
YAK 550.837

BKABA MaranTHoro nocAeAencTBHH B
nepexoAHwe xapaKTepHCTHKH 6a3aAbTOB BHTHMCKOFO nAaxo

© A. JO. KasancKHH1, F. F. Maracosa1, H. O.
E. K>. AHTOHOB1, n. C. MaKCHMOB2, 2012

TerasoBOH reoAomn H reodpusHKH CO PAH, HoBOCHSnpcK, POCCHH
2BO «CocHOBreoAornH» OryTTI «ypaHreo», HpKyrcK, POCCHH

nocTynHAa 7 Maa 2012 r.
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BHBH6HHH eCpCKXy MarHlTHOl niCAHAii (MarHlTHiH B'flSKOCXi), npOHBH HKO'i yrpyAHIOIOTb
iHxepnpexam'io A&HHX MexoAy nepexiAHHX npoujecis, npOBeAeno KOMnweKCHi eKcnepHMeHxaAbm
AOCAiAHteHHH spasitiB ripctKHX nopiA BepXHtoi xoBim' BixiMCtKoro SasaAbxoBoro nAaxo. SpoSAeno
cnpoSy BcxanoBHXH xapaKrep posnoAiAy MarmxoBFH3KHx nopiA y Me^cax ByAKaHoreHHo-ocaAOBoi
xoBmi i a'acysaxH, 3 HKHMH dpepHMarmxHHMH ^acxHHKaMH noB'Hsani npOHBH ecbeitxy MarnixHoi
nicAHAii niA nac BHMipiOBaHHH iHAyKn;iHHHx nepexiAHHX napaMexpiB. rioKasano, mo sa BHMiproBaHHH
y nacoBOMy Aianasoni sa AonoMoroio iHAyKDiiHHHx cucxeM HanGiAbinHH BnecoK B ecbexx MarmxHoi'
nicAHAii' B iHAyKi^iftni nepexiAHi napaMaxpn 3AiHCHioioxB HaHMenm sMinem nopoAH. EdieKx MarmxHoi'
nicAHAii npOHBAHextcH sa naHBHocxi sAeGiAbinoro cynepnapaMarmxHHx sepen BucoKosaAisHCTHX
XHxaHOMarnexHxiB, GAHSBKHX sa cKAaAOM AO MarnexHxy, posMipH HKHX Maioxb AocxaxHbo BystKHH
mxepBaA (HaHMOBipmnie, 0,0254 — 0,029 MKM). BnecoK peAaKcai^ii' HaMarHiHenocxi
cynepnapaMarHixHHX sepen B iHAyKi^iiiHi nepexiAHi napaMexpH npn6AH3HO sxpn^i
SanponoHOBano MO^ECAHBI Kpnxepii AiarnocxuKH cynepnapaMarnixHHX qacxHHOK pian
sa nexpOMarnixHHMH ASKHMH.

To study magnetic aftereffect (magnetic viscosity) with its manifestations making difficulties
for interpretation of the data of transitional processes, comprehensive experimental studies of
samples have been conducted, which characterize the upper rock mass of the Vitim basaltic plateau.
An attempt to reveal the character of distribution of magnetically viscous rocks within volcano-
sedimentary succession of strata has been made and to find out which ferromagnetic particles
display the effect of magnetic viscosity on the inductive transient response. It has been shown that
in time-domain measurements with inductive systems the greatest contribution of magnetic viscosity
effect is brought by the most fresh, unchanged rocks. Magnetic viscosity effect is mainly caused by
super-paramagnetic grains of low- titanic titanomagnetite, close to pure magnetite with rather narrow
grain-size interval (most probably 0.0254-0.029 fim). As for the smaller superparamagnetic grains, the
contribution of relaxation of their magnetization to inductive transient responses is approximately
3 times lower. Possible criteria of diagnostics of superparamagnetic particles of different size are
proposed on the base of petro-magnetic data.

. MarHHTHoe nocAeASHCTBHe (Mar- B ropntix nopOAax. PasMepbi sepen MarHHTHbix
HHTHaa BH3KOCTt>) — OAHO us (pyHAaMeHTaAbHLix MHHepaAOB B nopoAax BaptupyioT OT AOAGH MH-
CBOHCTB (peppOMarHHTHbix MaTepnaAOB. STO KB- KpoMGTpa AO necKOAbKnx COTGH MHKpoMeTpoB H
AeHHe saKAioHaeTCH B 3ana3AtiBaHHH BO BpeMeHH B cooTBeTCTBHH c paaMepOM sepna HMGIOT pas-
H3MeH6HHH MarHHTHBIX XapaKTepJiCTHK CpeppO- AHIHOe AOMGHHOe COCTOHHH6 — OAHO- HAH MHOFO-

MaTH6THKOB (HaMarHHHeHHOCTH, MarHHTHOH npo- AOMGHHOe. IlpOHBAGHHG MarHHTHOrO nOCAGA6HCT-

HHIJ(aGMOCTH H AP-) HO OTHOHIGHHIO K H3MGHGHHHM BHH B OAHOAOMGHHblX ^aCTHIjaX CBH3bIBaGTCH C
HanpH»CGHHOCTH BHGIIIHGrO MarHHTHOrO HOA^. HBA6HHGM CyTIGpnapaMarH6TH3Ma, B MHOrOAOMGH-

AnanasoH xapaKTGpnbix BPGMGH TaKHX HSMGHG- Hbix — c AHCpcpysHGH nacTHii, H AGCPGKTOB B KpH-
HHH (BpGMGH pGAaKCai^HH) COCTaBAflGT OT AOAGH CTaAAHHGCKOH pGIIIGTKG MarHHTHOFO MHHGpaAa

CGKyHA AO AGCHTKOB TbiCHH AGT [Haraxa 1965; [TpyxHH, 1973].
Dunlop, Ozdcmir, 1997 H AP-]- 3(p(pGKT MarHHT- KaK npaBHAO, npn npoBGAGHHH rGOCpHaH^e-
HOrO nOCAGAGHCTBHH HM6GT MGCTO HpaKTHHGCKH CKHX CI^GMOK MGTOAaMH HHAyKTHBHOH 3A6KTpO-

BO BCGX CJDGppOMarHHTHblX MaTGpHaAaX, a TaK^CG paSBGAKH 3Cp(J)6KTbI MarHHTHOFO nOCAGAGHCTBHH
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BKAM MArHMTHOrO nOCAEAEHCTBHXB UHAYKlJMOHHblE UEPEXOAHblE ...

HO CpaBHeHHK) C BKAaAOM BHX-

peBbix TOKOB. OAHaKO cymecTByiOT oSteKTbi, TAC
3TH 3(p(peKTbI BCCBMa 3HaHHTeAbHbI H HX BAH5I-

HH6 y?Ke H6AB3H HrHOpHpOBaTB [KO2K6BHHKOB,

AHTOHOB, 2008; AHTOHOB H AP-r 2011]. OAHH H3
TaKHX oSteKTOB — TOAma HeorenoBbix 6a3aAtTOB
BHTHMCKoro nAaTO (BocTO^HdH CHGnpt, Pecny6-
AHKa EypflTHfl). SACCB, B npeAeAax AMaAaxcKoro
nAaxo B Me^Aype^be BOA. AMaAaxa H ATKKAHHAbi,
HHTepnpeTan,H5i pesyAbraTOB aoHAHpOBaHHH Me-
TOAOM nepexoAHbix npou,eccoB (3Mnn), KOTOpbie
npoBOA^TCH na AaHHOH TeppnTopHH c u.eAbio no-
HCKOB ypanoBoro opyAeneHHH B ocaAKax APSBHHX
pe^Hbix AOAHH, norpe6eHHbix HOA TOAii];eH neo-
renoBbix 6a3aAbTOB, cymecTBeHHO ocAO^HaeTCH
H3-3a 3(p(peKTOB MarHHTHOFO nOCAeA6HCTBHH.

Ha pnc. 1 noKasanbi THnHHHbie pesyAbTaxbi
soHAHpOBaHHH M6TOAQM nepexoAHbix npoi^eccoB
npH noHCKax ypanoBbix MecTOpo^AenHH, nepe-
KpbiTbix GasaAbTaMH AivtaAaTCKoro nAaTO. Msne-
peHHH BbinoAHenbi B AHanasoHe OT 1 MKC AO 10 MC
CHMM6TpHHHOH (COOCHOH) yCTaHOBKOH:

renepaTOpHOH neTAH cocTaBAHA 100x100 M, npn-
eMHOH — 25x25 M. KaK MO^CHO BHAGTB na rpadpn-
K6 SaBHCHMOCTH npHBeA6HHOH K TOKy 3AC e(f)II

OT BpeM6HH t (pHC. 1, a), nOCA6 OKOHHaHHH CO6-

CTBeHHoro nepexoAHOro npou;ecGa H3MepHT6Ab-
HOH CHCTeMbI (KO, 1 MC) CKOpOCTb y6bIBaHHH 3AC

yMenbinaeTCH. Ha IIOSAHHX (^>1 MC) BpeMenax
3AC y6biBaeT onenb MeAAenno, no saKony, SAHS-
KOMy K l/t. STO xapaicrepHbiH npnsnaK Toro, HTO
HSMepneMbiH CHrnaA KOHTpOAnpyeTca He yAeAb-
HOH 3AeKTpOnpOBOAHOCTbK> CpeAbI, a MarHHTHOH

BH3KOCTbK) [KO2K6BHHKOB, AHTOHOB, 2008].

nepec^eTe MeAAenno y6biBaronj,eH 3AC
HasbisaeMoro AAHHHOFO XBOCTa) B
yAeAbHoe conpOTHBAeHHe pT na rpadpHKax
CHMOCTH OT BpeM6HH, HaSblBaeMblX KpHBblMH PT,

noHBAHeTCfl KpyTonaAaiomaH BCTBb, onHCbmae-
Mafl SaBHCHMOCTbK) l/?(pHC. 1, 6). ECAH 3(p(J)eKTbI

MarHHTHoro nocAeAGHCTBHsi ne pacnoanaHbi HAH
HrnopHpyioTca, HHTepnpeTau;HH ASKHMX 3Mnn
B paMKax MOAGAH npOBOAHmeH cpeAbi HPHBOAHT
K «noHBA6HHio» B paspese HecyrnecTByioDJiHX B
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PHC. 1. PesyAbTaTH 3Mnn npn noHCKax Mecxopo^AeHHH ypaHa, nepeKptiTbix SaaaAtTaMH AMaAaTCKoro nAaro: a — nepe-
xoAHaH xapaKTepucTHKa; 6—KpHBaa KcLScymeroca yAeAtnoro conpoTHBAeHna. UlTpHXOBaa AHHHH cooTBeTCTsyeT y6biBaHHio
3AC H/HAH K3L«ymerocH conpoTHBAeHHH no 3aKony l/t.
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peaABHOCTH CAOGB C OHGHb HH3KHM COIIpOTHBAG-

HHGM.

B 3TOH CBH3H npGACTaBAHGTCH aKTyaAbHbIM

npOBGCTH HCCAGAOBaHHH MaTHHTHOrO nOCAGAGHCT-

B TOAtu,e nepeKpbmaiomHx GasaAbTOB MGTO-
MarneTHSMa ropnbix nopoA, BBIHBHTB xa-

paKTep pacnpGAGAGHHJi MarHHTOBHSKHX nopoA B
npGAGAax ByAKanoreHHO-ocaAOHHOH TOAIU;H H BLI-
HCHHTb, C KaKHMH CpGppHMarHHTHblMH HaCTHU.a-

MH (cocTaB, pasMepbi) CBJisaHbi npoHBAGHHfl 3(p-
4}GKTa MarHHTHOro IIOCAGAeHCTBHH B HMIiyAbCHOH

nOCTaBA6HHOH npo6A6MbI HaMH npOBeAGHbl KOM-

nAGKCHbie SKCnGpHMGHTaAbHblG HCCAGAOBaHHH

o6pa3D,OBr xapaKTepH3yK)iu;HX BGpxnioio TOAmy
BHTHMCKOFO OasaAbTOBoro nAaTO.

Kpaxnafl reoAorHHecKaH xapaKTepncTH-
xa. BasaAbTbi BHTHMCKOFO naropbH o6pa3yioT

ByAKaHHHGCKOG noAG

7000 KM2. Moin,HOCTb TOAIII,H SasaAbTOBbix no-
KpOBOB, CpOpMHpyiOmHX BHTHMCKOG 6a3aAbTOBOG

nAaTO, AocraraGT ncpBbix COTGH MGTPOB [PaccKa-
3OB H AP-( 2007]. MccAGAyGMbiH ynacTOK naxo-
AHTCH B npGAGAax AMaAaTCKoro mvaTO B MG^A,y-
pG^bG pGK BOA. AMaAaT H /^KHAHHAa. B pa3pG3G

CBGpXy BHH3 BbIAGA5IK)TC5I HGOrGHOBblG HOKpOBbl

6a3aAbTOB, BMGmaiomaji ypanoBOG opyAGHGHHG
ByAKaHorGHHo-ocaAOHHaa TOAni,a H rpaHHTOHAbi
cpyHAaMGHTa naAGosoHCKoro sospacTa [MHTpo-
cpanoB H Ap-r 2010]. HaMH onpo6oBana BGPXHHJI
nacTb paspGsa, npGACTaBAGHHaa HGpGAOBanHGM
noKpoBOB 6a3aAbTOB, GasaHHTOB c aHAG3HTo6a-
saAbTaMH H HX TycpaMH. O6pa3u,bi o6m,HM KOAH^IG-
CTBOM 21 OTO6paHbI H3 KGpHa AByX paSBGAOHHblX

CKBascHH, pacnoAO^GHHbix na COCGAHHX npoc|)H-
AHX B HHTGpBaAG TAyOHH 10 180 M. CoCTaB HOpOA

H noAO^GHHG oGpasuoB B
Hbl Ha pHC. 2.

CKB. 4999
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PHC. 2. FeoAorHHecKHe paapesu CKB. 4999 H 5112, MaraHTHbie xapaKTepHCTHKH o6pa3i;oB H 3AC nepexoAHOro npoAecca, »3'
MepeHHaa KaiyuieiHOH cncTeMOH na BpeMenn M),l MC. «Size» — adpcpeKTHBHWH pasMep MarHHTHOro aepna. CepbiM TOHOM
BbiAeAeHbi ropHSOHTbi, B Koxopbix Ha6AK>AaeTCH noBbimeHHbiH adpdpeKT MarHHTHOro nocAeAGHCTBua.
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BKAAA, MAFHHTHOrO nOCAEA,EHCTBHXB HHAYKLjHOHHblEHEPEXOAHblE..

IlexpoMarHHXHbie H 3AeKxpoMarHHXHbie napaivfexpbi, ncnoAb3OBaHHwe B pa6oxe
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06-beMHan MaraHXHan BOC-
npHHMHHBOCXb (HSMepeHHaH

Ha HH3KOH HaCXOXe)

^acTOTHan saBHCHMOcxb Mar-
HHTHOH BOCnpHHM^HBOCXH

HaMarHHHeHHOcxb Hacbiuje-
HHH

KO3pn.HXHBHaH CHA3

OcxaxoHHan HaMararaqeH-
HOCTb HaCbHUeHHH
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CHAa

FlapaMarHHXHaH *iacxb Mar-
HHTHOH BOCirpHHMTOBOCXH

OeppuMarHHTHan qacxb Mar-
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KOCTH

3cp(peKTHBHbiH pasMep Mar-
HHTHoro sepna

CnaA ocTaToiHOH HaMarHH-
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BblKAKDqeHHH nOAH
FlapaMexp cynepnapaMarne-
TH3Ma

3AC nepexoAHoro npou;ecca
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Jrs(700tiTji)

kf&/Jrs

AJrs

kfer/Js

3AC

HHcpopMaxuBHOcTb napaNicxpa

OufeHHBaex KOHU.eHxpan.Hio cpeppHMaraexHica, saBHcnx xaK-
ace ox cocxaBa cpeppHMarnexHRa

napaMexp HyscxEHxeAeH K HaAHHHio sepeH, cooxBexcxByro-
UI;HX no pasMepy rpaHHite nepexoAa Me^a,y OAHOAOMeHHbIM
H cynepnapaMarHHXHbiM COCXOHHHHMH
Oi^eHHBaex KOHuenxpauHio (peppHMarnexHKa, saBHcnx xaK-
?K.e ox cocxaBa cpeppHMaraexHKa

Oi^enHBaex AOMenHoe cocxoHHHe H pasMep sepna cpeppH-
MarnexHKa, saBHCHx ox cocxasa (peppHMarnexHKa
Ou.eHHBaex KonriieHxpaiJiHio cpeppHMarnexHRa, saBHCHx xaK-
«e ox cocxasa dieppHMarnexuKa
OiteHHBaex AOMGHHoe cocxoHHHe H pasMep sepna cpeppn-
MarnexHKa, saBHCHx ox cocxasa cpeppHMarnexHKa

Oi^eHHBaex BKAaA napaMarHHXHbix MHHepaAOB B o6m,yio
BOCnpHHM^HBOCXb

OuieHHBaex BKABA cpeppHMarHHXHbix MHHepaAOB B o6m;yio
BOCnpHHMqHBOCXb

Ou.eHHBaex cooxHouieHHe Me«Ay oxHOCHxeAbHbiM coAep-
«aHH6M BblCOKOKOSpI^HXHBHblX (MarHHXO^CeCXKHX) H HH3-

KOKOSpHHXHBHblX (MarHHXOMHFKHX) (peppHMarH6XHKOB

Oi^eHHBaex acpdpeKXHBHbin (cpeAHHH) pasnep MarHHXHoro
sepna (AAH MHoroAOMenHbix H OAHOAOMeHHbix sepen)

Oi^eHHBaex MarHHTHOe nocAeAeftcxBHe AAH sepen co Bpene-
HaMH peAaKcaujMH <50 MC

OueHHBaex MarnnxHoe nocAeAeHCXBHe scex cynepnapaMar-
HHXHbix sepen
OEteHHBaex adpdpeKX MarHHXHoro nocAeAencxEHH npH H3Me-
peHHHX HHAyKI^HOHHOH CHCX6MOH BO BpeM6HHOH oSAaCXH

H3-
:oM

MexoAHKa
MarHHTHtlX CBOHCTB BKAIOHaAH: H3MGpeHHH HH3-
KOHdCTOTHOH o6teMHOH MaTHHTHOH BOCnpHHMHH-
BOCTH (kLf) H HdCTOTHOH SdBHCHMOCTH MdrHHTHOH

) na npHSope Bar-
tington MS2 c AByxnacTOTHLiM ASTHHROM (LF=0,47;
HF=4,7 Kfu;). MarHHTHO-MHHepaAorHHecKHH
anaAHs B MOAHdpHKai^HH Jrs(T) BbinoAHHACH na
TepMopoK-reHepaTOpe CHCTGMBI K. C. BypaKOBa
(HO3), a B MOAHdpHKai(HH Js(T) — Ha TepMOMar-
HHTHOM anaAHsaxope (ppaKi^HH KOHCTpyKqun
K). K. BHHorpaAQBa (oGcepBaropHH «BopoK»).
Hsy^eHHe KoapitHTiiBHbix napaMGTpOB (CM. xa-
SAHI^Y) ocym,ecTBA5iAocb Ha KOSPLJHTHBHOM cneK-
TpOMexpe J-meter KOHCTPYKI^HH Fl. F. ^IconoBa
[Jasonovet al., 1998] c MaKCHMaAbHbiM naMarHH-
^HBaromHM noA6M 700 nTA. BiCAaA MarHHTHoro no-
CAeAeHCTBHH B SAeKTpOMarHHTHoe noAe nepexoA-
HHX npoi^eccoB ou,eHHBaACH Ha Tex ^ce o6pa3n;ax
no BeAHHHHe HaBeAGHHOH 3/\C c noMombio AByx-

HOH HHAyKI^HOHHOH CHCT6MbIr B KaHGCTBe
HcnoAbsoBaAacb CTani^HH Fast Snap

3OHAHpOBaHHH MeTOAOM nepexoAHbix npo-
qeccoB, cocTonmaji us KOMMyraTopa TOKa, A^yx
peracTpaTopoB H aAanrepa AHHHH CBHSH.

PesyAbxaxw HccAeAOBanHH. COCTBB tpeppn-
MarHHTHOH (ppaKIfHM. FIOpOAbl H3 HSyHeHHblX
CKBa^HH cymecTseHHO pasAHHaiOTCH cocraBOM
MarHHTHbix MHHepaAOB. Flo A^HKbiM TepMOMar-
HHTHoro anaAHsa Js(T) B nopOAax H3 CKB. 4999
cocTas MarHHTHOH cppaKijHH AQCTaTo^HO OAHO-

H HpeACTaBAGH BbICOKO»:eAe3HCTbIMH

Macca Menee 10 % TiFe3O4) TH-
, GAHSKHMH no cocTasy K Mar-

HeTiny (TeMnepaTypw Kropn npn nepBOM narpese
500 — 565 °C). FIocAe nepBoro narpeBa BeAH^HHa^
yMeHbinaeTCH, aTeMnepaxypbi Kiopn cMemaioTCH
K HHrepBaAy 510 — 515 °C, npn STOM cpopMa KPH-
BOH Js(T) B IJ6AOM COXpaHH6TCH (pHC. 3, O, B). TaKO6

xapaKTepno AA^ reTepocpasHO OKHC-

Cfl B npoitecce narpesa [FleHepcKHH,
1995], PesyAbxaTbi TepMOMarHHTHoro anaAHsa Jrs
noATBep^KAaioT pesyAbTaTbi anaAHsa Js (pnc. 3, 6,
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PHC. 3. PeayAbTaTbi TepMOMarHHTHOro anaAH3a nopoA CKB. 4999: a — KpHBbie Js(T) — OAHOcpaano OKHCAeHHHH THTanoMarHe-
THT (6asaAbT MHHAaAeKaMeHHbiH); 6 — KpHBbie Jrs(T), TOT JKG oGpaseu, na BCTaBKe — yBeAHHeHHbiH cpparMem- AHarpaMMbi B
TeMnepaTypnoM HHTepsaAe Bbinie 500 °C, HAAKDCTpHpyromHH naAHHe reMaTHTa; B — KpHBbie Js(T) OAHo4)a3HO OKHCAeHHoro

, npaKTHHecKH oSpaTHMaa KpHBaa (6asaHHT); r — KpHBbie Jrs(T), TOT «e oGpaseij.

r), KpoMe Toro, B o6pa3u,ax Tyc|)oreHHbix nopoA
(o6p. 4-9, 4-10, 4-1 1) H B AByx o6pa3u,ax 6a3aAt-
TOB (o6p. 4-2, 4-4) o6napy»:eHO naAH^He renaTHTa
(pHC. 3, 6, CM. BCTaBKy), KOTOptlH H6 (|)HKCHpyeTCH

Ha KpHBblX Js(T) BBHAY GFO M3AOH KOHD.eHTpail.HH.
CocTas MarHHTHOH 4)paKi],HH B nopOAax HS

CKB. 5112 6oAee CAO^GH. Ho peayAtTaTaM TepMO-
MarHHTHoro anaAHaa Js(T), napHAy c oSpasijaMH,

KcmeAesucf tie THTaHOMarneTHTbi (o6p. 5-2, 5-5
H 5-8), OH6HB 6AH3KHe HO COCTaBy K TaKOBbIM H3

nopoA CKB. 4999 (PHC. 4, a — B), BbiAeAGHbi o6pas-
u,bi c Heo6paTHMbiMH KpHBbiMH Js(T). B npouecce
narpesa HCXOAHBIH 4)eppHMarHeTHK c TeMnepa-

xypaMH Kiopn 75 — 236 °C pacnaAaeTca c o6pa-
3OBaHHGM HOBOH (jDa3bI, 6AH3KOH K

TeMnepaTypaMH Kiopn 495 — 530 °C.
BGAHHHHa Js HOCAG nGpBOrO HarpG
GTca B 1,5 — 3,5 pasa (pnc. 4, B, g). rio-B
HOCHTGAGM HaMaFKHMGHHOCTH B 3THX

THTbl (THTaHOMarrGMHTbl) [FlGHepCKHH .A^A^KO-
1995] . KaK H AAH nopoA HS CKB. 4999, pcsyAbTaTU
TepMOMarHHTHOro anaAHaa Js(T) noATBep^KAaioT-
CH H AonoAHHioTca pesyAbTaTaMH Jrs (T) (pHC. 4,
r, e). KpoMG THTanoMarHGTHTOB H THTanoMarre-
MHTOB B o6pa3ii,ax 5-3, 5-5, 5-8 H 5-10
TGMaTHT (pHC. 4, 6, CM. BCTaBKy).
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AOMCHHOe COCTOHHHe VaCTHIf. AOMGHHOe CO-
CTOHHue cpeppHMarHHTHbix sepen OD,eHHBaAOCb
no OTHoineHHHM napaneTpOB Bcr/BcuJsr/Js c no-
Momtio AHarpaMMbi Aea — AaHAona [Day et al.,
1977; Dunlop , 2002]. Ha pHC. 5 BHAHO, HTO Bee
TOHKH Ao^axcH Ha TeopeTH^ecKyio KpHByio AAH
CMGCH OAHOAOMeHHblX (OA) H MHOrorOAOMGHHblX
sepeH [Dunlop, 2002], npH STOM coAep^anne OA-

aepen, KaK npaBHAO, 6oAbine 30 %
COCTOHHUG, B TepMHHO-

AorHH [Day et al., 1977]). Anuib OAHH odpaaeu;
(5-10) nonaAaeT B o6AacTb, cooTBeTCTByjomyro
npoMe^yro^HOMy (Me^Ay OAHOAQMeHHbiM H
cynepnapaMarHHTHbiM) COCTOHHHIO. PaaAHHHH
B AOM6HHOM COCTOHHHH HOpOA pa3AHHHOrO H6-
TporpadpH^ecKoro cocTasa H paanoro cocTasa
MarHHTHblX MHHepaAOB He BbmBAeHO.

IIoBeAeHHe MamHTHbix xapaKTepncTHK. Pac-

xapaKTepncTHK no
KBa«;HH B n;eAOM THHHHHO AAH

ByAKanoreHHo-ocaAOHHbix TOAUJ; (CM. pnc. 2).
HH3KH6 3HaHeHH5I KOHD;eHTpaiJ[HOHHO-

MarHHTHblX XapaKTepHCTHK
(^Lp, kfer, Jrs, Js) Ha6AK>AaiOTCH B Tycpax H Tydpo-

feoqbu3UHecKuu MypnoA N° 4, T. 34, 2012

npoMe«yTOHHbie SHaneHHH xa-
paKTepnbi AAH MHHAaAeKaMeHHblx dasaAbTOB, a
MaKCHMaAbHbie — AAH 6a3aHHTOB H H3MeneH-
HblX 6a3aAbTOB. CTpyKTypHO-^yBCTBHTeAbHbie
MarHHTHbie xapaKTepHCTHKH (Be, Bcr), nanpo-
THB, AGMOHCTpHpyiOT nOHH^CeHHbie SHa^eHHH B

Jrs/Js

0,5

0,4

0,3

0,2

0,1

. 5-10

inn

PHC. 5. .ApMeHHoe cocTOHHHe HsyneHHbix oSpasups: I — 6a-
saHHTbi; 2 — SasaAbTbi; 3 — TycponecnaHHKH H Tycpbi;
Ha KpHBOH — % MHOrOAOM6HHbIX HaCTHIt.
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6asaHHxax H HSMeneHHbix GasaAbxax. FlapaMexp
S B 6asaHHTax H HSMeneHHbix 6a3aAbTax, KaK npa-
BHAO, paBGH eAHHHije, TorAa KaK B MHHAaAeKa-
MeHHbix SasaAbxax, xycponecnaHHKax H xydpax
S<\. SHa^eHHH nexpOMarHHXHbix napaMexpos,
xapaKxepHsyiomHx MarHHxnoe nocAeAencxBHe
(SPM, &Jrs, Fd), xamKe Bospacxaiox B ropnsoHxax
SasaHHXOB H HSMGHGHHblX GasaAbXOB H CHH5Ka-

K>TCH B MHHAaAeKaMeHHbix GasaAbxax, xydponec-
naHHKax H xydpax. AHaAomHHbiM o6pasoM BGAGT
ce65i H 3AC nepexoAHoro nponecca (CM. pnc. 2).

CAeAyex oTMeraTb, *ixo H3M6H6HHH napaMe-
TpOB, HSMepeHHblX C nOMOm,bK) MarHHXHblX M6-

TOAOB H HHAyKD,HOHHOH cHcxeMbi Ha o6pa3ijax
H3 CKB. 5112, HOCHX 6oAee pesKHH H HeperyAHp-
HbiH xapaKTep no cpaBHenHio c o6pa3uaMH HS
CKB. 4999, HO aMHAHxyAa STHX HSMenenHH no
MHoruM napaMGTpaM (&LF Js, kpar, A/rs, 3J\C) ne-

MeHbine.
peayAbxaxoB. CpaBHGHHe xa-

paKTepa nsMGHeHHH 3AC nepexoAHoro npou;ecca
H nexpoMarHHTHbix xapaKxepHCTHK noKasbiBa-
ex, HTO MaKCHMaAbHbiH ac^dpeKX MarHHXHoro no-
CAeAeHCXBHa no BeAH^KHe 3 AC, Ha6AK>AaeMbiH
B o6pa3u,ax SasaHHxos HS CKB. 4999 (rAy6HHa
106 M), coBnaAaex c pesKHM yseAHHeHHeM napa-
MGXpOB MarHHXHOH BH3KOCXH AJrs H Fd B TOM 5K6

HHxepBaAe rAy6HH. B SXOM xce HHxepBaAe yse-
AHHHBaiOTCH MaFHHXHaH BOCnpHHMHHBOCXb H

HacbimeHHH u yMeHbinaexcn
. OXMGXHM eiu;e ABa npHHii,H-

nHaAbHbix MOMeHxa: B SXOM HHxepBaAe oxcyxcxBy-
IGX MarHHxo^cecxKHe MHHepaAbi (iS^l), a napaMexp
SPMnQ Hcntrrbmaex cynj;ecxBeHHbix HSMene
HanSoAee BeponxHOH npeACxaBA5iexcH
in;aH HHxepnpexan;H5i noAyneHHbi
OCHOBHOH BKAaA B 3AeKxpoMarHHXHoe noAG Mar-
HHXHoro nocAGAeHCXBHa BHOCHXHacximbi, no pas-
MepaM 6AH3KH6 K rpaHHD,e cynepnapaMarHHXHoro
(Gil) H cxaSHAbHoro OAHOAOMeHHoro COCXOHHHH.
OxHOCHxeAbHO pesKoe yseAH^eHHe napaMexpoB
Fdw AJra nosBOAHex npeAnoAaraxb, HXO BpeMH pe-
AaKcau,HH sepen, yqacxByioinHX B 3TOM npou;ecce,
orpaHHHeno csepxy SHa^enneM AAH HH^HGH rpa-
HHijbi cynepnapaMarHHXHoro COCXOHHHH (<100 c)
[Dunlop, 1973] , a CHHsy — BpeMeneM Me^a,y H3-
MepeHHHMH Jrs Ha KO3pn,HXHBHOM cneKxpoMe-
xpe, paBHbiM 50 MC [Jasonov et al, 1998]. Sepna
c MeHbuiHMH BpeMenaMH peAaKcaii;HH, cyAH no
SHaneHHHM napaMexpa SPM (nnxerpaAbHaH xa-
paKxepHcxHKa cynepnapaMarHHXHbix sepen [En-
cyclopedia ..., 2007]), B 3XOM npon,ecce npaKXH-

ne ynacxByiox. OrpaHHneHHbiH Ananason

MexaHHSM MarHHXHoro
FlocKOAbKy cocxaB MarHHXHbix sepen B HCCAC-
AyeMOM HHxepBaAe rAy6nH GAHSOK K MarnexHxy,
MO«;HO HcnoAbSOBaxb AorapHdpMHMecKyio sa-
BHCHMOcxb Me^cAy oC^eMOM MarHHXHoro sepna
MaraexHxa H BpeMeneM peAaKcau,HH HaMarHHHeH-
HOCXH [Yoshida et al., 1994]. BpeMH peAaKcaijHH,
paBHoe 0,05 c, Aaex HHJKHKDIO on;eHKy pasMepa
aepna B 0,0254 MKM. C ynexoM xoro HXO KPHXH-
^ecKHH pasMep CFI/OA COCXOHHHH ou;eHHBaexcH
BeAHMHHOH 0,029 MKM [Haraxa, 1965], AHanason
pa3MepOB sepen, o6ecnetiHBaion]1Hx OCHOBHOH
BKA3A MarHHXHOrO nOCAGAeHCXEHH B HHAyKIliHOH-

Hbie nepexoAHbie xapaKxepncxHKH, ou,eHHBaexcH
KaK AQBOAbHO ysKHH (0,0254 — 0,029 MKM). 3xox
BblBOA C HO3HU.HH X6OpHH OAHOAOMeHHblX HaCXHH.

[Haraxa, 1965] xopomo oS-bHcnnex pocx Marnnx-
HOH BOCnpHHMHHBOCXH H HaMaFHH^eHHOCXH Ha-

cbimeHHH B cooxBexcxByioui,Hx HHxepBaAax npn
OAHOBpeM6HHOM CHH^CeHHH KO3pli;HXHBHOH CHAbI

(CM. pHC. 2). AonOAHHXGAbHblM apryM6HXOM HB-

AHexcH CHH^ceHHe kpar B HHxepBaAax yBeAHHeHHH
MarHHXHOH BOCnpHHM^HBOCXH H Js, CBHAeX6Ab-

pasMepos sepen, oxBexcxBeHHbix sa

o XOM, ^xo cynepnapaMarHHXHbie na-
cxHi^bi npn HHxepnpexau;HH AaHHbix MarHHXHoro
rncxepesHca He 6biAH BKAJO^eHbi B «napaMarHnx-
HblH dpOH».

CAeAyex oroBopHXbCH, HXO AaHHbiH HHxepBaA
paspesa npeACxaBAen naHMenee
nopOAaMH (GasannxaMH), o HGM
IOX 6AH3KH6 K o6paXHMbIM KpHBbie Js(T) H 3Ha-

qeHHH S=\. TaKHM o6pa3OM, HBAenne MarHHxno-
ro nocAeAeHcxBHH 3Aecb CBHsano c nepBHHHO-
MarMaxHHecKHMH sepnaMH MarHHXHbixMHHepaAOB.

Hnaa Kapxnna Ha6AiOAaexcH AAH nopOAr
BCKpblXblX CKB. 5112. H3M6HeHHH 3A^ HO pa3-

pesy 3Aecb, no KpaHHen Mepe, B 3 pasa HHJKG,
^6M AAH o6pa31^OB H3 CKB. 4999. FopHSOHXbl 6d-

SaHHXOB B CKB. 5112 XaK^KB OXMG^aiOXCH 3A6Cb IIO-

BbimeHHbiMH 3Ha^ieHHHMH 3AC, OAHaKO caMbie
BbicoKHe ee SHa^enHH cooxBexcxByrox H3MeneH-
HHM 6asaAbxaM B BepxneH Macxn paspesa (CM.
pnc. 2). Bee HHxepBaAbi noBbimeHHOH 3J\C, KaK
H B CKB. 4999, xapaKxepHsyioxcH snaneHKHMH 5=1.
HXO yKasbiBaex Ha oxcyxcxBHe B SXHX HHxepBaAax
MarHHXo^cecxKHX MHHepaAOB, B nacxHocxH reMa-
xHxa. IlocAeAHHH B 6a3aAbxoBbix xoAiu;axr cKOpee
BCerO, HBAH6XCH KOH6HHbIM HpOAyKXOM OKHCA6-

HHH XHxaHOMarnexHXOB H xHxanoMarreMHXOB H r

xaKHM o6pa3OM, npeACx
npoAyKx, HacAeAyiOEHHH pasMepbi
cpeppHMarHHXHbix sepen [Ile^epcKHH, AnAeHKOf

1995]. FIocKOAbKy KpHXH^ecKHH pasMep OAHOA°"
MGHHoro COCXOHHHH AAH rcMaxHxa cymecxBeHHO
Bbiuie, HGM y XHxanoMarreMHXOB H MarreMHxa,

134 recxpusimecKuu xypucm N° 4, T. 34, 2014



BKAAA MArHHTHOrO flOCAEAEHCTBHXB MHAVKI^HOHHblE HEPEXOAHblE...

[fl.

.e-

y.

fi-

ll,

pa
H-

Cfl

H-

Cfl

OT

in.

a-

Lbl

B-

451

b-

a-
ro
T-

3A

IH

y-
a-
o-
o-
•B.
A.
3-

e,
a-
o-

M.

IK

1,

IX

a-
?e
e-
H,
(H

[X

o,
3-

10

a,

12

HOBOo6pa3OBaHHbiH reMaraT HaxoAHTCH npe-
HMymecTBeHHO B cynepnapaMarHHTHOM COCTO-
HHHH [He^epcKHH, 1985]. OAHaKO A^^KG B STOM
CAy^ae scpdpeKT MarHHTHoro nocAeAeHCTBHH AAH
cynepnapaMarHHTHblx sepeH reMaTHTa HGB6AHK B
cHAy cymGCTBGHHbix pasAH^HH B &LF H Js reMaTH-
Ta H MHHepaAOB MarHeTHT-THTaHOMaraeTHTOBoro
pHAa [Dunlop, Ozdemir, 1997].

OTM6THM, HTO nOBbinieHHbie SHdHCHHfl 3J\C

B nopoAdx CKB. 51 12 He conpOBO^AdioTCH yBeAH-
qeHHeM ndpaMeTpoB kLF H Js (CM. pnc. 2), AHUIB
BeAHHHHd^C B 3THX HHTepBdAdX AOCTHFaeT CaMblX

HH3KHX SHaHeHHH (<10 MTA). FlpH 3TOM 3HaH6HH5I

napaMeTpoB AJrs H FJ(sa HCKAJoneHHeM xapaKTe-
pH3yiOmHX BepXHHH TOpHSOHT) npaKTH^eCKH H6

H3M6HHIOTCH HO paspesy, HTO CBHA6TeAbCTByeT

06 OTcyrcTBHH MarHHTHbix sepen c BpeMenaMH
peAaKcai^HH 6oAee 50 MC.

HaAHHHe 6oAee MOAKHX cynepnapaMarHHTHblx
sepen H6TKO dpHKCHpyeTC» no HSMenemmM napa-
MeTpOB SPMn 3(J)dpeKTHBHOMy pasMepy MarHHT-
Horo sepna («Size» Ha pnc. 2),

KoppeAHi^Hio c 3AC. ECAH

xapaKTepncTHKH cynepnapaMarHHTHblx sepen)
C 3AC BHOAHe nOHHTHa, TO pOCT 3Cj)(f)eKTHBHOrO

pasMepa sepna na HHTepsaAax c BWCOKHM co-
Aep^aHHeM M6AKHX cynepnapaMerHHTHblx sepen
Tpe6yeT noncHeHHH. KaK H3BecTHO, OTHonieHHe
kfsr/Jrs MO^ceT CAy^cHTb AAH oi^eHKH acpcpeKTHBHO-
ro pasMepa sepna TOABKO B CAynae MHoroAOMen-
HblX H OAHOAOM6HHbIX 3ep6H. HaAHHHe M6AKHX

cynepnapaMarHHTHblx HacTHn, HapymaeT 3Ty sa-
KOHOMepnocTb [Thompson, Oldfield, 1986], T. e.
pesKoe noBbiuieHHe kfsr/Jrs B A^HHOM cAyme
pas CBHAeTeAbCTByeT 06 STOM.

Han6oAee BepoaTHbiM npeACTdBAHeTCH,
MeAKHe cynepndpaMarHHTHbie sepna He BHOC^T
cyujecTBeHHoro BKAdAd B 3/\C nepexoAHbix npo-
U,eccoB. B Tex ropnsoHTdx, rAe HMeioTca TOABKO
MeAKHe cynenapaMarHHTHbie nacTHirbi, 3AC B
2 — 6 pas HH2K6, ^CM B TOpHSOHTdX C KpynHblMH

cynepnapaMarHHTHbiMH ^acTHi^dMH (CM. pnc. 2).
HanpHMep, B HSMeneHHbix 6a3dAbTax, BCKpbiTbix
CKB. 5112, B KOTOpbix dpHKcnpyioTCH naH6oAee
KpynHbie (no sna^eHHHM Fd] cynepnapaMarHHT-
Hbie ̂ acTHinj, 3AC B 1 ,8 pasa Bbime, HGM B HH^ce-
AejKamjeM ropnsoHTe 6asaHHTOB, TAG TdKHe sepnd
OTcyrcTByroT.

B OTAHHHG OT HOpOA, BCKpblTilX CKB. 4999, HO-

POAH CKB. 5112 npGTepneAH cymecTBeHHbie BTO-
pH^Hbie HSMeHeHHH. CoCTdB MarHHTHblX MHHepa-

^OB 3THX nopoA CBHAeTeAbCTByeT o nepaBHOMep-
HOM OKHCAGHHH HCXOAHblX

Ns 4, T. 34, 2012

H, TdKHM o6pd3OM, 06 yHHHTO^CeHHH

MaFMdTHHeCKHX MHHepdAOB H o6pa30BaHHH BTO-

pH^HblX MarHHTHblX SepeH. 3TH paSAH^HS B CO-

xpaHHOCTH dpeppoMarnHTHbix sepGH H o6ycAOB-
AHBdlOT OCO66HHOCTH npO^BAGHHH MarHHTHOFO

nOCAGA6HCTBHH Ha HSy^GKHblX 06-beKTdX. CAa-

6oH3MeHeHHbie nepBH^HO-MarMaTH^ecKHe dpep-
pHMarneTHKH B nopoAdx, BCKpbiTbix CKB. 4999,
o6ecne^HBaioT MaKCHMaAbHbin sdpdpeKT Mar-
HHTHOFO nOCAGAeHCTEHH 3d C^6T OTHOCHTCAbHO

Kpynnbix cynepnapaMarHHTHblx HacTHD, c ysKHM
AHanasoHOM pasMepoB sepeH B6AH3H rpaHHE(bi
Cll OA-COCTOflHHH. HM6HHO 3TOT 3(j3dpeKT npo-

HBAH6TC5I npH HSMepeHHHX BO BpeMCHHOH o6Aa-

CTH B MCTOAG nepexoAHbix npoi(eccoB. B CHABHO
H3M6HeHHbIX HOpOAdX, BCKpblTblX CKB. 5112, T3-

KHC sepna, B OCHOBHOM, OTcyrcTByioT, TorAd KaK
BKAaA MGAKHX cynGpnapaMaTHHTHbix scpcn c Bpc-
MGHaMH peAaKCai^HH MGHee 0,05 C B HHAyKU,HOH-

Hbie nepexoAHbiG xapaKTepncTHKH cocTaBAaeT He
6oAee 30 % no cpaBHeHHio c BKAdAOM, cosAdBde-
MblM BCAGACTBHG peAdKCdEtHH HdMdrHH^ieHHOCTH

KpynHbix sepen.
BbiBOAbi. HdH6oAbniHH BKAdA B sdpdpeKT Mar-

HHTHoro nocAeAeHCTBHH B HHAyRi^HOHHbie nepe-
xoAHbie xapaKTepucTHKH BHOCHT HaHMenee HS-
MeneHHbie nopoAbi, B paccMaTpHBaeMOM CAynae
STO MaccHBHbie 6a3aHHTbi, MarHHTHbie MHHepaAbi
KOTOpbix Menee Bcero OKHCAeHbi.

3dpcpeKT MarHHTHoro nocAeAeHCTBHH onpeAe-
A^eTCH npeHMynjecTBeHHO HaAH^neM cynepna-
paMarHHTHblx ^aCTHI^ BbICOKO5KeAe3HCTbIX THTa-
HOMarneTHTOB, SAHSKHX no cocraBy K MarneTH-
Ty, pasMepbi KOTOpbix HaxoAHTCH B AOCTaTo^no
ysKOM HHTepBaAe (Han6oAee BepoHTHO 0,0254—
0,029 MKM). BpeMena peAaKcai^HH TaKHX
COCTdBAHIOT OT 0,05 AO 100 C. HdAH^IHe

TdKoro pasMepa ysepeHHO onpeAeAaeTCH no no-
BblUieHHIO MarHHTHOH BOCnpHHMHHBOCTH H H3-

MdrHHHGHHOCTH HdCbimGHHH C OAHOBpeM6HHbIM

KOSpUHTHBHOH CHAbl.

peAaKcai^HH HaMarHH^ieHHocTH 60-
Aee MeAKHX cynepnapaMarHHTHblx sepen (spe-
MGHa peAaKcai^HH Menee 0,05 c, pasMep Menee
0,0254 MKM) B HHAyKUHOHHbie nepexoAHbie xapaK-
TepncTHKH npHMepno B 3 pasa HH«e. HaAH^ne
M6AKHX ^aCTHq H6 COnpOBO^A^eTCH pOCTOM Mar-

HHTHOH BOCnpHHMIHBOCTH H HaMarHHHeHHOCTH

HaCbimeHHH, XOTH KOSpI^HTHBHaH CHAa B T3KHX HH-

TepsaAax cHH«;aeTCH Ad^Ke 6oAbuie, HCM AAH Kpyn-
(0,0254—0,029 MKM) cynepndpaMarHHTHbix

;. AHarHOCTHKa TdKHX ^aCTHDJ BO3MOJ>KHd

no noBbiuieHHio napaMeTpa SPMvi
pasMepa MarHHTHoro sepna.
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