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A. A. CEMEPl.JAH, H . H. KY3HH, J1 . H. APO:mOBA, 
'1J1eH-KOppecnoHAeHT AH CCCP J1. ~. BEPE~ArHH 

M3MEHEHME 9JlEKTPM4ECKOrO COnpOTMB.[IEHM51 
PbS, PbSe M PbTe no,n; ~ABJIEHMEM ,n;O 200000 Kf / CM2 

llpe)].cTaBJI5IeT HHTepec HsytIeHHe HSMeHeHHH .9JIeKTpHtIeCKOrO cOnpOTHBJle 

HH5I cym,qm)].a CBHHlI.a, CeJIeHH)].a CBHHlI.a H TeJIJIypH)].a CBHHlI.a no)]. )].aBJIeHHeM 

.no 200000 Kf/ CM2. KaK HSBeCTHO, PbS, PbSe, PbTe 6JIHSKH no CBOHM cpH3HtIe­

CKHM H XHMHIJeCKHM cBoiicTBaM, nOCKOJIbKY cepa, CeJIeH H TeJIJIYP 5IBJI5IIOTCH 
XHMHIJeCKHMH aHaJlOraMH. 3TH BeIll.eCTBa HMe-

lOT KpHCTaJIJIHIJeCKYIO CTPYKTYPY THna NaCI 
C nOCT05IHHbIMH pellIeTKH, . ,PaBHbIMH COOT­

BeTCTBeHHO 5,91; 6,14; 6,34A. 
Ha pHC. 1, 2 H 3 npe)].cTaBJIeHO H3MeHe­

HHe .9JIeKTpHtIeCKOrO cOnpOTHBJIeHH5I PbS, 

PbSe H PbTe (1) no)]. )].aBJIeHHeM )].0 200000 
Kf/cM2. KaK BH)].HO H3 PHCYHKOB, KpHBbIe 

7.5 

6.0 

HMeIOT o)].HHaKoBYIO CPOPMY· CHaIJaJIa C POCTOM t 4,5 
)].aBJIeHHH .9JIeKTpHtIeCKOe cOnpOTHBJIeHHe Be-

IlI.eCTBa YMeHbllIaeTC5I, npoxo)].HT IJepe3 MHHH- "< 
~ MYM,3aTeM pe3Ko B03pacTaeT, npoxo)].HTIJe-

8,0 

l.S 

o 

I 
I 
I 
I 
I 
I 

p. 

pe3 MaKcHMYM H nJIaBHO YMeHbllIaeTC5I. I1c­

CJIe)].oBaJIOCb HeCKOJIbKO 06pa311.0B KaJK)].oro 

BeIll.eCTBa pa3JIHlJHOii CTeneHH IJHCTOTbI, H, 

CJIe)].oBaTeJIbHO, C pa3JIHIJHbIMH HCXO)].HbIMH 

.9J1eKTpHtIeCKHMH cBoiicTBaMH. KaK BH)].HO H3 

PHCYHKOB, cOOTBeTcTBYIOIlI.He KpHBble He Ha­

KJIa)].bIBaIOTC5I )].pyr Ha )].pyra H OTJIHtIalOTCH 

no 3HaIJeHH5IM Rrnin H Rmax, a TalOKe no HX 

OTHOllIeHHIO (.Rrnin H Rmax-MHHHMaJIbHOe H 
MaKCHMaJIbHOe COnpOTHBJleHHH O)].Horo H TOro 

)Ke 06pa311.a B HHTepBaJIe OT aTMoccpepHoro 

)].aBJIeHH5I)].O 200 000 Kf/ CM2). 3T0 pa3JIHIJHe 
MO)KeT 6bITb TaK BeJlHKO, 'ITO )].JI5I pa3HbIX 

06pa311.0B O)].Horo H Toro)Ke BeIll.eCTBa (Ha-

PHC. 1. H3MeHeHlIe 3J1eKTpH'IeCKOrO 
COnl'OTHBJleHHlI PbS [npH AaBJleHHlIX 
,l.{O ' K6ap. I-n-THn, n=4,9 ·1018; 

.; p-nm, n = 1,5.1018 CM- s 

npHMep, PbSe) npHXO)].HTC5I CTPOHTb pa3JIHIJHble OCH Koop)].HHaT (CM. pHC. 2). 
06pa311.bI OIJeHb MaJIO pa3JIHIJaIOTC5I no CBOHM reOMeTpHIJeCKHM pa3MepaM (2). 

B ew,e­
CTBO 

PbS 
PbSe 

PbTe 

p . 
min 

25000 
40000-
45000 
65000 

Ta6J1 H ua 1 

I p . ' I a, A max 

50000 
75000-
80000 
80000-
85000 

5,91 

6 , 14 

6,34 

• no WKaJle BpHi\lKMeHa. 

1l0JlHoe H3YtIeHHe .9JIeKTpHIJeCKHX CBoiicTB 

)].JIH KaJK)].oro H3 .9THX BeIll.eCTB no)]. )].aBJIeHH­

eM B 3aBHCHMOCTH OT THna npOBO)].HMOCTH, 
t!HCJIa H BH)].a npHMeCHbIX aTOMOB, cnoc060B 

HX BBe)].eHH5I B KpHCTaJIJIHIJecKYIO pellieTKY 

H T. )].. HMelOT 60JIbllIOii caMOCT05ITeJIbHbIH 

HHTepec. 

O)].HaKo B )].aHHoii pa60Te MbI )].OJl)KHbl OT­

MeTHTb, tITO HeCMOTp5I Ha pa3JIHIJHe B CTeneHH 

IJHCTOTbI HCXO)].HbIX BeIll.eCTB, 3HaIJeHHH Prnin H 

P max )].JIH KaJK)].OrO BeIll.eCTBa OCTaIOTCH CTpOrO 

nOCTOHHHbIMH H 5IBJI5IIOTCH pa3HbIMH )].JI5I PbS, 

PbSe H PbTe (P min H P max - 3HaIJeHHH )].aBJIeHH5I, npH KOTOPbIX COnpOTHBJIe­

HHe O)].HOrO H TOrO)Ke 06pa311.a COOTBeTCTBeHHO MHHHMaJIbHO, H MaKCHMaJIbHO, 

B HHTepBaJIe OT aTMOCcpepHOrO )].aBJIeHH5I )].0 200000 Kf/ CM2
,) 
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KaK BH,[(HO 113 Ta6JI. 1, 3HaqeHH5I P min 11 jJ max YBeJIHqI1BaIOTC5I BMeCTe C POCTOM 
.nOCT05lHHOR peW~TKI1 a H XOPOllIO COBna,[(aIOT ,[(JI5I PbS H PbTe C HMeIOUI,HMHC5I 

.J1HTepaTYPHbIMI1J )l.aHHbIMH (3). ITO-BH,[(HMOMY, PbS, PbSe H PbTe rrpeTepneBalOT 

S 

4,5 

4 
3 4 

t Z 

~3 3 

~ ·t 
~ ""~ 
~ 2 Z 

o 

PHC. 2. 113MeHeHHe 3J1eKTpOConpOTHBJleHH5! PbSe npH J).aBJleHH5!X J).O 
200K6ap. J-p-THn, n=8,3·1017 , 2-p'THn, n=3,3.J017 , 3-n-THn, 

n = 3.1019, 4 - p-THn, n = 8· J019 CM- 3 

nOJIHMopcpHble npeBparn.eHH5I B HCCJIe,[(yeMoM ,[(Hana30He ,[(aBJIeHHR. He06blqHblM 

.JIHllIb JIBJI5IeTC5I ,[(Hana30H npeBpaUI,eHI151, ,[(oCTl1raIOUI,HR HeCKOJIbKI1X ,[(eC5ITKOB 
TbIC5IQ aTMoccpep . 

HHTepeCHO cpaBHHTb ,[(aHHble HaweR pa60TbI C ,[(aHHbIMI1 Bpl1,[(>KMeHa no 

oC>KHMaeMOCTH 9TI1X coe,[(I1HeHI1R npH ,[(aBJIeHH5IX ,[(0 100000 Kf/cM2 (4). KaK 

l,O~ 
x BI1,[(HO 113 Ta6JI. 2, C>KI1MaeMOCTb 

2 

-as 

t 
3 

( . 

o 50 

PHC. 3. 113MeHeHHe 3J1eKTpOConpOTHBJleHH5I 
PbTe npH ,lI,aBJleHH51X ,lI,O 200 K6ap. J­
p -THn , n = 4,9.J09, 2- p-THn, n = 6,2·1018 , 

3 - p-THn, n= 6,24.1018 CM- s 

PbS, PbSe 11 PbTe YBeJIHQHBaeTC5I 

C POCTOM nOCT05lHHbIX peweTKH 9THX 
coe,[(HHeHHH npl1 aTMoccpepHoM ,[(aBJIe­

HHlf. Y PbS npH ,[(aBJIeHH5IX OKOJIO 

25000 Kf/CM2 Ha6JIIO,[(aerC5I CKaQKO-

06pa3Hoe YMeHbweHHe 06beMa (B 

Ta6JI. 2 He npHBO,[(HTC5I). YPbSe npH 
,[(aBJIeHHI1 43000 Kf/cM2 CKaQOK B 

06beMe COCTaBJI5IeT 0,024, Y PbTe 

npl1 42000 Kf/ CM2 0,033. ITo BceR 

Bep05lTHOCTI1 CKaQK006pa3Hoe YMeHb­

WeHl1e 06beMoB PbS, PbSe H PbTe 

Henocpe,[(cTBeHHo CB5I3aHO C CPOPMOR 

KPHBbIX, nOJIYQeHHbIX B ,[(aHHoR pa-

6OTe. 

Ha6JIIO,[(aeMbIe nOJII1MopcpHble npe­

BpaUI,eHI151 51BJI5IIOTC5I 06paTI1MbIMH. 

ITPH YMeHbweHHH ,[(aBJIeHH5I ,[(0 aT­

MoccpepHoro 9JIeKTpOCOnpOTHBJIeHHe 

HCCJIe,[(yeMblx 06pa3II.OB npHHHMaeT 

nepBOHaQaJIbHOe 3HaQeHHe, 3a HCKJIIOQeHHeM He60JIbWOrO YMeHbWeHH5I, BbI-

3BaHH()rO HeKOTopbIM H3MeHeHHeM reOMeTpHQeCKHX pa3MepoB 06paSII.OB BO Bpe­

M5I .9KcnepHMeHTa. Mero,[(oM peHTreHocTpYKTypHoro aHaJIHSa B 06pa3~e nOCJIe 
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Ta6JJH~a 2 

06beM coe~H~ler!Hi{ PbS, PbSe, PbTe B HHTepBaJIe ~aBJIeHHi{ · OT aTMoccpepHoro 
~o 100000 Kf j CM2 

HHe PbS PbSe PbTe HHe, ~aBne-1 I I II ~aBne-
"r/cM' "r/CM' PbS I PbSe I PbTe 

/I 
~aBne-1 I I ,,'f./~M' PbS PbSe PbTe 

1 1,000 t,OOO 1,000 40000 0,918 0,922 0,930 70000 
25000 0,933 0,938 0,944 50000 0,909 0,888* 0,884** 80000 
30000 0,928 0,932 0,939 60000 0,900 0,877 0,869 90000 

100000 

• ll epexol\ npH 45000 "r/ cM', H3MeHeHHe 06"beMa OT 0,917 1\0 0,893 . 
•• llepexol\ npH 45000 "r/CM', H3MeHeHHe 06"beMa OT 0,925 1\0 0,892 

0,892 0,867 0,855 
0,886 0,858 0,842 
0,881 0,849 0,831 
0,876 0,841 0,820 

CH51TIUI )1.aBJIeHH51 )1.0 aTMoccpepHoro He 6blJIO 06HapY)KeHO n051BJIeHM51 HOBOH cpa-

3bI. Bce M3MepeHM51 npOBO)1.HJIHCb rrpM KOMHaTHOH TeMnepaType. 

HeCOMHeHHblH MHTepec rrpe)1.CTaBJI51eT M3ytIeHMe TeMnepaTYPHOH 3aBMCMMO­

CTM 3JIeKTpMtIeCKOrO conpOTMBJIeHH51 )1.aHHhlX nOJIynpOBO)1.HMKOB OT )1.aBJIeHH51, 

KOTopoe 6Y)1.eT rrpOBe)1.eHO B )1.aJIbHeHllIeM. 
ABTOPbl Bblpa)KalOT 6JIarO)1.apHOCTb A. A. ABepKMHY 3a np051BJIeHHbIH MHTepec 

K pa60Te. 

I1HCTHTYT CPH31lKH Bb!COKHX ~aBJIeHHi{ 
AKa~eMlm HayK CCCP 

UI1THPOBAHHA~ nl1TEPATYPA 

TIocTynHJJO 
19 VI 1963 

1 n. <I>. B e p e llI. a r H H, A. A. C e Me p q a H H ~p., Jl.AH, 150,.N'g 5 (1963). 2 n. <I> . 
B e p e llI. a r H H, A. A. C e M e p q a H Ii ~p., JI.AH, 145, .N'g 4 (1962). 3 J. A. Sam a r a, 
H.J. Drickamer, J .Chem. Phys., 37, 1159(1962). ·P. W.Bryd~man, Proc. 
Am . Acad. Arts and Sci., 76, 55 (1948). 
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JI.oKJIal\bl AKal\eMHH HaYK CCCP 
1963. TOM 152, M 5 

AKaJJ.eMHK B. B. lliYJlEAKHH 

ct>H3HKA 

HA3EMHbiE OnblTbl C HEBECOMblMH )l(H)J;t(OCT5IMH 

B TeOpeTl1'leCKHX pa60Tax (1, 2) HaMH 6bIJIO HCCJIe,ll.OBaHO nOBe,ll.eHHe )KH,lI.KO­

CTH, TepSUOw.eii: BeCOMOCTb: a) rrpH H,lI.eaJIbHOM CMa'lHBaHHH nO,ll.CTHJIalOw.eii: TBep­

,lI.oii: rroBepxHocTH, 6) npH OTCYTCTBHH CMa'lHBaHH5I. 11 B nepBoM, H BO BTOPOM 

cJIY'la5Ix OCHOBHoe BHHMaHHe 6bIJIO 06paw.eHo Ha CPOPMY nOBepxHocTH )KH,lI.KOCTH 

B COCT05IHHH CTaTH'leCKOrO paBHOBeCH5I rrpH YMeHbIIIeHHH BeCOMOCTH B onpe,ll.eJIeH­

Hoe 'lHCJIO pa3 . .lI.HHaMH'leCKa5I CTopOHa 3a,ll.a'lH 6bIJIa HCCJIe,ll.OBaHa TOJIbKO cxe­

MaTH'leCKH: OTBJIeKaHCb OT CHJI BHYTpeHHero H rrOBepXHOCTHoro TpeHHH H 6e3 

y'leTa :meprHH Ha nOBepXHOCTH conpHKOCHOBeHHH Me)K,lI.Y )KH,lI.I<OCTblO H TBep,ll.bIM 

TeJIOM. npH TaKoii: cxeMaTH3a~HH OKa3bIBaJIOCb, 'lTO MOJIeKYJI5IpHble CHJIbI, HC­

KPHBJI5IIOIII.He nOBepXHOCTb pa3,l1.eJIa )KH,lI.KOCTb - B03,l1.yX, MoryT nepeBeCTH CHCTe­

My 'lepe3 nOJIO)KeHHe CTaTH'leCKOrO paBHOBeCH5I H YBJIe'lb ee,ll.O HeKOToporo KpaH­

Hero COCT05IHH5I; nOCJIe 3Toro CHCTeMa ,lI.OJI)KHa nOHTH Ha3a,ll., MHHOBaTb rrOJIO)Ke­

HHe CTaTH'leCKOrO paBHOBeCH5I H BepHYTbC5I B HCXO,ll.HOe nOJIO)KeHHe, C KOToporo 

onHTb Ha'lHeTCH KOJIe6aTeJIbHbIH npou.ecc. 

B pa60Tax e, 2) 6bIJIO OTMe'leHO, qTO CHJIbI nOBepXHOCTHoro H BHYTpeHHero 

TpeHH5I ,lI.OJI)KHbI 3Ha'lHTeJIbHO OCJIO)KHHTb ,lI.BH)KeHHe, C03,l1.aBaeMOe nOBepXHOCT­

HbIM HaT5I)KeHHeM H conYTCTByeMoe CHJIaMH HHepu.HH. C ,lI.pyroH CTOPOHbI, Ha 

,lI.HHaMHKe HCCJIe,ll.yeMoH CHCTeMbI ,lI.OJI)KHO OTp3)KaTbCH 3Ha'leHHe nOBepXHocTHoii: 

3HeprHH TaM, r,ll.e )KH,lI.KOCTb conpHKaCaeTC5I C TBep,ll.oii: nO,ll.CTHJIalOw.eH nOBepx­

HOCTbIO, a nOTOMY npHH~HnHaJIbHO B03MO)KHO HCnOJIb30BaTb Ha6JIIO,lI.eHH5I 3a 

onHcaHHbIMH 5IBJIeHHHMH ,lI.JI5I 3KcnepHMeHTaJIbHOrO onpe,ll.eJIeHHH 3TOH 3HeprHH 

(KaK H3BeCTHO, ,lI.O HaCT05Iw.ero BpeMeHH 3KcnepHMeHTaJIbHbIM nYTeM y,ll.aJIOCb 

orrpe,ll.eJIHTb TOJIbKO 3HeprHIO Ha nOBepXHOCTH pa3,l1.eJIa BO,ll.a - napacpHH). 

l1cCJIe.iI.oBaHHe BC5I4eCKHX nOMex, 60Pb6a C HHMH H pa3pa60TKa HOBOH MeTO­
.D.HKH Ha,ll.e)KHeii: Bcero MoryT 6bITb ocyw.ecTBJIeHbI npH MrHOBeHHOM B03HHKHO­

BeHHH HeBecoMocTH, nOCJIe KOToporo HCCJIe,ll.yeMaH )KH,lI.KOCTb ,lI.OJI)KHa cpOTorpa­

cpHpOBaTbC5I KHHoannapaTOM C ,lI.OCTaT04HO 60JIbIIIHM 4HCJIOM Ka,ll.pOB B ce­

KyH,lI.y, a 3TO JIerKO BbInOJIHHMO npH Ha3eMHbIX OnbI'raX co CB060,ll.HO rra,ll.alOw.HM 

CHap H,lI.OM , BHyTpH KOToporo Ha,ll.O pa3MeCTHTb He06xo,ll.HMYlO 3KcnepHMeHTaJIb­
HyIO annapaTypy,- HeBeCOMOCTb B03HHKHeT MrHOBeHHO, B MOMeHT Ha4aJIa na,ll.e­

HH5I CHap5l,ll.a. 

Ha pHC. 1 cxeMaTHlieCKH H306pa)KeH npO,ll.OJIbHbIH pa3pe3 TaKoro CHapH,lI.a, 

nocTpoeHHoro no HaIIIeMY npoeKTy. Ero ,lI.JIHHa COCTaBJIHeT 1200 MM, a ,lI.HaMeTp 

HaH60JIbIIIerO nonepe4Horo ce4eHHH 400 MM. Ha cxeMy. He HaHeceHO onepeHHe 

cTa6HJIH3aTopa. npH 06TeKaeMOH cpopMe nOBepXHOCTH H ocyw.eCTBJIeHHbIX 

CKOPOCT5IX na,ll.eHH5I conpOTHBJIeHHe B03,l1.yxa HHlITO)KHO no cpaBHeHHIO C BeCOM 

Bcero CHap5l,ll.a (250 Kr), a nOToMY YCKopeHHe HH'lTO)KHO MaJIO OTJIH4aeTC5I OT g, 
. H na,ll.eHHe C ,lI.OCTaT04HbIM npH6JIH)KeHHeM MO)KeT ClIHTaTbCH CB060,ll.HbIM. 

BHYTPH CHap5l,ll.a Ha KpyrJIOM npe,ll.MeTHOM CTOJIHKe 1 nOCTaBJIeHa napaqmHo­

BaH KIOBeTa, ,lI.HO KOTOPOH cBepxy 04ep4eHO nOBepXHOCTblO KpyrJIOro KOHyca c 

yrJIOM 174° npH BepIIIHHe; HHbIMH CJIOBaMH, 06pa3YIOw.He KOHyca HaKJIOHeHbf K 

ropH30HTaJIbHOH nJIOCKOCTH no,ll. yrJIOM 3°. 31'0 n03BOJIHeT nepe,ll. rra,ll.eHHeM CHa­

p5l,ll.a 06ecne4HTb YCToH4HBoe nOJIO)KeHHe «,lI.HCKo06pa3HOrO» CJIOH HeCMa4HBalO­

w.eii: )KH,lI.KOCTH B KIOBeTe, HeB3HpaH Ha HeH36e)KHble He60JIbIIIHe OTKJIOHeHHH OCli 

CHap5l,ll.a OT BepTHKaJIH. KIOBeTa C )KH,lI.KOCTbIO OTpa)KaeTCH B 3epKaJIe 2 C BHeIII­

HHM cepe6peHHeM, Ha KOTopoe cBepxy HaBe,ll.eH 06beKTHB KHHoannapaTa 3, 
n03BOJIHIOw.ero nOJIY4aTb ,lI.O 64 Ka,ll.pOB B ceKyH,lI.y. Ha K3)K,lI.OM Ka,ll.pe Ha,ll. )KH)I-
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