
.Nil 12 

AKA,li;EMH51 HAYK CCCI> 
OY!i5.I1PCKO.E OT Jl,EJIEHHE 

rEOJlOfH~ 11 fEO<PH 3 HKA 

B. f. PU,Uhlf~HA 

flEPBA51 HAXO,Ui(A ·IOAHI1TA 11 UEEOJJJli1TA 
B KY3HEL(KOM AJIATAY 

197.1 

Y ni< 549.6Hi .. ; 

U e6oJJJJH'I' snep'Bbie ycraHoB.rieH E. Jiapce.HOM IB •1914 •1 . a y HIKOM n arpH-

Tax unara K.onopa.rr.o [4]. B 1932 r. E . .napcen H E. rop m-ICOH o nnca;m 

.n:pyry10, accoJJ,Hnpyrow.yio c t~e6o.nmrroM H noXO)I<yto Ha nero pa3HOBJJ)J.

IJO CTb, H83B8HHYIO !Oa!-IHTOM (xyaJ-lliTO:I-1). 

B CoaercKoM Coro3e -lOai-1111' H xymun ltD nocJie}l.Hero npeMeHn 6hJJJH 

H3 0ecTJiul ·ro.lJbKO Ha K o JibCJ<OM noJiy o c·r p o se u ua cesepe Cn6npci<ott IIJiaT

<}JOp.Mht, ·s Mai!Metra-KoTyrkKot1 npoBHHUHH [ 1, 5]. B TOM H Jl.P)'TOM paiimH: 

::>TH MHHepaJibl nprrcyrcrsyror B Memumrco.uep:ti<aW.HX nopo,rr.ax , reHenrtrecrm 

CB513aHHblX CO CJI02KHbi MH DO COCTany. YJlhl'paocUOD!IhTMli - UteJJOllHbiMl1 HH· 

TPY3HBHbiMH KOM!IJreKCaMH. 

I-loBOe, neH3Becruoe pauee rrpoHB.'ICHl1e roaHI-rra u ue6oJtJUITa o6uapy
)KeHo aB1'o po M npii usyqemm pa:nroo6pa3HbiX MeTacoMaTB:TOB Knfl-lllaJr

T&rpcrcoro MeC'ropo>I<,ll,eHmr ypniTOB , I-Iaxo.u.mnerocn B ceBepHofr llacTH l\y3-

I-IeJ.\KOro Anar ay. BcJie.'lc·rsHe orpaHH4eHHOC.TH JIHTepaTypHhlX Jl.3HHL>rx 

o6 Joam-rTe H nc6oJlJIHTe, 6o.nhruoi1 peJlKOCTH I·I cJia6oft H3y'leiUIOCTH ar11x MH
Hepa.rwn RCl/I<,!I,Oe UOBOe MCCTO!IilXO)!\J(ei-IHC HX npe}l.CT3BJJHCT 3H atiUTeJt~I-Ibi{r 

IUITe pec. Ha I\HH-lliaJITblpCKOM MCCTOp01K,!I,ClH1H E.lTH MHI-IepaJibl 06Jia,!J.afOT 

K TOMY nee HCKOTOpb!Ml'I CDCIJ,lHl)HtJCCKHMH oco6eHHOCTflMH Cp aBJ-I!fTCJlbHO· 

C np e2K)l,C H3BCCTHbiMH pa3I-IOBH,ll,HOCTflMH H TCM _OOJI CC ·3aC.JIY2KriBaJOT HSy

tiCH!ifl. 
CocraB H cnm1cn a mamna H l.(e6o.n.riHTa, cyAH no nMeroW.HMCH B .iniTe

paType CBC,!I,CI-IHHM, xapainepH3YIOTC51 3aMCTI-IhlMH BapHali,IUJMH. 0 CHOBHOe 

· p a3.TIM'!He MC)!<,!I,y MJUiepaJJaMH COCTOHT B BC.'IH'IIUlC CBeTOnpeJIOMJieHHH, 60-
.ilee Bb!COKOH y roamna, BeJJJ!"UUie .n;nynpeJTOMJICHHfl, HH3KOH y IOaHHTa U 

l3blCOI<Ofi (.1J.Q 0,035) y ue6oJimiTa H OKpacrce B IIpOXO/lHIIteM CBCTC Il lllJJH

!}le- uypofl, 6ypoBaTO-KO{JliqHeBOJI , pe i Ke 6CClL13CTIIOf1 y IOaTUITa l! 6eCl~13CT

HOl~I HJIH CBeTJio-6ypO!HlTOH y JJ,e6onmna. 
flo MHeumo C. M. flpoxopor3oii n Jl.p. [4], o6a MnnepaJJa npeJl.CTaBmi

roT nponyKT HenomiOro npnponnoro ru.rr.po.nn3a MCJII1JIHTa, no KoTopoMy cua

qa.'Ia pa3BifB<\CTCJI 6ypo-rmpHtiHCI3LlH 13 UpOXOJl.HlUeM CBeTC !Oai-IIIT, 3aTeM 

OCClJ,BCTHblfi li.IIH CJia 6o Ol<p alllCHIIbl~I QC60JIJIHT. fl03,ZI,Hee IlpOHCXO}J.HJIO 00· 

paTHoe nBJieHne: •r acTri•moe 3aMeruei-me u.e6o.rrmna JOaHHTO?.t , a roam!Ta -

BeayBnaHoM, ·.u.rrOIICH}J.OM H T peMOJIHTOM. 

Bo.1ree CJJO}KHhJe B3aHMooTrrowenH51 Me>KAY JOai-Ju-roM u ue6oJIJlHTOM o6 -
Hapy ir<eHbi Ha 1\.HH-ill<tJJTblpCKOM MCCTOpOIK,!J,CIUIIi. flpe1K,Ue BCCfO H8,!l,O OT

MCTiiTb, ' ITO Ha 3 TOM MeCTOpOJK,ll,CHIUl p aCCMaTpHBae::...t ble MIIHep a JJbl CB5I3aHbl 

He C YJib'l'paOCHOBI-Ibi MH - Ul,CJIO'-IIIblMH, KaK 06bJt-IliO, a C OCHOBHLIMH w.e.n04-

HhiMU nopoJl.aMH- Kiut-llia.nTbtpcKID-l ra6opo-ypnnoBhiM MaccHBOM, npn

ypotteHHblM I< KOHTaKTY KapoOI-JaTHOH yCHHCKOH CBHTbl HIDimero I<eM 6 pHfl H 
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3cpcpy3liBI·IO·OC3J.!.Ol!HOI1 l<Oli}\OMCl\Oil CilliThl rJ03)I.Henporep030fiCI\Otll ( p ll tjH·i'~-

CKOrO) B03paCTa. 

B pesyJihTaTe 1{01-ITaKTOBO·Mera<:oM aniLie c KHx H3~~erre nni-i H3necTHfiKH 

B Hen ocpencrnemJOl'II I<OHTaKTe c "ypTHTaMH npen p a w.eHbl n cnoco6pa3Hbte· 

CKapHOBblC nopOJl.bl , o6pa3y£OllUie ll(HlT<Tli'ICCKH C!l.'IOIIIHYIO OTOP0'1KY MOW.-· 

HOCTbiO OT HeCKO.fJbl<HX CaHTHMCTpOB )J.O ttep l1b1 X Jlet: HTl<OI3 ~!eTpOB. 

Ma!{pocKonnqecrm ct<apHbl xapaKTepH3y ltllt:H 3eJlCHOH, cnerJl0·3eJieuo

narol1, 3e.'IeHonaTo-cepofl, tracro c roJiy6onaTh!M OTTe!II<OM, cepoft oKp acKotr,. 

n51TH11CTofi rei{CTypo~r II cpe.n.Be-, Me.'IKo3epinJcrofl cTpyr<rypoii. OoJIOCtJ a- · 
TOCTh o6yC,'l0BJ1eHa t.Jepe.uoo aHHeM neBbJJJ:ep}KaHHblX no MOUU!OCTH (oT )I.O.'ICfl. 

i\lHJIJIHMeTpa .rx.o 20-30 eM) npocJioeB oeJioro, ceporo, •iepnoro n pasJTn<lllblX ·. 

OTTCHI<OR 3eJieHoro 1-JJIH rOJiy60B8T0-3e,rJCHOl'O J.J.BeTa. DO.rJOCbi BhTJ{JTHIUIJHJ· 

IOTc.H, 33 Mhn<moTcst, o6ycJIOBJIHBaH pa:moo6pa3HhJe TeKcTypHI>1C y3opbr. 

J\.'hiHepaJIOfHlfeCKH1'1 COCTaB CKapHOB pa:=mooflpa3CH. rJiaDHblliUI MlllJC· 

pa.'!aMH 5!BJHHOTC51 MeJIHJlHT, m1p01{CeH, BO.f!Jii.lCTOHHT, Be3yBHaH, 1031-lHT, .. 

L(e6o.rwHT, r<aJibU.11T. B Ka'leCTBe uenoCToHI-IHoii rrpuMecH npHcyTcTB)'lOT rpa
HaT, cp.'loromu, <popcTepHT, arraniT, Illf!HHeJlb , nepoBcrmT. I3once no3,UHJic· 

mJ.{poTepMa.'!bHhTe npou.eccbJ o6ycJIOBHJIH .o6pa3oumme ueJioro psu~a BTopi-I'-1· 

HbTX MHHepa.rros: MycicoBHTa, XJIOpHTa, ueomnon, unppoTHJ-la. TaKoB cocTaB. 
CKapHOB. L!TO )KC I<acaeTC5l O'l'.D;eJibHLIX ITOJIOC, TO !IX COCTa.B o6uitiHO t)oJiee· 
lip OCT. 3ro cyrn;eCTDCI:lHO Me JJH.'II-lTOOLIC, Ue60JJJJHTOB b!C, BOJIJiaCTOIHITOBbJe, . 

Be3yBU8HOBbiC, .D;UOfJCH,ll.OBbte, MCJII1JIH1'·rJH(lOI<CCHOBbiC, i<aJibf.lHT·MeJrHJIHTO· 

Bb!C, J.~e6oJI.'Il1T·](} ai!HT·IHipOKCCHODbTC, BOJJJiaCTOHIIT-MCJlHJIHTOBbte H T. n .. 

• lJHH3bl, .'teHTbl H IIerrpaBI-IJ!bHblC rHe3~a . 

Tip!-i )I.CTRJibi-IOM I13Y1I eH!UI B CJ<apuax o6HapyxmsaeTCH HeCKOJibKO TH· 

ITOB CHMMeTpi11!H0·3 0!-IaJib)-10fO CTpOeHIUI. Do UanpaBJICJnllO OT KOHTai<Ta TC·· 

~1a ypnnon I< BMeii.J,aJOli.I,Hlii nopo,11.aM ycTanoB.1eHo qepe.u.oaaime 30H c.rre

.uviomero cocTaBa: 

- 1) M.rJ·• + K + Bo.1 ..... U + IO + K-+- K. 
2) U + lO -· U + 10 + I\ ->- K. 
3) u + 10 + M.ll + T H ..... u + IO ->- MJ1 ..... iVlJI + K. 
4) U + IO + Ta + K _,. U + IO + MJI + Ta + K. .., K. 
5) U + IO + MJr + K-. U + IO + MJI + Ta + K -r K H T. )I.. 

Ue60JIJJHT H 1oamn HMeiOT B cKapna x mnpoKoe pacrrpocTp<wer-me H r.w

ryr 6biTb O'I'HeceHbt K rJ!aBHbiM nopo.n;oo6 pa3yioU.~HM MI1Hepanar.L MaKpo
cKomPJeci<H OHH nottTa neoTJII!t.IIiMhi o.u.nr-r oT .u.pyroro H tiuemHc noxonsn 1-m 
cepneHTHH, o6pa3yH . CTIJJOWHbte IT.TIOTI'lbiC, OIJCilb U513I<He arperaTbl CBC1'JI0-

3eJtenoii, cjliiCTHIIlKOB0-3CJICI·lOfi, ncpe,!I.KO C rony6o DaThlM OTT.elll<OM, OKp aCKH. 

BJiecK MaTOBhlfJ; roep.uoC'l'b , saMcpeunaH 1-1a rrpn6ope flMT-3, cocTaBJI51CT 

480 Kl'/.MM2 npu HarpysKe B 100 r, t.!TO OTBet.raeT TBCp)J.OCTH ITO Illl\HJIC 

Mooca 5,4. MnHcpa.flbi Jrerrw pacrnopl!Mbl (>r<eJiaTJnnrpyrot) B HCl; yneJib· 

JJh1r1 nee Kone6JieTcn oT 3,25 no 3,3. 
no.u. ~1I!I(p0CI<OTIOM JDallJIT I1 !leOOJIJ!IiT pa3Jllltia lOTC5! BTIOJH1e OTl!eTJIMBO. 

5o.TJee TOfO, 11pll H3ytte!IJU! WJ!HtpOB BlM!CimeTCll, 111'0 K3X{)I.bli'l H3 HMX npe,11.

CTal3,1lei-I HCCKOJibi<H MH pa3HODH,ll.HOCTHM11, B03HHKWHMH ~Ja pa3HGIX CTa,ll.HHX 

38MCtUeHI-!51 H I-D1e!OUUlMH HeO)l.HHUKOOI>IC ODTii'leCI<JIC CDOlfCTBa. 

J1peo6pa30B8HHe ;\.JCJIHJII-ITa llH'-Il!HHeTCH C 38MCJllel-llUI ero IOCl llHTOM, 

KOTOp&l~! CH~ttJaJJ a p a3BIIB8eTC51 TOJJbKO B KpaeBbiX tiaCTf!X aepeH, B.D.OJlb 

· cnarmoctn, no TpetumuwM (pnc. 1). Ecmr aar.temae Muli'I MeJIHJinT Haxo.n;nrcH 
l3 DH,'l.C OT,!l.C.'Ibllb!X ](jHICTHJ!JlOB cpe,11.H KaJibU!iT8, TO Jla>Ke B C""'Iyllae ITOJIHOfO 

saMetueHHfl xopowo coxpaHHercH xapaKTepu an npH3.Manr<IecKafl cpop.Ma ae
pen (pUC. 2). 3TO CaMafl paHHHH p a3UOI.Ili)I.HOCTb IOUHI!Ta xapa!{TepH 3,YeTCfl 

* M .1 -- )lf'.'lii.11!T. u. --neoo.1HT, !0 - 1011 1111T, Ta - TllTa n:a•nrur, K - T<8.~bl(£1T, BrM
llO.Oi.lllle l'OilliT. 
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Puc. 1. 3aMemeH!Te MeJIMJIHTa (M.e) 
JOaHMTD:>I. 

Puc. 2. l1omrbre nceH!lOMopttJo3bl hl3HH· 
Ta no ·~teJlHJJHTY ('KBail,paTHblc $Op:Mbl 

3epeH). 

Puc . .1. l1epm:rble arperaTbl roaHHTa
ne6o.~.1nTa. 



f. 
S·. 

-~ . 
1 ., 

-cnerJio-6yposaToH or<paCJ<Oi1, rrpHMbiM yrac:HrHeM, rroJIO)JO!TeiiuHbiM Y.!1.-'1HHe

HI1CM H HH3KliM }.l.ByopeJIOMJietJHeM (.li.O 0,003). 00K338T&1ll npe.nOM.rteii!HI 

He oco6 eHHO CHJib HO OT.mitiaJOTCfl 01' TaKOBhiX 3aMCUJ.aeMOI'O Me:mJIIJTa, 

o6h!'IHO B croporry nonhrllleHHn (y MeJiaJIHTa Ng = 1,634, Np = 1,628; y 3a
?.Iemaro w.ero IDaHina N g = 1 ,653, N p = 1,648). 

4aCH14l!O 38MeUJ,eHtlhl e 103HI1TOM t<pHCT3.'1.Tllit MeJHI.'J!lTa BC·t·p erJa !OTC~ 
cpamiHTCJihHO pc.a.rw. 4amc na6JiloJJ.aeTC5I nm1 c.ouce:...1 He 3 arpoH y Thd1 aa· 

1lCIUeiiHeM MCJUlJIUT, I1JIH )KC OOJIHOC'I'blO, OC3 OCTaTI<a, 3 3 Mell.tt'.HHblC 3CpHH~ 

CThle MaCCbT. B nocJie.n.IH~M cnyLJae o6pa3yiOTC51 pa3IIOo6pa3Hhrc H necbMa 

xap aKTCpHbfC BOJIOKHI·ICTO·rpe6eJI'l81'bJC, n ep!1CTb lC, Beepoo6pa3HbiC, CHOOO~ 

BHJUlbJC, TIJJaMCClH.Zl.Hb!e H }I_pynre arpera'l'bl JOamna I1 ue60,'TJJ11Ta, Tl11UI'IHYIO 

cpopMy KOTOpblX MOY<HO BH)l.eTb Ha pu:c. 3. 
l13ytlCHHe ITO,A06Hb!X arperaTOB ITOIUI3hlBaeT, liTO CHa'laJia n pOiiCXO,AHJIO 

.3aMeiUel·!He MeJIHJI111'a I08HH1'0M, SaTeM Ile60JIJII1TOM, 06bi4HO IT}JOTei<aornee 

,J<'+Mfl" 

+n~v~ ... Ta 

K+U 
.HJ+Ta 

B 

JO 

JJ.+Ta 

}{) 

; 8 

Jl + IO+Ta 

Puc. 4. B3aH~WOTHOliiCilllll MHHCp3.1IOB B WJH1<~e (nwcoTa I tOJIOllrKH 17 .\n!) n 

iH!It l'pllMMil , o r paa\aJOll( llfl IIIOCTCllCHHbiC H3MCHCHHH llOI<Il31lTCJJe{J n pCJJO/II.l e!I¥IR 

l! npt'!leJiax Jl SIAa HeOO.~)rwr:J ti pHIHI IOil iiHTa . I(- 1\lwr.HJIIT, ,\\Jr ·-·1IC.~ HJJI!r, 
10 - Jo a mn, To-- r nraH·anrnT, OM- rwpoK-ceH MouoKmiHHblll (-a.Iron,.n.D.), 

B - -DC3ycrlfllliL 

5 f co;roruu n rco<Pn3 ur;:t, r-.; I~ 



n.o KOHua. Cylli,HOC.Tb 3Toro npouecca, xax yKa3I>JoaeT C. 1\iL ITpoxoponc: 

H .Up. [ 4}, COC.TOHT B rHAPOJIH3C MCJIHJIHTa. noa,LI.Hee npOI130lliJlO o6paTHO<: 

51EJJeBHe: '-!aCTU'moe aaMem.etme ue60JIJU!Ta IOaHHTOM, a 1oamrra- aesynna
HOM. B li3Y'iCHHL1X HaMH CKapHaX tialll,e BCero Ha6.'1JO]!.aCTCfl HMCHHO 3'1'a· 

BTOpa51 CTa,IJJl5I MHHCpaJJ006pa3013atHHI, HMCHillaH xaparnep J.LerMt.tpaT<IUHH , 

CBSI3aHHOH, BepOHTHO, c npoueccOM C1<apH1ip01HlHHfl nopo.u. 
KaK nor{a3aHo na 3apucoBKe (puc. 4), B O.UHOM ).{ TOM m:e uvmcpe IHt· 

6.ITJO.ll.aCTCH llCCKOJibKO pa3HOBH,li.HOCTCH JlCOOJlJIHTa, y cJIOBHO 0603Ha'!CH!lblX 

HH,Il,eKcaMH u" IJ,2, U3. H IOaHMTa 10, 102, 103, pa3JIHlJaJOIUHXCfl no OfiTH'Ie

CKHM CBOi.fcTBaM. CTpyKTypHbie COOTHOUJCJIH51 CBH]!.CTCJlbCTBYJOT 0 TOM, q1•o 

IIpouecc 3aMelll,eHH5I rneJI B HanpaB.TJeHHH IJ,, - IJ.2- IJ.a - 10,- f02 -103-
B {Be3ysua n). 

· MJwroqncJieHHbie orrpe.n.e.lJCHH.SI noKaaaTeJleH npe.IJOMJieHIUI. cBH,!I.eTeJib

cTBYIOT 0 TOM, ~ITO nee 3TH pa3H0!3H,!I.HOCTH ne 5113JI.SIIOTCH CTporO qJHKCHpO ·· 

BaHHblMH, <ITO U:COOJJJUIT H IOaHHT o6paayJOT ,D;Ba Tipai<TH~ICCKH HenpepblBHbi X 

pH,n:a c nocTeneHHo MeH5norr.tHMHcsr cnoiicTBaMii. Ha )J.HarpaMMe (p11c . 4, 
crrpasa nsepxy) naneceiibi aaMepbr noKaaaTeJiefr rrpeJIOMJieHnH Iaa:tUITa (IG) 
n UCOOJI.nHTa (l.J,), C.ll.CJlUIIHhlC B pa3HbiX OOpa3U,aX H HarJIH)l.HO llO,!I.TBep

)J\,!I.arOili,HC llOCTCllCHHOCTb H3MCHCH!f5I CDOHCTB B rrpe,ll,eJJaX K:i)K,Il,OrO p5I.Ua . 

ITpH OOJibiUCM I<OJIU4ecTne onpe)l.eJieHH~, nepoHTHO, y,n:acTcH o6Hapy:Hut1'b n 

.!I.PYri-Ie IIpOl'~ofe)TcyTO'THble pa31J.ORH,Il,HOCTH. 

KaK BHJI.HO Ha pnc. 5, npn aaMelll,ellHH J<OpHtiHenoro n npoxO)l.HU.{eM cse

Te UCOOJIJn£'ra CBeTJI0·6ypoBaTbiM HJIH 6CCI.l,BCTllb!M npOHCXO,D;HT H3MCHCllliC· 

onTH~recKoro aHaRa MHHepa;ra (y ue6oJJJII1Ta 2V = -54~, y roaHJiTa 
2 V = T 58"), IIS.MCHClllie OpHCHn!pODI<H 3JJJU-InCOI!Aa <;mTH'lCCI<Oi.f JfH)J.HRaTpH-

fiiiM 

Cbl (y J.J,e60JIJJHTa TIJIOCKOCTb OIITIFieCKHX ocefr 
nepneH.Uimym!pHa, a y paammmomerocH n o· 

HeMy 108HHTa napaJIJi eJibH8 peJJHI<TO BOM c n a:ii- J 
HOCTH HJIH BOJIO!<HIHCTOCTH). 3HatiHT eJibHOe 

cnmKerme .n.synpeJioM.lleiUifl npoutxo.rr.ur B pe
ayJibTaTe 3aMeTHoro JJoapacrarmn: N p !OallH

ra (1,684) no cpasHenrno c Np ItE'J60JIJUITa 
(1,660). Be;rHimH:a Ng npaKTH<JeCKH He Mer-m

eTC5I (1,687-1,688). 
,lJ..lJfl Bbi HCHeHHfl 38BJHCHMOCTH Me)K.!J.Y XIf

Mifl·IeC.!UIM COCTaBOM H ODTl'IlJeCKHMH CBOliCTBa

MH B pR~Z~;Y roaHHTa H B pH,ny u.e6oJJJIHTa He

o6xo,nHMO 6biJIO 6bi Bbl)l.eJIHTb MOHOMHHepaJib· 
Hbie npo6br no B03MO:HUIOCTH ooJII>lllero lJHCJla 

pa3HODH,Il,HocTefr. K COiicaJJeHIHIO, .c,n:eJia'l'b .9TO 

nc.J!e)J.CTBHe llpe3Bbitiaflno Tommx n Tecnwx 
JJ3aHMHbTX npopacTamnl MI·mepaJron He y.na-

Puc. 5. 4 acTb wJincjla,· IJOK33LI · JIOCb rrpHI1I110 6 
B 3 101UM I HSMei!CHH<! Of.JliCHTHf.JOD· . > • Cb arpaHHtiHThCfl DpO a:>.IH, npe,!i.· 
Kll smmmcOIH,!ta Of!TU'!eCKOi'l H!H- CTaB.IJe!UlbiMH IIpeHMYlll.CCTDCHHO O..UHHM lJ3: 
)lHKOTPHCbi I~e6oJtmiTa npH 33• MHU ep aJIOB C II·eKOTOpOH Mli'IHHM8JibiiOJ"f HC 

. MCll leHII!! Qro 103UHTO:II. liO)l.,!I; a!OlllcikH TO~IllOMy )'lJeTy npHiv!eCblO 
1 

.u,py-

B roro MimepaJJa. 
f) T?OJL 1 npHBe}1CHbl XHMHtJ:eCJU!C CIH8J1Il3bl HCCJJe}10BaHI-!bl X IO aHHTa, 

~~0~JIJ1H1.~ H MeJU:WHTa, a TaroKe J.J,eooJIJJHT a H roaHHTa Mai1Me,ra -KoTyfr-
o pa_Houa H K,on.u.opci<oro Maccrma. B H3ytJeHI-Iwx MHHepaJJax l<poMe 

OTMe'4:enH~rx .9JieMeHTOB cneKTpaJI.LHbJM aHa,'!HSOM o6Ha py1r(eHo n pacyrcTBHe· 
(B Bee. Yo) Cr - 0,04·, Zr-0,02, Be - 00012 Ni-002 V-0008 
Mo - 0,001, Sr-0,19. ' ' ' ' ' ' 

ITpn cpasnemm XHMa4.ecKnx aHaJIH30B yc-rcura~JIHBaercsr HerrocTOSJHCTBo 
.cocniBa JOaHHTa H l(e6on.rmTa. Co.u.ep)!<aHHe aJIIOMHI!H5!, 1KeJie3a 11 M arr-nuJ 
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J( O~II!OIJCHTbl I<mt-lllanTt.tpctmol \ li ooi!opcomil 1 0 J.IIXIIII'13 rymtiiCKII II I ((onr-lllan-

Joamtr I !le6o,uwr ncoo.uon f '''"""T 
. TuiJlC!Clll1 

I tO<IIIIIT ucoo»Mtr MeJmJmt· 

Si02 37,72 42,34 41,53 40,96 42,27 42,32 38,28 
Ti02 HeT 0,11 HeT 0 ,08 - 0,07 0,23 
AI20a 10,79 8, 1.~ 4-,41 5,01 9,31 6,97 8,6fi 
Fe203 5 , 18 6, 19 1,76 l,J.i 3,47 3. 31 O,GO 
FeO 1,08 0 18 0 89 0,89 0,117 1,01 2.33 
CaO ;)4,0 33:0 3."/.35 35,42 31,25 29,97 37,M 
Mj:!O 4,99 7.00 10.31 10,16 6,13 6,13 7,18 
.MnO 0 ,16 0,05 CJI. He oup. 0,12 0,18 0,08 
SrO ne onp. ne onp. U.54 - - He onp. 
Bao 

0,03 . 
. 0,20 - -

P20s 0 ,05 - - - - o:o9 
Na20 1 ,01 - 2,80 2,25 2 ,87 3,44 1,18 
K20 HCT - 0,04 0 ,20 0,40 2 , 24- 0,93 
1-hO- - 0,30 0,.33 0,36 He onp. . - 11eT 

f-120+ - - - - .3,02 3,34 O,(i2 
Il.rr. n. 5,87 3,0 3 .15 2,34 - - 2,14-
C02 ne onp. He oup. · H~ onp. 0,42 0,98 1,31 I-Je onp. 

Cy M M a . JOO,Ra jt100,37 1 100,57 1100 ,17 1100,29 · 1100,29 99, 88 

fl P II M C 11 a II U e. Anamt3Ll DblllOili!CHbl 3. A. !1oan'!yp a (TOMCK. roc. YII·T). 

B HlfX BapbHpyeT B IIIHpOI<HX rrpe)J.eJiaX. 06Ill,HM )J.JIH MHHepaJIOB 5IBJlSieTCH 

HaJUitJHe 3Ha'lHTeJibHhlX KOJI.HlfeCTB BO,ll.bi (H20+). B OTmJtme OT MeJIH· 

JJHTa roaHrrT u u.eooJJJIHT x apaKTepHayiOTCH oonbllUlMH sHa .. remrHMII . .n.n~ 

Al20s, Fe20 3 H 6oJiee HH3KHMI1- .U.Jifl MgO. . 
KaK BHAHO na. Ta6JI. l , I1CCJie.JI.yeMhifr roam-IT no cocTany 6mnKe rro.rr.xo- . 

JlH'r K I\OB)J.OpCKOMy, OT l{OTOpor o OTJIHqaeTCfl TOJibKO UeCI<OJibKO OOJiee Bbt- . 

COKHM. co.n.epiKaHHeM aJIIOMHHIHI, 6e.JI.HOCTbiO ManmeM li ~eJIO'laMH. B co

cTane llCCJie,nyeMoro IJ,e60JIJIMTa 01'CYTCTBYIO'l' IlleJIOt[H U 3aMeTHO TIOBbiUieHO 

eo)J.ep}IGlHiie TpexaaneHTHOro }Keneaa. 
AuaJIH3bt MHI-repaJJoB 6biJIH: p accqHTaHbl Ha <popMyJihi no nmy BOJIJia- . 

CTOliHTa. PesyJihTa'l'bi nepectJeTa: 
JIJHI ne6oJI.'IHTa-

Ca2,0 (Mg0,7R Fe~.20 F e~.o-.!)t.oo [Si2,59 Al0,41h,0 (08,88 OH0,12) 9,0 + 1,54 H20 

H lOaHHTa-

( Ca2,16Nao.nk~7( Mgo.15 Fe~.o5 Fe~.2a)o,7s [S i2.~5 Alo,75h.o(Os,ag0Ho,6!)9,o+ 1,7 4H20 · 

Ha cpopMyJr BH:.JI.HO, 'ITO B OTJJH<me OT soJI.IIaCTOHHTa ;-,nmepa.IJhi xapaKTepH-

3}'IOTCfl 3l·Iaq~ciTeJibHbiM )J.eQJHU.HTOM l{8Jlb ii,H5I, He CKOMneHcHpOBaHHblM ~eJI 0 -

\!81\Hl. O.ll.narw o6mee qHcno KaTHOHOB BOCbMepuofl a w ecTepnoH: Koop.rr.HHa

unu B u.e6o.TIJIIiTe Ii !08HHTe COOTBeTCTB)leT TpeM. 
I1pnHHMa5I BO BHHMaHIJe reJieTHtJeCKYIO CB5I3b Jl.8HHbiX MHHepaJIOB C Me

Jll!JIHTOM, aii aJlH3bl 6b!JIH nep ec•H!T8HLI C yt£eTOM KpHCTaJIJIOXHMHtiCCiniX 

oco6eHHOCTeii nocJteJI.Hero, T. e. na.IJWIHH nsonnponaHHbrx rpynrr [Si201] . 
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rloJiytieuHhiC (pOpl'ilyJI~>1 nMeror CJieAyiow,Hii BHA: n.e6oJIJrwr- . Cat,7~ ( Mgo,r;o 

F H F ," ·) IF • AI ) [Si 0 ] --1- 0 98 1·-LO · JO:lHliT - (Ca 
eo,ot eo.IJ9 u.<w ~- eu.1a , o,4G o,n'.l. 2.2 1,0 ' w 'si A( . 0 

1 '~0 . 
Nao.to)J.oo (Jv\go,;l; l·eo,a5 Feo.o>)o,47 ( Fe.o,H Alo.4s Alo,4~)o.az I. t,B7 u,t:th.o 1,11 l 
+ 1,95 H~O-

Herpy.LUiO 3aMeTHTb, liTO BJJHflHnc pa;uu<a.1 a [Si201] CH.'lhnee np05mJJe

HO B J08HHTe, KOTOpblH, KaK 6b!JJO TIOK83<HTO, 11 pe.n:wecTOyeT ~6pa30B3H'HIO 
l~e6o.ruJ HTa. Cm~tto l3aTeJJbHO, npH nepexoJT.e oT MCJJ!1u1HTa K t~eoomuny B03-

pacraer pOJ!l> paw-maJJa (Sb09] . 0TCIOiV\ CT8HOI351TC5! ITOtlflTHbl O'fMCtiCHHblC 

H3MCHCI-UI51 OfTTHllCCICIIX CBOHC'rB IO<I lll-l'Ul H ll.COOJJ.111Tll, o6ycJIOBJICHHL>le, I<8K 

BH,!I.HO', BapHaUI1HM!i XHMl.PICCI<Or O COCT<LBa H rrepeCT[10l~IK01~1 CTpyrnypbi . MH

nepaJJa, · 
Pe~rrrenoM eTpH'tecrme uccJJe)\OBaHuH npoBOJUIJIHCb .U.JJSI uenpm<aJienno-

ro roaHJna n ue6oJIJIHTa H npoi<a.neHHoro npM 400°, 700n ·H lOOOo wamna. 
HeooxonHMOCTb no.!fytJemur TaJmx .rr.aHHL>Ix 61.Mra no.u,

cr<a3aHa pe3y.'Il:>TaTaM» TepMutJecJ<oro auamr3a. Ha 
KpUBOJ1 HarpeB8HHfl 108HHTa (pHC. 6) OT'leTJIH BO Ha-
6JJIO.!I.ai01'Cfl JI,Ba 3H)I.OTepM•WieCI<HX 3¢Jcper<Ta Opl1 TCM

rrepaTyp a x ........ 200° (cJia6biH) n 820° (pe3I<l'Ill MaKcH
MYM), o6ycJIOBJieHHbie onpeneJieHHbiMH H3MeHeHI151Mli , 

npOHCXO,l.l;fllll.HMH B CTpyr<rype liU!HepaJia. I1pH cpaBHe

HI1H oBCeX I10pOUIKOrpaMM (Ta6JI. 2) MQ)KHO YCTaHO

B'HTb, liTO .31'11 H::iMeHeHIUI cso.U.SITCfl K cJieJlyrow.eMy. Do-

T 

' poumorpaMMa Henpor<aJiemwro IOamna cxoAIHI c no-

Puc. 6'. TepMorpa·MMa pOIDKOrpaMMOf1 BOJIJI8CTOHHT3, MaJIO 'leM OTJIHll3eTCSJ 

toan~Ta. oT rurx H noponmorpaMMa IOaH~na , rrpoKaJieHHOl'O npH 
400°. 

0'!Cl3l1.llHO, rrepBbitl 3H)(O'L"epMHl!CCI~Hli .9CjHj)eKT ooyCJJOBJieH YA8Jlei:!HeM 
BOJJ.bl H3 c·t·pyKTYPbi MJIHepa.TJa. I-1rnepel~ npe.u,cTanmieT ).l.eoaerpaMMa roann
Ta, DpOKaJJCHHOfO npn 1000", J{QTOp35l 110JIHOCTblO OTBC<JaeT .rteoaerpaMMC 

MeJLHJIHTa. TIOI<asaTeJlb npeJTOMJieHH5l npoKaJJeHHoro .rr.o 1000° roamiTa coor

neTc-rsyeT TJOKaSa'l'eJIIO npCJIOMJ!eHtUI Me.rll·IJIHTa. 

TaKI1M oop aSOM, npu uarpeaarmn IOai-111T rrepeXOJJ.l1T B MeJIHJIHT npH reM~ 

nepaType oKono 800°, a no .u.aHHhLM C. M. Dpoxopouoi1 H .u.p. [ 4 ]-npHTeM

nepaType OKO.i!O 750°. 
Ha ocnoaamm H3JIO>KeHHoro Mmrmo CJJ.el!aTb cJieJI.y iow,ne BbiBO.ll.bt. 

1. 00CTCllCHHOe H3MCHCI-Uie B niHpOKHX npeJJ.eJ18X OHTHtieCI<HX CBOfiCTB 

BHYTPH l<81K.rr,oro pH.u.a oTpa.>I<aeT pa3J1Hlmy•o cTerreHh rn.u.pomrsa Ioamn·a H 

ue6onJIHTa. , 
2. 1\a>I<.U.aH KOHKpcnraSI pa3HOBH)f.HOCTb roamiTa OT.U.eJrena or saMew,ae

Moii: Cto IWimpeTHOH p83HOBH.!I.HOCTH ue60.llJIHTa 3H8'l[JITCJ1bHDif nepecTpOH
KOtl I<pHc·rammqecKo}r CTPYKTYPbi, T. e. I\eOOJlJJHT u roa1un .!I.OJDKHbl C4HT8Th

Cfl C3MOCT051TeJ1bHl>IMH MIUiep aJJbllbiMH BH,ll.8Mri. 

Ha K)rl!-illaJJrhlpcKoM MecTopo}K)l.CHHH ue6oJIJIHT H roaHHT, KaK H o t~py
rHx p 8fiOH8X [ 4, 5, 6], TCCHO CB5138Hbi C MCJUlJlHTOM. J13y~IeHHe CTa.li.rJiiHOCTH 

OOpa30BamHI 9THX . MHHepaJJOB HMeeT 60JlblllOC 3H8'L!eJ-IHe .li.JIH BblflCHeH!UI 

reHe3Hca MeJIHJJHr co.rr.ep.>KaW,HX cKapnos. Yt~HThiBaH ·rrpuypo'!eHHOCTb no

CJie.U.HHX I{ KOI-rrarny H3BCCTH51KOB 11 YPTHTOB, ]\fQ)[{HQ CtUIT8Tb, tJ:TO oopaso
B.amre MeJJnmna CB513aHo c npoueccal\m MeracoMaTntr ecKHx H3MeHermfl Mar

MaTwreci<ofr cTa;:um B CB513H c ¢opMHpoBaHiieM yprHTonofl Hmpysmi. Ooa)l.
HCe, ycJJOBH51X CHIUKaroruer'k51 TeMnepaTypbr ocyruecTBHJICH nr.npoJIH3 :~.te

"1H.m-ITa 3<IMCIUCI-1He ero 108HHTOM 11 H.e60JJJJHTOM. 3aTeM HMeJJO MCCTO IIOIIOe 

It3MCIIerme cpHaHKO-XHMJ!lrecKoft oocTaHORKH, o6ycJIOB1HBillee .nem.zr.para
UHtO, S8MeW.eHUe J~e60J!JJFlTa I08HHTOM, a ITOCJlC.!I.HCrO- BcaymraHOM H ,ll.HO

TICHJI.OM. 
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CpaBtHI'I'l!JibHbll! nOpOUIKOrpaMMhl I~Cfi0 ,1JIIlTU, IOamiTa, no,q.aaCTOIIfiTa II MCJIHJIHTl\ 

·(CJIS!Tbl Ha a.nnapaTe YPC-55, ai!OJl. Fe H Cu, " =67, d0= 0,8 l\1~1, I = 16 Ma, V==30 KB) 

J\UU· UJ ;;I .. t'rbl pt'I\ ue I Don.:r:•cru· I IOa11Hr ~ ~~~~~l~~-'.1~1"H-- 1 J\\ cnnrnn 
10amn· ue6o1rmn uitT nau!t. •Wit' I 'i fMf ' 1 lllUil0 c·nl!t.\, 

- 1 - i tl I I cl I I d I I 1 --~-. ~-I . j _ _:___\_ ~-- ! d l I (!-

5 
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ft 

10 

10 
H 

2 
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2 

1 
2 
3 
1 
2 
8 

10 
1 
1 
t 

3.92 
3,58 
3 ,41 
3.40 
3 ,27 

2 

2. 98 10 
2 ,90 

10 
2,77 
2.66 8 
2 ,52 7 

2,33 6 
2.27 
2 ,:.!2 
2,12 !) 

2 .09 4 
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I ,93 
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1 ,79 

10 

1,63 10 
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1,50 5 
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3 
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I 

2,605 3 
2 ,48U :3 

•l 
2,379 5 

4 

2 , 150 (j 

2,0.)H 4 
2 

3 

1 ,088 

1 ,631 2 
6 

1,574 
1,51 5 •l 

(i 

1 ,424 5 

1 

1 ,286 

1' 129 

3,88 
3,51 

3.30 

3,08 
2, 96 

2 ,79 
2,70 
2 , 53 
2.'1G 
2,32 
2.25 

2, Hi 
2 ,00 
1,97 

1, 86 
1, !:11 

1 '74· 

1,61 
1,59 

1,52 
1,47 
1,45 

1,38 

4 

4 
•[. 

10 
10 

3 
2 
2 

2 
2 
u 

10 

4 
2 

3 

,1 
3· 

3,298 1 
3 ,149 4 
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2,998 •1 
2 ,916 
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2 ,611 R 
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2,309 
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2 ,127 2 
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1 ,672 4 
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1 ,50~ s 

1,435 7 
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·1 
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3 ,071 5 

2 . 957 5 2 . 954 
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2, 8,1-"1 10 
2 

2 2,537 :2 
2 ,4118 5 2 .J-91 a 

'~ 2, :395 5 
2.288 7 2, 292 
2,20G 

2 ,035 7 2. 028 5 
8 1,933 5 

1,934 () 
8 

1,828 

1,762 10 
1 ,714 
1 .676 
1,634 3 

3 
2 

1,515 R 
1 ,470 l 
1,•Q1 1 

.5 
3 

1,381 H 
7 
3 
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1 
:J 
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1 

1,905 
l , B45 ~~ 

;.) 

1, 743 s 
l, (i90 2 
1,651 4 
I ,612 
l, (i0:2 3 
1,571 
1,511 7 
] .482 .'3 
1,457 2 
1,433 7 
1,403 3 
1,382 7 
1,3:20 
1,290 

1 ' 2•1Ci 
1, 23;1 
l ,2<H 
1. 17<1 
1. 14H 
1. 12-'i 

a I I ,09~ 

J) 1> u "' r; 11 a u n i!. ;\UtJ.'l ll:i fX Ubmo.:urt.·r•u u Tn~h'I\OM y uuncpcurc·rc . 

·l.22 
3,71 
3,46 

3,074 

2.858 
2,74 

2,52 
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2,30 
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1,938 
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