Fizikanin miasir problemlari VII Respublika konfransi

GORKOMLI FiZiK-ALIM
AKADEMIK
BOHRAM MEHRALI OGLU 9SGOROV

Azarbaycan Milli Elmlor Akademiyasinin haqiqi iizvii, Respublika Dovlat Miikafati
laureati, ©mokdar Elm xadimi, "Sohrot" ordenli, Prezident toqaiidgiisii, bork cisimlor
nozoriyyasi sahasinde 6z coziinii deyon, bu sahays boyiik tohfalor veran, vo Azarbaycanda
bork cisimlor fizikas1 sahasinds boyiik elmi moktobin yaradicisi, elmin vo ali tohsilin boyiik
togkilatcis1 kimi taninmis alim, Baki Dovlot Universitetinin "Bork cisimlor fizikas1"
kafedrasinin miidiri, fizika-riyaziyyat elmlori doktoru, professor Bohram Mehrali oglu
Osgorovun 5 oktyabr 2013-cii ildo 80 yasi, elmi, pedaqoji vo ictimai foaliyyatinin isa 55 ili
tamam olmusdur.

Bohram miiallim 1933-cii il oktyabr aymin 5-do Azorbaycanin dilbor tobiatli
giigalorindan biri olan Tovuz rayonunun Ohmadabad kondinds anadan olmusdur.

O, 1952-ci ildo Yanixli kond orta moktobini miivoffoqiyyatlo bitirorok homin ilds
Azorbaycan Dovlot Universitetinin (indiki Baki Dovloet Universitetinin) fizika-riyaziyyat
fakiiltosinin fizika sobosino daxil olmusdur. Universitetdo tohsil aldigi miiddatds adh
toqaiidgii (Stalin toqaiidii) olmusdur.

1957-ci ildo Universiteti forqlonma diplomu ilo bitirorok Azaorbaycan Elmlor
Akademiyas1 Fizika Institutunun "Yarimkeciricilor fizikas1" ixtisas1 {izro oyani
aspiranturasina daxil olmusdur.

Aspirantura tohsilini, moshur Rentgenin tolobosi olmus akademik A.F. loffenin
direktor oldugu, SSRI Elmlor Akademiyas1 Yarimkegiricilor Institutunda (Leningrad sohori) alnmsdr.
Bu Institutda o, professor A.I. Anselmin rohbarliyi altinda miikommal elmi moktab ke¢mis, bark
cisimlor nozoriyyasinin aktual problemlori - metallar vo yarimkeciricilordo termomaqnit
effektlorin kvant nozoriyyyosi ilo mosgul olmus, 1962-ci ildo Leninqradda namizadlik
dissertasiyasin1  miidafio etdikdon sonra Bakiya qayidaraq Azorbaycan Elmlor
Akademiyasinin Fizika Institutunda elmi isini davam etdirmisdir.

Dissertasiya isindos qaldirilan problemlorin aktualli§i nozors alinaraq Azorbaycan
Elmlor Akademiyasinin Royasat Heyatinin qorar ilo 1963-cii ildo B.M.Osgarovun namizadlik
dissertasiyast  biitiinliikklo  "Teopus  aenenuti  nepemoca 6  noaYnpo8ooHuKax"
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("Yarimkeciricilordo kog¢iirmo hadisalori nozoriyyesi”, rus dilindo) adi altinda "Eim"
nogriyyat1 torofindon ayrica kitab soklindo nosr edilmisdir. Bu kitab onun ilk vo ugurlu
monoqrafiyasi idi.

B. Osgorov 1966-c1 ilo godor Azorbaycan Elmlor Akademiyasi Fizika Institutunda
kicik elmi is¢i, elmi is¢i vo bas elmi is¢i vozifolorinda calismis vo 1966-c1 ildo Azarbaycan
Dovlot Universitetinin Fizika fakiiltosinin "Molekulyar fizika" kafedrasina dosent vozifosino
dovot olunmusdur. Homin ildon etibaron onun elmi isi ilo yanasi pedaqoji foaliyyeoti do
baslamisdir. O, Fizika fakiiltosindo "Elektrodinamika", "Bork cisimlorin kvant nozoriyyosi",
"Termodinamika vo statistik fizika" kimi miithiim {imumnozori universitet kurslarindan
miithaziralor oxumusdur. Universitetds toskilatciliq foaliyystini B.M.Osgorov 1971-ci ilds
"Bork cisimlor fizikas1" kafedrasimi toskil etmoklo baslamis, 1972-ci ildo kafedranin
professoru olmus vo indiys godor homin kafedraya rohborlik edir.

1970-ci ilde B.M.Osgorov Leninqradda ''Hayka' nosriyyatinda Oziiniin
"Kunemuueckue ygpgpekmut ¢ nonynposoonukax' ("Yarimkegiricilordo kinetik effektlor",
rus dilinds) adli ikinci monoqrafiyasint nosr olunmusdur. Bohram miiallim 1971-ci ilds
doktorluq dissertasiyasin1 miidafis etmis; bu monoqrafiyaya gors o, 1974-cii ildo elm vo
texnika sahasindo Azorbaycan Dovlot Miikafatina layiq goriilmiisdiir. Bu monogqrafiya
miitoxassislor torofindon rogbotini gazanmis vo ¢ox aparici universitetlordo onun osasinda
kinetik effektlor nozoriyyasindon ixtisas kurslart oxunur vo bark cisimlor fizikasi sahosinda
calisan miitoxassislorin stoliistii kitabina ¢cevrilmisdir.

Onun {glinci monografiyast olan '"Jnekmponnvie aeénenus nepenoca 6
noaynposoonukax' ("Yarimkeciricilordo elektron kociirmo hadisolori”, rus dilindo) adh
kitabin1 1985-ci ildo Moskvada ""Hayka'' nasriyyatinda nasr olunmus vo hamin monoqrafiya
""Electron transport phenomena in semiconductors" adi ilo ingilis dilino torciimo olunaraq
World Scientific (Singapore) Umumdiinya nasriyyatinda cap olunmusdur.

Bohram miiollimin (S.R.Figarovanin hommiiallifliyi ilo) "Thermodynamics, Gibbs
Method and Statistical Physics of Electron Gases'" (ingilis dilindo) adli novbaoti
monoqrafiyast 2010-cu ilds Springer (Berlin, Almaniya) nasriyyatinda is1q tizii gormiisdiir.

B.M.Bsgorovun elmi foaliyyoti 1957-ci ildon, onun SSRI Elmlor Akademiyasi
Yarmmkegiricilor Institutuna (Leningrad sohori) aspirant kimi ezam olundugu dovrdon
baslayir. Homin illordo o, professor A.l.Anselmlo birga yarimkegiricilordo vo metallarda
termomagqnit hadisalorinin kvant nozoriyyasini inkisaf etdirir. Onlar torsfindon kvantlayici
magqnit sahosindo, adi kinetik tonlik totbiq oluna bilmodiyi halda dissipativ termomagqnit
coroyanlarin1 hesablamagq iiciin metod toklif edilir. Elmi adabiyyatda Anselm-Osgorov metodu
ad1 ilo molum olan bu {isul, sonralar miiallifor torofindon donmoyan proseslorin iimumi nozariyyosi
vasitosi ilo asaslandirilir.

B.M.Osgorovun 1960-61-ci illords "®@u3uka meepoozo mena" jurnalinda ¢ap olunmus
islori ilo termomaqnit hadisalorin kvant nozoriyyasinin asast qoyulmus, onun kinetik
effektlorin klassik nozoriyyosino hosr edilmis ilk islorindo giiclii cirlagsmis yarimkeciricilordo
vo metallarda ixtiyari maqgnit sahasinds ko¢iirma hadisalori kimi vacib masalalora baxilmisdir.
B.M.Osgorov  torofindon uzununa maqgnit sahosindo yerlosmis yarimkeciricilordo
termoelektrik harokot qiivvasinin va istilikkecirmonin elektron hissasini Oyronilmisdir.

B.M.Osgorovun bir sira iglori daha miirokkob dispersiya ganunlu, yoni real enerji
spektrli yarimkeciricilordoki kinetik effektlorin klassik nozariyyosino hasr olunmusdur. O,
sferik, lakin geyri-parabolik zonali yarimkegiricilordo galvanomagnit vo termomagnit effektlorin
klassik nazariyyosini imumilosdirmisdir.

Bohram miisllim torafindon termomagqnit effektlorinin 6l¢iilmosindon istifado olunaraq
giicli cirlasmis  sferik-simmetrik  dispersiya qanunlu  elektron yarimkeciricilorinin
parametrlorinin tapilmasi iiciin yeni dsul toklif olunmusdur. Bu {iisul tocriiboci alimlor
torofindon effektiv kiitlo, sopilmo mexanizmi, yiiriikliik, zonanin geyri-parabolikliliyi va s.
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kimi komiyyatlorin doqiq Ol¢iilmosi iigiin istifado olunur. B. Osgorov torofindon geyri-
parabolik zonali yarimkeciricilordo galvanomaqnit effektlorin kvant nozoriyyosino hosr
olunmus islorinde Keyn dispersiya gqanunlu yarimkegiricilorde enino termoelektrik horokot
qiivvasi vo izotermik Nernst-Ettingshauzen effektinin kvant nozoriyyasi qurulmusdur.

Bohram miiollim torofindon hom klassik hom do Olgliys goro kvantlanmis
yarimkegirici tobogolor {i¢iin qalvanomagnit vo termomaqnit effektlorin ardicil nozoriyyosi
qurulmusdur.

B.M.Osgorov torofindon ilk dofo kvantlayici magnit sahosindo elektron gazinin asash
surotdo statistikast qurulmus vo kimyovi potensiali hesablanmisdir. Kvantlayict maqnit
sahasindo kegirici elektrlonlarin optik fononlarla qarsiligli tosirini nozoro almagla enerji
spektrinin xiisusiyyatlori todqiq edilmisdir. Sferik-simmetrik zona {igiin yiikdasiyicilarin
fononlarla sovq olunma nozoriyyasi timumilogdirilmis vo elmo “Statistik sovqetma qiivvasi”’
adli yeni anlayis daxil edilmisdir. O, giiclii cirlasmis yarimkegiricilorin fiziki parametrlorinin
olciilmosi tisulunu toklif etmisdir. Bu toklif "ikiatomlu molekullarin elektrik dipol momentinin
termodinamik yolla toyini metodu" adinda ixtira kimi geydiyyatdan ke¢misdir.

Son illor Bohram miiollim intensiv sokildo Olcliyo goro kvantlanmis vo asagiol¢iilii
elektron sistemlorinds ko¢iirma hadisalari ilo maggul olur.

Taboagolords elektron kdg¢iirmo hadisolorinin nozariyyasina hasr olunmus islor osasinda
0, omokdaslari ilo birlikdo 1984-cii ildo Almaniyada nosr olunan "Physica Status Solidi"
jurnalinin sifarisi ilo jurnal {i¢iin genis icmal moqalo yazmisdir.

B.M.Osgorovunun aldig1 bir ¢ox miihiim naticalor onun "7Teopus agnenuit nepenoca 6
nonynpogoonukax'', "' Kunemuueckue ygpgpekmul 6 nonynposeoonukax" vo "InekmponHule
sA6/1eHun nepenoca é noaynposoonukax'' adli monoqrafiyalarina daxil edilmisdir.

"Kunemuueckue Ighghexmot 6 nonynpogoonukax' monoqrafiyasinin
miiqoddimasindo kitabin mosul redaktoru olmus professor S.S.Salit yazirdi: "Togdim olunan
monogqrafiyanin misllifi B.M.Osgarov yarimkegiricilords kinetik hadisolorin nozoriyyasi iizro
0z islori ilo moghur olan miitoxassisdir, o, tacriibagilorin toloblari ilo do yaxsi tanigdir vo iimid
etmak olar ki, onun bu asari tadqiqat¢ilar arasinda layiqli qiymatini alacaqdir.”

Dogrudan da monogqrafiya, redaktorun timidlorini tam sokildo dogrultdu, kitab cox
ugurlu oldu. Tamlig1 vo aydinligi B.M.9sgarovun monoqrafiyasina qisa miiddotds 6lkemizda
vo xaricdo layiqli sohrot gazandirdi. Buna siibut kimi yarimkegiricilor fizikasi iizro olan elmi
jurnallarin vo monogqrafiyalarin sohifolorinds coxlu sayda istinadlar1 gostormok olar.
B.M.Osgorovun "Kunemuueckue 3¢pgpexmut ¢ noaynposoonukax' adli monoqrafiyasi
yarimkegiricilorde kog¢iirmo hadisalorinin tadqiqi ilo mosgul olan fiziklarin stoliistii kitabina
cevrilmis vo elm alominin tam rogbotini qazanmusdir. Bu fikir kecmis SSRi-nin gorkomli
alimlori torafndon dostoklonmisdir.

AF. loffe adina Leninqrad Fizika-Texnika Institunun alimi prof. L.E.Qurevig
"O®usuka u Texnuka [lonynpoBoanukos" (cild 5, buraxilis 10, 1971-ci il) jurnalinda nosr
etdirdiyi royinda, gqeyd edir ki, B.M. Osgorovun 1970-ci ildo nasr olunan "Kunemuuecxkue
ahhexmul 6 nonynposoonukax'' kitabi yarimkeciricilorin kinetik xassolori hagqinda birinci
nozori monografiyadir vo onun yenidon nogr olunmasi vacibdir.

B.M.Osgorovun iiglincli monoqrafiyas1 olan "Jnexkmpounvie aenenua nepenoca 6
noaynpoeoonukax' kitabi haqqinda "®dusuka u Texnuka [lomympoBomuukoB" (cild 22,
buraxilis 7, 1988-ci il) jurnalinda Leninqradli professor O.V.Konstantinov 6z royini dorc
etdirmisdir. Burada o, geyd edir ki, B. Osgorovun kitab1 digor mévcud monografiyalardan
onunla forglenir ki, bu kitab bork cisimlor fizikasinin mohz bu bdlmasi iizro on dolgun vo
doyorli kitabdir. B.M.Osgorov 0z osorlori ilo termomagnit hadisolorinin nozoriyyasinin
yaranmasinda vo inkisafinda ovazsiz rol oynamigdir.internet sohifolorinde Bohram miiollimin
yazdigi monografiyalarin hom elektron, hom do kitab formatinda intensiv reklami vo satiginin
aparilmasi bu giin ds bu kitablarin 6z aktualligini saxlanmast ils baghidir.
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B.M.Osgorovun elmi islorinds fiziki cohotdon maraqli vo miihiim naticalor alinib. Bu
orijinal noticalorin, onun timumi istifado {iciin nozordo tutulmus kitablarina daxil edilmosi
onlarin boyiik shomiyyatini bir daha artirir. Onun elmi naticoleri A.I.Anselmin "Bpenenue B
Teoputo monynpoBoaHukoB", L.Bonc-Bruevi¢ vo S.Q. Kalasnikovun "®usumka momy-
npoBoaHkoB", R.Smitin "llonynpoBognuku"”, M.M.Qacisliyevin "TepmomarHuTHbIe
3¢ (}eKTh B Y3KO30HHBIX MOJYNPOBOJHUKAX B CHIIBHOM U KBaHTYIOIIEM MarHUTHOM moJjie",
A.V.Lyubcenko, E.A.Salkov, F.F.Sizovun "®u3uueckue OCHOBBI MOIYNPOBOJIHUKOBOM
nHppakpacaoir poroanekrponuku”, E.V.Kug¢isin "["anpBanomMarauTHbeie YOQPEKTH 1 METOIBI
ux uccinenoBanuit" kimi moshur monogqrafiyalarina, ®usnueckas sHuukiaonenus, (Mocksa,
Wzn-Bo "bonbmias Poccuiickas sHimkimonenus”’, 1998), "dusuka tBepaoro tena" (Kues, MU3a-
Bo "Haykosa J[lymxa", 1998) ensiklopedik liigotine, V.P.Draqunov, 1.Q.Neizvestniy,
V.A.Qrid¢inin  "OcHoBbl HaHO?JeKTpoHHKU" dorsliyino vo V.Zavadskinin "Advance In
Physics" jurnalinda dorc olunmus icmalina daxil edilmisdir. Oz islori ilo akad. B.M.Osgarov
yarimkegiricilor nozoriyyosino, o ciimlodon kvantlayict magnit sahosindo termomaqnit vo
galvanomagqnit hadisslor nazariyyasina boyiik tohfolor vermisdir.

Bohram miisllim elmi maqalslorinin oksoriyyati "[lucema B XKypHan Dkcnepumen-
tanbHOW U Teopernueckoit ®uszukn", "®@usnka u Texnuka IlomynpoBognukos", "dusuka
Teepnoro Tenma" (Poccus), "®dusuka Huszkux Temmepatyp" (Ykpaumna), "Journal Physics.
Condensed Matter", "Nanotechnology", "Proceedings of the Royal Society A", (England),
"Phys Status Solidi" (Germany), "Physica E: Low-Dimensional Systems and Nanostructures"
(Netherlands), Japanese Journal of Applied Physics (Japan) kimi mashur elmi jurnallarda dorc
olunmus 170-don ¢ox elmi asorin miiallifidir. Bu islor genis miitoxassis kiitlosino molumdur vo
onlar torofindon yiiksok giymotlondirilmisdir. B.M.Osgorovun oksar nazari naticalori bir ¢ox
laboratoriyalarda 6z tocriibi tosdiqini tapmisdir.

Hor bir elmi isin ochomiyyati, onun doyori vo elmo gorokli olmasi bu sahads calisan,
elmi iscilor vo miitoxassislor torafindon bu isdon istifado olunmasi, elmi maqalolords onlara
istinad edilmosi ilo miioyyon edilir. B.M.Osgorovun monoqrafiyalart vo elmi moqalolori
gostarilon meyarlar1 6dayir. Tokco onu geyd etmok kifaystdir ki, onun kitablarina va
moqalolorino elmi odobiyyatda 1000-don c¢ox istinad var. Bu iso onu gostorir ki, Bohram
miiollim bark cisimlor fizikasi sahasindo noinki Respublikamizda, hom do diinyada taninmis
alimdir. Bohram miiollim 1993-cii ildo xarici jurnallarda dorc olunmus elmi islorino goro
Soros fondunun grantini almigdir. O, 1997-ci ildo iso Ingiltoradoki Kembric Beynalxalq
Biografiya Morkozi torofindon "XX osrin moshur alimi" sirasina daxil edilmis, "Elmdo
gorkomli nailiyyotloring gora" diplomu vo medali ilo toltif olunmus vo Umumdiinya
ensiklopediyasina daxil edilmisdir.

B.M.Osgarov Moskva, Sankt-Peterburqg, Kiyev, Novosibirsk, Vilniis, Tartu, Daskond,
Tbilisi, Baki, Salford, Bodrum, Varsava, Pekin, Eddinburq sohorlorindo kegirilmis ¢oxlu
sayda Beynolxalq vo Respublika elmi konfranslarda orijinal maruzalarls ¢ixis etmisdir.

Bohram miiollim yiiksok ixtisasl fizik-nozoriyyogilorin hazirlanmasinda foal istirak
edir. O, 12 namizadlik dissertasiyasina elmi rohbar vo 4 doktorluq isinin elmi moslahat¢isi
olmusdur. Bohram miiallimin elmi-togkilati, pedaqoji vo ictimai foaliyyati dovlat torafindon
yiiksak giymaotlondirilmisdir: o, 1974-cii ildo elm-texnika sahasi iizro Azarbaycan Dovlat
Miikafatina, 2000-ci ildo ©Omokdar Elm xadimi foxri adina layiq goriilmiis, 2004-cii ildo
"Sohrat" ordeni ilo toltif olunmusdur.

B.M.Osgorov  2001-ci ildo "Fizika" ixtisas1 {izro Azorbaycan Milli Elmlor
Akademiyasinin miixbir iizvii, 2007-ci ilds is9 haqiqi lizvii se¢ilmisdir.

Bohram miisllimi tobrik edib, ona can saghgi, elmi-pedaqoji foaliyyotindo ugurlar
arzulayiriq.

Taskilat komitasi
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OINTUYECKOE CBOMCTBA COEJVUHEHUA MOHOKPUCTAJLJIOB Ca Ga,S7:Eu.

A.M. Namaes"? B.I'. Tarues'?, O.B. Tarues™, C.A. AﬁymeBz.
1. Hayuonanvnas Axaoemus Asuayuu Azepobaiiodxcana.
2. Unemumym @uszuxu Hayuonanvnoii Axademuu.
3. baxuncxuii punuan MI'Y um.M.B.Jlomonocosa.

Coenunenne Ca,Ga,S.: Eu’" orHocuTes k IPYIIE BHICOKOKOA()()EKTUBHBIX JTFOMUHO-
dopos ¢ obmeit popmymnoit Ca,Ga,S,: P30 (P30—penxosemenbHslil anemMeHT), rae n=4,5,6,...,
m=n-3 [l]. B nureparype Hamu He OOHAPY)KEHO HHKAKUX JaHHBIX OTHOCHUTEIHHO 30HHOM
cTpykrypsl  coemuHeHni  tmma  Ca,Ga,S, HMccinenoBanume  ONTHYECKHX — CBOMCTB
MOJYTIPOBOAHUKOB TO3BOJISIET JTOCTOBEPHO ONPENENITh BaKHEUIINE XapaKTepUCTHUECKHE
napaMmeTpbl —IHPUHY 3aMpPEIIeHHON 30HbI, 3 ()EKTUBHBIE MACCHI U TOJIBUKHOCTHU 3JIEKTPOHOB
U JBIPOK, DHEPTUU aKyCTUYECKHUX M ONTUYECKUX (POHOHOB M MHOroe japyroe. B Hacrosmei
paboTe mpeacTaBiIeHbl Pe3yabTaThl UCCIeN0BaHUN KOIPPUIIEHTa ONTHYECKOTO MOTJIOMIEHUS

2+

o B MoHOkpucTaimtax Ca,Ga,S,: Eu
1. Moayuyenune mosmkpucranioB CasGa,S; U BoIpanuBaHue MX MOHOKPHUCTAJLIOB.

[Momukpuctamnuyeckue ob6pasnel  CasGayS;  ObBUTM  TIONYYEHBl  CIJIABJICHUEM
komnoHeHT CaS u Ga, S, mpu temneparype 1400K, B3STBIX B CTEXHOMETPHYECKHUX
cootHomeHUs1Xx. CHHTE3 TPOBOAMIICS KaK B BAaKyyMHPOBAaHHBIX KBapIEBBIX aMITyllax
(10_5MM pT.CT.), TaK W B KBapIEBOM THIJIC MOJ CJIOEM AaKTUBUPOBaHHOro yrius. Jlus
MOJTyYEHUS] CBEIECHUH O CHMMETPUHM U CTPYKTYpE TMOJYYEHHBIX OO0pa3loB MPOBOIAMICS
peHTreHorpaduieckuii aHanu3. AHaIU3 TOTYYCHHBIX JAaHHBIX MMO3BOJSIET CUMTATh, YTO MPH
B3auMozeiictBun koMnoHeHT 4CaS u Ga,S, oOpasyercs KyOuueckas CTPyKTypa THIA
cdanepura.

Bim3octs MOHHBIX pamuycoB P39 (0.80-1.04A) m Ca (0.99A) cnocoGeTByer

n30MOp(hHOMY BHEIPEHUIO aKTUBATOPA B MATPUILY, YTO OOYCIOBIUBAET BBICOKYIO SIPKOCTH
JIFOMUHECIIEHIIUM U PE3KOCTh JIMHUM B CIIEKTpax JIFOMUHECIEHIUH [2,3].
Momnokpucramsl Ca,Ga,S.;: Eu's BUJC LWIMHAPUYECKUX CIUTKOB guamerpoMm 8—10 MM u
BbICOTOM 15—17 MM Obln nmomydeHsl MeTofoM bpumxmena. O6pasus Ca,Ga,S, :Eu2+ ObLIH
W3TOTOBJIEHBl TMYTEM COUUIM(OBBIBAHUS MOHOKPUCTAIIMYECKUX CcaUTKoB. C  pocToM
TOJIIIMHBI 00PA3I[0B MX I[BET MEHSETCS OT CBETJIO-OPAHKEBOTO 70 KPACHOTO I[BETA.

2. Pe3yabTaThbl H3MepEeHHE H UX 00CYKIEHUeE.

Ha pwuc.l mpeacraBieHbl 3KCIEpUMEHTaNbHBIE 3aBUCUMOCTH ou(hv) i oOpasua
TonmMHOM 70MKM TIpHM pa3fiMyHbIX TeMmmeparypax. BHAHO, 4YTO Ha 3TUX KpPUBBIX
BBIIEJISIFOTCS. TPU ydacTka: B uHTepBane 2.03—2.503B; 3HauMTENnbHBIA pOCT O B MHTEpBAJIE
hv=2.50-3.005B. Kpome Toro, 3aBucumoctb o(hv) ¢ TOBBIIIEHUEM TeMIEpPaTypbl
CMeIIaeTcs B [UTMHHOBOJIHOBYIO YacCTh CIIEKTpa, a BENWYMHA oL TpoOeraeT 3HavueHus oT 500
10 1040 em

[lomyueHHble pe3ynpTaThl NpPOAHAIU3UPOBAHBl HAMU B COOTBETCTBHM C TEOpHEH
MPSIMBIX W HEMPSMBIX ONTHUYECKHUX TmepexonoB [4-7]. Kak m3BecTHO, B 00mmieM ciydae
ou(hv) MOKHO MPENCTaBUTh B BUJE CYMMBI TPEX CllaracMbIX:

o=, +0,; +0,, (D
rme o U o, —K03((UIMEHTb ONTUYECKOro IOIJIOIIEHUS IPU HENPSAMBIX U IPSIMBIX
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IEepPEeXolaX COOTBETCTBEHHO, 0O, —KO3()(UIIMEHT ONTHUYECKOTO MOMJIOLIEHUS NpU (POHOBOM
HOTJIONICHUH, TIPAKTHYECKN HE 3aBUCAIINN OT SHEPTUH (POTOHOB.

1100
1000

900

700

600

500

L . ) . ),
2.0 22 24 26 2.8 3.0
hv, eV

Puc. 1. CnexrpaibHble 3aBUCUMOCTH KO3 HUITUEHTA OTITUIECKOTO
2

nornomenus Ca,Ga,S, :Eu " npu temneparypax T, K:1-115;2 -173;
3-212;4-233; 5-251; 6-273; 7-300

N b5
4
20+ 3
18} 1
S 16}
g 14}
Q12
D10F
| -
s 8
6_
4_
2_
0_
8 8 3.0

7
2.0 2.2 2.4 2.6 2.
hv, eV

Puc. 2. CrekrpasibHast 3aBUCUMOCTE (0L — 0l ) '~ IJIsI COEAMHEHUs Ca,Ga,S;: Eu** npu
temnieparypax T,K: 1-115;2 -173;3 -212; 4-233; 5-251; 6-273; 7-300.

1/2

Ha puc. 2 npencraBieHbl SKCIIEPUMEHTAIbHBIE JaHHBIE B KOOpAMHATAaX (oc—ocb)m—
hv. Ha 3aBUCHMOCTSIX MOKHO BBIJCTHUTH JBa MNPSIMOJMHEHHBIX y4dacTKa C Pa3IMYHBIMH
HaKJIOHAMH, KOTOpBIE YBEIMYHMBAIOTCA C TemrepaTypoil. CoriiacHO TEOpUH HEMpSIMbIX
NEpexoJ 0B, ATH YYAaCTKH CBS3aHBI C TMIOTJIOUICHHEM U UCIIyCKaHHeM (OHOHOB, H
KO3((PUITUEHT ONTUYECKOTO MOTJIOICHHUS OTIPEENIIETCS MPU 3TOM 110 hopmyre [8]:

2 2
(hV—Egi +E,) _hv—Egl-—Ep) )
O _q 1—¢©T

athv)=A

rae E, —uMpyvHa 3alpeIeHHOM 30HbI JUIs HENPAMBIX TIEpexooB, £, —sueprus ¢poHoHa, © —

XapaKTepUCTHUeCKass TeMIiieparypa, I —aOconroTHas TemmepaTrypa, A —BETUYHHA, CIa0o
3aBucsmas otr Av u 7. B (2) mepBoe ciaraemMoe CBS3aHO C IOTJIOMICHHEM (Olg ), @ BTOPOE C

ucryckanueM (c,,) (OHOHOB, MO3TOMY HAKIOHBI TpAMBIX ,° = fi(W)u )% = f,(hv)
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MO’KHa OIIPCACIUTL CICAYIOIUMUA BBIPAKCHUAMU:

X A 172 X 142 .
= T . = - (2
a T _ g ; E T

K21k} =e®" 4)

Kak Bunno u3 puc. 3, B obnactu sHepruu ¢GoToHoB iv= 2.5 3B Habmogaercs pe3kuii

poct ko3¢ ¢unreHTa nornomenns. [ BBISICHEHHS XapakTepa ONTHYECKHX IIepeXol0B B
3TOM MHTEpPBaJE SHEPTHU SKCIIEPUMEHTAILHBIC JaHHBIC MPEICTABICHBI B KOOpAUHATaxX (ot-

op)2~hv (puc.1) [9]. Bumso, d4to TpH dHeprusx hv >2.55B 3Hauenus ko>bduIMEHTa
ONTUYECKOTO TOTJIOIIEHUS XOpOUIO YKJIAAbIBalOTCA Ha IMpsiMylo. Takas 3aBHCHUMOCThb
yKa3bIBa€T Ha TO, 4TO Kpail cobcrBeHHoro mnoriomenus B Ca,Ga,S; Eu’" 00YCIIOBIIEH,
NpsIMBIMUA ~ pa3pelICHHbIMH ONTHYECKUMHU mepexofgamu. Jlyig ompeneneHus IIUPUHBI
3alpenIeHHONM 30HBI TPU MPSAMBIX PaA3pPEIICHHBIX MEpPeXojax MpsiMbIe ((x—ocb)2=f(hv)
AKCTPAMNOIUPOBAIUCH K 3HaUYeHUI0 (a—ap )=0.

0.0 1

L L s
24 2.6 28 3.0
hv, eV

2
Puc.3. CnekrpanbHas 3aBUCHMOCTh (0L —Olp, ) JJISI COSIMUHCHUS

2
Ca,Ga,S, :Eu " npu temmeparypax T, K: I-115, 2-173, 3-212;
4-233; 5-251; 6—273; 7 -300.

100 150 200 250 300
T,K

Puc. 4.3aBucHMOCTb IMPUHBI 3alPEIICHHON 30HbI PY MPAMBIX (/) 1
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HenpsMbIX (2) mepexonax (E a1 E,; COOTBETCTBEHHO) OT TEMIICPATyPHI

Ha puc. 4 mpezcrasieHsl TemneparypHsie 3apucumoctu E,;, E,; (E,, —IIApUHA 3alIPCIICH-

HOM 30HBI U MPSMBIX IEPEXOA0B), U3 KOTOPBIX ISl TEMIEPaTypHBIX KOAP(GUIIMEHTOB ITHX

-4 -4
BEJIMYHMH OTPEIEIICHbI COOTBETCTBEHHO 3HaueHus —5.15 10 u —4.86 10 »>B/K.

Tabauma.
[TapameTpsl, orpeesieHHbIE U3 U3MEPEHHH Ko puIreHTa
ontrnueckoro nornomenns Ca,Ga,S,:Eu*"

TK| E.3B K,em3B”' | K, emsB”'| K E, 3B
115 2.00 224 17.7 93.9 0.045
173 1.98 23.2 19.5 61.31 0.040
212 1.95 248 19.2 109.28 | 0.0%1
233 1.93 252 19.1 128.68 | 0.068
251 1.93 29.1 19.5 202.27 | 0.079
273 1.92 28.7 23.5 109.12 | 0.055
300 1.89 28.1 23.7 10142 | 0.042

Kpaii cobctBennoro moriorenust B Ca,Ga,S,:Eu’ ObUT MpoaHaIM3HPOBAaH TAaKXKe B
COOTBETCTBHMM C METOJOM JH(PQPEPEHINATHPHOIO aHaIu3a CICKTPATBLHOW 3aBHCHMOCTH
ko3¢ (UllMeHTa MOTJIOMICHHUS, U3TI0)KEHHOM B [16].

Kak w3BecTHO wu3 o00mero kypca (U3UKH TOIYIPOBOJHUKOB, 3aBUCUMOCTH
Kod(uimenTa MoryaomeHns: ¢ B 00JacTH Kpas COOCTBEHHOTO TOTJIOIMICHUS OMPECISICTCS
BBIPOKECHUEM

a=Ahv-E,) 5)

31ech hv —dHeprust KBaHTa ¢ 4aCcTOTOU v, £, —IIMpUHA 3alPELUICHHON YHEPreTHYECKON ILEeIH
JUIS Ka)KIOTO U3 MEPEeX0/I0B COOTBETCTBEHHO, A —BEeIMYMHA, B KOTOPYIO BXOAUT MaTpUYHBIN
AJIEMEHT TIepexoaa. BOmu3u kpas MOIJIOMIEHHS 3aBUCUMOCTh MATPUYHOTO 3JIEMEHTa
nepexoja OT 3Hepruu (PoTOHA O4YEHb ciaba Mo cpaBHEHHUIO ¢ (hv —E,), I03TOMY IOJaraeM,
4yt0 A(hv)=const. [loka3arenp CTeNEeHU n MOXKET NPUHUMATh CIEAYIOLINE 3HAYeHUs: %2 - B
cllydae TpPSMBIX pa3pelIeHHBIX IEPEeXOA0B, 3/, —MpPSAMBIX 3alpelIeHHbIX, 2 —HEMNPSMBIX
paspenieHHbIX, 3 — HeNpsAMBIX 3amnpenieHHbIX. [lepBas mpousBoanas (yHkiuu (4) maer
pacxoauMocTb B Touke hv = E, npu n = %. Bropas npousBojpHas UMeeT OCOOEHHOCTb B
Touke hv = E, npu n = Y2 u n = 3/,. Ilootomy Ha rpadukax 3aBHCUMOCTEN HEpBOU
MPOM3BOIHON KOd(h(PHIMEHTa MOTIOMICHHSI TI0 PHEPTUSAM MaIaloIIKX (POTOHOB B TOUKE hv =
Eqi clenyeT OXuAaTh MOSBICHUS OCTPOrO MAaKCUMyMa, OTBEYAIOLIErO IPSIMbIM
pa3peleHHBIM [IEPEXOAM.
da
a(hv)
Ha puc. 5 npuBeneHa crekTpajibHas 3aBUCUMOCThH TEPBOW MPOU3BOJHON KOIhHU-
[MEHTa TOIJIOIIEHUs @ 1O DSHEPrusM Majgaromux (OHOHOB OT hv TpH  Pa3IUYHBIX
temneparypax. Kak BHIHO, Ha KpHUBBIX HPOSBISIOTCS MAaKCHUMyMBbl, YTO COBEPILIEHHO
OJHO3HAYHO MOKHO HJCHTU(DUIMPOBATH C TPSAMBIMH pa3pelleHHbIMH mepexomamu. U3
rpaduka ornpeneseHa MUPUHA COOTBETCTBYIONICH dHEPreTUYECKON ILIeNH, KOTOopask HEII0X0
COBIIAJIa€T CO 3HAYEHUSIMU, ONIPEICTICHHBIMU SMIIUPUUYECKUMH METO/IaMHU.

=nlnv-E, )" 6)
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i h]

E T ] R i
hv, eV

Puc f\ CnesTpanbHan 3asiucHsoc T Aucpeperusana KoacapuusenTa
WO TEOLLPEHVER A CH_'BH::S’ Eu® VIR EEd rarRe, TesmspaTypax T, K

1T—- 19, 2 -1F% 3 -212 4 - 233,
S—-251; G -2¥3, T =300
0
ko]
X
- T
£ \
L
..g 1
o
a4
s
kS
LR .

PHe. 6 Cneapanesas :3sucsmocTs BTOpoil NponIsogHoi
KoathMUHeHTa NOMMOWEHMA NPH
panwuHBx Temnepatypax T, K
1 -152 -233; 3 - 300.

[losiBIICHHE MAaKCHMyMa Ha KPUBBIX O°0/O(hv)’ B TOUKax, rie MaKCHMYM IEpBON
MIPOU3BOIHOM OTCYTCTBOBAJ (PHUC.S), CBUAETENBCTBYET O MPSIMBIX 3aMPEIICHHBIX MEPEX0Aax C
BEJINYNHON Egy, NPU 3THX 3HAYEHUSAX DHEPrMM KBaHTA. BennuuHy IIMpPHHBI 3alpeIeHHON
30HBI NP TPSAMBIX 3aMPEHICHHBIX IMEpexoax TaKXKe ONpenessiach U 3MIupuyecku. s
3TOrO SKCIEPHMEHTAIBHBIC JAHHBIE HEOOXOIMMO TIEPECTPOUTH B KOOPAHHATAX o~ hv. Tlpn
temmeparypax 115K u 300K BenwuuHBI SHEPTETUUECKUX 3a30POB OKa3aJMCh paBHBIMU 2.35
3B u 2.2 5B, CcOOTBETCTBEHHO. JTO TOBOPUT O CIVIA)KUBAHUU H309HEPrEeTUUYECKUX
MOBEPXHOCTEN C POCTOM TeMIIEpaTyphl.
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AHU30TPOIIUA @OTOIMPOBOAUMOCTHU B KPUCTAJIVIAX GaSe
MO JEMCTBUEM JAZEPHOI'O U3JIYYEHUSA

A.I'. Ka3biM-3a1e, B.M. Canmanos, A.A. CaamanoBa, I'.'M. Azumiiu
Baxuncxuii 'ocyoapcmeennviii Yuusepcumem
vagif_salmanov@ yahoo.com

DKCIEepUMEHTAIbHO HccleoBaHa (OTONMPOBOAMMOCTh KkpuctauioB GaSe mnpu
BBICOKUX YPOBHSX ONTHYECKOTrO Bo30YyxaeHus. [lokazaHo, 4To HaO0aeMble OCOOCHHOCTH
(OTONPOBOANMOCTH CIOUCTBIX KpUCTaIoB GaSe B 00jacTH Kpasi MOJOCHI MOTJIOUICHHS
00yCJIOBIEHbI OCOOCHHOCTSMH TIEPEHOCAa HEPABHOBECHBIX HOCUTENEH B Pa3IMYHBIX
KpUCTAIIOTpaQUUEeCKUX HANpPaBIEHUSX M HEJIUHEHHBIM ONTHYECKUM IOIJIOMICHHUEM.
VY CTaHOBIEHO, YTO AHU3O0TPONIUS MEPEHOCA HEPABHOBECHBIX HOCUTENIEH CBs3aHA BIUSHUEM
IPYNIOBON HEYMOPSAOYEHHOCTH, a HEJIMHEHHOE MOIJIONIeHHE HaOII0JaeMbIX MPH BBICOKHX
IUIOTHOCTSIX 3JEKTPOHHO-BIPOYHBIX Map 00yCIOBICHA UCUE3HOBEHUSAM 3KCUTOHHOTO MHUKA B
cnekTpe (hOTOMPOBOIUMOCTH.

W3mepenus AHU30TPOIIUH CIIOMCTBIX  IOJYIPOBOJHHUKOB o METOy
(OTONPOBOAMMOCTH UMEET Psifl MPEUMYILECTB, IO CPABHEHHIO C IPYTUMHU METOJaMU, TAKUMH
KaK, JIEKTPUYECKUI, ONITUUECKUN U JTIIOMUHECLIEHTHBIN. DIEKTPUUECKUE METO/IbI U3MEPEHUS
SBJISIIOTCA HENPUTOAHBIMH M3-3a2 BBICOKOOMHOCTH PACCMATPUBAEMBIX COEJUHEHUW M HE
MIO3BOJISIFOT BBISICHUTH MEXAHU3MBbI SIBJICHUS, HAJIWYUE CIIOEB HE I03BOJISIET IPOBOJIUTH
ONTHUYECKUE M3MEpPEHHs BIOJb CIOEB, NPUPOAY OTAEIBHBIX JIMHUNA  U3JIy4EHHS,
HAOIIOAaeMBIX B  CIEKTpax (DOTONIOMUHECHEHIIMM HE BCEerJa MOXKHO OJHO3HAYHO
MHTEPIPETUPOBATh. Y CTPAHUTh TAKOTO POJA HEJOCTATKU IO3BOJISET METOJ UCCIEIOBAHUS
(GOTONPOBOAMMOCTH  CIOUCTBIX KPUCTAJUIOB MpPH  BBICOKMX YPOBHSX  ONTHUYECKOTO
BO30ykaeHus. B 3TomM ciydyae, mpM HaaM4MKd KOHTAKTOB pa3JIMYHBIX KOHPUTypalui,
BHEIIIHEE 3JIEKTPUYECKHUE II0jIe, MPUIIOKEHHOE K 00pas3ily, MOXHO HalpaBUTh BIOIb H
nonepek cioeB. Kpome TOro, nmpMMEHEHHE JIa3€pHOr0 H3IIYy4EHHs IO3BOJISIET CO3JaTh B
KpUCTaJIJIaX BHICOKYIO KOHILIEHTPALMI0 HEOCHOBHBIX HOCUTEIIEH TOKa.
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SlpkuM  TIpeACTaBUTENEM CIOUCTBIX KPUCTAUIOB SIBJISIETCS CEJICHHJ —Tallius,
NpUHAIIeKAMUN K Kiaccy noiaynpoBogHukoB III-VI. Kpucrtamisl GaSe, sBissicb THTUYHON
CJIOMCTOM CTPYKTYpOW, OCHOBAaHHOM HAa KOBAJEHTHO —MOHHOM M BaH-IEP-BAaajlbCOBOM THUIIAX
XUMHUYECKHUX CBSA3M, 00JIaJJal0T BHICOKMMH aHU30TPOINHBIMU cBoiicTBamu. Kpome Toro, kpait
MOJIOCHl  TOTJIOLICHHUS OSTUX KPUCTAUIOB OOYCJOBJIEH OSKCHUTOHHBIMHU  IIE€PEXOJIaMH.
CpaBHuTenbHO 0osbmIast SHeprusi cBsizu ( 20M3B) 3KCHTOHOB MO3BOJISET KCIIEPUMEHTAIBHO
HCCIEA0BaTh IPU KOMHATHOM TeMIeparype BIUSHHE AHU30TPONUU KPUCTAIIMYECKOMN
pELIETKH Ha DKCUTOHHOE COCTOSIHUE.

B nanHoil paboTe MCMoOab30BaMCh MOHOKpHCTALIBI GaSe p—Tuma mpoBOAMMOCTH,
BEIpameHHble MeTooM bpumkmena. O6pasubl ¢ Tommmaamu 10 — 30 MKM U TUIOIIAIMU
~lcM® OBUTH WM3TOTOBJICHBI IIYTEM CKaJIbIBAHUS W3 KPYIHBIX CIWTKOB B HAlpaBICHUA
napauiensHoM onTrueckoi ocu —C. TOKOBBIE KOHTAKTBHI UMENU Pa3InyHble KOHPUTYPALIUH,
TIO3BOJIAIONINE U3MEPATh QOTONPOBOAMMOCTE B NPOAOIBEHOM ( E | C ) U monepedHoM (E L C)

HampaBieHUsAX. Ha CBEXeCKOJOTyl0 TIOBEpPXHOCTh o0OOpa3la METOIOM TEPMHUYECKOTO
UCIAapeHHs B BaKyyM€ HaHOCHJIM OMHYECKMH KOHTakT W3 In. YienbHOe compoTHBIEHHE
00pa3ioB BapbupoBanock B uHTepBage 10°-10°0Om-cM. TToABMKHOCTH M KOHLIEHTpPALHs
HOCHUTEJEH, OIpeAesieHHbIe TPaJAUIMOHHBIMA METOJaMHu, NpPU KOMHATHOM Temmeparype
okazamich paBHbIMU 20cM*/B-c n 1-10"%+4-10"cm™, cooTBETCTBEHHO.

Kpucramner GaSe 06ay4yanuch UMITyJIbCaMH JKHIKOCTHOTO Jiazepa (aKTUBHAs Cpefa-
pomamuH 6G), HaKAYKy KOTOPOTO OCYIIECTBIISIIN a30THBIM JlazepoM. O0sIacTh mepecTporKu
JUIMHBI BOJIHBI W3iydeHus nazepa (594+643) HM TOTHOCTHIO TepeKphiBaia (yHIaMEH-
TaJIbHBIA Kpai nonockl nornomenns GaSe (Eq,=2,025B npu £=300 K). MomHocTs UMITyIbCa
coctaBisuia 120 kBT npu AIUTENBHOCTH 3HC, @ 4YacTOTa MOBTOPEHUS UMITyJIbca paBHsiach 20
1. VHTEHCHBHOCTH JIa3€pHOTO H3JIYYCHHUS BapbUPOBATHM IMPH IMOMOIIM KATHOPOBAHHBIX
HEUTpanbHBIX (UIbTpoB. Jlyd nazepa HaOpaBisId NEPIEHIUKYISAPHO K IMOBEPXHOCTU
obpazna (mapamiensHo ocu —C KpucTauia) ¥ (OKYCHPOBaIM HA IUJIOMAAb TUAMETPOM
“0,1mMM. BbutM TIpeANPHUHSTH CHEHHATBHBIE MEpbl, YTOOBI KOHTAKThI HE OCBEIIAJIKChH
na3zepHbIM cBeToM. K 00pasiy nmpukiaabpiBaiy BHEUIHEE AJIEKTPUUYECKOE MMOoJie B MHTEpBale
10+-1000B/cm. B 3TOM HHTepBasie (OTOTOK H3MEHSJICS MPAKTHUYECKH JMHEHHO C MOJEM.
Cucrema peructpauud (QOTOTOKA MPEACTaBIsAiIa HECTAlMOHAPHYIO LHU(POBYIO CHCTEMY,
KOTOpasi BKIIF0YAIa 3alIOMUHAIONINI oCIIIIorpad U KOMIBIOTEPHYIO CUCTEMY.

Ha puc. 1 npuBeaeHsl criekTpbl (OTONMPOBOAMMOCTH KpuctauioB GaSe mis AByx
KOH(QHUIypaImii TOKOBBIX KOHTAaKTOB: E L C ¥ E|C . Kak BUIHO U3 PHCYHKA, IPH OCBEIICHHH

MOBEPXHOCTH 00pasla, Ha KOTOpoM o00a KOHTAaKTa paclojoKEHbl Ha OCBEIIAeMOU
nmoBepxHocTu (E L C), HaOmrogaeTcsi BBICOKass (POTOYYBCTBUTEIBLHOCTh B OOJIACTH DHEPTHI
E,=2,003B. Ilpu 3TroM (hOTOTOK OCTaeTCA MPAKTUYECKH MOCTOSHHBIM BIIJIOTH 1O SHEPrHUH,
IpeBbILIatoIIe Kpail mosocs! noryomenus Ha SOM3B. C pocTOM MHTEHCHBHOCTH J1a3€pHOIO
CBETa 3TOT MUK MHCYE3aeT, HO B JJIMHHOBOJHOBOH OO0JIACTH CIIEKTpa MOSBISETCA MUK C
MakcuMmymoM 1,960-1.975 3B. Bun cnekTpanbHON XapaKTEPUCTUKH CYILIECTBEHHO MEHSETCS
B CJTydae, KOria KOHTaKThl HAXOJATCs MapajlieNbHO ONTHYECKoi och kpucTamia (E | C ). Ipn

3TOM MaKCUMYM (POTOMPOBOIMMOCTH HAOIMIOAACTCS MPHU YHEPTUSAX MEHBIIUX, YeM B CIydae
HalpaBlIeHUH E L C W paBeH 3Hepruu he =1,968 3B. Kpome Toro, ¢ yBenuueHueM sHEpruu
(OTOTOK yMEHBIIAeTCs OBICTPO 0 HE3HAYNTEIIBHBIX BEHYKH.

Jlrokc-amnepHas xapakrepuctrka poronpoBogumoct (JIAX) nmpuBeneHa Ha pUCYHKE
2. KpuBble a U O COOTBETCTBYIOT CIIyyalo, KOTJa MPHUIIOKEHHOE 3JIEKTPUYECKOE I0JIe
HaIlpaBJI€HO MapajuIeJbHO U NepneHAuKyIsipHO ocu —C. Kak BHJIHO M3 pHUCYHKA, B Cily4ae
E 1 C (xpuBas 0) HaOmrogaeTCsl TUHEWHAsT 3aBUCUMOCTh (POTOTOKa AOC OT MHTEHCHUBHOCTHU
BO30YxieHus I, a B ciydae E | C (kpuBas a) B HEKOTOPOM JMANa30HE HHTCHCHBHOCTEH NMeeT
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MeCTO 0oJiee CHIIbHAS 3aBHCHUMOCTh Ac 127, Tle Ac —BeauduHa (OTOMPOBOIMMOCTH, I —
HMHTCHCUBHOCTH IaJaroIcro CBETA.

Hab6nronaembie 0COOEHHOCTH B CIIEKTPax (POTONMPOBOIUMOCTH MOTYT OBITh
0OBSICHEHBI BIMSHAEM IPYIIIOBOM HEYMOPSAAOYCHHOCTH Ha (DOTORIEKTPUUYECKHE CBOMCTBA
kpuctamuioB GaSe.

40 r
2 1
& 30 )
. =t
= ©
) =
@ S
g m
= 20 )
< <
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10 |
) 1 1 1021 1022 10232 l 1024
1,90 1,95 200 B) 2,05 I, kpanm-om oK
Puc.1. CniektpanpHoe pacnpeaeneHie GoTonpoBOIUMOCTH Puc.2. 3aBucumocTts (OTOMPOBOANMOCTH
kpucTtaioB GaSe mpu IByX pa3aUYHBIX KOHOUTYpAIHIX kpuctaoB GaSe OT HHTEHCUBHOCTH
koHTakToB: 1-E 1. C,2- E " C. JIa3CPHOTO CBCTA.

JIeCTBUTENHHO, OTCYTCTBHE MEPEKPHITUS BOJTHOBBIX (DYHKLUH OTAEIBHBIX CIIOEB MPUBOIHT K
TOMYy, YTO HOCHUTENIN 3apsAlla NEepPeCcKaKUBAaIOT M3 OJHOrO CJIOS B APYrOW, MpeoaosieBas
HEKOTOpOH »HepreTuueckuit Oapbep AE, BCJIEICTBUE YEro HaOJIIOJAeTcs CUJIbHAS
aHu3oTponus MOABWKHOCTH [1]. BricoTa Gaprepa AE CHIIBHO 3aBHCHUT OT OO0pas3loB M
nostydaeT 3HadeHue 10+-100 m3B. C 370l TOUKM 3peHMs] CTAaHOBUTCS MOHATHBIM PA3jIMuus B
CIIEKTPAJIbHBIX XapaKTEPUCTUKAX (POTOMPOBOAUMOCTH. MakcuMyM, HaOII01aeMbIii B CIIEKTpE
¢dorompoBoaMOCTH B ciay4ae E LC, kKorga o0a KOHTaKTa HAaxOJATCS Ha OCBEIIAeMOMN
MIOBEPXHOCTH, XOPOLIO COTjacyercss co chekTpamu mnorjomeHuss GaSe U OTHOCUTCS K
3KCUTOHHOU (oTronpoBoguMocTH (E,=2,000B mpu T=300K) [2]. CmemieHue 5KCUTOHHOU
JMHUU TIpU E Il C 1 OTHOBPEMEHHO PE3KUI cra] (POTONPOBOJAUMOCTH C YBEITMUECHUEM SHEPTUH
BO30YKJICHUsI, TIO-BUAUMOMY, CBSI3aHBI C TE€M, YTO B 3TOM CIIy4ae HEPaBHOBECHBIC HOCHUTEIN
IEPEXOAT IPH BO30YKAECHUM B 00JIACTh [NENIOKAIM30BaHHBIX COCTOSAHUN. B oOmactu hv > E,

(OTOYYBCTBUTENHHOCTh PE3KO CHIIKAETCS, TAaK KaK CBET MOTJIOUIAETCS JIMIIb B HEOOJIBIION
MIPUITOBEPXHOCTHOM 00JIACTH W JIOKAJIHM3alMs 3JIEKTPOHHBIX COCTOSHUI 3aTpyaHseT apend
HEpPaBHOBECHBIX (oToHOCUTENeH BAOAL ocu C. OT4acTH ATO CBSI3aHO TaKXKe C TEM, 4YTO
JIOKAJIM3AIHsl SJICKTPOHOB M SKCUTOHOB PE3KO YMEHbIIAeT uX AU(PPY3HOHHYIO IATUHY BIOIb
ocu-C [3], mosTOMy HEpaBHOBECHBIC HOCUTENH WM SKCUTOHBI HE MOTYT Aud(yHIUpOBaTH B
ryobr  oOpasma, mpeojosieBas — dHepreTudeckuii  Oapeep. Ilpm  3TOM  SHeprus,
COOTBETCTBYIOMIAs MAaKCUMyMY (OTOUYBCTBUTEIHHOCTH, CTAaHOBHUTCS MEHBINE, YEM
SKCUTOHHBIM TMK H CMEIIaeTcsi B CTOPOHY MeHbux dSHepruil. I[lomaBneHue
(dboTOnpPOBOANMOCTH B ciiydae E LC B 00JacTh 3KCUTOHHOTO pE30HaHCAa IPU BBICOKUX
YPOBHSX ONTUYECKOTO BO30YXKACHUS MOXKHO OOBSICHUTD MPOIIECCAMU IKCUTOH —3KCUTOHHOTO
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B3aUMOJEUCTBUS. [IeCTBUTENBHO C YBEIWYEHHEM HMHTEHCUBHOCTU JIA3€PHOTO CBETA
KOHIIEHTpAllUsl SKCUTOHOB PACTET M KOTJa OHAa JIOCTUTaeT HEKOTOPYID KPUTHYECKYIO
3HAUYEHUIO, MEXY SKCUTOHAMHU BO3HHMKAET B3aUMOJACHCTBUE, YTO MPUBOJUT K UCUE3HOBEHUIO
SKCUTOHHOTO morjomieHus. OLeHKN MOKa3bIBalOT, YTO MPU MOIIHOCTH Hakauku 4 MBT/CMz,
IJIOTHOCTh T€HEPUPOBAHHBIX Tap JIOCTUraeT BenuuuHbl ~3-10°cM”, KoTOpas 3HAUMTENBHO
MIPEBBINIACT BEJIMUYMHY YKCUTOHHOM TUIOTHOCTH, HEOOXOIUMYIO ISl MOTOBCKOTO TIEpexoja B
kpucramnax GaSe, Ny =1-10"7 cm™ .
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U;0g/nano-Si KOMPOZIT SISTEMLORININ RADIOAKTIVLIiYi

M.9. Ramazanov, A.A. Qaribli
AMEA Radiasiya Problemlari Institut, Baki Dovlat Universiteti
qaribliaydan @ gmail. com

U;Og/nano-Si sistemlorinda uramin U, U va °U izotoplarimin aktivliyi asag
aktivlikli (0.1-5Bk) Canberra (ABS) firmasinin istehsali olan Alpha Analyst markali, dord
kamerali, siliusium detektorlu alfa-spektrometrinda tayin edilmisdir. Gostarilmisdir ki, sintez
zamant nanoolciilii silisiumdan istifada olunmast alinan materialin komponentlarinin hacmda
barabar paylanmasint tomin edon amildir, U;Oy¢nano-Si kompozit sistemlarinin tarkibinda
uran oksidin migdarimi artirmaqla daxili aktivliyi genis diapazonda (~2990 Bk/q + ~23860
Bk/q) dayisan niimunalor almagq olar.

Elm vo texnikada radionuklidlor ionlasdirict siia monbalari, enerji monbalari, hava
ionizatorlar1 kimi genis totbiq olunurlar. Ionlasdiric1 siia monbalori qgamma defektoskoplarda,
gamma- terapevtik tibb cihazlarinda, statik yiik neytrallagdiricilarinda vo dozimetrik cihaz vo
qurgularda istifads olunur.

Radionuklidlorin ¢ox genis totbiq olundugu saho niivo energetikasidir ki, burada da
osasan yanacaq kimi uran, plutonium, torium va basqa bu kimi radioaktiv elementlarin oksid
birlosmalorindon vo onlarin yiiksok temperatura davamli digor oksidlorlo garisigindan istifado
olunur. Belo ki, garisigda komponentlorin miqdarin1 doyismoklo reaktorun parcalanma
oblastinda ayrilan enerjinin miqdarini va reaktorun giiciinii idaro etmak olar. Bu yanagsmada
uran oksidlo (U;Og) Silisium oksidin qarisi@indan ibarat kompozit materialin sintezino vo
xassolorinin  todqiqino hosr olunmus togdim olunan elmi is kifayot godor aktualdir. Bu tip
kompozit materiallarin todqiqi yeni deyil vo togdim olunan isin unikalli1 sintez zamani
nanodl¢iilii silisiumdan istifade olunmasidir ki, bu da alinan materialin komponentlorinden
uran oksidin hacmds borabor paylanmasini vo nuve yanacagl kimi yiiksok istismar
parametrlorini tomin edon amildir.
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Todqgiqat obyekti 99% tomizliyo vo d~50nm oOl¢iiys malik Silicon Nanoparticles
Cubicc markalr silisium nanozarraciklori vo UO,SO4 duzunun ~1000°C temperaturda termik
parcalanmasi yolu ilo alinms kigikdispersli, qara rongli U;O5 tozcuglaridir (parasoku). Ilkin
materiallardan komponentlorin miioyyon hacm nisbatindo qarisigi hazirlanir vo hidravlik
presda 300N/sm2 tozyiqds bu qarisi@in tabletkalar1 alinir. Bu tabletkalar kvars vakuum
ampulalarda 1100-1200°C temperaturda, 7=100 saat orzinds termik islonmoya moruz qalir
(bisirilir). Bu yolla miixtalif torkibli UsOg/nano-Si kompozit sistemlorino moxsus 18 niimuno
alinmisdir.

U,Oy/nano-Si sistemlorindo uranin **U, **U vo **U izotoplarimin aktivliyi asagi
aktivlikli (0.1-5Bk) Canberra (ABS) firmasinin istehsali olan Alpha Analyst markali, dord
kameral1, siliusium detektorlu alfa—spektrometrindo toyin edilmisdir. Magsadimiz sintez
olunmus U;Og/nano-Si sistemlori niimunalorinin radiasiya aktivliyinin miioyyon olunmasi
olmusdur [1,2]. Alfa spektrometrik metodda analiz edilon niimuno, gamma spektrometrik
metoddan forqli olaraq, paslanmayan polad disklorinin iizorino yerlosdirilir elektroliz
qurgusunda ¢okdiiriiliir vo sonra alfa spektrometrdo o6l¢iiliir. Quruducu skafdo qurudulmus
tizorinds radioaktiv tobago olan niimuno olan metal disk alfa spektrometro yerlosdirilir vo
alfa spektrin yi8ilmasina baslanilir. Alinmis alfa spektr emal olunur, y18ilmis piklorin sahalori
miloyyonlosdirilir vo niimunslorin aktivliyi freyserin (nisanlanmis izotop) kimyavi ¢iximi
kimi asagidaki ifadoyo osason hesablanir:

_C-B
T E A
burada: 77-Treyserin kimyovi ¢iximi; C —Treyserin 6l¢iilon aktivliyi, cpm; B —Radiasiya fonu
(background), cpm; E —Treyser ii¢iin say effektivliyi; A —Treyserin inteqral aktivliyi, dpm.
Radionuklidin aktivliyinin hesablanmasi:
A, (dpm/L) = S-8 Aa(pCi/L)zs;B
E-V-ng E-V-222
burada: A, -radionuklidin alfa aktivliyi, pKi/l; S —niimunonin aktivliyi, cpm; B —blankin
aktivliyi, cpm; E —effektivlik; V —niimunonin hocmi, 1; 77—Treyserin kimyavi ¢iximidir dpm/q
ilo pKi/q va Ki/l ilo Bk/I arasindaki olago asagidaki kimidir.
pKilq=(dpm/q)/2.22 vo 1pKi/l=0.037Bk/l;

U,O4/nano =Si sistemi niimunalorinds aparilan analizlorin naticasinds uranin **U, *°U

vo *®U izotoplarmm (radionuklidlorin) hesablanmis aktivliklori asagidaki codvaldo
verilmisdir.
Cadval
U30g/nano-Si sistemi niimunalarinda radionuklidlorin aktivliklori

Daxili Kod 130356 130357 130358 130359

Torkib 100% U304 10%Si+ U305 | 50%Si+ U305 | 90%Si+ U303

Analiz gqab1 disk disk disk disk

Niim. kiit, q 0.573 0.567 0.343 0.731

U-235 Bk/q | 428 + 8 383+ 6 213+ 6 48 + 4

U-238 Bk/q | 26664 + 295 | 23860 + 263 13269 + 263 2990 £168

Pa-234 Bk/q | 27790 £278 | 16618 + 354 16691 + 489 11728 + 189
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*®U-in aktivliyi 185,7 keV enerjili 54% ¢iximli qgamma pikino osason, 143.7keV
enerjili 10.5% c¢iximli gamma pikina asason, 163.4keV enerjili 4.7% ciximli qgamma pikina
asasan, 205.3keV enerjili 4.7% ¢iximli gamma piking asason hesablanmigdir.

2%U-in aktivliyi iso onun qiz niivesi olan metastabil ***Pa izotopunun 1001,03keV
enerjili 0,59% ciximli gamma pikina asasan toyin edilir.

A _ S 186 ke

Uws e 7/ r ; 5186 kev = AU 235 8186 7186 7
186 186

Sokildo U;Og/nano-Si kompozit sistemlorinin torkibindo uran oksidin (U;Og) migdarindan
asili olaraq (Ajsg+Anss) aktivliyinin doyigsmosi verilmisdir. Goriindiiyi kimi uran oksidin
miqdart artdiqca aktivlik xotti olaraq artir ki, bu da sistemdo qgarsiligh tosirin evtektik
xarakterli oldugundan vo komponentlorin hocmda borabar paylanmasindan xabar verir.

3
A, 10 Blg
30 -

25 | : -
0 -
s
.-"'-'..
15 . <
.-""-..
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.-""-'-
.-‘-;"

o - |
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1ty

Sok.1. U30g¢/nano-Si kompozit sistemlorinin torkibinds uran oksidin (U;Oy)
miqdarindan asil1 olaraq (A,zs+Asss) aktivliyinin doyismasi

Beloliklo, alinmis noticolordon goriiniir ki, sintez zamani nanodlgiilii silisiumdan
istifado olunmasi alinan materialin komponentlorinin hocmdo borabor paylanmasini tomin
edon amildir, U;Og/mano-Si kompozit sistemlorinin torkibindo uran oksidin miqdari
artirmagqla daxili aktivliyi genis diapazonda (~2990 Bk/q+~23860 Bk/q) doyison niimunalor
almaq olar vo bu niimunolor radioaktiv birlosmolorin ¢ox genis totbiq olundugu niivo
energetikasinda istifados oluna bilor.
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KLINOPTIiLOLITIN DIELEKTRiIiK NUFUZLUGUNUN HOQIiQi VO XOYALI
TOPLANANLARININ TEZLiKDON ASILILIGI

O.H. Muradovl, V.1 Orbuxl, Q.M. Eyvazovaz, N.N. Lebedeva’
" Fizika Problemlori Institutu, BDU
2 Nano Arasdirmalar Markazi, BDU
amuradov@vahoo.com

Taobii klinoptilolitin dielektrik spektrlori havada va vakuumda tadqiq edilmisdir.
Olcmalor boyiik sixligly (tabii lovha) va kicik sixligl (preslonmomis toz) niimunalordas
apariumigdir. Miiayyan edilmisdir ki, dielektrik niifuzlugunun hom haqiqi, hom do xayali
hissasi 10s tortibli eyni relaksasiya miiddati ilo xarakterizo olunur. Biitiin baxilan hallarda
dielektrik spektrlori seolit masamoalorinda zobt olunmus su molekullart ilo bagl ionlarin
ragslori ilo tayin olunur. Spektrlordaki forglor iso hamin komplekslorin konsentrasiyasinin
dayismasi ila alagadardir.

Son illar elektron sonayesinin istehsal sahalorinds tobii mineral mongali materiallarin
istifadosino genis yer verilir. Bu materiallarin sirasinda seolitlor xiisusi ohomiyyat kosb edir.
Seolitlorin strukturlarinda aliminium vo silisium birlosmolorindon alinan sobaksli karkasda
mosamoalor vo kanallar sistemi vardir. Bu masamolorin dlgiilori kifayot godor boyiik oldugu
liciin miixtolif {izvi vo qeyri-iizvi birlosmalorin ionlar1 ora daxil ola bilir. Oz qurulus
xiisusiyyotlorino goro karkas monfi yiikliidiir vo bu monfi yiiklor karkasin mosamoalorindo
yerloson vo onunla zoif olagads olan qolovi, golovi-torpaq metallarin kationlart vo su
molekullarinin yiikii ilo kompensasiya olunur. Seolitin torkibindon suyu ¢ixarmaq ii¢iin onu
qizdirmaq vo ya vakuumda saxlamaq lazimdir. Bu proseslor zamani seolitin strukturu vo
mohkomliyi demoak olar ki, doyismir. Seolitdoki moesamslor diizqiin formadadir vo onlar
“pancarolor” vasitasilo birlogorok kristallarin daxilindo birbasa kanallar sobokasi yaradir. Ona
gora seolitda artiqg malum olan adsorbsiya, ion miibadilasi va s. kimi xiisusiyyatlorindon basqa
bu obyektlordo elektronlarin mosamo emissiyasinin, elektronlarin  ¢oxalmasinin  vo
mosamalordo qaz bosalmasinin, miixtalif qaz vo maye ilo doydurulmus niimunslorin
dielektrik vo elektrik xassolorinin todqiqi ohomiyyot kosb edir.

Rentgenoqrafik vo kimyovi spektral analizlordon miioyyan edilmisdir ki, tadqiq edilon
seolit klinoptilolit tipli seolitloro aiddir [1]. Klinoptilolitin kristallik qurulusu monoklin
sinqoniyaya malikdir. Onun strukturu  monfi yiiklonmis novbalonon AlO, vo SiO,
tetraedrlordon ibaratdir vo onlar bir—biri ilo topalordon birlogorok 2 n6v mosamo—nanokanallar
A tip (0lgiisii 0.6x0.4nm) vo B tip (6l¢iisii 0.4x0.4nm) toskil edirlor. Bu kanallarin torkibi
karkasdan konar sistemdir —bu karkasin monfi yiikiinii kompenso edon miisbot yiiklonmis
Na*, K* ion-kationlar1 vo olagalondirici suyun bdyiik miqdarda molekullaridir. Daxildoki
kifayot qodor cox sayli olagolondirici su molekullar1 karkasin stabilliyini vo dayanigligini
tomin edir.

Seolitin dielektrik xassolorinin 0yronilmosino hosr olunmus islordo adoton niimunoni
ya qizdirmagqla, ya da vakuumda yerlogdirmakls dehidratlasdirirlar [2, 3].

Togdim olunan isin mogsadi klinoptilolitin havada vo yliksok olmayan vakuumda
dielektrik xassolorinin Oyronilmasidir. Digoar moaqsad iso sixligin homin xassolora tosirinin
todqiqidir. Bunun {igiin Olgmolor iki niimunodo —tobii klinoptilolitdo vo klinoptilolitin
preslonmomis tozunda aparilmisdir.

Olgmolor kaset daxilindo iki miistovi elektrod arasma yerlosdirilmis niimunolordo
aparilmigdir. Elektrodlarin biri iizarina kecirici soffaf SnO; lay1 ¢akilmis siiso diskdon, o biri
iso pardaxlanmis mis I6vhodon ibarot idi. Kasetdo elektrodlar arasinda sixilmis toz vo ya
16vho sokilli numunalorin qalinligt 2mm, diametri lcm idi. Kaset vizual vo fotoqrqfik
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miisahido {iciin poncoralori olan kameraya yerlosdirilmisdi. Kameradaki tozyiq atmosfer
tozyiqindon 107torr-a qodor doyisdirilirdi. Kaset E7-20 cihazina (LRC immitans ol¢an, tezlik
diapazonu 25 Hs-1MHs) birlosdirilmisdir. Olgmolor otaq temperaturunda vo havanin
riitubatliliyi 85% olduqda aparilmisdir.

Lovha va toz sokilli niimunaler ii¢iin havada vo vakuumda E7-20 cihazinda 6lciilmiis
tutumun C vo miigavimotin R giymotlorino osason dielektrik niifuzlugunun hogiqi (¢' ) vo
xayali hissasi (¢") hesablanmisdir [4]. Alinmis naticalora asason sokil 1 vo sokil 2-do bu
niimunslorin dielektrik niifuzlugunun hoqiqi vo xoyali hissolorinin tezlikdon asililig
verilmisdir. Bu asililiglardan goriiniir ki, havada dielektrik niifuzlugunun har iki toplananm
vakuumdan yiiksokdir.

Relaksasiya miiddoti
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Sokil 1. Toz (a) vo 16vha (b) niimunalar ii¢iin dielektrik niifuzlugunun haqiqi
hissasinin tezlikdon asililigt: 1- vakuumda; 2- atmocfer tozyiqindo
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Sokil 2. Toz (a) vo 16vha (b) niimunslor ii¢itin dielektrik niifuzlugunun xoyali
hissasinin tezlikdon asililigt: 1- vakuumda; 2- atmocfer tozyiqindo

7 olan bir relaksator modelino osaslanaraq

dielektrik

niifuzlugunun haqiqi vo xayali hissalari iiclin sads diisturlardan istifade edilmisdir.

niimuns iiciin relaksasiya miiddatinin orta qiymoti gostorilmisdir.

i oo

£ —E,
1+(@7)°

i

1+(w7)’
Burada ¢, — statik dielektrik, ¢, — yiiksak tezlikli dielektrik niifuzlugudur.
Naticado biitiin hallar ii¢iin relaksasiya miiddati hesablanmisdir vo cadval 1-do har bir

(e.-€.)or

Cadval 1
16vha toz
8 ' & " & ' & "
vakuum | hava vakuum | hava vakuum | hava vakuum | hava
=1 7=3 T=2 7=1 7=0.6 7=0.5 T=2 7=0.8
107s 107s 107s 107s 107s 107s 107s 107s
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Alinmis naticalari izah etmak {iciin asagida gostorilon kegiricilik tiplari ilo bagli olan
polyarizasiyaya baxilmisdir.

e Seolit masamolorinds yerlogon su molekullar: ilo qarsiligh tosir naticesinda yiiriiklityii
artmis olan miisbot ionlarin kegiriciliyi;

e Atmosfer tozyigindo miisbat ionlarin enerjisinin dissosiasiyaya ugramasi noticosindo
onlarin keciriciliyinin azalmasi;

e Kiristallit aras1 fozada yerloson suyun kegiriciliyi.

Taocriibalordon goriindiiyii kimi dielektrik niifuzlugunun hom hogqiqi, hom do xoyali
hissasi havanin tosiri ilo artmaga meyllidir. Bunu su molekullari ilo garsiligl tosir naticosindo
mosamalordoki ionlarin yiiriiklityiiniin artmasi ilo izah etmok olar. Relaksasiya miiddotlorinin
biitiin hallarda eyni tortibdo olmasi ¢ox miihiimdiir. Demok olar ki, dielektrik niifuzlugunun
hogiqi vo xoyali hissalori arasinda baxilan hallarda (I6vha —toz; vakuum -hava) forqu
relaksatorlarin konsentrasiyasinin doyismosi ilo izah etmok olar. Hesab edilir ki, miisahido
olunan hallara asas payr seolitin masamalorinds yerloson su molekullar: ilo slagali olan
miisbat ionlar verir. Tocrubads olan vakuum yiiksok deyildir. Ona gors hesab etmok olar ki,
su ilo baglh olan ionlarin miqdari, bu halda dielektrik niifuzlugunun haqiqi vo xoyali
hissolorinin miisahido olunan giymatlorini izah etmok ii¢iin kifayatdir. Vakuumdan havaya
kecid zamani su ilo bagli olan ionlarin miqdar artir, bu da 6ziinii hor iki halda dielektrik
niifuzlugunun artmasinda gostorir. Toz seolitin dielektrik niifuzlugunun haqiqi vo xoyali
hissalorinin 16vha niimuhaya nisbaton artmasi, su ilo dolmus kristallitaras1 fozanin artmasi ilo
baglidir. Masalo ondadir ki, tobii 16vhads olan kristallitdon forqli olaraq preslonmomis tozda
seolitin har bir kristallitinin su ilo alage sahasi daha boytikdiir.

Beloliklo miioyyon edilmisdir ki, kristallitlorin sixliginin azalmasi suyun dielektrik
xassoloring tosirini artirir. Tocriibalordo relaksasiya miiddotinin doyismomasi gostorir ki, osas
rolu su molekullarinin masamolordoki miisbat ionlarla qarsiligl tosiri oynayir.

Basqa sozlo, dielekrik spektrlorini toyin edon polyarizasiya mexanizmi (su molekullar1 ilo
bagli olan miisbat ionlarin elektrik sahasindo horskati) biitiin verilon hallarda (16vha —toz;
vakuum —hava) eyni qalir. Onlarin doyismasi yalniz seolitin masamolorino suyun daxil olmasi
ilo olagadardir. Qeyd etmok lazimdir ki, bu tisulla miixtalif ion-miibadilali niimunalar iiciin
mosamalords su molekullar: ilo miisbat ionlarin qarsiligli tosirinin daracaesini toyin etmok olar.
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Zn;Cd,O NAZIK TOBOQOLORININ SOTH MORFOLOGIYASINA KATOD
COKDURM® POTENSIALININ TOSIRI

H.M. Mammadov, V.C. Mammadova
Baki Doviat Universiteti
mhhuseyng @ gmail.com

Isds miixtalif torkibli Zn;..Cd,O (0.1<x<0.9) saoffaf kecirici nazik tabagaolori sulu
mahluldan elektrokimyavi ¢okdiirma metodu ilo siisa/SnO, althiglar iizorinda alinmis, nazik
tabagalorin sath morfologiyasina katod ¢okdiirma potensialimin tasiri tadqiq edilmisdir.

ZnO diiz zolagh (3.3 eV) soffaf kecirici nazik tobogolori hazirda giinos
energetikasinda vo optoelektronikada genis totbiq edilir [1-2]. ZnO nazik tobogolori maya
doyorinin ucuz vo kimyovi cohotdon dayanighi olmasi ilo borabor, on osasi zohorli
olmamalandir. Lakin alinma texnologiyalarinin tokmillosdirilmoesine baxmayaraq onlarin
zoruri kegiriciliyo malik nazik tobogolorini almaq miimkiin deyil. Bu da onlar osasindaki
giinos elementlorinin effektivliyinin az olmasina gotirir. Bozi islordo miixtolif metallarla
asgarlanmis ZnO nazik tobogolordon istifado edilmasino baxmayaraq [2] o qodor do yiiksok
natica olds edilmomisdir.

Diiz zolaglh CdO kegirici nazik tobagolari iso ZnO —don forgli olaraq spektrin goriinon
oblastinda (E,=2.5eV) soffafdir. Onlarin elektrik vo optik xassolorinin genis temperatur
intervalinda todqiq edilmis, giinos energetikasinda, qaz sensorlarinda, habelo, kicik
miiqavimaetli rezistorlar kimi totbiq imkanlar1 arasdirilmisdir [3-4]. ZnO —lo miigayisada
(90%) CdO tabogolorinin goriinon oblastda optik buraxmast azdir (60-70%). Lakin alcaq
omlu olmasi nazik tobagolarinin totbiq imkanlarin1 artirir.

Zn0O va CdO nazik tobagalarinin ayriligda har birinin {istiin cohatlorinin artirilmast vo
catismayan cohotlorinin azaldilmasi {i¢iin elmi oadobiyyatda son dovrlor ZnO-CdO sistemi
bork mohlullarinin nazik tobagalari totbiq olunmaga baslanmisdir. Bels ki, torkibin doyismosi
ilo Zn,,Cd,O nazik tobogolorinin goffafliq oblastini, miigavimotini vo hom do sindirma
omsalin1 idare etmok miimkiindiir.

Elmi odobiyyatda Zn,,Cd,O bork mohlullarinin nazik tobogolori asason molekulyar
stia epitaksiyasi, sol-gel metodu va piroliz kimi metodlarla alinmigdir. Lakin sulu mohluldan
elektrokimyavi ¢okdiirmo metodu bu metodlardan forgli olaraq daha asan idara edilo bilon vo
genis sahayo malik nazik tobogalor almaga imkan verir.

1.EKSPERIMENT NOTiCOLORI

Isdo katod c¢okdiirmo metodu ilo siisa/SnO; althiglart iizorindo miixtolif torkibli
Zn;,Cd, O (x=0.1; 0.2; 0.3; 0.4; 0.5; 0.6; 0.7; 0.8; 0.9) nazik tobogolori alinmisdir. Anod
materiali kimi reaksiyada qrafit elektrodlardan istifado edilmisdir. Reaksiya mohlulunun
tursulugu azot tursusunun olavo edilmosi ilo idaro edilsmisdir (pH=3-5). Cokdiiriilmodo
Zn(NO;),+ Cd(NO;),+KNO;+H,0 sulu mohlulundan istifado edilmisdir. Cokdiiriilma otaq
temperaturunda vo 70-80°C temperaturda aparilmigdir. Cokdiiriilmo rejimino nozarot etmok
mogsadile Zn,; ,Cd,0O nazik tabogolorinin alinmasinda Zn(NO;),+ Cd(NO;),+KNO;+H,O
mohlullarindaki Zn(NO;), vo Cd(NO;), duzlarinin ovvalco ayri—ayriliqda, daha sonra iso
onlarin avalki konsentrasiya vo pH-tursuluqda qarisiginin tsiklik volt-amper xarakteristikalari
(voltamogramma) todqiq edilmisdir. Sokil 1-do uygun molullarin komponentlorinin tsiklik
voltamoqrammalar tosvir edilmisdir. Tsiklik voltamoqrammalar xarici gorginliyin —1.6+ +1.1
V intervalinda aparilmigdir. Xarakteristikalar ovvalco katoda totbiq edilon xarici sahonin
monfi, sonra iso miisbat istiqamatlorindo aparilmigdir. Sokil la —dan goriindiiyti kimi
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Zn(NOs3), mohlulunda corayan xarici gorginliyin Uy=—0.95V qiymotinds artmaga baslayir vo
katod gorginliyinin —1.2+ -1.55V- da altliq {izorino Zn ionlarinin reduksiyasi bas verir. Sokil
Ib —ds siiso/Sn0O, althigina ¢cokon Cd(NOs), duzunun sulu mohlulu iiciin voltamoqramma
gostorilmisdir. Sokildon goriindilyii kimi xarici sahonin manfi istiqgamotlorindo Cd ionlarinin
isci elektrod (altliq) iizorine reduksiyasi garginliyin — 0.25V qgiymatlorindon baglayaraq bas
verir. Sokil 1c —don goriindiiyii kimi miixtolif torkibli Zn, Cd,O nazik toboagolorinin
formalagmasi ii¢iin katod gorginliyinin giymati —0.75+-1.52V intevalinda doyisdirilmalidir.
Voltamoqgrammalarin todqiqi tisulu ilo isdo Zn;_,Cd,O nazik tobagolorinin miixtolif torkiblordo
alimmas: iigiin reaksiya duzlarinin mol miqdar1 vo ¢okdiirma corayan: vo gorinliyinin optimal
giymotlori miioyyon edilmisdir (codval 1).

U V)

a)

Cd(NO3)2+ Zn(NO3)2

L L L L
-1,5 -1,0 -0,5 0,0

)b)

U V)

c)

Sokil 1. 0.67M Zn(NOs), (a), 0.26M ZnSO, (b), va (a), (b) mahlullart qarisiginin (c)

otaq temperaturunda tsiklik volt-amper xarakteristikalar1

Cadval 1
Zn; Cd,O Reaksiyaya daxil edilon Cokdiirtilma corayan
nazik kimyovi duzlarin mol sixlig1 vo gorginliyi
tabagalarinin miqdart
torkibi
Zn(NO3), Cd(NO3), J U,
X (M) M) mA/sm (V)
2
0.1 0.92 0.12 30-32 -0.75 +-1.52
0.2 0.78 0.2 25-27 -0.75 +-1.52
0.3 0.67 0.26 23-24 -0.75 +-1.52
0.4 0.48 0.54 20-22 -0.75 +-1.52
0.5 0.53 0.45 17-18 -0.75 +-1.52
0.6 0.37 0.6 14-15 -0.75 +-1.52
0.7 0.72 0.23 10-11 -0.75 +-1.52
0.8 0.84 0.13 8-9 -0.75 +-1.52
0.9 0.87 0.09 6-7 -0.75 +-1.52

Elektrokimyovi ¢okdiiriilmo prosesinin davametmo miiddstindon asili olaraq 0.02 —
Imkm qalinliglt Zn, ,Cd,O nazik tobagolori alinmigdir. Miioyyon edilmisdir ki, nazik

tobogolarin sathinin morfologiyasi ¢okdiirmo potensialindan aslilidir.

32



Fizikanin miasir problemlori VII Respublika konfransi

Sakil 2 —da ¢okdiiriilms katod potensialinin -0.9V (saokil 2a), —1.2V (sokil 2b), —1.28V
(sokil 2¢) vo —1.35V (sokil 2d) giymatlorinde alinmis Zn,,Cd, ;O nazik tabagalarinin sathinin
atom qilivvet mikroskopunda (AFM) alinmis fotosokillori tosvir edilmisdir. Atom qiivvat
mikroskopunda aparilmis todqiqatlar osasinda miioyyon edilmisdir ki, katod potensialinin —
0.9V giymatlorindo alinmis Zn,,Cd,;O nazik tobogolorinin sothi masamali qurulusa malik
olub, geyri-barabar paylanmis, Olgiilori 7+-100nm intervalinda doyison kristallitlordon
ibarotdir. Katod potensialinin giymatinin ciizi olaraq artmasi (-1.22<U<-1.25 V) nazik
tobogoalorin  soth qurulusunu koskin olaraq doyisir. Belo ki, sothdoki masamalarin
konsentrasiyasi koskin olaraq azalir, kristallitlorin 6l¢iisii kigilir (5+7nm) va nazik tobagslor
bircins nanoquruluslu soth niimayis etdirir. Katod ¢okdiirmo potensialinin —1.28 + —-1.32V
giymotlorina gadar artmasi il9, nazik tobagolorin sothindoki kristallitlorin Ol¢iisiiniin artmasi
ilo borabor sothdoki defektlorin konsentrasiyasi da koskin olaraq azalir. Lakin potensialin
sonraki artimi U >-1.34V sothdo yenidon geyri-bircinslik doracasini artirir. Qeyd edak ki,
katod potensialinin U>-1.34V giymatlorinds alinmis nazik tobogolorin althga adgeziyas: ¢ox
zaif olur. Bels ki, bu gorginliklords yalniz 0.5 nm qalinliqlara qader zoruri adgeziyaya malik
Cd,..Zn,0O nazik tobaqgoalori almaq miimkiindiir.

Sakil 2. Katod potensialinin -0.9V (a), - 1.2V (b), -1.28V (c) va -1.35V (d) qiymatlorinds
alinmis Zn, ,Cd, ;O nazik tabagalarinin sathinin AFM fotosokillari.
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CHHEKTPAJIBHOE PACITPEAEJEHUE OTK/IMKA
HEJJMHEHHOI'O JETEKTOPA y-U3JIYYEHUA HA OCHOBE TlInSe;

C.I'. Abaunosa, /I./1. AckepoB, A.M. Araes
Asepbaiiocanckas I'ocyoapcmeennas Hegpmanas Axademus

CrnektpanpHoe pacnpenencane >ddexkruBHOoCcTH f(E) u oTknmka I(E) sBIsOTCA
BOXHBIMA  XapaKTEPUCTUKAMU JCTEKTOPOB M JETCKTOPHBIX Martepuanos. Ilepsas
paccuuteiBaeTca MeTogoM MoHTe—Kapio, KOTOpbIM, Kak H3BECTHO, IO3BOJIAET pEIIATh
3aJa4d O TONIOIIEHHHM paJWaluyd B OrPaHMYEHHBIX cpenax. Takme pacdersl mis
TBEPJOTENbHBIX JETEKTOPOB MPOBOIMINCH psipaoM aBTopoB [1-3]. B Hacrosmeir pabote
MO0Ka3aHo, YTO MIPH OMPEAETICHHBIX YCIOBUAX pacueT /(E) B HEMMHEHHOM cilyyae MOXKET ObITh
NPOBENEH HA OCHOBE JaHHBIX MO f(E) ¢ WCIOJb30BaHMEM HeKoero mnapamerpa § <1,
MOJTy4aeMOTO aHATUTHYECKH W COJEPIKAIICTO CBEIECHUS O (hopMe IKCIepuMeHTaIbHbIX ABX
(aMIIepBaTTHYIO XapaKTEPUCTUKY) JETEKTOPA.

Kpucramnel TlInSe,umeror cyonuneiinyro ABX. OHa MoxeT ObITb NIpenCTaBIeHA

creneunoi Qynkumeit I ~G”, tme I —orkiamk ngerekropa, G —MOIIHOCTh HW3JIYYCHHS,
norjoneHHas B obpasue, a mokasarenb O <1 ompenensercs skcnepumeHTanbHO [4].
CrnenoBaTenpHO, U1 CiIydass paBHOMEpPHOTro (ciiaboro) morjiomeHus: cuektp I(E) MOXHO
OMHCcaTh CJIEIYIOIIUM COOTHOIIEHUEM

G(E) "
( ) . (1)
G(E')

3nech E'- n1060e (puKCUpOBaHHOE 3HAYCHUE SHEPTHU M3 pacCMaTpUBAEMOro MHTEpBaia. J{us

cnekrpa [, (E), ONpUBEJCHHOIO K PaBHOW IIOTHOCTH, IOTOKA JHEpruu u3nydeHus F, B

I(E) = I(E'){

cootHomeHnu (1) G MOKHO 3aMEHUTH Ha f

! (E,)} @ @)
f(E)

B obmiem ciydyae HyX1al0TCs B KOPPEKIIUH, YUUTHIBAIOLICH BIUSHUE HETMHEHHOCTH B
YCIIOBUSIX HEPAaBHOMEPHOTO TMOTJIOMIEHUS paaualuy 1o ToiammHe obOpaszma. Omyckas

1.(E)= I(E'){

3JIEMEHTapHbBIC PacCyKAeHuUs, 3anuireM s [ u [ :

Iwyudﬂmwzmu:mﬂgégaJw, (3)

1(E>=ocd-j(x=0>(Lj, 4)
g(x=0)

A€ HUCIIOJB30BaJIM COOTHOLICHHUE THUIIA (1), NPUMCHCHHOC K IIJIOTHOCTU TOKa TCKYIICT'O B
aneMeHTapHoM cioe obpasna. B (3) u (4) g(x =0) — MOIHOCTh U3JIy4EHUs, MOTIIOIICHHAS B
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enuHUIle 00beMa DIEMEHTAPHOTO CJIOS HAa NPUEMHOM  TOBEPXHOCTH  o0Opasiia,
j(x =0)—1I0THOCTh TOKAa B 3TOM cjoe, g(Xx) u j(X)—TO ke ais CJIos Ha TIyOWHEe X,

ad — TIoIma kL NEKTPOIOB 00pasia, ag — oTHomeHne G kK 00bemMy o0Opasia, T.e.

_ 1
g=—Js(x)dx. "
Otmerum, uto j(x =0)B BeipakeHusix (3) u (4)
uneHTHUHbl, a ag(x)=F(0)u, exp(—ux),tne W, 075
W —AuHeHHbIe KO GUIIUEHTHI MOTIOMEHUS YHEPTUU 1 '
ocnabneHusi  cooTBeTcTBeHHO.  [losTromy  mocie
HECJIOXKHBIX MpeoOpa3oBaHU MOTYIHM 0.50
_ ()" (1~ exp(—hdr)) 7 025
S(E) = S =z
pdoy(l —exp(—ud))” >
[Ipu ompenenenun (5) ™Mbl mpeHeOperiu E
HE3HAYUTCIbHBIM U3MCHCHHUEM KAa4YECTBECHHOI'O COCTaBa @ 1.00
u3IydeHus ¢ riayounoit. U3 (5) Buano, uro s=1 npu =
cmabom mornomenun (Ud <<1) wu yObIBaeT ¢ 075
a
YCHUJIEHUEM TOTJIOMICHUS 1O 3HAUEHUS § = M
udo
Taxkum 006pazomM paccMOTPEHHBIH KOI(PPUITEHT 0.50
s KoppekTupyer 3¢hdexT, o0yCIOBICHHBIA HEIUHEH-
HOCTBIO JIETEKTOpa B YCJOBHUSIX HEOJHOPOJHOIO 025
MOTJIOLIEHUST  paguamud ¥ NOPUBOISAIIMHA K
OTHOCUTENILHOMY  CHW)XEHHUIO  YYBCTBUTEIBbHOCTHU

JETEeKTOpa C JUIMHHOBOJHOBOW CTOPOHBI CIIEKTpA. 0.0
D¢ ekt TeM 3HaAUUTENBHEE, YEM CHIIbHEE MOTJIOIICHUE E, MeV Co®

n otkioHeHue ABX oT nuHENHHOH, T.e. 4YeM OOJIbIIIE  Puc.l. DkcnepuMeHTabHble (BEpXHA

,le 1 MEHBIIE Ol . 4acTh PUCYHKA) M PacUCTHBIC (HUMKHSIS
pacnipenenenus oTkinka oopasos TlInSe,

Ha puc.1 npuBeaeHsl 3KciepuMeHTAbHBIC ¢ Tommunol d =0.21 cM (commas),
kpuBble ciekTpoB Ip(E) mist o6pasuos TlInSe; paznuanoi g;ﬁgﬁ)g’ffﬁi’fﬁ;ﬁgoi crﬁy(miﬁi’;em
TOJILIIUHBI. pucyHka-kpusbie 3¢ dextuBnoctu f(E)

[Toxa3arens CTENEHHU a IS UCCIIEMOBAHHBIX COOTBETCTBYIOIINX 06pasLIOB.
obpasioB coctaBisul 0.5.B pacdyeTHBIX CHEKTpax, Kak U B 3KCIEPUMEHTAIBHBIX, HAOI01aeM
HaJIMYMe IMUPOKOTO0 MAKCUMYMa, €r0 CMEIICHUE C U3MEHEHHUEM TOJIIHUHBI 00pa3iioB, KPyToi
crajl ¢ JUIMHHOBOJIHOBOW CTOPOHBI CIIEKTPA M MOJIOTMH —C KOPOTKOBOJIHOBOM.

3aMeTHO OTKJIOHEHHME JJaHHBIX IKCIIEPUMEHTA OT pacueTHBIX B nHTepBaie 90-130 x3B.
[IpeBbilieHNEe AKCHEPUMEHTAIbHBIX JTAHHBIX HaJ PACYETHHIMU OOYCJIOBJIEHO CBOMCTBOM
MOHTE —KapyioBckoil mporpammbl ELSS, rie HEeBO3MOXHO ydecTb 3HAYUTEIBHBIM CKadOK
noryomenus B 71InSe; npu E=85.5 k3B (K-ckauok TI).

O npaBOMEPHOCTH ONHUCAHHOW METOAMKU pacueTa TOBOPHUT, MOMHUMO CXOXKECTH
o01Iero BHUa PacyeTHOrO0 U HKCIEPUMEHTAJIHHOTO CIEKTPOB, TAK)KE M COIJIacue MO TaKoi
KOJIMYECTBEHHON XapaKTEPUCTUKE CIIEKTPa, KaK OTHOILLIEHUE OTKJIMKAa B MAaKCUMyME CIIEKTpa
K OTKIUKY B Touke E=1.25M»5B. [Ins o6pa3moB ¢ TommmHoi d=0.05cMm, 0.104cm u 0.21cm
pacuet naet 3HaueHus 10.75, 7.04 u 5.05 cOOTBETCTBEHHO, a U3MEPEHUS 10 UCCIIEI0BAHHON
rpyrie o0pasioB aanu cpeanue pe3yiabTatel: 10, 7 u 5.

Pacuer cnektpanbHOro pacnpeneneHus OTKIMKA MOJYyIPOBOJHUKOBOTO JETEKTOpa C
HEJTMHEHHON XapaKTEPUCTHKONH BO3MOKEH HAa OCHOBE JaHHBIX 10 3((PEKTUBHOCTH,
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noJiyueHHbIX MeTogoM Monte-Kapno. HennHelHOCTh XapaKTEpUCTUKU M HEOAHOPOIHOCTH
MOTJIOLIEHUS paJualiid B 00beMe YYBCTBUTEIBHOTO 3JIEMEHTA YYUTHIBAIOTCS C MOMOIIbIO
KoppekTupymoiiero koddgdummenta s <1. JlaHHbIA MeTOa pacueTra HE TpeOyeT CBEICHHU O
PEKOMOMHALIMOHHBIX M MHBIX 3aXBAaTHBIX Mpolieccax B MOIympoBogHUKe. OH HCHOIB3yeTCs,
KOrJa MOXHO TmpeHeOpeub BiausHueM auddy3nu Ha pacupeneicHue KOHIEHTpaIuu
TeHEPUPYEMBIX pajdalieil CBOOOIHBIX 3apsI0B.
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BJIMSTHUE HOHHO-OBMEHHBIX CBOVICTB IIEOJIUTA
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B nacmosweii pabome paccmompeHo, KaKk — UOHOOOMEHHble CBOUCMEd Yeoaumad
npugoosim K Cynep UOHHOU NPOBOOUMOCMU  YeoIUumoso2o nopouika. B ochose
NPeONONHCEHHO20 MEXAHUSMA OOMeH OOHUMU U meMe JHce UOHAMU U3 NOP YEONUma MexHcoy
PA3TUYHBIMU KPUCMATTUMAMY Yepe3 pa30esiouyio Ux 6030YUHYI0 NOI0CMb. Ynpaesnaiowum
napamempom, npusooauemM  Yeoaumoesblli NOPOWIOK 6 CYnep UOHHOe COCMOsIHUE
npeonazaemcs paccmampueams 0asieHue 800AHbIX NApo8s.

HNonHO —0OMEHHBIE CBOMCTBA 11EOJIUTA MPOSBISIOTCS B BO3MOKHOCTH BBIXOZA U3 €T0
MOp OJHUX MOHOB U BXxoja Jpyrux. lIpoucxomut 3To, KOrjga HEOJUT MOMEHIEH B BOAHYIO
cpeny. PU3MYECKUN MEXaHU3M HTOTO SBJICHHS COCTOUT B MOHM)KEHHHM IOTEHIMAIBHOIO
Oapbepa 1Mo OTHOIIEHHUIO K TIEPEX0y MOHOB MEXIYy TOPOH 1E0IUTa U OKPYXKAIOMIEeH Cpeloi.
HonHblit 00MEH B 1IE0JIUTAX XOPOIIO U3YUEH B CBSI3U C MPOOIEMaMU OYMCTKH BOJBI U IPYTHX
XKUAKocTed. B mocnenHue rofpl MOSBUINCH JPYTHe HCCIEAOBAHUS, B KOTOPBIX MOIPOOHO
U3Yy4aeTcs 3JEKTPOIMPOBOIHOCTh LIEOJUTOBBIX U LEOIUTIONOOHBIX MOPOIIKOB. Bo MHOTHX U3
aTuX padort [1-3] oOHapy)eHa OJHA U Ta K€ BOJIbT-aMIIepHas XapakTepucTuka. OHa COCTOUT
U3 JIBYX yYaCTKOB: BHICOKOOMHBIN MPHU HU3KUX HANPSDKEHUSX M HU3KOOMHBINM MPH OOJBIIIX
HanpspkeHusax. B Hammx pabortax [4-6] moka3aHO, YTO TaKOW e XapaKTep UMEIOT BOJIb—
aMIIEpHbIE XapaKTEPUCTUKHU IMPUPOJHOTO LEOJUTA-KIMHONTUIIONNTA, COJEpKAIlero Biary,
IIpU MTOHWKEHNUH JABJICHUS BOJISHBIX IMAPOB (B KaMepe CoJepkKalle CTPYKTYpy € LEOIUTOM)
TOK YMEHBINIAETCS ¥ KOHEYHOM UTOTe Mcue3aeT. B HacTosmeM coO0eHHH MBI TTIOKAXKEM, YTO
3Ta YHUBEpCAJbHAs BOJBT —aMIIEpHAsl XapaKTEPHCTHUKA CBS3aHHA C MOHHO —OOMEHHBIMU
CBOMCTBaMHM 1I€0JINTA. boiblliasg MOHHAs MPOBOAMMOCTb XApPAaKTEPHAsl, AJIA CyNEep HOHHBIX
MMPOBOJTHUKOB [7], HaOIIOJaeTCs B IIMPOKOM KJIacCe BEIIECTB OOBCAMHEHHBIX HA3BaHHEM
CYNIEPHOHHBIC TIPOBOJHUKH. B OONBIIMHCTBE clydyaeB IMEpPexXoJ B TaKOe COCTOSHUE
CYNEpUOHHON MPOBOJMMOCTH MPOUCXOAUT C U3MEHEHHEM Temmeparypsl. [Ipoucxomut 3to
U3-3a TOTO, YTO IUJIABUTCA MOJpEIIeTKa KaKuX-TM0O0 MOHOB KpHCTauia. JTO O3HA4aeT, 4To
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MOHBI MOTYT IEPEXOJUTh M3 OJHOTO IOJIO)KEHHUS] PaBHOBECHS B APYroe 3a CUET TEIIOBBIX
koseOanuil. [ToaTromy B 351eKTpHUECKOM I0JIe HAOIIOAAETCS HAMIPaBICHHbBIE IEPEX0/Ibl HOHOB
MEXy MOJOKEHUSIMU PaBHOBECUS, T.€. JJIEKTPUUECKHUI TOK. MBI cuMTaeM, 4TO LIEOIUT TAKKE
MOKET CUMTAThCS CYNEPUOHHHBIM IPOBOJHUKOM, HO YIPABJISIOUIMM [IapaMETPOM Mepexoaa
B TAKOE COCTOSIHHME SIBJIIETCS HE TEMIIEpaTypa, a IABJICHHE BO3yXa (TOYHEE BOASHBIX MApOB)
B Kamepe, cojepkamield oOpaser. B I11€0JMTOBBIX MOpOIIKaX BaXKHEWIIMM MEXaHU3MOM
IIEpEHOCa TOKA SIBJISETCS JABM)KEHUE MOJIOKUTEIBHBIX HOHOB B Iopax IeonauTa. CyliecTByoT
JIB€ MIPUYMHBI IPEMSTCTBYIOLINE TaKOMY TOKY. IlepBas —3T0 nokanu3anysi MOHOB Ha CTEHKax
Mopbl: OOJbIlasg SHEPTUs CBS3U MPEMSATCTBYET MEpPexXoay HOHAa M3 OJHOTO MOJIOKEHUS
paBHOBecHsl B Jpyroe. Bropasg mnpuymHa —3TO OTCYTCTBHE MNPSIMOrO KOHTAKTa MEXIY
KPUCTAJUIMTAMU, pa3IeIEHHBIMU BO3AYIIHOM MONOCTHI0. DAaKTUYECKU 3TO U €CTh IIPUYMHA,
0 KOTOPOH B IEOJUTaxX 4YacTo HAOIIOAAIOTCSA CHAJAIONIUe PEJaKCallMOHHBIE TOKH
COOTBETCTBYIOIIME IMPOLIECCY MONSAPU3ALUU  OTIAEIBHOTO KPUCTAUIMTA WM TPYIIBI
KPUCTAJUIMTOB HAaXOIAIMXCS B IIOCIEI0BATEIBHOM KOHTAKTe APYr ¢ Apyrom. IIpoBogumMocTs
MOpOIIKA W3 BEIIECTBa, 00JIAJAIONIEr0 MOHHOW IMPOBOAMMOCTBIO, B 3HAUUTENBLHOW Mepe
OrpaHUYMBACTCS MYCTOTAaMH B 00BbEMeE, 3aII0JTHEHHOM MOPOIIKOM. B 3TOH CBA3M OTMETH, YTO
B IIpoliecce MPOTEKaHUs TOKa B LIEOJIMTOBOM IOPOIIKE MOHBI IIPEOA0IEBAIOT Oaphephl ABYX
COBEpIICHHO pa3HbIX TUMOB. IlepBblii, 3TO Oapbep MO OTHOUIEHHIO K MEPECKOKY MOHA W3
OJTHOT'O JIOKAJTM30BAHHOTO TIOJIOKEHHUS B TIOpe B Jpyroe. BTopoii 310 Gapbep 1m0 OTHOIICHUIO
K IIEPEXO0y U3 OJHOI0 KPUCTAIUTA K APYroMy. 31€Ch Mbl pACCMOTPHUM TaKyl CUCTEMY MpHU
YCIIOBUHU, YTO TOPOIIOK H3TOTOBJIEH M3 BEUIECTBA, SBISAIOIIEIOCS HOHOOOMEHHHKOM Ha
npuMmepe 1eoiuta. B o0bEMe 1Le0JMTOBOrO MOPOIIKAa 0SS MPOCTPAHCTBA HE 3aHITOrO
LIEOJINTOM 3HAUWUTEJIbHA M COCTaBIsAET JAECATKH IPOLEHTOB. VIMEHHO OHa OKa3bIBaeT
CYLIECTBECHHOE BIUSHHE Ha CONPOTHUBJIICHME LEOJMTAa. B  OTCYTCTBMM  BHEIIHETO
AJIEKTPUUYECKOTO TOJS, B COCTOSHHU TEPMOJMHAMUYECKOTO paBHOBECHS, BOIM3H
MOBEPXHOCTH LIE€OJIMTOBOrO KpUCTAIIUTa o0pa3yercs 00JaKo U3 MOJOKHUTEIbHBIX HOHOB, a
Ha CcaMOW TIOBEPXHOCTH 0Opa3yeTrcss HEKOMIICHCUPOBAHHBIA OTPHUIATENBHBIA  3apsi
(cocpenoToyeHHbIN B ITopax Leoauta). [Ipoucxoaut 3To u3—3a MOHWKEHUS NOTEHUHUAIIBHOTO
Oapbepa Mo OTHOILIEHHIO K BBIXOJY HOHOB M3 MOp, IPU YBEIWYeHUHU Biaru. PaccMorpum nBa
KPUCTAJUIUTA Pa3AeJIEHHBIX BO3YIIHBIM IPOMEKYTKOM. BO BHEIIHEM 3JIEKTPUUYECKOM I10JIE€ B
TakoOM CHUCTEME BO3MOYKHA WHXXEKUUS TIOJOKUTEIbHBIX HMOHOB B MEXKPUCTAJUINTHOE
MPOCTPAHCTBO, C IMOCIEAYIOIIUM 3aXBaTOM JPYIMM KpPUCTAJUIUTOM (IpeojojieHne Oapbepa
BTOpOro Tuma). MakTUYECKH 3TO IMOJIHAsA aHAJIOTUs MHKEKIMOHHOIO KOHTAaKTa Ha TPAHULE
MeTaia U JaudniekTpuka. I[lpenoskeHHass MoJenb BIOJHE OOBSCHSET OMUCAHHYIO BBIIIE
YHUBEpPCAIbHYIO  BOJIBT-AMIIEPHYIO  XapakKTepUCTUKY. JIeMCTBUTENBHO, TpU  MajbIX
HalpsDKEHUAX TOK B CUCTEME IPOTEKAeT dYepe3 KPUCTAUIUTBL, HaXoAsIuecs B
HENOCPEACTBEHHOM KOHTaKTe Jpyr C JApyroMm. IIpu mOBBILIEHWH HaNpsyKeHUs, Kornaa
CTAHOBUTCSI BO3MOYKHBIM MPSIMOU MEPEXO]] MOJOKHUTEIbHBIX HOHOB OT OJHOTO KPUCTAJIIIUTA,
yepe3 BO3AYLIHYIO MOJOCTh K JIPYyromMy, TOK pe3KO Bo3pactaer. MIMEHHO 3TOT 3ieMeHT
o0JyiaziaeT BOJIbT-aMIIEPHON XapaKTEPUCTUKON ONMHUCAHHOM BhINIE. MBI CUMTaeM, YTO HEOIHT
TAaK)K€ MOYKET CUMTATHCS CYNEPUOHHHBIM IPOBOJHUKOM, HO YIPABISIOLUM IapaMeTpoM
Iepexojla B TAaKOE COCTOSHME SIBIIAETCS HE TEMIeparypa, a JaBlIE€HHE BO31yXa (TOYHEe
BOJISTHBIX ITApOB) B KaMepe, conepikaiieit oopaserl. JleicTBUTEIBHO, B IIEOTUTOBBIX MOPOIITKAX
BOXHEHIIMM MEXAaHU3MOM IIEpEHOCAa TOKa SBJIAECTCA ABM)KEHHE IOJOKUTEIbHBIX HOHOB B
nopax meosiuta. J{iast Toro 4ToObl MMEIO MECTO pPe3Koe BO3pacTaHUe TOKAa He 00XOAMMO, UTO
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OBl MOH BBIMICAIINN M3 OJHOTO KPHCTAIUTA JOCTUT NIPYrodl KPUCTAJUIUT, ABUTASICH Yepes3
BO3IYIIHBIA TPOMEXYTOK ©O€3 TMOTEepH DJHEPruyd HAMPAaBICHHOTO JIBIJKCHHS. OTO

BBITIOJTHSIETCSI, €CIIU Cpe/IHee BpeMs MPOJIETa MEXy KPUCTAUIUTaMU t:—E CYILLECTBEHHO

MCHBLIC T —

Py (1)
UE
(M —TIOOBMKHOCTh  TIOJIOKUTENIBHBIX HMOHOB B BO3AYIIHOM MPOMEXYTKe, [ —CcpenHee
pacCTOSHUE MEXKY KPUCTAJUIMTAaMU) T —BPEMEHH PACCESHUS SHEPTUU MOJOKUTEIBHOIO HOHA
Ha MOJIeKyJIax Bo3ayxa. CaMo 3To BpeMsi 0OpaTHO MPOIMOPIIMOHAIBLHO JAABICHHUIO BO3IyXa B
KaMmepe, a TIOHMKEHHE BBICOTHI DHEPTreTUUYECKOro Oapbepa BTOPOro THMa (10 OTHOIIEHHIO K
BBIXOJly MOHOB W3 KPHUCTAJUIMTOB) HAMPOTHB €CTh BO3pacTamoimas (yHKIUS HTaBICHUS
Bo3ayxa. Cam (akT BBIXO/Ia MOHOB U3 MOP CBSA3aH YBEIMUYCHUEM NIaBIICHUS BOMSHBIX MapoB,
OJIHAKO ATO K€ YBEJIMYCHHUE JABJICHUS MPUBOAUT K YBEIUYEHUIO PACCESIHUS YHEPTUU MOHA B
BO3IYIIHOW mojiocTH. To ectb 3Tu nBa ¢akTopa ACHCTBYIOT B MPOTHUBOIOIOKHOM
HanpasieHud. Ho mepBblid M3 HUX 3aBUCHUT OT JABJICHHUS DKCIHOHEHUHUAIBHO, a BTOPOM
nmuHeiHo. [TosTomy 1 HabIIOgaeTCS YBEIMUEHUE TOKA C POCTOM JABJICHUS.
B 3akiiroueHNN OTMETHM, YTO C YBEITUUECHUEM BIIAKHOCTH TTOHUXKACTCS KaK Oapbep 1o
OTHOIIIEHHUIO K MTEPECKOKaM HOHOB B MOpax, TaK U Oapbep MO0 OTHOIIEHUIO K BHIXOTy HOHOB U3
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YARIMKECIRICI (Si) - POLIMER 9SASLI KOMPOZIT QEYRI-XOTTI
MUQAVIMOTLORIN MEXANIKi XASSOLORI

S.M. Hosanli, A.Y. imanova, U.F. Somadova, CC Xalilov
Azarbaycan Milli Elmlor Akademiyasinin Fizika Institutu
Sh_Hasanli @rambler.ru

Mbaqalada yarimkecirici va polimer asasli kompozit qeyri—xatti miigavimoatlorin
mexaniki xassalarinin disperqatorun hacmi faizindan astli olaraq dayismasi tadqiq edilmisdir.
Homginin polimer matrisastmin noviindon (polyar va ya gqeyri polyar) asili olaraq
niimunalarin mexaniki mohkamliyi oyranilmigdir.

Bork cisimlorin osas sinaq parametrlorindon biri mexaniki mohkomlik vo mikro-
borklikdir. Gostorilon parametrlor mexaniki gorginliklora gars1 cismin miigavimatini vo
deformasiya qabiliyyatini xarakteriza edir.

Tadqiq edilon kompozitlorin do mexaniki xassalorinin dyronilmasi vo onlarin xarici
mexaniki tosir baximindan davamliligi shomiyyat kasb edon masaladir.

Molumdur ki, méhkomlik nozoriyyasi dagilmanin energetik kriteriyasina vo catlarin,
struktur bosluglarinin otrafinda yaranan lokal yiiksok intensivliyo malik gorginliyi
hesablamaga imkan veran elastiklik nozariyyasing asaslanir.

Qeyd edak ki, hal —hazirda polimer materiallarin tam birmonali dagilma noazariyyasi
movcud deyildir.

Mexaniki dagilma prosesinin nisbaton tam nozoriyyasi siiso vo bozi metallar {iciin
movcuddur [1, 3]. Mexaniki dagilma prosesinin tadqiqinds Qrifits nozariyyasi miihiim rol
oynayir.

Biitiin aktiv vo passiv kompozitlords oldugu kimi kompozit geyri —xatti miigavimatlor
ticlin do elektrik vo mexaniki xassolorin 0yronilmasi xiisusi shomiyyat kasb edir. Elektrik vo
mexaniki mohkomliklorin toyin edilmesi kompozitlorde varistor effektinin formalasmasi
zamani elektron-ion proseslorinin vo fazalararasi tosirlorin rolunu 6yronmoys imkan verir.
Bunlardan basqa gosterilon makroskopik parametrlorin toyin edilmosi kompozit varistorlarin
istismar rejimlorinin optimallasdirilmasinda da boyiik shomiyyat kasb edir.

Mogqalado yarimkecirici vo polimer asasli kompozit geyri —xatti miigavimatlorin mexa-
niki xassalarinin dispergatorun hacmi faizindon va polimer matrisasinin néviindon (polyar va
ya geyri-polyar) asili olaraq doyismasi tadqiq edilmisdir. Kompozitin komponentlari kimi toz
halinda yarimkecirici monokristallik silisiumdan (p-tip Si), polyar polivinildenftoriddon
(PVDF) vo qeyri —polyar polipropilendon (PP) istifado olunmusdur. Qeyri —xatti
miigavimatlorin alinmasi ii¢iin lazzm olan monokristallik Si, ovvalcadon farfor kiirali
doyirmanda donaciklorinin 6lgiicii 60 mkm daha kigik olana goader iiylidiilmiisdiir. Kompo-
zitlor, komponentlorin homogen garisiginin 180°C temperatur vo 15 Mpa tozyiq altinda isti
preslonmasi yolu ilo alinmigdir. Sintez edilmis niimunalor buzlu suda mohkomlotma iisulu ilo
soyudulmusdur. Tadqiq edilon kompozitlorin torkibi genis diapozonda (uygun olaraq 30-60%
Si vo 70-40% PP) doyisir. Nimunolorin qalinligt 150mkm —o borabordir. Almnmis
kompozitlarin sathing giimiis mocunu ilo 6 mm diametrds 6l¢ii elektrodlar ¢okilmisdir.

Sokil 1-do yarimkecirici Si vo miixtalif polimer osasli kompozitlorin mexaniki
mohkomliyinin dispergatorun hacmi faizindon asililiglart verilmisdir. Sokillordon goriiniir ki,
matrisadaki polimerin néviindon asili olmayaraq dispergatorun hacmi faizi artdigca mexaniki
mohkomlik azalir. Bununla yanas1 mexaniki gorginliyin qiymoti PVDF osasli kompozitdo PP
osasli kompozito nisbaton 1,5 dofs ¢coxdur (sokil 1). Alinan naticalari izah etmak {i¢iin nazara
almaq lazimdir ki, polimerin real qurulusunda defektlor coxdur vo kompozitdo daxili
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gorginliyin qiymati do bdyiikdiir. Temperaturun sabit giymotindo niimunoys na qador ¢ox

gorginlik verilorsa, kimyavi alagalarin qirilma ehtimali da bir o qodar ¢ox olar.
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Sakil 1. Si va polimer asasli kompozitin mexaniki mohkamliyinin
disperqatorun hocmi faizindon asililig1

Qrifits nazoriyyasina [4] gbro bu gorginlik ¢atlarin artmasina gatirib ¢ixarir vo bunun
naticosindo niimuns dagilir.

Mexaniki méhkomliyin kinetik nazariyyasina [3] asason kompozitlords disperqatorun
hacmi faizi artdiqgca mexaniki mohkamliyin azalmasinin asas sabaoblorini agsagidaki kimi izah
etmak olar:

1) Kompozitds disperqatorun hissaciklori arasindaki polimer matrisanin rolu boytikdiir
vo kompozitin mexaniki méhkomliyi disperqatorun hissaciklori arasindaki polimer gati ilo
toyin olunur. Ona goro do disperqatorun hocmi faizi artdigca kompozitin mexaniki
mohkomliyinin azalmasi disperqatorun hissociklori arasindaki polimer qatinin azalmasi ilo
olagodardir.

2) Matrisanin (polimerin) makromolekullar1 arasindaki istilik enerjisi hissaciklor
arasinda barabaor paylanmadig ii¢iin bu enerji miisyyan bir hissoya daha ¢ox diisiir vo bu da
0z novbosindo niimunonin dagilmasinin osasini qoyan catlarin yaranmasina sabab olur.
Zaman kecdikco bu catlar kompozitds daha boyiik ¢atlara ¢evrilir vo naticods niimuna dagilir.

Is [3]-a osason ovozedicisi nizamsiz olan polimerlor amorf olurlar vo onlarin
kristallagma doracasi kigik olur. Polipropilen polimerinin avozloyicisi olmadigi ii¢iin onun
kristallagma doracasi polivinilidenftorid polimerinin kristallagma dorocosindon boyiikdiir.
PVDF polimerinds avazedici fliior atomlar1 hesabina onlarin kristallasma daracasi azdir (50-
60%).

Qeyd edak ki, PVDF polimerinds fliior atomu {istiinliik toskil edir vo elektromanfiliya
malik olan flior atomu ilo karbon atomlar1 arasindaki rabito cox giiclidiir (onlarin
parcalanma enerjisi 480 kC/mol-dur). Buna goéro do fliior atomlar1 ilo polimer atomlari
arasindaki rabitoni qirmaq tictin homin sistema bdyiik qiivve sarf etmok lazimdir. Aldigimiz
tocriibalor deyilonlori tasdiq edir.

Belalikla, demak olar ki, matrisast polyar PVDF olan kompozitlords, matrisasi geyri-
polyar PP olan kompozitlora nisboton mexaniki mohkomliyin ¢ox olmasinin asas sobabi
PVDF polimerinds yiiksok elektromanfi xassoys malik fliior atomlarinin olmasidir.
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Si/OLIQO- B-NAFTOL /METAL HETEROSTRUKTURLARINDA ELEKTRIK
KECIRICILIK MEXANIZMLORININ XUSUSIYYOTLORI.

R.K. Hiiseynov, N.I. Quliyev, S.K. Riistomova
Gonca Dovlat Universiteti

Mogqalodo silisium [ —oliqo naftol osashi heterostrukturlarin alinma texnalogiyasi
islonib hazirlanmisdir. (100 — 300) K temperatur vo (0,1 -100) V elektrik sahasi intervalinda
nazik tobogoli kompozitlords yiik dasitmanin mexanizmlori dyronilmisdir.

Bork cisim elektronikasinin inkisafi, bir torofdon yarimkegirici materiallarin
alinmasinin yeni metodlari, digor torafdon, onlarin elektrofiziki parametrlorinin tadqiqi ilo
kosilmoz baghdir. Belo ki, yeni yarimkegirici cihazlarin yaradilmasi yarimkegirici
materiallarin daha inco xassolorinin dyronilmosini tolob edir. Qeyd edok ki, yarimkecirici
cihazlarin xassolorini miioyyonlosdiron asas parametloring xiisusi miigavimati, yiiriiklilyi vo
yiikdastyicilarin - konsentrasiyasi, donor, akseptor vo dorin tololorin konsentrasiyast,
yiikdasiyicilarin yasama miiddati vo s. aid edilir. Qeyd edilon parametrlorin todqiginin
miixtolif metodlart movcuddur: elektrik, optik, fotoelektrik vo s. Bu halada metodlar
niimunonin strukturunu dagitmamali vo xiisusi isloma tolob etmomolidir. Nozoro almaq
lazimdir ki, xiisusi elektrik keciriciliyinin ol¢iilmasini texnoloji proseslordo yalniz verilon
parametrin miisyyanlosdirilmasi ii¢iin yox, hom do yarimkegirici materiallarin digor vacib
parametrlarini dolayr metodlarla tayin etmak ii¢iin istifado etmak olar.

Aparillmis todgiqatlar zamani n —Si-dan vo oligo —f —naftol nazik tobogolorindon
yaradilmis heterostrukturlarda keciricilik mexanizmi vo yiikdasinmasi eksperimental olaraq
arasdirilmigdir. Niimunolor Si qurulusundan oliqo-B-naftol/metaldan ibarot olmusdur.
Niimunalorin saholori 12-200mm” se¢ilmisdir. Polimer olaraq 1-10mk qalinlight oligo —8 —
naftol istifado edilib. Polimerin bu ciir se¢ilmosinin sabobi onun hom metal, hom ds
yarimkegirici althiglarla yaxs1 tobago amala gatirmasilo baghidir.

Gostarilon strukturlarda altliq olarag hom p, hoam do n tip Si —dan istifads edilir.
Onlarin oriyentasiyast (100) miistavisi boyunca olur. Tadqiqat isindo osason n —Si-altligh
strukturlarin tadqiqinin natcalari verilir. Nozarat kimi M —Polimer-M strukturu yaradilib. Bu
struktur 0ziinii M—P-M tip “sendivi¢” kimi aparir.

“Sendvi¢” hazirlanarkon iizorino polimer tobago ¢okilon asagi elektrod kimi glimiis
pastasindan, yuxari elektrod kimi mis pastasindan istifads edilir. Tadqiq olunan niimunalorda
polimers omik kantakt kimi giimiis pastasindan istifads edilir.

[lkin olaraq n-Si-un sothino UVN71-P3 vakuum qurgusu ilo Au+Sb orintisi ¢okdiiriiliir.
Metallik 16vho vo silisium tobaqosi {izorino xiisusi holl edilmis oligo —f -nafyol
cokdiiriilmgdiir. Oliqo —f —naftol tobaqgasi biitév bircinsli metallik goriiniiglii tobaga amala
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gotirir. Tobaqgenin, bircinsliliyina optik iisulla nazarst edilir. Niimunalori qurutmaq ii¢iin
xlisusi temperatur rejimi secilmomisdir. Qurudulma UVN71-P3 qurgusunda bir ne¢o saat
orzinds aparilir.

Tadqiq olunan niimunslords yiik dasiyicilarin dasinma miixanizminin xiisusiyyatlorini
Oyronmok ligiin sabit coroyan rejiminds voltamper xarakteristikast (VAX) cixarilmisdir.
Olgmolor 100-300K temperatur intervalinda diiz vo oks coroyanlar rejimindo aparilmisdir. Bu
rejim asagidaki kimi reallagdirilir: Si altliginin omik kontaktina yuxari elektroda nazoron
miibot vo monfi gorginliklor verilir. Biitiin todqiq olunan strukturlar diizlondirmo
xiisusiyyatlorino malik olmusdur.

Strukturdan kecon coroyan siddotinin gorginlikdon asililigt I=f(U) geyri—xatti
xarakterli olur. Bundan olavo VAX-1n geyri —xotti xarakteri hom tors, hom do diiz corayanlar
iciin dogru olub, biitiin temperatur diapazonunda saxlanulir. Bununla yans1 diiz coroyanin
giymoati toxminon bir tortib yiiksak olur. /=f(U) asililiglarindan goriiniir ki, temperatur
artdigca VAX-1 niimunoalorin sahasinin  ki¢ik qiymatlorine dogru siiriisiir. Elektrik
keciriciliyinin temperaturun tors giymotindon asililigi hom diiz, hom do tors carayan iiciin
eksponensial xarakter dasiyir. Bu asililigin xarakteri bir-birindon aktivlogsma enerjisi ilo
forqlonir.

Qeyd edok ki, metal-polimer-metal quruluslarinda heterostrukturlardan forqli olaraq
biitiin gorginlik oblastinda VAX —1 xattiliyi ilo forqlonir. Tacriibalorin naticolori gostarir ki,
tadqiq olunan niimunalords yiiklorin daginma prosesi bir neco mexanizmlo hoyata kecir. Cox
sayli tadqiqatlar [2, 4, 5] gostorir ki, homin mexanizmlor asagidakilar ola bilar: Yiiksok
temperatur intervalinda Sotki kimi termoelektrik emissiyasi, homginin asagl temperatur
intervalinda tunel emissiyasi.

Eksperimental naticalor tadqiq olunan strukturlarda kegirici tobaga kimi genis zonali
(E,=2.2¢eV) polimerlordan istifado olunmasi 119 izah oluna bilir. Bu da yiikalarin ¢opari kegma
ilo daginmasimi biryigmatli izah eds bilmir. Ciinki bu halda c¢oporin hiindiirliyii 1-2eV
intervalinda doyismali idi. Goriinlir polimer yarimkecirici vo metal polimer sorhaddindo
coparin formalagmasi bas verir. Demali, metal polimer sorhaddindo coparin hiindiirliiyii
kontakt yaradn elektrodun Fermi soviyyasi ilo tutma saviyyalorinin forqi kimi toyin edilir [4].
Sonuncular polimerin qadagan olunmusg zonasinin ortasina yaxin hissado yerlosir.

Tutma soviyyalarinin komayi ilo yiiklorin dasinmasi bas verir. Tutma soviyyalarinin
meydana golmasi polimerlordoki elektrodlardan injeksiya naticosindo yaranan olave yiiklor
[3] isindo gostorildiyi kimi, dorin tutma hallar1 yarada bilor. Injeksiya olunmus yiiklorin,
polimerin, makromolekullar1 ilo garsiliqli tosiri 6z ndvbasindo mokromolekul fragmentinin
polyarlagsmasinin artirilmasina gotira bilor. Bu halda biitiin dielektrik niifuzluguna malik
polimerin qeyri —taraz hali yaranir vo bir miiddotdon sonra relaksasiya noticosindo
elektronlarin daha doarin talalors ke¢cmasi bas verir.

Beloliklo, todqiq olunan  niimunslords  yilikdasiyicilarin  yiikkdasinmasinin
xlisusiyyatinin arasdirilmasi ilo miioyyon edilmisdir ki, yiiksok temperaturlarda Sotki vo
Saho-tunel emissiyalarininkdmaoyi ilo yiiksok saholordo tolo soviyyoleri iizro sicrayish
keciricilikdo alinmis naticolari izah etmok olar. Yiikdasinmasinin mexanizmlori miixtolif
temperatur intervallarinda va elektrik sahalorinin miixtalif qiymatlorinds ddonilir.
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Ag:S BIRLOSMOSININ FAZA KECIDI VO ONUN YAXIN OTRAFINDA
ELEKTRIK XASSOLORININ OYRONILMOSI

S.M. Abdullayev, N.i. Quliyev, S.0. Mommoadova
Gonca Dovlat Universiteti

Mbaqalads Ag,S yarumkecirici birlagmoasinin faza kecidi va onun yaxin atrafinda

elektrik xassalori oyronilmisdir. Kristalda FK oblastinda elektrik keciriciliyinin va
elektronlarin yiiriikliiytiniin kaskin artmasi miisahido edilmigdir. Faza kecidi araliginda
elektrik keciriciliyi toxminon 9 dafs artir. Holl amsali (R) isa 1.6 dafs azalir. Naticalorin
analizi gostorir ki, bu artum birlogmonin qadagan olunmus zonasimin eninin kicilmasi
hesabina bas verir.

Elektron proseslari FK oblastinda bas veran dayisikliklora ¢ox hassasdir. Bu sababdon
FK oblastinda maddanin elektrik xassalori hagqinda malumatlar bu oblastda bas veran fiziki
proseslorin mahiyyatini anlamaga imkan verir. Ag,S birlogsmasi struktur tip faza kecidino
malik olub, bu baximdan istisna toskil etmir.

Faza kecidi nozoriyyasinag asaslanaraq, bir ¢ox hallarda eksperimental naticolorin analizi
zamani, bir fazadaki elektrik xassolori digor fazaya ekstropolyasiya edilir. Bu zaman FK
oblastinda bas veron anomaliyalar nozora alinmir. Masolon, Ag,S birlogsmasinin analoqu olan
Ag,Te —da elektrik xassolorini todqiq etdikds struktur faza kec¢idindon (SFK) avval va sonra
cox dar temperatur intervalinda o(T) —nin koskin artdigi malum olmusdur. Bu zaman o(T)
maksimumdan, termo.e.h.q. amsali d(T) — iso minimumdan kegir [1, 2].

Giimiis halkogenidlorinin FK oblastinda elektrik xassolorinin dyronilmasina bir ¢ox
islor hasr edilmisdir. Bunlar asason Ag,Te vo Ag,Se kimi birlosmalords aparilmisdir [3, 6].

Bu islords hor bir faza li¢iin zona parametrlori, qadagan olunmus zonanin eni (Ey),
elektronlarin effektiv kiitlosinin konsentrasiyadan asililigi — m (n), sopilmo mexanizmlori
toyin edilmisdir.

Amma, Ag,S giimiis xalkogenidlori igaorisindo az todqiq olunamidir. Bunun sabobi
birlosmonin stexiometrik bircins niimunslorinin alinmasinda qarsiya ¢ixan c¢otinliklordir. Bu
texnoloji ¢otinliklor aradan qaldirildigdan sonra Ag,S —in FK araliginda elektrik xassolori
todqiq edilmisdir [5].

Alinan eksperimental naticalors asason o(T) vo R(T) asililiginin grafiki qurulmusdur.
Oyanilik ii¢iin har iki asililigin grafiki eyni sokilds yerlosdirilmisdir (sokil 1).

Goritindiiyti kimi faza kecidi araliginda elektrik keciriciliyi toxminon 9 dofs artir, Holl
omsali (R) isa 1,6 dofo azalir. o(T) vo R(T) —nin bu ciir asililigr giiclii cirlasmis elektron
gazinin keciriciliyino uygun golir. Demoali, bu halda 6°'R hasili yiikdasiyicilarin yiirtikliyii
kimi baxila bilor. Qeyd etmok lazimdir ki, faza kec¢idi aralifinda ¢ —nin doyigsmasi hom
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konsentrasiyanin, hom do yiiriikiiliiyiin doyismasi hesabina ola bilor (6=enu). R —in 1,6 dofa
azalmasi elektronlarin konsentrasiyasinin 1,6 dofa artmasi ilo izah edils bilor (R=1/ne).

o doqquz dofo artdigindan, demoali Ag,S —do SFK —do yiikdasiyicilarin yiiriiklityii
koskin artmalidir. Dogrudan da elektronlarin yiiriikliiyliniin x(T)=0R ifadasi osasinda
qurulmus grafik asililigin naticaloring asason soylomok olar ki, x toxminon 5 dofo artir.
Yiirtikliiylin bu ciir koskin artmasinin sobabini izah etmok ii¢iin xu(T) —nin kristalin zona
parametrlorindon, sopilmo mexanizmlarindon asililigina baxmaq lazimdir. Nozariyyoya goro
yarimkegiricilorde cirlasmis elektron qaziin yiiriikliiyli qofosin istilik rogslorinden sopilma
zamani asagidaki kimi toyin edilir [4].

2 1/3 .2
PY; n'“w,

ﬂop =

W PEm’ ¢ m? . )

/’lak. =

Molumdur ki, yarimkegiricilordo T>6, temperaturlarda elektronlarin sopilmo
mexanizminds akustik fononlardan sopilma iistiinliik toskil edir [3,6]. Demali, (1) ifadasinda
ancaq Ua — U aragdirmaq lazimdir.

Burada p —kristalin sixlig1, E —deformasiya potensiali sabiti, m’ —elektronlarin effektiv
kiitlosi, n —konsentrasiyasi, v,—kristalda sasin siirotidir (akustik fononlarin).

Qeyd edak ki, giimiis halkogenidlorindo p —nun dayismasi ¢ox ciizidir [7, 8]. Bu isdo
hom do gostorilmisdir ki, FK araliginda v, - da hiss olunacaq qodar doyismir. Deformasiya
potensiali sabiti iso (E) hotta kristaldan —kristala demak olar ki, doyigsmir. Demali yiiriikliik n
vom —dan asili olmalidur,

Alinan eksperimental naticoys gora Ag,S birlosmasinda p artir. (1) ifadasine gors iso
konsentrasiyanin 1,6 dofo artmasi, ¢ —niin 1,15 dofs azalmasina sobab olur. Demali, FK
araliginda (1) ifadasino asason elektronlarin effektiv kiitlosi 2,7 dofo azalmalidir ki, u bes dofa
artmus olsun. Kuin nozoriyyoesine gére m" ilo qadagan olunmus zonani eni arasinda birbasa

asililig vardir. Demali, FK araliginda Ag,S birlosmasinds gadagan olunmus zonanin eni 2,7
dofo kigilir.
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Cu,;sNiy0,.Se MONOKRISTALLARINDA QURULUS FAZA CEVRILMOLORI

V.1. Nasirov, R.V. Abasov, R.B. Bayramov, A.G. Rzayeva
Azarbaycan Dovlat Pedaqoji Universiteti
bayramov.razim @mail.ru

Yiiksok temperaturlu rentgenoqgrafik metodla Cu, ¢Ni,o,Se kristallarinda qurulus faza
cevrilmalori tadqiq olunmusdur. Miiayyan edilmisdir ki, Cu,Se kristalinda Cu atomlarinin
Ni atomlart ilo gisman avaz olunmast naticasinda alinan Cu; 96Nigo4Se kristallarinda rombik
modifikasiya T =470K temperaturda iizomarkazlosmis kub qafasdo indekslonmisdir.
Polimorf modifikasiyalarin kristal qafasi parametrlori va c¢evrilma temperaturlart tayin
olunmusdiir.

Verilmis xassalora malik quruluslart alds etmok fazalarin yaranma soraitini, qurulus,
faza cevrilmolorinin qanunauygunluqlarini, anion vo kation ovoz olunmalarinin homin
cevrilmolorin xarakterind tosirini aydinlagdirmagi tolob edir. Toqdim olunan is Cu,Se
kristallarinda Cu atomlarimin Ni atomlart ilo gismon ovoz olunmasi naticasinda alinan
Cu, 44 Ni, (,Se  monokristallarinda qurulug faza c¢evrilmalorinin  qanunauygunluglarinin

miioyyon edilmosino hosr olunmusdur. Hal diaqgramimna goro Cu—S sisteminin Cu,Se,
Cu,Se,, CuSe vo CuSe,birlosmolori vardir [1]. Bunlardan basqa homin sistemds Cu,_ Se
vo Cu,_  Se tipli birlogsmolords vardir. Digor birlosmolor kimi Cu,Se kristali da miixtalif
vaxtlarda miolliflor torofindon todqiq olunmus vo miioyyon edilmisdir ki, otaq
temperaturundan orimo temperaturuna kimi (T,=1386K) baxilan kristalda bir qurulus
cevrilmosi bas verir [2-4]. Miialliflorin bozilorino goro Cu,Se-nin asagl temperatur fazasi
tetragonal va rombik, yiiksok temperatur fazasi tizomarkozlogmis kub qofoso malikdir.

Todqiq etdiyimiz Cu, o, Nij o, Se monokristallart Bricmen iisulu ilo alinmig, ilkin
elementlor kimi B-3 markali mis, OCY markal1 selen, X4 markali nikel gotiiriilmiisdiir.

Alinan kristallardan 1x4x6mm’ 6lciilii miistovi 16vha sokilli niimunalor hazirlanaraq
DRON-3 markali rentgendifraktometrds CuK, siialanmasinda 0° <26 <100° bucaq interva-

linda tadqiqgatlar aparilmisdir.

Kristallarin monokristalliliq doracasini, habelo qurulus faza cevrilmasinin tipini
miioyyon etmok liciin xiisusi qizdiricr ilo tomin olunmus MPUC-M rentgen qurgusunda
cakiliglor aparmisdir.

T =300K temperaturda aparilan rentgendifraktometrik todqgigatlar zaman1 11
difraksiya oks olunmasi miisahido edilmis vo homin oks olunmalar parametrlori a =4,116 A,

b=17,004 A, ¢ =20,358 A olan rombik gofasds indekslonmisdir. Sonraki marhslads har 10K-
don bir cokilislor aparilmis vo T =300K temperaturda miisahido olunan difraksiya
manzarasi doyismomisdir.

T =470K temperaturda iralido geyd etdiyimiz bucaq intervalinda aparilan ¢okilislor

difraksiya monzarosinin tamamilo doyisdiyini gostormis vo 3 difraksiya oks olunmasi geydo
almmisdir. Homin difraksiya oks olunmalari parametri a = 5,853 A olan iizomerkozlosmis kub

gofasds indekslonmisdir. Cadval 1-da ¢okilon difraktogramin hesabati verilmisdir.
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Cadval 1.
Cu,; 96Niyp.Se kristalindan alinan difraktogramin hesabati siialanma:
CuK(A=1,5406A), rejim: 35 kv, 10mA

T.K 20 d, A 1/1, hil Elementar qafgsin
parametrlori
13°24" 6,612 10
26°50" | 3314 65 011
40°10” 2,245 70 8;%
a4°21 | 2038 1001 60,10
52°18’ 1,751 70 040 a=4116A
60°55’ 1,503 28 047 b=17,004 A
300 7120’ 1,328 75 055 ¢=20,358 A
80°50 1,185 15 330
26°10" 1131 s 00.18
96°42’ 1,029 50 400
o 422
99°30 0,982
26"23 3,383 90 111
470 52°15 1,689 20 222 a=5853A
85°47’ 1,126 35 333

T, =300K temperaturda (sokil 1,a) vo 7, =470K temperaturda (sokil 1,b) ¢okilon

laneqramlar todqiq olunan kristallarda qurulus faza ¢evrilmosinin monokristal<>monokristal
tipli oldugunu gostormisdir.

a) b)
Sakil 1. Cu; gsNig,04Se monokristalinin T=300K (a), T=470K (b)
temperaturlarda ¢okilon laneqramlari

Belalikls, aparilan todgiqatlar gostormisdir ki, Cu, 4 Ni, ,Se kristallarinda qurulus

faza cevrilmoalori rombik—iizomarkozlogsmis kub sxemi tizro gedir. Cadval 1-don goriiniir ki,
bu c¢evrilmo zamami rombik gofosin (022), (040) vo (00.18) miistovilorinin yerino
tizomarkazlosmis kub gofasin (111), (222) vo (333) miistovilori yaranir vo oksina. Bu o
demokdir ki, (022)=>(111)y, (040)=>(222); vo (00.18)+>(333), miistoviliri arasinda slaqo
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vardir. Daha dogrusu toadqiq olunan kristallarda I«<>II cevrilmolori zamanm garsiliql ¢evrilon
modifikasiyalar arasinda sort kristallografik istigamat olagolori vardir.

ODOBIYYAT

M. XanceHn, K. Augepko. CTpykTypa ABOMHBIX CIIaBoB, M, 1962

R. Ralfs, Z. Phys. Chem, B31, 157, 1936

M.Ka3unen Kana. guccepranus, baky, 1969

10. I'. Acanos, I'.A. [Ixxabpaunosa, B.M.Hacupos, 13B. AHCCCP, «Heopr. matep»
T.8. Ne6, 1144, 1972

el

TERMIK ISLONMONIN p-GaAs/n-Cd;.,Zn,S;,Te, HETEROKECIDLORININ
ELEKTRIK XASSOLORINO TOSIRI

H.M. Mammadov, V.U. Mammoadov

Baki Dovlat Universiteti
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Isdo sulu mohluldan elektrokimyavi ¢okdiiriilma tisulu ilo alinmis Cd, ,Zn,S, Te, nazik
tobogolorinin tutum —volt xassalori nazik tobagolorin torkibindon vo arqon miihitinds termik
islonmo rejimindon asili olaraq tadqiq edilmisdir. Miioyyon edilmisdir ki, arqon miihitinda
390°C-do 14 doqige orzindo termik islonmadon sonra p —GaAs/n —CdyasZng5S5Te0,
heterokecidlori 6zlorini koskin heterokecid kimi aparir vo C? =fU) asihiligi dogiq xatti
ganuna tabe olur. Volt —farad xarakteristikasindan todqiq olunan heterokecidlor iiciin
potensial ¢oparin hiindiirliiyii (¢ = 0.61V) toyin edilmisdir

Molumdur ki, yarimkecirici materiallarin vo onlarin osasindaki miixtolif tipli
strukturlarin parametrlori uzunmiiddatli saxlanma vo is prosesinda elektromaqnit siialarinin,
temperaturun vo elektrik sahasinin tosirindon asili olaraq hiss olunan doracodo doyisir. Xarici
amillorin bu ciir monfi tosirlori cihazilarin praktik totbiq imkanlarini cotinlosdirir. Bu
moqsadlo yarimkecirici materiallarin parametrlorinin xarici tosirlordon, o ctimlodon do termik
islomadoan asili olaraq dyronilmasi aktual olaraq qalir [1-3].

Biitiin bu problemlor nozoro alinaraq isdo sulu mohluldan elektrokimyovi ¢cokdiirmo
tisulu ilo alinmis Cd,,Zn,S,,Te, nazik tabagalorinin tutum xassalori arqon miihitinde termik
islomo rejimindon asili olaraq todqiq edilmisdir.

Sokil 1 —da p —-GaAs/n —Cd,.Zn,S,,Te, heterokecidlorinin bilavasito ¢cokdiiriilmadon
sonra volt —farad xarakteristikalar1 tosvir edilmisdir.

Sokildon goriindiiyii  kimi, todqiq etdiyimiz heterokegidlorin volt —farad
xarakteristikalarinda n-Cd,.Zn,S,,Te, nazik tobogolorinin torkibindon asili olaraq bir ne¢o
hisso miisahids edilir. Bels ki, x< 0.7 va y =0.2 torkibli heterokec¢idlords oksina istigamotda
tutumun gorginlikdon asililiginda bir ne¢o hisso miisahido olunsa da, miisbat istigamotdo bu
clir hissolor demok olar ki, yoxdur. Bundan olavo, oksina istigamoatdo kegidin tutumunun
ododi giymoti do diiziino istigamotdokindon boyiikk olur. x=0.7+0.75 vo y=0.2 torkibli
heterokecidlor tutumun gorginlikdon asililigindaki qgrafikindo miisahido olunan hor iki
istigamotdo bozi ciizi konaragixmalar istisna olmaqgla diod strukturlara xas olan asililiq
miisahido olunur. x#0.7+0.75 vo y#0.2 torkibli heterokecidlordo iso tutumun gorginlikden
asitlii@indakinin qgrafikinde miisahido olunan hissolor yalnmiz xarici gorginliyin miisbat
istigamoatinds Oziinli gostorir.
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T T
Cdngzna \Sa sTea 2
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Sakil 1. Miixtalif torkibli p—GaAs/n—Cd,Zn,S,,Te, heterokegidlerinin bilavasito
cokdiiriilmodon sonra otaq temperaturunda f =100kHs tezlikdo VFX —1

Oldo etdiyimiz tocriibi noticolor imkan verir deyok ki, nazik tobogolorin torkibinin
doyismasi ilo tadqiq etdiyimiz heterostrukturlarin kecid oblastinda yiikdasiyicilarin paylanma
xarakteri do doyisir. Qeyd etdiyimiz kimi, bilavasito ¢cokdiiriilmodon sonra bu heterokecidlor
biitovlitkds mikro— vo ya nano —heterokecidlor tagkil olunmus bir matrisdon ibaratdir. Nazik
tobogolarin torkibinin doyismosi ilo kontakta gotirilmis materiallarinin gofos parametrlorinin
forqlonmosi doracasinin doyismosi  naticesindo mikro— vo ya nano —heterokecidlordoki
miisbot vo monfi yiiklorin nisboti doyisir. Belo ki, sotho absorbsiya olunmus oksigen
molekullart sothin miixtalif hisslorindo —daha doaqiq desok heterokecid matrisinin miixtalif
hissolorindo eyni konsentrasiyada olmur. Bu da timumi heteroke¢id matrisindo elektrik
dipollarinin paylanma xarakterini (¢cox ehtimal ki, elektrik dipollarinin istigamatini) doyisir.
Noticoado, todqiq olunan heterokegidlorin volt —farad xarakteristikalarinda miixtalif meyilli
hissalordon yaranir.

Argon miihitinds termik islonmodon sonra kecid oblastinda yiikiin paylanma xarakteri
dayisir (sokil 2).

Belo ki, gofos parametrlori cox yaxin olan p —GaAs vo n —Cdy,5Zng;5505Te€,, clitii
osasindaki heterokecidlorin VFX —da digor torkibli strukturlarda da miisahids olunan
konaragixmalar aradan qalxir vo tutumun giymoti kicilir. Kecid tutumunun gqiymetinin
miisahido olunan azalmasi gostarir ki, termik islonmo zaman1 sothdon oksigenin desorbsiyasi
kecidyan1 oblastda elektrik dipollarinin konsentrasiyasini azaldir. Termik islonmo zamani
nazik toboagolorin rekrsitallizasiyasi naticasindo mikro— vo ya nano —heterokecidlorin matrisi
birlogorok 6zlorini vahid bir heterokecid kimi aparir. Natico etibarilo yekunda optimal elektrik
parametrlorino malik heterokecid formalasir. Qeyd edok ki, termik islonmadon ovval
heterokegidlorin elektrik tutumunun C"=f(U) asililiginda ya xatti ganun miisahido olunmur,
ya da xotti qanun niimayis etdiron heterokecidlordo n# 2 qiymsotini alir. Hatta gofas
parametrlori ¢ox yaxin olan p-GaAs va n —CdysZngssS05Te,, clitliyli osasindaki
heterokegidlords n=1.7 olur. Lakin arqon miihitindo 390°C-ds 14 doqiqo orzinds termik
islonmadon sonra p —GaAs/n —Cd,,5Zn,75505T€,, heterokegidlori 6zlorini koskin heterokecid
kimi aparir vo C? =f(U) asililig1 dogiq xatti ganuna tabe olur (sokil 3).
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Sokil 2. p-GaAs/n-Cd,,5Zn 7550 5Te,, heterokecidlorinin arqon miihitindo
miixtolif rejimlords termik islonmodon sonra VFX —1

Tocriibado alinmig asililigin grafikin gorginlik oxuna aproksimasiyasi osasinda todqiq
olunan heterokecidlor iiclin potensial coparin hiindiirliiyli (¢x=0.61V) miioyyon toyin
edilmisdir.

Todqiq olunan heterokecidlar iiciin tocriibi dlgmalor osasinda qurulmus C?=AU)
grafiklorindan istifads edorak,

dC/0U =2(& Ny, +&N,,)/S* -gN N ,&¢, (1)
ifadosi osasinda Cd,,sZn,;5S.sTey, torkibli tobogolorindo elektronlarin  konsentrasiyasi
hesablanmisdir (Np;=2.1-10"”sm™). Hesablamalar zaman1 p —GaAs —da desiklarin konsentrasi-
yast ii¢iin, Nal=3-1016 sm™ gotiiriilmiisdiir.

Potensial c¢oporin hiindiirliiyiiniin VAX vo VFX —dan tapilmis qiymetlorinin iist —iisto
diismasi naticalorin real olmasimi vo mohluldan elektrokimyovi ¢okdiirma iisulunun kifayot
doracads yiiksok tokrarlanan vo doqiq tisul olmasini gostarir.

C*(10" F?

-1,2 I -1,0 I 0,8 I -0,6 I -0,4 I 0,2 I
U (V)
Sokil 3. p —GaAs/n —Cd,5Zn 7550 sTeg» heterokecidlorinin arqon miihitinde 390°C-ds
14 daqiga arzinds termik islonmadan sonra C?=f(U) miqyasinda VFX —1
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p—Pb,,Sn,,Te/n— PbTe HETEROKECIDLORININ TODQIiQi

S.N. Sarmoasov, E.S. Qarayev
Baki Doviat Universiteti
Ssarmasov@rambler.ru

Molekulyar dastalari vakuumda kondensasiya etdirmakla sliida va LiNbOj dielektrik
altliglar iizorinda p —Pb,.Sn.Te/n —PbTe anizotip heterostrukturlarin yaradilmast hayata
kecirilmisdir. Gostarilmisdir ki, heterostrukturun alinma soraitindon va altligin temperaturu-
nun dayismasindan heterokeciddon carayanin axma mexanizmini dayisdirmak miimkiindiir

Miixtalif althqlar tizorinde mitkommal kristal quruluslu p— va n— tip kegiriciliya, tolob
olunan elektrofiziki, fotoelektrik xassolora malik Pb, .Sn, Te epitaksial tobogoalorinin alinmast,
onlarin osasinda p-n kecidlorin, yliksok parametrli fotohossas elementlorin vo strukturlarin
hazirlanmasi elmi-texniki ohomiyyot kosb edon aktual mosalodir. A"VBY' tipli birlogmolorin
nazik tobagolorinin alinmasi {i¢iin optimal texnoloji prosesin se¢ilmasi istigamatinda, yiiksok
faydali is omsalina malik miixtolif heterostrukturlarin axtarisi vo onlarin xassolorini todqiq
etmoklo, yarimkegiricilor elektronikas1 ii¢iin  ¢oxfunksiyali cihazlarin yaradilmasi
istiqamotinds intensiv tadqiqatlar aparilir.

Biz p —Pb, . Sn, Te/n —PbTe heterokecidlorini almaq tiglin xiisusi maskadan, qalinlig
100mkm olan tantal 16vhodon istifado etmisik. Maska {i¢iin tantal secilmosi onun yiiksok
temperatura doziimliiliiyii vo buxarlandirilan maddo ilo qarsiliglt tosirdo olmamasi ilo
olagadardir. Ovvalcadon hazirlanmis LiNbO; v sliida althiglar qizdiriciya sixilaraq 30°S-don
380°S-0 godor qisamiiddotli (10 doqiqo) termik emal olunmusdur. Termik emal prosesi
althglarin sothindoki cirklonmoni aradan gotiirmok iiclin aparilmlsdir. Altligin sothinin
tomizliyi onun iizorindo epitaksial tobagolorin alinmasi {i¢iin olverigh sorait yaradir. Althga
madds buxarinin kondensasiyasi (1+3)-10°mm c.st. vakuumda Knudsen 6zoyindon hoyata
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Sliiuda iizorinds alinmis Pby,Sny sTe / PbTe hetero- LiNbO; tizorinda alinmis Pby;Sng ;Te / PbTe
strukturlarinin VAX-s1 hetero- strukturlarinin VAX-s1
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kecirilmis, cokdiiriilmo siiroti 3+4nm/san toskil etmisdir. Ilkin olaraq althga p-Pb, . Sn,Te
taboqgasi ¢okdiiriilmiig, texnoloji oyuq vakuumdan azad olunaraq buxarlanma manbayi
doyisdirilmis vo maska 90° dondorilorok n —PbTe nazik tobaqasi ¢okdiiriilmiigdiir. Belo
hazirlanmis niimunoalor bir-biri ilo kosison p —Pb, Sn,Te/n —PbTe zolaglarindan ibarat
strukturlara uygun golir [1] Belo hazirlanmis niimunoslors sonradan n- vo p- oblastlara uygun
olaraq indium vo giimiis kontaktlar ¢okilorak onlarin elektrik vo fotoelektrik xassalori tadqiq
edilmisdir.

Allnmis  tobogolorin  miixtolif temperaturlarda  volt-amper  xarakteristikalari
Olctilmiigdiir. Althgin asag (30+40S) temperaturlarinda alinmis p —Pb, . SnTe/n —PbTe
heterokegcidlorinin volt-amper xarakteristikalarinin 0l¢iilmosi hoyata kegirilmisdir. PbTe
tabagalari ¢cokdiiriilmadan avval althq iizorinds alinmis p-Pb, .Sn, Te nazik tobagoalori vakuumda
2 dogigo orzindo 550°S temperaturda termik islonmisdir. Todgiqatlar gosterir ki, belo termik
islomo Pb;SnsTe nazik tobogolorinin sothinin hamarlanmasina sabab olmagla yanasi, sothdon
bir neco mono-gatin buxarlanmasi ilo miisayat olunur [2]. Nozarot {i¢iin ayrilmis Pb,,Sn,;Te,
PbTe niimunslorinds termik islomadon avval vo sonra elektronlarin difraksiyasi vasitasilo
aparilan todgigatlar sothdo oksid gatinin yaranmamasini niimayis etdirir.

Althgin asag temperaturlarinda alinan orientasiyali heterokecgidlor iiciin kosilmo
gorginliyinin qiymati yiiksok temperaturlarda alinmis heterokegidlor iigiin qiymatdon demaok
olar ki, forqlonmir. Osas yiikdasiyicilarin Holl effektindon toyin olunan konsentrasiyas: bu
halda 10"sm” olur. Pb,.Sn,Te tobagolorinin gadagan olunmus zonanin eni x=0.23 va x=0.3
torkiblari iiclin uygun olaraq 0.08 eV va 0.05 eV toskil edir. Althgmn asagi temperaturunda
alinan oriyentasiyaya malik olmayan tobagalarin heterokecidindo kosilmo garginliyinin qiymati
demok olar ki, bir tortib boyiik olur. Bu giymot tobogolorin defektli strukturunun olmasi ilo
olagolondirilir. Althgin yiiksok temperaturlarinda goyardilon heterokecidlorin diiz istigamatdo
volt-amper xarakteristikasinin todqiqi gosterir ki, gorginliyin asagi qiymatlorinda corayanin
axmasi kifayot godor ugurla generasiya-rekombinasiya mexanizmi ilo uygunluq toskil edir.
Bu oblastda heterokecidlorin VAX-1 1=l exp(eU/BkT) ifadssi ila toyin olunur vo B gostorilon
temperaturda ikiya barabar olur. Diiziino gorginlik S0mV-a catdiqda corayanin artma siirati
zaifloyir vo demok olar ki, temperaturdan asili olmur.

Asag1 temperaturlu orientasiyali tobagalor asasindaki heterokecidlor oksina qosuldugda
axan coroyanin giymoti totbiq olunan gorginliyin ~0.5V giymotino godor elektrik sahoasindon
asilt deyil. Gorginliyin sonraki artimi desilmo sobobindon oks coroyanin artmasi ilo miisayot
olunur. Orientasiyaya malik olmayan tobagolor osasinda yaradilan heterostruk-turlarda da
analoji voziyyat miisahido olunur. Oks istigamatds totbiq olunan gorginliyi artirdigda
heterokeciddon axan carayanin avval zoaif artimi bas verir, Uy=0.1V giymatindon sonra iso
volt-amper xarakteristikast xotti qanunla tosvir olunur. Bu coroyan axmalar ilo alagolondirilo
bilar.

Heterokecidlorin elektrik xassolorinin todqiqi osasinda miioyyon edilmisdir ki,
nisboton asagi temperaturlarda diiziino istiqgamotdo heterosorhaddon axan corayan iki
mexanizmlo idaro olunur: nisboton asagt gorginliklordo (U<70mV) volt-amper
xarakteristikas1 eksponensial ganuna tabe olsa da temperaturun artmasi ilo asililiin meyli
azalir (=2) [3]. Nisbaton boyiik gorginliklords volt-amper xarakteristikasinin meyli doyismir.
Bu naticolor kigik gorginliklordo strukturdan tunel corayanlarinin axmasi ilo, nisboton boyiik
gorginliklordo iso coroyanin axmasinin tunel-rekombinasiya mexanizmino uygun golmaosi ilo
izah olunur. Struktur, elektrik vo spektral todgiqgatlar PbTe vo Pb, ,Sn,Te nazik tobagslarinin
fiziki xassolorindo texnoloji amillorlo kvant oOlc¢ii effektlorini forqlondirmoys, uygun
xarakteristikalarin dayanigligini toyin etmoyo imkan vermisdir.
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Dy,SnSe; BIRLOSMOSININ RENTGEN QURULUS ANALIZi VO
ISTILIKKECIRICILiYi
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Azarbaycan Dovlat Pedaqoji Universiteti
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SnSe-Dy,Se, sistemindo qarsiliqlt xaraktri kompleks fiziki-kimyavi analiz metodlari
ilo toadqiq olunmus, hal diagrami qurulmusdur. SnSe do Sn atomlar1 gismon Dy atomlar ilo
ovoz olunduqda bark mohlullar omalo goldiyi vo bir sira fiziki-kimyovi xassolorin doyisdiyi,
miloyyon edilmisdir. Sistemda SnSe asasinda bark mohlul oblasti otaq temperaturunda DySe-
nin 0-3 mol% intervalim ohato edi. Komponentlorin 1:1 nisbatindo, 855°C temperaturda
inkonquruent oriyon, elementar gofos parametrlori a=12,88; c=14,38A, c/a=1,1164; Z=11,
V=2066A" olmaqla, heksoqonal sinqoniyada kristallasan Dy,SnSe, birlosmasinin alindigi
gostorilmisdir. Dy,SnSe, iiglii birlogsmasinin xiisusi elektrikkeg¢iriciliyinin, termo —e.h.q.-nin
vo xiisusi istilikkegiriciliyinin temperatur asililiqlar tadqiq olunmusdur.

Sintez havasit 0,1333Pa tozyigo qodor sorulmus kvars ampulalar ampulalarda
aparilmigdir. Sintez iki morholodo hoyata kecirilmisdir: ilkin moholodo ampula maddos ilo
birlikde 4-5dar/daqiqe siirati ilo selenium arimo temperaturuna qadar qizdirilmig vo 3-4 saat
bu temperaturda saxlaniimisdir, sonr a temperatur torkibdon asili olaraq 950-1000°C-o qodor
todricon qaldirilib vo 8-9 saat saxlanilmigdir. Alinmis niimunalor 580 °c temperaturunda 120
saat homogenlogmo liciin tablamaya qoyulmusdur

Parlaq boz rongli SnSe—Dy,Se; sistem arintilori yigcam kiilgo soklindo alinir. Hava vo
suya nazaron dayanigli olan bu arintilors, lizvii halledicilor tosir etmasads konsentrasiyali
mineral tursular (HCl, HNO;, H,S0O,) va golovilordo (NaOH, KOH) parcalanir.

Orintilorin mikroborkliyi I[IMT-3 metallografik mikroskopunda, hor bir faza
mikrobarkloyin Ol¢iilmasindo se¢ilmis yiiko asason toyin edilmisdir. Niimunalorin sixliglari
isa piknometrik vo rentgenoqrafik metodlarla toyin edilmisdir.

Mikroqurulus analizi todqgiqatlar1 SnSe-Dy,Se; sistem orintilorindo Dy,Se;-iin 0-3mol%
intervalinda bir fazali, digor intervallarin iso iki fazali oldugunu gostorir. SnSe-Dy,Se; sistem
arintilorinds mikroborklik toyin edilorkon ii¢ miixtolif qiymatlor; SnSe osasinda alinmis o-
bork mohlullarina uygun (500-650) MPa, Dy,SnSe, iiclii birlosmasina uygun -2150MPa, vo
Dy,Se; birlosmasino uygun-2600MPa.
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Sintez olunmus niimunolorin differensial termik analizlori (DTA) xromel-aliimel
termociitlii alcaq tezlikli HTP-73 termoreqistratorunda aparilmisdir. Qizma siiroti 8dor/daq
olmusdur. Sistem orintilorinin DTA termoqrammalarda solidus vo likvidusa aid olan iki, ii¢
endodermik effektin oldugunu gostarir. Qizma va soyuma ayrilarinds miisahide olunan biitiin
termik effektlor donondir.

Rentgen qurulus analizi (RQA) Cu K, stialan ilo Ni filtiri ilo tochiz olunmus, D-2
PHSER modelli rentgen qurqusunda aparilmisdir. Baslangic maddslorin vo alinmis yeni
fazanin difroktoqramalarda geyd olunan xatlorin intensivliklori vo miistoviloraras1 masafolor
hesablanilmisdir (Sokil 1.). Difraktoqgrammadan goriindiiyii kimi difraksiya maksimumlari vo
miistoviloraras1 mosafo feni fazada baslangic birlosmoloro nozoron forqli olur. RFA-nin
naticalari SnSe vo DySe birlogmalarinin qarsiligh tasirinden komponentlorin 1:1 nisbatinda
yeni Dy,SnSe,licqat birlogmasinin yarandigin1 gostorir.

DTA, MQA, RFA, mikroborkliyin vo sixliglarin qiymotlorino osason SnSe-DySe
siteminin hal giagrami qurulmusdur (Sokil 2). Kvazi binar evtetik tipdo olan bu sistemdo
855°C temperaturda inkonqruent ariyan DySnSe, birlogsmasinin alindigi miioyyoanlosdirilmis-
dir. Bu birlosmo SnSe asasinda alinan o-bark mohlullarla DySe-nin 10 mol % kimi 710°C-do
oriyon evtektika alinir.
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Saitil Vi .SnSe-ISy;Se 3 sisten; arintilarim:n dzﬂaktoq\fammlarz: )
1-30 mon. %, 2- 50 mon. % (Dy,SnSe.), 3 -70 mon. % SnSe, 4-SnSe.

SnSe-DySe siteminin likvidusu ilkin kiristallasmanin ii¢ xottindon ibaratdir: o-faza
(SnSe asasinda alinmis bork mohlullar), Dy,SnSe,va DySe birlosmolori. DySe birlosmosinin O-
10 mol % konsentrasiyalarinda likvidus xatti lizro o-fazanin ilkin kristallagmas1 bas verir.
Konsentrasiyanin 10-15 mol % intervalinda mayeden ilkin olaraq Dy,SnSe, ayrilir, DySe —nin
15-100 mol % intervalinda iso DySe ayrilir.

Cadval 1
No J d,e 1/d°,,, ies 1/d% 05 hkl
Ji 15 8,7838 0,0129 8,8388 0,0128 101
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2 17 4,2142 0,0563 4,2182 0,0562 210
3 26 3,8965 0,0659 3,8461 0,0676 113
4 24 3,6092 0,0767 3,5967 0,0773 004
5 23 3,5026 0,0815 3,4239 0,0853 104
6 22 3,3058 0,0915 3,3041 0,0916 302
7 56 2,9352 0,1161 2,9386 0,1158 303
8 100 2,8774 0,1208 2,8772 0,0128 005
9 40 2,6852 0,1387 2,6736 0,1399 313
10 30 2,4750 0,1632 2,5198 0,1575 321
11 23 2,4501 0,1666 2,4347 0,1687 410
12 37 2,3788 0,1767 2,3769 0,1770 215
13 39 2,3413 0,1824 2,3434 0,1821 106
14 23 2,2731 0,1935 2,2757 0,1931 305
15 25 2,1739 0,2116 2,1708 0,2122 413
16 17 2,1076 0,2251 2,1082 0,2250 420
17 24 2,0862 0,2297 2,0860 0,2298 421
18 21 2,0084 0,2479 2,0036 0,2491 510
19 28 1,8783 0,2834 1,8959 0,2782 504

Dy,Se; —iin 0-4 mol % intervalinda solidus xotdindon asagida SnSe osasinda bircinsli
o-faza bork mohlullart yaranir, 4-50 mol.% intervalinda ikifazali kristallagma SnSe
+DySnSe,, 50-100 mol.% intervalinda iso Dy,SnSe,+DySe ikifazali orintilorin kristallagmasi
miisahido olunur. a-faza ilo DySnSe; birlosmasinin birlikdo kristallagmasi DySe-nin 10 mol%
— gadar intervalinda 710°C temperaturda ariyan ikigat evtektikanin alinmasi ilo yekunlagir.

Dy,SnSe, birlosmasinin ovuntularinin rentgenoqrammalarinin tohlili gostarir ki, bu
birlosmolor elementar qofos parametrlori a=12,88; c=14,38A, c/a=1,1164; Z=11, V=2066A",
sixlig p,,,-k,=6,55q/sm3, Prent.=0,71 q/sm3 olmagla heksoqganal sinqonyada kristallasir. Dy,SnSe,
birlosmosindo miistovilorarasi mosafa (d, A), hkl, baslangic birlosmolorin vo Dy,SnSe,
birlogsmosinin difraktoqgrammalarinda xatlorin intensivliklori cadval 1-da verilmisdir. Alinmis
Dy,SnSe, iiclii birlogsmolarinin xiisusi elektrikkeciriciliyi (o), Holl amsali (R), termo—e.h.q. —si
(@), istilikkeciriciliyi (y) genis temperatur intervalinda Olciilmiis, yiikdasiyicilarin
konsentrasiyasi vo Holl yiiriikliiyli hesablanilmigdir.

Istilikkegiriciliyinin temperatur asililigi 300-960K temperatur intervalinda miitlaq
stasionar metodla oyronilmisdir. Alinan naticolordan xiisusi istilikke¢irma amsali hesablanmis
vo onun temperatur asililiginin grafiki qurulmusdur (Sokil 2). Sokildon goriindiiyii kimi orta
temperatur intervalinda (300-420 K) FEr-un istiraki ilo alinan dglii birlogsmolordo
istilikkeciriciliyi SnSe binar birlosmoninkina nisbaton kicik olur. SnSe birlosmoasinda y ~T "
doyisdiyi halda, Dy,SnSe, do isa ¥~T* qanunu ilo doyisir. Yiiksok temperatur oblastinda iso
bunlar uygun olaraq y ~T"' vo y ~T"* qanunlar1 doyisirlar.

Paramaqnik nadir torpaq ionlarmin (NTI) daxili f —elektron toboqesi gismon
doldugundan onlar1 orbital (L), spin (S) vo tam (J) momentlori sifirdan forqli olur. Qofos
ragslori ionun tam momentinin yoniimiinii doyismoklo onu bir saviyyadon digorina kecira
bilir. Bu iso fononlarin udulmasi ilo miisayat olunur. Beloaliklo paramagnit NTI kristal gofosin
istilikkegiriciliyini azaldan defektlor rolunu oynayir. f —tobogosi atom daxilindo
yerlosdiyindon kristal sahasi asagi temperaturlarda bu soviyyolori ¢ox zoif parcalayir. Buna
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goro do paramaqnik NTI —dan fononlarin sopilmosi hesabina istilikkeciriciliyinin azalmasi
yalniz orta temperaturlarda miisahido olunur.

Tadqiq olunan birlogsmalorde miisahide olunan qanunauygunluqglari vo anomal hallarin
yaranmasina sobab olan mexanizmlori arasdirmaq moqgsadi ilo istilik miigavimatinin
temperatur asililigi qurulmusdur (Sakil 2).

Istilik miigavimotinin temperatur asililigini sorti olaraq iki hissoya ayirmagq olar. 300
420K temperatur intervalini ohato edon birinci hissade w istilik miigavimati biitiin
niimunalards xatti olmagla paralel doyisir. Lakin yuxar1 temperaturlarda (450-960K) bu xatti
asililiq pozulur. ErSnSe, birlosmosindo w-nin giymoti T>600K temperatur intervalinda demok
olar ki, doyigmir. Lakin Er,SnSe, birlosmosindo T>700K oblastinda yenidon xotti doyismo
miisahido olunur. Bu Er,SnSe, birlosmasinds vahid hacmds Se atomunun konsentrasiyasinin
artmas1 hesabina yuxari temperaturlarda istilik miigavimati artir.

-
o)
T T

107 y (Vtsm™K?)

g
'S
T T

12|

300 380 460 540 620 700 780 860 940 . .
Sokil 2. Istilikkegirma amsalimin temperatur asuilig.
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TEIIVIOTPOBOJJHOCTBD 3KCTPYJIANPOBAHHBIX OBPA3IIOB
Biy,7Sb 3Tez,035¢€¢,907, JETUPOBAHHBIX ATOMAMMU JUCITPO3USA

b.11l. bapxanos, P.IO. Anue, M.M. Tarues, I'.3. baruesa
HUnemumym Quzuxu HAH Azepbaiioscana, baxy, Azepbaiiosxcan
bbarhal@mail.ru

IIpeocmasnenvr  pezynomamovl  IKCHEPUMEHMANLHO2O — UCCIE006AHUS 8  UHMEpPBale
memnepamyp 80-300K mennonpogodHocmu 3kcmpyouposanuvix 00pazyos Biy,Sb, ;Te,qSeq,
JIe2UPOBAHHBIX AMOMAMU pPeOKO3eMenbHo2o0 Memanna oucnposus. Ilokazano, umo 011 6cex
ucciedosannvlx o0bpazyos 6 unmepsaie memnepamyp 80-300K oons snexkmpouHOU
cocmasnawel Kodpouyuenma menionpoeooHocmu Y, He npesviuiaem 15%, u 6
UCCNe008AHHBIX MEEPOLIX PACMEOPAX MEeNo NepPeHOCUMCs, 6 OCHOBHOM, KONeODaAHUAMU
pewemKu u menionpo8oOHOCHb ONpeoensemcs 8 0CHOBHOM MPEXPOHOHHBIMU NPOYECCAMU.

Heo6xoauMocTh co3/1aHUs] HU3KOTEMIIEPATYPHBIX TEPMOIIEKTPUUECKUX OXJIaAnuTeNel
TpeOyeT pa3pabOTKH TEPMOIIEKTPUUECKUX MaTepuasioB, 3(P(EKTUBHO pPadOTAIOMIUX B
obmacT HU3KUX Temmeparyp BIIOoTh 10~120-130 K. Ananu3 nutepaTypHBIX JaHHBIX
MOKa3bIBAaET, YTO, NEPCHEKTHBHBIMM MaTepUalaMd IpPU HU3KUX TEMIEpaTypax SBISIOTCS
TBepJble pacTBOpsl p —Bi,. Sb, Te; Se, ¢ 3amemennem atomos (Sb—Bi) u (Se—Te) B 0obenx
noJpeuieTkax. Bo3HUKaromue Ipyu 3TOM UCKaXEHUs KPUCTAJUIMYECKON PEeLIETKH MPUBOIAT K
YBEIIMYECHUIO paccesHUs (OHOHOB M CHUIKEHHUIO TEIUIONPOBOJAHOCTH KPHCTATHYECKOM
pEeLIeTKH, YTO SABISETCS OAHOM M3 NPUYMH  YBEIUYEHUS TEPMOIIEKTPUUECKOM
3¢ GEKTUBHOCTH B HMIMPOKOM HHTepBaje temmepatyp ot 80 mo 350K [1, 2]. B pabore [2]
[I0Ka3aHO, YTO MOHOKPUCTAJLIBI TBEPAOIO pacTBopa cocrasa p-Bi, Sb,Te; Se, (x=1,3; y=0,07)
SIBJISIFOTCSL MEPCHEKTUBHBIMM MaTepualiaMHu Uil HHU3KoTemIiiepaTypHbiX (<220K) kackanos
AJEKTPOHHBIX OXJIAAUTEIEH.

OnHako U3 —3a CIOUCTOH CTPYKTYpBI IPOYHOCTh YKa3aHHOTO MaTepualla OKa3bIBaeTCs
Hu3KoM. IlpruMeHeHne Merona FKCTPY3UU AJIs TIOJTYyUEHUS! TEPMOIJIEKTPUUECKUX MATEPHalIOB
Ha OCHOBE TBEPJBIX PACTBOPOB TEIUTYPUIOB BUCMYTAa M CYypbMbI, HIMPOKO NMPUMEHSEMBIX B
KayecTBE MaTepuaia JJsi n- U p- BETBEH A TEPMOIJIEKTPUYECKUX INpeodpazoBaTesieid, B
YaCTHOCTH, JJIEKTPOHHBIX TBEPAOTEIbHBIX OXJaIUTENCH, MpeJHa3sHAuYCHHbIX Uil PaboThl B
untepase temmneparyp 200+-350K, mo3BosieT CyIIECTBEHHO NOBBICUTH MX IPOYHOCTHBIE
XapaKTepUCTHKH, COXpaHssl NpPU 3TOM TEPMOAIEKTPHUUECKUE NapaMeTphl OJIM3KUMHU K
TaKOBBIM JIJI1 MOHOKPHUCTAIITHYSCKUX 00pasnos [3].

Kak wu3BecTHO, monydeHHe OOpa3lOB SKCTPYAMPOBAHHOTO MarepHaja CBS3aHO C
IIPOBEICHUEM IIEJION0 pPsAJa TEXHOJOTMYECKUH oONepaluid, TakuX KakK CHHTE3 TBEPAOro
pacTBopa M3 HUCXOAHBIX KOMIIOHEHTOB; pa3MelbUY€HUE CHUHTE3UPOBAHHOIO CIUIaBa 10
COCTOSIHUSL TIOpPOILKA; M3rOTOBJICHWE W3 IOJYYEHHOIO MOPOLIKA METOJOM XOJIOJHOIO
IIPECCOBAaHUS OpPUKETOB; AKCTPY3MHM OpHUKETOB (BBbIJABIMBAaHUE OpPHKETOB, HArpeThIX [0
IJIACTUYECKOTO COCTOSIHUS, YEPE3 OTBEPCTUE TUAMETPOM OMM).

OKCIEPUMEHTAIbHO YCTAHOBJIEHO, YTO Ha TEPMOIJIEKTPUYECKHUE XAPAKTEPUCTHKH
MaTepHalioB JJIsl TEPMOIJIEKTPUUECKUX IpeoOpa3oBaTesieil SHEPIUU CYIIECTBEHHO BIIHSIOT
Takue (akTOpbl, KaK [aBJIEHUE U TEMIIEpaTypa SKCTPY3UH, pa3Mep YacTHIl HCXOAHOTO
MIOpOILIKa, TEMIIEpaTypa U BpeMs OT)KUTa MOJIYYEHHOI'O TEPMOIIEKTPUUYECKOTO MaTepuala.
[TosToMy, onTumMH3anMell TEXHOIOIMYECKUX MPOLECCOB C yUETOM (PU3MKO —XMMHMUYECKUX U
TEXHOJIOTUYECKUX OCOOCHHOCTEH SKCTPYAMPOBAHHBIX MAaTEPHAIOB, MOXXHO YBEIMYHUTH
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3¢ (HEeKTUBHOCTh SKCTPYAUPOBAHHBIX TEPMOIJIEMEHTOB U TOBBICUTH CTaOUIBHOCTD HX
rapaMeTpoB Kak B TIPOLIECCE M3rOTOBJIECHUS TEPMORJIEMEHTOB, TaK W B IMpoIecce
SKCIUTyaTaluu MpuOopoB Ha X ocHoBe. OHUM M3 MyTEW MOBBIIMICHUS TEPMOIIEKTPHUIECKUX
XapaKTEPUCTUK  TEPMOAIJIEKTPUUYECKUX  MaTepUANIOB i  KOHKPETHBIX  HHTEPBAJIOB
TEMIIEpaTyp, SBIAETCS TaKKe JIETUPOBAHME IPUMECSIMH, KOTOpPbIE MOTYT HPHUBOJUTH K
3aMETHOMY YBENUYCHHUIO (DIyKTyaluii TEpMOIIEKTPUUYECKUX CBOWCTB, CBSI3aHHBIX CO
CTATUCTUYECKUM XapaKTEPOM pacipe/iesieHUs MPUMECHBIX aTOMOB B pelIeTKe MaTpuilsl [3].

B HacTtosmeidt paboTe  mpelncTaBi€HBl  pe3yJdbTaThl  AKCHEPUMEHTAIbHOIO
uccinenoBanus uHtepBaie Ttemieparyp 80-300K TemnonmpoBOIHOCTH 3KCTPYIMPOBAHHBIX
obpasnoB  Bij;Sb,;Te,0:5€00;, JIETUPOBAaHHBIX aTOMaMH  PEIKO3EMEIBHOTO  MeTajlia
nucrposusi. B koaudectse 10 0,02 ar. %.

Jlist mosrydeHust 0O0pas3IoB ObUTM HMCMOJB30BaHbl TeJTyp Mapku "TB-U", Bucmyr —
"Bu-0000", cypsma —"Cy-0000", cenen —"CBY-1", ragonuuuii —"I'1M-1". Peakuus cunTe3a
MPOBOJMJIACH B OTKAYaHHOM OOBEME C OCTATOYHBIM JABICHHEM ~ 10°I1a. KOMITOHEHTBI
TBEPABIX pacTBOpoB M P3D, B3sATHIE B pacyETHBIX COOTHOILEHUSX, CIUIABIISUIUCH MpU
temneparype 1300K B oTkauaHHBIX KBapleBBIX ammyiax. TemmepaTypa B oObeMme IedH
nosblianack co ckopoctbio 100K/4 ¢ mpomexyrounsiMu Boiiepxkamu npu 700 K u 900 K B
tedeHue nonydaca. [Ipu goctmxenun 1300K pocT Temmeparypbl mpekpaiiaics W amiyia
BbIIEp)KMBAJIaCh B TEIUIOBOM II0Jie B TeueHue OdY, MpH HENPEpbIBHOM IE€peMElInBaHUuN
BEILIECTBA B HEM KaUaHUEM.

TennonmpoBoAHOCTH 00Pa3IOB U3MeEpsUTH B HHTEpBaje Temmneparyp 80-300K.

7. X Vt/(smK) 08 r W, smK/Vt
07
61 o1 #2 a3 04 x5
06
05

04

03

02

0,1

T,K T,K
0 0,0 L L L L
50 100 150 200 250 T.K 70 120 170 220 270 T.K
Puc.1. 3aBrcuMocTh K03 PHUIHMEHTA TETIONPOBOIHOCTH Puc.2. 3aBUCHMOCTD PEIIETOYHOTO TETUIOBOTO
06pa3noB Biy;Sb, 3Teye35€00; ¢ pa3muaHbmM COTNPOTHBIEHMS 00pas3toB Biy;Sb; 3Te,,035¢€q,07
COJZIEpKAHUEM TUCIIPO3US: 1— 0’ 2— 0,01, C pa3jiIMiIHbIM COACPIKAHUCM JUCIIPO3US.
3-0,005;:4-0,01;5 - 0,02 at.% Dy. O003Ha4YeHHs TE XK€, YTO U Ha puc 1.

Ha puc. 1 mpencraBieHbl TeMmMIepaTypHble 3aBUCUMOCTH KOX(PQUIIMEHTA TEIIo-
MPOBOAHOCTH % anst  obOpasuoB  Biy;Sb,;Te,Sepy, Kak HeIermpoBaHHBIX, TaK U
JETUPOBAHHBIX aToMaMu Jucnpo3usd. B KonumyectBe 10 0,02 ar.%. BugHo, 4to B
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UCCIIEIOBAaHHBIX TBEPIbIX pacTBOpax Kod(p(UIMEHT TEIUIONPOBOJIHOCTH B HWHTEpBale
temnepatyp 80-300K ymeHbIIaeTcs ¢ pocToM TeMreparypsl kak ¥ ~ T (3akon DiikeHa).

J171 BBISICHEHUS BIUSHUS HA MEXAaHU3M TEIJIONPOBOJHOCTH 00pa3loB TEMIEPATyphl U
COCTaBa HaMHM OBUIM BBIUUCIIEHBl PEIIETOYHBIE X, U DJIEKTPOHHBIE ), COCTaBJISIOIINE
ko3¢ duLreHTa TeIONPOBOJHOCTH U OLIEHEHBI UX BKJIA/AbI B OOIIYIO TEMJIONPOBOJAHOCTD.

[Tpu 5TOM OBLIIO UCIIOJIB30BAHO BBIPAXKEHUE

Z ~LoT =480T s
e

re O —yJlenbHas 3JeKTPONpPOBOAHOCTh oOpa3mna, T —abcomoTHas TemmepaTrypa, L —uucio
JlopeHnma, k —ocrosinHast bonbimana, e —3aps aneKTpoHa. 3HaueHue 4 ObUIO OTpeeIeHO U3
TeopeTuueckon 3aBUcUMOCTH A=f(al) [4, 5] C UCHOIB30BAaHUEM HKCIEPUMEHTAIBHBIX
3HaYeHUH KOX(PPHUIMEHTa TEPMO-3]C ¢ U YICIbHOW 3JEKTPOIPOBOAHOCTU O. Pe3ynbraThl
BBIUMCIICHUM TMOKa3aju, AJI1 BCEX MCCIEIOBAHHBIX O0pa3loB B MHTepBaie TemmepaTyp 80—
300K moyist S7EKTPOHHOM COCTaBISOMEH Ko3(pHUIIMEHTa TeIJIONMPOBOAHOCTH ),  HE
npeBbiuaet 15%, u B nccaeqoBaHHBIX TBEPJBIX pacTBOpPaxX TEIUIO MEPEHOCUTCS, B OCHOBHOM,
KosIe0aHUAMU peteTKH (POHOHAMMU).

Ha puc. 2 mnokasaHa TtemmepaTypHas 3aBUCUMOCTb PELIIETOYHOTO TEIIOBOIO
conporusiieHust Wy =1/, , BBIMMCICHHOTO U3 BBIPAKCHHUS

X=X Ko

BuaHo, 4TO C MOBBIIEHUEM TEMIIEPATYPBI PEIIETOYHOE TENIOBOE CONPOTUBICHUS W,

pacTeT 1o 3aKOHY
W,=const-T,

T.. B UCCIIEJOBaHHBIX cocTaBax B uHTepBaie Temieparyp 80-300K rtemnonpoBogHOCTH
OTIpe/IETISAETCs, B OCHOBHOM, TPEX(OHOHHBIMU MPOIECCAMH.

Otpe3sku, oTcekaeMble HA OCH OPJMHAT IIPU DKCTpANoisAnuu 3aBucumocren Wy ~T K
3HaueHut0 7=0 COOTBETCTBYIOT  JOIOJHUTEIBHOMY TEIUIOBOMY  COINPOTHUBIICHUIO,
BO3HUKAIOIIEMY 32 CUET CTPYKTYPHBIX AEPEKTOB B KaXKJIOM COCTaBe.
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TlIn, Eu,S, SISTEM ORINTILORININ SINTEZi VO MONOKRISTALLARIN
YETISDIRILMOSIi(x =0,01; 0,03; 0,05)

N.F. Qahramanov*, N.S. Sardarova¥*, S.S. Lotifova*, G.9. Ozizli**
*Sumgayit Doviat Universiteti, **Baki Doviat Universiteti

Yarimkecirici materiallarin alinma texnologiyasinda asas amillardan biri  yiiksaok
tomizliya malik niimunalorin alinmasi, monokristallarin yetigdirilmasi ¢ox miihiim bir
marhaladir. Ciinki torkiba ciizi migdarda daxil olan kanar komponentlor niimunanin fiziki
xassalarina ahamiyyatli daracada tasir edir. Mahlullardan kristallagsma, maddalarin tomizlik
daracasi yiiksaldilmis monokristallar yetisdirmak va legira etmoak iiciin asas metodlardan
biridir. Yiiksok tomizlik daoracasina malik monokristallardan yarimkecirici cihaz va inteqral
mikrosxemlor iictin altliglar hazirlanir, tabagalor kasilir, talob olunan parametrlora uygun
strukturlar yaradilir va s. Monokristallarin keyfiyyati onlar asasinda hazirlanan yarimkecirici
cihaz va elementlarin xiisusiyyatlorin miiayyan edir. Mahz ona gora da talab olunan xassalora
malik yarimkecirici element va cihaz hazirlamaq magsadi ilo miirokkab monokristallarin
vetisdirilmasi texnologiyasimin islonib hazirlanmast onlar asasinda yaradilan element va
cithazlarin keyfiyyat vo maya dayarini miiayyanlasdirir.

Yarimkecirici materiallarin  texnologiyasinda maddolorin  konar agqgarlardan
tomizlonmaosi, monokristallarin  yetigdirilmasi vo s. texnoloji proseslor sistemin faza
tarazligina osaslanir. Komponentlorin fazalar arasinda paylanmasi oksor hallarda hor bir
komponentin mohluldaki xassoalori ilo miioyyon edilir. Daqiq tomizlomo vo legiro etmads
mohlulun 6ziinii aparmasi asqar komponentlorin mikromiqdarindan asili olaraq bas verir [1,
2]. Mohz bu saboblora goéro mohlullarin termodinamikasinin asas qanunauygunlugugqlari,
asqar komponentlorin kicik konsentrasiyalar1 oblastinda onlarin 6zlorini aparmasi, faza
tarazligt vo fazalarin ayrilma sorhoddindoki hadisolorin mahiyyatinin arasdirilmasi ¢ox
mithiimdiir.

Tadqgiqati nazards tutulan bark mohlul arintisinin sintez {igiin tomizliyi 99,99-99,90%-
don az olmayan ilkin materiallardan istifado olunur. Sonayeds istehsal olunan materiallar
gismon oksidlogsmoyo moruz qaldigindan hor bir torkibin sintezindon ovval komponentlor
ayri-ayriligda zona tomizlonmao iisulu ilo digqgotlo oksid vo konar qarisiglardan tomizlonir.
Bunun iigiin tomizlonocok maddo kvarsdan hazirlanmig xiisusi formali ampulada, yiiksok
vakuumda xiisusi temperatur sahosindon bir ne¢o dofo miixtolif istigamotlordo kegirilir.
Bunun notcosindo maddonin torkibino daxil olan oksid vo qarisiglar orintinin konar
hissolorindo on boyiik konsentrasiyaya malik olurlar. Ampulanin orta hissalorindo istifado
olunacag maddo on boyiik tomizlik dorocosino malik olur. Zona orimo iisulunda lazimi
temperatur sahasi hor bir komponent {i¢iin fordi secilir. Bunun iiciin ovvolcodon istifado
olunacaq ampulanin ol¢iilorini nozors almagqla xiisusi formali pe¢ hazirlanir. Sonra miixtolif
caroyan rejimlorindo temperaturun peg¢in uzunu boyu paylanmasi miioyyon edilir. Zona oritmo
tisulunun mahiyyati ondan ibaratdir ki, osas maddo vo asqar atom vo molekullarin istilik

horokatinin orta siiratlori miixtalif olduglarindan (miixtalif kiitloyos malik olduglar1 {i¢iin eyni
— 2

. . . .. - mv .. . .. < .
temperaturda eyni orta kinetik enerjiys E = , miixtolif »”—siirotlor uygun golir) bark

cisim —maye sorhaddindon diffuziya seli miixtalif atom vo molekullar {i¢iin miixtalif olur. Ona
goro do ampulada eni bir neco millimetr olan zona oridilir vo bu zona ampula boyu bu va ya
digor torafo siirlisdiiriilir. Bii magsadle ya peci torpanmoz borkidib ampulani pe¢o nazaron
harakat etdirmak olar, ya da ampulani tarpanmoaz barkidib peci harakat etdirmok olar. Har iki
halda eyni natico alinir. Madds dolduruldugdan sonra havasi yiiksok vakuuma qodor
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sovrulmus kvars ampulani lazimi temperatur zonasindan kecgirmoklo cox bdyiik tomizliya
malik komponentlor aldo etmok olur. Tln;4LnyX, bork mohlullarinin (X-S, Se vo Te)
arintilarinin sintezinds asagidaki amillori nazars almaq lazimdir.

1. Torkibindoki kiikiirdiin olmas1 vo Kkiikiirdiin yiiksok u¢ma qabiliyyatine malik
olmasi;

2.9rimd temperaturunda orintilorin giiclii buxarlanma vo kondensasiyast;

3.Nadir torpaq elementlorinin torkibo qatilmasinin alinan maddslorin hom fiziki
xassoalorino, hom do orima prosesinin 0ziino tosiri.

Bu amillori nozoro alaraq gostorilon torkiblorin sintezi havasi sovrulub lehimlonmis
kvars ampulalarinda aparilir. Istifadodon qabaq ampulalar car aragi vo ya digor tursu
mohlullar ilo yuyulmagla tozdan, yagdan va s. kimi ¢irklordon ¢cox digqotlo tomizlonir.
Taocriibalorde hazirlanmis ampula car aragi ilo doldurulub, bir giin saxlanilir vo sonra distillo
suyu ilo yuyulur, quruducu skafda quruduldugdan sonra stexiometrik ¢oki ilo lazimi torkibli
maddo ilo doldurulur vo dorhal vakuum qurgusuna qosulub agzi oridilib yapisdirilir. Beloliklo,
¢okilmis torkibin havanin oksigeni ilo tomasi miimkiin qodor minimuma endirilir. Sintezdon
sonra alinmig orintiloro vo ampulanin tomizliyino goro alinan torkib haqqinda tam tosovviir
oldo etmok olar. Kigik bir digqgetsizlik alinmis orintinin keyfiyyotino ¢ox pis tosir gostorir.
Sintez ligiin ampulanin havasi bir ne¢o saat miiddotinds 10~ mm civa siit. tozyigina qadoar
cixarilib agzi oridilib yapisdirilir.

Ampula sobada yerlosdirildikdon sonra onun temperaturu 4-5 saat oarzindo todricon
sintez olunan maddonin orima temperaturundan 30-+50K artiq temperautra qodar qaldirilir.
Ampula 3+10 saat homin temperaturda saxlanildigdan sonra todricon soyudulur.
Qizdirmanin siirotlo getmasi ampulanin partlanmasina vo kvarsin keyfiyyatinin pislogsmosino
sobob ola bilor. Sintez prosesinin keyfiyyotli getmosi ii¢iin vo aparilacaq ©6l¢gmolorin
tolabatindan asili olaraq xiisusi formali ampulalardan da istifado edilmisdir. ©vvalcodon
lazimi temperatura qodor qizdirilmis sobaya belo ampulani daxil edorkon onun nazik ucu
sobadan konarda qalir vo ugucu komponent bu ucda kondenso edorok reaksiyaya todricon
daxil olur vo ampula daxilindoki tozyiq miioyyon hoddo galir. Reaksiyanin gedisi prosesindo
ampula tadricon sobaya tam daxil edilir vo arimo temperaturundan 30+50 K artiq temperatura
godor qizdirilir. Ampula soba daxilindo homin temperaturda 310 saat saxlanilir. Bu iisulla
TlIn,Ln, X, bork mohlullar1 sintez olunmus vo monokristallar1 alinmisdir. Orintilorin sintezi
stexiometrik nisbotdo gotiiriilmiis ilkin komponentlorin oridilmoasi yolu ilo yerino
yetirilmisdir. Tolob olunan materiallarin miqdarindan asili olaraq alinan niimunolor 5+ 20
gram olmusdur.

Monoktistalin alinmasinda ilkin komponent olaraq 99,999% tomizliyo malik 77 ,
99,999% In, 99,5% Eu, 99,999% S gotiiriilmiisdiir. Goriindiiyti kimi 71, In, vo S kafi qodor
tomizliys malik oldugu halda Eu-ds tomizlik nisboton asagidir. Belo ki, Eu —do olan agqarlarin
miioyyon hissasini serium yarimqrupundan olan qonsu element lor togkil edir. Bir qayda
olaraq bu elementlor Eu —un xassolorinin koskin doyismosino sobab olmamalidirlar. Lakin, bu
konar elementlorin miqdar1 artiq oldugda bas veracok doyisikliklo ri nozoro aldigda yiiksok
dorocodo tomizlik oldo edilmosi zorurati yaranir. Bu mogsodlo Eu —un tomizlonmosi {igiin
zona oritmo Usullarindan istifado olunmusdur. Miioyyon edilmisdir ki, 6-7 dofs zona
tomizlonmasi ilo 1200K temperaturda bu elementlorin tomizlik daracasini 99,8%-9 ¢atdirmaq
miimkiin olur. Sintez 0,01Pa tozyiqe malik kvars ampulalarda aparilmigsdir. Bu zaman
icarisindo madds olan ampula tamamilo pe¢o daxil edilmoklo temperatur 100K/saat siiratlo
1100-1200K-2 gadar qaldirilmisdir. Tarkibindan asili olaraq bu temperaturda ampulalar 4-10
saat miiddotindo saxlamilmisdir. Bundan sonra ~80-120K/saat siirotlo otaq temperaturuna
godar soyudulmusdur. $akil 1-do miirokkab torkibli yarimkegirici materiallarin sintezi ii¢iin
sobanin sxemi (a) vo sobanin oxu boyunca temperatur qradiyenti gostorilmisdir. ki, homin
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paralelopipedlorin sorhadlori bu birlosmanin tetraqonal gofasinin yan miistovilarine uygun
golmir. Yoni kristallarin tabagalara ayrilmasi tetraqonal elementar qofoslorin dioqonallar {izro
olur. Buna miivafiq olaraq tetraqonal oxa paralel ¢ istigamatino uy8un golib, kristalin
formalasma miistovisi rolunu oynayir. Umumi kiilgodo ¢ oxu zonanm yerdoyismosino
paralel, saquli zona oritmo iisulunda iso perpendikulyar istigamotlonir. Lakin iifiiqi
istiqgamotlonmis kristallasmada (Smm/saat) siiratlo, temperatur qradiyentinin ~6K/sm olmasi

halinda bir qoador forqli istigamotlonms alinir. ¢ kristallografik oxu kiilgonin diametri
boyunca yonolir. Beloaliklo, yuxarida qeyd olunan kristallasma variantlarinda asagidaki hal
miisahido edilir: tobogolora ayrilma istigamotlorindon biri agirhiq qiivvesine paralel, digorino
iso temperaturun qradiyenti istigamotindo yonolir. Bizim miilahizomizo géro bunun sobabi
asagidaki kimi izah olunmalidir. Kristallagmanin baslangic morholosindo orintidoki kristal
clicortisi gismon kigik xiisusi c¢okiyo malik olub, onun sothino qalxir. Kristalin sonraki
boyunun inkisafi bu morkozdon baglayib temperaturun maksimal gradiyenti istiqgamotindo
artir. Noticodo arintinin sothinds iifiiqi voziyyatds iizon kristallik tobaqods orintinin daxilino
niifuz edorok boyliyiir. Sintez prosesindo kvarsla sintez maddosinin garsiligh tosiri miisahido
olunmamigdir.

Mikrostruktur, diferensial-termik vo rentgenofaza analizlorinin naticolorino osason
TlInS,-TIEuS, sistemlorinin hal diaqramlart qurulmusdur. TlInS;-TIEuS, sistemlorinin hal
diagramlart qurulmusdur. Miiayyon olunmusdur ki, ilkin birlosmalarin 1:1 nisbatinde homin
sistemlords konqruent oriyon T7TlLInEuS, dordqat birlosmalori formalasir, 0+9 mol.%
intervalinda TIEuS, bark mohlullar oblastti movcuddur. Hom bark moahlullarda, hom da
dordqgat birlogsmalorde 77 atomlart 6zlarini bir, indium vo yevropium atomlar iso iicvalentli

kimi aparirlar
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Sak. 1. Miirokkab torkibli yarimkecirici materiallarin sintezi iicin sobanin sxemi (a) vo sobanin oxu boyunca
temperatur qradiyenti (b): 1-miixtolif diametrli val; 2- dempfer; 3- sobanin morkoz hissasi; 4- qizdiricinin
sargilart; 5- vakuumlagdirilmig ampula; 6- stexiometrik nisbotds ¢okilib ampulaya doldurulmusg torkib; 7- iti
ucda yetisdirilmis monokristal;
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O NEPEKJIIOYAIOIIIAX CBOMCTBAX TBEPJIbIX PACTBOPOB TlIn Sm Te,
M.M. 3ap6aamnes, Y.M. AraeBa, H.®. 'axpamanoB

Cymeaumckuil 2ocyoapcmeenHblll yHugepcumem, AzepoatiodicaH.

AHanu3 pe3yJabTaTOB MHOTOYMCIEHHBIX HCCIEAOBAHUN JaeT OCHOBAHME I10JIaraTh,
4TO S-AMOABI 00JaNal0T HAMHOTO OONBIIMMHU (DYHKIIMOHAIBHBIMUA BO3MOXKHOCTSIMH, YeM
Jpyryue TMOIXYHPOBOAHUKOBBIE MPUOOPH. OHUM MOTYT HCHOJB30BaHbl B KauecTBE: KIIIOYa,
OIITO3JIEKTPOHHOTO MepeKitoyaresst —hoTOTpUIrepa, TpUrrepa, reHeparopa pejaakcannoOHHbIX
U TapMOHHUYECKMX KojeOaHUM, TreHepaTropa IIyMa YHUKaIbHO OOJBUIOW MOIIHOCTH,
PE30HAHCHOTO W MAapaMETPUYECKOTO YCHIIMTENS, Y3KOMOJIOCHOTO (UiIbTpa, BBICOKO-
YyBCTBUTEJIHLHOTO WHJUKATOpa CBETA, B TOM 4Hclie HH(PPAKPACHOTO, IOPOrOBOIO UCTOYHHKA
CBeTa, MpeoOpa3oBaTelsi CHEKTPAIbHOTO COCTaBa CBETA, BHICOKOUYBCTBUTEIBHOTO JaTUMKA
MarHUTHOTO TOJISl, IIOPOTOBOTO IJIEMEHTA, SJIEMEHTA MaMATH, JIOTHYECKOTo 3JeMEHTa U T.1.
Take WHTepeCcHbIE BOZMOKHOCTU NMPUMEHEHHSI S-IHO0Ibl OTKPBIBAIOTCS Onaronapsi 00JIbLION
BHYTpEHHEH HMHIYKTUBHOCTH, KOTOpash KaKk M3BECTHO, TPYAHO peanusyercs B
MHKPOIJIEKTPOHUKE [1-6].

W3BecTHO, YTO TPAaH3UCTOPHI HA OYEHB OOJIBIINX YACTOTAX CTAHOBSTCS MOTEHIIUAIBEHO
—HEYCTOMUYMBBIMBI, TaK KaK MPHU ONpPeAETICHHBIX Harpy3Kax MeXay 3JIEKTPOJIaMu TPaH3UCTOPA
HaOJI0AaeTCsl OTPHUIIATEIbHOE JUHAMHYECKOE CONPOTHBIICHHE, T.€. TPAH3UCTOP IO CYIIECTBY
CTAHOBUTCS HEraTpoHOM. JlMHaMUYecKoe HEeraTpoHbl HMMEIOT OTPHUIATEIbHOE 3HaueHUe
OCHOBHOTO U((hepeHInaIbHOTO MapaMeTpa B HEKOTOPOM OIIPEICTICHHOM JHana3oHe YacToT.
VY craruyeckux HEraTpOHOB Ha OCHOBHOM XapaKTEpUCTHUKE (BOJIBT —ammepHas it R-
HEraTpOHOB, KYJIOH-BOJbTHas i C —HeraTpoHOB U BeOep —ammepHas st L —HeraTpoHOB)
HaONIOIaeTCs TANAlIMIMKA  y4yacTOK, TJe 3Haue€HHWe OCHOBHOTO auddepeHnanbHoro
napaMmerpa SBJISETCS OTpUIATeNbHBIM. bucTaOuiIbHBIE XaJbKOTEHHAHBIE MepeKoyaTenn
pabGorator Ha ocHOBe ABYX d((dekToB: mnepexitoyeHne u 00pa3oBaHUE MaMSTH, T.€.
CTaOWJIBHOTO KaHala TMOBBIIIEHHON MIPOBOAMMOCTH, COXPAHSIOIIUX CBOU CBOWCTBA IpHU
OTKJIIOYEHUHU NMUTaHUs. DPPEKT MepeKIIoUeHHs CONTPOBOKAAIONIUIICS 00pa3oBaHUEM KaHaa
c OOoNpIION TMJIOTHOCTBIO TOKa B OJHOPOIHOM IOJIYIPOBOJHHUKOBOM BEIIECTBE, XOPOIIIO
W3Y4YCH TEOPETHUYECKH U JIKCHEpPUMEHTanbHO [4-6]. Cumraercs, yTo 0Opa3zoBaHHE MaMATU
MPOUCXOJIUT B TMIEPErPEBHOM BETBH IIHYpa TOKA M CBS3aHO ¢ ()a30BBIM MEPEXOJ0M IEPBOTO
pola w3 aMOp(HOrO COCTOSHUS B  IOJUKPUCTAIMYECKOE, KOTOpPOE  SBIISETCS
TEPMOJIMHAMHUYECKH YCTOWYMBBIM U oOecreyrBaeT 0osiee BBICOKYIO MPOBOJMMOCTH KaHala
OTHOCUTENbHO amopdHoil cpenu. Takas Monenb OCHOBaHAa Ha pe3yjibTaTax (QU3UKO-
XUMHAYECKHX HMCCIEeIOBAHUN BEIECTBA KaHala MaMSATH XaJlbKOT€HUJHBIX MepeKIrovaTeneii.
OpHako CyHIECTBYIOT HEKOTOpbIE O3KCIEpUMEHTAIbHbIE (aKThl, HEOOBSCHUMBIE C
€IMHCTBEHHOM TOYKH 3pEHUsI YHUCTO TepMHUUECKOro (a3zoBoro nepexoza. B mocnennee Bpems
OucTaOMIIbHBIE TEpeKIIoUeHne HaOII0aloCh TAaK)Ke B Pa3IMYHBIX MOHOKPUCTAIMYECKUX
BEIIECTBAX, B CIIOKHBIX IOJYNPOBOJHUKAX B JUOJHBIX CTPYKTypax Ha OCHOBE
MOJUKPHUCTAIIIOB.

Jloksiam MOCBSAILEH MCCIEIOBAHUIO BOJIbTAMIIEPHBIX XapakTepucTuk (BAX) TBepabix
pactBopoB TlIn, Sm,Te, (0 < x <0,09). O6bexTamMu UccaeA0BaHUS SABIISLTACH MMOJTUKPUCTAIII-
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Jbl JTaHHBIX TBEPABIX pPACTBOPOB, MOJY4YEHHE, PpEXUM CHUHTE3a U BbIpAllUBAHUE
MOHOKPHUCTAJJIOB KOTOPBIX MOIPOOHO McCienoBaHo [7-9].

OxcnepuMeHTabHble BAX B cTaTMYECKOM M AMHAMUUYECKOM PEXUMaX CHUMAJIHUCh 110
CTaHJApTHOM MeToaMKe. B kauecTBe mcciepayemblx 00Opa3loB NMPUMEHSINCH IUIAHAPHBIE U
IUIGHOYHOE TOPLEBBIE IUOJIHBIE CTPYKTYPHI, MPEACTABISAIONIME COOO0M Cl0il MccieayemMbIx
MaTepHajioB, HAHECEHHBbIH Ha [OJMPOBAHHYI0 TIpapUTOBYIO IOAJIOKKY METOJOM
TEPMHUUYECKOI0 UclapeHus. B kauecTBe MaTepualioB AJi1 KOHTAKTOB B INIAHAPHBIX CTPYKTYpax
IPUMEHSUINCh  TOBEPXHOCTh  IOJNYNPOBOJHMKA. ToJIMHA  XAJIBKOICHHIHOTO  CJOs
BapbUpoBaiach B Ipenenax 5-50 MKM, OJHOpPOJHOCTb COCTaBa IO TOJIIMHE MPOBEPSIIACH
PEHTreHOrpapUueCKUM MUKPOAHATH30M.

HccnenoBanme mokazano, dYTo Bce 0Opas3ibpl 00JIaAal0T  MEPeKIIYaAIONUMU
CBOMCTBaMHM, 3aBUCUMOCTH HampspkeHus nepekimodenus (U,,) OT TONIUHBI 00pa3iia HOCUT
9KCIIOHEHIIMOHANBHBIN XapakTep. Takoll xapakrep 3aBucumoctd U,,(d) CBUIETENBCTBYET O
TOM, YTO B MCCIIEyEeMBbIX 00pa3lax MpOsBIAETCS KaK JIEKTPOHHAs, TaK U TEMJIoBas MpUpoa
MeXaHu3Ma TNepekiaroueHus. Takas MoJenb TIO03BOJIIET OOBACHUTH HAJMYUE OO0JIACTH
OTpHULIATENIBHOTO AU (PEepeHnanbHOr0  CONPOTHBICHUS, HAJIWYME 3aJEpPKKHU  Iepen
MEPeKIII0YeHnEeM, 00pa3oBaHWE HUTEBHIHBIX KaHAJIOB U (HOPMUPOBAHHE 3IEKTPHUUECKOM
HaMsATH B UCCIIENYEMbIX O0BEKTAX.
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ULTRABONOVSOYi SUALANMA OBLASTINDA AMOREF SiLiSiuUM
(a—Si:n) SOTKi BARYERLI STRUKTURLARIN

FOTOHOSSASLIGI

ML.N. Agayev, M.H. Hasanov, V.Q. Saforov, E.S. Qarayev, 9.G. Talibov
Baki Dovlat Universiteti

p-i-n va n-i-M strukturlarimin qisa qapanma fotocarayamin spektri qurulmugsdur.
Miiayyan edilmisdir ki, a—Si:n v « —Si:n(Dy bazasinda nazik tabagali strukturlar

ultrabovsayi siialanma oblastinin yaxinliginda yiiksak fotohassasliga malikdir. Fotonlarin
enerjisinin 2-6 eV oblastinda effektiv fotogabuledicilarin yaranmasi perespektivi vardur.

Amorf silisium osasinda Sotki baryerli strukturlar (n—i -metal) elektromaqnit
clialanmasinin effektiv ¢eviricisidir vo Giinog elementlorinin hazirlanmasinda genis istifado
olunur. Spektrin goriinon vo infraqirmizi siialanmaya yaxin oblastinda beloa strukturlarin
spektral fotohassasligl dyronilmisdir vo gostorilmisdir ki, yiikdasiyicilarin yigilmasinin kvant

elek

foton

effektivliyi (r,) hw=2,4—25eV enerji oblastinda 0,5-0,7 - a cata bilor [1-4].

Miioyyan etmisik ki, amorf silisium (& —Si:n) osasinda struktur ultrabandvsoyi
oblastda yiiksok fotohassasliga malikdir vo bu da onlarin asasinda effektiv fotogabuledicilarin
yaradilmasi perspektivini agir.

Oyronilon strukturlarda qisa qapanma rejimindo fotocaroyan spektri almmisdir.
Molum olmusdur ki, dyronilon strukurlar yalniz isigin moxsusui udulma oblastinda fotonlarin
enerjisindon bagqa hom do spektrin uitrabondvsoyi oblastinda 5,64 ¢V —a godor fotohossasliga
malik olurlar. UB siialanmanin kvantlarinin enerjisi artdiqca (@ = 3,5 eV —dan baslayaraq)
fotocorayanin yumsaq arttmi miisahido olunur. Cox ehtimal ki, bu i —tobaqads zaorbo
ionlagmasi ilo olaqodardir.

Qeyd etmak lazimdir ki, fotocarayanin hiss olunan artimi o halda miisahide olunur ki,
i- tobaqgasi & — Si:n -dan yaradilmisdir [S].

Bu yoqin ki, onunla alagodardir ki, amof silisiuma vurulmus donor asqari (Dy) zarbo

i
ionlagmasinin  ehtimalini  artirir. 77, =—_— nisbati ilo toyin olunan yiikdastyicilarin

eNf

elekt

yigilmasina kvant effektivliyi Zw =4,88¢V oldugda 0,4-0,5
foton

-a borabor olmuusdur.

Oyronilon strukturlarin coroyan hassasligi O,l—O,lZVA toskil edir. Bu giymatlondirmalar onu
t

gostarir ki, & —Si:n asasinda strukturlar ultrabondvsayi silalanma oblastinda daha hassasdir,
nainki soth-baryer strukturlarinda kristallik fotogabuledicilar.

r. —nin yiiksok qgiymatlori, hom¢inin UB oblastda fotohassasligin spektral asililigi
gostorir ki, praktik olaraq baryerin daxili sahosi ilo elektron-desik ciitlorinin tam ayrilmasi bas
verir. Homginin ayririct sarhadds yiikdasiyicilarin soth rekombinasiyasi aradan qalxir.

Spektrin ultrabondvsoyi oblastinda o — Si:n osasinda strukturlarin yiiksok kvant
efektivliyinin sobabi nadir? [3.4]-0 asason deya bilorik ki, spektrin bu oblastinda omsal
a ~10°sm™ olanda qaynar fotodastyicilar metal ilo (vo ya p + — tobaqo) sorhadds daha yaxin

dogulular. Baryeriistii ilo meala asanligla daxil ola bilirlor vo rekombinasyanin soth
morkozlori ilo tuturlar. Lakin yiikdasiyicilarin sorbast qagis yolunun uzunlugunun ¢ox kicik
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(10-20 A torkibindo) oldugundan bu bas vermir [1, 2]. Bu o demokdir ki, i —tabagada qaynar
yiikdastyicilarin termallagsmasi praktik olaraq onlarin kordinatlar1 doyismodon bas verir
(baryerin hacmi yiiklorin 6lgiilari ilo miigayiss olunduqgda), natico etibarils bu baryerin sahasi
ilo fotodasiyicilarin effektiv paylanmasina gatirib ¢ixarir.

Beloliklo, aparilan todqgiqatlar gostormisdir ki, & — Si:n osasinda strukturlar spektrin

UB oblastinda effektiv fotogobuledici kimi istifads oluna bilor vo yiiksok kvant effektivliyino

malik olar (1, = 0,4—0,5 X7 )
foton
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OBPA3OBAHHME IN'PA®EHE HA ITOBEPXHOCTHU PEHUU 1 UPUTUMU.

H.M. Hacpyaaaes, P. ®. I'acanos, A.P. AxmenoBa
bakunckuii I'ocyoapcmeennwiii Ynusepcumem

I'padben -—cnoii aromMoB yriaepoda TOJNIIMHOW B OJWH aTOM, COSAMHECHHBIX
MOCPEACTBOM SP? CBSI3€M B T'€KCArOHAJbHYIO JIBYMEPHYIO KPHUCTAJUIMYECKYIO pemerky. Ero
MO>KHO MPEICTaBUTh KaK OJHY IJIOCKOCTh TpaduTa, OTAEICHHYI0 OT 00bEMHOT0 KpHCTaslIa.
ITo omenkam, rpadeH oOnamaer OOJBIION MEXaHHYECKOH JKECTKOCTBIO M XOPOIICH
TEeIIoNnpoBoaAHOCThIO [1, 2]. BbicOkas NOABMKHOCTH HOCHTENIEHM TOKa MNpPH KOMHATHOU
TeMIIepaType JIeJaeT €ro MNEepPCHEKTUBHBIM MATEepUajoM [Jisi HKCIONb30BAaHUS B CaMbIX
Pa3IMYHBIX MPUJIOKEHHUSAX, B YACTHOCTH, KaK OyIyIlyl0 OCHOBY HAaHORJIEKTPOHHMKH [3] u
BO3MOKHYIO 3aMEHY KPEMHHUS B UHTETPATIbHBIX MUKPOCXEMAX.

OCHOBHOH U3 CYIIECTBYIOIIMX B HACTOSIIEE BPeMs CIIOCOOOB mojyueHus rpadenal4,
5] ocHOBaH Ha MEXaHWYECKOM OTIICIUICHWHM WIH OTIISNYIIMBaHUU ciioeB rpaduta. OH
MO3BOJISIET MOJy4YaTh Hambosiee KadecTBEHHbIE O0O0Opas3lbl C BBICOKOW TMOABUKHOCTHIO
HOCHTENEH. DTOT METOA He MPEeAnoJiaraeT HCIOJIb30BaHUS MAcIITaOHOrO MPOU3BOJICTBA,
MMOCKOJIBKY 3TO pydHas mporenaypa. Jpyroid H3BECTHBI CHOCOO —METOJ TEPMHUYECKOTO
pas3oXeHus: TOJUIOKKM Kapbupga kpeMHusa[6, 7] ropazno Oimke K NPOMBIIUIEHHOMY
npon3BocTBY. [lockonbky rpaden Bnepseie [4] Obut moydeH Toabko B 2004 roxy, oH ermie
HEJ0CTATOYHO XOPOIIIO U3YYCH U MPHUBJICKAET K ce0e MOBBIIIEHHBIN HHTEPEC.

['paden He sBigeTcs NPOCTO KYCOYKOM JPYTUX aAJUIOTPONHBIX MOAUUKaLU
yraepoaa: rpadura, aamasza —u3—3a 0COOEHHOCTEH YHEPreTHUECKOTrO CIEKTpa HOCHUTENEH OH
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nposiBiisieT  crnenuduueckue [8§], B OoTIMYME OT JAPYrUX  JIBYMEPHBIX  CHCTEM,
ANEKTPOPU3NUECKUE CBOMCTBA
W3BectHo, uro ecaum npu 1500-1600 K Beigep:kaTe upuauii WM peHH B mapax
~ -3 i _
OeH3oma npu P., =1-10"1la, TO Ha HUX obpasyercst MOHOCIION rpadura ¢ e@ = 4,45 >B.

Crnolt rpaduTa BaJE€HTHO HACBHIIIEH M MPEMSATCTBYET KAaTaIUTHYECKOW IUCCOIUALIUU
monekyn C¢He. IlodToMy mieHka mepecraer pactu mo tommude. Ilpm oOpazoBanum
MOHOCII0s rpaduTa crenens aucconmanun Monekysn CsCl ymensimaercs ¢ 1 go 10°+10°. Ha
puc. 1 moKa3aH XxapaKTepHBIA X0 U3MEHEHHUs Y B 3aBUCUMOCTH OT TeMIIepaTyphl aacopOeHTa
[9]. Kak BuanO u3 pucysnka B uateppane 800<T<1100 K y=10~. IIpu Temneparype ~1950K

rpadut pazpymaercs, Y—>1. Onun moHocnoi rpadurta Ha Re nnu Ha Ir moctaTtodeH, 4ToObI
MOBEPXHOCTh CTAaHOBWJIACh KATAIUTUYECKH MACCUBHOW. MBI NpHUOKMCBIBAEM 3TO K
HACBILIEHUIO BaJICHTHOW CBSI3U TIpaUTOBOTO ClOS, KOTOPOE MPEMATCTBYET OOMEHHOMY
B3aMMOJICHCTBUIO AJIEKTPOHOB C aJICOPOMPOBAHHBIMH 4YacTUIaMHU. HachlllleHre BaJICHTHBIX
CBSI3€H MPUBOIUT K crieHU(UIECKUM O0COOEHHOCTAM IpU aACOpOLMU U MPU KaTaTUTHUECKUX
mpoiieccax Ha TaKMX MOBEPXHOCTAX. Ecin KBa3uypoBeHb V', BaJIEHTHOIO 3JIEKTPOHA
aaJacTulbl, JIeKAT HWke ypoBHd @epmu (V'>Q), Torma aadacTuia COXpPAHSIET
ANEKTPUYECKYIO HEHTPAIbHOCTh M MPUCOEANHSIETCA K MOBEPXHOCTH TOJBKO cuiamu Ban nep
Baanbca (¢dusmuueckass ancopOuus). Ecim ke V'<@, torma amaromsl OynyT 4YacTHYHO
3apsKEHBI, U CBSI3b UX C MOBEPXHOCTHIO YCUIIUTCS M3-3a ACUCTBUS KyJOHOBCKHUX cuil. [loka
auacTHIBl O0NIAZAI0T OpOUTAISIMH, KOTOPHIE HE 3a/IeCTBOBAHBI B CBS3aX C IMOJJIOKKOH,
YBEJIMUMBAETCS BEPOSTHOCTH IMOMEPEYHOr0 B3aUMOACHCTBUS MEXAY HHUMH, PE3yJIbTaTOM
Yero MOXeT ObITh 00pa30BaHME B a/ICIIO€ KJIACTEPOB U OCTPOBKOB 3THUX YACTHUII.

Yem ompenensieTcss 3TO OCTATOYHAsl KaTaIUTH YeCKas MHTEHCUBHOCTh. 3/1€Ch MOXET
OBITH JBa MEXAHU3MA:

(I) mMonexkynbl ¢ paBHOW 3(P(HEKTUBHOCTHIO JUCCOIMUPYIOT Ha BCEH MOBEPXHOCTH
MOHOCIIOS rpaduTa

(IT) mucconmanust uaeT y 1eGeKToB rpaguTOBOTO CIIOSI.

Hamm onwiTel 10 afcopbuuu atomoB Ba, Pt, Ni Ha MmoHocnoe rpadura Ha Ir 1 Ha Re
MOKa3bIBalOT, 4TO ocTpoBKku Ba, Pt, Ni oOpasoBannbie Ha moBepxHoctd 2DGF Ttoxe
OpUBOAAT K cuwibHOMY pocty Y [10, 11]. DtoT poct 0OBSICHsAETCS ABYMS NPHUYMHAMMU:
spdexTuBHON  MuUrpanueil Monekyn K jgedexkraM 3 (EKTUBHONW  KOHTAKTHOM
KaTAIUTUYECKON Jucconuanuei y nedexroB. Ha cymecTBeHHYIO poiib 1e(EKTOB YKa3bIBAIOT
U JaHHble paboTel [12] mo pocTy MHOrOCIoOiHOHN yriepomHoi mieHku. B paGore [12]
MOKa3aHo, YTO €ClIi Ha MOHOCJION Tpaduta Ha upuauu ipu 1 100K gomoHUTENBHO HATBUTATH
yraepo, To 3Hadenue Y Bo3pacraeT ¢ 10™ 1o 107, [ogoOHbIHi pOCT CBA3BIBAIM C HOSBICHUEM
Ha MOHOCJIO€ TpaduTa aTOMOB C HEHACBHIIIEHHBIMH BaJEHTHOCTSIMHU (aTOMBI U arperathl U3
aTOMOB yTJIepoJia, Kpasi TPaQUTOBBIX OCTPOBKOB).

CyImiecTByeT TakKe HECKOJIBKO COOOIIeHUM[S, 6], MOCBSAII |HHBIX MOJIYYCHHUIO
rpadeHa, BeIpallleHHOro Ha Mojuokkax kapouna kpemuus SiC(0001). I'padguroBas milHka
dbopMupyeTcsi TpU TEPMUYECKOM PA3JI0KEHUU MOBEPXHOCTH MOANOXKKH SiC (3TOT MeTo[
noJiydyeHus rpadeHa ropasao OJuxe K IPOMBIIIIIEHHOMY MPOU3BOJCTBY), MPUY| IM KauecTBO
BHIpAIICHHOW TIUI[JHKM 3aBUCHT OT TOTO, Kakas cra0unm3amusi y Kpuctamia: C-—
CcTaOWIM3UpPOBAaHHAA WU Si-CTa0MIN3HPOBaHHAS MOBEPXHOCTh —B MEPBOM ClIydyae KauecTBO
IUIEHOK BbIIe. B pabGorax [13, 14] ta jxe rpynma uccienoBaresnei mokasaia, 4To, HeCMOTPS
Ha TO, YTO TOJIIMHA cJ0sl TpaduTa COCTaBiIsieT OOJIbIIE OJHOTO MOHOCIOA, B IPOBOJUMOCTH
YYacTBYET TOJIBKO OJIMH CJIOW B HEMOCPEICTBEHHOH OJIM30CTH OT MOJUIOKKH, TOCKOJIBKY Ha
rpaaune  SiC—C wu3-3a  pa3HOCTH pabOT BBIXOAA JABYX MaTepHalioB oOpa3yeTcs
HECKOMIICHCUPOBaHHBIM 3apsn. CBoiicTBa TakoW IUI[/HKM OKa3aduChb HKBUBAJIECHTHBI
cBOlicTBaM rpadeHa.
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Puc. 1. 3aBucumocts logy=f(T) nna nenpepsiBHbIX HoTOKOB CsCl
Veser=1.4-1013 cm-2-s-1 na noBepxnoctu 2DGF [9].
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PEHTTEHO®A30BBII AHAJIN3 B CHCTEME
KOMIIO3UTOB U30g/nano-Si

A.A. T'apudsm
Hncmumym Paouayuonnwix Ilpoonem HAH Azepbaiioscana, baxy
baxunckuu I'ocyoapcmeennviii Ynugepcumem
garibliaydan @gmail. com

Bzaumooeiicmeus 6 cucmeme Si-U3;0g uccnedoanvi peHmeeHoha308vim MemoooM.
Yemanoeneno, umo e3aumooeticmsue 6 cucmeme Si-U3;Og umeem 26mexmuyeckutl xapaxmep.
Demexmuxa 6 cucmeme obpazyemcs npu Konyeumpayuu ~ 50mon.% U3Og. Obnapyscena
pacmeopumocmsb  kpemuua 6 UszOg Odocmuearoweco 3nauenuss 1,0 mon.%. Yuumvieas
UBMEHEeHUs Napamempos peuemrki 00pa308aHHbIX MEEPObIX PACBEOPO8, (PUZUKO-XUMUYECKUE
U KPUCMALIOXUMUYECKUEe CBOUCMBA 83AUMOOCLCMBYIOUUX Beujecms, NpeonosodN’CeHO, 4mo
o0bpaszyomces meepovie pacmeopuvl HeOPEHUsL.

Coenunenuss Ha ocHoBe U-O-Si mpenctaBisioT OO0JbINIOEC 3HAYCHHE B 00JIACTH
AaepHON 3HepreTuku M MmarepuanosereHus [1, 2]. CrutaBel Ha ocHoBe Si-U MOryT OBITH
MCIOJIb30BaHbI KaK SJIEPHOE TOIUIMBO B Pa3IMUHBIX TUIAX AJEPHBIX peakTopoB. B pesynbrare
B3aMMOJICHICTBUSl OKHCHBIX COCIWHEHUH ypaHa W KPEMHHUS MOTYT OBITh TOIYYCHBI P
COCIMHECHHH, KOTOPBIC MPEACTABISAIOT OOJIBIIOE HAYYHOE M MPAKTUYECKOE 3HaueHue [2-4].
W3zyuenne B3aumopencTBus B cucteme, U-O-Si mpeacrapnsger 00IbIION HUHTEpEC B 00JACTH
SIIEPHOM HAayKH, TEXHOJIOTUU U MaTepuanoBenenus [S]. [losTomy, B mpeacTaBiaeHHON padboTe
HCCIIE0OBaHbl MPOILIECChl B3aUMOJECUCTBUSL B cucteMe Kommo3utoB HaHoSi —U;O; Ha
MIPECCOBAHHBIX U CIIEUEHHBIX 00pa3iax npu temmneparype T<1400°C.

MeToanka 3KCIIePUMEHTOB

B kauecTBe 00bBEKTa HCCIIEIOBAHUI HMCIOJIB30BAIM HaHO-KpeMHUH Mapku Silicon
Nanoparticles Cubicc, 99% uncroroit u pasmepamu uyactuil S5S0aM. U;Og momydeH
tepmuueckuM pacnagoM UO,SO, (mapka "uucteiii" 99%) npu temneparype ~1000°C [2,4]
10 CXEME:

3UOst4—> U3Og+3SOzT+202T

[Tomydyennsiii o6pazer; U3;Og otoxoken pomonHutenbHO npu 1100°C B TeyeHuu 6
4yacoB. B pe3ynbrare 00pabOTKH MONTYy4YEeHHBIH MEIKOIMCIEPCHBIN MOPOIIOK YEPHOTO LIBETA,
MMeJT TapaMeTphl JIEMEHTAPHON PEIIETKH OMpeNesieHHbIN Mo AudpakTorpaMMe, KOTOPBIM
MOJIHOCTHIO COOTBETCTBYET CIPABOYHBIM JAHHBIM BBICOKOTEMIIEPATYpHOH MOIupUKAINN
U;0g, KpUCTAUTM3UPYIOMIUACS B poMOMYecKod cuHTOHMH(TIp.Tp.c. C2mm): a=6,822A,
b=11,816A, c=4,136 A, Z=2, a=f=y=90°, V=333,40 A.

Hcronb30BaHHBIN IS CHHTE3a HAHOPA3MEPHBINA MOPOIIOK KPEMHUS, OBLT TIOJIBEPTHYT
peHTreHopa3oBOMY aHaIM3y, B pe3ylbTaTe KOTOPOro OBLIO  YCTaHOBIEHO, 4YTO
HAHOJIMCIIEPCHBIN KpeMHUI nMeeT peduieKchl cpelHe MHTEHCUBHOCTH U KPUCTAIIIU3YETCS B
KyOndeckoil cuHromuu (mp.rp.c. Fd-3m) ¢ mnapamMeTpoM pemeTKu: a=5431A, Z=8,
V=16O,18A3, YTO COTJIACYETCS CO CIPABOYHBIMHU JAHHBIMU.

O6pasupr U;04-Si, ObUTM CHHTE3UPOBAaHBI METOJOM TIOPOIIKOBOM TexHomoruu. U3
HCXOJIHBIX TOPOIIKOB IPUTOTOBJIEHBI IMIUXTHI(CMECH) C 3aJaHHBIM XHMHUYECKHUM COCTaBOM.
[TonyyeHHble OAHOPOJHBIE CMECH MOPOIIKOB MPECCOBAIM B THAPABIMYECKOM IIpecce MpHu
ABJICHUSIX 3OOH/CM2, nuamerp Tabietku coctaBmsul d=7mm. g mpemoTBpamieHus
OKHUCJICHHST KPEMHHUS B COCTaBE CMECH, TaOJETKH TOMENIaId B KBapIeBbIE aMITylbl U
BAKYyMHPOBAIIM 10 OCTATOYHOIO AaBIeHUA:10" MM.pT.CT. 3aTeM 3alasHHbIE aMITyJbI ObLIA

MoOMeNIeHbl B My(denbHyIo nedb credensl npu temneparype 1100-1200°C B Tteuenun 7100
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yacoB. Takum myrem B cucteme U;Os-Si Obimu momydensl 18 o0pas3noB C pa3snu4HbBIM
coZiepKaHueM KOMITIOHEHTOB. [lomyueHHble o00pa3ipl OBUIM HCCIIEAOBAaHBl METOAAMU
peHTreHo(a30BoOro aHajIu3a.

Pe3yabTaThl U UX 00CY KIEHUS

C nenpro M3ydeHHUsl MOJTHOW KapTHHBI Tpoliecca B3auMozeicTBusa B cucreme UzOg-Si
peHTreHo(a3oBblil aHaTU3 OBUI MPOBEJCH Ha BCEX IMOJIyUYeHHBIX oOpasmax. Jus ynoOcTBa
aHanu3a nudpaxkrorpamm 06pas3ioB cucteMbl U;Og-Si, ObUTH MOCTPOCHBI MTPUX JUATPAMMBI,
KOTOpBIE MPEICTAaBICHBI HA pUCYHKE 1a u 0.

Jlns ynobctBa cpaBHEHUs Ha puc. | MpuBEIEHBI TaKXKe ITPUX—AUArpaMMbl UCXOIHBIX
KOMIOHEHTOB HaHO —Si 1 U;0x.

[tpux muarpamma obpasmna Si/U;O0;-(99/1Mon%) cHsATa B nuama3oHe yrioB 26=15-
75°, moatomy 331, 422, 511 pednekcsl B HUX OTCYTCTBYIOT. Pednekcer 220 u 111umerot
MEHBIIIME 3HAaYCHUsI MHTEHCUBHOCTHU, U peduiekc 220 nmeer yaBoeHHBIH BUI. CMelleHue B
3HAYEHUSIX MEKIIJIOCKOCTHBIX PAcCTOSHUI pedrieKcoB KpeMHUSI MPAKTUYECKH OTCYTCTBYIOT.
Ha mrpux aguarpamme npu d:1,577714, d:2,6533f§ u d:2,729914, UMEIOTCSL PEeQIICKCHI,
KOTOPBIE COOTBETCTBEHHO MACHTHU(UIIMPOBAHBI HAMH, Kak cMmemieHHbie pediekcsl 104, 131,
102 npunaanexaniue U;Oy.

[rpux pamarpamma oOpazna Si/U;04-(97/3mon%) xapakTepusyercs YIBOSCHHUEM
pednexcos 111, 311, 400 u 220 kpeMHUs, IPU TOM UHTEHCUBHOCTH pediekca kpemuus 111
HMEEeT MakcuMmaibHOe 3HaueHwe. Ha wmrpux-mumarpamme npu d=1,5 77714, d=2,6402f§,
d=2,6361A, UMEIOTCS CMEIICHHBIE pednexcer 104, 131 u 102 U,O; wumeromue cierka
YCUJICHHBIE HWHTEHCHBHOCTH, 4YeM B oOpasme KkoHmeHTtpamued 1,0M0m1.%. Ananus
mudpakTorpamm obpasnoB ¢ konmentparueit U,Og 5,0; 10,0,20,0; 30,0 u 40,0 mon%
MOKa3ajii, YTO HOBBIX peyiekcoB B HUX HE 00pa3yroTcs, ¢ yBenuueHueM coaepxkanus Us;Oy
MHTEHCUBHOCTH pediekcoB U;Og yBenmuunBaroTcs, a Si- yMEHBIIAIOTCSL.

Kak BuaHO w3 mrpux —amarpamma obOpasna ¢ konmeHtparuend U;Og—50Moin.%.
MaKCHUMalibHasi MHTEHCHBHOCTh OTHOCHTCA K peduekcy 111, nHabmomaercs Takxke
HE3HAYMTENIbHOE CHWKEHHWE MHTeHCHBHOCTH peduekco 220, 311, 400 pemeTku KpemHHUS.
HaGnromaeMele  Ha  INTpHUX-AMarpaMme  HOBble  peduiekcel  mpu  d=4,1380(100)A,
3,41135(002)A, 3,3588(031)A, 1,7650(202)A w 1,7738(231)A, otHocsTes k pemerke UsOy 1
CMEIIIEHBI B CTOPOHY MaJIbIX YTJIOB.

B mudpakrorpammax o6pasioB cuctembl HaHO Si-U;Og ¢ YMEHBIIEHHEM COICPIKAHUS
KpeMHUs, pedieKchl OTHOCSAIIMECS K KPEMHHUIO CHUKAIOTCS 1O WHTCHCHUBHOCTH U TIPU
KOHIEHTpauuu, Cy 5 >97,0Mo1.% He peructpupyrores. IIpu atom peduexcsr 221, 211, 060,

200, 131, 102, 031, 022 npunammexamme kK U;O; Ha audpakTorpaMmax sIBISIOTCS
CMEIICHHBIMH B CTOPOHY MaJIbIX YTJIOB.

AHanornuHas KapTuHa AUpakuud HAOMIOJAETCs B IITPUX —auarpamme oOpasma ¢
koHuentpauuen U;03—99,0 mon.% (Si/U;O4- (1/99m01%)).

Cwmemenne peduiexcoB pemetku U;Og B IITpUX-AHRarpaMMax B CTOPOHY MaJIbIX YTJIOB
HayuHass ¢ KoHueHTpauuu Si-1,0 Mon. % BeposTHEE BCEro SBISETCS CIEICTBUEM
oOpazoBanus TBepaAoro pacteopa kpemuus B U;O;. 3HaUeHHE cMeIeHHs peIeKCOB PEIIeTKH
U303 mpu 3TOM HEe MEHsSeTCs C HM3MEHEHHEM COCTaBa OOpa3loB, IMO3TOMY 3HauCHHE
pactBopumoctr kpeMHus B U;O0; MokHO TIpuHATE 1,0M0m1.%. V3 mudpakTorpammbl oOpasiia
¢ xoHuentpamuein U;0;99M051.% ObLTH OIpeesieHbl MapaMeTphbl peleTKr, KOTOpble HMEIOT
sHauenus: a=6,847A, b=11,8994, c=4,145A.
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Puc.1. lltpux-nuarpaMme! cucTeMbl KoMIo3uTOB Ha ocHoBe UszOg 1 HaHO Si:
a. 1-Si ; 2-Si/U505-(99/1Mon%); 3-Si/U505-(97/3M0n1%); 4-Si/U505-(95/5m011%);
5- Si/U304-(90/10mM0n%); 6- Si/U505-(80/20M011%); 7-Si/U304-(70/30M0n%);
8- Si/U304-(60/40M01%); 9- Si/U305-(50/50m011%)

6. 1- Si/U04-(40/60M0n%): 2- Si/U04-(30/70M0n%): 3- Si/UsO5-(20/80m011%);
4- Si/U305-(10/90M0%): 5- (Si/U;Og- (5/95mM01%); 6- Si/U;Og- (3/97m0n%):
7- Si/U30g- (1/99MOH%), 8- U30g

Kak BHIHO, 110 CpaBHEHHIO ¢ MmapameTpamu pemeTkd ucxonHoro U;Og (a=6,822f§,
b=11,816A,c=4,136A) npu o00pa3soBaHHMM TBEpAbIX pPACTBOPOB MAPAMETPHI PELICTKH
YBEJIMUUBAIOTCSA, 4YTO SBJSIETCS XapaKTepHbIM IpH OOpa30BaHUU TBEPIBIX PACTBOPOB
BHEJPCHUS W BBIYUTHIBAHUS. Y UYUTHIBASI XapaKTep B3aUMOJEHCTBUS KOMIIOHEHTOB B CHCTEME,
U UX MOHHBIE PaInyChl, MOKHO CKa3aTh, YTO B JIAaHHOM cllydyae 0ojiee BEpOSTHBIM SBIISETCS
o0Opa3oBaHue TBEPABIX PACTBOPOB BHEAPEHHUS.

Kak mnokaszanmu pe3ynbTaThl peHTreHo(a3oBOTO aHanu3a, Ha JudpakTorpaMmax
obpasioB cuctembl Si —U;O0g (puc.l1) kpome pedieKCOB UCXOAHBIX KOMIIOHEHTOB, HOBBIX
pedaekcoB, NpUHAIISKAMMUX HOBBIM (a3zaMm, He oOHapykeHbl. Takoe TMOBeneHHUE B
T pakTOrpaMMax XapaKTepHO IS CUCTEM C OBTEKTHUECKUM XapaKTEPOM B3aUMOJICHCTBUSI.
[Ipu TOM, yunuThiBas, 4To B AudpakTorpaMmax oopasios 10 koHmneHTpanuu U;Og; —50Mom.%
JOMUHUPYIOT pedrekchl KpemHHs, a cBbime 5S0mon.% peduexkcer U;Oy, MOXKHO
MPEATIONOXKHTH, 9TO IBTeKTHKA B cucteMe Si-U;Oy 00paszyercs npu KoHIEHTparuu~S0Mo1. %
U305 (S1/U;04 — (50/50m01%)).

Taxkum 00pa3om, B pe3yibTaTe PeHTTeHO()a30BOT0 MCCIEIOBAHUS 00pa3IIOB CHCTEMBI
komno3utoB Si—-U;O; mocTpoeHa mnpeanosaraeMas JAMarpaMMa COCTOSIHMSL CHUCTEMBI.
YcranoBneHo, yro B3ammojelictBue B cucreMe Si—U;Og UMEET ABTEKTHYECKUN XapakTep.
OBTEKTHKa B cHucTeMe oOpasyercss mpu KoHueHTparun~50mon.% U;O;. OOHapyxeHa
pactBopumocTh kpemHus B U;O; nocturaromiero 3HadeHus 1,0 Moi.%. YuurtbiBasi U3MEHEHUS
MapaMeTpoB PEMIETKA OOpa30BaHHBIX TBEPABIX PACTBOPOB, (PU3UKO-XUMUYECKUE U
KPUCTAIJIOXUMUYECKHE CBOMCTBA B3aUMOJICHCTBYIOIIMX BEIIECTB, MPEANONI0KEHO, YTO MpHU
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3TOM  O00pa3yroTcs TBEpHAble pAacTBOPbl  BHEJAPEHUS. BBIABICHBI, 3aKOHOMEPHOCTH
TepMHYECKHUX MpoleccoB B cpenax N, u A, npu Harpese A0 1000-1100°C u paagnoakTHUBHOCTb
00pas3IoB OT coJiepKaHus ypana B coctaBe cucreM Si-U;0s.
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__ CuGaln,Ses TORKIBLI KRISTALLAR VO POLETILEN 9SASLI NANO
OLCULU TOBOQOLORIN TEZLIKDON ASILI PARAMETRLORININ TOYINi

S.I. Ohmoadova, Y.Q. 9sadov, Q.H. Hiiseynov
AMEA Fizika Institutu, Baki, H.Cavid pr.33, Az-1143
g.guseinov@rambler.ru

Bunu nazora alaraq bu isda yeni torkibli defekt tip xalkoprit quruluslu CuGaln;Ses va
PE (polietilen) asasinda nazik tobagali kompozit material hazirlanmisdir. Hazirlanmis
kompazitda tezlikdon asili olaraq bas veran fiziki dayisikliklor tadqiq edilmisdir.

Xalkopirit —CuFeS, vo onun ¢oxsayli ABX; tip analoglar1 (A —Cu, Ag; B —Fe, In, Ga;
X =S, Se, Te) perspektivli maqgnit vo optik hassas materiallar kimi uzun illordir tadgiqatgilarin
digqotindodir vo artiq onlar asasinda miixtalif toyinath cevricilor, giinog bateriyalar1 vo digor
optik cihazlar istifadoadadir [1-4]. Qeyd etmak lazimdir ki, son vaxtlar gostarilon birlosmalarin
istiraki ilo miixtolif xarakterli dielektriklor osasinda kompozit materiallarin hazirlanmasina vo
onlarda miixtalif amillorin tosiri ilo bas veran fiziki-kimyavi xassalorin tadqiqinade maraq
artmigdir [5, 6]. Bunu nozoro alaraq bu isdo yeni torkibli defekt tip xalkoprit quruluslu
CuGaln,Ses vo PE (polietilen) osasinda nano olgiilii kompozitdon ibarot nazik tabagolorin
alinmas1 vo onlarda tezliyin tosiri ilo bas veron doyisikliklorin todqiqi sorh edilmisdir. Bunun
liciin CuGaln,Ses kristallar1 sintez edilmis, 10 giin orzinds 550°C temperaturunda
tablagdigdan sonra miiasir D8 difraktometrindo onun gofos Olciilori vo simmetriyast toyin
edilmisdir. Aparilan rentgen-difraksiya eksperimentlorinin “Topas” proqrami ilo iglonmasi
gostormisdir ki, todqiq edilon kristallar tetraqonal qurulusda kristallagir vo onun gofos
sabitlori a=5.669A; c=11.319A, foza grupu [-42c. Z=4-diir. Qurulus iso xalkopiritden forqli
sulvanitin —Cu,;VSe, analoqudur [7]. Novbati etapda sintez edilmis ktistaldan vo PE-don ibarat
kompazit hazirlanmigdir. Kompazit komponentloin homogen ovuntu qarigiginin isti
preslonmasi yolu ilo alinmisdir. Kompazitin torkibi uygun olaraq (30%) CuGaln,Ses vo (70%)
PE ibarotdir. Nazik tobogoli kompozit niimunslorin hazirlanmasi tisulu asagidakindan
ibaratdir:
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CuGain2Se5 vo PE-don ibarat olan sixta materialim kiirovi farfor doyirmaninda
60mkm vo daha kigik oOlcliyodok xirdalanir, sonra alinmis kiitloni presformaya qoyub
asagidaki kimi isti preslomoya moruz qoyulur:

a) avvalco qatisdirilmis sixta P=1MPa tozyiq altinda orimo

temperaturuna (T=160°C) godoar 3doaq qizdirilir;

b) sonra tozyiq P=15Mpa-dok yiiksoldilir, orimis sixta 3doq

miiddatinds tozyiq altinda saxlanilir;

¢) alinan nazik tobaqo niimunasi suda barkitma yolu ils soyudulur.

Belo soyutma iisulu zamani tobagolor daha elastik alinir.

Hazirlanmis nazik tobogolorin tokrar pentgenoqrafik todqiqati aparilmis vo miioyon
edilmisdir ki, nimunads yarimkegirici kristallarinda he¢ bir qurulus doyisikliyi izlonmir.

Sintez edilmis kompozitin dielektrik parametrlorini todqiq etmok ii¢iin onlardan
galinligi ~170mkm olan, {izorino giimiis pasta cokilmis kondensatorlar hazirlanmisdir.
Rogomsal E7-20 immitansi vasitosilo (102-106 Hs tezlik intervalinda) T=300K
temperaturunda tutumun C, D -—dielektrik itkisinin qiymati Olclilmiisdiir. Niimunays 1V
gorginlik verilmisdir.

Dielektrik itkisinin, tutumun ol¢iilmiis giymoatlorino asason dielektrik niifuzlugunun
haqiqi vo xoyali hissolori asagidaki diisturlarla hesablanmisdir.

c= 8‘3’5 )

=% @)
V14 D?

P (3)

~Ja+p' 2D

Burada ¢ —kondensatorun tutumu, D —dielektrik itkisi, € —dielektrik niifuzlugunun hoaqiqi
hissasi, €” —dielektrik niifuzlugunun xayali hissasi, €,=8.85- 1072 F/m —dir.
Hesablamalarin naticolorinin tohlilindon miioyyon edilmisdir ki:

1. Dielektrik parametrlorinin tezlik asililifinda giiclii dispersiya moévcuddur.

2. Tezliyin 0,025 kHs-don 20 kHs —o godor artmasi ilo tutumun (C), dielektrik
niifuzlugunun (€”) haqiqi hissasinin giymatlori kaskin azalir.

3. D —dielektrik itkisinin, €” —dielektrik niifuzlugunun xoyali hissasinin tezlik
asililiglarinda, €”=f(F) maksimumlar miisahids edilir.

Tezlikdon asili olaraq tutumun, dielektrik niifuzlugunun vo dielektrik itkisinin
azalmasi onunla izah edilir ki, tezliyin artmasi1 ilo yiiklonmis zorrociklor (relaksatorlar)
verilmis gorginliyin Y4 periodunda elektrik sahosinin tosiri ilo relaksasiya edo bilmoyarak,
saho boyunca istigamotlonib keciriciliyin artmasina sobab olurlar. D, €”=f(F) oyrilirinda
miisahido edilon maksimumlarin osas sobobi iso dipol polyarlagsma ilo izah edilir. Beloki,
relaksasiya zamani T<<1/2f qiymatina qodor D —artir, 1/2f<<7 sortindo dielektrik itkisinin
giymoti azalir.

Aparilan ol¢iilorin grafiklori agagidak: sokillords gostorilmisdir.
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Saokil 3. Dielektrik niifuzlugunun xoyali hissesinin tezlikdon asililig1
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BJIMAHUE JJETUPOBAHUSA CAMAPUEM HA CTPYKTYPY
XAJBKOTI'EHUJHOTI'O CTEKJIOOBPA3HOT O ITOJYITPOBOJHUKA SegsTes.

C.Y. AraeBa*, A.U. UcaeB, C.U. MexTHueBa,
Hncmumym @uzuxu Azepbatiosncancrkoi Hayuonanvnou Axademuu Hayx.
seva_atayeva@mail.ru

Hccneoosanvr cnekmpoi KPC mepmuuecku HanvlieHHbIX NIEHOK aMOP@HHO20 celena,
yucmozo u aecupogannozo camapuem XCII cocmasa SegsTes. [loxasano, umo cnekmpor KPC
amopgrozo cenena cocmoam uz 06yx nonoc ¢ maxcumymamu 40,5 u 254 cm’', a ocmanvuvle
obpasyvr uz mpex nonoc ¢ maxcumymamu 37,1-40,3; 208,8-211,9 u 248,4-253,3 cm”’ ¢
3aeucumocmu  om yYposHa Jne2uposanus. Habnwoodaemvie ocobennocmu  00vACHEHb
U3SMEHEeHUeM OMHOCUMENbHLIX OO0NeU PA3IUYHbIX CMPYKMYPHLIX eOUuHUY, a makdice
B03MOMNCHbIM USMEHEHUEeM JIOKANbHOU CMPYKmMypbl HA YpPOGHe CpeoHe20 U OIUNCHEe20
NOPAOKO8.

AMOphHBIE M CTEKJIOOOpa3HbIM  celleH, KaK TUOUYHBIA  TPeACTaBUTENb
XaIBKOTCHHUIHBIX CTEKJIO00pa3HbIX MOIynpoBoHUKOBBIX (XCII) maTepuanoB MHTEHCHUBHO
uccneayercs no Hacrosimee Bpems [1-3]. DTo cBs3aHO CO CTPYKTYpHBIMH OCOOCHHOCTSIMHU
aMmop(HOTo celleHa, B YaCTHOCTH €ro THOKOCThI0. DTOMY CIIOCOOCTBYIOT IEITHAs CTPYKTYpa U
Ban—nep-BaanbcoBsl  CBA3M  MeXAy LEMAMH. YKa3zaHHblE OCOOEHHOCTH IO3BOJISIOT
MOIU(DUIIMPOBATh CTPYKTYpPY CeJieHa B Pe3yJbTaTe M3MEHEHMs PEeKHMMa TEXHOJIOTHUYECKOTO
mpouecca, XMMMUYECKOTO COCTaBa U JIETMPOBAHMEM, YTO MO3BOJIAET HANPABICHHO M3MEHATh
ero cBoiicTBa. [l yaydlleHUs AJEKTPOHHBIX CBOMCTB M KPUCTAJUIM3ALMOHHOMN
YCTOMUMBOCTH B aMOpGHBIA celleH J00aBISIOT HM303JEKTPOHHBIE (cepa M TEIyp) H
pa3BETBIAIONINE (MBIIIBSIK) 3JIEMEHTHI, YTO MO3BOJISIET PACIIUPUTH 00JIACTh €T0 MPUMEHEHHUSI.

B nmanHolt pabore wMeTomom komOumHanmMoHHOro paccesHuss cera (KPC)
ucclienoBaiach JiokanbHas crpykrypa XCII marepuana SegsTes, IETHpOBAHHOTO CaMapUEM.
BeiOop yka3aHHOTO cocTaBa B KadecTBE OOBEKTa WCCIEHAOBAaHHUS OOYCIOBIEH TeM
OOCTOSITETLCTBOM, YTO 3aME€Ha 4YacTH aTOMOB CeJieHa aTOMaMU TeJulypa CIIOCOOCTBYET
YaCTUYHOMY pa3pyLICHHIO KOJIELl Se; M COKpAIlEHUI0 JUIMHBI LEMHBIX MOJEKYIL.
Hcnons3oBanne camapusi AJi JIESTUPOBAHUS CBA3aHO C TEM, YTO CAMAPUMA KaK XMUMHYECKHU
aKTUBHBIM AJIEMEHT NPOSIBIIAS JBYX M TpPeX BAJIEHTHOCTb, MOXET OOpa30BBIBaTh HOBBIC
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CTPYKTYpPHBIEC 3JIEMEHTHI C aTOMaMHU CeJeHa M Tejutypa. Takum oOpazom, HCIOJIb30BaHUE B
KauecTBe J100aBKM TeJUTypa U JIETUPYIOLIETO 3JEMEHTa caMapusi JOJIKHO MPHUBOJIUTH K
MOIUGUKAIMH CTPYKTYPbl aMOP(HOTO CeJleHa, YTO IO3BOJUT BO3ACHCTBOBATH HA €ro
ANEeKTpOHHBIE cBocTBa. [locneanee obecrneynBaeT yCIEMHOCTh MPAKTUYECKOTO MPUMEHEHUS
ykazanHoro XCII marepuana u pacmupenust 00JIaCTH €ro UCIOIb30BaHMSL.

MeTtoaunka 3kcnepuMeHTa U U3roTOBJIEHHE 00Pa3LoB

Cunte3 XCII coctaBa SegsTes, NErMPOBAHHOTO pPa3HBIMU MPOIEHTAMH CaMapus
OCYILECTBIIEH B CIEIYIOIIEH MOCIeA0BAaTEILHOCTH: 0CO00 YHCTHIE JIEMEHTAPHbIEC BEIIECTBA B
COOTBETCTBYIOIIMX ATOMHBIX TMPOIEHTAX HAIOJHSAJIUCh B KBapleBble aMITyJIbl U IOCIE
OTKAUMBAHHS BO3AyXa 10 jaBieHus 10 MM.PT.CT. B TedeHHE 3 YaCOB HArPEBATHCH IO
temneparypsl  900-950°C, ¢ mnocnenyromeil 12 4acoBoil BBIIEPKKOW IIpU  JaHHOI
temneparype. C 1enpio obecriedeHus: 0JHOPOTHOCTH OOpaslloB CHHTE3 ObLI NMPOBEICH BO
BpalIaronencs meun, a oxXJaxaeHHne 00pasioB B peXUME BHIKIIFOUCHHOM nieun. JlernpoBaHue
00pa3LoB OCYIIECTBISIOCHh B IMpoLecce CHMHTE3a. TOHKHE IUIEHKH, TOJNIIMHOM 3MKM, ObUTH
MOJy4YE€Hbl TEPMUUYECKUM UCTIapeHHeM cO CKOpocThio 0,3—0,4 MKM/MUH.

Cnekrpsl KPC nccnenoBanucy Ha 3D kon¢poxansHoM Mukpockorne Nanofinder 30
(Tokyo Instr.), ¢ qmuHOM BoNHBI BO30yx)aeHuss A =532 M. Pamuyc ceyeHus magaromero Ha
IUICHKY JIa3€pPHOro JIy4a OblT paBeH ~4MKM. [IprueMHUKOM H3ITydeHus CllyKuiia oxXjaakaaemast
CCD —kamepa (T~ -70°C), paboraromias B pexuMe cueTa (POTOHOB, BPEMsI SKCIIO3HIHH TIPU
3TOM COCTaBJISIO | MUH.

Pe3yabTarsl M UX 00Cy:KIeHHE

Cnextpet KPC meHok amopdHOro ceieHa, a TakKe YHCTOTO WU JIETUPOBAHHOTO
camapueM SegsTes mpencraBieHbl Ha pUCyHKE 1.
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Raman shift, sm™
Puc. 1 CriekTpbl KOMOWHAITMOHHOTO paccessHUs TUICHOK aMOp(HOTO celleHa
Se (xkpuB. 1), cocTaBoB SegsTes (kpuB. 2), SeqsTesSmg s (kpuB. 3) u

SegsTesSm, (kpuB. 4), Ipu MOIIHOCTH JIa3epHOTO U3NIydeHus 4 MBT

Kak BumHO U3 pucyHka, B cHeKkTpe aMop(HOro cejeHa HaOIIOJAETCSl XOPOILIO
BBIPQXKEHHBIM MIMPOKUA THUK ¢ MakcumymoM 40,5 cM!' W OTHOCHTENBHO Y3KUU TIHK C
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maxcumyMom 254 cm™'. TInk ¢ MakcumMyMom 251 cM™', GIH3KHiT 110 3HAYCHHIO K y3KOMY ITHKY,
HaOIrI0aICs ¥ B APYTUX paboTax, MOCBAIICHHBIX aMOppHOMY celieHy [3-6],  mpunuchIBaics
KoJeOaTeNbHONH MOJIe KOBaJCHTHOHN CBsI3U Se-Se, IUIMHA KOTOPOM COCTaBISET 2,3510% [3]. B
XCII cocraBax SegsTes u SeqsTes, nerupOBaHHBIX Pa3HBIMU MPOLIEHTAMU CaMapus YKa3aHHbIE
MUKU coxpanstorcsa. OgHako, B 3aBUCMMOCTH OT XMMHYECKOTO COCTaBa M KOHIEHTpaIuu
JIETUPYIOLIMX aTOMOB YKa3aHHbIEC ITUKHU MOJBEPrarOTCs WU3MEHEHHUSM W IOSBIISIIOTCS HOBBIE
nuky. [Ipu yacTUUHON 3aMeHe aTOMOB celeHa aToMaMH Teiutypa (SegsTes) UHTEHCUBHOCTh
YKa3aHHOTO NMUKA YMEHBIIAETCS M MOSBISAETCA moyoca ¢ MakcuMmyMmoMm 211,7 cm, xoTopas
cormacHo [7] cooTBeTcTBYeT KoneOaHusMm cBsi3u Se-Te. M3BecTHO, 4TO aMOp(HEIN celeH
COCTOUT W3 JUIMHHBIX IOJUMEPHBIX II€N€d M BOCBMHUYJIEHHBIX KOJIEL, BHYTPH KOTOPBIX
MEXy aTOMaMU CYIIECTBYIOT KOBAJICHTHBIE CBSI3M, @ MEX]Y Pa3JIMUYHBIMU CTPYKTYPHBIMHU
anemeHTamu Ban-nep-BaanscoBer cBsizu [8]. JloGaBka Temnypa K aMopdHOMY CeleHYy
MPUBOAUT K YaCTUYHOMY Pa3pyILICHUIO KOJIBLIEBBIX MOJIEKYJ U YKOPAUMBAHUIO MOJTUMEPHBIX
nerneid. B pesynpTaTe 3TOTO, UKMCIO CBsI3CH Se-Se ymeHbmiaeTcs, U oOpa3yrorcs cBszu Se-Te,
CONPOBOXKIAIOIIMEC TOsABIEHHEM mosockl (211,7 cm'), cooTBeTcTBYyIOmMIEH yKa3aHHBIM
cBs3siM. Kak BUIHO W3 pUCYHKA, JIETUPOBAHUE caMapheM M3MeHseT GOpMy U HHTEHCUBHOCTD
nukoB B criektpe KPC. [Ipu 3ToM npoaonxaeTcs yMeHbIIIEHUE HHTEHCUBHOCTH MTHKA MOJIO0CHI
npu 254 em ' u poct muka npu 211,7 cm', a Takke crnaboe paclIMpeHHE IOCIEIHErO B
HU3KOYACTOTHYIO CTOpOHY crekrtpa. llocneaHee, Mmo-BUIMMOMY, CBSI3AHO € XHUMHYECKOM
aKTUBHOCTBIO aTOMOB caMapHsi, 00pa3yroIINX CBSI3M KaK C CEJICHOM, TaK U C TerypoMm (Sm-
Se, Sm-Te, Se-Sm-Te, a Takke NUPaMUIAIbHBIE CTPYKTYPHBIE 3JIEMEHTBI C y4aCTUEM aTOMOB
camapust SmSe Te;.). YacToThl K01€0aTENBHBIX MO/, COOTBETCTBYIOIINE YKA3aHHBIM CBS3SIM
ONU3KU APYT IPYTY U, HEPEKPHIBAsCH, 00Pa3yl0T MOJIOCHL.

Kak yxe ObUIO OTMEYEHO, B CHEKTpax HCCIEIOBAHHBIX 00pa3loB HaOIIONAIOTCS
XOpOILIO BBIPAKEHHBIE NMUKH C MaKCUMyMaMH, HaXOISUIMMUCSA B MHTepBajie 4dactoTr 37,1 —
40,5cm™. CyluecTBOBaHME YKa3aHHBIX IIMKOB SIBJSETCS YHHBEPCAIBHOM OCOOEHHOCTBIO
cnektpoB KPC crexnoobpa3Hbix 1 aMop(HBIX TeNl. Y CTAaHOBICHHO, YTO HU3KOYACTOTHBIN MUK
CBS3aH C paccessHUEM CBeTa TMEepBOTO TMOpsAKa Ha KoyieOaTeNbHBIX BO30YXKICHUSX,
MTOAYMHSIIONTUXCS CTaTUCTUKE bo3e M moITOMy, HOCHT Ha3BaHHE «0030HHOTO». BO30HHBIM
MUK XapaKTEePU3yeTCs] TAKUMU MMapaMeTpaMu, Kak MOJI0)KEHHUE MaKCUMyMa, UHTEHCUBHOCTb U
MOJIyIIMPUHA MaKCHMYMa I0JOCH! (IIMPUHA, COOTBETCTBYIOIIAS IOJIOBUHE MAaKCHMYyMa).
OOBIYHO, JUISI CPAaBHEHUS Pa3IUYHBIX 00PA3IOB CIEIAT 32 U3MEHEHUSMHU OTHoIIeHUs I/ u
MOJIYIIUPUHBI A, TPUHUMAIOLINXCA KaK XapaKTEPUCTHKU CPEAHET0 U OJMKHEro MOPSIKOB,
cooTBeTcTBeHHO [9]. Bennunnsl I u [ —3T0 MHTEHCUBHOCTH, COOTBETCTBYIOIINE MAKCUMyMaM
0O30HHOTO TIMKAa W TMHKa, OOYCIIOBIEHHOTO KOJIeOaHMEM KOBaJIeHTHOW cBsi3u Se-Se. B
Tabyuie 1. mpuBeIeHbI 3HAUCHUS yKa3aHHBIX BEJIMYWH JJIS PA3IMYHBIX 00pa3IloB.

BennunHbl Se SegsTes SegsTesSmo.os SegsTesSm;
i 0.75 1.43 1.14 1.51
A w, cen’ 100 84 84 84

Kak BumHO U3 Tabnuiikl, 100aBKa TeuTypa B aMOP(HEIN CEJeH, a TaKXKe JISTHPOBAHUE
caMapueM CHCTeMBbl SegsTes IPUBOIUT K pocTy I/, 1 mpu 3TOM BeIUYMHA A TOYTH HE
WU3MEHSIETCS, HO CJIa00 YMEHBINASTCS MO OTHOIICHHUIO K celieHy. VCXoas M3 3TUX NaHHBIX,
MOKHO TIPEATIOI0KUTh, UTO T0OABKA TEJUTypa MPUBOJAUT K U3MEHEHHIO KaK OJIMKHETO, TaK U
CPEIHETO MOPSIKOB, a JIETUPOBAHUE CaMapreM MPHUBOIUT TOJIBKO K U3MEHEHHIO B MacmiTade
CpPEAHErO MOPAJIKA, IPUYEM YBEIUYMBAET CTEIIEHb HEYNOPSAOUCHHOCTH.

Poct orHomenus I/l mpu JETUpPOBAaHUM CaMapHeM MOXXHO OOBSCHUTH TEM, YTO
camapuii, Kak XMMUYECKHA aKTUBHBIN 3JIEMEHT 00pazyeT KOBaJICHTHBIC CBs3H Sm-Se, Sm-Te,
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Se-Sm-Te, a Takke NUPAMUAAIBHBIE CTPYKTypHBIE 3yeMeHTBl SmSeTe;,. YKa3zaHHbIE
CTPYKTYpHBIE €IMHHIIBI 00pa3yloT HAHOBKJIIOYEHHS B aMOp(HOI MaTpHile W pacroarasch
XAa0THUYHO VYBEJIMYMBAIOT CTENEHb HEYNOPSAOYEHHOCTH Ha YPOBHE CpPEIHEro IopsjiKa.
VYMenbpmenne Aw, kak wu3BecTHO [10] cBumeTenbcTByeT 00 YMEHBIICHUH TUCIIEPCUHU
BaJICHTHOT'O YIJIa, T.. 00 YHOPSAIOYCHUH Ha YPOBHE OJIMKHETO mopsiika. Hem3ameHHOCTh Aw
IpU JIETUPOBAHUU I[IOKA3bIBA€T O HE3aBUCUMOCTH OJMKHETO MOpSAKa OT KOHIEHTpAluU
JIETUPYIOLIUX aTOMOB.

UccnenoBansl ciektpel KPC TepMuyeckn HambLIEHHBIX TUICHOK aMOp(HOTO celieHa,
YHUCTOTO W JIETUPOBAHHOTO camapueM SegsTes. B amopdHOM cenene HaOiromaeTcst y3kas
rnojoca ¢ MakCuMyMoMm 254 CM'I, COOTBETCTBYIOIIAsl KoJieOAaTeIhbHOW MO KOBAJICHTHOM
cBs3u Se-Se. B SegsTes THTEHCUBHOCTD YKA3aHHOI'O MHMKA YMEHBIIAECTCS U MOSBIIAECTCS HOBas
rnojoca C MaKCUMYMOM 211,7cm™, 4YTo CBSI3aHO C YMEHBIIEHUEM J0JU CBSI3U Se-Se U
obpazoBannem cBsi3u Se-Te. Ilpu nerupoBanun SegsTes camapueM TMOCIETHSS MOJIOCA
YIIUPSETCS W MPOJOJHKAET PacTU MO MHTEHCUBHOCTH. Takoe moBeneHue crektpoB KPC
oOBsicHsieTcs: oOpa3oBanueM cBsizeld Sm-Se, Sm-Te, Se-Sm-Te, a Takxke TUPAMUIATHHBIX
CTPYKTYPHBIX 37eMeHTOB SmSe.Te;,. Bo Bcex oOpasmax HaOII0OIEH XOPOIIO BBIPAKCHHBIN
MUK, TaK Ha3bIBAEMBIN «O0030HHBIN» MUK, C MAKCUMYMOM, HAaXOJSIIIIMMCSI B UHTEPBAJIE YacTOT
37,1-40,5 cm. Cyns 1Mo M3MEHEHHMSIM WHTEHCUBHOCTH M TOJYIIUPUHBI YKA3aHHOTO MHUKA
BBICKA3aHbI HEKOTOPBIE COOOPaKEHHUsS O BIUSHUU XUMHYECKOTO COCTaBa W JISTUPOBAHMS Ha
JIOKAJIbHYIO CTPYKTYpY HCCIEIOBaHHBIX MaTepuanoB. Ilokazano, yto goOaBka Teiaypa B
aMOp(HBII celleH, a TakKe JITUPOBAaHHE caMapheM CHCTEeMBbl SegsTes MPUBOIAT K POCTY
CTENEHU HEYMOPSJOUYEHHOCTH Ha YPOBHE cpeaHero mnopsaka. CTeneHb ynopsa04eHHOCTH
CTPYKTYphI Ha YpOBHE OJIIDKHErO MOpsiika B cucreMe SeqsTes He3HAUUTENBHO BBIIIE, Y€M B
aMop(HOM ceJieHe, U HE N3MEHSIETCS JISTUPOBAHUEM.
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BLOCH TERAHERTZ WAVES ON THE MESOSCOPIC STRUCTURES OF
ABM YL, CRYSTALS
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In layered crystals of the A B™C"", family the presence of wide temperature ranges is
indicated, in which on the primitive translation of the lattice of the initial phase superlattices
with periods of 5-15 nm are superimposed. At that, the neutron-diffraction patterns show the
presence of superstructural reflections: both reflections that are multiple of the initial
translation of the lattice and incommensurable superstructural ones. Our research showed
that layered crystals of the TIlInS, family are crystallized with the formation of both
incommensurable and commensurate superlattices and could be used for the generation of
terahertz waves.

A number of works [1, 2] have been devoted to the creation of the terahertz Bloch
generator on the basis of semiconductor superlattices [3-12]. Both at the improper phase
transitions (accompanied by quadrupling cells and by incommensurable phases) and in the
polytypic modifications of layered ferroelectric semiconductors of the A"B™ CY', family, a
periodically spatially changing superlattice (in this case, direction (001)) with the period of 5-
15 nm is superimposed to the initial translation of the lattice. Such a structure develops
additional periodic potential, which leads to partitioning of the quasi-impulse Brillouin zones
and allowed energy bands of the electron of the initial phase into the collection of relatively
narrow (10°-10’cm™) Brillouin mini-zones and narrow (107-10"'eV) allowed energy mini-
bands and mini band gaps. Due to the small sizes of these mini-zones in the superlattices,
Bloch electron oscillations appear along with the Wannier-Stark levels [2] in already
relatively weak static electric fields (10>-10* V/cm). In superlattices with the period of 100A
in the Ec fields equal to 4kV/cm, the frequency of Bloch oscillations is: f. = Q. /(2xm) = 1
THz (where € is angular frequency).

The presence of Bloch oscillation in the superlattices has been cogently confirmed in a
number of experimental works. This makes the idea of creation of a terahertz Bloch generator
based on semiconductor superlattices and with a frequency that would be continuously
retuned by the static electric field extremely attractive.

RESULTS

We considered the low-energy spectrum of a TlGaSe, crystal which is a structural
analog of a TlInS, crystal. We investigated the dispersion relationships for the transverse
acoustic phonons in TlGaSe, and the low-frequency phonons which are active in the infrared
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and Raman spectra of the TIGaSe, compound [13-16]. The frequency of acoustic phonons in
the direction (001), which is perpendicular to layers, is considerably lower than in the
direction (100) which lies inside the layer. Such behavior is typical for layered crystals, and it
confirms that intra-layer bonding among ions is considerably stronger than interlayer
bonding. To clarify the structure of polytypic modifications of TtlGaSe,, we carried out
neutron-diffraction measurements of several samples of the compound. The measurements
resulted in two diffraction patterns. This enabled us to draw a conclusion that here we have
two polytypic modifications which will be called below ‘0a-TlGaSe,” and ‘B-TlGaSe,’. The
neutron-diffraction pattern indicates only the reflections that are relevant to the monoclinic
structure. In addition to regular monoclinic reflections (hol), strong superstructural reflections

of the (hol+7 ) type are also observed as well as weak satellites of the (hol+m- ;) type. Both

types of additional reflections are observed at h=2xn+1 and disappear at h=2xn. Analysis
allows us to draw the conclusion that in f-T1GaSe, there is lattice modulation which results in
the formation of long-period structure with the period of modulation of Cmod,:IOch,:16OA,
where c,, is the lattice constant of a primitive cell.

We have carried out neutron-diffraction measurements of o— and f— TlGaSe; in the
temperature range of 4-600K. The neutron —diffraction measurements of a-TlGaSe, showed
that below 100K phase transition (FT) occurs along with quadrupling of the unit cell volume.

So, we have researched two-dimensional distribution of scattering intensity in planes

(110) and (110), close to reflections (1114 ) and (1114 ), respectively. It has been discovered
that in the temperature range of 216-200K there is a disproportionate phase with Zn; =(867).

This vector is transferred into a four-beam star (& & 1), (8 3‘%), (55%) by means of the

point group symmetry operations. Reflections corresponding to all four beams of the ‘star’
were experimentally measured. The value of 6 was equal to 0.012+0.003. Within the
resolution limits, the value of & between FT1 and FT2 remained constant. Below 200K,
reconstruction of the structure modulation occurred in presence of a proportional structure
with 4 and a new disproportion, the value and the direction of which could not have been

determined, apparently, due to the fact that this disproportion does not lie in the plane where
measurements were conducted.

We also carried out a study on temperature dependence of scattering intensity at
(1,1;1.25) while heating and cooling. In both cases it is evident that the superlattice appears at
a temperature of 216K. Thus, in the T1InS, compound, in the temperature range of 216-200K
there is a disproportionate phase with qip= (661/4).

In relaxed ferroelectrics based of layered crystals of the TlInS, family [16-18] in the
temperature range between Ty and Ty (where Ty represents Vogel-Fulcher temperature — the
temperature of transition from the nano-domain state to the ordered macro-domain state, and
where T4 represents Burns temperature, the temperature of transition from the vapor phase to
the nano-domain state), a crystal is in disproportionate superstructural state. This is
characterized by the section where weak temperature dependence of conductivity (210-240K)
is observed.

It should be noted that such kind of conductivity at low temperatures (T<170K) is
typical of crystals of this class and indicative of presence of non-activation hopping
conductivity at which carrier hops within the localized zone occur with emission of phonon.
In our opinion, the mechanism of attenuation of temperature dependence of the conductivity
section in the Ty —T4 temperature range is fundamentally different for this temperature range.
It is known that this temperature range is characterized by the disturbance in the translation
invariant periodicity of the crystal lattice of TlInS, and by the appearance of the superlattice
aliquant of the initial translation of the lattice. In this case, parabolic zones split into mini-
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zones which in turn are divided by small band-gaps and have a Brillouin zone determined by
the period of the superlattice.

Author’s studies theoretically examine the flow of current in the structures with
superlattices. They show that the flow is determined by resonance tunneling through the
potential barriers dividing wells. In this case, we must take it into account that the defects
formed by radiation exposure have a radius of localization of 10 nm, i.e., they can quantize
spatially and form structures with charge carriers geometrically constrained in all three
dimensions (quantum points). The lower limit for the size of a quantum point is determined
from the condition when at least one electron level exists at the quantum point. This size must
not be less than 4 nm.

When measuring 6(T) in the region of the disproportionate phase, due to certain
conditions, energy levels of the quantum point turn out to be in potential wells caused by the
superlattice of the TlInS, crystal. Resonance tunneling is achieved from the electron levels of
the quantum point through potential barriers, which eventually leads to the observed
attenuation of the temperature dependence of conductivity in the domain of existence of the
relaxed state.

Our research showed that layered crystals of the TlInS, family are crystallized with
the formation of both incommensurable and commensurate superlattices and could be used
for the generation of terahertz waves.

In layered crystals of the A"B"'C"’, family the presence of wide temperature ranges is
indicated, in which on the primitive translation of the lattice of the initial phase superlattices
with periods of 5-15 nm are superimposed. Our research showed that layered crystals of the
TlInS, family are crystallized with the formation of both incommensurable and
commensurate (of the initial translation) superlattices and could be used for the generation of
Terahertz radiation.
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MNBbE30OAJIEKTPUHUYECKHUE CBOMCTBA COEIUHEHMM TIAg) o:Ing 99Se;

B./1. Pycramos, 3.M. 3eiinajios, H.B. Hama3zos, E.A. MoscymoB
Isnoorcuncxuii I'ocyoapcmeennulii Yuueepcumem

B  pabGore wum3nmaraioTcsi  pe3ysibTaThl  SKCIEPUMEHTAIBHOTO  MCCIEIOBaHUS
TEH30YYBCTBUTEIBHOCTH COCTUHECHUN TIAg) 0Ny 00S€; B 3aBUCUMOCTH OT MEXaHWYECKOU
nedopMauu ¥ ONTHYECKON TMOJCBETKHM M PE3YNbTaThl OOCYXKIEHHUS IhE303JIEKTPUICCKIX
0COOCHHOCTH YKa3aHHbBIX 3TOTO COEMHEHHUS.

3a mociieHUEe TOAbl 3aMETHO BO3POC MHTEPEC NMPUMEHEHUs KPUCTALUIOB U JAPYTUX
MTOJIYITPOBOJTHUKOBBIX COEIMHEHHH W TBEPABIX PAcCTBOPOB B TEH30METPUU. 3aMETHBIN
'bE30PE3UCTUBHBIN 3 (eKkT OoOHapyKeH MOoYTH [UIs BCEX MPEACTaBUTENEH OMHAPHBIX
aIMa30m0100HBIX MOayIpoBogHuKoB Tuna A'''BY | a Taxxke a g - 1 €ro aHaIoroB..

Opnako, HauOoliee BBICOKOW TEH30YYBCTBUTEIHHOCTHIO O0JIAJaeT KPEMHHIA.
TeH309yBCTBUTEIBLHOCTH KOTOPOTO BapbupoBaiuchk B mpeaenax 100+175. Jlo uccnenoBanus
TPOWHBIX aHanmoroB 71Se, B dactHocTH, TlInSe, Hambonbplias TEH309YBCTBUTEIHLHOCTH
oOHapyxeHa B & — SiC p- ThMa MPOBOJANMOCTH.

OnHako, WCCIEMOBAHUSAMH CIOMCTOTO MOHOKpHucTaiia p —TlInSe, BBISBICHO, YTO
nanHas hasa HMeeT PeKOPAHYIO TeH304YBCTBUTEILHOCTD IpH AedopMaru 107,

Pacmmpenust BO3MOKHOCTEH MPUMEHEHHUsI TOJYIPOBOJHUKOBBIX TEH30PE3UCTOPOB B
OCHOBHOM, BEIIyTCS B JIByX HAIPaBJICHUSIX: WCCIICIOBAHUS BIMSHHS BHEIIHUX (PAKTOPOB HA
II'bE€30PE3UCTUBHBIE CBOWCTBA;

— MPOBEJCHUE HCCIECIOBAHMUS Ha HOBBIX KPHUCTAJIAaX, OTIMYHBIE OT HM3BECTHHIX B
ITOJIYITPOBOJTHUKOBOM TE€H30METPUU MAaTEPHUATIOB, IO COCTABY, CTPOCHUIO KPUCTAJUIMYECKUX
PELIETOK ¥ 30HHOM CTPYKTYPBI.

OnHUM W3 TpEeACTAaBUTENECH MOJYNPOBOAHUKOBBIX MATEPHAJIOB SIBJISIETCS TPOHMHOE
coequnenue 7IlInSe, HccrnemoBaHue MbE30ENEKTPUYECKUX CBOMCTB JAHHOM  (a3bl
MOKa3bIBAIOT, 4TO 7//nSe, uMeeT BBICOKYIO T€H304YBCTBUTEIHHOCTh, OONBIIYIO YIIPYTrOCTh U
MPOYHOCTh HA Pa3phIB, 001a/1a€T CIIOCOOHOCTH JIETKO CKaJIbIBAThCS HA JKEAEMbIe IIACTUHKU
C 3€pKaJIbHBIMU T'PaHsIMH B HAIIPaBICHUH MAaKCUMAaJIbHOTO MbE30PE3UCTUBHOIO P deKTa.

Lenpto  Hamero  UCCIENOBAHHS  SBISETCS  MOBBINICHWE KO3 QUImeHTa
TEH30YyBCTBUTENBbHOCTU. [locTaBneHHas 1enp JOCTHraercs TEM, YTO  MaTepHall
JOTIOJTHUTEIBHO COACPKHUT JJIEMEHT TMEPBOW TPYNIbl M MPEATABISIET COOOW COSAMHEHHE
obmeit hopmynst TIAg o Jng00S€.

Marepuan mpenctaBisieT coOO00H MOHOKPHUCTANI CTEXMOMETPHUYECKOTO COCTaBa, T.C.
WH/MEBbIE KAaTHOHBI B pelieTke coequHenus 7//nSe, Ha OIUH aTOMHBINA MPOLIEHT 3aMeIIaeTCs
3JIEMEHTOM I1€PBOM I'PYIIIIBL.
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K10° K10

0 4 8 12 16
Puc.1. 3aBucumocTh k03 HUIeHTa TEH30TyYBCTBUTEILHOCTH OT
MexaHmdeckor gedopmarun: 1- TIAg o Jngg0S€s; 2- TlinSe,

Hamu BbIsIBIIEHO, YTO TE€H30JIaTYUKK HA OCHOE coenuHeHUs TIAg, . ny0Se; ABIAAIOTCS
MEePCIEKTUBHBIMU MaTepHaiaMH B MOJYIPOBOJHUKOBON TEH30METPHH.

Mounokpuctamnsl  TIAg) o JnypgeSe;, Takke UMEIOT 3HAYUTEIbHYIO THOKOCTh H
MEXaHUYECKYIO TIPOYHOCTh Ha Pa3pbIB, HAPUMED, KPUCTAILIBI TIA g 0;JNp90S€; BEIICPIKUBAIOT
nedopmaruio Ha u3rHO paamycoMm KpuBU3HBI 10 OMM. Kpucramn TIAg,eJngeeSe, Takxke
pacKasbIBa€TCsl Ha HUTEBHUIHBIC 00pa3Ilbl ¢ 36pKAIbHBIMU TPAHIMHU.

[Ipu wuccrnenqoBaHMM TEH30UYBCTBUTEIBHOCTU coenuHeHuil TIAg, . ngqeSe,; 1ipn

KOMHATHOH TeMIepaType OBLIO YCTAHOBJIEHO, 4TO MPH MajbIX jaehopMmanusax go £=5-10
KO3 (DUIIMEHT TEH309YBCTBUETIIBHOCTH COCTMHEHUSI OCTACTCS MIOCTOSTHHOM, a B albHEeHIIeM
YBEJIIMYECHUH, TUHEUHO yBeIuuuBaercs (puc.1).

IIpu wuccnenoBaHUM TEH30METPUYECKUX OCOOCHHOCTEH COEJMHEHUH KPHCTAIIOB
TlInSe, u TIAgyoJnyeeSe;, Obul oOOHapykeH 3G EKT, 3aKIIOYAIONUNACI B HW3MEHEHUU
TEH3049YBCTBUTEIHHOCTH OT HAIMYHUS ONTUYECKOW MOACTBEeTKH. CleayeT OTMETHTh, YTO
BEJIMYMHA I'bE30PE3UCTUBHOTO d(PdeKTa CHIBHO 3aBUCUT OT MHTEHCUBHOCTH U
CHEKTPAIbHOTO  COCTaBa  ONTHUYECKOW  TMOACBETKU.  OTHOCHUTENHHOE  M3MEHEHUE
conpotuBnienus TlInSe, u TIAgy o JnsSe; Ha enuauIly nepopManuu TPH  Pa3TUIHBIX
3HAYEHUSX UHTEHCUBHOCTH ONTHYECKOH MOJCBETKON MPUBOAATCS HA pUC.2.

[TpuunHOM BBISIBICHHOTO 3¢ (dEeKTa MPH ONTHYECKOW TOJICBETKH KPHUCTAIIOB, IO
BUJIUMOMY CBSI3aHHBIX C TE€M, YTO ONTHYECKAs MOJCBETKA 3aIOIHICT MEK30HHBIC JIOKATbHBIC
YpOBHU a TOCJIEIHHE BHOCAT CBOM BKJaJ B IMEpepacHpelesieHne HOCUTENeH MEeXIy
COOTBETCTBYIOIIUMU JOTHHAMH.

Crnemyetr 0c000 OTMETUTH, YTO HAOIIOJa€MBbI THE30P3UCTUBHBIN A(D(PEKT B CYIIHOCTH
HE UMeeT HuYero oomero ¢ OJIM3KMUMU 10 HA3BaHUIO H3BECTHBIMU 3 deKTamu:
I'bE300NTUYECKUM MU3MEHEHHSIM MOKa3aTess NpeIoMIICHUSI MEXaHUYECKHUMH HaIpsDKEHUSIMU,
(hOoTOMEXaHHMYECKUM YMEHBIIIEHUEM TBEPOCTH MIPH BO3/ICHCTBUU CBETA U T.J.

[To HameMy MHEHUIO IPUYMHON BBISIBIEHHOTO CHJIBHOTO NMbE30PE3UCTUBHOTO 3(dexTa B
MoHOKpucTauiax tuna 7lSe, B wactHoctu, 11InSe; v TIAgp 01Jnp.99Se; ABIAETCS CIOXKHAS UX
SHEpreTHYecKas CTPYKTypa, MHOTOJOJMHHOCTb, pe3Kas aHU30Tponus >PQPEKTUBHBIX Macc,
MOJIBIDKHOCTH HOCHUTENECH 3apsiia u.T. 1.
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Fizikanin miiasir problemlori VII Respublika konfransi
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Puc.2. 3aBucuMocTb k03 PHIIMCHTa TEH309YBCTBUTEIBHOCTH OT MEXaHHMIECKOM
nedopmannu coenunennit TIAgy o Jngg0Se; (1,2) u TlinSe; (3,4) 1 u 3 6e3
ocBeieHHocTH 2 u 4 npu ocsewieHHocty 1000 mroke
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