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pe3ax yJ].aeTC51 BhlJ].eJIliTh OTpa)Ka!OllUie IIJlOIUaJ].KH, HaMeqalOIUHe IIOBepXHOCTb 

IIOJ].COJIeBOrO JIO)Ka Ha rJIy6HHax IIOp51J].Ka 5000 M . 
TeKTOHHqeCKHH YCTYII, IIpocTpaHCTBeHl-lOe IIOJIO)KeHHe KOToporo IIOKa3aHO 

Ha pHC. 1, 5lBJI51eTCSl IIorpe6eHHblM. B HIHepBaJIe Me3030HcKHX OTJIO)KeHHH OH 

IIOCTeneHHO, CHH3Y BBepx, IIepexoJ].HT B nOJIOrylO MOHOKJIHHaJIh, a IIOCJIeJ].HSlSl, 

IIO KpaHHeH Mepe Ha ypoBHe HeoreHOBhlX H qeTBepTHqHhIX OTJIO)KeHHH,- B ro

pli30HTaJIhHOe 3aJIeraHHe IIJIaCTOB. MO)KHO IIpeJ].nOJIO)KHTh, qTO B TeJIe J].OKeM-

6pliHcKoro <PYHJ].aMelITa, Ha CThIKe J].BYX nJIliT (CpeJ].HepyccKoH H TIpliKacnHH

CKOH * ), 3TOMY yCTYIIY oTBeqaeT J].peBHHH WOB, BJ].OJIb KOToporo IIPOHCXOJ].HJIH 

nOJ].HSlTHfi H onYCKaHHSl CMe)KHhIX TeppHTopHH . 
J.J.u.~~ 

HH)I{HeBOJDKCKHH pa31leAO'lHbIH r eOqJH'3H'IeCKHH TpecT 
H CapaTOBCKHH rOCYAapCTBeHHblH YHHBepc~ r(..A. I 

HM. H. r. liepHblUleBCKoro t' 

I.I,11TI1POBAHHA5I J1I1TEPATYPA 

nOCTynHJlO 
28 VII 1956 

1 A . J1. K 0 3 Jl 0 B, B. M . III H n e Jl b K e B H 'I , COB. reOJl., M 4 (1945). 
2 A . n. naB Jl 0 B, DIOJlJl. MOI1n, M 4 (1896). 8 a. a. <l> 0 T H a A H, BocTo4HaH HecpTb, 
.N'29 (1940). 4 H. C. III a T C K H ii, DIOJlJl. MOI1n, OTA. reOJl., 30, .N'2 5 (1955). 
5 O. A. III BaH K, Pa3BeAO'lHaH H npOMblC.IIOBaH reQ(jJH3HKa, 06MeH npOH3BOACTBeHHbiM onbl-

TOM, M 4 (1952). 

* TepMHH CnpHKacnHiicKaH nJlHTa» 3aHMcTBoBaLi y H. C . IllaTcKoro (4) . 
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.&!'~'f ~/~J4VUt ~ SS${Z 

~O«aaAhl A«aAeMHH nay« CCCP 
1957. TOM 112, oM 6 

A. C. nOBAPEHHblX 
/l'V\.-~h-

3ABMCI1MOCTb TBEP)l,OCTI1 MI1HEPAJlOB OT COCT05lHI151 
XI1MI14E Kofl CB5I311 
~/ 'L 

(llpeOCma6lleflO alWOeMUKOAt AJ r. EemexmuflblM 15 XI 1956) 

. '1-~~1o 
B OCH2MbIX pa60Tax no llCCJIe,AoBaHlHo TBep,AOCTll MllHepa.iIoB II llCKyccTBeH-

HblX K~TaJIJIOB (1\ 6, 7) 6blJIll BbIHCHeH ·I rfrJIaRlHble· 3a'KOH0M.~nIiOCTll ll3MeHeHllH 
u . ~I J v.J.-c-~""vtM .".;£t.-~ 6 

3Toro CBOllCTBa B 3aBllCllMOCTll OT KpmnaJIJIOXllMlitIeCKliX <pBKTOpOB. TaK, blJIO 

YCTaHOBJIeHO, tITO ,AJIH K IJ'CT JIJIOB I ~~&-at.?E!-llX O,AliHaKOBbIMll-ty,~ OCTbIMll 
/}~ CTpyKTypaMll (rJIaBHbIM 06pa30M, Koop,AllHaUllOHHoro II OCTpOBHoro nma) TBep

AOCTb YMeHbllIaellCHL C YBeJIlltIeHlleM Mi)K~T 11HbIX paccTorufllrr II B03paCTaeT C 
~vt.l..vv'"'I:; ;t::;.1 f''\.. 1 ~ 

YBeJIlltIeHlleM BaJIeHTHOCTll II Koop,AllHaUllOHHblX tIllCeJI aTOMOB. ITPll 3TOM B OC-

HOBHOM npe,AnOJIaraJIOCb e, 6), tITO CllJIbl XllMllLIeCKorr CBH3li B paccMinpllBae'MhIX 

;'V'v<-1/~A/.. f KpllCTaJIJIaX OTHOCHTCH K LIllCTO llOHHbIM. ITpaB,Aa, B. M. fOJIb,AllIMli,AT (2) KOCBeH-

r HO ytIllTbIBaJI ll3MeHefme npllpO,AbI CBH3err, KOr,Aa rOBOpllJI 0 nOJIHpli3aUllll liOHOI;!. 

OH c,AeJIaJI B IBOl t:J tITO 3aMemeHllH, npllBO,AHmlle K YBeJIliLIeI-illIO nOJIHpll3aUlill 

/~v.:1 liOHOB B KpliCTaJIJIe nOHll)KaIOT ero TBep,AOCTb . O,AHaKO, TeOpe'f.lltIe · Kll 3TO He 
6bIJIO llM 060CHOBaHO . . -Mv...,v.'AA ~J 

B HaCTOHmee Bpe~ 06menpll3I'IaHO, tITO Me)K,Ay it)'HHbIM II KOBaJIeHTHbIM 

TllnaMll CB5I3ll B Kpll " 'aJf ax cymeCTBYIOT HenpepbIBHble nepeXO,AbI II LITO no,!{aB

JI5lI0mee 60JIbllIliHCTBO COe,AllHeHllrr OTHOCllTC5I no COCTOHHllIO CB5I3ll K npOMe)KY-

TOtIHOMY Tliny. 1;vJrc. u 

ITOJIb3Y5lCb BeJIlltIliHaMli 3JIeKTpOOTplluaTeJIbHOCTell 3JIeMeHTOB ,AJI5I COOT

BeTCTBYIOmerr BaJIeHTHOCTll, MO)KHO Ha OCHOBaHliH liX pa3HOCTerr C nOMOmbIO 

npOCTorr HOMorpaMMbI (5) BbltIllCJIllTb npll6mDKeluioe 3Haqelme COCTOHHli51 CB5I3f! 

B npOCTet'rWllX coe,AlmeHllHX co CTpyI<TypaMll Koop,!{HHaUHOHHoro THna. 

YT06bI BbIHCHHTb, B KaKOM HanpaBJIelfllll ,AerrCTByeT Ha TBep,!{OCTb H3MeHe

HMe COCT05lHH5I CB5I3ll, BY)KHO npOCJIe,AllTb ee BJIll5lHlie B tIHCTOM Bll,Ae. ,UJI5I3TOrO 

Ta6J1l1ua 1 

NaC! I AgBr I BaO \ tY\gSe I SrO \ MgS \ MgO \ BeO' 

Me)KaTOMHble paCCT05lHII5I B .A 2,81 2,88 2,77 2 ,73 2,58 2,60 2,10 2,10 
C TeneHb KOBaJleHTHOCTII CBlI-

311 B % 32 54 15 72 17 65 28 74 
TBep,/\ocTb no Moocy 2,5-2,6 2,5-3 3,0 4,0 3,5 4,8 5,5** 7,5 

* KooP'/\IIHaUllo~e 411CJlO BeS = 4 

~ . 
** 3liatJeHlle TBep,/\ocTII no A. r. EeTeXTIIHY (1). ~ 

He06xo,AllMO nO,A06paTb TaKlle napbI MllHepaJIOB llJIIi K~TaJIJIOB, Y KOTOPbIX 

Bce OCTaJIbHble napaMeTpbI (T. e. Me)KaTOMHble paCCTOHHll5l, BaJIeHTHOCTb Ii KOOp 

AllHaUIiOHHble tIllCJIa aTOMOB) 6blJIll 6bI O,!{llHaKOBbI. TaKlle npllMepbI B MIipe 

KpllCTaJIJIOB, eCTeCTBeHHO, BeCbMa OrpaHlitIeHbI. B Ta6JI. 1 npIiBe,AeHO 

HeCKOJIbKO nap KpliCTaJIJIOB C o~llHaKoBbIMll cTpyKTypaMll, y KOTOPbIX 

3TO Tpe60BaHlle BbIllOJIHeHO B MaKCIiMaJIbHO B03MO)KHOrr CTeneHll. 
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t t. I 
v13 AaHHblX Ta6JI. 1 BbITeKaeT, qTO Kp11CTaJlJlbl C cYlll,eCTBeHHo KOBaJleHTHblM 

-COCT051H~ CB51311 5lBJl51IOTC51 60Jlee TBepAbIM11, qeM Te, B KOTOPblX npe06J1aAaeT 

.CBSI3b .J. 110HHa51. Dp11qeM OTHOC11TeJlbHa51 pa3H11lI.a B03paCTaeT C YBeJl11qeH11eM 

.8 Jle'HTHOCT11 COCTaBJl51IOm11X aTOMOB11 YMeHbllIeH11eM Me)KaTOMHbIX paCCTOHH11H: 

.(pa3Jmq11e B TBepAOCT11 MgO 11 BeS 
HeCKOJlbKO R!! eHO 3a CqeT CH11)Ke- TO 
H1151 K15OpJ\11HalI.110HHOrO q11CJla Be). ~O"~"'-:----T""-----r-----'c-----' 

Dp116J111311TeJlbHble pac'-IeTbl no

Ka3blBaIOT, QTO AJIH M11HepaJlOB, 
.nocTpoeHHblx H3 AByxBaJleI-ITHbIX :,lJIe
M eHTOB 113MeHeH11e COCTOHH11H CBH311 

Ha 50% conpoBQ)KAaeTcH CJleAYIOlll,H-

M11 113MeHeHH51M11 TBepAOCT11: 1) np11 
Me)KaTOMHbIX paCCT051H11HX 2,50- 3,0 1----~...p.t,:....:..:....--~----+---1 
.2,80 A-'Ha 1 6aJlJl; 2) np11 

Me)KaTOMHbIX paCCTOHH11HX 2,10-
2,50 A - Ha 1,5-2 6aJlJla llIKaJlbl 

M P 
~5 

. ooca. a3YMeeTcH, QTO AJl51 M11He-

paJlOB co cTpyKTypaM11 KOOPA11Ha lI.H-
.OHHoro T11na, COCTOHlll,HX 113 Tpex- 11 

qeTblpeXBaJleHTHblX 3J1eMeHTOB TaKoe 2 
}!3MeHeH11e AOJl)KHO 6blTb COOTBeTCT

BeHHO eme 60Jlee 3HaQ11TeJlbHbIM. 

J ~5 
/?-x----

PHC. 
9TO AeH:CTBHe COCT051H11H CBH311 

Ha TBep)lOCTb M11HepaJlOB 11 Kp11CTaJl-
JlOB npOHI3JIHeTCH BcerAa 11 HaKJlaAbIBaeTcH Ha AeH:CTB11e Bcex APyr11X onpeAe

.J1H10mHX TBepAocTb cpaKTopoB. TaK, HanpHMep, nOBbIWeH11e TBepAOCT11 Kp11-

-cTaJlJlOB C YBeJl11QeH11eM BaJleHTHOCTH COCTaBJlHIOmHX KaT110HOB HeCOMHeHHO 

TO 
mr-----,r----,-----.-----.--~ 

~I--~~~~---+--- --+----+-~ 

41--------1----~~ 

BiiTe 
2~---~---~-----~~------~~ 
~ 2 ~ J ~A 

R-X ---

PHC. 2 

YCHJl11BaeTCH OAHOBpeMeHI-IO 

C B03paCTaIOmeH: B H11X CTe

neHbIO KOBaJleHTHOCT11 CE 51-

3H, nOCKOJlbKY 3J1eKTpOOT

p11lI.aTeJlbHOCTb KaT110HOB C 

nOBbIWeH11eM BaJleHTHOCT11 

YBeJlI1Q11BaeTC51. 

XOA 113MeHeHHH TBepAo

CTH Kp11CTaJlJlHQeCK11X Be

mecTB C H3MeHeH11eM Me)K

aTOMI-lbIX paCCTOHH11H: TaK)Ke 

nOA BJlHHH11eM H3MeHeHH51 
COCTOHHHH X11MHQeCKOH CBH-

3H He OCTaeTCH OAHHaKOBbIM. 

B CJlYQa51X, KorAa BMeCTe C 

YBeJlHQeH11eM Me)KaTOMHbIX 

paCCT051HHH: KOBaJleHTHOCTb 

CBH3H naAaeT (QTO Ha6J1IO

AaeTC51 B p HAax aHaJlOrHQ

HbIX coeAHHeHHH: npH 3a

MemeHH11 KaTHOHOB) YMeHb-

weHHe TBepAOCTH HAeT 60Jlee 6bICTPO, QeM KorAa KOBaJleHTHOCTb CBH3H B03-

p aCTaeT (QTO npoHcxoAHT B pHAax aHaJlOrHqHblX coeAHHeHHH: npH 3aMemeHHH 

aHHoHoB) . 
9TO pa3J11iQHe B XOAe H3MeHeHHH TBepAocTH HJlJlIOCTpHpyeTcH AByMH rpacpH

KaMH (pHC. 1 H 2), nocTpoeHHblMH AJISI coeAHHeHHH, COCTOHmHX H3 OAHOBaJleHT

HbIX H AByxBaJleHTHblx 3J1eMeHTOB. TBepAocTH HeKoTopblX MHHepaJlOB H KPH

CTaJlJlOB, HanpHMep nepHKJla3a, KaJlblI.OKCHAa, raJlHTa, Li F, N aBr, KJ, no 

cpaBHeHHIO C BeJlHQHHaMH, npHH51TbIMH B. M. [OJlbAWMHATOM (2), HeMHoro 

HCnpaBJleHbl Ha OCHOBaHHH AaHHblX MHHepaJlOrHQeCKHX CnpaBOQHHKOB (1,9) H 
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pa60T no H3Mepemno MHKpOTBepAOCTH (3, 8). CnJiolllHbIMH JIHHH5IMH nOKa3aHO> 

H3MeHeHHe TBepAOCTH nepBoro THna, nYHKTHpHbIMH - BToporo. 

06paJ:I.J,aeT Ha ce65I BHHMaHHe pe3KHH nepeJIOM B XOAe H3MeHeHH5I TBepAOCTlJ 

BToporo THna, xapaKTepHoro TOJIbKO AJI5I COJIerr ABYXBaJIeHTHbIX MeTaJIJIOB. 

(TOqKH BeS, NgS, CaS H T. A.), 3a KOTOPbIM CJIeAyeT 60JIee HHTeHCHBHoe H3Me

HeHHe (oco6eHHo AJI5I Be- H Mg-COJIeH), qeM H3MeHeHHe nepBoro THna. DpHpOAa 

3Toro HapYllleHH5I nOKa C TOqHOCTblO HeH3BeCTHa, HO CKopee Bcero CB5I3aHa c 

np05IBJIeHHeM CHJI B3aHMHoro OTTaJIKHBaHH5I aflHOHOB, B03paCTalOlll,HX C YBe

JIHqeHHeM HX pa3MepOB, qTO KaK 6YATO nOATBep2KAaeTC5I nOCTeneHHblM CrJIa2KH

BaHHeM 3THX aHOMaJIHH C nepeXOAOM K 60JIee KpynHbIM KaTHOHaM (Ca, Sr, Ba). 

Bep05ITHO, Ha OCHOBaHHH 3Toro <paKTa B. M. [GJIbAlllMHAT npHllleJI K BbIllle

ynOM5IHYTOMY BbIBOAY 06 oTpHuaTeJIbHOM BJIH5IHHH nOJI5IpH3aUHH Ha TBepAocTb. 

KpHCTaJIJIOB . Me2KAY TeM H3BeCTHO, qTO KOBaJIeHTHa5I CB5I3b 3HaqHTeJIbHO npoq

Hee HOHHOH (4), H eCJIH OHa He BCTpeqaeT KaKHX-JIH60 nOMex, TO B COqeTaHHH, 

C BbICOKOH BaJIeHTHOCTblO H MaJIbIMH pa3MepaMH aTOMOB 06eCneqHBaeT MaKCH

MaJIbHO BbICOKYlO TBepAOCTb MHHepaJIOB, KaK 3TO MbI BHAHM Ha npHMepe TBepAeH

lllero H3 HHX - aJIMa3a. 

KpHBopmKCKHH -ropHopy.n.Hb!H 
HHCT T T ~uN..-

UHTHPOBAHHA~ nHTEPATYPA 

nocTynHJIO 
11 VIII 1956 

1 A. f . BeT eXT H H, MHHepaJIOrHll, 1950. 2 B. M. f 0 JI b .n. III III H )J, T, OCHOBHble" 
H.n.eH reOXHMHH, B. 1 (l933).~ 3 C. JJ:. JJ: M H T pH e B, Tp . COBem. no MHKpOTBep.n.OCTH, H3.n. . 
AH CCCP, 1951. 4 n. nay JI H H r, npHpO.n.a XHMH'leCKOH CB1l3H, 1947. 5 A. C. n 0-
B ape H H bI x, 3an. BceCOI03H. MHHep. 06m., 84, B. 4 (1955). 6 B. C. Co 60 JI e B,.. 
BBe.n.eHHe B MHHepaJIOrHlO CHJIHKaTOB, nbBOB, 1949. 7 A. E. <l> e p C M a H, f eoxHMHll, 3,. 
1937. 8 E. O. Be r n h a r d t, Zs. f. Metallkunde, 33, H. 3 (1941). 9 C. P a I a C h e .. 
H. Be r man, C. Fro n del, Dana's System of Mineralogy, N. Y., 1-2, 1944-1951-
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