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KoHuenTpauiiHi 3a/1e’KHOCTi ONTUYHHUX BJIACTHBOCTEH
MoaudikoBanux cTPpyKTYp THILY <GeySeo: X> (X-Te,Bi,Pb)

Ji . . . . .
Vorceopoocwruii nayionanvhuil ynisepcumem, Yxpaina
Inemumym enexmponnoi gisuku HAH Yrpainu, Yrpaina

3 . . . . .
Incmumym ¢hizuxu nanienposionuxie HAH Yxpainu

OnepkaHO TOHKOIUTIBKOBI rpamieHTHI CTpyKTypu <GeyoSe0:X> (X-Bi, Pb, Te) meromoM TepMiuHOro
BUTIIAPOBYBAaHHS y BakyyMmi. JloCmipkeHO BIUIMB BBENCHOTO Moam(ikaTopa Ha oNTHWYHI BiactuBocTi. [lo wmipi
30aradeHHs mrapis Mmomudikaropom (Bi, Pb, Te), kpail mormuHaHHS 3MILIy€THCS B JOBIOXBUIIEBY OOJIACTh CIIEKTPY,
3MEHIIY€EThCSl 3HAUCHHS TIOKa3HUKA 3aJIOMJICHHS HA BU3HAYEHIH MOBXHMHI XBIII (A = 1 MKM) 1 301IBIIy€ThCS CTEMIHB
10HHOCTI 3B’s3KiB. BU3HaueHO ONTHYHI MapaMeTpH IUTIBOK Ha JOBKHUHI XBHIL A = 0,6328 MKM elTiCOMETPHYHHUM i

CHeKTpO(i)OTOMCTpI/I'IHI/IM MCTOJIaMHU.

KonrouoBi c10Ba: TOHKOILTIBKOBI I'paJi€HTHI CTPYKTYpH, Kpail BIAacHOTO IIOTJIMHAHHS, IHMCIEPCis, ONTHYHI

HapaMeTpu.
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Beryn

Bigomo, 110 BBeIEHHS €JIEMEHTIB, XIMIYHO
BIIMIHHMX BiJI aTOMIB MAaTpHIl, 3MiHIO€ (i3HYHI
BJIACTHUBOCTI XAIIBKOTEHITHUX CKJIOIIOMIOHMUX

HaniBnpoBigaukiB (XCH). Ls 3MiHa ciocTepiraeTbes sK
TP BBEJICHI JOMIIIOK B PO3IUIAB IIiJI Yac CHHTE3Yy CKJIa,
Tak 1 npu cymicHomy Hamuineni XCH 1 ximiduHOro
eNIeMEHTY. 3aBISKH IIbOMY aKTUBHO PO3BHBAETHCS HOBHI
MAX1I 10 KepyBaHHsI BIACTUBOCTSIMU HaIliBIPOBIJHUKIB,
mo 0Oa3yeTbcss Ha (popMyBaHHI B HaIliBIIPOBIIHUKOBIH
MaTpuli HaHOPO3MIPHMX aTOMHHUX YTBOPEHb, B CKJaJ
SKHX MOXYTh BXOJUTH aTOMH BBCACHHX JOMIIIIOK,
aTOMM BJIACHMX KOMIIOHEHTIB, a TaKOXX BJIACHI TOYKOBI
nedextn  Mmarpumi  ckima. Taki HOBOYTBOpPEHHs
BUKJIMKAIOTh 3MiHy €HEPreTHYHOTO CTaHy B 3a00pOHEHIH
30HI mpu 30epeKeHHI HE3MIHHHM (Da30BOrO CTaHy
OCHOBHOI pPEYOBHHH. TOMy TONIYK MOJU(IKYIOUUX
eJIEMEeHTIB JUI1 CTBOPECHHS HEOJHOPIAHHX CTPYKTYp Ha
OCHOBI CKJIONMOJIOHMX XaJIbKOI'€HIMIB, 34aTHUX ITOMITHO
BIUIMBATH Ha BIIACTUBOCTI IOCIHIMKYBaHHX CTPYKTYp, €
aKTyaJbHOIO 3ajavyero. B jaHiii poOoTi BuKiIaneHi
pe3yiabTaTd  JOCHIDKEHb  ONTHYHHUX  BJIACTHUBOCTEH
rpajieHTHHUX TUTIBOK Ha OcHOBI Matpuil GeyoSeo3 Te, Bi,
Pb 1 ix 3MiHy 31 3MiHOIO KOHLEHTpalii Moxudikaropa.
BumiproBaHHs BUKOHaHI B IHTEpBalli KOHIEHTpalii

xiMiyHux exeMeHTiB 0 +15 at.%.
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I. Mertoanka eKClIepUMEHTY

Jis onmepaHHS Tpali€eHTHUX IUTIBOK Ha OCHOBI
cxononionnx GeySgp 3 pI3HUMH  MoIHUdiKaTopaMu
BUKOPHCTOBYBABCSI METO]l TEPMIUYHOIO BUITAPOBYBAHHS Y
Bakyymi (3-10° Top) [1]. dopmyBaHHs rpamieHTHOI
CTPYKTYpH  MPOBOJMIOCH  IUIIXOM  OJHOYACHOTO
BUIIAPOBYBaHHS MATPUYHOIO CKJIAAy B CTAl[lOHAPHOMY
pexxuMi i XiMigHOTO eneMeHTy-Moandikartopa. JuHamika
yhciaa aroMmiB MoaudikaTtopa Mpu il HEOIHOPITHOTO
JUKepena aTOMHOTO TOTOKy 3a0e3rnedyBajia  HOro
MPOTHO30BAHUI PO3MOJINI MO TOBIIMHI  OCAIKCHOT
rwiiBku. KoOHTponp XiMIYHOTO 1 KUIBKICHOTO CKIIamy
OJICpP)KAHHUX TPAMIEHTHUX IUTIBOK MPOBOAMBCS METOIIOM
MACCIIEKTPOMETPii  IMMOCT-iOHI30BAaHUX  HEHTPAITBHUX
YaCTHUHOK [2].

Opnepxani rpagieHTHI cTPYKTYpH <GeqpSeo:X> (X-Bi,
Pb, Te) € amoppHMMH, MalOTh BHCOKY MEXaHIUHY i
XiMiUHy  CTaOUTBHICTD  TINBKHM g 0OMekeHOi
KOHIICHTpAaIlii eleMeHTiB-MoaudikaropiB. OOMeKEHICTh
KOHIIEHTpallii eneMeHTa-MoaudikaTopa B CKIONOIIOHII
Matpuii  GegSgy TMOSCHIOETBCS SIK  OCOOJUBOCTSIMH
MIKPOHEOJHOPITHOI ~ CTPYKTYpH, 3/IaTHICTIO o
MOXIIMBOTO  BIAXWJICHHS CKJIQay BiJg  crexioMeTpil
GeySep, Tak 1  BHCOKOIO  CIOpPiJHEHICTIO  Ta
E€HEPreTUYHOIO BUTIJHICTIO peakiiii B3aeMOil
MoudikaTopa i xampkoreHa. J[o TEBHOI KOHIICHTpAIIii
BBEJICHUH MOAN(IKaTOp TIIBKH BIPOBAIKYETHCS B
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MaTpuIio GeySep, HACHIYIOUM CBOi BAJICHTHI 3B S3KH.
MoaudikaTop B3aemojlie, B OCHOBHOMY, 3 Jedekramu
CTPYKTYpH IIapy, yTBOpPIOIOYM pi3Hi ii (parmentn. B
3aNIeKHOCTI  Big ~ THUMy  BHUXIOHOTO  Marepiaiy,
BizOyBaeThcst opMyBaHHs aMOp(HOI CTPYKTYypH, LIO
BIUIMBA€ Ha ONTUYHI mapameTpu. [Ipu HaUIUIIKOBOMY
BMicTi MojaudikaTopa BiJOyBa€TbCsi YTBOPEHHS HOBHX
CTPYKTYPHUX OJMHHIIb, IO CIPHsIE€ KpHCTaTi3alil mapy
[2].

HocnijpkeHHsT ~ Kpal0  BJIAaCHOTO  IOTJIMHAHHS
MPOBOJMIIN B CrieKTpanbHOMY nfiamasoni 0,33 + 1,10 Mxkm
Ha cmektpodoromerpi CD-46 [3]. Koedimient
TOTJIMHAHHA BH3HAYaBCA 110 BEIMHYUHI KOe(IIlieHTIB

BifOWBaHHA 1  TPONyCKaHHS 3  ypaxyBaHHAIM
0araTropa3oBoro BiJOMBaHHS B IIapi:
1 (I_Rl)(l_Rz)(l_Rs)
——In : (1)
d T
1 2 1 2 2

n, — n, — n,—n
R, =| - , R, =] 2 R,=| — 21,

n, +1 n, +1 n, +n,
ne d — roBuMHA 3pa3ka, T — KoedilieHT MpoIyCcKaHHS,
R;, Ry, R3; — koedimieHTH BiIOMBAaHHS BiAIIOBITHO
MiAKJIIKA-TTOBITPS, TUTIBKA-TIOBITPS, MiJKIAJKA-TUTiBKa,
Nn; — MOKa3HHMK 3aJIOMJCHHS CKJIa, N, — IOKA3HHK

3aJIOMJICHHS MaTepiany.

EnmirncomMerprdHi TOCTiIKEHHS 3aBXKIHM TIOB’sI3aHi 3
pO3B’s3yBaHHAM  TpsiMOi  abo  oOepHeHOi  3amad
emmcomerpii. Y  mOpsMiii  3amadi  emincoMeTpii
PO3paxoOBYIOThCS BUMIPIOBaHI €IIICOMETPHYHI KyTH JUIs
o0paHOi Mozedl CTPYKTYpU 3 BIJOMUMH ONTHYHHUMH
BJIACTHBOCTSIMM ~ Ta  TI'€OMETPUYHHMH  PO3MipamH.
OOepHeHa  3amaua  BHKOPUCTOBYE  BUMIpsSHI  3a
JIOTIOMOT'010 eltincoMeTpa Kyt A ta W it 3HaXOKEHHS
HEBIJOMUX ONTHYHHUX IapaMeTpiB  CHUCTEMH, UIO
JOCTIKYIOThCS. OCKUTBKH PIBHSHHS JUI IPSAMOI 3a1a4i
€ HENHIMHUMU 1 TpaHCHEHACHTHUMH, B OUIBIIOCTI
BUMAJKIB HE MOXKHA AQHANITHYHMM LUISIXOM OJepiKaTh
obOepHeH1 piBHSHHS. PO3B’S3aHHS OCHOBHOTO DPIBHSIHHSA
eNIICOMeTpii MPOBOIAUTHCS YUCETBHUMH METONAMH 32
JIOTIOMOTOI0 KOMIT 0Tepa. baratokyToBi enirncoMerpuyHi
BHUMIPIOBaHHS 37IHCHIOBAJIHCA 332 HYJIHOBOIO METOIHKOIO
Ha 6as3i emincomerpa JIDD-3M-1 3 pobOU0IO TOBKHUHOIO
xBWI A = 632,8 HM y [niama3oHi KyTiB NajiHHS CBiTJIA
¢ =45-80° [2].

II. Pe3yabTaTn i 00roBopeHHst

Bimomo [3], mo BBeneHHs Moau(ikaTopa B MATPHUITO
GeyS¢p CYTTEBO 3MIHIOE ONTHYHI Ta EIEKTPUYHI
BJIACTUBOCTI fK IIiJf 4Yac CHWHTE3y CKla, TakK 1 IpH
HaNWJIeHI 3 HUX TPAaJiEHTHUX CTPYKTYp. BMicCT XimiduHOTO
eneMeHTy-mMonudikaropa B Marpuili GeyoSg NPUBOIUTH
JO 3MiHM INUPUHM ONTHYHOI UIUIMHH, IE€PEepO3NOALTY
TYCTHHU EJICKTPOHHUX CTaHIB B BaJCHTHIN 30HI 1 30HI
npoBigHOCTI. Bce me BUSBISETBCS ~ HA ONTHYHHUX
BJIACTUBOCTSX, JOCIIPKCHHS IKHX ITOKAXKe I1i 3MiHH.

Ha puc.1 npencraBneHuii kpail  BJIACHOTO
TIOTJIMHAHHSA CTPYKTYP Ha OCHOBI CKIOMOIIOHOTO GegpSeo
3 pisHUMEH MomudikaTopamu. s ITOCTiMKyBaHUX
CTPYKTYp CIIOCTEpIraeThCsi HEJiHiIiHA KOHIICHTpAaIliiiHa

3aIeKHICTh, IO  CYINPOBOMKYETHCS  3MEHIICHHSAM
OIMPUHA ONTHYHOI [IUIMHU 31 30UTBIIEHHSM BMICTY
MoaudikaTopa, SKa TOSICHIOETHCS 3MIHOIO XIMIYHOTO
ckimamy. Ilpm  mgocmiKeHHI IUTIBOK 3 BMICTOM
KOHIICHTpAIlii OUIbIle TpPaHUYHO JOMYCTHUMOI (IUIs
Pb>10 ar.%, Bi>15 at.%, Te>30ar.%) cmocrepiraBcs
CWIBbHO 3aTATHYTMM Kpall IOIJMHAHHI Ta Maje
MPONYCKaHHS, IO TOBOPHUTH NP0 BEJIHKY KUIBKICTB
JIOMIIIIKOBUX IIEHTPIB 1 MOXJIMBICTh PEICEBCHKOTO
PO3CIOBaHHS CBITIIA.
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Puc. 1. Kpaii onNTUYHOTO TOIJIMHAHHS TPaJi€HTHUX

ctpykTyp GegpSeo:X (X-Bi, Pb, Te): Bi — 10,8 at.%; Pb —

10 at.%; Te — 9,9 ar.%, npeacraBiacHUi y BUTIISI
3aJIeKHOCTI /o~ hv = f(hv) .

[To mipi 30arauenHs mapis Mmoaudikaropom (Bi, Pb,
Te), kpail TOIIMHAHHS 3MILIYETHCS B JOBIOXBHJIBOBY
00JacTe CHEKTpPYy, 3MEHIIYETHCSA PI3KICTh HApOCTAHHS
MIOTJIMHAHHA TPAJi€HTHOI IUTIBKU 3 CHEPTI€I0 Magaroyuoro

CBITIa, M0 XapakTepu3ye 30UIBIIEHHS  CTEleHi
PO3YMOPSIKYBaHHS OJIEPHKAHOI CTPYKTYPH.
B Tabnumi 1 mpencraBieHi 3HAYEHHS IIUPUHU

ONTUYHOT IIIIMHYU B 3aJIC)KHOCTI BiJ TUITy MOu(ikaTopa.
BunHo, 1110 npu 0JHaKOBiM KOHIIEHTpaIlii MoaudikaTopa
HaiOlIbIa 3MiHA NIMPUHHU ONTHYHOI LIUIMHU BiJIHOCHO
Mmarpuili GesSg BiIOYBAa€TbCS NPH BBENIEHI BICMYTY, a
HalMEHIIIa MpY BBEACHI CBUHIIIO (puUC.2).

Tao6auna 1

3MiHa mMpUHA ONTHYHOI MY Bif E, THIy
BBEIICHOT0 Moan(ikaTopa.

KomnreHnTpartis

Cionan MOL[I/I(I)iKaTO[F)’a, aT. % E;, eB

Gezsg, - 2,20

GGQS3B1 10,8 1,26

Ge,S;:Pb 10 1,56

Ge,S;3:Te 9.9 1,32
Hdans aHaizy OTPUMAaHHUX EKCIICPUMECHTAIBHUX
pe3yJbTaTiB  PO3MIISIHYTO 3MIHH KpPar  ONTHYHOrO

MOTJIMHAHHS, SIKI MOXKYTh CIIOCTEpIraTHCsl TIPH BBEJCHHI
HE3apsS/DKCHUX 1  3apsS/DKCHAX  aTOMIB  XIMIYHOTO
eneMeHTy. SKImo atoMu BBeAeHOro Moau(ikaropa He
CTBOPIOIOTh 3aps/KCHHUX LEHTPIB, HEMepepBHA 3MiHA
IIMPUHA ONTHUYHOI MIUTMHH TpW 3MiHI KOHIICHTpAIii
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Puc. 2. KoHueHTpaniiiHa 3aJ1e)XKHICTh ITUPUHNA ONTHYHOL
LIIJIMHY 3 PI3HUMH MOJH(]iKaTOpaMH.

MOSICHIOETBCSL ~ 3MIHOKO  XIMIYHOTO  CKJamy, IO
CIIOCTEPITacThCsT B TBEPAMX pO3YMHAX. IIpH HBOMY
¢Guykryamii  XIMIYHOTO — CKJIay  OpPUBOJATH  JIO

¢buykryaniii mMpuHU ONTHYHOIT 1TMHUA. CTBOPIOIOTHCS
JI03BOJIEHI CTaHW 1oOnu3y KkpaiB 30H. Po3moain mux
CTaHIB 10 eHeprii MO)KHa XapaKTepH3yBaTH BEJINYUHOIO
HaWOUIbII IMOBIpHOT uyKTyarii, 34aTHOI CTBOPHUTH
no3BosieHn# ctad. Kpalt onThuyHOro mnorjauHaHHS B
LOMY BHUIAJIKy IOBTOPIOE XiJ TYCTHHH JO3BOJEHHUX
craHiB B 3a00poHeHili 30Hi. [Ins TBepauX PpO3UYMHIB,
HaNOLIBII iMOBipHA (IIyKTyallis, a BIOIOBIIHO 1 €Heprid,
IO  XapakTepHU3ye PpO3MHUTTA  Kpal  ONTHYHOI'O
MOTJIMHAHHS, TOBHHHI OyTH TIO BENWYHMHI MCHIINMH
3MIHHA UIMPHHA ONTHYHOI IIUTMHU. Taki 3aKOHOMIPHOCTI
CIIOCTEPIraloThCs B CTPYKTypaX, wo Mictate Pb. B
CTPYKTYpax, L0 MicTsaTh Bi, crnocrepiraerbcs iHIna
KapTUHa 3MIHH (OPMH Kpar ONTHYHOTO MOTJIMHAHHS.
Enepris, mo xapakrepusye po3MUTTSI KPato MOTJIMHAHHS,
npuOJIM3HO PiBHA 3MiHI HIMPUHH ONTHYHOT miinHK. Taka
3MiHa (popMH Kparo NOTJMHAHHS € NPUYMHOI PO3MHUTTS
KpaiB  QIyKTyamissMM  eJNeKTPUYHOTO  ITOTCHIIaITy.
@nykryanii eNeKTpUYHOro MOTeHHialy poOJsITh B
KOXHIA TOYI MPOCTOPY 3MIIIEHHS BEPIINHMA BaJCHTHOL
30HH 1 IHA 30HH MIPOBITHOCT] HAa BEJIMYUHY MOTEHIIIaTy B
it Toumi. 3MiHA IMUPHHU ONTHYHOI IIUTMHH 1 MOSBA
JOJATKOBOTO IMOTJIMHAHHS CBiTJIa €Hepriero (hOTOHIB

MEHIIe UIMPUHK  ONTHUYHOI  IIUIMHK  BHHHUKAIOTh
BHACIIIIOK TYHENIOBaHHS HOCIiB CTpyMy Kpi3b Oap’epw,
101 (V) CTBOPIOIOTHCS GiyKTyarismu MOTEHIiay.

OueBHIHO, B IbOMY BUIIAAKYy 3MiHA HIMPUHHU ONTHYHOT
LIIJIMHY, [0 XapaKTepU3y€e PO3MHUTTS Kparo MOTJIMHAHHS,
OyayTh OJHM3BKI 110 BETUYHHI.

JeranpHy iHdopManito npo 3MiHY NOKa3HHKa
3aJIOMIICHHS JIOCII/DKYBAHUX CTPYKTYp HAlOTh CIIEKTPHU
JIOCIIKEHHS UCTIepcii n MOOIN3y Kparo ITOTIIMHAHHS.
[HTEepdepeHIiiftHIM METOOM MPOBEACHO JOCIiIKESHHS
cuekTpiB  n(A) B  obOmacti  (QyHIAMEHTAIBLHOTO

MOTJIMHAHHA /ISl TPaJi€HTHUX CTPYKTYp Ha OCHOBI
GeyS¢p 3 PpI3HOI KOHIICHTpPALE MoOIU(pikaTopa.
Jucnepcis HoKa3HUKa 3aJIOMJIEHHS U1 TOHKOTUTIBKOBUX
mapiB GeySgo:Te npuBeneHa ua puc. 3.

Jns po3paxyHKYy AWCHEpPCIiHUX XapaKTepHCTHK 3
ypaxyBaHHIM Teopii 30ypeHb i QUCTIepCiHHOTO PIBHIHHS
Kpamepca-Kposnira, Bukopucrano Bupas [5]:
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Puc.3. [lucmepcis mOKa3HHKA  3aJIOMJICHHS  JUIs
HEOJ/IHOPITHUX CTPYKTYp, MOJIU(]IKOBaHUX Texypom: 1 —

Ge40860, 2 - Ge4OS60:Te (15 aT.%), 3- Ge4OS60:Te

1 1 1 1
650 700 750 800

(10 at.%).
f
e (M) =1+v,> —"—, 3)
V. —V
e v, :4Tcnve2 /m — d4acTroTra INIa3MH BaJE€HTHHUX

SNIEKTPOHIB (€1 m — 3apsAx 1 Maca €JleKTpoHa, N, —
YHCIIO BAJICHTHUX €IIEKTPOHIB), f, — cuila eJeKTpOHHOrO
JUIONBHOTO OCHMIATOPA, KA BiAIOBIga€ MEpEeXoay MpH
yacrori Vv,. CyMyBaHHS IO BCIM OCLMIATOpPaM 3

YyacToTaMH V, MoOXe OyTH 3aMiHEHO 3 JOCTaTHHOIO

(B

BU/IUIEHHSIM NIEPILOTO OCLMIATOPA 3 HAWOIBIIOK CHIIOK0

TOYHICTIO I V<V, obyacti  po30pocCTi)

f,/ (vl2 —vz) Ta WieHis, wWo samummcs. KomOiHyoun

Il BKJIQOU 3 MEPIIUM WICHOM Ta 30epiraroud JOJaHKH

HOPSIKY v, MOYKHA nicratu B HaOJIMKEHH]
JIBOOCIMJIITOPHOT Moiei [S] HaCTyHUI BUpa3s:
2
R @
0
ne F — cuma enexrponHoro ocmmsitopa, E, — eHepris
BJIACHUX KOJMBAaHb EJEKTPOHHOrO ocimwisitopa, E —
€Hepris, Imo BiANOBimae Ti dYacToTi, HaA SKIH
BUMIpIOETbCS TMOKA3HUK 3aloMieHHs, E. — cuma
(hOHOHHOTO OCIIMIIATODA.

Buxopucrano mnpunymensa, mo E; mnpubmusHo
BiAnoBimae  Makcumymy — &,(hv)i  moxe  Oytm
iIeHTU(IKOBaHA 3 CEPeIHBOI0 CHEPri€l0 TepPEeXOjIiB
CJIEKTPOHIB 13 BaJGHTHOI 30HM B CTaHU 30HHU

npoBigHocTi. [lepmuii fogaHoK B piBHAHHI (4) BpaxoBYye
BKJIQJI CNIEKTPOHIB y TOKAa3HUK 3aJIOMIICHHS, JAPYTHA —

Bkimax rparkn. Came BiI'€éMHHH BKIam TIPaTKd
3a0e3meuye  Hynmb-gucnepciro  Marepiamy.  Cuia
eIeKTPOHHOTO ocrmisTopa F 1 cmma 1paTtkoBoro

ocuunsatopa E; He 3B’s3aHi 3 SAKMM-HEOyIb MEBHUM

PE30HAHCOM B Martepialli, a € CepeJHIMH 3HAYCHHIMH
CJIEKTPOHHUX  PE30HAaHCIB 1  pE30HAaHCY  IPaTKu
BiAmoBigHO [5].

[To6mu3y kparo ¢QyHIaAMEHTaNbHOTO TOTIMHAHHS
JcTiepcist n JIOCUTh nobpe OIHCY€ETHCS
OJTHOOCIIMJISITOPHOIO MOJEIUIIO, JUIS SIKOT BPaXxOBYETHCS
JIMIIIE BKJIAJ] €IEKTPOHHOTO OCIAIATOPA:
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F
2 2"
E;-E
3 meBHUM HAOMKEHHSIM OJHOOCIIUISTOPHY MOJEIH
pPO3paxyHKy JHUCHEpPCIMHUX  XapaKTEpPUCTUK MOXKHA

BUKOPHCTaTH 1 B paMKax MOJETl cepeloBHIa 3
yCepeTHEHUMH TapaMeTpaMu.

n’-1=

®)

0,26

0,24 +
0,22
"= 020}
=
0,18
016 |
0.14 , , X , ,
1,0 1,5 2,0 2,5 3,0 3,5
E’eB’

Puc. 4. 3anexuicts (n” —1)"' Big E* mna neomnopizaux

CTPYKTYp, MogudikoBaHux Temypom: | — GeypSeg, 2 —
Ge40860:Te (15 aT.%), 3- GC40860:TC (10 aT.%).

JU1si XapakTepUCTHKH JMCIEPCHOCTI PEYOBHHH, L0
BioOpaxkae i XiMi4Hy mpupoay 1 OyHOBY, BBEICHO

HOHATTA AMcnepciiinoi eneprii E; =F/E;, 1 Tomy
piBHsAHHS (5) MOXHA 3aITUCATH Y BUTIIA/I:
2 -1 E, E?
(n*-1) =—t-——. (6)
E, E;E,

I'paciune 306paxenns (n° —1)"' Bix E* nae npsamy
JIHIIO, TAHICHC HaXWIy SKOi BIJIIOBIAA€ 3HAYCHHIO

1/E,E,, a Touka nepetuny 3 Biccto opauHat -E,/E,.
Ha puc. 4 npencrasneno 3anesxsocti (n” —1)"'=f(E?)

s momuikoBaHUX CTPYKTYp GeyS¢o:Te, 3 sKux
BH3HAa4YeHO 3Ha4yeHHs BennunH E ,E | (Tabm. 2).

OpnepxaHi mapaMeTpu AWCIEPCIHHOT 3aleXHOCTI
BUKOPUCTaHI  JUIA OIIiHKH CTeTeH1 10HHOCTI
JOCHIKYBaHUX  IUTBOK  3rimHO  ¢opmynun  Tab6ca

B [6], 3HaueHHs sKMX TpuBenAeHiI B Ta6m. 2. I3
d

aHaJizy puc. 3 - 4 Ta Tabi. 2 Ciiaye, Mo 3i 30UIbIICHHIM

koHreHTpail Te epeKTHBHHIA MOKA3HHUK 3aJOMJICHHS N

(ma A =1MKM), ©eHeprii  BJaCHUX  KOJHMBAaHb

eNeKTpoHHOTO ocumisitopa EjTa mucmepciiiHa eHeprist

f.

1

Jo ©Oe3yMOBHMX TiepeBar ONTHYHUX METOIIB
JIOCHI/PKEHHSI PEYOBUH BiJHOCATHCS OE3KOHTAKTHICTH 1
HepyHHIBHICTh. BusBMIOCh, IO came MOJsIpU3aliiHI
XapaKTEPUCTUKU  BUIPOMIHIOBAaHHS, BIIOMTOrO  BiJ
MOBEPXHI, OCOOJMBO YYTJIWBI 10 CTaHy PCUOBHHU Ha
TOBEPXHI Ta B MPHUIIOBEPXHEBOMY LIapi, TOBIIUHA SKOTO
00MEXKYETHCS TIIMOMHOIO IPOHUKHEHHS CBITIIA Y 3pa3oK.

Posrisimanmacs  Mozens  TPUILAPOBOI  CTPYKTYPH
“oTOoUyrOUe MPO30PE CEPEAOBHUINE — MOTIMHAIOYA TUTIBKA
TOBIIMHOIO d — MOTNHMHAKOYa miaknaaka”’. BusHaueHHS
MOKa3HUKA 3aJOMJICHHS N, KoeillieHTa MOTJIMHAHHA oL Ta
ToBIIMHN d HeomHOPimHUX MIBOK GeyySeo:X (X-Bi, Pb,
Te) Ha MOBepXHi 32 BUMIPSHUMH 3IEXKHOCTIMH A(P) 1
v(Q) B IMUPOKOMY Jiala30Hi KYTIB ¢ Ja€ MOXKIUBICTH
BUpimeHHS oOepHeHoi emimcoMeTpuyHOi 3amadi. Ha
pHUC. 5 TIPENCTaBICHI EKCIIePUMEHTANBHI 3aJIeKHOCTI
enincomerpnyHux KyTiB W Ta A Bim KyTa mamiHHA @ 101
3pa3kiB GeypSep: X (X-Bi, Pb, Te).
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Puc. 5. ExcnepuMeHTaNbHI  3aJICKHOCTI  EITIIICOMET-
pruHHX KyTiB W Ta A Bij KyTa majiHHS @ JUIs 3pa3KiB
Ge40860:X (X - Bl, Pb, TG)

Tak sK mOCHimKyBaHI MOBEPXHI IUTIBOK € TOCHTHh
rmagkuMu (X IMOPCTKICTh ckiamae mopsaka S5 + 10 Hm
npu ToBmuHaX MriBok 400 + 1000 HM), TO BigOMBaHHA
CBITJIA BiJl HUX MOX€e OyTH ONHCAaHE HA OCHOBI CKaJSIpHOT
teopii audpakuii Kipxroda.

Jnst po3B’s3aHHs oOepHEHOI 3amadi enincomerpii
BUKOpHCTaHO KyTH A Ta V¥, BUMIpsHI 32 JOMOMOrOIO
eNmircoMeTpa 3  METOK  3HAXO/KCHHS  HEBITOMHX
ONTHYHHUX MApaMeTpiB CHUCTEMH, MIO JOCITIKYETHCS.
[IpoBeneHo TOPIBHAHHSA ONTHYHUX MapaMeTpiB IUTIBOK
Ha JoBkMHI XxBWiIi A =0,6328 MKM, po3paxoBaHHX
CIIIICOMETPUYHHM Ta CHEeKTPOHOTOMETPHYHUM

Eqs 3MeHmIyroThcs, a CTeNmiHb 10HHOCTI 3B’A3KiB MeTonamu (ta6u. 3) [7].
30UIBIIY€ETHCS.
Taoaunsa 2
EdexTnBHIN TOKa3HUK 3aJIOMJICHHS n (Ha A = 1MKM), ycepeqHeHa eHeprisl BIaCHIX KOJIMBAHb
EJIEKTPOHHUX ocmIATOPIB By, eHepris Eq, sika xapakrepu3sye Tucrepciio n B 3aeKHOCTI BiJ
KOHIIEHTpaIlil BBeZieHoro moaudikaropa Te, creninp ioHHOCTI f;.
Cknman Konnentpariis, at. % n, (A=1MKM) E4, eB E,, eB f o,
Ge40860 - 2,435 13,61 3,15 48,1
GegoSeo:Te 10 2,30, 7,02 1,81 50,8
G€40860:T€ 15 2,260 7,59 2,24 54,3
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Tabauus 3
Onrtuuni napamerpu 1wiiBok (A=0,6328Mkm).
CKJ'Ia,H d, (HM) n (emirnc.) n (cm.¢ot.) 08 (emirnc.)s (CM-l) 08 (c.dor)s (CM_I)

<Ge,S;:Al>(2at.%) 467 3,160 3,153 0,0178 0,0081
<Ge,S;:Te>(30.7at.%) 456 2,210 2,240 0,1039 0,0925
<Ge,S;:Bi>(14a1.%) 865 2,009 2,008 0,0637 0,0431
<Ge,S;:Pb>(12at.%) 546 2,881 2,876 0,0749 0,0255

Sk BUIHO 3 TabuuI 3, CIOCTEPIraeThesi 33/I0BUIbHA BusiBneno, mo 1o Mipi 30araueHHs Iuapis

KOpeJysillii  ONTHYHUX  [apaMeTpiB,  pO3paxOBaHHUX moaucdikatopom (Bi, Pb, Te), kpali mornuHaHHS

PI3HHMH METOaMH. 3MILIYETBCSI B JOBTOXBHIBOBY O00JAacTh  CIIEKTpY,

3MEHIIYEThCS  PI3KICTh ~ HAapOCTAHHS  OTJIMHAHHS
TPaJIi€HTHOI TUTIBKM, IO XapakTepusye 30UIbIICHHS

Bucnosku CTENEeHi PpO3YMOPSAKYBAHHS OIEPKAHOI CTPYKTYPH.
Busnaueni  onTHuHI  mapaMeTpum  MOIHM(IKOBaHUX
MeTosoM TepMiYHOTrO BHMIAPOBYBAHHS Yy BakyyMi  TOHKOIUIIBKOBUX  CTPYKTYp  €NIIICOMETPHYHMM |
OJICPXKAHO  TOHKOIUTIBKOBI ~ TPAJi€eHTHI  CTPYKTypH CEKTPO(YOTOMETPUYHUM METOAAMHU.
<GeySep:X> (X-Bi, Pb, Te). Konuenrpauiiiuuit BcTaHOBJIEHO, MO 3i 30LIBIICHHAM KOHIEHTpAIii
PO3IOJIUT CKIAI0BUX KOMIIOHEHT, TOCII/DKEHUH METOOM BBEICHOTO  MopaudikaTopa  3HAa4YeHHA  IIOKA3HHMKA
MACCIIEKTPOCKOIIIi  ITOCT-IOHI30BaHMX  HEHTpAIbHUX 3aJIOMJIEHHSI HAa BU3HA4eHid moBxuHi xBumi (A= 1 MKM)
YAaCTHHOK, Y3TOKY€ETHCS 3 MPOTHO3YBAHHAM Mpodimto 3MEHINYEThCA, 4  CTENiHb  10HHOCTI 3B S3KiB
Tpagi€eHTHOI CTPYKTYPH. 301IBITY€THCS.
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Thin films gradient structures are got <Ge40S60:X> (X-Bi, Pb, Te) by the method of thermal evaporation in a
vacuum. Influence of the entered modifier is explored on optical properties. On the measure of enrichment glowed by
a modifier (Bi, Pb, Te), near absorption is displaced in the longwave region of spectrum, the value of index of
refraction diminishes on a certain wave-length (A =1 um) and is multiplied the degree of ion binding. The optical
parameters of films are certain on a wave-length A = 0,6328 uwm ellipsemetrical and spectraphotometrical methods.
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