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OCOBEHHOCTU MHIOAYIIMPOBAHHOI'O JABJIEHUEM
IIEPEXO A IIOJIYIIPOBOIHUK-METAJIJI
B CEJIEHMIE IIMHKA

O.A. Henamuenxo, A.H. Babyuxun

N3BecTHO, UTO B cejleHMIe UMHKa npu nasiesuu 12-13 I'lla mpoucxo-
IAT $a30BbIf Mepexol U3 CTPYKTYpPhl IMHKOBON OOMaHKM B CTPYKTYPY Ka-
MeHHOHM count [!], conpoBoxmatomuitcs pe3KUM yMeHbIIEHUEM 3JIeKTPUIeCKO-
ro COOPOTUBJEHUA, YTO HaJO OCHOBAaHKE CUATATH TOT NEPEXOl HepexoloM
nonaynposomauk-MeTtasn [2]. Ilocnenmee GBLIO MOATBEPMXIEHO TeM, YTO OPU
teMmnepartypax 300-370 K B urtepBane nasnenuit 13-35 I'lla tremmeparypuas
3aBUCUMOCTb COIPOTUBJIEHUA ZnSe MMeeT BUI, XapaKTePHbIA [JIA MeTaJJOB

*].

[lonoGHOE mOBeleHNE BIEKTPOCONPOTUBIEHUS IPU TeMIepaTypaxX BhIIe
KOMHATHOU HabNIONAaIU paHee W y cylbduia NUHKA, U303 JIEKTPOHHOI'O aHa-
Jora ceslerMia OUEKa [2]. B To ke BpeMs aeKTpopusMyeckue UcclieI0BaHUA
ZuS, mpoBeneHHble B Gojlee MIKMPOKOM MHTepBajle TeMIEpPaTyp U IaBJeHHH,
NaJy OCHOBAHWE CUNTATh 9TO COeUHEHNE BHIPOYK ICHHBIM TOJIBYIPOBOIHIKOM
(momymeranioM), a He MeTaJJOM BIUIOTh o HaBieHui mopsaka 50 I'Ila [3].
MoKHO 0KUIaTh, YTO U B CeJleHUIe IUHKA $pa30Belii nepexon npu 12-13 I'lla
He ABJIAETCA NePEeXOOM IOJYIPOBOIHUK-METaJI.

Halm uccienoBaEUSA OPONOJDKAIOT IUKJI paboT mo mM3ydeHUIO 0CODeHHO-
cTell DIEKTPOHHBIX CBOMCTB coemuEeru#t Tuna A2B® u mocssimens aBanu3y
GapUUYeCKUX ¥ TeMIOepaTyPHBIX 3aBHUCHUMOCTed COIPOTHUBJIEHWS M TEPMO3IC
ZnSe B unTepBaJte napieruit 20-50 I'lla u temmepaTyp 77-400 K.

Ins resepamuu nasiesuit mo 50 I'lla wcmonp3oBanu KaMepy BEICOKOTO
nasienus (KBII) ¢ HakoBaJbEAMM THUNA «3aKPYIJIEHHEIA KOHYC-IIOCKOCTHY
U3 MCKYCCTBEHHBIX MOJMKPUCTAJIMUECKAX ajMa30B Kapbomano. Bosee mo-
npo6ro ycrpoiictso KBl nagEOro TMma u MeTOIMKa ONEHKMA CO3JaBAaeMBIX B
Hell naBleHnit omucansl, B yacTHOCTH, B [#°]. [laBnenve co3naBajy IpyU KOM-
HaTHOI TeMmepatype, nocie dero KBIL ¢ o6pa3mom oxsaxaany IO a30THBIX
TeMnmepaTyp. VI3MepeHUsA TeMIOepaTypPHBIX 3aBUCUMMOCTeH NPOBO MUK IPU Me-
niesHoM Barpese KBII. Brumu ucnons3oBaHb! 06pa3nsl Znse MONyIPOBOIEY-
KOBOM UMCTOTHI, UMeBIIMe MO 06pabOTKK NaBleHNEM eITyIo okpackKy. Ilo-
Clle CHATUA HalPy3KM OBeT oOpas3ma MeHAJICA M CTaHOBUICSH SAPKO-XKeJITBIM,
YTO COOTBETCTBYeT HaGIIONEHUSAM aBTOPOB [2] M CBMIETENbCTBYET, BHIMMO,
06 M3MeHeHMM Ga30BOTO COCTaBa MCCIeNyeMOro MaTepuala npu o6paboTke
IaBJIeHVeM. B cBA3M C 9TUM BCe M3MepeHUs OPOBOIMIM TOJLKO OpPH Harpy-
KeHMU oOpasna.

Ha puc. 1 npuBeneHs! TeMIOepaTypHble 3aBUCUMOCTH 3JIEKTPOCONPOTHUBIIe-
mua ZnSe. BuiEO, UTO NpM HM3KUX TemmepaTypax ¥ maBieEusx mo 35 I'lla
[IPOBOMMMOCTb ONpeleNseTcs aKTUBANVMOHHBIM MexaEuM3MoM. IIpu mosbime-
HUM TeMIlepaTyphl OO HEKOTOPOTO KPUTHUECKOro 3HAUEHWUsA XapaKTep U3Me-
HeHUs] CONPOTUBIIEHNUSA C TEMIEPATYy PO MEHAETCA U CTAHOBUTCA TUINYHO Me-
TaJIudecKuM. I1omobHOe NoBeJeHNe 2IeKTPOCONPOTUBIeH)A Hab 0 Jall pa-
mee u B ZnS [3].
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1 1 ) 1 e BJIGHMA CeJleHWJa IUMHKa Npu maBieEMax 22.0 (1),
J 5 7 9 11 27.5 (2), 31.5 (3), 37.5 (4), 48.5 T'la (5).
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IIpu naBaerusax seime 35 I'[la TemnepaTypEble 3aBHCHMOCTH COIPOTHBIIE-
HWUA BO BCEM UCCJ/IEJOBAHHOM WHTEpPBalle TEMIOEPATYP MMEIOT IOJIOKUTENbHBIH
TeMIepaTyPHEBIN K02 GUOMEeHT CONPOTUBICHNUA, XapaKTePHBIH I8 METAJIOB,
[OJIYMeTAJJIOB, BHIPOKICHHBIX IIOJYIPOBO IHENKOB.

IIpn naBnemusax mo 35 I'lla u TeMmepaTypax HuKe HEKOTOPOM KpUTHdYe-
CKOM 9TM 3aBHCUMOCTH XOPOIIO ONUCHIBAIOTCA OOBIYHBIM aKTUBANVOHHEIM CO-
otomernueM R = Rgexp(E4/kT) (koadpdumuenT koppensmuu Be Hinke 0.95).
Bapuyeckas 3aBUCUMOCTh 9HEPIUM aKTUBANWUM HOCUTeIel 3apANa IpUBeIeHa
Ha puc. 2. Ha aTOM ke pucyHKe HOKa3aHbl GapUyecKye 3aBUCHUMOCTH COOPO-
TUBJIeEUA ¥ TepMmosnc. ONeHKA HalOT 3HAUEHUA yIeJbHOI'O CONPOTHUBIIEHUA
ZnSe npu komEaTHOM TeMnepaType 10 OM-M npu naBiaerun 22 I'lla m 1 Om- M
opu 50 I'lla.

Tepmoanc ZnSe npu naBiaesuax ke 33 I'[la umeer 3HaK, COOTBETCTBYIO-
Uil neipounoit nposomuMocTH. IIpu naBneruax Buime 33 I'Ila 3mak TepMos nc
MeHseTCs, YTO CBUOETENbCTBYET 00 dJ1eKTPOHHOM OIPOBOIMMOCTH B 3TOM WH-
TepBaJie naBieauii. [Ipu mamenermum naBiemusa oT 38 mo 50 I'lla Beamuwna
TEpMOd IC OCTaeTCs HeM3MeHHOM u cocraBiuseT 6.8 + 0.2 MmxB/K.

V3BecTHO, YTO I MaTEpPUAJOB C IOJOXKUATEIHHEIM TeMIEPAaTyPHBIM KO-
o) PUOIMEHATOM CONPOTHUBIEHNSA U3 BEJVWUWHBI TEPMO3IC MOXHO OINEHUTb KOH-

NeHTpaIlMIo HOCHUTeNelt 3apsma ¥ 3HaUYeHMEe XMMHMYECKOro HoTeRmMana [°].
[IpUMeHENTEIbHO K CeNeHWAy IOWHKA S3TH ONEHKM NAIOT 3Ha4eHWe XUMude-
ckoro moTernwana 1.0 £ 0.1 »B, KoENeHTpamUu 3JeKTPOHOB IPOBOIMMOCTH
(4.4 £ 0.3) - 10%Y cM™3, uTO WO KpaiiHell Mepe Ha OBa NOpALKAa HUDKe, YeM B
MeTaJl/laX, ¥ COTJIACYeTCA ¢ BHICOKMM 3HAYEHWEM COIPOTUBJIIEHUA.

WNzBectrO, uTO KO PdUIMERT R) MOXKeET 3aBUCETh OT TeMIEPATyPHI, IPU-
YeM 9Ta 3aBHCHMOCTH OLpellelisieTCs B IePBYIO O4Yepelb MeXaHW3MaMH pac-
CesiRUs HOCUTeNell 3apsAna B moaynopoBomauke. Jlns BHIZeNeHUA TeMOepa-
TypHOH 3aBUCcMMOCTH Ry ¥ BBIACHEHMA BO3MOXHON CMeHBI MEXaHM3Ma Pacce-
SHWSA NPOaHAJM3MPOBaEH 3asucuMmoct#t In Ry = f(InT) [7] npu ompenenes-
HEIX U3 TeMIepaTyPHRIX 3aBMCUMOCTed CONPOTUBIECHMUA SHEPTUAX aKTUBAIUA
(puc. 3). Bummo, yro mpu masieruu 22 I'Ila Ha 2TO# 3aBUCHMOCTH MOXHO
BBLOENHUTH OBa TeMIePaTyPHLIX MHATepBaJa, B KOTOPHX HaubGolee BEpOATHH,
OO-BUIMMOMY, Pa3Hble MEXaHU3MbI pPacCeAHUA HocuTedel 3apana. [Ipu Goxee
BEICOKMX JaBJIEHNAX TeMIepaTypHasA 3aBUCHMOCTH Koaddummenta Ry orcyr-
CTBYyeT.

TeopeTuduecKe OMEHKN BeJIMYMHE! NABJIEHUA MeTAIIN3AIAY XaJIbKOTeHH-
OB OVEK3, OPOBeleHHRIe Ha OCHOBE Pa3HHIX MoZeleil (B OpenmoroXeHWH,
YTO MeTaJIM3anud OPOMCXOIUT JKU6GO B pe3ylbTaTe HOJUMOPPHOIO IpeBpa-
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Puc. 2. Baprueckue 3aBUCUMMOCTH CO- Puc. 8. 3asucumoctH In Ry ot InT maa
npoTuBJIeHus, Tepmosnac (300 K), smep- ZnSe npu maBiaeruax 22 (a) n 27.5 I'lla
TUM aKTMBalUM IPOBOAVMOCTH. (6).

HIeHUA, Mu60 BCIeICTBHEe M30MOP)HOTO CATHA KpUCTalia [°]), mOKa3biBa-
IOT, YTO CMBIKaHMe 3alpelleHHoM 30Hk MoxeT npousoiitu npu 86 I'lla (ZnS),
58 I'la (ZnSe) u 37 I'la (ZnTe). OTMeTuM, uro npu uccienoBamuy ZnS [3]
no nasieaui mopanka 50 I'la cMbikaEuA 3anpeneEHO 30HE He 06HApYKeHO.
OmEaK0 2KCTPAmOJIANUA OapIMIecKOd 3aBUCUMOCTH 3HEPI'MM aKTUBAIMM IIO-
Ka3bIBaeT, YTO TaKOe CMBIKaHME BO3MOXHO IpH HaBieHMAX mopanka 60 I'Ila.
B ZnSe BaieHTHaA 30Ha U 30Ha IPOBOIMMOCTY HepekphiBatorca mpu 35 I'la.
D10 maeT OCHOBAHME CYMTATh IPUBeIeHHEe ONeHKY 3aBhlleEEsMY Ha 40-50%
U IpeImoJOokNATh, 4To B ZnTe cMbIKaHWe 3anpelleEHO 30HEl IPOU30MAeT IpHU
naBiaeruy nopanka 25 I'la.

TakuM 06pa3oM, HONLyYeHHLIE 3KCIePUMeHTalIbHbEe pe3ylbTaThl MOKa3hl-
BalOT, YTO IpoBomaMocTh ZnSe B uHTepBale xaBiaeEuit 22-35 I'lla mMeer
aKTUBAIMOHAYIO NPUPOLY ¥ IPEINOJOXKEeHNA O Imepexole IOIyIpPOBOIHUK—-
Mertasn npu 12-13 I'lla me moarBepxmarorcsa. CMBIKaHEMe BaJeHTHON 30HBI
¥ 30HEI IPOBOJMMOCTH IPOUCXOTUT, MO-BUIMMOMY, IPYU NaBJIEHUMA MOPAIKA
35 I'lla.

IIpu Temumeparypax mmxke 190 K u naBneruu 22 I'lla 3a snekrponpoBon-
HOCTH OTBETCTBEHHEI, BEPOATHO, [Ba UYETKO pa3leldeMBIX IO TeMIlepaType
MeXaHM3Ma PaCCedHUA.
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ON THE PHOTOMAGNETISM OF METALS.
THEORY OF THE PHOTOINDUCED BULK CURRENT

V. L.Gurevich, A.Thellung

Photoinduced magnetic flux has been recently observed in normal metals illuminated by
visible light falling obliquely on a metal surface. In the present paper we argue that a larger
effect can be achieved for normal incidence of light partly reflected at a metal surface. The light
excites within the metal a bulk current which can extend over a distance of the electron mean
free path. For the case where the current is short-circuited by another conductor (preferably, a
superconductor) we give estimates of the magnetic flux built up in such. a loop.

In a recent paper ['] observation of the photomagnetism of metals was report-
ed. In a double-connected metal sample illuminated in such a way that a circular
d.c. surface current could be excited a build up of magnetic flux was observed. In
a subsequent paper [?] dealing with a microscopic theory of the effect two contri-
butions to the current were discussed. One of them is due to the quasimomentum
transfer to the conduction electrons from the light partially reflected at the metal
surface. Another is due to the anisotropy of the electron transitions with regard
to the light polarisation direction, in combination with diffuse reflection of the
electrons at the surface. Both contributions exist for the light falling obliquely
on the metal surface.

The purpose of the present paper is to work out a theory of a photoinduced
bulk current in metals. The current is excited by light incident normally on a
metal surface. The light is partly reflected from the surface and partly absorbed
due to the interaction with the conduction electrons.

There are two ways in which bulk current can be produced in a metal by
incident electromagnetic radiation: interband and intraband transitions of the
electrons. For visible light the first effect plays the dominant role, and in view
of current experiments with visible light (see [*®]) only interband transitions
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