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CrekTpu BIOOMBaHHA MOHOKpucTasiB InBr mpm Temmeparypl pigkoro resito 6yam BEUMIp#AHI B
nuraai 1o 30 eB 3 BUKOpHUCTAHHAM CHHXPOTPOHHOTO BHIIPOMIHIOBAHH:A. BHUABJIEHO HOJAApA3AIIAHY
3JIEXKHICTh CIEKTPIB /1A PI3SHUX KpHUCTajorpadpiaanx HanpaMKib. Hinanka mo 15 eB cdpopmobana
nepexomamu 4pBr, 5s- Ta Spln BasieHTHHX eleKTPOHIB. Y HOTAJIBLIH TIAHIN 1X JOHOBHIOIOTH 4$-
eekTponn TasioreHy. [lobimsy 19 eB crocrepiraethbesa piska aybiieTHa CTpyKTypa KICTAKOBHUX d-
piBaiB Merasy. Ha ocHoBl BuBYeHH: posmomiiB sapsmoBol ryctunu p(r) i 30HHO-eHepI'eTHYHHX
HiATpaM 130CTPYKTYPHHUX CHOJIYK Ta 13 3aCTOCYBAHHAM pPe3yJIbTATIB TEOPETUKO-TPYIIOBOTO aHa-
JII3y TIpoBeieHa K-TpocTopoBa ineHTrdIKAIlA OCHOBHIUX CTPYKTYP 3 BUSHAYEHHAM MOXKJIMBHX 30HA-

30HHUX IIePeXOdiB Ta iX opbITaJIbHOTO XapaKTepy.

KuawuoBsi cioBa: 6poMun, IHIIO, CIIEKTPH BIOOMBaHH:A, eKCATOHM.

PACS numbers: 78.40.Fy, 71.35.—y

BCTVII

MomobpoMuI 1HAIO HAJEKHUTH 10 POINHE TaJIOTEHI-
JIB MeTaJIiB TPEThOl TPYIH, AKl aKTHBHO JOCJIMKYIOTDH
B OCTaHHI ABa JECATHPIIUA ¥ 3B 43Ky 3 1X 3aCTOCYBaH-
HAM y JazepHili Ta I texwini, BosiokoHHi# onruui [1].
OcranHl KIJTbKa POKIB BII3HATATHCA TAKOK 1X TPOMEC-
JIOBUM YIIPOBAIKEHHAM K MaTeplasIiB (pOTOMETEKTOPIB
IJIA COTHTHIANIRHOI CIIEKTPOCKOII AIepHOT0 BHIIPOMI-
mioBaHH#A [2]. OnHAK BJIACTHBOCTI IAPYBATHX TaJiOreHi-
JIIB METAJIB TPEThOl T'PYIH HEMOMKJIMBO MOACHUTH, HE
3HAIOYM 1XHBOl EHEPIETUYIHOI CTPYKTYPH Ta BHECKY OK-
peMux HOHHUX TepMIB y (hOPMYBaHHA ONMTUYHUX CIIEK-
1piB. OCKIJIBKE 30HHO-€HEPIEeTHYHA [idrpamMa OpOMuILY
IHOIIO 1le He BCTaHOBJIEHA, TO HalbLIBII 1HGOpMATHB-
HEUM Ta edEeKTHBHUM [IId POIYMIHHA (PISHIHAX MexXa-
HI3MIB € BU3HAUYEHHA ONTHIHUX CIEKTPIB BIIOWBaHHA B
rnbnHI (byHIaMEeHTaILHOTO MOTVIMHAHHA, AKl BlIOOpa-
JKalOTh CTPYKTYPY BaJIEHTHOI 30HHU Ta 30HU TPOBIIHOCTH.

Kpucramuna ctpykrypa 6poMuay 1Hm0 OyJia BH3HA-
gena [3] g4k crpykrypa TlI-THiy 3 NpOCTOPOBOO TPYHOIO
C'mem (D%Z) Ha pesynabTarax miel mpaii 6asyBaJinch
BLOIOM YCi pO3paxyHKu Ta OIiHKY. [lepepusnadecnts [4]
nokasasao BimMinHI (Yacom Giibm Hixk 5%) mapamerpn
I'PaTKH Ta BIACTAH] MiXK HoHaMH.

OnrudHl CIEKTPH B OKOJ JOBIOXBUJIBOBOTO KPAO MO-
[JIMHAHHA BUBYa M B Garathox mpamax [5-11]. Y mep-
mux mybsiKamigax 6yJio 3pobJieHo OIMHKY eJeKTPHUIHOL
TIPOBLAHOCTH, BUABJIECHO TOMITHY aHI30TPOIIIO B TIJIAHIT
Kpafo QyHIAMEHTAJTBHOTO TMOTJIHHAHHA /1 000X TMOJIdA-
pusaniit E||la ta El||c [5], BusHadeHO muciepciio mokas-
HUKIB 3aJ0MIeHH4 §i KoedinieHTiB noraunanus [6], npu-
qoMmy umpuHa 3aboponeHol wiauau qusg E||c smenmny-
BaJlach 13 HiABUIICHHAM TemuepaTypu. ¥ npami [8] mij-
TBEPIKEHO ICHYBaHH# HempaMoro mepexony g El|c
TOJIAPU3aIill, HATOMICTh TeMIIepaTypHa MOBEOIHKa 3a00-
pOHEHOl IILANHE IAs 000X TMoJApW3alilil BU3HaUeHa K
mopMmastbaa miag AVBYY™VN cnoayk. Hocmimkenua do-

roenektponnnx crektpis (He(T)/He(IT) [12]; ALK, [13])
JIO3BOJIMIN BUSHAYUTH CTPYKTYPY BaJIEHTHUX Ta KICTH-
KoBuX 30H. OgHAK IHTEpIpeTaIls IINX Pe3yAbTaTIB 3I1ii-
CHEHa Ha MOMUJIKOBOMY MPHUIYIIEHH] PO BaJeHTHHH
KOMILJIEKC 13 1I'TH 30H, PO 10 BXKe BKasyBasoch [14].
Y npani [10] yuepuie 6ysiu oTpuMani ONTHYHI ClEKTPU
g E||b nongpusanii Ta saificHena cnpoba imenTudi-
Kallll HalHIKYINX TMepexodiB OpoMuIy 1HIII0 Ha OCHOBI
sonnoi cxemu TII [15], daka, 3pemrToro, He clpaBAMIach
IJid camoro Hopumy rtasito [16]. 3HadeHHs mMpuHu 3a-
Goporenoi winHE Oyso BusHaderne [11] ak 2.3425eB.
IIpu ompominenH] GpOMULY 1HIIIO B HIISHIN Kpafo dpyH-
JAMEHTAJIBHOIO TIOTIMHAHHA 0yJ10 BusBiaeHo [17] aBuiie
6araToOHOHHOTO PE3OHAHCHOTO KOMOIHAIIITHOTO po3ci-
oBaHHA cBiT/Ia. OCOOIMBOCTI AUHAMIKH T'DATKH, JOCJIi-
mkeni [18] sacobamu I9- Ta paMaHiBCbKOI CIIEKTPOCKO-
i, AEMOHCTPYIOTH HATOMICTE MOJIAPH3AIIIRHY He3aIexk-
HICTB, X09a MaTepids aHI30TPOMHNI.

I3 mux mpamp ckIagaeThbcd BpaKEHHd, IO ONTHYHI
CIIEKTPH OPOMUIY 1HIIIO, K1 MIAJATAI0OThH BIINBY CHJIb-
HOl eJIEKTPOH-IIPKOBOI B3aEMOll, MOXKYTH OyTH 1HTEp-
MPeTOBaHl, 3aCHOBYIOYUCH Ha HOOPE BCTAHOBJEHUX OITI-
TUIHUX BJIACTHBOCTAX IHIINX OIHADHUX CIIOJYK 3 JeCA-
THEJIEK TPOHHOTO BAJIEHTHOTO DALY, 30KPEMA TaJI0TEH1TIB
TauIo Ta cnoayk A4 Bg. HeomHosHaumicTh Takol “eKcT-
pamoJsiamil” BKe oOroBOpIOBaAN Ha MPUKJIAIL 130€7deKT-
POHHHUX Ta I30CTPYKTYpHUX Homuais Tasiio [16] ta inmio

[14,19].

I. EKCIIEPUMEHT

Ax mKepeso CHHXPOTPOHHOTO BUIPOMIHIOBAHHSA BH-
KOpHUCTaHo mpuckopioBad 3 eneprieio 600 MeB. PoGounii
THCcK samumaBea B Mexkax 1.3-107% [Ta. [Tamatoue Ta Bin-
6uTe BHIIPOMIHIOBAHHSA AHAJI3YBAJM 33 IOMOMOTOI0 CH-
JIIIIATY HATPIO. K MOHOXPOMATOP BUKOPUCTOBYBAJIH
BakyyMHHU# crmekrpomerp Seya Numioka. BumiproBanna
MPOBOINAN /1A TPhOX KyTiB nmamianaa 8°, 12° 16° micsa
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9Oro OTpHUMaHl JaHl oOpobJIAAN 3a JOIMOMOIOI0 CIeIld-
saeprOl iporpamu. [1o 10eB gk mosngpusarop BUKOPUCTO-
ByBasim LiF-cTomy, 3arajgoM cTYIMHD MOJAApH3AIi CHH-
XPOTPOHHOTO BUIMIPOMIHIOBAHHA CTAHOBWB HE MEHIITE HIZK
87%. CnexkrpaJsibHe posmiieHHd CcKaagano 0.7 HM/MM.
AbBcosTioTHI 3HAYEHH BIIOMBHOI 3JaTHOCTH OYJIM OTPH-
MaH] 13 3aCTOCYBaHHAM MOHOKDHUCTAJIA TepMaHifo. ¥ Hid-
ma3oHl eHepriit 2-6 eB abcosroTHI 3HAUEHHA KoediIieHTa
BIOOMBAHHA BHMIPIOBAJIN TaKOXK Ha YCTAHOBII, 3MOHTO-
BaHlll Ha H6asi ciekTpodoTomerpa CD-4.

Buxigma cupoBuHa 6y1a cHHTE30BaHa ¥ BAaKyyMl B Xe-
MIYHIE peakifl BUCOKOIMCTOro MeTaaiaroro inmgio “MH-
000” Ta pimkoro 6pomy “oc.u.” y samagmiii ammysi. Cun-
Te3 MPOBOMWUIM TPH ONTHMAaJbHIA Temmepatypl 250°C
[20] 3 HAEAMIIKOM MeTasy JJis 3amobiraHHd yTBOPEeHHs
tpubpomuny. Orpumanuit InBr micna mumcrtmmoBanHa
KlJIbKa JecATKIB TOIWH HIAJIAraB 30HHINA odmctTil. Bm-
poiiieri MeTogoM Bpimkmena 6yJ1i MOHOKPHCTAJIB PO3-
KOJTIOBAJIICE JIWIIE B OQHOMY BH3HAYEHOMY HAIPAMKY,
MPUYIOMY OTPUMAaH] MOBEPXHI MaJu XapaKTepHUI a3ep-
KaJIbHHH 6JI1CK 1 He ToTpebyBaJIn Moaa Ibliol oOpobKH.
PenrtreniBehbkuii aHas i3 MITBEPOUB, MO OPOMUI 1HIIIO
Kpuctamizyerbed [3,4] B wapysariit crpykrypi Tl-rumy
3 mpocTopoBoIo Tpymoo DT a Takok mokasa, mWo Mo-
HOKPUCTAJJIN PO3OLIATHCA TEPIEHINKYIAPHO 10 b-ocu,
a IJIOMIMHN CKOJIB MICTATHL OBa KpHCTaIoTpadITHIX
HampaMKa ¢ 1 ¢. OpieHTAIN 3Pa3KiB MOI0 KPUCTAJIO-
rpadIvHIX OCell MPOBOMIIIN 3a TIOIIMHAME CHARHOCTH
it KOHTPOJTIOBAJIHN 3a JOTIOMOTOK PEHTIEHIBCHKOTO -
pakTomerpa [IPOH-5.

CrekTpu BHMIPIOBAJIN MPHU JBOX TEMIIEPATypPax: KiM-

R -

0,45 —

0,20 o

0,15 4

HaTHIfl Ta PIAKOTO TeJlifo. 3PasKil OXOJOMKYBAJIHA MPO-
BIOHICTIO Yepes Miaaui 6J10K. OCKIIBKH ONTHYHI CIIEeK-
TPHU MAPYyBaTHX MOHOTAJIOTEHIIIB 1HIIIO Iy&Ke 3aIeKaTh
BiJI HAPYKEHD Y 3pas3kax, IJid 1X YHUKHEHHA BUKOPWC-
TOBYBaJIU CHENMiAIbHIN TpUMad, a BILIUB TITPOCKOTIY-
HOCTH KPHUCTAJITHUX 3pasKiB ycyBaam 1X obpobkoio B
aTMocdepl XeMITHO IHCTOTO a30TY.

1I. PE3VYJIBTATH TA OBI'OBOPEHHISI

Ha puc. 1 306pazkeni cuektpu Bigbusanua R(E) nna
nsox nongpuszaniii ceitaa El|lc Ta E||la, orpumani npu
TeMIlepaTypl piakoro resio. BimHocHa mMoxubKa BH3Ha-
genna R(F) ne mepesnmysana 2%. Bumipsaui abcomoTHi
3HAYEHHA BIIOMBHOI 3MATHOCTH AyKe BIAPI3HAIOTHCA BT
HaBenennx y [7], ne R,(2.05e¢B) = 0.26 gna E||la no-
napusaiii 1 Re(2.05eB) = 0.43 nna E||c, xou aBTopn
CTBEPIKYIOTH, MO abCOTIOTHI 3HAYEHHST BOHU OTPUMAJTH
Ha MIIAXY mepepaxyHKy R 3a JaHuMu A Juctepcii mo-
Kas3HUKa 3aj0MJeHHd n 3 nparni [6]. Haua oninka 3a na-
HUMU 3 TOTO XK JKepesa IJId IMNX TOJApH3aliil y I aaHIIl
k = 0 nae sesmunan 0.21 (El|a) 1 0.26 (E||c), mo mobpe
Y3TOMIKYETHCA 3 €KCMePUMEHTAJTLHIME 3HAYEHHAMEI Ha
puc. 1, ge abcoaoTHI BEINIHHE R BCTAHOBJIEH] HIOI0 MO-
HOKpucTadiB repmanito. Ockinbku aBTopu [7] cTBepIKYy-
I0Th, 110 KOedIIMIEHT TOT/INHAHHSA JOPIBHIOE HYJIEBl BiKe
npu F < 2.3eB, iMoBipHO, 1m0 3 UM 1 MOB’dA3aHa MO-
MmIKa B omiuil K. Hacmpapml & abcopbiiis BIACY THA IpH
TOBKWHAX XBHUJIb, OlibHX 32 582 1M (F < 2.13¢B).

InBr

15 20 25 30

E, eB

Puc. 1. Tlongpusamiimi crekTpu BimomBanasa InBr mpm remiesiit Temmeparypi. Ha BuHOCI moKasaHO OUTAHKY €KCHTOHHHX

36ymkenb nia E||a momapusamii, ki o6roBoprooTbCA B TEKCTI.
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Excutonna cTpykTypa crmekTpiB Ha puc.l Hara-
JIy€ CIEKTPHU JIYZKHOTAJOIIHUX KPHUCTaJlB, mpore InBr
BIAPISHAETHCH BEJUKOK TIEJEKTPUIHOI KOHCTAHTOIO,
KpPaeM TOTVIMHAHHA B MIJIAHII MEHIINX IOBKHH XBUJTH
Ta MEHIIUMHU TTapaMeTPaMi KPUCTAJIIHOl IDATKI, BHAC-
JIIOK 90TO €KCUTOHHUN XapaKTep CIEKTPIB yCe K MEHII
BUpa3HUA.

Boanouac cmexTpu BiAOMBaHHA OpOMHIY 1HIIIO CYT-
TEBO BIAPISHAOTHCA Bl ceKTpiB Inl HaBiTh v miIdHI
HU3BKUX €Hepriii; Tak, AKINo Iad Romammay 1HIII0 CIIoCTe-
piraemo npamuit kpaii [10], ro InBr memoncTpye xapax-
TepHY CXiZ4acTy CTPYKTYPY B CIIEKTpax moryinHanHs [8].

3araJioM creKTpu Ha puc. | Bi3yaJabHO PO3OUBAIOTHCA
Ha YOTHPH BIAMIHHI 38 XapaKTEPOM Ta MOBEIIHKOIO KPH-
Bol BLOOMBHOI 3HATHOCTH YacTHHHU: 10 ~4.7eB, Big 4.7
no 7.5eB, Bim 7.5 mo 16 eB 1 micaa 16 eB. 3asmaunmo Ta-
KOXK, 1[0 B YChOMY IIAMA30HI eHepriii BIOOMBAHHA IJIs
E||c mongpusaiii € Ginbuium, anix a4 El|la, 3a pubar-
KOM IBOX BY3bKHX AIdAHOK 4.7-6eB Ta 14-15eB. Axmo
ML MIapyBaTHX COOJAYK TPUTAMAHHAN TUXPOI3M OMTHY-
HUX BJIACTUBOCTEN MUK HAMPAMKAME B ILIOIINHI CKOJY
1 MEPIeHINKYAAPHOMY IO M€l MJIOUNHE, TO, AK BHIHO
3 pHCYHKa, IJId OpOMELY 1HIIIO aHI30TPOIHA IPHpOAa
KpHCTaJIa BIIoOpaKaeThCs 1 B IJIOIIAHL IIapy.

.
g

Puc. 2. 1/8 3omm Bpinnroena GasormeHTpoBaHol poMOITHOI
rparku. Bucokocumerpuyni Touku (3a Burarkom L, C*, A*,
E* i B) nosnaueno srigao 3 Kosasabosum [23].

X

Y mepunit DIAHIN 0COOINBO BUPpA3HUNE AUXPOI3M CIIO-
crepiraemo mobausy miTku 2.33 eB g malinmkanx
enepreruunux nikis. Mg nmosgpusamii El|le rocrpuit
miK mpamoro ekcutora mpu 2.331eB cympoBomkyeThea
crabkum tpu 2.340eB. Ocrannili mpunucyeTbca eKCu-
TOHHOMY CTaHOBI n = 2. Y HabJIMWMKeHH] TlIPOreHONOo-
MI6HOI cepll eHeprisg 3B’A3KY €KCHTOHA OINHIOETHCS K
~12meB. AnaJjiis 30HHO-eHePreTUIHAX MiATpaM 1 PO3Io-
JIJTIB 3apsAI0BOl TYCTHHHU [IId4 aKTyaJbHUX CTaHIB 130-
enekTpoHHUX Ta izocTpykKTypHux TII [16] Ta Inl [19]
MoKa3ye, 10 HaWHWKYI 3a eHePri€lo MePEeXoan € BHYT-
pimabokationuumu. Busdenua [21] cnekTpis 3amimanux

kpuctayis InBry _; 1, maoreepmxye, mo meit ekcuToHHMIT
mepexi HaJIeKUTh 0 CILJIBHOTO TUIY, OCKIIBKH TOMIT-
HUX 3MIH [IPK JO3YBaHHI TaJoTeHy He crocTepiraemo. Oc-
KIJIbKM HaWHIK YTl mepexoqn (popMyIoThCA Ha MeTaJIeBli
MIATPATIll, TO OCHOBHUY BHECOK Y TEMIEPATYPHI 3CYBU B
il eHepreTHYIHIi MITAHIN da€ PO3MIMPEHHA KOMIPKH.

Inga E||la nongpusanii ciaabkuft mik, nokasanuii y
301/IbIIIEHOMY MacinTabl Ha BHHOCI 10 puc.l 1 BlA3Ha-
YeHuit CTPLIKOIO, cnocTepiraemo npu 2.328eB. ¥V mpain
[10] Ha moJlipoBaHUX 3pasKax BUABJIEHO, IO el eKCUTOH
cunbHie Bigobpaxkaerbesd Hiad E|[b i mae nosropenns
n = 2 mpu 2.337eB. Cnabkuii nik (Bigsnadenuii apy-
rofo CTpilaKoio Ha BHHOCHI 1o puc. 1) mpu 2.479eB (E||a)
TexK crocrepiraiau intencuBHimmM 1 E||b nonapusanii
1 TaKOXK BIH CYTIPOBOMKYBaBCs CJIaOKUM MOBTOPEHHM,
omrak mid E||c Mu He 6auuMo TYT KOLHOI CTPYKTYDH.

3araJioM BaJIeHTHUH KOMILIEKC OPTOPOMOITHIX MOHO-
raJoTeHIdIB Az MeTaslB, YHACTLIOK ABOX (GOPMYJIBHUX
ONWHUIIL V TPUMITHBHIA KOMIPI, CKJIATaEThCA 3 Ie-
CATH BaJIEHTHUX 30H. barato ekcrmepuMeHTaJIbHUX I0-
caimkens [7,9,13] rpyHTYETbCA HA MOMUIKOBOMY MPHITY-
IIIEHH], 10 B IIX KPHCTaJIax, 3a aHaJO0TI€0 3 KYOITHIMMI
dazaMu IedKNX 3 HAX, € I’ ATh 30H.

Bigomi sonno-enepreruyni migarpamu Inl [19] Ta TII
[15,22] 103BOIAIOTH CTBEPIKYBATH, 110 BAJEHTHUH KOM-
IJIEKC TIX CIIOJIYK CTPYKTYPOBaHmii 1 MoxKe OyTn 306pa-
JKeHuii (Big BepIIMHN BaJEHTHOI 30HU B MOPAIKY 301/1b-
HIEHHA eHepril 3B’A3Ky) TaKo MOC/LIOBHICTIO B’A30K
30H: 2-4-2-2. Ha 6asl mux marpam Ta BIZoOpaKeHnX
y Tabsumi 1 mpaBma BIOOOpPY OJIA 30HA-30HHHX Iepe-
xomiB [19] y pisHux Toukax i JiiHigx 30oHu BpiaiioeHa
MOXKHA JaTu WMOBIDHUII TOPAIOK MEPEXOIIB Y MPUKpa-
ftoBlit miagHml GyHIaMeHTaIbHOrO MoTAnHaHHA. Mu He
MOHAEMO B TabJIHIN MEPEXOAIB I TOUYKH [’ OCKIIBKY B
yCIX cToAayKax 3 ponmin As B HaliMeHII MIK3OHHI 1H-
TepBaJIl pO3TANIOBaHl BLATAJIK BiJ IMeHTpa 30HH Bpisi-
JioeHa, 30bpaxkenol Ha puc. 2. g xapakTepHa ocobsim-
BICTH pO3TalllyBaHHA IILIKH Ol Kpaio 30Hn BpiioeHa
BUIJINBAE TOJIOBHUM YMHOM OE3MOCEPETHBO 3 €IEKTPOH-
HOl KOoH(pITypaIl JecATHEIEKTPOHHUX CIOJIYK 3 1X Hall-
JIHIIKOBOIO $-€JIEKTPOHHOO Mapoio KarioHa. Mu BUKJTIO-
TaEMO 3 PO3IVIALY TaKOXK TOUKY Y Ta MLy JiHio A, oc-
KIJIBKN €HEpPreTHIHl 1HTepBaJ N TYT Hy:Ke HIMPoKl i He
aKTyaJIbHl B OIIAHIN Kpalo MOTJINHAHHSI.

Haiimenuia npsama uiausa B [10,15] nos’asyerbed 3
roukoto T zonu Bpiaioena, onnak pospaxynku [19,22]
MOKAa3yIoTh, 10 HaliMeHIIl 1HTEepBaJIH JIOKAJII30BaH] 0~
6msy Todok X* (i eksiBasentroi iii C*), S i na minii
H. Kpim Toro, mepexin y Todii 1 He MoOXKe MOICHUTH
MOJAPU3ATIHHOI 3aJEKHOCTH TEPHIOTO TPAMOTO eKCH-
TOHa, AKUi MaB 6w OyTu 3 HUM MoB’a3aHuM. Caabki 306-
paxkentd [10] mboro eKCUTOHA, AKi CIOCTEPIrAEMO IJIs
E|la i E||b, symoBieni obminnol B3aeMomieio (crmin-
opbiTaabHa B3AEMOIisd HE TPUBOIUTL IO PO3IIETIIICHHA
30HHWX CTaHIB Ha MeyKaX 30HN Bpijtoena). Ame srigro
3 TabsHmeio obuaBa MOKANBHX IEPEXOan B ToUIl 1 mast
E||c nongpusanii € qunonbuo possosenumu i mis E||b.
Taxwmm aumOM, Teit mepexia MoxKe BIIOYyBaTHCH JUIIE Ha
muigx X (4, = Xo.) Ta H (Hsy — Hs.).
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Toukn
il E | =z Ely E | =
Z1—>Z2 Z1—>Z1 Z1—>Z1
Z (T) Z2 —)Zl Z2 —)Zz Z2 —)Zz
St =Sy | ST =S5 | ST — 57
T = SH ST = SE ST =St
S Sy = ST | ST —=S7 | Sf— 57
e [ e
21—>21 21—>24 21—>23
Ez—)Ez 22—>23 22—>24
b)) 23—>23 Eg—)Ez Eg—)El
E4—>24 E4—>21 E4—>22
H1—>H4 H1—>H3 H1—>H1
H2—>H3 H2—>H4 Hz—)Hz
H (A) H3—>H2 H3—>H1 H3—>H3
H4—>H1 H4—>H2 H4—>H4

Tabmumga 1. IosBoJsieHl ONTHYHI 30HA-30HHI TEPEXOIN
B TOYKAaX 1 Ha JIHIAX BHCOKOl cuMeTpil 30HN BpiiioecHa
nag crpykryp tamy DIT [19].

Henpsamuii nepexin y [10] Texk moB’ga3yeThes 3 JUMOJb-
HUM TIEPEXoAoM y TodUil 1 1 HACTYIHUM PO3CIIOBAHHIM
MIPKHW 97 eJeKTPOHa IO TOYKH S 3a yIacTio (POHOHIB,
AK1 30epiraloTh IMIyJabc. AJle TakKa cxeMa HEeMOMKJINBA,
OCKIJIBKH IIIJINHA B IUX CHOJYKax y Toqml 1’ € 6LIbIIo0,
HIZK y Toumm S, Ta i 30HA MPOBIIHOCTH PO3MIIIEHA BHIIE,
a BaJIEHTHA 30HA — HEKYe. STIIHO 3 TabJUIEo Ta pe-
syabratamu [19,22] fiMosipHiuia iHma cxema, 3a KOO
TaKOTO TUITY Mepexin BlaOyBaTuMeThca abo Ha JIIHI1 MK
eKBIBAJIEHTHIME TouKamu L~ 1a O™, Ha gKiil po3miiieHa
it Toura S, abo x& y Toumni 7' 3 HACTYIHUM PO3CIIOBAHHAM
eJIeKTpoHa B HAIPAMKY JiiHIA X abo H.

Baxsuso miaxpecauTH, Mo roJoBHI CTPYKTYPH CIIEK-
TpiB BIOOMBaHHA OyAyTh BH3HAYATHCH MEpeXomaMH
BJIACHE Ha IIAAHIN MaiizKe 6e3MMCIepCHIX 30H MIK IIHMI
eKBIBaJIEHTHIME Todramu: X.° ta (™, ne edpeK THBHI Mach
HOCIIB 1 MaTPHYHI eJIEMEHTH MEPEXOIIB € HaliOLIbIITIMMT.

HacTymmi crabHl MK CIIOCTEPITAEMO TIPH 3HATEHHAX
enepriit 3.22, 3.56, 4.12eB nna E||c noaapusanii ta npu
3.22,3.48, 3.92eB nuia E||la. Yci i niku 3HaxondThed B
JIJIAHITN 1HTEHCUBHOTO BJIACHOTO MOIVIMHAHHA 1 chopMo-
BaHIl IEPEXONAMH 3 [IBOX HAWBHIINX BAJEHTHUX 30H.

[Ipoas rIMOMHHWX €KCHTOHIB MOPYY 13 CHJIBHUM PO3-
MHUTTAM CIIEKTPIB IPH MIBAIEHH] TEMIIEPATYPH IO KiM-
HaTHOI CBIAYATh PO MPHCYTHICTH CHJIBHOI €JIeKTPOH—
doHOHHOI B3aeMo/Iil Ta BIIAB (POHOHHOI IMIICHCTEMHI Ha
MIZK30HHI MTepEeXoqu B ILAAHIN (PYyHIAMEHTAJILHOTO 0~
ruHaHHA. [loBTOpHE CKOJIIOBAaHHA MOBEPXOHB 3Da3KiB
3arajioM He 3MIHIOBAJIO CIIEKTPAJJIbHOI KAPTHHH, 10 BKa-
3y€ Ha JIOCTATHIO CTIHKICTH HAHUX, SHATHX 3 MOBEPXHI,
JIO HABKOJIMIITHBOTO CEPETOBUIILA.

ITicisg piskol BTpaTw BIAOMBHOI 3JATHOCTH MOOJIN3Y
4.7eB posnounnaeThbca apyra OuigaKa. Bimpasy 3asHa-
YUMO, TIO, 3TITHO 3 PE3YJIbTATAME 30HHO-€HEPT €ETHIHOTO
aHaJ3y Ta BUBUEHHA abpHCIB eJIeKTPOHHOI TYCTHHH, T'O-
JIOBHUII BHECOK B 11 CTPYKTYPH PODIATEH MEPEXOIN 3 TO-
THPHOX BAJEHTHHUX 30H, AKI CHDOPMOBAHI Pr-, Py- Ta P,-
eJIeKTpOHAMK OpoMy. ¥Y9acTh €JIEKTPOHIB MeTaay B il
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dopmyBamHi € MizepHO0. ToMy Ipn 3aMilieHH] HpoMy 1H-
IIMM TaJIOTEHOM T4 M1IAHKA TOBUHHA 3a3HABATH HANBII-
gyTHinmX 3MiH. OgHAK i€ TBEPIKEeHHA MOTPebye eKCile-
PUMEHTAJIBHOTO MATBEPIKEHHA, OCKLIBKHA HU3BKOTEM-
mepaTypHl CIEKTPH BIOOMBAHHA B IMHPOKIH eHepreTHd-
mifi miaaaml gas Inl gu InCl me #e omy6smikoBaHi.

Minimym R(FE) mobnusy mitku 7.5eB Binmsnadae sa-
BEPIIEHHA TEPEXOIIB 3 HACTYIMHUX JIBOX 30H, dAKI €HEP-
TeTHYIHO PO3ILAEH] 3 MONEPEIHIMI HE3HATHUM ITPOMIK-
KOM 1 YTBOPEHI Pr- Ta Py-OpOiTAJIAME 6POMY 3 yIacCTIO
s-opbitaseit 1o, OcKIILKE OCTaHHI 1Bl BaJEeHTHI 30HK
BIIJIIEH] 3HAYHUM €HePreTHIHNM MPOMiKKOoM (A8 eB),
TO pi3Ke MaMlHHA BIAOMBHOL 3MaTHOCTH B I# DIAAHII
MOXKe BKAa3yBaTH HA MOZKJIMBICTH KOJIEKTUBHOTO T-THITY
30yMKEeHHA p-eJIEKTPOHIB 13 TOIMEpeaHIX IeCTH 30H.

Hactynmi Bl mJIAHKE XapaKTepH3YIOTHCA 3arajioM
baraTbMa HEBHPA3HUMEU MaKCHMyMaMW, 10, fIMOBIPHO,
CBIIYHUTDL TPO caabIle pO3MIIEHHA B IMiil MIJIAHIN 1 3HOBY
JK TaKW PO CHJIbHE 30yZKEHH JIA3MOHIB. 3ayBazKIMO,
IO Y ABOX OCTAHHIX BUCOKOEHEPTeTHIHUX TITAHKAX PO3-
OiMbHA 3OATHICTH (MPH CHEKTPasIbHIN MHPHHI ULTHHE
0.7 HM/MM) HOHMWKYeThed O0 &1 eB, mo yTpyaHios iH-
TEPIPETAIIO CIOCTEPEKYBaHUX TYT cTpyKTyp. Omuak
CJIT 3a3HAYUTH, 10 CIIEKTPH B TUIAHIN eHepriii 7o 10eB
PO3IUIMJINCEH 3HATHO JIIIIE, HiXK Ie OyJI0 PN BEKOPHC-
TaHHI Ta30PO3PAIHUX JEKepest [9], o JO3BOMUIO Jiliiie
OTPAIIOBATH CTPYKTYPY CHEKTPIB.

Bymora cmekTpa B migmasoHl eHepriit Bim 7.5eB mo
16eB symoBsieHa mepexomaMu 3 POSIVIAHYTHX BOCHMHU
30H Ha BHUII 30HT npoBigHocTH. [Ticia 16 eB muxpoiaumii
MOTHB B ONTHYHHX CIEKTpPax Mepectae OYTH HOMIHYIO-
9uM, TOHOTO 3 BUYEDIYBAHHAM IEPEXOIB 3 BEPXHIX Ba-
JIEHTHUX 30H, TOM1 AK MIXOOKI PIBHI MEHIIOI MIPOIO i~
JIATAIOTh BILJIUBY aHI30TPOIMHOTO KPUCTATIIHOTO MO,

ImoBipHO, 1O TYT € BIUIMB OCHOBHOTO THIY O-
ILJIa3MOHa, CPOPMOBAHOTO KOJTEKTHBHUM 30YIKEHHAM S-
eJIeKTPOHIB OpoMy, AKl POpPMYIOTH OBl OCTaHHI, Haii-
IHOIN, KBa31KICTAKOB] BaJeHTHI 30HU B MIapyBaTHX MO-
HoraJsiorerigax As-metasiB. Y cuekTpl BLIOWBAHHS 1X TTe-
pexomu Bigobpakenl cTpyKTypoio mobausy 16 eB.

Tum gyacoM MOXKHA 3yIHHUTHCH HA MOMKJIMBOCTI 1€H-
TUMIKYBATH, 3aCHOBYIOUICEH Ha PE3yAbTaTaX (POTOETEK-
TpoHHOrO ekciepumMenty [13], miku, posmiieni 3a me-
JKaMHU JUIAHKE MOMKJIMBOTO TPOABY OCHOBHHUX ILJTA3MO-
HIB, 4K MEPEXOIN 3 MINOMIIX KICTAKOBUX 30H. ybsieTHa
CTPYKTYPa €KCHTOHHOTO THITY, IO MOXOAUTH BII KICTH-
KOBHX 4d-cTaHIB IHIIO, JOKa l30BaHa MoOIN3y eHeprii B
19eB. Cnabki makcumymu aaa eHeprii B 24eB symos-
JIEH] BKe TepexoiaMi 3 d-pIBHIB TaJIoTeHy .

BUCHOBKMU

I3 BUKOpHCTAHHAM CHHXPOTPOHHOTO JZKepeJsia BH3Ha-
YeHO CIEKTPH BIIOMBHOL 3MATHOCTH MOHOKPHCTAIIB Opo-
muay im0, CIeKTpu AEMOHCTPYIOTH BUPA3HY MOJIADH-
3aliiiHy 3aJIeXKHICTh y IJIOMIWHI Irapy. BukopmcToBy-
1049l abpuCcH 3apAI0BOl TYCTHHE p(T), 30HHO-€HEPT €THIHI
JiArpaMu Ta (pOTOEJEKTPOHHI CIIEKTPH 130CTPYKTYPHIX
CHOJIYK 1 3aCTOCOBYIOUHN MpaBUJIa BIIOOPY IJIs CIIOJYK



BPOMMNM/I THAOTTO: OIITUYHI CITEKTPU B AIJIAHIII 2-30 B

TIPOCTOPOBOI CHMETPIl D%Z, BU3HAYMIN HMOBIPHY JIO-
KaJI3alliio TOJIOBHUX IEPEXoiB y Mexkax 30HH bpii-
JIIoeHa Ta BCTAHOBJEHO OpDOITAJBbHUN XapaKTep OCHOB-
HUX CTPYKTyp cmekTpiB R(FE). InrencuBHI muxpoidni
CTPYKTYPH B HUIAHIN eHepriit mo 4.7eB chopmonani me-
pexomaMu 3 JABOX HaWBHIMX BAJECHTHUX 30H, MO MTOXO-
nath Bia 4pBr ta bsln-opbitaneii. [licaa piskol BTparu
BLOOMBHOI 3gaTHOCTH TobaM3y 4.7eB posmounmaeThes
Ipyra OiIgHKa, 3YMOBJIEHA IEpPeXoJaMi 3 HYOTUPHOX
MPaKTUYIHO aHIOHHOTO p-XapaKTepy BasjieHTHuX 30H. Oc-
TaHHA CTPYKTYpa B il MIJIAHIN MOXOOWTH BII MEpPEXo-

B 13 OBOX 30H 3MINIAHOTO THIY, 3 XapaKTepoM, II0-
mOHUM, K y JBOX HAWBHWINMNX BaJeHTHHX 30H. Mono-
TOHHA miagHKa y ciuekTpl R(F) B mianasoHi eHepriil Bin
7.5eB 1o 16 eB symoBjena mepexomaMu Ha BUIIl 30HK
nposinaoctu. [lobausy 16eB mposaBasorhea mikm 4s-
eJIEKTPOHIB raJioreny, a Oura 19eB — piski gybserHi
CTPYKTYPH KICTAKOBUX d-piBHIB MeTaay. OTpuMmaHi pe-
3yJBTATH MOXKYTH CJIYTYBATH 3ACHOBKOM IJIA TJIHOIIOTO
PO3YMIHHA €JIEKTPOHHOI OyHOBU Ta (PISMIHHX MeXaHi3-
MIB ¥ CHJIBHO aHI3OTPOIHUX, MAPYBATHX CTPYKTYpax.
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INDIUM BROMIDE: OPTICAL SPECTRA IN THE 2-30 eV REGION

M. I. Kolinko', O. V. Bovgyra', 1. V. Kityk?, M. Piasecki®
! Ivan Franko National University of Luviv, Chair of Experimental Physics,
8 Kyrylo and Mefodij Str., Lviv, UA-79005, Ukraine
2 Pedagogical University of Chestochova, Physics Institute,
Al. Armii Krajovej 13/15, 42-200 Chestochova, Poland

Reflection spectra of the InBr monocrystals were measured at the liquid helium temperature in the region

up to 30 eV using synchrotron radiation. The polarization dependence of spectra has been found for different

crystallographic directions. The region up to 15 eV is assigned to the transitions from the valence bands of Br 4p

and In 5s, 5p. In the farther region the transitions from the halogen 4s band exist as well. At about 19 eV the

sharp doublet structure was observed due to the metal core d-states. The k-space identification of the substantial

structures has been accomplished on the basis of a study of the electron density distribution p(r), the energy band

diagram of isostructural compounds and using group theory analysis as well. Possible interband transitions were

determined and their orbital origin has been proposed.
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