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V. A . Atanasou.- New Data on Natiue Siluer from Kremikovci Deposit, Sofia District. Super­
gene native s ilver has been found in s pecimens from the oxydation zone, developed over rich 
in copper primary sulphide ores in the complex base metal - barite - iron deposit Kre­
mikovci. The mercury content of the native silver varies from 0.1 (a = 4.080±0.004 A) to 
52.3 (a0= 4.195±0.003A) weight %. The native silver rich in mercury, is found in a para­
genesis toget her with cu prite, delafossite, t enorite, goethite, native copper, paraschachne­
rite, cinnabarite (supergene), malachite, etc. The copper content equally of mercury-rich and 
mercury-poor native silver, is less than 0. 1% . Supergene native copper, which accompanies 
mercury-rich s ilver, is in turn poor in s ilver and mercury (less tha n 0.1 % ). The par agenetic 
close relations of native s ilver (mercury-rich and mercury-poor) and native copper within 
the oxydation zone of Kremikovci is due to the low solubility of the two metals one into 
the other. 

The reflectivity of the mercury-containing silver decreases proportionally to the increase 
of the mercury content. Its hardness is higher than the hardness of poor in admixtures na­
tive silver, but the relation is not a linear one. 

Si lver and mercury are lypomorphic elements for the primary, as well as for the secon­
dary base-metal ores of Kremikovci deposit. Mercury is a characteristic s tructura l admix­
ture within supergene native silver of this deposit. 

Bb3 ocHosa Ha npaxoBHTe peHTreHOBH ~aHHH 3a cynepreHHO caMopo~Ho cpe6po 
B o6pa3U11 oT KOMnJieKCHOTO noJIHMeTaJIHo-6ap11TOBO:>KeJie3opy~Ho Haxo~Hrn.e Kpe­
MHKOBU11 6e ycTaHOBeHO (AT a H a C 0 B, 1978), qe TO Ce xapaKTepH3Hpa C ~OCTa 
no-roJJHMa eJieMeHTapHa KJieTKa. ITpe~sapHTeJimne cae~eHHH 3a HerosHH CbCTaB, 
noJJ y4eHH C eJieMeHTapH11 cpe~CTBa 3a Ka4eCTBeH H nOJIYKOJIH4eCTBeH aHaJIH3, 
noKa3axa, qe np!itiHHa 3a Tosa e BHCOKO Cb~bp:>KaHHe Ha :>KHBaK. KaTO ce HMa 
npe,ll BH,ll 3aBHCHMOCTTa Cb,llbp:>KaHHe Ha :>KHBaK - napaMeTbp Ha eJieMeHTapHa 
KJieTKa (M u r p h y & P re s t on, 1931; S ten be c k, 1933; R a y s on 
& C a I V eft 1958- 1959) H OTCbCTBHeTO Ha ,llpyrli BJIH51eW.H Ha a0 npHMeCHH 
eJieMeHTH OCBeH :>KHBaK, no KOCBeH nbT 6e onpe,lleJieHO, tie Cb,llbp:>KaHHeTO Ha 
:>KHBaK B H3y'leHHTe o6pa3UH e Ha,ll 30 TefJI. %. 

HanpaseHHTe nO-KbCHo H3CJie~saHH51 noTsbp~Hxa nbpBoHa'laJIHHTe ,llaHHI1 
aa XHMH3Ma Ha MHHepaJia. OcseH Tosa Te noKa3axa, qe cynepreHHOTO caMopo,llHO 
Cpe6po OT HaXO,lllilll.eTO Ce xapaKTepH3Hpa C MHOfO fOJieMH BapHaUHH B CbCTaBa. 
3Ha'II1TeJIHH pa3JIH4H51 B XHMH3Ma, peen. Cb,llbp:>KaHHe Ha Cpe6po H :>KHBaK, 6HXa 
ycTaHoseHH He caMo a o6pa3UH oT pa3JIH4HH THnose cynepreHHH PY.llH, Ho H a 
o6pa3uu oT e,llH11 H Cblli.H PY.llHH TeJia. 
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Ta6nHna1 

XuMutCecKu c&cmatJ Ha caMopoiJHomo cpe6po om HaXoiJilU4e l(peMuKosqu 

Ter.1011H "fo 
E..eaceHT ·• 

1 I 2 I 3 I 4 I 5 

Ag 99,8 99,4 

I 
59,4 47,1 44,1 

Hg - 0,2 40,5 52,3 52,0 

CyMa 99,8 99,6 I 99,9 99,4 96,1 

ao A 4,081 4,083 4,164 4,195 4,196 
±0.004 ±0,004 ±0,003 ±0,003 ±0,005 

1 - CIMOpO.!lRO cpe6po 8 CJJa6o 3acerH3TH OT OKHCliHTeJJBHTe npOUeCH CYll 
cpH.IlBH py.nH; 2- caMopo.!lHO cpe6po, mocnecra arperarH H npocrpaHCT8eHH 
.!leH.!lpHra 8 CHJIRO OKHCJieHH nOIIHMeranHH py.!lH; 3 11 4 -caMOPO.!lHO lKHBI'IHO 
cpe6po B o6p33UH OT tcynpHT, .!lenacpOCHT, TeHOpHT, M3JI3XHT H aaypHT; 5 - .!lpe6-
HOS'bpHeCT arperar or lKHBI'IHO cpe6po H napawuaepHr 8 o6paaeu or KynpHr, 
,!lenacpoCHT, TCROpHT, M3JIUHT H aaypKT. 

Aauaaa 1, 2, 3 a 4; 0 . .n a .. • T p o a , UMH, Co<j>Ha. 
AaaJuts 6 : MfY, Mouea. 

HoBHTe H3CJie.nsaHHH Ha XHMH3Ma ca H3BbprneHH c eJJeKTpoHeH MHKpoaHa­
JJH3aTop J XA-50A B U eHTpaJJHHH MarnHHOCTpOHTeJJeH HHCTHTYT, CoqmH, H JXA-5 
B MfY, MocKsa. YcJJoBHH Ha aHaJJH3a: AgLa, HgLa (3a aHaJIH3a sMfY- H gMa) 
ToK: UA= 25 KV; IA= 2 .1 0- 8 A. CTaH.napTw: MeTaJJHO cpe6po H npHpo.neH U.HHa-
6ap11T . .ll.HaMeTbp Ha aHaJJ113HpaHaTa llJIOlll, 20 ,urn. J(opeKU.HHTe 3a aTOMeH HO­
Mep, a6cop6u.wH 11 q)Jiyopecu.eHU.HH ca CbrJJacHo npHeTHTe B JJa6opaTopmiTe 
MeTO.ll.11KI1. Pe3yJJTaTHTe OT oCbrn.ecTBeHI1Te aHaJJH3H Ha cynepreHHOTO caMopo.nHo 
cpe6po oT Haxo.n11rn.eTo B o6pa3U.11 oT pa3JJHtJHH T11nose oKHCJieHH p y.n11 ca noKa-
3aHH B Ta6JJ. 1. 

CaMopo.zr.HoTo cpe6po B cJJa6o oKHCJJeHHTe noJJHMeTaJJHI1 PY.ll.H (aHaJJH3 1, 
Ta6JJ. 1) OT CeBepHHSI 6opT Ha XOp1130HT 532 e npe.ll.CTaBeHO OT KbCH npo:>KI1JIKH C 
.zr.e6eJJI1Ha .ll.O 0,1 mm, KOHTO npeCHtJaT 3bpHa H arperaTH OT llbpB11tJHI1 cyJJQ>11.ll.HH 
MHHepaJJH - npe.ll.HMHO TeTpae.np11T H llO-pH.ll.KO XaJJKOll11pHT, cQ>aJJepHT 11 raJJe­
HHT. 3ae.ll.HO C Hero B npo:>KHJIKHTe yqaCTByBaT .ll.MbpJJeHT, .UHreHHT, KOBeJJHH 11 

KaJJU.HT. HanpaseHI1Te KatJeCTBeHH aHaJJH3H Ha T03H THn caMopo.rr.Ho cpe6po c 
ana paT J XA-50A noKa3axa, tie To e cpaBHI1TeJJHO 6e.nHo Ha npHMeCHH eJJeMeHTH. 
B KOJJHlleCTBa .ll.O 0,1 % B Hero 6SIXa ycTaHOBeHH Me.ll., aHTHMOH H MHBaK. 

H a6JIIo.ll.aBaHJne npH MHKpocKoncKHTe H3CJJe.nsaHHH B3aHMOOTHorneHHH no­
Ka3BaT, qe Ta3H cpaBHHTeJJHO paHHa reHepau.HH cynepreHHO cpe6po no BCHKa 
BepOHTHOCT e pe3yJJTaT OT npeOTJiaraHe Ha cpe6po, Cb.ll.bpMalll.O ce B TeTpae.zr.pH­
Ta. J13BbpllleHH 6HXa OpHeHTHpOBatiHH H3CJJe.zr.BaHHSI Ha XHMH3Ma Ha npH.npyMa­
Balli.HH cpe6poTo TeTpae.npHT. Cb.ll.bpMaHHeTo Ha cpe6po B Hero e cpaBHHTeJJHO 
HHCKO - .ll.O 1 TerJJ. % . TiapareHeTHtJHaTa 06CTaHOBKa B HaXO.ll.Hlll.eTO He H3KJJIOti· 
Ba H npHCbCTBHeTO Ha CaMOCTOHTeJJHH llbpBHtiHH cpe6bpH11 MHHepaJJH, KOHTO .zr.a 
ca npHtiHHa 3a noHBaTa Ha cynepreHHO cpe6po, HO 3acera TaKHBa He ca ycTaHo­
BeHH. TpH6sa o6atie .na ce no.n:t~epTae, tie HaJJHtiHeTo Ha nbpBHllHH MHHepaJJH Ha 
cpe6poTo noHe B H3ytieHHTe o6pa3UH e MaJJKO sepoHTHO. T eTpae.npHTH, npH.npy­
MeHH OT CaMOCTOHTeJJHH Cpe6bpHH MHHepamr, llOKa3BaT BHCOKH 06HI<HOBeHO 
6JiH3KH .ll.O MaKCHMaJJHO .ll.OllYCTHMHTe B T03H lvlliHepaJJ Cb.ll.bpMaHHSI Ha cpe6po 
(A ·T aHa coB, 1970-1971). HaJIHtiHeTo Ha THnHttHH U.HMeHTaUHOHHH ·MHHe-
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pami K3TO ,Q)KopJieiiT, .QHreHIIT II KOBeJIHH H OTCoCTBHeTO H3 OKHCHH MHHep·aJIH 
Ha Me.Qra 3ae.QHO c T03H THn caMopo.QHO cpe6po B KpeMIIKOBU.II ca yKa3aHIIe. 3a 
TOBa, l!e TO e OTJIO)KeHO B llOAl!epTaHO 6eAH3 Ha KHCJIOpO.Q o6cTaHOBKa. 

B o6pa3U.H or CHJIHO oKHCJieHH noJIHMeramm PYAH Me*AY xopH30HTH 532 H 
544 6e YCTaHOBeHO cynepreHHO CaMOpOAHO cpe6po, 51B51Bamo Ce BoB BIIA Ha T'bHKII 
npO)KIIJIKII, rpy61I npOCTpaHCTBeHH .QeHApHTH AO He.Qo6pe OcpOpMeHII HIUllKO­
BHAHH arperaTII. Cpema Ce 3aeAHO C OKHCH II XH.QpOOKHCII Ha MaHraHa II )KeJI51-
30TO, OKIICII II XIIJJ.poKap!}oHaTII Ha Me.QTa, uepyciiT, aHrJie31IT II Ap. Pa3MepHTe 
Ha arperaTHTe or caMopoAHO cpe6po ca AO 2-3 mm. Ha Mecra re ca noKpHTII c 
TDHoK npo3Hpaw. cnoli or )KeJie3HII XIIAPOOKHCH. KaqecrBeHIITe H KOJIHl!ecrseHII­
re H3CJie,QBaHH51 Ha XHMH3Ma Ha MIIHepaJia (ra6JI. 1, aHaJIH3 2) llOK333X3 oroeJI51-
3aHIITe npH cpe6poro or aHaJIII3 1 npHMeCHII eJieMeHTH. B 1'03H THn caMopo.QHO 
Cpe6po 6e YCTaHOBeHO M3JIKO llO-BIICOKO CoAop)KaHIIe Ha )KIIBaK. 

J13KJI!Ol!IITeJIHO BHCOKO Co.Qop)KaHIIe Ha )KHBaK 6e YCT3HOBeHO B Cpe6pOTO 
or CHJIHO OKHCJieHH npe.QHMHO Me.QHH noJIHMeTaJIHH PYAH or xopii30HT 544, ce­
BepeH 6opT (A. T a H a C 0 B, 1978). To e B acOU.HaU.H51 C MaCHBeH KynpHT., Ae­
JiacpOCHT, caMopo.QHa MeA, reHopHT, rhOTHT, MaJiaXIIT, a3yp1IT H APYrH TIIniil!HH 
OKIICHH MHHepaJIII . 8 H51KOII OT o6pa3U.IITe 6~Xa YCTaHOBeHII II peJIHKTII OT nop­
BHl!HH (XaJIKOnHpiiT, niipHT, raJieHIIT) H BTOpiil!HH (A)KopJieiiT, .QIIreHIIT, 6opHHT, 
KOBeJIHH) cyJicj)HAHH MiiHepaJIH. B e.QIIH or H3yl!eHIITe o6pa3U.II Bopxy arperaTII 
OT KynpHT II MaJiaXIIT 6e HaMepeH BTOpHlleH UIIHa6ap1IT. npoBeAeHII51T Kal!eCTBeH 
eJieKTpOHeH MHKpOaHaJIII3 Ha T03H TIIn CaMOpOAHO q)e6po llOKa3a CoAop)K3HHe 
Ha Me.Q, 3HTIIMOH II M3Hf3H B KOJIHl!eCTBa .QO 0, 1% 11 llOAllepTaHO BHCOKH CoAop­
)K3HII51 Ha )KHB3K. 

KoJIHl!ecrBeH aHaJIH3 Ha ABe 3opHa or caMopo.QHO BIICOKO)KHBallHO cpe6po 
o:r HaXO.Iliime KpeMIIKOBU.H, H3BopllleH c ana par J XA-50A, e noKa3aH B ra6JI. 
% , aHaJIH31I 3 H 4. YcraHoBeHoro B aHaJIH3 4 KOJIIIl!eCTBO or CBOH crpaHa npeA­
craBJIHBa llOl!TII npeAeJIHO AOllYCTIIMOTO Co.Qop)K3HIIe Ha )KIIB3K, ycTaHOBeHO np11 
ycJioBHH Ha CHHTe3 (Murphy & Preston, 1931; Stenbeck, 1933; 
R a y s on & C a 1 v e r t, 1958- 1959). B comoro speMe aHaJIH3 ~ 3acera e 
eAHHCTBeHHHT CJIYll3H Ha npHpOAHO )KJIB3l!HO cpe6po C TaKOBa BIICOKO CoAop)Ka­
HIIe Ha )KHBaK. AHaJIII3 5 (ra6JI. I) e ocomecrseH Bopxy Ape6H03opHecT arperaT 
OT )KIIBal!HO Cpe6po H napalllaXHepHT (Ag3Hg2 ) C llOl!TH cy6MHKpOCKOllCKH pa3-
MepH Ha 3opHaTa OT ,QBaTa MHHepaJia. 

BHCOKO)KIIB3l!HOTO cpe6po B II3YlleHIITe o6pa3U.II HaH-l!eCTO e BoB BIIA Ha He­
npaBHJIHH no cpopMa, o61IKHOBeHo noJIHKpiiCTaJIHII arperaTII (ra6JI. I, 1) c pa3-
Mep1I AO 2-3 mrn. Ha Mecra ce Ha6JIJO.QaBaT II 3opHa coc co6crseHo liJIII qacTIIl!­
HO co6CTBeHo ocreHHBaHe (ra6n I, 2). Cpemar ce como TaKa II CJIO)KHII cKeJieTHII 
KpHcTaJili 11 AeH.Qp1Im (ra6JI. I, 3) . Ha ra6JI. I, 4 e noKa3aH Ape6H03opHecr ar­
per~n or )KliBal!HO cpe6po II napalllaxHepiiT. IIJ.e or6eJie)KIIM, qe aHaJIII3 5 (Ta6n. 
l ).e ocomeCTBeH Bopxy noKa3aHII51 Ha ra6JI. I, 4 arperar. AHaJIII31IpaHaTa nnom 
llOKpHBa KaKTO 3opHa OT BIICOKO)KliB3l!HO cpe6po, TaKa II napalllaXHepiiT II TOBa 
e ~.QHa OT npHl!HHIITe 33 3Hal!IITeJIHOTO OTKJIOHeHIIe OT 100% Ha CyMaTa OT eJie· 
MeHTIITe B T031I 3H3JIII3. . 
.. ,,''-:npoBeAeHHTe II3CJie.QBaHII51 Ha BoTpelllHII51 CTpOe)K Ha arperaTIITe OT )KH­
_aal!HO cpe6po .c noMomra Ha crpyKrypHo pa3H*AaHe noKa3axa, qe B noBelleTo 
CJiyl!aii Te npeACTaBJI51BaT CJIO)KHII llOJI1IKp1ICT3JIHII arperaTII: CpaBHHTeJIHO eAp0-
.3opHeCTlf 3a 3opHaTa C llOJIHfOHaJIHII Ol!epT3HII51 H Ape6H03opHeCTII 33 Te31I C 
HeqpaSIIJIHa H CJIO)KHa KOHTypHa JIHHII51 . 

flpaX08HTe peHTreHOBH H3CJie)J.B3HH51 Ha f0JI51M epoli npo6H OT CaMOpO)J.HO 
cpe6po B oniiCaHHH cneKrop or o6pa3U.H noKa3axa roneMII pa3JIHl!II51 s napa­
.MeTOpa Ha eJieMeHrapHara KJieTKa Ha MIIHepana: or 4,080 A 3a 3opHara c HIICKO 
.co.Qop)KaHHe Ha crpyKTYPHH npHMeCH :n.o 4 ,195 A 3a 3opHara c BHCOKO co:n.op)Ka-
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Ta6aaua 2 

MI:MCOyiUOCKOCmHu pa3cmo/IHUR Ha CaMopoiJHo u :NCutattHo cpe6po om HaxoiJull{e KpeMUKD~llU 

1 2 3 

hltl 
d-8SM. A J I ld- •sq. A d~ .... AI I I d-Hiq, A d-JBMo A I I I d-•n. A 

111 ·I 2,35 10 2,36 2,40 10 2,40 I 2,41 10 2,42 
002 2,03 4 2,04 ' 2,08 7 2,08 2.10 5 2,10 
022 1,439 6 1,443 1,472 7 1,472 1,483 6 1,483 
113 1,228 8 1,230 1,257 8 1,256 1,266 8 1,265 
222. 1,177 4 1,178 1,203 4 1,202 1,212 3 1,211 
004 1,0 19 2 1,020 1,042 2 1,041 1,0&0 2 1,049 
133 0,935 7 0,936 0,956 5 0,955 0,962 3 0,962 
()24 0,912 6 0,912 0,930 5 0,931 0,938 4 0,938 
224 0,833 8 0,833 0,851 3 0,850 0,856 3 0,856 
115,333 0,785 8 0,785 0,'302 3 0,801 0,807 2 0,807 

aoA 4,080±0,004 A 4,164± o,oo3 A 4,195± 0,003 A 

1 - cawopo.D.Ro cpe6po; 2- lKR&nao cpe6po CDC C'b.D.'bplKaHHe HI lKHBaK 40,5 rern. %; 
3- lKH&aqao cpe6po C'bc C'bA'bpliCaHHe Ha lKHBaK 52,3 Tern. •;, . l'cno&HA : anapar TUR-M60 
CuKa, Kawepa 57,3 mm, npenapat KayqyKoao ron'le c AHBMet'bp 0,2-0,3 mm. 

A nAIIT8K : C. lll o T o p o •· 

HHe Ha :>KHBaK. d-CTOHHOCTHTe Ha 3 aHaJIH3HpaHJ-f 3'bpHa C pa3JIH11eH C'bCTaB Ca 
noKa3aHH B TaOJI. 2. 

Tipaxosara peHTreHorpaMa Ha arperaTa or :>KHBatiHO cpeopo H napawax­
HepHT, noKaaaH Ha raon. I, 4, C'bJI.op:>Ka KaKTO JIHHHH Ha :>KHBatiHO cpeopo c npe­
AeJIHO BHCOKo C'bJI.op:>KaHHe Ha :>KHBaK (a0 = 4, 196 ±0,005 A), TaKa H JIHHHH Ha 
napawaxHepHT. 3a JI.pe6H03'bpHecTHH xapaKTep Ha arperaTa oT JI.BaTa MHHepana 
CBRJI.eTencrsysa <J>aKT'bT, 11e HOpMaJIHa npaxosa peHTreHorpaMa 6e nonytieHa OT 
MOHOJIHTHOTO Hepa3JI.pOOeHO 3'bpHO CJieJI. HerOBOTO BHHMaTeJIHO H3Ba:>KJI.aHe OT 
nonwpaH MHKpocKoncKH npenapar. TipH rosa or T03H csoeoopaaeH npenapar aa 
,npaxos" peHrr eHoB aHaJIH3 6e nony11eHa peHrreHorpaMa c eJI.HaKBO nJI'hTHH 
JIHHHH no U.HJiaTa HM Jl.'bJI:>KHHa Oe3 npH3HaU.H Ha TOtiKyBaHe H TeKcTypHpaHe. 

Ha6JIJOJI.aBaHH 6Hxa aHatiHTeJIHH paaJIH'IHH B'bB <J>H3HtiHHTe csoifcrsa Ha 
paaJIHtiHHTe no C'bCTaB 3'bpHa or caMopoJI.HO cpe6po. BeJI.HOTO Ha npHMeCHH ene­
MeH'rH CaMOpOJI.HO cpeopo (aHaJIH3H 1 H 2, TaOJI. 1) nOKa3a aOCOJIIOTHa TB'bpJI.OCT 
B rpaHHli,HTe OT 55 JI.O 62 kg/mm2 cpeJI.HO OT 25 H3MepBaHHH, a 3'bpHOTO OT :>KH­
BaqHQ cpeopo (aHaJIH3 3, ra6n. 1) noKaaa 120-127 kg/mm2 cpeJI.HO or 10 H3-
MepsaHHH. 3a :>KHBatiHOTO cpe6po C HaH-BHCOKO C'bJI.'bp:>KaHHe Ha :>KHBaK (aHaJIH3 
4, TaOJI. 1) 6e H3MepeHa TB'bpJI.OCT 117- 125 kg/mm2 CpeJI.HO OT 10 H3MepBaHHH. 
HaMepBaHero Ha TBopJI.OCTTa 6e H3B'bprneHo c anapar TIMT-3 npH HarosapBaHe 
Ha HHJI.eHTOpa 10 g. 

TipeJI. BHJI. Ha TOBa, qe OTpa:>KaTeJIHaTa CnOCOOHOCT Ha :>KHBatiHOTO Cpe6po 
c eneMeHTapHa KJieTKa a0= 4, 164 ±0,003 A (peen. C'bJI.'bp:>KaHHe Ha :>KHBaK oKono 
40 Tern. % ) e seqe wasecrHa (AT a Hac o B, 1978), 6e H3MepeHa orpa:>KaTeJIHaTa 
COOCOOHOCT Cal\10 Ha 3opHa OT OeJI.HO Ha npHMeCH cpeopo H Ha :>KHBatiHO cpeopo 
c MaKCHMaJIHO C'bJI.op:>KaHHe Ha :>KHBaK (aaaJIH3 4, Taon. 1). HaMepsaHH.siTa ca 
HanpaBeHH c anapaT Karl-Zeiss, npHcnoco6eH K'bM MHKpOCKbn NU-2. nonyqe­
HHTe peaynraTH ca noKaaaHH B Ta6JI . 3. 

'• 
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Ta6.t•lla 3 
K oetjJuqueHmu Ha ompa:NteHU6 (R'!t) Ha oeiJHO Ha npu.Mecu CQMOpOiJNo cpeopo (1) U HD :HCU­
IQ'IHO cpeopo (2) om HaxoiJuU{e Kpe.MuKosqu, ut~MepeHu np• u!lno.,tsyBaHe Ha ema.IIOH .Mema_ 
..teH cUAuquQ (3) 

1, mm 
M 

440 1 460 1 480 1 500 1 520 1 540 1560 I 580 I 600 1 620 1 640 1 660 . 

1 185,4 
I I I 

87,1 88,8 90,4 192,0 93.4 94,41 95,5 96,2 1 96,4 96,0 1 94,6 
2 63,8 65,5 67,5 69.5 71,2 72,8 74,3 75,5 76,5 76,7 76,6 76,0 
3 I 42,9 41,2 39,9 38,8 I 37,9 37,1 36.5 35,9 35,5 35,0 34,7 34;4 

l13MepeHI.fTe CTOHHOCTH 3a OTpa:>KaTeJIHaTa CnOCOOHOCT Ha :>KHBaqHOTO cpeopO 

C MaKCHMaJIHO Cb)l.bp:>KaHHe Ha :>KHBaK nOTBbp)K)l.aBaT HanpaBeHHH seqe H3BO.ll 

.(A t a n a s s o v , I969), qe TH HaMaJIHBa nponopuHoHaJIHo c yseJIHqeHHe Ha 

Cb)l.bp:>KaHHeTO Ha :>KHBaK. TIOTBbp)l.eHH OHXa H )l.aHHHTe (AT a H a C 0 B, I978) 
Sa pa3JIHqHHTa B XO)l.a Ha KpHBaTa Ha )l.HCnepCHHTa Ha OTpa:>KaTeJIHaTa CllOCOO· 

HOCT. )1\HBaqHHTe Cpe6pa, OC06eHO Te3H C MHOfO BHCOKH Cb)l.bp:>KaHHH Ha :>KHBaK, 
HMaT MaJIKO nO-BHCOKa OTpa:>KaTeJIHa CnOCOOHOCT B OOJiaCTTa Ha MaJIKHTe )l.bJI­
:>KHHH Ha BbJIHHTe H MaJIKO nO-HHCKa - B fOJieMHTe )l.bJI:>KHHH. 

l13BeCTHO e , qe B JI HTepaTypaTa 3a CbCTaBa Ha CaMOpO)l.HOTO cpe6po, OCOOeH() 
3a pa3HOBH)l.HOCTHTe, Cb)l.bp:>KaJ..UH :>KHBaK, CbJ..UeCTByBaT )l.aHHH 3a CpaBHHTeJIHO 

BHCOKH Cb.ll.bp:>KaHHH Ha Me)!. KaTo CTPYKTypHa npHMec. l1asecTHa e pa3HOBH.ll.­

HOCTTa KynpoapKyepHT (Hey, I950) CbC Cb)l.bp:>KaHHe Ha :>KHBaK I3 TefJI. % 
H Me)!.- 4 TerJI. %. TioseqeTo OT HscJie)l.oBaTeJIHTe (ll9 H a H )J.p., I95I ; M H­

H e p a JI hi, I960; Pa M .ll. o p, I960; r o .ll. o a H K o B, I975) o6aqe cqHTaT, qe 
Cb)l.bp:>KaHHeTO Ha Me)!. B npHpO)l.HHTe cpe6pa e no)l.qepTaHO HHCKO, He noseqe 
OT I Tef JI. %. J13BbpilleHHTe KaqeCTBeHH H KOJIHqeCTBeHH H3CJie)l.BaHH5l Ha XH­

MH3Ma Ha caMopo.ll.HOTO cpe6po oT HaXO.ll.HW.e KpeMHKOBUH noKasaxa Cb.ll.bp)Ka­
HHe Ha Me)!. no)!. O,I %. 

l13BbpilleH 6e CbJ..UO TaKa eJieKTpOHeH MHKpoaHaJIH3 Ha 3bpHa OT cynepreHHa 

CaMOpO)l.Ha Me.ll.,. pasnOJIO:>KeHH B Henocpe)l.CTBeHa OJIH30CT CbC 3bpHa Ha BHCOKO­

:>KHBaqHO cpe6po, naparnax HepHT H .ll.pe6H03bpHeCTH arperaTH oT :>KHBaqHo cpe6po 

H naparnaxHepHT. B aHaJIH3HpaHHTe 3bpHa oT caMopo)l.Ha Me)!. 6Hxa ycTaHoseHH 
CaMO npHMeCH OT cpe6po, aHTHMOH H MaHraH B KOJIHqeCTBa nO)!. 0, I %. C TOq­

HOCTTa Ha MeTO)l.a :>KHBaK B THX He 6e OTOeJIH3aH. QqeBH)l.HO Me)l.Ta He e nO)l.XO)l.HJ.U. 

eJieMeHT KaTo CTPYKTypHa npHMec B caMopo.ll.HOTo (a TOBa qHcJio H B 6oraToTo 

Ha :>KHBaK) cpe6po, HHTO nbK :>KHBaKbT H CpeopOTO - B CaMOpO)l.HaTa Me)!.. JlaH· 
HHTe OT H3yqeHHTe o6pa3UH Ca B CbfJiaCHe C HanpaBeHHH no-paHO H3BO)l. (A T a-

TABJUU.J.A I 

J. HenpaBIIJJHII noJJHKpHCTaJJHII arperatll OT lKIIBa'IHO cpe6po (6l!JI) B OCH OBH a MaCa OT Kyn­
p!!T (cBeTJIO CIIB), t~eJia<floCHT (CIIB) II MaJiaXIIT (toMHOCIIB). 160 X . 
2. )I(IIBa'IHO Cpe6po (6l!JI) B KynpiiT (CHB). 200X. 
3 . .lJ.eHApHTII OT lKIIBa'IHO cpe6po (6l!JI) B OCHOBHa MaCa OT KynpiiT (cBeTJIOCIIB) II t~eJJa<fJOCH'l' 
(toMHocHa). 160 x. 
4 . .ll.pe6H03opHecr arperar or lKIIBa'IHO cpe6po 11 n apawaxaep11r B t~eJia¢ociiT (c 11 a) 11 KynpHT 
(cBetJIOCHB). 160 X . 
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H a e 0 B, 1978), tie napareHeTH\IHaTa OJIH30eT Ha eaMOpOJJ.HOT.O cpe6po H ear-10"­
pOJJ.HaTa MeJJ. OT 30HaTa Ha OKHCJieHHe B KDr.lnJieKeHOTO nOJIHMeTaJIH0·6apHTOB0-
)KeJie30pyJJ.HO Haxo.n:wme KpeMHKOBU.H e noJJ.tiHHeHa Ha HHeKaTa pa3TBOpHMOeT 
Ha .n:saTa MeTaJia eJJ.HH s .n:pyr. 

ComeeTsysaT .n:aHHH (M " He p a JI hi, 1960), tie caMopo.n:HoTo epe6po e BH­
eoKo eoJJ.np*aHHe Ha )KHBaK e KpexKo . OoJiytieHHTe pe3yJITaTH oT H3eJie.n:saHHTe 
06pa3U.H flOKa3BaT, tie KaKTO 6eJl:HOTO Ha npHMeeHH eJieMeHTH eaMOpOJJ.HO epe6p0~ 
TaKa H TOBa e'be e'bJJ.'bp)KaHHe Ha )KHBaK JJ.O 52,3 TerJI.% npHTe>KaBaT JJ.06pe H3-
pa3eHa KOBKOeT. 

0CHOBHH pe3yRTaTH H H3BO~H 

)KwsaK'bT e xapaKTepHa eTpyKTypHa npwMee s eynepreHHOTO epe6po oT 30HaTa 
Ha OKHCJieHHe s HaXOJJ.HI..LI.e KpeMHKOBUH. YeTaHoBeHH 6nxa KaKTo o6pa3UH c 
HHeKO e'b.ll.'bp>KaHHe Ha npHMeeHH eJieMeHTH, B T. \1. H )KHBaK, TaKa H TaKHBa e 
npeJJ.eJIHO BHeOKH e'b.ll.'bp>KaHHR Ha )KHBaK OT nopRJJ.'bKa Ha MaKeHMaJIHHTe, yeTa• 
HOBeHH npH eHHTe3 B eHeTeMaTa Ag - Hg. OpHtiHHa 3a Tosa no senKa sepoHT· 
HOeT ea JIOKaJIHH o6oraTnBaHHR Ha )KHBaK s nopBH\IHHTe PYJJ.H, KOHTO oeHrypn­
BaT aKTHBHO yqaeTwe Ha T03H eJieMeHT npH npoueewTe Ha eynepreHe3a. 

OpaxoBHTe peHTreHOBH .n:aHHH 3a npwpOJJ.HHTe enJiaBH Ha epe6poTo H >KHBaKa 
B H3ytieHHTe 06pa3UH eBHJJ.eTeJieTByBaT 3a HaJIHtiHeTO Ha Heno.n:pe.n:eHOeT B rpa­
HHU.HTe Ha a-<f>a3a, o6pa3yBai.Ua ee Ha 6a3aTa Ha eTeHoueHTpHpaHaTa Ky6HtiHa 
KJieTKa Ha epe6poTo, 11 MoraT .n:a 6oJJ.aT H3nOJI3yBaHH 3a KOJIHtieeTseHo onpe.n:e­
JIRHe Ha e'bJJ.'bp)KaHHeTo Ha >KHBaK, peen . Ha epe6po. OpH eo.n:op>KaHHe Ha )KH­
BaK OT 0 JJ.O 52,3 TerJI.% napaMeT'bp'bT Ha eJieMeHTapHaTa KJieTKa ee H3MeHR OT 
4,080 .n:o 4,195 ± 0,003 A, npH KOeTo 3asweHMOeTTa e'bJJ.'bp>KaHHe Ha )KHBaK -
a1, e OJIH3Ka JI.O JIHHeHHa. 

Tsop.n:oeTTa Ha npHpOJI.HHTe >KHBatiHI1 epe6pa e no-rOJIHMa oT Ta3H Ha 6e.n:­
HHTe Ha npHMeeH eaMopo.n:HH epe6pa. OoJiytieHHTe .n:aHHH oT H3ytieHHTe o6pa3UH 
oT Haxo.n:wme KpeMHKOBUH esw.n:eTeJieTsysaT 3a H3BeeTHO noHH)KeHHe Ha a6eo­
JIIOTHaTa TB'bpJJ.OeT B OOJiaeTTa Ha npeJJ.eJIHO BHeOKHTe e'bJJ.'bp)KaHHR Ha )KHBaK B. 
eaMopOJJ.HOTO epe6po. OtieBHJJ.HO 3asHeHMOeTTa e'bJJ.'bp)KaHHe Ha >KHBaK - a6-
eoJIIOTHa TB'bpJJ.OeT He e JIHHeHHa. 

)KHBaK'bT H epeopOTO ea THnOXHMH\IHH eJieMeHTI1 KaKTO B nopBH\IHHTe, TaKa 
11 B'bB BTOpHtiHHTe py.n:w OT Haxo.n:wi.Ue KpeMHKOBUH 11 ea npe.n:eTaBeHH oT pa3HO­
o6pa3HH MHHepaJIH. 3aeera oeTaBa see OI.Ue HeH3HeHeH B'bnpOe'bT, KOH e oeHOB·· 
HHRT H3TO\IHHK Ha epe6po H )KHBaK B n'bpBH\IHHTe PYJJ.H. noeTosepHO JJ.OKa3aHO 
e eaMo nosHrneHo eo.n:op>KaHHe Ha epe6po B TeTpae.n:pwTa 11 TeHaHTHTa. Konw­
qeeTBOTO Ha epe6pOTO B TeTpaeJJ.pHTa H TeHaHTHTa OOatie B nOBe\leTO eJiytiaH He 
Ha.n:swwasa 1 TerJI . %. PerwcrpwpaHH ea H eJiytiaH Ha noswweHH e'bJJ.'bp)KaHH51 
Ha :>~<HBaK s HRKOH o6pa3uH oT TeTpae.n:pHT. KoJIHtieeTBOTO Ha >KHBaKa s TRX 
e'bi..LI.O He e BHeOKO. 

no OTHOllleHHe Ha eb.n:op>KaHHeTO Ha epe6po H >KHBaK HaXOJJ.HI.Ue KpeMH­
KOBU.H nOKa3Ba JJ.06pe H3pa3eHa TeHJJ.eHUH51 Ha reOXHMH\IHa OJIH30eT e'be crpaTH· 
¢opMeHI1Te noJIHMeTaJIHH Haxo.n:wma, BMeeTeHH B Me3o3oi1eKHR eTpyKTypeH eTa* 
Ha BaJIKaHHJI.HTe. 
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