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I. Bceryn

Hexkpucraniyai TBepAi Tijla IpUBEPTAIOTh OCOOIHBY
yBary 6aratboX IOCTIIHUKIB SIK y HamIiil KpaiHi, Tak i 3a
kopaoHoM. IlixBuimeHu#i iHTEpeC 0 TaKUX MarepiamiB
BUKJIMKaHUH TOJIOBHMUM YHMHOM iX crenuQiyHAMU
€NeKTPOHHUMH BIIACTUBOCTSIMH, 110 BU3HAYMIIN YCIILIHE
BUKOPHCTaHHS aMOp(HHUX IUNBOK 1 CKIOBHIHUX 32

CTPYKTYPOIO peYOBHH y Ppi3HUX o0acTsx
npuiranoOynyBanas.  Kpim  Toro, 'y  pesynbrari
3aCTOCYBaHHS HOBHX CKCIICPHMCHTAILHUX METO/IB
JMOCTHDKCHHS  (DI3MYHMX  BJIACTUBOCTEH, a TaKOX
PO3LIMPEHHSI ~ KOMIIOHEHTHOTO  CKJIaay  CIIOJNYK,

OIIeP)KYBaHUX Y HEKPHUCTAIIYHUX CTaHAX, OyJM BUSBIICHI
XapakTepHi CTPYKTypHI PHUCH TaKWX MaTepialiB, IO
JIO3BOJIJIO TIO-HOBOMY PO3IJISIHYTH PSIIl CTAIMX y Teopii
MPEACTaBIeHb IMPO BIUIUB CTYNEHS CTPYKTYPHOTO
YIOPSAKYBaHHS Ha OCHOBHI (Di3U4YHI XapaKTEPUCTHUKH
CIIOJTYK.

OcCHOBHa yBara y JOCII/DKEHHI CTEKOJ 30CEPEIKCHO
Ha THUX BJIACTUBOCTIX Herl/ICTaﬂi'-IHI/IX pC€UOBHH, IO
00yMOBJIEHI PyXOM €JIEKTPOHIB Yy HEYHNOPSJKOBAHUX
CTPYKTYpaxX, 30KpeMa iX  eJeKTpONpOBiZHOCTI #
ONTHYHOMY TMOTJIMHAHHI. Y 3B’SI3Ky 3 [UM, TeMa
JIOCTIKeHb (PI3UYHUX BIIACTHBOCTEH CTEKON € IOCHUTH
akTyanpHOI0. B mamiii poOOTi momaHi pe3ymeTaTtH 3
ONITUYHOTO  TIOTJIMHAHHI,  (OTONIOMIiHICIeHIIi  Ta
€JIEKTPOIIPOBITHOCTI CTEKOI cHCTEM

CdSe —SnSe, —Ga,Se, ta CdSe—GeSe, —Ga,Se; .
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II. Marepianu Ta meToamn

Barato xampKOTEHINHWX HAITIBIIPOBITHUKIB MOXKHA
OTPUMATH Yy BHUIJISAI CTEKOJ IIUIIXOM OXOJOKCHHS 3
posmnaBy koMmmoHeHTiB pedoBuHH [1,2]. Ilpm Takomy
croco0i TPUTOTYBaHHS B HUX HasBHI JedeKTH, SKi
CIOCTEPIraloThCs B PiAMHI IPU TeMIEpaTypi CKITyBaHHS.
CuHTe3 CriaBiB JIOCIHIIKYBAaHUX CHUCTEM IPOBOAMBCS 3

CJIEMEHTAPHUX  KOMIIOHCHTIB Yy  BaKyyMOBaHHUX
KBaproBux ammynax. CKIOBUAHWH CTaH CIUIABiB
KOHTPOJIOBABCS  pEeHTreHo(a3oBUM  (IUQpaKTOMETP

JPOH-3M) Ta MikpoCTpyKTypHUM (Mikpockonn MMYVY-3)
aHamizaMu. B Mexi o0acTeil CKIIOyTBOPEHHST BHOCHIIHCS
TUTBKH Ti CKJIAAH CIDIABIB, U SIKUX METOIHM KOHTPOIIO
HE BUSIBIJIM KPUCTAIIYHUX BKITIOYCHb.

Jnsi ONTHYHMX BUMIPIOBaHb 3pa3Kd TOTYBAJHCh
racTHHaMu ToBmuHOIO 0,1 MM Ta monipyBaluch 10
ONTHYHOTO Onucky. JIisl eNeKTpUYHUX BUMIPIOBaHb
3pa3Ku TOTYyBaJIUCh y Bl/IFJ'lH}Ii MpaBHUJIbHUX
napajiesemiIe/IiB 3 BiAMOIipOBAHOI0 TTOBEPXHEIO.

II1. Pe3yabTaTn eKCriepuMeHTy

OnTrnyHe NOTJIHHAHHSA

lupoke  mnpakTHYHE  3aCTOCYBaHHS  CTEKOJ
00yMOBJIGHE TOJOBHMM YHHOM IX MPO3OPICTIO Yy
iH(ppauepBoHiii o0ylacTi cHeKTpa 1 MOPIBHSIHO JIETKUM
OJIEp)KaHHSM ONTHYHUX CEPENOBHII 13 3aJaHUMHU
3HAYEHHSMH [TOKa3HUKA 3aJIOMJICHHS 1 HOro tuctiepciii.
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OOnacTb ONTHYHOTO TIPOIyCKAHHS, TaK 3BaHE
ONTHYHE BIKHO, 3 JIOBTOXBWJIBOBOI CTOPOHH OOMEXeHe
MOIJIMHAHHAM, 3B’SI3aHMM 3  KOMOIHOBaHMMHM 1
CKJIaIHUMH KOJIMBaHHSIMH (0araTroQpOHOHHE ITOTJIMHAHHS)
y rpymax OiwxHBOro mnopsaky. I[Ipu nomangbmiomy
301IBIICHHI IOBXXHHU XBUIII TIOYMHAETHCS Oe3nepepBHUI

CHeKTp  (OHOHHOIO  TIOTJIMHAHHS,  OOYMOBIICHHIA
HEBIIOPS/IKOBAHICTIO  CTPYKTYpU CKia  (BiACYTHICTBH
JIAJIEKOT0 MOPSIIIKY ).

B oOnacti KOpPOTKMX JOBXHH XBWJIb BIKHO

MPO30pOCTi OOMEXEHE IOTIMHAHHAM TMIPH TIepexoax
€JIEKTPOHIB 3 BaJCHTHOI 30HU B 30HY mpoBimHOCT. Ls
KOPOTKOXBHJIbOBA TPAHUISI MPOIYCKAaHHS HAa3MBAETHCS
TaKOX KpaeM TMOTJIMHAHHSA 1 BIiANOBiTae ONTHYHIN
IIUPYHI 3a00pOHEHOT 30HU.

CHCKTpI/l OIITUYHOI'0 IIOIJIMHAHHA [JI1 CTEKOJI
cucreM CdSe-Ga,Se;-SnSe, 1a CdSe-Ga,Se;-GeSe,,
BUMIPSIHUX NPU KIMHATHIN TemrepaTypi Ta TeMneparypi
pizkoro asory, momaHi Ha pucyHkax 1-4. I3
noOy/ZOBaHUX  3aJEeXKHOCTEH  BHIHO, IO  Kpai
MOTJIMHAHHS i IOPSAKOBYETHCSI EMIIIPUYHOMY TPaBHITY
VYpbaxa [3]:

{_(Eg_hw)}
a(hv,T)=a,e Bl ) . W

Eo(T,X) — norapupmiuHUi HAXWI CIEKTPAIBHOI

1 _Ohna
E,(T,X) ¢hv
aop — KOHCTaHTa, 110 CIabo 3alIeXKUTh Bix 4acTtoTh, Ej —
ONTHYHA IIMPUHA EHEePTeTUYHOI MIUIMHU. BuaHo, 1mo
CHEKTpH MOTIIMHAHHS Ipu 3MiHI Temmeparypu Big 300 K
1m0 77 K 3coByIOTBCS B KOPOTKOXBHIIBOBY 001acTs 6e3
3Minu napamerpa E,. Sk Oyno nokazano asropamu [4;5],
rnapameTp Ey OB’ sI3aHU I 31 CTPYKTYPHOIO
HEBIIOPSIKOBAHICTIO aTOMiB a00 MOJIEKYJ] Y PEYOBHHI.
3nauenHs E o0umnciieHi Ta nogani y TaOwiIi.

XapaKTCPUCTUKH, 1 BU3HAYAETHCS SK

>

TeMnepaTypHa 3aJiesKHICTh NPOBiTHOCTI

BumiproBaHss TeMITepaTypHOi 3aJIeXKHOCTI
€JIEKTPOIIPOBIAHOCTI Jae iH(QOpMAIlI0 PO TPAHCIOPTHI
MeXaHI3MHU B XaJbKOTeHITHIX cTeknaxX. Ckiax OiTbIIocTi
CIUTaBiB MO’K€ 3MiHIOBATUCH IIaBHO. ToMy Iie 3yMOBIIOE
MOCTYMOBY  3MiHY  €JNeKTPHUYHHX Ta  ONTHUYHHX
BJIACTUBOCTEH OCTIKYBaHUX MaTepialis.

Ha pucynkax 5,6 mogaHo 3ajie)KHOCTI MHTOMOT
€JIeKTPOIIPOBIAHOCTI Bij 10°/T. I3 PHUCYHKIB BHIIHO, IO
B obmacti Temmeparyp 300-530 K mpoBimHiCTE MOXe
OyTH mpeAcTaBleHA OJHIEI EKCIIOHEHTOH, M0 Mae

BUIJISIL
EH
T )~

Eneprii akrtuBauii E, mis mocmimxyBaHuX 3paskiB

G =0, exp(— 2)

MoJaHi y TabIuIi.

Tabnnus.
[Mapamerpu npaBuia Ypbaxa, eneKkTporpoBinHocTi Ta ¢pororoMiHicueHnii B crexiax CdSe-ASe,-Ga,Se; (A-Ge,Sn).
CdSe, GeSe,, Ga,Se;, E. B E, eB E, eB (T=77 E B W, eB
M0a% Moa% Mon% v (T=300 K) K) v (T=77 K)
28 64 8 0,0951 1,813 2,013 0,9565 1,007
10 65 25 0,1093 1,837 2,037 0,9685 1,019
16 65 19 0,1051 1,848 2,048 0,9741 1,024
25 65 10 0,0915 1,849 2,049 0,9745 1,026
5 70 25 0,1023 1,850 2,052 0,9752 1,031
10 72 18 0,1012 1,891 2,091 0,9955 1,048
15 75 10 0,1026 1,923 2,123 1,0115 1,060
10 78 12 0,1045 2,051 2,251 1,0755 1,123
11 80 9 0,1161 2,083 2,283 1,0915 1,145
5 85 10 0,1006 2,091 2,291 1,0955 1,149
CdSe, SnSe,, Ga,Se;, E, eB E, eB (T=77
MO% MOJ% MOoa% Eo, eB (T =§00 K) ) I()( Eo eB
1 75 24 0,1712 1,501 1,701 0,8005
2 76 22 0,1840 1,541 1,731 0,8181
4 76 20 0,1513 1,591 1,792 0,8452
1 77 22 0,1993 1,615 1,805 0,8554
1 78 21 0,1971 1,628 1,808 0,8591
2 78 20 0,1631 1,639 1,819 0,8645
1 79 20 0,1835 1,692 1,892 0,8961
0,5 79,5 20 0,1474 1,712 1,902 0,9035
1 80 19 0,1942 1,736 1,936 0,9182
1 82 17 0,1760 1,756 1,946 0,9255
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doToroMiHiCIEH IS

JIromiHecLeHiis, abo BHUITPOMIiHIOBaJIbHA
pexoMOiHaIlisg, HE 3aBXAM CIOCTEPIraeThCs B CTEKIAX,
TaK sIK ICHYIOTh OE3BHIPOMIHIOBAJIbHI PEKOMOIHAIIIHI
MEXaHi3MH, [I0 MOXYTb MOJABJISITH BUITPOMIHIOBAIbHUN
nporiec. Iudopmariisi, sSKy Ha€ JIFOMIHECICHIS B
amMop(HUX Tijax, He MOXKE OYTH TaKoIO JAETaJbHOI0, K Y
kpucranax [5]. B ocranmix, pi3ki JinHii, 00
CIIOCTEPIraloThCs, IO03BOJISIIOTH OCIHIKYBaTl BIUIUB
30BHINIHIX 30YIHUKIB, TaKWX, SK CICKTPOCTATHYHE Ta
MarHiTHe T0JIe, OTHOBiCHa AedopMarlis, riapocTaTHIHIHA
tuck. Lle BigHOCHO Mami e(eKTH, i BOHH HaBpsl YH
OyIyTb CIOCTEpIraTHCh y BHIIAJKY MHPOKHX CMYT
JIIOMiHECIIeHITii B aMopdHUX HamiBIpoBimHUKax. OmHAK
BHACIIJIOK TPOLIECy TepMaii3amii BUMIpH JTIOMiHECIeHIIi
JIal0Th BIIOMOCTI PO “XBICT” TYCTHUHHU CTaHIB Ta IHIIUX
JIOKaJTi30BaHUX CTaHiB.

JledexTHi LEHTpH B HEKPUCTAJIIUYHHUX TBEPIMX Tilax
Habarato  OUTBIIE  MPOSBISIOTBCS B CHEKTpax
¢doronroMiHicueHnii, HDK B CIEKTpaX MOIJMHAHHS.
DOTOINIOMIHICIEHIIISI CIIOCTEPITAETHCSI TIPH ONPOMiHEHHI
CBITIIOM 3 o0OjacTi Kpam TMOTNIMHAHHA. Y HAIIOMY
eKCIIEPUMEHTI, CIIEKTPH BUIIPOMIHIOBAaHHS JICKATh IPH

eHeprisx Habarato MEHIINX, pIBHAX MPUOIU3IHO
[TOJIOBMHI ONTHYHOI HIMPUHHA 3a00POHEHOI 30HH (IHB.
TabJINIIIO), TOOTO CIIOCTEPITaeThCs CUJTHHHMA

CTOKCIBCHKHH 3cyB. ABTOpH [6;7] BBaXalTh LIO Taka
(doToOMIHICHIEHIIIST XapaKTepHa Uil XaJbKOTEHIIHHX
CTEKOJI. Ha  pucysky 7 oJ1aHi CIIEKTPHU
BUIIPOMIHIOBAJIBHOI PEKOMOIHAI] Ui CTEKOJ CHUCTEM
CdSe-Ga,Se;-GeSe,.

IV.Oo6roBopenns pe3yJibTartiB
eKCIIePUMEHTY

CrpykTypa aMop(hHUX HAmiBIPOBIIHUKIB OyAyeETHCS
TaKUM TIOBTOPOM OaraThOX Oa3MCHHUX MOJEKYIISPHUX

OMHMIIb, 10 TOHIOHY  CTPYKTYpPY  HEMOXKIIHBO
CTPYKTYpHO iJeHTH(]IKyBaTH 13 OyIb-SKOIO 3 BiJOMHX
KPUCTAJIYHUX CTPYKTYp 1 HaBiTb HI 3  SIKOIO
HECKIHYCHHOIO TMEPIOMYHOI0 TPATKO. B  MOBHICTHO
KOODAMHOBAaHUX  CHUCTEMaxX TOPSIOK, B  MEXKax
MOJICKYJIIPHUX ~ OJMHHWIb, BIANOBIAA€ 33 IIUPUHY

€JIEKTPOHHUX 30H, a TOTIOJIOTIYHAHN Oe3laj BiAMOBiae 3a
3araneHy (opMy pO3MOAITy TYCTHHH CTaHiB. Towmy,
CIIOCTEpITa€ThCS  B3AEMO3B’SI30K MK ~ CTPYKTYPHOIO
KOOPAMHAIEI0 1 CTAaHOM ONTHYHOTO 30YKEHHS, IO B
CBOI0O HYepry BHU3HAYA€ BUIJLA ONTHYHOI OIUMHH. Y
¢dopmyi (2) napamerp Ey B 3araibHOMY BHIAJKy MOXeE
OoyTH MpeACcTaBICHUI y BUTJIAI

EO(T,X)z[<U2>T+<U2>X], re (U%) 1a (U7)

BKJIQJl JMHAMIYHOI Ta CTATUYHOI HEBIIOPSJAKOBAHOCTI B
CepeAHbOKBAAPATHYHE BIAXIICHHS aTOMIB BiJ i€abHO-
BIIOpsiIKOBaHOI KoHpirypanii. Tol dakt, mo npu 3miHi
TemrepaTypu Eq He 3MiHIO€ HaXHJI MOXKE FOBOPHUTH IIPO
JOMIHYIOUY  POJIb  CTaTUYHOI  HEBIIOPSAKOBAHOCTI,
3YMOBJICHOI BKJIQJOM ‘3aMOpokeHuX” (HOHOHIB abo
CTPYKTYpHUMH Jnedektamu. Bimomo, 1mo B 0Oaratbox
XaJIbKOTE€HIIHMX CTEKJIaX HE3AJICKHUU BiJl TEMIEPATypU
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BKJIQ/I TIEPILIOTO THITY Ha TOPSIOK OLTBIIMNA HIX IPyroro

[8].

Jnst  o0uMCneHHs EeHEepreTHYHUX MapaMeTpiB IO

ONTHYHOMY TOTJIMHAHHIO BHHMUKAE MHUTaHHA IIPO
BHU3HAYEHHS ONTHUYHOI LIMPUHM 3a00pOHEHO0I 30HU. [[nd
KPHUCTaJIYHUX HaIiBIPOBITHHKIB, SKi

HiANOPSIKOBYIOTHCS MpaBmily YpOaxa, MIUpUHA LIITHHA
PYXJIMBOCTI BHM3HAUYa€ThCSl TIpadiuHO IO IOJIOKEHHIO
(¢okaapHOI TOYKM KpPUBHMX, WIO ONHCYIOTh Kpai
NOTJIMHAHHS TIPH DI3HUX TeMIeparypax. Y BHIIQJIKY
aMOppHHUX XaJbKOTCHIMHUX HAMIBIOPOBIAHUKIB, KOJIH
cnektpu norauHanHs o(hv,T) 3mimytoThcs napanenbHo

npu  3MiHI  TeMmmepaTypd, TakuM  CIocoOOM
KOpUCTYBaTtuch He MoxHa. Tomy eneprito E, wacto

3HAXOIATh MOONIM3Y 3allOMy Ha CIEKTPalbHIA KPHBIii

NOTNIMHAHHA, ToOTO TaMm 1ne Ina nepecrac Gytu

niniiHolo ¢dyskuiero hv  [9,10]. BusHadena Takum
YMHOM IIMpHUHA 3a00pPOHEHOI 30HH UIsI KOXKHOTO 13
3pasKiB 1ojiaHa y Tabnuil, a Ha pucyHkax 1-4 BinnoBiaHi
eHepril nokasaHi crpiikamu. Ciii BIIMITUTH, 1O TaHUH
crnoci0 Jjae TPOXH 3aHMKEHY EHEprilo. 3 eKCIEpUMEHTY
BUJIHO, 1110 3200pOHEHA 30HA MO PYXJIMBOCTI BU3HA4YEeHA
i3 CHEKTpaJbHUX XapaKTepHCTHK piBHA MOABOEHIHN
eHeprii akTUBallii eeKTPONPOBITHOCTI.

Kpaii mormuHanHsS B JOCHIUKYBaHHX —3pasKax
XapaKkTepu3yeThcss KOe(II[iEHTOM MOTJIUHAHHS, SIKHN
pocrte €KCIIOHEHINIaIbHO 10 3Ha4YeHb
a~500—600cu™. B obnacTi Hu3bKMX 3HaueHb
koedirieHTa MOTJIMHAHHS CIOCTEPIraeThes
€KCIIOHEHIIaJIbHA 3aJI€KHICTD BigMiHHA Biz

VYpbaxiBcbkoi 3 MeHIIMM HaxwioM. Llei dakt moxe
OyTH TOSICHEHO pO3CIIOBaHHSIM HAa MIiKPOCKOIIYHUX
HEOJ/IHOPITHOCTSIX TYCTHHHU PEYOBHUHH 200 TOMIIIKaMH Ta
nedexkramu. BumHO, 1m0 mpM 3aMiHI  KOMIIOHEHTH
GeSe, —> SnSe, kpail NOIMMHAHHSA 3MIIIy€ETHCI B

JIOBrOXBWJIbOBY o0Osacth mpubnu3no Ha 0,3 eB. Ilpu
[bOMY  EJEKTPOINPOBIMHICT  BIAMOBITHUX  CTEKOI
3pocTae, a eHeprisi axkTHBalii 3MEHIIYEThCS (JUB.
Tabmuiro). 1li 3MiHU MOB’s13aHi i3 30UTBIICHHSM aTOMHOL
MacH eJIEMEHTIB, 1110 BXOJATh y CKIIO.

B GaraThox CKIOMOIIOHMX CHCTEMaX BaKJIMBO MaTH
VSBICHHS TIpO Kpal pYXJHMBOCTI, SIKI BIIOUISAIOTH
JOKAi30BaHI CTaHW Big HelmokamizoBaHumX. Kpaif
PYXJIMBOCTI BHU3HAYAETHCA SK €HEPris, IO BiImiisie
JIOKAJIi30BaHI CTaHU BiJ] HEJIOKalli3oBaHUX. ABTOpH [9-
11] BBaxarOTh, IIO Taka €HEPrisi B 30HI MPOBIAHOCTI i
BaJICHTHI#1 30HI HEKPUCTAIIIYHUX CHCTEM ICHYE 3aBIK/IH.

3a JaHMMHU 1O TPOBIAHOCTI BH3HAYAU EHEPTilo
aktuBanii E,. MexaHi3M mnepeHocy HOCIiB 3apsmgy B

XaJBKOTCHITHUX CTEKJIaX PO3IIIAAIOTECS, K IPABHUIIO, 3
mBox mmo3mmii: ¢izmgnoi [10] Ta ximiwroi [11], ski
JOTOBHIOIOTE OJHA OJHY. B mepumiomMy BHIAIKy
BUXOAATh 13 ~ IpeACTaBlIeHb  NPO  CTPYKTYpy
EHEepreTUYHUX 30H 1 HasBHOCTI pi3HUX nedekti. Tak sk
1 XIMIYHMH TIOXig, Tiaxin i3uyHui akIeHTye yBary Ha
ONMWKHIA TMOPSANOK B CKIOBHIHHMX HAIIBIPOBIIHUKAX.
OpraHiyHUM  HACNIKOM  METOAMK  IPHUIOTYBaHHS
XaJIbKOT€HIIHUX CTEKOJl € HAasBHICTh B HUX BEJIUKOTO
yrcna AeeKTiB, TaKuX, sIK BaKaHCIi, po3ipBaHi 3B’ SI3KH 1
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Puc. 1. Cnekrpu ontnaHoro mormuHaHHS cTekon cucteMm CdSe-GeSe,-Ga,Se; (T =300 K).
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Puc. 2. Criektpu onTHYHOTO orMHaHHA cTekoi cucteM CdSe-SnSe,-Ga,Ses (T =300 K).
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Puc. 3. Crniektpu ontuvHOro nmoruHaHHs ctekon cucteM CdSe-GeSe,-Ga,Se; (T = 77 K).
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1 % CdSe 75 % SnSe, 24 % Ga,Se,

2 % CdSe 76 % SnSe, 22 % Ga,Se,

4 % CdSe 76 % SnSe, 20 % Ga,Se,

1 % CdSe 77 % SnSe, 22 % Ga,Se,

— 1 % CdSe 75 % SnSe,21 % Ga,Se,
2 % CdSe 78 % SnSe, 20 % Ga,Se,

1 % CdSe 79 % SnSe, 20 % Ga,Se,

0,5 % CdSe 79,5 % SnSe, 20 % Ga.Se,

1 % CdSe 80 % SnSe, 19 % Ga,Se;,

1 % CdSe 82 % SnSe, 17 % Ga,Se,
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[ R
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Puc. 4. Criektpu ontuuHoro nornuHanHs crekon cucteM CdSe-SnSey-Ga,Ses (T = 77 K).

atomu 0Oe3 3B’s3kiB. Lli medexTH, O4eBUAHO, MOBHHHI
CTBOPIOBATH BIJHOCHO BH3HAUYE€HI SHEPreTHUYHI PiBHI B
LIUTHHI PYXJIHMBOCTI, 1[0 TIPUBOJAUTH JI0 TYCTHHH CTaHIB 3
JICKITbKOMA MiKaMHU.

[Tpu aHani3i eKCiepUMEHTAIbHUX JAaHHX, TOKa3aHUX
Ha pUCYHKax 5,0, TOKJANM B OCHOBY MOJIENb T'yCTHHHU
CTaHiB, OnKcaHy aBTopam# [5,7], 1 npuitHAIM 10 yBaru
OTHOYACHWH BKJAI B TPOBIAHICTH BiX HOCIiB B
JICITOKANII30BAaHUX CTaHaX 1 B JIOKATI30BAaHMX CTaHAX
“xBocTiB” 30H. Sk Oymo TmOKa3aHO, TIPOBITHICTH,
o0yMOBIIeHa HOCIIMH 30Y/[DKEHHMH B JEJOKaji30BaHi
CTaHH MOOJIN3Y MOPOTyY PYXJIUBOCTI, MOXKE OyTH ONMcaHa

PIBHSIHHSIM:
E:. -E,
G er = Cpen EXP| —| ——— | |-
nen Onen p|: [ «T j:|

Tyt E; — piBens ®@epmi, E, — eHepris BaJeHTHOI 30HU

(nns 1ipox), G, — JesdKa HylbOBa IIPOBIIHICTb IpPH

G e

T—>oo.

Sxmo MIPOBITHICTH o0yMOBJ€Ha  HOCIsIMH,
30yKCHAMH B “XBICT” BaJICHTHOI 30HH a00 30HH
TIPOBITHOCTI, TO BOHA Oy/ie IOBOAUTH celde SIK:

EF—EA+WJ
kT ’

ne W - eHepris, ska HeOOXiHa IS CKadKa.

SIKmo TpOBITHICTE BU3HAYAETHCSA 000Ma KaHAJAMH,
TIEpeTMH Ha KPWBUX MPOBIAHOCTI Oyae CHOCTEepiraTuch
TUIBKM TIPU YMOBI BaroMoi pi3HMIN ITOKa3HUKIB 000X
eKCTMOHEHT [6,7]. SIKiio X 1i MOKa3HUKW MPHUOIU3HO
pIBHI 1O BeJNWYWHI, TO Ha HamiBIorapupmMivHOMY
rpadiky MpoBITHOCTI He OyjAe CHOCTEpiraTHCh HisSKOTO
neperuny. Jns  JOCHDKyBaHUX — 3pa3KiB  KpuBa
MPOBITHOCTI MOCTYIOBO 3MIHIOE CBilf HaXWJI MPU LOMY
HE JyXe Bipi3HA€ThCs Bin mpsMoi JiHil (puc. 5,6). 3
[BOTO aHaJli3y BUILUIMBAE, IO MPOBIIHICTH B “XBOCTax”
30H JIa€ MaJIMi BKJIAJ] B ITOBHY MPOBITHICTh HABITH MPH

chaq = GOcKaq exp |:_(

A 1 B .
Q'em’ 1,5 2,0 2,5 3,0 3,5 1000/T, K
10”
107
10"
10”
10" £ —— 1% CdSe 75 % SnSe,24 % Ga,Se,
2 % CdSe 76 % SnSe, 22 % Ga,Se,
10" & 4 % CdSe 76 % SnSe, 20 % Ga,Se,
I % CdSe 77 % SnSe, 22 % Ga,Se,
107 - 1% CdSe 75 % SnSe, 21 % Ga,Se,

© 2% CdSe 78 % SHSC: 20 % Ga:Sej
1% CdSe 79 % SnSe, 20 % Ga,Se,

~ 0,5 % CdSe 79,5 % SnSe, 20 % Ga,Se;

1 % CdSe 80 % SnSe, 19 % Ga,Se,

1 % CdSe 82 % SnSe, 17 % Ga,Se,

Puc. 5. TemniepatypHa 3a1exHicTh NpoBigHOCTI cTekon cucteM CdSe-SnSe,-Ga,Ses.
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35 401000/, K"

28 % CdSe 64 % GeSe, 8 % Ga,Se,
10 % CdSe 65 % GeSe, 25 % Ga,Se,
16 % CdSe 65 % GeSe, 19 % Ga,Se,
25 % CdSe 65 % GeSe, 10 % Ga,Se,
5% CdSe 70 % GeSe, 25 % Ga,Se,
10 % CdSe 72 % GeSe, 18 % Ga,Se,
15 % CdSe 75 % GeSe, 10 % Ga,Se,
10 % CdSe 78 % GeSe, 12 % Ga,Se,
11 % CdSe 80 % GeSe, 9 % Ga,Se,
5 % CdSe 85 % GeSe, 10 % Ga,Se,

Puc. 6. TemnepatypHa 3aiexHicTh npoBinHocTi crekon cucteM CdSe-GeSe,-Ga,Ses.

BHCOKHX TeMIIEpaTypax y HaIlllOMY eKCIIEPUMEHTI.

3 pucCyHKIB 5,6 BHIHO, MIO €HEpris aKTUBaii
NPOBIHOCTI  3pocTae  MpH  30UIBLICHHI  CKIIAAy
KOMIIOHEHTH 3  MCHIIOK  aTOMHOK  Macoio
SnSe, — GeSe, . Tak camo Bene cebe MmUpHHA LIUTHHA

PYXJIMBOCTI Ta ONTHYHA IIHPHHA 3a00pOHEHOi 30HU.
TakoX TpH TPONEHTHOMY 3OLIBIICHHI KOMIOHEHTH
SnSe, i GeSe, B cucremax CdSe—SnSe, —Ga,Se; Ta

CdSe —GeSe, —Ga,Se,

aktuBanii (tabmuipt). Toit dakT, mo BemuuuHa eHepril
aKTHBalil TMPOBIAHOCTI B JOCTIDKYBaHUX 3pa3Kax
CKJIala€e MpPUONU3HO TOJIOBUHY ONTHUYHOI IIMPHUHU
3a00pOHEHOI 30HW, JO03BOJSIE CTBEPPKYBaTH, IO B
JTAHOMY BHWIIQJIKy TPOBIMHICTH BJIacHA, a piBeHb Depmi
pO3TalIOBaHUN MOOIU3Y CEPEeAWHM IIUTUHU PYXIHBOCTI.
ToMy MOXHa CTBEp/PKYBaTH, IO B JOCTIIKYBaHHX
3pa3kax TPHCYTHS BHCOKA KOHIIGHTpALlis Ae(eKTHHUX
LEHTpiB, a He3almexHicTh eHeprii @Depmi Bix
TEeMIepaTypy BUHHUKAE K HACIIIOK OCOOIMBOI MIPHUPOAH
IepeKTHUX MEHTPIB, AKi 3a0e3MedyioTh 3 000X CTOpPIH

BIAMOBITHO, POCTE EHepris

piBas  @depMi  BHCOKY TYCTHHY JIOHODHHUX Ta
aKIENTOPHUX CTaHiB. TakuM YMHOM, BIacHa MPOBIHICTh
JOCHIDKYBAaHUX ~ 3pa3KiB  O0O0yMoOBieHa 30yIDKEHHSIM

HOCITB 3 /IENIOKaJIi30BaHUX CTaHiB y CTAHU MOOJM3Y PiBHS
®depmi Ta 3 cTaHIiB MobOnM3y piBHa DepMi y J0Kalliz0BaHi
CTaHW “XBOCTIB” 30H.

3a pgannMmu 10 (POTONIOMIHICHEHIT BH3HAYANIN
MOJIOKEHHST MakcuMyMmMy W TIpH TeMIiepaTypi piIKoro
a30Ty, SKMH y HallOMy EKCIIEpUMEHTI Ma€ BiIHOCHO
MIIPOKHA MakKCUMyM. YiTKO BHPAXEHOIO BIIACTHBICTIO
JOOCIIDKYBaHHX  CTEKOJI € Te, M0  CIeKTPH
JMOMiHeCHleHI{ JekaTe B oOxacTi  eHeprid, ne
MOTJIMHAHHS BIJICYTHE. 3 eKCIIEPUMEHTY BHIHO (puc. 7),
Mo JUIs JOCHIDKYBAaHMX 3pa3KiB, eJIeKTPOH-(pOHOHHA
B32€EMOJIiSi IPUBOAMTH IO CTOKCIBCHKOTO 3CYBY DiBHIB
BUIIPOMIHIOBAJILHOI pekoMOiHarii. OCOOIUBICTIO AaHUX
CTEKOJI € Te, 10 IHTEeHCUBHICTh peKoMOiHallii, HapocTae i
Crajae TOCTYIIOBO BHACIIIOK PO3MHUTTSI 30HHUX KpaiB.
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OueBuIHO, 10 HAUIMIIKOBI  HOCIT, mepm  HiX
pekoMOiHyBaTH, 3aiiMalOTh 00NacCTh JIOKAJIi30BaHUX
craniB. [Ipu meBHOMY cTymeHi Jiokaji3auii 1 eleKTpoH-
(oHOHHOI ~ B3aeMOIil  CTPYKTypHa  CiTKa  MOXe
nedopMyBaTHCh HABKOJIO BY3Ja, 3aiHATOTO €IEKTPOHOM
(abo mipkor0), MO0 BeAe MO 3HWKEHHS MOBHOI €HEprii.
Taka rpaTkoBa penakcamis € NPUYNHOIO CTOKCIBCHKOTO
3CYBY CMYTH JIFOMIHECIEHIII BiTHOCHO 30HHOTO Kparo.
[TopiBHIOOYHN pe3yNIbTATH 32 ONTHYHUAM MOTJIMHAHHAM Ta
(hOTONMFOMIHICIICHITI€I0 BUHO, IO TOTJIMHAHHS B 00JIACTi
CMYTH JTFOMiHECIICHIIIi TPaKTHYHO BiACyTHE (puc. 1-4,7),
a CHeKTp JIIOMIHECUEHIIT PIBHUI TOJOBHHI LIMPHHU
ONTHUYHOI IIUIMHU (OUB. TAOJHI0). AJle OJHO3HAYHOTO
JIOKa3y CTOKCIBCBKHX 3CYBIB B CTEKJIAX OTPHMAaTH BasKKO
BHACJIJIOK BIJICYyTHOCTI YiTKOi CTPYKTypH B CIEKTpax
JIOMiHecUeHINI 1 morauHaHHs. Ilicms  Tepmaizamii
HAJUIMIIKOBUX HOCIiB Ta MICINIs JOJATKOBOTO 3HIDKEHHS
ix eHeprii 3a paxyHOK eJIeKTPOH-(OHOHHOI B3aeEMOJIi€
BOHH MOXYTb PEKOMOIHYBAaTH 3 BUIPOMIHIOBAaHHSAM Ta
0e3 BHUIIPOMIHIOBaHHS CBiTHa. SIKOIO  PO3IISIHYTH
niarpamy KoHQiryparmiitaux koopauHat [11] (puc. 8), To
MOJKHA TIOSICHUTH HasBHICTh CTOKCIBCHKOTO 3CYBY DiBHIB

BUIIPOMIHIOBANIbHOI  pexoMOinamii. Ilpm omrmarOMY
30y/DKEHHI OCHOBHHII cTaH B mepeBoanTbesi B TOUKy A
HAa  CHEPreTUYHI  KpUBIii  30yMKEHOro  CTaHy.

Kondirypariis B To4mi A, 10 OMHUCYETHCS KOOPIHMHATOIO
(; He Taka ctabijgbHa, sk B Touli C Ha Il Ke KPHUBIH,
TOMy KOH(QirypauiiiHa KoOpJrHaTa 3MIHIOETHCS 1 TIOBHA
eHeprisi enekTpoHa (mipku) B AedopMoBaHiN penrnTii
3HIKY€ThCs. B pexomOiHamiiiHOMy mporieci OCHOBHMH
CTaH TaKOX JIOCATAETHCS depe3 crtaH D 3 koHpirypamniero
CTPYKTYPHOI CITKH (,. Ha ocTaHHROMY eTami mMae MicIie
pernakcarisi CTpyKTYpHOI CIiTKH (; —> qj, TOOTO cucTeMa
BEPTAEThCA Yy TOYATKOBUH CTaH. JIFOMiHECIEHIIIIO B
JOOCIIDKYBaHHX 3pa3KaX MOSCHIOEMO 32 JIOTIOMOTOIO
koHnemntii Motra i Crpita [7], sfKi BBaXarTh, IIO
OCHOBHA OJTMHUIIS, 110 BiIMOBIAA€ 32 BUIIPOMIHIOBAIBHY
pekoMmOiHalito - 1e nedekTHuid piBeHb (00ipBaHHI
3B’5130K).
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28 % CdSe 64 % GeSe, 8 % Ga,Se,
10 % CdSe 65 % GeSe, 25 % Ga,Se,
16 % CdSe 65 % GeSe, 19 % Ga,Se,
25 % CdSe 65 % GeSe, 10 % Ga,Se,
5 % CdSe 70 % GeSe, 25 % Ga,Se,
10 % CdSe 72 % GeSe, 18 % Ga.Se,
15 % CdSe 75 % GeSe, 10 % Ga,Se,
10 % CdSe 78 % GeSe, 12 % Ga.Se,
11 % CdSe 80 % GeSe,9 % Ga,Se,
© 5% CdSe 85 % GeSe, 10 % Ga,Se,
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Puc. 7. Crekrpu (oromominecteHIil crekoln cuctemu Puc. 3. CieKTpu ONTHYHOTO MTOTIIHHAHHS CTEKOI
cucteM CdSe-GeSe,-Ga,Ses (T = 77 K).

q,

q. Kondghieypayinna

K()O‘!J()HH(TH?{J

Puc. 8. [liarpama koH(irypamifHIX KOOPAUHAT JUIs €IEKTPOHHUX MEPEXO/IiB
MiX piBHSAMHE Je(EKTiB y KpUCTAJax.

IIpu BHMIpIOBaHHI (oTo-momiHeceHIi1
BCTAaHOBJICHO, III0 IHTEHCHBHICTh pPEKOMOIHAIIHHUX
MPOIECiB  PI3KO  3MCHINYEThCS 3  30LUIBIICHHIM
TEMIIePATYPH. Ane e craj HEMOJXKJIHBO
XapaKTepU3yBaTH CTAJIOI0 CHEPTI€I0 AaKTHBAILii, TOMY
BOHO OIUCYETHCS  EMIIIPUYHAM  CIIiBBiIHOIICHHIM
[10;11]:

I =1,exp - L
0
[MocnabneHHs TIOMIHECHCHINI 3 TEMIIEpaTyporo

MIPUNIACY€EThCST KOPEISALii MDK €IeKTpOHAMH 1 JipKaMH,
o0 BeAYTHh O CTaHy 3B’A3aHHUX eKCHUTOHIB. KpiMm TorO,
eKCIIEPUMEHT TIOKa3ye, M0 IMPH BHUCOKIH TeMmmeparypi

pexomOiHaiiHi MIPOLIECH CTaOTh
OessunpoMiHoBasHUMH. Lle BKasye Ha Te, IO B
3pa3kax HasBHI LeHTpU ab0  MeXaHi3Mu s

0e3BUNPOMiHIOBaJIbHOT pekoMOiHarii. Mortom [7] Oyna
3aIpOIIOHOBAaHA MO/IENTb, 3T1THO SIKOT BUITPOMIHIOBAJIbHA 1
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0e3BUIIPOMIHIOBaJIbHA PEKOMOIHALSI MOXKYTH ITPOXOUTH
Ha OZHOMY 1 TOMY X IIEHTpi. 3 pUCYHKa 8 BHJHO — TOYKA
nepeTuHy X JIeKHUTh TaK HU3BKO, 0 30ymKkeHuit cran C
MOJKE TYHEII0 BaTH OO0 cTaHy P Ha mapabolli OCHOBHOTO
ctany. TepmiuHe 30ymKeHHS uepe3 Oap’ep Oimst X Takox

MOXJIMBHM, UMM 1 TIOSCHIOETBCS  TEMIIEpaTypHa
3aJI€)KHICTh IHTEHCUBHOCTI JIFOMIHECLICHIII1.
OTKe OCHOBHI pe3ylbTaTH CKCIICPUMEHTY 32

(hOTONIOMIHICIIEHIIIE€I0 HACTYIIHI: CIIEKTP JIFOMIHECHECHITIT
JeXKUTh B 00JIaCTI HU3BKOI eHeprii, piBHI NOJOBHHI
mupuHU ~ 3a00poHEeHOi  30HHM; 31 30UIBILCHHSAM
IPOLIEHTHOTO BMicTy KommoHeHTH GeSe, MakcUMyM
JIOMIHECLIEHIIi ~ 3COBYETHCSI B KOPOTKOXBHJIBOBY

00J1aCTh; CHTHA JFOMIHECHEHIIIT CHIIBHO 3MEHIIYEThCS 31
30UIBIICHHSM TEMIIEPATYPH.
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V. BucHoBku

B naniii poboTi naHo iHTEpIIpeTalilo IMapameTpiB

mpaBmwia  Ypbaxa, SKi ONUCYIOTh  CHEKTPAIbHO-
TEMIIEPaTypHI ~ XapaKTEPUCTUKH  HEBIOPSIKOBAHUX
cucteM. Iloka3aHO €KBIBaJEHTHICTb CTaTHYHOI 1

JIMHAMIYHOT CKJIaZI0BOi CTPYKTYpHOTo 0e3jajy y 3ammci
Eo npaBuna (2). B mexax maHol Teopil nmpoaHai3oBaHO
HOBEIHKY CIEKTPiB ONTHYHOIO IIOTJIMHAHHS CTEKOI
CdSe—-SnSe, —Ga,Se, ta CdSe—GeSe, —Ga,Se, mpu
temneparypax 77 K i 300 K. BusnaueHo mmpuny
3a00pOHEHOI 30HM MO ONTHYHOMY IIOTJIMHAHHIO, 1
MOKAa3aHo, IO ITapaMeTpH MpaBmia Ypbaxa CTPYKTypHO-
YYTJIUBI 10 KOHLIEHTPALIIHOTO CKIamy JOCIIHKYBaHUX

3paskiB.  llopaxoBaHo  eHepriro  akTHBAmii IO
TEMIIEPaTypHiil 3aJeXKHOCTI MPOBIAHOCTI. 3HAYEHHS
2E, piBHe IMpHHI 3a00pPOHEHOI 30HU IO ONTHYHOMY

norMHaHHo B, 3BIIKM BWIUIMBA€E, MO0 piBeHb Depmi

3HAXOAWUTHCS TMOOIHM3Y CEepeNuHM MIUTMHA PYXJIHBOCTI.
CrekTp JIOMIHECUEHIIT JIeKUTh B 00JacTi HHU3BKOT
eHeprii, piBHIi MOJOBUHI MIMPUHU 3a00pOHEHOT 30HH, a
IHTEHCHBHICTh (DOTOJIFOMIHICIEHINT Pi3KO 3MEHIIYETHCS
31 30inblIeHHsM Temneparypu Bifg 77 K mo kiMHaTHOI.
[TokazaHo 1110, pe3yNIbTaTH 10 ONTHYHOMY TOTJIMHAHHIO
no6pe KOPEJIOI0Th 3 pe3yibraramu o
€JIEKTPOIIPOBIIHOCTI Ta (hoToroMiHECTICHITI T
JIOCITIIPKYBaHHUX B POOOTI CTEKOI.
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In work the spectral distribution of the absorption coefficient is investigated in a field of energies 1,2-2,5 eV,

photoluminescence and specific electroconductivity of glasses

systems CdSe—SnSe, —Ga,Se, and

CdSe—GeSe, —Ga,Se,. The modification of a specific resistance, energy of activation, maxima of

photoluminescence is investigated, breadths of a forbidden region from component structure is exemplar. Is
established, that the outcomes on an optical absorption well correlate with outcomes on conduction of glasses and

photoluminescence, researched in work.
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