCIOBHUN
TEIJIOBOM UCTOPUH MeTaMopdu3Ma TOPHBIX TIOPO/], UCCIe-
[IOBaHU€ [MHAMUYECKHX aclleKTOB TEKTOHWKH >KeCTKUX
6/7I0KOB 3eMHOM KOpBI, ManeoTeKTOHNUeCKre PeKOHCTPYK-
LYY U IP.

B pab6ote rpymriel aBTopoB [Torsvik et al., 2012] 6bimm
repecMOTpeHbI reo[UHaMUUeCcKre MO/ie/T MHOTUX O/710KOB
3eMHOU KOpHI B (paHepo3oe. B psize ciydaeB pe3ynbTaThbl
CYILeCTBEHHO OT/IMYAIOTCS OT JIaHHBIX, TIPe/ICTaBIeHHBIX B
Oonee panHux pabotax (cm., Hampumep [Torsvik et al.,
1996]), B TOM uucsie A/ Cpe/IHerane030MCcKOro cermeHTa
TKMII gns Bantuku [Lubnina et al., 2007]. Ona ux te-
CTHUPOBaHMs He0OXOMMO TIpHBJIeUeHHe HOBBIX I1aseoMar-
HUTHBIX OIpe/ie/ieHnH.

Hy)XHO OTMETHTb, UTO 3TOT Maje030MCKUI CerMeHT
TKMIT a1t BanTHKu ObIT MOCTPOEH HAa OCHOBE HeOOJIBIIO-
ro KOJMYeCTBa HaZle)KHBIX T1aJleOMarHUTHBIX OIpefese-

HUM, U J/I €r0 YTOUHEeHUs1 Heo0X0[UMO TIPUBJIEUeHHEe HO-
BBIX JIaHHBIX. OCOOEHHO Masio OTIpe/ie/IeHNA UMEeTCs JIJist
€ro /IeBOHCKOW 1 KapOoHOBoO# uacTed (puc. 1). 3gech ma-
JIeOMarHUTHBIE TIOJ/IFOCHI TIO/Ty4YeHbI TI0 pe3yJibTaTaM HC-
cnenoBaHui Ha bpuraHckux octpoBax U CKaHAWHABUM, a
TaKXKe TI0 JeBOHCKUM oTjokeHHsiM [logommu [Torsvik et
al., 2012]. HeckonbKo Jjiyullie CATYaLusi C CHJIYPUACKAM
(hparMeHTOM, TIOCTPOEHHBIM II0 pe3y/JbTaTaM uYeThbIpex
onpezenenuii B Llotnanauy, uetbipex — Ha CKaHAWHAB-
cKoM TionmyoctpoBe U ByX — B ITogonuu. IlpencraBnen-
Hble Ha pYC. 1 TlaJleOMarHUTHLIE TIO/TFOCHI PaCTIoIaratoTCs
6/M3KO APYT K pyTy, 00pa3ys cBoero poja «o0iaka».
Takum obpa3om, Masioe KoyiMuecTBo (b0 BOBCe OT-
CYTCTBWE) HaJe)XHBIX TaJleOMarHUTHLIX —OfpeJe/ieHui
BHOCHUT HEO/HO3HAuHOCTb B Mojienb napeiida BEII B ma-
sieo30e U TpeOyeT TIpUB/IEUEHUS] HOBBIX AaHHBIX. Hamu
ObLTM BBITIOMIHEHBI WCCIe[0BaHUsI OTIOPHBIX Pa3pe3oB ce-
POL[BETHBIX U KPACHOLIBETHBIX OTJIOKEHUH CUTypa — HIDK-
Hero fieBoHa [Togmomuu (FOro-3amasHas YKpauHa, I0/IdHA
peku [IHectp). OHU XOpOIIO 00HAa)KEHBI, UMEIOT HafleX-
Hble CTparturpaduuecKkurie TIPUBSI3KU, XapaKTepU3YIOTCS
obuirem rckomaeMoi (opbl ¥ GayHbl, MPAKTUYECKA He
3aTPOHYTHI MpoljeccaMd Metamopdur3Ma U, Kak MOKasbl-
BalOT Pe3yJbTaThbl MPebIAYIINX MaJeOMarHUTHBIX UCCTe-
[IOBaHUM, SIBJIAIOTCSA TIa/IeOMarHUTHO-UH()OPMAaTUBHBIMU
[Smethurst, Khramov, 1992; Lubnina et al., 2007].



Geodynamics & Tectonophysics 2014 Volume 5 Issue 4 Pages 1045-1058

320°E J340°E_ 0°
60°N
300°E
50°N
40°N
280°E
€BOHCKAdA 30°N
z pynn 0
4 N’
4139;.411 ¢ 20°N
4100 & 3
2‘4'15 Cunypuingkas >
L d
®410 '¢~~D rpy””a ) - 10°N
(.: 3 425 424 ,—"
332 \ 335 . 419 -
6‘
Kap6oHapa N ,4 N 0
pyn v\ %0 e 4
[y 421
[y
\ 2% 294 2993 - 10°S
9305
S @295 305
2873'1‘2;;‘ '2‘97’33}
— o
2;7.'3 259‘ Mepmo-Ka oBas 20°S
°.8 ‘303 pynna
==5--{T 30°S
23
: 40°S
~~§ -y K °
50°S
60°S

Puc. 1. Cunypuiickue, feBOHCKMe, KapOOHOBBIE M TIEDMCKHe TIOMIOCH], OljeHMBaeMble KaK Hanbosiee HaJle)KHbIe (Cepble OBajbl), U
OJ¥H U3 BapraHToB TpaekTopuu TKMII (myHKTHpHast uHus) A/ Bantriku / crabunbHoM EBporsl B cooTBeTcTBUM C [Torsvik et al.,

2012]. Bo3pacT 1o/r0coB NpyBe/ieH B MJIH JIeT Ha3af.

I Fig. 1. The Silurian, Devonian, Carbonian and Permian poles estimated with high reliability (gray ellipses), and a trend of APWP
(dotted line) for Baltica / Stable Europe, according to [Torsvik et al., 2012]. Ages of poles in Ma.

2. TEOJIOTUA ¥ OB BEKTHI UCCJIEJOBAHUIA

[Taneo30iickye OT/I0XKEHUs! LIMPOKO PacIpOCTpaHeHbI
Ha toro-3anage BEIIL. OHu mnpezcraBieHbl TeppUreHHO-
KapOOHATHBIMU TTOPOJIAMH, MOIIHOCTb KOTOPBIX YBeTHUH-
BaeTCsl B 3arajiHOM HampaB/ieHuH, U Ha Tepputopuu [lo-
JOJIMA COOTBETCTBYIOT Haubosiee TMOJHBIM CeAVMeHTaLH-
onHbIM 1uKnaM [Nikiforova, Predtechenskiy, 1972; Tse-
gelnyuk et al., 1983]. B reosornueckoM riaHe Tiane030i
3[ech pasjie/sieTcsl Ha [jBa CTPYKTYPHBIX 3Taxka. HiokHuit
C/1araloT OT/IOKEeHHs BePXHEro mpotepo3os (BeH[) W Ma-
neo30s (HWKHUK KeMOpHWH, BepXHUW OpJOBHUK, CUIyp U
HWKHUM [fleBOH). OHU BCKpPBIBAIOTCSI B [JOJIMHE DEeKU
[HecTp u Mo ee jeBbIM IpUTOKaMm (puc. 2). 34ech CUy-
pUICKHE OT/IOKEHUSI C Pa3MbIBOM 3a/eraroT Ha OT/IOKeHU-
SIX OpZIOBMKa, KeMOpHs, MHOT/Ia BeH/a, a BbIlle COTJIaCHO
NepeKpbIBAlOTCS KPACHOLIBETHBIMU IIOPOZAAaMHU  HIDKHEro
JeBoHa. Ilanmeo3orickuii paspes [lofonny gBnsieTcs Kpym-
HbIM LIMKJIOM MODPCKOrO CelMMeHTOreHe3a, Hayaao KOTO-

POr0 MOXXHO CB$I3aThb C OP/IOBUK-CUTyPUKMCKOW TPaHCIpec-
cuell, a KOHel| — C YCTaHOB/IeHHMEeM KOHTHHEHTa/bHbIX
YCJIOBUI OCaJKOHAKOILJIeHUsI B HIDKHEM JieBoHe. BepxHuii
3TaXX MpeJCTaB/eH OT/I0KEeHUsMH Mena (CeHOMaH) U Heo-
reHa (TOPTOH U capMar).

Paspe3 cunypa Ilogonuu mipefcTaB/ieH MOIHOW TOJI-
meii (bosmee 400 M) TeppuUreHHO-KapOOHATHBIX TIOPOZ,
pasfiesieHHbIX CeJVMEHTAlMOHHBIMH LIMK/IaMH B paHre
cepuid. Slpyrckas cepusi IpeJCTaBjieHa OT/I0XKEHUSIMU
riy60KoBOAHOrO 1ienbda, BbIllle 10 paspesy I1yboko-
BOZIHble (Al CMEHSIFOTCSI MeJKOBOAHBIMM, OTpakast
NIOCTeNIEHHY0 perpeccuto Mops.. ManuHoBellKasi cepusi
IIpeJiCTaB/leHa OTJ/IOKEHUSIMM MeJIKOBOJHO-111eb(OBOro
OacceiiHa C XxapaKTepPHBIMU TOPOAAMH BOJTHOTIPUOOMHBIX
30H (TI0 COCTaBy 3TO KOMKOBaThble W IJIUTYaThle M3BECT-
HsikW). CKanbCKasi cepusi OTpakaeT KOHEUHYHO CTaJUio
KapOOHAaTHOTO 0Ca/KOHAKOIIeHUs], TNpeficTaB/leHa B OC-
HOBHOM JIaTYHHBIMU OT/IO)KEHHUSIMU ([OJIOMUTaMH, [0-
MepUTaMu U [10JIOMUTH3UPOBAHHBIMU U3BECTHSIKaMH) U
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PO/ HI)KHETO [IeBOHA TIPUBE/IeHbI B Oe/IbIX KBaJpaTax B COOTBETCTB
BykBamu JTaTUHCKOTO ajipaBuTa 0003HAUEHBI pa3pe3bl CePOIBETHBIX
MIPOHYMepOBaHbI pa3pe3bl KPACHOLIBETOB HIPKHETO [1eBOHA, LIUppaMu
cepuii: Didn — qHecTpoBcKasi, D tv — THBepckas, S,sk — ckanbckas, S,

sections are shown in white boxes according to their geological descri
rocks are marked by Latin letters according to [Jeleriska et al., 2005].
an. Series: D;dn — Dnestrovskaya, D,tv — Tiverskaya, S,sk — Skalskay

pe’xe Me/IKOBOJHBIMH, IIeb(OBbLIMU (KOMKOBAThIe IJIH-
HUCTBIe W3BECTHSKH, pexxe Oworepmueie) [Nikiforova,
Predtechenskiy, 1972]. KpacHoLBeTHbIe OT/I0>KEHUS BEPX-
Hero cuwiypa (B cocTaBe BEPXHEKOHOBCKOW TOZCBUTHI Ma-
JIMHOBELIKOM Cepuu) MpeZCcTaB/eHbl MepecyiauBaHUEM [0-
JIOMHUTOB, JOMEPUTOB U W3BECTHSKOB.

Puc. 2. I'eosioruueckasi cxema Iaseo3osi cpefiHero IIpuaHecTpoBbst (CO CHATHIM Me30-KalfHO30MCKUM YeXJIOM).

HccnenoBaHHble paspesbl CepoLBeTHBIX (KPaCHOLIBETHBIX) ITOPO/, MPUBeAeHb! OebiMU (4epHbIMK) 3Be3iaMu. Homepa pa3pe3oB ceporiBeTHBIX 10-

WM C WX TeoJIoTHYeCcKuM ormcanneM B [Nikiforova, Predtechenskiy, 1972].

TIOPOZ, CUjTypa B CcOOTBeTCTBUHM C [Jeleriska et al., 2005]. Ludpamu 1 u 2
3 1 4 — pa3pe3bl KPaCHOLIBETOB BEPXHET0 CHITypa. BykBeHHbIe 0603HaUeHUs
ml — ManHOBeLKas, S;jr — sipyrckas, O, smld — MonooBCKast.

Fig. 2. The Palezoic of the Middle Pridnestrovie (without Meso-Cenozoic cover).

In the geological scheme, white (black) stars show studied cross-sections of grey (red beds) rocks. Numbers of the Low Devonian rock cross-

ptions in [Nikiforova, Predtechenskiy, 1972]. Cross-sections of Silurian grey
Cross-sections of red beds: 1 and 2 — Low Devonian; 3 and 4 — Upper Siluri-
a, S,ml — Malinovetskaya, S;jr — Yarugskaya, O,.3mld — Molodovskaya.

Paspes HwxHero fgepoHa Ilogonuu ciaratoT /iBe Cepuu:
THBepCKas M JIHeCTpoBcKasi. IlepBasi sBJsieTCS MpoOJOJIKe-
HUEeM CHyPUHCKOrO LIMK/Ia OCAJKOHAKOIUIEHWsS U TIpef-
CTaB/ieHa W3BeCTHSKaMU W apruyiMTaMy, BTOpas — pe-
3y/IbTaTOM YCTaHOB/IEHUS] KOHTMHEHTAJbHOTO peXrnMma
0CaZIKOHAKOIJIeHUs] B yCJOBHUSIX 3aCyLUIMBOTO K/MMarta.
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[HecTpoBCKasi cepusi MoApaszessieTcsl Ha YeTbIpe CBUTHI:
yCTeUKOBCKasi, XMeJleBCKasl, CTPBINCKasi U CMepKJ/IeBCKasl.
YcnoBusi cefuMeHTal[MM OCaJKOB JHECTPOBCKON Cepuu
XapakTepHbl [ CTPYKTYpbl IpeAropHON BHaJUHbI U
TIpe/iCTaB/IeHbl UepeJOBaHUEM KPaCHOLIBETHBIX aprujliu-
TOB U NeCYaHWKOB MOIIHOCTBIO A0 1100 M B JIbBOBCKOM
nasieo3orickom miporube [Tsegelnyuk et al., 1983]. Kpac-
HoLBeTHas1 (hopMaliysi yCTeUKOBCKOM CBUTHI HMCC/leloBaHa
HaMM Ha [BYX paspe3ax, I[/le OTJIOXKeHUs Ipe/iCcTaBjeHbl
repec/lanBaHieM KPacHO-OypBIX TIeCYaHUKOB U aneBpoap-
TWUIUTOB MOIHOCTBI0 0K0J10 50 M.

TakuMm 00pa3oM cepol{BeTHble M KPAaCHOL|BETHbIE OT-
JIOXKeHUs CUTypa — HWKHero JeBoHa [logosmu dopmupy-
10T HelpepbIBHBIN paspe3 (aljajbHO pasHbIX 0CaJ0YHbIX
TOJILI, KOTOPBIN U siB/IsieTCsl 0OBeKTOM HallluX Iajieomar-
HUTHBIX UCCTIe/JOBaHUM.

[lIo OTHOILIEHMIO K reosoruueckor (reoxpoHoJorhye-
CKOM) 1IKajie sipyrckasi cepvsi BepXHero CHUjaypa COIocTa-
BHMa C BEHJIOKOM (BO3pacT HIDKHEH 4acTH OlLieHUBaeTCs B
428 MJH /1eT), a YCTeUuKOBCKasi CBUTA HIKHEro /IeBOHA CO-
TIOCTaB/IsSeTCS C BepXHell YacTbl JIOXKOBCKOIO sipyca
(Bo3pact okono 412-411 mnH et [Gradstein et al.,
2012)).

3. METOOVIKA PABOT

OpueHTHPOBaHHBIe 00pa3ibl U3 17 oOHaXeHHI 0TOMpa-
JIUCH BPYYHYIO ITYhaMu MO0 BEIOYPUBaIUCE MUHHOYPOM;
Y3 HUX BBIMWIMBAINCh CTAHAAPTHBIE KyOUKK (JTNOO LUINH-
Ipel) ¢ pebpom 20 MM (/6o guaMeTpom 24 Mwm). TTosHbIH
L[MKJI MarHUTHBIX YUCTOK ObUIT BBITIONHEH Ha Oomee uem 400
obpasijax. JlabopaTopHbie MajieOMarHUTHbIE UCC/IeI0BaHNUS
TIPOBO/JWIHCH TI0 CTaHAAPTHOU MeToavKe [Khramov, 1982;
Pecherskiy, Didenko, 1995] v BK/IOUany CTyreH4aToe pas-
MarHA4YvMBaHue 00pasloB TeMIepaTypoid W TiepeMeHHBIM
MarHUTHBIM TIOJIEM, OTIpejie/ieHrie KOMITOHEHT OCTaTOUHOM
HaMarHUYeHHOCTH, OL[eHKY WX CTaOM/IBHOCTH M Tajieomar-
HUTHOW MH(OPMaTUBHOCTU. OT/ENbHO BBITIOMHSIUCH KOM-
TJIEKCHbIE MAarHUTHO-MUHEPAJIOTMUECKHe UCC/Ie/JOBaHUs.
Ha nocsieiHeM 3Tarie TIPOBOAWIIUCH pacueThl MaleOMarHuT-
HBIX TIOTFOCOB /ISl KaXkjoi cTpaTurpadryeckoii cepuu. bo-
Nlee TIOAPOOHO pe3yJbTaThl UCC/IeJOBaHWIN W3/I0’KeHbI B pa-
borax [Jelenska et al., 2005, 2010; Bakhmutov et al., 2012;
Poliachenko et al., 2014], 1 HIKe Mbl OCTAHOBHUMCS TOJILKO
Ha OT/le/IbHBIX K/TFOUeBbIX MOMEHTaX.

Boripoc o mpurogHoctu ocamouHbix nopog Ilomonuu
[I7IsT TIOJyUeHUs] HaJleXKHbIX TlaJe0MarHUTHBIX Orpefere-
HUIl BecbMa HeMNpOCTOi. BrbirosiHeHMe TO/eBBIX TeCTOB
(ck/aiIkKu, KOHIJIOMEPAToB) B 3TOM paiioHe rpobJiemMaTry-
HO BBHJly OTCYTCTBHS (10 KpaliHell Mepe aBTOpaM OHH
He W3BeCTHBI) TIOAXOASIIUX [J/IsI TeCTOB Te0JIOTUYeCKUX
06bekToB. K ToMy ke BemmunHbl EOH cepoljBeTHBIX TO-
pog, [Too/iuu HAaCTOMBKO MaJsibl, YTO BO3HUKAIOT TPY/THO-
CTU JaXke TIPU M3MEPEHHSX Ha BbICOKOUYBCTBUTETHHOM
SQUID-marautomerpe. CuTyalusi C KpaCHOLBETHBIMU
MOpOo/IaMy 3HAUUTE/IBHO JIyullle, BeJTMUMHBI HaMarHUYeH-

HOCTH 00pa3iloB Ha TIOPS/IOK BhIIlIe, U TIPOOJIEM C HaleX-
HbIM BblJle/leHreM MH(OPMaTHBHOIO «CUTHala» MpU Mar-
HUTHBIX YMCTKax He BO3HUKAeT.

N3mepeHust KOJ/IIEKIIMK BBITIOJHSIMCE HA armaparype
NucrutyTa reodusuku I[Tonbckoit akajeMuu Hayk, r. Bap-
maga (2G SQUID DC marHaroMmeTp C NPUCTaBKOM AJIs
pa3MarHUYMBaHUS TIepeMeHHBIM MAarHUTHBIM T10JieM), U
WuctutyTa reodusuku um. C.M. Cy6ootna HAH Ykpa-
vHbl (criuH-MarHuToMmetrp JR-6). [Ins TemmeparypHoi
YUCTKUA B 00enx 71abopaTopUsiX HCIO/Ib30BaUCh YKPAHU-
poBaHHble ey MMLTD. VI MarHUTOMETpbI, U II€YKU I10-
MellleHbl B HemarHuTHble KoMHaTel MMLFC. M3Mmepenue
MarHutTHol BocrpuumuvBocTh (MB) BbBIMOAHANOCH Ha
kanna-metpax KLY-2 u MFK-1 npu KOMHaTHOH Temriepa-
Type TocCje KaXA0i CTyreHW TepMOMAarHUTHON UHCTKH
[JisT MOHUTODUHTa MUHepaloruueckKux M3MeHeHuH B 00-
pasijax npu HarpeBax. [lapaMeTpbl aHH30TPOTIMM MAarHUT-
HOU BOCTIpUMMYMBOCTH (AMB) BBIUMCISUIMCE M aHA/U3U-
poBanuchk mo mporpammam ANISO [Jelinek, 1977]. Pe-
3y/IbTaThl pa3MarHAUMBAHUS aHATM3UPOBAUCE METOAOM
ryaBHbIX KommoHeHT [Kirshvink, 1980] mo mporpamme
Remasoft 3.0 [Chadima, Hrouda, 2006].

4. PE3YJIbTATHI UICCJIEZIOBAHMI

Bcs kosiekiusi 06pasrjoB ObLla MOABEPrHyTa CEpUH
NocJie/joBaTebHbIX HarpeBoB Ipu 10—12 cTymeHsix pas-
MarHuuvMBaHusi — [Jis CEpPOLBETOB A0 TemmepaTyp 420-
460 °C, npy KOTOpBIX BeJIMYMHA HaAMarHUYeHHOCTH Iafia-
Jla TIOUTH [0 HyJ/s W/WMA TPOUCXOJUIA MHUHepaorhye-
CKve u3MeHeHMs B oOpa3iiax (Ha YTO yKa3biBaeT pe3Koe
Bo3pactaHue MB). O6pa3ibl-ay6/u pa3MarHAUMBaINUCh
repeMeHHbIM MarHUTHbIM TosieM (15-20 cTymeHel pas-
MarHM4YMBaHUs) TIPM MAaKCHUMa/bHBIX 3HAUEHUSIX TI0JIst
100-140 mTa. [Ina o6pa3ijoB KpaCHOL[BETOB pa3MarHUUM-
BaHUe IepeMeHHbIM MarHUTHBIM T10J1eM, KaK U CJieZloBajio
O’KH/IaTh, OKa3ajoch HeapekTHBHbIM. O6pasiibl OT/INYa-
JIUCh TIOBBIIIIEHHON MarHUTHOM <«’KeCTKOCTBIO», TIPU TOJISIX
100 mTn onu Tepsinmu okoso 10 % EOH. [lna kpacHoLBe-
TOB 3(deKTHBHBIM ObLTI0 15-20-CcTymeH4yaToe pa3mMarHu-
yuBaHue 10 TemrepaTtyp 680—690 °C. Ilpu sToM B Auana-
30He Temreparyp oT 590-610 go 690 °C Beigensnack mps-
MOJIMHeMHas, Crajialoijasi B Havaao KOODAWHAT KOMIIO-
HEHTa HaMarHWYeHHOCTH (XapaKTepucThdecKass KOMIIO-
HeHTa HamarHuueHHOCTH ChRM).

B obpasijax cepolBeTOB OBIIO BbIJ|EIEHO TPU KOMIIO-
HeHTbl HaMarHuueHHocT [Bakhmutov et al., 2012]. Tlpu
HU3KUX Temrieparypax (g0 200-250 °C) u repeMeHHBIX
MarHuTHBIX 0o/siX (mo 15-20 MTn) BbiAensieTcs HU3KO-
cTabuibHast KomroHeHTa (V-KOMITIOHEHTa) TIpsSIMOM TIo-
JIIPHOCTH, HarlpaBJieHHe KOTOPOU O/TM3KO K HarpaB/eHUI0
COBpeMeHHOIr0 MarHMWTHoro moJisi. Ee nprpoga, BeposiTHO,
BsA3Kasl, U Jlajiee OHa He paccMaTpuBaetcs. [Ipyras, 6osee
cTabuibHasl, KOMIIOHEHTa FOT-I0r0-3araHOT0 CKIOHEeHHs
Y OTpULIATe/JIbHOTO HAaK/IOHEeHHs UeTKO BbIJeNseTcsl pas-
HbIMM METO/laMd MarHWTHOM UMCTKH, KakK TIpU pa3MarHu-
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Puc. 3. TIpumepsl CTyreHYaToro pa3MarHiuMBaHusi 00pa3LoB ceporBeTHLIX (a, 6, 8) U KPACHOL[BETHBIX (2, 0) MOpo/] TlepeMeHHbIM
MarHWTHBIM T0J1eM (a, 8) U TemriepaTypoi (6, e, 0); Ha obpa3iax BbieneHsl Bs3kast (V-komn), «nepMckas» (P-komn) u Haubosiee
cTabubHas xapakTepuctrueckasi (ChRM) KOMITIOHEHTbI HAMarHUUeHHOCTH.

ITpuBeieHbI cTepeorpamMMbl (T10/1ble/3a/IUThIe KPYTH — NPOEKLIMK BEKTOPOB Ha BePXHIOKO/HIDKHIO nosycdepy) U AuarpaMMel 3uiiiepBenbja Us-
MepeHHbIX HarlpaB/jeHWii HaMarHM4eHHOCTH U Bbl/ieJIeHHBbIX KOMIIOHEHT, a TaK)Ke HOPMHPOBaHHbIE KpUBble pa3MarHuunBanus EOH. 3amurbiMu
(monpIMM) Kpyramu Ha Avarpammax 3uiifiepBesbZa 0003HaueHbl POEKIMM Ha TOPU30HTA/IBHYIO (BePTHKAIbHYI0) TJIOCKOCTD, ITyHKTUPHBIMU JIH-
HUSIMU TIPUBE/IEHBI Bbl/le/IeHHble KOMITOHEHThI HAMarHUUeHHOCTH.

Fig. 3. Examples of staged demagnetization of grey (a, 6, 8) and red (e, 0) rock by impacts of alternating magnetic fields (a, 8) tem-
perature (6, 2, ) with viscous (V-komn), 'Pemian’ (P-komn) and the most stable (ChRM) magnetization components.

Stereograms (open/solid circles show projects of vectors to the upper/lower hemisphere) and Zijderveld diagrams of measured magnetization di-
rections and revealed components, and normalized NRM demagnetization curves. In Zijderveld diagrams, open/closed circles show projections to

YMBaHUM TlepeMeHHbIM 1osieM (puc. 3, a), Tak U Temrepa-
Typoii (puc. 3, 6). Ee HampaBneHne O1M3KO K HaripaBJie-
Huto «I» (umm «P—C») KOMITOHEeHTBI, KOTOpasi BbI/eNsieTCst
Ha MHOTHX BepXHeraneo30WCKUX pa3pe3ax O0CaJ0YHbIX
niopos, BEIT [Smethurst, Khramov, 1992; Lubnina et al.,
2007], n ee CBfI3bIBAIOT C MepeMarHM4vMBaHUeM IIOPOJ B
BEpXHEM I1ajsien30e (B paHHeH mepMmu). B oTaenbHbIX 00-

horizontal/vertical planes; dotted lines show revealed magnetization components.

pasnax Mpy pa3MarHUUMBaHWUW MepPeMeHHLIM MarHUTHBIM
nosieM B iuarnasone 30—70 mMTon u Beie (puc. 3, 8) mbo B
guarnasoHe TemmepaTtyp 300—460 °C, Hapsay C «mepwm-
CKOM» KOMIIOHEHTOH, BBIJ|e/IIeTCS TpeTbs KOMIIOHEHTa
FO3 ck/ioHeHUs U I0JIOXKUTE/ILHOTO HAaK/IOHEHUs, KOTopast
uzeT K Hauvany koopauHat (ChRM). Ee HampaBneHue
6/113KO0 K paHee Bbl/le/IeHHOMY B 3TOM paiioHe [Smethurst,
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Khramov, 1992; Lubnina et al., 2007] «eBOHCKOMY»
HarpaB/ieHUIO.

[To pesysbpTaTaM MarHATHOW YMCTKM 00pasLioB Kpac-
HOLIBETOB TaK’ke BbIZIEJIIIOTCS. TPU KOMIIOHEHThI HaMarHu-
yeHHOCTU. HU3KOTeMIiepaTypHasi KOMIIOHEHTa BbljensieT-
Csl TIPAKTMUECKHM BO Bcex oOpa3rjax B auara3oHe 100-
350 °C, ee HampaBp/ieHWe OJM3K0 K HArpaB/eHUIO COBpe-
MEHHOI'0 MarHWUTHOTO TI0Jisl, TIPUPO/ia, BEPOSITHO, Bs3Kasi
(V-KoMIioHeHTa), ¥ Jajee OHa He pacCMaTpUBaeTCsl.
CpenHeTemriepaTypHasi KOMITOHEHTa BhbIIeISIETCS B TIO-
JIABJISAIOIIEM OOJBITMHCTBE 00pa3IjoB MpU TeMIlepaTypax
o 600 °C (puc. 3, 2, 0), IMeeT IOr-Ioro-3amnajsiHoe CKJIOHe-
HUe W OTpULiaTe/IbHOe HaK/IOHeHHe, KOTOpoe OueHb O/1u3-
KO K HarpaB/IeHUI0, BbIIeJIeHHOMY T10 cepoiBeTaM. TpeThsi
u3 komrioHeHT (ChRM) Hanbosee cTabuibHa, BbIESETCS
ripuMepHo B 20 % o0pasijoB npu Temrepatypax >600 °C
(puc. 3, 2, 0), UJeT K Haya/ly KOOPJMHAT M XapaKTepu3yeT-
s KaK TIPSIMOM, Tak ¥ 0OpaTHOM MOJISIPHOCTHIO.

Pacyer cpegHMX MasleOMarHUTHBIX HarpaBeHWN /st
KOMITOHEHT BBITIOJIHSJICS OT/Ie/IbHO [T KaXK[OU Cepuu
mbo cBUTHI (TabnuIla), a KOOPAWHATHI MajeOMarHATHBIX
TOJIFOCOB CPAaBHUBAIUChL C Tane030McKuM (parMeHToM
TKMII pnst Bantuku / ctabuneHoi EBponsl [Torsvik et al.,
2012] (puc. 4). AHanu3 3TUX pe3y/bTaTOB MO3BOJISIET Clie-
7aTh BBIBOJI, UTO BBIJe/ieHHas Kak 10 cepoliBeTaM, TakK U
no kpacHoiBeram ChRM momajaer Ha CUTYPUHCKO-
neBoHCKUU ¢dparmenT TKMII, a MeHee cTabuibHasi KOM-
MOHEHTA — Ha MepMCKui (Wi 6/m3kuii K KapboHOBOMY)
cermeHT. Bo3Hukaet Bompoc, siBasieTcsi i1 ChRM nepeuu-
HOW HAMarHW4YeHHOCTBIO W C KAKUMH MarHUTHBIMA MUHe-
pajiaMHi OHa CBsi3aHa.

[ns ompefieneHysi HOCUTeNel OCTaTOYHOM HaMarHu-
YeHHOCTH BBITIOHS/INCh MUCC/IeI0OBaHMs IITM(OB 04, MU-
KPOCKOTIOM, MHWKPOaHa/IMTUUeCKUe WCC/IeIOBaHUS MeTO-
JlaMU 3/IeKTPOHHO-MUKPO30HZIOBOTO aHa/ln3a, a TaKxKe
TpUMeHs/Iach CTaHJApTHasi MeTOAMKa MarHUTHO-MUHe-
paJIOTUYeCKNX HWCC/IeZIOBaHUM, BK/IIOUAIOIasi pa3Hble Me-
TOJIbl KaK TEPMOMArHWTHOTO aHaju3a, Tak W Oe3Harpes-
Hble MeTO/ibl (M3MepeHHe TapaMeTpOB TeTJM THUCTepe3u-
ca). Pe3ynbTaThl 3TUX MCCIe[OBaHUI MpUBe/ieHbl B pabo-
tax [Jelenska et al., 2005, 2010; Bakhmutov et al., 2012;
Poliachenko et al., 2014].

Pe3synbTaTel MO cepolBeTaM COIJIACylOTCS C paHee
TIOJTyUYeHHBIMHU [IJI 3TOr0 paiioHa maHHbIMU [Jeleriska et
al., 2005, Lubnina et al., 2007] v yKa3bIBalOT Ha MarHETUT
KaK Ha OCHOBHOM HOCHTe/b HaMarHuueHHocTH. [Ipu 3Tom
B 00pa3iiax rnpeobsajjaeT ayTUreHHbI MarHeTUT, KOTOPbIN
BHOCHUT OCHOBHOW BKmag B EOH, u c HuMM cBsi3aHa
«TIepMCKasi» KOMIIOHEHTa HamarHuyeHHocTd. Ho B oOT-
JeJbHBIX 00pasijax TakKe TMPUCYTCTBYET aljIOTUreHHBINA
MarHeTUT, C KOTOPBIM CBsi3aHa XapaKTepUCTUUeCKas
KOMITOHEHTa HaMarHAYeHHOCTH, BbiJesisseMasi HaMH Kak
CWIypUiCcKas ([jleBOHCKas). B monb3y nocnesHero cBupe-
TeNbCTBYET: a) ee BhbIJe/IeHHe UCKIIUUTETBHO B CJIOSIX C
COXpaHeHHOW O0CaZIoyHON CTPYKTypoul (TI0 pe3yibTaTam
aHanu3a AMB o6pa3iioB); 0) ee HarpaB/ieHUe, COBIIafa-
Iolllee C CUTYPUNCKUMU — HWDKHEZEeBOHCKUMH T0JIF0CaMU

s Bantuku [Torsvik et al., 2012]; B) 6unonsipHOCTh (B
TOM UHC/Ie C YYeTOM JPYruX [JaHHBbIX, NPUBeJeHHbIX B
[Lubnina et al., 2007; Poliachenko et al., 2014]). Takum
00pa3om, MbI CUMTaeM, UTO 3Ta KOMIIOHEHTa HUMeeT BCe
TMPY3HAKW TIePBUYHOM U 00yC/iOB/ieHa 3epHAaMU AeTPUTO-
BOTO MarHeTUTa.

Hnst KpacHOIIBeTOB, XapaKTePU3YIOIIUXCS BBICOKOU
MarHUTHOM <«OKeCTKOCTbIO» U 0o0Jiee BBICOKUMH [1e0J10-
KUPYIOLMMU TeMIlepaTypaMy, MpU KOTOPBIX BhIJEsSeTCs
ChRM, oueBHAHO, UTO HOCUTEIX HAMarHUUeHHOCTH 3/1eCh
Ipyrve W, B TIEpPBYIO Ouepelb, MOXHO OXKUZATb TIpPU-
CYTCTBUsI remaTuTa (Kak Haubosiee BepPOSITHOTO MarHWT-
HOTO MHHepaja KpaCHOLIBeTOB). 37eCh OTHOCUTENbHO
«BBICOKOTEMIIepaTypHasi» KOMITOHEHTa BBIZIEJITeTCS TOJTb-
KO B OT/le/IbHBIX 00pa3liax Ha XBOCTaX KPWBBIX pa3MarHu-
YKMBaHUSA B JUara3oHe Je6I0KUpYOIUX Temrepatyp 590—
690 °C (cM. puc. 3, e, 0), 1 TeMrneparypa Je6I0KUPOBaHUS
okono 680 °C ykasbiBaeT Ha remarur. [lpyrasi, OTHOCHU-
TeJIbHO «HU3KOTEeMITepaTypHas», KOMIIOHEHTA BbIJE/SIeTCs
MOYTH BO BCeX 00pasiiax, BHOCUT OCHOBHOU BKJaj B EOH
U XapakTepu3yeTcs /e0JOKUPYIOMIUMH TeMIlepaTypaMu
okoJj10 600 °C. Takasi TeMnepaTypa XapakTepHa [/l HecTe-
XMOMETPUUYECKOTO0 MarHeTUTa, Cjerka OKHUC/AEHHOTO [0
MarreMuTa, OfHAKO KpauHss >xectkoctb EOH K pasmar-
HUYMBAHHWIO TlepeMeHHbIM MarHUTHBIM T10JIeEM UCK/TIOUaeT
JlaHHy!0 MHTepripetaluio. OTBeT Ha BOIPOC, KaKOW Mar-
HUTHBIN HOCHTEJNIb ¥ 3TOM KOMITOHEHThI U KaKOBO €ro Tpo-
UCXOXK/eHUe, [al0T pe3y/bTaThl 3JIEKTPOHHONW MUKDPOCKO-
mu [Jelenska et al., 2010]. OHM MOKa3bIBAIOT, UTO r'eMa-
TUT 3/leCb TIPUCYTCTBYeT Kak MUHUMYM B Tpex reHepalu-
sx: 1) aruioTUreHHble ZeTpuTOBbIe 3epHa (10 100 MKM) co
CpPOCTKaMH HW/IbMEHUTa THMa «tiger striped», ¢ He3Hauu-
TenbHBIM cofiep>kaHueM Ti (7o 3 %); 2) ayTUreHHbIe KpU-
crainbl (pasmep 1-2 MKM), ciararoifue IjemMeHT; 3) He-
uaeHTU(UIMPOBaHHbIE 3ePHA OKCH/IOB Kese3a (BO3MOXXHO
TUTaHOreMaTtrTa), c(popMUpoBaBIllIMeCs TIPYU pacraje JeT-
PUTOBBIX 3epeH XJI0pUTa U OUoTHTa. I'eMaTUT CO CpOCTKa-
MU WJIbMEHWUTA SIBJIIETCS Hanbosiee TOAXOJSIUM KaH/Iu-
[laTOM B HOCUTe/H IeTPUTOBOM HamMarHuueHHOCTH [Butler,
1992; Kodama, 2012]. Takue 3epHa-IPOPOCTKH 0bOpa3y-
IOTCSI B XO/le BLICOKOTEMITEPATYPHBIX TIPOIIECCOB B U3BEP-
JKEHHBIX TI0pO/iax U Jajee MepeoT/araloTCs B 0Cafl0UHbIX
OaccetiHax, Gopmupysl CTaOUIBHYIO TIEPBUUYHYIO KOMIIO-
HEHTY HaMarHUYeHHOCTH B TIOPOZaX.

Takum o06pa3zoMm, ChRM-koMrioHeHTa KpaCHOI[BETOB
vMeeT Cjieflyioliye NpU3Haku MepBUYHON HaMarHUUeHHO-
CTH: a) ee HOCUTeJIeM SIBJISIIOTCS 3epHa JeTPUTOBOrO reMa-
TUTa (C He3HAUWTEe/JbHOW TPUMeChbI0 TUTaHa), MPUPOAA
HaMarHWYeHHOCTU — OpHEeHTallMOHHas, 0 YeM KOCBEHHO
CBU/IeTeIbCTBYIOT pe3yJ/ibTaThl aHanu3a AMB, TunmuuHoi
JUI OCA/IOUHBIX CTPYKTYp; 0) COOTBETCTBHE ee HarpaB-
JIeHWsI HIKHeeBOHCKMM momtocaMm i bantuku / cra-
owmbHoOM EBporbr [Torsvik et al., 2012]. OtMeTum, 4TO
MO/lyYeHHbId HaMU HWKHeAeBOHCKuM mnomoc (P=2.3 °S,
A=338.4 °E) HeCKO/IbKO OT/IMYAeTCs OT TajeOMarHUTHOTO
T0JTIF0CA, PAaCCUMTAHHOTO T0 BLICOKOCTaOUIBHOW KOMITO-
HeHTe 25 00paslioB [eBOHCKUX KpacHOLBeToB ITozosvu
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Puc. 4. PedepenTHast naneo3orickasi kpuBass TKMII gnist Bantvku / crabunbholi EBporbl [Torsvik et al., 2012]; updpamu yka3aHbl

BO3paCTHBIE OLIEHKU (B MJIH JIeT Ha3af).

HoBble onpefienieHust Mae0MarHUTHBIX TIOFOCOB MPE/CTaB/IeHbI 3a/TUTHIMU KPYTraMH (C OBajlaMH [IOBEPHSI Ogs) ¥ MADKUPOBKOM B COOTBETCTBHH C
TabsvLiel, IprBeJieHHOH B TekcTe. [TyHKTUDHOM JIMHYEH TIpYUBe/ieHa rpejiaraemas Tpaekropus no [Lubnina et al., 2007].

Fig. 4. The Paleozoic reference curve APWP for Baltica / Stable Europe [Torsvik et al., 2012].

Numbers show ages (Ma). New determinations of paleomagnetic poles are shown by solid circles (with confidentiality ovals, ags) and marked ac-
cording to the table. The dotted line shows the proposed trajectory according to [Lubnina et al., 2007].

[Smethurst et al., 1992], ®=3.7 °N, A=325.5 °E, dp/dm =
=5.29/8.7°.

5. UHTEPNIPETAILTUSA PE3YJIETATOB U IMCKYCCUSA

Ha puc. 4 HOBble pe3ysibTaThbl IMpe/CTaBleHbl B COOT-
BETCTBUM C T1a/Ie030MCKO-Me3030MCKNM  (hparMeHTOM
TKMIT ans Bantuku / ctabunbHol EBpornl [Torsvik et al.,
2012]. TlyHKTUpPHOW nMHHEHN TMOoKa3aH Tpe//Io)KeHHBIN B
pabore [Lubnina et al., 2007] anbTepHaTHBHBIN Maieo-
3orckuil cermeHT TKMII, KOTOpBIM He mpefycMaTpUBaeT
Ha/JlMuvie CUIyPUHCKOTO «Kacla», MPUOMMKEHHOTO K
«KapOOHOBBIM» TTOJIIOCAM.

AHanu3 Halmux pe3y/abTaTOB M0 CEpPOLIBETHBIM U Kpac-
HOLIBETHBIM TIOPO/iaM CHJTyPa M HWKHETO /1eBOHA, KOTOpbie
Tpe/icTaB/eHbl B Tab/uIle, TI03BOJISIET C/IeNaTh BBIBOA, UTO
pacCUMTaHHbIe I1ajleOMarHUTHbIe TIoMockl 10 ChRM-
KOMITOHEHTe, C YUeTOM OBaJIOB [IOBEpHs, XOPOIIO COTJia-
CYHOTCSI C CWIyDUACKUM W [IeBOHCKUM (pparMeHTaMu
TKMII, npexacraBnennbivu B [Torsvik et al., 2012].

[TaneomarHuTHBIE TIOJIOCKHI TI0 CEPOL[BETHBIM TIOPO/[aM
SIPYTCKOM, Ma/lMHOBELIKOW W CKaJbCKOM cepuit cuiypa
[Jeleniska et al., 2005] TaroTeloT K CUIypUiickoMy (par-

MeHTy TKMII B unTepBane mexny 428 u 420 MiH net
[Torsvik et al., 1992, 1996, 2012].

HampaBneane ChRM-KOMMOHEHTBI TI0 KpacHOI[BETaM
cunypa (koHoBckas csuta KS, D=44.1°, I =-19.0°) aBns-
eTCSl aHTUIOJISIDHBIM T10 OTHOLLEHHI0 K HarpaB/IeHUsIM,
MOJlyueHHbIM HaMU paHee 10 OJHOBO3PaCTHBbIM CUIYypUM-
ckum cepongetaMm (D=215°, [=30°) [Jeleriska et al., 2005].
IMpu stom Hocutensmu ChRM-KOMIOHEHTBI SIBJSIOTCS
pasHble MarHUTHble MUHEPasIbl. DTO KOCBEHHO CBU/IeTeb-
CTByeT B MoJib3y nepBruuHOCTH ChRM-KOMIOHEHTHI Kak
[I/1s1 KPaCHOLIBETHBIX, TaK U ISl CePOLBETHBIX MOPOJ Ma-
JIMHOBELIKO} CepuM BepXHero CUIypa.

HampaBneane ChRM-KOMITOHEHTHI [ijii  CEpOLIBETOB
HIWKHero feBoHa (D=244°, 1=37°) yCc/lI0BHO MO>XHO Ha3s-
BaTh OWTOJSIPHBIM — TOJIBKO B OZIHOM 00pasije Oblia BbI-
JeneHa obpaTHasi TIOJISIPHOCTh. PaccuWTaHHBINA Taseomar-
HUTHBIN nostoc (D=0 °S, A=329 °E) xopolio coraacyercs
¢ HwkHeeBOHCKUM (pparmenTom TKMII. HoBelii mosroc
MoJlyueH Ha TopoJjilaX BepXHeill uacTU THUBEPCKOW cepuu
(Bo3pact okosio 413 MyH seT Ha3a[), Ho Ha TKMII oH mo-
nagaet B nHTepBan 407—405 MiH et Ha3a, 4TO HECKOJIb-
KO MOJIOXKe.

Pe3ynbTaThl 110 KpaCHOLIBETHBIM OT/IOXKEHUSIM HUYKHETO
neBoHa Ilomonuu (gHECTpOBCKasi cepusi) ITOKa3bIBalOT
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HaripaByiene ChRM-kommoneHTsl (D=233.7°, 1=43°),
0/M3K0e K HampaB/leHWIO TI0 CEPOLBETHBIM IOpPO/aM
[Bakhmutov et al., 2012]. DTa BLICOKOCTAOMU/ILHASA KOMIIO-
HEeHTa, HOCHUTeJleM KOTOPOMW SIB/ISIFOTCS 3€pHA a/lJIOTHUTeH-
HOTO TeMaTuTa, JaeT TOJIOKeHHe I1ajleOMarHUTHOrO TIo-
moca, 6nm3koe K ieBoHCKOMY cermeHTy TKMII, u uHTep-
TPeTUPYeTCs] HaMU KakK /IeBOHCKHUU TaJleOMarHUTHBIN T10-
JrocC.

Boripoc, sBnsercs i ChRM mnepBuyHOM, MOXXHO pac-
CMOTpeTh B IBYX acIleKTax.

IMepBbiii — B 00pasijax KPacHOIBETOB U CEPOIBETOB
ChRM saBnsieTcss mepBUYHON KOMITOHEHTOM HaMarHW4eH-
HOCTU. B mosb3y 3TOro cBUJETeNbCTBYeT cienymolgee. Ee
HarpaB/ieH’e ObLIO TMOyYeHO Ha CEPOIBETHBIX U KPacHO-
LIBeTHBIX TMOPOZAX, KOTOpble (POPMUPOBAIUCH B pa3HbIX
YCJIOBUSIX U CYILIeCTBEHHO OT/IMYAr0TCS 1o cocTaBy. CooT-
BETCTBEHHO HOCUTEJISIMU Hanbosiee CTabOUIbHON (XapakTe-
puctuyeckoi) komroHeHTsl EOH B 3THX mopopax siBiisi-
I0TCS1 pa3Hble MarHUTHbIE MUHepasbl: B CEPOLIBETHBIX T10-
pojlax — MarHeTHT, B KPaCHOI[BeTaxX — reMaTWT. Kpome
TOI'O, [10JIy4YeHHble pe3yJbTarhl coryacyrorcs ¢ TKMII qns
BanTviku / crabusbHOM EBpOMbL

BTopoii acriekT — Mbl UMeeM [ie/i0 C TIOJTHOCThIO Tiepe-
MarHuueHHbIMU miopoZiamu, 1 ChRM He siBnsiercss mep-
BUYHOM HaMarHAYeHHOCThIO. V3yuasi maneo30iickre KOM-
nekcel [Tofonmmu, Mbl BIVIOTHYHO CTOJIKHYJTUCH C TIpobiie-
MOU TlepeMarHUYMBaHWs. Bce W3ydeHHble HAMU CTpaTU-
rpaduueckie Komruiekchbl [Tofomuy ObUTM TiepeMarHude-
Hbl B TepMH, Ha UTO YKa3bIBalOT «IePMCKHEe» II0JIFOCHI,
TMOJTyYeHHbIe Ha Pa3/IMYHbIX 10 yCJIOBUSAM (OPMUDPOBAHKS
1 (palanbHOMY COCTaBYy TOPHBIX MOpOZAaxX. JTa KOMIIO-
HEeHTa BBIZEJISIETCS B MO/IaBIIsIOeM OOBIIMHCTBE 00pa3-
LIOB KaK CepOoLIBETOB, TaK U KPACHOLIBETOB CH/Iypa U J€BO-
Ha MpW pa3MarHAYMBAHUU TeMITePaTypoH, a B CepoIBeTax
— TaKk)e U TPY pa3MarHUUWBaHUM TepeMeHHBbIM MarHuT-
HbIM II0JIEM W BHOCHT OCHOBHOM BKmag B EOH. Ee
Harpap/ieHWe (M PacCUMTAHHBIE ITajleOMarHUTHBIE TT0JTFO-
CBI) COTJIACYIOTCSI C paHee IMOyYeHHbIMU pe3y/bTaTaMy B
sTOM patioHe [Smethurst, Khramov, 1992; Lubnina et al.,
2007]. B 3tux e paboTax OTMeYajoCh repeMarHUuuBa-
HHUe Mase030MCcKUX ocafouHbix nopos BEIL B pe3ynbrarte
TEeKTOHUUECKUX COOBITHI, COTIPOBOX/AIOIIUX T03/Hera-
71e0301CKYy10 — paHHEMe3030MCKYH0 3BOJIIOLMI0 BocTouHo-
EBponetickoro kparoHa. B pabore [Lubnina, 2009] yka-
3bIBAaeTCSI Ha BEPOSITHYIO TEepPMOBSI3KYIO TIPUPOAY 3TOM
HaMarHWYeHHOCTH, a TakKKe Ha IIMPOKOe pacIpocTpa-
HEHWe J[aHHOTO THUMA TlepeMarHWMYMBaHWsI B TpeZesiax
BEII.

PacrnionoxeHue paiioHa ucc/iefiloBaHUM B 10)KHOW YacTH
BonbiHo-I10/10/1bCKOM MIUTHI, C YY4ETOM ee re0/IoruuecKoi
WCTOpHH, TI0/[pa3yMeBaeT OJWH U TOT >Ke UCTOUYHUK Iiepe-
MarHuuMBaHusi 1opofi. B TeueHuwe miepMHd peruoH Mor
ObITb TIO/IBEPrHYT TIOCTBApUCLIMHCKOMY BO3/eHCTBHIO
dbmouioB. 3TO OOBACHSAET PACTONOXKEHHUe TOJFCOB, pac-
CUMTAHHBIX MO0 MeHee CTabU/ILHOV KOMITOHEHTe, Ha MepM-
ckoii uactu TKMII. ®opMupoBaHye 3Tol HaMarHAYeHHO-
CTU B CEPOLIBETHBIX M3BECTHSKAX W MeCYyaHuKax CUTYPUK-

m

CKOTO W HIDKHEZIEBOHCKOTO BO3pacTa MOXKHO OOBSICHUTH
obpa3oBaHMeM ayTWIeHHOTO0 MarHeTWTa, U B oOpasljax B
OCHOBHOM BbIfle/IsIeTCsl 0/fHa KOMITIOHeHTa HaMarHUUeHHO-
CTU «IIePMCKOTO» HarpaByieHusi. TOJBKO B OTZAE/NbHBIX
obpa3tilax HamMu Oblla BbIJe/eHa Apyrasl, «CHUTypUHCKO-
JEeBOHCKasi», KOMIIOHEeHTa, 4TO OOBSCHSETCS COXpPaHHO-
CThIO 3€peH JIeTPUTOBOrO0 MarHetuta. TakuM o6Gpazom
3/1eCb MO>KHO TOBOPHUTD O /IBYX (WK G0Jiee) reHeTHUeCKUX
THTAX MarHeTWTa, OTBEUYAIOL[UX 3a pa3Hble KOMIIOHEHTHI
HaMmarHuueHHocTH [Jeleriska et al., 2005; Bakhmutov et
al., 2012].

B GonpimmHCcTBe 00pa3joB KPACHOLIBETOB TaKXKe yBe-
PEHHO BbIJIeNIIeTCS «TlepMCKasi» KOMITOHEHTa, U 00yC/ioB-
JieHa oHa (hOpMHUDOBaHWEM MeJIKO3ePHUCTOr0 reMaThTa U
y/bTPAaTOHKOTO TMTMEHTa, BEPOSITHO TakXe 00pa3oBaB-
LIMXCs TIOZ, Bo3zercTBreM QuitonzioB. C APYyroi CTOPOHHI,
B KpacCHOI[BeTaX IPOI[eCChl OKUCIeHUS U (HOpPMUPOBAHUS
«ro3aHei» CRM Moriau mpofo/mKaTbCst JOCTaTOUHO JJd-
TesbHOe BpeMsi. OHU MOTJIM PeryJ/MpoBaThCsl BO3/|eHCTBU-
€M OKUC/SIOMUX (UIFOUJ0B, UTO B WUTOTE TIPUBOAWIO K
MIPOZIO/KUTEILHOMY (DOPMHUPOBAHHIO BTOPUYHBIX MEJTKUX
3epeH remarvra (M nurmeHTa). TeM He MeHee 37leCb B He-
KOTOPBIX 00pasnax coxXpaHsieTcsi mepBUYHasi HaMarHu4yeH-
HOCTh, 00yC/IOB/IeHHAsA MO0 TEepPPUTE€HHBIM TEeMAaTUTOM,
b0 HOBOOOpa30BaHHBIMH B TPOIECCe JIUTOTeHe3a U
MapTUTH3al[iM MarHUTHbIMA MuHepanamu. llocnenHue
(HanpyuMep, ayTUreHHbIN reMaTUT) SIB/SIFOTCS HOCUTEe/ISIMU
BTOPDUYHON «paHHel» XUMHUYecKoWd HaMarHUUeHHOCTH
(CRM), chopmupoBaBiiieiics HeHaMHOTO T037iHee (B reo-
JIOTUYeCKOM MaciiuTabe BpeMeHH) MepPBUYHON CeArMeHTa-
[MOHHOM HaMarHuueHHocTH (DRM) 1 nMeroIiel Takoe ke
TrajleoMarHUTHOe HaripaBsieHue, Kak 1 DRM. [lanbHeiiiive
TIpoLiecchl OKUC/IeHUs1 U opMHUpoBaHus «1o3aHei» CRM,
KaK OTMEYeHO BBIIlle, MOTJIA TIPOZO/DKAThCS AOCTAaTOYHO
ITUTeTbHOe BPeMsl.

Ecmi 0OpaTUTLCS K Te0IOTHUeCKOW UCTOPUU U K TIIy-
OWHHBIM MpOIeCcaM B TEKTOHOC(epe peruoHa (CM. Hampu-
mep [Gordienko et al., 2012]), To HauuHasi C TIepMHU 3Ta
TEPPUTOPHUS TI0/IBeprasiach BO3ZEWCTBUIO TTyOUHHBIX
MPOLIECCOB TEKTOHOMarMaTHuecKoi axkTuu3anuu. [Ipo-
WCXOJWIH JIOKa/IbHble MarMaThyeckrie BHeJPEHUS B HIDK-
HIOIO ¥ CpeJIHIOI0 YacTh KOPBI C 00pa3oBaHWeM MarMaTh-
YeCcKHX KyTOJIOB Ha TiyOuHax mopsizka 5—10 kM, Haj Ko-
TOPBIMU PACIIOJIATA/TUCh THAPOTEPMAJIbHBIE CUCTEMBI. AK-
TUBHU3AIUs QUIIOWIHBIX TIPOIIECCOB CIIOCOOCTBOBAna Tep-
MaJibHOMY ¥ XHMHUECKOMY TIpeo0pa30BaHUI0 0CaJOYHbIX
TOJII U, KaK pe3y/bTaT, 00pa30BaHHIO BTOPUUHBLIX MUHE-
pasioB >xene3a — HocuTenelt EOH, c kxoTopbiMu CBsi3aHa
BTOpUYHasl «TlepMCKas» KOMIIOHEeHTa HaMarHW4eHHOCTH.
Takasi Tocie/0BaTebHOCTL IepeMarHUUMBaHWs COrJia-
CyeTcsi C TepMajlbHOW MCTOpUeN HWKHeNaneo30MCKUX T0-
pox Tlomonuu, omMchiBaeMod B paboTe [Srodon et al.,
2013]. 3pgech aBTOPHI MPULLIM K BHIBOAY, UTO OTJIOXKEHUS
CUypa — HIDKHEro JeBOHA TIPU 3aXOPOHEHWW II0/IBepra-
JIUCh [UareHe3y C MaKCUMaJbHBIMU TemriepaTypamu [0
200 °C (6buty IOgHATHI € TJIyOHHBI 510 KM [10 TOBEPXHO-
ctu Mmexxay 300 u 100 mH et Hasafl, B NPeATOI0KeHUH 0



Geodynamics & Tectonophysics 2014 Volume 5 Issue 4 Pages 1045-1058

e Ll
““‘.‘Ly]’,
NS 7774
NS4~
S

I Puc. 5. ITonoxxenue BEII B cuype — HIKHEM [leBOHe: @ — 10 iaHHbIM [Lubnina et al., 2007]; 6 — o MaTepuanam JIaHHOM 1y0siu-

Ludpamu nipuBefieH Bo3pacT B MJH JeT Ha3ag. [Tomoc Ditnepa ©=34 °S, A=247 °E paccuuTaH M0 najeoMarHiTHbIM MositocaM YS 1 DD (B coot-

‘ Karuu (0003HAUEHWH CEPHI — CM. TIOATHNCH K pHC. 2); 8 — B COOTBeTCTBUU C [Torsvik et al., 2012].

BETCTBUH C Tab/uLieH).

article (series are shown as in Fig. 2) (6), and [Torsvik et al., 2012] (8).

‘ Fig. 5. Position of the East European platform in the Silurian-Devonian according to data from [Lubnina et al., 2007] (a), this

Ages in Ma. Euler pole coordinates (=34 °S, A=247 °E) are calculated by paleomagnetic poles YS and DD (according to the table).

BO3MO>KHOM /IMarnia3oHe reoTepMasbHbIX IpajueHToB oT 40
Zio 20 °C/km). Ilpy 3TOM BO3pacT MakCMMaJIbHBIX Maieo-
TeMIiepaTyp oTHocUTCst K 300 M/H JieT Ha3az, YTO XOPOLIO
COTJIaCyeTcs C MOJIO’KeHUEM HallluX «IePMCKHX» T0J/IF0COB
BO/m3u (pparmenta TKMIT 3Toro e Bo3pacTa.

CnesyeT OTMETUTD, UTO IOJIFOCHI HA «TIEPMCKOM» YacTH
TKMII HecKonMbKO CMellieHbl K BOCTOKY OT pedepeHTHOU
KPUBOU U TaKasi )Ke TeHZEHIIUs TIPOC/IeXHBaeTcs 1o 6osee
paHHUM ompefeneHusM Ha Ilogomuu [Smethurst, Khra-
mov, 1992; Lubnina et al., 2007], KOTOpble TakK)Ke CMeIlle-
HBI K BOCTOKY OTHOCHTE/EHO pedpepeHTHOMN KpHUBOi. B pa-
6ore [Yuan et al., 2011] mo TpaxWTOBOMY [JAWKOBOMY
KOMIUIEKCY B 3araZHON 4acTH YKpPauWHCKOTo IuTa (BO3-
pact 282 MiH JjieT) ObUT OIpejesieH TMePMCKHM II0JIH0C
(®=49.4 °S, A=0.3 °E), uto 6/M3K0 K HaIllUM TO/I0CaM
repeMarHMUMBaHUsl.

Takum 00pa3oM, y Hac eCTb [JOCTaTOYHO OCHOBAaHWM
yTBepKAaTh, uTo BbiZiesieHHass ChRM-kKomrioHeHTa SIBJisi-
eTCsl TIepBUYHOM, Y Ha OCHOBE 3TOI'0 MOJKHO BBIIIOJHUTh
Tasie0TeKTOHNUECKHe DPEeKOHCTPYKLUH C Y4eTOM HOBBIX
[AHHBIX.

Kak cnenyer v3 aHanmm3a cpefHenaneo3oickoro ¢par-
MeHTa TKMII, mrpoTtHoe nosioxxeHue BEIT B cpemHena-
JIe030MCKOe BpeMsi ObII0 OTHOCUTEBHO CTabUIbHBIM
(puc. 5). B panneM cunype BEII nepemelrjanack ¢ 10KHBIX
LIMPOT K 3KBaTOpy, K Havajly /leBOoHa fpelihoBana B Npu-
3KBaTOpUaibHble MWUPOTHI HO)KHOTO MOJyLIapusi U Haxo-
Junack BO/IM3M SKBaTOpa J10 KOHIla KapboHa (puc. 5, 8).

CornacHo [Lubnina et al., 2007], npeitp BEII B cuny-
puiicKoe — paHHe[leBOHCKOe BpeMsl MMeJl HeCKOJIbKO MHOU
XapakTep: C Hayvasa JlaHBUPHA MPOMCXOAU/IO TiepeMelre-
HUe 13 yMepeHHbIX IMpoT FO)XKHOro mnosyliapust B ceBep-
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HOM HaripaBJ/IeHUHM C OJHOBPEMeHHBIM Pa3BOPOTOM ITPOTHB
YacoBOU CTpenkH, B BeHIOKe — nay/yoBe BEIT Haxogunachk
B TPOMWYECKUX IIMPOTax, a B paHHEM [eBOHe IepeMec-
TUMaCh B TPUIKBaTOpHa/bHbIe MUPOTHI FOKHOTO TIOJTY-
mapusi. JTO ABWKEHHe B TeueHHe CHIypa — paHHero je-
BOHAa MOJXHO TpeACTaBUTh Kak moBOpoT Ha 30° mpoTuB
YacoBOW CTpesIKM BOKPYT MO/r0ca JDiljiepa ¢ KOOpAUHATa-
mu @ = 82 °S, A =27 °E (puc. 5, a).

CorniacHO HamMM pe3yJsbTaTaM, B aygmnoBe BEIT pac-
roJjiarajiaCh B TIPMIKBAaTOPHAIbHBIX IMHPOTax HOXHOTO
TOJTyIIapUst U TiepeMeliianach K ceBepy B 3KBaTOPUa/bHbIE
mMpoThl FOXKHOTO Tosyliapusi B TIP)KUAOIBCKOE BpeMs.
Hanee xapakTep gpetida U3MeHsIeTCS — POUCXOJUT TTepe-
MellleHre y>Ke B I0)KHOM HaTlpaBjieHUU, U B JIOXKOBCKOE
BpeMsi ee TIOJIOKeHHe CTaOWIM3UPYeTCs B MPUIKBATOPH-
ampHBIX mMpoTax HOxHoro mosymiapus (puc. 5, 6). Xa-
pakTep zApeiida miaTopmMbl MOKHO OMUCATh TTOBOPOTOM
TPOTHB YacOBOM CcTpesKy Ha 16° BOKpPYT rostoca Diiiepa ¢
kKoopauHatamu ®=34 °S, A=247 °E. CKopoCTb LLIMPOTHOTO
repemMeilrieHyst (MUHAMAJbHasA, MTOCKOJIBKY [TOJITOTHOE Tie-
peMelljeHe 0CTaeTCsl HEM3BeCTHBIM) COCTaB/Isljla He MeHee
3 cm/rof, uTo 6/M3K0 K OLleHKaM, KOTOPbIe MOXKHO TIOJY-
yuTh N0 gaHHBIM [Torsvik et al., 2012].

6. BAK/TIOYEHUE

1. CrparoTurnuueckue pa3pe3bl CpeJHEro Masaeo30s
1oro-3amnazia Ykpaussl (ITogonus, monuHa p. [HecTp) siB-
JISIFOTCSL  T1a/Ie0MarHUTHO-UHGOPMATUBHBIMU [/l BBITION-
HEeHUs Ta/lle0TeKTOHUUeCKUX peKoHCcTpykimii BEIT B ma-
neo3oe.

B cunypulickux — HIDKHEIeBOHCKMX CEpPOLIBETHBIX M
KpPaCHOLIBETHBIX OCa/IOUHbIX Tommax I[lomosmvu, momMumo
BSI3KOM, BhIJlensitoTcs ABe KomroHeHTsl EOH. TlepBasi BBI-
JessieTcst Ha GonbiMHCTBe 00pasios ripu H- u T-uncTkax,
VMeeT IOT-I0T0-3arafHoe CKJIOHeHWe U OTpHIiaTesbHOoe
HaksoHeHHe. COOTBETCTBYIOIIMM el TajeoMarHUTHBIN
TIO/TIOC JIOXKUTCSA Ha riepmckuii cermeHT TKMII anst Ban-
TuKY / ctabunbHou EBporsl [Torsvik et al., 2012].

Hpyras, BeifenseMasi Kak XapaKTepUCTHUeCKas, KOM-
rnoHeHTa HamarHuueHHoCcTH (ChRM) B HeKoTOpBIX 00pas-
1jlax KpacHOL[BeTOB (TIpY TeMIlepaTypHOM UMCTKe B Auara-
30He Jebnokupyromux temmneparyp 590-690 °C) u B oT-
JeJIbHBIX  00pasijax CcepolBeToB (B TMEPEMEHHBIX MOJISX
30-70 mTn nubo B fuana3oHe AeOJOKHUPYIOIIUX TeMIIepa-
Typ 300—-460 °C) umeeT r0ro-3amnajHoe CKJIOHEHHe U TO-
JIOXKUTeJIbHOe HaK/IOHeHUe.

2. B cepouBeTHbIX MOpOZAAx TMepBas W3 KOMIIOHEHT,
yKa3bIBaroIllasi Ha «[IePMCKOe» HarpaBjieHue, 00ycioBe-
Ha ayTUr'eHHBbIM MarHeTHUTOM, 00pa30BaBIIMMCS B Pe3yiib-
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