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JloCIipKeHO 3aIe)KHOCT] ONOpPY Ta MarHiTOONOPY HUTKONOMIOHMX KpucTaiiB TBepaoro pozunHy SiGe <Hf, Pt>
Bix Temnepatypu (30-300 K) ta marnitaoro mosst (0-14 Ti). TToka3zaHo, mo npu HE3bKuX Temnepatypax (30-50 K)
po3citoBaHHsI HOCITB 3apsity BigOyBaeThcsi Ha 10HI30BaHMX JOMIIKax, a MPU MiIBHUIICHHI TeMIeparypu — Ha
aKycTHYHHNX (oHOHax. BusHaueHa eHepris akTHBAIii Ta KOHIIEHTpAMii JOMIIIOK y KpHCTalaxX.

KurouoBi ciioBa: HUTKOMONIOHUI KpHcTal, TBepAuid po3unH Si-Ge, MeXaHi3MHU pO3CilOBaHHS HOCIIB 3apsay.
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Beryn

Bimomo, 1110 BIaCTHBOCTI HUTKOTOJAIOHUX KPHUCTAJIB
(HK) Si-Ge cytreBO 3amexaTh BiI Xapakrepy ix
neryBanHA [1]. Opepxarn neneroBani HK  Si-Ge
NPaKTHYHO HEMOXJIMBO, OCKUIBKM [UIs IX YTBOPEHHS
HeoOxiHa jpoMinika-iHiniatop pocty (Au, Pt, Ni ta iH.),
SIKi 00OB’SI3KOBO NPUCYTHI Y BUPOILEHUX KpHUCTaiax. Sk
MIPaBWJIO, IIi JIOMIMIKH YTBOPIOIOTH INIMOOKI akIENnTOpHI
piBHI y TBepromy pozumHi Si-Ge. [ns moaumdikamii
mapamerpiB  HK  BBOZSATP mOMIOIKH 3  MUIKHIMH
aKIENTOPHUMH YH JOHOPHUMH piBHAMH. 30KpeMa Yy
poboti [2] MH cmocrepirald pPO3MIpHI 3aleKHOCTI
nuToMoro omnopy Ta ¢oto-e.p.c. B HK Si-Ge, neroBanmx
nomimkamu Hf ta Au. Tomimka Hf yTBoproe minki piBHi
y kpuctamax Si-Ge [3], ommak, HK Si-Ge<Hf, Au>
XapaKTepU3yBaINCS BUCOKOIO (OTOUYTIMBICTIO, LIO
HMOBIPHO TIOB’S3aHO 3  YTBOpEHHsM  Oap’epHoOl
ctpykrypu HK Si-Ge<Au> — konTtakT Pt. OCKinbku yist
CTBOPEHHSI CCHCOpPIB TEIUIOBHX BEJIMYMH HeOaKkaHe
BUHHWKHEHHS 0ap’€pHHUX CTPYKTYp, MOLIJIBHO JIETyBaTh
HK Si-Ge <Hf> nomimkoro Pt.

Metoro  pobotr  Oyllo  JOCHITUTH  XapakTep
pO3CifoBaHHA HOCIIB 3apsgy B O0JACTi JOMIIIKOBOT
MPOBITHOCTI HUTKOMOAIOHNX KpucTaniB Si-Ge <Hf, Pt> B
temneparypHomy intepBani  30-300 K Ta ouinuth
esleKTpo(di3nUHI MapaMeTpu KpUCTay.

I. ExcnepuMeHTaJIbHI pe3ybTaTH

HutkononioHi KpHUCTaIH Si;..Ge, <Hf, Pt>
OJIepXKyBaJIM METOJOM XIMIYHHX TPAaHCIOPTHUX PEaKIii
3 BHKOPUCTaHHSIM OpOMY SIK TPaHCIIOPTYIOUOrO areHTa
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[4]. Jomimka Pt BukopucToByBanacs sk iHIIIaTOp POCTY,
nomimka Hf Juis  neryBanHs kpucrainiB. HK
BUPOILyBaJIU npu TeMIepaTypi KpHcTasi3anii
T, = 1190 K Ta Temnepatypi mxepena T.,= 1350 K. B
pe3yibTari pocTy Oysn ojiepKaHi KPUCTAIH JTOBXHHOIO
3-10 mm Ta miamerpoM 20-50 mxm. Cxiag TBEpIOTroO
pPO3YMHY KOHTPOJIOBAJIM METOIOM MIiKpO-30HIOBOTO
aHamizy i BcranoBmi, mo X = 0,01-0,05. HK Si-Ge manm
P-THI TPOBIIHOCTI, SIKUH MEPEBIPsUIA 32 3HAKOM TEPMO-
e.p.c.

Ha ocHOBI poBeIEHUX JOCITIHKEHb MOKHA 3pDOOUTH
Neplinuii BaroMuil BHCHOBOK: JIEI'YBaHHS KpHCTalliB
Si-Ge <Hf> nomimkoro Pt 3abe3nedye yTBOpPEeHHS
OMIYHUX KOHTAKTiB J0 KpHUCTAJliB TPH BUKOPHCTaHHI
TUIATHHOBOI MIKPOAPOTHHH SIK KOHTaKTHOT'O Marepiaiy.
Omnip KoHTakTy He mepeBuulye 1% omnopy Kpucrany.
TakuMm 4yMHOM, NJOKa3aHO, IO MOsBa (OTOUYTIMBOCTI B
HK Si-Ge <Hf, Au> [2] He 3B’sa3aHa 3 OCOOJUBOIO
MPUPOAOI0 NOMIMIKK TadHIf0, a BHKIUKaHA IOSIBOIO
0ap’epHHUX CTPYKTYp Ha TPAHHUII KPUCTANI-KOHTAKT.

Ha ogpepxannx kpucramax B TeMIEpaTypHOMY
iatepBam (30+300) K Oymu mpoBemeHi mOCIimKEHHS
3aJIe)KHOCTI OTIOPY Ta MarHITOOMIOPY BiJl TEMIIEpAaTypH Ta
Mar"iTHOTO MoJisA. ENeKTpomnpoBigHICT HUTKOMOIOHUX
KPHUCTaTIB Si;<Gey <Hf, Pt>  mocmimkyBaiach B
nianasoni temmneparyp 30...300 K, a BruMB MarHiTHOrO
nois 3 iHOykuiewo jgo 14T NpU  TeJieBUX
TEMIlepaTypax 3  BHUKODHCTaHHSAM  OITTE€PiBCHKOTO
MmarHity. s BUMIpIOBaHb 3pa3KM 3aKpilUUIMCh Ha
CremiaigbHIi BCTaBII, KA BCTAHOBIIIOBAJIACh B TEIIEBOMY
Kpiocrati. TemmnepaTypa BHUMipIOBanach 3a JOTIOMOTOIO
tepmoriapu  Cu-Cu(Fe) 3 rtoumictio  ~0,1°C.
CrabinmizoBaHUll ENEKTPUYHUNA CTPYM depe3 3pasKh
3amaBaBcs mkepenoMm ctpymy Keithley 224 B mexax 1—
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100 MKA B 3aJIe)KHOCTI BiJl OTMOpY 3pa3Kka, eNeKTPUYHA

Halmpyra Ha TMOTCHIIHHAX KOHTAKTax 3paskiB Ta
BUX1THHUI CHUTHAIT TepMOTapH BUMIPIOBAITHCH
uudpoBumu  BonbT™MeTpamu tuny Keithley 199 3

TOYHICTIO 10 | MKB 3 OfHOYAacCHMM aBTOMATHYHHM
peeECTpyBaHHSM IOKa3iB MPHUIaAiB Ha Komi'rorepi. Bei

BUMIPIOBaHHS IIPOBOJIMIINCH y MikHapoaHii
naboparopii CHIBHMX MAarHiTHUX TIOJIB 1 HHU3BKUX
temriepatyp, M. BpommaB  (IToxpma) B pamkax

MbKHapoaHoi cmiBmpari. JlocmipkeHHs TPOBOAMINCS
JUTA [i701 HU3KHA KPHCTANiB, & PE3yIbTaTH IOCIiIKCHb
JUTS TUTIOBUX 3pa3KiB MPUBEICHI Ha prCyHKax | i 2.

Sk Bumao 3 puc. 1, omip HK Si-Ge <Hf, Pt>
eKCIIOHEHIIIHHO ~ 3MEHIIyeTbCd 3 IiABHIICHHAM
TeMIlepaTypu B Temneparypaomy aianasoni 30-77 K. Ile
CBIIYMTH PO T€, IO JIOMIIlIKa radHil0 YTBOPIOE MIIKUI
aKIENTOPHUN piBeHb, 10 J00pE Y3rOMKYEThCS 3
pe3yabTatamu podotu [3].

17N Ry,
© InR

100 150 KZOO 250 300

Puc. 1. Temneparypna 3anexsicte omnopy HK
Si; xGe, <Hf, Pt> (x =0,03). Ha BcTaBui 300pakeHa
eKCIIEPUMEHTAJIbHI  Ta TEOPETUYHO pPO3paxoBaHi
3anexHocrti InR = f(1/T) s uporo 3paska.

Hocnimxenns: mardiroonopy HK Si-Ge <Hf, Pt>
BKJIIOYAJ M JBa e€Tamu: 1) BHBYEHHS IMOJIbOBUX
3aJIeKHOCTE MarHiToonopy B IHTEpBaJi MarHITHUX
noniB 0+14 Tx (puc. 2, cyuinbHi JiHii); 2) HOCTiIKESHHS
TEMICPATYPHUX  3QJEKHOCTEH  MArHiTOONOPY  IpH
B=14Tn B Ttemneparypuomy intepani 30-77 K
(300pakeHO Ha BCTaBLi pHUC.2). AHI3 MNOJIBOBUX
3aJIeKHOCTEH MarHiToonopy (puc. 2), NpeacTaBIeHUX K
CTEIIEHEeBa  3alIe)KHICTH  BiJl  MAr”HiTHOrO  IIOJIS

AR .
? ~ C-B" (C = const, B — BenuunHa MarHiTHOTO OJIS,

N — IOKAa3HUK CTENeHs), MOKa3ye, 110 3 MiABUILEHHIM
TEMIIEpaTypu CHOCTEpIraeThes 3MiHa 1X Xapakrepy — Bin
CTENeHEBOI 3alIeKHOCTI 3 TOKazHMKoM n<1 npu
T <45 K 10 creneHeBoi 3aJ1€XHOCTI 3 TOKa3HUKOM n > 1
npu T>45K. binbm diTko 10 3MiHy MOXHA
NPOCTIAKYBaTH Ha  TEMIIEPATYypPHUX  3AJICKHOCTIX
Mar”iroonopy (BcTaBka puc.2). 3  HiABHUILCHHAM
temnepatypu Big 30 mo 50 K maraiToomip 3poctae Bix
10 % mo 60 %, nocsrae makcumymy npu T = 50 K, a namni
MOBUTBHO 3MeHIIyeTbes 10 45% mnpu T=77K
BusiBnennii Xapakrtep TEeMIIEpaTypHOi 3MiHI
MAarHiToONnopy MO)Ke BKa3yBaTH Ha 3MIHY XapakTepy
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Puc. 2. 3anexHICTh BIIHOCHOTO MarHiTOONOpY BiJ
mar"itHoro nons gusi HK Si-Ge <Hf, Pt> npm
¢ixcoBanux Temneparypax: 1 — 36K, 2 — 39K, 3 —
42 K, 4 — 46 K. ExcriepumeHTanbHi KpHBi 300paxeHi
CYLUUIPHUMH JIiHISIMM, TEOPETHYHO pO3paxoBaHi —
OyHKTUpHUMH. Ha BcTaBLi NpHBeneHa 3aJekKHICTh
BiTHOCHOTO MArHITOOIOPY BiA TeMIIepaTypu NpU
marHitTHoMy noini 14 T

pO3CilOBaHHSI HOCIiB 3apsily y Kpucraimax — Bij
PO3CifOBaHHS Ha 10HI30BAHMX IOMIIIKAX MPU HHU3BKUX
temmneparypax (T <50 K) no po3citoBaHHS Ha TEMJIOBUX
KOJIMBAHHAX KPUCTAIIYHOI TPaTKHd NpPU  IiABUIIEHUX
temneparypax (T>50K). B obmacti Makcumymy
TEMIIEpaTyPHUX 3aJIeKHOCTEH MarHiToonopy
(T=30+60 K) crocrepiractecst 3MillIaHUld XapakTep
HociiB 3apsany B HK Si-Ge <Hf, Pt>.

II. OGroBopenHs pe3yJbTaTiB

AHani3 eKCrepUMEHTaIbHUX JaHuX JIs 3pasKiB p-
THUITy NIPOBIIHOCTI, IOJJAHNX Ha PUCYHKY 1, Mokasye, 1o
X eJIeKTPUYHUI ONip Mae eKCIOHEHIIIHY TeMIlepaTypHy
3aJIeXKHICTh, TOOTO

AE
R(T)=R, (T)exp| — 1
(T) =R, (T) p(kT) (D
ne AE—enepris akTuBamii TOMImIKM B Kpucrtam, k-
nmocritina bompnmana, T — Temmeparypa KpucTana,

R, (T) dKa cnabKko
3aJIeKUTh BiJl TEMIIEPATypH CTOCOBHO €KCIIOHEHTH.

OTKe B TAKOMY HaOJIMKEHHI MAaEMO:

AE) 1

In(R(T)) = In(R,(T)) + [Tj T 2)

B 3B’a3ky 3 tum, mo In(R,(T)) cnabko 3amexuTs

— posMipHa ¢yHKIisS onopy,

BiJI TEMIIEpaTypu, MH MOXEMO BBa)KaTH, 110 PiBHSIHHS

- L 1
(2) ommcye niHiHY (YHKIIIO BiIXHOCHO T 3 KyTOBHM

.. AE . . ..
Koe]illieHTOM T i  BUIBHEUM  KOe(IIliEHTOM
In(R,(T)).

i xoedillieHTH JIETKO BU3HAYHUTH B CEPEIOBUILI
MathCAD 3a JIOTIOMOT OO0 GyHKIIH
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1 AE 1
slope(—,InR )= | — | ta intercept(—,InR)=InR,.
P (T ) ( m j p(T ) 0

PesynbraT Takoro aHamily IMOKa3zaHi Ha BCTaBI
pUCYHKY 1, a BH3HA4YeHa TaKUM CIIOCOOOM EHeprisd
aKTUBAIil JOMIIIOK B JOCHI[DKYBAaHHX KpUCTalaxX
nopiBaioE AE =0,022 eB. Lleif pucyHOK TaKOX MOKAa3ye,

o HOcil 3apsgy B JOCTI[DKyBaHHX KpHCTalax
HEBHPOKEHI, a pe3yJbTaTd  EKCIEepHUMEHTAIbHIX
BUMIPIOBaHh B CEPEIHBOMY CTATHCTHYHO 3aJ0BLIBHO
30irafoTbcss 3 TeopeTHUHMMH (mpsima iHis). [Ipote
CIIOCTEPIraeThCsl HE3HAYHAa PO3ODKHICTD MK UMM
JaHUMH.

B 3B’s3Ky 3 IIMM PO3IJIAHEMO JeTajbHIllEe PUYUHY
1iel po301XKHOCTI.

Owmiunnit omip 3paska kpucrana R(T) mopiBHIOE

C
R(T)=pC=——— 3)
ep(T)U(T)
ne p — nutomui omip kpucrana, C — po3mipHuil akTop

3paska, €— BelaM4YMHa 3apsny enektpona, U(T)-

npeitpoBa  pyxmmBicth  HociiB  3apsamy, p(T) -
KOHIICHTPALIIS TiPOK.
Bizomo, 11 (o) KOHIICHTPAIiS JOMIIIKOBHX

HEBHPO/KEHUX [JIPOK B KPUCTATi OIUCYETHCS TaKOIO
¢dbopmyioro [5]:

p(T):pO(NABND,AEA,T)-exp[_AEAJ (4)

kT
B wiil dopmyni ¢ynkuia p,(N,,N,,AE,,T) mae
TaKe 3HAYCHHS:
pO(NA’ND’AEABT) =

8N, -N,) : (4a)

2
n, (l + 2Ny j
1’lA
2nm:kT v
ne Ny(T)=2 T 5

:NV—(T) 1+% 1+
4 n

A

AE
n, =Ny (T)- exp(— kTA J , h—mnocriiina Tlnanka, m; —

edexTHBHa Maca I'yCTHHU CTaHiB Oipok, AE, — eHepris
N, -
AKIENTOPHUX Ta JJOHOPHHX JIOMIILIOK B KPUCTAJII.

Omxe, 3rinHo 3 dhopmynamu (4), (4a), eneKTpUYHUA
orip (3) KpucTaga MOXHa OIMCATH TaKOIO (HOPMYJIIOIO:

AE
C-e A
Xp( ij _
epy(N,, Ny, AE,, T)U(T) (5)
AE
=R, (T)-ex A
o(T) p( KT J

sKa iieHTH4Ha BUXifaHid Gopmyri (1).
Po3mipHa ¢ynkuis onopy R,(T)y dopmynax (1) i

ioHi3amii  akunenTopis, N, , KOHIICHTpAIII{

R(T) =

(5) mae Take 3HAYCHHS:

C
Ro(D)= ep, (N, Ny, AE,, T)U(T) ©

Ananiz ¢ysxkuii p,(N,,N,,AE,,T) nokasye, mo B

3aJIKHOCTI Bl YMOB JIeryBaHHA KpHcTaia
KOMIICHCYFOUMMH ~ JIOMIIIKAMH, BOHa MOXe CJIa0Ko
3ajexary BiJ TeMmmneparypH, a pyxiusicts aipok U(T)
JUIS MEXaHi3MiB pO3CIIOBaHHS HEBHPODKEHHUX HOCIIB
3apsiy Ha 10HI30BaHMX JOMINIKax Ta TEIJIOBUX
KOJIUBAHHAX KPUCTAIYHO1 T'PATKU OIMMUCYETHCA TaKOIO
dhopmyioro:

uT=0,T" 7

B miii ¢dopmyni U_~Const, a MNOKa3sHUK o
3aJIeXHUTh BiJl MeXaHi3MIiB po3ciroBaHHs. BiH mopiBHIOE
(3/2) nmns posciroBaHHS Ha 10HI30BaHUX JIOMIIITKaX
KpHUCTaa, a Uil PO3CiFOBaHHS Ha TEIUIOBHX KOJHMBAHHIX
KPUCTATIYHOI TPaTKU e MOKa3HUK, B 3aJCKHOCTI BiJ
TEeMIEpaTypu KpHUCTalla, MOXXe HaO0yBaTH 3HAYCHHS
a=-3/2.

Jus 3mimanoro poscitoBaHHs (opmyna (7) crae
HabmmwkeHoro. Tomi U, =U_(T) wmoxe ciabko
3aJIeKaTH Bill TEMIICPATypH, a MOKA3HUK O MOXKE MaTH
pi3HI 3HaYeHHS B TPaHUILIX NOKa3HUKIB (-3/2+3/2). B
3B’S3Ky 3 UM TPHIYCTUMO, MO  JOOYTOK
po(N,,N,,AE,,T)-U(T) B nocnimxyBaHoMy iHTepBaii
TeMIIepaTypH MOXKHA alPOKCUMYBATH QYHKII€rO

po(N,,N,,AE,,T)-U(T) ~...T" (8)

B rtakomy Bumanky piBHsSHHA (2) HaOyBae Takoro

BUTIISY:

ln(R(T))=1n(C')—Bln(T)+(%)-% ©)

B cepenouni MathCAD st anamizy piBHSIHHS
TAaKOro THUIy IiCHye BekTopHa ¢yHkmis linfit, 3a
JIOTIOMOTOI0 SIKOi OynM BU3HA4YeHi KOE(DII[IEHTH LHOT0O

PpiBHSHHS In (C ') ,B, (%

JOCIHIPKYBAaHUX 3pa3KiB IIi KOE(imi€HTH IOpPiBHIOIOTH:

In(C')=9,4;p=-0,135; (Ak—Ej = 257,34,

) . Jlst OJTHOTO 3

TOOTO

AE =0,022¢eB. Ha puc.3. cnoocrepiraetbcs mo0pe
CHIBMA/IHHS MIDXK EKCIHEPHUMEHTAILHUMHU (Ha PHCYHKY
MO3HAueHi poMOMKaMu) 1 TEOpPETUUYHMMH  (BOHHU
OTIMCYIOTHCSI HENIEPEPBHOIO JIHIEI0) 3HAUCHHSIMH.

OTxe 31“iI[H0 3 CKCICPUMCHTAJIbHUMU TaHUMH
Ma€eMo:
pO(NA,ND,AEA,T)UuTa = UBTB s abo
Uﬁ (B-a)
pO(NA,ND,AEA,T)=U—T (10)

o

ne U, i U, HabnmKeHO MOXKHA yBaKaTH TOCTIHHUMH.

s cdopmyna nae MOMXIMBICTH OOTPYHTYBATH TaKy
CHCTEMY TpPbOX HENIHIWHUX DIBHSHb Uil BU3HAYCHHS
HeBigtoMux N, ,N,, o, K KOPEHIB CUCTEMH

(B-a)
po(N,,N,,AE, . T)) _ (Lj
po(N,,N,,AE,,T)) \T,

(11)
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Puc. 3. ExcnepumenTranbHa (TOYKH) Ta TEOPETHIHO
po3paxoBaHa (CyLiibHa JiHis) 3alexHicTh In R Big
temnepatypu a1 HK Siy Ge, <Hf, Pt> (x = 0,03).

(B-a)
py(N,, Ny, AE, . T,) (T, (11a)
Po(N,, Ny, AE,,T)) T

(B-a)
P (N, Ny, AE,, T,) (T, (116)
pO(NA,ND»AEAaTo) TO

Kopeni wmiei cucremu "N, , N, a”, BU3HayeHi B
cepenosumii MathCAD, mis mociipkyBaHOTO KpHCcTasa
MalOTh TaKi 3HAYCHHS:
N, =1-10"em™, N,=0,5-107 em™, a=-0,135.
Jnst  po3paxyHKIiB BHUKOPHCTOBYBalach BiHOCHA
edexrnBHa maca xipok m; = 0,37 [6].

3HadyeHHs a=-0,135

CBIIYMTH TIPO T€, MO0 B JIOCTIDKYBAaHOMY 3pasKy
PYXJIHBICTE HOCIiB 3apsgy Mae TaKy TeMIepaTypHy
3aJIEKHICTD:

CTCIICHCBOI'0 ITOKa3HHKa

UM =0, - 1% (12)

Take BIIHOUICHHS MOXE MaTH MiCIle B KpUCTajax i3
3MIMIAHAM PO3CIFOBAHHSIM Ha 10HI30BaHUX JOMIIIIKAxX 1 Ha
aKyCTHYHUX (POHOHAX KpHUCTaTiuHOl rparku. [lpu
3MIIIAaHOMY PO3CIIOBaHHI PYXJIMBICTH HOCI{B 3apsay 3
BEJIMKOI0 IMOBIPHICTIO MOXE ONKCYBaTHCA (HOPMYIIO0
(12), sixa Mae micme ISt OCHIIKYBaHOTO Kprictana. Llei
BHUCHOBOK MiATBEPIKYETHCA OCHIDKEHHIMH
MAarHITOOTIOPY, AJISl PO3PaxyHKIB SKOTO HEOOXiTHO 3HATH
3aKOH JHcCIepcii Aipok.

Bigomo, 1m0 JOCHiIKYBaHI  KpUCTalId  MAarOTh
CKJIQJIHUI 3aKOH AMCHepCii uis JIpoK. AJle, sIK OKa3aHo
B poOotri [5], muIIXoM yBeIeHHS T.3B.e(h)EKTUBHOI

TYCTHHHM CTaHiB m, i HOCIIB 3apsay Led CKIamHUR
3aKOH JHCIEpPCil MOXKHa ampOKCHMYBAaTH MPOCTHM
nmapaboTigHIM 3aKOHOM JHCHepCii 3 Ti€l0 caMolo
eeKTHBHOIO Macol0 m,. B mpoMy BHmamky s
HEBHPO/DKCHUX HOCIIB 3apsly BIIHOCHE 3HA4YCHHS

MarHiTOOIOPY ONHUCYETHCS TAKOKO (GOPMYIIOIO:

AII:(OB) _ 1(0) O a3
© I(B)| 1+ 111((]1:)) (U,B)?
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B wi#i popmymi BI/IKopI/ICTaHi TaKi O3HAYCHHS:

exp )
1B)= I1+(UB) 2”)dX
_pxexp(x) e e
Il(B)—'([ (1+(UrB)2x2H)dX 1(0) ?[x exp(—x)dx

TyT r— moKa3HMK pPO3CilOBaHHS, SIKMH JTOPIBHIOE 2
JUIS  PO3CIIOBaHHS HAa I1OHI30BaHMX JOMIIIKax, a
U, —Bigoma TemneparypHa ¢yHKUis. PyxnmuBicTs HOCIiB
3apsiy NpoNopuUiiiHa il (YyHKIIT.

Po3paxoBanuii 3a wi€r0 (GOPMYJIO MarHiTOOMip
JIOCIIZPKYBAHOTO 3pa3ka MOKa3ye, 10 MarHiTHe Moje B

2 .
HBOMY € crabkum, To610 (U B)" <1, i 110 npy HU3BKHX

temnepatypax (20+45) K peamizyeTscst po3CitoBaHHS
HOCITB 3apsjay Ha 10HI30BaHMX [OMillKaxX. Pe3ynbratu
TaKUX PO3PaxyHKIB [OKa3aHi Ha puc.2 (IMyHKTHpPHI
minii). Bomm  pmyxkxe ~— nmobpe — 30iraiothes 3
EKCTIIePUMEHTAIBHUMH JTaHUMK (pHUC. 2, CYLibHI JIiHIT),
onepkaHuMu rpu Temneparypi T <40 K.

3 i IBUIICHHAM TeMIepaTypu MeXaHi3M
pO3CiIOBaHHSI 3MIHIOETBCS 1 TIEPEXOAWTH B 3MillIaHe
pO3CiloBaHHSI Ha 1OHI30BaHUX JOMIIIKAX 1 aKyCTHYHHX
(hOHOHAX KPHCTANIYHOI TPATKH, SKE 1 MPUBOIUTH [0
dopmymm (12).

3Hal0uN KOHIICHTPAIIII0 AaKIEeNTOpiB, iX EHepriro
aKTHBAIl Ta KOHIEHTPAIIiI0 JIOHOPIB, 3a Gpopmyiamu (4)
i (4a) Oyna po3paxoBaHa KOHIICHTpAIlis JIpOK B I[bOMY
KpHCTaJ .

Pe3ynpraTi TakMx po3paxyHKIB MOZaHI Ha puc. 4.
BoHn mokasyroTh, 10 JIpKM B JOCIIIKYBaHOMY
KpUCTaTi HEBHUPOMKEHi, a iX KOHICHTpamis B
JIOCITIPKYBaHOMY IHTEpBaJIi TEMITEpaTypy 3MIHIOETHCS B
TPaHHIIAX (1,38-10" — 4,63-10") cm™*
akTuBalii akuentopiB Ea, Bu3HaueHa 3a JAaHUMHU LBOTO
rpadika B cepenosuiii MathCAD, nopisutoe 0,022 eB, a
(dyHKIis (4a) B OCTIKYBAaHOMY IHTEPBaJIl TeMIIEpaTypu
Maike mocTiliHa.
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Si;Ge, <Hf, Pt> (x = 0,03).
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BucHnoBku

[TpoBeneni BUMipIOBaHHS 1 pO3paxyHKH ITOKa3ajH,
o0 JOCTI[DKYBaHI KpPUCTald B  TEMIIEPaTypHOMY
iarepBami  (30+300) K  mposBISIOTE  TOMIITKOBY
MIPOBITHICTH P-THUITY 3 HEBHPOHKEHUMH JIipKaMH, SIKi TIPH
Hu3bKMX  Temmeparypax (30+40) K B  ocHoBHOMY
pO3CIIOIOThCS Ha 10HI30BaHUX Me(eKTaxX KPHUCTAIIIHOI
rpaTkd. 3 MiOBUINCHHSIM TEMIIEPAaTypH e PO3CIFOBaHHSA
JIPOK YCKJIAJHIOETBCS 1 CTAE 3MIIIAHUM: Ha 10HI30BaHUX
nedekrax 1 Ha TEMJIOBUX KOJMBAaHHAX KPHCTAJIIYHOT
rpatku. B 3B’3Ky 3 UM iX pYXIIHMBICTH ONHCYETHCS
CTETNEHEBOI0 (DYHKIIIEIO BiJl TEMIEPaTypH 3 NOKAa3HHUKOM
o =-0,135.

3acTocyBaHHS OMNKMCAHOTO B JaHI poOOTI METOdy

JIO3BOJISIE 32 BUMIPSHOIO TEMIIEPATYPHOIO 3aJICKHICTIO
OTOpY BU3HAYMTH SHEPTil0 aKTHBALl Ta KOHLEHTPAIIO
JIETYIOUMX JIOMIIIOK y Kpuctani. OCHOBHI Napamerpu
JociipKkyBaHoro — kpucrtaina  taki:  AE =0,022 eB,

N, =1-10"em™, N, =0,5-10"cm™ .
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The resistance and magnetoresistance dependencies for Si-Ge<Hf, Pt> solid solution whiskers on temperature
(30-300 K) and magnetic field (0-14T) were studied. A scattering of charge carriers was shown to occur on ionized
impurities at low (30-50 K) temperatures and on acoustic phonons at higher temperatures. The impurity activation
energy and concentrations were evaluated in the crystals.

508



