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Elmi ictimaiyyst torofindon selen va selen asa-
sinda geyri-kristallik yarimkegiricilorin gorkomli tadqi-
qgatgist va bacarigh elm togkilatgisi kimi taninan Solimo
Mehdiyeva 1963-cii ildo indiki Baki Dovlst Universi-
tetinin fizika fakultesini bitirarok Fizika institutunun as-
piranturasma daxil olmusdur. Homin illor Fizika Insti-
tutunda yarimkegiricilor fizikasi sahosinds todgiqatlarin
aparilmasi siirotlo inkisaf edir vo boyiik viisot alirdi.
Institutun, xiisusilo selenin tadgigi vo totbigi sahesinds
islori artiq hamu torafindon gobul edilirdi. Bunun natics-
si idi ki, 1957-ci ildo Fizika Institutu kecmis SSRi-do
selenin va selen cihazlarinin tadgigi sahasinds bas mii-
assisa tosdiq olunmusdu. Lakin selen holo do bir sira
xassalorina gora diinya alimlori torofindon axiradok
anlagilmayan yarimkegiricisi hesab edilirdi vo bu xiisu-
siyyatlori selenin totbiq imkanlarimi mohdudlagdirirdi.
Bunlar nozors almaragq Institutda selenin fiziki xassolori-
nin todqiqi ilo Mosgul olan ayrica qrup yaradildi. Bu
grupun isino Institutun direktoru akademik Hoson Ab-
dullayev xiisusi diqqat yetirirdi. S.Mehdiyeva da homin
grupda tadgigat islorina baglayur.

Ugurlu tadgigat islari naticasinds o, qisa miiddat-
do selenin bir sira sirlorini agmaga nail oldu. Miiayyan
olundu ki, selenin fiziki xassalorindoki garibaliklor vo
anlasilmazliglar bu maddanin polimer qurulusu, habela
onun tarkibinds olan vs adi {isullarla tomizlona bilmo-

yan oksigen agqarlar ilo baghdir. Bu iki amil nazars
alindiqda selends miisahids olunan taraz vo geyri-taraz
elektron hadisalori, agqarlarin elektrik va istilik xassalo-
rino tosiri, stisologsmo temperaturu strafinda fiziki xasse-
lorin doyismasi Vo s. tam izah oluna bildi. Selends alin-
mis bu natica vo mexanizmlar diger uygun quruluslu
materiallara da samil edildi vo onlarda da 6z tosdigini
tapdi. 40 ildan artiq bir miiddstds bu sahads tadgigatlar
aparan S.Mehdiyeva bu elmi istigamatin yaradicilarin-
dan biri oldu.

S.I.Mehdiyevanin selen, selen osasmda olan
amorf sistemlords, hamginin xatti polimer yarimkegirici
Vo dielektriklordo apardig: todgiqatlarin naticolori miix-
tolif toyinatli selen cihazlarinin xarakteristikalariin
yaxsilasdirilmasi, vidikon texnikasi va elektrofotogra-
fiya tiglin yiiksok fotohossasliga malik, kristallasmaya
davamli, yiiksok miigavimotli materiallarin almmasi,
habelo yarimkegirici alavalor daxil etmoklos bir sira poli-
mer momulatlarin méhkomlik xassalorinin yaxsilagdiril-
masi va etibarliligimn artirilmasina dair tokliflor ver-
mays imkan yaratmigdir. Homin tokliflar kegmis ittifa-
gqm Moskva vo Sankt-Peterburq soharlorindoki moxfi
“poct qutusu” adlanan miiassisalorinds hazirlanan vidi-
konlarmn hadaflarinin vo elektrofotografiya tobagolarinin
alinma texnologiyalarinda totbiq olunmusdur.

S.Mehdiyeva aldig1 bu sanballi naticalor asasin-
da 1967-ci ildo Vilnyus Dovlat Universitetinin Elmi Su-
rasinda namizodlik, 1988-ci ildo iso Fizika Institutu
nozdindoki Miidafio Surasinda doktorluq dissertasiyala-
rin1 miidafio etdi. 1993-cii ilds ona professor elmi adi
verildi.

Professor S.Mehdiyeva 6z todgiqatlarm genis-
londirarak son illorda selen asasinda siigovari sistemlo-
rin lokal qurulusu va fiziki xassalori sahasinds ¢ox mii-
hiim naticolor almisdir. Homin naticoalor fundamental
xarakter dastyir vo imumiyystlo geyri-kristallik yarim-
kegiricilorda bas veran fiziki hadisslorin, bu hadisalorlo
real qurulus arasinda slagolorin mexanizmlarini aydin-
lasdirmaga komoklik gostorir. Naticalor, hom do geyri-
kristallik sistemlor osasinda yeni ¢eviricilorin yaradil-
masina imkan verir.

S.Mehdiyeva slds etdiyi naticalori halo aspiran-
turada tohsil aldig1 vaxtlardan baslayaraq diinyanin on
niifuzlu jurnallarinda (JIAH CCCP, YOH, ®TII, Phys.
Letters, Phys. Stat. Solidi, JKdX, Solid State vo S.) 200-
3 gadar magale saklinds dorc etdirmis, miintazom ola-
raq ¢oxlu sayda Beynalxalq konfranslarda moruzs ilo
cixis etmisdir. Bu ona boyiik ve layigli elmi niifuz qa-
zandirmigdir. Onun elmi rahbarliyi altinda 15-adok fizi-
ka tizra falsafa va elmlor doktorlar yetismisdir.

Professor S.Mehdiyeva ham ds bacarigh elm tos-
kilatgisidir. O, Institutda yeni “Qeyri-kristallik yarimke-
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ciricilor” laboratoriyasini yaratmis vo 40 ildon artiqdir
ki, ona rohbarlik eidr. O, uzun miiddat Fizika Institutu-
nun Elmi katibi, miistoqilliyimizin ilk agr illorindo Ins-
titutunun asas rohbarlarindon biri olmus, bu vazifalords
Oziini mahir, uzaqgoran, azmkar toskilatgi, qarsiya ¢i-
xan problemlari hall etmayi bacaran, agir illordo elmi is-
tiqamotlori va kadr potensialim qoruyub saxlamagi ba-
caran rohbar kimi gostormisdir.

Azaorbaycan Milli Ensiklopediyasiminda xiisusi
buraxilisinda respublikada fizikamin inkigaf tarixini
0ziinda oks etdiran “Fizika” mogalosinin miisllifidir.

S.I.Mehdiyeva respublikada elmi biliklerin po-
pulyarlasdirilmasi isindo do foal istirak edir, o, 1974-
1978-ci illordo Azorbaycan dovlet televiziyasimn elmi-

kiitlovi “Evrika” verlisinin aparicisi olmus, miixtalif il-
lorda respublika gozet vo jurnallarida miintozom olaraq
¢ap olunmus, bu faaliyystini hazirda da davam etdirir.

S.Mehdiyeva uzun illordir ki, institutun Elmi Su-
rasinin, Dissertasiya Surasinin, bir ne¢s elmi jurnalin re-
daksiya heyyatinin va s. tizviidiir, Baki Dovlst Univer-
sitetindo pedaqoji is aparir, elmin tobligine bdyiik amok
sorf edlir.

Solimo xanim yiiksok biliys, madoaniyysto vo
z6vQo malik mehriban bir insandir. Onu kegdiyi menali
hayat yolu miinasibetilo tobrik edir, ona uzun saglam
Omir, ailo Soadati, daha boyiik ugurlar arzulayiriq.
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TEOPETUYECKHM PACUYET IPOCTPAHCTBEHHOM U DJIEKTPOHHOM CTPYKTYPBI
KOMILJIEKCA OJIMT'OMEPA IMMOJIMATUJIEHT JIMKOJISI PEG 5
C MIOHHOMH ITAPOM NaCl

C.JJEMYXAMEJOBA, 3.1.TAJDKUEB

Hncmumym gpusuueckux npoonem bakurckoeo I'ocyoapcmeennozo Ynueepcumema
AZ 1148, baxy, yr.3. Xamnosa, 23
svetlanabest@mail.ru

[Tomyyena: 10.06.2016
[punsTa k megaru: 26.09.2016

KimoueBble coBa: ONMMroOMephl, MOJIMATHICHIIIKOINb,
KOMIUIEKC, KBAaHTOBO-XMMHYECKHE pacueTbl, CTPYKTYpa,
MOJIEKYJISIPHBIE OPOUTAIIH.

PEDEPAT

B pa6ore kBanToBO-xuMuueckum ab initio metogom Xaprpu—Do-
Ka C HCIoJIb30BaHueM Oazuca 6-31G mpoBesieH pacyeT NpoCcTpaH-
CTBEHHOM U JIEKTPOHHOU CTPYKTYPhI KOMIUIEKCA OJIUTOMEpA Op-
raHndeckoro nonmmepa mommTwieHrkonst (I191°5) ¢ nonHow
mapoii NaCl. Uccrnenyemast Mojeins CMOJENTMPOBAHA METOJOM
MOJIEKYJIIDHOW AuHAaMUKU. [loiydeHbl SHEpreTM4ecKue U Ieo-
METPUYECKHE MapaMeTpbl KOMIUIEKCa, IMPOaHAIM3UPOBAHBI OC-
HOBHBIE CTPYKTYPHBIE TIEPECTPOIKN U N3MEHEHHS B 3JICKTPOHHON
crpykrype IIOI'S mpu obpasoBanum komruiekca [13I'5+NaCl.
IpoBeneHO CpaBHEHHE MOMYYEHHOTO KOMIUIEKCA C paHee Hccie-
IoBaHHBIMH KoMIutekcamu [131'5+Na u I12I'5+Cl.

BBEJIEHHUE

B Hacrosiiee BpeMsi METOIBI MOJEKYIISp-
HOro MOACIMpPOBaHUA U BBIYHMCIIUTETLHON KBaH-
TOBOM XMMHHU SIBJISIIOTCS HE3aMEHHMBIM HHCTPY-
MEHTOM B HCCJIEJOBAaHUH CTPYKTYpPbl M CBOMCTB
MHOTOaTOMHBIX MOJIEKYJI, TIO3BOJIIOLMX peIIaTh
IIMPOKHM CIIEKTP 3a/1a4, HEAOCTYIHBIX JKCIEpH-
MEHTAIBHBIM METO/IaM HcciieloBanus. B gacTHo-
CTH, OHHM WCHONB3YIOTCS Ui HCCIEIOBaHUSA
CTPYKTYPHO-(DYHKIIMOHATIbHBIX CBsi3ell B OHMOMO-
JIeKyJlax, MCCIIE0BaHMs CBONCTB OTAEIBHBIX MO-
JIEKYJT ¥ UX KOMIUIEKCOB, a TaKKe JUIs IOUCKa HO-
BbIX JiekapcTB. OJJHUM K3 HauOosee MepCreKTHB-
HBIX HampaBJeHWH MpU MOJYYEHUH U COBEpILIEH-
CTBOBAHMH HOBBIX MATE€PHAIOB C 3apaHee 3a/laH-
HBIMU CBOWCTBaMH SIBJIIETCS yrpaBisieMoe (op-
MHPOBaHHE CTPYKTYPBI TIOJIMMEPOB TIOCPEACTBOM
YIIOPSIIOUEHHOTO PACTIONIOKEHHUSI B HEM YaCTHII
JPYroro Marepuana, MO3BOJISIOIIEE CYIIECTBEH-
HBIM 00pa30M MEHSTh CBOMCTBA MCXOIHOTO Marte-
puana. B mocnenHee Bpemst BecbMa akTyaIbHBIM
SBISTIOTCSL  Pa3paOOTKH Pa3IMYHBIX CHCTEM JI0-

CTaBKH JICKAPCTB HETIOCPEJICTBEHHO B KIIETKY ITy-
TEeM BHYTPHUKIETOYHOTO TpaHcHopTa. bombimoe
3HaYEHHE MPUOOPETAIOT KOMIUIEKCHI TIOJIMMEPOB C
KaTHOHAMU WJIM aHUOHAMH METaJUIOB, KOTOpBIE
MMEIOT IMPOKHUN CIEKTP BO3MOYKHOCTEW IPU Ba-
PBUPOBAHNH (PUBUKO-XUMHUYIECKHX CBOMCTB KOM-
iekcoB. Benercst pa3paboTka HOBBIX CHCTEM JI0-
craBku J[HK c ucnonb3oBaHneM KaTHOHHBIX I10-
JIMMEPOB TSI IOCTABKH T€HOB B PAKOBBIE KIIETKH C
MOMOIIBIO TeHHOM Teparuu. B pe3ynbrare skcrie-
PUMEHTAJIBHBIX HccienoBanuid [1] Obuio pokasza-
HO, YTO TaKHW€ KOMILIEKCHI TIOJIMMEPOB C JIUTaH-
JIOM, B OTJIMYME OT HEIWTaHIUPOBAaHHBIX, CPa3zy
HAUMHAIOT HAKAIUTMBAThCA B KIJIETKAX, YTO MO3BO-
JSIET YBEMUYUTH 3((PEKTUBHOCTD JIOCTABKU JIeKap-
CTBa HEMOCPEICTBEHHO K OOJbHBIM KieTkam. B
KauecTBe MOJMMEpPa JOBOJIBHO YacTO BBIOMpAETCS
HOJIMATUJICHTJIMKOJIb, OJ1arosiapst ero CrocoOHOCTH
K TPOCTPaHCTBEHHOW CaMOOpPTaHW3aIMH BOKPYT
3apsDKEHHBIX TPYMI. B 4acTHOCTH, XOpomio W3-
BECTHA CIOCOOHOCTh monmaTHieHrukons (I191)
00pa3oBbIBaTh CTAOMIBHBIE KOMILUIEKCHI C HOHAMU
IIEJIOYHBIX METAJUIOB, MMEIOIIasi OOJIbIIOE MPaK-
THdeckoe mpumenenue [2,3]. Pabotsr [4-13] mo-
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CBAIIEHbI MAacC-CIIEKTPOMETPUUECKUM METO/IaM
MCCIIIOBAaHUSI CTPYKTYPBI KOMIUIEKCOB MO (u-
POB C HOHAMM LIETOYHBIX METAIOB U MOJEIHPO-
BaHUIO MX B3aMMOJCHCTBUI METOJOM MOJIEKY-
JSIPHOM MeXaHHKU. BbUIO NOKa3aHo, YTO LIEMOYKH
noMA(GHUPOB U3rHOAIOTCS BOKPYT MOHOB IIEJIO0U-
HBIX METaJUIOB, (JOPMUPYSI CTPYKTYPY, B KOTOpOH
aToOMBI KHCJIOpO/ia OOpaIlieHbl K HOHY, TAKKE BO3-
MOXKHO X€JaTUPOBAaHUE MOHA JIByMsI KOHLIEBBIMU
OH-rpynnamu.

Panee HamMu MerogaMu KBaHTOBOM XUMHUM
OBbUIM MCCIIEI0BAaHbI POCTPAHCTBEHHBIE CTPYKTY-
PbI KOMIUIEKCOB OJIMTOMEPOB TTOJIMATHIICHITIMKOJIS
[12I'4 u I13I'S ¢ aromamu Hatpus U xJiopa [14,15]
u omuromepa II0I'4 ¢ wonnoit mapoit NaCl
[16,17].

B Hacroseii pabore npoBeaeHO TeOpeTu-
94eCKOe MOJICNIMPOBAHUE U KBAHTOBO-XMMHUYUECKHUIA
pacueT KOMIUIEKCa OJIMTOMEpa OPraHHMYECKOro
nommamepa [191°5 ¢ nonnoi mapoit NaCl.

METO/bI PACYUETA

Ha nepBoMm stame pacyera it cO3IaHUS
xomruiekca [19I'5+Na ucnonb3oBaicst METOI, MO-
JEKYJISpHOM JMHAMUKU W3 TMaKeTa Iporpamm
ChemOffice anast MoJIEKyIIPHOTO MOJICIUPOBa-
HUSL. DTOT METO/I, UCTIONB3YIOIMI CHUIIOBOE TOJIe
aTOM-aTOMHOT'O MOTEHIIMasa, MO3BOJISIET U3YyUHUTh
KOH(OPMAIIIOHHYIO TTOJIBIPKHOCTh  KOMILIEKCa,
HaOMoast JEeTalbHYI0 MHKPOCKOIMYECKYIO Kap-
TUHY BHYTPEHHEH TETUIOBOM MOJBMKHOCTH 00pa-
3YIOLLETOCsT  KOoMIUIeKkca. KBaHTOBO-XMMUYECKHE
pacueTbl TOMYYEHHOW CTPYKTYphl KOMILIEKCa
MPOBOWJINCH B paMKax MNpHONMKEHHUS METoAa
CCII Xaprpu-®oka B 6azuce 6-31G ¢ ucrnosnb3o-
BaHHeM nporpammuoro komriekca GAUSSIAN-
09.

Ha ocHOBe KBaHTOBO-XMMHYECKHUX pacye-
ToB B pamkax Tteopurt HF ¢ ucnonb3oBanuem 6a-
3uca 6-31G (p,d) Hamu OBLTH TOJTyYEHBI TEOMET-
pHUYECKHUE, SHEPTETUUECKUE U MIEKTPOHHBIE Napa-
metpbl komiuiekca [191'5+NaCl. Beuy toro, uro
B JalbHEUIIeM TIUIaHUpYyeTCs HM3Y4uTh KoleOa-
TENTBHBIA CIIEKTP TMOTJIOLIEHUs] KOMIUIEKCa MOJH-
sTUIIeHTIMKOIS ¢ woHHOM mapoit NaCl, a kak u3-
BECTHO JUIsI pacyera 4acToT KojeOaTebHOro
CIIEKTpa HauboJiee XOPOIIO ONTHMHU3UPOBAH Me-

To Teopur (pyHKIMOHAA TioTHOcTH DFT ¢ r1-
OpumabM  pyHkuponaioM B3LYP, namm Obut
TaKKe TPOBEIEH pacyeT MPOCTPAHCTBEHHOM H
JIGKTPOHHOM cTpyKTYyphI Komruiekca [19I'5+NaCl
meronoM DFT/B3LYP B Ttom xe 6Gasuce 6-31G
(p,d) B wuCHOIB3yeMOM TaKETe MPOrpaMm
Gaussian-09.

PE3YJIBTATDBI U UX OBCYXXJIEHUE

Ha Puc.1 (a-r) npuBeneHbl NONTyYEHHBIC B
pe3yibTaTte  TEOPETUYECKOr0  MOJACIUPOBAHUS
CTPYKTYpPbI KOMIUIEKCOB OPraHUYECKOro MOJIMMe-
pa nomyTwieHnmkond [I9I'S ¢ nonHO# mapoii
NaCl.

st nonydennst komrutekca [19I'5+NaCl u
OIPE/ICICHHsI €r0 MPOCTPAHCTBEHHOU CTPYKTYpPbI
ObLIa BhIOpaHa IMOJHOCTBHIO PAa3BEpHYTAs MOJIEIb
OJIMTOMepa TMOJMATUIICHTIIUKONSL, COCTOSINAs U3
ST TIOBTOpsifoiuxcst 3BeHbeB [10I5, Bkimoua-
IOIIasl IECTh aTOMOB KHCJIOPOJa, K CEpeaUHE KO-
TOPOH Ha PACCTOSIHUM BaH-AEP-BaaIbCOBCKHIX
KOHTaKkTOB pa3meniaercsi uoHHas mapa NaCl
(Puc.1,a). B mporecce onTUMH3ALMKA METOIOM
MOJIEKYJISIPHOM TMHAMHKH B Pe3yJbTaTe B3aHMO-
JICMCTBUI aTOMOB KHCJIOPOZAA IMOJUITUIICHIJIUKO-
JIEBOM HEMOYKM C KAaTHOHOM HATpHisi, a aTOMOB
BOJIOpO/Ia ¢ aHHOHOM XJtopa ronHo# mapsi NaCl
MPOMCXOIMIIO 3aKPYYMBAHUE OJIMTOMEPa BOKPYT
MOHHOM Maphl, IPUBOJALIEE K 0OPa30BaHUIO KOM-
wiekca [I2I'5+NaCl. OntumusupoBanHas MeTo-
JOM  MOJIEKYJSIDHOM  JTMHAMHMKUA  CTPYKTypa
(Puc.1,0) wucnosnp30BaHa B KAyeCTBE HMCXOIHOM
JUTsl TIPOBEJICHUsI KBAHTOBOXMMHUECKOTO pacyera
B pamkax teopun Xaptpu-®oka (HF) ¢ ncnonszo-
BanueMm Oaszuca 6-31G (p,d). [lomyuennast B pe-
3yJIbTaTe TEOPETHUYECKOro pacuera merogom HF
CTPYKTypa KOMILIEKca Noau3THaeH Ko 119175
¢ nonnou mapoit NaCl (Puc.1,8) Obl1a Taxske or-
TUMH3UPOBAaHA METOIOM TeOopuH (PyHKIMOHAa
wiotHoctd DFT ¢ ruOpuaHbIM (QyHKIMOHAIOM
B3LYP B Tom xe 6asuce. Kak BugHo u3 puc.l,
CTPYKTYpa, TIOy4eHHAsI TIOCTIe ONTHMH3AIN Me-
togom DFT/B3LYP (Puc.1,r), mpakTthdecku He
OTJIMYAeTCSI OT CTPYKTYPHI, TIOJNYYEHHOH TIOCie
ontummzanuu Merogom HF (Puc.1,B), B iporiecce
9TOTO pacyuera WAET TOJBKO YTOYHEHHE HEKOTO-
PBIX CTPYKTYPHBIX MTapaMeTPOB.
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PesynbraTthl pacuera MpOCTPaHCTBEHHOM
cTpykTypbl KoMmiuiekca [I9I'5 ¢ monHOM napoit
NaCl, a Takke 1y CpaBHEHHSI COOTBETCTBYIOIINE
3HAUCHUS] PAHEEC M3YUCHHBIX HAMH CTPYKTYp YH-
croro IIDI'5 m ero KOMIUIEKCOB C aroMamu
Hatpus 1 xjopa [14,15], npuBenenst B Tabm. 1-2.
JITMHBI BAJICHTHBIX CBSA3EH TNPUHUMAIOT CTaH-
naptable 3Hadenus. Bee mmnabl C-C cBsizelt B un-
crom IIOI'5 m B ero xoMImiekcax ¢ aToMaMu
Harpus 1 xjopa ~1.51A, a B komiuiekce ¢ HOHHOI
napoit NaCl ~1.52A. Jlmuaer C-O csiseit B uu-

crom 19I5 ~1.39A, Bo Bcex KoMIIEKcax, pac-
cunTaHHBIX 1o Metoxy HF ~1.40A, pacuer xom-
wiekca [13I'5+NaCl meromom DFT/B3LYP naer
He3HauuTennbHoe yBennuenue C-O cBszeid B cpe-
ueMm Ha 0.02A (~1.42A). Paccrosuue Mexny ato-
Mamu Hatpus u xyopa B komruiekce [19I'5+NaCl,
paccuntanHoro Merogom HF cocrarisier 2.67A, a
pacuer o meroxy DFT/B3LYP cokpamaer 310
paccrosaue Ha 0.03A (2.64 A).

Puc.1
IIpoctpaHcTBeHHbIE CTPYKTYphI Moenei komiuiekca [I9T'5+NaCl: (a) nomonekynsproii fuHamuxw; (0) mocie
ONTHUMU3AIMK METOJOM MOJIEKYIISIPHON TUHAMUKHY, (B) TOCIe onTUMu3aiuu Metoaom ab initio HF; (r) mocie
ontuMusanmu Mmerogom DFT/B3LYP

IIpu o6pazoBanuu komrutekca I[13I'5+Na
(Tabmumal) mo cpaBHeHHIO ¢ wucThiM 1005
HaOJFo/IaeTcsl  YMEHBIICHHE BAICHTHBIX YIJIOB
C12013C14 Ha 3.6°, O4CsCs mHa 3,2°, CsCsO7 Ha
1,9°, C2C304 ma 1,7°. Yruer C304Cs, CsO7Cs,
C14C15016 1 C11C12013, yBENMYMBAIOTCS COOTBET-
cTBeHHO Ha 2,5°,2.0°, 1.7° m 1.5°.

O6pazoBanne komrutekca [19I'5+Cl mpax-
TUYECKU HE MPHUBOJIUT K U3MCHEHHIO B 3HAUCHHSIX
BaJIeHTHBIX yrioB [I9I'S. HauGosnbime u3mene-
Hust HaOmoarorest st yriioB C2C304, C304Cs n
C12013C14 1 He nipeBbiatoT 0,6°.

Ilpu oOpazoBanuu kommekca [IOI'5 ¢
nonHoi napoit NaCl yron C12013C14 ymeHbII1a€T-
cs Ha 5.4°, a yron 013C14C1s yBenuuuBaeTcs Ha
4.7°. Vil C304Cs, C14C15016 u Cs07Cs yBENM-
YMBAIOTCS COOTBETCTBEHHO Ha 3.8°, 3.5° u 2.4°,
yron CsCgO7 ymeHbIaercs Ha 2.4°.

Pacuer meromom DFT/B3LYP aumme He-
3HAYMUTEILHO W3MEHSET HEKOTOpbIe YIIIbl (YTJIBI
C304Cs, C12013C14, Ce07Cg 1 CoO10C11 ymeHb-
matorest Ha 1.5°+1.0°, a yribl O1C2C3 1 C14Ci5016
yBenuuuBarorces Ha 1.1° 1 0.8°).
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Taoauua 1.

BaJsieHTHBIC M IBYTpaHHBIC YIIIBI (Ipaj) B ONTHMH3UPOBAHHBIX KOMIIIEKCAX
nommTIIIeHrTHKoIs [191'5 ¢ aroMoM Hatpwst, XJtopa 1 HoHHO# mapoit NaCl

Yroa IID2I'S 1 ero KOMILIEKCHI
315 | I3I5+Na | IAI'5+Cl | I3T5+NaCl | IBr5+NacCl
(HF) (HF) (HF) (HF) (B3LYP)

01-C2-C3 112.6 111.6 112.2 112.1 113.0
C2-C3-04 108.8 107.1 108.2 107.2 106.8
C3-04-C5 114.2 116.7 114.7 118.0 116.5
04-C5-C6 110.2 107.0 109.9 108.4 108.4
C5-C6-07 110.4 108.5 110.3 108.0 107.8
C6-07-C8 113.6 115.6 113.6 116.0 114.9
07-C8-C9 109.8 108.9 109.8 107.9 108.0
C8-C9-010 109.5 108.6 109.6 107.6 107.3
C9-010-C11 114.9 114.8 114.7 117.1 116.1
010-C11-C12 108.1 109.2 108.1 108.2 107.7
C11-C12-013 107.8 109.3 108.0 110.1 109.9
C12-013-C14 118.1 1145 118.6 112.7 111.5
013-C14-C15 106.5 109.7 106.8 111.2 111.1
C14-C15-016 110.8 112.6 110.9 114.3 115.1
C2-0O1-H17 - - 109.4 112.9 110.9
C15-016-H38 - - 109.9 112.0 110.4
01-C2-C3-04 -67.3 -56.1 -65.6 -48.8 -50.0
C2-C3-04-C5 179.9 175.4 179.0 -157.7 -164.2
C3-04-C5-C6 175.9 -177.1 177.1 -154.4 -150.4
04-C5-C6-07 74.8 60.1 74.5 -46.4 -45.7
C5-C6-07-C8 175.2 -162.0 176.5 179.1 176.3
C6-07-C8-C9 -175.9 174.9 -174.9 -159.6 -152.3
07-C8-C9-010 -71.6 -58.3 -71.9 64.7 66.6

C8-C9-010-C11 176.8 -166.1 179.5 174.2 174.9
C9-010-C11-C12 -174.6 176.6 -177.7 -160.0 -162.6
010-C11-C12-013 65.5 68.2 65.2 -63.2 -64.0
C11-C12-013-C14 | -154.8 176.3 -148.9 171.1 167.1
C12-013-C14-C15 | 149.6 -166.3 144.0 -66.5 172.0
013-C14-C15-016 | -62.4 -65.8 -62.4 62.0 63.5

C3-C2-0O1-H17 63.3 -80.4 -76.3
C14-C15-016-H38 53.5 43.8 37.3

CpaBHUBasi 3HAYEHUS] YIJIOB BHYTPEHHETO
Bpamiexust B komruiekce [19I'5+NaCl ¢ umcteim
omuromepom I191°5 u ero xommekcamu ¢ HaTpH-
eM u xjopoMm (TabGmuual) BumMM, YTO IBYrpaH-
Hble yriibl O4C5C607, O7CgC010, 010C11C12013 1
013C14C15016  cBOpauMBarOTCS BOKPYT HMOHHOMN
napel NaCl B cTopoHy, MPOTHBOMOJIOKHYIO HX
3aKkpyurBaHHio B yuctoM II0I'S u ero xomrmek-
cax C HaTpHeM M XJIOPOM, HO TOXKE OKa3bIBAIOTCS B
rom koH(opmaimu (~60°). Yronm BHYTpEHHETO
BpateHust C12013C14C1s pu 0Opa3oBaHUM KOM-
IJIEKCAa ¢ MOHHOW Mapoil TakKe OKa3bIBAETCAd B

rom-koHpopMmanu. OcTalibHble YITbl BHYTPEH-
HETO BpAIICHUS W3MEHSIOTCA HE3HAUYUTENIBbHO
(C11C12013C14 " C304C5Ce Ha 300, C2C304C5 u
0102C304 Ha 200, CeO7C8C9 u CgOloCnClg Ha 150).
bnarogaps BceM 3THM U3MEHEHUSIM B YIJIax BHYT-
peHHero Bpatenus nonocts [191°5, cBopaunBasich
Bokpyr vonHo mapbl NaCl, craHoBuTcst 3Ha4H-
TEJIbHO  KoMmakTHee. Pacder mo  meronmy
DFT/B3LYP Bo3Bpaimiaer MoBepHYTHIiI B TOII
koH(popmarto yron Ci013C14Cis B pasBepHyTYIO
TpaHC KOH(UTYpaluio, TNPAKTHYECKH HE W3MEHss
OCTAJIBHBIC YIJIbl BHYTPEHHET'O BpallICHHUA.
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Taoauma 2

MeskaTomHbIe paccTosaus (A) MexkIy aToMaMu KHCIOpOaa U HATPHS M XJI0pa ¢ KUCIOPOAAMH 1 OIH3IeKAIIIMHI BOJIO-
pomamu B Komrniekcax [191°5

915 +NaCl J11C) I} II9I'5 +Na 1121’5 +Cl

5 O (D
& @ & & @ P 4 ® B
Atombl | Mo Meton HF Merton Merox HF

IMHAM. DFT/B3LYP
0:-04 2.54 2.69 2.74 2.69 2.74 2.85
04-07 2.82 2.61 2.63 2.83 2.71 2.93
07-Oy9 2.76 2.76 2.80 2.82 2.73 2.89
010-O13 | 2.69 2.80 2.82 2.85 2.85 2.77
013-O15 | 2.78 2.92 2.98 3.60 2.90 2.78
0:-0y 4.59 4.45 4.52 5.06 4.38 4.99
01-O19 5.34 4.48 4.44 5.65 4.18 6.02
0:1-013 4.96 3.65 3.50 5.70 3.35 5.30
01-O16 3.04 2.76 2.68 2.99 2.80 2.90
016-O10 | 4.62 4.95 4.99 5.01 5.09 3.55
016-0O7 5.562 5.74 5.78 5.97 5.96 3.81
016-04 4.83 4.44 4.35 4.73 5.06 3.56
04-013 5.66 4.93 4.85 5.91 5.11 5.84
07-013 4.86 4.86 4.92 5.32 4.89 4.78
04-0O19 476 4.25 4.22 5.16 4.25 5.15
Na-O; 2.39 2.44 2.41 2.49
Na-O4 2.97 2.39 2.37 2.71
Na-Oy 3.20 2.69 2.76 2.56
Na-O1o 3.05 2.40 2.38 2.45
Na-Oi3 2.91 2.61 2.56 2.81
Na-O1¢ 2.46 3.11 3.10 3.41
Cl -0, 2.79 4.25 4.15 4.58
Cl-Os5 | 2.89 3.19 3.06 2.94
Cl-Hy; 2.52 3.87 3.68 3.83
Cl-Hassg 2.72 2.31 2.09 3.36
Na-Cl 2.52 2.67 2.64 -
Cl-Hys 3.13 2.98 2.87 5.90
Cl-Hss 3.29 3.14 2.95 5.23

Jlns Gonee HarsAHOW KapTHUHBI HM3MEHe-
HU, KOTOpbIE HAOMIOAIOTCS B TIPOLIECCE pacuera
pa3HbBIMM METOJaMHU - MOJIEKYJISIPHOM TUHAMUKH,
HF u DFT/B3LYP, B Tabn.2 mpuBeaeHbl Mex-
aTOMHBIE PACCTOSIHUS MEXAYy HECBSI3aHHBIMU
aToMaMH KUCJIOPOa M aTOMaMH HaTpHs U XJIopa ¢
KUCIIOpPOJIaMd U ONM3NIEXKAIIMMH BOAOPOJaMH B
komruiekcax [1DI'5+NaCl. B aroit ke Tabmmie
JUISl KOJIMYECTBEHHOTO aHaliu3a U3MEHEHH, Tpo-
HUCXOSIIMX B TPOCTPAHCTBEHHOM CTPYKTYpE
PEGS npu 00pa3oBaHMM Pa3IMYHBIX KOMITIEKCOB

0000IIEHBI PE3yAbTAThl MEKATOMHBIX PacCTOsI-
HU MKy HECBSI3aHHBIMU aTOMaMH paHee HaMU
uccnenoBaHHbix yuctoro 19I5 u ero xomruiek-
COB C arOMaMH HAaTpusi M XJIOpA, PACCUUTAHHBIC
merogom HF/6-31G.

[Tpu oOpazoBanmu komriekca PEGS ¢ non-
Hoii mapoii NaCl ¢opmupyercs momocts, cra-
OUIIBHOCTH KOTOPOM 00ECTICUNBACTCSI B OCHOBHOM
B3aUMOJICWCTBHEM aTOMOB KHCIIOpOJa MOJIU3TH-
JICHTJIMKOJISI C aTOMOM HaTpHsI ¥ aTOMOB BOJIOPOIa
¢ aromMoMm xjopa. Onrtumuzanusi METOAaMU
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MosiekyisipHoit uHamuku, HF u DFT/B3LYP
MPUBOAUT K Pa3IMYHBIM 3HAYCHUSIM JUTUHBI CBSI3U
B nonno# mape NaCl, kotopas Bapbupyer B mpe-
nenax ot 2.53A 110 2.64A (Ta6mua2). Iocne Mo-
JIEKYJISIPHON JMHAMHKU PACCTOSHUE MEXKIY KOH-
rieBbiMu aromamu kuciioposa O1-O1e cocrapiisier
3.04A. Onrumuzarmn metomom HF MIPUOITOKAST
5TH aToMbI Apyr K apyry Ha 0.28 A. Onrumusza-
s meroqoM B3LYP cOmmxaer 3ty aroMsl erte
na 0.08A. Taxas nepecrpoiika NpUBOAUT K GOJIb-
meMy OOXBaTy MOJMATHIICHIIIMKOJICBOW IIETT0Y-
xoit nonHoi napbl NaCl. Onrumusars Mmetoom
HF npubmmkaer aroM HaTpusi K BHYTPEHHUM
kucropogam nosoctu (Ha ~0.6A x Oi, Os, O7 1
Ha 0.3A K O13) ¥ OTHAISAET OT KOHIIEBBIX aTOMOB
xucnopona O u O1 Ha 0.65A u 0.05A. Pacuers
MeronoM ¢yHkumonana B3LYP eme Hemnoro
(~0.01+0.05) mpuOIMKAIOT HATPHIA KO BCEM KHC-
nopoaam nosnoctu [13I5, kpome aroma Oz, oT Ko-
Toporo on otaanserca Ha 0.07 A. Paccrosmue
aroma Na oT Bcex BHYTPEHHHUX KHCIIOPOJIOB TIOJIO-
ctu cocrapister 2.37+2.76 A. Bmmke Bcero oH
noaxomuT K aromam kuciopoaa O4 u O1o (Tabmu-
ma 2). [Tonocte cTaHOBUTCS OoJiee Y3KOi, O 4eM
cBuzieTeNbCcTBYeT commkenne aroMoB O1 1 O ¢

npoTHBONeKanmMu B nooctd Oz (Ha 1.31A m
0.73A) u Oy (1a 0.86A u 0.51A). Ipyroii koHuie-
Boit arom kucnopoza I13I'5 O nmpubmaxaercs K
aromy Oz na 0.39A, a ommummsarms B3LYP
YMEHBIIIAeT PACCTOSIHUE MEXIy HHMHU €lle Ha
0.09A. Onmuvuzanus HF HeMHOro yumMHSIET mo-
JIOCTh, OTHAJISISI KOHIEBBIE AaTOMBI KHCIOPOAA
[IOI'S OoT HEKOTOpPBIX BHYTPEHHHUX KHCIIOPOJOB.
Takol mepecTpolike CIIOCOOCTBYET CHIILHOE B3a-
MMoJIeiCTBHE aroMa Bogopoaa Hss ¢ aromom
XJIOpa, KOTOPOE MPUBOAUT K BBIXOY CTPYKTYPHOM
rpynnbl OieHsg U3 IUIOCKOCTH KOMIUIEKCA U €€
Pa3BOpPOTY B CTOPOHY aroMa Xjiopa. ATOM XJiopa
MOCIIE ONTHMH3AIMH  METOJIOM MOJIEKYJISIPHOM
JMHAMUKY OJMKe BCEro pacrioiaraercsi K KOoHIle-
BbIM atomMaM Bogjopoga IIOI'S Hiz (2.52A) u
H33(2.72A). Ontummzaiusa HF ynanser ogun ko-
Herl nerouku [12I'S ot aroma xJopa U npuom-
xaer apyroi. Paccrosiiue Cl-Hi7 yBenmumBaercs
Ha 1.35 A. Bee ocranbHble aToMbI BOIOpO/Ia HpH-
ommwkaroTest K xiopy, paccrosiuue Cl-Hzg ymenn-
maerca Ha 041A. Onmuvumzauys  MeTozoMm
B3LYP npubmmkaer Bce aToMbI BOJIOPO/IA K XJIO-
py ee Ha 0.2A.

Puc.2

PacueTHble MOJIENTH KOMITIEKCOB MONUATHIIEHTIHKOJIsS [IDT75 ¢ monno# mapoit NaCl (Bux B mpoduiie) mocie: a)
MOJIEKYJIIpHON TuHaMKKH; 0) pacuera metogom HF; ¢) pacyera metomom DFT/B3LYP)

Ha Puc.2 npuBenena nuHamuka npocTpaH-
CTBEHHBIX U3MEHEHU, IPOUCXOIALIMX MPH 00pa-
30BaHuM komruiekca [13I'S ¢ nonnoii mapoii NaCl
B MOJIEJISIX, MOJIYYEHHBIX Pa3HbIMH MeTojamu. B
MOJIENI KOMIIIEKCA, MIOJIy4EHHOT'O I10CIIE MOJIEKY-
JISIPHOM IMHAMMKH, aTOM HaTpHsI 3aXBaThIBAETCS B
OCHOBHOM KOHLIEBBIMM aTOMaMM  KHCJIOpOJa
(Na+01=2.39A u Na+016=2.46A) u eme coxpa-
HSCTCS MOHHAS CBA3b HATPUSA C aTOMOM XJIOpa,
KOTOPBIM PACHONAraeTcsl HaJl IUIOCKOCTBIO KOM-

IUIeKCa TaK, YTO MOHHAS Iapa MPAaKTUYEeCKU Iep-
neHuKyisipHa nonocti 11905 (Puc.2,a). Jans-
HeifIas ONTUMH3ALKS TOMYYCHHON CTPYKTYPBI
meronom HF (Puc.2,b), a 3arem B3LYP (Puc.2,c)
HPUBOJUT K Takol KOH(MOPMAIMOHHON mepe-
CTpOIiKe, MPH KOTOPOM aTOM HATpHsl HaXOIUTCS
yXKe B CEepeAMHE MOJOCTH. ATOM XJIOpa HEMHOTO
OTHAISIETCS OT HATpWs, a BCe OMM3JIeKaIie aTo-
MbI Bozoposa (Pric.2,b u C) moBepHYyTHI B CTOPOHY
aTroMa XJIopa, YIep)KHBas €ro B 00pa3oBaBIIEMCS
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KoMIuiekce. Takas kKapTHHA OOpa3oBaHUs
komruiekca [13I'S ¢ nonHoi mapoit moaTBepxkiaet
o0pa3oBaHuE KOMIUIEKCA 3a CUET B3aUMOJICHCTBUI

KaTHOHA HAaTpus C KMCIIOPOJaMHU, 4 dHUOHA XJIOpa
C BOAOpOAaMH ITOJIMOITUIICHIJIMKOJIA.

Puc.3
PacuerHsie cTpyKTypHI B B ipoduis (a) [I3T5+Na; (6) II3T5+Cl; (8) II2I'5+NaCl

[IpoBenem cpaBHEHHE CTPYKTYPHBIX H3Me-
HEHHH, TPOMCXOIIIMX TpH OOpa3OoBaHUM pas-
myHbIX KomiuiekcoB 1905 (Puc.3), paccunTan-
ubIx Merogom HF/6-31G. TIpu oOpasoBanuu Beex
HCCIIEIOBaHHBIX KoMmILiekcoB (Tabmmia 2) xoHie-
Bble arombl kuciopoma [I9I'5S npubmmxarorcs
JpyYT K Apyry. PaccTosiHus MEXIy HUMH 1O CpaB-
HEHUIO ¢ 4YUCThIM onuromepoM I1OI'S ymenbia-
f0TCA - B KoMIuiekce ¢ xyopoM Ha 0.09A, B kxom-
mexce ¢ HarpueMm Ha 0.19A u B kommiekce c
MOHHO# napoii Ha 0.23A.

Crietyer OTMETHUTb, YTO U3MEHEHUSI, TIPOHC-
XO/lMe  Mpu  OOpa3oBaHUM  KOMILIEKCA
II2I'5+NaCl cxoxu ¢ U3MEHEHHSMH, MPOUCXO-
JSIIMMHU B CTPYKTYpe KOMILIEKca Tpu 00pa3oBa-
Hun komruiekca [191'5+Na — Bce aroMbl Kuciopo-
na [IOI'5 nmpuOmkatotes apyr K Apyry, Jaemnas
nojnocts Oonee KommakTHOM. Camble Oomblive
M3MEHEHHUST XapaKTepU3yoTcs COMMKEHHEM Ipo-
TUBOJISKAIIMX B TOJIOCTH aTOMOB KHCJIOpoJa —
aroMa kuciopoza Oz € O13 (B KOMIUIEKCE C HATpH-
em Ha 2.35A, a B koMIIIekce ¢ MOHHOI Mapoii Ha
2.05A) u O (coorsercTBenHo Ha 1.47A wu
1.17A), a taoxe atoma Os ¢ O3 (Ha 0.80A B
[12I'5+Na u Ha 0.98A B I1I'5+NaCl). Paccros-
HIe Mexky aromamu kucimopona Oz u O B 0060mx
KOMIUIEKCAaX YMEHBIIAETCS Ha 0.91A. Equncreen-
HOE pa3nyue HaOIOIaeTCs B PaCCTOSIHUH, 00pa-
syromemces: Mexxay aromamu O16-Os, KOTOpOE B
komriekce [1OI'5+Na yBenmmumBaercsi, a B KOM-
mnexce ITOI'5+NaCl ymensmaercs na 0.3A. Ipu
obpazoBannu komrurekca [191'5+Cl nHanbonbme

M3MEHEHHUSI TPETEpPreBacT Pa3BOPOT KOHIIEBOTO
aroma kucinopona Ois, NPHOIMKAIOIMIETOCS K
BHyTpeHHUM Kuciopogam O7 u Oi1o cooTBerT-
ctBenHo Ha 2.16A u 1.46A. Tlpu o6pasoBanuu
Bcex komruiekcoB 11215 konueBas rpynma O1sHsg
pa3BopauMBaeTCs TAaKUM 0O0pa3oM, YTO Cyllle-
CTBEHHO YMEHBIIIACTCS PACCTOSHUE MEXIY CO-
CEJHUMHM HECBA3aHHBIMH aTOMAaMH KHCIJIOpPOJa
013+016 (na 0.7A B KxoMmIeKce ¢ HaTpuem, Ha
0.82A B xommIekce ¢ xopom u Ha 0.68A B KoM-
TUIEKCE C HOHHOM TTapoi).

PaccmoTrpuM, Kak pacrosiararorcs aroMbl
HaTpus U XJIOpa B U3y4eHHBIX koMIulekcax [19I'5.
N3 Tabmuupl 2 BUOAM, YTO B KOMIUIEKCE
[13I'5+Na atom HaTpust GIMKe BCEro MOIXOUT K
aromam kuciopoaa O (2.45A) u O1 (2.49A), B
kommuiekce [IOI'5+NaCl on eme Oombiie mpu-
OmpKaeTcss KO BCEM KHUCIOpOJaM, OTIAJSSICh
Tombko or atoma O7 Ha 0.13A. Atom xyopa B
xomrtekce II2I'5+NaCl na 3+2A pacnonaraercs
Ommke K aroMaM BojiopozioB [IDI'5, yem B KoM-
wiekce [19I'5+Cl. B koMruiekce ¢ XJIOpoM atom
XJIopa Hanbosee OJM3KO MOIXOAUT K KOHIIEBOMY
aromy Bojopoaa Has (3.36A), a B xommexce ¢
MOHHO# Hapoii oH e Ha 1.05A npubmmkaercs k
stomy aromy u paccrosaue Cl-Hsg cocramsier
231A.

B TaGmure 3 nmpuBeeHbI 3apsiibl HA aTOMax
komrutekca 1915 ¢ nonHoit mapoit NaCl, a mist
CpaBHEHUS — 3apsabl HAa aroMmax yuctoro 11015 u
€r0 KOMIUIEKCOB C HAaTpUEM M  XJIOPOM.
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3apsiapl HA aTOMax B ONTHMHU3UPOBAHHBIX KoMImiekcax [191'5

oI5 | II9I'5+Na | IIOI'5+Cl I1OI'5+NaCl
Atom HF HF HF HF B3LYP
01 -0.687 -0.687 -0.686 -0.939 -0.647
C 0.113 0.109 0.112 -0.196 -0.044
Cs 0.107 0.080 0.106 -0.069 -0.056
O4 -0.643 -0.652 -0.644 -0.449 -0.477
Cs 0.126 0.083 0.126 -0.240 -0.022
Cs 0.116 0.123 0.115 -0.098 -0.074
07 -0.637 -0.655 -0.638 -0.512 -0.472
Cs 0.117 0.122 0.116 -0.089 -0.039
Cy 0.119 0.087 0.118 -0.100 -0.033
O10 -0.639 -0.674 -0.642 -0.503 -0.480
Cu 0.116 0.102 0.116 -0.196 -0.049
Cr 0.118 0.108 0.116 -0.015 -0.025
O13 -0.654 -0.644 -0.656 -0.461 -0.476
Cus 0.101 0.104 0.098 -0.127 -0.062
Cis 0.107 0.098 0.104 -0.192 -0.032
O16 -0.675 -0.668 -0.681 -0.834 -0.655
Na -0.241 0.633 0.251
Cl -0.017 -0.758 -0.639

Taoauna 3.

Haubonbiiee nepepacnpezeneHue 3apsaoB
npu obpazoBannu komruiekca PEG5+Na (tab:.3)
HaOmoaercs Ha aroMax yriepoaa Cs U KUCIOpo-
na O (~0,04), yriepona Co u C3 (0,03) u kucio-
pona O7 (~0,02). IIpu oOpa3zoBaHMU KOMILIEKCA
PEG5+Cl u3meneHust B 3apsiioBOM pacripesesie-
HUM Ha MOPSJIOK MEHbIIE, YTO OOBSCHSAETCS pac-
TMOJIOKEHUEM aToMa XJjiopa He B nosnoctu PEGS, a
HaJ| TIOJIOCTBIO Ha ONpE/ETIEHHOM PacCTOSTHUU OT
MOJIMATUIICHITIMKOIEBOM  Lienouku. HauGosnbime
M3MEHEHHsI CBSI3aHBI C TIOHIDKEHHWEM 3apsiia Ha
arome kucnopona O (~0,006) u aromax kucio-
poma O1o u yrireposioB Ci4 u Ci5(~0,003).

O6pazoBanne komruiekca 1915 ¢ nonHow
napoii NaCl nmpuBOAUT K OYEHb CYILIECTBEHHOMY
3apsiIOBOMY TIEpEPACTIPE/ISNICHIIO — 3apsiibl Ha
BCEX aTOMax yIJieposia MOMEHSIM 3HaK Ha MPOTHU-
BOTIOJIOXKHBIA M CTaJM AJIEKTPOOTPHUIIATEITLHBIMH.
HaunGonpime n3mMeHeHHs HaOMIOJAIOTC Ha aTo-
Max yriepona Cs, Ci1, Cou Cys, Ha KOTOPBIX 3apsi-
JIbI TIOHM3UIMCE cooTBeTcTBeHHO Ha 0.366, 0.312,
0.309 u 0.299 eaunun 3apsaa. Ha aromax Cia, Ce,
Co u Cg 3apsap! noHU3WINCH ~0.2 eAUHULIBI 3aps-
na. Takxke CHITbHO TIOHM3HIINCH 3apsiibl Ha KOHIIEe-
BbIX aroMax kuciopoaa Oi1 Ha 0.252 u O Ha
0.159 emunum 3apsima. OTH aTOMBI TPHOOpENH

Oonbinoit orpunarenbHbiid 3apsa — O1 (-0.939),
Os6 (-0.834). YV npyrux aroMOB KHCIIOpOJa 3apsi-
1ieI oBbICKUTCH (Ha O Ha 0.194, O7 Ha 0.125 1 HA
O10 Ha 0.136 equnun 3apsiga). Bee atu 3apsiioBsie
W3MEHEHHsI TMPOU3ONILIA Oyarofapsi B3auMOJICH-
CTBUIO aTOMOB HOJIMTUJICHITIMKOJIEBON LENOYKU
¢ wonnoi maporr NaCl. Hano ormeruts, uto B
xomruiekcax [191'5+Na y Hatpus Obun HeOobIION
orpuntiatenbhbiii 3apsan (-0.241), a B xoMIuiekce
[TI2I'5+Cl y xopa BelMuMHA 3apsia COCTaBIsLIA
Bcero ymib (-0.017). Tlpu oOpazoBaHnu MOHHOM
napel NaCl atom Hatpusi oTmaer SIeKTPOHHYHO
TUIOTHOCTh aToOMy XJIOpa W MEXIy 00pa3oBaBIIH-
mucst moHamu Na* u Cl” Bo3HMKaIOT CHIIBI DJieK-
TPOCTATUYECKOTO MPUTSHKEHHUS, B PE3YJIBTATE YEro
o0pazyeTcst HOHHas CBs3b. [103TOMY B KOMITIEKCEe
[M2T'5+NaCl y Harpust GOJBIION TOIOKUATETHHBIN
3apsn (0.633), a y xyopa - OONBIION OTpULIATEINb-
v 3apsag (-0.758). Pacuer mo wmeromy
DFT/B3LYP naer npyryto KapTHHY 3apsiiOBOTO
pacripesieNieHusl, Jenas MeHee AIIEKTPOOTpHIa-
TEeJbHBIMU TPAKTHYECKH BCE aTOMBI YIJIEpoaa M
KUCJIOPO/Ia  TTOJMATHIICHTIIMKOICBOM  TIETIOYUKH.
ITpu cpaBHeHuu pacuera o meroay DFT/B3LYP
¢ pacuetom HF nHaGmomaeM, 4To 3apsapl TOHU-
MKAIOTCsl TONBKO Ha aromax kuciopoaa O u Ois
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(ra 0.028 u 0.015 emunwMIT 3apsiga COOTBET-
CTBEHHO) U Ha arome yriepoaa Ci2 (Ha 0.01 emu-
HUILY 3apsiza). Bee kucinopoas! B cepeuHe moso-
CTH MPUOOPETAOT OJMHAKOBBIN 3apsy (~-0.45), a
KOHIIeBbIe Kucioposl (~-0.65). ATombl Bogopona
BHYTPH IOJIOCTU MMEIOT MPAaKTHYECKU OJMHAKO-
BbIi 3apsin (~0.2), Ha KOHIIEBBIX aTOMax BOOPOAa
3apsin 3HaunTeNnbHO BhIe (Ha Hiz 0.686, a Ha Hss
0.562 emuuui 3apsma). 3apsa Ha aToMe HaTpus
npu pacuere metonoM DFT/B3LYP ymenbimics
Ha 0.382, a Ha arome xjopa yBenuumics Ha 0.119
emunmil 3apsia (Tabmmuma 3).

W3BecTHO, UTO ¢ AMIEKTPOHHBIMU MEpexoa-
MH U3 OCHOBHOT'O COCTOSIHMSI B BO30YXIECHHOE U
00paTHO CBSI3aHbl BKHEHWIIIME MPOLIECCHI - I0-

[JIOIIEHHUE, OTPAKEHHE, PACCEsTHUE Pa3IMYHbIX
M3ITy4eHUH, HEKOTOPhIE XUMUYECKUE PEAKIUH U
T.1. Ocobo BaykHOE 3HaUeHHE PHOOpeTaeT SHEp-
TeTUYECKasi Pa3HOCTh MEXITy OpOUTAIIIMUA OCHOB-
Horo (HOMO) u B030yxaenHoro (LUMO) co-
crosiHui. O4YEBUITHO, YTO YEM MEHBILIE SHEPTeTH-
yeckas IIeNb MEXKTY 3THMH OpOUTAISIMH, TEM
JIerye JUCCOLMMpPOBaTh MOJIEKyiy. B Tabn. 4 npu-
BezieHbl 3HaueHus sHeprun HOMO u LUMO op-
OuTaniell YMCcToro OJIMromMepa MOJMITUIICHTITIOKO-
a5 [I0I'5 1 ero KOMIUIEKCOB € aTOMaMH HaTpHs
Na, xsopa Cl u ¢ nonnoi napoit NaCl B 1Byx me-
tonax HF/6-31G u DFT B3LYP/6-31G.

Tabauna 4.
HOMO u LUMO op6wutanu B ONTUMH3HPOBAHHBIX KoMmIutekcax [19I'5
Kommaekent | TIOI-5 I15T'5+Na I151'5+Cl I15T'5+NaCl
Opourann o B o B o 0!
Meton HF HF HF HF HF HF B3LYP
HOMO -0.40532 | -0.09421 | -0.42951 | -0.40727 | -0.00059 | -0.33171 | -0.21125
LUMO 0.23095 | 0.09133 | 0.10291 | 0.22926 | 0.22970 | 0.01361 | 0.01874

Kak BuzmHO, 3Heprernyeckas LIEIb MEKIY
opoutasimu HOMO n LUMO npu oGpazoBannu
komruiekcoB 11015 ¢ atoMoMm xJtopa npakTuyecku
HE MeHseTcs, NMpu 00pa30BaHMM KOMIUIEKCA C
HartpueMm ymenbluaerca Ha 0.45073 ar. en., mpu
oOpasoBaHuu Komiuiekca ¢ voHHor mapoir NaCl
ymenbiaercs Ha 0.29095 ar. en., a pacyer Mero-

noM B3LYP eme ua 0.11533 ar. en. moHmxaer
9TO 3HAYEHUE.

B Tabmuiie 5 mpuBeneHbl 3HEPreTHUECKHE
napaMeTpbl U AUNosibHble MOMeHTHI 1315 u ero
KOMILJIEKCOB MO pe3yJbTaTaM pacyeTa METOIOM
HF.

Tao0auna 5.
DHepreTuyecKkue napaMeTpbl U JUNoabHbIe MOMEHTHI [1DI'5 U ero KoMIiekcoB
JHeprus u J{unoabHbIH 215 | 1I3I'5+Na | II2T5+Cl | TI95+NaCl | TI3T'5+NaCl
MOMEHT (HF) (HF) (HF) (HF) (B3LYP)
Hoanas 3Heprus -840.636 | -1002.493 | -1300.087 -1462.087 -1468.225
(RHF, ar.en.)
JHeprusi OTTAJTKHBAHUSA 1249.965 | 1493.494 | 1498.227 1819.419 1824.938
aaep (Hartrees)
JunoanHblii MoMeHT (ebaii) 4.298 8.004 4.272 6.780 5.850

Kak cnemyer u3 pe3ynbraroB pacuera (Tao-
mvua 5), npu 3axsare onuromepom 11905 atoma
HaTpusi SHeprusi O00pa30BaHHOIO KOMILIEKca
I13I'5+Na 1o cpaBHEHHIO € YUCTBHIM OJIMTOMEPOM
[12I'S ymenpaercs Ha 162 at.eq., a AUMOJIBLHBIA

MoMeHT Bo3pactaer Ha 3.7D. Ilpu cBs3pIBaHNH
aToMa XJiopa 3Heprus 0Opa30BaHHOIO KOMILIEKCa
[I2I'5+Cl ymeHbIIaeTcs o CpaBHEHUIO C YUCTHIM
[12I'S Ha 459 ar.en. Takum oOpasoM, mporecc
o0pa3oBaHUsl KOMIUIEKCa C aTOMOM  XJIopa
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OKa3bIBAaCTCsl SHEPreTUUecKd O0Jiee BBITOJHBIM.
JIMTIONBHBI MOMEHT TIPU 00pa30BaHMH KOMILIEK-
ca [I2I'5+Cl ymenbrnaercs va 0.026 D, ctpykTy-
pa xomruiekca [19I'5+Cl Gonee KOMITakTHA, YeM
[I2I'5+Na. Ipu obpazoBanum komruiekca [19I°5 ¢
nonHoii napoit NaCl nonnas sHeprust Komruiekca
YMEHBIIIAETCA [0 CPABHEHHIO C YHCTHIM OJIMTOME-
pom IIOI'5 Ha 621 ar.en., IO CpaBHEHUIO C KOM-
miekcoM [12I'5+Na na 460 ar.ex, a ¢ KOMITIEKCOM
[M2I'5+Cl na 162 ar.en. Kommnexe IT3I'5+NaCl
OKa3bIBACTCsl SHEPreTHUecKu Oo0Jiee BBITOJHBIM,
4yeM uucThlii oiuromep 19I5 u ero kommiekcel ¢
M30JIMPOBAHHBIMA aTOMaMH HATpusl WIA XJopa.
JIMTONBHBI MOMEHT TIPU 00pa30BaHMH KOMILIEK-
ca [12I'5+NaCl ysenmumBaercs Ha 2.5 D mo cpas-
HeHuto ¢ uucthiM [I0I5 u ero xomiuiekcom ¢
XJIOpOM U yMeHbInaercs Ha 1.2D no cpaBHeHwHIo ¢
komriekcoM [12I'5+Na, crpykTypa nonoctu cra-
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NYOIUKAHCKOU HayyHo-npakmuyeckou Kowg.

THEORETICAL CALCULATION OF SPATIAL AND ELECTRONIC STRUCTURES OF THE COMPLEX OF
OLIGOMER OF POLYETHYLENE GLYCOL PEG5 WITH NaCl ION PAIR

S.D.DEMUKHAMEDOVA, Z.LHAJIYEV

By quantum chemical ab initio Hartree-Fock method using the 6-31G basis the spatial and electronic structure of the ol-
igomer complex organic polymer - polyethylene glycol (PEG5) ion pair with NaCl have been carried. The investigated model has
been modeled by molecular dynamics. The energy and geometrical parameters of complex have been obtained, the basis struc-
tural changes in the electronic structure of PEG5 at formation of complex PEG5 + NaCl have been analysed. A comparison of the
received complex with the previously studied complexes PEG5 + Na and PEGS5 + Cl has been carried .

PEQS5 POLIETILENGLIKOL OLIQOMERLDRININ NACL ION CUTLUYU ILD
KOMPLEKSININ FOZA VO ELEKTRON QURULUSUNUN NOZORI HESABLANMASI

S.D.DEMUXAMEDOVA, Z.i. HACIEV

Moagalods ab initio Hartri-Fok kvant kimyasi tisulu ilo 6-31G bazisindan istifads edorak PEG iizvii polimer polietilenglikol
oligomerinin NaCl ion ciitliiyii ilo kompleksinin faza vo elektron quruluglart hesablanmigdir. Todgiq olunan model molekulyar
dinamika metoduna asason hesablanmigdir. Kompleksin enerji vo hondasi parametrlori miiayyanlogmisdir, PEG5+NaCl ion
ciitliyti ilo kompleksin yaradilmasi naticasinds elektron qurulusunda osas struktur doyisikliklori tohlil olunmusdur. Alinmig
kompleks tadgiq edilmis PEG5+Na vo PEG5+CI komplekslori ilo miigaiso edilmisdir.

Pemaxrop: npod.111. Harre
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Ipunsta k neuaru: 26.07.2016 [Toctpoena Teopust kKonebaHMs TOKA B JIETUPOBAHHBIX MOJTYIIPOBO/I-
HHKaxX NPH HAJIMYMK CIJILHOTO BHEIIHETO DJIEKTPHYECKOro M Mar-
HUTHOTO moJist. HaiffeHsl 4acToThl KOJEOAHHS TOKA, MArHHTHOE
T0Jie, MHTEPBAI W3MEHEHHUSI JIEKTPHYECKOTO MOJISL, MPH KOTOPOM

KiroueBble cioBa: 4acToTa, MAarHUTHOE TIOJIE, HJIEKTPH-  POUCXOAUT BHEIIHSS HEYCTOMYMBOCTh B KpucTaimie. OrpeieneHbl

YECKOE I0JIE, MHDKEKIIHs, KOJeOAHNsI, MHTePBAI U3MEHE-  3HAYCHHUSI MATHUTHOTO U 3JIEKTPUYECKOTO TOJICH MPU OTPULIATEb-

HISL HOM 3HAa4eHHH MMIIeJaHCca KpUcTallia.

BBEJIEHHUE

HexoTopsie niprMecH B NOITYTIPOBOAHUKE CO3/IAI0T LEHTPBI, KOTOPbIE CIIOCOOHBI HAXOIUTHCS B HE-
CKOJIBKHX 3apSKEHHBIX COCTOSIHUSIX (OIHOKPATHO, IBYKPATHO U T. I1., HOJIOKUTENBHO WM OTPULIATETIBHO
3apsbKeHHBIX). Tak, HanpuMep, aToOMBbI 30JI0Ta B TEPMAHUU MOT'YT KPOME HEUTPAIbHOIO COCTOSIHUSL OBITH
OZTHOKPATHO TOJIOXKUTEBHO 3apsSHKEHHBIMU U OTHOKPATHO, IBYKPATHO M TPEXKPATHO OTPULIATENIBHO 3a-
PSDKEHHBIMM LIEHTPaMH, aTOMbI MEAW KPOME HEHTPAIbHOIO COCTOSHHUS MOTYT OBITh OJHOKPATHO, JIBY-
KpaTHO M TPEXKPATHO OTPULIATENILHO 3apsHKEHHBIMU LIEHTpaMU U T.I. TakuM LIEHTpaM COOTBETCTBYIOT B
3aIpEIICHHON 30HE HECKOJIBKO SHEPIeTHYECKUX YPOBHEN. Takue SHEpreTMUeCKre YPOBHU PACIIONIOKEHBI
Ha Pa3HbIX PacCTOSHUAX OT JTHA 30HBI TPOBOJMMOCTH (MJIM OT BEPXHEro Kpasi BAJIGHTHOW 30HBI) B 3arIpe-
IIIEHHOM 30HE MOJIYNPOBOJHMKA. B 3aBUCHMMOCTH OT y/aleHHsl 3TUX YPOBHEW OT BaJIEHTHOM 30HBI (WM
30HBI TIPOBOAMMOCTH) MX HAa3bIBAIOT TIIyOOKHMH JIOBYIIKAMU. OTH TIIyOOKHE JIOBYIIKU (LEHTPHI) CHO-
COOHBI 3aXBaThIBATh 3JIEKTPOHBI WM JBIPKU B 3aBUCUMOCTH OT MX 3aps/I0BbIX COCTOSIHUM. B pesynbraTe
TaKOI'o 3aXBaTa U3MEHSETCsl KOHLIEHTPALMSI 3JIEKTPOHOB B 30HE MPOBOJMMOCTH, KOHLIEHTpaLUs JbIPOK B
BaJICHTHOM 30HE U, CJIEJI0BATENBHO, HJIEKTPONPOBOUMOCTD MOJTYITPOBOIHHKA.

B pasHbIX SKCIIEpUMEHTANBHBIX YCJIOBHSAX U MPU Pa3HbIX 3HAYEHMSX TEMIIEpATyphbl 3TU TIIyOOKHe
JIOBYIIKU SIBIISIIOTCSA OOJiee WJIM MEHEE aKTUBHBIMHU, T. €. PEKOMOHMHAIMS B OCHOBHOM IPOHCXOIUT C
OTpe/IeIICHHBIM YUCIIOM JIOBYIIeK. Harprmep, B okcriepiMenTe [1] akTHBHBIMU JIOBYIIKAMH OBLTH OJTHO-
KpaTHO U JIByKPAaTHO OTPHUIIATENBHO 3apsHKEHHbBIE LIEHTPBI 30JI0Ta B TepMaHuu. B mpucyrcTBumn anekTpu-
YECKOI0 M MAarHUTHOTO TIOJIEM 3JIEKTPOHBI IOJIY4YalOT OT AJIEKTPUYECKOrO IIOJII DHEPIUI0 IOpAaKa
eE,l (e-onmemenTapHblit 3apsn, Eo-3HaueHne 3MeKTprdecKoro nos, |-mmHa cBoGomHOro mpodera aJek-

TpoHA). 3a CYET ATUX SHEPruil SJICKTPOHBI MOTYT TMPEOAONICTh KYJTOHOBCKUI Oapbep OTHOKPATHO 3apsi-
YKEHHOTO IIEHTPA M 3aKPEMUThCs, T.€. PEKOMOMHHUPOBATH C 3TUM LIEHTpoM Kpome Toro BCieiCcTBUE Terl-
JIOBOTO Mepedpoca 3MIEeKTPOHBI MOTYT TeHEpUPOBAThCS U3 JIOBYILEK B 30HBI IpoBoaumocTu. [Iporecc 3a-
XBaTa YMEHBIIIAET, a MPOIIecC epedpoca YBEMMIMBAET YHUCIIO AIIEKTPOHOB B 30HE MPOBOIUMOCTH. UTO *Ke
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Kacaercs JbIPOK, TO MX YHMCIIO YBEINYMBACTCS BCIIEACTBUE 3aXBaTa 3JIEKTPOHOB NIIyOOKHMH JIOBYIIKAMU
13 BJICHTHOM 30HBI M YMEHBIIIAETCS BCJIEICTBUE 3aXBaTa IEKTPOHOB U3 NIyOOKUX JIOBYIIEK JIBIPKAMHU.
Pa3Hble BepOoATHOCTH IeHepali 1 PEKOMOMHALIMY ITPUBOAAT K U3MEHEHUIO KOHIIEHTpaLMi HocUTenei B
Kpucrtaie. Mel B 310l paboTe Oy/ieM UMeTh B BHIY HOIYIPOBOAHHUK C HOCUTEIISIMUA 000X 3HAKOB, T. €.
UIEKTPOHOB N_, M IBIPOK N, .

Hamune pekoMOMHaIMii ¥ reHepayii B OMYIPOBOAHMKE NPUBOIUT K BOSHUKHOBEHHUIO HapacTa-
IOIIMX KOJIEOaHUM KOHLIEHTPALMI HOCUTENEH M 3JIEKTPHUYECKOro MOoJIsl BHYTPU KpHUCTalia. JTU Kojeba-
HUSI MOTYT HapacTaTb BHYTPH KpHCTala WK BBIXOAUTH BO BHEIIHIOKO LIEMb (T. €. BO BHELIHEH LIENH M0~
SBJIAFOTCS Kos1eOaHus Toka). [103ToMy Hy’»KHO pa3yinuarh JBa THIIAa HAPACTAIOLIUX KOJIEeOaHHH:

1) Hapacrarorme KoineOaHusl KOHIIEHTPALM HOCUTENEH W AIIEKTPUUYECKOTO TOJIsl BHYTPU KPUCTAJlIa,
TaKyl0 HEYCTOMYMBOCTb, IPH KOTOPOH KoJieOaHMii TOKa BO BHEIIHEH IIENM HET, Ha3bIBAIOT «BHYTPEHHSSA
HEYCTOUYUBOCTB.

2) HapacTarolye KojaedaHus, IPUBOJALIME K KoleOaHUsIM TOKA BO BHEIIHEH LIENH, TaKyr0 HEyCTOHYH-
BOCTb Ha3bIBAOT «BHEILHSSA HEYCTOMYUBOCTD.

Y cnoBYs BOBHUKHOBEHHUS BHYTPEHHEN HEYCTOMUYMBOCTH 3aKJIFOUAOTCS B TOM, YTO YacTOTa, OIpe-
nensemMas U3 JTUCIEPCUOHHOIO YpaBHEHHUS Ul KoJjeOaHUsl BHYTPH KpHCTasUla, OKA3bIBACTCsl KOMILIEKC-
HOM, MpuyYeM ee MHMMas 4acTb JI0JDKHA OBITh MOJOXKUTENbHON. [Ipr 3TOM BOJIHOBBIE BEKTOPHI KojieOa-
HUI, ONpelelsieMble U3 I'PAHUYHBIX YCJIOBUM, SBISIOTCS BELICCTBEHHBIMU. |'paHWYHBIC YCIOBUS UL
BOJIHOBOT'O BEKTOPA BHYTPU KPUCTAJLIA ONPENEILIIOTCS U3 YCIOBUS HAIWYUSA CTOSIMMX BOJH BHYTPHU KpHU-

crajuia. JTO 03HAYAET, YTO BOJIHOBOM BekTOop K mMeeT BUI:
V4
k :I-m, (m=123...), (@)

rie L-pasmep kpucraia.

IIpu BHeIIHEW HEYCTOWYMBOCTH KOMIUIEKCHOM BEJIMYMHOM OKa3bIBAETCS HE YACTOTAa BO3HUKAIO-
IIMX KOJeOaHMii, a BOJHOBBIE BEKTOPHI, ONPEIEISIEMbIE U3 JUCIEPCUOHHOIO ypaBHeHus. [Ipu BHenHel
HEYCTOMYHMBOCTH YacTOTA BO3HUKAIOLIMX KOJI€OaHUI orpesiessieTcs: U3 yCIOBHUs PAaBEHCTBA HYITIO HOJIHO-
'O CONPOTUBIIEHUS LIETIU. JTO CBS3aHO C TEM, YTO IPH ONPEETIECHHBIX YCIOBUSIX HapacTaHUE BOJIH BHYT-
PH KpHUCTaJUIa, aKTUBHOE COIPOTHUBIIEHHE, BHOCUMOE B LIEIIb KPUCTAJUIOM OTPHULATEIBHO B HEKOTOPOU
obnact yactoT. Hanmuune oTpHLaTeNnbHOr0 akKTUBHOTO COMPOTHBIIEHUS MIPUBOJUT K BO3ZMOXHOCTH HC-
TIOJIL30BAHUSI CUCTEMBI (T. €. BHELIHSS LEMb U KPUCTALT) ISl TeHepalluk OnpesiesieMoi yCIOBHEM pa-
BEHCTBA K HYJIIO TOJIHOTO COIMPOTUBIICHUS Llend. B 3Toif paboTe MBI U3JI0KHM TEOPHIO BHELIHEH He-
YCTOMYHMBOCTU B JIETUPOBAHHBIX IOJIYIIPOBOAHUKAX B CHJIBHBIX JJIEKTPUYECKUX M MarHUTHBIX MOJIIX B
MOJTYTIPOBOJAHUKAX C JBYMsI THIIAMM HOCHTENEH 3apsaa. DIEKTPUYEeCKOe M MarHUTHOE MOJe JOJDKHO
OBITh 0OJIbIIIE COOTBETCTBYIOIMX BEIMUYKH, ONPEAENISEMBIX CASAYIOLUIMMH HEPABEHCTBAMHU

9, >>S; uH,>>c, )

rae 9, = u, E, npeiidoad ckopocTs, S —CKOPOCTh 3ByKOBBIX BOJH B KPHCTAJLIE, [/, — IOABUKHOCTU

ABIPOK U 3JICKTPOHOB, C - CKOPOCTH BJ'IGKTpOMal"HI/ITHOI\/JI BOJIHBI B BAKYyMC. OHpeI[CJ'II/IM YaCTOThbI U3JTy4C-
HU SHEPIruu U NpEACili UBMCHCHUA 3HAYEHUN QJICKTPHUYICCKOI'O U MarHuTHOT'O MOJIEH.

OCHOBHBIE YPABHEHUA

I1ycTh KOHIEHTpALUS HOCUTEIIEH DIIEKTPOHOB 71- U KOHLICHTPALWS JbIPOK 71+, KOHLIEHTPALUS OHO-
KPaTHBIX 3apsHKEHHBIX JIOBYIIEK N, IBYKpaTHO 3apsKeHHBIX JIOBYIIEK N- pu ycioBun

N-<<N, n, <<N,N, N+ N=No=const. (3)
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[TomynpoBOAHUK € TAKMMH JIOBYILIKAMHA HAaXOJWTCSl BO BHEIIHEM IEKTPUYECKOM M MarHUTHOM
nosie. Toraa oTHOKpaTHO 3apsbKeHHBIE LIEHTPBI 3aXBaThIBAIOT Yepe3 KYJOHOBCKUI Oapbep 3JIEeKTPOHBI U
UCITYCKAIOT Yepe3 Oapbep JbIPOK; ABYKPATHO 3apsUKEHHbIE LIEHTPA MOTYT MCITyCKaTh 3JIEKTPOHBI U 3aXBa-
TBIBaTh JIBIPKU IPH TEIUIOBBIX BO30YXKICHUSX.

Konuentpauus n,_, N _, N u mioTHOCTb IOTOKA TOKA MPY HAJTMYMHU 3JIEKTPUYECKOIO U MarHUTHO-

T'0 TOJICH YIOBJICTBOPSIIOT ypaBHEHUsM [2-5].

on - on_
S divj = (E]rek. =7 (0O N -y (ENN,

ot

oN on on
w5 2
i, =N, (EH)E +1n, 4, (E H)|ER |+ n, s, (E, H)R(ER) -
-D,Vn, -D,, [ﬁnﬁj— D,.h(Vn_ h)
jo=nu (E.H)E+n g (E H)ER|+n 4, (E H)A(ER)
~D Vn +D, |[Vn h|-D, A(¥n h)

agt* +divj, = [a’“] =7 (En,N—-y (O)n.N_,
rek.

ON - } - - ; :
nli _ nNOO : divi :edIV(J+ _ J_)’ e>O, | = |(t), n1+ = nJIr\IN )
0 0

3mech h — emqMHUYHBIN BEKTOp MO MarHUTHOMY mnonto, i, (E,H) - omuueckas , py, (E, H) - XomioB-
cKast, ft,, (E ,H ) - pokycrpoBOYHas TIOIBIKHOCTH JBIPOK U 3ekTpoHoB, D, , D, ,D,, cooTBeTCTBEHHO

OMHUYECKHE, XOJUIOBCKHE, (POKYCHPOBOUHbIE KO3 uImenTs auddy3un Hocutenei 3apsiaa. s ynpo-
IIEHUS] TPOMO3/IKUX BBIYHCIICHUH MBI PACCMOTPUM CITy4ai, KOT/Ia HOCUTENN UMEIOT 3()(EKTHBHYIO TEM-
nepatypy. Torna kosddurment nuddysun

[ bb I CE ’
=2 — 0
D, = 4, T _( j 1

e - 3\ SH,
rae T - reMnepatypa B dprax.

Kpome Toro, Oyznem paccMaTpuBaTh KPUCTALI, pa3Mepbl KOTOPOTO YIOBIETBOPSIOT CIETYHOIMM
COOTHOILICHUSIM

L, <<L,,L, <<L,.

BHeninee snekTpudeckoe nose HanpasieHo M0 OCH X, @ MAarHUTHOE TIOJIE 110 OCH Z.
Tlomoxum

0+AE¢¢) (5)
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OTKIIOHEHHE MarHUTHOTO TIOJISI OT PAaBHOBECHOT'O 3HAYCHHMS PABHO HYJIFO, TaK KaK MBI pacCMaTpH-

BacM MPOJIONBHBIE KoebaHus Toka. 3Hadok (0) o3HaYaeT paBHOBECHOE 3HAUYEHHE COOTBETCTBYIOIIHX Be-
JIMYWH, B TAJTBHEHUIIEM ero Oy/IeM OITyCKaTb.

Beenem BMecTo K03(h(hUITMEHTOB peKOMOMHAITMH YaCcTOTHI 3aXBaTa M MCITYCKAHUSI PABHOBECHBIMH

IIEHTPAMH.
0 E
v =y (E))N,, v, =y, (ONZ, v. =y (E,)N,, (6)
a TaKXKEe KOM6I/IHI/IpOBaHHHe YqaCTOTHhI 3axBaTa U I/ICHYCKaHI/Iﬂ HepaBHOBeCHLIMI/I ueHTpaMI/I

Vij/—(EO)n— +7/—(O)nl—’ V—:— :7/+(O)n+ +7/+(E0)n1+ (7)
X, HAKOHCI], 0003HAYMM YHCIICHHBIE MHOXUTEIIH, OIIPEACIIEMbBIC 3aBUCUMOCTAMU )/, (E ), m (E)

diny,(E) din g,
(O AL £3 I Py VR ) £ 8
P dIn(E?) pr=1+ dIn(E?) ®)

BcenencrBue rpoMo3KoCcTH peneHust cucteMsl (4) ¢ ydetoM (5-8) Mbl OrpaHMYMMCst yKa3aHHEM
cxeMmbl pertenus. [loncrasisis (5-8) B (4), momydaeMm BEKTOpHOE ypaBHeHUE il AE, pelienue KoToporo
UMeeT BUJI:

AE = AAI + B,An_ +B,An_, )
rae Igl’ B, - IOCTOSHHbIC BEKTOPBI, 3aBUCAIIIE OT YACTOTHI KONEOAHMI, XapaKTEPHBIX YaCTOT, OT PABHO-
BECHBIX 3HAUCHWII KOHIIEHTPALMI HOCUTENEH, 3IEeKTPHYECKOr0 M MAarHUTHOTO TOJSA M OT YHMCICHHBIX
MHOXHUTEnen S, pl.

Pasmemm ¢umykryamm An, (F,t), AN_(F,t), AE(F,t) ma wacty, mpomoprmoHaTbHbIe KoneOa-
TEeIbHOMY TOKY Al BO BHeIIHEH 1enu:

An, = An,e' ™ L An7e 7 AN _(F,t)= AN'e'®"Y + AN"e ",

(10)
AE(F,t) = AE'@'("0 1 AE"e ™D,
C yuerom (10) u3 (4) momyynM JIBE CUCTEMBI YpaBHEHHIA: HEOAHOPOAHYIO CUCTEMY:
C’An" +C/An’ =CAl, D"’An+ D/An! = DAl , Al =Al(t). (11)
U cucreMy qByX JIMHEWHBIX OJJHOPOJHBIX YPABHEHUM VIS An’i
C'An' +D/An’ =0, D’An" + D!An! =0. (12)

Pemenue (11) gaer

AN = _Al, A" =@ Al .
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VcioBrst pa3pelmMOCTH JUCIIEPCHOHHOTO YPaBHEHHs, TIoaydaeMoro u3 (12), mpUBOIST K ypaBHe-

HUIO YETBEPTOH cHCTeMbl OTHOCHTENBHO K . MBI permM ero, npexedperas 4acToTaMu v, 110 CpaBHe-
E

HUIOC V,,V, .

Am!, Gynem uckarh B BHJIC

r I
A, =32 e (k1 —at).
=1 (13)

[oncrapmsst (13) B (12), Haiinem CBsI3b MEXILY Lj A

A Clkj)  Dilk)

' Clk) D (k)

(14)

KonTakThl KpucCTajlyla BCCTAa ABJIAIOTCA B HGKOTOpOﬁ CTCIICHN BBIIPAMIIAIOIIUMU, [MO3TOMY TaK
HAa3bIBACMbIC OMUYCCKUC KOHTAKTLI IIPCACTABIISAOT Oojiee Kak MPCACIIbHBIC CITyYau. HOSTOMy KOHTAKThI
KpUCTajlia ABJEIFOTCA WHXXCKTUPYHOLIIUMU. HYCTL MHXXCKIMA IIPOMCXOJUT HAa KOHTAKTaX X = 0, n X=L.

TOF,Z[a T'PaHUYHBIC YCJIOBHUA UMCIOT BUL:
An, (0) = 5. Al; An, (L) =6,"Al , (15)

rae O, - KO3((GHUIMEHTHI MH)KEKIUH JIBIPOK U AJIEKTPOHOB.

C nomotpto (15) u3 (14) nomyunm Bce KOHCTaHTHI U U3 (9) BolpakeHuss st AE.
[ocne 3TOro MOXHO BBIYKCIIUTH MIEPEMEHHYIO Pa3HOCTh MOTCHIMAJIOB HAa KOHIAX KPUCTa/UIa M
WMITC/IaHC:

L

7 -AV. z=LjAE(x,t)dx, (16)
Al AlS, 3

e S, - IWIoIa/b MOMEPETHOrO CEYSHHUSI KPUCTAILIA.

BemectBeHHas 1 MHMMasi 4acTW UMIIEAAHCA MTPU BBICOKOYACTOTHOM M HU3KOYACTOTHOM TIpEJIENe
HUMEIOT BU/I,
a) BBICOKOYACTOTHBIN Tpesien

E
O>>V,, VvV, V.,

2
R Z .
nt_1[H 1——Hl +H2cos;/——H sin y |, 17)
Z, a |H H H,

+

+

1,2 3eE, (S Y[ H ) v.%H;-v.H]
z, 2Tk, (v ) (H_ wH ’

b) HHM3KOYACTOTHBIN MIpeIes

E
O<<V,,V, V.,
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2 ’ Ey g
Rez =i i 1+ a)Hl (COS}/—].)— ﬂ_{_i Sin]/ ’ (18)
Z, o \H v H v.H H

+ 3

1,2 3eE, (S ) [ H) v."H; —v H;
Z, 2Tk, (v ) \H_ oH ’

Ho=—H =—;7,= b (St - womars TIOTIEPEYHOIO CeYeHust Kpuctaimia), o, =e(N_g_ +Nn, 4. ),
H, Mo 0,05,

dl
a+=—n’u; ; 7/=—H o, H>>u,.c,
dIn(E?) H

2, v n_ n, u, V+E , 1
H=——""H|1++—=—=-p8"—|=H_f(l+u), (19)
n0ﬂ+”t9y+a) n* ’u* v_ o

2n.pa.. H£=H+2n+ﬂ+ﬂ; H,—p OeH

n,B,"0 B."on, ev_ou,
Ne=n_+n; 6=6"+6"+6"+6";

p_ 2Ly nprp) (H nv pp J _ ( E J

noky’)oz(ﬂfl +/3+#) n.v.," prB’ E, )

H,=H.f(+au); H/=H

+

vy = (1 + 1, )E,.

OBCYKJIEHUE

RZ 1.Z
(17-18) ¢ obo3naueHusiMu (19) MOKa3bIBaET, YTO U3MEHEHUE 3HAKOB —— U —

0 0
XO0OUTh OCHUIIAIMOHHBIM o6pa30M BCJICACTBUEC U3MCHCHUSA 3HAKOB TPUTOHOMETPHUYCCKHUX (I)YHKI_II/Iﬁ
sin yu COSy wnm 663OCI_II/IJ'IJI$II_[I/IOHHLIM O6p2130M KakK (byHKI_II/IH XapaKTCPHBIX MArduUTHBIX I10-

MOKET MPOUC-

neitH,,H,,H/,H;, H; . OnHoBpeMeHHO, 3HaK MHUMOI 4acTH MMIIEJAHCA OMPEENAeT UHIYKTHBHBIA

WM €MKOCTHOM XapaKTep COIPOTUBJICHU, BHOCHMBIi1 B LETIb 3a CUCT KoJIeOaHHs TOKa.
I[J'[SI MOJIYUYCHUSA AHAJIMTHYCCKOI'O BBIPAXKCHUA YAaCTOTHBI MAarHUTHOI'O IIOJIA MPU OTPpHULIATCIIBHOM

3HAYCHUE —

MBI y4TeM KOHKPETHBIEC 3HAYEHUS TPUTOHOMETPUYECKHX QYHKIMEI Sin ¥ 1 COS ) .
0

BBICOKOYACTOTHBIM ITPEJIETT

Rez+3=0.

0 0
::57/ II C!JrZO’

RZ
riae R — conporusienue mpu —— < 0, BHOCHMOE B II€TIb.
0

. H
Ipu sin y = FS u3 (17)
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Pemenue ypaBHeHus

sin®y+cos’y =1

ONpEACIIACT 3HAUYCHHUA MAarHUTHOI'O I10JIA

R a 1/2
H=H, —| = . (20)
Z,\ 2
[lpu nomyuenuu (20) ObUTM HCIOIB30BaHbl 3HaueHMs BemnunH H, =H,, Te. o =1 u
H, <<(2a,)'*H, e
1 1/2
12
E, >>(E°E;] —|—1 , 21
’ (l 5)1 M, (ZOQ] ey
1 . 2 2LxV—V+Eﬁ7#ﬂ+7n+
E,=——; E = AP A
eu.o K, (e + 1, V(B2 + B2
J11s1 osTyueHrs: aHAIMTHYECKOTO BBIPAXKEHHUS YaCTOThI KOJIEOaHUH HY>KHO PEIINTh YpaBHEHHE:
I.Z R
n" 4+ -1=0. (22)
ZO ZO
Z R

B 3aBHCHMOCTH OT 3HaKAa ——, — OyIeT UMETh EMKOCTHOM WM WHIYKTHUBHBIA XapaKTep.
z. 'z, "
0 0

N3 (18-21) nomyuum:

- 2 2
po LB v HIZVEH, % (S (HY 29
R,E, H 2Tk, . ) (H.

Takum 00pa3oM, B BBICOKOYACTOTHOM Tpeiesie MOTydeHbl aHATUTHYECKOE BBIPAKEHUE MArHUTHO-
ro nons (20), 3HaYeHust 4yacToThl KosnebaHus (23) U npeaen U3MeHEHHsT BHELTHETO JIEKTPUUECKOro MO

21).

HU3KOYACTOTHBIM ITPEJIETT

|.Z
W3 (17-18) BumgHO, uTO ; B BBICOKOYACTOTHOM U B HU3KOYACTOTHOM TMpEZesiax yacToT Koneba-

0

w
HUSI O7MHAKOBBI. [IoaTOMY B 3TOM Tipesienie BbIpaKeHUsI 171 4aCTOThI HE MEHsEeTCsl, TOJIbKo — << 1.
Vi

E 1,
H =(V+ HngJ . (24)
14

U3 (18) BuaHO, uTO TIPU

+
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C 2 c 0

2
E
AH 7B 1 B (25)
C 2 El El

2
. H
sin y=1,Te. }/:%; AT0-" wm #H {Ej =rl2

Torna u3 Beipakenust (18) momyunm

2 , 2
H H
_lfH e R j_avHR (26)
a, \H, ) vH Z o H, Z

[TpupaBuuBas (24) u (26), noydaem

1
rpgr2 E \2
R _ o H3H2:-I1 v, . 27)
Zy v H, v,
R v_H/
[Tockonbky - >0 mou3 (23) — H >>1, Torna B HU3KOYAaCTOTHOM IIpeJieie YacTOTa UMEET
0 v, H,
3HaYEeHHE
o= 2050 v-H o2 <,
RE, H V.
Z,E, H,
=070 L e, (28)
RE, H
T. €.

E, << Eziz-ﬂ+ . (29)
Zy 2

CoBmectumocTs (25) u (29) TpeOyeT BbIIOIHEHNE HEPABEHCTBA.

R B (30)
Z, E, u

+

R
Bemonnenue (30) TpeOGyeT BBIIONHEHHs yCiIoBuss —— > 0, TOrjia COMPOTUBIEHHE, BHOCHMOE B

0
LIeMb KoJieOaHUSIMHU TOKA, UIMEET, B OCHOBHOM, MHIYKTHBHBIN XapaKTep.

Takum o6pa30M, JUI BBINICYKA3aHHBIX MTPUMECHBIX MOJYIIPOBOAHHUKOB IIOJTYUCHBI YCJIO-

BUA U3JIYUCHUSA DHEPIUHA C onpegleneHHoﬁ JacTOTOM Ipr OIPEACICHHOM 3HAYCHUHN BHCIIHETO CUIJIBHOI'O
MAar"dMTHOI'O I10JIA.
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GUCLU ELEKTRIK VO MAGNIT SAHOSINDO ASGARLI YARIMKECIRICILORDO
COROYAN ROGSLORI NOZORIYYOSI
E.R.HOSONOV, H.S.HOSONOV, N.H.OLIYEVA, A.V.ISLAMZAD®
Xarici giicli elektrik vo magnit sahalorinds corayan ragslari nazoriyyasi gurulmusdur. Xarici dayanigsizlig olanda
tezlik, magnit sahasi vo elektrik sahasinin doyismo intervali tapilmigdir. Kristalin monfi impedansina uygun magnit vo

elektrik sahalorinin giymatlori tapilmisdir.

THEORY OF CURRENT OSCILLATIONS IN DOPED SEMICONDUCTORS IN STRONG ELECTRIC AND
MAGNETIC FIELDS

E.R.HASANOV, H.S.HASANOV, N.H.ALIYEVA, AV.ISLAMZADE
The theory of current oscillations has been created in the presence of strong external electric and magnetic field.
The frequency of the current oscillations and the interval changes of magnetic and electric fields wherein the outer in-
stability occurs in the crystal have been found. Values of electric and magnetic fields have been defined at negative val-
ues of crystal impedance.

Penmaxrop: npod. L11.Harnes
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REFERAT

Isdo yiiksok enerjili stiratlondiricilordon alinan ion selinin yerinin,
bircinsliliyinin vo dl¢isiiniin tayin edilmoasinds istifadosi miimkiin
olan MAPD-3N, MAPD-3D va CPTA-143-30 diodlarinin  vo
BCF-12 fiber ssintilyatoru asasinda hazirlanmus detektorlarin alfa
zarraciklori geyd etms prosesi tadgiq edilmisdir.

Alinan naticolordon molum olmusdur ki, Zecotek firmasmm
istehsali olan MAPD-3N diodlar1 eyni tacriibi soraitdo CPTA-143-
30 diodlar1 ilo migayisads 30%, lakin MAPD-3D diodlar ilo
miiqayisods iso 21%-dan daha ¢ox hadiso geyd etmigdir.

GIRIS

Miiasir fizika elminin inkisafinin son moarha-
losi, asasan, zarraciklor fizikasi istigamotinds oldu-
gundan, zarraciklorin geyd olunmasi va onlari xa-
rakterizo edon parametrlorin miioyyon edilmasi ak-
tual mosalalordan biridir [1-5]. Oksar siiratlondiri-
cilordo ionlasdirct zorrocik selinin  (>108zorro-
cik/saniys) yiiksak olmasi bu istiqgamatlords apari-
lan tocriibalords yarimkegirici tipli gqeydedicilarin
zorraciklorin birbasa qeyd edilmasinds istifads
olunmasi ¢atinliklorini yaradir [1]. Bu sabobdan
do, yiiksak enerjilor fizikasinda aparilan oksor el-
mi tocriibalords yarimkegirici geydedicilor ovozine
fotoelektron giiclondirici (FEG) va ssintilyator ciit-
lityiindon ibarat olan ssintilyatorlu detektorlardan
istifado edilir [1]. Lakin, FEG-in kompakt olma-
mast, yiiksok gorginlikds islomasi, kicik kvant ef-
fektivliyino malik olmasi, zorbays davamsiz olma-
st vo giymatca baha basa golmasi kimi ¢atigmaz-
liglar yeni tip fotogeydedicilorin hazirlanmasina va
onun totbigine marag kaskin artirir [6, 7]. Mohz,

belo fotogeydedicilordon biri do, mikro-pikselli
selvari fotodiodlar hesab edilir [6]. Bu isdo yiiksok
enerjili siirotlondiricilordon alinan ion selinin yeri-
nin, bircinsliliyinin vo 6lgiistiniin tayin edilma-
sindo istifadosi miimkiin olan mikro-pikselli selva-
11 fotodiodlarin ii¢ tipinin MAPD-3N, MAPD-3D
vo CPTA-143-30 vo BCF-12 fiber ssintilyatoru
osasmda hazirlanmus detektorlarin alfa zorracik-
lorini geydetmo prosesi tadgiq edilmisdir [8-10].

EKSPERIMENTIN METODIKASI VO
NOTICOLOR

BCF-12 fiber ssintilyatorundan alinan foto
signallar1 geyd etmok iigiin Kanadanmin Zecotek
Photonics firmasi ilo birge amakdasliq ¢argivasin-
do hazirlanmis MAPD-3N vo MAPD-3D selvari
fotogeydedicilordan vo Rusiyanin CPTA firmasi-
nin istehsali olan CPTA-143-30 diodundan istifads
edilmisdir. BCF-12 fiber ssintilyatorunun diametri
-1mm, pargalanma miiddoti 3.2nsan, maksimum
stialanma dalga uzunlugu 435nm vo is1q ¢ixist
8000 foton/MeV-dir.
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Fotogeydedici kimi istifado edilon Zekotek  ssintilyator daxilinde 25 mosafa got edo hilir.
firmasmm MAPD-3N diodlarmin piksel sixhigi-  Alfa zarraciklor fiber ssintilyatorunun sathino per-
15000pik/mm?, giiclondirms amsalhi-50000, sahesi-  pendikulyar istigamotds diisdiikds, fiberin goru-
1mm? va foto geydetmo effektivliyi -30%(435nm)  yucusunun qalmhg 100p oldugundan, onlarm
tortibindadir. MAPD-3D  diodlarmin  sahasi - ssintilyatorun daxiline niifuz etmasino mane olur
1.1mmv, piksel sixligi - 665pik/mm?, fotogeydet-  vo alfa zorrociklori ssintilyasiya fotonlar yarat-
mo  effektivliyi-12% (435nm) vo giiclondirmo  madan goruyucu sothde udulurlar. Bu sebabdon
omsali-3-10° olmusdur. CPTA firmasinin istehsali  do, alfa zoraciklori geyd etmok iigiin zarraciklorin
olan CPTA-143-30 diodunun sahesi - 1.1mm?  fiber ssintilyatorlarinmn en kosiyino perpendikulyar
piksel sixlig1-556pik/mm?, fotogeydetmo effektiv- istiqamatdoa diismasi tomin edilmisdir.
||y| -12% (435nm) Vo giiclsndirma omsal1 - 3- 105 Dioddan alinan siqnah qeyd etmoak ﬁgﬁ_n
olmusdur. Sakil 1-do gostorilmis sxemdan istifads edilmisdir.

lonlagdirici radiasiya monbayi olarag 5.5MeV  Diodlar gorginliklo tomin etmok iigiin Keithley-
enerjili alfa zorraciklori siialandiran Am-241 izoto- 6487 gorginlik gida monbayinden istifado edil-
pundan istifado edilmisdir. BCF-12 fiber ssinti-  misdir. Dioddan alinan signal giiclondirici vasitasi
lyatoru ilo monbs arast masafo 1sm segilmisdir vo  jlo giiclondirilmis (giiclondirmo omsali ~100), Vo
havada enerji itkisi 1MeV-dir. Fiber ssintilyatoru  daha sonra Diskriminator-Delayer ciitliiyiindon
selvari fotodioda xususi soffaf vakuum yagi  kecirilmisdir. Bu zaman miiddati signali inteqral-
vasitasi ilo birlogdirilmis vo konar isiq fonunun  Janma zolagin tam ohato etmisdir. Daha sonra sig-

tosirindon qorunmagq {igiin fiber ssintilyatorlarm  nal LeCroy-2249A analog ragemsal geviriciyo otii-
sothi teflon vasitosi ilo tam ortiilmiisdiir. Molum-  riilmiisdiir.

dur ki, 55MeV enerjili alfa zorraciyi plastik

Diskriminator

Manba || MSFD LeCroy 22494

BCF-12

Delayer
—

T

Keithley 6487
G-manbasi

Sakil 1.
Spektrlarin ¢okilmasi tigiin istifads edilmis tocriibi sxem.

Sokil 2. a.-da CPTD-143-30 tipli selvari di-  uygun golon hadisslorin say1 iso N ~7217-dir.

pyedistal

oddan oxunan signalin spektri verilmisdir. Spekt-  pelyliklo, CPTA-143-30 diodu 4695 sayda alfa
rin gokilmasi zamani dioda +45V' gorginlik tatbiq — 75pcivi geyd etmisdir. Sokil 2. b-do MAPD-3D
edilmisdir. Spektrdo pyedestal vo alfa zarraciyino  fip|; selvari”dioddan +34.5V grginlikd oxunan
uygun golon signal gostorilmigdir. Alfa zaITaClyIno  sjgnahn spektri verilmisdir. Spektrdon goriindiyii
uygun golan hadisalori tapmag tigiin signala uygun i 2 hagisolors uygun golon say N, ~12475
golon hadisolorin sayindan  pyedestala (kiiyo) 5 . ) )

uygun golon hadisolorin  say1  galmusdir: VO pyed;:::aéa lil};lgur:i galla?)n lfﬁ(jllsdznn t's ay; ;Sg
Nya = Nian =N - Pyedestala uygun golon hadisolor N pyegisal™ olmusdur. - Beldlikla, bu tip 10to-
diodun garanliq ceroyan, istifado edilon elektro- qeydedici ilo qeyd edilon alfa zarraciyin say1 5035

nikada yaranan kiiy vo Xarici tosirlor hesabmna olmusdur.
formalagir. Tacriibadon N, ~11912 vo pyedestala

tam

alfa = Vtam
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Sokil 2.
Am-241 izotopundan buraxilan 4.5MeV enerjili alfa
zarraciklorinin CPTA143-30 (a) vo MAPD-3D (b)
diodlart ilo ¢okilmis spektri.

Sakil 3-do MAPD-3N tipli selvari dioddan
oxunan signalin spektri verilmisdir. Spektrdon tam
hadisalore uygun golon say N,,,~11892 vo pyedes-

tala uygun golon hadisalorin say1 iso N ., ~5786-

dir. Bu zaman MAPD-3N diodu 6106 sayda alfa
zZarraciyi qeyd etmisdir.

Beloliklo, alinan naticalordon molum olmus-
dur ki, Zecotek firmasmin istehsali olan MAPD-
3N diodlar1 eyni bir tocriibi soraitdo CPTA-143-
30 diodlar1 ilo miiqayisodo 30%, MAPD-3D
diodlar ilo miiqayisads isa, 21% daha ¢ox hadisa
geyd etmisdi. MAPD-3N diodlarinin  digor
analoglar ilo miigayisads daha ¢ox zarracik geyd
etmosino asas Sobob iso, bu diodlarin hondosi
faktorunun 100% olmasidir. Bu isa, 6z novbasinda
diodun sothino diison fotonlarin oksariyyatinin

geyd edilmasino imkan verir. Lakin, MAPD-3D
Vo CPTA-143-30 diodlarinda iso hondasi faktor
50+60% arasinda doyisir Vo aksar fotonlar sondii-
riicii rezistorlar vo birlogdirici xatlor tarafindan
udulur va naticads bu fotonlar geyd edilmir.

o 500
2
T
s
I b

4004 3

560 8 N'tuln|'l=57ss

W &1
OC.D .
0 f

350 400
ADC Kanal

ZEIAC 3&0
Sokil 3
Am-241 izotopundan buraxilan 4.5MeV enerjili alfa
zarraciklorinin MAPD-3N diodu ve BCF-12 fiber
ssintilyatorlart ilo ¢okilmis spektri.

XULASO

Alinan noticolordon molum olmusdur ki,
Zecotek firmasinin istehsali olan MAPD-3N diod-
lart eyni tocriibi soraitdo CPTA-143-30 diodlart ilo
miiqayisods 30%, MAPD-3D diodlart ilo miiqayi-
sado is9, 21% daha ¢ox hadiso qgeyd etmisdir.
MAPD-3N diodlarmnin digor analoglar ilo miiqayi-
sada daha ¢ox zarracik geyd etmosina asas sobab,
bu diodlarin handosi faktorunun analoglarina nis-
baton 2 dofo boyiik olmasidir.

Bu naticolor bir daha gostormisdir ki,
MAPD-3N osasinda hazirlanacaq detektorlar yiik-
sok enerjili siiratlondiricilords ion selinin 6lgiist,
bircinsliliyi vo formasi haqqinda dogiq informasiya
aldo etmoays imkan veracakdir.

Bu 15 Azorbaycan Respublikasmin Prezidenti
yaninda Elmin Inkisafi Fondunun maliyys yardim
ilo yerino yetirilmisdir: Qrant Ne EIF-2014-9(24)-
KETPL-14/03/1.
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THE REGISTRATION OF ALPHA PARTICLE BY BCF-12 SCINTILLATING FIBER AND AVALANCHE
PHOTODIODES

F.LAHMADOV, S.S. SULEYMANOV, R. S. MADATOV, G.S. AHMADOV, A.Z.SADIGOV, N.N.HEYDAROV,
M.S.NAZAROV, R.V.VALIYEV, R AAKBEROV, M.M.DJAHANGIROV

The sensitivity to the alpha particles of the detectors, which can be used in accelerators for determining the location,
uniformity and sizes of ion flowhas been studied. The detectors have been made on the basis of MAPD-3N, MAPD-3D, CPTA-
143-30 diodes and BCF-12 scintillating fiber.

Results have been shown that MAPD-3N, produced by the Zecotek Photonics company, in the same conditions registered
30% more events than the CPTA-143-30 and 21% more than MAPD-3D diodes.

PET'UCTPALIMSI AJTb®A YACTUL PUBEP-CHUHTUJLJISITOPOM BCF-12 1
JJABUHHBIMH ®OTOANOJAMU

® M. AXMAJIOB, C.C.CYJIEUMAHOB, P.C.MAJIATOB, I.C.AXMA/JIOB, A.3.CAJIbITOB, HH.I'EMJIAPOB,
M.C.HA3APOB, P.B.BAJIMEB, P.A.AKBEPOB, M.M.JIZKAXAHI'TPOB

B pabore nccnenoBana 4yBCTBUTEIBLHOCTD PETUCTPALINHN alb(ha YaCTHIL JETEKTOpaMH Ha OCHOBE (puOEPHBIX CLIMHTHIIIS-
TopoB BCF-12 u quogos MAPD-3N, MAPD-3D, CPTA-143-30, KOTOpbIE MOT'YT HCIIOIb30BATHCS IS OTPEISIICHHS MECTOIIO-
JIO’KeHUS, OMHOPOAHOCTH M Pa3MEPOB ITOTOKA HOHOB, IOTy9IEHHBIX HA YCKOPHUTENSX BBICOKHX SHEPT U

Pesynbrarsr nokasamn, uto MAPD-3N mpomssonctea dupmer Zecotek Photonics mpu oiMHAKOBBIX 3KCIIEPHMEHTAb-
HBIX ycIOBHSIX nMeeT Ha 30% OoJblIee KOIMYECTBO PErnCTpUpyeMbIX coObITHi 10 cpaBHeHHo ¢ CPTA-143-30 u Ha 21%
6onbie, yeM MAPD-3D nuomamu.

Pemakrop: 1. 1. o ¢msuke B./lxadaposa
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KnroueBble c10Ba: UMITIaHTAIIMK BOJOPOJIOM, J103a aMOp-
¢dmammn, pe3epOpIOBCKOTO 00paTHOTO PACCEsHUS, Me-
TOZOM KOMOWHAIIMOHHOTO PACCESTHIIS CBETA.

PEOEPAT

Metomom KPC wmccenoBaHa cTeneHb CTPYKTYPHOTO OecTiopsiaka
CJIOMCTBIX KpucTamioB GaS 10 U rocie UMILIAHTAIHS BOAOPOIOM
(H2") ¢ sueprueii 140x3B. U3 cniekrpoB KPC cIOMCTBIX KpUCTAI-
noB GaS yCTaHOBJIEHO, YTO IMPY MMILIAHTAIIMK BOJIOPOA A0 703
mke 5x10%°cM? nososkeHHe U MHTEHCHUBHOCTD HOJIOC COXPaHseT-
Csl, 4TO CBSI3aHHO C YCTOMUMBOCTBIO KPUCTAJUIMUECKON PEILIETKH, &
npu 03¢ 5x10%°cm? HaOmoaeTcs yMeHbLICHHE HHTCHCUBHOCTH
TIOJIOC, YTO OOYCJIOBJICHO YBENMUYCHHEM CTETICHH CTPYKTYPHOTO
Oecriopsiika.

BBEJIEHHUE

MonuduimpoBaHue MOIyIPOBOTHUKOBBIX
MarepuajoB, T.€. HAllPaBIEHHOE W3MEHEHHE WX
CBOICTB, ITy4KaMH JIETKUX HOHOB, SIBIISIETCSI OA-
HUM U3 HanOoJiee MEepCreKTUBHBIX MeTO0B. Tak
KaK MMIUIAHTALMEN MOHOB MOXKHO CO3/1aBaTh CO-
€IMHEHNUS M CIUIaBbl, KOTOPbIE NPUHLUIHAAIBLHO
HENb3s1 NOTy4YaTh TPAJULIUOHHBIMU MeToiamu [ 1-
3]. EcrectBeHHO, YTO TIpH ONIArONPUSITHBIX YCIIO-
BUSIX BHEJIPEHHBIE aTOMBI MOT'YT BCTYIIaTb B XU-
MHUECKUE CBSA3M C arOMaMM MOJYNPOBOIHHUKA.
O1n neeKThl CTPYKTYPhl BBI3BIBAIOT W3MEHEHHE
ONTUYECKHX U (POTORIEKTPUUECKUX CBOWCTB Ma-
TepuasioB. Takum 00pa3oM, U3MEHSsA XapakTep
XUMHYECKOW CBS3U, ITyTEM BBEACHMS paJdalliOH-
HBIX Je(EKTOB, BO3MOXHO B IIMPOKUX Hpeserax
U3MEHATh AJIEKTPO(PU3MYECKUE CBOWCTBA IONY-
IIPOBOJTHHKA.

Monokpucraiel GaS, corflacHO JaHHBIM
[4-7], mpencraBnsiroTr MHTEpEC KakK MEPCIICKTUB-
HbIE MaTepHasbl sl CO3AaHMs MOTYIPOBOTHUKO-
BBIX JIETEKTOPOB DJIEMEHTApHBIX YACTHUIl U KECT-

KOTO 3JIEKTPOMAarHUTHOro m3iny4yeHus. 1loBblmieH-
HBIII MHTEpEC K STUM COCIAUHEHUSM BBI3BAH TEM
00CTOSATENBCTBOM, UTO, HECMOTPSI Ha CUJIBHYIO MX
ne(heKTHOCTb, OHM 00JIaJat0T BBICOKOW (hOTOUYB-
CTBUTEIBHOCTBIO K BHAUMBIM, YIbTpadHONIETO-
BbIM, PEHTTEHOBCKUM M TaMMa-M3Ty4eHHsM [§-
10].

Crouctsle KpucTauibl 00pa3yroTcs U3 CIIo-
€B, COZIEPKALMX T10 YEThIPE aTOMHBIE TIOCKOCTH.
BHyTpu c10€B CBsI3b MIMEET MOHHO-KOBAJICHTHBIN
XapakTep, a MEeXIy CJIOSMHU B3auMOEHCTBUE
OCYIIECTBISIETC  MTPEUMYILECTBEHHO  CHJIaMU
Ban-/lep-Baanbca ¢ HeOombIIoN 100aBKOM KYyIO-
HOBCKUX CHJI. AHHMOHBI M KaTHOHBI pacriojlararoT-
Csl B IUIOCKOCTSIX, MEPHEHIAMKYJSIPHBIX KPHUCTaI-
mmueckoro ocu-C B mocaegoBartensHocT S-Ga-
Ga-S. PacrionoxeHre aToOMOB BHYTPH CJIOSI COOT-
BETCTBYET MPOCTpaHCTBEHHOM rpymme D! [3-6].
HecMoTpss Ha MHOrOYMCIEHHBIE MCCIIEIOBAHUS
anektpudeckux [1], doroanextpuueckux [3] u
onrruueckux [10] cBoiictB kpuctramioB GaS ume-
€TCsl HECKOJIBKUX paloT, B KOTOPBIX U3Y4EHO BIIHU-
SHUE Y-KBAaHTOB U DJIEKTPOHOB [8], a BiMsHUE
BHEJIPEHHBIX HU3KO’HEPreTUYECKUX HOHOB Ha
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CTPYKTYpHBIE CBOMCTBa He uccienoBaHo. [lomy-
YEHHBIC B HUX PE3YJbTaThl MOKA3BIBAIOT, YTO MPU
00JTy4eHHH Y-KBaHTaMH W 3JIEKTPOHAMM HaOIko-
JIaeTCsl CHU)KEHNE CTETIEeH IPOCTPAaHCTBEHHOM He-
OJTHOPOTHOCTH KpHucTawioB. B pabore [9] mpoge-
JeH aHaIM3 OCOOCHHOCTEH KPHCTALINYECKON
CTPYKTYpBI CIOUCTBIX KpHucTawioB (GaSe paziny-
HBIX TOJMTHITHBIX MOAM(HKAINH, TIOIBEPTHYTHIX
BO3JICHCTBUIO J1azepHOro oomydeHus. OOHapyke-
HO 00pa3oBaHue 00acTeit ¢ JPYruM MOJUTHITHBIM
COCTaBOM M 00JIacTel OCTaTOUYHBIM HANPSHKEHUEM
nocyie JazepHoro oOmydeHus. Mzydenne xapaxre-
pa mepecTporKH KolieOaTenbHOro CHeKTpa B CH-
CTeMax TBEPAbIX PACTBOPOB HA OCHOBE COEAMHE-
muii Tvma ASB® mosBonsteT MONMyuMTH TIONE3HYIO
MH(OPMALIMIO O CTPYKTYPHBIX (Da3oBBIX mepexo-
nax. OqHa U3 ocobeHHOCTeN (POHOHHOTO CIIEKTpa
CWJIbHOAQHU30TPOIHBIX KPUCTAIOB XOPOLIO H3-
BecTHa [7]. Bee konebanuss MOKHO pa3zieiuTh Ha
JIBE TPYIIBI — HU3KOYACTOTHBIE ‘‘MEXKCIIOEBBIC” 1
BBICOKOYACTOTHBIE ‘‘BHYTpPHUCIOEBBIE”. “Mexcio-
eBble” KOJNEOAHUsI JTOJDKHBI XapaKTePU30BaThCS
oombimmMu  (~10) 3HAYEHUSIMH MOJIOBBIX Tlapa-
MeTpoB ['proHaii3eHa, a “BHYTpHUCIIOEBbIE” - OTHO-
cutenbHO ManbiMU (~1). CyliecTBoBaHUE KOppe-
TSN MEXKTY XapaKTepOM MEKaTOMHOM XUMHYe-
CKOW CBSI3M U CBOMCTBaMH MOJYIIPOBOJIHUKA JE-
JIaeT WCCIIeIOBAaHUS paJMalliOHHBIX 3((EKTOB B
CIIOUCTBIX TIOITYTPOBOJIHUKAX, B YacTHOCTH (GaS,
NEePCHEKTUBHBIMU C TIPAKTHYECKON TOUKU 3pEHMs
JUIsl TIPOTHO3UPOBAHUSI CTOMKOCTH MAaTepHalioB B
YCIIOBUSIX BO3JEHCTBHS MOHU3MPYIOLIUX H3ITyde-
HUM.

B paGote mpencraBneHbl pe3yabTaThl JUa-
THOCTUKA W3MEHEHHUsI CTENEHU CTPYKTYpPHOTO
Oecriopsika 0 U M0Cie UMIUIAHTAId HOHAMH BO-
J0poJia METOJIOM KOMOWHAIIMOHHOTO PACCEsHUs
csera (KPC).

HNCCJIIEJOBAHHBIE OBPA3LIBI 1
METOIUKA DKCIIEPUMEHTA

Hccnemyembie MOHOKpUCTAILIBI p-GaS Obl-
T BBIpaIeHbl MeToioM bpumkmena B MHCTUTY-
te Pamnarmonnsix [Ipodnem HAH Asep6aiimxka-
Ha. [Ipu BeipanwBanny GaS UCTIONH30BAH W30bI-
ToK cephl (1,5%) ¢ 1enbio BbIICHEHHST BO3MOYKHO-
CTM 3aloNIHEHWS BaKaHCHA aTOMaMH  CepbL

VY IenpHOE COMPOTUBIICHUE TTOMYYSHHBIX 00pa3-
0B cocTaBisno ~2:10°0M-cM mpu KOMHATHO#
Temreparype. VIMIiaHTanusi HWOHOB BOJIOpOIA
npoBoIMIIack Ha yckopurtene Ban-ne-I'paada (Tu-
ma DCY-2) ¢ sueprueii 140 u 500x3B u miotHO-
cThI0 HOHHOTO ToKa 0,1 5MKA/CM?, a 103a COCTaB-
mama 10®+10%uon/cm?.

CrexTppl KOMOWHALIIOHHOTO — PacCesiHUs
ceera (KPC) Obumn mccienoBaHbl Ha POMAHOB-
ckoM criekrpomerpe Nanofinder B reomerprun 00-
PaTHOTO PacCesiHUS IPU BO3OYKIACHUU JIa3ePOM C
A=532um. PaccesHHBII cBET cobuparcs moj mpsi-
MBIM YIJIOM K BO30Y)KIAIOIIEMy H3Ty4EeHHIO, KO-
TOpPOE M3/1JI0 Ha TPaHb €CTECTBEHHOT'O KpUCTaJlia
neprieHauKyisipHo ocu C. Bee m3Mepenus mpoBe-
JICHBI TIPY KOMHATHON TeMIIepaType.

A8x10" 4
30x10" a9 3
510 piom
20x10 4

1 6410° 4 110

I, arb, units

18000y watsacal

5 0x10° v

Puc.1

Cnektpsl KPC o6pasmos GaS, MIUIaHTHPOBAHHBIX
MOHAMH BOJIOPOJIA, [1sl uHTepBana 103 1-10%uon/cM? n
sHeprun MoHOB 140K3B.

IKCIHHEPUMEHTAJIBHBIE PE3VJIbTATBI
N UX OBCY)KIAEHUSA

CrextpanipHble 3aBucuMocTu curHana KPC
B CJIOMCTBIX KpHcTauiax GaS, MMIUTaHTHpPOBaH-
HBIX MOHamMH Bopopoaa ¢ sHeprued 140x»B B
crniekTpaibHOM obmacti ot 500 10 50cmt npen-
craBneHbl Ha Puc.1. Kak BumHO u3 Puc.1(xp. 1) B
cnektpe KPC wucxomnoro monokpucramia GaS
CYIIECTBYIOT TpU WHTEHCUBHBIM IOJIOCHI IIpU
74,188, 295 u 360cm™. B TtaGmie TIPUBCIICHBI
Pe3yNbTaThl SKCIIEPUMEHTAIBHBIX 4acTOT Kojeba-
HUM, yKa3aH THIT KojieOaHuil U JaHHbIE, OMyOJIH-
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KOBaHHbIE B jiuteparype [1,7] mist aToMHBIX TL10C-
KOCTEH, COCTaBIISIIOIIMX cJion kpuctawia GaS.
[Tocne obmyuenus kpuctauioB GaS uMITysIECaMU
M3ITy4eHHUs MHOTOMOJIOBOTO PYOHHOBOTO J1azepa
(Her =1.785B) ¢ IIOTHOCTBIO MOIIHOCTH HHKE
MOpora paspyIieHus] TOBEPXHOCTH 00pa3LOB IS
CTEXMOMETPUYECKOT0 COCTaBa U MPH OTKIOHEHUU
OT CTEeXHOMETPHH MHTEHCHBHOCTD TIONIOCKI 74cm™
M3MEHSETCs, KaK M B OTOXKEHHBIX 00pasIax.

B cnekrpax KPC GaS mocne obmyueHus
WOHAaMH BOJIOPOJIa TMpPH  J03€ 1x10%mon/cm?
(Puc.1.xp. 2) BO3pacTaroT MHTEHCHBHOCTB TTOJIOCHI
215cMY, TpM STOM MHTEGHCHBHOCTH  IOJIOCHI
211cm? 3amerHO He M3Mensercs. Bospacraer un-
TEHCHBHOCTb 1oJIockl 249cM 2, KoTopas mocie 06-
Jy4EeHUS TIPEBBIIIACT 110 WHTEHCUBHOCTH TOJIOCY
254cm? (Puc. 2, a, b, xp. 1-3).

B cnexktpax KPC  moHOKpucramioB
Ga1.0s5e0.95 mocie OOITydeHUS! WHTEHCUBHOCTh
nonocs! 215cm™ He M3MeHseTCs, HO 3HAYUTEIEHO
YMEHbIIAETCs MHTEHCHBHOCTB mosiockl 211em™, a
B 00macTy crektpa 247+254cM™ 3aMeTHBIX H3Me-
Henuii He Habmopaercs (Puc. 2, ¢, kp. 1-3).

Tax kak momocsl KPC 293cm™ u 360cm?
UICHTU(UIMPOBaHbI Kak Moabl Eip u Aigp, co-
OTBETCTBEHHO, YacCTOThI KOTOPHIX MOXKHO H3Me-
PUTH TOJBKO TPU PACIPOCTPAaHEHHHU (POHOHOB
BIIOJIb COOTBETCTBYIOLIUX OCEH CUMMETPHUH, TO Ha
HayaJbHOM YYaCTKe J030BOW 3aBHCHUMOCTH JUIs
nonoc  293cm™ u 360cm™ mpoToHHOE 06TyUEHNE
71030# B MHTepBanax 103 1-10%°~2,2-10%non/cM? n
or 6:10% mo 7,3'10151/IOH/CM2 IIPUBOJUT K TOMY,
Yr0 B MOAM(UIMPOBAHHOM CJIO€ HCXOIHOE
HapyllleHHe TMEePUOJMYHOCTH CTPYKTYPHI MpeTep-
MIEBAET M3MEHEHUE, CIIOCOOCTBYIOIHE OoJiee WH-
TEHCUBHOMY pacIipOCTpaHEeHHI0 (OHOHOB BJIOJb
OCH CHMMETPHH. XapaKTepHOH OCOOECHHOCTHIO
crieKkTpa ()OHOHOB CIIOMCTBIX KPUCTAILIOB SIBIISICT-
Csl CYLIECTBOBAaHME HU3KOYACTOTHBIX MOJI, COOT-
BETCTBYIOIIMX CMEIICHUIO CIIOEB APYT OTHOCH-
TenbHO Apyra nenukoM. s GaS, ato akyctuue-

2 2
2g 1 Ep (MO-

ckue Momel Ay, E, u onmudeckue E
1l E - cummerprn GaS - nBaxkpl BEIPOXK/ICHBI).
ATOMBI, pacroNIoKEeHHbIE BHYTPH CJIOSI, IIPH KO-
7Ne0aHUAX HE CMEILAIOTCS JAPYr OTHOCUTEIBHO
Apyra M XapakTepu3yloTCS TPeMs BHIAMH MOJ

HM3KOH YaCTOTbI, COOTBCTCTBYIOLIIUX MCKCIIOC-

BbBIM KOJ'Ie6aHI/I${M, JBa U3 KOTOPBIX 06YCJIOBJICHBI
B3aMMHBIM JBMOKCHHEM CJIOCB B INUIOCKOCTH IIa-

paLIENbHON cnosiM E;, - CIBUHYTBIE KONIEOAaHUs 1
2
omHa -E, g 00yCIIOBJICHA [IBIDKEHHUEM CJIOCB B

TUIOCKOCTH TIEPIICHMKYIISIPHOM TIOCKOCTH, BIIOJb
rekcaroHastbHOM ocu C (KoneOaHust CxaTus).

> >
\ _-V=360.2 <M 1A|‘ )

_v=2932 (M:(.—\:‘ )

\

Hurencmuocrs, oTi e

s 73

10

2 15
Hdozra, mow' e x10

Puc.2

Jlo30Bast 3aBUCUMOCTb OTHOCHTEIIbHOH HHTEHCHBHOCTH
nosioc KPC B crioeBom nipoctpanctee GaS
B unTepBane 105uon/cm?

AHanu3 1030BOM 3aBUCHMOCTH M3MEHEHUI
criektpa KPC o6pasio GaS (Puc.2) mokasai, uro
YMEHBIIEHUE U HEOOJBILION POCT OTHOCUTEIBLHON
unTeHcuBHocTH nostoc KPC B crioeBom mpocTtpan-
crBe GaS oT 703bI MOHHOW MMIUTAHTAlMU B WH-
Teppane 10°mon/cm? mns komebanuii Tuna Eig?n
A1, COOTBETCTBYIOIIMX BOIHOBOMY BEKTODPY
293,2cmt 1 360,2cMm™, MOKET OBITH CBSI3aHO C po-
CTOM U TIepepacrpe/ieiecHUeM BaKaHCHA, CO3/IaH-
HBIX KaK aTOMaMH CEpbl, TaK U aTOMaMH TaJLTUS B
MOANU(ULIPOBAHHOM CJIOE.

YMeHbllieHHe U HeOOIBIIOW POCT OTHOCH-
TenmbHOUM WHTeHcHBHOCTH 1ojioc KPC B cioeBoM
npoctpaHcTBe GaS OT /1036l MOHHOM HMMILIAHTA-
[IMU B UHTEpPBaJEC 10%uon/cM? st kKostebanmit TH-
ma Eig? 1 Aig>, COOTBETCTBYIOIMX BOIHOBOMY
BekTopy 293,2cm™ 1 360,2cMY, MosKeT GBITH CBSI-
3aHO C POCTOM M TIepepacrpeieNieHueM BaKaHCHIL.
Tax xak monocsr KPC 2932cm™ m 360,2cm™
MIeHTHUITIPOBAHBI Kak Moabl Eig? m Aig?, co-
OTBETCTBEHHO, YacTOTHI KOTOPBIX MOYHO H3Me-
pUTh TOJNBKO TPU PACHPOCTPAHEHUH (HOHOHOB
BJIOJTb COOTBETCTBYIOIIHUX OCEH CHMMETPHH, TO Ha
HAYaJIbHOM YyYacTKe J030BOW 3aBHCHUMOCTH IS
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nonoc  293,2em™* m 360,2cm ! mpoTorHOE 06Ty -
HHE 10301 B MHTEpBaNax 103 1-10%°=2,2-10%non/cm?
u ot 6:10%° 0 7,3'10151/IOH/CM2 MPUBOJUT K TOMY,
9T0 B MOJU(UIIMPOBAHHOM CJIO€ MCXOMHOE Ha-
pYILIEHHE MEPUOJUYHOCTH CTPYKTYpPBI IpeTeprie-
BaeT U3MEHEHHE, CIIOCOOCTBYIOIIee 0oJiee UHTEH-
CUBHOMY PAaclpOCTPaHEHUIO (JOHOHOB BIOJIb OCH
CUMMETPHUH. A U1 IHTEPBAJIOB /103 CIa]l OTHOCH-
TENTbHOM MHTEHCUBHOCTU OOYCJIOBIICH HAPYILICHHU-
€M IIpaBUII 0TOOPA CO3aHNEM OOJIBIIIOTO KOJIHYE-
cTBa Je(heKTOB yrmakoBku B0 ocu C.

Taoauna
OkcriepumeHTanbHele | JIuT. Trm
YaCTOTRI KOJIE0aHUil | JaHHBIE | KoneOaHuit
v, emt v, cmt
1884 1879 Augt
293,2 295.0 Eig?
360,2 360,2 A

Nzyuenne konedaTeNbHBIX CIIEKTPOB CIIOU-
CTBIX MOJIYIIPOBOJTHUKOBBIX COEIUHEHUI Mpea-
CTaBJISIET 3HAYMTEIILHBIA MHTEpPEC, TaK Kak B pe-
3yJIbTaTe€ TAKUX HMCCIENOBAHMNA YIAETCs OIpese-
JIUTh BEJIMYMHBI CHJIOBBIX TMOCTOSHHBIX B3aHMO-
JEUCTBUSL MEX]Ty aTOMaMHM, YCTAHOBUTh IPUPOTY
XUMUYECKOU CBSI3M, YTOYHUTH CTPYKTYpPY HCCIIe-
JYeMOTO COEIMHEHHS U OINpPEAeiUTh 00JacTu
CTPYKTYPHBIX (ha30BBIX TIepexo10B. Kak mokazano
B [7,13], Hanmure B CIOMCTHIX KpUCTa/LIaX OO0Jb-
IIOr0 KOJIMYECTBO Je(DEKTOB YIMAKOBKH, a TaKKe
00pa30BaHUE CIOXKHBIX PAJUAMOHHBIX Je(EeKTOB
O] ISMCTBUEM DPAJMAIIIN B CIIOSIX M MEXKCIIOSIX
MIPUBOJIUT K HAPYIICHUIO MEPUOJUYHOCTH CTPYK-
TYpbl U B3aUMOJICHCTBHII MEKCJIOEBBIX U BHYTPH
crmoeBbix [10-15]. MexcnoeBble KonebaHUsl BCe-
r7la UMEKOT OJHOMOJIOBBI XapakTep MepecTpou-
KH, B TO BpeMsl KaK JUisi BHYTPUCIIOEBBIX KoneOa-
HUI XapakTep MepPecTPONKH MOXKET ObITh KaK Of-
HOMOJIOBBIM, TaKk M JBYXMOJAOBBIN. OmnpeneneHue

1.  A.3.AGacosa, P.C.Manaros, B..Cradeer. Paou-
AUUOHHO-CIMUMYTIUPOBAHHBIE NPOYECCHL 6 XAb-
KoeeHuonwvix cmpykmypax, baky, DJIM, (2010)
352.

2. R.S.Madatov, T.B.Tagiyev, A.l.Najafov, |.F.Ga-

bulov, Sh.P.Shekili. Semicond. Phys. Quantum
Electronicsand Optoelectronics, 9 Ne2 (2006) 8-
11.

BEJIMYMH MEXKCJIOEBbIX YacTOT MO3BOJMIO CpaB-
HHUTh MEXCJIOEBOE B3aMMOJICHCTBHE C CHJIAMH,
CBSI3BIBAIOLIMMHU aTOMbI BHYTpU CJIoeB. Tak Kak
KBa3WUIBYMEPHBIA XapakTep KoieOaTeNbHBIX CO-
CTOSIHUI B CJIOMCTBIX Marepuajiax MposiBIsIETCS B
CBOMCTBAaX MaTepUaJIOB, ONpenesseMbIX (HOHOH-
HOM TMOJCUCTEMOM, TO MOHHBIE BHEIPEHHE B 00-
JaCTh, COZIEPIKAIILYI0 TPH U O0JIee aTOMHBIX IIIOC-
KOCTEW, B COCTOSHMM Ha YPOBHE OJMKHEro Io-
psaKa MOJU(HUIMPOBATh ATOT cioi. Tak mpu BbI-
COKOJIO3HOM MMIUTAHTAllMM aTOMHBIE IIOCKOCTU
CIIOSI MOTYT OBITh pa3eieHbl aMOP(HBIMHU yJacT-
KaMH Ha HaHOIJIOCKOCTH, HAaHOIPOBOJIKU U JIaXe
Ha KBaHTOBBIC TOYKHU. Takas BO3MOXKHOCTH HOH-
HOM WMIUIAHTAlMM TO3BOJSIET IOMYydYaTh IOINY-
MIPOBOTHUKOBBIC MATEPUATBI C YHUKATBHBIMU (K-
3udeckuMu cBoiictBamu. [lostomy pabora, mpo-
BOJIMAasi B 3TOM HAIPABJICHUH, SIBISICTCS aKTY-
ATBHOM U MOXKET UMETh 3HAUYUTENbHBIN MPaKTHYe-
CKHI UHTEpEC.

Takum o6pazom, merogom KPC u POP uc-
CIIeIOBaHA CTEIICHb CTPYKTYPHOTO Oecropsiaka
CIIOUCTHIX KpHucTayuioB GaS 10 ¥ mocie UMIUIaH-
tarus BogoponaoM (Ho") ¢ sueprueii 140x3B. Ilo-
Ka3aHO, YTO pacrpeesieHie KOMIIOHEHTOB KpH-
CTaIa 110 TITyOHHE OJHOPOJIHO 1 710 7103 5- 10 e
2 CTEXMOMETPHUYECKHH COCTAB KOMIIOHEHTOB CO-
eIMHEHUsI COOMIoaeTca. KCIEPUMEHTAILHOE
3HaYEeHHE KPUTUYECKOW JI03bI Hayana amopduza-
MM cocTapysieT okono 5-10%%cM™ i HaxomuTes B
COOTBETCTBUH C BBIYMCIICHHBIM 3HAUYCHHEM. Pe-
3yABTaThI, MOTYYEHHbIE METOJOM KOMOWHAITMOH-
Horo paccestaus cBeta (KPC), moarBepskaarot co-
XpaHEHNE KPUCTAIUIMYHOCTU CTPYKTYpBI U Hadaa
nporiecca amoppuzarum.

JanHas paGoTa BBITONHEHA TPH (HHHAHCO-
Bol mojnepkke Ponna Pazsutnsa Haykm npu
[pesunente AsepOaitmxanckoit PecryOmuku -
I'pant NeEIF-2014-9(24)KETPL-14/03/1.

3. P.CManaroB, A.LHamxados, T.b.Tarues,
HLILIMexwumn. Heopeanuueckue mamepuainst, 44
(2008) 396-399.

4, B.B.CoboneB. 3omnbl u dKCUmMOHbL XANbKO2EHUOA
eamnust, unous u manust, Kuwwumnes, [Humunuya,
(1982) 272.

5. B.EJlamxapes, A.B.JIro6uenko, M.K.IlleitHk-

MaH. HepasHogecHbie npoyeccyl 8 NOIynpo8oOHU-
kax, Kues, Hayxoso [[ymxa, (1981) 264.

32




OCOBEHHOCTU INHAMMKU PEIIETKU B CJIOUCTBIX KPUCTAJUUIAX GaS ITPU UMITJITAHTAITUM TIOHAMU...

6. C3u. Qusuxa noaYNPoBOOHUKOBHIX NPUOOPOS, 11. 3.J1.Komamrok, ILI".JIutoBuenko, O.A.Ilomu-
M.: Mup, (1973) 656. tanckas, O.H.Cumop, Onexmpuueckue u

7. T'Jlbenenskuii, 2.}0.Canaes, P.A.CyneiimaHoB. pomosnexmpuueckue Xapakmepucmuxu
Jlegpopmayuonnvie senenust 8 CIOUCHbIX NOTYNPO- CIMPYKMYp HA OCHO8E CIOUCHBIX HOJYNPO-
eoonukax, YPH, 1 (1988) 89-127. soonuxos InSe u GaSe npu obnyuenuu snex-

8.  M.H.Raymond. Raman scattering in GaSe submit- mponamu ¢ swepeueii 12.5 MbB, @TII, 41
ted in partial fulfilment of the requiremets for the (2007) 570-576.
degree of doctor of philosophy, Simon Fraser ini- 12. X.Puccen, U.Pyre. Honnas umnianmayus, M.
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1106 GaSe, noosepeHymuIx 8030€UCMBUIO IA3EPHO- 14. V.Bodnar, G.F.Smirnova, A.G.Koroza, A.P.Cher-
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140 keV ENERJi iLO HIDROGEN iON IMPLANTASIYASI ZAMANI GaS LAYLI KRiSTALLARINDA QOFOS
DINAMIKASININ XUSUSIYYOTLORI

R.S.MODOTOV, A.LNOCOFOV, N.LHUSEYNOV, M.AMOMMODOV, M.M.CAHANGIROV

GaS layli kristallarinin struktur nizamsizliq doracesi Raman metodunun komoyi ilo 140keV enerji ilo hidrogen (H.")
implantasiyasindan ovval Vo sonra Oyronilmisdir. GaS layh kristallarmm Raman spektrlorindon miisyyon olunmusdur ki,
5x10%sm2-dan asag1 dozaya qodor hidrogen implantasiyas: zamani zolaglarm vaziyyati Vo intensivliyi qorunub saxlamlir, hansi
ki bu hal kristal gofosin mohkamliyi ilo slagelidir, ancaq 5x10'°sm dozada zolaglarm intensivliyinds azalma miisahido olunur ki,
buna da sabab kimi struktur nizamsizliq doracasinin artmasi gostorilir.

FEATURESOFLATTICEDYNAMICSIN LAYERED CRYSTALS GaS AT ION IMPLANTATION OF HYDROGEN
WITH ENERGY OF 140 keV

R SMADATOV, ALLNAJAFOV, N..LHUSEYNOV, M. AMAMMADOV, M.M.JAHANGIROV

The degree of structural disorder of layered crystals GaS before and after implantation by hydrogen (Hz*) with energy of
140 keV by Raman scattering method has been studied. From Raman spectra of layered crystals GaS it has been established that
at hydrogen implantation up to dose below 5x10%°cm the position and intensity of the bands have been kept, which has been
connected with stability of crystal lattice, but at 5x10'5cm dose the intensity of the bands has decreased due to the increase in
degree of the structural disorder.

Pemakrop: . H. 0 dpsuke H.AGaynmaes
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PEDEPAT

PazpaboTaHbl ycIIOBHS BBIPAILMBAHUSI CTPYKTYPHO COBEPIICHHBIX
anuTakcuaIbHbiX IwieHOK PbixMn,Te, PbTeixSex pasmuaHbix
COCTaBOB, M B €IMHOM TEXHOJIOIMYECKOM LIMKIIE Ha MOJIUIOMKKAX
BaF, (111) co3manbl u3omnepuoauyuecKre (POTOUYBCTBUTEIIBHBIC
reTeporepexopl Ha HX 0CHOBE. CpaBHEHHEM CIICKTpasIbHOM (o-
TOYYBCTBUTEIBHOCTH TETEPOIIEPEX00B U PA3IMIHBIX COCTABOB
KOHTaKTHPYIOLIMX Iap MOKa3aHo, YTO C POCTOM KOJIMYECTBO Map-
TaHIa U COOTBETCTBEHHO YBEIMYEHHWEM IIMPUHBI 3alpelieHHOM
30HBI TIPOUCXOAUT TEpeMEIIeHIe MaKCUMyMa ()OTOUyBCTBUTENb-
HOCTH B CTOPOHY KOPOTKHX BOJIH.

BBEJIEHUE

[omymarHuTHBIE TBEPIBIE PACTBOPHI TTOIY-
npoBoHuKoBbIX coemunenuit AVBY!, conepixa-
i€ MarHUTHBIC KOMITOHCHTHI, TIPUBIICKAIOT BHU-
MaHHE HCClIeoBaTeiell 1 WHTEHCUBHO U3y4aloT-
cia. B »Tux marepmanax B MarHHUTHOM TIONIE He-
OOBIYHO M3MEHSETCS] SHEPIeTUUECKUM CIIEKTP HO-
cutenel 3apsia, Onarozjaps uyeMmy MOSBISETCS
BO3MOYKHOCTb YIIPaBJICHHUS UX CBoiictBamu [1-4].
B nocnenHue roxpl MIMPOKO HCCIEAYIOTCS SIHU-
TaKCUATbHBIC TUICHKH TOJTYMAarHUTHBIX TBEPIIBIX
PacTBOPOB XaJTbKOT€HHIOB CBHHIIA [5-9].

B macrosimieit pabote mpeacTaBiieHbl pe-
3yNbTAThl HCCIEIOBAaHNUSI BO3MOXKHOCTH CO3/IaHHS
M30MEPUOANYECKUX (OTOUYBCTBHTEIBHBIX TeTe-
POIEPEX0I0B Ha OCHOBE SMHUTAKCHAIBHBIX IIEHOK
TBepabIX pactBopoB PbixMnyTe, PbTerxSex pas-
JMYHBIX XUMHUYECKUX COCTaBOB, COOTBETCTBYIO-
X KOHTAKTHPYIOIINX T1ap.

OnuTakcuanbHbie  ieHKH Nn-PbixMnyxTe
(x=0.01-0.04), p-PbTe1xSex (x=0.03-0.06) u rere-
porepexoibl Ha X OCHOBE TOJIy4aIUCh METOJIOM
KOHJICHCAITUH MOJICKYJISIPHBIX ITyYKOB B €IJHHOM

TEXHOJIOTHYECKOM IHKie B Bakyyme 10T1a ma
cBexxeckooThIx rpansx (111) BaF,. Beioop B ka-
YeCTBE TMOJUIOKKKA MOHOKpHcTauioB BaF, mpo-
JUKTOBAaH MX OINTHYECKOM MPO3PAYHOCTHIO B
CIEKTPAJIbHOM JTHarna3zone 3+12MKkM, MexaHuue-
CKOW MPOYHOCTBHIO, XMMUYECKOW MHEPTHOCTHIO U
OJIM30CThIO MapaMeTpa KPUCTAIMYECKON pelieT-
KU ¢ BbIpaieHHoi mieHkou [10]. B kayectBe uc-
TOYHUKA  UCIOJb30BAJIMCh  COOTBETCTBYIOILUE
CHUHTE3UPOBAHHBIE TBEPJbIE PACTBOPBI, COCTaB
KOTOPBIX OIPEAEISIICS METOJOM pEHTreH(}a3oBo-
r'0O aHaJIn3a.

CTpyKTypHOE COBEpIIEHCTBO IUICHOK HC-
CIIEIOBATIOCH ANIEKTPOHOIPaHMUECKUM U PEHTre-
HOAW(PaKTOMETpUUECKUM MeTogaMu. Mopdoso-
I'Yisl IOBEPXHOCTH KOHTPOJIMPOBAJIOCH C TIOMOILIBIO
AIIEKTPOHHON MHUKPOCKOIINH.

[Tapamerp pemieTku U OpUEHTALUS TUIEHOK
OTIPEIEIISUTACH TI0 KPUBBIM KauyaHWs PEHTTEHOB-
CKOHM T(paKIUK U 1O SNIEKTPOHOrpaMMaM OTpa-
KEHUSI.
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CTPYKTYPHO COBEPILIEHHBIE SITUTAKCUAJIBHBIE TIJIEHKU Pby«Mn,Te, PbTe1«Sex U

IKCIIEPUMEHTAJIBHBIE PE3YJIb-
TATbI 1 UX OBCYKJIEHUE

OnpesiesieHbl  ONTUMAIBHBIE  YCIIOBUS
(0=10+11A/cex; Tn=660+670K; Troun=400+420K
st p-PbTe1xSex n vi=8+9A/cex; Tr=500+550K;
Teonr=400+420K mi1s n-PbixMnyTe) momyderns
CTPYKTYpHO coBepieHHbIX (W12=100+110") smm-
TaKCUATBHBIX TUICHOK, PACTYyIIMX IO HAarpaBJie-
Huro [111] kyOWyeckol rpaHEHEHTPUPOBAHHOM
petretku ¢ mapamerpom a=(6.45-6.42)A B 3aBu-
cuMmoctd OT coctaBa (Puc.la, 6). OmunakoBas
KPHUCTAUTMYECKasl CTPYKTypa W OJIM30CTh Mapa-
METPOB PEIICTKH TIOJUIOKKH U TUICHOK (CTPYKTYpa
KyOHuecKas) MO3BOJIMIIA BBIPACTHTH CTPYKTYPHO
COBEpILICHHBIE SUTAKCHAIbHbIC TUIeHKH. [Lnenku

ObUIM TOJYYeHBl HA CTAHIAPTHOM BaKyyMHOU
ycranoke YBH-7111-3.

I, (wnn cex™)

32450

21975

10531

6,(veon-cex)

0 600 1200

0
Puc.1

OneKkTpoHOrpaMMa (@) ¥ KpUBOH KadaHus
PEHTICHOBCKOM MuhpaKiuiu (6) SMUTAKCHATIBHBIX TLIe-
HOK Pb1xMnyTe (x=0.03).

JudpaxTorpaMMsbl TIEHOK OBLIH MOTYYESHBI
Ha peHTreHoBckoi ycraHoBke BRUKER XRD D8
ADVANCE. Mopdomnorust mOBEpXHOCTH HCCIIe-
JIOBAJIMCh HAa CKAHMPYIOIIEM 3JIEKTPOHHOM MUK-

pockorie (COM) JEOL JSM-7600F Field
Emission Scanning Electron Microscope. ®opma
U CTPYKTYPHBIC XapaKTEPUCTHKU ObLIN MPOAHATH-
3UPOBAHBI C TIOMOIIBIO aTOMHO-CHJIOBOTO MHKPO-
ckona (ACM) Ntegra Prima (NTMDT). ACM
IIMPOKO HCIIONB3YeTCs Ul aHajiu3a OCOOSHHO-
CTel MMKPOCTPYKTYpPbI IOBEPXHOCTEH IUICHOK.
OTOT METO/ 1aeT BO3MOYKHOCTH OIPEIETIUTh Pas-
Mepbl U (OpMy HacTull, a Takke Tororpaduye-
CKHE 0COOEHHOCTHU MTOBEPXHOCTH.

OnHTaKCHAIBHBIC TUICHKH OBLIM TTOTYYeHBI
0e3 KOMITeHCAllMi M C KOMIICHCAIMEH OMOIHU-
TEJIBHBIM MCTOYHUKOM mapoB Te B mporecce po-
cra. COM wuccnenoBanusi MOP(OIOTHH TOBEPX-
HOCTH 3THUX IJIEHOK [TOKA3aJIM, YTO OHH PE3KO pas-
mmyatotes (Puc.2.a,0). Ha moBepxHOCTH TUICHOK,
HOJTy4eHHBIX Oe3 koMneHcalmu Te, HabmoaatoTcs
YepHBIE CKOIUICHUSI, CBU/ICTEIILCTBYIOIIE 00 00-
Pa30BaHUM TPOJYKTOB OKHCIIGHUSI BCJIEICTBUE
YaCTUYHOTO Pa3JIOKEHHUs UCCIIEyeMbIX MaTepHa-
JOB B IPOLIECCE POCTA, KOTOpPbIE HCUE3AIOT B
IUICHKaX, MOJIy4eHHBIX ¢ KomreHcauuen Te. /s
CO3/IaHUsI COBPEMEHHBIX 3JIEKTPOHHBIX IPUOOPOB
HEOOXOAMMBI KPUCTAJUTBI C YMCTOH, 3epKaIbHO-
[JIA/IKOM OBEPXHOCTHIO [11].

Puc.2

DIIeKTPOHHOMHKPOCKOITMYECKIE CHUMKHU TIOBEPXHOCTH
SIUTAKCHAIBHBIX TWIeHOK Pb1xMnyTe (x=0.03): a) Ge3
kommeHcanuu Te, 6) ¢ komrencaruei Te (x16 000).
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Ha aromuo-cuinoBom mukpockorie (ACM)
C3MVY-JI5 Obuti MONy4eHBl TPEXMEPHBIE H300-
pakeHHsI TIOBEPXHOCTH M THUCTOIPAMMBI pacripe-
JIEJICHUS] YaCTHUI] TI0 pa3MepaM HCCIIeyeMbIX ILIe-
HOK 0e3 KOMIICHCAIlMK W ¢ KoMIieHcaued Te B
nporiecce pocra (Puc.3a,0).

§)
Puc.3

TpexmepHoe n300paXkeHne MOBEPXHOCTH (a) 1
ructorpamma (0) IIeHOK
Pb1xMnyTe (x=0.03) ¢ kommencarueii Te.

AHaM3  TPEACTAaBIEHHBIX  PUCYHKOB
(Puc.3a) mokasbiBaeT, 4Tro Mocie KOMIIEHCAIUU
BbICOTa dacTHll cocrtasiser 60 Hm. M3 rucro-
rpaMMm onpeznenensl pazMepsl yactul] 100HM, ko-
TOpBIE COOTBETCTBOBAIM PpE3yJbTaTaM pPEHTIEH-
midpakToMeTpudeckux uccnenosanuii. [Ipu atom
ux KommdectBo cocraBisuio 5000. TpexmepHsbie
N300pa’keHUs] TOKa3bIBAIOT, YTO IUIEHKH, MOJNY-
YyeHHble ¢ KommeHcaiueil Te, sBistorcs Oornee
COBEpPILIEHHBIMHU.

Ha ocHOBe »snuTakcHanbHBIX  IUICHOK
n-Pb1.xMnyTe (x=0.01-0.04), p-PbTe1xSex
(x=0.03-0.06), BbBIpaIlleHHBIX TIPU BBIIICTIPUBE-
JIEHHBIX YCJIOBHUSIX, TIOJTy4EHbI H30MIEPUOANIECKHE
p-n rereponepexonsl. KoHIEHTpays U NOABMXK-
HOCTb HOCHTEJIeW 3apsiia HCCIETYeMbIX IIEHOK
npu 77K cocraBmsum: B PbTerxSex
p=(1+2)-10Ycm?3, p=(3+4)-10%m?/B-cex; B Pba.
«MncTe n=10"cm, p=(2+3)-10*cm%B-cex.

OOBIYHO, CO3/IaHME P-N TIEPEXOI0B 3aTPY/I-
HseTCs 00pa30BaHUEM PA3IMYHOTO Poja MOBEPX-
HOCTHBIX J1e()EeKTOB, KOTOPBIC PE3KO CHIDKAIOT I1a-
paMeTphl M3TOTOBJIICHHBIX HA WX OCHOBE IMPHUOO-
poB. M3roToBneHre akTUBHBIX AJIEMEHTOB B €IU-
HOM TEXHOJIOTHYECKOM IIUKJIC YMEHBINAET IIO0T-
HOCTb TIOBEPXHOCTHBIX JIEPEKTOB. B CBsI3U ¢ 3THM,
p-n TeTeporepexoisl ObUIM MOTYYSHBI B €IMHOM
TEXHOJIOTHYECKOM IMKJIe COTJIACHO METOMY, pas-
paboranromy B [11]. IlepBeiM HaHOCWIICS p-
PbTe1xSex, 3arem, He HapylIas BaKyyMa, B €/IH-
HOM TE€XHOJIOTUYECKOM 1uKIie n-PhixMnyTe.

[ToydyeHHble Takum 00pa3oM p-N rerepo-
CTPYKTYpPBI 00JaJa BBIIPSIMIISIONIMMHI  CBOM-
crBamu. BonbT-amMnepHas xapakreprctuka (BAX)
OJTHOTO W3 ATUX P-N TETEPOIEPEXOI0B MPEICTaB-
neHa Ha Puc.4a. BAX rereponepexona mnpu ma-
JIBIX CMEIICHUSIX B MPSMOM HAIIPABJICHUN OIMCHI-
Baercst  ypaBHenueM  J=Joexp(eU/BKT), rme
=1,5+2, 4yro xapakTepHO ISl TEHEPAIMOHHO-
PEKOMOMHAIIMOHHOTO  MEXaHW3Ma  IPOTCKAHUS
TOKa 4epe3 00J1aCTh MPOCTPAHCTBEHHOTO 3apsi/ia.

Tmh
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i.mE
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Puc4

BAX (a) n criektpasibHast XxapakTepuctrka (0) p-n rere-
poriepexo/ia SMUTAKCHATIbHBIX TIEHOK
Pbl_anxTe / PbTel-xsex.
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CTPYKTYPHO COBEPIIEHHBIE SITUTAKCUAJIBHBIE TIJNIEHKU Pb:«MnTe, PbTei«Sex U ....o.evvivinnnnnn..

W3rotoBiieHHBIE p-N TETEPOIEPEXOJibl, B
OCHOBHOM, OKa3aJIMCh (DOTOUYBCTBUTCIHLHBIMH B
HK-o6nactu criekrpa. CrieKTpalibHasi XapakTepu-
CTHKA OJTHOTO U3 P-N reTepornepexooB MPeICTaB-
neHa Ha Puc.40, makcumanbHas (OTOUYBCTBHU-
TENPHOCTh HAONIOMAeTCsl B OOJIACTH  CIIEKTpa
A=(3.5+4.5)MKMm.

Bbu10 MpoBeieHO CpaBHEHHE CIIEKTPATLHOM
(OTOUYBCTBUTENIBHOCTH  m30mepuomdeckux [T1
JUISL BCEX HCCIIEYEeMbIX COCTABOB KOHTaKTHUPYIO-
mmx nap. OKas3anock, YTo ¢ POCTOM KOJIMYECTBA
Maprania (Mn) HabmoaeTcss CMeleHne MaKCH-
MyMa ()OTOIYBCTBUTEIIBHOCTH B CTOPOHY KOPOT-
KUX BOJIH, YTO CBSI3aHO C YBEJIMYCHUEM IIUPHHBI
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MUKOMMOL QURULUSLU Pb1«Mn,Te, PbTe1xSex EPITAKSIAL TOBOQOLORI VO ONLAR OSASINDA
FOTOHOSSAS HETEROKECIDLOR

H.R.NURIYEV, M.0.MEHRABOVA, AM.NOZOROV, R.M.SADIQOV, S.S.FORZILiYEV

Miixtalif torkibli mitkommol quruluslu PbixMnyTe, PbTe1xSex epitaksial tobagalorinin alinma soraiti miioyyan edilmis vo
onlar ssasmda BaF, (111) aithglar {izorinds vahid texnoloji soraitdo izoperiodik fotohossas heterokegidlor yaradilmgdir.
Heterokegidlori yaradan miixtslif tarkibli ciitlorin spektral fotohassasligini miigayise etmoklo gostorilmisdir ki, torkibde manqamn
miqdarinin artmasi ilo Vo uygun olaraq qadagan olunmus zolagin eninin boyiimasilo fotohassasligin maksimumunun qisa

dalgalara torof siirligmasi bag verir.
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STRUCTURALLY PERFECT PbixMnxTe, PbTe1xSex EPITAXIAL FILMS AND PHOTOSENSITIVE
HETEROJUNCTIONS ON THEIR BASE

LRNURIYEV, M.AAMEHRABOVA, AM.NAZARQOV, RM.SADIGOV, S.SFARZALIYEV

It has been defined the obtain conditions of structurally perfect Pbi.xMnyTe, PbTe1..Sex epitaxial films of different com-
positions and in a single technological cycle created Isoperiodic photosensitive heterojunctions on their base on substrates BaF,
(111). By comparing the spectral photosensitivity of heterostructures for various compositions in contact pairs has been shown
that with increasing amounts of manganese and thus increasing the band gap has occured displacement maximum photosensitivi-
ty to shorter wavelengths.

Pemakrop: akan. J[x. AOauHOB
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PEDEPAT

HccnenoBaHbl CTPYKTYpHBIE, ONTHYECKHE M AJIEKTPUYECKUE
ceoiicta 1eHOK ITO, momydeHHBIX METOZOM PEaKTUBHOTO
BY mMarHeTpoHHOrO HaIbUICHUSI C TIOCIEAYIONIMM TepMHHe-
CKAM OTKHIOM. YCTaHOBJEHa 3aBHCHMOCTb 3THX CBOMCTB
IUICHOK OT YCIIOBHMH TOMy4EHWsI TPH Pa3INYHBIX COCTaBAX
ra3oBoii cpeasl (Ar+0;) B kamepe marHeTpoHa. [lorydeHHbie
IUICHKU TIPOSIBJISIFOT BBICOKYIO IIPO3PaYHOCTh B BUIIMMON 00-
nactu cnektpa (80+85%) u 00nanaroT HU3KKM MOBEPXHOCT-
HBIM conpoTuBieHneM. Peskue nudpakiponsslie muku (222) u
(400) nEMOHCTPUPYIOT BBICOKYIO CTENEHb KPUCTAJLTH3AIMU
TUICHOK.

BBEJIEHUE

[Ipo3paunble 371E€KTPONPOBOSIINE IJICHKU
IIMPOKO TPUMEHSIOTCS B KauecTBE IMPO3PAYHBIX
ANEKTPOIOB Uit (POTONPHUEMHUKOB, YCTPOMCTB
0TOOpakeHus1 HH(OPMAIIMH, COTHEUHBIX OaTapeit
U TIp.

Oxkcupn wnaus-onoBa (Indium Tin Oxide
wm ITO) sBnsercs MMPOKO30HHBIM BBIPOKIEH-
HBIM IOJTYIIPOBOTHUKOM N-THIA C BBICOKON KOH-
LEHTpalred U MOJBUKHOCTBIO CBOOOJHBIX HOCH-
Tenel 3apsga [1]. brmaromapst cBoell BBICOKOM
ANIEKTPONPOBOJJHOCTH U BBICOKOMY KO3 durmeH-
Ty npomnyckanus (85+90%) B BumuMoON oOmacTH
CIIEKTpa U CTaOMJIBHOCTH CBOMCTB OH OTHOCHUTCS K
NPOBOJAIIMM OKHCJIaM, HauOosee IIUPOKO HC-
TMOJTb3YEMBIM B Ka4€CTBE MTPO3PAUHbIX 3JIEKTPOIOB
JUIsl BUAMMOro auanasoHa crekrpa [1-3]. Crpyk-
Typa u cBokcTBa MWIeHOK [TO CHITbHO 3aBHUCAT Kak
OT YCJIOBUM HAHECEHUS, TaK U OT UX JAJIbHEHILIEH
obpabotku. [losromy momyuenne ITO c 3aman-
HBIMU CTPYKTYPHBIM COBEPILIEHCTBOM U (hU3HUe-

CKMMH CBOMCTBaMH (yZ€JIbHOE COIPOTUBIICHUE U
K03(D(PUITUEHT TIPOITYCKaHUSI TIOTYyIaeMbIX CIIOEB),
a TAaKKe OJHOPOTHOCTBIO IO TONIIMHE, SBIAETCS
CIIO’KHOM TEXHOJIOTUUECKOM pobiemoii [4].

B Hacrosiieil pabore mpoBeneHO HccleJoBaHUE
Bo3MOykHOCTel mpumeHeHus ITO B kauecTBe mpo-
3paqHOro IIPOBOJSILIETO CJIOSi B CUCTEME CTEK-
10/ITO/ aHOMW3UPOBAHHBIA OKCHJ ATFOMUHHS
(AOA) nst U3roTOBJICHUS] HAHOCTPYKTYPHUPOBaH-
HOW COJIHEUHOM sTUeHKH [5].

IKCIIEPUMEHTAJIbBHAA YACTD

[Ipo3paunbie koHTakTHRIe TUieHKH ITO
HAHOCWJIMCh Ha CTEKJISIHHBIE TIOJUIOKKH METOIOM
peakTUBHOrO BbIcOKo4acToTHoro (BY) marwue-
TPOHHOTO HambUICHWs Ha ycraHoBke Z-550
Leybold-Heraouz B cmecu aprona ¢ KHUCIOpOJOM
BHYTpU KaMmepbl. lIpenBapuTebHO XHMHYECKH
OYMIIIEHHBIE CTEKJIa MOJABEPrajiiCh HMOHHOU
OYHCTKE B MarHETPOHHOM paspsijie aproHa B Ba-
KyyMHOM Kamepe. Momnocts BY paspsaa co-
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craBsuia S00BT, a Bpems ouncTku 4MuH. 3ateM,
HE Hapymas BaKyyMa, NpPOM3BOIMIOCH MarHe-
TpoHHOe pactbiienre muinend ITO (90% oxcun
unausi, 10% okcuna onosa). MolHOCTE pazpsiaa
cocrapisuia 100BT, a BpeMst ocakaeHusI BapbUpO-
BAIUCh B 3aBUCUMOCTH OT TPeOyEeMOM TOJIIUHBI
rieHku. Coneprxanue kuciopona q(02,%) B cme-
cu MeHsiiock oT 0% 10 10%. BeipariieHHbie mieH-
KU TIOJBEPrajluCh JOTOJHUTEILHOMY TEpPMHUYE-
CKOMy OTXHUry B TeueHue 10 mMuH B atmocdepe
aprora u Bozayxa npu 200, 400 u 500°C. Kpu-
CTAJUTMYECKas CTPYKTYpa IUICHOK ObLIa MCCIEo-
BaHA METOJIOM JU(PPAKIINK PEHTTCHOBCKUX JTyden
Ha g pakromerpe Rigaku moxenmm Mini Flex-600
¢ moHoxpomatuueckum (CuK, A=1.5418A) uzny-
YeHHeM B JiMaria3oHe 6parrosekux yriuos 20700,
OnTryecKre XapaKTEPUCTHKU TUICHOK OIPeIeNis-
JIMCh TIOCPENICTBOM crniekTpodoromerpa Specord
210. TloBepXHOCTHOE COMPOTHUBIECHHE MOTYyUYCH-
HBIX IJICHOK M3MEPSUIOCh CTAH/IAPTHBIM YEThIPEX-
30HJIOBBIM MeTOIoM. [I1s onpesiernieHns: pa3mMepoB
d (A) kpucranmros B ITO ucnons3osanack Gop-
myna Jlebas-Illeppepa d=k\/Bcosb, rae 6- moso-
KEHHE MaKCHMyMa PEHTT€HOBCKOIO MHKa (yroi
pedekca), B-monHas MIMpPHHA MTUKa HA €r0 MOy-
BBICOTEC B pajuaHax, K- 3HauCHHE MOCTOSHHOW
[eppepa (k=1).

PE3VJIBTATBI U UX OBCYXJIEHUE

JudpaxrorpaMma CTpyKTyp CTEKJIO- TUICH-
ka |ITO, moiy4eHHbIX MpU pa3HBIX COOTHOLIEHUSX
ra3oB (Ar +O2) B kamepe ¢ TIOCIIeTyOIIIM TePMH-
YeCKUM OT)KUTOM B aproHe, npusesieHa Ha Puc.1.
W3 Hero BHHO, YTO VIS TUICHOK, ITOJMYYEHHBIX
Py OTCYTCTBMM KHUCJIOpOAa B MAarHeTpoHe
0(02,0%) u oroxkennsx mpu T=200°C, Ha mu-
¢pakrorpamme HaOMOAACTCS IUPOKUNA aUPPY-
3MOHHBIH TOpO B oOmacTu yriaos 20=18+38%uro
MOXKET OBITh 00YCIIOBJIEHO BBICOKUM COJIEp)KaHU-
eM aMOp(HBIX MaTepHAIIOB B IIeHKe [6].

AmopdHast ctpykrypa ITO mieHok, B oc-
HOBHOM, TIPUITUCHIBACTCS HH3KOW TOIBIDKHOCTH
aTOMOB Ha TMOBEPXHOCTH PACTYyIIEH IUICHKH, UX
MaJiol aKTUBHOCTH, HEJOCTaTOYHOM i (PopMHU-
POBaHMS KPUCTATMYECKOM peleTku. ITo cora-
CyeTcsl C TaHHBIMH PadoT [6-8], B KOTOPBIX MOKa-
3aHO, 4TO JU(dY3HOHHBIH Tops BOMM3H 20=24°
OOYCIIOBIIEH CTEKJITHHOM IOJUTOKKOM, a BOJIM3H

20=31° -amopoHoit crpykTypoit ITO. C yBenmye-
HUEM TeMIlepaTypbl OTKUra IUIEHKH (10
400+500°C) mmpuna auddy3roHHOr0 ropba He-
cKonmbko ymenpmaercst (20=22+33%), a BwicoTa-
YBEIMYMBACTCS, YTO MOXKET OBITh CIIEICTBUEM
CTPYKTYPHBIX U3MEHEHUI B IUIeHKe. [Ipucyrcrue
mudpakipionHoro Makcumyma (400) ykasbiBaeT
Ha Hayaio (OPMHUPOBAHMS KPHCTALINYECKUX
rieHoK [9]. Takum oOpa3oM, yBeTMUEHHE TeMIIe-
paTypbl OTXKHTA IUIEHOK CHOCOOCTBYET IOBBIIIIE-
HHUIO MHTEHCHBHOCTU JU(PPAKIMOHHBIX MHKOB U
ux cyxenuto. OTHOIIEHHE MHTEHCUBHOCTEH M-
KOB (222) u (211), xapakTepHbIX s AU(paKTo-
rpamm ITO, k unTencuBHOcTH THKa (400) TpH
T=500°C, paror s3Hauenms 4.8(lzo/lao) m
3.7(1211/1400), 9TO YIOBIETBOPUTEILHO COTIIACYET-
cs ¢ [12-15]. D10 n03BOIISAET 3aKIIFOYUTh, YTO TOH-
kue 1eHkn ITO, momBeprHyThle OTKHUTY TIpU
temneparype Bbime 200°C BHE 3aBHCHMOCTH OT
MPOIIEHTHOTO COJEPYKAaHMsI KUCITIOPOAa B Ta30BOH
cpene (Ar+0O;) kamepbl HATBUTUTENILHOM YCTAHOB-
KH, COICPKaIM CTaOMJIbHYIO KyOH4ecKyro (azy
IN203, T.e. CTAaHOBUIINCH MOMUKPUCTALTUYECKUMU
C ocbto Tekctypbl <111>. [lo pednekcy (222) st
obpasia Ne6 ¢ momomisto  (opmynsr  Jlebas-
[leppepa mpoBeieHa OLIEHKA pa3Mepa KpUCTall-
JIMTOB B IUIEHKE, KOTOPBII cocTaBui ~13HM, 4TO
HAXOAUTCA B YIOBJIETBOPUTEILHOM COIJIACHH C
[10,11].

o ® = = O S8 TSrC Ne

- —, O 5% T-a'C Ne 5

(LR

(Dariel

stertfiiidiba i ARIRIERNETNETEINNaL

< T=200'C N 4

O T=5C N )

0% T=0C ¥ 2

Puc.1

PentrenorpamMma cTpykryp crekino-1TO, momydeHHbIX

TIPY pa3sHbIX PEXKAMAX OT)KUTA U Pa3IMUHBIX COCTaBaxX
ra3oBoit cpesist (Ar+0y).
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Ha Puc.2a mokazan CcHeKTp ONTUYECKOTO
MPOITyCKaHWA B AUAIa30Hax JUIMH BOJIH 300~+-800HM
HEOTOMOKEHHBIX TOHKUX IieHoK ITO, Ha Puc.26 -
IIEHOK, OTOXGKEHHBIX MpH Temmeparypax 400°C
Ha BO3/yXe W B aproHe, a Ha Puc.2B - mieHOK,
orosokerHbIx ipu 500°C B aprowue.

Kak BugHOo u3 Puc.2a, ¢ poctom coaepxa-
HUSI KMCJIOPO/Ia B KaMepe ONTUYECKOE IMPOITyCKa-
uue (T,%), 3naunrensHo pacter ot 60% m0 75%
(mpu A~400uM). 13 Puc.26 BuaHO, 9TO

before annealng

an

!

ranamasion

T

d) TUICHKH, OTOXOKCHHBIC B aproHe Oojiee mpo-
3payHbl TI0 CPABHEHHWIO C TUICHKAMH, OTOXOKCH-
HBIMHU Ha BO3/YXE;

b) ¢ pocTom coneprkanus KUCIOPOa B KaMepe OT
0% o 5% mnpomyckanue (st A~400HM) yBenu-
YUBaCTCs MPU OTXKUTE B 00enx cpenax ( ot 75%
o 85% ns omxura Ha Bo3ayxe, U oT 85% 1o
90% nnst omxura B aproue ). OnHAKO OHO PE3KO
YMEHBIIIACTCS TIPU POCTE COJCPIKAHKS KHCIOPOIa
10 10% (mo 70% - i oTKUra Ha BO3/LyX€E U JI0
75% - mpu OTXKUTE B aproHe).

annealing i Argon and in Air

P ETS Y

40 0o ™

Wasstengts »m

2 0% owgen
S ouiger

0% oxigen

Puc.2

Ontrdeckoe MPOITyCKaHue CTPYKTYP cTekiio-1TO, morydeHHBIX PU pa3HbIX PEXKUMAX OTKUTA U Pa3iIMYHBIX COCTaBaX
razoBoii cpezibl (Ar+05): a) 6e3 oTkura, 0) U B) OTOMOKEHHBIX TIpU TemmepaTypax 400°C u 500°C, coOTBETCTBEHHO.

W3 cpaBuenus Puc.26 u Puc.2B (omxkur B
aproie mpu 500°C) BUAHO, YTO MPOIYCKAHUE
IUIEHOK, OTOXOKEHHBIX Ipu 500°C, cylecTBEHHO
menbire, yem tpu 400°C: s q(02,0%) oHO
ymenbinaercss ot 80% g0 60%; mist q(02,5%)
yMmenbitaercs ot 90% mo 50%; a mis q(02,10%)
yMmenbInaercss ot 75% no 70%.Takum oOpazom,
OTXKUT B aproHe Oosiee OMaronpusitTeH ¢ TOUKU
3peHUs] JTOCTMOKEHUs] HAWIydlled Mpo3pavyHOCTH
TUICHOK, YeM Ha BO3/IyXe He 3aBUCHMO OT COJep-

JKaHUe Kuciopona B kamepe. OIHAKO, C IPEBbI-
nieHueM temmnepatypsl orxura 400°C u cogepxka-
HUs KHMCJIOpOAa B Kamepe cBblle 5% mpo3pad-
HOCTb PE3KO I13a/1a€eT.

B Tabnuie 1 mpuBeneHbl 3HAUEHUS II0-
BEPXHOCTHOTO compoTuieHns mieHok ITO, mo-
JYYEHHBIX IIPU Pa3INYHBIX COCTaBaX TIa30BOU
cpenpl (Ar+O2 1 pa3TMYHBIX TeMIepaTypax OTKHU-
ra. V3 taOmuipl BUIHO, YTO HAaUMEHBIIUM TIO-
BEPXHOCTHBIM COIIPOTUBIIEHHEM 00JIaJal0T HETO-
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MOKEHHBIE TUICHKY, noydyeHHble rpu q(02,0%). C
poctom coneprkanus kuciopona (q(02,5%+10%))
UX CONPOTHUBIICHUE PACTET HA HECKOJBKO TOPSI-
koB. IIpu omxure npu 200-500°C conpoTuBieHue

PE3KO MaaaeT, OCTaBasiCh, OJJHAKO, IOBOJILHO BbI-
COKMM TIO BEJIMYMHE, MPUYEM 3TO BO3ACHUCTBUE
OoJiee OTUYCTIIMBO MPOSIBISICTCS TIPU TEMIIepaTypax
omxkura 400°C u BblIIE.

Taoaumna 1.
TToBEepXHOCTHOE COMPOTUBIICHUE IICHOK MPH PAa3HBIX YCIOBHSX POCTA U OTHKUTA
Cognepranue IloBepxHOCTHOE Temmeparypa IloBepxHOCTHOE
KHCIIOpO/Ia Ne oBpasiia COTPOTHUBIICHHUE, /10 oTKura. T°C COTMPOTHUBJICHHE
q % omxura Rs, Rs, Q /o nocie ot-
02, Q/o JKHTA
5 120 200 310-320
0% 6 95 400 360-390
13 136 500 640-680
9 48 x10° 200 4,2x10°
5% 11 3.7 x10° 400 540-600
10 45x10° 500 900
17 1,2x107 200 2,30 x10°
10% 18 1,0 x107 400 3,2 x10°
19 2,8 x107 500 4,2 x10°

N3BeCTHO, 4TO COBEpPIIEHHO CTEXHOMETpU-
YECKHE OKCHJIbI SIBJISIFOTCS IMDJIEKTPUKAMU, U OHU
CTAHOBSITCSI MIPOBOJSAIIMMHU IPH OTKIOHEHUU OT
crexuomerpun [12,13]. DnekTpoHHass MPOBOIM-
MOCTb B TaKuMX HECTEXMOMETPUYECKUX IUICHKaX
00yCTIOBJIEHa IOHOPHBIMH COCTOSIHUSIMH, CBSI3aH-
HBIMH C KUCJIOPOJHBIMU BAKaHCUSIMU WJIN U30bIT-
KOM MOHOB B Metaiuie. B cnydae ¢ ITO npoBou-
MOCTb OOYCJIOBJIEHA OJIOBOM, 3aMelaronmm In, u
KUCIIOPOJIHBIMM BaKaHCHSIMH, CO3/IaHHBIMH  BO
BpEMsI pOCTa IJIEHOK B KaMepe WJIM MX TepMHYe-
CKMM OTXKHIOM, YTO TPUBOAWT K Marepuany Inz-
xSNxO32x. YIIydllleHHEe ONTHYECKHX XapaKTepH-
CTHK IUIEHOK C YBEIMUEHUEM TEMIIEPATypbl OTHKH-
ra CBA3aHO C POCTOM UX KpUCTaJUIMYHOCTU. BMme-
CT€ C TEM, KHUCJIOpPOIHBbIE BAaKAHCHHU, KOTOPBIE, C
OJTHOW CTOPOHBI, 00ECHEUMBAIOT HAJIMYME 3JIEK-
TPOHOB IIPOBOAMMOCTH B Marepualle, BbI3bIBAIOT,
C Jpyroii CTOpoHbl, UM Y3MOHHOE paccessHue
CBETa U yXYALIAIOT IPO3PavHOCTb IUIEHKH [14]. B
HEOTOXOKEHHBIX TUICHKAX TPH HU3KOW KOHIIEH-
Tparmu kuciopoaa (0%) B kamepe KUCIOPOTHbIE
BaKaHCHH, JICHCTBYIOIINE KaK JOHOPHI JUIS DJIeK-
TPOHOB, C OJTHOM CTOPOHBI, 0OECTICUYMBAIOT HAIH-
Y€ 3JIEKTPOHOB POBOIMMOCTH U BBICOKYIO HJI€K-
TPOIPOBOAHOCTb, OHAKO, C IPYTrOi CTOPOHBI, BbI-
3bIBAlOT TU(PQPY3NOHHOE paccesHue CBeTa U
YXYALIAIOT IPO3PavyHOCTh IIEHKH. [Ipy BeICOKOM

KOHIIeHTparmu kucnopona (5%+10%) B kamepe
KUCJIOPO/IHBIC BAKAHCHU B TUICHKE MPAKTUYECKU
OTCYTCTBYIOT, TIO9TOMY OHH OOJIa[Jal0T BBICOKOH
NPO3PAYHOCTHIO W HU3KOW  3JIEKTPOIPOBOIHO-
CThIO. B mporiecce TepMUYIECKOTr0 OT)KHTa aTOMBI
KUCJIOPO/Ia, BHEIPEHHBIC MEXIY Y3JaMH KpH-
CTJUTMYECKON PEIIETKH WM PacHONIOKEHHbIE Ha
rpaHunax 3epeH, AUGGYHAUPYIOT U3 0OBeMa
wieHkr. OOpasyromuecs: KUCIOPOIHbIE BAKAHCHU
JICHCTBYIOT KaK JOHOPBI JUISl SJIEKTPOHOB, YBEIH-
ynMBasg UX KoHIeHTparmio [15]. B pesynbrare ot-
JKHUra TMOBEPXHOCTHOE COIPOTHUBIIEHUE OKCHIHOM
TUICHKH yMEHBIIAeTCsl KaK 3a CYeT YBENMYCHHS
SJIEKTPOHOB, TaK W 3a CYET YBEJIMYEHHs UX MO-
JBIDKHOCTH. JTO TPHUBOAUT K PE3KOMY POCTY
NpOBOAMMOCTH. TakuM 00pa3oM, BapbUpys Mpo-
IICHTHBIM COZIEP)KaHWEM KHCJIOpOa B Ta30BOH
cmecu Ar+0O», a Taoke JOMOTHUTENBHBIM OTXKH-
TOM IUICHKH TIOCIIE €€ TIOTy9IeHHs], BO3MOXKHO TO-
Ty4ath ToHKHE MIeHKU ITO ¢ 3amaHHbIM MOBEpX-
HOCTHBIM COITPOTHBIICHHUEM.

3AK/IIOYEHHUE

MeTo/10oM MarHeTpOHHOTO HambUICHHS MO-
nydeHb! Tonkue ToieHkr 1 TO Ha CTeKIITHHBIX MO
noxkax. J{nsa mnenok 1TO, nomydeHHBIX B OTCYT-
cTBHE KUCopo/a B kamepe marnerpona ((02,0%),
u orosokeHHbIX mpu T=200°C, ma mudpaxto-
rpaMMe HaOmmofaeTcss MHUPOKU 1 Py3uOHHBIH

42




CTPYKTYPHBIE, SJIEKTPUYECKUE U OITUYECKUE CBOMCTBA TOHKUX IIJIEHOK ITO................

rop6 B obmactu yriaos 20=18+38° uro moxer
ObITb  OOYCJIOBIICHO BBICOKHM  COJIEp KaHHEM
amMop¢HBIX MaTepranoB B 1UieHke. [lnenku, moa-
BEPrHYTbIE ODKWATY IpPU TEMIIEPAType BBIIIE
200°C, BHE 3aBHCHMOCTH OT TIPOIIEHTHOTO COJIep-
YKaHUSI KUCIIOPOJIa B MarHETPOHE, COJIEPKAJN CTa-
OwpHYIO KyOmueckyro (dasy In20s, T.e. cTaHOBH-
JIMCh NOJIMKPUCTAUIMYCCKUMU C OChbIO TCKCTYPhbIL
<111>. [na omgHoro u3 oOpa3loB 1O peduiekcy
(222) ¢ momomwio Gopmynsr Jebas-Illeppepa,
MIPOBEJICHA OLIEHKAa pa3Mepa KPUCTAUIMTOB B
TUIEHKE, KOTOPbI cocTaBmI ~13HM, 4TO HaXOIUT-
Csl B YJOBJIETBOPUTEIBHOM COIJIACHU C JIATEpa-
TYPHBIMHA JJaHHBIMU.

VY CTaHOBJIEHO, UTO C TOYKU 3PEHHS J1OCTH-
JKEHHMsI HAWIydlled ONTWYECKOM IPO3PavHOCTH
IUICHOK OTKUT B aproHe Oojee OiarompusiTeH,
YeM Ha BO3AyXE HE 3aBHCHUMO OT COJIEpXKaHUs
Kucinopoja B kamepe. OIHaKo, C MPEBbILICHUEM
Kak Temneparypsl oxura 400°C Tak u coaepxa-
HUS KUCIIOpoJia B Kamepe 5% Mpo3payHoOCTh ILIe-
HOK PE3KO IajIaerT.
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MAQNETRON TOZLANDIRMA YOLU iL9 ALINAN NAZIK iTO TOBOQOLORININ QURULUS, ELEKTRIK
VO OPTIK XASSOLORI

S.0.EMINOV, X.D.COLILOVA, A.S.OLIEV, D.B.TAGIEV, N.S.SOLTANOVA, i.S.HOSONOV,
N.C.ISMAYILOV,C.A.QULIEYV, S.S.ASLANOV, 9.9.ROCOBLIi, G.HMOMMODOVA, i..QURBANOV

Reaktiv yiiksok tezlikli maqnetron tozlandirma vo sonraki termiki islonmo yolu ils alman ITO tobagolerinin qurulus, optik
Vo elektrik xassolori tadqiq edilmigdir. Tobagslorin xassalorinin onlarin tozlandirma kamerasindaki gaz miihitinin miixtolif
torkiblorinds (Ar+0,) alinmasi soraitindon asihiligi toyin edilmisdir. Alinan tobogolor goriinan spektr oblastinda yiiksok optik
soffafliga (80+85%)va asagr sothi miiqavimeto malikdirlor. Kaskin (222) va (400) difraksiya piklori tobagalorin yiiksok kristalik
dorocasini gostarir.

STRUCTURAL, ELECTRICAL AND OPTICAL PROPERTIES OF ITO THIN FILMS PREPARED BY
MAGNETRON SPUTTERING

SH.O.EMIiNOV, Kh.D.JALILOVA, A.Sh.ALIEV, D.B.TAGIEV, N.SH.SOLTANOVA, L.S.HASANOV,
N.D.ISMAYILOV, J.A.GULIEV, SH.S.ASLANOV, A.A.RAJABLi, G.Kh.MAMEDOVA, L.I.GURBANOV

The structural, optical and electrical properties of indium tin oxide (ITO) thin films prepared by reactive r-f magnetron
sputtering have been studied. The influence of sputtering condition (mainly the oxygen content in the Ar-O, gas mixture) as well
as post-growth annealing treatment on the transparency, conductivity and crystallynity of the as grown layers has been investigat-
ed. The ITO films has had a high transparency in the visible wavelength range (80+85%) and low surface resistance. The RF
sputtered ITO films have been shown structure with strong (222) and (400) X-ray diffraction peak that point out their high crys-
tallinity.

Pemaxrop: pod. /1. Apacisl
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PEDEPAT

HccnenoBaHbl SIeKTPUYECKUE U TETUIOBbIC CBOWCTBA B IIIUPO-
koM uHTepBase Temreparyp 80-300K MoHOKpUCTAITNUECKHX
U OKCTPYIMPOBAaHHBIX  OOpa3liOB  TBEPIOTO  PacTBOpa
BiosShysTes p-tuna ¢ pasimunbIME pa3mepamu 3epeH. Boisis-
JICHO, YTO pa3Mepbl 3epeH CYIIECTBEHHBIM 00pa3oM BIHUSIOT
Ha BeJMUMHY Kod(duirenTa TepmMo-3c (o), SMeKTPOIpOBOI-
HOCTH (C) ¥ TEIUIONPOBOTHOCTHU () MICCICHOBAaHHBIX 00pas-
1IOB.

TepMoaneKkTpruueckne Mareprainbl padoTaroT B
yCHOBI/IﬂX HepeMeHHBIX TCMHCpaTypHI)IX I'paI[I/IeHI‘OB,
[IO3TOMY TBEpPABIE PACTBOPHI HA OCHOBE XaJIbKOI'€HU-
JIOB BUCMYTa U CYPbMBI, NOJYYEHHbIE METOJOM KpH-
CTAIM3AINH U3 PACIIaBa HEOCTATOUYHO MEXaHMIESCKU
YCTOWYMBBI, TaK KaK JIETKO Pa3pyIIAIOTCS IO INIOCKO-
CTSIM CTIAfHOCTH, YTO CKa3bIBAETCS HA CPOKAX CITyXKOBI
oxyaxnaronmx moxaynen. Iloatomy B Hactosiiee Bpe-
MSI MHTEPEC BBI3BIBAIOT TEPMODJICKTPUICCKUE MEIIKO-
3€PHUCTBIE MaTepualibl, KOTOPbIE MEXaHUYECKU IPOY-
Hee, YeM MaTepHabl, MOMYyYEHHbIE KPUCTALTU3ALUCH
W3 pacIuiaBa, a YBEJIMUCHUE TEPMOJICKTPUUCCKON (-
(I)CKI'I/IBHOCTI/I, B HUX MOXHO JOCTU4Yb 3a CUET YMCHI)-
LICHUS] PELIETOYHON TETUIONPOBOAHOCTH B pe3yibTare
BO3pacTaHus paccessHusi ()OHOHOB HA TPAHHUIIAX 3CPEH
W CTPYKTYPHBIX JieheKTax BHYTPH 3€pEH.

OmHrM #3 CIIOCOOOB TIONYUYEHHST MENKO3EPHH-
CTBIX MaTepualioB SIBJSIETCST MeToA 3KcTpy3uu. [lomy-
YEHHBIC FKCTPY3UCH MaTepraibl 00J1a1at0T MEJIKOIHC-
MIEPCHOM CTPYKTYpOH, TEKCTYpOW, MOHIKEHHOW Tem-
JIONPOBOJTHOCTRIO, OO0JNIee BBICOKOW MEXaHUYECKOM
TIPOYHOCTEHIO, & TAKKE YCTOMUMBOCTHIO K TEPMUUCCKAM
BO3JICHCTBHSIM.

Iomyuenne 0OpasIoB 3KCTPYAUPOBAHHOTO Ma-
Tepuaja CBI3aHO C TPOBEACHUEM IIEJIOT0 Psia TEXHO-
JIOTMYECKUI oOrepaiidi TakuX, KaK CHHTE3 TBEPIOro
pacTBOpa U3 MCXOAHBIX KOMIIOHEHTOB; pa3MelbyeHUe

CHHTE3WPOBAHHOTO CIUIABA JIO COCTOSIHHS TOPOIIKA;
W3TOTOBJICHUE M3 MOYYEHHOTO TOPOIIKA  METOJIOM
XOJIOZTHOTO TIPECCOBAHUSI OPUKETOB; SKCTPY3HUH OpH-
KETOB (BBHIIAaBIMBAHUE OPUKETOB, HArpeThIX IO IUIa-
CTHUYECKOTO COCTOSIHUS, uepe3 puibepy).

DKCIIepUMEHTATIEHO YCTAHOBJICHO, YTO Ha Tep-
MODJIEKTPUYECKHE XAPAKTEPUCTUKH MAaTePHAIOB IS
TEPMODJIEKTPUYECKHIX TPeoOpa3oBaTeNell SHEPTHU CY-
HIECTBEHHO BIIMSIIOT Takhe (haKTOpbl, KaK JIABICHUE U
TeMIieparypa SKCTPY3UH, pasMep YaCTHIl HCXOIHOTO
TIOPOIIIKA, TEMIIEpaTypa M BPEMs OTKUTa TIOJYYSHHOTO
TepMORJIEKTpHUYIECcKOro Mareprana. [lostomy, onTuMu-
3arMeli TEXHOJIOTMYECKHX TIPOLIECCOB C y4eToM (pu3u-
KO-XMMHYECKUX W TEXHOJIOTMYECKUX OCOOCHHOCTEH
SKCTPYMPOBAHHBIX MaTEPHAIOB, MOKHO YBEIIMYUTH
3 HEeKTUBHOCTh IKCTPYAUPOBAHHBIX TEPMOIIEMEHTOB
1 MOBBICUThH CTAOWILHOCTh MX MAPAMETPOB, KaK B MPO-
1[ecce M3rOTOBJICHUS TEPMODJIEMEHTOB, TaK M B IIPO-
1ecce AKCILTyaTalyy MpruOOpOB Ha HX OCHOBE.

JlanHas paboTa TOCBSIIEHA WCCIIEIOBAHHIO
BIIMSIHMSL Pa3MEpOB 3€PeH Ha HJIEKTPHUECKUE U TEIlIo-
BbIE CBOMCTBA 3KCTPY/IMPOBAHHBIX 00Pa3IIOB TBEPIOTO
pactBopa BigsShisTes.

Jlns momydeHust 00pasloB OBUTH HCIIONh30BaHbBI
terutyp mapku "TB-Y", Bucmyrt - "Bu-0000", cyppma -
"Cy-0000". Peakiusi cuHTe3a TIPOBOIMIIACH B OTKAYaH-
HOM 00BeMe ¢ ocTaTo4uHbIM HaBienreM ~1072[1a. Kom-
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TIOHCHTBI TBEPIOrO PacTBOPA, B3STHIE B PaCUCTHBIX
COOTHOIICHWSX, CIUIABILUICH TIpU  TEMIIepaTrype
~900K B OTKauaHHBIX KBAapLIEBBIX aMIIyJlax B TEUCHHUE
6 4, IpH HETIPEPHIBHOM TIEPEMEIINBAHNY BEIIECTBA B
Heil kauaHreM. MOHOKPHCTaIUTbI ObLIN TIOJTy4YeHBI Me-
TomoM bBpumkmena, a 3KCTpyAMpOBaHHBIC 0OpasLbI
OBUTH M3TOTOBJIEHBI U3 TIOPOIIKOB CHHTE3HPOBAHHOTO
Marepuana ¢ pazmepamu 3epet 1; 30; S0mxm. s mo-
Jy4eHUsI SKCTPYAMPOBAHHOIO MaTepHajia TepPMOdJICK-
TPHYCCKUI MaTepHall TNPEeBAPUTENIHEHO H3MEIbUascs
IO pa3MepoB MeHbIe SOMKM W JaibHEHITIee N3MeITh-
YeHHE TMOJTYYCHHOTO MOPOIIKa TPOBOAMIOCH B ILIaHE-
TapHOH mmapoBoi MenbHHULE Mapku AI'O-2Y. Ilomy-
YeHHBIC TIOPOLIKM MPECCOBAIH METOOM OHOOCHOTO
npeccoBanus Moj aasieHueM 4T/cM2 aKCTpysus TIo-
Jy4eHHBIX OpUKETOB MPOBOIWIACH TIOJ JABJICHUEM
8T/cM? npu Temmeparype ~660K co CKOpOCTBIO
4MM/MUH.

b mccnenoBanel KOA((UIMEHTHI AIIEKTPO-
MPOBOJIHOCTH (G), TEPMO3/IC (0) ¥ TEILIONPOBOTHOCTH
(y) B uaTepBane Temmneparyp 80-300K monokpucTa-
JIMYECKUX W SKCTPYAMPOBAHHBIX 00pa3IoB C pazimd-
HBIMH pa3MepamMu 3epeH.

Ha Puc.l mpencraBieHbl COOTBETCTBEHHO
TeMIIEpaTypHbIE 3aBHCHMOCTH  KOd{(duImenTa
anektporposoanoctd o(1,a), Tepmo-sac o(1,b) u
terutorpoBoHocTr Y(1,C) 1151 MOHOKPHCTAILIN-
YECKUX M SKCTPYIMPOBAHHBIX 00pa3I[OB TBEPIOTO
pactBopa BiosSbi5Tes ¢ pasinuHbIME pazMepamMu
3€peH.

U3 pucynka cienyer, 4To B UCCIEI0BAaHHOM
TBEP/IOM PacTBOpE ISl BCEX OOpasLioB AJIEKTPO-
IIPOBOIHOCTB B nHTepBaie Temreparyp 100+-300K
C POCTOM TEMIIEPATypbl YMEHBIIIAETCS, B TAHHOM
TEMIIEPATYPHOM HMHTEPBAJIE TPOSBISIETCS METall-
JIMYECKUN XapakTep MpoBOAMMOCTH. Takoe mose-
JICHUE XapaKTEPHO Ul YaCTUYHO BBIPOKICHHBIX
MOJTYTIPOBOJHUKOB, T€ YYaCTBYIOT J1BA MEXaHM3-
Ma paccessHUsl HOCUTENEH 3apsia: Ha 3apsKEHHBIX
MIPUMECSIX M TEIUIOBBIX KoJieOaHusx perreTku. Ko-
3 PUITEHT TepMO-37C O C YMEHBIIEHHEM TeMITe-
patypbl YMEHBIIIAETCsI TI0 a0COJIFOTHON BETUYHHE.
o 3HaKy ko3 dUIIEeHTa TePMO-3/IC YCTaHOBIIE-
HO, YTO MCCJIEIOBaHHBIE 00Pa3Ibl 00JIAIA0T TIPO-
BOJIMIMOCTBIO ABIpOoYHOrO TuMa. C pocToM Temrie-
parypel  KO3(pQHUIMEHT  TEIUIONPOBOTHOCTH
YMEHBILIAETCH.

W3 pucyHka Takxke BHIIHO, YTO TEPMOIJIECK-
TPUUYECKUE MAPAMETPbI 3aBUCAT OT Pa3MEpOB 3e-
PEH MCXOIHOrO IMOPOIIKA, MCIOIB30BAHHOTO IS

W3TOTOBIICHUS HCCIIEIOBAHHBIX 00pasioB. Tak, C
YMEHBIIICHUEM Pa3MEpOB 3€pHA, 3HAYCHHUS KOd(-
¢uImenTa >IeKTPOIPOBOAHOCTH G M TEILIONPO-
BOJIHOCTH Y, yMEHbIIAIOTCA. 3HaueHus Kodddurm-
€HTa TEIIONPOBOAHOCTH MEJIKO3EPHUCTBIX 3KC-
TPYIMPOBAHHBIX OOPA3IOB BO BCEM HCCIIECIOBAH-
HOM HMHTEpBaJIe TEMIIEPATyp OKa3bIBACTCs ~2 pasa
HIDKE 3HA4YeHHH KOd((UIMEHTa TEeIUIonpOBO/I-
HOCTH JUII MOHOKPHCTQJUIOB TOTO K€ TBEPIOro
pacTBopa.
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3aBUCHMOCTb KO3 PHULIMEHTA HIIEKTPONPOBOAHOCTH
o(a), repmo-s11¢ a(b) u TermonpoBoaHoCTH %(C) ISt
MOHOKPHCTaJIIa M 9KCTPYAMPOBAHHBIX 00PA3LIOB
TBepaoro pacteopa BigsShisTes ¢ pasnuyHbIMU
pasMepamu 3epeH
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BJIMSIHUE PASMEPOB 3EPEH HA TEPMOXJIEKTPUYECKUE CBOMCTBASKCTPY IMPOBAHHBIX OBPA3IIOB

DJIeKTPOIIPOBOJHOCTh U TEPMO-37C OlIpe-
JEJSIOTCSL 3JIEKTPOHHBIMYM CBOMCTBAMU BEILIECTBA.
Ha 35ekTpornpoBOTHOCT U TEPMO-3AC MOKHO
BJIMATB, MEHsIs1 KOHLICHTPALMIO HOCUTENIEH 3apsiia,
HO BO3MOJKHOCTEN CHM)KEHHUS TEIUIONPOBOJHOCTH
UMEETCs TOPa3/io MEHbLIE.

TennonpoBoHOCTE €CTh CyMMa TEILIONPO-
BOJHOCTU 3JIEKTPOHOB Je U TEIUIONPOBOJHOCTH
(DOHOHOB Y.

X=Xt X

Pemierounyto TEmIONpOBOJHOCT MOYKHO
YMEHbIIIATh 3a CYeT paccesHus (OHOHOB HA TO-
YeuHbIX Je(eKTax U Ha TpaHHIax 3epeH. | 'paHu-
1Bl 3ePEH OKa3bIBAIOT CYIIECTBEHHOE, a B OMpe/e-
JICHHBIX CIIy4asx, pelIarollee BIMSHUE HA CBOM-
cTBa TBepAbIX Tell. Hapsimy ¢ ToueuHbiMu Jiedek-
TaM{ U JWCIIOKALMSMU T'PAHUILIbI 3€pEH y4acTBY-
10T B (DOPMUPOBAHUM PEATIbHON CTPYKTYpPhI MaTe-
pHUAIOB, SBISSICH BAOKHEUIIMM MPECTaBUTENIEM
KJlacca JABYMEpHBIX JedekToB TBepaoro tena. Ha
TOYEUHBIX JIe(DeKTaX CUIIbHEE PAcCeHBAIOTCS KO-
POTKOBOJIHOBBIE (DOHOHBI, @ Ha TPaHUIAX 3EpPEeH
JUTMHHOBOJIHOBBIE.

B nomuxpucramumyeckux odpasiax Mexse-
PEHHbIE TPaHULIbI U IIPUIIOBEPXHOCTHBIE CIIOU 3€-
peH Bcerga coaepkar OOJIBIIOE KOIMYECTBO Jie-
¢ekroB [1-5], koTopbie AehOPMUPYIOT PEIIETKY U
3}dexTuBHO pacceuBarOT (OHOHBI, TOBBIIIAS
TEIJIOBOE COIPOTUBIIEHHE 00pa3loB. B nomympo-
BOJIHUKOBBIX TBEp/BIX PACTBOpaX HAUOOJBIIHIA
BKJIaJ] B TEIJIONPOBOJHOCTh JIAIOT JUTMHHOBOJIHO-
Bble (DOHOHBI, T.K. KOPOTKOBOJHOBBIE (DOHOHBI
CWIBHO pPAacCcerBAIOTCS Ha HMMEIOIIUXCS B 0OJb-
IIIOM KOJIMYECTBE TOUCUYHBIX JedekTax [6].

Mex3epeHHble TpaHUIlbl, B O0IIEM Ciydae,
JIBOSIKUM 00pa3oM BIMSIIOT Ha 3JIEKTPOHHbIE
cBoiicTBa Marepuana. Bo-TiepBbIX, MOTEHIUATb-
Hble Oapbepsbl, CO3/1aBaeMble MEK3EPEHHBIMH Tpa-
HHULIAMH, CYIIECTBEHHO YMEHBIIAIOT MOIBHXK-
HOCTb HOCHUTEJIEH 3apsiia, YTO MPUBOIUT K YBEIH-
YEeHUI0 A(P(PEKTUBHOIO YAEIBHOIO COIMpPOTHUBIIE-
HUSI TTOJYTIPOBOJHUKA. BO-BTOPBIX, MEX3E€pPEHHBIE
TPaHUILIbI - 3T0 00OPBAHHBIE CBS3U, KOTOPBIE MO-
T'YT SIBJIATHCS JIOBYIIKAMH HOCHUTENIEH U MPUTSITH-
BaTh K ce0e MPUMECH MITH COOCTBEHHBIE 1e(EKTHI.

Takum 06pa3zoM, 3a CUET CHIDKEHHS pa3Me-
POB 3€peH MOKHO 3aMETHO YMEHBUIUTh PeIIeTou-

HYIO TEIUIONPOBOJHOCTh, YTO M HAOIOAAeTCs B
HCCIIeIOBaHHBIX HaMu oOpastiax (Puc. 2, kp.1).
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3aBucumMocTh ko3 urmenta TeronpoBoaHocTH (1)
SNEKTPOIPOBOTHOCTH (2) SKCTPYIHPOBaHHBIX 00pa3IoB
TBepIoro pactBopa BigsShisT€s oT pasmepa 3epeH.

Pacuers mokasbpIBaroT, YTO B paccMaTpHBa-
€MOM CJIydae SJIEKTPOHHAs 4acTb TEIUIONPOBO-
HOCTH COCTaBJsieT He Oosiee 22% ot oOrieid Ter-
sonpoBogHoct  (Tabmuia). Ilostomy MOXKHO
CUHTaTh, YTO CHIKEHHE OOMICH TEeruIonpoBOIHO-
CTH CBS3aHO, B OCHOBHOM, C YMEHBLIEHHEM pellie-
TOYHOW TETIONPOBOJIHOCTH.

I[Tpu 3TOM, YeM MeHbllIEe pa3Mepbl KpUCTal-
JUTOB (3€peH), TeM OoJIblIe BEPOSTHOCTb paccesi-
HUsL (JOHOHOB HA TPAaHUIIAX, U TEM MEHBbIIIE 3Haue-
HHE TEIUIONPOBOAHOCTH. VI3MenbyeHHne 3epeH
NPUBOJUT TAaKXK€ M K CHIDKEHHUIO SJIEKTPUYECKON
nposoaumoctH (Puc. 2, kp.2).

N3 pe3ynbraTtoB u3Mepenuit apdexra Xon-
Jla B U3y4eHHbIX oOpasnax (Tabmmiia) MOXKHO 3a-
KJTIOYUTb, YTO CHIDKEHUE 3JIEKTPHUYECKOH MpOBO-
JIMMOCTH CBSI3aHO C YMEHBIIIEHHEM MOIBIKHOCTH
HOCUTENEeH 3apsia 3a CYeT pocTa paccesHus Ha
TpaHMIIaX 3epeH.

ConpoTHBIIeHHE MEXKPUCTAUTUTHBIX MPO-
clloek OoJble COMPOTHUBJIEHUSI 00beMa 3€peH, U
YBEJIMUEHHUE YHMCIIA MEKKPUCTATIIUTHBIX TIPOCIIOEK
NpH YMEHBIICHHH Pa3MepOB 3epeH TPHBOIUT K
CHIDKEHHIO AJIEKTPUUECKON MPOBOIMMOCTHU B MeJI-
KOCTPYKTYpPUPOBaHHBIX 0Opa3Liax.

Takum 00pa3oM, BBIBICHO, YTO pPa3Mepsl
3epeH CYIIECTBEHHBIM 00pa30M BIIMSIOT Ha BEIH-
YuHY KO3(p(hHULIMEeHTa TEPMO-3/IC, IEKTPOIIPOBOI-
HOCTH W TETUIONPOBOIHOCTH MCCIIEIOBAHHBIX JKC-
TPYAMPOBAaHHBIX 00pa3lOB TBEPAOrO pacTBoOpa
BiosShisTes.
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Tabuuna.

DrekTponpoBoaHOCcTh (G, OMt-cm ™), moaBmKHOCTL HOCHTENEH 3apsana (L, cM%/B-c), KOHIIEHTpALIs HOCUTENeH 3apsa

(n,em®) 1 KO3 PUIMENT TEMTOIPOBOIHOCTH (¥, YpyXe, BT/M-K) MOHOKpHCcTaIa 1 06pasiios BigsShisTes ¢ pasnuaHbmvMu
pa3mepamu 3epeH.

Pasmepst ° H n X Xp Xe c n nix xp Xe
3epeH, MKM ~80K ~300 K
Moso- | 1365 | 273 31 |313 | 287 |026 | 566 136 |26 | 123 |09 | 0,28
KPHUCTaJLT

50 1173 | 328 22 178 | 158 1020 |339 |95 22 100 |083 |O017
30 597 233 16 133 [124 |010 |255 |90 18 [ 054 [ 043 |012
1 544 218 15 123 [ 113 |0,09 |?218 |81 17 1051 |039 |011

Hannas paboma svinonnena npu gunarcosoti noodepowxe Ponoa Paseumus Hayru npu Ilpesudenme Asep-
bavioxcanckou Pecnyonuru — I panm Ne EIF-2013-9(15)-46/07/1.
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DONOCIKLORIN OLCULORININ BiosShisTesBORK MOHLULUNUN EKSTRUZIYA OLUNMUS
NUMUNOLORININ TERMOELEKTRIK XASSOLORIND TOSIRI

B.S.BARXALOV, M.M.TAGIYEV, G.ZBAGIYEVA, R.Yu.9LIYEV,
G.C.ABDINOVA, T.C.OLIYEVA, N.M.AXUNDOVA

p-tipli BiosSbisTes bark mohlulu monokristallarimin  va donaciklorinin 6lgiisii miixtalif olan ekstruziya olunmus
niimunolorinin elektrik vo istilik xassslori genis 80+300K temperatur intervalinda todqiq olunmusdur. Miisyyan olunmusdur ki,
denaciklarin 6lgiisii termoelektrik horokat qiivvasi (a), elektrik kegiriciliyi (o) va istilik kegiriciliyi () omsallarmin giymotlorine
ohamiyyatli doracads tosir edir.

EFFECT OF THE GRAIN SIZE ON THE THERMOELECTRIC PROPERTIES
OF THE EXTRUDED SAMPLES OF BiosSb15Tes SOLUTIONS

B.Sh.BARKHALOV, M.M.TAGIYEV, G.ZBAGIYEVA, R.YUALIYEV,
G.D.ABDINOVA, T.D.ALIYEVA, N M. AKHUNDOVA

The electrical and thermal properties single crystalline and the extruded samples of p-type BiosSbisTes solid solutions
with various grain sizes over a wide 80+300K temperature range have been investigated. It has been revealed that the sizes of the
grains significantly effected on the value of the thermal electromotive force (a), electrical conductivity () and thermal conductiv-
ity () coefficients of the studied samples.
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REFERAT

fon laminasiyasi va reaksiya iisulu ilo disproziumla asqarlan-
mus GaSe nazik tobagolorinin vo nanozarraciklorinin almma
texnologiyasi islonmigdir. GaSe monokristal althq tizarinds
almmis GaSe<Dy> nanozarraciklori dispers, siiso althiq
tizorindo alinan iso yayilmis quruluglu oldugu miioyyan
edilmigdir. Dy asqar atomlarinin GaSe-do siialanma
rekombinasiyast rolunu oynayan energetik soviyyo yaratdig
gOstorilmisdir.

GIRIS

Heksogonal layli qurulusa malik olan GaSe
monokristalli Se-Ga-Ga-Se laylari ilo formalasib
Vo laylar arast kimyavi rabito zoif VVan-der-Vaals
tiplidir. Layli qurulus monokristal GaSe-in fiziki
xassalorinds anizotroplugun kaskin formada 6ziinii
birtizo vermasinda gostarir. Optik xassalori praktiki
maraq kosb edon GaSe monokristallarini asanligla
mexaniki olaraq istonilon formaya salmaqg olur.
Lakin, tokrarlanan stabil fiziki xassoys malik olan
GaSe monokristallarinin almmasi texnologiyasin-
da bir sira problemlor mévguddur. Bu masalalorin
halli yollarindan biri do kristala miixtolif agqarlar
daxil etmoklo kristal qurulus yaranan zaman
nozarat olunmasi miimkiin olmayan faktorlar
hesabina yaranan defektlorin va faktorlarin 6ziiniin
saymin azaldilmasidir. Bu istigamatds aparilan
todgigatlar sirasinda GaSe kristalina Dy atomlari
asqar kimi daxil etdirmokdir.

GaSe kristal1 geyri-xottli optikada totbiq
oluna bilon maraqli xassslors malikdir. O, opto-
elektronikada [Q-tezlik geviricisi kimi vacib mate-
riallardan biri hesab olunur. GaSe monokristalinda
coxlu sayda geyri-xattli optik [1,2], fotolumines-
sensiya [3,4], eksiton rezonansi [5], elektroliimi-
nessensiya [6] vo femto-saniysli eksiton effektinin
[7] todqiqatlart aparilmigdir. Hal-hazirda kimyavi
¢Okdiirmo tisulu ilo alinan GaSe nazik tobagalo

rindo vo nanozarraciklorinds belo todgigatlar da-
vam etdirilir [8, 9].

Bu isdo kimyavi ¢okdiirms tisulu ilo alinmig
disprozium asqarlar1 GaSe nazik tabagolarinin va
nanozarraciklorinin alinma texnologiyasi, optik va
liminessent Xassalari taqdim olunmusdur.

Son zamanlar gatin hall olunan birlosmalarin
nanolaylarinin Vo nanozarraciklorinin - alinmasi
tiglin sorbent sathlo qarsiligli tasirds olan ionlarin
oldugu duz mohlullarindan genis istifado olunur.
Duzlarin dissosiasiyasi naticosinds altliq tizorine
¢Okmiis ionlar arasinda kimyavi slagalor hesabina
kristaln «kimyavi yigim» bas verir. «Kimyovi
yigim» adlandirilan lay-ba-lay (Layers-by-Layer)
sintezi nanotexnologiyalart metodik tisullar arasin-
da miihtim yerlordon birini tutur [10, 11]. Bu tex-
nologiyada altliq iizorino kationlar1 Vo anionlart
marhalalarls ardicil olaraq lay-lay adsorbsiya etdi-
rorak onlar arasinda kimyovi reaksiyanin gedisi ilo
sintez olunan tobagolor alinmigdir. Bu prosesdo
sintezin reaksiyasinin gedis sortlori [11] isindo gos-
torilmisdir. Prinsipial olarag yeni kimyavi sintez
tisulu olan bu tisula ion laminasiyasi iisulu deyil-
misdir. Ingilis dilindo bu iisul «successive ionic la-
yer adsorbption and Reaction (SILAR)» adlan-
dirtlmusdir.
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NAZIK TOBIOQOJLIRIN VO
NANOZORROCIKLIRIN ALINMA
TEXNOLOGIYASI

SILAR fsulu ilo disprozium asqgarli GaSe
nazik tobogesi almaq tiglin ham anion, ham do
kation mohlullariin hazirlanmasi vo reaksiyanin
gedisi sortlori istor temperatur, istorso do ion
aktivlik doracosindon ¢ox hossas sokildo asili
olurlar. Anion mohlulunu hazirlamaq ti¢iin avvalca
selenosulfat natrium duzu sintez olunmusdur.
Bunun gilin yiiksok dogigliys malik olan
«Electronik Balance type BX-320H Shimatzu»
modeli torazids 1,8906qr natrium sulfid (NaxSOs)
duzunu va 1,1844qr toz halina salinmis selen mad-
dasini gakarak 500 ml hacma malik olan kolbaya
tokiilmiisdiir. Kolba avvalcadon mitkkommal olaraq
xrompik adlanan dixromat kalium duzunun sulfat
tursusunda Vo suda uygun olaraq 12, 16 va 72%-li
mohlulunda, sonra isa nasatir spirtinds va bidistilla
olunmus suda yuyularaq qurudulmusdur. Kolbaya
tokiilmiis Na;SO3 va Se tizorina 500ml bidistillo
olunmus su tokiilorok qarisiq 80°C-ya godor qizdi-
rilmigdir. Homin temperaturda 12 saat miiddstindo
vibrasiya etdirilorok «Hot Aid Steriller Laboratory
Oven M-420 P» — model qizdiricida saxlanilan
garisiqda

Na,SO3 + Se — NaSeSOs

reaksiyasi getmisdir. Alinmus mohlul soyudulmus
Va kagiz stizgacdon kegirilorak tiind rangli kolbaya
tokiilmiigdiir. Moahlulun tiind rangli kolbada sax-
lanmasinda mogsad onu isiq stiasindan gorumagq
Vo isigin tasiri ilo mohlulun ¢okiintii vermasinin
garsisint almag olmusdur. Hazirlanmig mohlulun
qisa miiddatdo istifads etmok tolab olunur.

Kation mohlulu hazirlamaq tgiin ovvealca
GaCl; duzu sintez olunmugdur. Bunun iigiin
250ml-lik kolbaya 8,715qgr gallium (toz halinda)
Vo 4,5575qr xlorid tursusu ¢okilorak tokiilmiisdiir
Va tizarina 250ml bidistills olunmus su slavs edil-
misdir. Qarisiq otaq temperaturunda 15 dagige
miiddotinds vibratorla ¢alxalanaraq:

Ga +3HCI « GaCl, JrgH2

reaksiyasinin gedisi miisahido olunmusdur.
GaSe<Dy> nazik tobagesinin alinmasinda
kation moahlulu gisminds GaCls kation mohlulu ilo

disprozium nitratin pentahidratinin (Dy(N03)3'5HZO)

suda mohlulunun qanisigindan istifado olunmus-
dur. Sart rongli disprozium nitratin pentahidrati
suda 88,6°C temperaturda ariyarok hall olunur vo
soyuduldugda otaq temperaturunda suyun dibinds
cokiintii verir (sokil 1). Ona goro do 4,3563qr
miqdarinda Dy(NO,), -5H,0 kriststalini toz halinda

89°C temperaturda 25ml suda holl etdikden sonra
GaCls duzunun 250ml mahlulu ils garigdiriimisdir.
Alinan kation mohlulu garanliq soraitds otaq tem-
peraturunda ¢okiintii vermomisdir.

Sakil 1.
Dy(NO,), -5H,0 duzunun suda hall olunmus

mohlulu.

Anion mahlulunun hazirlanmasi va torkibi
GaSe<B> nazik tobogolorinin  alinmasinda
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gotiiriilmiis mahlulla eynidir. Burada avvalca ion
aktivliyi pH~9 olan selenosulfat natrium duzunun
suda mohlulundan istifado olunmusdur.
GaSe<Dy> nazik tobagolori vo nanozor-
raciklori GaS vo GaSe monokristal 16vhalori va
slisa tizarinds alinmigdir. Miiayyan olunmusdur Ki,
sliso tizorinds tobaganin formalasma siirati mono-
kristal altliq tizerindokino nisboton daha goxdur.
Ona gors do siiso althgin mohlullara batiriima tsik-
li 35, stiso vo GaSe monokristal altliglarin batiril-
ma tsikli iso 45 toskil edilmisdir. Nanozarraciklor
almaq tigtin hacmi 50ml olan dord adad siiso Sto-
kanlardan istifado olunmusdur. Stokanlarin tomiz-
lonmoasi siiso 16vhalarinr tomizlonma texnologiyasi
ilo eyni olmusdur. Birinci stokanda pH=5 aktivli
Na,SeSO, anion mehlulu, ikinci stokana bidistillo

edilmis su, tiglincii stokana pH=5 aktivli gacl, Vo
Dy(NO, ), -5H,0 duzlarinin mahlulu, dordiinci

stokana yens su doldurulmusdur. Hazirlanmug siiso
Vo ya GaSe althq 16vholori birinci stokanda 20

saniyo saxlanildigdan sonra, gixarilaraq ikinci
stokanda salinmigdir, 10 saniys miiddstdon sonra
¢ixarilib ticlincii stokana salinmigdir. Bu stokanda
15 saniys saxlanildigdan sonra ¢ixarilaraq dérdiin-
cii stokana salmmusdir. 10 saniyadan sonra 16vha
¢ixarilaraq otaq temperaturunda vakuum skafinda
qurudulmusdur. GaSe<Dy> nanozarraciklarin
almmasinda altligin moahlullarda saxlanma miidds-
ti uygun olaraq 5, 3, 5 vo 3 saniys toskil etmisdir.
Monokristal GaSe 16vhalar tizarinds yetisdirilmis
nanozarraciklorin  atom qiivva mikroskopunda
(AQM) ¢okilmis GaSe<Dy> nazik tabagesinin
topografik tosviri Sokil 2-do gostarilmisdir. His-
togram goriintiistinden belo naticoys golmak olar
ki, disprozium asqarlar1 GaSe birlosmasinin sinte-
zindo klasterlorin yanmasima meyl etdirir. Bu nati-
coni sonralar GaSe iizorindo alinmis GaSe<Dy>
nazik tobagasinin udma omsalinin spektrinin tahli-
linds do miisahido etmok olar.

Sokil 2.
GaSe<Dy> nazik tabagosinin topografik tasviri.

OLCU METODIKASI VO NOTICOLORIN
iZAHI

Nazik tabogslorin va nanoqurluslarin udma
spektrlori otaq temperaturunda «Perkim Elmer
markal «UV-VIS Lambda-25» model spektromet-

rinds ¢okilmisdir. Niimunalarin fotoliiminessen-
siya spektrlori iso 1064, 532 vo 355nm dalga uzun-
luglu va davametmo miiddeti 10 saniys olan im-
pulsu generasiya edon Nd:YAG (LQ529B) lazerin
stialanmasi ilo hayacanlagmis niimunanin limines-
sensiyast kompiiterlo tomin olunmus M833 tipli
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ikigat dispersiyali monoxromator va U2C-
16H7316 tipli CCD-kamera vasitasi ilo todqiq
olunmusdur. Kameranin hossasliq diapazonu
250-2000nm dalga uzunluglarm ohato edir.

GaSe nazik lovhasinin (qalinligt 135mkm)
udma omsalinin spektri Sokil 3-do tosvir olun-
mugdur. (1) udma smsalmm fotonun dalga uzun-

lugundan asilihginda fundamental udma zolaginin
uzundalgali kenarinda itiuclu pikin miisahids olun-
masi kristalin tomizliyinin tozahiiriidiir. Eksiton
piki olan bu pik kristal qurulusdaki defektlorin
minimum oldugu halda 300K temperaturda miisa-
hids olunur. Spektrds 0,9nm(1.37eV) dalga uzun-
lugunda miisahido olunan pikin kristal qurulusun-
daki anion (selen) vakansiyasina aid oldugu vo fo-
tonlarin ionlagmis akseptor soviyyasindoaki elekt-
ronlar torsfindon udularaq optik udma yaratdigi
stibhasizdir. Ciinki, adobiyyatda GaSe monokrista-
linda selen vakansiyalarinin aktivlosmo enerjisi
0,62eV olan akseptor saviyyasi yaratdigini bir ne-
¢o miixtolif miislliflor torsfindon geyd edilmisdir
[5, 6]. GaSe kristalinin gadagan olunmus zonasinin
eninin qiymoti sokildaki slavs grafikdon hesablan-
mugdir. (ghy)? ~ hy asililigindan AE, —198eV qiy-

moti alinmugdir.
5 5
20 + '

T 14 16 12 28 22 24
Energy (eV)

oVicm) x 10
-

)y

Absorption (arb. un.)

Wavelength (nm)

Sokil 3.
GaSe monokristalindan hazirlanmus nazik 16vhoanin
(d=135mkm) udma amsalinin spektri.

SILAR iisulu ils siiso althq {izorindo alinmis
Dy vo Se laylarimin skanedici elektron mikros-
kopunda (EDAX) ¢okilmis siialanma spektri Sakil
4-do tosvir olunmusdur. Goriindiiyii Kimi xarici
elektron orbitindo Dy vo Se atomlarmin enerji hal-
lart (1,3keV — otrafindaki zotlora goro) bir-birina

¢ox yaxin giymato malikdir. Dy atomu 10 konfi-
Qurasiyali asgar atomu olaraq GaSe kristali
gofasinds anion diiyiiniinds yerlosa bilir [12]. Belo
halda Dy asqarlart GaSe kristalinin energetik zona
diagraminda zonanin Konarlar1 yaxinlhiginda asqar
saviyysalor yarada bilor.

Sokil 5-do SILAR iisulu il siiso althq iizo-
rindo alimmisg GaSe nanozarraciklorin udma spekiri
tosvir olunmusdur. Buger-Lampert ganununu tot-
big etmaklo GaSe-in gadagan olunmus zonasinin
eni tiglin 2eV qiymoti almmusdir (sokildaki slavays
g0ra). Gorlindiiyii kimi spektrin uzundalgali Kanari
GaSe nazik tobagslorinin spektri ilo (Sakil 3) mii-
gayisads miikommal yayilmusdir.

Siiss altliq tizorindo alinmig Dy asqarli GaSe
nanozarraciklorinin udma spektri Sokil 6-da tosvir
olunmusdur. Bu spektrdo Buger-Lampert ganunu-
nu totbig etdirmoklo iki xarakterik optik kegidlor
tiglin giymatlor alinmusdir: 1,82 vo 1,35eV. Birinci
giymat GaSe<Dy> nanozarraciklorinin gadagan
olunmus zonasmm eni kimi gobul etmok olar.
Yuxarida guman etdiyimizo uygun olarag demok
olar ki, Dy asqarlari GaSe nanozarraciklorinds
eksponensial paylanan dayaz akseptor saviyyalori
yaradir ki, bunlar da 6zlarini hal sixliginin quyrugu
kimi gostorir. Ikinci giymeot olan 1,35eV selen va-
kansiyalarinin hesabina yaranmis asqar Saviyyaya
aid etmok olar, yani, bu optik udma elektronlarin
ionlagmis asqar Saviyyadon 1,35eV hiindiirliikdoki
kegirici zonaya kecid hesabmnadir. Bu optik kegid
GaSe nazik tobagesinin udma spektrindo do
miisahido olunmusdur (~ 1,37eV).

GaSe<Dy> nanozarraciklorini 535nm dalga
uzunluglu lazer stast ilo hoyacanlandiraraq,
miigahido edilmis fotoliiminessensiya spektri Sokil
7-da tosvir olunmusdur. Goriindiiyii kimi, 863nm
dalga uzunlugunda stialanma piki miisahido edil-
misdir. Qeyd edak ki, siiso Vo GaSe kristal1 tizorin-
do alinmig GaSe nanozarraciklarinin fotoliimenes-
sensiya spektrinds analoji pik miisahido olunma-
mugdir. Ona gora do 863nm-do maksimuma malik
olan siialanma zolaginin Dy asqarlart hesabina
yarandigimi gobul etmok olar. Siialanmanin inten-
sivliyi zoif olsa da, siialanma rekombinasiyasinin
xatli rekombinasiya xarakterli oldugu miioyyan ol-
musdur.
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Sokil 4.

Dy va Se laylarinin skanedici elektron mikroskopunda (EDAX) ¢okilmis stialanma spekiri
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Sakil 5.
Siiso althq tizorindo ahinmis GaSe
N Eevy) 28 nanozarraciklarin udma spekiri.
hv'(nm) 800
E~1,82eV
Sakil 6.

Siiso althiq tizorindo alinmis GaSe<Dy>
nanozarraciklorin udma spekiri.
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Sakil 7.
GaSe<Dy> nanozarraciklarini fotoliiminessensiya
spektri
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HOJIYYEHUE U ONTUYECKUE CBOMCTBA TOHKUX IJIEHOK U HAHOYACTHII GaSe<Dy>

AT TYCEWHOB, AT KS3bIM-3A/IE, B.M.CAJIMAHOB, P.M.MAME/IOB,
A.A.CAJIMAHOBA, I.M.AJINEB, A X, JTUHYEP

Pa3paboTaHa TeXHOJIOTHS TIOJYUCHHS TOHKHX IJICHOK W HaHOYACTHI] GASe JIerMpoOBaHHBIX AMCIIPO3IyMOM METO/IOM pe-
aKnmy HOHHOTO HaciamBaHus. [Tokazano, uto GaSe<Dy> Ha MOHOKPHCTAJUTMIECKIX TOUIOKKAX 00JIafaeT AUCIICPCHOM, a Ha
CTEKJITHHBIX — Pa3MBITOH CTPYKTypol. OmpezieneHo, YTo NPHMECH JUCTIPO3MyMa B CENICHHE TayUInsl 00pasytoT 3HEpreTHHe-
CKHI ypOBEHb, UTPAIOLLHI POJIb U3TydaTeIbHON PeKOMOWHAIUHL.

RECEIVING AND OPTICAL PROPERTIES OF THIN FILMS AND NANOPARTICLES GaSe<Dy>

A.G.GUSEINOV, A.G.KYAZYM-ZADE, V.M.SALMANOV, R M.MAMEDOV,
A.A.SALMANOVA, LM.ALIYEV, A X.DINCHER

The technology of thin films and nanoparticles GaSe doped by disproziume in reaction ion layering has been developed.

It has been shown that GaSe <Dy> single-crystal substrates has dispersed, and glass-fuzzy structure. It has been determined that
disproziume impurities in gallium selenide formed energy level, playing the role of radiative recombination.

Penaxrop: npod. I'. Asxktapos
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PEDOEPAT

B paGote MeToioM TBepAOGha3HbIX PEAKIINI M3 MOPOIIKOBBIX
xommoHenToB CaS, BaS, Ga;Ss u Al;S; crHTe3MpOoBaHbI TBEP-
neie pactBopbl CaxBaixGaySs u Ca(AlxGaix)2Ss. Briepsbie
pacueTHBIM ITyTE€M OMpE/eNCHbl TEMIIePATYPHO-KOHIICHT-
PpalMOHHbBIC 3aBHCUMOCTH CBOOOMHOMN 3Hepruu 00pasoBaHHsI
I'ubbca TtBepmpix pactBopoB (CaGarSs)«(BaGasSs)ix
(CaGazSa)«(CaAlrSs)1x U3 TPOUHBIX COeAMHEHHH U (pa3oBbie
nuarpammel cucteM CaGa,Ss—BaGa,Ss u CaGaySs—CaAlLSs.
BbIsiBIIeHO, YTO B 3THX CHCTEMaX 00pa3yrOTCsl HEIPEPhIBHBIC
TBEp/IbIe PacTBOPBL [IPOrHOZUPYETCS CIMHOIANBHBINA pacmaj
TBepIbIX pacTBOpoB (CaGaySs)x(BaGarSs)1« Ha nBe dasbl mpu
OOBIYHBIX TEMIIEpaTypax.

BBEJIEHUE

Tuoramnarel co CTpyKTypamu XajJbKOIHPH-
Ta ¥ Ae(heKTHOTO XaIbKOMUPUTA 00NaIat0T HEl-
HEWHBIMH, aKyCTOONTUYECKHUMH, MOJIYIPOBOAHU-
KOBbIMH cBoMcTBaMU [ 1-3]. bonbiuas mmpuna 3a-
MPEIEHHON 30HbI, BBICOKAsl YyBCTBUTEILHOCTh K
BUIUMOMY M YABTPA(HUOIECTOBOMY H3ITyYEHHIO,
3¢ dEKTHI MEPEKITFOYECHUS, TAaMATH U (QUIBTPAIIN
MO3BOJISIIOT UCHOJIBb30BaTh TBEPJIbIE PacTBOPHI HA
ocHoBe CaGapSs, BaGarSs n CaAlxS4 B momympo-
BOJTHUKOBOM TEXHUKE M ONTORJIEKTPOHHUKE, & CO-
YeTaHUe TaKUX CBOMCTB, KaK MPO3PaYHOCTh B IIU-
POKOM JMana3oHe BHIMMOrO M MH(PaKpacHOro
n3NIy4deHusi, Oosblas BelMuMHa KoddduimeHTa
HEJIMHEWHOW  BOCIIPUMMYMBOCTH, JIBYJIy4elpe-
JIOMJICHHE U YCTOWYMBOCTH K JIA3€pHOMY H3ITyde-
HUIO TIPUBJIEKAIOT BHUMAHUE K 3TUM COCTUHEHU-
SIM KaK MaTrepraiaM HeJTMHEHHOH onTuku [4-8].

s onpenenenust 00;1acTH TOMOT€HHOCTH U
CTaOMIIBHOCTH TBEPIBIX PACTBOPOB ITUX CHCTEM
HEOOXO0MMO 3HaHHE (Pa30BOM TUArpaMMbl U TEM-
nepaTypHO-KOHIIEHTPAMOHHBIE 3aBUCUMOCTHU
cBOOOHOM sHeprumn ['nbb6ca. DT cBeneHus st
cucreM CaGa,Ss—BaGaySs m CaGaxSs—CaAl:Ss B
JUTEpaType OTCYTCTBYIOT. B pabote 3T naHHbIE
OTPEICTMIIN PACUYETHBIM MYTEM C TMOMOIIBI0 Ma-
TEMAaTUYECKOTO arrapara TepMOIMHAMUKN HEMO-
JEKYISPHBIX COSTMHEHUH TPHU HCIIOIb30BAHUM
OTrPAaHMYECHHOr0 KonmnuecTBa nuamepenuit JJTA.

METOAUKA SKCIIEPUMEHTA

Cuntes coemunenuii CaS u BaS ocymects-
JSUICST B KBApLEBOM PEAKTOpEe B3aUMO/ICHCTBHEM
TOHKO JIMCIIEPCHOTO TIOPOIIIKA KapOOHaTa KabIHs
(CaCOz3) u kap6onara 6apust (BaCOs) ¢ motokom
cepoBonopona (H2S) u cynbduna yriepoaa (CSp)
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B arMoc(epe mHepTHOTO raza Ar [9]. Ckopoctb
MO/IaYM MHEPTHOTO Ta3a CocTaBisuia 2-+2.51/4.
CepoBoiopon 1 cynbhua yriaepoaa oopa3oBaIuch
B pe3ylIbTaTe Pa3sioKeHHs: 00€3BOKEHHOTO pOja-
nucroro ammonusi (NH4CNS) B reneparope ra-
30B-peareHToB IIpu Temmneparype 250°C. Tewmre-
patypa cuHTe3a cocTasiasia 850°C, TpoOgomKH-
TEJILHOCTh 24 4, Temreparypa KOHTPOJIUPOBAIACH
C TIOMOIIIBIO TepMOMapbl XpoMenb-aomenb. Co-
emuHeHust AlpSz u GapSs CHHTE3UPOBAIUCH CILIaB-
nenueM s1emenToB Ga, S u Al, B34TBIX B cTeXHo-
METPUYECKHX COOTHOIICHUSX, B KBapICBBIX aM-
Iy/ax, OTKAYaHHKIX 710 BakyyMa 10™*MM.prT.cT. 1o
CJIETYIOIINM PEAKLMAM

1150 *C

2Ga + 3S —— Ga:S3
1200 =C

2Al + 35 —— AlLSs

Coemnennst CaBaixGaxSs u Ca(AlGaix)2Ss
CHHTE3UPOBAIMCh METOAOM TBEpAO(a3HBIX peak-
WA 13 TIOPOIIKOBBIX KomroneHToB CaS, BaS,
GazS3 1 Al>Sz, B3STBIX B CTEXHOMETPHYECKHX CO-
OTHOIIICHUSIX B TPaQpUTH3UPOBAHHBIX KBApIEBBIX
aMITyJ1aX, OTKa4aHHBIX [0 10*4+10°mMm.pr.cT. MO
peaKImu:

XCaS + (1-x)BaS + GaSz — CaxBa1xGaxS4
CaS + x(Al>S3) + (1-X)(GazS3) —Ca(AlxGaix)2Sa

Cunres nposoamiicst ipu 1100 °CB Teuenue
OJTHOTO 4Yaca c mocneayrommM 10-Th 4acoBbIM
omxkurom npu 800 °C.

Pentrenogazossiii anamm3 (PPA) nopor-
KOB IIOJYYEHHBIX COCIMHEHWI IPOBOAWICS Ha
mappaktomerpe “XRD D8 ADVANCE”, cuma
TOKa U aHOJHOE HaNpshkeHHe ObUTM MOJ00paHbI
HCXOJS W3 ONTHMAIBHBIX YCIOBUM CheMKH. [Ipu
BBITIOJIHEHUM KadecTBeHHOro PDA uneHTuduka-
LU0 U3y4aeMbIX COEJMHEHHUIN OCYILECTBIISUIU ITYy-
TEM COIIOCTABJICHHSI MEXKIIJIOCKOTHBIX PACCTOSIHUM
¢ naHHbIMU KapTroTek ASTM (AmMepukaHCKoro
o0111eCTBa MCHBITAaHUI MaTepuaoB). AHAIU3 pe-
3ynpTaroB POA mo3BOMWII yCTAHOBHUTH, YTO HA
pEHTreHOrpaMMax CHHTE3MPOBAaHHBIX 00pa3IIoB

CaS, BaS, Ga,Sz u Al:S3 (Puc.1) Habmogarotcs
pedIIeKChl, XapaKTepHbIE VIS 3THX COEAUHEHHIA.
Kpucrammyeckue napamMeTpbl COSIMHEHHN yKa-
3anbl B Ta0Omme 1.

3'0)(104 T T T T T T
2.5x10°F é Bas T
&.2.0x10°F 1
> CaS
‘2 1.5x10°F ]
3 ¢
c
~ 1.0x10°F hgﬁ AlS, .
ol A S
5.0x10°[ T
g Ga,S,
0.0 I 5 WA YU W P
20 30 40 50 60 70
20
Puc.1
Pentrenmidpaxrorpamma coeauaerus BaS, CaS,
A|2831/I GaySs.

Taoauna 1.
Kpucrammueckne napameTpsl COeMHEHNNA
CaS, BaS, Ga,S3 u Al,Sa.

Co- Cuaro- [TapameTpsl 3. 1.

emu-  |HuA a ; c B

HEHHe

CaS  |KyOmuec- |5.7 - - -
Kast

BaS  |KyOwwec- [6.387 |- - -
Kast

Ga,S3  |MoHo- 1114 |6.411 |7.038 |121.220
KJIMHHAs

AlLS; | Tpuro- 6.4716 |6.4716 [17.266
HaJIbHAsI

Anamm3 pesynbraroB POA no3Bommin ycra-
HOBHTb, YTO Ha PEHTT€HOrpPaMMaX CHHTE3HPOBAH-
HBIX 00pasioB CaxBaixGaxSs (0,1<x <0.3) (Puc.2)
HaboatoTCs pedreKchl, XapakTepHbIe JUI THO-
rayuiara Oapust (BaGazSs), KOTOpBI KpUCTAILTH-
3yercsi B KyOMYECKOH CTpyKType C TOUSYHOU
cummetpueit Pa3 [10,11]. PeatreHomerprueckue
rapaMeTpbl OJM3KH K OMyOJMKOBaHHBIM B JIUTE-
parype st BaGazS4 [10].
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1,2x10°

8,0x10"

Intensity (a.u.)

4,0x10"

o gpCT i om

CaosBamGaZS .

C aO.ZB aO.SGaZS4

CaO.l BaO.9Ga2S4

LR WY

.

Ha peHTreHorpaMmax CHHTE3MPOBAHHBIX
oopasioB  Ca(AlkGaix)2Ss (0,1<x<0,3) (Puc.3)
HaOIFOAt0TCs peIIeKCh, XapaKTepHbIE JUIS THO-
rayutara Kanbims (CaGaxSs), KOTOpBIA KpUCTal-
TM3yeTCs B OPTOPOMOHMYECKOH CTPYKType C TO-
vyeynoil cummerpuei Fddd [10]. Anamu3 pesysib-
taroB POA cBunerensctByer 00 00pa3oBaHUM

50 60

Puc.2
Pertrenmudpaxrorpamma coemuaerns CaxBaixGaxSs (0.1< X <0.3).

TBepabIx pactBopoB CaxBaixGaxSs (0,1<x<0.3) u
Ca(AlxGa1x)2Ss (0,1<x<0,3). K coxanenuro, rma-
paMeTphl DIIEMEHTAPHBIX sTYeeK OTHX (a3 onpese-
JUTH HE YIAJIOCh M3-3a HEJIOCTATOYHOM TOYHOCTH
SKCIIEPHUMEHTA.

8X104 T T T T T T T
7x10" i .
__6x10'r Ca(Al Ga, ),S, .
= 5 10“-
3+ X - -
2 .|
= 4x10* .
S .0 é Ca(Al ,Ga,,).S,
£ 310 g i PR A B, -
2x10* -
1x10* | i
r Ag Ca(AIO.lGaO.Q)ZSA
0 1 %‘ IA‘E_ " AI 1 R;‘ 1 " 1
20 30 40 50 60 70
20
Puc.3

Penrrenaudpaxrorpamma coenutenust Ca(AlxGar«)2Ss (0.15x<0.3).
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1420
1410
1400
1390
1380
<z 1370
= 1360
1350
1340
1330
1320
1310
0 01 02 03 04 05 06 07 08 09 1
x,CaGa,S;
Puc.4
Dazosas muarpamma cucrembl CaAlS;-CaGarSs: ¢ JITA; kpussie-1o OTHHOMaM
1415
1410 7l
1405 T +-24.087x> + 64.083x + 1370 f;-ﬂ""’i
1400 //,/
1395 ~
£ 1390 X // o
- ~
1385 // —
1380 ~ //—-”
1375 I=15912x* +24.144x + 13699
1370
1365
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
x ,CaGa,S,
Puc.S
®dazoBas quarpamma cuctembl BaGa;Ss-CaGaySs: ¢ ITA; kpusbie-1o mogmHoMaM
JuddepeHnmanbHbplil TEPMUYECKUNA aHa- PACYETHBIE MOJEJIN U UX ITPUME-
mi3 (JITA) cruiaBoB mpoBesieH ¢ UCTIONIb30BAHU- HEHHUE
€M CHCTeMbI CHHXPOHHOTO TEPMUYIECKOTO aHAJIH-
3a STA 429CD pupmst NETZSCH. JITA npose- AHIPOKCUMALVS KPUBbBIX JINKBUAY-

CA U COJIMAYCA CUCTEM

JCH 1A OI’paHI/I‘—IeHHOFO KOJIM4YeCTBa COCTaBOB,
CaGayS4+—BaGaSanCaGarSs—CaAl»Ss

MPUJICTAONINX K KOMIIOHCHTY CO CPaBHUTCIIBHO

HU3KOM TeMIiepaTypoii ruiasienust Puc.4 u 5). OTCyTCTBHE JIAHHBIX TSl TETUIOTHI TIIaB-

JICHUs ¥ TEPMOJMHAMUYECKUX (PYyHKIHA 00pa3o-
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Bauusg coemuHennii  CaGapSs, BaGaxS; u
CaAlzS4, a Takke HEBO3MOKHOCTh UX KOPPEKT-
HOM OLIGHKM HE TMO3BOJIMJIO HaM TEPMOJUHAMHU-
YECKHUM ITyTeM BBIYHCIIUTH U alllPOKCUMHUPOBATD
KpUBbIE JIMKBUAYyCa U  COJIMAyca CHCTEM
CaGayS4+—BaGarSs u CaGapSs—CaAl:Ss. Tloato-
My 9Ty 33/lauy pPelIi aHATUTUYECKUM ITyTEeM,
TOJIOTas], YTO JIMKBUYCHI M COJNMIYCHI 3THX CH-
creM, 00pa30BaHHBIX COETMHEHUSIMH, OTIMYAI0-
IIMMUCST TI0 OAHOMY O3JIEMEHTY C OJIM3KUMH
aTOMHBIMH paJIycaMH, UMEIOT MPOCTOM Tul da-
30BoM juarpammel (Puc.4 u 5). C ucnonbs3oBaHu-
€M 3Ha4eHHUI TeMIlepaTypbl IUIaBJICHUS TPOMHBIX
COEIMHEHUN

T"(BaGazS4)=1370K (1HKOHT.),

TM(CaGazS4)=1410K(koHr.),

TM(CaAl2S4)=1323K(koHr.)
[12-15] u pesynbraroB JITA HeckonbKko cocra-
BOB, NPWJIETAIOIIMX K KOMIIOHEHTY CO CpaBHU-
TEIIbHO HHU3KOM  TEMIIEPaTypOM  IUIABJICHUS
(Puc.4,5) BbMHUCICHBI M aNIPOKCHMHUPOBAIM
KpUBbIE JIMKBUAYyCa U  COJMAYCAa CHCTEM
CaGa Ss+BaGaxSs u CaGaxSs—CaAlSs o mpo-
rpamme Microsoft Excel.

TEPMOAMHAMMNYECKUE PACYETDI

JUIst OLIEHKH OOJIaCTH CYIIECTBOBAHMS H
CTaOWJIBHOCTH TOMYYEHHBIX TBEP/IBIX PACTBOPOB
BBIYKCIIEHBI MX TEPMOJMHAMHYECKHE (DYHKIMH
CMEIIICHHS B 3aBHCHMOCTH OT COCTaBa M TEMITC-
paTyphl.

CBOOOHYIO SHEPrHI0 CMELIEHUs] TBEp-
aeix  pactBopoB  (CaGarSs)«(BaGaxSs)ix |
(CaGaxSs)x(CaAlxSs)01« M3 TPOMHBIX COEIMHE-
HUI TIpEJICTaBWIIM B BHJE ypaBHeHusi I u0Oca-
I'ememrombma [16,17]:

AGE = AHP — TASJs — Acp 55T

[n(z) + +(F)]. @

sneck AHY; AS2.;—MOMSpHBIE HHTErpaibHbIE

CTaHJAPTHBIE SHTATBIUU U SHTPOIMM CMEIIEHUs
0

TBEPIBIX PACTBOPOB, Acp 155 — M3MEHEHHE MO-

JSIPHOM M300apHON TEIIOEMKOCTU MpHU 00pa3o-
BaHUM TBEPJBIX PacTBOPOB. TemmoeMKocTu co-
eIMHEHNIA W TBEPIBIX PACTBOPOB CPABHHUTEIHHO

Maji0 OTJIMYAOTCS, MOITOMY TPETbUM WICHOM

ypaBueHus (1) MoxHO niperedpeys. Torma
0 _ apo0 0

AGR = AH? — TASS,, )

AHAIMTHYECKOE BBIPAKEHUE SHTPOIHU

00pa3oBaHUsl TBEPIBIX PACTBOPOB KBa3MOWHAP-
HBIX cUcTeM uMmeeT Buf [17]

ASLe = -R[xlnf(x) + (1 —x)Inf(1— x)], (3)

3neck x—MojbHas joist CaGaxSs B TBepaoM pac-
tBope, f(X)—pyHkms nist mpeodpa3oBaHus KOH-
(UrypaliMOHHON SHTPOITUHM CMEIICHUS PACTBO-
POB IPHMCHHUTEIILHO K KBa3HOMHAPHBIM, KBa3H-
TPOWHBIM U 00JIee CIOKHBIM CUCTEMaM JIS y4e-
Ta CTEXHOMETPUYCCKUX KOI(D(DHUIIUEHTOB IOy~
IPOBOTHUKOBBIX COCMHCHUI.

Heopraunuueckue mosyrnpoBoIHIKOBbIE CO-
eIMHEHMS, B TOM quciie CaGaxSs,
BaGa,Ss u CaAlxSs oTHOCATCS K HEMOJIEKYJISP-
HBIM COCJIMHEHHUSAM C aTOMHOW KPHUCTALTMYECKOM
PEIIETKON C OIpeAe/ICHHON JI0JId MOHHOW U Me-
TAJUIMYECKOM CBsi3u. [loaToMy B TepMOIMHAMU-
4eCKUX (YHKIHUSIX CMEIICHHUS TBEPIBbIX PACTBO-
POB  HEMOJICKYJISIPHBIX COCAMHCHHUSAX —CJICIYeT
YUUTHIBATH COCTAB JTHUX COCIMHCHHHA C IOMO-
o ¢yskiwn f(X) [18-20]. KommonenTs TBep-
neix pactBopoB (CaGapSs)x(CaAlSs)1x comep-
KaT TIO JIBa aTOMa Pa3HbIX 3JIEMEHTOB (TAJLTUSI U
amomunus). [loatomy

f(x)=x2; f(1-x)=(1-x)%.

BceraBnsis 9TM BBIpaKEHHsT B ypaBHEHHE
(), JUIst TBEPIBIX pacTBOpoOB
(CaGarSs)x(CaAlrS4)1« omygaem

ASPe = -2R[xIn(x) + (1 — x)In(1— x)]. (4)

s TBEPIBIX pacTBOpoB
(CaGarSs)x(BaGazSs)1x, OTIIMUAOIIUXCST TOIBKO
10 ONHOMY aroMy Kajibims u Oapus f(X)=X, u
CIIeZI0BATENBFHO ypaBHeHHUE (3) MPUMEHUTENBHO K
JTOH CHCTEME UMEET BUJI

ASPe = -Rlxln(x) + (1 —x)In(1—x)]. (5)
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Ha ocHoBaHMM TeOpeTHUYeCKUX pacueroB,
MPOBEJICHHBIX B KHHUTE [21] MOXHO 3aKJIHOYUTH,
YTO SHTAIBIMK CMEUICHUsS TBEPAbIX PAaCTBOPOB
MOJTYIPOBOAHUKOBBIX  COCTMHEHUM, OTIMYAl0-
IMXCS TI0 OJHOMY XUMUYECKOMY JJIEMEHTY,
HAXOJATCS B KOPPEJSIMUA C aTOMHBIM PaliyCcoOM
JNieMEHTa B BUJI€ KaTHOHA WM aHUOHAMH MOTYT
OBITh OIMHUCaHBl B paMKaxX MOJEIHU PEryJsipHBIX
pactBOpoB. MOHHBIE paguychl Il TAJUIUS, allko-
MUHUS, KaIblsl B Oapus mo [ompIimmMunTy co-

CTaBIISIOT: r(Ga*)=0.62; r(AlI"®)=0.57;
r(Ca)=1.06; r(Ba?)=143 A. Jlna  osuTansmm
CMEILEHHs TBEPIBIX PacTBOpOB

(CaGazSs)x(CaAl2Ss)1x, ¢ OMM3KHME paguycamu
KaTHOHOB M JIByMsl OOIIMMH HOHAMH, 10 aHAJIO-
TUl C JPYTUMH TIOMYPOBOJAHMKOBBIMH CHCTEMA-
mu [18, 20, 21], npuHsIN CIEAYIONIYIO BETMUMHY
AH™* =500 JTx/Moib. CoriacHO MPOCTOMY THITY
(hazoBbIX rarpamM (puc. 4 U 5) SHTAIBITAIO CMe-
IIEHHS OMHCAITN [0 MOJEIU PETYISAPHBIX PACTBO-
poB
AHZ = 2000x(1 — x). (6)

ATOMHBIC pauyChl Kaibliisd W Oapus,
OJIM3KHE TI0 XUMHUYECKOM TPUPOJIE, CYIIIECTBEHHO
oTm4arotcs. [1o3toMy MakcMMasibHbIE 3HAYCHHS
SHTAIIBITMKA CMEIICHUS IS TBEPABIX PACTBOPOB
(CaGazSs)x(BaGarSs)1x MOTYT H3MEHUTRCS B TIpe-
nenax 1000+1500/x/mMonb. YuuTbiBas 3aBUCH-
MOCTb MapameTpa CMEIIICHHUsI OT COCTaBa B MOICITH
PEryJPHBIX PaCTBOPOB, MOKEM HAIHCATh

AH® = = (6000 + 5000x2)x(1— x). (7)

Bcrapnss (4,6) B (2) 1 BeIpaxast TEpMOTH-
Hamuyeckne QyHKuuK B JPK., momydaeM ypaBHe-
HHE JUIs pacdyeTa CBOOOIHON SHEPrHU CMEIICHHS
tBepbIx pacTBOpoB (CaGazSs)x(CaAl2Ss)1x

Gf =2000x(1—x)++
3837 xlg(x) + +(1 — x)lg(1—x)]. (8)

Bcerapnss (5,7) B (2) nonydaem ypaBHEHHS
JUIL pacyera CBOOOJHOM SHEPrHU CMEIICHHS
TBepABIX pacTBopoB (CaGazSas)x(BaGazSa)i«

AG? = (6000 + 5000x*)x(1 —x) +
+19.15T xlg(x) + (1 — x)lg(1 —x)]. (9)

Pe3ynbraTel pacuera M30bITOYHON CBOOOMI-
HOM SHEPTrUM CMEIIEHHs TBEP/IBIX PACTBOPOB JUIS
Pa3IMYHBIX TEMIIEPATyp, BBIIOIHEHHBIE 10 MPO-
rpamme grafikus.ru, npencrasnenst Ha Puc.6 u 7.

W3 puc.6 crnenyer, 4To TBEpAbIE PACTBOPEI
(CaGarSs)x(CaAl2Ss)1-x mpakTHUECKH BO BCEM HH-
tepBasie Temreparyp 300+1000K TepmoarHamu-
YeCKH YCTOWYMBBL. I3 3aBUCUMOCTH CBOOOIHOM
SHEPrMM  CMELIEeHHs  TBEPAbIX  PacTBOPOB
(CaGarSs)x(BaGazSs)1x OT cocraBa CieAyeT, uTo
npu Temneparypax 300 u 500 K (puc.7, kpubie
1,2) B ompeneneHHON 007acTH KOHIIEHTpAIUi
CBOOOIHAs SHEPrUsl CMEILECHUs TBEPIOro pacTBo-
pa Oosbllie CBOOOJHOW 3HEPrUM T'€TEPOreHHOU
CMeECH JIBYX TBEPJIbIX PACTBOPOB.

ITosToMy B 3TOM 0071aCTH KOHLIEHTpALM 1
Temreparyp, Hampumep, npu 300K nu
x(CaGarS4)=0.3+0.9 MokeT TPOM3OMTH pacrmaj
TBEPJIOro pacTBopa Ha jiBe (asbl (Puc.7,xpus.1).

(1] 1‘\ /
1
-4000
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3aBUCHMOCTB CBOOOIHOM 3Hepruu cMelteHnst TBepapix pacTBopoB (CaGarSs)«(CaAlzSs)1« OT cocTapa, BBIYUCIICHHBIE 110
ypasHeHuto (8) st remneparyp: 1-300K; 2—700K; 3—1000K.
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Puc.7
3aBUCHUMOCTH CBOOO/THO# SHEPTHHU CMelleH s TBepIbIX pacTBOpoB (CaGarSs)x(BaGasSs)1x OT cocTaBa, BHIMHUCIICHHbIE
1o ypasH. (9) mst remmeparyp: 1-400K; 2-500K; 3—600K;4-800K;5-1000K.
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(CaGazSs)«(BaGazSs)1x Va (CaGazSs)x(CaAl:Ss)1.x BORK MOHLULLARININ SINTEZI VO TERMODINAMIK
STABLLIiYi

T.Q.NAGIYEV, O.B.TAGIYEV, AN.MOMMODOYV, E.Q.9SODOV

Isdo CaS, BaS, Ga,S; va Al,S; komponentlorinin tozlarindan barkfaza reaksiya iisulu ilo CaxBay.xGasSsve Ca(AlkGay-
«)2Satarkibli bark mohlullar sintez edilmisdir. Ilk dofo olaraq hesablama yolu ilo (CaGarSs)x(BaGazSs)1-« Vo (CaGazSs)«(CaAlSs)1-
xbark mohlullarinin amlagalmo Gibbs enerjisinin temperatur-qatilihq asiligi miioyyan edilmis vo CaGaySs—BaGaySavo CaGaySa—
CaAlS,sistemlorinin hal diagramlart qurulmusdur. Bu sistemlordo (CaGazSs)x(BaGasSa)1« fasilesiz bark mohlullarimimm amola
golmasi miioyyan edilmis va bark mohlullarm adi temperaturlarda spinodal par¢alanmasi prognoz edilmisdir

SYNTHESIS AND THERMODYNAMIC STABILITY OF (CaGazS:)«(BaGazSa)1x and (CaGazSe)x(CaAlSa)ix
SOLID SOLUTIONS

T.G.NAGHIYEV, O.B.TAGIEV, AN.MAMEDOV, E.G.ASADOV

Solid solutions CaxBaixGazSsand Ca(AlkGaix)2Ss have been synthesized from CaS, BaS, Ga,Ss and Al,Ss powder
components by solid state reaction. It has been determined temperature and concentration dependence of the Gibbs formation free
energy (CaGaSs)x(BaGaySs)1-xand (CaGazSs)«(CaAlSs)1x solutions and phase diagrams have been established for CaGa,Ss—
BaGaySsand CaGayS+—CaAl,Ss compositions. It has been revealed, that, in these systems have formed the continuous solid solu-
tions. It has been predicted spinodal decomposition of solid solutions (CaGazSa4)x(BaGaSs)1-x into two phases at conventional
temperatures.

Penaxrop: C.Mextuena
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REFERAT

Mikrostruktur vo element tarkibin todqiqi ilo GaSh-CrSh
kompozitinds metal g¢ubuglar otrafinda fazalar arasi
zonalarin mé&vcudlugu mioyyan edilib. Kompozitin
Raman spektrlorindo miisahido olunan piklorin GaSbh
birlagmasina va Sb-Sb slagasins uygun oldugu gostorilib.

GIRIS

3d-kegid elementlori ilo asqarlannms III-V
grup birlogsmalori az gatilighh magnit yarimkegirici-
lor kimi spintron cihazlar {i¢tin perspektivli mate-
rial sayilir. Lakin asqarlanma yolu ilo alinan mad-
dolorin stabil torkiba vo xarakteristikaya malik ol-
mamagi onlarm totbiq imkanlarmi azaldir. Bu
baximdan III-V qrup birlosmoalori ilo miioyyan
konsentrasiyada 3d-elementlori osasinda alinan ev-
tektik kompozitlor az qatiligl magnit kimi stabil
torkiba vo xarakteristikaya malik olma sobabindan
onlarin totbiq imkanlar1 genisdir. Hom yarimke-
girici, ham do metal xassalor gostaran bu sinif ev-
tektik kompozitlords metal qatmalarin gubuq sok-
linds matrisdo paralel diiziilorok barabor paylan-
masl, istiqgamotdon asili olaraq onlarin kinetik pa-
rametrlorinds anizotropluga gatirir. Belo kompozit-
lorin fiziki xassolori 3d-ke¢id metallarin elektron
konfiqurasiyasindan, gatmalarin hondasi formasin-
dan vo fazalar arasi zonalarmn yaranisindan asihidir.
11-V grup birlogmolari vo 3d-elementlori asasinda
evtektik kompozitlorin yaranmasi ilk dofo Miillerin
islorindo gostarilib [1]. Umehara vo b. GaSh-CrSb
evtektik kompozitin hal diaqramimi vermis, Bric-
men usulu ilo miixtalif siiratlords sintez olunmus
kompozitdo kristallagma siiratinin metal ¢ubug-

larin 6lgiilarine Vo ¢ubuglar arast mosafalors tosi-
rini todqiq edorok fazalararasi enerjini hesablamis-
lar [2]. GaSb-CrSb sistemino daxil olan CrSb bir-
losmasinda ¢ oxuna perpendikulyar istigamotda
diizilmiis ferromaqgnit  miistovilor arasindaki
olagonin antiferromaqnit xarakter dagimasi sobo-
bindon [3,4] belo sistemin az qatilighh maqnit
material kimi Gyronilmasi shomiyyat kosb edir.
Bizim ilkin islordo GaSb, InSb birlogsmolor vo Fe,
Mn elementlori  osasinda alinmig  evtektik
kompozitlorin - mikrostrukturu,  morfologiyasi,
elektron-fonon proseslori Gyranilib [5, 6]. GaSh-
CrSb evtektik niimunoalorin rentgenfaza vo dife-
rensial termik analizlori aparihib [7,8], elektrik vo
istilik xassolorin xiisusiyyatlori gostarilib [9,10].
Indiki isdo GaSh-CrSh evtektik kompozitin
sothinin mikrostrukturu, element torkibi vo Raman
spektrlori aragdirilib.

EKSPERIMENTIN APARILMASI

GaSh-CrSb  evtektik kompozitini  almag
tictin 86.6 ¢oki % GaSb vo 13.4 ¢oki% CrSb bir-
losmoalori birgs aridilmis vo saquli Bricmen soba-
sinda istigamatli kristallagsma aparilibdir. Kristal-
lagma cabhasinin siirati 0.4mm/dagigo segilib. Ali-
nan kristallar p-tip kegiriciliya malik olub.
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GaSb-CrSb evtektik kompozitinin rentgen-
faza analizi “Advance-D8 difractometer” cihazin-
da CuK o-siialar ilo aparilib.

“Oxford EDS” vo “HKL EBSD” cihazlar
ilo tochiz edilmis “Zeiss Sigma™ Field Emission
SEM”-darayici elektron mikroskopunda kristallas-
maya paralel vo ona perpendikulyar istigamatlordos
nimunalarin sothinds mikrostruktur analizi apari-
lib va element torkibi miiayyan olunub.

Konfokal Raman sisteminds (S&I Germany,
based on Princeton Instruments, USA) 488nm va
633nm uzunluglu hoyacanlandirici lazer stialart
totbiq edilorak niimunalorin Raman spektrlari alin-
musdir. Nimunslor “Olympus” adli mikroskopun
obyektivi altna qoyulur vo niimunanin ssthinda
lokal gizmanin bag vermamayi {i¢iin lazerin giicii
zoif secilir. Argon ionlarm 488nm uzunluglu lazer
stialar1 ilo hayacanlanma zamani dorinlik 8nm
olub. Nimunods 2mkm 6l¢iidon az Sothi gérmok
iiclin diison lazer siialart 50x obyektivli linza ilo
fokuslanir vo sopilon siialar da hoamin linza ilo
toplanir. Geri sagma signallarini azaltmaq vo 6l¢li
dogigliyini artirmaq tiglin lazers yaxin signallar xii-
susi darzolaql filtrlo kasilir va yarigim eni 20mkm-
dok azaldilir. Alinan Raman signallari Renishaw
spektrometri ilo monoxromatora paylanir vo spektr
CCD kamerasi vasitasilo geyd olunur. Yazilan bil-
gilor tohlil tiglin kompiiterdoki programlasmis Ra-
man sistemina gondarilir. Ciha-zin ayirdetmo gabi-
liyyati monoxromatorda yerlos-mis qofaslorin segi-
mina (150,600,1800) osaslanir vo 1-don 10sm™—
dok doyisir. Raman bilgilori iki akkumulyasiyadan
biri olmagla orta hesabla 50 daramadan alimir. Ra-
man siiriigmasi Reley Xattindon sonra Stoksa toraf
0-dan 4000sm godar yazilir.

Niimunsalordo Raman spektlorin  todqiqi

homginin “Nanofinder 30” (Tokyo Instr., Japan)
spektrometrinds do aparilib. Hoyacanlandiric1 siia
kimi Nd:YAG lazerdon istifado olunub: stianin
uzunlugu 532uM, maksimal giic 10mVt, ayirdetmo
gabiliyyati 0.5sm™ olub.

NOTICOLORIN MUZAKIROSI

Kristallasma vo ona perpendikulyar istiga-
motlordo GaSb-CrSh kompozitin sathindon alin-
mig mikroskop gortiniiglori 1 vo 2-ci sokillordo
gostarilib. Metal ¢ubuglarin eni vo uzunlugu sokil-
do ragamlarls verilib: uzunlugu 30+50um va dia-

metri ~1.4um toartibindadir. Sokillordan goriindiiyii
kimi metal ¢ubuglar matrisdo kristallasma istiqa-
moatinda barabar paylanib vo onlarm en kasiyi el-
lips soklindadir.

Sokil 1.
GaSh-CrSb evtektik kompozitin kristallasma oxuna
perpendikulyar istigamotds sothin mikrostrukturu.
a) -boyiitma - 1970 dofo; b) ) -boyiitms - 6320 dofa.

Sokil 2.

GaSh-CrSh evtektik kompozitin kristallasma oxuna
paralel istigamatdo sathin mikrostrukturu.

a) -boyiitma - 1350 dofo; b) -boyiitms - 10330 dofa.
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3 Vo 4-cii sokillordo EDX analizin natice-
lori - kompozitin element torkibi verilib. Kris-
tallasma oxuna perpendikulyar istigamatdo ma-
trisdo element torkibi— Ga=36.1 ¢oki %,
Sb=63.9 ¢oki % (3-cii sokil, 1-ci spektr) vo
metal gubuglarda — Cr=27.8 ¢oki % vo Sh=72.2
¢oki % (3-cii sokil,, 2-ci spektr) alinib. Kristal-

lasma oxuna paralel istigamotds ¢ubuglarda
element torkibi - Sb=63.5 ¢oki %, Cr=27.6 ¢okKi
%, Ga=3.5 ¢oki % (4-cii sokil, spektr 2),
¢ubuglarin konarinda- Sb=66.5 ¢aki %, Cr=24.5
¢oki %, Ga=7.2 ¢oki % (spektr 3) vo matrisdo-
Sb=63.8 ¢oki %, Ga=36.2 ¢oki % (4-cii sakil,
spektr 4) alinib.

- —

Sakil 3.
Kristallasma oxuna perpendikulyar istiqamoatdo GaSh-CrSh evtektik kompozitin sathindo
(matrisdo - spektr 1, gubuglarda - spektr 2) element torkibi.

Sakil 4
Kristallagma oxuna paralel istiqamoatdo GaSbh-CrSb evtektik kompozitin sathinda
(¢ubuglarda-spektr 2, gubuglarin kenarinda- spektr 3 vo matrisda-spektr 4) element torkibi.

5-ci gokildo kristallagma oxuna perpendi-
kulyar istigamatdo GaSh-CrSb evtektik kompo-
zitin sathindo elementlorin paylanma xaritosi

ronglarlo verilib: - Sb elementi qirmizi ranglo,
Cr goy ranglo, Ga yasil ranglo gostarilib.
Mikrostruktur va element analizindon go-




GaSh-CrSh EVTEKTIK KOMPOZITIN STRUKTURU VO RAMAN SOPILMOSi

Cr Kal

Sokil 5.
Kristallasma oxuna perpendikulyar istigamatdo GaSh-CrSb evtektik kompozitin sothinds elementlarin paylanma
Xaritasi — qirmizi rong —Sb; gdy rang —Cr; yasil rong — Ga elementini gostarir.

riiniir ki, matris Ga vo Sb, metal ¢ubuglar Cr vo
Sb elementlordon va bozi hissslords ciizi mig-
darda (3+5%)Ga elementindon, matris vo metal
cubuglar arasinda goriinon fazalararasi zonada
isa (sokil 3 vo 4) 3+5% Cr elementi miigsahido
olunur. Qeyd edok ki, dncaki [5, 6] islorimizds
GaSb-FeGaiz vo InSb-MnSb kompozitlorinda
do fazalararasi zona miisahido olunub vo onla-
rin kinetik parametrlors tosiri dyranilib.

Molumdur ki, yarimkegiricilordo atomlar-
-aras1 olagolor vo kristal gofosin dinamikasi
hagda molumat almaq tg¢lin Raman spektrin
oyranilmasi ohomiyyot kasb edir. GaSb-CrSb
evtektik kompozitinds iki faza vo fazalararasi
zonalarin movcudlugunu tosdiq etmok iigiin
otaq temperaturunda ham GaSb-CrSb, hom da
CrSb tiglin Raman spektrlori aragdirilib (SoKil
6). Sokildon goriindiiyli kimi GaSb-CrSb {igiin
111sm, 148sm™, 230sm, 240sm™ tezliklordo,
CrSb iiciin 114sm™, 154sm™ vo 240sm™ tezlik-
lards piklor miisahids olunur.

Qeyd edok ki, GaSb birlogsmasinin mono-
kristal [11-13] vo amorf [14—16] niimunale-
rindo Raman todqiqatlar1 aparilibdir. III-V
yarimkegiricilor Kimi GaSb va digor sink-sulfid
tipli birlogsmolorin birinci tortib Raman spekitri
adoton Briillien zonasmin markazinds yerloson

uzununa optik (LO) va enina optik (TO) fonon-
lardan ibarat olur [17]. TO vo LO modalarina
uygun olan moarkazi fononlar sink-sulfid tipli
kristallar iiciin movcud segmo gaydasina tabe
olur. (100) istigamatindo LO modasinin sapil-
moasi icazali oldugu halda, (110) istigamatinda
tokco TO modasinin sapilmasi icazalidir. GaSb
kristalinda  236sm™ dalga ododine yaximn
misahido olunan Raman xotti LO modadir,
112sm™ vo 155sm™ dalga odadlorindo goriinan
Xatlor iso Sb elementin optik fononlarina xas
olan Eg, vo Aig modalaridir [12]. [17] isds (100)
istigamotli GaSb kristalin tablanmig niimu-
nalorinds 226sm™ tezliyino yaxin TO modanin
aktivlogsmosi struktur nizamsizliligin gostaricisi
kimi verilir, tablama temperaturu artdigca LO
fononlarina uygun Raman tezliyinin artmasi (vo
ya azalmasi) iSo struktur nizamsizligin artmasi
Kimi izah olunur. Biitin Raman spektrlorinds
TO modasinin intensivliyinin LO modasinin
intensivliyino nisbaton giiclii olmasi niimunodo
nizamsizliq doracasi, LO/TO nisbati iso GaSh
kristallarin simmetriyasinin gorarlasma gostori-
cisi sayilir.

[11,18]-c1 isdo isa GaSb kristalinda an-
caq 234sm* tezliyinda optik fonona uygun olan
icazali LO modasinin miisahide olundugu, Mn
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ionlar1 ilo implantasiyadan sonra slave qadagan
olunmus TO modasinin da yarandigi gostarilir.
[18]-ci isin miialliflori implantasiyadan sonra
111sm™ vo 145sm tezlikdo miisahido olunmus
piklari oksidlosms ilo izah etmislar.

GaSb-CrSb s

240

0 V 100 200
Raman Shift, (cm')

300

154

CrSb

T T T T T

T
200 200 350 400 450 500

Raman Shift (cm™)

Sokil 6.
GaSb-CrSb va CrSb tigtin Raman spektrlori.

Odabiyyatda verilon bilgilorlo miiqayi-
sodon goriiniir ki, 230sm, 240sm™ tezlikli LO
vo TO fonon modalarina uygun iki xott GaSb
monokristallarinda olan TO vo LO (234sm‘1,
236sm™ [12]) fononlarma c¢ox yaxindir. Digor
iki xott — 111sm™ vo 148sm™ tezlikli xatlor iso
Sb-Sb olagesine (112sm™? vo 155sm™) uygun
golir. Maraqlidir ki, CrSb {iglin yazilmig Raman
spektrindo do goriinon xotlor Sb-Sb olagosina
uygun golir. Qeyd edok ki, [12] isin mioalliflori
tablanmis GaSb niimunslorinde 112sm™?  vo
155sm™ tezlikli Raman xotlorini Sb kristalin
optik fononlarina xas olan Eg vo Ajg modalarini
xarakterizo etdiyini gostormiglor. CrSb krista-

linda da alinmis Raman xatlori ancaq Sb-Sb
olaqosini  xarakterizo edir. CrSb birlogsmosino
uygun Raman xatlorin goriinmomoayi signalin
zoaifliyi ilo olagadar ola biler.

YEKUN

I11-V grup birlogsmolori vo 3d-elementlori
osasinda alman digor evtektik kompozitlordoki
kimi GaSb-CrSb kompozitinds do metal ¢ubug-
lar otrafinda fazalar arasi zonalarin yarandigi
miisahids olunub. Kompozitin Raman spektrlo-
rindo alinan piklarin GaSb birlosmasina va Sb-
Sb slagasing uygun oldugu gostorilib.
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MICROSTRUCTURE AND RAMAN SPECTRA OF GaSb-CrSb EUTECTIC COMPOSITE

R.N.RAHIMOV, . Kh.MAMMADOV, S.S.BABAYEV, D.H.ARASLY, A A KhALILOVA,
M.V.KAZIMOV, R.R.GARIBOV

The existence interphase zones around metallic inclusions in GaSh-CrSh eutectic composite have been estab-

lished by study of the microstructure and elemental composition. It has been found that the peaks detected in the Raman
spectra corresponded to the GaSh-CrSb compounds and Sh-Sb bond.

CTPYKTYPA U PAMAHOBCKH CIHEKTP 3BTEKTUYECKOI'O KOMIIO3UTA GaSb-CrSb

P.H.PATUMOB, U.X.MAMEJIOB, C.C.BABAEB, /1. APACJIbI, A.A.XAJINJIOBA,
M.B.KA3BIMOB, P.P.I'APUEOB

N3ydeHneM MUKPOCTPYKTYPBI M 3JIEMEHTHOTO cocTaBa 3BTeKTHKH GaSh-CrSh mokaszaHo CyIiecTBOBaHHE MEK-
(ba3HO# 30HBI BOKPYT METAIINYECKHUX BKIOUeHU. OOHapy eHHbIC Ha PaMaHOBCKHUX CIIEKTPaX MHKUA COOTBETCTBYIOT

nuHASIM coenuHeHns GaSb u cssasu Sb-Sh.

Penaxrop: mpod. C.MexTrepa
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PEDEPAT

B mndaHHOBCKOM TNpHOMMKEHHAH pellleHa OJHOMEpHAs 3a/aua
KOHIICHTPAIIMOHHOTO PACIIPEIE/IEHNs] KOMIIOHEHTOB B TBEPIBIX
pactBopax InSh-AlISbh, BeIpaieHHBIX METOIOM 30HHOU IUIABKH C
HCTIOJIb30BaHHUEM 3aTPaBKH U3 00JIee TYrOIUIABKOTO KOMITOHEHTA
(AISb). TTokazana BO3MOKHOCTb yIPABIIEHUS B IIMPOKUX MpPEJIe-
JlaX aKCHAJbHBIM KOHIIEHTPAIIMOHHBIM pPacrpe/iejieHHeM KOMIIO-
HeHTOB B Kpuctawax INSh-AISb myrém msmenenust umHb! pac-
TUTABJICHHOM 30HBI. AHAIN3 TIOJYYEHHBIX PE3YIIBTATOB OTpeesst-
€T ONTUMAIBHBIE TEXHOJOTHYECKAE TIAPAMETPhI I BHIPAIIHBA-
Hust kpuctawioB INSb-AISb ¢ 3apaHHBIM OXHOPOAHBIM M TIEpe-
MEHHBIM COCTaBaAMH.

AKTyaJIbHOCTh MCCJIEZI0BaHUM, HallpaBlICH-
HBIX Ha W3yYEHHE TIOTyIPOBOIHUKOBBIX TBEPIIBIX
PacTBOPOB, ONpeIENsIeTCs] BO3MOKHOCTBIO MPELH-
3MOHHOTO BapbUPOBaHUS (DyH/IaMEHTaIbHBIMH T1a-
pamMeTpaMy MaTpUIlbl B IIMPOKUX Mpeieax MyTéM
MPOCTOr0 M3MEHeHHs e€ cocTaBa. AJIMa30mo100-
Hble coenrHenns INSh u AISh pacteopsttotest npyr
B JIpyre B JIIOOBIX COOTHOIIEHMSIX, 00pa3ysl He-
NIPEPBIBHBIN psii TBEPABIX pacTBOpoB [1]. 3Haum-
TEeJIFHOE Pa3fiMue B 3HAYCHHSX IIMPHHBI 3arpe-
ménnoi 305! (INSb~0,233B; AlSb~1,555B) stix
TIOJTYIIPOBOJIHUKOB OTKPBIBaeT BO3MOXKHOCTH TIO-
Jy4eHUs ~ KpUCTalla  TBEPIOrO  pacTBOpa
InSb(1-x)AISb(x) ¢ 3amaHHBIM 3HaYEHHEM 3ampe-
IIEHHOM 30HBI, JIGXKAIIUM B HHTEpBAJIEC MEXIY
3HAYEHHUSIMH HX B COCTABHBIX KOMITOHEHTAX.

B Hacrosmelt pabore mpencTaBieHbl pe-
3yJBTAaThl MATEMAaTHIECKOTO MOJICITUPOBAHUS KOH-
LEHTPALMOHHOT0 POUIISE KOMIIOHEHTOB B MOHO-
kpuctamiax INSb(1-x)AISb(x), BeipaieHHBIX Me-
TOJIOM 30HHOW MEPEKPUCTATUTM3ALMH TIPU Pa3IINy-
HBIX JUIMHAX PACIUIABICHHOM 30HBI Llembro nan-
HOI paboThl OBUTO OMpezeneHne NOTeHIaNna Me-
TO/Ia 30HHON MEPEKPUCTAILIM3ALMA U ONTHMAITb-

HBIX OINEpPALMOHHBIX TEXHOJOTMUECKUX IMapamer-
POB /IS BBIPAIIMBAHKSA OOBEMHBIX MOHOKPHCTAJI-
a0B InSb(1-x)AISb(xX) ¢ 3amaHHBIM MTEpEeMEHHBIM
U TIOCTOSIHHBIM COCTaBaMH. 3aMETHM, YTO aHaJo-
TUYHbIE 33/1auk ObUTH PEIIEHbI paHee /I CHUCTe-
MbI Ge-Si, pe3ysbTaThl KOTOPBIX TIOKa3aMd XOpO-
I1Iee COTJIaCHE C COOTBETCTBYIOIIMMHU SKCIIEpHMe-
HTAJTBHBIMH JaHHBIMH JUISI KPUCTAJJIOB TBEPIBIX
PacTBOPOB BBIPAIIEHHBIX, KAK KOHCEPBATHBHBIMHU,
TaK ¥ HEKOHCEPBATHBHBIMK MeToamu [2-9].

Ha Puc.] npuBeneHa KoHLENTya bHas cxe-
Ma BBIpAIIBaHHUSI MOHOKPHCTAJLIOB TBEPIBIX pac-
tBopoB INSh-AISh MeTooM 30HHOI TJTaBKH ¢ HC-
TIOJIL30BAHMEM 3aTpaBK 0ojiee  TYrOIUIABKOTO
KOMIOHeHTa. B nunmaaprdeckom turie (Puc.1A)
HaJl MOHOKpPHUCTa/UTHYECKoW 3atpaBkoi (1) wu3
AISb nomernaercst npeaBapuUTENEHO M3rOTOBIICH-
HBII MaKpOOTHOPOJHBIN CTEPKEHb TBEPIOTO pac-
tBopa InSh-AISb (2) 3amanHoro cocrasa [10].
Harpesarenem (3) (Puc.1B) mpoBomutcs pac-
IUIaBJIEHUE HAYaJIbHOW YacTH CTEPXKHS Haja 3a-
TpaBkoi. Ilo wucTeyennn cTaOUIM3ALMOHHOTO
BpPEMEHH BKJIIOYACTCS MEXaHW3M IepeMeleHHs
HarpeBarellsi BBEPX OTHOCHTEIILHO HarpeBartels,

70



mailto:zangi@physics.ab.az

MOJIEJIMPOBAHUE BJIASHUS JIUIMHBI 30HBI PACIIJIABA HA KOHLIEHTPALIMOHHBIM [TPODUIIb........

KOTOPBIil MPUBOJUT K CMELICHHUIO PacIUIaBICHHON
30HBI (4) BBEpX BIOJIb CIUTKAa. B TeueHue Bcero
uKIIa nepexkpuctaumsanun ciautka (5) (Puc.1C),
JUTMHA PACIUIABJICHHOM 30HbI (Z) MO ICP)KHUBACTCS
MOCTOSTHHOM 710 00pa30BaHMs KOHCYHOM 30HBI (6).

Puc.1

KOH]_IeHTyaJ'ILHaﬂ CXEMa BbIpallliBaHUs MOHOKPHUCTATI-
708 InSh-AlSh MeTooM 30HHO# TTepeKpUCTATLTH3AITIN
¢ ucrnonbk3oBanreM AlSh zatpasku.

3ajady aKCHAIbHOTO KOHIIEHTPALMIOHHOTO
pacripeieieHisl KOMITIOHEHTOB B KprcTawie InSh-
AISb, BbIpalieHHOM METOIOM 30HHOH ILIaBKH,
pemiany B 1paHHOBCKOM TPHUOIMKESHUU TIPU BbI-
TIOJTHEHWH clieyronmx yciosuii [3,10]: Ha dpon-
T€ KpUCTAUIM3AIMK Kuakas U TBEpAas (assl
HAXOJIITCSI B PaBHOBECHH, COTJIACHO JUArpaMme
COCTOSIHUSI CUCTEMBI; CKOPOCTH TU(Py3ur MoJe-
kya InSb u AISb B pacriasienHoi 30He mocTa-
TOYHO BBICOKM U OOECIEUYMBAIOT PAaBHOMEPHOCTD
cocTaBa 10 BceMy 00bEMY paciuiaBa; Aupdy3ust
000MX KOMIIOHEHTOB B TBEpIOHN (haze mpeHedpe-
XUMO Mana; koddduimenTsl cerperammu INSh u
AISb u3MeHSIOTCS ¢ COCTaBOM paciuiaBa B COOT-
BETCTBUU C JuarpaMMor (a3oBOTO COCTOSIHUS
CUCTEMBI; (DPOHT KPUCTAJUTU3ALUH TUIOCKUIL; CO-
CTaB HAYaJIHbHOTO TOJMKPHCTAIINYECKOTO CITUTKA
MAaKpOCKOITUUECKHU OJTHOPOJIEH.

Beeném crnemyronmme o6o3nauenust: Ce, Ci,
Cm - KOHIIEHTparmu (JOJIM) MOJEKYII BTOpPOTO
komroHeHTa (AISb) B kpucramie, Hav4aTbHOM
CIIUTKE M PAcIUIaBe, COOTBETCTBEHHO; C .- KOH-

LIEHTpAlMsl BTOPOrO KOMITOHEHTA B PACILIABIICH-
HOM 30HE B Ha4abHBIH MOMeHT, C — oOliee Ko-
JIMYECTBO BTOPOTO0 KOMITOHEHTA B PACILIaBE; V”? u

V,,- 00bEMBI pacIIaBIeHHON 30HbI B HauaJIbHBII
U TeKyIIuii MOMeHThI; V, — 00béM cmrka InSh-

AISb, pacruiaBstroIuiics B €IMHHIYY BPEMCHHU,
V, — 00BbEM paciuiaBa KpHCTAILTU3UPYIOIIHIICS B

enuHuIly Bpemenu; L, ¢, u Z — JyIMHBI Ha4aIbHO-
TO CIIMTKA, IEPEKPUCTAIUIN30BAHHON YaCTH CIIHT-
Ka W pacIUIaBIICHHOW 30HBI, COOTBETCTBEHHO;
K =C,/C,, — paBHOBecHbII K03(dHIMeHT ce-

rperauuu AlSD.

B pamkax mpuHSATBIX 00O3HAYEHUH NpH
YCJIOBHMH IIOCTOSIHCTBA CKOPOCTH KPUCTAJUTU3ALIH
pacriaBa IMeeM:

C, =V£’ d((j:tm - Lmv_zv"‘c Vo =V = (v, -Vt (1)

m

I1o ycroBHIO 3a1a4u cuMTaeM, 49To JI0 00pa-
30BaHUs] KOHEYHOW pAaCIUIaBIEHHOM 30HBI IMapa-
Mmetpbl Z 1 Vi, Kak ¥ V¢ He 3aBUCAT OT BPEMEHHU.
Torna Ha y4JacTke ciauTka JuiMHOM L-Z ot 3aTpas-
ki (Puc.1C) B mporiecce 30HHO# TepeKPUCTAILIN-
3allUM CIIPABEJIUBBI CIIETYIOIINE COOTHOIICHUS:

V. =V’ Cc’=C, C=V.C,K+VC.. (2

[Toncrasmnss (2) B (1), moce psima mpeodpa-
30BaHMI U HHTETPUPOBAHHUS, IMEEM:
C
fdC
[ ©)

|
Co-C. K Z

Cn

C yuérom pasencrBaK =C_/C,, , ypaBHe-

HUe (3) ompenenser A0JEBOM COCTaB KOMIIOHEH-
TOB IO JUIMHE PACTYILLETO KPHUCTAUIa HAa y4acTKe
or /=0 mo ¢/ =L-Z.

Ha xoHeyHOM yudacTke ¢ MOMeHTa 00pa3o-
BaHUsl (PMHAILHOW pacIUIaBJIEHHON 30HBI JUTMHON
Z napamertp V, =0, u Torna, UCHOINIb3ys MPHHSITHIE

BbIIIIE 0003HAYEHMSI, IMEEM:
V.=V -Vt,V, =V, ,C=-V,C K.@4

IToncrasmsis (4) Bo BTopoe ypaBHeHue B (1),
nocyie MpeoOpa3oBaHUil U UHTETPUPOBAHUS TTOJTY-
YHUM:
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CIT\

J

Cn

dc, A

Co-C,k V) -Vt

37eCh C,?] KOHIIGHTpaIMs BTOPOro KOMITOHEHTa B
KOHEYHOM PAaCIUIaBIICHHOW 30HE JUIMHON Z U 00b-
émom V°. OGO3HAUMB OO 3aKPUCTAILTA30BAB-

mieitcst unambHoi 30mb1 - V. t/V° cumBonom
3amnuIeM ypaBHeHue (5) B CIeIyroIeM BUIE:

Ca

dc
—1l-exp| - [—2m |,
A CImch—(:m

(©6)

Pemenne unterpasios B (3) u (6) tpedyer
3HAHWS AHAJMTUYECKOH 3aBUCUMOCTH KO3 dHuIm-
eHTa cerperaiuu Broporo kommnonenrta (K) ot co-
craa paciuiaBa (Cm). Ongnako 3Havenus K, omnpe-
JelE€HHbIE U3 TMarpaMMbl PaBHOBECHOTO (ha3oBo-
ro cocrosgaus cucreMsl INSh-AISb, moxaseiBaror
CIIOKHBIA XapakTep W3MEHEHHUs! 3TOTrO Mapamerpa
oT 3HaueHus ~70 10 1 B 3aBUCHMOCTH OT cOCTaBa
pacIiaBa U He TOAJAIOTCS AaHATUTUYECKOMY OIH-
CaHHIO.

B paccmatprBaeMoM ciiydae 3HauY€HUSI MH-
TerpasioB B (3) u (6) BEIYUCISIIA YUCICHHBIM Me-
tomoM [3,10]. IIpr 3TOM HEOOXOMMBIC 3HAYCHHS
K B cooTBeTCTBYIOIIEM MHTEPBAJIE KOHLICHTPALAN
KOMITOHEHT B paclllaBe BBIYMCISUTUCH MO COMps-
KEHHBIM BEJIMYMHAM KPHBBIX JIMKBHUIYCA U COJH-
Jyca TuarpaMMBbl COCTOSTHHSI CUCTEMBI.

Ha Puc.2 npencraBneHsl XapakTepHbIe KpU-
Bbl€ KOHLIEHTPALMOHHBIX NpoQuiIell KOMIIOHEH-
ToB B Kpucrauiax InSb-AlSb, paccunranubie n3
ypaBHeHU# (3) U (6) YMCICHHBIM METOMOM, JUIs
YeThIpEX pa3IMyHbIX 3HaueHuil Z. B pacuérax
CTapTOBBI COCTAB BCEX HMCXOIHBIX MaKPOOJHO-
POIHBIX CJIMTKOB NPUHAT paBHbIM INos AlosSh.
Kak BHIHO W3 3TOro pHCYHKa, ONEPALMOHHBINA
napameTp Z CyIIECTBEHHO BIIHMSET Ha Iepepac-
npeJiesieHle KOMIIOHEHTOB MPH 30HHOM NepeKpu-
CTAJUTH3AIMK UCXOaHOTO crepskHst INSh-AlSh 3a-
JAHHOTO cocTaBa. [Ipum 3TOM UIMHBI Kak OAHO-

1. B.C.3emckos, B.b.JIazapeB. Teéposie pacmeopol
68 NOAYNpPoBOOHUKo8bIX  cucmemax, Hayxa,
Mocksa, (1978)197.

2. T.A.Campbell, M.Schweizer, P.Dold et al.. Float

zone growth and characterization of Gel-xSix

POIHOM, TaK U HEOJHOPOJHOM IO COCTaBY YacTei
KpHUCTaJUIa ONPECIIAIOTCS IIMPUHOM pacIiaBlieH-
HOI 30HEI.

CeMeiCTBO KpPUBBIX, NPEACTABICHHBIX Ha
Puc.2, HarmsimHO IEMOHCTPHUPYET MOTEHITHAT Ma-
TEMAaTUYECKOr0 MOJICIMPOBAHUS JIJIsl OTIpesesie-
HUSl ONTUMAJIBHBIX TEXHOJOTUYCCKUX OIepaIiy-
OHHBIX TMAPaMETPOB ISl BHIPAIUBAHUS KPHCTAI-
70B TBEPABIX pactBopoB INSh-AISh ¢ 3amanHBIM
OJTHOPO/IHBIM M TIEPEMEHHBIM COCTABAMH.

100 =
=0

60

40 e

mol." AlISh

||
20 F IRE 2 |

/L
Puc.2

AkcHanbHOE KOHIICHTparoHHoe pactpenenctue AlSh
B MoHOKpHcTamiax InSh-AlISh, Beipanienssix mMeto-
JIOM 30HHO# MTABKU M3 HCXOMHOTO CIUTKA INgs Alg.4Sh.
Jymna 30Hs1 paciuiasa: (1) — Z=L/10, (2) — Z=L/5, (3)
—Z=L/2, (4) — Z=L. nuna ncxomuoro ciautka — L.

Pesromupysi  BBIIEU3I0KEHHOE, MOXXHO
KOHCTAaTUpOBaTh clexyroniee. Marematnueckoe
MOJIETIUPOBAHUE aKCHUAJIBHOTO  pacIipeeeHus
KOMIIOHEHTOB B Kpuctawiax InSb-AlSb, eipa-
IIEHHBIX METOZIOM 30HHOM INMepeKpHCTaIUTU3aLUH,
BBIIIOJIHEHHOE € YYETOM CJIOKHOTO XapakTepa M3-
MeHeHUs1 Kod(puimeHTa cerperaiu KOMIIOHEH-
TOB C COCTaBOM pacIulaBa, Ja€T BO3MOXKHOCTB
MPOU3BECTH OLIEHKY ONTHUMAJIbHBIX TE€XHOJIOTHYE-
CKMX MapaMeTpoB (JJIMHA PACIlIaBICHHOM 30HbI U
MCXO/IHBI COCTaB CIUTKA) Ul TOJIy4EHUsI KpH-
CTAZIOB TBEPABIX PAcTBOPOB C 3aJaHHBIM KOH-
LEHTPALMOHHBIM PO(UIIEM KOMIIOHEHTOB.

(x<10 at%)single crystals, J. Crystal Growth,
226 (2001) 231-237.

G.Kh.Azhdarov, T.Kucukomeroglu, A.Varilci et
al.. Distribution of components in Ge-Si bulk
single crystals grown under continuous feeding
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ORINTi ZOLAQ USULU iL® ALINAN InSb-AlSb BORK MOHLULLARINDA KOMPONENTLORIN KONSEN-

TRASION PROFILIN® ZOLAQ UZUNLUQUNUN TOSIRINiN MODELLOSDIRILMOSi

Z.M.ZOHROBOYOVA, V.K.KAZIMOVA, V.V.MiR-BAGIROV, H.X.9JDOROV

Orinti zolaq tisulu ilo, AISb maya kristallindan istifads etmokls, alman InSb-AlSb bark mohlullarinda komponentlorin

konsentrasion paylanma mosoalasi bir-6lgiilii ¢argivads Pfann yaxinlagsmasinda holl edilib. Gostorilib ki arinti zolagin
uzunlugunun dayismasi ila InSb-AlSb kristallarinda komponentlorin aksial konsentrasion paylanmasi genis car¢ivods idars edilo
bilor. Alinan naticalorin analizi verilmis bircinsli vo doyison torkibli InSb-AlSb bark mohlull kristallarinin alinmasinin optimal
texnoloji parametrlorini toyin edir.

MODELING OF AMOLTEN ZONE LENGTH INFLUENCE ON THE CONSENTRATION PROFILE IN InSb-
AlISb SOLIDE SOLUTIONS GROWN BU THE ZONE LEVELLING METHOD

ZM.ZAKHRABEKOVA, V.K. KYAZIMOVA, V.V.MIR-BAGIROV, G.Kh.AZHDAROV

A one-dimensional problem of components concentration distribution in InSh-AlISb solid-solutions, grown by the zone
levelling method using AlSh-seed crystal, has been solved in Pfann aproximation. It has been shown that an axial consentration
profile of the components in InSh-AISb crystals grown by the zone levelling method can be controlled in a wide range by chang-
ing of the molten zone length. Optimum technological parameters in preparing InSh-AISb crystals with desired uniform and
graded compositions have been defined analysing of the obtained results.

Penakrop: akan. Jx. AGauHOB
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PE®EPAT

KoMmruiekcHpIME MeToJiaMi  (DH3UKO-XMMUYECKOTO aHaIM3a HC-
crenoBanbl cruiaBbl cucteMsl T1GaTex-Te u TlinTe,-Te, B koTo-
PbIX OOHapy)keHa 00JacTh PaCTBOPHMOCTH TEJLTYpa, JTOXOJISIIAst
no 5,0ar.%. WccnenoBanbl TeMIiepaTypHble 3aBUCHUMOCTH Tapa-
METpPOB pELIeTKH M BIIEKTPONPOBOJHOCTH MOHOKPHCTAIIOB
TIGaTessx u TlinTexsx. B TBepmpix pactBopax TlGaTer:x,
TlinTezsx oOHapyXKeH W HWHTEPIPETUPOBAH (Pa30BbIN MEPEXOJ
npu Temueparype 498K.

BBEJIEHUE

TIGaTez u TlInTe, sBisroTCS TIpeACTaBUTE-
JSIMH  KJIacca TPOWHBIX COCAMHEHUH  THIIA
A3B3C%, (rme A-TI; B-Ga, In; C-S,Se,Te), kpu-
CTAUIM3YIONMXCS B TETParOHAILHONW CHHTOHUM
(ctpykrypHsbii Tun TISe, nip. rp. 14/mcm), u ume-
0T CIeNyIoNHe KpUcTauiorpaduiyeckue rnapa-
metpel: a=8,429A; c=6,865A; c/a=1,227; Z=4;
d=7,21qg/sm® u a=8,494A; c¢=7,181A; c/a=0,845;
Z=4; d=7,360/sm® [1], cootBercTBeHHO. XuMUJe-
CKasl CBf3b B KpHCTautax coemuHeHust TlGaTer
UMeeT MOHHO-KOBAICHTHBIN xapakrep [2]. Kpu-
CTLIBI 3THX COEIMHEHHH SIBISIETCS YCTONUYHMBBI-
MH Ha BO3JyXe M OOJIQJal0T KOHTPYIHTHBIM Xa-
PaKTepOM IUIABIICHHS, TEMIIEpaTypa IUIaBICHHS
cocraBisier 1046K mua TlGaTe, u 1045K ms
TlIinTez [2, 3].

Kpucramst coenumennii A’BCS; ssrsorcs
ne(eKTHBIMU, KOHIIEHTpAIMs Je(EeKTOB B HHUX
cocrapmster ~1018+10%%m3 [4]. DnexTpodmsmye-
ckue cBoiictBa kpucramios A°B3CS; spmsrorcs
YyBCTBUTEILHBIMH K MPHCYTCTBHIO Pa3HOTO pojia
ne(eKToB (BakaHCUH, BHEIPEHHbIC aTOMBI U T.1.).
B cBsizu ¢ obHapyxeHreM B kpuctauiax T1GaTe;

u TlInTe, voHHOM MPOBOAMMOCTH PU TEMIIEpa-
typax Bbie 300K [5-8] wccnenoBanus BIUsSHUSA
pa3HOro poza mpuMecell Ha ANEKTPOPU3UIECKUE
CBOICTBA SIBIISIIOTCS AKTyaIbHBIMU.

OU3NKO-XUMUYECKUE HCCIIEOBAaHUS TTOKa-
3aymm, uto coemuuenus ASB3C, pactsopsror B ce-
0e CBEpPXCTEXMOMETPUUECKOE KOJIMYECTBO Xajlb-
koreros [9-10].

B pesynbrare uccnenoBaHusi (h)parMeHTOB
muarpamm coctostaust T1S-S, TlSe-Se, a Ttaxxe
TlInSez-Se, ObLIO MOKAa3aHO, YTO HA OCHOBE CO-
emuuenuit TIS, TISe u TlInSe2 umeercs obnacts
PacTBOPUMOCTH COOTBETCTBYIOIINX XaJIbKOT€HOB
B KosmuecTBe 110 5,0at.%. bbuio Takke nokasaHo,
YTO W30BITOYHOE KOJMYECTBO PACTBOPEHHOIO
XaIbKOTeHA TPUBOAUT K CTPYKTYPHBIM (ha30BbIM
npesparieHusim [9-11].

PactBopuMOCTh Temmypa B KpHCTaIax
TIGaTez u B TlINTe2 10 HACTOSIIIETO BPEMEHH HE
UCCIIeIOBaHa, B TO )K€ BpEMsl OHa IPE/ICTaBIISIET,
KaK Hay4HbIH, TaK U PAKTHYECKUI HHTEPEC.

B Hacrosmelt pabote mpencTaBieHbI pe-
3yJBTaThl KOMIDIEKCHOTO (PU3HUKO-XUMHYIECKOTO
uccienoBanus cruiaBoB cucreMbl T1GaTex-Te u
TlInTe>-Te co cTOpOHBI TPOMHBIX COETMHEHUH, a
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TaKXKe SJIEKTPUYECKUX CBOWCTB OOHApyKEHHBIX
TBEP/IbIX PACTBOPOB.

METOIUKA SKCIIEPUMEHTA

CruiaBel cuctembl TIGaTex-Te u TlnTep-
Te ObLH cUHTE3UpOBaHbI ¢ UHTEpBaIOM 1,0a1.% B
BaKyyMHpPOBaHHbIX KBapLEBbIX cocynax Cremna-
HOBA C HUCIIOJIb30BAHUEM METO/a MPSMOI0 OIHO-
TEMIIEpaTypHOro CHHTE3a. B KauecTBe MCXOIHBIX
KOMITOHEHTOB HCIOJIB30BATUCH TTOJUKPUCTAILTH-
yeckue T1GaTey, TlinTe, u Temwtyp. Temmeparypa
B neun noauuManack 10 T=1150K co ckopocThio
~150K/4ac, BbIIEpKMBaNiach TMPH ITOW TeMIiepa-
Type 2 yaca, [ocjie 4ero CHIKaaach J0 KOMHar-
HOM co ckopocteio ~100K/gac. st cHwkeHHs
BEPOATHOCTH OOpa30BaHUS MOP KPUCTALTM3AIMSA
CIUIaBOB OCYILECTBIISUIACh C NPUMEHEHUEM BUO-
patmu ¢ yacroto S0l 3areM cIuiaBbl OTXKHra-
muck nipu T=470+5K B TeueHue AByX HEAENb 10
HACTYIUICHUS] PABHOBECHOTO COCTOSIHMS, YCTaHAB-
JIMBAaEMOT0 peHTreHo(]a3oBeIM aHaIM30M. Ymncro-
Ta 3JIEMEHTOB, HCIHOJB30BAHHBIX B HKCIICPUMEH-
Tax, cocraBisuia He MeHee 99,999% ocHOBHOIO
BEILIECTBA.

CrnaBel  OBUTM  MCCIIEIOBAHBI  METOAAMU
mdpepennmanbHo-Tepmuueckoro (JTA), peHT-
reHoazoBoro (PDPA) u MHUKPOCTPYKTYpPHOTO
(MCA) ananu3oB.

JATA Obu1 mpoBefieH Ha HHU3KOYACTOTHOM
tepMorpadudeckom peructpatope HTP-75 B un-
tepBasie Temneparyp 293+1080K, cHumanuch
KpUBbIE HarpeBa W oxJjaxaeHus. IlorpemHocts
M3MepeHusl TeMmeparypbl He mpesbimana +1K.
JInst peructpanuy TeruoBbIX 3()(HEKTOB ¢ MaIbIMU
3HAUEHUSIMUA BETWYMH ObUT MCIIONB30BaH MPUOOp
«Perkin Elmer STA 6000», umeronmii Kanopu-
METPUYECKYI0 TOYHOCTh +2%. OKCIEPUMEHTBI
NPOBOIWJIMCH B HWHTEpBaJie  TEMIIEpaTyp
293+670K B armocgepe aprosa.

Pentrenogas3oBblii aHaMM3 CIUIaBOB CHUCTE-
MBI TIPOBEJIEH Ha TIIATEJIBHO PACTEPTHIX MOPOIL-
Kax Tocjie BAKyyMHOI'O TOMOT€HHU3UPYIOLIETO OT-
xwura. JludpakrorpaMMbl UCCIEAYEMBIX CILIABOB
uccenoBaMch Ha ycraHoBke «XRD D8 AD-
VANCE» c ucnonszoBannem CuK, m3myuenus B
MHTEpBaJe yrioB 4°<0<35° mpu MoCTOSIHHOM pe-
xuMe cheMKH (Tok 40MA, HanpshkeHHe Ha TpyOKe

40xB). TemmeparypHble 3aBHCUMOCTH 3HAUCHUMN
[IapaMeTPOB AIEMEHTAPHOU SYEHUKU TBEPIBIX pac-
TBOPOB UCCJIEOBAIIMCH B TEMIIEPATyPHOM HHTEp-
Basie 300+900K ¢ uCII0Ib30BaHUEM BBICOKOTEM-
nepatypHoii kamepbl ycraHoBku «XRD D8 AD-
VANCEY. IlorpemHocts Tpy ONpeesieHu  T1a-
pameTpoB coctasisiia = 0,001A.

MCA ocymecTBIsUICS ¢ IOMOILBIO MeETajl-
norpaduueckoro Mukpockona MMP—4 nipu yBe-
maennsx 150300, B kauecTBe TpaBUTENS HC-
MOJIb30BAICS  pa30aBlICHHbIM BOJHBIN pacTBOp
K2Cr207 + H2SOy4, BpeMst TpaBiieHUsI COCTABIISIIO
1+2 mMuH.

VY AenbHbI BeC MCCIIEAYeMbIX 00pasIloB W3-
MepsUTd TTMKHOMETprUecku meromoMm [12]. s
ATOTO HUCMOJIL30BATUCH MUKHOMETPHI ¢ 00beMaMu
Scv®. B KauecTBe HAMONHUTENS HCHOMb30BANICH
TOJTYOJI MApKH «UJIa».

DNEKTPOIPOBOIHOCTE 00pa3lloB MOHOKPH-
cTajuioB uccieqoBaiack Ha yactore 100kl 11 B uH-
tepBasie Temneparyp 300-600K. HccnenoBanus
MPOBOJIMIINCE LU(PPOBBIM HU3MEPHUTEIIEM HMMHU-
TaHca Mapku E7-25M B nByx kpuctauiorpadude-
ckux HanpasieHusx (001, 110). B kauecTse 3mek-
TPUYECKUX KOHTAKTOB HCIOJIL30BAIACH CepeOpsi-
Hag macta. HampspkeHHOCTh MPHIIOKEHHOTO K
KpHUCTAJUIaM 3JICKTPHUUYECKOTO TIOJIsI COOTBETCTBO-
BaJla OMHYECKOM 00JacTH BOJBT-aMIIEPHOM Xa-
PaKTEpUCTHUKH U HE TipeBbImaia 1B.

PE3VJIBTATBHI 1 UX OBCYXJIEHUE

@parMeHThl  (Pa30BBIX MArpamMM CHCTEM
TIGaTex-Te u TlinTez-Te co CTOPOHBI TPOMHBIX
COCJIMHEHMIA, TOCTPOCHHBIX Ha OCHOBE pPe3yIIbTa-
toB JTA, POA u MCA, mnpuBeneHol Ha
Puc.1(a,6). Kak BumHO U3 pHcyHKa, HA OCHOBE
Tpoiinbix coenunenuii TIGaTez u TlnTe; cyrue-
CTBYET pacTBOpuMOCTh 5,0at.% Te.

Cornacno pesynsratam MCA, cruiaBbl cu-
crembl T1GaTex-Te u TlinTe,-Te ¢ KoHIIGHTpAIH-
et 1,05,0ar.%Te sBistorcst omHOa3HBIMU U
NPENICTABISIIOT ~ COOOM  -TBEpIBIE  PACTBOPHI
TIGaTexx u TlInTeosx (Puc.2.1). Kak BumHO 13
Puc.2, HecMOTpst Ha MprUMeHeHHe BUOpaluu Mpu
KPUCTAJUTM3ALMU CIUIaBOB, OHU OKAa3allCh MOpPU-
crbiMu. Crienipl BTOpoit (pasbl ObUTH 0OHApYKEHbI
B CIUTaBax ¢ KOHIeHTpaiyeil Te Boie 6,0at.%.
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Puc.1
@parmenTsl (azoBbix quarpamm T1GaTe; —Te (a) u TlnTey-Te (6) B obmactu kortentpanyii 0+10,0at.%Te.
Ha yuactke koHnenTpanwii 5,0+8,0at.% Te ogHOda3HBIE COCTOSHNMS CIIIABOB OTMEUCHBI OCTIBIMH KpyTraMH,
IBYX(a3HbIC YePHBIMIL

Puc.2
MukpocTtpykTypa cruiaBo cucteMm T1GaTe,-Te: 1 - 5,0at.%Te, 2 - 7,0at.%Te (150%) u TlinTe,—Te:
3 - 4,0at.%Te(250%), 4- 5,0at.%Te (150%), 5-7,0at.%Te (250%).
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Jlns ompeneneHust JIMHUM COJIbBYCa B CH-
CTEMaX, CIUIABbI C KOHLIEHTpauusamMu 5,0+9,0atr.%Te
ObUTM OTOXOKEHBI mpH Temmeparypax 373K wu
450K B TeueHue ABYX HEMENb, 3aT€M ObLIM 3aKa-
neHbl. JIuHUS compByca B quarpamme Obuia Mo-
crpoeHa mo pesynbtaraM MCA  3aKajeHHBIX
CILIaBOB.

Ha xpuBBIX HarpeBa Ha TepMOIrpaMMax
criaBoB ¢ koHreHtparmed 3,0+10,0ar.%Te Obut
OOHapyXXEeH TMPOUCXOMISAIINN B TBEpHOi (hase H-
notepmuuecknii  3dpdexkr mpu  TemrepaTrype
498+1K. TIpuuem, st crutaBoB cucteM T1GaTer-
Te u TlInTex-Te ¢ konnenTparweit 3,0+-10,0ar.%Te
5TOT 3(pQPEKT HMeN MPAKTUIECKH OAWHAKOBYIO
Temrieparypy. Paccuuransblii TermioBod 3ddext
(a30BOro TpEBpaICHUsT Ui CIUIaBa CHUCTEMBI
TIGaTex-Te ¢ kouuentparmeii Temwtypa 4,0at.%
cocraBmn AH=20,46xan/monb (85,6/x/Monb). Ha
KPHBBIX OXJIKACHHS 3TOT 3 deKT HaOmoIaIcs B
BUJIC 3K30TepPMHUUECKOro d(dekra, CMEIIeHHOTO
BHH3 I10 TEMIIEPATypPHOM IKajie Ha 3+5 TpagycoB.
[Ipouecc, mnporekarolii B CIUlaBaX CHUCTEM
TIGaTe-Te u TlInTez-Te npu Temneparype 498K
MOXET OBITh MHTEPIPETHPOBAH KaK TEPUTEKTO-
WJIHOE TIPEBpAILICHHE O-TBEPJIOTO PACTBOpa:

o< o'+ p.

PDA Obu1 mpoBeseH Ha CIUIaBaX CHCTEM
TIGaTez-Te u TlIinTe-Te ¢ koHuenTpanusamu 3,0;
4,0 u 5,0ar.% Te. Pesynprarel POA mokazanm,
YTO C MOBBIIICHUEM KOHIIEHTPALMK 1€ B COCTaBe
O-TBEPIBIX PACTBOPOB 3HAUCHUS IAPAMETPOB
AIIEMEHTAPHOM STYEHKN MEHSIOTCS HE3HAUUTENBHO.
Jns crinaa ¢ coneprkanueM 5,0ar.% e napamer-
PBI PIIEMEHTAPHON SUEHKHU, PACCUMTaHHBIE 0 pe-
¢dnexcam ¢ urnexcamu 004, 006 u 400, cocrass-
tor: i T1GaTezo a=8,476A, c=6,985A, a msa
TlInTezs a=8,482A, ¢=7,192A. Kak BugHO 13
3HAUEHUI MapaMeTpoB, MPU MPAKTHUECKU OIUHA-
KOBBIX C WICXOIHBIMH 3HAUCHHUSMH IapameTpa a
3aMeTHOE yBEJIMYEHHE MTPOUCXOIUT IO OCH C.

N3mepenre NMKHOMETPUYECKOM IIJIOTHOCTH
00pa31IoB MOKA3aI0 YBEMUCHUE 3HAUYCHUS yIETh-
HOro Beca mpuMepHo Ha 1,4% s craBa
TIGaTez0s 1 1,3% myst crmasa TlnTep,os.

s viccrieioBanyst IPUPOIBI TBEPAO(ha3HO-
ro TpEeBpaIlleHUs, TPOUCXOAAIIETO B CJaBax
TIGaTez ipu Temmeparype 498K, cruia ¢ KoH-
uentpareii 4,0at.%7Te (TIGaTez0s) MeTOZIOM Ha-

MPaBJICHHON KPUCTAUIM3alMK ObUT BBIpAILlEH B
BHUJIe MOHOKpHcTawia. IloporikoBbie mudpakro-
rpaMmbl ObUIM MCCIIEIOBAaHBI Ha JU(paKToMeTpe
D8 ADVANCE B TemmeparypHOM HHTEpBaje
300-1000K. AnHamu3 MOJIy4EHHBIX PE3yIbTaTOB
[oKasai, 4ro B uHrepBaiie temueparyp 300+1000K
Ha audpakrorpammax oopasma TlGaTezos obpa-
30BaHKE HOBBIX peduiekcoB He HaOmomaercs. Ha
midpakTorpaMmMax HaOIOAATMCh CMEILCHUS pe-
(riekcoB B pe3ysbTaTe TEIUIOBOTO PACIIMPEHHS
KPUCTAUTUYECKON PELIETKH.

Ha Puc.3 npuBeneHs! TemnepaTypHble 3aBU-
CHMOCTH IIapaMeTpoB &, C JIEMEHTApHON SUCHKU
kpucrawioB TlGaTe, u TIGaTez o4, onpenenieHHbIC
U3 MOPOIIKOBBIX qudpakTorpamMm. Kak BHIHO U3
Puc.3 (1,2), remneparypHble 3aBUCUMOCTH Iapa-
MmetpoB a, C TlGaTe; mpeacraiusror coOoi -
HEWHBIE 3aBUCUMOCTH C JIByMsl IPSMOJIMHEHHBI-
Mu yuactkamu: B 3aBucumoct a(T) - 300+375K
u 375+1000K, a B 3aBucumoctu ¢(T) - 300+385K
u 385+1000K.

Puc.3

TemneparypHble 3aBUCHMOCTH I1apaMETPOB
KpUCTAIUTHYECKO# stueiiku a u ¢ TIGaTe,
(xpuBsbie 1, 2)u TIGaTey o1 (kpuBbie 3, 4) B
urTepiaine 300+-1000K: a-1,3; c—24.

I TlGaTezps HaOMIOmArOTCS AHAIOTHMY-
HBIE 3aBUCHMOCTH C 00JIee PE3KUM, TT0 CPABHEHHIO
¢ TIGaTe,, n3meHeHneM 3HAYCHHIA TTAPAMETPOB
u ¢ (Puc.3, 3-4). [lonoOGHOe TOBeeHUE TTapaMeT-
POB @ M ¢ CBUICTEIHCTBYET O HAMYHUHU (Pa30OBBIX
nepexonioB B T1GaTez u TIGaTez04 B MHTEpBaaX
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temneparyp 370-385K wu 498+505K, cootBert-
CTBEHHO.

Heo0xoaMMo OTMETHTh, YTO TeMIieparypa
@I1 B kpucraiuie cocraBa TIGaTer s Bbillle, 4eM B
ucxomaHoM kpucraie. CpaBHeHHE KpUBBIX 3 U 4
nokasazno, uro nociae OII repmuyeckoe pacmm-
pEHHE KPUCTaJlIa 3aMETHO YCKOPSIETCS TIO OCH d.

OnekTpodusryecKre MCCIeOBaHus, IPo-
BelicHHBIE 1 KpucTtauioB T1GaTe; panee, BbI-
SIBUJIM HaJIM4uKMe B HUX MOHHOM, a Bbie 300K cy-
NepuoHHOW TpoBoauMOCTH. COrIacHO JTaHHBIM
[5-7], mepexon B CyleprHOHHOE COCTOSIHHE COIPO-
BOX/IACTCSl aHOMAITEH B BHJIE CKauKa IPOBOJIH-
MoctH B 3aBucuMoct o(T). Habmonaemas Bbiiie
temreparypbl 300K B kpucrauiax TlGaTe, aHo-
MaJIbHO BBICOKasl POBOIMMOCTD, 10 MHEHHIO [7],
00yCJIOBJIGHa ~ Pa3ymlopsIoYCHHEM  KaTHOHHOW
MOZIPEIICTKU TAJUTHS W, KaK pe3yJbTar, CKaYKOM
MOHHOHM MPOBOMMOCTH. Pasynopsimouenue, mpo-
UCXOJIAIee B OJJHOW M3 TIOJPEIIETOK KpHCTalIa
NPH «KPUTHYECKOH TeMIIepaTrype», SBISETCS Xa-
PAKTEpHBIM 1711 CYIIEPUOHHBIX IIPOBOIHUKOB [ 13-
15].

Hownsr TI" B kpucraimax TIGaTe, u TlInTe,
PAacCIIONIOKEHbI BHYTPA TOMCOHOBCKUX KYOOB, CBSI-
31 TI™-Te HOCAT HOHHO-KOBAJIICHTHBIN XapakTep
MMEIOT HU3KHME 3HAYEHHs SHEpruu cBsi3u [2,16].
Hownsl Tasms B crpykrype T1GaTez u TlinTe:
PAaCIIONIOKEHBI TaK, YTO MEKITY HUMHU B CTPYKTYpE
MMEIOTCS OKTa3/IpUUECKUE ITYCTOTHL.

Bo3M0kHO, 4TO B IOJpEIIETKE TAIUS KpU-
craiwioB TIGaTez u TlINTez u u3-3a HU3KO3HEpre-
THYECKUX XapakTepUCTHK cBsizell TI™-Te mpu mo-
CTH)KEHUH «KPUTUYECKON TeMIIepaTypbl» MPOUC-
XOJIUT «IUIABJICHUE» TofipenieTku Tayums [13-15].
Hpyras nojperieTka, oOpa3oBaHHas MOHAMH HH-
TV ¥ TEJUTYPa, COXPAHSIET TIPU STOM <GKECTKOCTB)
U, TEM caMblM, OOECTEUMBAECT MEXaHUYECKYIO
MPOYHOCTH KPUCTAJIIA, KAK LIEIIOTO.

BeposiTHee Bcero, HaOmopaeMoe B CHCTe-
max TlGaTex-Te u TlinTex-Te meputekToHIHOE
NPEBPAIIIEHNE 0-TBEPJIOTO PAcTBOPA, MPOUCXOJIS-
11ee Mpu oiHOM U Toi ke Temneparype (T=498K),
CBSI3aHO MMEHHO C <dUIaBJICHUEM» (pazynopsmio-
YeHHEeM) TTOAPENICTKN TN U TIEPEXOA0M KpH-
cTajula B MOHHO-TIPOBOJsIIEE (CYIIEPHOHHOE) CO-
crosare. Cormacuo Puc.3 B TIGaTe, mporece
PazymnopsA0YeHHs IPOUCXOAUT B UHTEPBAJIE TEM-

nepatyp 370+-385K, a B TIGaTez0s — B HTEpBaAjE
498+505K.

Jlnst MoHOKpHCTa/utoB coctaBoB T1GaTe0s
u TlinTez4 B kpucrasuorpaMuecKix Harpasiie-
ausix (110) u (001) GbuTH MCCIEIOBAaHBI TEMIIEPA-
TYpHBIE 3aBUCHMOCTHU 3IeKTporpoBogHocTd 6(T)
B TemrieparypHom untepsaie 300+600K. Pe3yb-
TaThl 3TUX UCCIIE0BaHUI puBeeHbI Ha Puc. 4.

Kak BumHo m3 Puc.4a, Ha TemrieparypHbIX
3aBUCHUMOCTsIX 3JekrpornpoBogHoctu o(T) kpu-
crauioB TlGaTe; B xpucrayutorpadguveckux Harm-
pasienusx (001) u (110) umerorcs ckauku 1poBo-
JMMOCTH B CYIEPUOHHYIO a3y, IpHYeM B Kpu-
crajutorpaguueckom Hanpasiernu (001) mporece
repexo/1a MPOUCXOIUT Mpu Oosiee HU3KOM TeMIle-
parype, yem B HampasieHuu (110). B nampasie-
Hur (001) BemuuMHA W3MEHEHHS IMPOBOAMMOCTH
cocraBisieT 0ojiee, 4eM TpH HOopsaKa.

Ha 3aBucumoctsix o(T) kpucramia TIGaTezo
nepexo]] Ha CynepuoHHYI0 a3y HaOmomaercs
tonbko B HanpapiieHnu (110) (Puc.4,0). I1pu sTom
IPOBOJIMMOCTh KpHCTa/la B KpUCTaJiorpagpuye-
ckoM Hampasienud (001) ckaukoM yMeHbIIIaeTcs
Ha ~10%. B pe3yinbrate aHM30TPONHS TIPOBOIMMO-
ctu B TlGaTez0s mpu T>500K gocruraer ~108
M3MEHSISI IPH 3TOM 3HaK OTHOCHTENIHHO HaOJIO/1a-
emoii B TIGaTe, u Apyrux ero CTPyKTYpPHBIX aHa-
norax. CpaBHenue kpuBbix o(T) B HampapieHUH
(110) xpucrautoB TIGaTe, u TlGaTezos cBujte-
TENBCTBYET, uTO B Kprctaswie T1GaTez s Temmepa-
Typa nepexona Bbiie Ha SK. Ormerum, uto aHa-
JIOTUYHAs KapThHa HaOMIOaeTcs U Ha 3aBHCUMO-
ctsix o(T) kpucramnoB TlinTex u TlinTez 4.

VYuuteiBasi pe3ysibTaThl aHAIM3a TeMIepa-
TypHO# 3aBUCHMOCTH TpoBoguMoctd o(T) kpuc-
tayuioB T1GaTe; u TlIGaTezos, a Takxke TlInTez u
TlInTep,4, MOXKHO TIONIAraTh, 4YTO CBEPXCTEXUOMET-
pUYECKHE KOJIMYECTBA aTOMOB TEJLTypa, 00pasys
TBEpIbIE pacTBOPbI coctaBa TlGaTey u TlnTeyy,
3aHMMAIOT OKTa’JpUUYECKUE ITyCTOTBI MEKAY CO-
cemuMu atomamu TIT B ayieMeHTApHOM suelike
(z=0,5) u, TakuM 00pa3zoM, MPEMATCTBYIOT HX I1e-
PEMEILEHUIO B KpUCTaIorpadMueckoM Harpas-
nenuu (001) mox AeficTBUEM BIIEKTPUYECKOTrO MO-
as (Puc.5). TIpu sTom Temmeparypa (asosBoro re-
pexoma B TBepabIX pactBopax 11GaTexx u
TlInTe2+x B kpucTamiorpaduueckom HarpaBIeHUN
(110) noBpmmraercs Ha ~SK.
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PACTBOPUMOCTb TEJUIYPA B KPUCTAJUIAX TIGaTe,, TlinTe, 1 CBOMCTBA TBEP/IbIX PACTBOPOB
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TeMIiepaTypHbIe 3aBUCUMOCTH 3JIEKTPONPOBOTHOCTH KpuctamioB T1GaTe; (a) u TIGaTezu (6), CHATBIE B HANPABJICHHSX M1a-
pasmIensHOM U (kpuBble 1) U eprneHAuKyIsipHOM (kpuBsle 2) ocu C.

OrMerum, 4TO U30UpaTeNbHOE JEHUCTBUE
npuMeceil Ha MPOBOAMMOCTh KPHUCTAJUIOB B pas-
HBIX KpHCTAUIOrpa(uuecknx HaIpaBlIeHUsIX Ha0-
JFOaJI0Ck U B paboTax [17-18].

I (

@) -

Se(Te)* @

Puc.5
IIpoexuus 3neMeHTapHON AUEHKH KpucTaia
TIGa(In)Sez(Tey) na mockocts 001. BHn3y nokasan
OKTadIPUIECKUHN ITOIMIP MEXKTy HOHAMH TaJUTH.

Takum 00pazoM, KOMIJIEKCHBIMA METOJaMU
(PU3NKO-XMMHYECKOTO aHAIIM3a CIUIABOB CHCTEMBI
TIGaTex-Te u TlinTex-Te obOHapyxkeHa 001acTh
PacTBOPHMOCTH TEJLTypa, oxozsmas 10 5,0ar.%.
Ha monokpucramiax TlGaTezos u3ydeHs! Temiie-
paTypHbIE 3aBUCUMOCTH TApaMETPOB PEUICTKU U
snextpornposoaocty o(T) TIGaTe, u TIGaTez 4.
ITokazaHo, uto TIGaTez0s peTepreBaeT ha3oBblii
niepexon nipu Temneparype 498K. Ilpemmonoxe-
HO, YTO CBEPXCTEXHOMETPUUYECKHE KOJIMYECTBA
aToMoB Tesutypa B kpuctauiax T11GaTer:, BHE-
PSISICh B PELIETKY, CO3/IAl0T JOMOTHHUTENIBHBIE Tpe-
IATCTBUSI Ha TIyTH JBIKEHHs MOHOB TI™ B Kpu-
crajutorpaguyeckom HarpasiaeHuu (100), moBbI-
1Iast MpY 3TOM TEMIIEPaTypy Mepexoa B Cynepu-
OHHOE COCTOsIHME KpucTawia Ha ~5K 1o cpaBHe-
Huto ¢ TIGaTe.
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TELLURUN TIGaTez, TlInTe; KRISTALLARINDA HOLLOLMASI VO BORK MOHLULLARIN
XUSUSIYYOTLORI

A.LNOCOFOV, N.0.OLIYEVA, G.Z.COFOROVA, K.HXOLILOVA, E.S.TAPDIQOV
TIGaTe,-Te vo TlInTey-Te sistemi xalitolorinin kompleks fiziki-kimyovi analizinin noticalori bu sistemlords, tellurun
5,0at.% qodor hollolma oblastimn olmasini agkar etmigdir. TlGaTextx vo TlInTex+x monokristallarinin kristal gofssin

parametrlorinin vo elektrikkeciriciliyinin temperatur astliliglart tadqiq edilmigdir. TlGaTe,+x vo TlInTe+x bark mohlullarinda
498K temperaturda faza kegidi agkar olunmus vo yaranma sobobi aydinlagdirilmisdir.

SOLUBILITY OF TELLURIUM IN TIGaTe TIInTe2CRYSTALS AND FEATURES OF SOLID SOLUTIONS
A.LNAJAFOV, N.A.ALIEVA, G.ZJAFAROVA, K. Kh.KHALILOVA, E.S.TAPDIQOV
The physical-chemical analysis of alloys of TIGaTe, and TlinTe; has been researched: the solubility area of tellurium
reached up to 5,0%. The temperature dependence of the lattice parameters and electrical conductivity of TIGaTey+x, TlinTez+x
monocrystals has been studied. The phase transition in solid solution TIGaTe,+x and TlInTe,+x at the 498K temperature has

been detected and interpreted.

Penaxrop: npod. T.Mamenos
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REFERAT

Isdo istifadesi geyri-iizvi ssintilyatorlar osasinda hazirlanan
detektor modullarimda nazordo tutulmus yeni giiclandiricilor
toqdim olunmugdur. Yeni hazirlanmig giiclondiricilorin buraxma
zolaginin eni 41.5MHs-dir.

Hazirlanmis giiclondirici pargalanma miiddsti 35nsan olan LFS
ssintilyatorlar1 vo mikropikselli selvari fotodiodlarla gamma
stiasin1 gqeydetms prosesinds todqiq edilmisdir.

GIRIS

Son zamanlar kosmik foza todqiqatlari, yiik-
sok enerjilor fizikasi, tibb vo Sonayenin miixtolif
sahalarinds daha kompakt vo az enerji sorfiyyatina
malik radiasiya dedektorlar1 genis istifado olunur
[1-7]. Istifads olunan bu detektorlar ssintilyator vo
fotogeydedici (yarmmkegirici diod vo fotoelektron
giiclondirici) ciitiindon ibarotdir. Belo detektorlarda
osason 2 tip: lizvi (plastik) vo geyri- lizvi (Nal,
LFS-Lutetium Fine Silicate, Csl vo BGO) ssinti-
lyatorlardan istifado olunur [1]. Bu ssinsilyatorlar
torkibino Vo ssintilyasiya fotonlarmi buraxma
spektrino gora bir-birilarindon forglonirlor. Tonlas-
diric1 radiasiya siialanmasi, ssintilyator tizarino
diisdiiyli andan baglayaraq ssintilyasiya fotonlar
yaranir vo oOnlarin buraxilmasmin davametmo
miiddati 5+3000 nsan-ys gador doyiso bilir. Belo
impulslarin amplitudu ¢ox kigik oldugundan onlari
geyd etmak va eyni zamanda yaranan spektri ana-
liz etmok bozi hallarda miimkiin olmur [1]. Ona
gora do, alinan impulslarin giiclondirilmasi tigiin
xiisusi giiclondirici dovralardan istifads edilir. Bu
giiclondirici dovralor asason LT-1355, MAX4228,
OPA4820, OPA380, OPA637, LMH6622,

OPA2990 vo s. miixtalif tipli OPA giiclondiricilo-
rindon istifads etmoklo hazirlanir [7-9]. Misal ola-
raq, LT-1355 giiclondiricisi Amerika istehsali olan
portal monitorlarinda vo oldo dagman radiasiya
radiometrlorinds istifads edilmisdir [6]. LT1355-in
buraxma zolaginimn eni 12MHSs, garginliyin galxma
suroti 400V/usan, maksimal girig gorginliyi iso
800uV-dur. Bu giiclondirici vasitasi ilo yalnmz da-
vametmo miiddsti t~90 nsan-don bdyiik olan
signallart giiclondirmak miimkiindiir. Impulsun da-
vametma miiddoti azaldiqca hazirlanmig cihazin
xatti isloma gabiliyyati pislosir. Bununla yanasi,
tizvi ssintilyatordan istifads olunmasi cihazin 6lg-
ma effektivliyi kaskin asag1 salir. Ciinki, tizvi sinti-
lyatorlarm buraxdig: ssintilyasiya fotonun impul-
sunun davametms miiddati 4nsan-don asagidir. Bu
sobabdan, yuxarida geyd olunan impuls giiclondi-
ricilori bu tip signallari normal rejimds giiclondirs
bilmir. Bununla yanasi, OPA giiclondiricilorindan
do miixtolif tocriibalords ionlagdirict radiasiyani
geyd etmok figiin istifado edilmisdir [10]. Lakin,
istifado edilon giiclondiricilorin oksariyysti yalniz
mohdud buraxma zolaginda (1-9MHSs) istifado
edilmisdir. Bu tip giiclondiricilor davametmo
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miiddoti kicik olan signallar1 geyd etmok
tiglin alverigli sayilmir. Bu sabobdon do, bu isin
osas mogsadi yiliksok buraxma zolagina (41.5MHs)
malik yeni giiclondirici modulun hazirlanmasidir.

EKSPERIMENTIN METODIKASI VO
NOTICOLOR

Yiksok buraxma zolagima malik yeni
giiclondirici modulun hazirlanmasi tigiin LMH-
6657 tipli impuls giiclondiricisindan istifads edil-
misdir. LMH-6657 giiclondiricilorinin buraxma
zolagimin eni (Bandwidth Ay=+1) 270MHs, qalx-
ma doaracasi- (Vs=£5V) 700V/usan, giris carayan
kiiyii-2.1pA/Hs, maksimum  offset  (giris)
gorginliyi-0.8mV vo isloma gorginliyi £3V, +5V,
+12V-dur [7].

Bu tip giiclondiricilorin istifadosi zamani on-
larm giiclondirmo amsalimin diizgiin secilmasi ol-

dugca shomiyyatlidir. Eyni amplitudlu, lakin miix-
tolif davam etmo miiddotine malik signallar1 geyd
etmak tigiin ikikaskadli giiclondirici dovradan isti-
fado edilmisdir. Hor kaskadda LMH-6657 giiclon-
diricisinin "invert" girisino 1kOm va ¢ixis oks ola-
gosing iso 6.5kOm miigavimeti qosulmusdur. Iki-
kaskadli dévrads 2 LMH-6657 giiclandiricinin bi-
rinin giiclondirma amsali G1=6.5, digarinin giiclon-
dirma amsali G2=6.5 se¢ilmisdir vo yekun giiclon-
dirmo amsali G=G1*G>=42 alinmigdir. Baxilan
halda birinci kaskadin giiclondirmasinin buraxma
zolagmm eni 41.5MHs olmusdur (GBW=270MHz/6.5=
=415MHs). Basqa sozlo, bu tip giiclondiricilor im-
pulsun eni 24nsan boyiik olan signallari normal
gliclondira bilir. Homginin, ikinci kaskad tigiin do
eyni natico alinir. Belaliklo, imumi giiclondirmo
amsali 42 olan va giiclondircinin buraxma zolagi-
nm eni 41.5MHs olur.

Ul

T

U, Fhe

—

Sokil 1

LMHG6657-giiclondiricisi osasinda hazirlanmig impuls giiclondiricisinin dgvrasi.

Bu tip giiclondiricilorin ¢atigmayan cohatlo-
rindon biri digar analoglarinda oldugu kimi onlarin
ikiqiitblii gorginliklo islomosidir. Mahz bu sobab-
don do, LMH6657 giiclondiricilorini dévrads isti-
fado etmak tigiin olave + gorginlik gida monba-
lorindan istifads edilir. Bizim hazirladigimiz dov-
rodo gorginlik gida monboyi olarag MAX 1044—
don istifado edilmisdir (Sokil 1, 1-ci hisso).
MAX1044-in  “” vo “+” qiitbli c¢ixislarina
gorginliyin fluktuasiyasini minimuma endirmoak
tigiin LC (100mkH, 100pF, 10nF vo 10mkF) filtri

yigilmigdir. Giiclondiricinin “+” qitblii girisino ve-
rilon gorginlik 100mkF vo 1mkF kondensatorlar
vasitosi ilo yera birlosdirilmis, naticodo xarici gor-
ginlik monboyindon golon kiiylor azadilmisdir.
Giiclondiricinin girigino verilon signal 9110m yiik
miiqavimatindon gotiiriilorok 20nF tutum vasitasi
ilo LMH6657 giiclondirici mikrogipin girisina
verilmisdir (Sokil 1, 2-ci hisss). Girigsdo istifados
edilon 20nF tutumlu kondensator giiclondiriciys
sabit signallarin daxil olmasinin qarsisini almaq
ticlin nozordo tutulmusdur. Giiclondiricinin coro-
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yan sorfiyyatt 25mA olmusdur. Hazirlanmis giic-
londiricinin giiclondirmo omsalinin miixtalif dava-
metmo miiddatli diizbucagli signallarin (20nsan,
25nsan, 100nsan, 250nsan vo 500nsan) amplitu-
dundan asiiligi  todgiq edilmisdir  (Sok.2).
Tektronix AFG3101C generatorundan tezliyi 10
kHs, amplitudu 2.5mV+72mV intervalinda doyi-
son diizbucaql signallar giiclondiricinin girigin,
giiclondiricinin ¢ixiginda alinan signal iso 50 Om
yiik miigavimati vasitasi ilo Hantek DSO5202BM
ossilografina verilmisdir. Bu zaman giiclondirici-
nin ¢ixisinda diizbucaqli signalin enindon asili
olarag amplitudun 145mV-+3600mV intervalinda
doyismasi miisahids olunmusdur. Eni 25+500nsan
arasinda doyison diizbucaqgl signallarin giiclondir-
Mosi zamani giris signalinin amplitudu 2.5+83mV
intervalinda xatti ganunla doyisir. Bu halda giic-
londiricinin giiclondirma omsali ~43 olur. Giris
gorginliyinin 83mV-dan bdyiik giymatlorinds iso
doyismo miisahidos edilmamis va giiclondirici doy-
ma rejiminds islomisdir. Lakin, diizbucaqli signa-
lin eninin 20nsan qiymotinds isa giiclondiricinin
gliclondirmo omsali 35 arasinda doyismis vo doy-
ma rejimi 99mV-dan baslayaraq miisahido edil-
misdir.

40CG

Sakil 2
Impulsun miixtalif davametmo miiddatlerinds
LMH-6657 giiclondiricisinin ¢ix1s signalinin giris
signalindan astlilig1.

Sokil 3-do LFS-3 ssintilyatoru vo mikro-
pikselli selvari fotodiod (MPSF) asasinda hazi-
lanmis detektorun giiclondirici ilo gamma siialari
geydetms prosesi gostorilmisdir. LFS-3 ssintilya-
torlariin pargalanma miiddstinin 35nsan olmasi

hazirlanmis giiclondiricinin bu tip ssintilyatorlarla
istifado edilmasina imkan verir.LFS-3 ssintilya-
torunun Ol¢iilori 3x3mm secilmisdir. Ssintilyatorun
sothi qalinligr 100mkm olan teflon tobago ilo bir-
neco gat sarmmisdir. Ssintilyatorda yaranan foton-
lart geyd etmak tictin MPSF-1P istifads edilmisdir.
MPSF-1P diodunun garanliq coroyani 120nA, giic-
londirmo amsalhi-5x10%, FQE-35% Vo islomo gor-
ginliyi 94.1V-dur [12-14]. Detektordan geyd edi-
lon analoq signali rogomsal signala ¢evirmak tiglin
CAEN-5720 istifado edilmisdir. Qamma siia mon-
boayi olarag Am-241 radioizotopundan istifado
olunmusdur.

LFSEMAPD

Counts

ADC Channel

Sokil 3
LFS-3 ssintilyator +MPSF diod asasinda hazirlanmus
detektorun Am-241 radioizatopundan geyd etdiyi
signallarin amplitud paylanmasi spektri.

Sokil 3-do Am-241 radioizitopun buraxdigi
gamma siiasinin amplituda gora paylanma spektri
gostorilmisdir. Malumdur ki, Am-241 izotopu alfa
zorrociklori buraxmagla yanagienerjisi 59.6keV
olan (buraxma ehtimali 35.9%) gamma stialar1 da
buraxir. Spektrdo alfa zarraciklors uygun hadise-
lorin miisahido edilmasi miimkiin deyil. Buna so-
bab 100mkm galinligl teflon tabogonin alfa zarrs-
ciyini tamamilo udmasidir. Spektrdon goriindiiyii
2012-ci kanala diigon pik Am-241 izotopunun bu-
raxdigi 59.6keV enerjili gamma sliasina maxsus-
dur. Am-241 izotopunun buraxdigi 59.6keV ener-
Jili gamma stias1 {ligiin enerji ayird etmasi 33%
alinmusdir. Kanalin 0350 intervalina diisan hissa
iso birbasa olaraq MPSF diodun garanliq coroyani
Va elektron dovrasinin  kiiyii hesabma formalas-
migdir.
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THE DEVELOPMENT OF NEW AMPLIFIERS FOR SCINTILLATION RADIATION DETECTOR MODULES

S.S.SULEYMANOV, F.L.AHMADOV, RS.MADATOV, NN.HEYDAROV, M.S.NAZAROV, R.A.AKBEROV,

A.ZSADIGOV, G.S. AHMADOQV, RV.VALIYEV, M.M.JAHANGIROV

The assembly of the new amplifier used in the detector modules based on inorganic scintillatorshas been described. The
bandwidth of developed amplifier has been 41.5MHz.
The ability to detect gamma radiation by developed amlifier with using a scintillator LFS (Lutetium Fine Silicate) with
decay time of 35ns and micro pixel avalanche photodiode have been investigated.
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PA3PABOTKA HOBBIX YCUJIMTEJIEN /11 MOAYJIEl CHMHTHLISIIUOHHBIX
JETEKTOPOB PAJJUALIIU

C.C.CYJIEIMAHOB, ® 1. AXMEJIOB, P.C.MAJIATOB, HH.TEiJIAPOB, M.C.HA3APOB, P.A AKEEPOB,
A3.CAJIBITOB, I.C.AXMEJIOB, P.B.BAJIMEB, M.M.JUKAXAHT TIPOB

B paborte orricana cOOpKa HOBOTO YCHITUTEIIS, HCIIOIB3YEeMOr0 B MOIYJISIX AETEKTOpa Ha OCHOBE HEOPTaHWYECKUX CLIMH-
TIWUIITOPOB. [ToJoca mporryckanust COOpaHHOTO HOBOTO yerimTes coctaBisieT 41,5MI .

C ucnone3oBanneM cuuHTILBITOpa LFS(LutetiumFineSilicate) co BpemeneM pacnaga 35HC ¥ MHKPOIIMKCENBHOTO Jia-
BUHHOTO (poTOMO/1a OBLTA HCCIIEI0BAaHA CIIOCOOHOCTD PErUCTPALIY TaMMa U3JTy4eHUH COOPaHHOTO YCHITUTEIS.

Penakrop: a.H..10.¢u3uke E./xadpaposa
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npaHHOBCKOE NIPUOIKEHNE, Cerperarys, pacIuaB-

PEDEPAT

B nhaHHOBCKOM TPHOJMKCHUM PEIIcHA 3a/1ada KOHIICHTPAIHOHHOTO
pacripesienieHus] KOMIIOHEHTOB B KpUCTa/UTaX TBEPABIX pactBopoB Ge-
Si, BbIpalleHHbIX MOAMU(DHUIMPOBAHHBIM METOJOM 30HHOH IUIABKH C
HCTIONb30BaHUEM repMaHueBoi 3atpaBki. C yd4ETOM CIIOKHOTO H3Me-
HeHus1 koduimenTa cerperaiyi KpeMHHUsI ¢ COCTABOM PACILIABIICH-
HOM 30HBI, PACCUMTAHbI AKCHAIIbHBIC KOHICHTPAIMOHHBIC MPOMIIN
KOMITOHEHTOB B KPHCTaJIJIaX, BHIPALCHHBIX M3 MCXOHBIX MAaKPOOIHO-
pomusix cautkoB Ge-Si pasimmunoro cocrtara. [TokasaHo, 4TO MONyYeH-
HBIC MAaTeMAaTHYCCKUM MOJICIMPOBAHUEM PE3YJIbTaThl OIPEICIIOT
BO3MOYKHOCTH MOAM(HITMPOBAHHOTO METOJA 30HHOM IJIABKH U OITH-
MaJIbHBIE YCIIOBUSI [ BRIpAIMBaHus KpucTauioB Ge-Si ¢ 3a1aHHBIMU

JICHHAas 30Ha, pacripeICICHNE KOMIIOHCHTOB.

OJTHOPOIHBIM U IEPEMCHHBIM COCTaBaAMMU.

OcHOBHOM 3ajauell TEXHOJOTUM BbIPALIU-
BaHUsI OOBEMHBIX KPUCTAIOB MOJIYIPOBOAHUKO-
BBIX TBEPIBIX PACTBOPOB M3 pacIuiaBa sBISETCS
MIOJTy4EHUE MaTepraia ¢ 33JaHHBIM AKCHATIBHBIM
KOHLIEHTPAIIMOHHBIM MPO(QUJIEM KOMIIOHEHTOB U
obecrieueHre ero MOHOKpUCTAITHYHOCTH.

B mmpokoMm psmy MNOTyNpOBOAHUKOBBIX
TBEPABIX PACTBOPOB INIABEHCTBYIOILIEE TIOJIOKEHUE
3aHMMaeT cucrema (Ge-Si, cOCTaBHBIE KOMIIOHEH-
Thl KOTOPOH SIBIISIFOTCSL 0a30BBIMH MaTepUaaMH
COBPEMEHHOM MMKpPO- W ONTO3JIEKTPOHHOM IpO-
MBIIUTEHHOCTH. Si 11 Ge MONHOCTBIO PacTBOPSISCh
Jpyr B Jpyre B JIOOBIX COOTHOILIEHHSX, KaK B
KUJIKOM, TaK U B TBEPJOM COCTOSIHHAX  0Opasy-
10T HEMpPEPbIBHBIA psii TBEPIBIX PACTBOPOB 3aMe-
menust [1].

B nacrosieit paborte B npaHHOBCKOM IpH-
OMDKEHNH BBITIOJIHEHO MaTeMaTUYECKOe MOJIEIH-
pOBaHUE pacHpeneNieHns KOMIIOHEHTOB BJIOJIb
MOHOKPHUCTAIIOB TBEPABIX pacTBopoB Ge-Si mpu

BBIPAIIBAaHUHN UX MOAM(PHUIIMPOBAHHBIM METOIOM
30HHOW MEPEKPUCTATUTM3ALMU C UCIIOIb30BAaHUEM
repMaHueBOM 3arTpaBku. llenb — ycraHOBiEHHE
BO3MO>KHOCTEH MOAM(UIIMPOBAHHOTO METO/IA JUTs
BBIpAIIMBaHUs MOHOKpHUcTaioB Ge-Si ¢ 3aaaH-
HbIM TIEPEMEHHBIM M MOCTOSHHBIM COCTaBaMH.
AHaNOrnuHble 3aJa4l M0 MOJEIMPOBAHUIO KOH-
LEHTPALMOHHBIX PO KOMIIOHEHTOB B KpH-
crayuiax Ge-Si, BBIpaIlleHHBIX U3 paciuiaBa PsoM
KOHCEPBaTUBHBIX M HEKOHCEPBAaTUBHBIX METO/IOB
ObUTH pelieHbl paHee B pabotax [2-9], pe3ybTaTsl
KOTOPBIX IOKAa3aJlM XOpOILEE COITIACHe C DKCIIe-
PUMEHTAIBLHBIMH JTAHHBIMH.

Ha Puc.l mpencraBneHa KOHIENTYajbHAs
cxema BbIpallMBaHus MOHOKpHCTALIOB Ge-Si Mo-
T(UIIPOBAHHBIM METOJIOM 30HHOH TIIaBKH, 3a-
JIO’)KEHHAsi B OCHOBY MAaTEMaTHUYECKOTO pPeleHHs
IOCTaBJICHHOM 3amadd. B HIKHIOIO 4acTh THIVIA
IIMHIPHYECKON (hOPMBI 3aKJIA/IbIBAETCS MOHO-
KpUcTaluInyeckast 3arpaBka (1) w3 repmanus
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(Puc.1A). Hax 3atpaBKoii pa3MeInaroTCs MpejiBa-
PHUTENTHHO M3TOTOBIICHHBIC CTEPKHU M3 TePMAHUS
(2) 1 MmakpooHOpPOAHOTO TBEPIOTO pacTBopa Ge-
Si ¢ 3amanHbIM coctaBoM (3). B ycroBusix Bakyy-
Ma MPOU3BOAUTCA PACIUIaBlICHUE CTEpXKHS (2) u3
Ge, pacrnonoXeHHOTO HETOCPE/ICTBEHHO HaJl 3a-
tpaBkoii (Puc.l B). B mpencrapToBeiii MOMEHT
MEPEKPUCTATUTM3ALUK TEMIIepaTypa Ha TPaHHIIAX
pacIuiaBa ¢ 3aTpaBKOW M CIIMTKOM paBHA TeMIIepa-
Type IU1aBjieHus repmanus. Poct kpucramia mpo-
UCXOJWT Ha 3aTpaBKe C MOMEHTA BKJIIOUCHHUS Me-
XaHM3Ma TICPEMEICHUSI THIJISL OTHOCUTEIHEHO
Harpesarens (4) ¥ IpOIOIDKAETCS 10 TTOJHOM ITe-
PEKPHUCTALTH3ALNH CIIUTKA. B OTivumu ot Tpaau-
LIMOHHOTO MeToja 30HHOM IwiaBku [10] 31ech
HavyalbHasl PACIUIaBICHHAs 30HA COCTOHMT W3 YH-
croro repmanust (5). DTO 0OCTOATEBCTBO peraeT
po0seMy 3aTpaBKH, HEOOXOAUMOM ISl BBIPAIIH-
BaHUSI MOHOKPUCTAIIIOB TBEPIBIX pacTBopoB Ge-
Si pasnuyHOro cocraBa IMyTEM KCIIOJIb30BAHHS
repMaHHUEBOM 3aTPaBKH.

Puc.1
KoHnrentyanbHas cxema BhIPAIIUBAHNS] MOHOKPHCTAI-
JI0B TBEPIBIX pacTBOpoB Ge-Si MoupHUIMPOBaHHBIM
METO/IOM 30HHOM IIJIaBKH.

3agady akCHabHOTO KOHILIEHTPAILMOHHOTO
pacrpesieNieHus] KOMIIOHEHTOB BJOJb KpUCTallia
Ge-Si, BBIPAIICHHOTO B BHINICYKA3aHHBIX yCIIOBH-
X, pelaii B M(paHHOBCKOM NPUOIMHKEHUH TPH
BBINTOJTHEHNH crienyrommx ycioBuit [10]: ckopo-
cti mud¢dy3un aromoB Si u Ge B paciuiaBe J0-
CTaTOYHO BBICOKU U 0OECTICUMBAIOT €r0 OHOPO-

HOCTh IO BceMy 00bEMY; muddy3usi KOMIIOHEH-
TOB B TBEPOH (aze nmpeHeOpekuMo Mana; GppoHT
KPUCTAJUTH3AIIMU TUIOCKHUI; Ha (DpOHTE KpuCTal-
JIM3ALUH CYILIECTBYET PABHOBECHE MEXKIY KHUIKOH
u TBEPION (azamu; KOAPPHUIMEHT cerperamuu Si
M3MEHSETCS C COCTAaBOM PACIlIaBa B COOTBETCTBHU
C IMarpaMMol PaBHOBECHOTO (ha30BOTO COCTOSI-
HUst cucteMbl Ge-Si; TepMUYECKOe pacIIMpEeHUe,
WM CKaThe, MaTepuaiia mpu (a3oBbIX Iepexoax
NpeHeOPEKMMO MaJlo; COCTAaB MCXOJHOTO MOJH-
KpucTaumyeckoro ciautka Ge-Si MakpooaHOpO-
JIeH.

Beeném crenyroue obo3HaueHust: Vo U
V,, — 00BbEMBI pacIUIaBICHHON 30HbI B HAUIbHBIH
u Texymuii momentel, C., C,, C . — KOHIEH-
TPALMOHHBIE JOJM aTOMOB BTOPOTO KOMIIOHEHTa
(Si) B kpucramie, HCXOJHOM HOJUKPHCTALIAYC-
CKOM CTEp)KHE M PacIulaBe COOTBETCTBEHHO; C —
00111ast KOHIIGHTPAIIMOHHASI 011 aTOMOB Si B pac-
mnase; C) — KOHIEHTparMoHHas jons Si B pac-
IUIABJICHHOM 30HE B HAYaJbHBIA MOMEHT;, V, —
00BEM paciiaBa KPUCTANTU3UPYIOIIMICS B €1H-
HHLYy BpeMeHHu; V, — 00BbEM HMCXOIHOIO CIUTKA
Ge-Si, pacIuIaBISIIOIIMICI B CAWHUIYY BPEMEHU;
K =C,/C, — paBHOBecHbI KOI(dULIHEHT Cce-
rperammu Si; L — o01mas AymHa UCXOMHBIX CTepIK-
Heit u3 Ge u Ge-Si; / — 1yMHa nepeKpUCTAILTI3U-
POBaHHOW YacTh Marepuaina; Z — JjIMHa pacIuiaB-

JIEHHOM 30HEI.
B npuHSATHIX BbIIIe 0003HAUCHUSX UMEEM:

C dc, Cv_ -V.C
Cm = —’ = 3
V. dt v

Vm :Vn? - (Vc _Vi )t (1)

Ilo ycnoBuro 3amaum, Kak U B CIydae Tpa-
JMLIMOHHOTO METOJ]a 30HHOM IIJIABKH, CUUTAEM: B
IPOLIECCE BCEr0 TEXHOJIOTMUYECKOrO IMKIIA CKO-
POCTb KpHCTa/LIM3aMK paciiasa (V, ) He 3aBUCUT
OT BPEMEHH; 10 MOMEHTa 00pa30BaHUsl KOHEYHOU
PACIIaBJICHHON 30HBI 3HAYEHHs IMapamMeTpoB Z
(Puc.1 C) m V, ocrarorcsa HensMeHHbIMU. B aTOM
ciTydae, Ha y9acTKe TUTJIS JUTHHOM L-Z OT 3aTpaB-
ki (6) (Puc.1 C) cripaBemBhI ClieIyrOLIME YpaB-
HEHUSL:
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V. =v? C’=0; V,=V,,C=VC, -V.C K.

C yuérom (2) u3 ypaBHenwuii (1) mocre psijia
peoOpa3oBaHUMA, pa3/IeNICHUs IEPEMEHHBIX U WH-
TETPUPOBAHHS UMEEM:

T dC_
OCi _CmK Vrr(lJ

A

|
= 3)

C momeHTa (hopMUPOBAHUSI KOHEYHOW pac-
IUTABJIIEHHON 30HBI JUIMHOU Z NMEEM:

V. =V2-Vt,V =V, C=-V,CK. (4

C yuérom (4) u3 ypaBHenwuii (1) mocie psina
peoOpa30BAHUI ¥ MHTETPUPOBAHHUS ITOTYIHM:
“ dc, A

=In , 5
C{f Cl —-C.k V2-Vt ©

0 -
3neck C,; HaYaIbHAasi KOHIICHTPAMOHHAS OIS Si

B paciUilaBe B MOMEHT 0Opa30BaHMs KOHEUHOU
pacruiaBieHHON 30HBL. O0O03HAYMB JJIMHY U JOJIIO
KPUCTAJUTM3UPOBAHHOM YaCTH pacIijlaBa KOHEUHOU

30HsI (V t /Vn? ) B MOMEHT t COOTBETCTBEHHO CHM-

Bormamu | m 7y, 3ammmem ypaeuenue (5) B creny-
IOIIIEM BHJIE:

Cor
=1-exp|— I

Cm

dc,

——m 6
C,K-C, ©

I*
=7

Onpenenenvie |/Z u y kax dyskumo C,,
paBHo kak 1 C, = K C,, BIomnb Bceil JUIMHBI Ma-

Tepuasa, HOABEPrHyTOTO 30HHOH MepeKpHCTAILIN-
3aLUy TpeOyeT pelleHHs HHTErpaioB B ypaBHEHNU-
sx (3) u (6), B KOTOpbIE BXOIUT KOAPPHUIIMEHT ce-
rperauuu Broporo kommnosenTa (K), 3aBucsmmii
or C,,. U3BectHo, uto B cucreme Ge-Si 3HaueHwe

K m3mensiercst ¢ coctaBoM paciuiaBa J0BOJIBHO
CIIOKHBIM 00pa3oM U B IMIMPOKUX mpexaenax [11].
3T0 00CTOSITENHCTBO MPUBOJUT K HEOOXOMMOCTH
BBIYHCIICHUsI UHTETPAIOB B (3) U (6) YKMCIEHHBIM
METO/IOM ITyTEM OMPENENICHUs CONPSHKEHHBIX

sHaueHnii K =C_/C_ B COOTBEICTBYIOIIMX HH-
TepBasiax W3MeHeHust C, 10 JaHHBIM THArpaMMBI

PaBHOBECHOTO (Pa30BOr0O COCTOSIHMSI CUCTEMBL. B
HenaBHel pabote [9] moka3aHo, YTO BO BCEM WH-

TepBaiie m3MeHeHust C , TeMmepaTypbl KpPHUBBIX

maxsupyca T,(C,,) u comugyca T (C,) cucrems
Ge-Si  10cTaToYHO XOPOIIO OMKMCHIBAOTCS Clie-

IIyIOH_II/IMI/I TIOJIMHOMAaMHU H’ITOﬁ CTCIICHU.
T,(C,)=938.72 °C + p,C, + p,(C, )% +

+ p3(cm)3 + p4(cm)4 + pS(Cm)5
T.(C,)=938.72 °C +q,C, +q,(C,)* +

+ q3(cm)3 + (:14((:’m)4 + qS(Cm)5

()
)

3neck 938.72°C — Temmeparypa maBnenus Ge,
p, =1.523764x10°, p, =—3.893151x10°,

p, =6.84677x10°, p, = —6.011559x10°,
ps = 2.007591x10°%, q, = 2.449722x107,
g, =3.29571x10°,q, = —8.419889x10°,

g, =1.543233x10°,q, = —8.023673x10°.
AGcomoTHasT OIIMOKAa B YKCICHHBIX 3HAYCHH-
axT,(C,) n T,(C,)Bo BcéM TemmeparypHOM HH-

tepaane He npesbimaer 1.69°C u 0.39°C, cooTser-
CTBEHHO.

Onpenenenne K =C_/C,, NpOBOAMIHM CITe-
JyIOIMM  00pa3oM. 3ajaBasi IOCIIEIOBATEIbHO
3HaueHHs1C B MHTEpBaIaX YKa3aHHBIX B HHTeE-
rpaiax ypaBHenuit (3) u (6) uz (7) onpenensum
COOTBETCTBYIOIIIME TEMITEpaTyphl JIMKBUIyCca. 3a-
TeM, NPUpaBHAB KOHKpeTHble 3HaueHus [ (C) x

T,(C,,), u3 ypaBHeHus (8) ompenensum conps-
KEHHbIE ¢ KaKIbIM 3HaueHueM C, 3HauyeHus C,

u K npu Temmnieparypax (pa3oBoro paBHOBECHS CH-
CTEMBI.

Ha Puc.2 nns npumepa npeacTaBieHbl Xa-
paKTepHbIC KPUBbBIE KOHIIEHTPALIOHHOTO pacipe-
JIeTIeHNST KPEMHUSI 110 JTHHE KPUCTAJUIOB TBEPIBIX
pactBopoB Ge-Si, paccunTaHHbIE U3 ypaBHEHHI
(3) u (6) u cooTHOMWIEHUAC, =C, K - Pacu€rel mpo-
BEJICHBI JUTsl TPEX Pa3IMyHbIX 3HaueHuid Ci ucxon-
Horo crmutka Ge-Si mpu JyiMHe pacIuiaBiIeHHOM
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3oubl Z=0.1 L. Kax BugHo u3 Puc.2, B HaYaJIbHOM
YaCTH BCEX KPUCTAJUIOB KOHIIGHTparus Si pacTér
0 JJIMHE OT HYJIS 0 COOTBETCTBYIOILETO 3Haue-
Hust Cj MCXOMHOTO MAaKpOOTHOPOTHOTO CITUTKA
Ge-Si. 3arem, 1o Mepe pocTa KpHCTa/Lia 3Have-
Hre Cc ocTaércss HEM3MEHHBIM BIUIOTH J10 (hOPMH-
poBanus ¢uHanbHON 30HBI mHOW Z=0.1 L. B
ATOM 4YacTH CJMTKA KOHIICHTpalws Si HauMHAeT
pE3KO MajaTh ¢ pOCTOM ¢ ¥ CTPEMHUTCS K HYIIIO
npu ¢ =L.

1] 2 4 6 )

Puc.2
PacuérHple akcHabHBIC KOHLCHTPALOHHBIE ITPOQUIIN
Si B MoHOKprcTamiax Ge-Si, BbIpalieHHbIX MOAU(H-
[IMPOBaHHBIM METOIOM 30HHOM IUTaBKY. J{yiiHa pac-
rtaBsieHHoi 308p1 - Z=0.1 L. CocTaB HCXOIHBIX

MaKpPOOTHOPOIHBIX CJNTKOB Ge-Si:
1-10,2-30, 3-50 ar.% Si.
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KOHILICHTpalMe KPEMHUsI 3aBUCUT OT COCTaBa UC-
XOJTHOTO CIIUTKA, 3HaueHust K u ckopoctu ero ms-
MEHEHHUSI C COCTaBOM pAcIUIaBICHHON 30HBL. O0-
paiiaercs BHUMAHME HA JIOCTaTOYHO OBICTPbIH
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XO0Jl MOHOKPHUCTAJUIOB TBEP/IBIX PAacCTBOPOB C OJ-
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CemelictBo KpuBbIX Puc.2 nemonctpupyer
HNOTEHUMAT W TEPCHEeKTUBHOCTh MOAUDUIMPO-
BAaHHOI'O METOZa 30HHO IJIaBKHU JUIs BbIpaIlMBa-
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KOHCTaTHpOBaTh clefyromee. Maremarudeckoe
MO/IEJIMPOBAHNE aKCUAJIBHOT'O KOHLIEHTPALIOHHO-
IO PacIpesiesIeHUss KOMIIOHEHTOB BJIOJIb KPUCTaJl-
0B Ge-Si, BbIpallleHHbIX METOIOM 30HHOM ILIaB-
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TEXHOJIOTMYECKUX MapaMETPOB Ul TIOMy4YEHHs
MOHOKPHCTAJIOB 3TON CUCTEMBI C 3a/laHHBIM pac-
Ipe/ieNIeHNEM M KOHLIEHTpalMe KOMIIOHEHTOB.
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MODIFiKASIYALANMIS ORINTi ZOLAQ USULU iLO ALINAN Ge-Si BORK MOHLUL
MONOKRISTALLARINDA KOMPONENTLORIN KONSENTRASiYA PROFILLORININ
MODELLOSDIRILMOSi

7.9.AGAMALIYEV, M.8.RAMAZANOV, H.X.9JDOROV

Ge maya monokristalini istifade etmoaklo modifikasiyalanmis arinti zolaq tisulu ilo alinan Ge-Si bark mahlullarda
komponentlorin konsentrasiyasinin paylanma masalost Pfann yaxinlagsmasinda holl edilib. Komponentlorin seqreqgasiya
omsalmin arintinin torkibindon miirokkob asililigi nezoro alinaraq, makrobircinsli vo mixtolif torkibli Ge-Si bark
mohlullarindan alinan kristallarda komponentlorin aksial konsentrasion paylanmasi hesablanib. Gostarilib ki, riyazi
modellasdirmo osasinda alinan naticalor Ge-Si kristallarinda komponentlarin verilmis aksial paylanmasini tomin edon
optimal gartlori vo modifikasiyalanmis orinti zolaq tisulunun imkanlarini miioyyan edir.

MODELING OF COMPONENTS CONCENTRATION PROFILES IN Ge-Si SOLID SOLUTION CRYSTALS
GROWN BY MODIFIED ZONE MELTING METHOD

Z A AGAMALIYEV, M. A RAMAZANOV, G.Kh.AZHDAROV

A problem of components concentrations distribution in Ge-Si solid solution crystals grown by modified zone
levelling technique using germanium seed has been carried out in Pfann approximation. Axial concentration profiles of
the components in crystals grown from Ge-Si ingots with various compositions have been calculated with consideration
for the dependence of the components segregation coefficients on the melt composition. It has been shown that the ob-
tained from the mathematical modeling results define optimum conditions in preparing Ge-Si crystals with desired uni-
form and graded compositions.

Pemakrop: akan. J[x. AOIuHOB
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PE®EPAT

[Ipoanu3upoBaHbl JaHHBIE PEHTITCHOIM(PPAKTOMETPHUUECKUX |

nuddepeHnuanbHO-TepMudeckux (ITA) CU1’95N io,oss B 0o0acTu

¢azoBbix nepexonax (PII). O6HapyxKeHO, KaK HU3KOTEMIIEpaTyp-

Hast pombuueckas o pasa CUy osNiy sS B 0GmacTu Temmeparyp

370+390K mepexomur B rekcaroHalbHylo [ ¢asy, a B obnactu
temneparyp 740+765K ermie pa3 nepexoaut B Kyoudeckyro y a3y,
II0 cXeMe:
o —> ot —> Bty —> 7
370+390K 740+765K

ITo naHHEIM TeMIepaTypHO#l 3aBHCHMOCTH IH(depeHIHaTbHOTO
TEPMHUYECKOTO aHAJIM3a BBIABICHO, YTO 0—[3 MEPEX0/ COMPOBOX-
JaeTCsl TOTJIOLICHHEM, a [3—Y BBIICICHHEM TeIuia. YCTaHOBJICHO,
4yTo 00a mepexoja SBISIOTCS Pa3pelieHHBIMH U OTHOCATCS K pe-
KOHCTPYKTUBHOMY TUIY. BbIsiBIIEHO, 4yTO 00a mepexoja Mmpoucxo-
1T Bo (uiykTyanuoHHoM obbeme ~102cM® u ¢ TemneparypHbIMU
ckopoctamu 0.11 u 0.08K™. IToka3aHo, 4To IEPEXo] 0—Y COMpPO-
BOXKJIA€TCSl IIOCJIEI0BATEIBHOM CMEHOM CTPYKTYp, IPOXOISIIMX
gyepe3 NPOMEXYTOUHyI0 P—da3y, SBIAIONIYIOCS HECOpa3MepHOI
OTHOCHTEINIFHO 0— U Y—(a3.

BBEJIEHHUE

HpI/I HCCICAOBAaHNU (I)a3OBBIX Mepexoa0B

®II. Kak wusBectHo, O®II, npoucxomsmme
BCIeACTBUE (DIyKTyauui (PU3MYECKOro COCTO-
SIHUS BEILeCTBA, OOYCIOBIMBAIOT U BCE H3Me-

(®PII) onHMM W3 BaXKHBIX AaCIEKTOB SIBIISETCS
BBISIBJICHHE B3aMMOCBS3M CTPYKTYPHBIX U TEIl-
JIOBBIX XapaKTepUCTUK Mmarepuana. s ompe-
JeTICHUsI ATOM CBSA3M HEOOXOJMMO HUCCIIEI0BATh
¢u3nyeckue CBOMCTBA Marepuajga B TemIiepa-
TypHOI 0ob6nactu ®II, 3T0 MO3BOIUT MOTYIUTH
nHpopmanuo o camoMm mnporecce DII. JIpyroit
aKTyaJIbHBIM BOIPOC - 3TO ONPEIEIEHHUE pac-
MpeieJIeHHs COCYIECTBYIOMMX (a3 B obnacTu

HEHMs (PU3MUYECKUX CBOMCTB, MPOUCXOJAIINE B
TON ob6nactu. MEeHOMEHONOruYecKkas TEOpHs
pa3mbIThix DII [1] ocHOBBIBaeTCsS Ha TEOpUU
rerepoda3zoBbIX (QIyKTyauuid, BBOIUTCS (PYyHK-
U BKJIIoueHus ¢a3 L, xapakrepusyromas pac-
MpeeNieHne CoCyIecTBYomuX (a3 B obmactu
®II u ee mpousBoaHas no Temneparype dL/dT
(remnieparypnast ckopocts ®II). [1o cymecTBy,
¢ynkuueit L MOXHO ompenenuTh HU3MEHEHUe
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BCeX (PU3MYECKUX IapaMeTPOB CHUCTEMBI, MpPO-
ucxosammx B oomactu OI1.

OnHuM W3 XapakTepHBIX MaTEpHAIIOB,
nMeromuxcea DI aBnsercs TBEpAbI pacTBOP
CU, sNiy 0sS . AHAIM3MPOBaHBI  PEHTICH[IM-

bpakTOMETpHUECKHE W TEPMOJWHAMUYECKUE
napametpbl Matepuana npu DII. N3yuenue
Pa3IMYHBIX CTPYKTYPHBIX XapaKTEPUCTHUK, B3a-
uMoercTByrommx Moaudukanuii 1o OI1 u B
€ro IpoLecce 1acT BO3MOKHOCTh BBIIBUTh Me-
XaHU3M HX IIPEBPAILCHUI.

CHUHTE3

st cuntesa Cu, o Ni, .S HCIIOIBb30BaHbI

HCXOJHBIE DJIEMEHTHI CJIEAYIOLIEH YHCTOTHI:
Cu—99-998,Ni—99-90 u S ¢ mapxku OCHY,

KBapIieBasi amIryja 3amojHsAIach HCXOJIHBIMU
BEIIECTBAMM B KOJIMYECTBAX, HEOOXOIUMBIX
JUIsl TAHHOTO COCTaBa. AMIyjia 3BaKyHpOBa-
nuch no nasinenus 0,193 Pa. Cunrte3 mpoBo-
muics B uHTepBaie temmeparyp 800-1150°C.
JIisi TOMOT€HHU3allMk CUHTE3UPOBAHHBIN 00pa-
3en; B TeueHuu 100 yacoB OTXKHUrajics mpu TeM-

neparype 800°C. lns monaydeHuss MOHOKpPH-
crajumdeckux  00pasuoB  Cu, o;Niy ;S  ObLia

BbIOpaHa KOMOWHAIIUSI METOJOB MEIJICHHOTO
oxXJIaXAeHUs U MeTo1a bpumkmena.

IKCIIEPUMEHTAJIbBHAS YACTDb

PenTtreHorpaguyeckue  MCCICIOBAHUS
NPOBEJCHBI Ha IMOPOUIKOBOM THU(PPAKTOMETPE
tuna D8ADVAVNCE  dupmer «Brukery npu

pexume TpyOoku 40xkB, 40MA (u3nyueHue

CuKa 4=1.5406A) B uHTEepBaje TeMIepaTyp
300 <T <1400 K ¢ ucnojp30BaHHuEM TeMIIepa-
TypHoi kamepsl TTK 450.

JudpakinoHHbIE OTPa)KCHHUS 3alUCHIBA-

auck B uHTepBajie yrioB 0° <20<80°, uznen-
TU(UKAKS TAHHBIX, MTOJIYYCHHBIX TPH HCCIIe-
JOBaHUM 00pa3l0B HU3KOTEMIIEPATYPHOH MO-
TUUKAIMKA, TPOBEACHA IO  Iporpamme
TOPAS. Kpucramiorpapuyeckue mnapameTpbl
yrouHeHsl 1o nporpamme EVA. IlonyueHHsie
pe3ynbTaThl ganbl B Tabmumnax 1-3.

Taoauua 1.
Pacuer audpakrorpammsr a-moaupukanuu CuigsNipesS mpu T=300K

d A | hkl d A | hkl d A | hkl
4.243 6 222 2,659 25 224 1.949 30 116
373 20 242 2.609 16 353 1.908 14 662
3.59 16 302 2.555 12 413 1.892 12 216
341 6 203 2524 40 423 1.876 90 2140
331 25 180 2.469 45 433 1.797 14 593
327 25 420 2.396 85 1111 1.787 14 691
3.18 40 262 2325 40 174 1.704 35 406
3.15 30 41 2237 25 205 1.657 12 286
3.051 20 243 2207 30 225 1.632 10 605
2.942 45 091 2117 12 444 1528 25 486
2.873 16 191 2.093 10 194 1.361 10 686
2755 16 134 2.005 14 345

2718 55 044 1.977 100 2131

92




N3MEHEHUE TEPMOJUHAMUWYECKUX ITAPAMETPOB Cuy gsNio.05S TIPU ®A30BBIX ITEPEXOJAX

Pacuer qudpaxrorpammsl B-mogudukaun Cui esNio.esS mpu T=379K

d, A

hkl

d, A

hkl

3.388

002

1.361

203

3.055

101

1.296

210

2.401

88

102

1.281

114

1.9805

100

110

1.273

211

1.875

98

103

1.143

300

1.706

45

200

1.122

213

1.689

004

1.120

006

1.661

201

1.082

302

1.527

202

0.975

116

1.509

104

0.949

222

Taoauma 3

Pacuer audpakrorpaMmsl y-MoaAnpHKALAH
Cuy.95Nig.05S mpu T=756K

d, A [ hkl
3.345 45 111
2.894 18 200
2.048 10 220
1.746 25 311
1.672 100 222

1.1139 35 333

Pacuer (Tabmumel 1-3) mokassiBaeT, 4TO
a-¢paza Cu, o Ni, .S 1npu KOMHATHOW Temmepa-

Type HMeeT POMOMYECKYI0 pELIeTKy C mapa-

MeTpamu a=26-50; 6=15-39; ¢=13-85 Au mpo-
CTpaHCTBeHHOW Trpymmnbl (mp.rp.) Abm2. Ona
npu temneparype T=379+2K npeparmiaercs B
rekcaroHanbHyio f-¢azy ¢ mapamerpamu

4=3-96, ¢=6.78 A, 1p.rp.P63imme, a ipu 750+2K
ele pa3 MEePEXOIUT B FeKCaroHalbHyI0 Y-(asy

c Moaudukamuein nepuogom a=5788A wu
mp.rp. Kybuueckyro Fm3m.

[Ipu oxmaxxaeHun oOpasma 10 Temmepa-
Typsl T=750K umcno nu¢pakuuoHHBIX OTpa-
XKEHUN OT y-(ha3bl ocTaeTcss Heu3MeHHBIM. [Ipu
temrneparype T=730K oOpasen craHoBUTCS
nByx¢a3HbM:~60% kyouueckum, ~30% rexco-
roHajabHbIM. Tonbko npu Temnepatype T=710K
MPOUCXOIUT TMoNHOe y—[3 mpespaiuenue. [lpu

Taoauna 2

JAIbHENIIEM TTOHUKEHUH TeMIepaTypsl 3-¢aza
1o T=450K nepexoauT B rekcaroHaJlbHYI0 MO-
TUUKAUI0 W B HMHTEPBAIC TEMIIEpaTyp
440+460K ogHOBpEeMEHHO CYIIECTBYIOT JBE
¢$a3p:~79% rexcaronanbHas u ~20% pomOu-
yeckast. Tompko mpu T=350K Bce nudpakuu-
OHHbBIE OTpaKEHUS poMOHYecKOM o-
MOAU(UKAIIMN TIOJHOCTHIO BOCCTAHABIIUBAIOT-
csl.

Wtak, peHTreHOorpapuvecKuM METOI0M
BBISBJIEHO, YTO B 00pasiie Cu195Nio.05S PIT Ho-
CAT DHAHTHOTPONHBIA XapakTep B HWHTEpBaje
temneparyp 300+1400K n npoucxonsdr no cie-
JIYIOILIEH CXeMe:

se0X  7so K
O
sso X Tao K
B uccnegyemom obpasiie 1Sl BBISIBICHUS
KOPpEJALMH MEXIYy PEHTTEHOCTPYKTYPHBIMHU
JIAHHBIMU ¥ TETUIOBBIMHU IMPOIIECCAaMU TIPOBEJIe-
Hbl TaK)X€ AHAJIOTMYHBIE WCCIEAOBAHUS METO-
nom JITA. na npubope Perkin Elmer Sinintlta-
neons Thermal Analgiyzer, STA 600 (CILA).
OGpa3zerr HarpeBaicsi co CKOpocThio 5°C/MUH.
B kauecTtBe pabouero rasa B3sIT a30THBIN ra3 u
€ro CKOpOCTh cocTaniisia 20 MJI/MUH.
Ha ocnose JITA BbIsIBICHO, UTO B 00pas-
e CuigesNioosS mpu uHTEpBane TemIeparyp
370+390K mpoucXoauT TOIJIONICHHEe, a MpHU
740+775K Beinenenue Temia (Puc.1).
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AT

— T - T T T T T - T T 1T T 1
200 300 400 500 600 700 800 900 1000
T.K

Puc.1

TemneparypHas 3aBucumMocts ATy B

Cu1,95 N i0,05S

METOIHUKA OIPEJAEJIEHUSA
TEPMOJANHAMUYECKHUX
ITAPAMETPOB B OBJIACTH ®II

B nocnennue 50 et cuibHO pa3BUBaIach
TeopHusi (PU3MKH Pa3MBITHIX (PA30BBIX MEpexo-
noB [1-3]. B atux paboTtax aHaJIU3UPYETCS CO-
CYIIECTBOBaHHE KaXKIOW U3 (a3 B obnactu ¢a-
30BOTO nepexoja. Jis BbIABIEHUSI 3aKOHOMEDP-
HOCTHU paclpeiesieHUus] MacChl B 3aBHUCHUMOCTH
OT TeMIepaTypbl ObUIa HUCIOIb30BaHa (PYHKIUS
BkiroueHus L(T) u3 Teopum pasmbiteix OIT
KOH/ICHCUPOBaHHBIX cpell. O0603HAaUMB TepMO-
JUHAMUYECKHUEe MOTeHIUaNbl 1 o - U [ - da3

uepe3 D, u Dy, Ui 00IaCTH COCYIIECTBOBA~

HUS Qa3 HamuIeM

o) =2, M) -A(NLT) (1)

sneck AD(T) =D, (T)-D,(T).

CornacHO TEOpUH pPa3MBITHIX (Pa30BBIX
nepexonoB (POII), s QyHKUUU BKIIOYEHHUS
nMeeT BhIpakeHue|[3 ]

L(T)={+expla,T-T)II", ()
rac IIOCTOsIHHas ao, XapaKTepI/BYIOI_Lla}I CTEC-
TICHb pa3MLITI/IH CDH, 3aBUCUT OT 06’beMa BO3-

MOXHBIX (Da30BBIX (QUIyKTyaluii, >HEPrud H
teMriepatypsl @II. Ecin yuecTs 3ak0H pacmpe-
JIeTICHUSI MacC OT 3aBUCUMOCTH TEMIIEpPaTyphl B
obmactu @II, Torna GyHKUMS BKIIOYEHHS HME-
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m, (T
L= ey )
m, (T)+m,(T) m,
rae m, u m, mMaccel, & —u f— Qassl.
"3 TeMIepaTypHOu 3aBUCUMOCTH

In (mg Im, (T )) MOYKHO OIIPENEIUT TeMIEpaTypy

To, Tte Maccel 000ux (a3 KOIUISCTBEHHO PaB-
Hbl. U3 popmynsl (2) u (3) momyuum

a, 1 In[&J, (4)
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MHOXHTens IN| —-

My
dbyHkmet TtemmneparypHoit pasHoctd To-T
(Puc.2).
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TeMnepaTypHLIe 3aBUCHUMOCTHU pacupeacICHusA MacC
Inma/ms 8 CU, 5Nig 55

ABTOpHI [4] Aenanu MOMBITKA OMpeese-
HUS OTON (PYHKIIMM HA OCHOBE PEHTTEHOCTPYK-
TYpHOTO aHaiu3a TBepAoro Tena. OHU Mpeno-




N3MEHEHUE TEPMOJUHAMUWYECKUX ITAPAMETPOB Cuy gsNio.05S TIPU ®A30BBIX ITEPEXOJAX

Jarajgy, 4To B y3KO#l 00JIacTH COCYIIECTBOBA-
HUus (a3 TemmepaTypHOE H3MEHEHHE HHTCH-
CUBHOCTEH PEHTTEHOBCKUX OTpakeHUH 00y-
CIIOBJICHO KOJMYECTBEHHBIM H3MEHCHHEM (a3.
[Togo6Ho k aTomy L(T) Takke MokHO ompene-
nuTh 110 1anHbIM ATy(T).

Jns aToro HeoOXoaumo B 00JacTH Iie-

pexoma OOWUTBCS JMHEHMHOTO W3MEHEHUs

a

Mg
nepexoja 10 KOHIA UHTepBan Temmeparyp AT
MOYKHO Pa30UTh Ha PaBHBIE IIPOMEKYTKU U CO-
OTBCTCTByI'OIlII/Ie 3HAYCHUA HCCIICAYCMBbIX 3(1)-
(EKTOB OTHECTH K IPEAIOIaraeMbx (asam,
HanpuMep:

In 0T TemrepaTypbl. Torja oT Hayana

AT, =AT, [1- "2 |y aT, | T
y y.a m y-B m

a a

Ha Puc.2 npencraBiensl TeMieparypHbie

m
sapucumocta In y(T)| y=—2 |,
m

a

CTBYIOIIUEC MACCHI OIIPEACIICHBI U3 JaHHbIX

rac COOTBET-

My

ATy | —£ |(m, ~AT, ,;m, ~AT, ).

y.a?

B

a

[To Touke mepecedeHHss MPAMON C OCHIO
abcrucc ompeneneHbl YCIOBHBIE TEMIIEPaTyphl
To obnapyxennbix ®II, rie o6e Macchl paBHBI.
[Ipsimble Ha 3TOW 3aBUCHUMOCTH OIHMCBIBAIOTCS

= — —T,
BBIPAKEHUEM y=exp [ 3 (T 0)] rje 3Haye-

HUsA ao, OIIPCACIICHHBIC M3 HAKJIOHA IIPAMBIX,

ABJIAIOTCS TEMIIEPATYPHON IOCTOSIHHOW Iepe-
xoja. Bo Bcex koopauHarax MpsiMble OXBaThl-
BalOT NouTu Bech MHTepBan PII, uTo ykasbiBa-
€T Ha CIPaBEJIMBOCTb UCIOJIb30BAHHONW METO-

AUKH- OIPCACICHUSA 3aKOHAa PpacClpeaciCHusd
MacChl OT 3aBHUCHMOCTH TEMIEPATyphbl, Kak
my/m,(T).

ITo nanneiM &, u To mo Qopmyne (2)

omnpezaenensl Gpynkuun Brarouerus L(T) u ee
pOU3BOIHBIE 0 Temreparype dL/dT.

dL  a, 1

= A ) (5)
dT 2 1+chla, (T -T,)]

BBIpXAIONINE TEeMIIepaTypHbIe CKOpOCTH (a-
30Boro nepexoxa. C mnomompio (GYHKIUH
BKJIFOUCHUSI MOXKHO OMPEIEIUTh XapaKTep I0-
BEJICHUS M BEJIIMYMHY CKayKa Pa3IMYHBIX Tep-
MOJMHAMHYECKUX BeanunH B oOnactu DII.
CornacHo Teopuu rerepoda3oBbix QIryk-

Tyanuii [1-2] mocrosannas @, Takke onpenens-
— -2
ercs Kak,ay =V, (Qk Ty, rae Vpho — 0Gbem

¢dazoBoii paykTyanuii Q—KoJIW4YeCTBO BBIJETIC-
HUA (WU TIOTJIONICHHUS) TeTIa. 3/1eCh BEIMYUHY
Vpho MOXHO paccMaTpuBaTh KaK MUHUMAIIb-
HBIH 00BEM, B KOTOPOM TPOUCXOAMT YETKHA
®Il, i kak o0bEeM 4YacTHUIIBI HOBOH (pa3bl
BHYTpH cTapoi. TemneparypHyr0 3aBUCUMOCTh
Vpn(T) MosxHO ompeaenuts o Gopmysie [5]

kTya, a, 1
Q 2 1+ch[-a,(T-T,)]

Vph (T) = (6)

OmvH U3 BaXXHBIX TEPMOIMHAMUYECKUX
napameTposB, xapakrepusyromux PII, sHTpO-
U IPEBPALLEHUS U ylIeJbHas TEIUIOEMKOCTh B
yclioBHOM Touke To MOTYT OBITH OINpeENeHbI
13 COOTHOILIEHUS [6].

oD
S=——=S5,+ASL, 7
o ()
0S dL
Cp =T5=Cpl+ACpL+TASE y (8)

rne S, u Cpl - DHTPOIIUM U yJeNIbHas TEIIo-

emMkocTh 10 Havana DI, AS - sHTpomms mpe-
Bpamienus. 3neck AC, BBIYMCISETCS 10 JaH-

HbEIM Q, AT,m(ACp =Q/mATl), rae uid Io-

rnomenus AT, =T _ —(T,,. +Vt), a 1us Beige-

ATl :Txou - (Tnaq _Vt) )
CKOPOCTh HarpeBaHHs (MU OXJaXAeHHs), t-
BpeMsl IpeBpalieHus. M3meHeHune sHTponuu B
obnactu @Il MoxeT OBITH ONpEAeNeHO U3 CO-
otHomenus AS =AH /T;. U3Menenue dHTab-

JICHUA TCIL1a V-
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muu AH npu ®II npupaBHUBaeTCs K KOJuye-
CTBY TeIlJIa HA OJWH MOJb, BHIYUCICHHOMY Ha
ocHoBe JITA B equHunax xkau/t (cMm. Tad.4).

N3BecTtHO, uTO TemreparypHas 3aBHUCH-
MOCTh YIEIbHOM TEII0eMKOCTH B oOmactu DI
ompexensercs o dopmyne [5],

C + 3Q 1

2m 1+ch[a0(T—TO)]'

NneHTHYHBI pacuer TakKe IPOBENCH
g [ —y nepexona. [lomyueHHble AaHHbBIE
npeactaBieHsl Ha Puc. 2-4 u B Tabnuue 4.

p Py

(9)

L, dL/dT, K~
12

Puc.3

TemmnepaTypHble 3aBUCUMOCTH (DYHKIIMU BKIIFOUE-
Hus L u ee mpoussomuoii dL/AT B

Ta6auna 4.
TepmonuHamuueckue napamerpsl Cui gsNio.sS B 06macTu (ha3oBbIX IEPEX0I0B.
Mepexon | To, K | ap, KT | Q,callg | Vp, AH, Es eV | B,eV AS, Co,
sm? cal/m cal/mole cal/m
ol K ol.K
a—p 380 0,44 34,8 4,6 764 0,18 -0,10 2,01 100,1
B—y 750 0,32 6,0 2,4 958 0,14 -0,06 1,28 92,6

HUHTEPHIPETALIMA PE3YJIBTATOB

W3BeCTHO, YTO CTPYKTYpbl MOTYT Iepe-
XOJUTh OIHA B JIPYTryi0 IByMs criocobamu. Ec-
M 3T (Pa3bl 007a1aI0T HU3KUMU CUMMETPHSI-
MU ¥ XUMHUYECKUMHU CBSI3SIMH, TO TIEPEXO] J10JI-
KEH MPOUCXOJUTH MOUTH 0€3 MCKAXKEHUS CHM-
METpUM KpucTayia [7], mpu KOTOpOW M3MEHe-
HUE BHYTPEHHEH SHEPIUH JOJDKHO yIOBJIETBO-
psathb ycnoBuio AS/R >1In 2 (R-yruBepcanbHast
ra3oBoi mocrosiHHoM) [6]. Takme mepexomb
npuHATO HaspiBaTh DIl PeKOHCTPYKTUBHOIO
THUTIA.

Kak mnokasano B Tabmmmax 1-3, B
CuU, 45N ;sS CUMMETPUH, OOHAPYKEHHBIE B KaXK-

noit (ase, CHIBHO OTJIMYAIOTCS APYT OT APYTa.
[To nuue xumuueckoit cszu CuX(S,Se, Te) [8]
a—pB—Yy mepexoasl MPEUMYIIECTBEHHO H3Me-
HSIOTCS  CIICAYIONUM  00pa3oM: KOBAJICHT-
Has—KOBAJICHTHO-HOHHass—uoHHas. CremoBa-

TENBHO, B 00pa3ue Cu,,Ni,,,S CHMMETPHS H

XUMUUYECKUE CBA3M JUIl KaXIbIX Tpex a3
CWIBHO OTIMYAIOTCS, U 3TH IEPEXOMBl yHIO-
BiieTBOpsioT ycioBuio  AS /R > In 2 (Tabnuma
4), Tak Kak 3TH Iepexoabl OTHOCATCS K Hepe-
X0JIaM PEKOHCTPYKTHBHOT'O THIIA.

W3 Tabmuie 4 BuaHO, 9T0 B CU, o5 Nij osS

U3MEHEHHE TEPMOJMHAMUYECKUX IapaMeTpOB
o—[} mepexojia HAMHOTO MEHbIIIE, YeM TpH Ie-
pexone [ —y.

DTO 03HAYAET, YTO OOBHEM WIIH K€ INIOT-
HOCTh KpUCTaJlIa B a- U f- (hazax OTHOCHUTENb-
HO Omke, yeM B f— u y— Pazax. [loatromy npu
a— mepexojie MOIJIOIIAETCsS MEHbIIE Tera,
4yeM BbLAEISAEeTCA NMpU f —Y. OTO CBUAETENb-
CTBYET O TOM, YTO BHYTPEHHsS DHEPTus, 3a-
KJIIOYEHHAas B CTPYKTYpe MEXAYy aTrOMaMu B
pelieTkax, 3aTpadyeHHas Ha MOCTPOEHUE CHUM-
METpHUH TIpH TNepexojax o——y, yBeIuunBa-
eTcsl.

W3 nepedncieHHbIX (GakTOpOB BHITEKAET,
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4TO B Cu S 0e3 pa3pblBa CyLIECTBYIOIIUX

1,95Ni0,05
CBSI3¢H M CHMMETPHH HE MOTYT IPOUCXOIUTH
nepexo bl 0o—P—y. JlaHHbIiA (akT Tak xe mpo-
sBnser cebs npu usmenenuu dL/dT  Tak kak

s 000MX TEPEeXOJ0B OH MEHBIIEC €IUHUIIBL.
Kak wusBectHO [7], TeMmeparypHas CKOPOCThb
3aBUCUT OT dHeprum aktuBanuu (E,) OII, roe
OHa ompenensuiach Henocpenactsenno uz ATA
HCCIIElyeMOro  BellecTBa 1o ¢opmyne
E.=RT,4IVt | KOTOpas HEOOXOAUMO, I TOTO
YTOOBI MEPEXO0J]l CTaJl Pa3pelieHHbIM WM He-
paspemieHHbIM [7]. Camo pa3pelieHue nepexo-
Jla 3aBUCUT OT 3HA4YE€HUs B (BBICOTHI YHEPIeTU-
gyeckoro 6apnepa) [7]. Eciiu B >E, nepexon He-
paspeiiieH, a B cnyyae B< E, mepexoll CTaHO-
BUTCS pasperneHHbIM. B ciryaae Cu1.gsNioosS B
MO>KHO OLIEHUTH CJIEIYIOIINM 00pa3oM, TaK Kak
st 00oux (a3 YHAOBIETBOPSETCS OTHOIICHUE
N, ¢ AHq N, Ho—p, Tie Ny - KOHIIEHTpaIus
atoMoB B a-ase, N/, -KOHIIEHTpaIHs aTOMOB,
MMEIOIINX YHEPTUH, JOCTATOYHBIC IS TPEOJI0-
JIEHUs] SHEpreTudeckoro Oapbepa B, ciemoa-
tembHO N/, = N,exp-B/KT. Yursa Bemre mpen-
nonoxenne nomyunMm  otHomreHne  No/N/,
H.H.—ps Torma moxuo ompeaenuts B, T.e.

AH, ,
B =kTIh——=, uro 3nauenne AH_, no ®II
AH,
B3sT0 u3 [9] (rme AHo=17.2xkan/mons u
Sa=25.5kxan/monb K). ITonoOHbIe pacueTs! npu-
BeJIeHbl s U f — y nepexona. llomydeHHble

3Ha4yeHus uid B nano B Tabmuue 4. Kak BugHO
u3 Tabmuist 4 s oboux OII B, T.e. 06a nepe-
X0J1a SIBJISIFOTCS Pa3pELICHHBIMU.

MOKHO THpEeANOI0XUTh, YTO dHEPrus B
TaKXe SBJIseTCS MPUUMHOM 00pa3oBaHus HeCo-
pazMepHoil ¢a3bl. [1o JTaHHBIM PEHTIEHOCTPYK-
TYpPHOTO aHaliu3a BHJHO, 4YTO IIpU LHUKIE
a<>[«<>y BO3HMKaeT TeMIepaTypHbI rucrepe-
3uc. OOBIYHO TeMIIepaTypHbIN TUCTEPE3NUC CBA-
3aH C HAJIMYMEM Hecopa3MepHoW HOBOM (a3bl B
ctapoil ¢aze [10]. Pons HEcopasmepHOCTH MTPU
IIEPEX0/lax CBSA3aHA C BO3MOXKHOCTBIO 3aKpeTl-
JIEHUSI BOJIHBI NMPOCTPAHCTBEHHOM MOJIYJSALUN
Hecopa3MepHOM (a3pl Ha HEOTHOPOIHOCTSIX
KpUCTaJljla, XOTS OINpeAeseHHOM BKIaa B 3a-
KpPEIUIEHUE BHOCHUT U JIMCKPETHOCTh PELIETKH

[11]. Ot0 mpuBoauT K pasmeiTuto PII, koTopoe
00ycCIIOBIMBAETCS 3aras3iblBaHUEM IpeBpallie-
HUSl BBIIIE TMPUBEICHHOW CTPYKTYypbl U €€
CBOICTB B Hecopa3MepHO# (a3e ¢ n3MEHEHUEM
temriepatypbl. Kak BuaHo u3 Tabmuier 1-3, o1-
HOILIGHUS IOCTOSIHHBIX CTPYKTYpPbI, B & — U —
daze (Taxke f— u y—dasze) ABISIOTCS UPPALHO-
HAJIbHBIMU. DTa JAaeT OCHOBAaHUS CKa3aTb, YTO
IIEPEXO0JT COINPOBOXKAAETCS IOCIEI0BATENBHOMN
CMEHOW CTPYKTYp MPOXOMSIIUX 4Yepe3 Mpome-
KyTOuHYI0 [—(da3y sBISIONIyI0 HEcopa3Mmep-
HOM CTPYKTYpO#l 10 OTHOLIEHHUIO K CTPYKTYpe
o— ¥ y—}a3sbl.

OaHMM U3 KIIIOYEBBIX BOIMPOCOB (PU3UKU
(a30BbIX NpeBpallleHul ABIsSeTCS (IYKTyaluu
(U3UYECKOTO COCTOSIHHSI, BO3HUKAIOMICH MPHU
@II. Cuuraem, 4TO MPOBEIECHUE PACUETOB 0OB-
emMa QUIYKTyallMd W €€ pachpesesieHue B obma-
cti ®II MoryT OBITH MOJE3HBIMU I UCCIEA0-
Banus OII B Cu, ¢sNij oS . C 370l TOUKHK 3pe-
HUE HaMU OBbUIM TMOCTPOCHBI TEMIIEPATypPHbIE

3aBUCHUMOCTH Vph Ul IepexoaoB oa—f u f—y
(Puc.4).

0 -8 -6 -4 -2 TOTO 2 4 6 8 10 12 14

Puc.4

TeMmepaTypHbIe 3aBHCHMOCTH 00beMa (GIIyKTya-
mn Viph B CUL95 N 'o,osS

Kax BumHO 171 000HMX IEepexonoB 00beM
(IyKTyanuu 10CTHraeT MakCUMyMa B Todke To
¥ aCHMTOTHYHO YOBIBaeT 1o Mepe otaaneHus T
oT To. B xadecTBe MCTOYHUKOB, BBHI3BIBAIOLINX
¢aykryanun B xpucramie Cu, oNiy .S saBs-
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eTcs TemIeparypHble HeoJHOpoaHOoCTH. U3 3a-
BucuMocTl Vpn(T) BUAHO, 4TO MHUHUMAaJbHBIN
00bEM 3apojblilla, UIPAIOLIETO POJIb HEOJHO-
ponHocTH, o—¢a3bl BHYTpu P—das3sl Oonblie,
yem B—da3er BHYyTpU y—daspl. Cieayer oTMme-
TUTh, YTO HM3MEHEHUS BHYTPEHHEW »HEpPIruu
KpHUCTaJla 110 Mepe BKJIFOYEHUS 3apoJIbllIel o-
¢a3el B B- pa3y u B- dazsl B y- (azy npuBoauT
K TEMIIepaTypHOH HEOJHOPOAHOCTH, TaK Kak
MPUYMHA HEOJHOPOJHOCTH SIBIISICTCS MOJIMKPH-
CTAJUIMYHOCTH KpUCTAUIAa. A INpHYMHA I10JIU-
KPUCTAJUIMYHOCTHU SIBISICTCS CHUIIBHBIM OTJIMYH-
€M CTPYKTYp B « -, B- u y- ¢ase, Tak Kak Ipu
Hamunn o -pa3 B PB-dase u P-daz B y-haze
BO3HHMKACT NOJUKPUCTAIIMIHOCTD B Cuy, o, Ni .S -

Jpyroii BaXHOW TEepMOJAMHAMUYECKUI
napaMmerTp, XapakTepHU3yIOIIUH TerIoBOH 3¢-
(bekT, 3TO yAenbHas TEIIOEMKOCTh MaTepuana.
N3 Tabaumel 4 BuaHO, 4TO 3HaYeHUs Q, AS u
AH B Touke To CHJIBHO OTIMYAIOTCA OT HYJIA,
YTO YKa3blBaeT Ha UX MpUHaAIeKHOCTh K OII |
pona. IIpu @Il | poxa TemneparypHas 3aBHCH-
MOCTb YJI€JIbHOM TEIUIOEMKOCTH JOJIKHO M3Me-
HAThCSA cKaukooOpasHo. Kak BuaHo u3 Puc.5
C,(T) Ka4ecTBEHHO HANIOMUHAET 3aBUCUMOCTb

0,05

ATy(T) (Puc.1). B o6mnactu a—f u p—y nepe-
XOIOB C (T) HPOXOMHUT 4epe3 MOPOroBbIi Mak-

cumyM (Puc.5).

[TpyuunHy 3TOr0 MOXHO OOBSICHUTH CIe-
AYOIIUM 00pa3oM: Kak BUAHO U3 Tabmuusl 4 B
oboux DIl mpu Touke To oO6beM (hazoBoit
daykryamun B Cu, osNij ,cS MOITyJaeT OLEHKY B

nopsiike oobema IJIEeMEHTapHOU sSUelKu, MpH-
mepao 102%cm®. Dta mosBonser cuenarh mpes-
IIOJIOKEHHE, YTO B Hayalle TeMIlepaTryp Iepe-
X0Jla Mepexos MPOUCXOAUT B OJHOM DIIEMEH-
TapHOU SYEHWKE KpUCTaJlIa. 3a CYET U3MEHEHHUS
TEIUIOBBIX KOJeOaHuM yria cBsi3ed, NMpPUBOAS-
IMUX K OOpa3oBaHMIO JIOKAJIBHOW TEIUIOBOM
SHEPrUM, MPOUCXOJUT M3MEHEHUE 3TOM IHep-
ruu ¢ temneparypoil. C pocToM TeMmneparypbl
YHCIIO TaKUX OOpalleHHBIX olnactell OBICTPO
BO3pACTaeT, U KaxJoe JIoKalbHOE oOpalieHue
oOseryaer oOpalleHHe COCeIHHUX YYacTKOB.
IIpu poctmxenun temmeparypsl To BCE YIUIBI
KpUCTaJljla JOJDKHBI KOJe0aThbCs C pPaBHBIMU

aMIUIMTyAaMu (MAET CUHXPOHU3alus Kojeba-
HUI y3710B), Oiarojapsi uemy mnepeaadu >Hep-
MU OT OJHOU CTOPOHBI K APYroil HE MPOUCXO-
qut. B urorn npu T=To Cp(T) nosixeH UMeTh
pa3pbiB, T.e. Ha 3aBucuMocTH Cp(T) B Touke To
JIOJKHA TIOSBIIATHCSA CUHTYISIpHOCTB. OJIHAaKO
Ha skcnepuMente Cp(7T) AOXOIUT 10 KOHEYHO-
ro 3HayeHus. [IpuuuHoii aTOrO sIBIsieTcs Ppryk-
Tyaluu, OOpPa30BBIBAIOIIMECS B CIEIYIOIINX
cimydasix: 1) oOpa3oBaHHe 3apOABIIICH HOBOM
¢da3sl B cTapoii ¢aze; 2) oOpazoBaHHE MHUKPO-
CTPYKTYpPBI BBICOKOTEMIIEpaTypHOUH [- u -
da3sl ipu o—P u f—y nepexonax; 3) odpaszo-
BaHUE HEOJHOPOJHOCTEH KpHUCTaUIa U T.[.
Kaxxaplii U3 mepeyrcieHHbIX (PaKTOpOB MOKET
SBIISITHCSL TIPUYMHOW TEIUIOBBIX (DIIYKTYaIlHid,
KOTOpBIE TMPUBOAAT K KOHEYHOMY 3HAYCHHIO
Cp(T) npu To. A npu T>To HaunHaeTcst oOpart-
HBIM TIPOIECC, KOTOPBI MPUBOIUT K YMEHbIIIE-
Huto Cp(T). llonoOGHbIe aHATU3BI IPOBEJCHBI B
pabote [2], e aBTOp MOKa3aj, 4TO BEJIWYMHA
TemrneparypHoil ¢aykryanun B obmactsax DII
OTIPEEIAIOTCS PAANYCOM KOPPETSAIUH.

Cp, Cal/mol-K

110

PucSs.

TemnepaTypHble 3aBUCUMOCTH Y/I€/IbHOI TEMI0eM-
xocti Cp B CU, g5 Nl 05S
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OTH laHHbBIE M103BOJIAIOT 3aKIHOUUTh, YTO
skcTpeMyMbl Ha ATY(T) MOJHOCTBIO HaloMHU-

HAIOT aHanoruuHyro s3asucumocts C (T). U3
nanubix ATY(T) u C (T) Takke cienyer, 4To
B Cu, ¢sNij osS
@II o— u f—Y 1 OHO MPOUCXOAT MO CXEME:!

Bty Y
740+765K

a—y @Il compoBoxkaaercs ¢

o —> otf
370+390K

Temneparyper @II To, onpenensronmecs
U3 JIaHHBIX PEHTTEHOCTPYKTYPHOIO aHalu3a,
9yTh CMEUICHBI B 00JIaCTh HU3KHX TEMIIEpaTyp
[I0 CPAaBHEHUIO C JIaHHBIMH, OIPEEIIAIOIMMHU-
csa o ATy(T). IlpuuuHOif 5TOro MOTryT OBITH

TEIUIOBBIE (PIIYKTYyallUH.

WuTepecHble pe3yabTaThl, UMEIONINE aHa-
JIOTUIO C HAILIMMU JAHHBIMH, MOJy4YeHbI B [12],
r7le Ha OCHOBE KAJIOPUMETPHUECKUX HCCIEI0-
BaHUN Cuz.xS€ yCTaHOBIIEHO, YTO B CTEXUOMET-
puueckom CuzSe OIT mpu 414K umeer peskwuii
nepexon a—a+B—f, 6nu3kuil Mo xapaxkrepy K
m3orepmuueckomy PII (1 pona). Ilo mepe Bo3-
pactanuss x nuku o—fp DIl pasmbiBaroTcs,
TeMIieparypa nepexoja ymenbimnaercs 10 291K
(mpu x=0.3).Hauunas ¢ x=0.17-0.3 Ha KpUBBIX
TG GepeHIIMATBEHOTO CKaHUPYIOMIETO KaJlOpH-
metpa ([ICK) kpome TernoBbix 3¢ (HeKToB 3B-
TEKTOMTHOTO TIPEeBpaIICHUs] HaOMIOJaeTcss |
snnorepmuueckuil apdexr (mpu 189K), korto-
pBI TIPH YBETMYEHUH CKOPOCTH OXJIXKICHHS
Vox 10 SK/MuH Bo3pacTaeT mo abCOMIOTHON Be-
JMYMHE U CMEIIAeTCS B CTOPOHY BBICOKHX TEM-
nepatyp (257K), T.e. IpOUCXOAUT NOYTH TEepe]
o—f mepexonoMm, a MpU YMEHbBIIEHUU Vox 10
0.2K/muH BoBce mcueszaeT. DTU Mepexojibl aB-
TOPBI CBSI3BIBAIOT C HETIOJHBIM IPOUCXOKICHH-
€M 3BTEKTOMJHOIO MpeBpalieHus. Pestomupys
MOJTyYCHHBIE Pe3yJIbTaThl, aBTOPHI 3aKIIFOYAIOT,
YTO MEpPexXo]l B COCTOSHUE CYNEPHOHHOU Mpo-
BoaumocTtu (CUII) B CuoxSe sBhsieTcst Cliox-
HBIM MPEBpALICHUEM HBTEKTHUYECKOTO THIIA.
[TosiBnenus CUII B B-daze oOycmoBiaeHO pasy-
MOPSA0UEHUEM KAaTHOHHOM TOJPEHIeTKH CO-

equnenusi. Teoperndeckn mokazano [13], uto
B CYIIEPUOHHOM COCTOSIHHE, KOTJla KaTHOHHAas
pellieTka TMOJHOCTBIO pa3ylopsaouyeHa, 4a-
CTUYHOE YHOPSAOYEHHE MOXKET IIPEeaIecTBO-
Bath @Il nepexony.

H3BectHO, YTO BCE COCIMHEHHS THIIA
CuX(S,Se,Te) u TBepabIC paCTBOPHI, IOJyYEH-
HblE HAa UX OcHOBE, Takue Kak CuixNixX, oTHO-
carca k uucny CHUII[8] u, B wacTHOCTH, B
CUy 05N 05S . Mexysenbnbie monbl CuU o6ia-

JAOT OOJIBIION MOJBMKHOCTBIO, 1 OHH MOTYT
yHnopsiiounBareest 10 temieparypbl OI1, mpu-
yeM HeOomnbInoii n30bTok CU ycKopsieT 3TOT
porecc.

3AK/IIOYEHUE

Bech koMMIIeKe SKCIEPUMEHTAIbHBIX HC-
cienoBanuii Cu, 4.Ni, .S mo3BOIsIET Ccrenatsb

BBIBOJI, YTO TIEPEXOJ] 0—>y COIPOBOXKIACTCS
[I0CJIEI0BATEIbHON CMEHOH CTPYKTYp, MPOXO-
JSIIAX Yepe3 MPOMEXYyTOuHylo P—dasy, rae
B—taza sBisercss Hecopa3MepHOW MO OTHOILE-
HUIO o~ ¥ y—¢azam. Cyutaem, 4TO B LIEJIOM,
OlpeielIeHue paclpeielieHnsl OTHOLIEHUsT Mac-
cbl 000OMX CTPYKTYp MU MMHHMMAaJIbHOTO o0bema
¢dnyxryarun B ®OII u ux TemneparypHbIX 3aBU-
cUMOCTEN B 00JIaCTH KaXJ10T0 0OHApyKEHHOTO
@Il Moryt nath moJie3Hble CBEICHUS Ul HUC-
cnenoBanus ®II BCu, Ni.S. Ilo mepe orna-

aenus ot ®II B kpucramne Cu, o:Ni, ,.S B Kaue-

CTBE MCTOYHHMKOB, BBI3BIBAIOIIUX (IYKTYaIlUIO
coctosHus (a3 B 00JIACTH HMX COCYIIECTBOBA-
HUS, SIBIIIFOTCSI TEMIIEPATYPHBIE HEOJIHOPOIHO-
cTu, oOpasyrouyecss ¢ U3MEHEHHEM BHYTPEH-
Hell SHeprum KpUCTajlIa, a TAKkKe HEOXHOPOI-
HOCTH, OOYCIIOBJICHHBIE CHJIBHO OTJIHYArOLIU-
MHUCSI CTPYKTYypaMH o —, §— U Y— (a3 U MosiB-
JIEHHE B CBS3U C 3THM IOIUKPUCTAJUINYHOCTH B
HU3KOTeMnepaTypHoi obnactn Cu, o;Niy oS B

ee HOBBIX (hazax.
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Cu1eNiosS KRISTALIN FAZA KECIDLORIND® TERMODINAMIK PARAMETRLORIN DOYiSMOSI
F.F.OLIYEV, A HRZAYEVA, M.NMIRZOBYEV, Q.M.DOMIROV

CuzgsNigesS kristalinda faza kegidlorindo (FK) diferensial termik analizin (DTA) noticalori tohlil olunmusdur. Onlarin
asasinda miioyyan olunmusdur ki, Cus.gsNigesS kristalinda asagi temperaturlu rombik o-faza 370+-390K intervalinda heqsaqonal
-fazaya kecir va yenidan 740+765K kubik y-fazaya kegir vo sxematik olaraq bels tosvir olunur:

a —> ot —> Pty —> v
370+390K 740+765K
Diferensial termik analizin temperatur asililg1 asasinda miioyyan olunmusdur ki, o—f kecidi istiliyin udulmasi, f—y
kecidi iso istiliyin ayriimas ilo miisahido olunur. Kegidlor ~10 sm® minimal fluktuasiya hocminds 0.11 vo 0.08 K bas verir.
Gostorilmigdir ki, a—y kegidi har iki a- vo y-fazalan ilo geyri-mitonasib olan pB-fazasinin avoz olunmus strukturu ilo hoyata
kegirilir.
CHANGE THERMODYNAMIC PARAMETERS IN CuyesNioesS AT PHASE TRANSITIONS

F.F.ALIEV, A.G.RZAEVA, M.N.MIRZOEV, G.M.DAMIROV

X-ray difractometric and differential thermal (DTA) data in phase transitions region in  Cu, osNi, (S have been

analysed. On their based on DTA, it has been revealed that in Cu, ;N1 ,5S the low temperature rhombic o-phase in the tem-

perature range 370+-390K transfers into the hexagonal 8 phase and further in the temperature range 740+765K it transfers into the
a —> ot —>> Bty ——> ¥
cubic y-phase with the scheme: 3707300 7aoTTesK
It has been established that a—f transition has been accompanied by absorption whereasp—y transition is by heat exuda-
tion. It has been revealed that both transitions are allowed and relate to the reconstructive type, and take place in the fluctuation
volume ~ 10% cm? with temperature rates 0.11 and 0.08K™. It has shown that a—y transition is accompanied by the sequent
change in structures passing through the intermediate f—phase which was disproportionate to a—and y—phases.

Penaxrop: akan. J[x. AGTMHOB
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PEDEPAT

HccnenoBanbl CHIEKTPhI TPOIMYCKAHUS, OTPAKEHHSI U TOTIIO-
LIeHUs1 MOHOKpUCTAIIIOB GaP, HeOOIy4eHHBIX 1 OOTy4eHHBIX
OBICTPBIMK 2NIEKTpoHaMu Jo30d @=10'%31/cM? u smeprueit
E=6M>3B mnpu komHatHOW Temmeparype. OOHApPYKEHO, UYTO
nocie OOMydeHWs IUIa3MEHHBI MHMHHUMYM CMeEIaeTcsi B
JUTMHHOBOJTHOBYIO CTOpOoHY Ha 0,35B 1 aGCOMOTHBIM MaKCH-
MYM 3KCHUTOHHOTO OTpa’keHHs yMeHblaercs Ha ~10%.

BBEJIEHUE

®dochua rawms — MLUPOKO3OHHBINA IOITY-
IPOBOJIHUK, Ha 0a3e KOTOPOro IMOIy4yaroT MCTOY-
HUKA BHIUMOTO cBera. Ha myTu moBbIIIeHHs
KBaHTOBOT'0 BbIXoza J11o/10B GaP nexur npooie-
MBI CHIDKEHHSI KOHIIEHTPAIMH Oe3bI3TydaTeIbHBIX
YPOBHEH B KpHUCTaJlIe, pElIeHne KOTOpPOil HEeBO3-
MOXXKHO 03 HaKoIUIeHUss WH(OpMamu O CBOH-
CTBAax CTPYKTYphl. IIyukH YCKOpPEHHBIX YacTHI[ —
YIOOHBIN WHCTPYMEHT ISl UX KOHTPOJIHPYEMOTO
BBEJICHUS, U3MEHEHHs BUIAa U KoHLEeHTpauuu. C
TIOMOIIBIO  TIPOHUKAIOIIET0 HW3ITy4eHHsS MOYKHO
KOPPEKTHPOBAaTh U YHU(PUIMPOBATH XapaKTepH-
CTUKH IpuoOopoB [1].

HccnenoBaHue ONTUYECKUX CBOMCTB JKCH-
TOHHBIX CIIEKTPOB B TIOJYIIPOBOIHHUKAX JAeT BaXK-
HYI0 HH(OPMAIIUIO O B3aUMOJIEUCTBIH SKCUTOHA C
TIOBEPXHOCTBIO M TIPUTIOBEPXHOCTHON 00JIACTHIO
kpucramia [2]. OcobeHHO MH(OPMATUBHBIMU SIB-
JSTFOTCST KOHTYPBI SKCUTOHHOTO OTPAyKEHUSI CBETA
(K20C), xoTopble 3aBUCAT OT T€OMETPUU 1 00pa-
OOTKH TTOBEPXHOCTH, COCTaBa MPHITOBEPXHOCTHO-
IO CIIOS1.

C mnoMolIBbI0 TPOHUKAIOUIETO H3ITyYEHUS
MOKHO KOPPEKTHUpOBAaTh M YHH(HIMPOBATH Xa-
paKkTeprUCTUKU PUOOpoB [1].

Llens maHHOI pabOTH — M3y4YEHUE BIIMSHHUE
00mydeHus1 OBICTPBIMU BJIEKTPOHAMH Ha OITHYE-
CKMe cBoiicTBa MOHOKpHcTayuia GaP, B yacTHOCTH,
Ha TUIA3MEHHBII MUHUMYM W 3KCHUTOHHOE OTpa-
JKEHHE.

IKCIIEPUMEHT U OBCYXJIEHHUE

B Hacrosmeii paborte uccneoBaHbl MOHO-
kpuctauisl GaP 1o u mocne o0mydeHust ObICTPHI-
MM dTeKTpoHamu 1030i ®=10'%31/cM? 1 sneprueit
6M»sB mpu 300K. CriekTpbl MpOITyCKaHHs H TI0-
IJIOIEHUS PETUCTPUPOBATIUCH Ha CHEKTPO(OTO-
metpax “Specord 75-IR” u “Specord M—40” B un-
TepBasie H BoiH (0,2+25MKM) Py KOMHATHOM
TeMIieparype.

OOpasipl ObUTM BBIpallieHsl MeToaoM Yo-
XPaTbCKOTO M W3TOTOBJICHBI B BHUJIE TUIACTHHKH
pasmepoM 20x12mm>2, Tomumso# 0,01cM 1 Homm-
POBAIMCH ¢ 00OMX CTOPOH M OBUTM 00pabOTaHBI
STUJIOBBIM CITUPTOM.

Ha cnektpe mpomyckanust obpasma GaP
(Puc.1) obHapyxeHa O4YeHb MHTEHCUBHAs JIMHMS
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A(2,33B) B oOnmactu E(HenpsmMbie), a Tarke
CIIOJKHasl CTPYKTypa, T.€.CUCTEMa MaKCHUMYyMOB
3,653B; 4,53B; 5,13B u MuHUMYyMOB B 00yacTu
MPSIMBIX ¥ MEXK/Ty30HHBIX TIEPEXOJIOB MIPU IHEPTH-
ax 4,15B; 4,653B; 5,25-B. Habmonaemass auHus
A CBA3aHHOTO 3KCUTOHA IpH 2,338 cooTBETCTBYET
JIUTEPaTypPHBIM TAHHBIM

S0
o .
- B8O} !
Z \ /1 A
2 \ AL | A
é 70 )N | J / '.‘
> | . / \ /% /
" J y
60 All
50 A [.:'
|l
A A L A A A
2 3 B 5 6 7
hv, eV
Puc.1
Cnektp nporryckanws B obmactu (1+6)B
kpucrawia GaP.

Kak n3BecTHO, npu 001yueHUU KPUCTAIIOB
A®B® npomcxoauT M3MeHeHNe KOHIIGHTPALMH HO-
curenel 3apsaa. Mi3mMeHeHne KOHIEHTpalyu CBO-
OOMHBIX HOCHUTEJICH 3apsiia (Harpumep, JIEKTPo-
HOB) B TOJTYIIPOBOIHUKE TIPH €ro 0O0My4YEeHHH JI0-
3011 @ OMUCHIBAETCSI COOTHOIIEHUEM [4]

N = No+ ®K{1+r exp[(E - Er/xT]}:, (1)

rae No, N — KOHIIEHTpaluy 3JIeKTPOHOB 0 U TO-
cie o0JydeHusi, COOTBETCTBEHHO, K — CKOpocTh
BBEJICHHS paJMallMOHHBIX edekToB, EF — momo-
xeHne ypoBHs @epmu, E — monoxenue sHepreTu-
YeCKOIro YpOBHS paJMallMOHHOro aedekra, A —
(akTOp BBIPOXKIEHUS, K — TOCTOsIHHAsT bombiMa-
Ha, T — abcommoTHas Temneparypa.

Ha Puc.2 u B Tabmuue 1 npuBeneH criekTp
otpaxkeHusi B oomactu (1,5+2,3)3B B kpucTamax
GaP, HeoOy4eHHBIX W OOJy9eHHBIX OBICTPHIMU
ANIEKTPOHAMH, TOJyYEHHBI METOJIOM, H3JIOKEH-
HoMmy B MoHorpadwun [5]. Kak Bugno u3 Puc.2 B
obnactu 2,25B (Puc. Kp. 2) oGHapyxeH Makcu-
MyM OTpP@XEHHsI, YTO COOTBETCTBYET JIMHHUU A
CBSI3aHHOT'O HKCUTOHA IpU 2,25B B COOTBETCTBHE

JUTepaTypHbIMA AaHHBIMU [6]. C obOmydeHuem
3HAQUEHUE MAKCUMyMa YMEHBIIAETCS, UTO CBA3aHO
¢ 00pa3oBaHKEM PaUAIIMOHHBIX 1e(EKTOB.

Habnromaemple MakCUMyMbI TIPH 3HEPTHSX
2,12 u 1,62 (Puc. 2 xkpuBaslu 2) nocie o0mydeHus
CBUZICTENBCTBYIOT 00 0Opa3oBaHME paJHaIoH-
HbIX AedekroB. MakcumyMm npu 3Heprium 2,135B
COOTBETCTBYET pe3yJsibTaram [7]. Bueirnee Bo3-
JEUCTBUE TPHUBOAUT K CABUTY DHEpPIuil BaJieHT-
HBIX 30H ¥ 30H MPOBOJMMOCTH U TIOHIKAET KPH-
CTAUTMYECKYI0O CHUMMETPHIO M, KaK CIIE/ICTBUE,
pACILEIUISET BBIPOXK/ICHHBIE 30HBI TSDKEIBIX MU
JIETKHUX JIBIPOK Touke [', COOTBETCTBYIOIIYIO IIEH-
Tpy 30HbI bpuiutiosHa (Touka I'). YpoBeHs ¢ sHEp-
rueil 1,633B cOOTBETCTBYET aHTUCTPYKTYPHOMY
nepexry [PcaGap], mpenckazannomy panee Ban-
Bextenowm [6].

Kak BuaHo u3 Puc. 2, uMeeT MecTo CIBUT
IUIA3MEHHOTO MUHUMYyMa C OOJy4eHHEM B JUTUH-
HOBOJIHOBYIO CTOPOHY.

W3BecTHO, 4TO B JIETMPOBAHHBIX MOIYIPO-
BOJHUKAX d(PEKTUBHAS Macca U TOJIOKEHUE MH-
HUMYyMa B CIIEKTPaX OTPAKEHUS CBS3aHBI COOT-
HOIIIEHUEM [ 8]

m _ eNA, 5

m, mc’m, (s, -1)" @
rae N - KOHIeHTpalusl HocuTenel 3apsiaa, Amin —
JUIMHA BOJIHBI, COOTBETCTBYIOILAS IJIa3MEHHOMY
MUHUMYMY, € -3apsil JEKTPOHA, C — CKOpPOCTb
CBETa, £ - IUIJIEKTPUYECKas MOCTOSIHHAs, Mo -
Macca CBOOOTHOTO AJIEKTPOHA.

Bbeuto nonyyeno, uto m”,s/m=0,8, T.e. 00-
Jy4eHHeE MPUBOJUT K YMEHBIIEHUIO 3PPEKTUBHOM
Macchl. BBICTpOJENCTBIE MHTETPATBbHBIX MHUKPO-
CXEM 3aBHUCHUT OT CKOPOCTH HOCHUTEINEH, U, TaKUM
obpazoM, manast 3pdeKTuBHas Macca — OfiHa U3
npuymrH Toro, yro GaP u npyrue nomynpoBoIHU-
xu rpymmsl A"BY ucnonssyrores BMecto kpem-
HUSL B IPUJIOKEHUSIX, I71€ TPEOYeTCsl IMPOKast 10-
noca npornyckanusi. [lluprHa monocsl nmpomycka-
HUS - T10JI0Ca YacTOT, B TIpeJiesiax KOTOpPOi HepaB-
HOMEPHOCTh YAaCTOTHOW XApPAKTEPUCTUKU HE Tpe-
BBIIIIAET 3a/IaHHOM. B pajiocBsi3u U ycTporicTBax
nepeqauyd  UHGOPMAIMU  PACIIHMPEHUE  TOJIOCHI
MPOITYCKaHUS TO3BOJIET Iepenarh OoJbllee KO-
JMYECTBO UH(OPMAITUH.
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OU3NYECKUE CBOMCTBA MOHOKPUCTAJIJIOB GaP OBJIYUEHHBIX BEbICTPBIMU SJIEKTPOHAMU

Ta6mmua 1.
OtpaxxeHue, MpoIycKaHue U Ko3DPHUIMEHT TOTIOIICHUS 1 oOpasia GaP
A, MEM | hv,g T, % Ts, % | o, cm? Oog , CMT R,% R06.,%
08 155 11 7.8 230 290 4,7 19
0,76 1,63 10,9 8,5 220 255 15 43
0,70 1,77 10,8 8,9 225 245 1.2 4
0,65 19 9,9 79 230 252 47 3
0,58 2,06 8,9 6,8 240 260 3 43
0,57 2,13 8,2 6 250 262 38 9,2
0,56 2,17 79 5 325 285 42 7
0,55 2,21 6 55 400 400 81 73,3
0,54 2,25 4 4 325 330 1,6 41
0,53 2,29 2 2 400 420 10 16
Ri% agr
80 -
70 -
60 -
50 -
40 -
30 -
20 - 2
1
10 -
0
15 1,7 1,8 1,9 2 21 2,2 2,3
hv. ev
Puc.2

Criektp otpaxenus kpuctamia GaP B obmactu (1,5+2,3)3B 10 (kp.1) u mocie (kp.2) 00ydeH st ObICTPHIME SJICKTPOHAMEL.

3AK/IIOYEHHUE

HWrak, nokazaHo, 4To B 00IydeHHBIX 00pa3-
nax GaP BrIa3MeHHbII MHUHUMYM CMEIAeTcs B
JUIMHHOBOJIHOBYIO cTOpoHY Ha 0,3 3B; B pe3yib-
Tare HENpsMbBIX MEPEXO0A0B Ha IKCUTOHHBINA ypo-

BEHb A0COJIOTHBI MakCUMyM SKCUTOHHOTO OT-
paKeHUsT YMEHbINaeTcst puomm3uTensHo Ha 10%,
NPUBOJS K YBEIMYEHHUIO TOIJIOLIEHHS; BCIE-
CTBHE YMEHBIICHHsI KOHIICHTPAIUH CBOOOIHBIX
HocuTenel 3apsa g QexTuBHas Macca B 00J1acTu
TUIA3MEHHOTO MUHUMYMa YMEHBIIIAeTCS.
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SUROTLI ELEKTRONLARLA SUALANDIRILMIS GaP MONOKRISTALLARININ FiZiKi XASSOLORI

M.I.OLIYEV, $.S.ROSIDOVA, SM.RZAYEVA, i.M.OLIiYEV, M.A. HUSEYNLI

GaP monokristallarimn buraxma, arsolma vo udulma spektrlori siialanmadan ovval Vo dozasi @=10%° el/sm?, enerjisi 6

MeV olan siiratli elektronlarla siialanmadan sonra otaq temperaturunda todqiq olunmusdur. Miioyyon olunmusdur ki,
stialanmadan sonra plazma minimumu uzun dalgali torafs 0,3 €V yerini dayisir vo eksitonlu oksolmanin miitlog maksimumunun
giymeti tagribon 10% azalir.

PHYSICAL PROPERTIES OF GaP SINGLE CRYSTALS IRRADIATED BY FAST ELECTRONS

M.LALIEV, Sh.Sh.RASHIDOVA, SM.RZAEVA, . M.ALIEV, M.A.GUSEYNLI

Transmission, reflection and absorption spectra of single GaP crystals have been investigated before and after irradiation

by fast electrons with of dose 10%el/sm? and energy of 6MeV at room temperature. It has been revealed that after irradiation a
plasma minimum displaces to the longlenght on 0,3eV waves and absolute maximum of exciton reflection decreases nearly 10%.

Penaxrop: ipod. 3. Axmapos
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PEDEPAT

HccnenoBana 3IIEKTPOIPOBOTHOCTD AgSbSe; u
(AgSbSes)oes(PbTe)o1s B TemmepatypHoii obmactu 80+320K.
Io HaKIOHY 3aBHCHMOCTH {fnuw% omnpereneHa HEPrHs ak-

tuBarmu Hocureneil: AE=0,047 3B (AgShSe;) u AE=0,173B
(AgSbSes)oes(PbTe)o1s. Tlokazaro, 4TO Takoe H3MEHEHHE
SHEPTMH aKTHBAIIMK MOXET OBITh OOYCIOBIEHO YACTHIHON
KOMIIEHCAIIHEH PHMECHBIX [IEHTPOB aKIIETITOPHOTO THIIA TIPH
BBeneHuu PbTe.

BBEJIEHUE

Tpoiiroe coenuHerne AgSbSe, kpucraum-

3yeTcs B TIPAHELEHTPUPOBAHHOM KyOMUYeCKOn
crpykrype tuna NaCl (mp.rp. Fm3m), B kotopoit
aroMbl Ag 1 Sb pazynopsaoueHHO PaCIIONIOKEHBI
Ha Mectax Na [1]. MHTepec k hccinenoBaHuio 3To-
IO COEMHEHUS 00OYCIIOBIIEH €r0 TEPMOIJIEKTpUYE-
cKkuMu cBoiicTBamu [2,3]. Ipexne Bcero 3To cBsi-
3aHO C OYEeHb HM3KUM 3Ha4deHHeM Kod(durmenTa
TEIJIONPOBOJHOCTH. OTMETHM, 4YTO HEKOTOpBIE
o0pa3iibl HaxonusATcs B JBYX(A3HOM COCTOSHUU
IIpY KOMHAaTHOM TeMmrmeparype. A 3TO, B CBOIO
o4epesib, OrPaHUYMBACT UX MPAKTHUECKOE MpUMe-
HEeHue. MOXKHO OXWZIATh, YTO TBEPIbBIM PAaCTBOP
AngSe2 C JIpyIr'MM COEAMHEHHEM KyOM4YecKOH

cTpykTypsl THiia PbTe mMoker crabumisupoBaTh
ero. Ormerny, uro B AgSbSe, npupoza Heynops-

JOYEHHOCTH, JIEKTPOHHAS CTPYKTYpa, MX BIIUS-
HUE Ha SBJICHHE NIEPEHOCA U Ap. BOIPOCHI HENO-
CTaTOYHO UCCIIEIOBAHBL

B nmanHOl pabore mnpescTaBieH CpaBHU-
TEJIbHBIN aHAJIM3 PE3YJILTATOB UCCIIECAOBAHUS JJIEK-
TponpoBoaHOCTH AgShSe; n (AgSbSez)oss(PbTe)ois B
TeMIlepaTypHoM uHTepBaie T= 77+-320K.

IKCIIEPUMEHTAJIBHBIE PE3YJIbTATbHI
N OBCYXJIEHUE

WccnenoBannbie  obpasiel  AgShSe,  u
(AgSbSe2)o,g5(PbTe)o15 ObLIM TTOTYYEHBI B PEXU-

M€ TIPSIMOT'O CITABJICHUSI UCXOHBIX KOMIIOHEHTOB
MEJJICHHbIM HarpeBaHUEM JI0 830°C co CKOpO-
cteio 1+-2°C/vum. Jlanee pacriiaB BBIIEpKUBAICS
B Teyennu 10 gacoB mpu 830+850°C, mocre gero
OH OXJIAXIAJICS CO CKOPOCTBIO 142 OC/mun 10
KOMHATHOM TeMIepaTypbl. PeHTreHOCTpyKTyp-
HBI aHaM3 OBUI MPOBEICH Ha AU(PAKTOMETPE
BRUCKER-D8 ADVANCE. OG6HapyxeHO, 4TO
CHHTE3UPOBAHHBIM 00paseil, B OCHOBHOM, COOT-
BercTBYyeT MoHOdazHoMy AgShSes. Tlo pesysibTa-
TaM PEHTTCHOCTPYKTYPHOTO aHAIM3a JIAaHHBINA CO-
CTaB COOTBETCTBYET IMPOCTPAHCTBEHHON TpyIIe
Fm-3m, mMeer rpaHEleHTPUPOBAHHYIO KyOWde-
CKYI0O peIIeTKy C TIOCTOSHHOM  PEIIeTKH,
a=5,78600A u pasmeps1 kpuctammros (Crystallite
Size (Scherrer)): 476.0A. Tlouck 3hdeKTUBHBIX
TEPMODJICKTPUIECKHX MaTepPHAJIOB SIBJISICTCS aK-
TyaJIbHOM TpoONeMOoil AJsi TBEpPIOTENbHBIX Tep-
MOJIEKTpUYECKUX MpeodpazoBatenein. st -
(eKTUBHOTO MPeoOpa3oBaHUs TEIIOBOM IHEPTUU
B 3JICKTPUYECKYI0 HEOOXOIWMBI BBICOKHE 3HAYE-
HHUSL TEPMODJIC U DIEKTPOMPOBOJHOCTH, MAaoe
3HaueHue TerutonpoBogHocTu [4]. CoenuHeHUs
rpynmsl ABVC,Y! msBecTHBI Kak MaTepuanbl c
OYCHb HHM3KMM 3HAYCHUEM PEIICTOYHON TEeIUIo-
npoBoAHOCTH [5,6]. B mocneanue roasl mpoBo-
JISITCSI THTCHCUBHBIC FICCITEIOBAHMS 3THX TPOUHBIX
cucrem, nonupoBaHHbix PD, Te, S [2], B Hampag-
JICHUH YITYyYIICHUS XapPaKTEPHCTHK 3JICMEHTOB
TEPMODJIEKTPUIECKUX TPHEMHUKOB U MPeodpaz3o-
BaTesel, a TakKe BBIACHEHHS OCOOCHHOCTEH 3a-
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pSIO- U TEIUIONEPEHOCAa B JTHX COEAMHEHUSIX.
CoracHo [6] mst coemmuenuit cuctemsr A'BYC,Y!
KOBAJICHTHBIE CBSI3U 00pa3yIOTCs MEKIY aTOMaMu
BY u CV! 1 oHu sBISFOTCS “9KECTKOI” OCHOBOIA
KpUcTa/uMueckoil pemerkn. Moner Al pacrona-
raloTcsi BHYTPHU 3TOTO OCTOBAa B COOTBETCTBHH C
HEOOXOMMOCTBIO HEUTpaIM3alid OTpUIIATelb-
HBIX 3apsaoB. JloctarouHo Oojblias pasHOCT
ANIEKTPOOTPHULIATEIBHOCTEN MEXIYy 3JeMEHTaMu
VI rpynmsl 1 35€KTpOnoNoKUTENBHBIMU aTOMaMU
A'u BY Taroke NpuBOIUT K CTAaOMIBHOCTH peIeT-
ku. C pocToM TemIiepaTypbl HOHBI cepedpa BbIXO-
IST W3 CBOMX IOJIOKEHUH, YCHIMBAsl NPH 3TOM
MEPECTPONKY KPHCTAUINYECKONW pElIeTKu. A 3TO
00s13aTeNbHO OYIET OTPaKaThCsl HA €ro AIIEKTPH-
yeckux cBoucTBax [7]. C menpro crabumm3aryu
KPUCTAUTMYECKON CTPYKTYPbI ObLI CHHTE3UPOBAaH
TBepbid pactBop (AgSbSe2)oes(PbTe)os. B ciy-
yae TBepaoro pacrsopa (AgSbSez)oss(PbTe)ois
KyOudeckasi KpUCTaJUTMUECKasi CTPYKTypa coxpa-
HSIETCSL OmHako  TOCTOSHHAsT — PEIIETKH
(a=5,8322A) u pasmeps! kpucramwmros (Crystal-
lite Size (Scherrer)): 1105,9A yBenmM4InBarOTCS.
[arnee, n3MepeHrs NpOBOIMIIMCH HAa JIBYX THIIAX
00pa31IoB: MepBble M3MEPEHUsI Ha 00pasiiax, BbI-
PE3aHHBIX U3 CIUTKOB IIOCIIE CHHTE3a, & BTOPBIE -
Ha IIPeccoBaHHbIX 00pa3uax. Jlist 3Toro nomaydeH-
HBIE CIIUTKA HU3MENbUANCh Ui MOCIIEAYIOIIETO
MIPECCOBAHMS, MPECCOBAHUE MPOU3BOIMIOCH 03
HarpeBa npu nasieHuu 14,7Mlla. IlomyueHHsie
00pasiibl uMenH pa3Mepsl 1,8x5,2x12mme (AgSbSey)
Hu 2,4X5,2X12,2MM3 ((AgSbSEz)oygs(PbTE)o,ls). HUccne-
JIOBaHHWE Y/ICIBHOW AIIEKTPOIPOBOIHOCTH OCY-
IIECTBISTIOCh YETHIPEX30HAOBBIM METOJIOM TpU
MOCTOSTHHOM TOKe. OTMeTHM, YTO YHCIICHHBIE
JaHHBIE W TEMIIePaTypHBIN XOJl, MONydeHHbIE Ha
STUX JIBYX THIaX 0OpasIioB, MPAaKTHYECKU HE OT-
JIMYAJIHCh.

Ha Puc.]l npexacraBiensl TeMnepaTrypHbIC 3aBH-
CHMOCTH yJebHON TpoBomuMoctt AgShSe; u
(AgSbSe2)ogs(PbTe)os. Kak BuHO, B 060MX CIty-
Yasx HaOIIOAETCsl XapaKTEePHBIA ISl TOIYIIPO-
BOMHUKOB pe3kuit  xon o(T), mnpuuem B
(AgSbSe2)ogs(PbTe)o1s 3HaYEHHME TPOBOIUMOCTH
ymenbiaerca npu T=300K moutn B 2,5 paza.
CuuraeM HEOOXOAMMBIM BBIIEIUTH OCOOEHHOCTH
noBenieHust o(T) B mccnenoBaHHBIX oOpasmax. B
AgShbSe; B wunTepBane Ttemmeparyp 80-220K

HaOJII0aeTcsl OTHOCUTENBHO TOJIOTOE BO3pacTa-
ure o(T), manee pe3kuii pocT 3EKTPOIPOBOTHO-
ctu. B unrepBane temmeparyp 80+300K o B
AgSbSe; Bo3pocia nmoutu B 60 pa3. B obOpasiie
(AgSbSez)oes(PbTe)o,15 B MCCIIeIOBAHHOM HHTED-
BaJIC TEMIIEPATypP SJIEKTPOIIPOBOTHOCTh YBEIMUH-
nack B 30 paz, mpuyeM pe3kuii poct o(T) HaunHa-
ercsi ¢ T=160K. CornacHo ganubiM [4] mmpuHa
samperieHHoi 30861 B AgSbSe» cocrasiser
0.653B, uTO 00BSICHACT HU3KOE 3HAYECHHE TPOBO-
numoctu nipu 77K. Masoe 3Ha4eHre AJIeKTpoIpo-
BOJTHOCTH, Ha HaIll B3IJISAI, MOXKET OBITh 00OYCIIOB-
JICHO TIOJHOM wWonm3zarmed mpu T<77K menkux
MPUMECHBIX [ICHTPOB HU3KOH KOHIIGHTPALIUH. JTO
MPETONOKEHNE TaKKE MOXKET OOBSCHUTH OTHO-
curenbHO  MeieHHoe  yBenudeHue o(T) B
AgSbSe; (mo 220K) u B (AgSbhSe2)oss(PbTe)os
(mo 160K). Peskmit poct 3aBucumoct o(T),
HAuYMHAas C OMpeeNIeHHBIX TeMIepaTyp B HCCIe-
JIOBAaHHBIX 00pa3lax, MOXKET OBITh BBI3BAaH J0-
MOJIHUTENIFHOM  MOHM3aIMel Oonee  IITyOOKHX
IIPUMECHBIX YPOBHEH.
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TeMmepaTypHbIE 3aBICHMOCTH 3JIEKTPOIIPOBOIHOCTH
AgShSe; (1) u AgShSez)oss(PhTe)os(2)

HpeJIBapI/ITCHI)HI)IC OLCHKH SHCPIruv aKTH-
Baluu HOCUTEJIEH IIO HAaKJIOHY 3aBUCHMOCTU

ina*vl% namm 3uauenus AE=0,047 5B (AgShSe,)

n AE=0,175B (AgSbSez)oss(PbTe)oss. Ha Hamr
B3MJISL TAKOE W3MCHEHHE DHEPTHU aKTUBAIUH
MOJKET OBITH 00YCIIOBIIEHO YaCTUYHON KOMIICHCA-
IMeH TPUMECHBIX IICHTPOB AaKICNTOPHOIO THIIA
npu BeenieHnu PhTe.
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VMEHBLICHHE BEJIUYUHBI YICIBHON IIPOBOAUMO-
cru ipu 300K B (AgShSe2)ogs(PbTe)o s mo cpas-
HEHHIO C
YMEHBILIEHUEM TIOIBMKHOCTH HOCHTENIEH 3apsia,
BBI3BAHHOE BO3PACTaHHEM JIc(DEKTHOCTH KPHCTAII-
JIMYECKOM CTPYKTYPhI HCXOIHOTO COSIUHEHHSL.
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AgSbSe;-DO YUKDASIYICILARIN AKTIVASIYA ENERJISI

S.S.ROHIMOV, A.A.SODDINOVA, R.i.SOLIM-ZADO

AgSbSe; va (AgShSes)ogs(PbTe)os-in elektrikkegiriciliyi 80+320K temperatur intervalinda todqiq edilmisdir. {mrv%

asthligindan yiikdagtyicilarn aktivasiya enerjisi (AE=0,047eV (AgSbSes) Vo AE=0,17eV (AgSbSes)oas(PbTe)oss)) toyin
edilmigdir. Gostorilmigdir ki, aktivasiya enerjisinin belo doyismosi PbTe daxil etdikds akseptor tipli aggar markazlorinin miisyysn
godor kompensasiyasi ilo slagodardir.

THE ACTIVATION ENERGY OF CHARGE CARRIERS OF AgSbSe,

S.S.RAGIMOV, A.A.SADDINOVA, R.L.SELiM-ZADE

Electrical conductivities in AgSbSe; and (AgSbSez)oss(PbTe)o15 have been investigated in the 80-320K temperature in-

terval. The activation energy of charge carries (AE=0,047eV (AgSbSe;) and AE=0,17eV (AgShSe,)oss(PbTe)o15) have been es-
timated according to Ing ~ f dependences. It has been shown that the activation energy has changed under doping with PbTe due
to the compensation of acceptor type impurities.

Pemaxtop: mpod. 1. Apacier
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REFERAT

Toqdim olunan isdo neft mohsullarindan olan ag neft, dizel
yag1 va qazolin niimunilarinds sapilme naticasinds isiq stiasi-
nin intensivliyinin doyismesinin temperatur vo dalga uzun-
lugundan asilihgma baxilmigdir. Sapilmo naticasindo isiq siia-
smnin intensivliyinin temperaturdan asili olaraq doyismosi ag
neft niimunssinds Reley sopilmosing, dizel yagi vo qazolin nii-
munasinds isa gox ehtimalki dipol sapilmasine uygun golir.

GIRIS

Diinya iqtisadiyyatinda neft sonayasi boyiik
ohamiyyat kasb edir. Bizim 6lkomizdos iso igtisa-
diyyatin neft hasili vo emalindan asililigi ¢ox mii-
hiimdiir. Neft vo neft mohsullarina olan tolabat
daim artdigina goras onlarin bazi fiziki xassalarinin
daha dorindon 6yranilmasi zarurati yaramir. Son il-
lords neft vo neft mahsullarmin nagli ilo slagodar
onlarin fiziki xassalorinin Gyronilmasi sahasindos
bir ¢ox nozari [1,2] va tocriibi islor goriilmiisdiir
[3,4]. Ona gora do taqdim olunan bu magalods neft
mohsullarindan olan dizel yagi, ag neft vo gazoli-
nin istilik fiziki vo optik xassalorine baxilmigdir.
Bizim mogsadimiz geyd olunan neft mahsullariin
niimunalarinds miixtalif dalga uzunlugu vo tempe-
raturlarda sopilme mexanizminin dyranilmosidir.

TOCRUBONIN NOTICOLORI VO
ONLARIN MUZAKIROSI

Niimunolorin optik xassalorindan olan isiq
stiiasinin sopilmo naticasinds intensivliyinin miix-
tolif temperatur ii¢iin dalga uzunlugundan asili ola-
raq doyismasi fotoelektrokalorimetr vasitasilo yeri-
no yetirilmisdir vo gostorilon neft mahsullar1 nii-
munasinda sopilon is1q siiasi intensivliyinin tempe-
ratur vs dalga uzunluqlarindan asil olaraq neca do-
yismalorinin empirik ifadslorine baxilmigdir.

Neft mahsullarindan olan gazolin niimunasi-
nin tocriibadan alinmis udulma omsalinin, intensiv-
liyinin har bir temperatur vo dalga uzunluglan
tiglin giymatlori Cadval 1-da, miixtalif temperatur
ticlin intensivliyin dalga uzunlugundan asililig: So-
kil 1-do verilmisdir.

L ' . i+ L i
400 450 500 550 600 650

Sakil 1

Qazolin niimunasinds isigm intensivliyinin [In I'j

0

miixtolif temperaturda dalga uzunlugundan (\)
asilihig.

Codval 1-don goriindiiyii kimi gazolin neft
niimunasinin udma amsalinin har bir temperatur
tictin dalga uzunlugundan asililigr baxilan dalga
uzunluglart tiglin eyni xarakterli olub, dalga
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uzunlugunun artmasi ilo o da artir vo dalga 4 =680 nm Vo A =610 nm dalga
uzunluglarmin A ~500 =+ 600 nm intervahnda  uzunluglarinda intensivliyin artmasi temperaturun
iISo minimum giymat alaraq, dalga uzunluglarinin ~ artmast  ilo  artirsa, dalga  uzunluglarmn
sonraki artiminda, o yenidon artmis olur. Baxilan A=590nm, A4=535m€m vo A=430nm
niimuno daxilindo isiq stias1 intensivliyinin - giymatlorinds iso bu asihihiq doyismoz qalir.
temperatur astliligr iso miixtalif dalga uzunluglar
uciin - mixtolif xaraktero malikdir.  Beloki
Cadval 1
T=293K T=313K T=333K T=353K

Ne | A (m) | k(Um) | Ln(fle) | k(Um) | Ln(ifl) | k(Um) | Ln(lg) | k(Lm) | Ln(iflo)

1 680 0.48 2.335 043 2.3747 044 2.3753 0.34 2.5040

2 610 12 2.3451 12 2.345 13 2.3345 13 24515

3 590 0.58 2.118 0.54 2.118 0.56 3.300 0.49 2.2325

4 535 0.37 2.300 0.33 2.300 0.37 2.300 0.28 1.2385

5 480 0.76 24177 0.70 2.4700 0.72 2.6483 0.66 2.5648

6 420,495, 13 2.3723 14 2.3783 15 2.3783 15 2.3783

560
7 430 13 2.300 14 2.3950 15 2.3950 15 2.3950
8 390 1.0 2.300 0.96 2.3837 | 0.96 2.3431 15 2.0931

Ag neft niimunasinin tacriibadan alinmis ud-
ma omsalinin, intensivliyinin hor bir temperatur vo
dalga uzunluglan tgiin giymatlori Cadval 2-da va
intensivliyin har bir temperatur ii¢iin dalga uzun-
lugundan asililigi iso Sokil 2-da verilmisdir.

i

In—
Iy

12T -+ - -

k18

28t
26}

N orvnme,
24f

2232

Sokil 2.

Ag neft niimunosinds isigim  intensivliyinin [In |J
lo

miixtalif temperaturda dalga uzunlugundan (A)asililig.

Codval 2-don goriindiiyii kimi ag neft nii-
munasi daxilinds sopilon isiq stiast intensivliyinin
haor bir dalga uzunlugu {iglin temperatur asililigida
demok olar ki, 4 =680 nm va 4=480 nm dalga

uzunluglarinda eyni xarakterli olub, temperatur
artdiqgca o da artir. Lakin dalga uzunluglarmin
A =610 nm, 4 =590 nm va A =535 nm giymatlo-
rindo  iso intensivliyin artmasi temperaturun
T=330K giymatino godor artirsa, temperaturun
sonraki artiminda o yenidon azalmaga baglayir.
Dizel yag1 niimunasi {liglin udma amsalmin,
intensivliyinin hor bir temperatur vo dalga uzun-
luglart  Gglin - qiymotlori  Codval  3-do  vo
intensivliyin  hor bir temperatur igiin dalga
uzunlugundan asililigr iso Sokil 3-da verilmisdir.

In—l
Iy

L I I
550 600 650

Sakil 3.
Dizel yagi niimunasinds isigm intensivliyinin {In |]
lo
miixtalif temperaturda dalga uzunlugundan (1) asiliig:.

L L 1
400 450 500
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Cadval 2
T=293K T=313K T=333K T=353K
N | Ay | K@M [0 | K@M) [ i) | k@m) [In0A) | k@Wm) [ (i)
1 680 0.62 2.5648 0.49 2.1203 0.58 24177 0.69 2.8549
2 610 0.58 2.0808 0.51 2.0947 0.56 2.3187 0.56 2.3279
3 590 0.52 2.1523 0.77 3.1970 0.77 3.1970 0.52 2.1523
4 535 0.53 2.1752 0.54 2.2192 0.6 24713 0.33 1.3758
5 480 0.5 2.0504 0.51 2.0919 0.78 2.3295 0.64 2.6320
6 420, 495, | 0.36 1.5049 0.51 2.0919 0.38 1.5901 0.37 1.5049
560
7 430 0.54 2.2194 0.65 2.6753 0.65 2.6753 0.63 2.6223
8 390 0.52 2.160 0.51 2.1218 0.58 2.3918 0.58 2.420
Cadval 3
T=293K T=313K T=333K T=353K

Ne| A oy | K@) [ i@ | k@m) [0 | k(@m) [ In(g) | k(um) In(1/15)
1 | 680 0.418 1.736 0.52 2.166 0.52 2.131 0.48 1.984
2 | 610 0.397 1.645 0.48 2.007 0.48 2.007 0.43 1.812
3 | 590 0.627 2.597 0.58 2.458 0.61 2.529 0.56 2.30

4 | 535 0.556 2.30 0.55 2.30 0.56 2.30 0.56 2.30

5 | 480 0.513 1.181 0.38 1572 0.37 1.525 0.34 1.427
6 | 420, 495, | 0.92 2112 0.52 2.118 0.51 2.118 0.51 2.118

560

7 | 430 0.469 1.944 0.41 1.709 0.41 1.709 0.51 2.118
8 | 390 0.374 1.548 0.40 1.659 04 1.709 0.78 1.426

Ag neft, qazolin vo dizel yagi niimunslorinin
udma omsalinin har bir temperatur iigiin dalga
uzunlugundan asililig1 asagidaki n doracali goxho-
dli soklinds ifads olunur

k(/l):zn:ai/li :

burada, a;-omsallar1 Matlab proqramida on kigik

kvadratlar tisulu ilo hesablanmisdir. Hesablamalar
gostarir ki, tolob olunan xsta daxilinds ag neft
liclin aproksimasiya edici ¢oxhadlinin doaracasi
n=5, gazolin va dizel yag: iigiin iso n=4.

Neft mohsullarindan olan dizel yagi, ag neft
Vo qazolin {iglin is18in intensivliyinin tempera-
turdan asilihgim goxhadli soklindo yazmaq olar:

( I :Zn:biTi . Burada, b -omsallarida Matlab

In —j
Io 2 i=0

paketindon istifads olunaraq tayin olunur va niimu-

nalarin talob olunan xata daxilinds ag neft vo gazo-

lin {i¢iin aproksimasiya edici ¢oxhadlinin doracasi

n=3, dizel yag iiciin iso N=2.

Miioyyan olunmusdur ki, tadqiq olunan niimu-

nalorin intensivliyinin (,n '] miixtolif temperatur

0
ticiin dalga uzunluglarmdan doyismosi eyni bir
ganuna uygunluga malik olub asagidaki empirik

dusturla ifads olunurlar

)

burada, c;-omsallar1 Matlab programinda on kicik
kvadratlar tisulu ilo hesablanmisdir va talob olunan
xata daxilinds dizel yagi, gazolin va ag neft {igiin
aproksimasiya edici ¢oxhadlinin doracasi n=4.

|
In—

n .
= ZCI/II 1
IO i

i=0

NOTICO

Dizel yag1 va qazolin nimunslarindsn sopi-
lon ig1q siiasinin intensivliyinin temperaturdan asili
olaraq doyismasi eyni xarakterli olub, avvalco tem-
peraturun artmast ilo o da artir, temperaturun
sonraki artiminda iso intensivlik yenidon azalmaga
baglayir. Lakin ag neft niimunosindoki bu asililiq
grafiki tamamils basqa ciir doyisir. Belo ki, ag neft
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niimunasinda sapilma naticasindos isiq siiasi inten-
sivliyinin doyismasi temperaturun artmast ilo ov-
Valca azalir, temperaturun sonraki artmasinda iso 0
kaskin olaraq artmaga baglayir. Beloliklo, bu aras-
dirmalardan aydin olurki, ag neft niimunasinds
sopilma intensivliyinin doyismasi Reley sopilma-
sino uygun golirss,dizel vo gazolin niimunslarin-

1. H.Q.Hssonov, ©.Oliyev. Temnepamyproe none
JHCUOKOCTU NO CEUEHUIO YUTUHOPUHECKOU mMpYyObl
noo oeticmauem aazeproco usayuenus, Az. TU,
Elmi asarlor, Fundamental elmlor, XII 45 Ne3
(2002) 73-79.

O.0.0liyev. Neftin istilik tutumunun va sixliginn
tayini, Az. TU, Elmi asarlor.Fundamental elmlar,
IX 34 Ne2 (2010) 12-13.

doki bu doyismasini ¢ox ehtimal ki, dipol sopilmo-
sinin naticasi kimi izah etmak olar.

Belaliklo ag neftds, dizel yaginda va gazolin-
do is1q stiasinin sapilmasi naticasinda intensivliyin
dalga uzunlugundan asili olaraq miixtolif tempera-
turda dayismasi eyni xarakterlidir.

3. Q.T.Hasonov, H.Q.Hasanov, ©.0liyev. Maye da-
xilinda isigin udulma amsalimin temperatur asii-
hgr, Az. TU, Elmi aSorlor, Fundamental elmlar,
XII (45) Nel (2013) 34-35.

©.0.0liyev, O.L.Baxtiyarov. Neft maohsullardan
gazolinin bazi istilik-fiziki va optik xassalarinin
toyini, Fizika problemlori institutu, fizikanin miia-
sir problemlori, VII Respublika konfransi mate-
riallari. BDU, (2013) 210-211

STUDY OF PHYSICAL AND OPTICAL PROPERTIES OF SOME OIL PRODUCTS

A.AALIYEV, JLISMAILOV, AN.JAFAROVA

The dependence of changing of intensity of light ray at result of dispersion in samples of oil products like kerosene, diesel
oil and gasoline from temperature and wavelength has been presented. Changing of intensity of light ray at a result of the
dispersion depending on temperature has been compatible with Reley scatteting in kerosene samples and most probable to Dipole

scattering in diesel oil and gasoline samples.

HCCJIETOBAHUE ®PU3UYECKHAX M OITUYECKUX CBOMCTB HEKOTOPBIX HEGTEIPOIYKTOB

A.A.AJTMEB, k. . ACMANIOB, A.H.JUKAD®PAPOBA

WccnenoBaHo M3MeHEHHE NHTEHCUBHOCTH CBETA B 3aBUCUMOCTH OT TEMIICPATYPhbI U JUJIMHBI BOJIHBI JIA KEPOCHHA OCBC-
TUTCJIIBHOI'O, JU3CJIbHOI'O Macjla U Ia30JIMHa. yCTaHOBJ'IeHO, 4TO I 06pa3ua KEpOCHHA OCBCTUTCIIBHOT'O 3aBUCUMOCTb MHTCH-
CHUBHOCTH CBCTAa OT TEMIICPATYPbI COOTBETCTBYCT PCJ’ICCBCKOMY PaACCCAHMIO, a M1 JA3CIIbHOIO Macja M ra3ojiMHa ¢ OOJIBIION

BCPOATHOCTBIO COOTBECTCTBYET AUIIOJIBHOMY PACCESIHUIO.

Pemakrop: x. ¢.-m.H. K Kypbanos
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REFERAT

Feln,Ses monokristalinin dielektrik itkisinin tangens bucagmin
tezlik vo temperaturdan asihiligr todqiq edilmigdir. Miioyyan
edilmisdir ki, todqiq olunan temperatur intervalinda dielektrik
itkisi elektrik kegirici mexanizmi ilo sortlonir. Feln,Ses
monokristali iiglin elektrik kegiriciliyi iki mexanizm ilo
olagodar olur: zona vo sicrayis. Miixtolif tezliklor tiglin
aktivlogmo enerjisi hesablanmugdir.

Hal-hazirda miirokkob torkibli halkogenid
birlogmoalor geyri-adi fiziki xassolori vo praktiki
totbiglori sayasindo genis todgiqatlarin obyektino
cevrilmisdir. Bu birlasmalar igarisinda fotoelektro-
nikanin yeni nasil cihazlarinin funksional diapazo-
nunu genislondirmak ti¢iin boyiik potensiala malik
olan fiziki proseslori az Gyronilmis AB2Xs (bura-
da A-Mn, Fe, Co, Ni; B- Ga, In; X-S, Se, Te) tipli
birlosmolor xiisusi praktiki vo nozori maraq kasb
edir[1-15]. Magnit vo yarimkegirici xassoalori dziin-
do birlagdiran bu birlosmalords texnoloji isloma-
lor vo laboratoriya todgigatlarinin aparilmasi ns-
ticosindo yeni nosil optoelektron sistemlarin
magnit sahasindo idars olunmasinin yaradilmasi
igin yeni perspektivlor askara cixara bilor. Bu
birlosmolor osasinda lazerlor, is1q modulyatorlari,
fotodedektorlar vo diger funksional qurgular yarat-
maq perspektivlidir. Artiq bu birlogsmoalor osasinda
yeni fotohassas Sottki diodu vo heterokegidlor
yaradilmigdir. MnInpSs vo FelnSs—don  nanost-
ruktur almmusdir. AB2Xs tipli birlosmalar sinfino
aid olan Feln,Ses monokristali Bricmen metodu ilo
alinmigdir.  Rentgenoqgrafik metodla miiayyan
edilmisdir ki, FelnoSes monokristali qofas para-
metrlori a=4,18A; ¢c=19,47A; c/a=4,65 olan heksa-
gonal qurulusa kristallagir [16]. FelnoSes mono-
kristalinin bazi fiziki xassolori [17-21] islorinda

todqiq edilmisdir. Dielektrik itkisinin tangens bu-
cagmi 6lgmak {iciin qalinligi ~0,2mm olan kristal
l16vhalora glimils pastast vuraraq kondensatorlar
hazirlannis vo dlgiilmolor E7-20 (25+10°Hz) ro-
gomli immetans Ol¢ii cihazimn kémoyi ilo apa-
rilmigdir. Nimunays 1V 6lgma gorginliyi veril-
misdir.

Mbolumdur ki, dielektrik itkisini tosvir etmok
tiglin itki bucaginin tangensinden istifads edilir.
Itki bucagmim tangensi (tg8) adadi giymotco kegi-
rici caroyanin yerdoyisma carayanina nisbating bo-
rabordir. tgo dielektriki makroskopik xarakterizo
edir. Dielektrik itki bucaginin tangensinin tempera-
turdan, elektrik sahasinin tezliyindon vo digor pa-
rametrlorindon asililigr dielektrik niifuzlugunun
uygun astliliglart kimi dielektrikin ¢ox miihiim xa-
rakteristikalarindandir. Qeyd etmok lazimdir ki,
tgd itki xarakteristikast kimi ancaq doyigon elektrik
sahasinda fiziki mona kosb edir [22]

tg(s::_az!a_m, )

r er

burada j.m Vo Jrm uygun olaraq aktiv vo reaktiv
carayanlarin amplitud giymatloridir.
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Sokil 1-do  Feln;Ses  monokristali {iglin
295K (1 ayrisi) va 375K (2 ayrisi) temperaturlarda
/n(tgo - w) -mn fNn@ -dan asiihq qrafiki qurul-

musdur.
.2

In(tgd-w),Hz

13 14 15
Inw,Hz

Sokil 1.
Feln,Ses monokristali ticlin 295K (1 ayrisi) vo
375K (2 ayrisi) temperaturlarda
In(tgd- o)~Inw ashilig.

Mbolumdur ki, dielektrik itkisinin tezlik asi-
lilig1 kegiriciliyin mexanizmindon astlidir. Bels ki,
elektrik keciriciliyi 6zii tezlikdon asili ola bilar.
Sigrayls mexanizminde o~w° (s<1) olur. Kegirici-
likdo iistiin rol oynayan miixtolif mexanizmlor
iglin dielektrik itkisinin tangens bucagimin tez-
likdon asililigini asagidaki kimi ifads etmok olar
[23]

tgo (@) ~ (o + w) zona mexanizmi

)

tgo(w) ~ w(w*? +1) sigrayis mexanizmi. (3)

(2)-don goriiniir ki, kegiricilikdo {igtiin rol
oynayan zona mexanizminds tgd-o=f(w) koordi-
natinda diiz xatt asilihig miisahido edilmolidir. So-
kildon goriiniir ki, agag1 temperaturda (295K) asili-
liq diiz xotdon fargli olur. Yuxari temperaturda iso
(375K) asililiq diiz xott kimi Oziinii gostorir. Bu-
radan belo naticoyo golmak olar ki, asagi tempe-
raturda kegiricilik garisig-zona vo sigrayls meXa-
nizmi ilo, yuxart temperaturda is9 zona mexanizmi
ilo olagodardar.

Molumdur ki, dielektrik vo yarimkegiricinin
elektrik  kegiriciliyinin ~ temperatur  asililig
o ~exp(-AE,_ /KT) vo polyarizasiyanin relaksa-

siya miiddoti 7 ~exp(AE P IKT) oldugunu nozora
alsaq tgd~f(T) asililig1 asagidaki kimi toyin olunar

tgo(T) ~ éexp(—AEU/kT)+a)exp(AEﬂ/kT) @

burada AE, va E , -uygun olaraq elektrik kegiri-

Ciliyinin va yiiriiklityiin aktivlosma enerjisidir. (4) -
don gortiniir ki, dielektrik vo ya pis kegiron yarim-
kegiricinin dielektrik itkisinin tangens bucagi asa-
gitezlikli oblastda w=const oldugda temperatur
artdiqca arta, azala vo sabit qala bilor. Yoni
AE,#AE, olar.

Qeyd edildiyi kimi todqiq olunan birlogmoe-
lords temperatur artdigca tgé-nin artmasi onu gos-
torir ki, todqiq olunan temperatur intervalinda
dielektrik itkisi osason (4) ifadesinin I tizviindon,
yani kegiricilik corayanindan toyin olunur. Ona
g0ro do (4) don yazmagq olar

tgo(T) ~ ;exp(—AEg /KT). (5)

(5)-don goriiniir ki, asagi tezlikli oblastda
(7 <<1) elektrik kegiriciliynin asas rol oynadigi
dielektrik itkisi Ig(tgd-m)~f(1/T) koordinat siste-
mindo diiz xott asiliigi olmalidir. Uygun diiz
xattin meyl bucagi kegiriciliyin aktivlosma enerji-
sini xarakterizo etmoalidir.

Sokil 2-do Feln,Ses monokristali {iglin miix-
tolif tezliklordo 1g(tgd-w)~f(L/T) koordinat siste-
mindo tg8-w- nin 10%T-don asihliq qrafiki tosvir

edilmisdir.
8

a Ig(tg6-w) Hz

6,5

2,5

Sokil 2
Feln,Ses monokristali ti¢lin miixtalif tezliklordo
lg(tgd- )~10%T ashiligy, f, Hz: 1-5-10%, 2-105,
3-2-105, 4-5-105, 5-108,

113




N.N.NIiFTIYEV, 0.B.TAGIYEV

Sokildon goriintir ki, asag1 tezliklordo
(5-10*+10°Hz) aktivlosmo enerjisi 0,13eV olan bir
diiz xotti askara ¢ixartlir (1;20yrilori). Daha yiiksok
tezliklords (2-10°%+10°Hz) iso lg(tgd-w)~f(1/T) asililig1
miixtalif meyllars malik iki diiz xotdon ibarat olur.
Bu meyllorin asililiglarindan aktivlosmo enerjilori
toyin edilmisdir. Miioyyon edilmisdir ki,
2-10°+-10%Hz tezliklordo asag1 temperaturlu oblas-
tda aktivlosmo enerjisinin qiymati 0,13+0,027eV,
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onekmpuueckom none, ®TII, 48 (2014) 217-
219.

H.H.Hudtues, O.b.TarueB, M.5.Mypanos,
®.M.MamenoB. Irekmpuueckue  ceoucmea
FeGa,Ses na nepemennom moxe, ®TII, 48
(2014) 1469 -1470.

N.B.bonnaps, M.A.HoBukoRa, C.B.Tpyxa-
HOB. MacHumHvle C80UCMBA MOHOKPUCMANIO8
meepovix pacmeopos (FelnzSa)1x(IN2Ss3)x, PTTI,
47 (2013) 580 -585.

H.H.Hudtues, O.b.TarueB. Onmuueckoe no-
enoujenue 8 monokpucmaniax Mnln.Ss, Onmu-
Ka u cnexkmpockonus, 113 (2012) 73-76.
WN.B.bonnape. Kouyenmpayuonnas 3agucu-
MOCMb  WUPUHBL  3ANPEWEeHHOl 30HbL meep-
obix pacmeopos MnFeiyn,Ss,  @TII, 46
(2012) 44-47.

WN.B.bonnaps, C.B.TpyxanoB. Macnumnsie
CBOUCTNBA MOHOKPUCALIO08 MBEPOLIX PACTBO-
pos FexMn1xInySa, @TII, 45 (2011) 1464-1469.
B.1O.Pynp, 10.B.Pynp, M.A.Ocunosa,
W.B.bonnaps. O6Hapysicenue meepovix pac-
meopos (1N2S3)x(MnINySa)ix u cozdanue  po-
MOYYBCMEUMENIbHBIX CIMPYKMYP HA UX OCHO-
ee, @TII, 44 (2010) 48-52.

WN.B.boanaps, B.}O.Pyns, FO.B.Pyns. @omo-
YY6CMBUMENbHbIE CMPYKMYPbl HA MOHOKDU-
cmainax MnInSs:  cozdanue u ceoticmea,
@TII, 43 (2009) 1549-1552.

H.H.Hudtues, O.b.Tarues. Brusnue cunvhoeo
INEKMPUHECKO20 NOJAsL HA  DNEeKMPONnpo8o0-
Hocmb monoxkpucmanios MnGazSs, MnlnSs u
MnGalnSs, @TTI, 43 (2009)1172-1174.
H.H.Hudtues, O.b.TarueB, M.b.Mypanos,
®.M.Mawmenos, @.A.KazeimoBa. Dnexkmponpo-
600HOCmb MoHOKpucmanios MnGasSs na nepe-

10.

yuxarl temperaturlu oblastda iso 0,20+0,14eV inter-
valinda doyisir.

Belolikla, FelnzSes monokristalmin dielekt-
rik itkisinin tezlik vo temperaturdan asililig todqiq
edilmisdir. Miioyyon edilmisdir ki, todqiq olunan
temperatur intervalinda dielektrik itkisi kegiricilik
coroyanindan toyin olunur. Feln,Ses monokristalt
tiglin elektrik kegiriciliyi qarisig-zona vo sigrayis
mexanizmi ilo olagodar olur. Miixtalif tezliklor
ticlin aktivlogsmo enerjisi hesablanmugdir.
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DEPENDENCE OF THE DIELECTRIC LOSS OF FREQUENCY AND TEMPERATURE
IN SINGLE CRYSTALS FelnzSes

N.N.NIFTIYEV, O.B.TAGHIYEV

The results of study of the dielectric loss tangent of angle in single crystals Feln,Ses at different frequencies and
temperatures have been presented. It has been found that in the studied temperature range, the dielectric losses have
been due to the mechanism of conductivity. Conductivity of single crystals of Feln,Ses has been associated with two
mechanisms: band and hopping. It has been calculated activation energy at different frequencies.

SABUCUMOCTD JUIJIEKTPHYECKHUX ITIOTEPH OT YACTOTBI U TEMIIEPATYPBI
B MOHOKPHUCTAJIUIAX FelnzSes

H.H.HUDPTHUEB, O.5.TATNEB

[MpuBOAATCSI pe3yiIbTaThl HCCICAOBAHMS TAHICHCA YIiIa IUAJIEKTPUYCCKUX MOTEPh B MOHOKpucTawax Feln,Ses

[pH Pa3IUYHBIX 9aCTOTAaX U TEMIEPATypax. Y CTaHOBJICHO, YTO B HCCIICIOBAHHOM TEMIEPATypPHOM HHTEPBANE IMIIICK-

TPUYECKHE TOTEPH OOYCIOBICHBI MEXaHM3MOM 3JICKTPOHNPOBOAHOCTH. DIEKTPOINPOBOJHOCTh AJI MOHOKPHCTAILIOB

Fe|n2864 CBs3aHa C IBYMs MEXaHU3MaMU: 30HHBIM U MPbBIKKOBLIM. Paccuuransl OHCPIruu aKTHUBAIlUM NPU pas3IMIHBIX
4acTOTax.

Penaxrop: npo¢. C.MexTreBa
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KnroueBble cioBa: CTpYKTypa HEOPTaHMUYECKUX COEIH-
HEeHU#, TUQpaKIys IEKTPOHOB, HOBbIE METOZBI Bpa-
HICHUA.

PE®EPAT

W3ydeHbl 3JIEKTPOHOTPMMBI  MOHOKPHCTAUIMYECKUX — ILICHOK
(MIT) CdInAlS,, monyuennsix Bparienrem MIT Bokpyr ocH, miep-
MEHVKY/SIPHOH K TUIOCKOCTH TUICHKH, KOTOpasl 3apaHee HaKIIo-
HEHa Ha Yrojl () OT NEPNEeHIUKYIISIPHOTO TIOJI0XKEHHUS K T1aJato-
IIEMY SJIEKTPOHHOMY Iy4Ky. Y CTAaHOBIICH ABYXIAKETHBIH rekca-
TOHAIBHBIHN nonuTh (2H) ¢ mapameTpamu OCHOBHO KpHCTAILIH-
YECKOU PEILETKH: a=3.867A, =24,652A, np.rp.P63McC, a Take

MapaMETPOM CBEPXPEIIETKH: Acgp= \/§ a. B ciydae cmecu nomm-

troB CdInAlSs oHM pacTyT 1Mo HanpaBlICHUIO, MEPICHINKYJISP-
HOMY K CJIOSIM.

BBEJIEHUE

Ilpn wccnenoBaHUM CIIOMCTBIX KPHUCTAJLIOB
oosee 3(D(HEKTUBHBIMH  SIBIITFOTCS  AJIGKTPOHHO-
m(ppaKIMOHHBIE MeTOABL. Pa3BuTHe HaHOTEXHO-
JIOTHH CTUMYJHMPYET pa3pabOTKy HOBBIX 3JIEK-
TPOHHO-TU(PAKIIMOHHBIX METOJIOB, HMMEFOIIIX
crienuuyecKre MPEeUMyILIEeCTBa Il UCCIIeI0Ba-
HUsl HaHOOOpas1oB. Hacrosias pabota OTHOCHT-
C K M3YUCHUIO HAHO-TOJIMHHBIX MOHOKPUCTAJI-
nngeckux 1wieHok cocraBa CAINAISs anexTpoHHO-
JU(PAKIMOHHBIMU MeTO1aMH Bparterusi| 1-2].

Panee [3] o anekTpoHOrpamMmam OT TEKCTY-
pupoBanHbix 00pasuoB CdInAlS; ycraHoBieH
TpeXMaKeTHbI poMOosapudeckuii (3R) momurwit.
[lpu wmccnenoBaHMM TOHKUX MOHOKpPHCTAJLTYe-
ckux twieHok (MII) CdInAlS; mo amexrpoHo-
rpamme, MOJy4eHHOM BpalieHneM (BO BpeMsl SKC-
nosun) MIT TeHKr BOKpYr ocu @ 0OpaTHOM
PELIETKN TEePHEeHIUKYIISIPHO PACIIONOKEHHON K
ANIEKTPOHHOMY YUKy, YCTaHOBJIEH OJTHOIIAKET-
HbII TpuroHanbHeli (1T) momurumn [4].

IKCIIEPUMEHTAJIBHASA YACTb U
OBCYXJIEHHUE PE3YJIBTATOB

Kpucramier cocraBa CdInAlSs Obun BBIpa-
LIEHBl METOAOM XUMHYECKOW TPAHCIIOPTHOW pe-
akiuu (XTP). O6pasupl uist snekTpoHorpadmye-
CKHMX HCCJIEJIOBaHMI OTOMpPAINCh KaK W3 pa3HbIX
aMITyJl, TaK U U3 PA3JIMYHBIX MECT OJTHOM U TOM K€
amrysbl. M3 pacumpoBKH MOMY4YEHHBIX 3JI€K-
TPOHOI'PaMM CJIEZJOBAJIO, YTO HE TOJIBKO KpHCTaJ-
Jbl, OTOOpaHHbIE W3 PasHbIX aMIlyJd U Pa3HbIX
MECT OJHOM aMIMysbl, MOTYT pa3Iu4arbcsi IO
CTPYKTYpE, HO U B OJHOM KPHUCTAJIE MOIYT CO-
CYIIIECTBOBATh HECKOJIBKO MOJUTUMHBIX MOAU(H-
Kalui.

TOHKME MOHOKPHCTAJUIMYECKUE  IUICHKU
(MII) 6buM mOMyYeHbl OTCIAMBAaHUEM TOJICTOTO
KpucTajuia Junkou jentor. Ha Puc.l. mokasana
snektpororpamma ot MIT cocrasa CdInAlSs, rae
MIT naxnoHeHa o yriom ¢=60° k TeprneHIuKy-
JSIPHOMY TOJI0XKEHUIO TMAJAIONIEro JIEKTPOHHOTO
MyYKa C BpalleHHeM (BO BpeMs SKCIO3HMLIMH) Ha
yron ©=40° BOKpyr OCH mHepeHIMKYIAPHO K
IUIOCKOCTH IUIEHKH. B OTIIMUMM OT 3IEKTPOHO-
rpaMM KOCBIX TEKCTYp, I/I€ paslIMuHble CepHU
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pedrekcoB HakIaabIBAIOTCS Jpyr Ha JIpyra, Ha
AJIEKTPOHOTPaMMax, MOJYYEHHbIX HOBBIMH CIIO-
cobamu BpallleHHs, pa3lIMuHble CEpPUM BBIXOAAT
OTJIEJIbHO, T.€. HET HAJI0XKEHMUSI.

Puc.1.

DneKTpoHOTrpaMMa BpalleHUsl MOHOKpHcTasuia 2H
nomutuna CdINAIS,( 9=60°, »=40°)

Kak BuaHO M3 pHCYHKa, 3JEKTPOHOrpaMMa
HE OXBAaTbIBAET CUMMETPUUYECKH HE3aBUCUMOM
4acTu CTpyKTypbl. HecMOTpst Ha 3TO J1erko ompe-
JEJSAI0TCS TapaMeTpbl KPUCTAUTMYECKOW peIeT-
ku. Pacim@poBka 351eKTpoHOrpaMM MPOBOMIIACH
no crenyoumM (opmynam Uil KOChIX TEKCTYP

[5]:

d100 = 3a/4 = 2LAh/2Rnoo, (@))

Drk1 = (R%w — R%hio) 2, 2)

AD = ¢* LA = (Dnk— Drkg-p), (3)

dooz = ¢ = 1/c*= LAJAD. 4

1. b.b.3Bsarun, A.ILXyxmuctoB, M.I.Ksa3ymos,

A.M. QDOMHHEHKOB. JiexmpoHocpammuvl 8pa-
wenus monokpucmania. Kpucmannoepagus, 35
(1990) 602-609.

MT Ksm3ymoB u np. Cnocob noayuenus siex-
MPOHOSPAMM MUNG KOCbIX MEKCMYp MOHKUX
NIACMUHYAMBIX KPUCTATLI08, A8mopcKkoe cu-

demenvcmeo, Ne 1649397 (1991).

YcTaHoBIEHBI TapaMeTpbl OCHOBHOM KpH-
cTa/uIMueckoit pemetku: a=3,867A, ¢=24,652A,
np.rp.P63MmC, a Takxke mapameTp CBEpXpEIICTKU:

Acsp= V3a B GasucHOI IIOCKOCTH OCHOBHON
pererky. Peduekchl, Haxoasmmecs: Ha CladbIX -
MEPBBIX, TPETHUX, YETBEPTHIX, CEbMBIX, BOCBMBIX
U JIp. DJUIMIICAX, OTHOCATCS TOJIBKO K CBEPXCTPYK-
Type (CBEpXpeIIeTKe), a CHIbHBIE — BTOPOH, IIsi-
TBII, IECTOM, AEBATHIA U JIP. SJUIUIICHI - K OCHOB-
HOM pelIeTKe.

3uauenne ¢=24,652A coorBeTcTBYET TON-
[IMHE BOCbMH IUIOTHOYIMAKOBAHHBIX CJIOEB CEPBI.
Kax m3BectHO [6], BTOpoii CHibHBIA pediiekc B
cepunt 1121 (BTOpoii critbHBLA peduiekc Ha BTO-
pOM DJUTMIICE OCHOBHOM pEIIeTKH), T.e. pe-

drexcl126 sBstercs pedreKCOM-HHIMKATOPOM
(PN), onpenenstonyii CTPYKTYpHBIN TUI. 3Haye-
Hue | =6 ykaspiBaeT Ha TO, YTO BJIEMEHTapHAs
sueiika cocTout u3 AByX TOT I1 TUIOB MaKeToB
U, CIIIOBATENbHO, CTPYKTYpa JAHHOTO MOJUTHUIIA
SBIISIETCS. U30CTPYKTYPHBIM AQHAJIOTOM CTPYKTYpBI
2H nomutuna ZnlnzS4[7]. Tum ymnakoBKu cepbl —
22Ke, a B TETpad/ipax M OKTadIpax METAIbI pac-
TMOJIAraroTcsl TAKMM 00pa3oM:
T[1/3Cd, 1/3In, 1/3Al)]; O(2/3In,1 /3Cd),
'F(l/3Cd, 2/13Al), tne T, T u O COOTBETCTBEHHO
3arl0JIHEHHBIE KAaTHOHAMH, OOpPAaTHO PacIONOXKEeH-
HBIE TETPAYIPHUYECKIE U OKTAPHIECKHE CIIOH, a
11— myCTOl MEKITaKETHBIN CIION.

Y CTaHOBIIEHO, YTO pa3HbIE MOJIUTUITHBIE MO-
mudukarmu CdINAISs pactyr no HampasneHuro,
MEPIICHANKYISIPHO K CIIOSIM.

3. A.G.Abdullayev, M.G.Kyazumov. An electron
diffraction study of the CdxInyAl,S4 crystal struc-
ture, Thin Solid Films, 190 (1990) 303-308.
M.I"Ksa3ymos, I'.C.MexnueB, A.b.Mareppamos.
OoHonakemuas — NOAUMURHASL — MOOUPDUKAYUSA
CdInAlSs, @usuka, 2 Ne 4 (1996) 26-27.
b.B.3Bsarun. Dnexmponocpagus u cmpyxmyphas

Kpucmaniozpagus enuHucCmulx munepanos. M.:
Hayka, (1964) 312.
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6. M.I'.Ksa3ymoB. Buwiagnenue na ougpaxyuoHHwix Cmanu4eckas CmpyKmypa O8yXnakemHo2o no-
KapmuHax ocoovlx peghaekco8 Kaxk UHOUKAMOpP qaumuna ZnlnSs(1)a u ymounenue cmpyxmypot
muna cmpykmypul U Kauecmeda KpUucmasios, mpexnakemunozo noaumuna ZninSs(11Na, Kpu-
Kpucmannoepagus, 59 (2014) 572-579. cmannoepagus, 16 (1971) 235-237.

7. ®.I' lonnka, C.W.Pamayman, I.A.Kwuocce,
C.A.Cemuneros, T.B.Jloanka, U.I".MycTts. Kpu-

CdInAlS:-UN IKiPAKETLI HEKSAQONAL POLITIPi.
M.H.KAZIMOV, L.V.RUSTOMOVA

Elektron siiasina perpendikulyar olan voziyystdon ¢ bucagi gqodar dondorilorok sasthina perpendikulyar ox
otrafinda firlandirilan CdInAlSs -iin nazik monokristallik tobagslorindon alinmis elektronogrammalar Gyranilmisdir.

Osas kristallik qafasinnin parametrlori a=3,867A, ¢=24,652A, f.qp.P6amc va ifratqofosinin parametri Aitq= \/§ a olan
ikipaketli heksaqonal(2H) politip askar edilmlsdir. CdInAlSs; —iin politiplerinin qarisigr oldugda iso onlar laylara
perpendikulyar istigamotds yigilirlar.

TWO-PACKAGE HEXAQONAL POLYTYPE (2H) CdInAlSs
M.G.KYAZUMOV, L.V,RUSTAMOVA
The electron diffraction patterns of CdInAlSs monocrystalline films (MF) received by rotation of that films

around the axis which was perpendicular to film’s plane inclined in advance on a corner ¢ from perpendicular position
to a falling electronic beam has been studied out. (2H) Two packet hexagonal polytype with lattice parameters:

a=3,867A, c=24,652A, sp.q. P6smc and also parameter of superlattice As;= \/§ a has been found. In case of mixed
CdInAlS, polytypes they are growing up in direction perpendicular to layers.

Penaxtop: mpod. U.Hypues
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Acar sozlor: Bor-karbid, IQ, soth morfologiyasi, EPR, X-
ray, enetji, rentgenoqrafiq tisul, udulma daracasi.

REFERAT

Toqdim olunan igdo bor-karbid birlogmosi miixtalif analitik
metodlarla todqiq olunub. SEM tadqigatlart ilo niimunonin sath
morfologiyasinda hissaciklorin Slgiilors gore paylanmasinda
hissaciklorin ~ Olgiilorinin - 5+7mkm  boliimiindo  doyisdiyi
miioyyan edilib. Infraqrnuzi spektral tohlili ilo molekullarn
eyni, mixtolif vo deformasiya olunmus rogsi harokati
niimunanin sarbostlik doracasinin doyismesine gdro miloyyan
olunub. Miixtolif soviyyolordoki, rogsi horokotdo olan
molekullarm rabitololor arast tezliyi vo udulma dorocasi
miioyyon olunmusdur. Bor-karbid niimunssindo termik vo
rentgen faza analiz ilo 1000°C temperaturadok heg bir termik
kecidin bas vermadiyi agkar edilmisdir.

GIRIS

Bor torkibli birlasmalorin niive texnologiya-
sinda genis istifado olmasi, ham¢inin radiasiya
materialstinashginda oshomiyystli material kimi
todqiqi gliniin aktual masalesi sayilir. Bu mad-
dolorin qurulus analizi odebiyyatda todqiq edilib
[1]. Bu birlogsmolor yiiksok temperaturlarda neyt-
ron tutma qabiliyyatine malikdir, termiki cohotdon
davamlidir. Neytron seli ilo qarsiligh tosirdo effek-
tiv en kosiyin boyiik qiymet almasi bu tip birlos-
molorin horbi sonayedos genis totbiq tapmasina so-
bab olmusdur [2]. Bu név materiallar sirasina daxil
olan bor-karbid birlogsmasinds kigik enerjili elekt-
ronlarla, Kr, Ks, Ar ionlari, gamma siialar1 vo neyt-
ron seli ilo garsihgh tosiri zamani bas veran fiziki
proseslorin mexanizmini vermok ii¢lin qurulus
hagqqinda ilkin todqiqatlarn aparilmasi vacib
masalolordon biridir [3,4]. Toqdim olunan isdo ion-
lagdiric1 siialarn tosirine maruz qalmamis bor-kar-
bid birlosmosinin qurulus analizi analitik metod-
larla tadqiq edilmisdir.

TOCRUBONIN APARILMASI VO
MUZAKIROSI

Darayici Elektron Mikroskopunda elektron
monbayi sirkonium halgasina daxil edilmis volf-
ram elementindan ibaratdir. Sotki effektino osasla-
nan, termo emissiya prosesi zamam gorginlik ti¢lin
1s¢i rejim 100V-+30keV segilir, siia moanbayi 1lo nii-
muns arasinda is¢i mosafo iso <I0mm  gotiiriiliir.
Niimuno karbon althglar tizorins ¢okilir vo glimiis
yuvaciqlara yerlogdirilir. Kamerada turbo moleku-
lyar nasoslar vasitosi ilo 107Pa vakum yaradilir.
Yiiksok vakumun yaradilmasinda mogsad elekt-
ronlarin sarbast qacis yolunda elastiki va ya geyri-
elastiki toqqusma ehtimalinin azaldilmasidir. Bu
zaman siirotlondirilmis elektronlara verilon enerji
birbasa niimunonin atomlarma Otiiriildiiyli Gigiin
tacriibanin xatasi azalir. Bor-karbid niimunalarindo
struktur doyisikliyi 1Q-spektroskopiya metodu ilo
dyronilmisdir. Niimunolorin iQ-udulma spektrlori
“IQ-Furye spektrometr, Varian 640 FT-IR” (Al-
maniya) spektrometrindo 4600+-400sm™ tezlik
boliimiinds ¢okilmisdir. Qalinligi 1+-10mkm, sa-
hosi 8x30Mm? olan nazik 16vholer otaq tempera-
turunda 6x104H/M? tozyiq altnda Varian press-
formasi vasitosi ilo (1:299KBr) hazirlanmigdir.
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Termik todqgigatlar “Perkin Elmer” STA
6000 cihazinda yerino yetirilmigdir. Cihaz
PolyScience analizatoru vo “digital temperature
controller” soyuducu sistemi ilo tochiz olunub.
“Perkin Elmer” STA 6000 cihazinda isci
temperatur boliimii 16+1000°C, qizma siiraoti
5+20°C/min segilmisdir. “Pyris Manger” proqram
tominatindan istifado olunaraq kinetik parametirlor
toyin  olunmusdur. Rentgen faza analizi
DSADVANCE tipli ovuntu difraktometrindo
(Almaniya) yerino yetirilmisdir. Is rejimi: 40kV,
40mA, CuK: siialanma, A=1.5406A, 5°<20<80’,
T=300K. Niimunalor tablandigdan sonra yenidon
xisusi qurguda qarigdirilib  bircins  hala
gotirilidikdon sonra kiiveyto yerlosdirilir  vo
rentgen-difraksiya spektri yazilir.

Darayic1 Elektron Mikroskopunda niimuns-
lorin sothinin 1,41-10° dofo bdyiidiilmiis sokillori
almmis vo bor-karbid birlosmasindo 5+7mkm
Olgiilii hissaciklorin paylanmasi miisyyan olun-
musdur. Apardigimiz SEM tadqiqatlart gostarir ki,
digor miialliflorin bor birlogsmalorinds miiayyan
etdiklori spiral sokilli formallasma [5], yiiksok
sixligh vo nizamli quruluslu bor-karbid niimu-
nasinds moévcud deyil. Bor-karbid niimunesinag
maxsus hissaciklor tamamils bir birinden tacrid
olunmus sokilda yerlosir.

Commander Sample 1D

Cin

E 5§ 5 3 3%

| -
S !

Sakil 1.
Bor—karbid birlosmanin SEM-da 1,41-10° dofa
boyiidiilmiis soth morfologiyasi

Hissaciklorin olgiisii 5+7mkm intervalinda
oldugundan kigik enerjili elektronlarla, Ar, Ks vo
Kr ionlar1 ilo bor-karbid niimunasi stialandirildiqda
proses tam hocmi xaraterli olacaqdir. Bu zaman
hissaciklorin olgiilori tocriibaya ciddi tosir gosto-
rmayacok Va bu tip ionlarin tasirindan sonra yara-
nan proseslor ham sothi vo hom do hacmi xarak-
terli olacaqdir. Bor-karbid niimunosinin kristal
qurulusu “icosahedron-based” tiplidir. Okdoedrik
qurulusa malik bor-karbid R3m kristal grupuna
aiddir. Sokil 2-do bor-karbid niimunasinin rentgen-
difraksiya spektri verilmisdir.

| BAC_10_7Tmkm_ 12022016 raw {Stnp kad)
| POF 01-075-0424 84 C Boron Carbide

vop e
LH

2Theto (Coupled TwoThesw'Thats) Wi =1 54060

Sakil 2.

bor-karbid birlosmonin rentgenogrammasi
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Sokildon do goriindiiyii kimi bor-karbid ailo-
si bir deyil, bir neca birlosma halinda olur. Niimu-
nonin gofas parametirlori 8=0.56nm vo c=1.212nm
miioyyan olunmugdur. Bor-karbid niimunasi osa-
son iki tip baza strukturuna malikdir: Bi2 (icosa-
hedron) va Be (Okdoedrik). B2 strukturlu niimunoe-
lor ideal kimyavi qurulusa (B12C3 va yaxud B12C?)
malik oldugundan ideal qurluslu bor-karbiddir.
Elmi adobiyyatlarda (B11C)CBC=B4C qurulus for-
masinda da ifads olunur.

Bor karbid niimunosindos termik analiz apa-
rilmig vo DTA, DSC vo TG oyrilori Sokil 2-do ve-

. oTa

werzt: Down v'#)

DSC

TG

rilmigdir. Hor ti¢ spektrdo 30+900°C temperatur
boliimiinds niimunada hac bir kegid bas vermir.

TG oyrisindo goriiniir ki, 450°C temperatura
godor kiitlodo toxminon 1.5% itgi miisahido olu-
nur. Belo azalma adsorbsiya olunmus su molekul-
lar1 ilo v ya sintez prosesinde niimunade bozi ra-
dikallarn  buxarlanmasi ilo olagodar ola bilar.
450°C sonra niimunada 3.7% kiitlo artmasi oksid-
losmo prosesi ilo baghdir. Bor-karbid birlogmolo-
rindo termik kegid (erimo) 2763°C temperaturda
bas verir vo buxarlanma temperaturu 3700°C otra-
findadir [6,7].

Yot %(%)

Sokil 3.
Bor-karbid birlogsmonin termik analizi.
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Sokil.4
Bor-karbid birlosmenin infraqirmizi spektri.
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Bor-karbid birlosmosinin 1Q-Furye spektro- NOTICO
metrinda, 4600-400sm™ tezlik boliimiinde cokil- ) L
mis udma spektrlori Sokil 4-do verilib. 1120sm’ Todqiq olunan bor-karbid birlagmada pay-

tezlikdo miisahido olunan pik C-B-C rabito raqslo-  1anmus hissaciklorin Slsiilori 5+7mkm kimi miioy-
rini, 2300sm* tezlikdo bas veron pik B=C=B rabj- ~ ¥on olunmusdur. Infraqirmiz1 spekiroskopiya me-
fonin uzanmast vo B=C=B ikiqat rabitolords iso todu ilo aparilan todgiqatlardan niimunado sarbas-
yigilma asimmetrik rogslordo rabitonin eyni za- tlik dsracgsina gors faza daxili, fa%adan kanar. Vo
manda boyiimesi ilo baglidir. 3300sm™ tezlikdoki deformasiya olunmus hallar miioyyon  edilib.

intensiv pik niimunonin su molekullarini straf mii- TelTn.ik analiz 119' ,IOOOOC temperaturadok 'faze?
hitdon adsorbsiya etmasi ilo baglidir. kecidi bas vermadiyi va rentgen struktur analizlori

ilo niimunonin “icosahedron-based” quruluslu
olmasi miioyyan olunub.

1. AK.Suri, C.Subramanian, T.S.R.Ch.Murthy. De- 4. P.Atkins, J.Paua. Physical Chemistry for the Life

velopment of Boron-based materials for nuclear Sciences, New York. Oxford Univeristy Press,

applications, Technology Development Article, (2006) 256-259.

Materials Group, Ne 313 (2010) 14-22. 5. J.Zsako, J.Jr.Zsako, Kinetic analysis of thermog-
2. C.Subramanian, A.K.Suri. Development of Boron ravimetric data, Journal of Thermal Analysis,

and other Boron compounds of Nuclear Interest, Ne19 (1980) 333-339.

lancas Bulletin, (2005) 237-244. 6. J.H.Flynn. Thermal analysis Kinetics-problems,
3. JH.Flynn. A general differential technique for the pitfalls and how to deal with them, Journal of

determination of parameters for d(a)/dt=f(a)Aexp(- Thermal Analysis, Ne34 (1988) 367-375.

E/RT) Energy of activation, preexponential factor 7. J.Matsushitaa, S.Komarnenib. High temperature

and order of reaction (when applicable), Journal oxidation of silicon hexaboride ceramics, Ma-

of Thermal Analysis, Ne37 (1991) 293-298. terials Research Bulletin, 36 (2001) 1083-1089.

MICROSTRUCTURE of BOR-CARBIDE AND THERMAL ANALYSIS
R.Q.QARIBOV, M.N.MiRZAYEV

By SEM studies of particle size in the range of 5+7 microns appended determined of the sample surface morphology.
Infrared spectral analysis of molecules of the same variety and a change in the degree of freedom of deformation of the sample
according to the movements of the motion has bttn fixed.The frequency of the vibrational motion between the molecules at
different levels and absorption rate has been determined bonds. In the case of boron-carbide thermal analysis and x-ray, <1000° C
without any thermal transition no has been identified.

CTPYKTYPA COEJIMHEHUS BOP-KAPBH]I U TEPMUUYECKUI AHAJIN3
P.I'.I'APUEOB, M.HMHUP3AEB

B nperncrasnenHoi paboTe pa3IMIHBIMK aHATUTHYECKMMH METOIaMH HCCIIEZIOBAHO coelMHeHue Oop-kapoun. COM wuc-
CIIEZIOBAHMS PacHpelielIeHHs] YaCTUII TTOBEPXHOCTHOH MOpdosorny 00pasia MoKa3alH, YTo pa3Mephl YaCTHI] HaXOJATCs B MH-
TepBase 5+7MkM. MH]pakpacHbIM CIEKTpaIbHBIM aHAJIM30M YCTaHOBJICHO, YTO TAPMOHMYECKOE JBIKEHHE OJJUHAKOBBIX, pa3-
JIMYHBIX U JIe)OPMHUPOBAHHBIX MOJIEKYJI ONpEAENseTcss U3MEHEHHEM CTelieHel cBoOoapl oOpasua. OmnperneneHa yacTota M
CTCIICHb TOTJIOIICHUSA MEXKCBSI3EH MOJIEKYJI, HAXOIAIUXCSA B TapMOHUYCCKOM JIBWKCHUU Ha PA3JIMYHLIX YPOBHMX. TepMI/ILIe-
CKHI PEHTTeH(a30BbIi aHAIN3 [TOKa3all, 4T0 B 00pasiie 6op-kapou 10 1000 °C TepMUUECKHX IEPEXOI0B HE BOSHHUKAET.

Penakrop: a.H. 10 ¢puzuke P.Parumos
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AZORBAYCAN MILLI ELMLOR AKADEMIYASININ XOBORLORI
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BJUSHUE HEJIUHEWHOT O MOIJIOMEHUA JA3ZEPHBIX JIYUEN
HA PACHIPEJAEJIEHUE OIITOAKYCTHYECKOI'O JABJIEHUA B AKUJAKOCTAX

I'TTACAHOB, M. AAMYCAEB, A.H.ZKA®APOBA, HH.IT'AIIIUMOBA

Asepbaiioscanckui I'ocyoapcmeennuiil Ynusepcumem Hegpmu u I[Ipomvruunennocmu
AZ 1010, haky, np. Azaonvie, 20
aymin@mail.ru

[Tomyuena: 10.06.2016
[punsra k mewatu: 26.09.2016

Kimrouerbie croBa: Jiazep, KO3(QQHUIHCHT MOTJIONICHUS, KU~
KOCTb, JIaBJICHHE.

PEDOEPAT

Teoperrmaeckn BbIBeZIcHa (popMyra, KOTOpast HO3BOJISIET OIe-
HUTb BIMSHUE HEIMHEHHOTO MOITIOIECHHS NPH B3aMMOJEH-
CTBHH JIA3EPHBIX JIy4eil ¢ AKHUAKOCTBIO. Y CTAHOBIIEH XapakKTep
M3MEHEHUS] PAaCIpEeICHUs] ONTOAKYCTHYECKOTO ABIICHUS
TIPY JIMHEHHOM U HEJIMHEHHOM IOITIOLIECHUHN JIa3epHbIX JIyden
KUAKOCTHIO. [IpemiokeHa METOMMKa OmpeaeseHus ko3hdu-
LIEHTa HEJIMHEIHOTO TOIJIONIEHHUS JIa3epHbIX JIydeH B K-
KOCTSIX.

BBEJEHUE M TOCTAHOBKA
3AJIAUM

TeroBoe eHCTBUE ONTUYECKOIO M3ITyde-
HUSI Ha SKUAKOCTh JIGKUT B OCHOBE ILIMPOKOIO
KJIacCa ONTUKO-aKYCTHUYECKUX SIBJICHUH, TOCKOIIb-
Ky IpOLECC HECTAlMOHAPHOIO HEOJHOPOIHOTO
HarpeBaHusl >KUAKOCTH COIPOBOYKAAETCS M3ILyde-
HHEM OITOAKYCTUUECKHX BOJIH 3a CYET TEIIOBOTO
pacimpenus xuakocrei. [locne cozganus u yco-
BEpIIEHCTBOBAHHUS JIa3€pOB MOSBHUJIACH BO3MOXK-
HOCTb  INMPOKOIO  HCIIOJBb30BaHUS  ONTHKO-
aKyCTHUYECKOT0 AP PeKTa B Pa3IHMUHBIX BapHAHTAX
CIIEKTPOCKOITMH (KaK ONTUYECKHX, TaK U aKyCTH-
YECKUX XaPAKTEPUCTHK KUIAKOCTEH).

BoszelicTBre 1a3epHOro U3JIydeHHUs IIPUBO-
JUT K BO30YKJICHUIO aKyCTHUYECKUX BO3MYIIIEHUI
B cpene. Teopernueckue M dKCIEPUMEHTAIBHBIC
uccienoBaHust 3TUX 3G ¢EeKToB ObUTM HAYaThl
NPAaKTUYECKH Cpa3zy IIOCIE CO3JaHus JIa3epoB.
CyliiecTByeT HECKOJIIBKO MEXaHU3MOB BO30YKIe-
HUSI 3BYKa TP B3aUMOZAEHCTBUHU JIA3EPHOTO U3ITY-
YeHHs Ha Cpely: TEIUIOBOW, HCIapUTENIbHBIM,
NpOOOWHBIMN U CTPUKIMOHHBINA. TeruioBoi mexa-
HU3M CBSI3aH C HECTAIlMOHAPHBIM TEIJIOBBIM pac-
IIMpEHHEeM 00beMa Cpefibl, B KOTOPOH MOIJIOTH-
Jack CBeTOBasi SHeprus. VMcmaputenbHbI 00y-
CJIOBJIEH UMITYJILCOM OT/Ia4y I1apOB BEILIECTBA IIPU

€ro MCHApeHuH I0J] ICUCTBUEM JIa3EpPHOIO H3IIy-
YeHHsI, MPOOOHHBIN - (HOPMHUPOBAHMEM CHIIBHOU
yJapHOM BOJHBI IPU ONTHUYECKOM Ipoboe (mpu
ATOM IIOTHOCTb BBIJESIEMOM SHEPTHU CpaBHUMA
C BHYTPEHHUMU JaBJIeHUSAMU B cpeze). CTpUKLu-
OHHBIII MEXaHW3M MPOSBISETCS B IPO3PAYHbIX
cpelax M CBs3aH C BBUIEJICHMEM MEXaHMYECKUX
HAaIpsHKEHUH B BEILECTBE MPU HAIUYUM AJIEKTPH-
YECKOT'0 IMOJIS.

OCHOBHBIM MEXaHU3MOM BO30Y>K/I€HHS 3BY-
Ka JIa3epHBIM H3ITy4EHHEM B IOIVIOLIAIOIINX CBET
cpenax sBISIETCS TEIUIOBOM. JlMHamuKa TepmMoor-
THYECKOT0 BO30Y)KIEHHS 3ByKa ONpe/essercs mna-
paMeTrpamMu u3iy4deHus (reoMeTpuen Jiyda, 3aBu-
CHMOCTBIO MHTEHCHBHOCTH OT BpPEeMEHH) U (PU3H-
YECKUMHU XapaKTEPUCTUKAMU cpepl (Koahpuiu-
€HTOM TIOIJIOLIEHUS CBeTa, KOA((HULIMEHTOM Ter-
JIOBOT'O PACIIMPEHUS, TEIUNIOEMKOCTBIO U T.J1.).

O deKTUBHOCTh TEPMOONTHUYECKOTO MPeod-
pa30BaHUsI SHEPTUM IPOMNOPLMOHAIBLHA MOIIHO-
cru cBeToBoro u3nyueHus oW (a - koadpurmeHt
JmHelHoro norotieHus, W - cpeiHss MOITHOCTb
CBETOBOTO M3JIy4EHUs], TOIJIOIAeMON B Cpee.
ITosTOMY MOKHO OKUZIaTh, YTO IIPU CHIIBHOM I10-
romeHud, T.e. a-o>>1 (o - pamuyc CBETOBOro
My4Ka), Bo30yXJIeHHe 3ByKa OyaeT MpOUCXOAUTb
CyIIecTBeHHO Oosiee A(GEKTUBHO, YeM B CTydae
crmaboro moromieHus. Kpome Toro, mocKomibKy
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MOIIHOCTH JIa3€pOB ¢ MOZYJSILUEN HOOpOTHOCTH
CYILIECTBEHHO BBIIIIE, YEM Y JIA3ePOB HETIPEPHIBHO-
ro JeicTBUs, MCHOJIB30BAHUE HMMILYJIBCHOIO pe-
’KMMa TI03BOJISIET JOCTUTATh CYIIECTBEHHO OOJIb-
IMX aMIUTATY JaBjieHui [ 1].

Henmaeitabie 3 QeKThl, BOZHUKAIOITHIE TIPU
B3aMMOJICHCTBUM MHTEHCUBHOIO M3JIyYEeHUsl C Be-
IIIECTBOM, XapaKkTep KOTOPBIX 3aBHCUT OT MHTEH-
CHBHOCTH CBETa, IO3BOJISIOT IOIYYUTh HOBYIO
uHpopMaMIO O CBOWCTBax cpen. HemmHelnoe
B3aMMOJICHCTBUE JIa3€pHBIX JIyded B JKUIKOCTSAX
paccMoTpeHo B [2,3.,4].

B nocnennee Bpems ynensiercs Gomblioe
BHUMAaHHE TOBBIIICHUIO 3(P()EKTUBHOCTH TEXHO-
JIOTMYECKHUX TIPOLIECCOB ITyT€M BO3JCHCTBHSA Ha
TEeIUIO(U3MIECKHE CBOMCTBA KUAKOCTEH pazimy-
HBIMU (PU3MUYECKUMHU TOIAMH. B cBsBU ¢ 3THM
BO3HHKAET HEOOXOAMMOCTh HCCIIEIOBATh BIIUSIHIE
HEJIMHEHHOrO MOIJIOIEHUs! JIa3epHBIX JIydeill Ha
¢dmnaeckue cBoiicTBa xuaKoctei. [loaromy 1ens
JaHHOW pPabOoThl YCTaHOBHUTH BIMSHHE HEIMHEH-
HOT'O TIOTJIOIICHUSI JIA3EPHBIX JIy9eH B JKUIIKOCTSIX
Ha ONTOAKycTHYecKoe jaaBnenue. st atoro pac-
CMOTPUM B3aMOJICHCTBHE JIA3ePHOrO JIyda C
KUJIKOCTBIO C YYETOM JIMHEHHOTO ¥ HEJTMHEHHOro
noriomieHus. [1ycTe na3epHblii My4OK MagaeT Ha
MOBEPXHOCTb XKUAKOCTH (a-0>>1). Torna m3meHe-
HHE MHTEHCHUBHOCTHU IIPU NPOXOXKAECHUU CBETa B
KUJKOCTH C yY4E€TOM JIMHEHHOTO TOTJIONICHHS
HouuHsieTcs: 3akoHy byrepa, T.e.l=1,exp(-ax),
rjae lo -MHTEHCHMBHOCTH MAJAIOLIEr0 U3ITy4eHUsI.
Ecmm yuursBate oCy7 <<1 (Cy- ckopocTs pac-

IMPOCTPAHCHHS ONTOAKYCTUICCKHUX BOJIH B JKHUJIKO-
CTH, 7 -JUTUTEIHHOCTD JIA3EPHOTO WMITYJIBCA), TO
HarpeB Cpeibl MOXKHO CUYMTATh MTHOBEHHBIM 32
BpEMsI JICHCTBUSI JIA3EPHOTO MMITYITbCA, INIOTHOCTh
Cpelibl He YCIIEBAeT CYIIECTBEHHO U3MEHHTCS, a 32
CYET HEOIHOPOIHOTO TEMIIEPATYPHOTO TIOJS CO-
37aeTCsl MoJie HamnpsbkeHui. B atoM ciydae pac-
npeseieHre aasieHns B xuakoctu (X=>0) orpe-
Aensiercs o GpopmyIe:

2
acy Bl -
H:pocgﬂng’Boe“szoe"“,
p

e ™, 1)

rae T - U3MEHEHHE TeMITepaTyphl JKUIKOCTH IPU
JIMHEWHOM TOTJIOIIEHHH, F - Kod(uimeHtT oob-

€MHOI'0 paCHIMPCHUS, O -PABHOBECHAS IINIOTHOCTD

KUOKOCTH, C,- €€ yAC/IbHAA TCINIOCMKOCTh IIpH

p
MIOCTOSTHHOM J[aBJICHHUH.

V3MeHeHn MHTEHCHBHOCTH TIPU TIPOXOXK-
JICHUW CBETa B XHUAKOCTH C YYETOM JIMHEHHOTO U
HEJIMHEHHOTO TIOTJIONICHUSI MOXKET OBITh BBIpayKe-
HO (opMyJIOi

—dl = al (X)dx + A (x)dx, 2)

rae y -Kod3(hHIeHT ABYX(OTOHHOTO TMOTJIOLIE-
HUSL
W3 (2) onpenenseM n3MeHEHHE UHTEHCUBHO-
CTH CBETA C TOJIIMHOMN >KMJIKOCTH IPU HEIUHEH-
HOM IOTJIOIIECHHN:
| = Iio 3
1+4,X
Pacripenenenne akycTU4eCKOro JaBJICHNs B
JKUJKOCTSAX IPU HEJIMHEIHOM IOIJIOLIEHUH Olpe-
JETsIeTCA U3

o CfAs Ao 4
PO A i A @
7/'2
rne T'=-—— "% -U3MEHEHHe TemIepa-
C,00(L+ M%)

TYPBI KUIKOCTH IIPU HEJIMHENHOM MOTTIOILEHUH.

JInst olleHMBaHMWST BIMSIHUSL HEITMHEMHOIO
MIOMJIOIICHUSI HA PpaCHpeleieHUe ONTOAKyCThYE-
CKOI'0 JABJICHUS B KHUJIKOCTH PACCMOTPHUM OTHO-
LICHHUE JIaBJICHUM IIPU JMHEWHOM W HEIMHEHHOM
ITOTJIOIICHUN

P ae ™1+ ,x)?

1_
- . : Q)
Beenst 0003HaueHus
ax=&u o= Ho : (6)
a
JUTSL OTHOIIIEHHS TABJICHUH TIOTyYrM
P _e*@ro9)’® @

P2 (o2




BJIMSIHUE HEJIMHEMHOT O TIOTJIOIEHUS JIASEPHBIX JIVUE HA PACIIPEEJIEHUE

IIpoBoas BBMMMCIICHHS B Cpeie INporpamMm
Matlab o BeiBeieHHO# hopmysie (7), mpou3Besu

BU3YaJIM3aLMIO pe3yabTaTtoB Ha Puc.l.

i
E

Puc.1
I'paduk 3aBucumocty P1/P; ot & npu pasiniiHbIX 3Ha-
vennsix o (1,2,3,4,5)

W3 Puc.l BUOHO, 4TO C yBEIMUYEHHUEM 3Ha-
YEHUS! O OTHOUIEHUE ONTOAKYCTUYECKUX JaBiie-
HUM TPY JIMHEWHOM M HEJIMHEHWHOM IOTJIOIEHUN
YBEJIMUMBACTCS.
®opmyisl (1) 1 (4) MOXKHO IIPEICTaBUTH B BUJIE

P2_ o

Py - (1+O'§)2 .

AHaJIOTUYHO BEIIIIC H3JIO’KCHHOMY, BbIYUC-

P,
_l:e_é: u

P )

asst B cpeze mporpamm Matlab o dopmyane (8),

MPOU3BEIH BU3YAJIM3ALIMIO PE3YJIbTAaTOB Ha Puc. 2.
hBL
R

Puc.2
I'padpuik 3aBrcumoctr Py/Po u Po/Po o1 & st pasmia-
HbIX 3HaueHnii O (1,2,3,4,5).

dopmyna (8) MO3BOJNSET ONPENCTUTH KO-
s duiment HenmmHeHOro MoromeHus. [ 3to-
ro (opmyay (8) mpencraBum B BUJIE:

2 _pn o-2h(1+0c&).
Po

©)

[Moctpous 3aBucuMoCTh In P oT & 1o yr-
Po
Jy HAKJIOHA, MOXKHO OIpeNeNuTh Kod(dumment
HEJIMHEHHOTo noriomenys. KoopanHate! Touek, B
kotopbix P, = P,, ¢ poctom o mepemeniatorcs B
obnacth 60sbIMX & .

Kak w3BecTHO, HEIMHEHHOE B3anMOIIEH-
CTBHE JIa3€PHBIX JIyueil C JKUJKOCTBIO BCErJa Co-
MIPOBOXKIACTCSI C OJHOBPEMEHHBIM JIMHEHHBIM U
HENIMHEHHBIM ToromeHusMA. C yaetoM Gopmy-
76l (2) pacmpenelieHde ONTOAKyCTUYECKOrO J1aB-
JICHUS! TIPU OJTHOBPEMEHHOM JIMHEWHOM W HEJH-
HEWHOM TIOTJIONMIEHUSAX HAa OCHOBE MPHUHIIUIA CY-
TIEPIIO3UIIA UMEEM BU/T

o Ao
P=F+P,=Re™ +P, . (10
1 2 0 0 O{(1+7/IOX)2 ( )
VYuutsiBas (6), u3 (10) nomyurm
g
P —1 T (1)
P 1+ o)

HpI/I O4YCHb CHJIBHBIX HWHTCHCHUBHOCTAX
JIa3ePHOTO M3IY4YEHHS MOXKET MPOUCXOIUTh MHO-
ro)OTOHHOE TIOTJIoNIeHHE. VI3MeHeHe NHTEHCHB-
HOCTH M3JTyYCHHS Ha TONIMHE 0X KUIKOCTH Tpr
ATOM MOXKET OBITh OIpeieTieHa 1Mo (hopmyrie

—dl =aldx+ 5 1"dx. (12)

PaccmoTpyM  BiMsSiHME TOJBKO MHOrogo-
TOHHOI'O U3JIYUCHUA HA PACIIPCACIICHHUEC OIITOAKYC-
THUYCCKOI'0 HaBJICHUSA B XKHUIKOCTAX. B »tom ClIy-
qac

—dl =31"dx. (13)

N3 (13) umeem cremyroriee BRIPKSHUE JUIS
M3MEHEHUS] UHTEHCUBHOCTU M3ITy4YEHHs C TOJIIH-
HOWU >KUJIKOCTH:

o

(14)

—, 10)=1,
(L+ (-1 x )
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[Tpu 3TOM OINMTOAKYCTHIECKOE TABICHUE OIl-
penensiercs 1o hopmyie

_ 1 gpds . (15)
2% (14 (n-1)5 17 x )
VYuuteiBas (6) B (15), umeem
- n%
B i -noe. (19)
P, o

B cliyda€ OJHOBPEMEHHOI'O JIMHEWHOTO M
MHOT O(I)OTOHHOI‘ O IIOIJIOICHHA HM3MCHCHHE OII-
TOAKYCTHYCCKOI'O JAaBJICHUSA OIIPEACIIACTCA 110

dopmye

P=P +P, :P1(1+i). 17)
Pl
Orcrona

P

! (18)

n
Tl
1+eSofl+(n-1)o¢]
PacnpeneneHm OITOAKYCTHUYCCKUX OaBJIC-
HUIA B 3aBUCUMOCTH OT &, pacCUUTaHHbIE IO op-

myse (18) it pa3nuyHbIX 3HaUEHUH G, IPECTaB-
neHsl Ha Puc.3.

1
P

Wy

Puc3
I'padux 3aBucumoctu Py/P ot & npu pasmmanbix
sHayennsix O (1,2,3,4,5).

1. B.D.Iyces, A.A KapaOytoB. Jlaszepnaa onmoaxy-
cmuxa,Mockea, Hayka, (1991) 17.
2. W.M.benoycosa, O.B.[danuios, A.M.Cumnopos.

Henunetino-onmuueckue oepanuuumeny 1a3epHo-
20 uznyyenusi, Onmuyeckuii xcypran, 76 4 (2009)
71-84.

N3 Puc.3 BUIHO, YTO C yBEJIMYEHUEM 3HA-
YeHUs] O MAaKCUMAaJbHOE 3HAYEHHE OTHOIIEHHS
JIABJICHUH TP JIMHEHHOM W HEJIMHEWHOM IIOIJIO-
IICHUM YBEJIMUMBACTCSL.

[Tonyuennas ¢opmyna (18) mo3Bossier ore-
HUTHb OJJHOBPEMEHHOE BJIMSHHUE KaK JIMHEHHOTO,
TaK W HEIMHEHHOTr0 KOA(PPHUIMEHTOB MHOTrodo-
TOHHOTO TIOTJIOIICHUSI TIPU B3aWMOJICHCTBUH Jia-
3epHBIX JTyded ¢ xkuakocTero. [loctponB rpaduk

Py

3aBHUCUMOCTH F oT g IOJIYYHM XapakTep U3ME-

HEHMsSI Paclpe/IeiICHHUsT ONTOAKYCTHUYECKOTO JaB-
JICHUSI TIPU OTHOBPEMEHHOM JIMHEHHOM M MHOT'O-
(hOTOHHOM TIOTJIOIIICHUH.

3AK/IIOYEHHUE

OGHapyeHHe HEIMHEHHOro MOINIOLIEHHS
JIa3€PHOTO M3IIy4EHHs B KMIKOCTAX M OIpEAEIe-
HHME KO3(@UIMEHTa HEIMHEHHOro NOINIOLIEHHs
HO3BOJISIET NIIyO’KE UCCIIEIOBATh CTPYKTYPY K-
KOTI'O COCTOSIHUS, T.K. KO3()(HULMEHT HETMHEHHOrO
IOIVIOLIECHUS SIBJISIETCS OJTHOW M3 BaXKHBIX XaAPaK-
TEPUCTHK kuaKocTeil. Kpome Toro, uccnenoBanue
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MAYELORDO LAZER SUALARININ QEYRI XOTTi UDULMASININ OPTOAKUSTIK TOZYIiQIN
PAYLANMASINA TOSIRi

Q.T.HOSONOV, M.A.MUSAYEV, A.N.COFOROVA, N.N.HASIMOVA
Mayelarlo lazer siialarinin qarsihgh tosirinds geyri xotti udulmasimin tasirini giymatlondirmak tigiin nozari diistur toklif
olunur. Xotti vo geyri Xatti udulmada tozyigin paylanma xarakteri miisyyon edilmigdir. Lazer stialarmin mayelords qeyri xotti

udulma omsalini tayin etmok {igiin metod toklif olunur.

INFLUENCE OF NONLINEAR ABSORPTION OF LASER BEAMS ON THE DISTRIBUTION OF PRESSURE IN
THE FLUID

G.T.HASANOV, M. AMUSAYEV, AN.JAFAROVA, N.N.HASHIMOVA
A formula which allowed us to estimate the effect of nonlinear absorption in the interaction of laser beams with the liquid
has been deduced by theory. The character of the pressure distribution changed with linear and nonlinear absorption has been

established. The method of determining of the absorption coefficient of the laser beams in liquids has been defined.
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REFERAT

Toqdim olunan mogalods atmosfer tazyiginds 1-etil-3-metlimi-
dazolium methansulfonat [EMIM][MeSOs] ionlu mayesinin
sixlig1 vo sos siirati T=(278.15-343.15) K temperatur interva-
linda Anton-Paar DSA 5000M vibrasiyali densimeter vo SoS
stirati Olgon qurgusu ilo, T=(273.15-413.15) K temperatur
intervalinda iso Anton-Paar DMA HPM vibrasiyali densimeteri
vasitasi ilo Ap/p=1-10° kq-m vo Au/u=0.1 m-s™ Xota daxilinds
Olglilmiisdiir. Aragdirilan ionlu madds absorbsion soyuducu
qurgular vo istilik nasoslarinda [EMIM][MeSO3;] + CH3;OH
binar istilikdasiyic1 sisteminin halledicisi kimi totbiq olunmag

ma.

liglin nazards tutulmusdur.

GIRIS

Son illordo Azorbaycan Respublikasi
Prezidentinin 2004-cii il 21 oktyabr tarixli So-
roncami ilo tosdiq edilmis “Azorbaycan Res-
publikasinda Alternativ vo borpa olunan enerji
monbolorindon istifado olunmasi {izro Ddovlot
Programi™na uygun olaraq, bu sahado respub-
likamizda genis miqyash islor goriiliir. Azor-
baycanin yerlogdiyi alverisli cografi movge vo
iqlim soraiti diinyanin inkisaf etmis 6lkalorindo
oldugu kimi, 6lkemizda do ekoloji cohatdan to-
miz alternativ (barpa olunan) enerji moanbalo-
rindon (giinas, kiilok, biokiitlo, termal, absorb-
sion soyuducu qurgular va istilik nasoslari, hid-
roenerji) istifado imkanlar1 aragdirilir vo real
layiholor hayata kegirilir [1].

Azorbaycan Texniki Universitetinin “Isti-
lik energetikas1” kafedrasi uzun miiddatdir ki,
alternativ vo borpa olunan enerji monbalari ki-
mi giinos istilik sistemlari vo absorbsion istilik
nasoslar1 {igiin istilik dastyicilarinin, eyni za-
manda geotermal sularin istilik-fiziki xassalo-

rinin arasdirilmasi sahasinds diinyanin miixtolif
morkazlori ilo miistorok genis miqyash elmi
aragdirmalar aparir. Alternativ (borpa olunan)
enerji monbalarindon istifado zamani absorb-
sion soyuducu qurgular vo istilik nasoslarmin
xiisusi yeri nozars ¢arpir.

Soyugluq ¢eviran istilik nasosunun asas
prinsipini 1824-cii ilds kosf edilmisdir. 1850-cCi
ildo Kelvin soyuducu cihazin isitmo mogsadi
ilo istifado oluna bilocayini irali siirmasiylo
istilik nasosu istifado olunmaga basladi. Bu
qurgularin  tokmillogdirilmasina  XIX  asrin
ikinci yarisindan baglanmigdir. ©sason XX
osrin ikinci yarisindan iso Sonayeds aktiv
istifado olunmaga baslamiglar. Absorbsion
soyuducu masinlar (ASM) konstruksiyalarina
gora ¢ox sadadirlor. Onlarin harokat edan
mexanizmlori yox doracasindadir. Belo tip
masinlarin  Gstin  cohatlorindon biri  onlarin
sossiz iglomasidir. Kompressorlu masinlarda
oldugu kimi absorbsion masinlarda da buxar-
landirict vo kondensator vardir. Absorbsion so-
yuducu masinlarda kompressorun vozifosini

128



mailto:abdulla.elcin@gmail.com
mailto:javid.safarov@uni-rostock.de

1-ETIL-3-METILIMIDAZOLIUM METHANSULFONAT IONLU MAYESININ SIXLIGININ vo S8S URSTININ OLCULMSSI

absorber nasos ve desorberden ibarst termiki
kompressor yerina yetirir. Absorber vo desor-
berdo miirokkab istilik va kiitlo miibadilasi pro-
seslori bas verir. Absorbsion soyuducu masin o
zaman effektiv sayilir ki, o az miqdarda istilik
enerjisi sorf etsin. Absorbsion soyuducu ma-
sinlarda bas veran proseslor dénar oldugda isti-
lik enerjisinin sarfi minimum olur.

Istilik nasosu konardan enerji verilmasi
ilo alcaq temperaturdaki ortamdan aldig: isti-
liyi, yiiksok temperaturdaki ortama veran bir
qurgudur. Qisda isitma magsadi ilo istifado
olunan istilik nasosu yayda soyutma tiglin isti-
fada oluna bilar. Istilik nasoslarmin ¢oxu buxar
sixigdirilmasi prinsipina osaslanir. Sadas bir isti-
lik nasosu osas elementlori kompressor, genis-
lanmo vannasi, buxarlandirici, kondensator ola-
rag adlanan iki adad istilik doyisdiricisidir. Bu-
xarlandiricidan ¢ixan doymus buxar kompres-
sorda daha yiiksok tozyiqde sixisdirilaraq qiz-
mig buxar halina gatirilir. Daha sonra konden-
satora giron qizmis buxar movcud istiliyini ¢o-
lo verarak sabit tozyiqds sixilir. Doymus maye
halindaki yiiksok tozyigli mayenin tozyiqgi vo
temperaturu genislonms vannasina buxarlandi-
rict halina gotirilir. Buxarlandiriciya giron ma-
yenin temperaturu istilik monbayinin istiliyin-
don asagi oldugundan istilik monbayindon
axigkana sabit tozyiqdo istilik kecisi olur vo
axict buxarlanir. Bundan sonra tsikl yenidon
baglayir vo belo davam edir. Mohz buna gors
absorbsion soyuducu qurgular vo istilik na-
soslarinin xassalori, xiisusi ilo do bu qurgularda
istifado olunan istilik dasiyicilarinin istilik-fi-
ziki xassolori xiisusi ilo genis arasdirilmigdir.
Bu sahodo mixtoalif elektrolit duzlarmin su,
metanol, etanol qarisiqlarini misal gostormok
olar [2-5].

Absorbsion soyuducu qurgular va istilik
nasoslarinda elektrolit duzlarinin istifadssi za-
mani bir sira onanavi problemlor meydana ¢i-
XIr:

- holledici kimi istifado olunan duzlarin qur-
guda dovr etdiyi zaman kristallagsmasi,

- istilik dasiyicilarinin qurguda sirkulyasiya
zamani borularin asilanmasi,

- soyuducu agent kimi sudan istifado zaman
monfi temperatur rejiminin alinmamasi va S.

Miixtalif elmi gruplar son onilliklards bu
problemlori bir sira iisullarla hall etmoys ¢ali-
sirlar vo bu sahads ¢ox sayli ugurlu addimlar
atilmigdir. ilk olaraq soyuducu agent kimi su
ovazino donma temperaturu asagi olan, elekt-
rolit duzlarda yaxsi hoall olan spirtlor vo basqa
tizvi mayelor istifado olunmaga basladi [6-9].
Iki duz qaris1g1 vo bir soyuducu agent, eyni ilo
iki soyuducu agent vo bir duzdan istifado et-
moklo {ligqat qarisigdan istifado vo ¢ox sayli
basqa kombinasiyalar bu qurgularda yoxlanil-
misdir. Amma korroziya va Kristalizasiya qeyd
olundugu kimi, bilavasito garisigda normal
elektrolit duzlarinin olasi ilo slagadar oldugu
tiglin indiya godor aradan galdirlmamisdir. Son
illar elektrolit duzlarin basqa maye halda olan
elektrolitlorlo ovaz olunmasi sahasindo goxsay-
I1 siagqlar aparilir. Olbatto bu halda korroziya
Vo kristalizasiya aradan qaldirilir. Amma nor-
mal elektrolit duzlarin yaratdigi absorbsion ef-
fekt, qarisma istiliyi vo S. yeni maye elektrolit-
lordo homin soviyyads alinmir. Ona gora do bu
saho holo do todgigatlar iigiin acigdir. fonlu
maddalor do maye halda elektrolit duzlar ol-
dugu ti¢iin absorbsion soyuducu qurgular va is-
tilik nasoslarinda holledici kimi istifads olun-
maga genis imkanlar1 vardir. Xiisusi ilo ionlu
maddslarin spirtlorlo qarisiglarinin istilik-fiziki
xassolorinin aragdirmasi yeni elmi istiqamat
kimi ¢ox aktualdir. Bu sahada do son illor genis
miqyaslt tocriibalor aparilir [10-12]. Normal
elektrolit duzlarinin maye qarisiglarindan forgli
olarag ionlu mayelorin maye garisigqlart {giin
daha genis istilik-fiziki xassolor aragdirmaq
miimkiindiir (mas: izafi molyar hocm). Ciinki
qarisi81 toskil edon hor iki madds maye halin-
dadir vo onlarin yiiksok temperatur va tozyiq-
lordo istilik-fiziki xassalorinin  arasdirmasi
miimkiindiir. Bu iso 6z ndvbasindo absorbsion
soyuducu qurgular vo istilik nasoslarmin bir
sira yeni xassolorini hesablamaga imkan verir.
Eyni zamanda duzlarin korroziya vo kristaliza-
siya yaratmasi problemi do bu halda hall olur.
Bels ki, ionlu mayelar ekoloji tomiz, korroziya
yaratmayan vo s. miisbot xassoaloro malikdirlor.
fonlu mayelorin orimo temperaturunun asag
olmasinin sobobi onlarin torkibinda iizvi tobi-
otli ionlarin olmasidir. fonlu mayelorin iizvi
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hissasinin qurulusunda yaranan sferik ¢otinlik-
lor duzun kristallasmasini g¢atinlosdirir. Ionlu
mayelori homginin yliksok ozliiliiyo malikdir.
Uzvi madde hom kationun, ham ds anionun
torkibinds ola bilar.

[EMIM][MeSO3z] vo metanol qarisigi da
bu sahads potensial niimuna Kimi elmi qrupu-
muz torofindon aragdirilmaga baglanmisdir.
[EMIM][MeSOs3] son illords bir sira kimyovi
proseslords stabil ionlu maye kimi miivaffog-
iyyatlo istifado olunur. Metanol iso absorbsion
soyuducu qurgular va istilik nasoslarinda soyu-
ducu agent kimi uzun illor arzinds istifads olu-
nur. Ona gors bu iki mayenin binar qarigiginin
absorbsion soyuducu qurgular va istilik nasos-
larda istilikdastyict kimi istifado edilmasi
elmi grupumuz torofindon segilmisdir. Tacriiba-
lor zaman1 [EMIM][MeSOz3] vo metanolun ay-
riligda va qarisiq halinda sixlhigi, 6zliliyi, bu-
xar tozyiqlori, sos siirati, istilik tutumu va s.
Xassolori analiz olunacaqdir. Bu moqalo bu
sahoado ilk elmi isdir vo [EMIM][MeSOs3] ionlu
mayesinin atmosfer tozyiqinds vo miixtalif tem-
peraturlarda sixlig1 vo Sos siirati aragdirilmigdir.

Alinmis noticalordon istifado etmoklo
ionlu mayenin xiisusi hacminin temperaturdan
asili diferensiali (dv/dT)/m3-kg?-K?, tempera-
turdan asili isobarik genislonmasi a-10%/K™,
sos siiroti u/m-s, temperaturdan asili adiabatik
sixilmasi xs-108/MPa* hesablanmisdir.

TOCRUBO BOLMOSI

Bu moqalodo [EMIM][MeSOs]-in sixligi
vo sos siliroti tocriibi olaraq Oyronilmisdir.
Tocriibolor T=(278.15-343.15) K temperatur
intervalinda Anton-Paar (Avstriya) firmasinin
istehsali olan DSA 5000M vibrasiya edon boru-
lu densimetri vo sos siirati dlgon qurgusu ilo,
T=(273.15-413.15) K temperaturlarda iso
DMA HPM vibrasiya edan borulu densimetri
vasitosi ilo aparilmigdir.

DSA 5000M qurgusu Azorbaycan Texni-
ki Universitetinin “Istilik energetikas1” kafed-
rasiin laboratoriyasinda yerlasir vo bir-birin-
don forqli, lakin eyni temperaturda olan iki 6lg-
mo yuvasina malikdir. DMA HPM vibrasiya
edon borulu densimetri eyni metodla galisir va

yiiksok temperaturlarda tocriibalor aparmaq
ticlin nozardos tutulmusdur.

Sixlig 6lgmo yuvasi borunun vibrasiya
periodunun 6l¢iilmasi vo bunun asasinda sixli-
gin hesablanmasma osaslanmisdir. Vibrasiya
edon borulu densimetr bir torofs istigamatlondi-
rilmis U-sokilli borunun ragsetms periodunun
Vo borunun kiitlasinin asililigina asaslanmigdir
[13-14].

T= 2% = 27z\/E 1)
@, k
Vo ya
fo® Lk )
27 27 \m

Vibrasiyaedon borunun kiitlosinin m borunun
vakuum halinda onun bos kiitlasinin mp vo boru
daxilindoki mayenin kiitlasinin p¥, comino bo-
rabor oldugundan ([13-15])

o Lk

f = =
27 2z \\m,+pV,

(3)

alinir. Borunun vo onun daxilindoki maddoanin
kiitlasinin birbasa dl¢lilmasi ¢otin oldugu ii¢lin
bu kiitloni mahz borunun vibrasiya etmasi va bu
vibrasiyanin periodunun 6l¢iilmasi metodu ilo
hesablamagq olur. (1) vo (3) tonliklorindon

r=2r, /—mb Voo
k )

alinir. Burada 7 - vibrasiyaedon borunun rags
periodu, (us); mp - vibrasiyaedon borunun bos
kiitlasi, (kq); Vb - vibrasiyaedan borunun hacmi,
(m®); p - vibrasiyaedon borunun daxilindoki
maddenin sixligi, (kq-m?); k - Hiikk ganunu
osasinda tapilan boru materialinin elastiklik om-
salidir, (N-m™) vo elastiklik amsali borunun &1-
giilorindan, formasindan asili olaraq boru mate-

rialinin Yunq modulu ilo proporsionaldir [13-
15].

(4)

Vibrasiya edon borunun hacmi onun han-
dosi Olgiilori vo asilma hali il toyin edilir. Asil-
ma noqtasi borunun torpanmoz halda qurguya
borkidilmis hissasinin borunun vibrasiya edan
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hissasina dogru an son ndqtasidir. Borunun isti-
don genislonmasi vo bosalmasi asas hallardan
biridir. Odur ki, kalibrlonma zamani bu para-
metrlor bir-basa temperaturdan asili olaraq am-
sallarin daxilindo nozors alinir [14]. (4) tonli-
yindon mayenin sixligini asagidaki kimi yaz-
magq olar

p=A-B7?, (5)
burada B(T,P)z—w
4z, (T ,P)
mt
AEB= v amy

Sas siirati 6lgmoa zamani iso akustik yu-
vanin titroma dovrlarinin hesablanmasi yolu ilo
sosin yayilma siiroti Ol¢iiliir. Sos dalgalar1 bir
ultrasesli Gtiirticii vasitasi ilo Otiiriiliir vo 0 biri
torofdo basqa ultrasasli gobuledici tarafindan
gobul olunur. Ultrasasli otiiriicii sos dalgalarini
ovvalcadon molum olan dovrlords Otiiriir. Sos
siirati Otiiriicli vo (obuledici arasindaki mosa-
foni, sas dalgalariin dévrlarini bildikdan sonra
(6) diisturu vasitasilo hesablanir [14]:

heqiqi uzunlug -(1+1.6E-5-A
V= q q Psq ( tenp) , (6)
PTTT -TAU - f3
bolici sabit

burada: hagigi uzunluqg — sas dalgalarinin hagiqi
uzunlugu  (toxminan  5000um),  Atemp
T=293.15K-do temperatur xotasi, Ps - qobul
edilon sos dalgalarinin rogslori dovrii, boliici
sabit — 512, TAU — qurgunun sabit amsali, f3 -
temperatura diizolis amsalidir. TAU vo f3 am-
sallart DSA 5000M qurgusunu istehsal edon
Anton-Paar firmasinin sirri oldugu ii¢iin moaga-
lada verilmir.

DSA 5000M qurgusu vasitasilo atmosfer
tozyiginds sos siiratinin u=(1000 — 2000) m-s*
(6lgiilmo Xotas:: 0.1 m-s?) vo temperaturun
T=(278.15 — 343.15) K (6lgiilma xatasi: 0.001
°C) olgiilmo diapazonlarinda tocriibalor apar-
maq miimkiindiir [14]. DMA HPM vibrasiya
edon borulu densimetrinin is prinsipi avvalKki
aragdirmalarimizda genis sorh edilmisdir [5].

[EMIM][MeSOs] xiisusi vakuum kolba-
larda yiiksok temperaturda (T=423.15K-o qo-
dor) hoall olmus havadan, gazlardan vo sudan to-
mizlonmisdir. Niimunado hall olmus maddolor,

ayrilan hava qabarciglar1 va s. vibrasiya perio-
dunun diizgiin 6lgiilmasina mane olur. Qurgu
tam yuyulub quruduldugdan sonra, lazim olan
miqdarda olgiilacok ionlu maye 6lgli yuvasina
doldurulur. Daha sonra temperatur intervali se-
cilir vo tocriibo baslayir. Hor temperatur reji-
mindo niimunanin Sas siirati do paralel olaraq
Olciiliir. Qurgu programlasdirilmig biitiin tem-
peratur intervalinda tocriibalori apardigdan son-
ra dayanir vo maye qurgudan tomizlanir.

ALINMIS NOTiCOLOR

[EMIM][MeSO3z] ionlu mayenin sixligi
Vo sos siirati T=(273.15+413.15)K temperatur
intervalinda vo atmosfer tozyiginds olglilmiis-
diir. Alinmig naticalor Cadval 1-ds verilmisdir.

Eyni zamanda [EMIM][MeSQOg3]-in sixli-
gimin temperaturdan asililigi Sokil 1-do vo sas
stiratinin temperaturdan asililigr Sokil 2-do ve-
rilmigdir.
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Cadval 1.

[EMIM][MeSOs] ionlu mayenin temperaturunun T/K, sixhiginm p/kq-m3, xiisusi hacminin temperaturdan asili
diferensialimin (dv/dT)/m3-kg*-K™, temperaturdan asil1 isobarik genislonmasinin ap-108/K™1, sas siiratinin u/m-s?,
temperaturdan asih adiabatik sixilmasimin s 10%/MPa! tocriibi vo hesablanmig giymotlori.

| T p dv/dT % u K |
273.150 1259.090 4.4294E-07 557.7 1833.101 236.36
278.154 1255.653 4.4669-107 560.9 1820.765 240.23
283.150 1252.145 4.4677-107 559.4 1805.615 244.96
283.153 1252.225 4.4677-107 559.5 1805.259 245.04
293.146 1245.217 4.4693-107 556.5 1777.996 254.03
293.151 1245.280 4.4693-1077 556.6 1777.540 254.15
303.147 1238.306 4.4709-107 553.6 1752.595 262.91
303.152 1238.360 4.4709-107 553.7 1751.829 263.13
313.151 1231511 4.4725-107 550.8 1727.190 272.20
313.152 1231.463 4.4725-107 550.8 1727.957 271.96
323.152 1224.756 4.4741-107 548.0 1703.264 281.44
323.155 1224.716 4.4741-107 547.9 1703.704 281.30
333.151 1218.085 4.4757-107 545.2 1679.875 290.92
333.154 1218.072 4.4757-10°7 545.2 1680.162 290.82
343.154 1211.477 4.4773-107 542.4 1657.043 300.62
353.150 1204.65 4.5258E-07 545.2 1635.64 310.29
373.160 1191.84 4.5488E-07 542.1 1585.01 333.98
393.150 1178.90 4.5718E-07 539.0 1532.40 361.23
413.150 1166.37 4.5948E-07 535.9 1478.08 392.44
TOCRUBO NOTICOLORININ ANALITIK Cadval 2
YAZILMASI (7) tonliyinds aj amsallarinin giymatlori.
Maddolorin istilik-fiziki xassalorinin ge- a
nis temperatur vo tozyiglords Syranilmosi za- 1471.17659166083
mani yalniz miioyyan edilmis qiymatlords 6lg- &
molor aparilir. Amma istonilon hal parametrlo- _0'85133?50826499
rinds bu XaSSe)Iarirj alde_u olunrpas1 ugun ta_cr_ii- 0.000274823324637
bodon alinmis naticalorin tonliklor vasitasi ilo
yazilmasi vacibdir. Bu sabobdan ds tagdim olu- Cadval 3
nan mogalods ionlu mayenin sixliginin vo $as o ) _
stiratinin dl¢ililmiis qiymatlorinin temperaturdan (8) tonliyinds bi emsallarinin giymatlri,
asililig1 polinomial tonlik vasitosilo yazilmigdir bo
[15] 2517.832b47555891
1
p= iaiT i (7) - 2.54373174023544
i=0 bz
0.0000889189569805993

burada ai polinomun amsallaridir vo Cadval 2-
do verilmisdir.

u =Zz“biT‘ , (8)

burada b; polinomun amsallaridir vo Cadval 3-
do verilmisdir.

Izobar termiki genislonmo omsali ap/K™,
tocriibi islorin keyfiyyatinin tohlilindo boyiik
rol oynayir. O, sabit tozyiqdo hacmin doyis-
mosinin temperaturun doyismasindon asililigini
Xarakterizo edir:
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1( ov
aP:V(a_ij. (9)

fzobar termiki genislonmo omsalnin ap/K™?
hesablanmis qiymotlori Codval 1-do verilmis-
dir.

Maddonin sixlig1 va sas siirati malum ol-
duqda Laplas tonliyi vasitssilo onun adiabatik
sixilmasini xs/MPa™! hesablamaq miimkiindiir

L (10)

K. = .
p-u’

S

Tadqiq olunmus ionlu mayenin adiabatik sixil-
ma omsallar1 xs-108/MPa! Cadval 1-do veril-
migdir.

XULASO

Almmis naticalor odobiyyatda moveud
olan naticalar [16-23] ilo miigayiso olunmusdur
(Sakil 3). Miiqayiso oasasinda geyd etmok olar
ki, adabiyyat giymatlori yalniz T=393.15K tem-

peratura Qgodor tocriibi olaraq Oyronilmisdir.
Alinmis naticalor adobiyyatda mévcud olan no-
ticolor ilo miiqayisesindon aydin goriniir ki,
[EMIM][MeSQg3] ionlu mayesinin sixlig1 bizim
tocriibi naticalar ilo ¢ox yaxsi uygunlasir. Osas
miiqayiso Xotas1 0.1% intervalinda yerlosir. iki
odobiyyat naticalori [21,23] nisbaton boyiik
xata ilo bizim aldigimiz naticalar ilo uygunlasir.

Bu hali ionlu maddanin tomizliyi, torki-
bindaki suyun miqdari, tocriibanin Xotasi vo S.
ilo izah etmok olar. Analiz olunmus ionlu mad-
donin sas siiratinin adobiyyat giymatlori yalniz
Singh torafindon arasdirilmisdir. Bu naticalor
bizim oldo etdiyimiz sos siirati naticalorindan
toxminan + 2% farglonir. Bu naticalor bizim
oldo etdiyimiz sos siirati naticalorindan tox-
minon +2% forglonir. Alinmis naticalor yiiksok
temperatur vo tozyiglordo [EMIM][MeSO3]
ionlu mayesinin istilik-fiziki xassslorinin aras-
dirilmasi ticiin istifads edilocokdir.
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Sakil 3
[EMIM][MeSOs]-in sixligmin p/kqm adabiyyat giymatlori ilo miigayisasi.
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INVESTIGATION OF THE DENISTY AND SPEED OF SOUND OF IONIC LIQUID
1-ETHYL-3-METHYLIMIDAZOLIUM METHANESULFONATE

G.HUSEYNOVA, R.HAMIDOVA, J.SAFAROV, M.BASHIROV, E.HASSEL

The density and speed of sound of 1-Ethyl-3-methylimidazolium methanesulfonate have been measured at am-
bient pressure and temperatures T = (273.15+413.15)K using of DSA 5000M vibration tune density and sound velocity
meter. The uncertainties of measurements have been Ap/p=1-10-kg-m= u Au/u=0.1m-s?, also vibration tune densime-
ter DMA HPM, respectively. The investigated ionic liquid intended for use as solute of a binary [EMIM][MeSOs] +
methanol solution in absorption refrigerating machines and heat pumps.

W3MEPEHHUE IIJTIOTHOCTHU U CKOPOCTH 3BYKA HMOHHOM KUJIKOCTH
1-9THJ-3-METHJIMMHUJA30JIUU METAHCYJIb®OHAT

I'. TYCEWMHOBA, P.TAMHOBA, 1.CA®APOB, M.BAIIIUPOB, 3.XACCEJIb

[peacTaBineHbl Pe3yNbTaThl KCCIIEAOBAHUI TUIOTHOCTH U CKOPOCTH 3ByKa MOHHOH xuakocti [EMIM][MeSOs]
npu atMocepHOM JaBiieHud U Temreparypax 1=(273.15+413.15)K ¢ moMoIpio yCTaHOBKH JACHCHUMETPa BHOPAIMOH-
HOM TpyOKH 1 u3MepuTens ckopocT 38yka DSA 5000M ¢ norpernoctbio Ap/p=1-10°kr-m® u Au/u=0.1m-¢?, a Taksxe
neHcuMeTpa BuOparmonHoi Tpyoku DMA HPM, cootBetcTBeHHO. VccnenoBaHHass HOHHAS JKUAKOCTh NpEAHA3HAUCHA
JUTSl UCTIONIb30BaHMs KaK PacTBOpUTEh OnHApHOTO pactBopa [EMIM][MeSOs]+mMeTanosn B a0COpOIUOHHBIX XOIOIMITb-
HBIX YCTaHOBKAX U TEIUIOBBIX HACOCAX.

Penaxtop: mpod.D.Macumos
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AZORBAYCAN MILLI ELMLOR AKADEMIYASININ XOBORLORI
Fizika-texnika va riyaziyyat elmlari seriyasi, fizika vo astronomiya 2016 Ne5

UOT: 539.123.6; 524.1-52

IFRATGUCLU MAQNITLOSMIS ULDUZ MUHITINDO ANTINEYTRINOLAR
TOROFINDON ELEKTRON-POZITRON CUTLORININ YARANMASI ZAMANI ENERJI
ITKILORI: ENINO POLYARLASMA HALI

R.E. QASIMOVA!?® B.T.HACIYEVA* V.A HUSEYNOV??

AMEA N. Tusi adina Samaxi Astrofizika RaSadxanast*
AZ 5626, Samaxi r., Y. Mommadoaliyev gas.,
Balki Déviat Universiteti?
AZ1148, Baki, Z. Xalilov kii¢. 23,
Qafgaz Universiteti®
AZ 0101, Xwrdalan, H. Oliyev kii¢. 120,
Nax¢ivan Déviat Universiteti®
AZ 7012, Naxgivan, Universitet saharciyi
gasimovar@yahoo.co.uk

Daxil olub: 10.06.2016 REFERAT
Capa verilib:26.09.2016 Bu igdo ifratgiiclii magnitlogsmis ulduz miihitindo gedon

V >V +e +e" proseslori hesabma bas veran enerji itkilori vo
bu zaman ortaya ¢ixan spin asimmetriyast hesablanmisdir.

Miisyyan edilmisdir ki, elektronlar asas Landau saviyyasinds,
pozitronar ise birinci Landau saviyyssindo doguldugda

T . .
Acar sizlor: antineytrino, elektron-pozitron ciitlori, magnit sa- Vi =V; +€ +€" proseslori hesabina adi neytron ulduzunun

hasi, asas Landau saviyyasi, birinci Landau saviyyasi, neytron (B ~ 1013QS) soyumasina asas pay1 spinlori magnit sahasinin
ulduzu, magnitar. oksi istigamotinds yonslmis pozitronlar verir.

GIRIS
Antineytrino tarofindon elektron-pozitron ciitliniin yaranmasi proseslori

v, >V, +e +e’ ()

reaksiyas ilo tosvir olunur. (1) reaksiyasinda v, ilo antineytrinolarin ti¢ névii—elektron antineytrinosu v, ,
miion antineytrinosu Jﬂ vo tauon antineytrinosu v isaro edilmisdir. Bu reaksiya ilo tosvir olunan pro-

seslor xarici sahonin olmadig1 sarbast halda 4-6l¢iilii impulsun saxlanmasi ganunu ilo gadagan olunub. La-
kin xarici magnit sahosinin oldugu halda belo proseslor bas verir vo onlarm giiclii vo ifratgiiclii magnit sa-
halsrine (B > B, = m? /e = 4,41x10"Qs ) malik astrofiziki obyektlorin soyumasinda rolu istisna olunmur.

Giiclii va hetta, ifratgiiclii xarici maqnit saholorine kompakt astrofiziki obyektlords (masalon, magnitar-
larda va digar neytron ulduzlarinda) vo proseslords (masalon, ifratyenilorin partlayisinda) tosadiif edilir.
Belo ki, B~10%qs tortibli magnit saholorina pulsarlarin sathinds [1,2], B ~10"°Qs tortibli magnit sahalarine

magnitarlarda [3-7], B ~10"Qs —10" Qs tortibli magnit sahalorins iss ulduz niivasinin gravitasiya kollapsi-

nin ilkin fazasinda [8-13] rast galinir.
Xarici magnit sahasindo gedon hom neytral, hom do yiiklii coroyanlar hesabina bas veran vo

v, >V, +€ +e" reaksiyasi ilo tosvir olunan proseslordon forqli olaraq, (1) reaksiyast ilo tosvir olunan pro-
seslor yalniz neytral coroyanlar hesabina bas verir. Burada v, ilo neytrinolarin {i¢ novii—€lektron neytrino-
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su v,, miion neytrinosu v, Vs tauon neytrinosu v isars edilib. Umumiyyatls, v, — v,e"e" proseslori-
nin ehtimali zoif sahs halinda [14-16] islordos, standart model ¢argivasinds giiclii magnit sahosi halinda iso
[17] isdo hesablanib. Sonuncu geyd olunan isdo hom do baxilan proseslor zamam itirilon enerji va impuls
itkilorinin orta giymeti tapilib. [18, 19] islords v, — v.e"e™ proseslari hom zaif saho, hom da giiclii saho
limit hallarinda todqiq olunub, proseslorin ehtimali hesablanib, neytrino torafindan itirilon enerji va impuls
itkilorinin orta giymatine uygun olan 4-6l¢iilii vektor tapilib. [20] isds v, — v,e"e" proseslori giiclii mag-
nit sahasi Vo qizmar six plazma hali tigiin tadgiq edilib vo gostorilib ki, diferensial ehtimal va neytrino
torafindan itirilon enerji-impuls itkilari elektron-pozitron gazimin kimyavi potensialindan asili deyil. [21]
isdo standart model ¢argivasinds xarici elektromagnit sahasinds harokot edon neytrino torofindon lepton

ciitlorinin buraxilmasi proseslori tadgig olunub va hamin proseslarin ehtimali tigiin nisbaton sads vo dagiq
ifado alimib.

[22] igsdo v, —> v;e"e" proseslori giiclii cirlasmus six plazma sorti daxilinds, ¢ox da giiclii olmayan
magnit sahasinds va buna uygun olaraq, elektron va pozitronlarin hayacanlasmis Landau saviyyslarinds
yerlosdiyi halda tadgiq olunub va ¢ox da giiclii olmayan magqnit sahasinds kimyavi potensialin ¢ ¢ox
boyiik fiziki parametra gevrilmasi gostarilib. Eyni zamanda bu isdo magnit sahasi induksiyasimin qiymati-
nin do bdyiik parametr olmasi forz olunur: > >eB >>T?, @” >>m? (T - plazmanimn temperaturu, B -
maqnit induksiyasinin giymati, @ -neytrinonun saciyyavi enerjisidir). Homin isdo v, — v,e"e" proseslo-
rinin giiclii cirlasmis plazmada statistik faktorlara gora praktik olaraq bas vermamasi gostarilib. [23] isdo
v, >viee,wee ->v vo et —1e’ proseslori magnitlosmis plazmada todgiqg olunub vo gstarilib
ki, baxilan neytrino-elektron qarsiligh tasir proseslorinin verdiyi yekun pay magnitlosmis elektron-pozitron
plazmasimin kimyavi potensialindan asili deyil. Bundan basqa, v, — v,e"e" proseslarinin bas verma siiroti
(ehtimalr) sonlu temperaturlu saha nazariyyasi tisulu asasinda [24] isdo, giiclii lazer sahasindo diigon
neytrino enerjisinin miixtolif giymatlori tiglin iso [25] isdo hesablanib. [26] isdo v, — v,e"e” proseslori
standart model gargivasinda giiclii magnit sahasinds tadgiq olunub va onlarin bas verms siirati Landau

soviyyslorinin, ilkin neytrino enerjisinin  vo magnit sahosi induksiyasmnin qiymotinin miixtolif
kombinasiyalar1 halinda hesablamib. [27] isdo elektron vo pozitronlar hoyacanlasmis Landau saviyye-
lorinds doguldugda v, — v,e"e" proseslori zamani neytrino torafindan itirilon orta enerji hesablanib vo
gostorilib ki, alinmig naticalor qisamiiddatli kosmoloji gamma-siialarin sigrayish alismasinin on miimkiin
monbayi hesab edilon Kerr qara desiyi akkresiya diski sorti daxilinds v, — v,e"e" proseslorinin bas ver-
masinin somaraliliyini hesablamag tigiin totbig oluna bilar.

Yuxarida miizakir olunan islorin tohlili gostorir ki, no v, —>v,e"e*,nodo v, —> v,e"e" proseslori
ti¢lin xas olan enerji itkilari ifratgiiclii ulduz maqnit sahalarinds elektron va pozitronlarm spinlarinin enino
Vo uzununa polyarlasmalari vo miihit faktorlart eyni zamanda nozars alimmagqla indiys godar todqig olun-
mayib. Umumiyyatlo, xarici magnit sahasinds antineytrinolarin istiraki ilo gedon lepton proseslorino dair
elmi odobiyyatin tohlili gdstarir ki, ifratgiiclii maqnit sahasinds v, — v,e"e* proseslorina xas olan enerji
itkilori hesablanmayib, bu zaman ortaya ¢ixan spin asimmetriyasi miioyyonlogdirilmayib vo ifratgiiclii
magnit sahslorinin méveud oldugu astrofiziki obyektlorin soyumasinda bu proseslorin  oynadigi rol
aydinlagdiriimayib.

Bu igsdo mogsad xarici sabit bircins ifratgiicliit maqgnit sahasindo (1) proseslorino xas olan enerji
itkilorini hesablamag, bu zaman ortaya ¢ixan spin asimmetriyasini miioyyanlosdirmok Vo ifratgiiclii maqgnit
sahalorinin méveud oldugu astrofiziki obyektlorin soyumasinda bu proseslorin rolunu  aydinlagdirmaqdir.

Biz bu isdo (1) reaksiyasi lizro gedon proseslor hesabina yaranan elektron vo pozitronlarmn spinlo-
rinin enina polyarlasdigi hala baxiriq.
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ELEKTRONLARIN VO POZITRONLARIN SPINLORI ENINO POLYARLASDIQDA
ENERJI ITKILORI UCUN UMUMI DUSTUR
(1) proseslari zamani elektron-pozitron ciitlorinin yaranmasi hesabina antineytrinolar torafindon
vahid zamanda miihitin vahid hacmina 6tiiriilon enerji asagidaki iimumi diistur tizra hesablanir:

dE G2 eB o , , , ,
= (27:)4 S b (@-0)RS( +E+E - 01— f,)L-f_)L-f, )dp,de'dQ, (2)

burada G. - zaif garsiligh tasirin Fermi sabiti, R - Vaynberg-Salam nozariyyasinin asagi energetik yaxin-
lasmasinda (1) proseslarine uygun golon matris elementinin modulunun kvadratindan alinan kemiyyat, @
- diison antineytrinonun enerjisi, ' - sopilon antineytrinonun enerjisi, E - pozitronun enerjisi, E'-
elektronun enerjisi, f, , f_ vo f_, uySun olarag, son haldaki antineytrinolarm, elektronlarm va pozit-

ronlarin Fermi-Dirak paylanma funksiyalari vo dQ - sopilon antineytrino impulsu boyunca yonalmis cism
bucag1 elementidir. Biz burada % = ¢ = k, =1 olan vahidlor sistemindon va (+ — ——) signaturali psevdo-
evklid metrikasindan istifado edirik. Burada k; - Bolsman sabitidir.

Elektronun osas Landau saviyyasindo (n’=0), pozitronun iso birinci Landau seviyyasinda (n = 1)
yarandigi hala baxaq. Forz edok ki, diigon antineytrinolar z -oxu boyunca yonalmis magnit sahasina nozo-
ron perpendikulyar istigamatdo (& = 77/2), sopilon antineytrinolar sahonin oksi istigamatindo (3’ = 7z) ho-
rokat edir. Qeyd etmak lazimdir ki, bu handasi sortlor daxilinds (1) proseslarinin bas vermasi enerjinin va
impulsun z -komponentinin saxlanmasi qanunlarina zidd deyil. Bu halda v, — v, +e~ +e" proseslori

zaman itirilon enerji tiglin, yani vahid zamanda vahid hocmo 6tiiriilon enerji ligiin asagidaki diisturu almig
olurug

dE_Géi 2;2_!5_ _ —a)zx
dt_(27z)4VIww (@ a))(a), 1)(1 g“ﬂ)exp( 2ij |

(- f, - f,_Ji- f. Jdo'dO

burada £ parametri pozitronu xarakterizs edir va birinci Landau saviyyasinds dogulan pozitron {igiin
m

S S 4
/ JmZ + 2eB “

ifadasi ilo miiayyan edilir; £ - pozitronun spin kvant adadi olub spinin magnit sahasi {izra proyeksiyasini
miioyyan edir: pozitronun spini magnit sahasinin induksiya vektoru istigamatindo yonaldikdo ¢ =+1,
pozitronun spini magnit sahasinin induksiya vektorunun oksi istigametindo yonaldikds iso ¢ = -1 gotii-

®)

riiliir; (1) proseslori yalniz neytral corayanlar hesabma getdiyino goro hom V, —V.e"e”, hom
V, >V,ee" homds V, - V.ee" proseslori iigiin g, =-0,5+sin’ 4, gotiiriiliir. Burada 4, - Vayn-
berq bucagidir.

Enerji itkilori tigiin aldigimz (3) diisturuna g” vurugunun daxil olmast vo g, parametrinin hom
V, >V,ee ,homV, ->Vee’ homdo V., - V.e e proseslori iigiin eyni bir giymot almast onu gos-
torir ki, v, -V, +e~ +e" proseslori zamani bag veran enerji itkilori antineytrinonun aromatina (néviino)
hossas deyil.
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SPiN ASIMMETRIYASI

Enerji itkilorinin ifadesine (1-¢8) vurugunun daxil olmasi ona dolalot edir ki, enerji itkilori

V, >V, +e” +e" proseslorindo dogulan pozitronlarin spinlarinin polyarlasmasina hossasdir. Enerji itki-

lorinin pozitronlarin spinlarindon asililigi onu gostarir ki, enerji itkilori pozitronlarmn spinlori saho boyunca
Vo sahonin oksi istigamotinds yonaldikds simmetrik vo ya barabar olmur. Bu halda enerji itkilori zamam
spin asimmetriyasi ortaya ¢ixir. Dogulan pozitronlarm spinlori sahenin oksi istigametinds (¢ =—1) yonal-

dikdo enerji itkilori tictin

dE dE 2,02

= == -1)= 1

(dtj (=1 (2) ij (- m)( j(+ﬂ)><
0)2
exp| — —fo 1= _N-f dQ
xn{ %B} £, Ja- 1, b

ifadasi, pozitronlarm spinlori saha boyunca (£ =+1) yonoldikda iso

dE dE |: 2 r2
(dtl:dt(g = Gy vj“’ O e S

(6)
xexp[ j - f, Xl— f )da) dQ
ifadosi dogrudur.

V, >V, +e” +e" proseslari hesabina dogulan pozitronlarm spinlarinin enins polyarlasmalari ha-

(©)

linda enerji itkilori zamani ortaya ¢ixan spin asimmetriyasim asagidaki diistur tizro toyin edirik
(o) (a)
dt dt
A= - . 7
dE dEJ 0
- + -
dt ) (dt),
(dE/dt)_ vo (dE/dt), kemiyystlorinin ifadlerine daxil olan B vurugunun pozitronlarin birinci Landau
saviyyasindo dogulduglar haldano ', nodo Q dayisonlorindon asili olmadigim nozars alsag, (1- )

Vo (1+ ) vuruglarmi miivafiq ifadolordo inteqral isarasi xaricino ¢ixara bilorik vo spin asimmetriyast
tiglin agagidaki sado ifadani almus olariq

A== ®)

\mZ +2eB

Spin asimmetriyasim adadi giymotlondirmak tigiin giiclii magnitlogsmis ulduz miihitino baxaq. Adi neytron
ulduzlar (B ~ 1013QS) halinda asimmetriya {igiin A = 57,7% giymot alinir. Demali, V, >V, +e~ +e*
proseslari hesabina neytron ulduzunun soyumasina asas payi spinlori magnit sahasi boyunca yonalmis po-
zitronlar deyil, spinlori magnit sahasinin oksi istigametinds yonolmis pozitronlar verir.

Lakin magnitarlar halinda asimmetriya daha kigik olur: A= 7,1%. Kifayst godor ifratgiiclii maqnit
sahalori halinda spin asimmetriyasi nazore alinmayacaq daracads kigik olur.
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YEKUN

Beloliklo, ifratgiiclii magnitlosmis ulduzlarda gedon v, — V. +e~ +e* proseslarinds diigon antiney-

trinolar sahays perpendikulyar istiqgamatds daxil oldugda, sepilon antineytrinolar iss sahanin oksi istigame-
tindo harokat etdikdos elektronlarin asas Landau saviyyasinds, pozitronlarmn iso birinci Landau saviyye-
sinds dogulmasi zamani bas veran enerji itkilori pozitronlarin spinlorinin polyarlasmasina hassas olub,
asimmetrik bas verir. Bu zaman ortaya ¢ixan spin asimmetriyasinin qiymoti neytron ulduzlari halinda

A=

57,7% toskil edir. Bu, o demakdir ki, diigon antineytrinolar sahoys perpendikulyar istigamatda, Sapi-

lon antineytrinolar ise sahonin oksi istigamatds horokot etdikds v, — V, + e~ +e" proseslori hesabina elekt-

ronlarin asas Landau saviyyasindos, pozitronlari iss birinci Landau saviyyasinds dogulmasi halinda neytron
ulduzunun soyumasina asas payi spinlori magnit sahasi boyunca yonalmis pozitronlar deyil, spinlori
magnit sahasinin aksi istiqamatinds yonalmis pozitronlar verir.
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ENERGY LOSSES IN ELECTRON-POSITRON PAIRS PRODUCTION BY ANTINEUTRINOS IN SUPERSTRONGLY
MAGNETIZED STELLAR MEDIUM: TRANSVERSE POLARIZATION CASE

R. E. GASIMOVA, B. T. HAJIYEVA, V. A. HUSEYNOV

Energy losses occuring at the expense of the v, > v, + € + " processes proceeding in superstrongly magnetized stellar

medium and the spin asymmetry arising in this case have been calculated. It has been determined that when the electrons have
been produced on the ground Landau level and the positrons have been produced on the first Landau level, the main contribution

to the cooling of an ordinary neutron star (B ~1013Qs) at the expense of the V, -V, +€ + " processes has been given by the
positrons having the spin oriented opposite to the magnetic field direction.

MOTEPY DHEPI'MU [TPU OBPA30OBAHUM DJIEKTPOH-ITIO3UTPOHHBIX AP AHTUHENTPUHO B
CBEPXCHUJIbHO 3AMATHUYEHHOM 3BE3/{HOM CPE/IE:
CJYYAN IOMEPEYHOM MOJISIPU3ALIAU

P.3.TACBIMOBA, b. T. TAJIKMEBA, B. A. TYCEMHOB

- + o
BoranciieHbl oTepy SHEPTUHM 3a CYET TporeccoBV; —>V; +€ +€', mpoTeKaromuX B CBEPXCUIIBHO 3aMarHUIEHHON 3BE3/1-

HOI1 cperie, ¥ CIIMHOBAsi aCUMMETPUs, BO3HUKAIOIIAst MpH 3ToM. ONpeeNieHo 4To, KOr/ia MEKTPOHbI POJKAAI0TCS Ha OCHOBHOM
ypoBHe JlaHmay, a MO3WTPOHBI Ha MEpPBOM ypoBHE JlaHmay, OCHOBHOWM BKJIaj B OXJIKAECHUE OOBIMHOW HEWTPOHHOW 3BE3-

bl (B ~ 1013QS) 3a cueT npoueccos V; -V, +€ + €" K0T NO3UTPOHBI CO CIMHAMH, OPHEHTHPOBAHHBIMH TIPOTHB HATIPABIICHHS

MAarHmMTHOI'O IT0JIA.

Penaxrop: un-kopp. H.Jxamuios
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REFERAT

Termik presloms iisulu ils yiiksak sixliqh polietilen(YSPE) vo
titan oksidinin (TiO2) homogen qarisigindan YSPE/TiO, kom-
pozitlori alinmigdir. Doyison elektrik sahosinds TiOz-nin
hocmi faizindon vo temperaturdan asili olaraq kegiricilik vo
dielektrik xarakteristikalar1 6yranilmisdir.

Gostorilmisgdir ki, YSPE+20% TiO2 kompozit nimunslorinds
Incac=f(1/T) funksiyasinin gedisinds keg¢iriciliyin artmasi nii-
munolor qizdirildigda TiO> hissaciklorinin verdiklori yiikdagy-
icilarin konsentrasiyasinin artmasi ilo, azalmasi ise niimuns-
lords elektron kegiriciliyi vo energetik tololordon elektronlarin
azad olunmast ilo baglidir.

GIRIS

Miiasir texnalogiyalarin inkisafi bark cisim
elektronikasinin elementlorinin islonib hazirlanma-
st liglin istifads oluna bilocok yeni polimer kompo-
zit materiallarin totbiqinin zoruriliyi ilo xarakterizo
olunur. Belo materiallarin alinmasi vo totbiqi elekt-
ron qurgularinin oOlgiilerinin kicildilmasi, elektrik
yiiklari va enerjinin magsadli kogiiriilmasinin mii-
rokkob funksiyalarimi hoyata kegirmoys imkan
veran molekulyar soviyyali texnalogiyalara kegid-
lor noqteyi nazorindon do calbedicidir. Bununla
alagadar son illorda polimerlor asasinda xiisusi vo
praktiki vacib elektrofiziki xassaloro malik yeni
kompozit materiallarin hazirlanmasi sahasindoa
metal oksidlorinin  mikro- vo nanohissacikloruna
malik materiallarin yaradilmas1 genis viisat almig-
dir. Belo kompozitlor yeni sensorlarin [1,2], foto-
ceviricilorin, miixtolif tip vericilorin, pyezomate-
riallarin vo s. yaradilmasi zamani totbigi cohatdon
bir sira qeyri-adi vo perspektivli elektrofiziki vo
optik xassalora malik olmalar1 baza materiali kimi
istifadasi tictin onlart yararh edir [3,4]. Qeyd edil-

moalidir ki, metal oksidlarinin dispers hissaciklarino
malik polimer kompozit materiallarda dielektrik
niifuzlulugu kifayst godor yiiksok giymato malik-
dir, bu da belo materiallarin yiiksok enerji tutumlu
(10%c/m3-dan artiq) yiiksok voltajli impuls vo IYT-
texnikasinda istifadasine imkan yaradir [5,6].

Lakin, polimer kompozit materiallarin
(PKM) praktiki istifadssinin genislonmasi hisso-
ciklorlo matrisa arasinda adgeziya, fazalararasi qar-
sihigh tosir, yiikdastyicilarin kogiiriilmo mexaniz-
mi, fazalararas1 sorhaddinin elektron—ion va po-
lyarizasiya proseslarinin onlarin aktiv xassalarinin
formalagsmasindaki olu haqqinda dogiq informa-
siyanin olmamasi ila naticaloniz.

Molumdur ki, kompozit sistemin polimer
matrisa vo geyri-iizvi fazanin qarsiligh tosiri nati-
cosindo formalagan fazalararasi sorhadi onlarm ak-
tiv xassaloring boyiik tosur gostorir. Odur ki, poli-
mer kompozitlorin elektrofiziki xassalorinin (g,
tgd, p, o) tadqiqi, onlarm elektronikada tatbiqi isti-
gamatlorinin miiayyanlogdirilmasi ti¢iin ¢ox aktual
mosalolardondir.Digar torofdon bununla slagedar,
yeni PKM-in iglonmasi zamani dielektrik nii-
fuzlulugunun haqigi (¢") vo xayali (¢”) hissasi, di-
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elektrik itki bucagimin (tgd), elektrik kegiriciliyinin
parametrlorinin doyisikliyinin asas ganunauygun-
luglarinin temperatur va tezlik dispersiyasi haqqin-
da informasiyanin olmasi vacibdir [5,7].

Polimer-metal oksidi sistemi elektrik kegiri-
ciliyinin, dielektrik relaksasiyasmnm, dielektrik itki-
sinin, yiikiin vo enerjinin daginmasi prosesinin to-
bistinin komponentlorin garsiligh tasir mexanizmi-
no aid olan sahs oldugu {igiin, yiiksok sixliglt po-
lietilen matrisa tizorinds TiO2 mikrohissaciklor
osasinda kompozit materiallarin xassalorinin idars
olunmasi imkanlarmin axtarigt moagsadi ilo bu isdoa
dielektrik xassalorinin va elektrik kegiriciliyinin
temperaturdan asili olaraq 6ziinii aparmasinin eks-
perimental tadgiqati aparilmigdir.

TOCRUBO BOLMOSI.

Kompozit niimunslorin alinma texnologiya-
st asagidaki omoliyyatlardan istifado edilmaklo
yering yetirilir:

—doldurucu kimi istifado olunan materiallar
olokdan kegirilir.

—doldurucularmn faizlo hocm pay1 3+20% ol-
musdur.

—YSPE tozsokilli matrisa doldurucu ilo birlikda
bir-biri ils farfor qabda qarigdirtlir.

—alman bu homogen qarisigdan hidravlik pres-
sdo 15MPa tozyiqde 423K temperaturda 5 doqiqo
saxlanilmaqgla galmlgr 135+180mkm vo diametr-
lori 20+40mm Ol¢iido olan kompozit niimunslor
almur.

—niimunalor nazik 7mkm 6lglido aliiminium
folgadan ibarot etibarli elektrik kontaktlari ilo
tomin edilmislor.

—alinan niimunoslor su-buz garisiginda ani ola-
raq soyudulur.

273K-do, su-buz qarigiginda ani olaraq so-
yudulmus niimunalor daha bircins struktura malik
olurlar [8], yiiksok mexaniki va elektrik méhkom-
liyi ilo forglonirlar [9].

Alinmig niimunolar 03 rabitolidir [10].

Isdo gostorilon biitiin konsentrasiya miqdar
hacmidir.

Niimunolorin elektrik vo dielektrik xassalori
iki elektrodlu sistemda, 10?+10°Hs tezlik diopo-
zonunda, 293+423K temperatur intervalinda, 6l¢-

mo gorginliyi U=1V amplitudada, diametri 10, 15
va 20mm Ol¢iilii paslanmayan poladdan hazirlan-
mis potensial elektrodlardan ibarst olan, qizdirilan
ekranlasdirilib yerls birlogdirilon “sendvi¢” tipli 61-
¢ili gofasi ilo tadqiq olunmusdur. Temperatur Slg-
molori 1kHs tezlikdo aparilmigdir. Niimunalor 6l¢ii
gofasina paslanmayan poladdan olan sixilan elekt-
rodlar arasinda yerlosdirilmisdir. Olgiilon niimuno-
lorin temperaturuna mis-konstantan termociitii ilo
nazarat edilmisdir.
Niimunalorin tutumu C, dielektrik itki buca-
gmin tangensi tgd genis zolagli E7-20 tipli im-
mitans Olgonlo, xiisusi hocmi miigavimoat py is9
sabit coroyanda E6-13A teraommetrlo Ol¢iilmiis-
diir. Niimunolarin hondasi Olgiilari, 6lgililon niimu-
nalorin parametrlorinin asasinda standart metodla
kompleks komiyyat olan dielektrik niifuzlugunun
hoqiqi hissasi €'-in qiymotlori hasablanmisdir
(€'=C-d/eo-S, burada S-miistovi niimunonin sahasi,
d-niimunsnin qahinligidir). Dielektrik niifuzlugu-
nun xayali hissasi £""=¢'-1gd ifadasi ilo tayin olunur.
Sabit elektrik sahoasindo niimunonin miiga-
vimati E6-13A teraommetrinin komoayi ilo 6l¢iil-
miisdiir. Elektrik keciriciliyinin qiymati
1 h
RS 1)
ifadosi ilo hesablanmigdir. Burada R (Om) miiga-
vimati, h - nlimunanin qalinlig, S - niimunanin sa-
hasidir. Temperaturun doyigma stirati biitiin niimu-
nalorde qizma vo soyuma rejimindo sabit saxlanil-
magla 3°C/daq toskil edir. Olgmoadon avval biitiin
nimunalor 60 doqige miiddotinds intensivliyi
E=150kV/m olan sabit elektrik sahasindo “elekt-
rotomizliys” maruz qalir. Bu miiddot orzinds hac-
mi kegiriciliyin sabit qiymati qorarlasir vo demali,
niimuna-elektrod sorhoddindoki hadisolarla bagh
xatanin sababi aradan qaldirilir.

O

ALINAN NOTICOLOR VO IZAHI

Molumdur ki, kompozit materiallarin elekt-
rofiziki parameterlorinin metastabilliyi onlarin is-
tismar imkanlarini, o ciimlodan do elektron cihaz-
larinda ciddi mohdudlasdirir. Empirik olaraq mii-
ayyan edilmisdir ki, niimunalar ii¢iin onlarm elekt-
rofiziki parametrlorino miinasibatdo temperatura
daha gox kritik parametrdir [11]. Bununla olagodar
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olaraq genis temperatur diapazonunda YSPE+TiO;
kompozit sistemi i¢lin doyison  Coroyanda
oac=f(T), €'=f(T), "= f(T), tgo=f(T) asililiglart
todqiq edilmisdir.

YSPE vo onun asasinda kompozit material-
lar liglin doyison carayanda o, elektrik kegiriciliyi-
nin vo dielektrik parametrlorinin €', €”, tgd tempe-
ratur dispersiyasimin naticolori Sokil 1-4-do veril-
mislor.

Tomiz YSPE {igiin xiisusi hacmi o, elektrik
kegiriciliyinin qiymoti ~2,85-10°(Om-m)?-dir. TiO;
mikrohissaciklorinin migdarindan astliiginin tod-
gigati gostordi ki, doldurucunun konsentrasiyasinin
20%-dok artmast ilo Gac 2,26-107(0Om-m)™-o godor
boylimiigdiir, yani Y'SPE-nin xiisusi hacmi elektrik
kegiriciliyinin toxminan ¢ tortib bdyiimasi mii-
sahido olunur. Hesab etmak olar ki, o-nin artim
yiikdagtyicilarin  konsentrasiyasmin artmasi ilo
baglidir.
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Sakil 1
Gac=f(T) asilihgr.1-YSPE, 2-YSPE+3% TiO2,
3-YSPE+5% TiO, 4-YSPE+10% TiO2 , 5-YSPE+20%TiO2

Sakil 1-do YSPE va onun asasinda TiO» dol-
durucusundan ibarat kompozit niimunalorin kegi-
riciliyinin temperaturdan  asililigi  verilmisdir.
Sokil 1-don goriindityli kimi, verilmis niimuns-
lorin qizdirilmasi zamam kegiriciliyin Ino=/(10%T)
koordinatlarinda aggar soviyyolorin  iki oblastt
miigahido olunur: temperaturun (333+343)K inter-
valinda artmast zamant YSPE-nin kegiriciliyi (1
oyrisi) praktiki olaraq sabit qalir (I oblast), sonra
ciizi azalir, matrisanin kristallitlorinin arimo tem-
peratur intervalinin (383+388)K baslangicinda mi-
nimuma catir (Il oblast), sonra is9, yena do ciizi
artir (IIT oblast). Buna goro YSPE fiiglin 1 vo Il
oblastlarinda Inc=£(1/T) funksiyasimnin xotti xarak-
teri miivafiq oblastlarda Gac-nin eksponensial asihil-

1gmin olmasina dolalst edir. YSPE-ds 10%-o goador
TiO2 mikrohissaciklarinin daxil edilmasi (2-4 oyri-
lori) I oblastinda Ino=£(1/T) funksiyasinin xarakte-
rini doyismir. Bu hallarda da 333+343K-o5 godor
Gac-NIn qiymati Xotti artir, sonra iso tomiz YSPE-
don forgli olaraq temperatur intervalinin sonuna

godar o, demak olar ki, sabit galir.

YSPE+20% TiO> kompoziti igiin (5 ayrisi) |
oblastindaki meyllik tomiz YSPE va TiO2-nin
konsentrasiyast 10%-o0 godar olan kompozitlordon
boyiikdiir (I oblastinda o, artma doaracasi boyiik-
diir). Sonradan temperaturun 333K-don yuxar qalx-
masi ilo ca-nin giymoti xeyli (toxminan iki tortib)
kicilir. Inca=f(10%T) funksiyasin oziinii belo
aparmasi bir daha tosdiq edir ki, I oblastinda Gac-
nin artmasi, niimunolor qizdirildigda TiO; hisse-
ciklorinin verdiklori yiikdastyicilarimm konsentra-
siyasmnin artmasi ilo baglidir. Demali, ehtimal et-
mok olar Ki, todqiq olunan niimunslor iigiin, hor
halda, keciriciliyin iki mexanizmi mévcuddur, on-
lart miixtolif aktivlosmo enerjili miivafiq tem-
olar.
YSPE+20%TiO, kompozitlorinds temperaturun art-
mast ilo keciriciliyin azalmasi bu niimunslords
elektron kegiriciliyinin olmasini siibut edir vo qiz-
dirllma prosesinda energetik talolordon elektronla-

peratur intervallarinda agkar  etmok

rin azad olunmasi ilo baghdir [12,13].

YSPE vo onun TiOz —nin hocmi miqdar
20%-o godor olan kompozitlari tigiin &' Vo €'"-in
1kHs tezlikdo temperatur asililiglarinin tadginin
naticalari Sokil 2 va 3-do gostorilmisdir. Sakil 2-do
verilon naticolordan goriiniir ki, polietilen matrisa-
da TiO2-nin faizlo migdarmin 20%-o godar artmasi
ilo (tomiz YSPE iiciin €=2,3) YSPE+20%TiO2

kompoziti tigiin €'-in giymati 9,6-ya godar artir.
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Sokil 2

€'=f(T) astlilig1. 1-YSPE, 2-YSPE+3% TiOz, 3-YSPE+5%
TiOz, 4- YSPE+10% TiOz, 5-YSPE+20% TiOz.
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Tomiz YSPE figiin (1 ayr.), 3% (2 ayr.), 5%
(2 ayr.) €'(T) asitliiginin gedisi qeyri-polyar poli-
merlora xasdir; temperaturun artmasi ilo €' ya sabit
galir, ya da ki, clizi azalir, yumsalma temperaturu
intervalinda isa €'-in ciizi azalmasi bas verir. TiO,-
in konsentrasiyas1 10 vo 20% olan kompozitlorda
€'(T) asthiliginin xarakteri doyisir: €' artaraq 323
Vo 353K-do miivafiq olaraq maksimuma gatir,
sonra YSPE+10%TiO2 kompoziti iiciin ciizi,
YSPE+20%Ti0; {iglin iso nisbaton kaskin azalir.
YSPE+20%TiO2 kompoziti tgiin (5 ayr.), 10%-o
godar olan konsentrasiyalidan (2, 3, 4 ayr.) forgli
olaragq 393+413K temperatur intervalinda &' artma-
st oblast1 yoxdur.

8157
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273 323 373 423

T K
Sokil 3

&"=f(T) asililigL. 1-YSPE, 2-YSPE+3% TiO2 , 3-YSPE+5%
TiOz, 4- YSPE+10% TiO2 , 5-YSPE+20% TiOx.

Temperaturun artmasi ilo kompleks dielekt-
rik niifuzlugunun haqiqi hissasinin artmasi ola bil-
sin ki, elektrodyan1 polyarlasmaya sobab olan seg-
mental miitohorrikliyin artmasi, hansi ki, homginin
Maksvell-Vagner polyarlasmasi ilo baglidir. Sokil-
don 0 da goriiniir ki, TiO2-in konsentrasiyasinin
artmas ilo €'-nun azalmasmin bagladig1 temperatur
asagl temperatur oblastna dogru 30°C siiriisiir.
Digor torofdon, doldurucunun konsentrasiyasinin
artmasi hissociklor arasinda dielektrik qatlarin ki-
¢ilmasi ilo miisayyat olunur vo elektrik tutumunun
artmasi hesabina €'-nun artmasina gatirir. Lakin
material qizdirildiqda dielektrik niifuzlugunun art-
masi hissacik-matrisa sarhadindoaki potensial saddi
asib kecon dastyicilarin matrisa molekullart tors-
findon tutulmas ilo izah oluna bilor [14,15,16]. Bu
halda yiikdasiyicilarin tutulmasi matrisa molekul-
larmim hayacanlanmis halda olduqglar1 miiddstdo

moveud olan dielektrik niifuzlugunun metastabil
halinin yaranmasini tamin edir.

08 1igd
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273 323 373 423
TK
Sokil 4

tg8=7(T) asililigr. 1-YSPE, 2-YSPE+3% TiO2, 3-YSPE+5%
TiOz, 4- YSPE+10% TiOz , 5-YSPE+20% TiO:

Sokil 3 va 4-do dielektrik itki bucagi tgd-nin
Vo &”-in temperatur dispersiyasi verilmisdir. Sokil
4-don goriindiiyli kimi, doldurucunun hacmi payi
3%, 5%, 10% olan niimunalordo (oyri 2,3,4)
T=333K-do (yumsalma temperatur oblast1) piklor
miisahids olunmusdur. Doldurucunun hacmi payi
5% olan niimunada 353+398K temperatur interva-
linda tgd praktik olaraq sabit qalir vo 398K-don
baglayaraq artim miisahido olunur. Doldurucunun
hacmi payt 10% olan niimunads iso 353+408K
temperatur intervalinda tgd geyri-monoton dayisir.
Doldurucunun 20% hocmi payinda (perkolyasiya
hoddi yaxmhginda) tgd boyliyarok T=343K-do
(yumsalma temperatur oblast) maksimuma catir
Va dielektrik itkisinin amplitudasi daha boyiik olur.
T=358K-do tgé-da ciizi azalma miisahido olunur
Vo 358+373K temperatur intervalinda tgd praktik
olaraq sabit qalir vo sonra temperatur skalasimin
sonuna godar kaskin azalir. Onu da qeyd edok ki,
YSPE+TiO2 kompozitlorinde matrisanin yumsal-
ma temperaturu intervalinda temperaturun artmasi
ilo tgd boyliylir vo maksimumdan kegir. Dolduru-
cunun yiiksok konsentrasiyalarinda (20% vo daha
¢ox) kristallitlorin orimo temperaturunda tgo-da
azalma miisahido olunur.

YSPE+TIO, kompozitlorinds dielektrik itki-
lorinin belo gedisi doyison elektrik sahosinds onla-
rin elektrik kegiriciliyinin temperatur asililiglart ilo
tam uygunluq verir, bu da [17] miialliflorin bels bir
chtimalin1 tosdiq edir ki, bazi temperatur oblast
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larinda elektrik kegiriciliyinin xarakteri vo onunla
bagl dielektrik itki bucagmin tangensinin, di-
elektrik relaksasiya miiddstinin va polyarlasma
proseslorinin aktivlosma enerjisinin asililiglart eyni
xarakterli ola bilorlor. Mogalodo geyd olunur ki,
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17. H.M.YmakoB, A.H.Vae3yryes, W.J.Koco- nust. JKT®, 78 (2008)65-69.

Oynckuit. Tepmoousnekmpuueckue C80u-

TEMPERATURE DiSPERSION OF ELECTROPHYSICAL PROPERTIES OF HDPE+TiO2, COMPOSITE
SAMPLES

N.Sh.ALiYEV, AM.MAHARRAMOV, M.M.GULIYEV, R.S.ISMAYIiLOVA, M.N.BAYRAMOV

HDPE+TiO, composites from homogeneous mixture of high density polyethylene (HDPE) and titanium oxide (TiO5)
By thermal pressing method have been obtained. Conductivity and dielectric characteristics have been studied depending on the
volumetric content of filler and temperature (293-423)K in the changing electric field.

It has been shown that an increase in the conductivity within the course of Incs. =f(1/T) function in HDPE+20% TiO-
composite samples has been associated with the increase of the concentration of the charge carriers released by TiO; particles
when heating the samples, and a decrease in the conductivity of the samples has been associated with the electron conductivity
and detachment of electrons from energy traps in the heating process.

TEMIIEPATYPHASI JUCITEPCHUSA DJIEKTPO®U3NYECKHUX CBOMCTB KOMIIO3UTHBIX
OBPA3LOB IIIBII+TiOx.

H.IILAJIMEB, AM.MATEPPAMOB,M.M.KYJIMEB, P.C.ACMAVWJIOBA, M.H.BAUPAMOB

Crnoco0oM TepMHUYECKOTO MPECCOBAHMS W3 TOMOTCHHOM CMECH MOJMATIIICHA BhICOKOH rmioTHOCTH ([IOBII) 1 okcuma
tutaHa (TiO2) monmydens! kommno3utsl [IDBII/TIO,. B nepeMeHHOM 3JIEKTPUYECKOM I0JIE B 3aBUCUMOCTH OT 0OBEMHOTO Cozep-
JKaHUsI HATIOJTHUTES U TeMrepatypbl (293+423)K n3ydeHsl mpOBOIMMOCTD U MRICKTPUUCCKUE XaPAKTEPUCTHKH.

IMokazaHo, uto B obpasiax YSPE+20% TiO, yBemuuenue npoBoaumoctd B xone dykimu INc.=f(1/T) cBs3ano ¢
YBENIMYCHUEM KOHIEHTPALMK HOCUTENEH 3apsiioB, OTAaBaeMbIx dactuiamu TiO, npu HarpeBaHWe 0OpasIoB, a CHIDKCHHE B
o0pasiax CBS3aHO C 3JIEKTPOHHOW IPOBOIMMOCTBIO M BEICBOOOKIICHHEM 3JIEKTPOHOB B MPOLIECCE HATPEBa M3 IHEPTeTHIECKHUX
JIOBYIIIEK.

Pemaxrop: npod. M.Kyp6aHos
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REFERAT

SAR-mn 2-m teleskopunda alinmig spektrlor vo Kurugun atmosfer
modellari asasinda HD161796 (F31Ib ) ulduzu todqiq olunmusdur.
Ulduzun effektiv temperatur va sothindo sarbasdiismo tacili {igtin
agagidaki qiymotlor alinmugdir: Ter = 65504200 K, log g =
0.75+0.2.

Fel, Fell, Till VII va Crll xatlorina asason mikroturbulent horokot
stirati todqiq edilmisdir. Fel, VII vo Crll Xotlorino asason
mikroturbulent harakat stirati 6.0 km/san, Fell va Till Xatlorine
osason isa uygun olaraq 6.5 vo 5.5 km/san toyin edilmisdir.
Miisahids olunan spektral xatlora asasen ulduzun atmosferinds 25
elementin miqdari toyin edilmisdir.

Askar edilmisdir ki, todqiq olunan ulduzun atmosferinds
elementlorin miqdart Giinasds olan migdardan azdir.

GIRIS

Miiasir tokamiil nozariyyasino gors ifratno-
hong ulduzlar cavan vo bdyiik kiitloli ulduzlar-
dirlar, elo homin nazariyyays géra cavan vo kiitlo-
Co boyiik ulduzlar Qalaktika miistovisino yaxin
yerlasirlor. Bidelman [1], ilk dafo 1951-ci ildo Qa-
laktika miistavisindon uzaqda 22° vo yaxud daha
yliksok enlikda yerlason A va F tipli ifratnohang
ulduzlarm moévcud oldugunu miigsahido etmisdir.
50 ilden artiq vaxt kegmasina baxmayaraq bels ul-
duzlarn tokamiil marhalalori halo do 6z aydin iza-
himi tapmamusdir. Yiiksok enlikda yerloson ifratne-
hong ulduzlarin tokamiilii hagqinda bir nega for-
ziyys moveuddur. 1) Qalaktika miistovisindo yara-
nan cavan, kiitlosi boytik ulduzlar qrupu olub, son-
ralar Qalaktika miistovisini tork edorok uzaqlas-
muglar; 2) tokamiiliin sonunda yiiksok isigliliga
malik olan qoca, kiitlasi kicik olan ulduzlar qrupu;
3) qosa ulduzlarin tokamiilii naticasindo yaranan
ulduzlar. Miisahidodon alinmis naticalorin oksoriy-
yati ikinci farziyyanin dogrulugunu siibut edir. Qa-
laktika miistovisindon xeyli uzaqda, yash, bazi

kiirovi topalarinda A vo F tipli ifratnshang ulduz-
larin miisahido olunmasi artiq bir ¢ox alimlorin
todgigat obyektins gevrilmisdir. Qeyd edok ki, belo
ifratnohanglora  bozon post-AGB  (Nohanglarin
Asimptotik Qolunu yenicas tork etmis) ulduzlar da
deyilir. Ona goro do yiiksok enlikdo yerloson
HD161796 ulduzunun todqigi tokamiil nozariyys-
sina goro mithiim shomiyyat kasb edir.
HD161796=V814 Her ifratnohong ulduzu-
nun spektral sinfi F3Ib, goriinon ulduz Olgiisii
my=7".01, miitloq ulduz 6l¢iisii iso miixtalif miisl-
liflor torsfindon M=-6".3+-9" intervalinda qiy-
matlondirilir Bartkevicius [2]. Qalaktika miistovi-
sindon xeyli uzaqda, z=3.9kps masafods va yiiksok
enlikds yerloson bu ulduzun qalaktik kordinatlart
belodir: galaktik enlik b=+30°.66, galaktik uzunlug
|=77°.13. Fernie [3], dord rongli fotometrik sistem-
do bu ulduzun fundamental parametrlari tigiin Test
=6400+200K, logg=0.1+0.5, Giridhar [4] sintetik
spektrlorin miiqayisasine asasan, Luck [5] iss mo-
del tisuli ilo uygun olaraq Te=5600K, logg=1.5,
&=4km/s vo Ter~6600+200K, logg=0.5 va
&=4.0km/s qgiymotlorini almiglar. Daha sonra
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Klogkova [6] vo Kipper [7] yiiksok dispersiyali
CCD spektrlarine asasan ulduzun fundamental pa-
rametrlori {igiin uygun olaraq Te=7100+200K,
logg=0.5, &=6.0km/s vo Ter=7250+200K, logg=0.5+0.3,
& =4.5km/s qiymotlorini almislar.

Goriindiiyii kimi HD161796 ulduzunun ef-
fektiv temperaturu, ssthindos agirliq qiivvasi tacili
va mikroturbulent horokot siirati {liglin miixtolif
miiolliflorin aldigi giymatlor farglidir. Ona goérs do
HD161796 ifratnohong ulduzunun fundamental
parametrlorinin yenidon toyin olunmsi xiisusi oho-
miyyat kash edir.

MUSAHIDO MATERIALLARININ
ALINMASI VO iSLONMOSI

HD161796 ulduzunun spektrlori 17.08.2004
(Hy oblast1) vo 18.08.2004 (Ha-oblastr)-cii il ta-
rixlorinda N.Tusi adina Samax1 Astrofizika Rasad-
xanasinin 2-metrlik teleskopunun kasseqren foku-
sunda, UAGS spektrografinda qurasdirilmig
530x580 olgiili CCD kamerast ilo alinmisdur.
CCD kamerasi, xarakteristikasi va isloma prinsipi
hagqinda genis molumat [8]-do verilmisdir.
Miisahido materiallar1 AA3960-6600A spektral ob-
lastim1 ohato edir. Ho vo Hy oblastlarinin hor biri
tiglin bir gecads ulduzun 3 spektri almmusdir. Tas-
virin keyfiyystindon asili olaraq hor spektr orta he-
sabla 15-20 daqgigoys almmusdir. Geca arzinds ul-
duzun spektrinds giiclii dayiskonlik olmadig: tigiin
spektrlor ortalagdirilmigdir. Hy oblastinda disper-
siya 10.5A/mm, H, oblastinda iso 6A/mm-dir.
Spektral ayirdetma R=14000 vo S/N=150+200- dir.
Dispersiya ayrisinin qurulmasinda giindiiz somasi-
nin spektrindan istifads edilmisdir. Spektrlorin is-
lonmoasi [9] terofindon tagdim olunmus DECH-20
Vo DECH-20T paket programlar1 vasitosilo apa-
rilmisdir.  Ekvivalent enin olgiilmasindoki  Xota
10%-don ¢ox deyildir. Miisahido olunan biitiin
xatlor eynilosdirilmis, onlarin ekvivalent eni (W)
Va Xatlorin markazi darinliklari (R) dl¢tilmiisdiir.

Xattin ekvivalent eni bir gayda olaraq [9] to-
rafindon togdim olunmus program ssasinda olgiil-
miisdiir. Lakin profillari gonsu xatlorls giiclii tohrif
olunmus bazi blendali xatlorin ekvivalent enlori isa
asagidaki qayda ilo 6l¢ililmiisdiir: bu magsadlo pro-
fillori qonsu xatlorlo tohrif olunmamis blendasiz
xatlorin ekvivalent enlorindan istifads edarak xattin

ekvivalent eninin (W) Xattin dorinliyindon (Ry)
asiliig grafiki qurulmusdur. Belo ki, tadqiq olu-
nan spektrlordo Xotlor Kkifayst godor genisdir vo
onlarmn profillari instrumental profillorlo deyil, if-
ratnohong ulduzlarin atmosferinds bas veran mik-
roturbulent harokot siirati ilo xarakterizo edilir. Be-
lo oldugda xattin ekvivalent eni onun dalga uzun-
lugundan deyil intensivliyinden asilidir. Ona gora
do giiclii olmayan xatlor iigiin (W<300mA) xattin
ekvivalent eni ilo dorinliyi arasinda vahid asililiq
movcud olmalidir (Sakil 1.).

Giiclii xatlords (W>300mA) iso artiq siialan-
manin séNMasi hesabina xattin genislonmasi miix-
tolif olacag. Burada xottin genislonmasi osason
Dopler effekti hesabina bas verir vo W)—nin qiy-
mati Xattin dalga uzunlugundan, A-dan da asili ola-
caq. Ona gora do giiclii xatlorda bu asililiq pozulur.

0.30 | T T T T T

HD 161796

* I 1 I 1 I 1

200 250 300
W, mA

Sokil 1.

Hy oblastinda spektral xatlorin darinliklarinin
ekvivalent endon asililiq grafiki.

EFFEK:FIV TEMPERATUR VO AGIRLIQ
QUVVOSI TOCILININ TOYINI

HD 161796 (F3Ib) ulduzunun effektiv tem-
peraturu (Tefr) Vo Sothinds agirliq qiivvasi tacilinin
(logg) toyin olunmasi ulduzun bir sira spektral vo
fotometrik kamiyyatlorinin miisahidedan 6lgiilmiis
Vo nazari hesablanmig giymotlorinin miiqayisasing,
homginin parallaksin totbiqi lisiiluna osaslanir. Ef-
fektiv temperatur vo agirliq qiivvesi tocili asagi-
daki meyarlardan istifado edilorok toyin olunmus-
dur:

1. [c1] indeksinin miisahidedan Glgiilon va
nozori hesablanmis qiymatlorinin - miiqayisasi.
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Dord rangli, dar zolagli uvby fotometrik sisteminds
[c1] indeksi [c1]=C1-0.2(b-y) diisturu il tayin edilir.
Bu kemiyyat ulduzlararasi fozada udulmanin tasi-
rindon azaddir. Ona gora do model tisulu ils uldu-
zun fundamental parametrlorini toyin etdikdo bu
komiyysatdan istifado olunmasi magsads uygundur.
b-y vo c1 fotometrik komiyystlorinin miisahida
giymatlori Hauck [10] mogalssindon gotiirilmiis-
dir: b-y=0.304; ¢1=1.493. Bu giymatlor asasinda
[c1]=1.432 giymati hesablanmisdir. [c1] indeksinin
nozari qiymotlori Kurugun modellari asasinda [11]
hesablanmigdir. Baxilan modellar diapazonunda
nozoari hesablanmus [c1] kamiyyatinin giymatlarinin
effektiv temperaturdan astliliq qrafiklori qurulur.
Qrafiklorin  miisahidodon toyin olunan [ci]
giymotini gostoran diiz xotlo kasismo noqtolori
logg, Tesr ciitlorini toyin edir. Bu ciitlor logg - Teft
diagraminda geyd olunur (Sokil 2.).

log g

16 ' '
[cyd

Lol P 1 |
12 - -
1.0 - -
osd — -
0.6 | _
04 | Q
02 | _
D 1 I| 1

5300 000 6300 7000 7500

Tefr
Sakil 2.

log g - Tess diagramu.

2. Q indeksinin miisahido Vo nozari hesab-
lanmig giymatlorinin miiqayisasi. Q indeksi UBV
fotometrik sistemindo toyin olunur: Q=(U-B)-
0.72(B-V). Q kemiyyati do [c1] kimi ulduzlararasi
fazada udulmanin tosirindon azad oldugu tiglin cox
ohomiyyatlidir. B-V vo U-B fotometrik komiyyat-
lorinin miisahido giymotlori Fernie [12] mogalo-
sindon gotirilmisdiir: B-V=0".47; U-B=0M.32.
Bu giymotlor asasinda Q=-0.0184 giymati hesab-
lanmusdir. Q indeksinin nazari giymatlori Kurugun
modellori asasinda [11] hesablanmigdir. Yuxarida
geyd olunan amaliyyatlar bu komiyyat tgiin do
aparilir. Baxilan modellor {iglin hesablanmis Q
komiyyatinin giymatlorinin effektiv temperaturdan

asililiq grafiklori qurulur. Qrafiklorin miisahidodon
toyin olunan Q komiyyatinin giymatini gdstoran
diiz xatlo kasismo noqtalori yeni logg, Tes ciitlorini
toyin edir. Bu ciitlor logg-Terf diagraminda geyd
olunur (Sakil 2).

3. B indeksinin misahido va nazari hesab-
lanmis giymeotlorinin miiqayisasi. B indeksi uvby
fotometrik sisteminds toyin olunur. Miisahidodan
bu kamiyyat tigiin 2.643 giymoti tapilmuisdir Hauck
[10], Olsen [13]. B indeksinin nozari giymatlori
Castellinin modellori asasinda [ 14] hesablanmusdir.
Yuxarida geyd olunan omoliyyatlar bu kemiyyat
tiglin do aparilir vo B indeksi ilo slagadar olaraq
yeni logg, Tesr ciitlorini toyin edilir. Bu ciitlor logg
—Tetf diagraminda geyd olunur (Sakil 2).

Yuxarida geyd olunan tsullarla tayin olun-
mus logg-Tesr ciitlori asasinda logg—Tefr miistovi-
sindo onlarin miixtolif kombinasiyalarma uygun
grafiklor qurulur (Sakil 2). Qrafikdo har bir oyri
logg—Tesr diagraminda miigayiso olunan fiziki ko-
miyystlorin miisahids Vo nazari giymotlarinin tist —
tsto diisdiiyti noqtalorin handasi yeridir. Qeyd
edok ki, Ter (6000K+7500K) vo logg—o
(logg=0.0+1.5) verilon giymatlor diapazonu uldu-
zun spektral va isiqliq siniflarine uygun golon qiy-
matlordir. Q, [c1] Vo B komiyyatlorinin miisahido
Va Nnazari hesablanmig qiymeotlorinin miigayisasine
asasan qurulan Tef-logg diagraminda geyd olunan
grafiklor kosisir. Tef-logg diaqraminda kosismo
noqtalarinin hondasi markazine asasen ulduzun ef-
fektiv temperaturu vo sothinds agirhq qiivvesinin
tocili tayin edilir: Tef=6550+200K, log g=0.75+0.2

Miiqayisa ti¢tin Codval 1-ds bizim vo digor
midlliflorin  aldiglart  noticolor  gdstorilmisdir.
Klogkova [6] HD161796 ulduzunun temperaturu
tiglin alman naticolori aragdiraraq vo Giridhar-in
[4] 1981-ci ilds aldig1 spektrlora asason toyin etdiyi
temperaturu asas gotiirorok (Ter=5600K) belo go-
nasto golmisdir ki, HD161796 ulduzunda tempe-
ratur har il ATerr =50K/il artir. Qeyd edok ki, bu
natica Kipperin [7] aldig1 naticads do 6z tasdiqini
tapmusdir (Ter=6750K). Lakin bizim temperatur
tiglin aldigimiz giymati Giridhar-la [4] miigayiso
etsok bir godar asag1 qiymat alinir, ATe=41K/il.
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Cadval 1

HD 161796 ulduzunda miixtalif miialliflor tarafindon Tefr Vo logg ticiin
toyin olunmus giymatlor.

Terr, K log g &, kms? Miislliflor

6850 0.37 A.A Ferro, 2010, [15]
7250+200K 0.5+0.3 4.5+0.5 T.Kipper, 2007, [7]
6666+500 0.6+0.3 A.J.Cenarro et al. (2007), [16]

7100 0.5 6.0 V.G.Klogkova va basgq. (2002), [6]

6600 0.5 4.0 R.E.Luck et al., (1990), [5]

5600 1.5 4.0 S.Giridhar (1988), [4]
6400200 0.140.5 J.D.Fernie, 1984, [3]
6550+200K 0.75+0.2 6.0 Bizim naticalor

MIKROTURBULENT HOROKOT
SUROTININ TOYINI

Mikroturbulent harakat stiratinin toyininin
on miiasir va doqiq tisulu atmosfer modellari tisu-
ludur. Bu iisul hor hansi elementin atom va ionu-
nun genis ekvivalent ena malik intervali olan ¢oxlu
sayda Xatlorinin todgigine osaslanir. Mikroturbu-
lent harokat siiratine & miixtalif giymotlor verarok
har bir xattin ekvivalent enina W), uygun elementin
miqdari loge hesablanir vo & ti¢lin miioyyan qiy-
mat secilir, bela Ki, &-nin segilmis bu giymotinds
loge-nun Wi-nin artmast ilo sistematik doyismasi
miisahido olunmur. Basqa sozls, &-nin secilmis
giymatindo miixtalif intensivlikli xatlora gors toyin
olunan miqdar loge eyni olur.

HD161796 ulduzunun spektrindo an ¢ox
miisahido olunan Xxotlor Fel-o maxsus Xatlordir,
sonraki cox olan xattlor Fell, Till, VII vo Crll xoat-
loridir. Bu xatlorin osillyator giiclori daha dogiq
toyin edilmisdir.

HD 161796 ulduzu iigiin Te—6550+£200K,
logg=0.75+0.2 parametrli model segilir vo bu mo-
del asasinda mikroturbulent harakat siiratinin miix-
tolif giymatlorinds loge(Fel), loge(Fell), loge(Till),
loge(V11) vo loge(Crll) elementlorinin miqdarlart
hesablanir. Miiayyan edilmisdir ki, Fel, Fell, Till,
VI va Crll xatlori tigiin mikroturbulent horokat sii-
roti uygun olaraq 6.0, 6.5, 5.5, 6.0 vo 6.0 km/san
oldugda loge ilo W, arasinda korrelyasiya olmur
(Sakil 3).

Ulduz atmosferindo Lokal Termodinamik
Tarazlhiq (LTT) soraitindon konara ¢ixmalar nozora
alimmadiqda Fel xatlorino goro toyin olunmus do-
mirin miqdari bir qodor asagi alinir. Fel

xatlorindan forgli olaraq Fell xatlori LTT-dan ko-
nara ¢ixmaya hassas deyildir, odur ki, kKimyavi
torkibin toyininds ionlagsmis atomlara asason he-
sablanmis mikroturbulent horokot siiratino daha
¢ox Ustiinliik verilir.
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Sakil 3.

HD 161796 ulduzu atmosferinda Fel, Fell, Till VII
va Crll xatlorina asasan mikroturbulent harokat
stiratinin tayini: &=6.km/san (Fell ), &=5.5km/san
(Till) vo & =6.0km/san (Fel, VIl va Crll).
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KIiMYOVi TORKIBIN TOYINi

Kimyovi torkibin tayininin an doqiq tisulu
sintetik spektrlorin hesablanmasina asaslanir. An-
caq oksar hallarda ulduzlarm kimyavi torkibi daha
sado tisul ilo - spektrds xatlorin ekvivalent enlorini
analiz edarak tayin olunur. Bels ki, loge-na miixto-
lif giymatlor vermokls baxilan xatlorin nozari ekvi-
valent enlari hesablanir vo miisahidodon tapilmis
ekvivalent enlo W, miiqayisa olunur. Nozari he-
sablanmis ekvivalent en miisahidodon Ol¢iilmiis
ekvivalent enlo iist-iisto diison hala uygun golon
loge segilir.

Cadval 2.

HD161796 vo Giinosin atmosferindokimyovi
elementlorin migdart.

Alog
Ele- logex €
mentlor | N logeo
Cl 2 | 847+041 | 861 | -0,14
Nal 3 |6,14+0,12 | 6,28 | -0,14
Mgl 3 |7,03+0,19 | 7,36 | -0,33
Sil 6 | 7,42+026 | 7,65 | -0,23
S 4 |736+019 | 7,24 | 0.12
Cal 20 | 5,66+0,26 | 6,36 | -0,70
Scll 16 | 2,45£0,23 | 3.0 -0,55
Til 7 | 4,75+0,16 | 4,86 | -0,11
Till 22 | 4,60+021 | 4,96 | -0,36
VI 11 | 3,90+0,35 | 4.00 | -0,10
Crl 5 |5,08+0,50 | 561 | -0,53
Crll 8 |5,31+0,18 | 550 | -0,19
Mnl | 11 | 4,83+0,26 | 5,35 | -0,52
Fel | 251 | 7,25+0,20 | 7,6 -0,35
Fell 14 | 7,23£0,18 | 7,6 -0,37
Col 5 | 4,58+0,18 | 4,7 -0,12
Nil 19 | 5,82+0,26 | 6,08 | -0,26
Cul 1 3,64 416 | -0,52
Znl 2 | 3,67+0,30 | 442 | -0,75
Yl 11 | 1,48+0,40 | 2,24 | -0,76
Zrll 12 | 2,16+0,17 | 2,96 | -0,80
Ball 4 |1,22+0,18 | 2,11 | -0,89
Lall 3 [1,01+0,09 | 1,30 | -0,29
Cell 7 |1,16+031 | 1,59 | -0,43
Pril 3 | 0,45+0,19 | 0,83 | -0.38
Ndll | 9 |1,01+053 | 126 |-0.25
Smil 3 |0,50+0,12 | 1,06 | -0,56
Eull 1 0,21 0,7 -0,49

HD161796 ulduzunun hesablanmis atmosfer
modelina osaslanaraqg onun atmosferinds ele-

mentlorin miqdar1 DASA programu ilo hesablan-
musdir. Mikroturbulent harakat siirati {igiin orta sii-
rot &=6.0km/san gobul olunmusdur. Alinmis noti-
calor Cadval 2-do gostarilir.

Codvalds 1-ci siitunda migdar tayin olunan
elementlorin adlari, 2-ci stutunda istifado olunan
Xatlorin say1, 3-cii siitunda elementlorin miqdart
tiglin alinmus naticalr logex, 4-cii siitunda Giinag
atmosferinin kimyovi torkibi logeo , 5-ci siitunda
ISo alinmis naticalorin Giinog atmosferinin kimyavi
torkibi ilo forqi gostorilmisdir. Elementlorin migda-
n1 logarifiik skalada verilir. Hom logee giymatlori,
hom do osillyator giiclori [17-21] odobiyyatla-
rindan gotiiriilmiisdiir Qeyd edok ki, elementlorin
miqdar: nisbaton zoif Xatlors osason toyin edil-
misdir. Bu xatlor atmosferin nishoton darin gat-
larinda yaranir. Ona gora do LTT-don Kenara ¢ix-
manin, mikroturbulent horakat siiratinin va stialan-
manin sénmasi hesabina xattin geniglonmasinin to-
siri naticasindo yaranan Xotalarmn tasiri belo Xatlor
tiglin zoifdir. HD161796 ulduzunun kimyavi torki-
binin Giinagin kimyavi torkibi ilo miiqayisasi Sakil
4-do gostarilir. Codval 2-don gériindiiyti kimi do-
mirin miqdart mikroturbulent horokat siirati
&=6.0km/s olduqda Fel {igliin 251 Xotto osason
loge(Fel)=7.25+0.2, ionlagsmis domir iiglin iso 14
Xotto osason loge(Fell)=7.23+0.18 qiymoti alin-
mugdir. Gorlindiiyli kimi Giinoglo miiqayisado do-
mirin miqdar orta hesabla [Fe/H]=-0.36 dex azliq
toskil edir.

Gortindiiyti kimi Giinoglo miiqayisado do-
mirin miqdart orta hesabla [Fe/H]=-0.36 dex azliq
toskil edir.

Post-AGB ulduzlarmin statusuna uygun ola-
raq domirin migdarimn [Fe/H] Giinas va | tip mos-
kunlasmis normal ifratnohang ulduzlarla miiqayi-
sado az olmasi, homginin karbonun va kiikiirdiin
domirs  nazoron  miqdarmin  ([C/Fe]=0.22,
([S/Fe]=0.48) I tip maskunlagsmis normal ifratno-
hang ulduzlara nozaran yiiksok olmasi bu ulduzun
Qalaktika miistovisindo deyil, Qalaktika diskinin
galin hissasinds vo yaxud qalosunda yaranmasini
gostorir.

Kimyovi torkib tiglin alinan naticolorin Gii-
naslo miigayisasi gostarir ki, post-AGB ulduzlarin-
da oldugu kimi s-prosesinds sintez olunan agir ele-
mentlorin miqdart azhq toskil edir. Alinmis
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ulduzun atmosferinds elementlorin migdari Giinas-
lo miigayisado azdir.

naticalor Kipperin [7] aldigi naticalorlo uygunluq
toskil edir.
HD161796 ulduzunun kimyavi torkibinin
Giinasin kimyavi torkibi ilo miiqayisasi gostarir Ki,
04 r

02 +
o ——— — ]
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OSAS NOTICOLOR

HD 161796 ulduzunun effektiv temperaturu
Vo sathinds agirhq qilivvasinin tocili toyin
edilmisdir: Tef=6550+200K, logg=0.75+0.2.
HD 161796 ulduzunun atmosferindo Fel,
Fell, Till, VII vo Crll xatlorino osason
mikroturbulent  horokot  siiroti  toyin
edilmigdir: &=6.0km/san (Fel), &=6.5km/san
(Fell ), &=5.5km/san (Till), &=6.0 km/san
(V1) va &=6.0km/san (CrlI).

HD 161796 ulduzu atmosferinds 25 eleme-
nin miqdar1 hesablanmisdir. Alinmis natics-
lor Gilinogin kimyovi torkibi ilo miigayiso
edilmisdir. Askar edilmisdir ki, ulduzun at-
mosferindo elementlorin miqdart  Giinoslo
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Sokil 4.

HD161796 ulduzunun kimyavi tarkibinin Giinasin kimyavi torkibi ilo miigayisasi.

miiqayisado azdir. Ca, Sc, Mn, Zn, Y, Zr, Ba
vo Sm elementlorinin migdart Giinagdoki
giymotddn xiisusilo azdir, orta hesabla
Aloge< -0.55dex.

Post-AGB ulduzlarmin statusuna uygun ola-
raq domirin miqdarinin [Fe/H]=-0,36 Giinag
Vo | tip moskunlasmis normal ifratnohang
ulduzlarla miigayisads az olmasi, hamginin
karbonun va kiikiirdiin domira nozaran mig-
darinin ([C/Fe]=0.22, ([S/Fe]=0.48) I tip
moskunlagsmis normal ifratnohong ulduzlara
nozaran yiirsak olmasi bu ulduzun Qalaktika
miistovisinda deyil, Qalaktika diskinin galin
hissesinds vo yaxud halosunda yaranmasini
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STUDY OF THE POST-AGB STAR HD161796 (F3Ib).
Z.A.SAMEDOV, A.R. HASANOVA, U.R.GADIROVA, G.M.HAJIYEVA, AM.KHALILOV

The basis of spectrograms obtained at the 2-meter telescope of the Shamakhy Astrophysical Observatory and Kurucz
model atmospheres to study the HD161796 (F3Ib) have investigated. The effective temperature and gravity Teff=6550+200K
and logg=0.75+0.2 have been found. The microturbulence in the stars atmosphere using Fel, Fell, Till, VII and Crll lines has
been analyzed. It has been received &=6.0, 6.5, 5.5, 6.0 and 6.0km/san on lines Fel, Fell, Till, VIl and Crll. Abundances have
been determined for 25 elements. The elemental abundances in the atmosphere of HD161796 have been shown deficiencies
compared to the solar chemical composition.

WCCJIENOBAHUE ATMOC®EPDI 3BE3/] POST-AGB HD161796 (F31b)
3.A.CAME/JIOB, A.P.TACAHOBA, Y.P.TAJJUPOBA, I.M.TAJDKUEBA, A.M. XAJIWJIOB

Ha ocHoBe criekTpoB, ToNydeHHBIX B 2-M Teneckona [llamaxunckoit Actpodusideckoit OOcepBaTopiy 1 Ha OCHOBE
Monerteit armocep Kypyra nposeneso uccienoBanue 38e31 HD161796 (F3Ib). IMonyuens: cnemyronwe 3Hauenus dhdexrus-
HOU TeMIIepaTypbl U YCKOPEHHUsI CUIIbI TshkecTH: Te=6550+200K, logg= 0.7540.2. TTo muuusm Fel, Fell, Till, VIl u Crll uccne-
JIOBaH MapamMeTp MUKPOTYpOyJIeHTHOCTH B atMocdepe 3Be3bl. TTomydeno &=6.0, 6.5, 5.5, 6.0 u 6.0km/san no ymuusm Fel, Fell,
Till, VIl u Crll, cootBercTBerHO. OnpeiesieHo cozeprkanue 25 snemenToB. CoepyKaHuss XMMUYECKUX DJIEMEHTOB B arMocdepe
HD161796 okazasyoch 3aHMKEHHBIM 110 CPABHEHHIO C COJTHEYHBIM XUMHYECKHM COCTABOM.

Penaxrop: k. ¢.-m. Hayk b.PycramoB
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stirati, kimyavi torkib.

REFERAT

SAR-in 2-m teleskopunda alinmug spektrlor vo Kurugun
atmosfer modellori asasinda HD164136 (F2II) ulduzu tadgiq
olunmusdur. Ulduzun effektiv temperaturu vo Sathindo
Sorbostdiismo  tocili tiglin  agagidaki qiymetlor alinmugdr:
Tepp = 6670 £ 200K, lgg = 2,45 £ 0.2, Fel, Fell vo Till
Xatlorine osasan  mikroturbulent harokot siirati  tadqiq
edilmisdir. Mikroturbulent harakat siirati tigtin Fel, Fell va Till
Xatlorino asason uygun olaraq 4.5 km/san, 6.5 km/san vo 7.0
km/san giymotlori hesablanmigdir. Miisahido olunan spektral
xatlore asason ulduzun atmosferinin kimyavi torkibi  toyin
edilmisdir. Ulduzun kimyovi torkibi Giinosin kimyovi torkibi
ilo miigayiso edilmigdir.

MUSAHIDO MATERIALLARININ
ALINMASI VO iSLONMOSI

Bu isdo model tisulu ilo vHer=HD164136=HR6707
ulduzu tadqiq edilmisdir. Ulduzun spektral sinfi F2
II, goriinon ulduz Olgiisii m,, = 4™, 48, miitlog
ulduz olgiisii M, = —0™, 7-dir. Ulduzun galaktik
enliyi b=24°, galaktik uzunlugu 1=56°—dir [1].

Ulduzun spektrlori 16 avqust 2004-cii ildo
Samaxi1 Astrofizika Rosadxanasinin 2m teleskopun
kassegren fokusunda qoyulmus miiasir YOC qo-
buledicisinin komayi ilo almmisdir (R=14000,
S/N=200). Miisahido materiallart AA4500+6800
spektral oblastini ohata edir. Bu oblast {igiin bir ge-
codo ulduzun 3 spektri alimmigdir. Geco orzindo
ulduzun spektrindo giiclii doyiskonlik olmadigi
tictin spektrlor ortalasdirilmigdir. Spektrdo miisahi-
do olunan xatlor eynilogdirilmis va onlarin ekviva-
lent enlori (Wy) hesablanmigdir. Spektrlorin tadgiq
olunmasi [2] torafindan taqdim olunmus DECH-
20 programi vasitasi ilo hoyata kegirilmisdir.
Miigahido materiali Cadvol 1-do gostorilmisdir.

EFFEK:l“iV TEMPERATUR VO AGIRLIQ
QUVVOSI TOCILININ TOYINI

Moalumdur ki, ulduzlarin kimyavi torkibini
analiz etmak t¢lin onlarin iki fundamental para-
metrlorini: effektiv temperaturunu (Ter ) vo ulduz at-
mosferlorindo agirliq qiivvasinin  tocilini  (g)-ni
bilmok lazimdir. Homg¢inin Ter Vo lgg parametrlo-
rini. bilmaklo ulduzlarn digar fundamental para-
metrlorini: kiitlolorini M radiuslarint R isighiglarimn
L vo yaglarini t giymetlondirmok olar. Test Vo logg

parametrlori atmosfer modellarini hesablamagq tigiin
zoruridir vo bu modellorin - asasinda  ulduzun
kimyavi torkibi toyin edilir,

Effektiv temperatur vo agirliq qiivvasi tocili

asagidaki meyarlardan istifado edilorak toyin
olunmusdur:
1. [¢,] indeksinin miisahideden Slgiilon Vo nozori
hesablanmig  giymotlorinin  miiqayisesi. Ddrd
rangli, dar zolagh uvby fotometrik sistemindo [¢;]
indeksi [c;] = €3 — 0,2(b —¥) diisturu ilo toyin
edilir.
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Cadval 1
HD164136 ulduzunun miisahido materiali
LA W, LA w, nA W, LA w, LA W, LA W,
mA mA mA mA m A m A
Cl 4174,07 122 Crl 5429,70 220 Fell Yl
4700,00 30 4184,31 154 5345,81 110 | 543453 170 4122,66 238 5473,40 30
4775,87 20 4316,80 69 5348,32 50 5445,04 110 4124,78 59 5509,91 197
4817,33 28 4330,24 98 5409,79 100 | 5501,47 90 4128,74 110 5546,02 40
4932,00 47 4344,29 280 Crll 5506,78 100 4173,47 280 Zrll
5052,12 105 4350,84 140 5237,34 120 | 5543,18 60 4178,86 234 3991,14 134
5380,24 47 4386,85 106 5305,85 60 5543,93 30 4258,16 250 4029,68 134
6587,75 30 4394,06 178 5308,44 30 5563,60 60 4296,58 192 4090,52 46
Nal 4409,52 90 5310,70 30 5569,62 50 4303,05 248 4149,22 144
4668,56 42 4411,93 77 5313,59 70 5572,85 180 4369,40 110 4208,99 142
5682,63 101 4418,34 286 5334,88 60 5576,10 170 4416,82 178 5112,98 4
5688,20 120 4464,45 176 5502,06 40 5586,76 90 4472,93 123 5350,09 20
5889,95 544 4468,50 288 Mnl 5615,65 180 4489,18 152 Ball
6154,22 30 4469,16 204 6013,50 60 5624,55 120 4491,40 182 4934,09 267
6160,75 59 4470,85 188 6016,64 50 5633,97 40 4508,29 218 5853,68 124
Magll 4563,76 251 6021,80 40 5638,27 60 4515,34 197 6141,72 199
4481,33 280 4568,33 36 Fel 5679,02 10 4520,23 198 6496,90 315
Sil 4589,95 167 4930,33 20 5731,77 20 4541,52 231 Lall
5708,44 60 4708,67 30 4966,10 110 | 5862,36 110 4555,89 292 4031,68 154
5772,25 60 4719,51 21 4973,11 60 5905,67 40 4576,34 130 4123,23 120
5797,91 30 4764,53 58 4994,13 180 | 5930,17 50 4582,83 129 4921,80 40
Sill 4805,10 142 5012,07 140 | 5934,66 40 4583,84 293 Pril
6347,09 170 4874,01 92 5049,82 70 5984,80 10 4620,52 91 4062,82 140
Sl 4911,20 110 5051,64 80 5987,06 10 4635,31 48 4189,52 46
6046,04 40 5129,16 123 5068,77 90 6003,03 30 4648,93 91 Ndll
6052,66 80 5185,91 106 5074,76 70 6020,17 50 4656,98 162 4061,08 49
Cal 5188,70 270 5083,34 100 | 6024,07 70 4663,71 58 5092,80 6
5512,98 20 5336,81 120 5090,79 100 | 6027,16 40 4666,75 141 5293,17 20
5588,76 90 5381,02 40 5110,41 120 | 6065,49 120 4670,17 108 5311,46 8
5857,45 160 6491,57 80 5133,69 130 | 6137,70 110 4731,47 149 Eull
6122,22 160 Vi 5151,92 40 6157,73 80 4993,35 80 6049,51 3
6166,43 20 5737,04 6 5162,29 90 6165,36 20 5018,45 260
6436,08 150 6039,74 4 5194,94 190 | 6213,44 40 5132,67 30
6449,81 70 6216,36 14 5202,34 110 | 6230,73 130 5197,57 190
6462,57 130 6251,82 8 5216,28 130 | 6252,56 80 5325,56 70
6471,66 40 6285,16 6 5217,40 40 6265,14 60 5362,86 140
6493,79 130 VIl 5229,86 100 | 6318,02 80 5534,86 170
6499,64 40 4002,94 56 5253,48 20 6322,69 20 5991,38 90
Scll 4023,39 98 5266,56 30 6335,33 70 6113,33 40
5031,02 100 4035,63 126 5339,94 120 | 6336,83 80 6149,24 100
5239,82 50 4234,25 18 5341,03 90 6355,03 50 6239,95 50
Till 4564,59 30 5373,70 30 6358,69 50 6316,61 290
4025,13 250 4600,19 70 5379,58 100 | 6380,75 30 6432,65 100
4028,34 173 5047,31 4 5393,17 50 6393,60 90 6456,39 120
4053,83 182 5384,89 9 5404,14 120 | 6419,95 60 Nil
4056,19 92 5439,30 6 5410,91 70 6421,36 70 5115,40 30
4163,65 211 5928,86 30 5415,20 80 6494,98 130 5155,76 70
5176,56 30

Bu komiyyat ulduzlararasi fozada udulmanin tasi-
rindon azaddir. Ona gora do model tisulu ils uldu-
zun fundamental parametrlorini toyin etdikdo bu
komiyystdan istifade olunmasi magsads uygundur.
Miisahidodon HD164136 ulduzu ticlin
b—y=0267, [c,]=0913 giymatlori dlciilmiisdiir

[3] va [£,] = 0.86 hesablanmusdir. [, ]-nin nozari
giymotlori Kurugun modellorinds [4] hesablan-
migdir

2. @ indeksinin miisahido Vo nozeri hesablanmig
giymatlorinin miiqayisoesi. @ indeksi UBV  foto-
metrik sisteminds toyin olunur §={1~8)-07{z-V].

LI_I;IFL
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Q komiyyati do [c;] kimi ulduzlararas: fozada
udulmanin tosirindon azad oldugu {igiin gox
ohamiyyatlidir. Misahidodon HD164136 ulduzu
liglin B~V =07,38, U - B =07,18 giymatlori 6l¢iilmiis
[5] vo Q=-0.094 hesablanmigdir. Q-niin nazori
giymotlori Kurugun modellorinds [4] hesablan-
mugdir

3. 8 indeksinin miisahidodan olgiilon vo nozari he-
sablanmis giymotlorinin miiqayisasi.  indeksi hid-
rogenin Balmer seriyasmm Hp Xoftinin intensiv-
liyini toyin edir. f indeksinin miisahido qiymati
B = 2,67 [3], nazari giymatlori iso Kurugun model-
lorinds hesablanmusdir [4].

4. Parallaksin totbiqi iistilu. Bu tisul ulduz at-
mosferi modellari ilo bagli olmayan va ulduzlarin
fundamental parametrlorinin (lgg, T,s/) toyininda
yeni hesab olunan tisuldur. HD164136 ulduzunun
illik parallaksinin miisahida giymeti =" = 0",00379
[6]. Parallaksin totbiqi tisulu [7]-do sorh olunur.
Yuxarida geyd olunan iisullarla toyin olunmus lgg-
T, 7 rdiagrami qurulur (Sokil 1).

0]:()'.]

lgg Z | Bl /lQ
2.8 4
2;? E
2.6 4
2,5 - b
24 1 /
23 4
2.2 1
2.1
2 4
1.9 -
1.8 1
1.7« r r r r r
4700 5200 5700 6200 6700 7200

Ter, K

Sokil 1

lgg - T.zr diagrami

Te-logg diagraminda qrafiglorin kasismo
noqtalorinin handasi morkazina asason ulduzun
effektiv temperaturu vo sothinds agirliq qiivvasinin
tocili tayin edilir

T,; = 6670+ 200K, lgg = 245 + 0,2,

Miigayisa etmak tigtin Cadval 2-do digor miial-
liflorin aldiglart naticalor gostorilmisdir: Cadval-
don goriindiiyii kimi effektiv temperatur tiglin bi-
zim aldigimiz natico xota daxilinds digor miollif-
lorin naticalori ilo uygundur, yalniz [8]-do alinan
natica bizim naticodan farglonir. logg ticiin iso bi-
zim natica [11], [13], [15] neticalors uygundur, di-
gor miialliflorin naticalarindan isa farglonir.

Cadval 2

Tert Vo Igg tglin toyin olunmus giymatlor

Tefr

7140
6575
6803
6799
6811
6500
6483
6700
6465
6670

Miislliflor
Prugniel P. [8]
Luck R.E. [9]
Luck R.E. [10]
Cenarro A.J. [11]
Kipper T. [12]
Adelman S.J. [13]
Kovtyukh V.V. [14]
Alfaro[15]
Hauck [16]
Bizim naticalor

lgg
3,87
2.00
3.33
2.63
3.40
2.20

2.50
2.00
2.45

MIKROTURBULENT HOROKOT
SUROTININ TOYINI

Mikroturbulent harakat stiratinin toyininin
on miiasir va daqiq tisulu atmosfer modellari tisu-
ludur. Bu tisul har hansi elementin atom va ionu-
nun genis ekvivalent enlikli diapozona malik ¢coxlu
sayda xatlorinin todgigina asaslanir. Mikrotur-
bulent harokat siiratino &, miixtalif giymatlor vero-
rok har bir Xatt ti¢lin onun 6l¢iilmiis ekvivalent eni-
no W; gora uygun elementin migdari loge hesab-
lamir va €, tiglin miisyyan giymot segilir, belo ki,
¢.-nin secilmis bu giymatinds lge-nm W -nm art-
mast ilo sistematik doyismosi miisahide olunmur.
Basqa sozls, €,-nin segilmis giymoatindo miixtalif
intensivlikli xatloro géra toyin olunan miqdar loge
eyni olur.

HD164136 ulduzunun spektrindo on ¢ox
miisahido olunan xatlor Fel, Fell,Till-o maxsus
xatlordir, hamginin bu xatlorin osillyator giiclori
daha dogiq toyin edilmisdir.

HD164136 ulduzu igiin T, = 6670K,
lgg = 2,45 parametrli model secilir vo bu model
asasinda mikroturbulent haroakat siiratinin miixtalif
giymetlorinds lge(Fel), lgz(Fell), lge(Till)
miqdarlar1 hesablanir. Miiayyan edilmisdir ki, Fel
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ticlin &, = 4,5 km/s, Fell iiciin £, = 6,5 km/s,
Till ti¢tin ¢, = 7,0 km/s olduqda lg= ilo W ara-
sinda korelyasiya olmur (Sokil 2.).

Fel .5 = 4.5 ks
L

Ig & (Fel)

_ Fell, 37 6.5 kmv's .
= . . . -
‘S . -
- -
—_: “t..' ° ) v, - -
~ . ° = ce.% 'o.. .
L
-
. . 0= . °

lge (TAll)

Sokil 2
HD 164136 ulduzu atmosferinds Fel, Fell vo Till
Xatlorino asason mikroturbulent harokat siiratinin
toyini: & = 4.5 km/san (Fel ), & = 6.5 km/san
(Fell) vo & = &5 km/san (Till).

KIMYOVI TORKIBIN TOYINI
Ulduz atmosferlorinin kimyovi torkibi de-
dikdo onun atom torkibi, daha dogiq desok miix-
tolif elementlorin atomlarinin tam konsentrasiyasi-
nin hidrogen atomlarinin konsentrasiyasina nisba-

tinin tayini nozordos tutulur. Elementlorin migdari €
bir qayda olaraq logarifmik skalada ifads olunur:

N(el)
N (H)

burada N(el) verilon elementin vahid hocmda
atomlarimin biitiin ionlasma daracalori nozors ali-
naraq tam sayidir, soyuq ulduzlar halinda iso hom-
¢inin molekullara daxil olan atomlarin sayr da no-
zoro alinir. Qeyd edok ki, oksar ulduzlarin atmos-
ferlorindo on ¢ox miqgdar olan element hidro-
gendir, odur ki, digor elementlorin miqdari bir gay-
da olaraq hidrogena nishaton ifads olunur. Model
tisulu ilo ulduz atmosferlarini tadqiq etdikds funda-
mental parametrlorin T+ Vo lgg-nin toyinindon

sonra uygun model qurulur, mikroturbulent hars-
kot siirati £, toyin olunur vo névboti marholado
kimyovi torkib toyin olunur. Belo ki, bir sira
xatlora goro lg e hesablamalar mikroturbulentliyin
todqigi zamam avvalki morhoalalords aparilir.

lge(el) = 1g +12.

Kimyovi torkibin toyininin an daqiq tisulu
sintetik spektrlorin hesablanmasina asaslanir. An-
caq oksar hallarda ulduzlarn kimyavi torkibi daha
sado tisul ilo - spektrda xatlorin ekvivalent enliklo-
rini analiz edoarok toyin olunur. Belo ki, lge -na
miixtalif giymotlor vermoklo baxilan xattin nazari
ekvivalent enliklori hesablanir vo miisahido ekvi-
valent enliklo W; miiqayiso olunur. Nozari hesab-
lanmig ekvivalent en miisahidodon dlgiilmiis ekvi-
valent enliklo tist-listo diison hala uygun loge tayin
olunur. Bu magsadls bir ¢ox rasadxanalarda xiisusi
kompiiter programlart mévcuddur. Masalon an ge-
nig istifado olunan proqramlardan biri Kurug
torofindon yaradilan WIDTH programuidir. Krim
astrofizika rosadxanasinda onun analoqu DASA
programudir.

HD164136 ulduzunun hesablanmis atmosfer
modelins asaslanaraq onun atmosferinds element-
lorin migdart DASA programu ilo hesablanmigdir.
Mikroturbulent horakat siirati tigiin ¢, = 6,75 km/s
gobul olunmusdur. Qeyd edak ki, mikroturbulent
harakat siiratinin segilmasinds tstiinliik ionlagmis
atomlara verilir. Alinmug noaticolor Cadval 3-do
gostorilir. Elementlorin migdart logarifiik skalada
verilir. Codval 3-do hamginin Giinas atmosferinin
kimyavi tarkibi logee verilmisdir. Hom lgsg qiy-
matlari, hom do osillyator giiclori [17-21]-don g6-
tirtilmiisdiir. Qeyd edok ki, avvalki islarimizds ol-
dugu kimi elementlorin miqdar1 nisboton zoif
xatlors asason toyin edilmisdir. Bu xoatlor atmos-
ferin nisboton dorin qatlarinda yaramir, LTT-dan
konara ¢ixmanin, mikroturbulentliyin vo sénmanin
Xatalarinin tasiri bu Xatlor tigtin zoifdir.

Ngg

02

C NaMzSiS CaScTiVCr MaFeNi Y Zr BaLaCePr Nd Eu
Elementiar
Sakil 3
HD164136 ulduzunun kimyavi torkibinin Giinasin
kimyavi torkibi ilo miiqayisasi
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HD164136 ulduzunun kimyavi tarkibinin
Giinagin kimyavi torkibi ilo miigayisasi Sokil 3-do
gostorilir.

HD164136 ulduzunun kimyavi torkibinin
Giinasin kimyavi torkibi ilo miiqayisasi gostarir Ki,
Na, S, Mn, Y, Ce, Pr, Nd, Eu elementlorinin mig-
dar1 Giinasdo olan miqdara yaxindir, digar elemen-
tlorin migdart isa Giinoslo miiqayisads azdir.

Cadval 3
HD 164136 ulduzunun vs Giinagin kimyavi tarkibinin
miiqayisasi
Element--
lor N lge, lgeg | &lgs
Cl 9 | 8.03+0.16 | 861 | 0,58
Nal 5 | 63240.19 | 6,28 | 0,04
Mgl 2 | 6944066 | 7,36 | 042
Mgll 11709 7,6 -0,51
Sil 3 | 7574025 | 765 | -0,08
Sill 11699 755 | 056
Sl 2 |739+0.18 | 724 | 015
Cal 7 | 599+0.11 | 6,36 | 0,37
Scll 3 |211+0.15| 3 -0,89
Till 33 | 4324029 | 496 | 0,64

Vi 6 | 3.854042 | 406 | 0,21
Vi 8 | 3.824031 | 421 | -0,39
Crl 3 | 5.14£0.12 | 55 -0,36
8
2

Crll 495+40.27 | 55 -0,55
Mnl 525+0.16 | 535 | -01

Fel 83 | 6.97+0.56 | 7,6 -0,63
Fell 39 | 7074039 | 7,6 -0,53

Nil 6 | 5.74+0.32 | 6,21 | -0,47
Yil 9 | 206043 | 2,24 | -0,18
Zrll 5 | 2.50+0.07 | 2,96 | -0,46
Ball 3 | 1.76£041 | 2,11 | -0,35
Lall 7 | 096026 | 1,3 -0,34
Cell 14| 1.36£039 | 159 | -0,23
Pril 1107 083 | 0,13
Ndll 5 | 1.17+0.17 | 1,26 | -0,09
Eull 110,62 0,7 -0,08
NOTICOLOR

1. HD164136 ulduzunun fundamental paramet-
rlori toyin edilmisdir:
T,;; = 6670K, lgg = 245

2.

e

10.

11.

Fel, Fell, Till xatlorino asasan mikroturbulent
horokat siiroti toyin edilmisdir: Fel {igilin
¢, =45 km/s, Fell igin &, = 6,5 km/s,
Til igin & =7.0km/s  giymatlori
alinmigdar.

Ulduzun atmosferinds elementlorin miqgdart
hesablanmigdir vo Giinogdo olan miqdarla
miiqayiss edilmisdir. HD164136 ulduzunun
kimyavi torkibinin Giinagin kimyavi torkibi
ilo miiqayisasi gostorir Ki, Na, S, Mn, Y, Ce,
Pr, Nd, Eu elementlorinin migdart Giinogdo
olan miqdara yaxindir, digor toyin olunmus
elementlorin miqdari iso Giinaglo miigayisado
azdir.
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HUCCIEJOBAHUE ATMOC®EPBI 3BE3]] HD164136 (F2I1)
3.A.CAMEJIOB, Y.P.I'AIUPOBA

Ha ocHoBe cnekTpoB, MmojiyueHHbIX Ha 2-BoM Tejeckorne Illamaxunckoir Actpodusnueckoit ObcepBaTopun 1
Ha ocHOBe Monenn armochepst Kypyria nposeneno uccnenosanne 3Be3npl HD164136 (F211). IMomydens cremyromue
3HayeHus >pPpekTuBHON TemmepaTypsl Tgg = 6670 + 200K u yckopenus cuisl Tsokectr lgg = 2.45 + 0.2, g nuam
Fel, Fell u Till, uccrnenosansl mapamMeTpsl MUKpOTYpOyieHTHOCTH & = 4.5,6,5 u 7.0 xm/can B aTMocdepe 3Be3bL.
[IpuBeneHEI cpaBHHUTEIBFHBIC JaHHBIE XUMHUECKUX d11eMeHTOB 3Be316 HD164136 u ConHia.

DETERMINATION OF THE ELEMENT ABUNDANCE OF THE STAR HD164136 (F211).
Z.A.SAMEDOV, U.R.GADIiROVA

By using spectrograms obtained at the 2-meter telescope of the Shamakhy Astrophysical Observatory and Ku-
rucz model the star HD164136 (F2I1) has been investigated. The effective temperature T = 6670 + 200K and gravity
lgg = 2.45 £ 0.2 have been found. The microturbulence in the stars atmosphere using Fel, Fell and Till lines has been
analyzed: & = 4.3.6.3 and 7.0km/san. Have been determined abundances in the atmosphere of the star and abundances
of the star compared with the Sun.

Penaxrop: . 1. o ¢usuke k. Anve
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REFERAT

Azorbaycanda yeni elmi inkisaf dovrii 1919-cu ildon univer-
sitet, politexnik institut vo basqa miixtalif elm markazlorinin
yaradilmast ilo baslamusdir. Ilk elmi fiziki tadqiqat isi 1923-cii
ilds prof. S.N.Usattyin rohbarliyi ilo aparilmigdir.

Azorbaycanda elmi inkisaf dovriiniin bas-
langic1 olaraq bir sox ali vo orta tohsil miiassi-
solorinin, elmi comiyyatlorin vo elmi todgigat
moarkazlorinin  yaradilmasinin ~ baslangict  olan
1919-cu ili gobul etmok olar. Homin il milli
inkigafin asas goctariclorindon olan Baki Dovlot
Universiteti (BDU), iki il kecmis Azorbaycan
Politexnik institutu (Az. PI) vo Azarbaycan Dévlot
Pedaqoji Institutu (ADPI) tasis edildi. 1920-ci ildo
respublikanin  biitlin ~ geologlari1  6zilindo
birlogdiran Geologiya Biirosu yaradildi. Qisa bir
miiddoatdon sonra o torkibindo Moarkazi kimya
laboratoriyasi foaliyyat gostoran “Azneft” comiy-
yating, sonradan iss 6lkonin neft sonayesini 6ziindo
birlogdirmis niifyzlu bir dovlat taskilatina gevrildi.

Bu dévrde Azorbagcan rohbarliyi elmi tod-
gigat morkozlorinin yaradilmasina vo inkisafina
xlisusi qaygi gostorirdi. 1921-ci ildo BDU-nun
torkibindo Azorbaycanda ilk elmi comiyyst olan
“Tobioatstinaslar vo Hokimlor*- comiyyati yaradil-
di. 1923-cii ilds respublikada “Azarbaycani Tod-
giq Edon vo Oyronon” comiyyati foaliyysto bas-
lad1. Bu comiyyatlor respublikanin tarixinin, mado-
niyyatinin, arxiologiyasinin va tobii sarvatlorinin
oyranilmasinds  ovazsiz  xidmatlor géstormisdir.
1924-cii ildo bu comiyyatin togabbiisii ilo Bakida I
Umumazarbaycan 6lkosiinasliq qurultayr kegiril-
misdi.

Beloliklo, gisa miiddstdo elmimizin vo tah-
silimizin inkisafi igiin miihiim dayaqlar yaradil-
mis oldu. Lakin, ali tohsil miiassisalorinds elmi is
yerino yetirib yiiksok Soviyyado dars deys bilon
elmi doracali kadrlar 6lkads yox daracasinds idi.
Ona gora do bu iso asason ali tohsili olan azor-
baycanlilar colb olunurdu. Masoalon, azorbaycan
dilindo fizika fonnini todris etmok tigiin iki nofor
universitet tohsilli, orta moktobds fizika miisllimi
islayan B.R.Mirzayev va R.B.Malikov ali moktaba
dovat olunmus va orada islo tamin olunmuslar [1].

Elmi vo pedaqoji kadr problemini hall etmok
tiglin Azorbaycan hokiimati Rusiya alimlorini ko-
mok magsadi ilo dlkaya dovat etdi. Tezliklo biitiin
elm saholori {izro yiizlorlo gabaqeil rus ziyalisi-
alimlar, pedagoglar va tohsil miitoxassislori komok
tiglin axigib Azorbaycana goldilor. Onlarin gorgin
amayi Vo diizgiin rohborliyi sayssinds 6lkado
tohsilin vo elmi todqiqat islorinin yeni va siiratli
inkisaf dovri baglanmisdi.

Fizika elmi sahosindo Azorbaycanda ilk
elmi miivoffogiyyat rusiyali alimlordon S.N.Usa-
try, E.B.Lopuxin, A.Q.Alfimov,va s. istiraki vo
rohbarliyi altinda qazanilmisdir. Ik elmi todgigat
isino 1923-cii ildo, BDU-da vo Az. Pi-do eyni
zamanda baslamig vo professor S.N.Usatty
rohbarlik etmisdir. Peterburq Politexnik institutu-
nun professoru olan S.N.Usatty 1920-ci ildo Krima
golib bir miiddst Simferapol politexnik institutun-
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da va eyni zamanda Tavriya universtetinds profes-
sor vazifasinds calisir. 1923-cii ildo o, hokiimatin
cagirisina cavab olaraq Azorbaycana birinci ayaq
basmug alimlardan olub, golon kimi da elmi va pe-
daqoji islorin toskilindo faal sokilds ¢alismisdir. O,
isladiyi bir il miiddstinds har iki ali tohsil ocaginda
fizika kafedrasi vo Elektrofizika laboratoriyasi
yaratmis vo onlarin isina rohbarlik etmisdir. Labo-
ratoriyalar ali tohsil miiossisalorinin xiisusi amlaki
kimi qeydiyyatdan kecirilmisdir. Burada uzun
miiddot professorun elmi istigamatino daxil olan
kristallarin elektrik kegiriciliyi, bork cisimlordo
elektroliz vo polyarizasiya hadisalorinin tadqiqi
kimi masaloalar tizra tadqiqatlar aparilmisdir [2].

1924-cu ilds professor S.N. Usatiyin dovati
ilo onun simferapollu ralobalorindon bir negasi o
ciimlodon 1.B.Kyr¢atov Bakiya golib Az. Pi-nin vo
BDU-nun fizika kafedrasinda laborant, preparator
Vo assistent vozifalorindo ¢alismislar. Professorun
assistenti, rus atom bombasmin “atas1” olacaq Iqor
Vasilyevi¢ professordan anodu aliiminium olan
dovradoa elektroliz hadisasini todgiq etmok toklifi
alir. Isdo osas mogsad olaraq aliiminium anodlu
dovrado elektroliz hadisasini arasdirmaq vo ano-
dun tizarinds amals golacak dielektrik tobagasinin
elektrolitdon konarda fiziki xassolorini todgiq
etmok olmusdur.

L.V.Kurcatov 1923-cii ilin sentyabr aymnda
S.N.Usatiyn Az. Pi-doki Elektrofizika laboratori-
yasinda, kafedramin omokdas1 Z.U. Lobanova Ilo
birlikdo Bakida fizikadan ilk elmi-tadgigat tocrii-
basinin icrasina baslayir [3]. Tacriibado anod ola-
rag kimyavi tomiz aliiminium, katod iso qurgusun
16vhoa segilir. Elektrolit kimi NapSOs, NaHCOsg,
KMnQO4 duzlarinin miixtalif konsentrasiyali mahlu-
llarindan istifado edilmisdir. Elektroliz prosesini
gorginliyin kritik giymatindon boyiik vo kicik
oldugu hallarda yaxsi izlomok tigiin gorginlik 10
voltdan baslayaraq yavas-yavas artirllmigdir. Mii-
sahido edilmisdir ki, hor dofo dovra gapanan kimi
corayan siirotlo azalsa do sifira diismodon gorar-
lagmis hal almis vo zaman oxuna paralel qalmisdir.

Bu hadisays bels izah verilmisdir ki, elektro-
liz zaman1 mahluldan ayrilan gaz gabarciglart ano-
da yapisaraq onu shato edir va elektroliz prosesini
zaiflodir. Lakin, elektrodun sothinde ciizi do olsa
gabarcigla Ortiilmamis agiq sahalor qalir ki, onlarin
sayasinda zoif do olsa elektroliz prosesi davam

edir, dobrads carayan sifira diigmiir. Filtr kaizinin
komoayi ila qabarciglarin bir negasinin partlamasina
nail olsaq dovrado Coroyanin artmasi miisahido
olunar ki, bu da todgiqatcilarin izahinin dogrulu-
gunu tasdiq edir. Zaman kegdikca elektroliz prose-
sinin zoiflomasinds aliiminium anodun sathinds
yaranan dielektrik tobagasinin do tasiri oldugu
miigahido edilmisdir. Lakin, ¢ox nazik vo kdvrak
olan bu tobageni elektroddan ayirib konarda tadqiq
etmok miimkiin olmamusdir. Demoali 1.V Kurcatov
Vo Z.U.Lobanova tacriibasindan gozlonilon natico
almmamisg, yalniz, asagidaki iki mithiim natico
geyd edilmisdir:

1. Aliiminium anod 16vhasi tizorindos arabir de-
fekti olan gaz tobagasindan ibarst miidafis tobagosi
yaranir.

2. Yaranan oksid toboagasi 0 godor nazik olur
ki, elektrolitdon konarda ona toxunduqda o dorhal
pargalanir.

.V .Kurcatovun Bakida apardig1 ejmi todgji-
gat tocriibalorina coro professor S.N.Usatty ona roy
verib Leningrad Fizika-Texnika institutuna gon-
dormis vo akadtmik A.F.loffenin laboratoriyasina
gobul edilmisdir. Baki tadgigatlar1 Kur¢atovun rus
atom bombasinin “atas1” kimi sorafli saviyyays go-
dor yliksalmasina sabob olmusdur.

1923-cii ildo Az.Pl ilo eyni vaxtda BDU-nun
Elektrofizika laboratoriyasinda prof. S.N.Usatiymn
rohbarliyi ilo daha bir ilk fiziki todgigat tocriibasine
baslanmisdir. Universitetin  fizika kafedrasinin
omoklaglar1 K.D.Sinelnikov vo N.S.Usatiy poladin
magnit xassalorinin  onun sath  tobagesindan
asihiligim todqiq etmok toklifi almuslar [4].

Tadqiqat zamani tobagoli magnitlonmo mii-
sahida edilmisdir ki, bu natico Jamen nazariyyasini
bir daha tosdiq etmisdir. Miioyyoan edilmisdir ki,
poladin sathi sulfat tursusunun tosirino moruz gal-
digda va o tablagdirma omolyatindan kegdikds ga-
lig maqnetizmi artir. Tocriibadon alman naticalor
asagidaki kimi timumilogdirilmisdir:

1. Zoif magnit sahssi iiglin nozords tutulmus
magqnitometrik iisyl islonmis vo onun nazariy-
yasi verilmisdir.

2. Maqnit niifuzlulugunun sath tobagesindon asi-
liligim oks etdiron yeni fiziki hadiso kosf edil-
misdir.
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3. Magnitlonmonin tobagsli oldugu askar edil-
misdir. Bu natico Jamen nozariyyasini tosdiq
edan an yaxsi tacriiba dolillorindan biridir.
Miioyyon edilmisdir ki, sothi sulfat tursu-
sunun tasirine moruz galmis vo tablagdirma
omalyatindan keg¢mis poladda qaliq magne-
tizmi artir.

Tadgiqatin naticalarina hasr edilmis magale-
nin sonunda miolliflor prof. S.N.Usatiya gostor-
diyi kdmays Vva rohbarliyine géra minnatdarliq bil-
dirir vo 22. V. 24 tarixds tocriiba naticalori hag-
qinda Tabiatstinaslar vo Hokimlar comiyyati qarsi-
sinda moruzs edildiyi bildirilmislar.

Aparbaycan Covet Respublikasinin ¢agirigi-
n1 gobul edib 6ziinii Bakiya birinci yetiron rusiyali
alimlordon biri do A.Q.Alfimov olmusdur BDU-
nun fizika kafedrasinda dosent vazifosinds iso bas-
layan Alfimova prof. S.N.Usatiyin toklifi ilo metal
-komiir kontaktinin miiqavimatini todqiq etmisdir
[5].

Alfimov toklifo uygun tocriiba qurgusu yiga-
raq smaqgdan kegirmisdir. O, etibarli kontakt alin-
mas1 li¢lin metal olaraq civoni se¢mis vo komiir-
Civa kontaktini tadqiq etmisdir. Elektrik dovrasin-
do corayan siddsti 0,002 amper dogigliklo dlgiil-
miisdiir. Ilk dlgmolor gostordi ki, dovra unipolyar
keciriciliya malikdir. Belo ki, Corayanin istigamati
civadon komiirs taraf oldugda miigavimat, oks isti-
gamotds oldugundan toxminan 0,0830 Om godor
boyilik alinmigdir. Kontakt qizdirilarkon miiqavi-
Mot yavas-yavas asagi diismiis vo onun temperatu-
radan xatti asili oldugu miisahido edilmisdir.

Elmi vo pedaqoji inkisafin yeni basladig
dovrdo Rusiyadan Azorbaycana komoys golmis
alimlordon biri do Az.Pl-nin professoru V.I.Tixo-
mirov olmusdur. O, institutun todris islorindo foal
istirak etmoaklo yanags1 eyni zamanda elmi todgigat
islorino do komok gdstormisdir. V.1.Tixomirov
Bertelo bombasi ilo tezalisan mayelorin yanma
procscini tadqiq etmisdir [6]. Bu todgigatda onun
asas mogsadi Bertelo bombasi tisulunu tokmillos-
dirmok va bu tisulla mayelarin termodinamik para-
metrlorini toyin etmok olmusdur.

Azarbaycanda elm va tohsil sahasinds inki-
safin basladig1 1919-cu ildon 1927-ci ilodak fizika
elmi iizrs ilk elmi todgiqat islori asasan Universitet
Vo Politexnik institutda yerino yetirilmis vo comi 5

isdon ibarat olmusdur [7]. 20-ci illorin sonunda
Sovet Hokiimatinin Azorbaycan neftins artan ma-
ragl sayasinds tocriibs fizikasi daha olverisli yeni
inkisaf morhalosino daxil oldu. Belo ki, Azneft
xatti ilo ali tohsil miisssisalorinin fizika laborato-
riyalarmm yeni cihaz vo avadanhqlarla tohciz
olunma imkanlar1 yarandi. Bu imkanlar BDU va
Az. Plnin fizika kafedralari ilo Azneft arasinda
bilavasito neft sonayesi ilo bagli olan bir sira elmi-
todqiqat islorinin yerino yetirilmosi haqqinda mii-
gavilo baglanmast ilo slagadar idi.

Azorbaycanda elm va tahsil sahasinds yeni
inkisaf dovriiniin baslangic moarholasinds 30-a go-
dor yeni elmi todgigat moarkazlori yaradilmig olsa
da fizika elmins aid olan todqgiqatlar basqa elm
sahoalori ilo miiqayisads ¢ox az idi. Masalon, Azar-
baycam todqiq edon va Gyranan comiyyat foaliy-
yatdo oldugu miiddstds Azorbaycamn tarixing,
iqtisadiyyatina vo madaniyystine hasr edilmis 50-
don artiq kitab va kitabga nogr edilmisdir. 1929-cu
ildon “Azorbaycam Todgiq Edon vo Oyronen”
comiyyat Azarbaycan Dévlot Elmi Tadgiqat Insti-
tutu (Azorbaycan DETI) kimi faaliyyat gostorirdi.
Institutun torkibindo yiiksok soviyyado tohciz
olunmus fizika-rentgen va fiziki-kimya laboratori-
yalart yaradilmisdi. Laboratoriyalara prof. E.V.Lo-
puxin va prof. B.N.Nakasidze rohbarlik edirdilor.

1930-cu ilds Bakida yeni Neft tohliikasizliyi
elmi-tadqiqat institutu yaradildi. Fizika {izro dosent
A.Q.Alfimov instituta direktor toyin edildi. Insti-
tutun garsisinda neft istehsalinin biitiin sahalorinds,
o ciimladan neft madanlarinds, zavodlarda vo la-
boratoriyalarda insan saglamligi liglin zararli olan
maddolori vo hallart fiziki todqiqatlarin kdmayi ilo
askar edib aradan qaldirmagq tiglin elmi osaslar ha-
zirlamagqdan ibarst olmusdur. Bu illorde V.1.Lenin
adina ADPI-do do A.A.Abaszadonin rohborliyi al-
tinda Istilik fizikasi labjratoriyast yaradilmis vo
todgigatlara baslanmusdir.

Kegon osrin 1927-1932 illori ohato edon
dovriinds ali moktablarin va elmi tadgigat institut-
larinin fizika laboratoriyalarinda yerino yetirilmis
elmi iglorin naticalorina hasr olunmus 32 elmi is
respublikanin miixtolif elmi jurnalinda dorc olun-
musdur. Burada iki maraqli cohat 6ziinii gostorirdi.
Birincisi elmi islorin 90%-i ancaq neft sonayesinin
inkisafi ilo bagli masalolora hasr olunmusdur.
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Yalniz bir is metallarda deformasiya todqigine bir
is do dartilma zamani poladda bas veran magnit
hadisalorina hasr edilmisdir. Ikinci iso elmi islori
yerina yetirmis 40 naforo godar elmi isginin ico-
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The start of a new era in the development of physics in Azerbaijan has begun since 1919. In short time many sci-
entific institutions have been established, experimental and theoretical investigations in the field of physics have been

conducted.

MHEPBBIE ®U3UYECKHUE SKCNIEPUMEHTbBI B ASEPBAMI’KAHE

A JKUNITOBIAPJIBI (ABBACOB), I''A.'AI’KUEB

Hosgast 3pa pa3zButust Gpusnueckux Hayk B AsepOaiimkane Havanack ¢ 1919 roga. B xopotkuii cpok ObutH co3ma-
HBI y4eOHBIC M HAyYHbIE HHCTUTYTHI U OPraHM30BaHO HCCIIEIOBAHHE 110 SKCIIEPUMEHTAILHOM U TEOPETHUECKON (PH3HKE.

Penaxrop: npo¢. C.MexTtreBa
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