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BJlH5IHHE ,lJ.ABJlEHH5I HA llEPHO,lJ.HlJECKHE CBOnCTBA 
3J1EMEHTOB 

(flpeaCTaBAeIiO aKaaeMuKoM H. H. CeALelioBbUt 23 IV 1955) 

113BecTHO, 'ITO nepI10,LlJfqeCKaH 3aBHCHMOCTb OT aTOMHOro HOMepa HMeeT 

MeCTO )VIH TeX CBoilcTB 3JieMeHTOB, KOTOpble OnpeJI.eJJHIOTCH BH.eIllHHMI1 3JIeK

TpOHaMI1. DYTeM CHJJbHOrO C)KaTI1H BeIII.eCTBa MO)KHO B03JI.eHCTBOBaTb Ha 

BHeIllHI1e CJJOH 3JJeKTpOHHblX 060JJO'leK aTOMOB. DPH KaKHX )Ke JI.aBJJeHH51X 

CBOHCTBa 3JieMeHTOB, Onpe,l(eJIHeMble BHeIllHHMH 3JieKTpOHaMH, MoryT Ha4aTb 

3aMeTHO H3MeHHTbCH? DOBHJI.HMOMY, cymecTBeHHbIX H3MeHeHHH nepHOJI.H4e

CKHX CBOHCTB XHMH'leCKHX 3JJeMeHTOB noJI. ,l(etClcTBHeM JI.aBJJeHHH MO)KHO O)KH

JI.aTb TOrJI.a, KOrJI.a 3HeprJ15l C)KaTOrO BemeCTBa OKa)KeTCH JI.OCTaTO'lHO 60JJb

IllOR, CKa)KeM, nOpHJI.Ka 3HeprI1H B036Y)KJI.eHH51 aTOMOB. 

DOJib3YHCb ,l(aHHbIMI1 EpH,l()KMeHa (1) no H3MepeHI1IO' 3aBHCI1MOCTH p - V 
6bIJJa paCC'lI1TaHa JI.JJH pHJI.a XHMHqeCKHX 3JJeMeHTOB H30TepMHqeCKaH pa60Ta 

A = f pdV npH C)KaTHH JI.O JI.aBJieHHH p = 100000 Kf/CM2. DOJJYlleHHble JI.aH

Hble npI1BeJI.eHbI B Ta6JJ. 1, rJI.e JI.JJH cpaBHeHHH JI.aHbI TaK)Ke 3HaqeHI151 E -
nOTeH~HaJiOB B036Y)KJI.eHI1H H30JJHpOBaHHblx aTOMOB. 3TH JI.aHHble 

nOKa3bIBaIOT, 'ITO 3HeprHH BeIII.eCTB npl1 p = 100 000 Kr /CM2 JI.OCTaTOQHO Be

JiI1Ka. OHa TeM 6 OJi bIlle, 'leM 66JJbIllYIO C)KI1MaeMOCTb HMeeT 3JieMeHT npI1 

aTMoc<j:lepHoM JI.aBJieHHH. CJie,l(OBaTeJibHO, Y)Ke npH JI.aBJJeHl1l1 p = 
= 100000 Kr/CM2 nepHOJI.H'-IeCKHe CBORCTBa HaH60Jiee C)KHMaeMblX 3JJeMeHTOB 

,l(O.rJ)!(HbI 3aMeTHO H3MeHHTbCH. 

Ta6 JIHua 1 

Cs I Rb I K I Ba Sr I Ca I :fa 

A, 3B ' aToM. 0,99 0,90 0,66 0,57 0,~6 0,30 0,30 
E. 3B 'aTOM . 1,38 1,6 1,6 1,56 1,79 1,88 2,1 

.ll.JiH BblHCHeHHH 3Toro no ,l(aHHbIM EpHJI.)KMeHa (1) ,l(JiH 3aBI1CHMOCTH 

p - V 6bIJiH BbI4HCJieHbI 3HaQeHHH V aTOMHbIX 06'beMOB 3JieMeHTOB npH ,l(aB

JIeHHHX p = 100000 Kr/CM2. OHI1 OTJJO)KeHbI Ha PI1C. 1 B 3aBHCHMOCTH OT aTOM

HOro HOMepa Z; Ha TOM )Ke pHCYHKe npHBeJI.eHbI ,l(aHHble JI.JiH aTMoccpepHoro 

JI.aBJieHHH, nOJIYqeHHble eIII.e MaRepOM. KaK BHJI.HO H3 rpa<j:lHKa, aTOMHble 

06'h.eMbI 3JieMeHTOB no,l( ,l(eJicTBHeM JI.aBJieHHH YMeHbIllaIOTCH, npH4eM HaH-

60JibIllHe H3MeHeHHH npOHCXO,l(51T Y III.eJi04HbIX H III.eJI04HO-3eMeJIbHbIX 3JJe

MeHTOB. ECJiH Y)Ke noJI. ,l(eHCTBI1eM JI.aBJieHH51 p = 100000 Kr/CM2, aTOMHble 

06'h.eMbI 3JieMeHTOB npeTepneBaIOT 3aMeTHble H3MeHeHH51, TO JI.aJibHeRIllee yBe

JiH4eHHe JI.aBJieHH51 JI.OJi)KHO npHBeCTH K eme 60JIee CHJIbHblM 3<j:l<j:leKTaM. 

l.J:T06bI pacc4HTaTb 3aBHCHMOCTH p - V ,l(JI51 3JIeMeHTOB npH JI.aBJIeHH51X 

BbIwe 100 000 Kr /CM2, 6bIJIH HCnOJIb30BaHbI (2 -4) ypaBHeHI1e COCT051HI15I 

CHJIbHO C)KaTbIX BellJ,eCTB 

(p + 'It) Vn = (PI + rc) V'{ (1) 
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H BbIpa:>KeHHe AJIH MOAYJIH 06'beMHOrO C:>KaTHH 

K= n(p + 1t), 
rAe 

(2) 

(3) 

3AeCb p. - K03cpqmli.HeHT 06'beMHOrO C:>KaTHH. Ilpe.Ll.BapHTeJIbHO 6b1JIH 

HaHAeHbI 3HatIeHHH K03cpcpHli.HeHTOB n H ;t AJIH 43 3JIeMeHTOB H npoBepeHa 

cnpaBeAJIMBOCTb 3TH X ypaBHeHHH BO BCeM 06CJIeAOBaHHOM Ha OnbITe HHTep

BaJIe AaBJIeHHH (5000 - 100000 Kf/CM2). TaKHM 06pa30M 6bIJIa nOJIYtIeHa 
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PRC. 1. 3asRcRMoCTb aTOMHoro o6beMa OT aTOMHoro HOMepa 3JIeMeHTOS rrpH pa3HbLX 

p;aS JIeHRlIX. 1- p = 1 ({r/CM2; 2-100 000 Kr/CM2; 3 - 500 000 Kr/CM2 

B03MO:>KHOCTb npOBeAeHHH opMeHTHpOBOtIHbIX paCtIeTOB npM AaBJIeHMHX BbIllie 
100000 Kf/CM2 H paCCtIHTaHbl 3HatIeHHH aTOMHbIX 06'beMOB 3JIeMeHTOB npH 

.lI.aBJIeHMHX P = 500 000 Kf/CM2 (CM. pHC. 1). 
H3 pHC. 1 BM.lI.HO, tITO Y:>Ke npM AaBJIeHHM P = 500 000 Kf /CM2 aTOMHbIe 

06'beMbI 3JIeMeHTOB HMeIOT CJIa60 Bblpa:>KeHHYIO nepHO.ll.HtIHOCTb. MO:>KHO 
O:>KH.lI.aTb, tITO npH eIll.e 66JIbIIIHX .lI.aBJIeHHHX rpaMM-aToMbI pa3JIMtIHbIX 3JIe

MeRTOB 6YAYT 3aHHMaTb npHMepHo O.ll.HIlaKOBbIH 06'beM, JIHIIIb CJIerKa B03-
paCTaIOIll.HH npM YBeJIHtIeHMH aTOMHoro HOMepa 3JIeMeHTa. Ha pH"c. 1 Kpe

CTMKH npM Z = 18 M Z = 54 AaIOT 3HaqeHM5I aTOMHoro 06'beMa npM 

P = 500 000 Kf/CM2, nOJIytteHHbIe HeHceHOM (5) nYTeM TeOpeTHtIeCKHX pac

tIeTOB. 

ABTOp npO.ll.OJI:>KHJI HatIaTYIO JI. <D. BepemarHHbIM H A. H. JIHxTepoM (6) 
pa60ry no BbI51CHeHMIO 3aBHCMMOCTH C:>KHMaeMOCTH 3JIeMeHTOB OT aTOMHoro 

HOMepa npM BbICOKHX .lI.aBJIeHH5IX. DbIJIH BblqMCJIeHbI no ypaBHeHHHM (2) H (3) 
3HatIeHM5I K03cpcpHli.HeHTa 06'beMHOrO C:>KaTHH p. npH AaBJIeHH5IX OT 30000-
100000 .lI.O 200000-500000 Kf /CM2. «MmoBeHI-IbIH» K03CPCPHli.HeHT p. BbIpa

:>KaeT C:>KHMaeMOCTb 3JIeMeHTOB DpH 3a.ll.aHHOM AaBJIeHHM P H 06'beMe V. )Ke

JIaTeJIbHO 6bIJIO npOCJIeAHTb, KaK 6Y.lI.eT M3MeHHTbCH p. nOA AeHcTBHeM BbICO

Koro .lI.aBJIeHH5I. (.II.JIH cpaBHeHH5I Ha pHC. 2, npHBe.ll.eHa TaK:>Ke KpHBa51 

PHtIap.ll.Ca (1) .lI.JIH C:>KHMaeMOCTH 3JIeMeHTOB npM aTMoccpepHoM .lI.aBJIeHHH.) 

OTMeTHM, tITO AaHHble .lI.JIH Z = 6, nOMern.eHHble Ha rpaqJHKe, npH Bcex .lI.aBJIe-
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HIUIX OTHOCfITCfI K rpaqHlTY. Bce npHBe.D,eHHble .D,aHHble nOJIyqeHbI npH KOMHaT-

'HOM TeMneparype. . 

I1s pHC. 2 BH.D,HO, KaK C)l{HMaeMOCTb 3JIeMeHTOB YMeHbliiaeTcfI no Mepe 

BospacTaHHfI .D,aBJIemI5I. PesKafI nepHO.D,HqeCKafI saBHCHMOCTb, HMelO~afI 
MeCTO npH aTMoccpepHoM .D,aBJIeHHH, C nOBbIllIeHHeM .D,aBJIeHHfI CTaHOBHTC5I Bce 

MeHee 5IpKO Bblpa)l{eHHoM. HaH60JIbllIeM C)l{HMaeMOCTbIO npH aTMoccpepHoM 

.D,aBJIeHHH 06JIa.D,alOT ~eJIOqHble MeTaJIJIbl, HaHMeHbllIYlO C)l{HMaeMOCTb HMeeT 

2JIMaS «8), 1,8· 10-7). C)l{HMaeMOCTb II.eSHfI npH aTMoccpepHOM .D,aBJIeHHH B 
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PIl C. 2. 3aBHcHMoCTb C)f(I1MaeMOCTH OT aTOMHoro HOMepa 3J1eMeHTOB npH pa3Hblx .llaBJle

HHSlX. I-p=1 Kfj CM2; 2-30000 KrjcM2; 3 -100000 KfjCM2; 4-200000 Kr/CM2; 

5 - 500 000 Kr/CM2 

340 pas 60JIbllIe, npH p = 30 000 Kf/CM2 B 63 pasa, npH 100000 Kf/CM2 B 

7,8 pasa, npH 200000 Kf/CM2 B 3,6 pasa, a rrpH 500000 Kf/CM2 Bcero B 

1,4 pasa 60JIbllIe, tIeM C)l{HMaeMOCTb aJIMaSa npH aTMoccpepHoM .D,aBJIeHHH. 

TIPH .D,aBJIeHHH 500000 Kf/CM2 p5I.D, 3JIeMeHTOB 6Y.D,eT HMeTb C)l{HMaeMOCTb, 

OJIH3KYlO K C)l{HMaeMOCTH aJIMasa. TIPH 3TOM .D,aBJIeHHH C)l{HMaeMOCTb 3JIe
MeHTOB e~e HMeeT nepHO.D,HtIHOCTb, HO Y)l{e C HeKOTopblMH CYlll,eCTBeHHhlMI1 

H3MeHeHH5IMH. TIO.D, .D,eMCTBHeM BblCOKoro .D,aBJIeHH5I, KaK Ha 3TO BrrepBble 

06paTHJIH BHHMaHHe JI. <1>. Bepe~arHH H A. I1. JIHxTep (6), MaKCHMYMbI 

C)l{HMaeMOCTH CMe~alOTC5I Bnpa'BO Ha e.D,HHHUY B aTOMHOM HOMepe, H rrpH 

OtIeHb BbICOKHX .D,aBJIeHH5IX HaH60JIee C)l{HMaeMbIMH OKa3bIBalOTC5I Y)l{e He 

~eJIOtIHble, a ~eJIOtIH03eMeJIbHble 3JIeMeHTbl. TIPH .D,aBJIeHHH 30000 Kf/CM2 

MaKCHMaJIbHYlO C)l{HMaeMOCTb HMeeT uesHM, a rrpH 100 000 Kf /CM2 C)l{HMae

MOCTb 6apH5I OKaSblBaeTC5I Y)l{e 60JIbllIe C)l{HMaeMOCTH II.eSH5I. TIpH 

200000 Kf/CM2 C)l{HMaeMOCTb CTPOl-IUH5I 60JIbure C)l{HMaeMOCTH Py6H.D,HfI H 

npH 500000 Kf /CM 2 C)l{HMaeMOCTb KaJIbUH5I 60JIbllIe C)l{HMaeMOCTH KaJIHfI. 

3aMeTHM O.D,HaKO, lITO .D,aHHble .D,JIfI p = 200 000 H P = 500 000 Kf/CM2 fIB

JIfIlOTCfI pesYJIbTaTOM 3KCTparrOJIfIUHH. 

I1s paCCMOTpeHHfI saBHCHMOCTeM K = f (p) H pHC. 1 H 2 MO)!{HO C.D,eJIaTb 

npe.D,nOJIO)l{eI-IHe, tITO Y 6apHfI, CrpOHII.HfI, CeJIeHa H TaJIJIHfI CJIe.D,yeT O)l{H.D,aTh 

BHyTpeHHHx rrepexo.D,o npH .D,aBJIeHHfIX BbJure 100 000 Kf /CM2. . 

YKa3aHHbJe H3MeHeHHfI aTOMHblX o6beMoB H C)l{HMaeMOCTH 3JIeMeHTOB, 

nOBH.D,HMOMY, fIBJIfIlOTCfI CJIe.D,CTBHeM HeKoTopoH .D,ecpopMaII.HH BHellIHHX 3JIeK

TPOHHblX o60JIOtIeK no.D, .D,eMCTBHeM OtIeHb BblCOKHX .D,aBJIeHHH. BOSMo)l{

HOCTh TaKoro B03J(eHcTBHfI Ha BHeurHHe 3JIeKTpOHHble 060JIOtIKH aTOMOB 
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6bIJIa rrOKa3aHa npH CHJIbHOM C)!{aTHH ue3HH. lho6bl 06b5lCHHTb o6Hapy)!{eH

HOe BpHA)KMeHOM CKaQKOo6pa3Hoe H3MeHeHHe 06beMa (6. VIVo = 5,6%) > 

rrpOHCXOAHm.ee y ue3HH npH AaBJIeHHH 450QO KrjcM2, <I>epMH npe.ll.rrOJIO)KHJI, 

'ITO rrOA AeifcTBHeM CBepXBbICOKoro AaBJIeHH5I BaJIeHTHblH 3JIeKTpOH ue3HH 

rrepeXOAHT Ha CBo60.ll.HYIO Op6HTY. IIlTepHreHMep (9) TeOpeTHQeCKHM pac'Ie

TOM AOK"a3 aJI , lfTO y .u:e3H5I AeHCTBHTeJIbHO B03MO)!{eH 3JIeKTpOHHbIH nepeXO.ll. 

C Op6HTbI 68 Ha Op611TY 5d npH AaBJIeHHH OKOJIO 50000 Kr/CM2. OH TaKJKe 

paCClfHTaJI, lfTO Y py6H.ll.H5I H· KaJIH5I 3JIeKTpOHHble nepeXOAbl MoryT npoH30HTH 

TOJIbKO npH AaBJIeHHHX BbIIlIe 100000 KrjcM2. 

IlpH AaBJIeHHHX B COTHH TbICHl.! aTMoccpep MO)!{HO O)KHAaTb cym.ecTBeH

HbIX H3MeHeHm1 H B ApyrHx rrepHOAHqeCKHX CBoHcTBax 3JIeMeHTOB, 3aBHCH

IlI.HX OT l.!HCJIa BHeIlIHHX 3JIeKTpOHoB H cTpOeHH5I HX Op6HT, TaKHX, KaK XHMH

qeCKHe CBoHcTBa, TeMIIeparypa IIJIaBJIeHH5I, K03cpCPHUHeHT TepMHl.!eCKOrO pac

IlIHpeHHH H T. A . 

JIa6oparopH5I .pH3HKH csepXBblCOKHX Jl.aBJleHHH 
AxaJl.eMHH HaYK CCCP 
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