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B xpucranax n-Cd,Hg; ,Te 3 x = 0,2 3 ¢uykTyanismMu piBHS JIeTyBaHHS BHUSBIEHO HEOAHOPITHICTE KOOPIH-
HaTHOTO po3noAiTy ¢oTouymiuBocti. [TokasaHo, 0 MpH JOMIHYBaHHI IIPOIECY MIK30HHOI yIapHOI pekoMOiHa-
il HasIBHICTh peKoMOiHamiiHuX Oap'epiB mpu (uIyKTyarii KOHIEHTpaLil HOCIIB 3apsay 3MiHIOE€ abCOJIOTHI 3Ha-
YEHHs YaciB JKUTTS HepiBHOBOXHUX HOCIiB 3apsay (HH3) B maTpuiyi i BKIIFOUSHHSX, IPOTE (POTOAKTHBHICTh Ta-
KHX BKJIIOYEHb 30epiraeThes: MepesieroBani BKIIIOUCHHS 3aIMIIAIOTHCS PeKOMOIHALIHHO aKTUBHUMH 1 BUKOHYIOTh
pounb crokiB HH3 i HaBmaku, nepeKoMIICHCOBaHI BKIIOUCHHS — IH)KEKLIHHO aKTHUBHI 1 BUKOHYIOTh POJIb JKEpe
HH3 npu ontuuHoMy 30ymKeHHI HeOIHOPiAHUX KpucTaniB. [Ipu mepexoai B TeMmepaTypHHi [iana3oH BIACHOI
MIPOBIAHOCTI KOOPAMHATHUH penbed y po3MoAilTi GOTONPOBITHOCTI BUPIBHIOETHCS 32 paXyHOK BUPIBHIOBAHHSA 110

3pa3Ky KOHLIEHTpauii HOCIIB 3apsmy.
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I. Beryn

I'pannuni ¢yHKIIOHANBHI TapaMeTpu onrTo- i ¢o-
TOCTICKTPOHHUX HANIBIPOBIIHUKOBHX MarepiaiiB i
CTPYKTYP, SK MPABHIO OOMEKYIOTBCS PIBHEM iX CTPYK-
TypHOI nocKoHayocTi. B 3HauHIi Mipi 1€ CTOCyeThCs
XIMIYHO CKJIaJHHMX HAIIBIPOBIAHUKIB, 30KpeMa TBEP-
qux posunHiB CdHg;,Te (KPT), sikum npuramanHa
PO3BHHEHA CUCTEMa TOYKOBHUX 1 MPOTSHKHHUX JNe(eKTiB,
30KkpeMa (QIyKTyalid CKjiajy, piBHS JIeryBaHHs, Ipe-
LMIITATIB BJIACHUX KOMIIOHEHT 1 JOMIIIOK 1 SKI BiJi-
rparoTh HA/I3BUYAaHO BAXKJIMBY POJIb B peKOMOiHamiii-
HUX Mpouecax. | xo4a poyib BY3bKOIIUIMHHUX BKIIIO-
YeHb B 3MEHIIEHHI (OTOYYTIMBOCTI IMX KPHUCTANIIB
BiJ3HaYaNack i padime [1], mpsAMEUX TOCTIIKESHb BILTH-
By HEOTHOPINHOCTEH pI3HUX THIIIB, B TEPIIy Yepry,
OB’ sSI3aHUX 3 HEOJHOPITHOCTSMH TI0 PIBHIO JIETYBaHHS,
110 HanOLIbm yacto 3yctpivatoThesi B KPT, Ha doro-
MPOBIAHICT KPHUCTATIB, 30KpeMa ii KOOPIHHATHHIMA
PO3IOIiN, a TAKOXK aHANI3y PEKOMOIHAIIWHUX BIIACTHU-
BOCTEH HEOJHOPIAHOCTEH, 30KpeMa 3 ypaxXyBaHHIM
OTOYYIOUMX iX eHepreTMuHHx Oap’epiB, NapamerpiB
KPHUCTAIB i YMOB ONTHYHOIO 30YKEHHS, OpaKyBaJo.

B wi#i po®oTi JOCITiKEHO KOOPAUHATHUAN PO3MOILIT
tdoronposignocti (PII) B HEOTHOPIMHO JETOBaHUX
KpHCTaJax i NPOBEAEHO aHali3 BIUIMBY IIMX HEOMHOPI-
THOCTeW Ha pEKOMOIHANIWHI BIIACTHBOCTI KPHUCTAJIB
KPT n- Tumy.

Bupuamuces xpuctamu KPT 3 x ~ 0,2 (mmpuna 3a-
6oponeHoi 30uM E, = 0,1 eB). locmiukeHHs Koopau-
HaTHOTO posmonury PII mpoBomwIMCH MpH OMpOMi-
HenHi He — Ne nmazepom (JII' — 126 A, = 3,39 MmxMm ) B
cTamioHapHOMY pekumi. JlogaTKoBO AJIS BHSBICHHS, a
OpH  MOXJIMBOCTI 1 imeHTH]IKamii AeAKUX BHIIIB

00’€eMHHX HEOIHOPIAHOCTEH, 3aCTOCOBYBAINCH TaKOXK
BHMIPIOBaHHS CHEKTpabHUX 3anexHoctedt DI, tem-
MepaTypHUX 3aJeKHOCTEH XOJUIIBCHKOI PYXJIHBOCTI

Uy (T) 1 4acy >KUTTS HEpIBHOBKHMX HOCIIB 3apsmy

(HH3) 7, a Takox MPOBOAMBCS €ICKTPOHHO-30HIOBHIA
PEHTI€HOCIIEKTPAIbHIK MiKpOaHalli3 XIMIYHOTO CKJia-
Iy 1 oro po3noAiiay 1o moBepxHi 3paskis. Jocimimxy-
BaJINCh OJHOPI/HI 0 CKJIaxy (33 JaHUMH €JIEKTPOHHO-
30HIOBOTO MiKpOaHati3y) KPHUCTAIH 3 HHU3BKOIO XOII-

JIBCBKOIO PYXJIMBICTIO Ly = 3-10*-10° eM*/Bc  mipu
77 K (ans mOpiBHAHHS 3pa3Kd 3 MaKCHMAaJIbHOIO PyX-
JIUBICTIO MAIOTh [l ~ 2.10° em*/Be nipu 77 K).

Ha puc. 1 HaBeneHo koopauHatHi posmominu OI1
JUISL OJHOTO 13 TaKuX 3paskis (x = 0,2, ny = 8-10" em™)
npu T, = 77 K — kp.1 (miamazoH 1OMilIKOBOT NPOBiJ-
Hocti) 1 T, = 150 K — kp.2 (niama3on BiacHOi npoBif-
HocTi). B 1boMy 3pa3sky XoJuliBChbKa PYXJIMBICTH B Jlia-
ma3oHi JgoMimkoBoi mposimHocti (77-120 K) cyTtreBO
(maibke B 2 pasu npu 77 K) 3MeHIIeHa y NOPIBHSHHI 3
3pa3KaMy 3 BHCOKOIO PYXJIMBICTIO, a B 00J1acTi BIIaCHOT
MPOBITHOCTI CIIBIANA€ 3 HUMH, IO MOXE CBiTYUTH
mpo iCHyBaHHS B 00JacTi JOMIMIKOBOI IPOBiTHOCTI
obmacreit mpoctopoBoro 3apsany (OII3), mos’s3aHux 3
¢urykryanismu piBHs seryBaHHs N, —N,, a BiJmoBi-
JTHO ¥ KOHIICHTpAIlii OCHOBHHX HOCITB 3apsay ng [2].

Sk 6aunMo, B IIbOMY 3pa3Ky iCHY€ CyTT€Ba HEOJ-
HOpimHicTs B po3noxini @I mo koopaunati ipu 77 K,
TOOTO B 0OJIACTI JOMIIIKOBOI MpPOBigHOCTI. OCKITBKH
€JIEKTPOHHO-30HJOBHAH aHAaJ3 CBIIYUTH TPO XiMIUHY
OJTHOPIJHICTh 3pa3ka, a TeMIlepaTypHi 3aJIeKHOCTI XO-
JUTIBCHKOI PYXJIMBOCTI — MPO HASBHICTh HEOJHOPIIHOC-

Tel, MoB’s13aHuX 3 QIyKTyalisMu 1, B JOMIIIKOBOMY
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Puc. 1. Po3nozin cranioraproi ®@I1 mo xoopauHarti
ogHopinHoro no ckiuany 3paska KPT3x= 0,21 n, ~

8-10" cm™ 3 HU3BKOKO XOTITIBCHKOIO PYXIHBICTIO B
00J1acTi JIOMIIIKOBOI IPOBIHOCTI MPH ONPOMIHEHH1
He-Ne nazepom
(A, =3,39 MkM B pexuMi An <<n, ):

1-77K,2-150 K.

TEeMIepaTypHOMY [iama3oHi, O9eBUIHO, came 3 (IIyK-
TyamlissMu piBHS JeryBaHHS (a0 KOMIIEHCAIlil) MOXYTh
OyTu noB’si3aHi 1 koopauHatHi ¢uykryanii OI1. Tlpu
OiIbII BHCOKHMX TEMIIepaTypax — B 00JacTi BJacHOi
NPOBIHOCTI, KoOpAuHATHUH po3mnonin DI BupiBHIO-
etbes (puc. 1 Kp. 2), 1110 MOKE CBITYUTH NPO BUPIBHIO-
BaHHS KOHIIEHTpAIii HOCIiB 10 00’€My, IOB’A3aHOTO i3
MIepexoJ0M B TEMIIEpaTypHHH Aiana3oH BJIACHOI MPOBi-
JHOCTI.

[IpocToporwuii perped GOTOTYTIUBOCTI i HOTO Te-
MITEPaTyPHI 3aJIeKHOCTI BU3HAYAIOTHCS MPOCTOPOBUM
posnomiioMm HH3 (skwii BU3HAYa€THCS KOHKPETHUMH
BUJAMHU 1 MapamMeTpaMd HEOJHOPIAHOCTEH) 1 3amady
po 1X pO3HoAia HEOOXiJHO PO3B’s3yBaTH Ha OCHOBI
PIBHSIHHSL HeNepepBHOCTi, AMB. Hampukian [3], 3
ypaxyBaHHSM 3aJIE)KHOCTI BiJj KOOPJIMHAT MapamMeTpiB
reHeparii, pekomM0OiHalii i mepeHocy, rpaHUYHUX YMOB,
o BU3HAYAIOThCS (hopMOYTBOPIOIOYMMHU i
BHYTPILIHIMH OBEPXHSIMH, TOILO.

B peanpnux kpucranax KPT icHytoTh KOrepeHTHi i
HEKOTEPEHTHI, MHUPOKOIIIINHHI 1 BY3bKOIITNHHI, BHU-
COKOTIPOBiTHI 1 HU3BKOMPOBITHI BKIIOYCHHS, B SKUX
MOXYTH MPOCTOPOBO 3MIHIOBATUCH ITAPAMETPH 1 MeXa-
Hi3MH reHepaiii i pekomOinanii HH3, ix mnepenocy,
30KpeMa y BHYTPILIHIX KBa3ieJIeKTPHYHUX MOJIAX KOBa-
piaaTHOrO i (a00) KOHTPBApPiaHTHOI'O 30HHOIO PEJbE-
¢y, Tomo. Po3p’s3anus 11i€l 3a1a4i B 3araibHOMY BH-
TJIsi/11 Ha ChOTOJHIIIIHIN Yac He YSIBISETHCS MOXKITBHM.

Tinbku npu ananizi temny renepauii G B onruu-
HO HeoxHopinuux kpucranax KPT ciin BpaxoByBaTtu
KOOpPJMHATHI 3aJIe)KHOCTI KOe(Ili€HTIB NOTJIMHAHHS
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O, BigOuBaHHsa R, 3aJ0MIIEHHS N, KBAHTOBOT'O BHXO-
Iy [3 , TOIO. IX BifMiHHICTB 171 MaTepiamy MaTpuii i
BKITIOYCHb TPHU3BOOUTH 110 HEOOXITHOCTI BHIINICHHS
TeMIiB TeHeparlii okpemo as marputi (G;) 1 BKIIOYeHb
(Gy). IcHye Bcbhoro nexinbka poOIT MO JOCHIHKEHHIO
BIUIMBY HEOJHOPITHOCTEH HA ONTHYHI BIIACTHBOCTI
KPT. I xoua meit YMHHUK Ty’Ke BaKIUBHHA IJI51 KOPEKT-
HOTO aHaJI3y 3a/aui Mpo HEepiBHOBAXKHI MPOLIECH B He-
OJTHOPITHUX HAMIBIPOBIAHMKAX 11 PO3IJISLT HE BXO/UB B
KOJIO 3314 1i€l poOoTH.

JpyruM OCHOBHMM YWHHHKOM, IO TPa€ pPOIb Y
tdopmyBanHi posnoxity HH3 y HeomHOpingHOMY Kpuc-
Tam € 9ac xutTs HH3, mo Bu3HaYaeThCs TOMIHYIOUH-
MH TIpoLIecaMH PEKOMOiHAIIi1.

VY By3pkominnHHUX KpucTtanax KPT n-tumy 3 x =
0,19-021 i n, = 3.10"-6-10" cm™ nmominye mpomec
MDK30HHOT yzaapHoOi pekomOiHawii, Temn skoi Ry, y
BiJIMIOBITHOCTI Hampukiaa 3 [3], MOXKHa 3amucaTH B
HACTYITHOMY BHUTJISIIL:

1 A_(np—-n’
LA gy,
n;

ne T, —uacoxurrs HH3, B=A,, /Aee (<< 107 npu

77 K), Ace, Apn — IMOBIPHOCTI YJapHHUX TMPOIECIB IS
MDKEJIEKTPOHHOI 1 MDKIIPKOBOI B3a€EMOJiH, sIKi 3alie-
JKaTh BiJl IUPUHM 3a00POHEHOI 30HHM, a BIAIIOBITHO
BiJl CKJIaJly MaTepiaiy.

Jis cramioHapHOTO BHIIAQAKY 1 HHU3BKHAX PIiBHIB
30ymKkeHHs ©e3 BpaxyBaHHA NPOIECIB MEPEeHOCY

R, =
Ta

CIIPOLIEHHS JAIOTh Ui T, B Marepialax n-THIy i 3
BJIACHOIO MPOBiAHICTIO (MTO3HAYEHI iHACKCAaMU n, 1) Ha-
CTYITHI BHpa3u:
2
TAn ~ 2TAI—2nl’ TAi ~ (2Aee )_1’ (2)
n,
Je N, — BlacHa KOHLUEHTpALlis HOCIiB.

Takum gmHOM, 5K BUTiKae 3 (1, 2), Temn pexomoOi-
Haii i gyac xutTs HH3 mMoxe mpocTopoBo (iykTyroBa-
TH 3a paxyHOK QUIyKTyauiil ckiamy (depe3 A 1 PB) 1
piBHA JIETyBaHHA Martepiany 1.

JlokanpHi 3MIHH TEMIIB TeHepamii i pexoMOiHarii
MPU3BOIATh 1O CYTTEBO HEOTHOPITHOTO PO3MOILTY
HH3 y xpwucrani, BHACIiOK YOr0 MOXXYTb BHHUKATH
nudysiitai, abo nudysiiino-apeiidosi noToku, cnpsmo-
BaHi Ha BUPIBHIOBaHHS IIMX KOHLEHTpaliil B 00’emi
Kpuctana, nebaiBcekuii 3cyB xmap HH3, Tomo. Ha
MpoIlecH PEeKOMOIHAIT i IEPEHOCY B CBOIO Yepry Ha-
KJIaJaeTbcsl CHEeUU(IYHUN EeHepreTHYHUH KOBapiaHT-
HUI a0o (i) KOHTBapiaHTHUII 30HHUN penbed, M0 BU-
HHUKa€e B OKOJII HEOJHOPIJHOCTEH 1 MOXKE CYTTEBO NpH-
CKOpIOBaTH, ab0 TajibMyBaTH IIPOLIECH TIEPEHOCY.

[Ipu po3rmsimi X mpomeciB B MaTepiali 3 QIyKTy-
arisMu ckirany i (abo) JIeryrodoi JOMIMIKH HEoOXiITHO
BpPaxOBYBaTH, L0 MPU KOBApiaHTHIH MOIYJSALIl 30H
HH3 mpocTopoBO pO3MINSIOTHCSA, IO MPHU3BOANUTH JIO
30UIBIICHHS Yacy X JKUTTS 1 3pocTaHHIO0 (DOTOIMPOBIi-
HOCTI. Y BHIAIKy KOHTPBapiaHTHOI MOIyJIsLii 30H
MOTEHLIAIBHUN pejibed NMPU3BOIUTH HE A0 PO3ALLY, a
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Puc. 2. Yac xxutrs T B HAOULIBII (OTOYYTIIMBUX OHO-
piAHEX 1 cTpyKTypHO HockoHanux kpuctanax KPT 3 piz-
HOO KOHLICHTPALI€I0 PIBHOBAXKHHUX HOCIIB 3apsay IpH
77 K. To4ku — eKcriepuMeHTaNbHI JaHi, CYIUIbHI JTiHii —
po3paxynok st x = 0,19 (xp. 1) i x = 0,22 (xp. 2).

JI0 JIOKai3alii eJEKTPOHIB 1 IipOK B OJHHUX 1 THUX K€
JUITHKaxX 3pasKiB, II0 MOXXE CIPHATH 30LIBLIEHHIO
MIBUAKOCTI pekoMOiHawii i 3MeHIIyBaTd (OTONPOBiI-
HicTh. B TBepIux po3yMHax 3 BUCOKUM CTYIEHEM KOM-
TIEHCAIlil peali3yeThcs CHUTYaIis, KOIU OJHOYACHO ic-
HYIOTb HEOHOPITHOCTI K 3 MapajelbHO0, TaK i aHTH-
napaixeabHOI0 MOIYJIILI€I0 30H, IPUIOMY 0OMABA THUIIH
(iykTyariit MaroTh HOPIBHSIHY BEITHUHHY.
OOMeXHMOCST aHAITI30M peKOMOIHAIIHHUX BIACTH-
BOCTEH HEOJHOPIAHOCTEH 10 PIBHIO JieTyBaHHS. Y Bil-

. . -2
HOBIJHOCTI 3 (2) B KpucTanax n-tumy T, ~ 1, . Ie
n

MIATBEPKYETHCSI  €KCIIEPUMEHTAIBHIUMHU  JIOCHIDKEH-
HAMH (SIK HAIIUMH, TaK 1 iHIIUX aBTOPIB) 4acy >KHATTS

HH3 npu 77 K B xpucranax KPT 3 x = 0,19-0,21 i n,,

~ 3-10"-6-10" oM. Ha puc. 2 naBeneni 3HaueHHs T
JUTA HafOiIpm (POTOUYTIMBHUX, OXHOPIAHUAX 1 CTPYKTY-
PHO TOCKOHAJIUX KPUCTAIIB 3 MaKCHMAaJIbHO XOJUIiB-
CHKOIO PYXJIMBICTIO 1 Pi3HOIO KOHIIEHTPAII€I0 PiBHOBA-
JKHHUX HOCITB 3apsiy.

Honopni piBai B KPT ioHi30BaHi 10 TETI€BUX TEM-
neparyp T [4, 5], Tomy ¢urykTyanii KOHIEHTpauii Bia-
CHHMX 1 IOMIlIKOBUX JTIoHOpHUX AedexTiB (Hg;, V. 11H.)
a00 KOMIIEHCYIOUMX iX aKuenTopHuX AedexTiB (Viyg,
Te;), B ycbOMy TeMIIEpaTypHOMY Mdialla30Hi JOMIIIKO-
BO{ MPOBIAHOCTI MPU3BOIATH 10 JIOKAIbHUX (IIyKTya-

ill KOHIEHTpalii HOCIiB N, @ OTXE i JOKAIbHUX
3MiH yacy xuTTs — T;. ToOTo, Hanpuknaz, JoKaIbHE

301IbLIEHHS KOHLEHTPALIi HOCIiB N, MYyCHTh IPU3BE-

CTH 10 PI3KOr0 3MEHIIEHHS Yacy >XHTTS B TaKOMY

-2

BKIIFOYEHHI, OCKUIBKH T; ~ I .

BrumuB BKIIIOYEHB 3 Ngi/Ngy # 1 Ha JTOKAJIBHHUHA 4ac
KUTTS Tj) MOSCHIOETBCS JiarpaMaMHu, TPEACTaBICHUME
Ha pHc. 3. YsBUMO, 0 B MaTpuui kpuctaiy 3 X = 0,21,
ng, = 3-10" CM'3, 7,=510°% ¢ mpu 77 K MarTth micie
JIOKANTbHI BIAXWIICHHS BiJ Ny, B CTOPOHY 3MEHIICHHS
a00 301IbIICHAS KOHIIEHTpAIlii HOCIiB: 10 < ng; < 10"
cM™, puc. 3a. SIKII0 He BPaxoBYBATH iCHYIOUHX B I[bO-
My BHIIQAKy MOTEHIIaBHUX Oap’epiB IUIA MEpeHoCy
HeocHoBHHX HH3, MoXHa OpPUITYCTUTH, MO 3TiAHO
3aJeXHOCTI T(Ng), puc. 30, Taki BIOXWIEHHS TOBHUHHI
HPU3BOJMTU 10 JIOKAIBHUX 3MiH T, B MeXKaxX: 5-107
<13< 5-107 ¢ (puc. 3B — myHKTHpHA HiHis). OyeBUIHO,
BCi HOCIT 3apsiy, TeHEpPOBaHI B peKOMOIHAIIWHO aKTH-

BHOMY BKJIFOYEHHI 3 Tjg << Ty, TYT XK€ 1 pEKOMOIHYIOTb.
I'enepoBani y matpuui ocHoBHi HH3 renepyrorbcs

. ) 12
srmoueHHsm 3 Bignami L, =(Dt, )", wo nosunno

MPU3BOJUTH A0 3MEHIICHHS (POTOUYTIMBOCTI KpHCTa-
na. JIns BKIIOYEHB 3 T;>>T, ocHoBHI HH3, renepoBani
Y BKJIFOYCHHS, IH)KEKTYIOTBCS B 00°€M MaTpHIli Ha Bij-

CTaHb LDV (Ip1 YTBOPEHHI HUMH CYLIJIBHOTO KJIacTe-

Py B KpHCTaJi BOHH MOXYThb JlaBaTH BHECOK B HOro

1,c
104}
4 — = =
/ 107}
T M -6
e NS 107 4 4
B 10 '7L
10
108}

Y .
10" 10" 10" n_,cm

|

!

a

zZ
Puc. 3. liarpama BruinBy (uyKTyauiii KOHIEHTpaLil HO-

CiiB 3apsny 1, Ha JOKaNbHU 9ac KUTTA T : a — QIyk-
Tyamii 1); 6 — 3aNeKHICTH ’E(no) max = 0,21; B —
¢uyxryanii T; (myHxTup — 6e3 BpaxyBaHHS EpeK , Cy-

LIBHI JiHI] — 3 BpaXyBaHHAM EpeK ).

(hOTOOUYTIIMBIICHHS).

[Ipote, y mpoMy BUNAIKy HEOOXiTHO BPaxOBYBAaTH
Te, mo (uykTyanii piBHOBaKHOI KOHIEHTpallii HOCIB
3apsiy y KpHCTalll BeoyTh 10 KOBapiaHTHOCTI podiito
€HEePreTUYHOr0 30HHOTO peNbedy 1 YTBOPEHHS MOTEH-
uianbHUX Oap’epiB st HeocHoBHUX HH3 i1 BignosigHO
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Puc. 4. EnepreTrnyuHa 30HHa JAiarpaMa odiacTeil 3 miIBUIIECHOIO (@) i MOHIKEHOO (6) KOHIEHTPAIi€l0 OCHOBHHUX HOCIiB 3aps-
1y B Matepiaji n-TUIy POBiJHOCTI.

pexomOinaniiinux Oap’epiB (E,.), puc. 4. Lle moxe
CYTTEBHM YMHOM BIUIMBAaTH Ha yac xurta HH3 B mpu-
JATAI0YUX 10 MEXi po3ainy audysiiHux olmacTsax ma-
TpULI 1 BKIIIOYEHb 1 3KOPEr'yBaTH HaBEJEHI IPHITYICH-
Hi. ToMy mpu po3risial mporeciB pekomOiHanii y BU-

naakax QaykTyanid mo N, (P,) HEOOXiTHO BPaxoBy-

. . -2 . N
BaTH HE TUIBKU 3aJISKHICTh ‘c(no ), ane 1 icHyro4ni
JUIL HEOCHOBHHMX HOCI{B 3apsay peKoMOiHAIiiHMIA
6ap’ep E,e [6], TOOTO

Epe A3)
kT )

Tegp = Tio €XP

Posrnssnemo Bumnanku (aykryaiiidi KOHUEHTpAIil
BIIaCHUX Je(eKTiB, 10 MPHU3BOAATH 10 JIOKAIHHOTO
30ibIIeHHs, 00 3MEHILIEHHs! KOHLEHTpPAaLil OCHOBHUX

HOCIIB 3apsfy N, 3 ypaXyBaHHAM Li€i 0OCTaBHHH.

II. IlepeseroBani BK.IO4YeHHH 3i 30i1blIEHOI0
KOHIEHTpPali€l0 PpiBHOBAKHMX  HOCIIB
(ng; > nyy)

OcnoBui HH3 (enexkrponn) crikaioTbes B 110 00-
JacTe Oe3nepemKkoaHo (puc. 4a), IPUTIK K€ HEOCHOB-
aux HH3 (mipok), a sk Hachimok i pekomOiHAIis map,
YTpYIHEHI BHACTINOK ICHYBaHHS IJIsI HEPiBHOBAKHHUX
JipoK mnoTeHUianbHoro 6ap’epy E,.. Llg obcraBuna
3riJHo (3) Beae 10 301IbIICHHS Tip 0 Teg-

Ilpu Bemuknx posmipax Brmouens (Ic > L,

L, = (D'[:i )l/ - noBxuHa audysiiinoro 3cysy) HH3,

TeHEPOBaHi B LIEHTPaJIbHIN YacTHHI BKIIOYEHb (I < I, —
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LDi) PEKOMOIHYIOTh 3 4aCOM XHTTS Tj. B mpuieriux

210 TpaHHULB po3ziny audysiitaux obnactsx (fe— Ly <

r <r.) HH3 po3ainstorecs: Aipku nepexonsts B 00’eM
MAaTPHIIi, eJIEKTPOHH 3AIUIIAIOTHCS Y BKIFOUCHHI, CIOI
K TIEPeXOIITh HEPIBHOBAXKHI €JIEKTPOHU i3 MATPHII 3

Bignani L Bin rpannni posniny. HacrynHa pexom-

Oimanis HH3, mo 3HaxomsTecs B audy3idHUX oOmac-
TAX, Oyde NpOXOIWUTH 3 Yy4YacTI0O PEKOMOiHAIIHHUX
Oap’epiB.

Ipu mMammx posmipax BrimoueHs (I < L ), B Hux

1 TPUIETTNX 00 HUX AUQY3IHHNX 00IacTIX MaTpHIL
Oyze mpeBaroBaTH PEKOMOIHAIIIS 3 y9acTIo Oap’epiB.

IIpoBenemo aHami3 Teg 3 ypaxyBaHHAM OTOYYIOUHX
1epeeroBati ooaacTi pexoMbiHauiHHUX 6ap’epiB Epey.

3HaveHHs E,. MOXKHAa OTPUMATH HAa OCHOBI CHIBC-
TaBJICHHs] BUPa3iB JUIsl 3aJIE)KHOCTEH KOHIEHTpalii HO-
ciiB BiJ mojoxxkeHHs piBHA Pepmi, sike B KpucTanax
KPT 3 ypaxyBaHHSIM 4acTKOBOTO BUPOJKEHHS €JIeKT-
POHHOTO a3y po3paxoByBaJoCh B [7].

st HeBupopxeHoro crany marepiary KPT n-tumy
B MAaTPHIIi i BKIIOUEHHAX IS Tep, K TOKA3ye aHaIi3,
CIpaBeVIMBUI HACTYITHUN BUpPa3:

n,. n
Tecl) = TiOi: Tvoﬂ’ (4)
Ny, n;
(Tvo, Tio — YAC XKUTTA B MATPUIL{ i BKIIOUYEHHSX IPU
BiZICYTHOCTI Oap’epiB).

OCKIUTBKH Ng; > Ny, TO 13 (4) MOXHA 3pOOUTH BH-
CHOBOK, IO T OlNIBLIE T, a1€ MEHIIE Tyo. ToOTO 30i-
neireHHs dacy xkuttd HH3 3a paxyHOk HasBHOCTI pe-
KoMOiHaIiifHoro 6ap’epy AJs HEOCHOBHHX HOCIiB 3a-
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pSAy He MOBHICTIO KOMITCHCYE 3MEHIIECHHS ITi€l Ben-
YUHH, TIOB’SI3aHE 3 I IBUIIIEHOIO KOHIIEHTPAIIIEI0 OCHO-
BHUX HOCITB 3apsiy ng;, i yac xutts HH3 y npussiraro-
YUX J0 MEX MOAUTY MaTPHUII-BKIIOYECHHS AU(y3iitHIX

o0JacTax MaTpuIll Te(l) 3AJIMITAETbCA MCHIIIUM MaTpu-

YHOTO Ty. TakvM YHHOM, MEPEICroBaHi BKIIOYCHHS
3aJIMIIAI0THCS PEKOMOIHAIIIHO AKTUBHUMH 1 BHKOHY-
fote (yHkmii crokie HH3. Hanpuknan, B kpucranax
KPT 3 x = 0,2, ng, = 3-10"* em™, ngi = 10'° em” Eye, He
nepesuinye 2 KT npu 80 K i 3HaYeHHS Teq = 1,510° ¢,
(mns MOPiBHAHHS: Tj = 5-107 ¢, 1= 5-10" c), puc. 3, B
(cyuinbHa miHis ). Came MM CKOpILI BChOTO 3yMOBIICHI
npoBajiu (QOTOYYTIMBOCTI B HaBeACHOMY Ha pHC. 1,
kpuBa 1 koopanHatHOMY po3noini OIT.

[ligkpeciumo, MO JOMIHYIOYMM B PEKOMOIHAIiH-
HOMY TMIpolieci B MepexiJHOMy Iuapi rnepeadayaBcs
yIapHUH MIK30HHHH MEXaHi3M, IO, SK BXKE BigMmida-
JIOCh, HE 3aBXKIU Mae Micue. B anprepHaTUBHHUX BHIIA-
JKaX MOJIMBO, IO NpH HU3bKHMX T 1 BeNUKHX Epe MO-
JKE peani3yBaTUCs CUTYaIlis, KOJH T; CTAHE OUIBIINM T,
1 BKJIFOUCHHS TI0 BiTHOIIEHHIO IO MATpPHIII CTaHE PEKo-
MOIHAIIfHO TMaCUBHUM a00 HAaBITh 1HKEKIIMHO aKTHB-
HHM.

I11. IMepexoMneHcoBaHi BKJIOYEHHS 3i 3HUKe-
HOI0 KOHIIEHTPAIli€l0 PiBHOBAXKHUX HOCI-
iB (ng; < ngyy).

Jlist BKIIFOUEHD BEeMKKX po3Mmipis (1> L, ), sk iB
nonepenHboMy Bunanky, HH3, renepoBani B neHTpa-
nbHUX ofnacTsax BKmoueHs (r < r.— Lp ), tyr xe i

pexoMmOinytoTh. B mudysiiinnx obmactsax marpumi i
BkiroueHb HH3 pexkoMOiHyroTh 3 ydacTio pekomOiHa-
niitaux Oap’epiB. g BUIagKy Manopo3MipHUX BKITIO-
gens (1, < L D, ) Bci HH3, renepoBani B HUX 1 1udy3iid-

HUX IIapax Marpuli, OyayTb peKOMOIHYBaTH 3 y4acTiO
pexoMOiHanidHNX Oap’epiB. OUeBUAHO, 5K 1 y TomIepe-
JHBOMY BMIAZKY, JUIS aHAMI3Y Teq 3 YPAXyBaHHAM Epe
MOXKEMO CKOopucTaTtucsi BupazoMm (4). Jns BUmagky
KPT 3x=0,2, ng, = 3:10" em™ , 1,0 = 5:10° c, i BrmtO-
YEeHHSIMU 3 Ng; = 1-10" CM'3, Tio - 4,5-10'5 C, Epex =2 kT
mpu T = 80 K, 1,y = 1,510 c.

Takum 4uHOM, JUIS IHOTO BHNAAKY B qUdy3idHOMY
api MaTpUILi Teq OIIBIIE Ty 1 MEHIE Tjp, TOOTO Taki
BKJIIOYCHHS OyIyTh BHUKOHYBaTH BXE POJIb HE CTOKIB,
SK B IIOTIEPETHLOMY BHIIAJIKY, a mkepen HH3 (puc. 40).
30UIbIIeHHST aMILTTY 11 (OTOYYTIMBOCTI B KOOPAMHA-
THOMY posmonimi @I (puc. 1, xpuBa 1) MOXyTh OyTH
OB s13aHI caMe 3 IHKEKI[ITHOI AKTUBHICTIO MEPEKOM-
MEHCOBaHHX BKIIIOYEHb.

3aMiTHMO, 1110, K 1 B MONEPEAHBOMY BUIAJKY, 1Ii
NPUIYIIEHHsT 3po0JeH]l Uil MIDK30HHOI'O MEXaHi3My
Osxe-pekoMOiHaLil B MaTpuLli i BKIIOYEHHAX. B iHmMX
BUTIAJIKAX, HaNpUKiIan, ;s pekomoOinanii loxrmi-Pina
y BKJIFOUEHHSX, 110 SIK Pa3 1 XapaKTepHO VISl IIePeKOM-
MIEHCOBAHOIO MaTepiaiy, Tip, a00 Tep MOXYTh CTaTH
MEHIIMMH MaTPHYHUX YaciB JKUTTA 1 BKIIOYEHHS CTa-
HYTh pPEKOMOIHAIIfHO aKTHBHUMH, TOOTO IIEPETBO-
psaTbes Ha crokn HH3.

B o06o0x Bumamkax (ng;>ng, i Ng;<ng,) OCHOBHUHI
pekoMOiHaIHHUI MOTIK Hae B 0o0NacTsX, A€ CKymuy-
I0ThCS HEPIBHOBAXHI €NEKTPOHM 1 KyAd JipKH
HOTPAIUIATh, J0oJaloun 0ap’ep Ep., puc. 4. 3 apyroi
CTOPOHU Oap’epy, 1€ KOHICHTPYIOThCS HEOCHOBHI
HOCIT 3apsiay — AIpKH, PEKOMOIHAIIMHUIA MMOTIK Mauii
BHACJIIOK ToOro, 1o iiMoBipHocTi eeh u hhe mpouecis
pizko pizHi (B << 1) i mbkaipouHa B3aemo/isi mana. Tomy
pexkomOiHaniiinum  hhe npouecom (3  Hanbap’epHUM
MEePexX0oOM ENEKTPOHIB) B IMX OONAcTAX MOXKHA
3Hexjlygamux 00acTeil PO3MOBCIOKYETHCS BIIIHO MaT-

pui kpucrana Ha Bincranb Ly = Ly mpure>> Ly

iLey~,r. L, mpur.<< L [8].

TakuMm 4HHOM, BKJIIFOUEHHS, IIOB’s3aHi 3 HEOTHOPI-
JTHOCTSIMH JIETYBaHHSI MOXYTb CYTT€BO BiMBaTu Ha OIT
KpHCTAy 1 IPU3BOAMUTH 10 (GIIYKTyaIliif (OTOUyTIHBO-
CTI 110 KOOPIHHATI.

Oo6macTi 3 ng; < ng, JIFOTh B MaTPHIIi K peKOMOiHa-
LifHO aKTUBHI 1 BU3HAYAIOTH 3HAYCHHS T B cepi, pai-
ycoM = 1+ Leg. IlepekpuBarounch, BOHM MOXYTb LiJl-
KoM Bm3Hadatu T B 3pa3ky KPT i 3amxyBatu #oro ¢o-
TOYYTJIMBICTh. B 001aCTsIX 13 3HMIKEHUM 3HAYCHHSIM Ng
YacH XUTTA T{>Ty, IO TPU BIIMOBITHMX yMOBax (Bin-
CTaHb MiXK 00JacTAMU MeHIIE Lgy) MOKe NPU3BOANTH
JI0 CIIOCTEPEKEHHSI IOBrO4acoBUX perakcauid. Oounsa
ui eekTy, siK MpaBuiIo, 1 CIIOCTEPIraIiCh HAMH B Tie-
PEKOMIIEHCOBaHMX 3pa3kax 3 HHU3bKOI PYXJIHMBICTIO 1
OJTHOPIJJTHAM PO3IOJIIJIOM CKJIaly KOMITOHEHT.

BB HEOAHOPITHOCTEH MO Ny HA T THM OUIBIIIE,
YUM MEHIIE TeMIlepaTypa 1 KOHIEHTpAllis piBHOBaX-
HMX HOCIiB 3apsamy (B cuiy 3anexHocTi Leg Bin T, ng
(uepe3 Ty)). IlimBumeHHs TeMmmeparypu 1 mepexin B
00J1acTb BIIACHOI NPOBIZHOCTI NMPHU3BOAWUTH 1O BHPIB-
HIOBaHHS KOHIICHTpAIii HOCIIB Ny MO 3pa3Ky Ta 3HUK-
HEHHs MOTeHIianpHuX Oap’epiB. Ilpu oMy Koopmu-
HATHUHA penbed po3moairy (OTOUYTIUBOCTI TaKOK
3HA4YHO BHPIBHIOETHCs, puc. 1, kpuBa 2. Lle BinOyBa-
€TBCSI, NO-TIEpILIe, 32 PaXyHOK BUPIBHIOBAHHS KOHIIEHT-
pauii HOCIiB 3apsay Mo 3pa3Ky i3 30UIbIICHHSIM TeMIIe-
paTypu B MEPEXimHif 0 BIACHOI, a TaKOX y BJIACHIN
o0JacTi pOBIAHOCTI, MO-/IpYyTe, 32 paXyHOK 3MEHIIICH-
HSl e(DEKTUBHUX T'€OMETPUYHHUX PEKOMOIHAIIHUX PO3-
MIpiB BKIIOYEHb, IO TIOB’S3aHO 13 3MEHIICHHSIM

Loy = LDv y 3B’S3Ky i3 3017bIIEHHSIM KOHIEHTpAIii

PIBHOB&)KHMX 3apsiy HOCIiB B MaTpHIIi.

TakuM 4MHOM, HasBHICTH (MIyKTyaliii B KOOpIH-
HatHOMY po3noxaini @IT i Horo BUpiBHIOBaHHS 3 Mif-
BHIIICHHSAM TEMIEpaTypH A0 Miala30Hy BIACHOI MPOBi-
IHOCTI MOTio © OyTH TiATBEPIKCHHSM HAsBHOCTI B
KpHucTaii GpIyKTyamii IO piBHIO JETyBaHHS.

Cain BiAMITHTH 1 HacTynHy oOcraBuHy. Pozfineni
MOTEHI[IAIbHUMK 0ap’epaMu HEPIBHOBaKHI HOCIT 3apsi-
Iy YTBOPIOIOTH EJNEKTPHYHI IMOJS, SIKI KOMIEHCYIOTh
OJISl HEOJHOPITHOCTEH, 3aBSIKH YOMY aMIUTITy/a Io-
TEHLIAIFHOTO pelbedy 3MEHIIYETHCS 1 BILUIMB HEOJIHO-
piIHOCTEH 10 Ny Ha T TAKOXX 3MEHIIYETHCS.
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IV. BucHoBku

[Tpocropogi ¢urykTyarii piBHS JIeryBaHHs KpUCTa-
JIIB N-THIy BUKIHKAIOTh JIOKaIbHI (UIYKTyalii yacy
xutTss HH3 BHaCHiIOK #Or0 3aJIe)KHOCTI BiJl KOHI[CHT-

pauii piBHOBaXHHX HOCIIB 3apsay (T ~ naz ). Bxumo-
YEHHs 3 MEHIIOI0 KOHILEHTPAII€I0 HOCIiB 1, XapakTe-
pusyroThca OinbmmMm wacom sxutts HH3 (T, > T,),
BKIIIOYEHHA 3 OLIBIIMM 11, — MEHIIMM 4YacoM KHTTS

HH3 (7; < T,). Icnyroui B oMy BHIIaIKy €HEPreTH-

yHi O6ap’epu i nepenocy HH3 koBapianTHOTO 30HHO-
0 SHEPreTUYHOrO Peibe]y YTPYAHIOIOTH PEKOMOiHA-
uito HH3 B nudy3iHuX mapax MaTpuli i BKIIOYEHb,
IIPOTE HE KOMIIEHCYIOTh 3MiH 4acy >KUTTS, [TOB’SI3aHMX
i3 3MIHOIO KOHIEHTpalii PiBHOBaXHUX HOCIiB 3apsy.
TakyuM 4MHOM, BKJIIOYEHHs 3 OUIBLIOK N eKcTpary-
ro1b HH3 i3 mMarputii, ToOTO € iX cTOKaMu, a BKIIOYEH-

HA 3 MEHIIOKW N imxekTyrorh HH3 B MaTpuuro, To6TO

€ ix mxepenamu. [Ipu ckaHyBaHHI CBITJIOBUM 30HIOM
10 TIOBEPXHI HEOJHOPIAHUX O PIBHIO JETYBAaHHS KpH-
cramiB KPT 1ie npu3BoauTh 10 HEOAHOPIAHOCTI KOOpP-
JIMHATHOTO PO3MOALITY (OTOUYTIHMBOCTI B TeMIIEpaTyp-
HOMY Jiana3oHi AoMimkoBoi npoigHocti. [Ipu minsu-
IICHHI TeMIepaTypu 1 mepexoai B 001acTh BIacHOT
NPOBITHOCTI B KpUCTaNax 3 (QIyKTyauisMH piBHS JIery-
BaHHS HEOJHOPIMHICTP B KOOPJUHATHOMY PO3IIOILIL
(hOTOUYTIUBOCTI 3HUKAE, IO ITOB’S3aHO 13 BHPIBHIO-
BaHHSM KOHILEHTpaLii PIBHOBAXXHMUX HOCI{B 3apsgy B
OJTHOPITHOMY TIO CKJIAZy MaTepiai.
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In Cd,Hg, . Te (CMT) crystals (x ~ 0) of n-type conduntivity with fluctuations of the doping level the inho-
mogeneity of coordinate distribution of photosensitivity is revealed.

It is shown that at domination of the process of band-to-band impact recombination, the presence of recom-
bination barriers caused by fluctuations of carriers concentration changes absolute values of lifetimes in a matrix
and inclusions. Nevertheless, photoactivity of such inclusions are kept: overdoped inclusions remain recombina-
tively active and carry out a role of sinks for nonequilibrium charge carriers, while overcompensated inclusions -
are injectively active and carry out a role of sources for nonequilibrium charge carriers at optical excitation of in-
homogeneous crystals.

When transiting into the temperature range of intrinsic conductivity, the coordinate relief in distribution of a
photoconductivity is levelled at the expense of charge carriers concentration alignment along the sample.



