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I4zyueu_vrgotonnuir cocraB reJrrrt B apxelTlcrux engep6urax, rJrr{Ho3eMr{cTbrx rHericax r{ qeJroqHbrx rpa-
HI{Tax Konrcxoro noJryocrpoBa. flpn conocTaBJreHrll4 Ll3oronHoro cocTaBa reJrr{rr ug nelicon n engep6n-
ToB noKa3aHo, rrro eHgep6urbl no nporoJrLITaM uHTpy3r,rBHbrx nopoA B npoqecce nocJreAyroqero qpaHyJrr4-
ToBoro ueraIvropQl43Ma, no-BtIAI4MoMy, B 3Harrr.rreJruroli cTe[eHrl coxpaHnJru tetuir,3axBarreHnrlri ulrHe-
paIIaMn IIplI ux MarMarrlqecroli KplrcriurJru3allurl. B qeroa{Hbrx rpaHr{Tax floHoricroro Maccr{Ba
uanturfiras cocraBJrtroqul ycraHoBJIeHa B cocraBe reilvrfl, BbrgeJreHHoro r{3 aKrleccopHoro r{JrbMeHr4Ta npu
or)Kllre BblcoKore}flepaTypuux (>1450'C) QnrorgHblx BKJrIor{eHIari. B cocTaBe Snrolr4a onpeAeJreso 3-JVo
uaHrulluori rovrnoneHTbl, u Qnrong, 3axBaqeHnrrir upn Kpr,rcraJrJru3a\ilfi ulerorrHbrx rpaularoB, Mor 6urr
o6paaonall_Tprl cMeIrrI{BaHurI flpeo6naqaroqero no o6.revry paAr,roreHHoro rerrufl ger"rHori Kopbr c K)Be-
HI,tJrbHbIM'He, npunHeceHHblM ua rny6uHHoro MaHTrr"Horo ucrorrHr,rKa, B coorgorrreHl,Iu, coorBercTBeHHo,
xar -(1442) : I.

Benn.rnna orHorxennfl 3Hel4He B rJraBHbrx MaH-
Tr,rriHbrx pe3epByapax 3err,rnr Ha 34 topr^AKa Bbrrxe
3HaqeHHr 3He/+He B paAr,roreHHoM reJrr,rn flopoA KoH-
Tr{HeHTaJrbHori Kopbr (2 x 10-o [1]), vro rro3BoJrrer
r4cnoJlb3oBarb r,r3oTorrHblri cocraB reJrr,n AJrr xapaK-
TeprrcrrrKr,r [crorrHr,rKoB pacnJraBos. B ro )Ke BpeMr
r,r3yrreHue 6naropoAHbrx ra3oB rrpoBoAr,rTcr rJraBHbrM
o6paeorra B orHoc[TeJrbHo MoJroAbrx - TperrrrrHbrx u
rreTBepTr,rrrHblx nopoAax, a TaKx<e B coBpeMeHHbrx
Qnrougax u noA3eMHbrx BoAax 3eMHori Kopbr, TorAa
KaK AoKerr,r6puIiCrue nOpOAbr n3yrreHbr HeAOcTaToq-
Ho. 3To o6ycloueHo HeBocrroJrHrrMbrMrr [orepqMu

bIB-
BbI-
Ot-

HaKO B prAe CryrraeB ApeBHr,re [opoAbr ]r Mr4HepaJrbr,
oco6eHHo nepBHrrHo MarMarr,rqecKue orhrBtrHbr, aM-

$ra6onsr, rrrlrpoKceHbr r4 pyAHbre Mr.rHepaJrbr xoporo
coxpaHrrrcr 6naropoAHbre ra3br, 3zxBaqeHHbre B npo-
qecce KprrcraJrJrn3a\vvr. flpurr,repoM MoryT cJry)c,rrb
apxelicrue KoMaTrrrrrbl Anexco, OHtapno, oJrr{Br4Hbr
KoTopbrx coAep)<ar ueo6sr.rariHo BbrcoKrre KoHTIeHT-
paqnu 3He, vro uHTep[pervpyercr KaK rroKa3areJrb
cyu{ecrBoBaHr{r ApeBHr,rx rrJrroMoB n apxericrofi uan-
run fZl. B cuHuerauopQuqecKrrx Qnrou4nbrx BKJrro-
rreHuflx B rpaHaTe r,r3 apxeficxlrx eHAep6uros ro)<-
nofi Irlugurr orHorrreHr{e 3He/aHe Aocrrrraer 3.3 x l0{
n orrpeAeJrreT uaHruriHoe npoucxo)KAeHrre ucxoA-
Holi uanvrbr, Kpr,rcraJrJrrr3oBasueficq B Hn)<Heri rope
-2.5 unpA. Jrer Ha3aA t3l. B nopoAzx tr MnHepilrux paH-
Herrporepo3oricKoro Mon.reropcKoro rrJryroHa (Ko.rrs-
cruri rroJryocrpoB) BeJrr,rq[Ha orHorueHns 3HelaHe

cocraBJrrer -0.24 x 10-6 u coorBercrBver HarrarbHo-

My OTHOIIIeHI4IO LI3OTOTIOB B 3aXBarIeHHOM IeJII{n.
AHanorurrHbre 3HarreHur orHorrr enufl. 3He I 4He o6na-
py)KeHbr r4 Bo BMerrlarcqux nJryroH rHericax, v pac-
cMaTpuBaroTcr KaK pe3yJrbTaT r,r3MeHeHr{r BMerrIaK)-
ulux [opoA QmongoM, oTgeJr[Brur,rMcr or qacr[rrHo
Aera3upoBaHHoro pacrrJraBa Ha 3aBepuarcqeri cra-
Ar,ru npo qe c ca uaruhrnqe cKori KplrcraJr r^nzagun f4f .
flpuregeHHbre rpr,rMepbr rroKa3brBaror eQQerrur-
Hocrb rrpr,rMeHeHnfl, u3oronun 6naropoAHbrx ra3oB
AJrr peKoHcTpyKrlr{r4 rrpoqeccoB MarMaT[3Ma 14 MeTa-
uopQnsrr,ra B AoKeM 6puu.

Hauu u3yqeH r,r3ororrHslli cocraB reJrrrfl B ap-
xericKr,rx eHqep6nrax r.r AByrr[poKceHoBbrx KpHc-
TaJrJr o cJr aH rlax Be)KaTyHApOBCKOTO KOMrrJreKCa, B 9H-
Aep 6r,rr- rrapHoKr{To BbIx rrop oAzx KoMnJreKca xoMrre H
rHericoB, a TarcKe B rro3AHeapxelicxux ulerorrHbx rpa-
Hurax floHoricroro Maccr,rBa, pacrroJlo)KeHHblx, co-
orBeTcrBeHHo, B rleHTpaJrbHori, ceBepo-3ana4uori u
BocrorrHori qacrsx Kolrcxoro rroJryocrpoBa (puc. l).

B cocras Be)KaryHApoBcKoro KoMnJreKca BxoAqr
rrJraruonrrpoKceHrrrbr, Merara66po, uerara66pouo-
plrrbr (-30Vo), Me3oKparoBbre engep6urbr u MaHrepo-
engep6umt (-607o) c Bo3pasror"r 2830 + 70 MJrH. Jrer,
o6paaonaHHbre B rrpoqecce KprrcraJrJrlr3arluouuoli
AVQQepeHTIltaqun rcxoAHoro orrnaHAe3r,rroBoro
pacnJraBa. orolo l0vo rrJrorrlaArr KoMrrJreKca 3aHr.r-
Maror leliroengep6nrsr, Bo3HrrKrune rrplr rrJraBJre-
Hrrri Me3oKparoBbrx gHAep6uror Ir MaHrepo-eHAep-
6uroe B rrpoqecce rpaHyJrrrroBoro MeTar"ropQusrvra
2760 + 10 MJrH. rer Ha:ag [5].

np" rpoBeAeHHbrx paHbrue lrccJreAoB anwrx t6]
6ruo rroKa3aHo, rrro KoHrIeHTpaTopoM reJrlrr B no-
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poAax Be)€TyHApoBcKoro KoMnJreKca rBrflercq aM-

Qu6on, xopouo coxpaHr,rBurrafi vrauruliusrli 3He B co-
craBe Q.nronqa, c BeJrr{quHori orHorxeHus 3HelaHe s
3axBarreHHoM reJrrru -20 x 10-8. B ro )Ke BpeMfl. cre-
Ayer orMerrrb cyrqecrBeHHyro Alrcrepcurc orpeAe-
relavrfl. Hrr3Krrx KoHrleHTpaquft ypaHa (<1 rh) rrroptrfl,
(I.24.2 r/r) s u3yqeHHbrx ropoAax, vt BcJreAcrBrIe
groro npn6rusureJrbHocrb orIeHoK rIJrorHocrI,I Hen-
TpoHHOTO rroroKa, onpeAeJrrBrrrero r{HTeHcr,rBHocTb
rAepHbrx peaxqnli pacrraAa nlrrrtrfl, n o6pasoBaHue
rHepar. Kporrae roro, BcJreAcrBue c6nn>xeHHocrl,r IIpo-
rleccoB MarMaruqecrorf KprlcraJrJILI3aIIuu n Mera-
rrrop+usrraa [opoA ocraBaJracb HeonpeAeJreHHocrb B

rrHTep[perarl[u MarMarrr.recroli IrJrI,I Merarr,ropQu-
qecrofi rpupoAbr 3axBaqeHHbrx Qnrougon.

flnr penreHvrfl grr4x 3aAarr B rIpoaHaJrI,I3I{poBaH-
Hbrx paHbure o6paeqax Be)<aryHApoBcKoro KoM-
rrJreKca [6] nunoJrHeHo orrpeAeJreHr.re coAep)Kannfl. n
r,r3oTonHoro cocTaBa feJrrrr, BbrAeJreHHofo I,I3 rlopoA
r4 Mr4HepaJroB MeroAoM 4po6neHna o6pasqon I7).
Sror MeroA no3BoJrrer uz6upareJrbHo I,I3BJreKarb
ra3br rr3 QrrcragHsrx rruroveHufi, u reM caMbrM
yMeHbrxr{Tb BJrrrflHI,Ie paArloreHHblx ra3oB, HaKonI,IB-
[rrrxcr s o6reMe Kpr,rcrarrr.rqecKoll peurerKl,I MrIHe-
paJroB [8, 9]. C qemro peureHnr Bonpoca o rplrpoAe
3axBaqeHHoro Qnrouga o[peAeJreH u3orouusrfi co-
craB reJrvtfl, BbrAeJreHHoro rr3 rpaHar-6uoruroBoro
rHerica KoJrbcKoft cepuu B gK3oKoHTaKToBoft qacru
Be)<aryHApoBcKoro KoMrrJreKca (parion noc. Mame-
rursr), a raK)<e lr3 KoMrIJreKca xoMrreH-rueticou,

BETPI4H u Ap.

Pnc. 1. Cxeua reKToHuqecKoro paironuponanus Komcrori cy6npoBrrHrlnu I{ Mecra ot6opa o6pasqon.
1 - unrpysuu neQe.nuHoBbrx cueHrrroB, 2 - nosgHenporepo3olicxue ocaAorrHbre o6paaoeanr4fl,3 - pauuenporepoaoficKrre uH-
Tpy3rru nop$upou.rAnbrx rpaH[ToB, IIAK - JrrrrlKo-apary6cxuri KoMnJreKc, BA - MaccrrB Balinocnaa, 4 - payyenporeposoli-
cKrre cKJraArrarbre [orca (fle-flevenra, I4u-Bap-Zrvrauqpa-Bapsyra, Jlan-JlanranAcro-Konsuqrufi), 5 - nosqueapxeitcrue
cKraArrarbre norca (CK-Cenepo-Komcxuri, Tep-Ann-Tepcro-Arrapeuencxnli), 6 - 6no<u nopoA apxeftcroro Qyugalaenra
(Myp-Mypuaucruri, Ke-Keliecxuri, Ko-Hop-Komcro-Hopne>rcruir, Tep-Tepcxnrt, Eer-Eerovropcxnfi, klu-Vllaapu),7 -vre-
cra or6opa o6pasqon: I - yuacror Bex<a-ryHApbr, 2 - yvacroK xoM[eH rneficon, 3 - flonoricruri Maccus.

r,rMeroqux 6rusruri cocraB c rropoAaMu Be)KaryHA-
poBcKoro KoMrrJreKca, Ho oTflnrraK)rllrrxcr oT Hrrx IIo
ycJroBr4f M KprrcTaJrJrr43arln[.

XouneH-rHericbr, r,r3yrreHHbre Ha reppuropun Ce-
repHori Hopreruu, npeAcraBJreHbr roHKorrorocqa-
TbrMrr [opoAaMn eHgep6r,rr-qapHoKrrroBoro cocraBa
c JrrrH3aMr,r ABy[upoKceHoBbrx KprrcTaJrJrocJraHrleB u
arr,rQu6oru,rroB t10]. B rHelicax ycTaHoBJreHbr ABa
gTarla cKJraArraTocTI,I, o6pasoraHux MrIfMarI,IToB n
MHO|OI{UCJIEHHbIX NEIMATI,ITOBbIX )KI,IJI. CTPYTTYPT'
rraJreocoMsr ruerlcoe 6onsnefi qacrrrc cpeAHe3epH.\_
crbre rpaHo6racToBbre. flopogbr xapaKTepr{3yrorct
oprorrupoKceH-6uorrrroBbrMrr trrv opTorrupoKceH-
KJrr,rHonnporcen-6uorrlToBbrMr4 napareHe3r,rcaMr,r reM-
HOIIBeTHbIX MlIHepaJrOB, rI,InepCTeHbr UMeTOT HrI3KI4e
KoHrleHrpa\nv Al2O3 (2.3-2.4Vo), u 6uou4rbr - ro-
BbrrrreHHoe coAep)<aHr,re TiO2 (3.84.0Vo), vro xapaK-
TepHo AJI' rOpOA, MeraMOpQnaonaHHbrx B ycJroBrrrx
rpaHyJrrrroBori Qaqnn. Orcyrcrrr,re QasoBoro crpo-
enilfl. xoMneH rHericoB HaprAy c oTqerrlrBo roHKono-
JIOCTIATbIMU TEKCTYPAMI,T II OTCYTCTBI,IEM TI,I[I,IAI,IO-
rvropQHo3epHncrbrx cTpyKTyp, MecTaMu oTMeqae-
Mbrx B rpaHr,rTorrAax Be>KaTyHApoBcKoro KoMrrJreKca,
MOryT CB[AeTeJrbCTBOBaTb, KaK rrpeACTaB nrfleT)fl., 06
repBurrHo eQ$yausnorvr FeHe3r,rce rnericoe. U-Pb
Bo3pacr rlrrpKoHoB rr3 xoMrreH lHericoB ycraHoBJreH B

2902 * 9 urn. ner [l1], u MoAerrbHsrft 21,16 (DM) - e
2930 MJrH. rcr fl2],, rreM orpeAeJrtercfl oTHocI,ITeJrb-
Ho KoporKoe BpeMr Haxor<AeHr,rr [poroJrr{Ta rueft-
coB B KOpe AO ero Kpr,rcTaJrJru3arluu.

I
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Ta6rnqa 1. Konqenrpaqua He rl ornoureH[e 3He/He a nopogax aexar]'nApoBcKoro Koruunexca (Jr&N l-9), r rpanar-
6lro rrosoM rHeftce xorucxoft cepuu (10-11) u n xor'ruen-ffeicax (NN! 12-15)

pnMe , z-pe3y po6reHur o6pasqoe. [n
o6pa34oB l\&J\& l-9 pe3yrbrarbr aEartr3a He, EErAeressoro MeroAoM [JraBnesst, IIprIBeAesr lr3 pa6qr6r II.JI. KaMeEcKoro II Ap. [6].
BErqrcJreru{e t<ogueETpaurfi 3Heo- ounoaueuo r.rcxoar n3 cooruouregu{: q-i(n, c)3H .....* p- 

- 
3Heouo. rge t{3Fq - roucraura

cKopocrtr pacnala. cocraeJr'roDlda 12.2 rcua. \ - reDnoBbre Herfi'Iponu, c - alr$a-vacrtrqbr [ 13. l4].

flopo4sr paccMarprrBaeMbrx KoMnJreKcoB I,IMeK)T
TeKToHrrrrecKue KoHTaKTbr c oKpPKarcIquMLI rJrrIHo-
3 e MI,ICTbIMI,I rHe IICaMI,I KO Jr bCKO ri Cepnkl- npOTO Jr I,ITbI
KOTOpbTX 6srnu npeAcraBJreHbr [epBr,rrrHo ocaAoqHbr-
Mn nopoAaMr,r, MeraMopQneonanHbrMrr B ycJroBr,rfx
rpaHyJrr,rroBori Qaqnra tlOl. I4ayveHHsrri o6paaeq
(18-l) rpeAcraBJIeH rloJlocqarblM rpaHar-6l/torl,ITo-

_BbrM rHericoM, o6pasoBaHHbrM qepeAyroilIr{Mr,rct
;JrorMr,r MeJraHoKparoBoro (ueraHocoMa) ra 6oree

JnerlrxoKparoBoro (nelirocoMa) cocraBa. Muneparu-
Hbrri cocraB rHerica - rpaHar (s Vo: rrnpor -29.6; aJrb-
MaHAr{H - 66.6: creccapTrrH - 1.4; rpoccyrrrp - 2.4;
F= 69),6uorut (TiO2 - 4.3Vo, F = 32Vo), rlJraruoKrla3
(AnlAb + An - 0.25), cr4JrJrr,rMaHur, KBaprL Kanl,rHar-
poBbIIi rroJreBoli lufrar, III4pKoH, rIJrbMeHI,IT, arlaruT.

flp" BbrAeJreHrr,r ra3oB MeroAoM Apo6neHnfl, rr3-
MerbrreHHbre Ao 0.25{.5 M},r o6pa3rlbr Maccoft 2 rparr,r-
Ma coBMecrHo c MeJrrcrqr.rMr,r cTaJrbHbIMI4 poJrI,IKaMI,I
rroMerrlaJrr,rcb B cTeKJrflHHyrc aMlyJry, Koropyro 3a-
TeM BaKyyMUpOBaJrrI U OTnar,rBaJrrr. trilsr\aeru.reHrre
ocyulecrBJrrJrocb 3a crrer Br.r6paquu aMnyJrbr. ?I3o-
TorrHbrri cocTaB r{ KoHrIeHTparIu[ He ugueprJrrrcb Ha
Macc-cneKTpoMerpe MpI-l2Ol, c rryBcrBl4TeJrbHoc-

Tbro ro reJrrrro 5 x l0-s A/ropp. Kouqeurpaqrur rr3-
MepeHbI MeToAoM Bbrcorbr rrrrKa c norpeuHocrbK)
5Vo (+16), u orun6xu uguepeHl,Ifl tl3ororlHblx orHo-
rrreHr4ri cocraBJrr qrv +l-20vo npu 3HaqeHu^3HeloHe -
=nx 1tr8, u+l-2%onpu3HelaHe= nxt04. Kouqeu-

Tparlur U u Th orpeAeJreHbr MeroAoM X-paguorpa-
Q"" rprr MrrHrr_MaJrbHoM coAep)<aHrru s 0.5 rfr, u
KOHrIeHTparIun K n Li rr3MepeHbr MeroAoM cneKTpo-
Qorouerpvvr c ouru6rofi orpeAeJr er^krr, +l0Vo.

Pesymrarbr o[peAeJreHr,rfl KoHrleHTpaquli r,r H3o-
TOnHOTO COCTaBa reJrr{fl B rrOpOAaX rr Mr4HepaJrax rpa-
HyJrrrToBbrx KoMrrJreKcoB rrprrBeAeHbr B Ta6r. I u na
purc.2.

Benu.rr,rHa orHoruennfl 3Hel4He B reJrur4, BbrAe-
JTeHHOM r,ra o6pasrloB Bex<aTyHApoBcKoro KoMrrJreKca
MeroAoM Apo6neur4fl. - (17-33) x 10-8, npeBbrrrraer
B e JI IIqIIHy STOrO OTHO rrle HVIfl, IIpn BbIAe JI e HIdVI f e lrurfl.

MeroAoM rrJraBJreHran o6pasrloB, tutu 6nu3Ka K Helir -
(<6-2l) x 10-8. B o6pasqax MrrHepaJroB rr ropoA, rrMe-
rorrlrD( Mzurbre KoHrIeHTpa\vv aHe (o6p. NbNb 6, 8, 9),
rrprrMeHeHne Meroga gpo6n envfl, no3BoJrrer HaAe)K-
HO VCTAHOBI,ITb IIOBbIIIIEHHbIE 3HAIIEHI,I'T OTHOIIICHI,I'
3H;l 4He, B MeHbrrrefi creneHr,r MoArrQuquponaHHbre
paAuoreHHbrMrr 4o6anraMn rro cpaBHeHuro c rr3ororr-
HbrM cocTaBoM reJrr,rfl, BbrAeJreHHoro npu IIJraBJIeHr[Lr
o6pasqor. Ertrsrue vrJrvr 6oree BbrcoKr,re 3HaqeHut
ortrourenns 3HelaHe, uoryrreHHble nprr BbIAeJTeHI,III
T e rnrfl, MeToAoM Ap o 6 Jr eHr,rfl , rroATBep)<AaroT cAe JraH-
HOe paHbrue 3aKJrrorreHlre o roBeHr.rJrbHorr npr4poAe
rrpeo6JraAaroqeri qacru JrerKoro u3oTorra reJrrrfl, 3a-
xBaqeHHoro nopoAaMrr kr Mr4HepaJraMn Be)€TyHA-
poBcKoro KoMrrJreKca rprr rrx KprrcriurJrr,r3arlun [6].

Horvrep
nln

Hor"rep
o6paeqon

flopo4a
aHe x 10{, qra3/r 3He/aHe x 1o-8

Li,rlr U, r/r Th, r/r 3He"r'/3He"",ur*
I 2 I 2

1

2
aJ

4

5

6

7

8

9

10

11

T2

13

l4

15

47-2
47-r
3r-2
48-5

3lBs
27-r
18-1

t22-l

t22-9

r22-5

r22-r0

IlnaruonnpoKceHur
Manrepoengep6ur
Merara66po
Merara66poHopr,rr
Monox^n. nupoKceH

fianepcreH
Ar"rQu6on
SHqep6ur

JIeri<ocoua
MeraHocoua
9apnoruronrrrf
rneric
9Hgep6lrrosrui
rnefic

Inynnporcenonuri
KprrcTturJrocJIaHerI

271

15.6

322

194

34

5.6

527

2.6

4.8

127

208
1.0

94.5

68

84

15.5

5.5

6.1

6.2

lr.4
t.4
7.9

0.16

5.5

2.3

7.0

0.055

2.0

4.8

9.2

18

20

t7
t7
18

1l
2T

<6
<8

0.65

<0.3
<2

<2.0

2.8

2.5

2I
23.7

r7.3

22.5

22.3

38.2

20.2

26.5

23.7

2.2

1.3

<60

2.7

5.1

3.1

10

8.6

11

l1

7

9

0.91

1.3

0.63

0.98

2.4

0.91

15

19

2.5

13

<1

2.2

0.06

0.04

<0.01

0.34

0.56

0.88
rraHr.re. I, z - pe3ynbrarbr aHaJrr{34 reJII,It, BbrleJleHHoro, coo'BeTCTBEHHO, MCTOTAMII nJIaBJIeHI{' fi IpoOJIeHII' oOpa3IIoB. IIJI'
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0.1 1 10 100 1000
aHe 10-6 cv'3lr

Puc.2. CoorHorue""e 4He 
^3HelaHe 

B ropoAax r.r MrrHe-
paJrax.

l, 2 - coorBercrBeHHo, nopoAbr r.r MrrHepanbr Bex<aryHA-
poBcKoro KoM[JreKca, 3 - rneric KoJrbcKofi cepuu, 4 -
xoMrIeH rnericrr. OrrputrtMll u 3aJrr{TbIMI,I 3HaqKaMrr
noKa3aHbr pe3yJrbrarbr onpeAeJreHr.rr KoHrlenrpauuri u
r,I3OTOnHOrO OCTaBa reJrrrr, BbrAeJreHHOfO r,r3 nopoA r{ MI{-
HepaJroB, cooTBeTcTBeHHo, MeToAaMI{ UJraBJreHrrr U
qpo6nenur o6pasqon.

?Isyv ennbre o 6pa3 rlbr Jr eriKo coMbr r,r Me Jr aHo coMbr
u3 rpaHar-6uoruroBoro rHerica KoJrbcKo ft cepun xa-
paKTepr,r3yroTct Hrr3KrrMrr 3HaqeHr.{rMr,r oTHorrreHIIt
3Hef aHe,6nnsruMr,r K ero paArroreHHbrM 3HaqeH[rM
B reJrr,ru KoHTrrHeHTaJrbHori ropsr (-2 x l0-8). ZsMe-
peHHbre KoHrleHTpaqnu 3He cyqecrBeHHo HrDKe Bbr-
rrucJreHHbrx coAep>xanuft gToro u3ororra (ra6n.1),
qro onpeAeJrrer npeo6.rraAaHrre B ero cocraBe paAuo-
feHHoro r,r3orona 3Hepus, r,r [peuMyrrlecrBeHHo Kopo-
Boe npo[cxo)<AeHr,re- Qnrouga, yqacrBoBaBrrrero B
rpoqecce rpaHyJrr,rroBoro MeraMopQusrr,ra. 3 uaqunao
pa3rr,rqarcqnecr BeJrr{q}rHbr orHorrrenns, 3He/4He s
rpaHyJrr.rToBbrx KoMnJreKcax BexaTyHApoBcKoro
KoMnJreKca u rnericax KoJrbcrori cepuu cBrlgereJrbcT-
ByroT o ToM, rrTo B rrpoqecce rpaHyJrr{ToBoro MeTa-
rvropQusrnra [opoA pa3Jrr{rrHof o cocr aBa n [poucxo)K-
aeHnt B Hrrx He rrpoucxoAltJro BbrpaBHr4BaHufl r,r3o-
TorrHoro cocraBa reJrrrr. flpyrurr,rn cJroBaMr,r,
[epBr.rrrHo r,rHTpy3r.rBHbre IlopoAbr Be)<aTyHApoBcKo-
ro KoMnJreKca IIpII [ocJreAyroqeM rpaHyJrr,rToBoM
MeraMopQusue, [o-BrrArrMoMy, B 3Harrr,rre.nsHori cre-
rreHr,r coxpaHr,r nu re nuit' 3axBarrenHsui MrrHepaJraMrr
rrpl4 rrx MarMarr{.r e croir Kp r,r craJr Jr rr3 arln[.

B xounen nrelicax BeruquHa orHorlesns3HelaHe -
(2-5) x l0-8 - npn6nu)<aeTcr rrJrlr HecKoJrbKo npeBbr-
ruaeT 3TO OTHOrrreH[e B paAUOTeHHOM IeJrrrU ger\AHOri

Kopbr, Ho cyqecrBeHHo Hrr)<e 3HarreHr,rri 3He/4He s
6nugrux ro cocraBy [opoAax u MrrHepaJrax Be)KaTyH-

ApoBcKoro KoMrrJreKca. YrasaHHoe pa3Jrrrque r,r3oro-
[urr reJrus s 6nusKr.rx rro Bo3pacry rr cocraBy KoM-
nJreKcax [opoA Mo)<er o6wcssrbcr, BepoflTHo, pa3-
JITITIHbIMI,T ycJroBrrrrMrr Aera3arluu ucxoAHblx
pacrrJraBoB rrpu o6paeonanm r{x nporoJrrrroB. flopo-

Abr Bex<aTyHApoBcKoro KoMnneKca uMe Jrr4 r,rHTpy3r4B-
Hsrri reHe3r,rc, qro c[oco6crsosaJro coxpaHeHrrro B

[opoAax rr Mr4HepaJrax 3HaqnrersHori qacrrr Qnron-
AoB c rroBbrrxeusori KoHrleHTpaqueri roBeHuJrbHoro
3He. B cJryqae [poroJrr,rroB xoMnen rnericoB, [peA-
cTaBJreHHbrx nepBr,trrHo eQQysunHbrMtr ropoAaMrr,
IIpu r,r3JrrrflHrlvr pacnnaBoB Ha rroBepxHocTb nponcxo,
ural;'a rrx r,rHTeHcrrBHar Aera3arlur c rroTepeft npeo6-
JraAarcrqero KoJrrrqecrBa neryuefi Qaasr. flocleqyro-
Iqar reHepaquq paAr,roreHHoro r,r3ororra aHepan 3a
crrer pacrraAa U r.r Th in situ MorJra cyqecrBeHno rvro-
gu$nqupoBaTb rrcxoAHbre n3ororrHbre xapaKTepr,rc-
TLrKtr, He s ocTaroqHovr $nror,rAe c npu6nnx<eHr4eM
BeJrr{qr,rHsr :He/+He K cpeAHeKopoBbrM 3HarreHHrM.

Taxrau o6pa aovr, Ha6l rogaeMzur Be JrrrqlrHa orHorue-
wus 3Hel4He s paccMarpr,rBaeMbrx ropoAurx rr Mr{Hepa-
Jrax o[peAeJrflJracb KaK KoHrleHTparlueri uanruriHoro
rHe s cocraBe 3axBarreHHoro Q"rrrcuga, TaK I,I ycJroBr,It-
MI4 KpI4CTaJrJrlr3arInU IIOpOA [epBr4rIHO MarMaTUrreCKO-
ro reHe3nca. flocKoJrbKy Qrto"l nprr rparryJrr{roBo\.-
MeraMopQnsve xapaKTepu3oBzurcfl cyrqecrBeHHo Ko-
poBbrMrr 3HarreHurvtu 3HelaHe, coxpaHHocrb [epBr.rq-
HbIx 3Harrenufi gToro orHoIrreHI,Il B nopoAax I,I MI,IHe-
paJrax Be)KaTyHApoBcKoro KoMrrJrerca 6rrna o6ycnon-
JreHa, rro-Br.rgrrMoyy, uaroft KoHrleHTpaqneri aHeo* n
cocraBe MeTaMopQoreHnoro Qnrouga.

flos4Heapxelicxr.nuu orr.rpr{H-apQregcoutrroBbrMtr
fpaHllTaMr,r, rpaHocrreHrrTilMr,r 14 KBapIIeBbrMr4 cvel{nTa-
Mrr B rleH'rpirJrbnoft u BocrorrHori qacrqx Ko.nscroro rro-
JryocrpoBa o6paaoBaH prA MaccrrBoB o6rqeli rrJrorqa-

4rro 6oree 3000 xu2. EolbrrlrHcTBoM rrccJrerosarereri
IIpeAIIOJIaIaeTCfl [epBI,IrIHO ManvIaTI,MCXUIi, I4Hrpy-
sunHsrri reHe3r,rc ulerorrHbx FpaHr,rron, o6pa3oBaHHbx
B rrpoqecce guQQepeHrlr.raqun rty6uunori roneur-6a-
3a[broBori rvrarrrasr, oAHaKo r,r3oTorrHbrx AoKa3areJrbcrB
uanrurfHoro [poucxo)KAeHnfl rrcxogHbur pac[JraBoB Ao
HacTofrrlero BpeMeHr.r He npr,rBoAr{Jrocb.

flpenHeriruue B Mupe qerorrHbre rpaHr,rru flo-
uoftcroro MaccrrBa c Bo3pacroM s2.75 MnpA. JreT c

Aep)Kar rrolbrrueHHbre KoHrIeHTparIr4r4 paArroreHHov
ro r,r3orona 3Heous, rrro 3arpyAHrer B Hrrx AnarHocrl,r-
Ky 3axBaqesnoio 3He uasruriuoro rpoucxo)<AeHrrt
ll2l. C qertrrc rorrcKa uanrurinori xounoHeHTbr B

lrleroqHblx rpaHrrrax 6rrl r43yrreH aKqeccopusrri
r.rJrbMeHnr, r,r3 KoToporo Q.rrror.rgHar Qasa 6srra ssr-
Ae Jr e Ha MeroA aM r,r gp o 6l e la,yrfl ) rrJr aBJr e H vrfl. rr AI,rHaMrr -
rrecKoro reMrrepuura. CocraB r,rJrbMeHr.rra (7o):FeO -
45.3; TiO2 -52.7; CaO - 0.02: MgO - 0.08; Al2O3 -
0.09; SiO2 - 0.10; MnO - 1.38; NiO -0.03.

Bsr6op rrJrbMeHura AJrfl rrccJreAoBaHns, o6ycnon-
JreH TeM, qro r,rJrbMeHrrr 6ul oAHrrM ug nau6oJree rro-
3AHrrX rro BpeMeHr.r KprrcTaJrJrr,r3arlr4rr MuHepaJroB rrle-
JroqHbrx fpaHrrToB, tr BcJreAcTBr,re 9Toro Mor coAep-
x<aTb MaKcr,rMaJrbHbre KoHrIeHTparInu 3axBarreHHoro
reJrI,It, napqnaJrbHoe AaBJreHrre Koroporo Bo Qnroug-
nofi Qase AoJrx<Ho 6srro yBerrlqr,rBarbcr Ha 3aBep-
ruarcqux 9Ta[ax npoqecca Kpr4cTaJrJru3a\vv pac-
IIJIABA.

3He/aHe x 1o-8
40
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I

[raHaurauecrufi TeMnepuHr rrpeAcraBrqer co6oti
cepurc aHaJrrI3oB ra3a, BbrAeJreHHoro uz 2 HaBecoK
o6paeqa npu nocJreAoBareJrbHoM rroA'beMe TeMrrepa-
Typbr. flna nepnori HaBecKn cHr4Mzllracb Kpr,rBeur r.r3Me-

lslelc'll/ls.lroHHofo TOKa aHe, a AJrfl BTOpOfi nSyVarUCb Xa-
paKTepHble yqacrKtl rloJryrreuuoli xpunofi. B upuue-
HrBrur,rxcfl HaMr{ orrbrrax BpeMr BbrAep)KKr,r oopa3qa
nplr oAr4Harosori MorrlHocru HarpeBareJu cocraBJrr-
lo 4 MrrH. Bo npernu npoxo)<neHnfl, rrrrKa aHe trrrenr
orceKzurcr oT Macc-cneKTpoMerpa, u IIpn [orBJreHr,rn
3aAHero QpoHra rruKa HarpeBaHr,re ocraHaBJrrrBzurocb.
flocnegyrcqee rr3MepeHrre KoHrlenrpaqurf u rr3oro-
uru reJrur [poBoA[rJrocb B cTaT[rrecKoM pe)K]IMe.

AHarns [r3oTorrHoro cocraBa reJr]rr Bo Q.rrroug-
nori Qase, BbrAeJreHHoIi MeroAaMn rIJraBJreHlIt v,

OIIbITOB IIOKA3AJI
(24x 10-8) rpu cy-
parlr4rx aHe (coor-
ctnr3/r). [r.lHaurave-

ctcuir reMrrep[Hr, rrpoBegeHuuri rpr{ TeMrreparypax
or 200 lo 1750"C, BburBrrJr 4 nnra rrorepn aHe (pnc. 3,
ra6r. 2). llepnsrri us Hnx:roryrreHnsIfi nplr caMblx
Hrr3Kr4X TeMneparypax, ooycJroBJIeH, BepoflTHo, BbI-
xogoM paAuoresHoro aHe [15] v relwrfl, rr3 AeKprrrr-
Trrpyrcqnx SnrorrAHbrx BKrroqeHuri. Btopoti, tpe-
ruft u qerBeprbrfi nr,rxr,r orBerraK)T oT)Knry pa3ruq-
HbIx rro BpeMeHlr v reMrrepaTypaM oopa3oBaHvfl

Q"rrrougHbrx BKJrK)qenuri. Ounque BToporo [rrKa or
rrrrKoB III u IV or.reurrrBo npoflBJreno 6onee Hrr3Krr-
MI{ 3HATIEHU'MI,I B HEM BEJIIIqI,IHbI OTHOIUEHU'
3Hel4He, qro 6srro o6ycroBJreHo, rro-Br{ArrMoMy, or-
)KrrroM orHocr{TeJrbHo no3AHr,Ix BKrlorreHnft no cpaB-

10-r6 A

V
61

HeHTIIO C nepBI,IqHO MarMaTUrIeCKI4MlI BKJIIOqeHUjf,MTT

6onee BbrcoKoreMrrepaTypHbrx rrrrKoB. OnpegeneHue
BeJrr,rquHbr orHorxennfl.3He/aHe AJrfl KDKAoft ras ssr-
AeJreHHofi o6nacrerf ssrqsuJro MaKcr,rMaJrbHoe 3Harle-
nue 3HelaHe = (6G70) x l0-8 B reJrur.r ug nara6onee
BbrcoKoreMreparypHbrx rrurKoB (> 1450').

Bern.rrana orHorrr e:givrr. :He/4He B no3AHeapxefi-
cxori nepxnefi MaHTrr{ c Bo3pacrou2.7 MJrpA. Jrer rro
pa3HbrM MoAeJrrM orleHr,rBaercr xar -(l-3) x 10J
t161. Vlcxogn n3 gToro Mo)<Ho rroJlararb, qro rennri,
BbrAeJreHHsrri Ha BbrcoKoreMnepatypHoli craAull ArI-
HaMurrecKoro or)Krrra, coAep)Klrr 3-7 Vo uasruriuoli
KoMrroHeHTbr. CneqonareJrbHo, Qruolrg, 3axBaqeH-
Hsrri [pr,r KprrcraJl Jrrr3arlurr rrleJrorrHbx rpaHrrroB, 6sIr
o6pasonaH rrpu cMerunBaHrrr,r rpeo6nagarcqero ro
o6reuy paAnoreHHoro reJrr,rr serurHoft Kopbr c roBe-
HrrJrbHbrM rHe, npuBHeceHHbIM rI3 rry6uuuoro MaH-
TI,ILIHOTO }ICTOTIHIIKA. B COOTHOIIIEHIIII. COOTBETCT-

BeHHo, rax-(14-42): l. flonyueHHbre AaHHbre o Ha-

Ta6m,rqa 2. Pezytrrarbr u3yqeHr,rfl reJrur xapaKrepHbrx

fracrKoB xpmori Ar,rHzMr{qecKoro reMrreprrHra rrJrbMeHr{Ta
n3 uleroqHbrx rpaHuroB (o6p. 24190)

flurcr la3o-
BbrIeJreHr4t

Ter"rnepa-
rypa, oc

4He, ctf lr,
E-6

3He/aHe, E-8

I
II
m
IV

-800
-1200
-t450
> 1450

70

28

27

0.7

13.8

16.0

66

70

200 800 1200 1450 1750
T, oC

Puc. 3. Pesylrrarbr ArrHaMurrecKoro reMrrep4Hra r.rJrbMeHrrra c perrrmpaqueri ustenclrBHocrlr aHe np" HarpeBaHLIu. Bnusy
nprrBeAeHa KprrBarr rr3MeHeHr{rr rroHHoro 'roxa *He B KaMepe Macc-cneKTpoMerpa, rr( ryqeHHas, \p\r He[pepbrBHolr cno6oAHoM
nporeKaHrrr.r ra3oB, BbrAeJrrroulnxcfl. tr3 r{ccJreAyeMoro o6paaqa. Cnesa u cnpaBa ot rpunolir BbIHeceHbI ee yqacrKrl B yBeJII{-
qeHHoM rrracrura6e.
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ilkrqnv roeeHursHori KoMrroHeHTbr Bo Qnrouge
HaxoAqTcr B xopoueM cooTBeTcTBr,rr4 c pe3yJlbTaTa-
Mr,r u3yrreHnq Sm-Nd-cucreubr B rrleJrorrHbrx r-paHr,r-
Tax, KoTopbre cBrrAeTeJrbcTByIoT o QoprvrrapoBaHr.rrr
MarepnHcKrrx MarM v3 pe3epByapa, Onlrsroro K
CHUR trzl.

BbIBO[bI
I4syuennbre rpaHyJrrrroBbre KoMlJreKcsr, o6paso-

BaHHbre no cy6crpary MarMarrrqecKr4x nopoA, xa-
paKTepr{3yrorcfl pa3rr4rrHoli eeruq ulu,oit orHo[reHnq
:He/4He - cooTBercrBeHHo (17-38) x 10-8 (ne>xaryn-
ApoBcKrrri rorrannerc) n (3-5) x 10-s (xouneH rnbri-
csr), vro o6rscssercfl HaMr,r pa3rurrHoli creneHbro
Aera3aq[u rrcxoAHbrx p acrrJraBoB, MaKcuMulrrsHori npll
o6pasor
Ayroqat
TUBHOTO

rIo-BrrArIMoMy, K cHr,DKeHrrro B Hrrx BeJrrrqr4Hbr lHel4He
IIo cpaBHeHr,rK) c Be)<aTyHApoBcKrrM KoMrrJreKcoM.

fpanar-6[oTr,rroBsrri rneric KoJrbcKofi cepllu xa-
paKTepl,I3yeTcr Hrr3Kr.rMrr 3HarreHrrrMrr oTHorrleHr4t
3Hel4He, 6rugrlrurr K ero paArroreHHbrM 3HaqeHrr-
rM B reJrr,rn KoHTrrHeHTaJrbHori xopsr (-2 x 10-8).
ZsrraepeHHbre KoHqeHTparIu['": attuecrBeHHo Hr.r-

)<e BbrrrrrcJreHHbrx coAep)KaHrrr4 9Toro r43oTorra
(3He".*fH€"",""* = 0.04-0.06), rrro o[peAeJrfler rpe-
o6ragauue B ero cocraBe paAuoreHHoro r{3orona
3Hepus, r,r [per,rMyrrlecrBeHHo KopoBoe npoucxo)KAe-
Hrae Q.nrouAa, yqacrBoBaBrrrero B [poqecce rpaHyJrrr-
ToBoro MeraMopQurrraa. 3Ha.rnMo pa3rr,rqarcquect
B eJr r{rrrrH br oTHorx eHvfl. tHe I 4He B rpaHyJr rrrax Be)Ka-
TyHApoBcKoro KoMrrJreKca v B rseficax KoJrbcKoft ce-
pnv cBlr4eTeJrbcTByroT o ToM, rrTo nepBurrHo r.rHTpy-
3rrBHbre nopoAbr Be)<aTyHApoBcKoro KoMrrJreKca IIpu
rrocJreAyroqeM rpaHyJrrdroBo_M MeraMopQurue, no-
BrIAIrMoMy, B 3HarrureruHori crerreHu coxpaHrrJrrr
I,I3ororrHrtft cocraB reJr[q, 3axBarreHHoro Mr4HepaJra-
Mlr rrpu rrx MarMarlrqecKori rpncraJrJru3arluu.

B rrlerorrHbrx rpaHr,rrax llosolicroro Maccr,rBa
uaHrurinar cocraBJrflrorqiu saQnrcnpoBaHa B cocra-
Be reJrllt, BbrAeJreHHoro rI3 aKlleccopHoro TIJIbMeHI,I-

Ta npn reMreparypax >1450"C B pe3yJrbrare oT)Krr-
ra Qmougusrx nxlroveunrf , o6pasonaHHbrx, KaK
rrpeArroJr araeTcf,, HerrocpeAcTBeHHo rrplr KprrcTaJrJrrr-
3arlnu rpaHr,rros. Beru.rnsa 3HelaHe s BbrAeJreHHoM
reJrl{n cocraBrqer (6G70) x 104, rrro nprr MoAeJrb-
HoM 3Harr e:e.Mn oTHorrreH us, 3He 

I 
4He s rro3AHeapxefi -

crori repxueri MaHTr.ru c Bo3pacrou 2.7 MJrpA. Jrer
-(l-3) x l0-s [16] onpeAerrrer coAep)<aHrre 3:7Vo
vranrurinofi xounoHeHTbr B cocraBe 3axBarreHHoro

Qnrouqa. Cre4orareJrbHo, Slrcug, 3zxBaqeHnsrfi npu
Kp[craJlJr]r3arlun qerorrHbrx rpaHrrroB, Mor 6srrs
o6pasonaH rrpr4 cMerxuBaHrru rpeo6lagarcqero no
o6rerray paArroreHHoro r.erurfl, geuHoli Kopbr c roBe-
HrrJrbHbrM 3He, upnBHeceHHbrM rr3 rry6uuuoro MaH-
uatiHoro ncroqHl,IKa, B coorHorrlenvrv, coorBercr-
BeHHo, rcar- -(14-42) : I.

I.IccnedoaaHu^fl npoeederubt npu Quunrucoeou nod-
deptrc rce P @@ n, ?p aHmb t lr/b 99 -0 5 -6 5 I 5 8, 02 -0 5 -64 3 94 .

CIII4COK III4TEPATYPbI

1. Tolstikhin 1.N., Marty B. The evolution of terrestrial vol-
atiles: a view from helium, neon, argon and nitrogen iso-
tope modelling // Chemical geology. 1998. V. I47.
P. 27-52.

2. Richard D., Marty 8., Chaussidon M., Arndt N. Helium
isotopic evidence for a lower mantle component in de-
pleted Archean komatiite // Science. 1996. V. 273.
P.93-95.

3. Dunai 7.J., Touret J.L.R. A noble gas study of a granu-
lite sample from the Nilgiri Hills, southern India: impli-
cations for granulite formation ll Earth and Planet. Sci.
Lett.1993. V. 119. P. 271-281.

4. Tolstikhin 1.N., Dokuchaeva V.5., Kamenslq 1.L., Am,
linY.A. Juvenile helium in ancient rocks II. U-He. K--
Ar, Sm-Nd and Rb-Sr systematics in the Monche Plu-
ton: 3He/aHe ratios frozen in uranium-free ultramafic
rocks ll Geochim. et Cosmochim. Acta. 1992. V. 56.
P.987-999.'

5. Eu6urcoea E.B. Ypan-cnnHrloBar reoxpoHoJrornt
paHHrrx granoB pa3Burr.rr ApeBHrrx ullrroB. M.: Hayra,
1989. 179 c.

6. Kamenslq 1.L., Tolstikhin 1.N., Vetrin V.R.Juvenile heli-
um in ancient rocks: I. 3He excess in amphiboles from
2.8 Ga charnockite series - Crust-mantle fluid in intrac-
rustal magmatic processes // Geochim. et Cosmochim.
Acta. 1990. V. 54. P. 3115-3122.

7. I'Ircopcrcuil C.8., Katteucrcurt UJI. Meroq gpo6reHua
ropHblx nopoA rr MrrHepiuroB B cTeKJrflHHbrx aMnyJrax
npu rr3oronHbrx r{ccJreAoBanwtx 6naropoqnux ra-
zon ll 15 cur"ruosrryM no reoxr.rMr.ru r.{3ororroB. Tegncrr
AoKrraAoB. M., 1998. C. 115.

8. Kaneoka 1., Takaoka N., Aoki K. Terrestrial rare gas
Tokyo. Japan Sci. Soc. Press, L978. P. 71-83.

9. Hanyu 7., Kaneoka 1., Nagao K. Noble gas study of
HIMU and EM ocean island basalts in the Polinesian re-
gton ll Geochim. et Cosmochim. Acta. t999. V. 63.
P. 1181-1201.

10. Dobrzhinetskaya L.F., Nordgulen Q., Vetrin V.R. et al.
Correlation of the Archaean rocks between the Sor-
varanger area, Norway, and the Kola Peninsula, Russia
(Baltic Shield) // Nor. Geol. Unders., Special Publ. Nb 7.
1995.P.7-27.

lI. Levchenkov OA.,Levslcy L.K.,Nordgulen O. et al. U-Pb
ztrcon ages from Sorvaranger, Norway and the western
part of the Kola Peninsula, Russia // Nor. geol. unders.
Special. Publ. 1995. Nb 7. P.7-27.

12. Bempuru 8.P., Katteucrcuit UJI., Baanoea T.E. u dp.
MenanorparoBbre BKJrroqenvfl. vr nerporeHe3r.rc ule-
rorrHbrx rpaHrrroB flonorfcroro Maccuna (Konrcrnri
rroJryocrpoB) llfeoxnr"ruq. 1999. Nb 11. C. 1178-1190.

|EOXI4MIIfl Nb 7 2W3



IOBEHI4JIbHbII,I

Ii. Morrison P., Pine,I. Radiogenic origln of the helium iso- 16.
topes inrock//Ann. N.Y. Acad. Sci., 1955. Y.62.P.69-92.

L4. fopwrcoe f.8., 3a6rcuu 8.A., Jlamrcoecrcaa O.C.,
Ifeemrcoe M.A. Ecrecrsennrui nefirponnuli Qou ar-
rurocQeprr rr 3eMHori Kopbr. M: Arouusgar, 1966.
410 c.

15. IIywrcapee 1O.,4. ArryanrHrre npo6neuu K-Ar reo-
xpoHoMerpran. flpenprurr. Anarr{rbr. Konrcruri Qu-
Jruar AH CCCP.1977. 54 c.

fEltr4vl 705

Toncmuxuu I,I.H., Ka"meucrcuil I.IJI., Mapmu B. u dp.
I{geHruQ uKa\n . B e rr{e crB a Hu)KrreM anuarin oro mr ro-
Ma B AeBoHcKr.D( rrleJrorrHo-yJrbrpaocHoBHbrx-rap6o-
HaruroBbrx KoMnJreKcax Konrcroro noJryocrpoBa Ha
ocHoBanr.rrr H3yqeur,rr ll3 ororruu 6n aropogubrx ra3oB tr
paAuoaKTHBHbrx gJreMerrroB. Anarnrrr-Hancu-Eproc-
celrb: Konrcrufi Hay.rHrrri IIeHTp PAH, Haqraouanr-
nufi qenrp Hayrrubrx nccJreAoBantfit, Opanrgaa, Cro-
6ognrui Ynnnepcmet Eproccenr, Eenrrnx, 1999.
97 c.

2 rEOXr{MI{t J$ 7

View publication statsView publication stats


