
pe33X y,L{3eTCH BbI,L{eJII1Tb OTP3)K31OI.IJ.He IIJIOI.IJ.3,L{KI1, H3Me'l31OI.IJ.He IIOBepXHOCTb 

IIO,L{COJIeBOrO JIO)K3 H3 rJIy6HH3X nopH,L{Ka 5000 M. 

TeKTOHH'leCKI1H: yCTyn, npocTpaHcTBeHHoe nOJIO)KeHl1e KOToporo nOK33aHO 

H3 Pl1c. 1, HBJIHeTCH norpe6eHHbIM. B HHTepB3JIe Me3030H:CKI1X OTJIO)KeHI1H: OH 

nOCTeneHHO, CHI13Y BBepx, nepexo,L{I1T B nOJIOrylO MOHOKJII1HaJIb,3 nOCJIe,L{HH5J, 

no KpatlI-reH: Mepe Ha ypOBHe HeoreHOBblX 11 'leTBepTI1'lHbIX OTJIO)KeHI1H:,- B ro

PI130HT3JIbI-lOe 3aJIeraI-me nJI3CTOB. MmKHo npe,L{nOJIO)KI1Tb, 'lTO B TeJIe ,L{OKeM-

6pl1H:CKOrO cpYH,L{aMeHTa, Ha CTbIKe ,L{ByX nJIHT (Cpe,L{HepyccKOH: 11 npI1KaCnl1H:

CKOH:*), 3TOMY yCTyny OTBeLJaeT ,L{peBHHH: WOB, B,L{OJIb KOToporo npOHCXO,L{HJIH 

nO,L{HHTHH H onYCK3HHH CMe)KHbIX TeppHTOpHH:. 

HH)!(HeBOJDKCKHH pa3Bell.OqHbIH reocjlH3HQeCKHH TpecT 
H CapaTOBCKHH rOCYlI.apCTBeHHbIH YHHBepcHTeT 

HM. H. r. LJepHbIlIJeBCKOro 

ll,YiTYiPOBAHHA5I JIYiTEPATYPA 

nOCTynHJIO 
28 VII 1956 

1 A. JI. K 0 3 JI 0 B, B. M. ill H n e JI b K e B H Q, COB. reOJI., .N"! 4 (1945). 
2 A. n. n aB.n 0 B, 5IQJIJI. MOYin, .M 4 (1896). s 3. 3. <I> 0 T II a lI. II, BOCTOQHaH HecjlTb, 
.M 9 (1940). 4 H. C. ill aT C K H H, 5IQJIJI. MOYin, OTlI.. reOJI., 30, .M 5 (1955). 
5 O. A. ill BaH K, Pa3Bell.OQHaH H npOMbICJlOBaH reocjlll3l1Ka, 06MeH npOll3BOll.CTBeHHbIM onbl
TOM, .M 4 (1952). 

* TepMHH «npHKaCDHHCKall DJIHTa:& 3aHMCTBOBaH Y H. C. illaTCKoro (C). 
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~ORnaAhl ARaAeMHH «ayR CCCP 
1957. TOM 112, .M 6 

MHHEPAJIOTHf! 

A. C. nOBAPEHHblX 

3ABHCHMOCTb TBEPAOCTH MHHEPAJlOB OT COCT05lHH5I 
XHMH1.JECKOA CB5I3H 

(llpeoCmaBAeflO aKlloeMUlwM A. r .. EemexmuHhlM 15 Xl 1956) 

B OCHOBHbIX pa60Tax no HCCJIe,!{OBamno TBep,!{ocTH MHHepaJIOB H HCKyccTBeH

HbIX KpHCTaJIJIOB (2, 6, 7) 6bIJIH BbISICHeHbI rJIaBHble saKOHOMepHOCTH HSMeHeHHSI 

,,)Toro CBOMCTBa B saBHCHMOCTH OT KpHCTaJIJIOXHMHqeCKHX cpaKTopOB. TaK, 6bIJIO 

YCTaHOBJIeHO, qTO ,!{JISI KpHCTaJIJIOB, 06JIa,!{alOm.HX O,!{HHaKOBbIMH npOCTbIMH 

CTpyKTypaMH (rJIaBHbIM 06pa30M, Koop,!{HHaII.HOHHoro H OCTpOBHoro THna) TBep

,!{OCTb YMeHblllaeTCSI C YBeJIHqeHHeM Me)KaTOMHbIX paCCTOSIHHH: H BospaCTaeT C 

YBeJIHqeHHeM BaJIeHTHOCTH H Koop,!{HHaII.HOHHbIX qHCeJI aTOMOB. llpH 3TOM B OC

HOBHOM npe,!{nOJIaraJIOCb (?, 6), qTO CHJIbI XHMHqeCI<OH: CBSISH B paCCMaTpHBaeMblX 

KpHCTaJIJIaX OTHOCSITCSI K qHCTO HOHHbIM.llpaB,l(a, B .M. [OJIb,l(lllMH,!{T (2) KOCBeH

HO yqHTbIBaJI HSMeHeHHe npHpO,!{bI CBSIseM, KOr,l(a rOBOpHJI 0 nOJISIpHSaII.HH HOHOB. 

OH c,!{eJIaJI BbIBO,!{, qTO saMem.eHHH, npHBO,l(SIm.He K YBemiqeHHlO nOJIHpHSa1l.HH 

HOHOB B KpHCTaJIJIe nOHmKalOT ero TBep,l(OCTb. O,l(HaKO, TeOpeTHqeCKH 3TO He 

6bIJIO HM 060CHOBaHO. 

B HaCTOSIm.ee BpeMH 06m.enpHSHaHO, qTO Me)J{,!{y HOHHbIM H KOBaJIeHTHblM 

THnaMH CBSISH B J<pHCTaJIJIaX Cym.eCTBYlOT HenpepbIBHble nepeXO,l(bI H qTO nO,l(aB

JIHlOm.ee 60JIblllHHCTBO coe,!{HHeHHM OTHOCHTCSI no COCTOSIHHlO CBSISH K npOMe)J{Y

TOqHOMY THny. 

IlOJIbsYSICb BeJIHqI1HaMH 3JIeKTpOOTpH1l.aTeJIbHOCTeM 3JIeMeHTOB ,l(JISI COOT

BeTCTBYlOm.eM BaJIeHTHOCTH, MO)J{HO Ha OCHOBaHHH HX paSHOCTeM C nOMom.blO 

npOCTOM HOMOrpaMMbI (5) BblqHCJIHTb npH6JIH)J{eHHoe SHaqeHHe COCTOSIHHH CBHSH 

B npOCTeH:IIIHX coe,l(HHeHHHX co CTpyKTypaMH KOOp,l(HHa1l.HOHHOro THna . 

4T06bI BbI5ICHHTb, B KaKOM HanpaBJIeHHH ,!{eH:CTByeT Ha TBep,!{OCTb HSMeHe

HHa COCTOHHH5I CB5ISH, Hy>KHO npOCJIe,l(HTb ee BJIH5IHHe B l!HCTOM BH,!{e. L(JIH 3Toro 

Ta6JlHua 1 

NaCI AgBr I BaO I MgSe I SrO I MgS \ MgO \ BeO· 

Me)!{aTOMHble paccToSlHHSI B A 2,81 2,88 2,77 2,73 2,58 2,60 2,10 2,10 
CTeneHb KOBaJleHTHOCTH CBSI-

3H B % 32 54 15 72 17 65 28 74 
TBepAocTb no Moocy 2,5-2,6 2,5-3 3,0 4 ,0 3,5 4,8 5,5** 7,5 

* KooPAHRaUHoHHoe 4HCJlO BeS = 4 
** 3HaqeHHe TBepAocTH no A. r. oeTeXTliHY (1). 

Heo6xo,!{HMO nO,l(06paTb TaKHe napbI MImepaJIOB HJIH KpHCTaJIJIOB, Y KOTOPbIX 

Bce OCTaJIbHble napaMeTpbI (T. e. Me)J{aTOMHble paCCTOHHHH, BaJIeHTHOCTb H KOOP

,!{HHa1l.HOHHble qHCJIa aTOMOB) 6bIJIH 6bI O,l(HHaKOBbI. TaKHe npHMepbI B MHpe 

KPHCTaJIJIOB, eCTeCTBeHHO, Be'CbMa OrpaHHqeHbI. B Ta6JI. 1 npHBe,neHo 

HeCKOJIbKO nap KpHCTaJIJIOB C O,l(HHaKOBbIMH CTpYKTypaMH, y KOTOPbIX 

3TO Tpe60BaHHe BbInOJIHeHO B MaKCHMaJIbHO BOSMO)J{HOH: CTeneHH. 
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113 ,QaHHbIX Ta6J1. 1 BblTeKaeT, liTO KpHCTaJlJlbI C CYllI,eCTBeHHO KOBaJleHTHbIM 

COCTOHHHeM CBH3H HBJlHIOTCH 60JIee TBep,QbIMH, lIeM Te, B KOTOPbIX npe06JIa,QaeT 

CBH3h HOHHaH. ITpHlleM OTHOCHTeJlhHaH pa3HHIl,a B03paCTaeT C YBeJllilleHHeM 

.BaJIeHTHOCTH COCTaBJIHlOllI,HX aTOMOB H YMeHhweHHeM Me)KaTOMHhIX paCCTOHHHH 

{pa3JIHlIHe B TBep,QOCTH MgO H BeS 

.HeCKOJIhKO cr JIa)KeHO 3a ClieT CHH)Ke- TO 

.HHH Koop,QHHaIl,HOHHOro qHCJIa Be). ......,.,...."...------r----,-----,------, 

ITpH6JIH3HTeJIhHhle paCqeTbI no

Ka3bIBa1OT, liTO ,QJIH MHHepaJIOB, 

.nOCTpoeHHhIX H3 ,QBYXBaJIeHTHbIX 3JIe

MeHTOB H3MeHefme COCTOHHHH CBH3H 

Ha 50% cOnpOBO)K,QaeTcH CJIe,QYlOllI,H-

MH H3MeHeHHHMH TBep,QocTH: 1) npH 
Me)KaTOMHhIX paCCTOHHHHX 2,50- 3,0 I---~mt__---+----t---j 
2,80 A - Ha 1 6aJIJI; 2) npH 

Me)KaTOMHbIX paccToHHHHX 2,10-
2,50 A - Ha 1 ,5-2 6aJIJIa WKaJIbl '-----I-------=...~~'---___t-----j 
u p ~r 
~ 'looca. a3YMeeTcH, qTO ,QJIH MHHe-

paJIOB co CTpYKTypaMH Koop,QI1HaIl,H

<OHHoro THna, COCTOHlll.HX H3 Tpex- H 

'leThlpeXBaJIeHTHbIX 3JIeMeHTOB TaKoe 2 
}[3MeHeHHe ,QOJI)KHO 6bITb COOTBeTCT

BeHHO elll.e 60JIee 3HallHTeJIbHbIM. 

i:ho ,QeHcTBHe COCTOHHHH CBH3H 

l-Ja TBep,QocTb MHHepaJIOB H KpHCTaJI'-

~5 {i-X--__ 

PI1C. 1 

JIOB npOHBJIHeTCH Bcer,Qa H HaJ{Jla,QbIBaeTcH Ha ,QeHcTBHe Boex ,QPYrHX onpe,Qe

.JIHIOlll.HX TBep,QocTh ¢aKTopoB. TaK, HanpHMep, nOBhIllJeHHe TBep,QocTH KpH

CTaJIJIOB C YBeJIHlIeI-IHeM BaJIeHTHOCTH COCTaBJIHIOlll.HX KaTHOHOB HeCOMHeHI-IO 

TO. 
m,---~,----,,_--_,----,-, 

BaTe 
2~--~---~---~---~~~ 
~ 2 q J ~A 

{i-X ----

PIIC. 2 

YCHJIHBaeTCH o,QHoBpeMeHHo 

C B03paCTalOllI,eH B HHX CTe

neHblO ]{OBaJIeHTHOCTH CE H-

3H, nOCKOJlhKY 3JIeKTpOOT

pHIl,aTeJIbHOCTb KaTHOHOB C 

nOBblweHHeM BaJleHTHOCTH 

YBeJlHlIHBaeTC5I. 

XO,Q H3MeHeHH5! TBep,Qo

CTH ]{pHCTaJlJIHqeCKHX Be

IIJ,eCTB C H3MeHeHlieM Me)K

aTOMHblX paccToHHHH Ta]{}]{e 

no,Q BJlHHHHeM H3MeHeHHH 
COCTOHHHH xHMHlIecKoH CBH-

3H He OCTaeTCH O,QHHaKOBbIM. 

B CJlyqaHX, Kor,Qa BMeCTe C 

YBeJlHlIeHHeM Me)KaTOMHhIX 

paCCTOHHHH KOBaJleHTHOCTb 

CBH3H na,QaeT (liTO Ha6J11O

,QaeTCH B psi,Qax afJaJlOrHLJ

HbIX coe,QHHeHHH npH 3a

Melll.eHHH KaTHoHoB) YMeHh

UJeHHe TBep,QocTH H,QeT 60JIee 6bICTPO, lIeM Kor,Qa KOBaJleHTHOCTh CBH3H B03-

paCTaeT (tITO npoHcxo,QHT B pH,Qax aHaJIOrHqHblX coe,QHHeHHll npH 3aMeIIJ,eHHH 

aHHoHoB) . 

i:ho pa3JIHlIHe B xO,Qe H3MeHeHHH TBep,QocTH HJIJlIOCTpHpyeTcH ,QBYMH rpa¢H

KaMH (pHC. 1 H 2), nOCTpoeHHblMH ,QJIH coe,QHHeHHll , COCTOHIIJ,HX H3 O,QHOBaJleHT

HbIX H ,QByxBaJIeHTHhlx 3JIeMeHTOB. TBep,QocTH HeKoTophlX MHHepaJIOB H KPH

~TaJIJIOB. HanpHMep nepHKJIa3a, KaJIbIl,OKCH,Qa, raJlHTa, LiF, N aBr, KJ, no 

,cpaBHeHHIO C BeJlHlIHHaMH, npHHHTblMH B. M. [OJlb,QWMH,QTOM (2), HeMI-lOrO 

HCnpaBJIeI-lbl Ha OCI-lOBaI-lHH ,QaI-lHbIX MHI-lepaJlOrHlIeCKHX CnpaBOLJHHKOB (1,9) H 
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pa60T no H3MepeHFIIO MHKpOTBepJl.OCTH (3, 8). CnJlOlllHhlMH J1HHHHMH nOKa3aH<> 

H3MeHeHHe TBepJl.OCTH nepBoro THna, nYHKTHpHhlMH - BToporo. 

06pamaeT Ha ce6H BHHMaHHe pe3KHi1: nepeJlOM B XOJl.e H3MeHeHHH TBepJl.OCTH 

BToporo THna, x apaKTepHoro TOJIhKO Jl.JIH COJIei1: Jl.BYXBaJIeHTHhlX MeTaJIJIOs. 

(TOqKH BeS, NgS, CaS H T. 11..), 3a KOTOPhlM CJIeJl.yeT 60JIee HHTeHCHBHoe H3Me

HeHHe (oco6eHHO Jl.JIH Be- H Mg-COJIeH), qeM H3MeHeHHe nepBoro THna. DpHpOJl.a 

3Toro HapYllleHHH nOKa C TOqHOCThlO HeH3BeCTHa, HO CKopee Bcero CBH3aHa c 

npOHBJIeHHeM CHJI B3aHMHoro OTTaJIKHBaHHH aHHOHOB, B03paCTalOIII.I1X C YBe

JIHqeHHeM HX pa3MepOB, qTO KaK 6YJl.TO nOJl.TBep)KJl.aeTCH nOCTeneHHbIM CrJIa)KH

BaHHeM 3TRX aHOMaJIHH C nepeXOJl.OM K 60JIee KpynHblM KaTHOHaM (Ca, Sr, Ba). 

BepOHTHO, Ha OCHOBaHHH 3Toro ¢aKTa B. M. fQJIbJl.WMHJl.T npHWeJI K Bhlwe

ynoMHHYTOMY BhIBOJl.Y 06 oTpHuaTeJlhHOM BJII1HHHI1 nOJIHpH3aUHH Ha TBepJl.OCTb

KpHCTaJIJIOB. Me)KJl.Y TeM I13BeCTHO, qTO KOBaJIeHTHaH CBH3b 3HaqHTeJIhHO npoq

Hee HOHHOH (4), 11 eCJlI1 OHa He BCTpeqaeT KaKHX-JIH60 nOMex, TO B COqeTaHHH. 

C BblCOKOH BaJIeHTHOCThlO H MaJIblMH pa3MepaMH aTOMOB 06eCneQHBaeT MaKCH

MaJIhHO BblCOKYIO TBepJl.OCTh MHHepaJIOB, KaK 3TO Mbl BHJl.HM Ha npHMepe TBepJl.eH

wer.o H3 HHX - aJlMa3a. 

KPHBOPO*CKHH ropHopY~HHH 
HHCTHTYT 

U~T~POBAHHA~ n~TEPATYPA 

nOCTynHJlO 
11 VIII 1956 

1 A. f . BeT eXT H H, MHHepaJlOrH5J, 1950. 2 B. M. f 0 JI b ~ ill M H ~ T, OCHOBHble
H~eH reOXHMHH, B. 1 (1933) ." 3 C . .n . .n M H T pH e B, Tp. COBeD!,. no MHKpOTBep~OCTH, ~3~. 
AH CCCP, 1951. 4 n. nay JI H H r, npHpo~a XHMHtJeCKOH CB5J3H, 1947. 0 A. C. n 0-
B ape H H H x, 3an. BcecolO3H. MHHep. ocw,., 84, B. 4 (1955). 6 B. C. Co 60 JI e B,.. 
BBe~eHHe B MHHepaJl0fHIO CHJlHKaTOB, nbBOB, 1949. 7 A. E. ell e pC M a H, feOXHMH5J, 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 he .. 
H. Be r man, C. Fro n del, Dana 's System of Mineralogy, N. Y., 1-2, 1944-1951-
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