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Semenclan

PU3BHKA
rasdeva.

A. A. CEMEPYAH, H. H. KY3HH, JI. H. JIPO3TIOBA,
uiren-koppecnonnent AH CCCP JI. ®. BEPEWIATI'MH

UBMEHEHHUE 3JIEKTPUYECKOIo COMPOTHUBJIEHUS
PbS, PbSe U PbTe IMOJA AABJIEHHEM O 200000 xI'/cm?

IlpencraBisieT HHTEPEC H3yUeHHe H3MEHEHHSI 3JIEKTPHUECKOrO CONPOTHBJIE
HHS CYJIb(HA CBHHIA, CeJeHH[a CBHHIA H TeJIypHAa CBHHIA IO JAaBJEHHEM
1o 200 000 kI'/em®. Kak ussectHo, PbS, PbSe, PbTe 6ausku no cBoum ¢usmnue-
CKHM M XHMHYECKHM CBOHCTBaM, IIOCKOJIBKY C€pa, CeJieH M TeJIyp SBJSIOTCS

XMMHYECKHMH aHAJIOraMH. DTH BelecTBa HMe-
10T KpHCTasIuyecKyto crpykrypy tuna NaCl
C TOCTOSHHBIMH DeIUeTKH, DPaBHBIMH COOT-
BercTBeHHo 5,91; 6,14; 6,34 A.

Ha puc. 1,2 u 3 npeicraBieHO H3MeHe-
HHE 3JIeKTPHUecKoro comporuBiaenus PbS,
PbSe u PbTe (*) mox naBienmem xo 200 000
kI'/cm®. Kak BHIHO H3 PHCYHKOB, KpDHBBIE
HMeIoT OfHHaKOBY0 opmy. CHayama c pocToM
JIaBJICHHS /IEKTPHUECKOE COMPOTHBIIEHHE Be-
[IECTBA YMEHBLIAETCS, IPOXOAHT Yepe3 MHHH-
MyM, 3aT€M pE3KO BO3pacraer, NPOXOIHUT Ue-
pe3 MaKCHMyM U IJIaBHO YyMeHbluaetcs. Mc-
CJIEZIOBAJIOCh HECKOJIBKO 06pasIoB KaxKIOTro
BEIIECTBA PA3JIMYHOH CTENeHH YHCTOTHI, H,
CJIeIOBATENbHO, C PA3JHYHBIMH HCXOIHBIMH
3JIEKTPHYECKHUMH cBoiicTBaMH. Kak BHAHO u3
PHUCYHKOB, COOTBETCTBYION[HE KDHBbIE HE Ha-
KJI4JIbIBAIOTCS APYT HA ApPyra M OTJIMYAIOTCS
0 3HAYEHHAM Rumin U Rmax, @ TaKXKe [0 HX
OTHOWIEHHIO (Rmin H Rmax—MHHHMAJIbHOE H
MaKCHMaJIbHOE CONPOTHBJIEHHSI OJHOIO H TOrO
e obpasna B HHTEpBaje OT aTMochepHOro
nassenust 10 200 000 k[/em?). Iro pasauuue
MOXKeT OBbIThb TaK BEJHKO, UTO JJIS Pa3HBIX
00pasIoB OJHOTO M TOTO }Ke BelecTBa (Ha-
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Puc. 1. M3ameHeHne 3J€KTPHUYECKOTO

conpotuBienusi PbS [npu naBienusix

no O k6ap. [—n-tun, n=4,9-1018;
2 p-tan, n= 1,5.1018 cm—3

npumep, PbSe) mpuxoAMTCS CTPOHTH pas3iHYHBIE OCH KOOpAMHAT (CM. pHC. 2).
OG6pasiibl O4eHb MaJ0 PasjyaloTCsl M0 CBOMM TeOMeTpHYecKHM pasmepam (%).

Ta6bauma 1

[TonHoe u3yueHHe 3JEKTPHUECKHX CBOHCTB
JJIsT KaXKAOrO M3 STHX BEINeCTB NOJ JAaBJIEHH-
€M B 3aBHCHMOCTH OT THIa NPOBOJHMOCTH,
ypcaa M BHAA MPHMECHBIX aTOMOB, CIOCOGOB
HX BBEJEHHS B KPHCTAJJIHYECKYIO pelIeTKy
H T. A. UMeoT GOJIBIIOH CaMOCTOATEJbHbI

OnHako B JaHHOH paGoTe MBI JOJIXKHBI OT-
METHTh, UTO HECMOTPSI HA Pa3/IHYUE B CTENEHH

B?':f" Pmin max | % A
PbS 25 000 50000 | 5,91
PbSe 40 000—| 75 000— HHTEpEC.
45000 80000 | 6,14
PbTe 65 000 80 000—
85000 | 6,34

* ITo wkane Bpumxmena.

YHUCTOTHI HCXOJHBIX BEIECTB, 3HAUEHHS P H
P nax AJIsl KQXKOTO BEIIECTBA OCTAIOTCS CTPOTO
[IOCTOSTHHBEIMH M SIBJISIIOTCS PasHbIMA 4151 PbS,

PbSeu PbTe (Ppin U Pmax— 3HaueHHS JaBJIeHHS, IPH KOTOPHIX COMpPOTHBJIE-
HHE OJHOTO H TOrO e 00paslia COOTBETCTBEHHO MHHHMAJ/bHO, H MAKCHMAJbHO,
B HHTepBaJe ot arMochepHoro gasnenus 1o 200 000 kT/cm?.)
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Kak BujHo u3 1a6a1. 1, 3Ha4eHHs Pryiq B P max YBEIHYHBAIOTCS BMECTE C POCTOM
JMIOCTOSIHHO¥ peIeTKH @ M xopouo coBmagaior A5t PbS u PbTe ¢ umeromumucs
JsurepatypHeiva | aauHbivH (%). Tlo-Bunumomy, PbS, PbSe n PbTe nperepnesaior

'5 —
)
!
4 .
S
S
&
=
2 -
] -
|
1 I ! !
0 50 100 150-103K2/cm?
P —

200 k6ap. I — p-tun, n=8,3-10%7,
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Puc. 2. Mawenwenwe »sJeKTpoconporusienuss PbSe mnpu  naBmenusx 1o
2—p-tun, n=3,3.10 38 —n-tun,
n=23-10", 4— p-tun, n=8-10% cm-3

nonuMopGHbIe NpeBpalleHusl B HCCJAELyeMOM quanasoHe AaBieHui. Heo6uuHpM
JIMIIb SBJSIETCS AMANAa3OH NPEBPAIleHHs, JOCTUTAIOM U HECKOJbKHX JECATKOB

TeICSY aTMocdep.

VHTepecHO cpaBHHTb JaHHbBIE HameHd paGoTH ¢ JaHHBIMH BpHmIxMeHa mo
CKHMaeMOCTH 3THX COeJHMHEHHH npu JAaBieHusix go 100000 kI/cm? (4). Kak

! |
0 T 100-103 xijem? 200

Puc. 3. [aMmeHeHHe 3J€KTPOCONPOTHBJIEHHS

PbTe mnpu pgaBaenusix po 200 kbap. [ —

p-tun, n = 4,9.10%, 2— p-tunm, n=6,2-1018,
3 — p-tun, n=6,24-1018 cu~3

BUJHO u3 Tabja. 2, CXKHMaeMOCThb
PbS, PbSe u PbTe yBenuuuBaercs
C POCTOM MOCTOSIHHBIX PELIETKH 3THX
COeIMHeHU# npu atMochepHOM JaBJie-
HuH. ¥ PbS mpu paBieHHsiX OKOJIO
25000 xI'/cm? mabmomaercsi CKauKo-
ob6pasHoe yMeHbIIeHHe o0beMa (B
Tabs. 2 He mpuBoxurcs). Y PbSe npu
Jaasnerand 43000 xI[/cm? ckadoxk B
o6weme cocraeasier 0,024, y PbTe
npu 42000 xI/em? 0,033. Ilo Bceit
BEPOSITHOCTH CKAUKOOOPa3HOe YMEHb-
wenue o6vemoB PbS, PbSe uPbTe
HEMOCPeJCTBEHHO CBS3aHO C (OPMOH
KDHBBIX, MOJTYUYEHHBIX B JAHHOH pa-
6ore.

Ha6mopnaemsle monumopdHbe nmpe-
BpalleHUs SIBJISAIOTCA OOpaTHMBIMH.
[Ipy yMEHBbIIEHWW JABJIEHUS A0 aT-
MOC(EPHOr0 3JIEKTPOCONPOTHBJIEHHE
HCCJIelyeMbiX 0GpasiOB NPHHHMAET

nepBOHAaya/bHOE 3HAUEHHE, 32 HCKJ/IOUeHHEM HeOOJbIIOr0 yMEeHbIIeHHS, BbI-
3BAHHOTO HEKOTOPHIM U3MEHEHHEM TIeOMeTPHYECKHX pa3MepoB 06pasuoB BO Bpe-
Msl 3KcrepuMeHTa. MeTooM peHTreHOCTPYKTYPHOrO aHajiu3a B 0Gpasue mocie
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Ta6anuma 2

O6pem coenunennii PbS, PbSe, PbTe B unrepsase nassenuii or atmochepHoro
qo 100 000 xI'/cm2

JlaBae- Jasae - Hasae -
HHEe P P PbT HHe, HHEe
KT fen? bS bSe bTe KT onz PbS | PbSe | PbTe &I fon? PbS PbSe | PbTe

1 [1,0001,000]|1,000]| 40000 |0,918]0,922 (0,930 70000 | 0,892 |0,867 | 0,855
25000 0,933 0,938 0,944 || 50000 |0,909 |0,888%|0,884™*|| 80000 |0,886|0,858 | 0,842
300000,9280,932(0,939( 60000 |0,900 0,877 (0,869 90000 |0,881]0,849 | 0,831

100 000 | 0,876 (0,841 | 0,820

* [lepexox npu 45000 x[/cm®, wn3menenuwe ob6bema ot 0,917 nmo 0,893.
#* Jlepexon mnpu 45000 k[/cm®, usmenenme o6Gbema ot 0,925 xo 0,892

CHATHS JIaBJIeHHS 10 aTMOCePHOro He GblyI0 OOHAPYKEHO MNOSIBJEHHS HOBOi (ha-
36, Bee uaMepeHusi MPOBOAH/INCH NIPH KOMHATHO# TeMIeparype.
HecoMHeHHBIH HHTEpeC MPEJCTaB/IseT H3yueHHe TeMIepaTypHOH 3aBHCHMO-
CTH 3JIEKTPHYECKOTO CONPOTHBJIEHHSA NAHHBIX IOJYNPOBOJAHHKOB OT JABJICHHS,
KoTopoe GyJeT MPOBEJeHO B JaJbHEHIIeM.
Asropbl BeIpakaror 6;1arogapHocTb A. A. ABepKUHY 3a MPOSIB/ICHHBI HHTEpeC
K pabore.

HucturyT (QH3HKH BLICOKHX JaRJeHHi IMoctynumno
Axanemnn nayk CCCP 19 VI 1962
LHUTHUPOBAHHAS JIMTEPATYPA

1J.d.Bepemarusu, ALA.Cemepuan uzp., {AH, 150, Ne 5 (1963). 2 JI. ®.
Bepemaruu, A.A.Cemepuan uap., JAH, 145, Ne4 (1962). 3 J.A.Samar a,
H.J.Drickamer, J. Chem. Phys., 37, 1159 (1962). *P. W.Brydgman, Proc.
Am. Acad. Arts and Sci., 76, 55 (1948).
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Noxaangs Axagemun mnayrk CCCP
1963. Tom 152, Nt 5

PH3HKA

Axagemuk B. B. IIYJIENKHUH
HA3EMHBIE OIIbITbl C HEBECOMBIMH )XUAKOCTSIMHU

B Teopernueckux padorax (', ) HaMH GbLJIO HCCJIEJOBAHO MOBEJCHHE JKHIKO-
CTH, TEPsIIOleH BECOMOCTb: a) NPH HAeaTbHOM CMAYHBAHHH MOACTH/IAIONIEH TBEp-
JI0il TIOBePXHOCTH, 6) MPH OTCYTCTBHHM CcMauuBaHHsA. M B mepBoM, H BO BTOpPOM
cJIydasix OCHOBHOEe BHHMaHHe OblI0 00pauieHo Ha (hOPMY MOBEPXHOCTH XKHIAKOCTH
B COCTOSTHUH CTATHYECKOIrO PABHOBECHS TPH YMEHbIIEHHH BECOMOCTH B O Pe/esIeH-
HOe umcJ/I0 pa3. JluHaMuueckasi CTOpoHA 3afaul Oblyia HCCJIe/JOBAHA TOJBKO CXe-
MaTHYeCKH: OTBJIEKAsCh OT CHJI BHYTPEHHErO H MOBEPXHOCTHOTO TPeHHS U Ge3
yuera SHePTHH Ha MOBEPXHOCTH COMPHKOCHOBEHHST MEXKY KHJIKOCTBIO H TBEP/bIM
tesioM. TIpu Takoii cxemMaTH3aUUH OKAa3bIBAJIOCh, YTO MOJIEKYJISIPHBIE CHJIBI, HC-
KPHUBJISIIOLIME IOBEPXHOCTD Pasjiesia JKHAKOCTb — BO3/lyX, MOTYT I€PEBECTH CHCTE-
My uepe3 MOJIOKEeHHE CTATHYECKOr0 PABHOBECHS H YBJIeUb ee 0 HEKOTOPOro Kpaii-
HEro COCTOSIHHSA ; TI0CJIe 3TOrO CHCTEeMa J0JIXKHA TOHTH Ha3aJ, MHHOBATh ITOJIOKe-
HHE CTaTHYeCKOrO PABHOBECHSI H BEPHYTBCS B HCXOJHOE IOJIOKEHHE, C KOTOPOro
ONSITh HAYHETCS] KoJieOaTebHbIi POLecC.

B paGorax (*, 2) GbLIO OTMEYEHO, YTO CHJIbI MOBEPXHOCTHOIO U BHYTPEHHETrO
TPEHHS JO/UKHBI 3HAUHTEJIbHO OCJIOXKHUTH JABHXKEHHe, CO3aBaeMoe MOBEepPXHOCT-
HbIM HaTS2KEHHEM H CONyTCTByeMoOe cuiaMH HHepuuu. C Jpyroii CTOPOHBI, HA
JIMHAMHKE HCCJIENYEeMOH CHCTEMBI AOJIXKHO OTPaxKaThCs 3HAYEHHE MOBEPXHOCTHOM
SHEPTHH TaM, TJie XKHAKOCTb CONPHKACAETCS C TBEPAOH MOACTHJIAIOMWEH MOBEpPX-
HOCTBIO, 4 MOTOMY INPHHIHIHAJIbHO BO3MOMKHO MCIIO/Ib30BaTh HAGMIONEHHSI 34
ONHMCAHHBIMH SIBJIEHUSIMH JJ15 3KCIIEPHMEHTAJbHOTO OMpeJe/IeHUs: 3TOil SHEPTHH
(KaK M3BECTHO, [0 HACTOSIIETO0 BPEMEHH 3KCIEePUMEHTAJbHBIM MYTEM YJIaJoCh
ONpEee/IUTh TOJBKO 3HEPTHI0 HA IOBEPXHOCTH pasiena Boja — napadus).

HccnenoBanue BesiueCKHX noMex, 60opb6a ¢ HUMH H pa3paboTKa HOBOH METOo-
JHKH HaJle)KHeil BCero MOryT GBITh OCYIIECTBJIEHbl MPH MTHOBEHHOM BO3HHKHO-
BEHHH HEBECOMOCTH, IOCJIe KOTOPOrO HeeJeayeMast X)KHAKOCTb JO/KHA (oTorpa-
(upoBaThCA KHHOAMNApaToM C JOCTATOYHO OGOJIBIIMM YHCJAOM KaJpoB B ce-
KYHJy, 4 3TO JIETKO BBIMOJIHUMO IPH HA3€MHBIX ONbITAX CO CBOOOLHO MafarouIUM
CHaps/0M, BHYTPH KOTOPOrO HAl0 PAa3MeCcTHTh HEOOXOAMMYIO 3KCIepHMEHTA/b-
HYIO annapaTypy,— HeBeCOMOCTb BO3HHKHET MTHOBEHHO, B MOMEHT HauaJja naje-
HHS CHapsija.

Ha puc. 1 cxemarnueckn H3oOpaxkeH MPOJOJIBHBIH pa3pe3 TaKOro cHapsija,
NOCTPOEHHOTO MO Hamemy npoekty. Ero anuna cocrasaser 1200 mm, a auaverp
Haun6osbimero nonepeynoro cedenns 400 mm. Ha cxemy He HaHeceHO omepeHue
crabuausatopa. Ilpu obrekaemoii ¢opMe MOBEPXHOCTH H OCYIIECTBJIEHHBIX
CKOPOCTSIX MaJeHusl CONMPOTHUBJEHHE BO3LyXa HUUTOXKHO IO CPABHEHHIO C BECOM
Bcero cHapsiia (250 kr), a moToMy yCKOpeHHe HHUTOXKHO MaJIo OTJIHYAeTcs OT g,

- 1 TaJIeHHe C J0CTATOYHBIM MPHOIHAKEHHEM MOXKET CUHTATHCS] CBOOOTHBIM.

BHyTpH cHapsja Ha KPYTIJIOM NPeIMETHOM CTOJHKe / mocTaB/ieHa napagpuHo-
Bas KioBera, JHO KOTOPOH CBEpXY OYepUYEeHO NMOBEPXHOCThIO KPYIJIOrO KOHyca ¢
yrsom 174° npu BeplIHHE; HHBIMH CJIOBAMH, 006Pa3yiollie KOHYCcA HAKJIOHeHBl K
FOPH30HTAJIbHOM MJIOCKOCTH MOJ YoM 3°. DTO MO3BOJSIET nepe] najgeHueM cHa-
psiZia 06ecrneynTh YCTOHYHBOE IMOJIOXKEHHE «IHCKOOOpPa3HOro» CJI0si HeCMauuBalo-
1eH XKHAKOCTH B KIOBeTe, HeB3HPas Ha HeH30exKHble HeGObIlIHe OTKIOHEeHHS OCH
cHapsiaa ot BepTHKand. KioBera ¢ XKHIKOCTbIO OTpaxkaercsi B 3epKaJsie 2 ¢ BHell-
HUM cepeOpeHHeM, Ha KOTOpOe CBepXy HaBeJleH OOBEKTHB KHHOanmapara J,
MO3BOJIAIOLIETO MOTyyaTh A0 64 KafpoB B cekyHAy. Ha KaxaoM Kajgpe HaJ XKH]-
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