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ZnO-POLIMER 9SASLI KOMPOZIT VARISTORLARDA NUMUNOLORIN
OPTIMAL FAIZLORININ TOYINIi

S.M. OHODZADO, A.M. HOSIMOV, T.K. NURUBOYLI
Azarbaycan Milli Elmlar Akademiyasinin Fizika Institutu
AZ-1143, Baki, H.Cavid prospekti 131
e-mail:ahadzade79@mail.ru

Magaloda ZnO-polimer asasli kompozitlorin alinmasi zaman1 pres-ovuntunun garigdirilma prosesi va polimer-keramika
ilo bu sorhoddo formalasan iigiincii faza arasindaki garsiligli tasir tosvir olunmus, agsqarli ZnO-Pe kompozit varistorunda volt-
amper xarakteristikasinin geyri-xattiliyinin (5), agilma gorginliyinin(Us) doldurucunun hacmi faizindon asililigi gostorilmis
Vo optimal niimuns faizlori toyin olunmusdur. Aparilan ¢oxsayl tocriibalor nasticasindo miisyyan olmusdur ki, an optimal
niimunos faizlori 10-60% hacmi faiz arasinda gotiiriilmiis nimunalardir.

Acar sozlar : ZnO, kompozit varistorlar, keramika, polimer, agqar, pres-ovuntu, geyri-xattilik, agilma gorginliyi.

UOT: 621.315.61
GIRIS

Mslumdur ki, kompozit materiallar shomiyyatli
daracads forqli fiziki ve kimyavi xiisusiyyatlari olan iki
v ya daha ¢ox torkibli materialdan hazirlanmis vo bir-
logdirildikdo ovvelkindon forqli xiisusiyyotlora malik
olan bir materialdir. Kompozit materiallar bir nego
komponentdon — adaton, plastik bazadan (matrisadan)
vo ona alave moéhkamlik, sartlik, ylingiilliik va s. veran
giiclondiricidon - doldurucudan ibarat olur. Istiqgamotin-
don, istifado sahasindan, torkibindon asil1 olaraq miix-
talif xiisusiyyatlora malik olan kompozitlar isloyib ha-
zirlamaq miimkiindiir.

Kompozitlords miigahids edilon effektlorin yaran-
mast osason fazalararasi sorhodds potensial g¢oparin
formalagmas: ilo slagadardir. Kompozitlorde miixtolif
xassolorin meydana golmosi vo fazalararasi serhoddo
yaranan potensial ¢oparin parametrlori, osason ayri-ay-
r1 fazalarin qurulusundan, elektrofiziki parametrlorin-
dan vo polimer-doldurucu sarhaddinds bas veran pro-
seslordan asilidir. Ona gors da, kompozitlorin tarkibini,
fazalarin xassalorini doyismoklo onlarda miixtalif eff-
ektlor yaratmaq ve bu kompozitlor asasinda texnikanin
miixtolif sahalori ticiin daha effektli qurgular hazirla-
maq miimkiindiir.

Qeyd edok ki, mikroelektronika, elektronika ci-
hazlari, onlarin funksional elementlorinin kommutasiya
va ildirm goarginliklorinden qorunmasi miihiim prob-
lemlordon biridir. Elektronika sanayesinda biitiin diin-
yada elektrik sobokolorini vo elektronika cihazlarin is-
tonilon nov ifrat elektrik impulslarindan qorumaq tigiin
miixtalif ndv varistorlardan istifads olunur. Bu moagsad-
la diger materiallardan bir sira Gstiinliiyiine gors forqle-
nan ZnO asasli keramik varistorlar daha genis totbiq sa-
hasi tapmisdir. Qeyd etmok lazimdir ki, son zamanlar
miihafizo qurgularinin va elementlorinin hazirlanmasi-
nin perspektivli istigamatlorinden biri keramik varistor-
lar asasinda iki vo ¢oxfazali kompozit materiallarin ya-
radilmasidir. Bu kompozitlori keramik faza vo poli-
merlor osasinda hazirlamaqgla, elektroenergetikanin
hom yiiksok gorginlik texnikasinda, hom do agag1 gor-
ginlik qurgularinda indiya gador méveud olanlardan
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daha ucuz va yiiksok keyfiyyato malik olan kompozit
varistorlarin alinmasina nail olmaq miimkiindiir.

Isdo qarsiya qoyulan moagsad ZnO-polimer osashi
kompozit varistorlarda optimal niimuns faizlorinin to-
yin edilmasidir. Bu magsadls kompozitlerin sintez pro-
sesi, asqarli ZnO-Pe kompozit varistorunda volt-amper
xarakteristikasinin geyri-xattiliyinin () vo agtlma gor-
ginliyinin (U,.) doldurucunun hacmi faizindon asililig1
gostorilmisdir. Sintez olunmus niimunalar arasindan an
optimal niimuns faizlori toyin olunmusdur.

TOCRUBI HiSSO VO NOTIiCOLORIN
MUZAKIROSI

ZnO osasl varistorlarin sintezi keramik iisulla
aparilir [5]. Sintez prosesi bark hissaciklor arasinda dif-
fuziya hesabina gedir vo naticados bork faza omols golir.
Hissaciklorin diffuziyasini artirmaq ti¢iin yuxari tempe-
raturlardan istifads edilir. Belo ki, keramik sintez bozon
2300 K temperaturda aparilir.

Hissaciklorin qarsihight diffuziyasini asanlagdir-
magq t¢iin onlar1 avvalcadon mexaniki olaraq miimkiin
godar kigik olgiido xirdalayirlar. Sonayedo istifado
edilon xirdalama isullar1 zamani adoton 10-40 pum
6l¢tida hissaciklar alinir. Hamin hissaciklarin bir-birino
toxunmasini yaxsilagdirmagq ti¢iin ozilmis kiitlo yiiksok
tozyiqdo preslonir. Buna baxmayaraq, keramik sintez
diffuziya xarakterli vo diffuziya siirati ki¢ik olduqda,
zarraciklorin birinin atomunun o birinin daxilina tam
diffuziya etmosi ligiin ¢ox vaxt tolob olunur. Belo ki,
agar zarraciyin Olgiisi 10mkm vo ilkin maddanin
elementar gofos parametri 10A=107sm=10° wmxm
olarsa, onda atomun (ionun) hamin zarraciyin bir
torafindan digerina dogru diffuziyast zamani 10000
elementar gofasi kegmasi lazim golir. Atomun bels bir
yol got etmasi {igiin bozan saatlarla (>10 saat) vaxt talab
olunur.

Sonayeds keramik sintezi adaton nisboton qisa
miiddatds (2-10) saat aparirlar [5]. Ona gors do, kera-
mik sintez ¢ox zaman hissaciklorin yalniz toxunma sor-
hodlari strafinda gedir vo diffuziya prosesi zarraciklorin
toxunma sarhaddinds baslayir. Bu zaman sarhaddo ara-
liq faza amola galir (sokil 1). ©gar ilkin diffuziya pro-
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sesinin stirati, toxunan zarraciklorin kimyavi tobistin-
don, sintez temperaturundan asihidirsa, araliq tobago
amoalo galdikdan sonra hamin tabagonin qalinligindan,
atom vs ionlarin diffuziya miitsharrikliyine gostordiyi
miiqavimatdan ds asili olur. Cox zaman reaksiyanin sii-
roti araliq fazanin qalinligindan asili olaraq ekspo-
nensial azalir.

Isdo istifads olunan kompozit varistorlarm kom-
ponentlarinin osasini agqarli ZnO keramikasi vo geyri-
polyar polietilen (PE) polimeri toskil edir. Sintez olu-
nan varistorlarda agqar kimi istirak edon C0203, MnO»,
Cr203, Sh20Os oksidlari  ZnO ilo reaksiyaya girarok
spinel tipli ZnCr,04 (a=8.32A), Zn;Sh,012 (a = 8.58A),
Co07Sh,012 (a= 8.55A), MnCr, Os ((a = 8.436A),
CoCr, 04 ((a = 8.32A) va s. birlosmalar amala gatirir.

Kompozitin alinma prosesinin ilkin marhalasi bu
iki_komponentin, yoni keramika vo polimerin pres-,

ovuntusunun hazirlanmasidir [7]. Pres-ovuntunun alin-
masinin ilkin morhalaesi komponentlorin xirdalanmasi
Vo qarigdirilmasidir. Miiasir zamanda ilkin mamulatin
(polimer vo ZnO) qarisdirilmasi tigiin daha sads va uni-
versal keramik garigdirma metodundan istifado edilir
Va naticads komponentlorin bircins qarisigr alinir [7].
Qarigdirma prosesi mikrodayirmanlarda quru halda
aparilir. Masalanin qoyulusundan asili olaraq keramik
fazanin hissaciklorinin diametri 60um-don 350 um-o
godor doyigdirilmisdir. Polimer faza kimi yiiksok di-
elektrik xassalora malik ssnaye mogsadi ti¢iin nozordo
tutulan polimer tozu gotiiriilmiigdiir [1-4;10].

Sokil 1-do pres-ovuntunun garigdirilma prosesi
tosvir olunmusdur.

Sokil 1. Pres-ovuntunun garigdirilma prosesi.

Sokil 2. Fazalararasi qarsiliql tasir.
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Pres-ovuntunun ayri-ayri komponentlari avvalca
ovuntu soklindo 413 K-da polimerlar, 523 K-do isa
ZnO keramikasi qurudulmusdur. Pres-ovuntunun ayri-
ayri komponentlorinin strukturu vo elektrofiziki para-
metrlori onun ssasinda hazirlanacaq varistora goyulan
tolobatdan asilidir [9].

Qeyd edok ki, istonilon materialin varistor olmasi
ticlin onun fiziki strukturunda elektrofiziki, istilik vo
fiziki xassolori bir-birindon kaskin forglonon oblast-
larin, yani kristallik vo amorf fazalarin olmasi vacibdir.
Ogor bu asas tolab ilo kompozitlori nazordon kegirsok
gorarik ki, polimer-keramika vo polimer-yarimkegirici
kompozitlori bu tolabi 6dayir [6]. Yoni, kristallik faza
rolunu keramika vs ya yarimkegirici, amorf faza rolunu
iso polimer matrisa oynayir. Amma, ¢ox sayda mikro-
skopik va struktur todgigatlar gostarir ki, kompozit ma-
teriallarda varistor effektinin fornalagsmasina vo onun
elektrofiziki xassalorina, molekulyariistii qurulusuna vo
fazalararasi sorhoddoki elektron proseslarina kaskin te-
sir edan ticlincii fazadir. Bu faza polimer-keramika vo
polimer-yarimkegirici sorhaddinds yaranir.

Sokil 2-do ZnO-polimer kompozitinds polimer-
keramika ilo polimer keramika sorhaddinds yaranan
liglincii faza arasindaki qarsiligli tosir gostorilmisdir.

Sokil 2-don goriiniir ki, 3-cii faza qeyri-organik
hissaciklarin sathinin tasirindon formalasir. Fazalarara-
s1 elektrik potensiali ¢x-in parametrlori bu fazanin elek-
trofiziki xassolori ilo toyin olunur. Demoli, polimer-ke-
ramika vo polimer-yarimkeg¢irici kompozitlorinin agil-
ma gorginliyi vo volt-amper xarakteristikasinin qeyri-
Xottiliyi asason 3-cii fazanin xassalarindon asihidir.

Qeyd etmok lazimdir ki, qarigigin bircins alinmasi
xtisusi shomiyyat kasb edir. Ciinki, ZnO-polimer kom-
pozitinds varistor effektinin formalasmasinda fazalar-
arasi qarsiligl tasirlorin mithiim shamiyyati vardir. Ona
g0ra do, fazalararas1 sarhoddos gedon proseslorin niimu-
nonin hacminds barabar paylanmasi onun elektrofiziki
parametrlorino nazars ¢arpacaq doracado tasir edir [8].

Molumdur Ki, varistor ikiqiitblii gqeyri-Xotti rezis-
tordur vo miiqavimoti garginlikls idars olunur. Varis-
torun miigavimatinin garginlikdon asili olmasi onunla
naticalanir ki, onun statik (U/l) va dinamik (4U/Al)
miigavimatlori bir-birindon farglonir. Varistorun volt-
amper xarakteristikasinin geyri-Xottilik daracasi, geyri-
xattilik omsal1 (f) ilo xarakterizo olunur. £ dinamik vo
statik kegiriciklorin nisbatino borabordir:

B = 9din _ AL

I
Ost AU

~|<

)

Tocriibi naticalor asasinda qurulmus volt-amper
xarakteristikalarindan £ omsali grafik vasitssilo toyin
olunur [12].

p=—" @

Ogor volt-amper xarakteristikasi iistlii funksiya ila
ifads olunursa, onda varistorun geyri-xattilik amsali (/)
birmanali olaraq qeyri-xattilik xassasini xarakterizo
edir, yani:

l=BU”;U=AI" 3)

Burada A, B, «, £ bir-biri ilo asagidaki nisbotlorlo
alagalidirlar:

f=atB=A" (4)

Lakin, ¢ox hallarda volt-amper xarakteristikasinin
stlii ifadslorlo approksimaksiyasi togribidir vo S om-
sali ham gorginlikdan, ham do AU-nun dayismo inter-
valinin enindon asilidir.

- omsalinin hesabati tigiin volt-amper Xarakteris-
tikasinin iki néqtasindan istifads etmok kifayotdir:

ln('ﬁ)
p=—21 ©)
In(‘LJf)
1

Varistor materiallarinin varistor effektini toyin
edon osas parametrlor onlarin volt-amper xarakteristi-
kasinin geyri-xattiliyi () vo agilma gorginliyi (U,) ol-
dugu ti¢tin, kompozit varistorlarin analoji parametrlori
toyin olunmusdur.

Alinmis naticalor asasinda qurulmus grafiklor so-
kil 3 vo sokil 4-do gostorilmisdir.

Sakil 3-ds agqarli ZnO-Pe kompozit varistorunda
volt-amper Xxarakteristikasimin geyri-Xottiliyinin ()
doldurucunun hacmi faizindan asililig1 géstorilmisdir.

e

T
10 il 40 5 B0

Doldurucunun hacmi faizd Yo
Sakil 3. Asqarli ZnO-Pe kompozit varistorunda volt-

amper xarakteristikasinin geyri-Xattiliyinin
doldurucunun hacmi faizindon asililig:.

Doldurucunun hacmi faiz %o

Sokil 4. Asqarli ZnO-Pe kompozit varistorunda agilma
gargarginliyinin doldurucunun hacmi faizindon
astliligr.
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Sakil 3-don aydin goriiniir ki, kompozitds doldu-
rucunun hacmi faizi artdiqca kompozit varistorun volt-
amper xarakteristikasinin qeyri-Xottilik amsali (f) da
kifayat gador artir (=1+5,5).

Sakil 4-ds asqarli ZnO-Pe kompozit varistorunda
acilma gorginliyinin doldurucunun hacmi faizindon asi-
lilig1 gostorilmisdir.

Sokil 4-don goriiniir ki, kompozitds doldurucunun
hocmi faizi artdiqca kompozit varistorun agilma gargin-
liyi (Ug) azalir.

Qeyri-xattilik omsalinin kifayst gador boyiik vo
acilma gorginliyinin genis intervalda doyismosi alinmis
kompozit varistorlarin effektivliyini gostorir [11].

Alinan tacriibi noticolor géstarir ki, (sakil 3, 4) bii-
tiin digar elektrofiziki vo hondosi 6l¢ii faktorlarinin sa-
bitliyi soraitinde kompozitde ZnO fazasinin hacmi faizi
artdigca onun agilma gorginliyi azalir, qeyri-xattilik
omsali artir. 60% hacmi faizlordon artiq hallarda kom-
pozitin fiziki baximdan biitovliiyli saxlanmadig iigiin,
bu faizdon yuxari hacmi faizlords tocriiboalor aparilma-
mugdir. Aparilan ¢oxsayli tacriibalor naticasinds miioy-

yan olmusdur ki, oan optimal niimuns faizlori 10-60%
hocmi faiz arasinda gétiiriilmils niimunalordir.

NOTICO

ZnO-polimer kompozitindo varistor effektinin
formalagmasinda fazalararasi qarsiligh tasirlorin mii-
hiim ohomiyysti vardir. Fazalararasi qarsiligh tosirlori
Oyronmok ticlin kompozit varistorlarin varistor effek-
tini miioyyon edon osas parametrlorin, onlarmn volt-am-
per xarakteristikasinin geyri-xattiliyi (5) vo agilma gor-
ginliyinin (U,), hamginin optimal niimuns faizlorinin
toyini vacib masalalardan biridir. Bu magsadlo mogals-
do kompozit varistorlarin analoji parametrlori toyin
olunmusdur.

Qeyd etmok lazimdir ki, polimer dielektriklarin
keramik hissaciklorlo dispersiya olunmasi fazalararasi
sorhodds potensial ¢oparin yaranmasina sobob olur ki,
bu da kompozitds varistor effektinin formalagsmasina
Vo onun elektrik sahasinin tasirindan doyismasine gati-
rib ¢ixarir.
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DETERMINATION OF THE OPTIMAL PERCENTAGE CONTENT OF SAMPLES IN
COMPOSITE VARISTORS BASED ON A ZnO- POLYMER

Interfacial interaction plays an important role in the formation of the varistor effect in composites based on ZnO-polymer.
One of the most important issues in the study of interfacial interactions is the determination of the main parameters that
determine the varistor effect of composite varistors - their nonlinearity of the current-voltage characteristic (5) and opening
voltage (Uop), as well as optimal sample percentages. For this purpose, similar parameters of composite varistors are defined

in the article.
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It should be noted that the dispersion of polymer dielectrics by ceramic particles leads to the formation of a potential
barrier at the interface, which leads to the formation of a varistor effect in the composite and its change under the action of an
electric field.

HI.M. Axanzage, A.M. IN'amumos, T.K. Hypy6eiinn

OINNPEAEJIEHHUE OIITUMAJIBHOI'O MIPOIEHTHOI'O COJEPKAHUS OBPA3I1IOB B
KOMITIO3UIIMOHHBIX BAPUCTOPAX HA OCHOBE ZnO-IIOJIUMEPA

dopmupoBaHHe BapHCTOPHOrO 3(dekTa B KOMIO3UTaX Ha 0CHOBE ZnO-IojnuMep UIparoT BAXXHYIO POJIb MEX(pa3Hoe
B3anMoelicTBie. OJHUM U3 BOXKHEHIINX BOIPOCOB MCCIIEOBAHUS MEK(a3HBIX B3aUMOACHCTBHHN SBISIETCS ONPEACIICHUE OC-
HOBHBIX IAPAMETPOB, ONPEETAIOMINX BAPUCTOPHBIHN 3()(HEKT KOMIIO3UTHBIX BAPHUCTOPOB - UX HETMHEHHOCTH BOJIBT-aMIIEPHOM
XapakTepuCTUKH () u HanpsxeHus: oTKpbIBaHUS (Uom), KakK a Takke ONTUMANIbHBIE IPOIIEHTH 00pa3uoB. [y 3Toro B craTbe
OTIpEe/IENICHbl aHAIOTHYHBIE TApaMETPhl KOMIO3UTHBIX BAPUCTOPOB.

Crenyer OTMETHUTSD, YTO AUCTIEPTUPOBAHNE MOIUMEPHBIX AUIEKTPUKOB KEPAMHUECKUMH YaCTUI[AMHU IIPUBOAUT K 00pa-
30BaHHUIO NMOTEHIMAIBLHOTO Oapbepa Ha MeK(a3zHOW rpaHMIle, YTO NPUBOAUT K ()OPMUPOBAHHIO B KOMIIO3UTE BapHCTOPHOTO
addexTa 1 ero U3MEHEHHIO 110]] JEHCTBUEM IEKTPHIECKOTO ITOJISL.
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Toqdim olunan is karbonla shats olunmus demir va nikel hissaciklorins ssaslanan orta niive 6lgiisii 5-20 nm arasinda vo
karbon gabiginin galinligi toxminan 2 nm olan nanokompozitlor qaz fazali sintez yolu ils alds edilmigdir. X-stialarmnmn difrak-
siya analizi, 6tiirlicii elektron mikroskopiyasi vo Mossbauer spektroskopiyasindan istifado etmoklo miioyyan edilmisdir ki, bu-
tanda slds edilon domir nanokompozitlor karbon gabigindan olavs, asagidak: fazalar1 olave edir: domir karbid (sementit), a-Fe
va y- Fe. Fe/C nanokompozitinin faza torkibi otaq temperaturunda toxminan 100 emu/q olan magnitlogmoa giymati ils slagslon-
dirilir. Karbon monboyi kimi butanin metanla doyisdirilmasi nanohissaciklorin forgli voziyyatine gotirib ¢ixarir: karbon ortiiyii
amalo galmir va sonradan hava ilo tomasda hissacik sathinds Fe;0, oksid gabigi amalo galir. Butanda olds edilon nikel ssasl
nanokompozitlor saf nikeldon olavo, metal niivads metastabil hoddindon artiq doymus Ni(C) bark mohlulu vo karbon 6rtiiyti do
var. Ni(C) bark mashlulu ham sintez zamani, ham ds sonraki yumsalma zamani pargalana bilar vo pargalanmanin tamligi vo
doracasi sintez rejiminden vo nikel nanohissaciklarinin dlciisiinden asilidir. Olgii no gader kigik olsa, daraca bir o gadar boyiik
olar. Nanokompozitlsrinin magnitlogsmasi bir negs tohfs ilo miiayyan edilir - magnit Ni(C) bark mohlulunun mévcudlugu vo
geyri-maqnit karbon Ortiiyiiniin téhfasi vo magnitlosmays bazi tohfalor nanohissaciklarin superparamagnit davranisi ilo bagh

ola bilor.

Karbon gabiginda (metal-karbon nanokompozit-
lori) kapsullagdirilmis metal nanohissaciklor onlarin
miihondislik ii¢lin yeni materiallarin yaradilmasinda
tothiqgi perspektivlari ilo slagodar boyiik maraq dogu-
rur. Karbonla ortiilmiis 3d-metal nanohissaciklorinin
sintezinin miixtalif tisullar1 (q6vs tsulu, karbonillarin
parcalanmasi, 6z-6ziino alovlanan sintez vo s.) haqqin-
da molumatlar1 6ziinds oks etdiron bir ne¢o nasri geyd
etmok olar [1-6]. Kratgmer tisulu ilo karbonla shata
olunmus nanohissaciklorin, o ciimlodan magnit hisss-
ciklorinin hazirlanmasina dair ilk islari geyd etmamoak
miimkiin deyil [6-8]. Nikel vo domiro asaslanan metal
nanohissaciklor tez-tez karbon nanoborucuqlarinin
(CNTs) boyiimasi ligiin katalizator kimi istifads olunur
[9].

AT

Sokil 1. Nanotozlarin qaz fazali sintezinin sxemi. 1-Ar
bufer qazinin axin1 (1-ci zona), 2-hissaciklorin
soyumasi va kondensasiyasi zonasi, 3-asiri
qizmis metal damcisi, 4-kvars borusu.

Bu isin mogsadi gaz fazali sintez tisulu ilo miix-
tolif karbohidrogenlor (butan, metan) miihitindo alin-
mis Fe/C va Ni/C nanokompozitlarinin qurulusunu vo
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magqnit xassalarini dyronmokdan ibarat olmusdur. Isda
Maossbauer spektroskopiyast, yiiksok ayirdetmali tiirii-
cii elektron mikroskopiya vo rentgen faza analizi tisul-
larindan istifado edilmisdir.

Karbon gabigt ilo ortiilmiis domir vo nikel nano-
hissociklorini slds etmok {iglin orijinal doyisdirilmis
gaz faza qurulusundan istifado edilmisdir ki, bu da
orimis metalin induksiya ilo qizdirilmast vo buxarlan-
masi vo metal buxarinin kondensasiyasi ilo dayandi-
rilmig vaziyystda orimoni hoyata kegirmays imkan
verir (inert axin).

Karbohidrogenlori olan Ar gqazinin (mosalan,
metan vo ya butan) sintez tisulu [10]-do otrafli tosvir
edilmisdir. Sintez sxemi sokil 1-do gdstorilmisdir.

Metan vs butan karbon-hidrogen baginin dissosia-
siya enerjisinda forglanir [9] vo buna gors do, miixtalif
karbohidrogen miihitlarinds slds edilon nanokompozit-
lorin struktur vaziyystinds farglor gézlomok olar. Tor-
kibindo karbohidrogen olan miihitdo metal klasterlo-
rinin kondensasiyasinin hacmli xarakteri karbonla oha-
to olunmus demok olar ki, sferik metal nanohissaciklo-
rin istehsalini tomin edir. Qalinliq va mitkommollik me-
tal niivenin tizarindaki karbon tabagasi Ar tampon ga-
zinda karbohidrogenlarin konsentrasiyasi vo karbohid-
rogenin buxarlandirict zonaya verilmasi yolu ila miisy-
yon edilir. Isdo miixtolif rejimlords alinan ii¢ név do-
mir-karbon kompozitlori tadqiq edilmigdir: 1 némrali
rejimdo butan vo metandan istifads etmoklo vo 2 ném-
roli rejimdo butan istifado edoarkon (codval 1). Ni/C
asasinda nanokompozitlar birinci va ikinci rejimlorda
butandan istifado etmakls alds edilmisdir. Arqon-me-
tan mithitinds sintez edilmig Fe/C nanokompozitlori
metan arqonla birlikds daxil edildikds birinci rejims u-
y8un olaraq alinmigdir.1-ci zonaya. Ni/C osasinda na-
nokompozitler birinci ve ikinci rejimlorin Fe/C sin-
tezindo istifado olunanlara oxsar soraitdo oldo edil-
migdir. Nanokompozitlarin sintezi rejimlari, nanohis-
saciklorin orta dlgiilari vo niimuns toyinatlar: codval 1-
do verilmisdir.
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Codval 1.

Miixtalif karbohidrogen miihitlords (butan, metan) nanokompozitlorin alinmasi tisullari, nanohissaciklorin orta
olgiilari v onlarin toyinati. Bufer qazinin tozyiqi Ar 70 Torr, stirot — 5,9 m

Nanokompozitlarin niimunalori Sintez rejimi 1

Sintez rejimi 2

Butanin zonaya daxil olmasi 1

Zonaya metanin Butanin zonaya daxil

yeridilmasi 1 olmasi 2

Fe@C
(Ni+3 wt.%>Fe)@C

Fe@C(5 nm)Bu-
INi@C(5 nm)Bu-1

Fe@C(25 nm)Mt-1 Fe@C(20 nm)Bu-
- 2Ni@C(15 nm)Bu-2

. - . . . [
Sintez edilmis nanokompozitlarin  olgtlori vo

strukturu karbohidrogenin novii, onun yeridilmasi tisu-
lu (sokil 1-ds birinci vs ikinci zonalar), hamginin Ar
bufer gazinin tazyiqi vo onun buxarlandiricinin yaninda
axin siirati ilo idars olunur. Nanokompozitlorin qizdi-
rilmasi zamani metal vo karbonun komiyyot nisbati
termogravimetrik tsulla havada mioyysn edilmisdir.
Bu halda, karbon CO; -2 gadar oksidlosdi vo metal niive
daha yiiksok okside - nikelds NiO-ya, domirds iso
Fes04 va ya Fe203 -0 gadar oksidlagdi. Biz oksidin no-
viina tayin etmoadik, ¢tinki onlarin kimyavi torkibinin
yaxinhgina gora ilkin kompozitds karbonun migdarinin
toyin edilmasinds xata 2 wt%-dan gox deyil.

Fe@C kompozitlorinin Mossbauer todgigatlar:
Fe®’ izotopunun tobii torkibina malik domirdon istifado
etmoklo aparilmisdir. Ni/C nanokompozitlorinin Mss-

a

bauer spektrini aldo etmok tigiin nanokompozitin sldos
edildiyi nikel ilkin olarag 3 agirhg % migdarinda Fe®’
izotopu ilo asqarlanmisdir. Mossbauer spektrlori 300 K
temperaturda rezonans detektoru ilo udma hondasasin-
do MS-2201 y-siialanma monboyi elektrodinamik spek-
trometrindon istifads edilmoklo geydos alinmigdir.

50 mKu aktivliys malik Co®" (Cr) izotopu. Ekspe-
rimental spektrlarin riyazi emali MS TOOL program
tominatindan istifads etmaklo hayata kegirilmisdir [10].
Fe/C va Ni/C kompozitlarinin magnitlosma ayrilori
77K-ds 35 T-a gadar impulslu sahalards, hamginin 300
Vo 2 K-da 50-5 gadar olan sahalorde SQUID magnito-
metrindan istifads etmakls tadqiq edilmisdir.

Numunalarin struktur vo morfoloji tohlili yiiksok
ayirdetmoli otiriicti elektron mikroskopiya (HRTEM)
todqiq edilmisdir.

Sakil 2. Biitanda alinmis karbonla ohats olunmus Fe/C(5 nm)Bu-1 (a) vo nikel Ni/C(5 nm)Bu-1 (b) nanohissaciklorinin

yiiksok ayirdetmoli elektron mikroskopiyast

Sakildon goriindityti kimi. 2a, 2b, karbon qabig da da-
xil olmagla orta hissacik 6l¢iisii verilmis sintez gartlori
altinda toxminan (5-10) nm-dir. Damir va nikel hissa-
ciklari tizorinds bir nega karbon tobagosini aydin sokil-
do ayird etmok olar (sokil 2, a, b). Debay-Serrer me-
todundan istifade edarok nikel nanohissaciklarinin ko-
herent sopilmos bloklarinin 6lgiilarinin giymatlondiril-
moasi onlara yaxin hissacik dlgiilarinin dayarlorini verir
ki, bu da har bir hissaciyin bir kristal oldugunu gostarir.
Bozon nikel hissaciklorinda okizlor miigahido olunur
(sokil 2). Malumdur ki, bels nanoobyektlorin fiziki xas-
salari toplu voziyyatdon kokli sakilda farglonmalidir
[8]. Bela ki, 6lgiisii taxminan 1 nm olan nanohissaciklor
maye kimi potensiala malik olmalidir [9, 10] va onlarin
xassalori, osas material sabitlorinin dayarlarinin gorun-
dugu forziyyasi ilo artiq tosvir edilo bilmaz Balka do
sobob kicik Olgiilorlo yanasi, 300 K-do magnitlosmo

prosesina miixtalif tobistli maqnit qarsiligh tasirlarinin
(geyri-homogen miibadils,yerli anizotropiya va s.),
bunlardan forgli olaraq super paramagnetizm 2 K-dos
saxlanilir.

Yalniz superparamaqnetizm modelinds 300 K-da
magnitlosmo oyrisini ¢okmoklo biz onun rolunu siini
sokilds ¢ox giymatlondiririk ki, bu da 2 K ii¢iin eks-
perimental ayri ilo uygunsuzluga sobob olur. Bundan
olave, asagida faza torkibinin tohlilindon goriindiiyii
kimi, bir ne¢a ferromaqnit fazalar nazordan kegirilon
hissaciklorde mévcuddur; buna gora do, bozi effektiv
anizotropiya ils tak bir maqnit fazasini qobul edan bels
konstruksiyalar farglanirlor. Magnitlagmesinin doyma
giymatinin 2 K-da magnitlosms ayrisindan Fe/C kom-
pozitlorinin  magnitlosmoasinin  doyma giymotindon
110emu/g-dan bir gador ¢ox oldugunu gérmok olar.
Termogravimetriyanin naticalorina gors, belo kompo-
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zitlorda karbon miqdar1 toxminan 30% toskil edir. Qa-
lan hor sey a-damirs aid edilirss, bels bir kompozitin
magnitlosmoasinin doymasi 152 emu/q olmalidir. Bu
uygunsuzlugun sobobi a-domirin anizotropiyasindan
gaynaglanan 6ziinamoaXsus bir xiisusiyyato malik olma-
sid1

NOTIiCO

1. Karbon torkibli miihitdo (butan) qaz fazali sintez
metodundan istifado etmoklo, orta hissocik 6lgiisti 5-
20nm diapazonda karbonla shats olunmus domir Fe/C
vo nikel Ni/C osasinda nanokompozitlor vo karbon

gabiglarmin galinligi taxminen 2 nm-dir. Metanda sldo
edilon domir hissaciklorinin orta 6lgiisii 25 nm-dir.

2. X-glialarinin difraksiya analizi vo Mossbauer spek-
troskopiyasindan istifado etmoklo miisyyon edilmisdir
ki, faza Biitanda karbonla ohato olunmus domir nano-
kompozitlorinin ~ torkibi  domir  karbidlorindon
(sementit), a-Fe vo y-Fe vo, ehtimal ki, Fe-C bork
mahlulundan ibaratdir.

3. Metanda sintez edilmis Fe/C domir nanokompo-
zitlorinin Mossbauer, elektron mikroskopu va rentgen
stialarinin difraksiya todqiqatlar1 gostarir ki, kompozit
o-Fe vo y-Fe, sementit Fe,C vo nazik FesO, oksid
plyonkasindan ibaratdir.
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Masgalods nanomexanikanin prinsiplari asasinda materialin daxili qurulusu aragdirilmis va nanohissaciklor arasindaki ara
bosluqglar1 nozoro alinaraq onun mexaniki xassolori nazari Usulla todqiq edilmisdir. Gostorilmisdir ki, elastiklik modulu mate-
rialin kristal gofaslorinds hissaciklor arasindaki mosafslordon (ara bosluglarindan) asili olaraq doyisir. Burada materialin izo-
trop vo kosilmozlik xassolori hagqindaki hipotezlordon imtina edilmis, potensialli giivva sahasinds nanohissaciyin harakatinin
diferensial tonliklari yazilmis, Lennard-Cons potensial funksiyasina asasen hamin tanliklor holl edilmis, sahs qlivvasinin, onun
potensialli qiivve sahasinds gérdiiyii isin ve materialin real elastikliik modulunun tapilmasi tigiin nazori praktiki ifadolor ¢ixa-

rilmigdir.

Acar sozlor: nanomexanika, Lennard-Cons potensiali, mexaniki sistem, horokat tonliklori

GIiRiS. NANOOLCULU CiSIMLOR
MEXANIKASININ OSASLARI

Son 15-20 il middstindos inkisaf edon Mexanika-
nin on yeni bélmasi olan Nanomexanikanin elm va tex-
nikada ingilabi doyisikliklors sabab olacagi siibhasiz-
dir. Burada klassik mexanikanin hipotezlorindsn imtina
olunmagla konstruksiya elementlarinin real mexaniki
xassalorinin tapilmast metodikalari iglonir. Nanomexa-
nika, cismin atom vo molekullarinin mexaniki horoka-
tini 6yranan kvant mexanikasi ilo klassik mexanika ara-
sinda movcud olan boslugu dolduran yeni vo mikam-
mal bir alatdir. Nanomexanikanin prinsiplori osasinda
yaradilan magin hissslorinin émiiruzunlugunun 10-15
dafa artirilmast ils yanasi onlarmn yiiksak dagigliys ma-
lik olmasi tomin edilir.

Neft vo gaz sonayesinds totbiq olunan masin vo
avadanliglarin keyfiyyat vo istismar gdstoricilori xeyli
daracads onlarin konstruksiya elementlorinin material-
larmin mexaniki-fiziki xassolorindon asilidir. Kon-
struksiya elementlorinin materiallarinin elastiklik va
sartlik parametrlarinin anonovi materiallar mugavime-
tinin prinsiplori asasinda tapilmasi vo nazers alinmasi
bu giin 6ziini dogrultmur. Odur ki, materiallarin mexa-
niki xassslarinin onlarin nanodlgiilii hissaciklori saviy-
yasinds aragdirilmasi vo doaqiglosdirilmasine ehtiyac
duyulur. Materialinin nano6l¢iilii strukturunun mexa-
niki xassalorinin dyronilmosi onlarin xassalarinin real
monzarasini yaratmaq demokdir. Real materiallarin heg
bir sadslosdirma Vo hipotezlorin gobul edilmoadon me-
xaniki xassolorinin nazori vo eksperimental sullarla
dyronilmasi Nanomexanikanin predmetino daxildir.
Burada konstruksiya elementlorinin materialinin kasil-
mozliyi haqqindaki forziyys, homg¢inin nanohissacik-
lorin mexaniki harokotlorinin aragdirilmasi zamani bu
hissaciklorin trayektoriyalar1 anlayis1 6z shomiyyatini
itirir vo materialin anizotrop xassslorinin aragdirilmasi
Ucuin onun daxili qurulusunun diskret xassays malik ol-
dugu nazars almir. Masalanin bu ciir qoyulusu va halli
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muasir masin vo mexanizmlarin keyfiyyat gostaricile-
rinin yiiksaldilmasini sartlondirir.

NANOMEXANIKANIN YARANMA ZORUROTI
VO MOVCUD O9DOBIYYATIN SORHI

Qisa tarixo malik Nanomexanika sahasindo mate-
riallarin nanokristal quruluslarinin tadgigine aid xeyli
islor mévecuddur. Kristal gafaslorin dinamik analizi sa-
hasinds Nobel Miikafati Laureatt M. Born va digorls-
rinin klassik iglori movcuddur [1, 2, 3]. Bu islords
M.Born nazariyyasi asasinda ideal kristallarin elastiklik
xarakteristikalariin tapilmasi metodlar1 verilmisdir.

Nanomexanikanin prinsiplarinin iglonmasi tgin
bir sira klassik elmi arasdirmalarin, o climlodon Azor-
baycan alimi, Nobel Miikafat1 Laureat: prof. Lev Lan-
daunun klassik asarlarinin [13] bdyuk ohomiyysti ol-
mugdur. Son ddvrlar nanodlcili obyektlorin mexaniki
xassalorinin todqigine bir sira islor hosr edilmisdir.
N.F.Morozov, A.M.Krivtsov vas digarlarinin iglorinds
ikiolculi heksagonal kristal gofaslorin mexaniki mode-
lina baxilmigdir [1, 2]. Burada gosterilmisdir ki, ciit
momentlarin qarsiligli tasiri bu gafaslerin dayaniqligini
tomin edas bilar. Eksperimental malumatlarla tosdiglo-
non vo materialin sartliklorinin nisbotini tapmaq Uclin
hissaciklorin garsiligl tasirini ifads edon mumilogmis
momentlor potensiali toklif edilmisdir [3]. T.C. Lim,
M.1.Baskes vo digarlori torofindon real materiallarin
praktiki mexaniki parametrlorinin tapilmasi iigiin vacib
olan Lennard-Cons potensiali ilo Morz potensiali ara-
sidaki fuksional slagalor vo real materiallarin daxili
quruluglari aragdirilmigdir [4,5,6,7].

Bir sira iglordo nanokrislal vo nanodlcill struktur
quruluglu materiallarin ayilmo sartliklarinin xutsusiy-
yatlori tadqiq edilmis vo nanoquruluglarin ayilmo sort-
liklorinin hesabatt zamani onlarin moment qarsiliqh
tosirlari toyin edilmisdir [8, 9, 10, 11, 12]. Materialin
xatti elastiklik nozoriyyasi ilo A.I. Luryenin osorinds,
deformasiya olunan cisimlorin mexaniki xassalarinin
tapilmasi metodlar1 ila L.D. Landau [13], V.A. Palmov
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[14], P.A. Jilin [15] va digoarlorinin klassik elmi todqi-
qat iglorinds tanis olmaq olar.

Riyaziyyat vo mexanikanin bugiinkll inkisafinin
muasir texnikaya tosiri siibhosizdir. Burada geyri-salis
riyaziyyatin (Fuzzy Mathematics) nozari asaslarini ya-
ratmig Azorbaycan elmi moktobinin (prof. L. Zads,
prof. R.©. Oliyev va b. yaratdiglar1 elmi nazariyyslarin
[16]) nailiyyatlorindan istifads etmoklo mexanika sahs-
sindo elmi-texniki ingilabin galocak perspektiviarini
aragdirmagq olar.

NANOMATERIALIN REAL EKVIVALENT
MEXANIKI XASSOLORININ TODQIQi

Yuxarida geyd edildiyi kimi, real materialin nano
strukturunda méveud olan ara bogluglart (masamalari)
nozars aldigda materialin kosilmozliyi haqqmda hipo-
olculi hissaciklorlo doldurulmasi naticasinds kompozit
nano materiallarin praktikada almmasi tisullari islan-
misdir [17]. Almmis nano kompozit materialin mexa-
niki xassalorinin todqigi miiasir mexanikanin qarsisin-
da duran aktual problemlordon biridir.

Sakil 1-do monokristal qurulusa va ya qurulusu
ona yaxin olan materialin daxili kristal qurulusunda di-
yunlarda nanohissaciklorin yerlagdiyi quvve sahasi ki-
mi gostorilmisdir. Bagqa sdzlo, onun daxili hissacikle-
rinin aras1 qitvve sahasina malik bosluglardan ibarst ol-
dugu nazors alinmigdir. Bu iss 6z ndvbasinds materia-
lin real monzarssini yaradir va onun anizotrop xassale-
rini 6zlndos oks etdirir. Sokildo materialin daxilinds &l-
culari 100 nanometrdoan kicik olan elementar hissacik-
lardoan ibarot kristal gafaslor 3-D 6l¢iide gostorilmisdir
(burada 3-cii 6l¢u sabit vahid gabul edilmigdir). Burada
materialin daxili kristal qurulusuna potensialli giivve
sahasinda harokst edon maddi ndqgtalerin mexaniki sis-
temi kimi baxa bilarik. Qeyd edok ki, makro-mexani-
kada sistemin daxili glivvalarinin comi sifir gabul edi-
lir, lakin yuxarida qeyd etdiyimiz kimi, materialin na-
noOlculi hissaciklorinin garsiligh tasirini nozors aldig-
da daxli giivve amili 6z ilkin mozmununu doyisir vo sa-
honin potensial funksiyasindan asili olaraq tapilir. Kris-
tal hissaciklora xaricdon tosir edon quvvalari nozors
almadigimiza gora, gostorilon monokristalin deforma-
siya hali hissaciklor arasindaki a veo kristal tobagalor
arasindaki b mosafalorindon asili olur. Iki qonsu hisse-
cik arasindaki qarsiliqli tesir qlivvasi potensialli qiivve
sahosinin F(r) quvvasi kimi tapilir. Bu ndqts sokilda

|

gostarildiyi kimi, 6ziune yaxin olan biitiin digar n6g-
tolorlo (nanohissaciklorlo) qarsiliglt tomasdadir. Seo-
kilda ixtiyari M; nanohissaciyinin Oxyz sisteminds ho-

rokstinoe baxag. Homin hissaciyin harokatinin diferen-
sial tonliyini yazaq:

dzri
Ldt2

=Ff+F/ )

Burada m; - hissaciyin kiitlasi, ri - hissaciyin tarpanmoz
O nodgtesine nozoron radius-vektoru, F¢ vo F/ iso
hissaciya tosir edon xarici vo daxili qlivvalardir.

Sakil 1. Nanohissaciklorin potensiallt qiivva sahasinda
horokati.

Moalumdur ki, adaton makro sistemlords daxili
guvvalarin avazloyicisi 0 (sifir) gobul edilir. Lakin,
nano sistemin hissaciklorinin mexaniki harokoti daxili
quwvvalorin tesiri altinda bag verir. Odur ki, baxdigimiz
halda nano sistems tosir edon Xarici quvvalor nozars
almmur va hissaciys tesir edon daxili gqiivve F/, giivve
sahasinin U(r;) potensialindan asili olaraq tapilir.

Sahanin Lennard-Jons potensialini agagidaki klas-
sik ifadodon tapiriq [5, 6]:

v =p|(©) -2(9)7] o

Burada D - rabitanin potensial enerjisi, a - miivazinat
vaziyyatinds hissaciklor arasindaki mosafadir.

Nanohissaciyas tasir edon daxili qiivva, hissaciklor
arasindaki qarsiligli tosir quvvasine borabor olub oks
isara ilo saha potensialinin birinci tartib tdromasins bo-
rabardir:

R =Fo) = —0'0) = 22[(2)" - 2(2)] ®

Bu ifadani vektorial formada asagidaki kimi yaziriq:

T ri

F(r) = F(Ti)::li =F() %% == (2)14 - (2)8] n 4)

a? Ti i

Qeyd edilon potensialli saha qivvasinin gordiiyii elementar isin ifadssini asagidaki kimi yaziriq:



NANOMEXANIKA - MUASIR VO GOLOCOK TEXNIKANIN VO MASINSUNASLIGIN ELMi OSASIDIR

_ _ 12D 13 7
dA = F(r)dF, = —dU(ry) = [(—) - (i) ]dri. (5)
Bu ifadoni inteqrallayib tam isi tapiriq:
Apr = U(rp) —U(1y) (6)

Burada ro=a va ri=h hiccaciyin Oxyz koordinat sisteminds baglangic va son radius-vektorudur.

r=h= /%2+h2 (7)

Sakildan Ufigi va saquli (y vo z oxlari) istigamatinds yaranan normal garginliklori vo nisbi deformasiyalari tapaq:

F(a) F(r) Aa Ah
o =EFEe, O1=— " 0= & =" &= (8)

Hissaciklorin x oxu istigamatinds qarsihigl tasir qlivvalari:

F(a) = cla 9)
Burada ¢ materialin sortliyidir:
c=U"(a) =—F'(a) (10)

(9) ifadasinin har torafini baxilan hissaciyin vahid qalinliga diison V = ah hacmine bolok:

fa@) _ ca (11)
ah ah
I_ &4 -
Vaya Pl c P buradan o N & (12)
(10) va (12) ifadalorini mugayiss etsak alariq:
12D 8 12D
Ezg___p()_—[1 —7(2)]_ A8[13176 — 7] (13)
|
Burada 4 =£—hi5590iyin ufiqi istigamoatdo yerdoyisma — my? 1 A2 = K 212 (16)
parametri, V =ah iso vahid galinlighh hissaciyin 2 2251 22°-1

hacmidir.

_Indi xarici givvalorin tosirini nozoro almayaraq  gyrada K = ™ hissaciyin kinetik enerjisidir. (16)-n1
(3) ifadasini (1)-do yerino yazaq vs hissaciyin haroko- 13)-d .2 lar:
tinin diferensial tonliyini ¢ixaraq: (13)-do yerina yazsag alariq:

12K 13-7A°

e (OISO I

dt a r

Buradan nanomaterialin nisbi elastiklik modulunu ta-
Burada baslangic sorto osason r = 0 oldugdav =0gobul  pyriq:

edib m =% = mv <" oldugunu nozors alarag (14) ifade-

6
sini inteqrallay1b asagidaki ifadoni alirq: E 13-74
/By = 212 (18)

v?2 _ 2Da®  Dal?

P iy (9 Burada E, = 2 ~ materialin ilkin dinamik elastiklik
moduludur.
Buradan tapiriq: Python Packages programi asasinda (18) ifadasi

aragdirilmis vo diaqramlar qurulmusgdur (sokil 2).
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Sakil 2. Nanomaterialin nisbi elastiklik modulunun diaqramu.

Todgigatlar gostorir ki, materialin elastiklik xas-
salorini ifads edoan komiyyatlarin makro ve nano ssviy-
yalordos aragdirilmasi asasl sokilds farglonir.

NOTICOLOR

Materialin izotrop vo kasilmozlik xassalori hag-
qindaki hipotezlorden imtina edilmis, onun daxili qu-
rulusu nanomexanikanin prinsiplari asasinda aragdiril-
mis vo potensialli giivve sahasinds nanohissaciyin ho-
rokatinin diferensial tonliklori yazilmigdir. Lennard-

'Cons potensial funksiyasina asason hamin tonliklor hall

edilmis, saho qlivvasinin, onun potensialli qlivve saha-
sindo gordiiyii isin vo materialin real elastikliik mo-
dulunun tapilmas: tigiin praktiki ifadslor ¢ixarilmisdir.
Bu ifadslorin asasinda materialin elastiklik modulunun
6lcustz giymatinin hissaciyin radius vektorundan asili
olaraq praktiki diaqramlari qurulmusdur. Todqgiqatin
naticalori materialin real mexaniki xassalorinin prakti-
kada istifado olunmasi {iglin faydali ola bilar.
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Valeh I. Bakhshali, B.G. Ibragimov

NANOMECHANICS IS THE SCIENTIFIC BASIS OF MODERN AND FUTURE TECHNOLOGY
AND MACHINE SCIENCE

Based on the principles of Nanomechanics, the mechanical properties of materials are studied with takinginto account
their nanostructures. It is shown that the modulus of elasticity depends on the distances of the elementary particles of the crystal
lattice of the material. Ignoring the hypothesis of isotropy and continuity of the material, differential equations of motion of
nanoparticles in a potential field are deduced. Using the potential Lennard-Jones function, these equations are solved and
practical expressions are derived to determine the real modulus of elasticity of the material.

Bajex U. Baxmanu, b.I'. U6parumos

HAHOMEXAHHWKA - HAYUHASI OCHOBA COBPEMEHHOM U BYIYIIEN TEXHUKA
N MAIIIMHOBEJIEHUA

Ha ocHOBe NpUHIMIIOB HAHOMEXaHHUKHU B pPabOTe UCCIICI0BAHbI MEXaHNUECKUE CBOMCTBA MaTEPHAIOB C yYETOM HX HaHO
cTpyktyp. IlokazaHo, 4TO MOJYJb YHPYTOCTH 3aBUCUT OT PAaCCTOSHUM 3J€MEHTapHBIX YacTHUL[ KPUCTAJUINYECKON pelIeTKU
Martepuana. Mraopupys rumoresy M30TPONHOCTH U CIUIOMIHOCTH MaTepuala, BbIBEJEHBI AuU(depeHInanbHble ypaBHEHUS
JBIKEHHS HAHOYACTHUI] B MOTEHNIMAIbHOM mojie. C moMolibio noTeHuuanbHol GyHkuun Jlennapa-/IkoHe, 3TH ypaBHEHHS
pEIICHB! U BEIBEACHBI IPAKTHIECKHE BHIPAXKCHUS AT ONPEIENCHHUSI PeaTbHOT0 MOIYJISl YIPYTOCTH MaTepHana.
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CivO BUXARININ ELEKTRiIK BOSALMASINDA
iONLARIN PAYLANMA FUNKSIiYASI

T.X. HUSEYNOV, B.B. DAVUDOV, M.N. AGAYEYV,
E.A. ROSULOV, S.A. ALLAHVERDIYEV
Baki Doviat Universiteti
Azorbaycan, AZ-1148, Baki, Z.Xalilov kiig., 23
htarlan@mail.ru

Civo buxarinin elektrik bosalmasinda ionlarin siirstloro goro paylanma funksiyasi 6lgiilmiis vo molum olmugdur ki,
plazma dastosindaki zarraciklorin siirati yiitksok oldugca, dastonin saxlanmasi tigiin ki¢ik konsentrasiya tolob olunur. E/p nisbati
artdiqca, ionlarin paylanma funksiyasinin asagt diisma siirati azalir Vo go = E/poo parametri - elektrik saha intensivliyinin civo
buxarinin tazyigina olan nisbatinin rezonans yiikotiirme prosesinin effektiv kasiyino olan hasili ils tayin olunur. Plazmada
stiratli yiiklii zorraciklor grupuna uygun olaraq, ionlarin enerjiyos goro paylanma funksiyasinda biitiin hallarda maksimum mii-
sahids olunur vo yiiklii zarraciklorin enerjisi artdigca, homin maksimum boyiik enerjilor oblastina torof siirtigiir.

Acar sozlar: qaz bosalmasi, zond iisulu, ionlarm paylanma funksiyasi, ionlarin enerjisi, differensiallayict dovrs, Lejandr sirast.

Tocriibi qurgu vo zondun potensialina gérs zond
Coroyaninin ikinci tortib téromasinin 6l¢iilmo iisulu [1,
4]-isinds otrafli verilmisdir. Homin isdo istifads edilon
modullagmis signalin riyazi ifadasi:

U(t) = Ae(1 + coswit)coswyt. (1)

soklindadir.
Totbiq edilon iisulda apparat funksiyasi 7 < 2.2

oldugda [82]:

2 y2
, Z
8 1 u —g
A)=2 [|—8 @) w ©
242
Vo |z > 2+/2 oldugda isa
Az)=0.
Burada z = —“2 72_5; , Ae — differensiallayici
&

signalin amplitudur.
Tacriibi igde differensiallayici siqnalin optimalI

6

amplitud giymati segilmis (A¢) vo geydetms sisteminin
Xottiliyina nazarat edilmisdir. Istifado edilon parametr-
lorin giymatlori: Ae =0,05; 0,1 vo 0,2 V; w1 = 6-10%Hs;
w2 =6-10%Hs gotiiriilmiisdiir.

IPF-i doqiq 6lgmak mogsadi ilo zond lgmalaring
tasir edon biitiin amillor hortarafli tohlil edilmisdir [3].
Olgmolords buraxilan xatalar1 azaltmaq mogsadi ilo bo-
salma borusuna katoddan 20 va 25 sm uzaqliqda olan
iki miistavi vo sferik (diametri 0,3 mm) zondlar yerlos-
dirilmigdir. Zondlardan biri osas, digori iso komokgi
funksiyasini icra edir. Olgmolor aparildiqda, aparat
funksiyasmin xatasmimn [3], ciit-ciit toqqusmalarmn [5],
zondun 6l¢iisiiniin, onun sathinin ¢irklonmasinin [2] va
S. tasirlari nozars alinmisdir.

Olgmolor civo buxarmin 102 Tor, corayan sixligi-
nm j = 100 mA/sm?, E/p = 400 V/smTor vo neytral
atomlarm T, = 410 K temperatur giymatlorinds (2)
aparat funksiyasinin komayi ilo aparilmigdir.

Zondun moanfi potensial oblastlarinda | kamiy-

yati elektronlarin siiratlora géra paylanma funksiyast ilo
miitonasib olan, zond corayaninin elektron hissasindan
toyin edilmisdir. Potensialin todqiq olunan 0+1 V

oblastinda 1/} komiyyati ionlarmn paylanmasini tosvir
edir. |} kamiyyati geyd edilarkon, bosalmada elektron

Corayaninin stabil qalmasina osas digqqat yetirilmisdir.

s

[ C

5Lg

| e—

i

L1

Sakil 1. Zond 6lgmalarinin sxemi: 1 — 3 — sinxron detektorlar; 4 — generator; 5 — birtorofli miistovi zond; 6, 7 — uygun
olarag, bosalma borusunda yerlogdirilmis anod vo katod.
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Civo BUXARININ ELEKTRIK BOSALMASINDA iIONLARIN PAYLANMA FUNKSIiYASI

Civo buxar1 bosalmasinda ionlarin paylanma
funksiyasimi 6lgmak ti¢iin istifads edilon qurgunun blok
sxemi gokil 1-do gostorilmigdir. Aparilan 6lgmalordan
molum olmusdur ki, elektronlarin temperaturu yiiksal-
dikca, ionlarin paylanma oyrisinin quyruq hissasi yiik-
sok enerjilor oblastina dogru genislonir. Verilmis tem-
peraturda alinan paylanma funksiyalar1 Maksvel pay-
lanmasindan farglonir, paylanma oyrisindo elektrik sa-
hasi ilo miioyyan olunan, atomlarin istilik harokatinin
enerjisino uygun qiymstlords maksimum miisahids edi-
lir vo hamin maksimum yiiksok enerjilor oblastina dog-
ru getdikca, kigilir. fonlarin paylanma oyrisindoki mak-
simumun ki¢ilmosino Sabsb, dostodoki siiratli ionlarin
0z enerjilorini doastodon konarda horokst edon yiiklii
zarraciklars 6tiirmesidir. Bundan bagqa, differensialla-
yici signalin qiymoti artdiqca, IPF-1n miitlog giymeti do
azalir va paylanma funksiyasinin koskin dayisdiyi ener-
ji oblastlarinda homin effekt daha giiclii miisahido edi-
lir. Tacriibi 6l¢malardan alinan hamin natica nazari he-
sablamalardan alinan noticalorlo tst-isto diisir.

23 T Fule). el

0 0.2 04 0.6 0.8 1 12

s(el) |

Sakil 2. Civo buxari plazmasinda miistovi zond tsulu ilo
ol¢tilmiis Hg* ionlarin enerjiys gors paylanma
funksiyasinin enerjidon asililigi: coroyan sixligi
j =100 mA/sm?; tozyiq p = 103 Tor;

E/p =400 V/smTor; nopmal atomlarin tempera
turu iso T,=410 K. 1 — Ae=0,1V; 2 — Ae=0,2 V;
3-Ae=0,05 V.

fonlarin enerjilora goéro paylanma funksiyasinin
formasim agkar etmok ii¢iin, Civo buxarinin qovs bosal-
mas1 plazmasinda agag tozyiqdo (p = 103 Tor) va
E/p=400 V/smTor-da bir torofi kegirici olan miistovi
zondun kémayi ilo F} = f(e) astiigt olgiilmiisdir
(sokil 2). Homin sokildon goriindityii kimi, enerji art-
diqca, IPF-1n anizotroplugu daha da yiiksalir. Bu halda
an boyiik anizotropluq enerjinin kigik ¢ = 0,05 eV giy-
moatinds miisahids edilir. Buna sabab 6lgmoalorin giiclii
elektrik sahslorinds aparilmasidir. Qeyd edok Ki,
Lejandr hoddlorinin siraya ayriligina uygun olaraq IPF-
min homin sokilda formalasmasi realdir. IPF-da anizo-
tropluq artdiqca, onu tosvir edon haddlorin say1 da artir.
Bundan basqa, ionlarin enerjisi artdiqca da, haddlorin
say1 artir, ¢iinki IPF-1 anizotrop olur vo ionlar radial is-
tigamotdo yaranaraq, paylanir. Yaranan ionlar totbiq
edilon xarici elektrik sahosinin istigamatinds stiratlo-
narak harokat edirlor. Qeyd edok ki, baxdigimiz civanin
miisbot ionlar1 halinda, E/p = 400 V/smTor giymatinds,
ionlarm enerjisi 0,1 eV olduqda, IPF-n formasim askar
etmok ti¢iin, Lejandr haddlori sirasinda 7 haddin olmasi
kifayot etmir.

Sokil 2-don goriindiiyii kimi Ae — aparat funksiya-
s1 artdiqca, IPF-in formasi vo maksimumu doyismir.
fonlarin enerjisi artdiqca, IPF-1n azalma siirati longiyir.
Paylanmasi izotropluga vo Maksvel paylanmasina ya-
xin olan IPF-1n maksimumu, yenica yaranmis ionlar he-
sabina formalagir. Hoagigoton do, yiikétiirma prosesi
yenico yaranan ionlarin konsentrasiyani formalasdirir.
Siiratli zarrociklor dostasi misali ilo bunu asanligla izah
edo bilorik. Dostodoki zarrociklorin siiroti yiiksok
olduqca, dostonin saxlanmasi li¢iin konsentrasiyanin
giymeti kigik olur. Naticods, E/p nisbati artanda, IPF-
nin asag diismo siirati yavastyir. Odur ki, IPF, eo~E/poc
parametri ilo toyin olunur vo verilmis halda qiymati
ionlarin siiratinin yiiksok oldugu giiclii elektrik sahoalo-
rinds toyin edilir. Burada o — rezonans ytkétirmo pro-
sesinin effektiv kasiyidir. Homin sokildon goriindiiyii
kimi, biitiin hallarda IPF, maksimuma malikdir.

Beloliklo, IPF-i tosvir etmok iiciin Lejandr
sirasinda haddlorin sayimi baxdigimiz iisulla toyin edo
bilarik.
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T. KH. Quseinov, B. B. Davudov, M. N. Agaev, E. A. Rasulov, SH. A. Allakhverdiyev

ION DISTRIBUTION FUNCTION IN MERCURY VAPOR ELECTRIC DISCHARGE

The velocity distribution function of ions in an electric discharge of mercury vapor has been measured, and it has been
found that, with an increase in the particle velocity in a plasma beam, a lower concentration of particles is required to maintain
it. As the E/p ratio increases, the rate of decay of the ion distribution function slows down, and the parameter eo = E/poo is
determined by the product of the ratio of the electric field strength to the mercury vapor pressure and the effective cross section
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of the resonant charge transfer process. Corresponding to high-speed charged particles in a plasma beam, in the energy
distribution function of ions, in all cases, a maximum is observed, and with an increase in the energy of charged particles, this
maximum shifts towards higher energies.

T. X. I'yceiinos, B.b. /lTapynos, M.H. Araes, J. A. Pacyaos, 111. A. Ajs1axBepauen
OYHKIUA PACTIPEJAEJEHAS HOHOB B QJIEKTPUYECKOM PA3PAJE B ITAPAX PTYTH

M3mepena GyHKIUS pacnpeneneHust HOHOB 10 CKOPOCTSIM B 3JIEKTPHUECKOM pa3psifie TapoB PTYTH U BHIIBIEHO, YTO C
pPOCTOM CKOpPOCTH YacTHI[ B IUIa3MEHHOM ITydke JUI €r0 COXpaHeHus TpeOyeTcs MeHbIlas KOoHIeHTpauus dactum. C
yBeIHYeHHEM OTHOLIeHHsT E/P ckopocTh cramanus (yHKIHMH paclpeneieHHs HOHOB 3aMeUISeTcs, U mapamertp €o ~ E/poc
OlpeeNsAeTCs NPOU3BEACHUEM OTHOIICHHS HANPSHKEHHOCTH MJIEKTPHUYECKOTO HOJIS K JABJICHHUIO IAPOB PTYTH U 3P HEKTUBHOTO
CeyeHHs Ipollecca PEe30HAHCHOW mepenaud 3apsjga. Bo Bcex ciydasx B (DyHKIMM pacrlpefeleHHs HOHOB IO IHEPIHAM
HaOJIF01aeTCsl MAaKCHMYM, COOTBETCTBYIOIINH I'PYIITe CKOPOCTHBIX HOHOB B IUIa3Me, M C YBEITMUESHUEM SHEPTUH 3apsKEHHBIX
YaCTHI] TOT MAKCHMYM CMEIIAeTCsl B CTOPOHY OOJIBIINX SHEPTHIL.
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BiSMUT VO STIBiUM 9SASINDA HAZIRLANMIS KOMPOZISIYALI
SUPERQOFOS STRUKTURLARININ ENERJi ZONA QURULUSU

N.B. MUSTAFAYEV
Azarbaycan Milli Elmlar Akademiyasimin Fizika Institutu,
AZ 1143, Bak: sahori, H.Cavid pr. 131
e-mail: nadir.mustafayev@physics.ab.az

Bismut va stibium asasinda hazirlanmis kompozisiyali superqafas strukturlarinin zona qurulusunu vs enerji spektrini
miloyyon edon tonliklor sistemi alinib holl edilmisgdir. Bu strukturlarda Fermi enerjisinin qiymati, yiikdastyicilarin konsentra-

siyasi vo effektiv kiitlosi hesablanmigdir.

Agcar sozlor: bismut, bismut-stibium, periodik layl struktur, zona qurulusu, enerji spektri.

PACS: 73.21.Cd, 73.43.Cd.
GIRIS

Ust-isto ardicil diiziilmiis tobagalordon ibarat pe-
riodik struktura superqofas deyirlor. Superqgofasin peri-
odu kristalin gofas sabitindon ¢ox boylik, elektronun
sarbast ugus mosafasindon iso kigik olur. Belo struk-
turda kristal gofosin periodik potensialindan basqa,
olavs periodik potensial omols golir. Bu olavs potensi-
al supergofas potensiali adlanir. Miixtslif ndv superqs-
fos strukturlart mévcuddur. Kompozisiyali supergofos
strukturlart daha yaxs1 todqiq edilmigdir. Onlar qofas
sabitlori yaxin, lakin qadagan zonalarinin eni ilo forq-
lonon miixtalif kimyovi torkibli tobagalordon hazirla-
nan periodik strukturlardir [1]. Mohz gadagan olun-
mug zonanin eni periodik doyisdiyine gors, bu
strukturlarda slava periodik potensial — superqafas po-
tensial1 yaranir.

Bismut vo stibium osasinda hazirlanmis superqo-
fas strukturlarinin tadqiqi boyiik maraq kasb edir. Belo
strukturlar molekulyar-stia epitaksiyasi [2-4] vo
elektro-kimyoavi ¢okdiirms [5] tsulu il alina bilor. Bu
isda Bi/Bi1.xShy kompozisiyali superqafas strukturlari-
nin zona qurulusu va enerji spektri tadqiq olunur.

BiSMUT KRiSTALININ VO Bi1xShx BORK
MOHLULUNUN ZONA QURULUSU

Bildiyimiz kimi, bismut kristali yarimmetaldur.
Elektronlarin vo desiklorin konsentrasiyasi eynidir
(n =p =3 % 10" sm™%), Brilliien zonasiim T ndqte-
sindoki valent zonasinin enerji maksimumu Brilliien
zonasinin L ndqtasindoki kegiricilik zonasinin enerji
minimumundan yuxarida yerlogir (asag1 temperatur-
larda forq 38 meV toskil edir). Basqa sozla, bismutunI

(E+1iE, +%aay,y,k§,) (E-3E,

Burada x oxu binar €. oxuna paraleldir, ¥ oxu
bissektor oxu ilo, = oxu isa triqonal £’z oxu ilo @y = 6°
bucagr toskil edir; @;; komiyyotlori siirotin matris
elementlori ilo toyin edilir; @, vo ;, miivafiq olaraq
L; vo L; zonalarmin izoenergetik sothinin ayriliyine
daha uzaq zonalarin tosirini nozors alan teshihedici
tors effektiv kiitlolordir; k— dalga vektoru, E isa
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2 21,2 2 2 2 2
o, K ) =Quks +Qy Ky +Qy, K,
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yarimmetal xassolori T-zona ilo L-zonanin enerjiyo go-
ro qismen iist-listo diismasi ilo olagodardir.

Bi1.xSbx bork mohlullarina galdikds isa, onlar sti-
biumun X torkibindon asili olaraq ya yarimmetal, ya
da yarimkegirici ola bilir. Belo ki, stibiumun torkibi
X=0.04 oldugda L noqtesindoki Ls vo La zonalar: in-
versiya edir, torkib X=0.07 olduqda iso La vo T zoOna-
lariin kosigmasi yox olur vo yarimmetal-yarimkegi-
rici kegidi bag verir [6]. Bi1xSbx bark mohlullarinin va-
lent zonas1 (¥ = 0.2 oblastinda) yiingiil degiklor zo-
nasindan (Brillien zonasiin L ndqtesinda) vo agir de-
siklor zonalarindan (Brilliien zonasinin T vo I ndq-
tolorindo) ibaratdir. T vo I zonalarinin ekstremumlari
X ilo xotti olaraq doyisir [7, 8]:

E, = (46.9-601.3- X) meV

1
E, =(-70+359. X) meV @

Burada enerjilor Brilliien zonasinin L ndqtasindoki qa-
dagan olunmus zonanin ortasindan hesablanir. Qada-
gan olunmus zonanin eni do X ilo xotti olaraq doyisir
[9]:

E, =(10-242.X) meV @
Effektiv kiitlosi m® = 0.9 m; [8] olan agr T
desiklorinin enerji spektri parabolik modello tosvir
edilir. Agir T desiklorinin enerji spektri parabolik
modells tosvir edildikda effektiv kiitlonin anizotroplu-
gu nozoro ahmr: my =mj = 0063 my; o
mz = 0.667 my (z oxu trigonal C; oxu boyunca y6-
naldilib). Brillien zonasinin L noqtesindo  enerji
spektri  Mak-Klir modeli [10] ilo tosvir edilir:

3)

| -
qadagan olunmus E,_; zonasinin ortasindan hesabla-

nan enerjidir. Stibiumun 0 = X = 0.6 torkib interva-
Iinda [9]e,, = L1+ 0.7 X, = 0.615 + 0.4,
Quy = 0457 - 0188 -X, @, =003 -0.04-%,
Q.. = 0.344 (giymotlor atom vahidlorinds verilib,
yani hesab edilir ki, i=1, e =1 vo my = 1). Sti-
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biumun 0 = X = 0.7 torkib intervalinda torkibin art-

mast ilo ¢0 bucagmin giymoti 6°-don 0°-dok azalir

[7].

Bi/Bi1xSbx KOMPOZISiYALI SUPERQOFOS
STRUKTURUNUN ZONA QURULUSU

Yuxarida geyd olunan mslumatdan istifads edib,
Bi/Bi1.«Sby superqafos strukturunun enerji zona diaqra-I

50

mint qura bilorik. Enerjini bismutun kegiricilik zona-
sinin dibindon hesablayacagiq. Diaqrami qurarken
nozars alacagiq ki, istilik tarazliginda periodik struktur
boyunca 8Ez/8z = 0 sorti 6denilmolidir (burada Ex —
Fermi enerjisi, z iso laylar miistovisinoe perpendikulyar
istigamatdir). Bi/BiixSbx superqofos strukturunun
enerji zona diaqramu sokil 1-do gostorilmisdir.

-—— r—n -
T ' Eo b
] ] 1 MT
AL A T T
2 o i Nt
9] _{L [
E = i
L | [ SO (
r : i I
: | : | &EZ
I | 1 i
' [ | ]
) (I i
' - )
t |
gl L.d :..,- .*.
"&D"'

Sakil 1. Bi/Bi,_,Shy superqofos strukturunun enerji zona diagrami. Enerji bismutun kegiricilik zonasinin dibinden
millielektronvolt vahidlorinds hesablanir, = oxu laylar miistovisine perpendikulyardir, AE; vo 4E, — Brilliien
zonasinin L ndqtosindoki zonalarm, AE; vo AE; iso T vo I néqtolorindoki zonalarin laylararasi sorhodda
qirilmalaridir. Diagramda d” — bismut layinm, d Yiso Bi,_y5by layinin qalinligidir.

Brillien zonasinin L noqtesindo Bi/Bi,_,Shy
superqgafas strukturunun enerji spektri, Mak-Kliir mo-
delinin effektiv Hamiltonianindan istifado etmoklo

Srodinger tonliyinin hallinden tapila bilor. Ogor = OxuI

trigonal C3 oxu boyunca yonalibsa vo x oxu binar -
oxuna, ¥ oxu iso bissektor oxuna paraleldirso (¢
bucagi kigik oldugundan nazars alinmaya bilar), tenlik
asagidaki sokil alir:

H,-E 0 H,; H,, 2.(r)
0 H,-E —-H, Ha, 2,(r) -0 @
Ha, -H, Hy;-E 0 (1)
H.,, H.; 0 Hy —E || 2a(r)
Burada:
_ Py
Hy =E(z)- Eayy e
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Hyp=t-p

Hy=t"-p

Hy,=u-p

Hy=u -p
B=—ihVv (5)

E,(z) vo E;(z) — miivafiq olaraq L; Vo L; zona ekstremumlarinin enerjisi, ¥{r} — dalga funksiyasi, u vo t iso
stirotin matris elementloridir.
(4) tonliyi dord bircins diferensial tonliklor sistemins ekvivalentdir. Onlarin ovozlonmasi noaticesinds aliriq:

1 . 1 . o g o g o s
{[(Eﬁ! —F +Eaﬁ}'}']?}'_] (Es —E-— Eas_}'}']?y_] + Q.;.r]?.r_ + Q;:_}F}_ + Qs_rz]?z_]_ +
+Qz2.(9E,/02)(0E, /3z)[}x(r) = 0 (6)
Burada j:j- = i* {(uju; + £/ £;). Dalga funksiyasini asagidaki kimi se¢a bilorik:
2(r) =w(2) exp(ik,x +ik, y) %

Burada

w"(2) = A" exp(x*“z) + B exp(—x*z) (8)
Bismut laylarini ¢ = I indeksi ilo, Bi,_xSby laylarini iso 4 = II indeksi ilo isaro edocoyik. Mosalon, qoy d' —
bismut laymin, d" iso Bi,_xSby laymin qalmlig: olsun. Tutaq ki, laylararasi sorhadlorden biri z, noqtesindadir,
yoni z, — d’ < z =< z, oblast1 bismut layina, o - - P d' oblasti iso Bi,_xShy layna tosadiif edir. Onda
2z, —d’ = z = z; + d" oblast1 iiciin yaza bilorik:

Eﬂ,s(z] = Eri,s + [:Er[tfs - Eri_.sjg(z _ZI}) 9)

Bu halda (6) tonliyi Z, ndqtesi yaxinhiginda asagidak sokil alir:

2L = Ky (2)8(z — z,) (10)

Burada K* = (E! — EIy(E! — EM)/ Q2. Lay daxilindo tonlik

VipE(2) = ()P PH(2) (11)
soklindadir. Burada
(")? = [(; aa,k; —Ex' + E)Galyky + EX —E) +(Quk,)* + (Qyk,)°1/ Q7 (12)
Sorhad sortlari beladir:

‘//I(Zo) :‘//"(Zo)

oy oy (13)
7 Ll =Ky(z
0z 7>7, 0z 7<zq l//( O)
Sorhod sortlorini z = 6" vo = = d noqtolori iigiin yazsaq (burada d = d' + 4", onda
" (z+d) =y"(z) exp(iqd) (14)

Blox sortindon (g — laylar miistovisino perpendikulyar istiqgamotdo dalga vektorudur) istifado edib, A* vo B*
omsallar1 iiclin bircins tonliklor sistemi ala bilorik. Sistemin hellindon superqofos strukturunun enerji spektri
tapilir. Gostormok olar ki, Brilliien zonasinin L ndqtasi tigiin dispersiya tonliyi

. T 1 =
cos(gqd) = casa’r(x*rd*rj casa’r(i{“d“] +é (%-i-z—;— ﬁ} sirtfr(x“rd"rj sinh( K“d“] (15)
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soklindadir.
Agir desiklorin (Brillilen zonasimin T vo I ndqtolorinds) enerji spektri standart parabolik modells tosvir
edilir. Masolon, T noqtasi tiglin dispersiya tonliyi

I |
cos(qd) = cos(x!d")cosh(x"d") + % (’;—TI - %) sin(x d")sinh(x"d") (16)
T T

soklindadir. Burada:
(r7)? = (m] /m{) ks +(m; /my) kg —2m; E/A?

17
() = (T /I )K2 +(m! /! )2 +2m! (AE, ~E)/n? o

ODODI HESABLAMALARIN NOTICOLORI Itapllmls 10 K temperaturunda elektronlarin  Fermi
enerjisi 12 meV -5 borabordir (Fermi enerjisinin giy-
Periodu 10 nm olan (d' = 4 nm vo d"' = 6 nm) moti L, minizonasinin dibindon hesablanib). Sorbast
Bi/BiysShy; superqofos strukturunun (15) vo (16)  yiikdasiyicilarin konsentrasiyasit 2 % 10*em™% togkil
dispersiya tonliklori osasinda hesablanmus enerji spek-  edir. Hesablama gostorir ki, d’/d" nisboti azaldiqca
tri sokil 2-do gostorilmisdir. Hesablama Ef <E < E L, wvo T, minizonalarmin kosismosi azalir,
enerji intervalinda aparilib. Ly vo L, minizonalari ara-  d/d" =< 0.3 oldugda iso (mosolon, ogor d’ = 2 nm
sinda enerji mosafasi 4.5 meV -dir. Diferensiallama vs d" = 8 nm) kosismo yox olur vo Bi/BigsShy,
tisulu ilo (15) tonliyindon tapilmug effektiv kiitlonin L  superqofos strukturu yarimmetal halindan yarimkegi-
ndqtosindo qiymoti 0.007 my togkil edir. L; vo Ty mi-  rici hala kegir.
nizonalar1 qismon ist-listo diigiir (Ortiilmo qiymati
13.4 meV -dir). Elektroneytralliq tonliyinin hsllindsnI

k,.d 0 P
1.06 - i 1.5
40
A Y
N
by
N \ / T
~ 0
s\ /--_,____-“_-\ EF
N Ee
\\
i %
E Ly E
Ly Y]
Lo
Fd
Fa
oL/ (b)
0
0.6 Q 0.5
kxd 99 Yok ¥ o T

Sokil 2. Periodu d = 10 nmolan (¢’ = 4 nmvo "' = & nm) Bi /Biy ;5h,, superqofos strukturunun Brilliien zonasi-
nin (a) L ndéqtasinds va (b) T noqtasinds enerji spektri. Enerji bismutun kegiricilik zonasinin dibindon hesabla-
mir. Qirig-quriq oyrilorlo enerjinin dalga vektorunun & y komponentindon asilihg gostarilib.

kyd

60

40

£ {mev)

-——

kyd

Sokil 3. Periodu d = 120 nm olan (d' = d" = 60 nm) Bi /Big goShy, ;- superqofos strukturunun Brilliien zonasinmn L
ndqtasinds enerji spektri. Enerji bismutun kegiricilik zonasmin dibinden hesablanir. Qirig-qiriq ayrilarls
enerjinin dalga vektorunun K y komponentindon asililig1 géstorilib.
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Sokil  3-do  periodu 120 nm  olan
(@' = d" = 60 nm) Bi/Bigge Sby .- superqofos struk-
turunun enerji spektri gostorilib. Hesablamalar gostorir
ki, periodu d = 100 nm olan superqofas strukturla-
rinda effektiv kiitlonin m, vo m, komponentlori no-
zara carpacaq doracads dal@a vektorunun g kompo-
nentindon (yoni dalga vektorunun laylar miistovisine
perpendikulyar komponentindon) asilidir. Dalga vek-

torunun miloyyon g = gy qiymatinds Ly vo L; minizo-
nalarinin m, vo m, effektiv kiitlo komponentlori 6z
isarasini doyisir vo naticodo minizona enerjisinin dalga
vektorunun k, veo k, komponentlorindon (yoni dalga
vektorunun laylar miistovisine paralel komponentlo-
rindon) asililig1 “yohorsokilli” forma alir.
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ENERGY BAND STRUCTURE OF THE BISMUTH AND ANTIMONY BASED COMPOSITIONAL
SUPERLATTICES

A set of equations determining the band structure and energy spectrum of the bismuth and antimony based
compositional superlattices has been obtained and solved. The Fermi energy, concentration and effective mass of carriers in

these superlattices have been calculated.

H.B. Mycradaes

SHEPTETHYECKAS 30HHAA CTPYKTYPA KOMIO3UIINOHHBIX CBEPXPEIIETOK HA
OCHOBE BUCMYTA U CYPBMbI

Tlomyuena u pemreHa cucreMa ypaBHEHHH, OTPEENSIONas 30HHYI0 CTPYKTYPY M SHEPreTHIECKHH CIIEKTP KOMITO3H-
IIMOHHBIX CBEPXPENIETOK Ha OCHOBE BUCMYTa U CypbMBI. Brrancnensr sneprust @epmu, KOHIEHTpays U 3G peKkTHBHas Macca

HOCHTEIIEH B 3TUX CBEPXPpCUICTKAX.
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(TIGaS2)1-x(Nd2S3)x (0<x<0,007) MONOKRISTALLARININ OPTIiK VO
FOTOELEKTRIK XASSOLORI

P.H. ISMAYILOVA, A.I. HOSONOV, S.S. ABDINBOYOV, A.9. HACIYEVA,
X.S. VOLIBOYOV
Azarbaycan Milli Elmlar Akademiyasimin Fizika Institutu,
H.Cavid pr. 131, AZ-1143, Baki, Azarbaycan
e-mail: p.ismayilova@physics.science.az

Ugqat TIGaS2 yarimkegirici birlosmasinin fotoelektrik va optik xassalorins nadir torpaq elementi olan neodimls asqar-
lanmanin tosiri todqiq olunmusdur. (TIGaSz2)1-x(Nd2Ss)x sisteminds Nd-in miqgdarinin artmasi spektrin agqar oblastindak (0,5
- 1,2mkm ) fotoaktiv udmani giiclondirir. Giiclii elektrik sahasindos torkibin x=0,002 giymatindo asqar sahodoki fotohassasliq
iki tortib yiiksalorok moxsusi oblastdaki qiymatine borabar olur. 90-300 K temperatur intervalinda optik udma sarhadinin tod-
qiqgi (T1GaS2)0,997(Nd2S3)0,003 ticiin gadagan zonanin eninin Eq, TIGaS2—ya nisboton ortalama 13 meV az oldugunu gostordi.
Neodimlo agqarlanma Eg—nin temperatur asilihigindaki miisbat gradiyentliyini saxladi.

Acar sozlor: bork mahlul, nadir torpaq elementi, optik udulma sarhadi, fotokegiricilik

PACS: 82.33.Pt; 72.40.+w; 78.20.Ci

Nanotexnologiyanin vo yarimkegiricilor elektro-
nikasinin inkisafi fiziki parametrlorin genis spektrino
malik yeni materiallarin axtarigin tolob edir. Yarim-
kegiricilar vo kvant elektronikasinin nailiyyatlori mii-
rokkab yarimkegiricilorin axtarisi va todqiqi ilo ayril-
maz sokilds baglidir. Bu moqgsadlo yeni miirokkab
yarimkegirici birlosmolorin sintezi vo yetisdirilmosi
yarimkegiricilor fizikasi qarsisinda duran oasas mesalo-
lordon biridir. Yarimkegirici kristallar arasinda giiclii
anizotropiyaya vo zoncirvari — layli quruluga malik mo-
nokristallar xiisusi yer tutur. Zoncirvari — layli yarim-
kegiricilar sinfini genislondirmok vo onlarda yeni fiziki
xassalor yaratmaq, fiziki parametrlori doyismok iigiin
In, Ga atomlarinin nadir torpaq elementlari (NTE) ilo
gisman avaz olunmasi mogsadauygun sokildo aparil-
migdir. TIMX; (M-In, Ga, X-S, Se, Te) zancirvari-layl
monokristallar yarimkegirici cihazlarm, xisusilo do
rentgen detektorlarin vo fotoelektrik ¢eviricilorinin ha-
zirlanmasi tiglin perspektivli materiallardir [1-4].

Todgiq etdiyimiz (T1GaSz)1-x(Nd2S3)x
(0<x<0,003) sistemi bu baximdan da effektiv material
hesab olunur. (T1GaS2)1.x(Nd2Ss)x (0<x<0,003) sis-
temindo qarsiliqli tosiri toyin etmak ti¢iin TIGaS; bir-
logmosinin osasinda yaranan berk mohlullarin hal
diagram1 todqiq olunmusdur. (T1GaSy2)1x(Nd2S3)x
(0<x<0,003) sisteminin evtektikas1 1120 K-do 20mol%
Nd>Ss olur. Bu temperaturda Nd»Ss—iin T1GaS, —dos
hall olmas1 5,0 mol%-dir [5].

(T1GaS2)1-x(Nd2S3)x (0<x<0,003) monokristallari
Bridjmen-Stokbarger metodu ilo alinmigdir. Alinmig
monokristal niimunoalorin  temperaturun 300 K,
fotonlarin enerjisinin 0,8-3 eV oblastinda fotokegirici-
liyi 6yronilmisdir. Elektrik sahosi laylar boyunca, isiq
iso laylara perpendekulyar istigamotdo y6nolmisdir.
Niimunays indium ilo omik kontaktt qoyulmusdur.

Sokil  1-do  almmus  (T1GaS2)1-x(Nd2S3)x
(0<x<0,003) birlogsmasinin x=0,001; 0,002; 0,003 tar-
kiblari tiglin zoif elektrik sahasindo, 300 K-ds fotokegi-
riciliyin (FK) spektral paylanmasi verilmisdir. Bu
spektrlorde (x=0,003-don bagqa) qisa dalgali maksi-
mumlar demok olar ki, ist-iisto diisiir. Spektrin 0,6-
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1,4mkm oblastinda biitiin torkiblor tiglin maksimumu
0,8 mkm olan asqar fotokegiricilik mévcuddur. 300 K-
do x=0,003 torkib ii¢iin moxsusi fotokegiriciliyi askar
etmok miimkiin olmadi.

Bork mohlulda nadir torpaq elementinin faizlori-
nin artmasi, zonalar arasi FK-lo miiqayisado spektrin
asqar oblastinda fotoaktiv udulmani giiclandirir.
T1GaS; —do nadir torpaq elementi yeni saviyyslor yarat-
mir.

hv,eV
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Sakil 1. (TIGaS2)1-x(Nd2S3)x monokristallarinin 300K-
do FK-in spektral paylanmasi. 1) x=0;
2) x=0,001; 3) x=0,002; 4) x=0,003.

04 06

Oyranilon torkiblor {igiin asqar FK nisbaton bdyiik
gorginliklorde (100V-dan bdyiikk) meydana ¢ixir vo
spektrin genis bir oblastin1 0,5-1,2 mkm ohato edir.
(T1GaS2)1x(Nd2Ss3)x bark mahlulunun ilkin komponent-
lorinin qadagan zonasinin eni demak olar ki, eynidir.
TIGaS; tigiin E;=2,67 eV, NdS;3 ticiin Eg =2,7 eV [509-
510]. Mahz buna gors do, agqar FK-do maksimumlarin
yer dayismasi miisahide olunmur.
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0<x<0,007) MONOKRiISTALLARININ OPTIiK VO FOTOELEKTRIK XASSOLORI
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Sakil 2. (TIGaSz2)1-x(Nd2Ss)x x=0,001 tarkibli mono-
kristalin 300K-da va gorginliyin 1) 40V;
2) 80V; 3) 135V giymatlorinds fotokegiriciliyin
spektral paylanmasi.

(T1GaS2)1x(Nd2S3)x bark mohlullarinin fotohas-
sasligi verilmis gorginliyin giymatindon ¢ox kaskin
asithdir. Gorginliyin artmasi x=0,001, x=0,002 torkib-
lori ti¢lin moxsusi vo agqar oblastda FK-in yiiksalmo-
sina sabab olur (sokil 2 vo 3). Mohz buna gérs do, asqar
fotohassasliq moxsusi oblastin qiymatina nazoron daha
kaskin artir. 100 V gorginlikds x=0,002 tarkib tigiin as-
qar oblastdaki fotohossasliq iki tortib yiiksalorak mox-
susi oblastdaki giymotino barabor olur. TIGaS; krista-
lindan fargli olaraq elektrik sahasinin artmasi ila Kris-
talin asqar keciriciliyinin qirmizi sarhadi x#0 uzun
dalgali oblasta torof siiriigiir.

Belo gonasts galmok olar ki, nadir torpaq element-
li kristallarda elektrik sahasinin artmasi, agqar saviy-
yanin aktivliyini artirir. Goriiniir ki, T1GaS; kristalinda
nadir torpaq elementino aid olan asqar morkozlorinin
potensial baryeri boyiikk qiymoto malikdir. Bu da
qadagan zonanin eninin artmasi ila alagslondirilir.

Temperaturun 90-300 K diapazonunda T1GaS; va
(T1GaS2)0,097(Nd2Ss)o,003  monokristallarinin  optik
udulma sarhadi tadqiq edilmisdir. Niimunolor mono-
kristal kiilgodon nazik 16vhalar soklinds 20-90 mkm ga-
linliginda kesilmisdir. Isiq C kristallografik oxa paralel
yonoldilmigdir. Optik buraxma spektrlorinin toedqiqi,
MDR-23 monoxromatoru vo azot kriostati olan qurgu-
nun komayi ilo aparilmigdir. Qurgunun ayirdetmo gabi-
liyyati 2A-don az deyildir.

1-10° sm! intervalinda optik udulma smsalinin
hesablanmasi {i¢iin isiq selinin intensivliyinin qiymo-
tindan istifado edilmisdir, bels ki, biitiin intervali shato
etmok {iglin onu {i¢ hissays bolarak ti¢ ciit miixtolif ga-
linliglt niimunsalordan kegan isiq seli nazors alinmigdir.
Har bir sahs tigiin o, a=1Ad>-d1)xIn(1112) diisturu ilo
hesablanmigdir. Burada d; va dz niimunalorin qalinligi
I1 va |2 onlardan kegon isigin intensivliyidir.
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Sakil 3. TIGaS2)1-x(Nd2S3)x x=0,002 torkibli monokris
talin 300K-do gorginliyin 1) 16 V; 2) 31 V;
3) 50 V; 4) 100 V giymatlarinds fotokegirici
liyin spektral paylanmasi.
2,63 r
Eg, eV
2,62 F
2,61 F
26 F
2,59
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2,57 d
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Sokil 4. TIGaS2 (1) va (TIGaSz2)0,997(Nd2S3)0,003 (2)
kristallarinin qadagan zonasinin temperatur
astliligr.

SQk“ 4-do T|G&Sz Va (T|G&Sz)oygw(Nsza)opos
monokristallarinin qadagan zonasinin temperaturdan
astlilig1 verilmigdir. Tadqiq olunan kristallarin qadagan
zonasinin eni Eq (ahv)?-nm diisen fotonun enerjisindan
(hv) asililiq ayrisinin diizxatli hissasinin ekstrapolyasi-
yasi naticosinds absis oxu ilo kasisma noqtesine gora
milayyan edilmisdir. Buraxma spektrinin analizi 90 -
300 K temperatur intervalinda TIGaS,; veo
(T1GaS2)0,997(Nd2S3)0,003 kristallarinin qadagan zonasi-
nin eninin temperatur asililigini izlamays imkan verir.
Todgiqatlar gostordi ki, TIGaS; monokristalinin udul-
ma  sorhadinin  strukturundan  forgli  olaraq
(T1GaS2)0,997(Nd2S3)0,003 kristalinda asagi temperatur-
larda diiz kecid yaxinhiginda eksiton piki miisahids
olunmur. Lakin, udulma sorhodi temperaturdan asili
olarag, temperatur azaldigca uzun dalgali oblasta dogru
yerini doyisir vo temperatur omsali miisbat igarasini
S&Xlaylr, ysni (T|G6.52)0,997(Nd233)0,003 bil"@stSindQ
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temperaturdan asili olaraq qadagan zonasinin eni artir. Temperaturun 90-300K intervalinda
Qeyd etmok lazimdir ki, TIGaS; monokristalina nis-  (T1GaS2)0,997(Nd2S3)0,003 ligiin qadagan zonanin eninin
baton (T1GaS2)0,997(Nd2S3)0,003 —da uzun dalgali oblasta
dogru yerinin ortalama doyismasi 13 meV toskil edir.
Otaqg temperaturunda (T1GaS2)o,997(Nd2Ss)o,003

orta temperatur omsali aaiTg hesablanmigdir. Bu omsal
TIGaS;-ds oldugu kimi [6] miisbat isarali olub vo

monokristalinin qadagan zonasmin eni Eg=2,617 eV % =2,1-10"%eV/K-dir. TIGaS; iigin iso orta
toskil edir. temperatur omsali % =1,9-10"*eV/K —dir.
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P.H. Ismailova, A.l. Hasanov, S.S. Abdinbekov, A.A. Hajiyeva, X.Sh. Velibekov

OPTICAL AND PHOTOELECTRIC PROPERTIES
OF (T1GaS2)1-¢(Nd2S3)x (0<x<0,007) SINGLE CRYSTALS

The effect of doping with the rare-earth element neodymium of the ternary semiconductor compound TIGaS2 on its
photoelectric and optical properties has been studied. It has been established that an increase in the percentage of neodymium
in the compound (TIGaS2)1-x(Nd2S3)x (0<x<0.003) causes an increase in photoactive absorption in the impurity part of the
spectrum, covering a wide range from 0.5 to 1.2 um. In strong electric fields, the photosensitivity of the composition x = 0.002
in the impurity region becomes almost comparable to its value in the intrinsic region, while increasing by two orders of
magnitude. The study of the optical absorption edge in the temperature range of 90-300 K made it possible to determine the
band gap Eg of the (TIGaSz2)o.997(Nd2S3)0.003 compound, which, in the studied temperature range, turned out to be, on average,
13 meV smaller than in TIGaS.. Doping with neodymium retains a positive gradient in the temperature dependence of Eg.

ILI'. UcmaungaoBa, A.W. I'acanoB, C.C. AdogunoexoB, A.A. I'agxxkunena, X.111. Beanoexkon

ONTHUYECKHE U ®OTOIJIEKTPHUECKHAE CBOIICTBA
MOHOKPHUCTAJLIOB (TIGaS2)1-x(Nd2S3)x (0<x<0,007)

HccnenoBaHo BIMSHUE JIETMPOBAaHMS PEAKO3EMEIbHBIM 3JIEMEHTOM HEOJUMOM TPOWHOIO MOIYNPOBOJHHUKOBOIO
coeauuennst TIGaSz Ha ero GpoTosnekTpruyecKre U ONTHYECKHE CBOMCTBA. Y CTAHOBIICHO, YTO POCT MPOLICHTHOTO COAEPKAHMUSI
Heoquma B coequHeHnH (T1GaS2)1x(Nd2S3)x (0<x<0,003) Bb3bIBaeT ycuiieHHe (HOTOAKTHBHOIO IOINIOLICHHUS B IIPUMECHOI
YacTH CIIEKTPa, OXBATBHIBAIOIIEH IUpOKylo obmacte or 0,5 mo 1,2MKkM. B CHIBHBIX JIEKTPHUUYECKHX TOJISAX (OTOUYB-
CTBHTENHLHOCTH cocTaBa x=0,002 B mprMeCHOI 00JIaCTH CTAHOBHUTCS [TOYTH CPABHUMOM C e¢ 3HaYeHHEM B COOCTBEHHOM 00Jiac-
TH, YBEINYUBASACH IPH 3TOM HA JABa Mopsiaka. MccneqoBanue kpast ONTHYECKOTO MOTJIOMIEHHUS B HHTepBase Temmneparyp 90—
300 K mo3BosmIIo ONpeneuTh MUPUHY 3anpenieHHon 30ubl Eg coemuuenus (T1GaS2)o,997(Nd2Ss)0,003, KoTOpas okasanach B
M3YUYSHHOM TeMIIepaTypHOM HHTepBaie B cpeaHeM Ha 13 MaB mewnsbine, uem B T1GaS2. JlernpoBanue HEOAUMOM COXpaHSIET
HIOJIO>KUTEIbHBINA TPaJUeHT TeMIepaTypHOil 3aBucuMocTH Egq.
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®IIYKTYAIIMOHHAS YCTOMYMBOCTH B CACTEME C DJJEKTPOHHOM TEMITEPATYPOM

3.P.TACAHOB!, C.A. TYCEMHOBA? C.C. AXAJIOBA?, B.M. T'AJI/KKUEBA?
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HOKa3aH0, YTO JJICKTPpOHHad TeMIeparypa Ajis yCTOI?I‘{PIBOCTPI CHUCTEMBI JOJDKHA UMETH OIPEACIICHHBIC 3SHAYCHUS. Brr-
YHUCJICHA, MOIIMHOCTL ONPEACTICHUA CBA3U C 3HeKTp0HHOﬁ TeMnepaTypoﬁ. HOJ'Iy‘{eHI)I AHAJIUTUYCCKUC Q)OpMyHBI JJI TIOTOKa
OHEPruu 3JICKTPOHOB.

KiioueBble ¢JI0Ba: 3JICKTPOHHAS TEMIIEPATyPa, BapHaLs MOIIHOCTH, INIOTHOCTh SHEPTHH, 3JIEKTPOHBI, Ko3hduuueHt nud-
(by3un, GayKTyanoHHas yCTOHYHBOCTb.

OrpaHn4ynMcs 37ech TOIBKO CIy4aeM Apei(poBoil HENMHEHHOCTH U MEPHOANICCKUX TPAHUIHBIX YCIOBHUI
6E(0,t) = SE(L,t) = 0. ITo-npesxHeMy paccMaTpHBAEM TOIBLKO OJHOMEPHYIO 3a7auy B HEBBIPOKICHHOM
MOJIYTIPOBOJJHUKE, XapaKTepu3ysl 3JIEKTPOHBI CKaJSpHOI A(PQEeKTUBHON Maccoil M M BpeMEHEM pelaKcauuu
umnynbea (W ); oHo 3aBucuT 0T SHeprim W.

HcxoaHas cucteMa ypaBHEHHH BKJro4aeT 3aech Gopmyny mist toka j = enu(T) {E — ein n — a(T)VT},

ypaBHEHHE HETIPEPHIBHOCTH a7'0.|.divj =0, ypaBHenue IlayccoHa u HakoHel, ypaBHEHHE OajaHca >HEPIHH
ot

2 (W + Wy)i+ 2 nu, (W + W,) + nQ, + nQu, (W)} — n(F,u) = J[W]. Bapeupys [OCTIEIHEE,
at a

Xa
nonyuenuem (npu F=eE)

%(no&ﬁ +W05n)+% + PN+ NP = Edf + jooF 1)

3neck P) = P(TO).

o ompeneneHuIo AIEKTPOHHOM TeMIIepaTyphl

— 3 — 3
Wo=2ST, OW==0T. @)
2 2
Bapuanuio MomuoCcTH 0P IIpeICTaBUM B BUIC
p=Fo 5 80T 3)
a-I—O 2 z-:711
rac
3(op )"
T =—| =2 4)
2 T,

€CTh BpeMsI PEJaKCalliy 3JIEKTPOHOB 10 SHEPTHH.
OrykTyanus MWIOTHOCTH TOKa Jf naercs GpopMynol it GIyKTyallu OTOKa SHEpPruu oJ UMeeM B COOT-

BETCTBUU C (] = g j- ;((T )VT,

1 ooT |, [ 06,
=208 — y,—— + 22| —=2 |oT. 5
A o 09 — %o X e[@TOJ (5)

Pemenue cucremsr (1), (5),

0 dD
o ZeﬂoanHGéE—e&(Do&Jrnod—E&E}

|
MO3JKUM (€r0 MOXKHO Haiitk B pabore [1]). 3amerum

TV, YTO KpUTepuil (QIyKTyannoOHHOW HEYCTOHYH-
BOCTH, B IaHHOM CJIy4ae, CBOJIUTCS K YK€ U3BECTHOMY
HaM HEPABEHCTBY

%D+divj =0,n diVE:4l(p—po) Oyznem ucKathb B
&

BHJI€ TAPMOHUK Op = pkeikx—i(ut’ SE = Ekelkx—lrut.

TouHOe BBIpaXKEHHUE Ul 9aCTOTHI KakK (hYyHKIIHH

BOJIHOBOT'O 4HC/Ia K OKa3bIBaeTCsl Upe3BHIYAMHO IPO- Reo (w k) <0 ©)
) )
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3.P.TACAHOB, C.A. TYCEWHOBA, C.C. AXAJIOBA, B.M. TAJUKUEBA

I'me G(a),k) €CTh KOMIUICKCHAsT MNpPOAOJIbHAs Oud- JIUHHBIMH (DIYyKTYallMOHHBIMH BOJHAMH, BTOpPOC —

depeHmaTbHas MPOBOAUMOCTb CHCTEMBL. 4TO peNaKcalus dHEPTHU MPOMCXOAUT ropasfao Obl-
®opMyNbl 3aMeTHO YNpoL@loTes B uactHoM ~ CTPCE, HEKEIH PAccacklBaHME 00BEMHOTO 3apsja B yc-
cilydae, Korja NOBUSIX paBHOBecHs. Takue yClnoBHUs NEHCTBHTENBHO

MOTYT OCYIICCTBISTECS B HEKOTOPBHIX JKCICPUMCH-
% TallbHO MHTEPECHBIX CHCTEMaX.
B ycnoBusax (7) BemecTBEHHAS 9aCTh YaCTOTHI Ja-
€TCsl YK€ U3BECTHBIM HaM BBIPAKECHHEM

ke B!, <<1, 7! 17, <<1,

(z,) =7+ % 2oK?, ®)

a 7,, =&l 4meN, 4, - MAKCBEIUIEBCKOE BPEMs pPelaK-

Rew=kuyE,, 9)

a KpUTEpHHA (QIYKTYaIIOHHONH HEYCTOWYMBOCTH IPH-

caruu. CMBICT HEpaBEHCTBO (7) OYCBHIICH: TIEPBOEC M3 p
HUMaeT BUJ (B IpeHeOpekeHUH wieHaMu mopsiaka k*)

HUX O3HA4YacT, YTO Mbl OTPAaHUYUBACMCA NOCTATOYHO
J

-1

ril1peg2 W ldTo | o 2 Zo ol R ) o (G0 3 lop2 At /ATy - (40
drR, /dT, n, dT, T, 2 drR, /dT,
3neck Dy = pyT,/e ectb koaddunueHt auddysuu. I cllydae) TOJNBKO 3a CYET BJICKTPOHHOW TEIIONPOBOJI-

IepBoe cnaraemoe B sieBoii yactu (10), oueBHa-  HOCTH, MPUYEM IOCICIHSAS TOJDKHA OBITH JOCTATOYHO
HO, IPONOPIIHOHANBHO AU QepeHInaNIFHON MPOBOAU-  BelHKa. CBs3aHHBIE C STUM BO3MOXHOCTH, OJHAKO, 0
MOCTH TIPOCTPAHCTBEHHO OJHOPOAHOTO oOpa3ma o, CHX IIOp JETallbHO HE HCCIICIOBAHBI.

BTOPOE CJIaraéMO€ OIMCBIBAET Y>KE U3BECTHYIO HAM pe- Jlo cuX TOp MbI OTPAHUYHBAIUCH PACCMOTPEHUEM
NaKcamuio GIyKTyaluy 3a caeT u(y3un, a TpeTbe —  OTHOMEPHOM Mozenu. Takok moaxox Ho3BONIAET BBIAC-
PENAKCAIUIO 3a CYET JIEKTPOHHON TEIIOMPOBOIHOC-  HHTh OCHOBHBIE YEPTHI JOMEHHON 3JIEKTPHIECKOM He-
TH. ycroitunBocTd. OHAKO JUIs HEKOTOPBIX CHELUATBHBIX

UeTBepToe ClaraeMoe CBSI3AHO C TEPEHOCOM  CHCTEM, BEChbMa [EPCIICKTHBHBIX B TCXHHYECKOM OTHO-
BHEPTHU CTYCTKaMH 00BeMHOro 3apsjga. PopmanbHO — IIEHHH, 3TOT MOAXO] OKa3bIBACTCA HEIOCTATOYHBIM M
€r0 MOKHO OOBEIMHHUTE CO BTOPBIM CJIaraeMbIM, BBe/Id ~ BO3HHKAET BOIPOC O TOM MM HHOM 00OOIIEHHH pac-

s dexTuBHbIl K03DPuIenT 1uddy3un CMaTpUBaEMON MOJIEIH.
PE3YJIbTAT
. 6, 3 d
D; =D, {1+| 22 -2 |eg2 ~*. (11)
T, 2 Hrak, ObIIO CKa3aHO, YTO 00Opasell MaKpOCKOIIH-

YEeCKH OJIHOPOJICH, y4eT 3(eKTOB, CBSI3AHHBIX C KO-
I[Ipu 5TOM, OIHAKO, CJIEIyeT MOMHUTb, YTO BelU-  HEYHOCTHIO €r0 IIONEPEYHBIX Pa3MepoB, M TOHKHX
unHa D; He 00s13aHa OBITH TOJIOKUTENBHOM (BTOPOE 00pa3sLoB MOXKET ObITh IPOBEAEH (PEHOMEHOIOTHYECKH
B paMKax ojHoMepHOH Monenu. OcoOeHHOCTh pas-
BUTHUSI HEYCTOMYHMBOCTH B TOHKHX 00pa3lax cBs3aHa C
TEM, YTO JIEKTPUUECKOE MOJIEe YACTUIHO KBBIXOJIUT» U3
o0pa3sia u yCIOBUS paclpOCTPAHEHHUS MIEKTPUUECKUX
BO3MYyIIEHUH B o6pasiie m3menstores [2,3]. Dddexr
0COOCHHO SIPKO BBIPAKEH, KOIJA JUIJICKTPUYECKast
MIPOHUIIAEMOCTh OKPYXAIOIIeH Cpe/ibl BEIUKA: YCIO-
Bue (DIYKTYallMOHHOMN HE YCTOWYUBOCTH HPU STOM MO-
JKET 3aMETHO M3MEHUThCS [4].
B pabote 6bLIO SKCTIEPUMEHTAIBHO OOHAPYKEHO,
YTO TOKPBITHE MOBEPXHOCTH oOpa3na GaAs muaiek-
TPUYECKOM C OOJBIION AMAIEKTPUUECKON TPOHHIIA-
emocthio (BaTiOs) MpUBOAMT K MOJABICHUIO KOJeha-
HUA, CBSI3aHHBIX C JIBOKEHHEM JIOMEHOB JpeiioBOro

. MIPOUCXOXKACHUS, J1aKe €CNIH BBHIMOJIHEHO YCJIOBHE
OJIEKTPOHHOH  TEMIEPATyphl M IUIOTHOCTH 3aPANA 4 1, 4. 1010y |~1ey~2. HaGmosianioch Takke HaMe-
¢Gyxryaumonto yC*TOHqHBO naxenpu o < 0.cap ZFOH HEHHE BpEeMEHHM 00pa30BaHMS JTOMEHOB B TOHKHX 00-
cTopoHbl, pu  D* < 0 QuykTyanoHHass yCTOWYH- pasiax GaAs [19].

BOCTb MOXET OBITh OOecriedeHa (B paccMaTpHBaEMOM

ciaraeMoe B purypHbIx ckoOkax mpu 0 < 0 u 8 /T, >
3/2 3aBemomo otpunarensHo). CyTh Jemna 371ech B TOM,
YTO CPEAHSSI SHEPIusi, MEPEeHOCHMAas OJHUM JIIEKTPO-
HOM, 3aBUCHT OT MEXaHU3Ma paccesHus (B MPOTUBHOM
ciydae Mbl umenu 0b1 0/Ty = 3/2u xod3ppuenT
D™ coriazain 6bi ¢). [10 9TOM NIPUYKHE YHEPTHSA MOXKET
a1b0 BTEKaTh B 00JACTh, OXBAUCHHYIO (IIyKTyaluen
TeMIiepaTypsl, MO0 BeITeKkats U3 Hee. [Ipn o < 0 ato
Oynet ciocobcTBOBaTH MO0 HapacTaHUIo, THOO pac-
CachIBAaHMIO (PIYKTyamuu.

B ycnoBusix, korna cutyanms, onrceiaemas pop-
mynoii (10), B cymiHOCTH, HE OTJIMYAeTcs OT pac-
CMOTPEHHOH paboTe JOCTaTOYHO KOPOTKHX 0Opasuax
MPOCTPAHCTBEHHO OJHOPOJHOE paclpejiesieHne o,

[1] E.R. Hasanov, N.M. Tabatabaei, S.A. Husey- Published by International Organization of
nova, V.M. Hajiyeva, E.O. Mansurova. IOTPE. 1ss.42, Vol.12, Num.1l, ppl10-113,
International Journal on “Technical and March 2020.

Physical Problems of Engineering” (IJTPE)
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[2]

[3]

DJIYKTYALIMOHHASL YCTOMYUBOCTDb B CUCTEME C DJEKTPOHHOM TEMIIEPATYPOI

E.R. Hasanov, Sh.G. Khalilova, Z.A. Tagiyeva,
V.M. Hajiyeva, S.S. Ahadova. International
Journal on “Technical and Physical Problems of
Engineering” Iss.46, Vol.13 Num.1 pp. 57-61
March 2021.

E.R. Hasanov, G.M. Mammadova, E.O. Mansu-
rova. International Journal on “Technical and
Physical Problems of Engineering” (IJTPE)
Published by International Organization of

(4]

IOTPE, Iss.50, Vol.14., Num.1,
March 2022.

E.R. Hasanov, R.K. Mustafayeva, S.G. Khali-
lova. International Journal on “Technical and
Physical Problems of Engineering” (IJTPE)
Published by International Organization of
IOTPE, Iss.50, Vol.14, N.1, pp.228-232, March
2022.

Pp.233-237,

E.R. Hasanov, S.A. Hiiseynova, S.S. 9hadova, V.M. Haciyeva

ELEKTRON TEMPERATURLU SiSTEMINDO FLUKTUASiYA DAYANIQLIGI

Gostorilmisdir ki, sistemin dayaniglig: iiglin elektron temperaturu miiayyon giymotds olmalidir. Hesablanmuis giiciin
elektron temperaturla slagasi miiayyon edilmisdir. Elektron enerji axin1 {i¢iin analitik diisturlar alinmigdir.

E.R. Hasanov, S.A. Huseynova, S.S. Ahadova, V.M. Hacieva

FLUCTUATION STABILITY IN THE ELECTRON TEMPERATURE SYSTEM

It is shown that the electron temperature must have a certain value for the stability of the system. Calculated, the power
of determining the connection with the electron temperature. Analytical formulas for the electron energy flux are obtained.
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WCCJIEJOBAHUE KOMILTEKCHOM JARJEKTPHUECKOM
IMPOHUIMAEMOCTMU XJIOPBEH30JIA B IMAITA3OHE MUKPOBOJIH

C.T. ABU30B, A.C. TACAHOBA
HUncmumym @uzuxu Hayuonanovnou Akademuu Hayk Azepbatioscana
Asepbaiiodcan, 2. baxy, AZ 1143, np. /[rcasuda 33
e — mail: samir_azizov@mail.ru

B pabore npencrasieHa MeToinKa MOAAGUKAINN KOPOTKO3aAMKHYTON JIMHUM JUISL UCCIICIOBAHHS TEMIICPATypHOU 3aBH-
CHUMOCTH KOMIUIEKCHOH THAIEKTPUIECKOH NPOHUIIAEMOCTH £* B JHANla30HE MUKPOBOJIH.

KiroueBbie ci10Ba: JUAJIEKTPUUESCKAsT CIHEKTPOCKOIHS, AUIICKTPHUYCCKas PelaKcalys, HIICKTPUISCKHe CBOWCTBA XJIOP-

OeH3o01a.
PACS: 61.20. — p; 77.22. —d; 77.22.Gm;

1. BBEJEHUE

W3ydeHrne IUINEKTPHYECKON MPOHHLIAEMOCTH
HOJIIPHBIX JKUAKOCTEH M CBSI3aHHOTO C HEil CHIIBHOTO
MOTJIONIECHHUA 3JIEeKTPOMAarHUTHONH 3HEPruU CIOC00-
CTBYET BBIICHEHHIO MPOILecca AUAIIEKTPUUESCKO# oS-
puzanun. TeMm CaMbIM, BO3MOYXHO IOJYYHUTH HCHHBIC
CBCACHUS O ITPUPOAEC MECKMOJICKYJIAPHBIX CHUJL.

OO6nacTh aHOMAJIBHOW JHCTIEPCHHU OIpeenseTcs
BpPEMEHEM pellaKcallii 7. Bpems penakcanuy onpene-
JSETCS BEIPAKECHHUCM:

omt = 1 (1)
Jnsi OONBIIMHCTBA MOJBSIPHBIX KHUIKOCTEH 00J1acTh
AQHOMAJIBHOW TMCTIEPCHM JICKHUT B JHANA30HE MUKPO-
BonH. Kak cnenyer u3 coorHomenus (1) mucmepcu-
OHHYIO KPUBYIO MOKHO M3Y4HTh, MEHSS BPEMS pelak-
calu T [P MOCTOSTHHOM yactote . CormacHo padore
[1] Bpemsi penakcaluu 7 BbIpaXKaeTcsl CIEAYIOLIMM
obpazom:

4nna3

kT

)

rae 1 — Ko3((UIMEHT BHYTPEHHETO TPEHUs, a
paauyc mousekyinsl, K — mocrosiaaas Bonbrmana, T —
abcomroTHas TeMIieparypa.

Amnanus ¢popmyIsl (2) oKa3kIBaeT, YTO Hauboee
XapaKTEepHOH BEIMYMHOHN, ONpPEACIAIONe N3MEHEHNE
BpPEMEHH peNaKcallny T, siBisiercst remneparypa T. Cie-
JIOBaTEJIbHO, AWCIIEPCHOHHBIE SBICHUS MOXKHO H3Y-
YUTh, CHHMMAs TEMIEPATYPHYI 3aBHCHMOCTb KOM-
TUIEKCHOM JAMANIEKTPHYECKON TNPOHUIIAEMOCTH &* Ha
(huKCUpPOBaHHON YacToTe.

TemmeparypHast 3aBUCHMOCTD TUIJICKTPHUIECKUX
KO3 PHUIINEHTOB MONAPHBIX KHUIKOCTEH HM3Yy4aJoch B
pabore [2,3]. OgHako B 3THX paboTax TeMIepaTypHBIH
MHTEPBAJ HE OXBATHIBACT BECbMa HHTEPECHYIO 00J1acTh
— 00J1acTh TOUYKH 3aTBEP/ICBAHUSI.

2. TEOPUSI METOJA

B MmeTtone kopoTko3aMKHYTOI n1HUY [4] HCTIONb-
3yeTcs CBA3b MEX/y BXOJTHBIM UMITEAaHCOM Zo U KOM-
IJIEKCHOW MTOCTOSIHHOM PacpOCTPaHEHus y JIMHUM, 3a-
MOJTHEHHOW TN3IEeKTPUKOM. IToCKONBKY ¥, B CBOIO O4e-

131, H.Javid ave, AZ-1143, Baku
ANAS, Institute of Physics
E-mail: jophphysics@gmail.com
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pelb CBsi3aHa ¢ KOMIUIEKCHOM JIHANEKTPHUYECKOil po-
HHUIIAEMOCTBIO £*, TO U3MepHB Zo, MOXKHO HAWTH BEJIH-
YHUHY £*.

BenuunHa y cBsi3aHa ¢ BXOJHBIM UMIIEAaHCOM Zg
CIICAYIOIIMM 00pa3oM:

thyd __
ya

M Z .

2nd 74 ( )

rae d— ToNmuHA IUAIEKTPUKA, Z1 — BOJIHOBOE COMPO-
THUBJICHUE BO3/YIIHOM YaCTH JINHUY.

Bxopno#t umnenanc Zo BbIpajkaeTcsl 4epe3 dKC-
HEePUMEHTAIBLHO ONpeeIUMbIe KOA(PHUIUSHTOM Oery-
4ecTd q = Emin/Emax (E — HAPSHKEHHOCTB SIEKTPHIEC-
KOro TOJISI) W CMEIICHHE y37a Y1 CTOSYCH BOJHEL,
00YCJIOBIICHHOE BBEJCHHEM B JIMHHIO JIHAJIICKTPUKA TIe-
pel KOPOTKHM 3aMbIKAHHEM:

_ q-itgPoy1

Zo = -
0 L1-iqtgBoys

(6)

21T

rae ﬁo = T

Crnenyer OTMETHTb, YTO B CITydae MaJIbIX U CPEITHHX
noteps (198 < 0,1), TouHbIE pe3ybTaThl JOCTHTAKOTCS
NP TOJIIMHAX KPATHBIX HEYETHOMY YHUCIY YeTBEpTEH
JUTMHBI BOJIHBI B 00pa3siie.

[pu Gonbrmx norepsx (tgd > 0,1) romuuny 06-
pa3ua npuxoauTcs OpaTh HACTONBKO Majloif, 4TO OHa
caMa CTaHOBHUTCSI ICTOYHUKOM 3aMETHBIX TIOTPEIIHOC-
Tel.

JpyruM HEIOCTaTKOM SIBISETCS KpaWHss dyB-
CTBUTEIILHOCTh JIETEKTOPHOM YacTW ammaparypsl K
TeMIIepaTypHbIM KoJIeOaHMSM, YTO CEPbE3HO 3aTpy.l-
HSET TIPOBEICHHE TeMIepaTypHbIX m3MepeHmil. Oba
9TH HEJOCTAaTKa yJaeTcs YCTPaHUTh B HOBOW MOJIH-
¢dukanuu merona [5].

CyTb 3TOi MOIU(UKAIMHA COCTOUT B TOM, YTO
MIPOM3BOANTCS TpaHc(hOpPMAIMsi BXOJHOIO MMIIeIaHCca
3aI0JIHEHHOW JIMAJICKTPUKOM KOPOTKO3aMKHYTOH JIH-
HUHM B M3MEPHUTEIbHYIO JIMHUIO TaKUM 00pa3oM, 4TO
CO3/IAIOTCSI ONTHUMAJBHBIC YCJIOBHS AJISI M3MEPEHHH.
Wzmepsisi TpaHC(OPMUPOBAaHHBIN HMMIIEAHC, MO W3-
BECTHOMY K03(h(HINEHTY TpaHC(HOPMAIUU, HaXOIUT-
Csl ICKOMBIH BXOZHOW MMIIe/IaHC JINHUH, 3aII0JTHEHHOMN
JIMDIIEKTPUKOM.
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UCCJIEAOBAHUE KOMILIEKCHOW JUJEKTPHYECKOW MIPOHUIIAEMOCTH XJIOPBEH30JIA B

3. PE3YJIbTATBI USMEPEHUS U
OBCYXJIEHHUE

Ha puc. 1 npencrasieHa 010K — cxeMa yCTaHOB-
ku. V3 cetn HampspkeHHe moctymnaer yepes deppope-
30HaHCHBINA crabwimm3arop (1) Ha Omok muTanus (2)
TeHeparopa IeUUMEeTpPOBEIX BOMH (3), coOpaHHOTO Ha
MeTaiutokepammdeckom Tpuoge I'C-9b mo cxeme ¢
00I1IEN CETKOM.

elelclric network

Puc. 1. bnok-cxema yCTaHOBKH.

BxonHoil mMnenanc KOpOTKO3aMKHYTOM — Cek-
1 (8), 3aN0THAEMON HCCIeyeMOoN KUAKOCThIO, Ipe-
o0pa3zyeTcs ¢ MOMOIIBIO PEryIHPYeMOro Tpanchopma-
Topa (7) B KOaKCHAIBHYIO M3MEPUTEIHHYIO JTHHUIO (5)
¢ BOJHOBBIM conpotuBicareM /0 Om. MHnukaTtopom
CIy’)KHT KPEMHHUEBBIH AETEKTOP, HA BBIXOAE KOTOPOTO
BKITIO4YeH npuoop (6) Ha 100pA (6). XapakTepucTika
JETEeKTOpa — KBaJlpaTHIHAs.

KopoTtko3amkHyTast cekiust (8) sBIseTCS OTpe3-
KoM 70 — OMHO¥H KOaKCHaJIbHOW JIMHUU JUIMHON 12 cM.
Ee HuxHss yacTh 3aKpbITa TeIOHOBOM MpoOKoii. Cek-
1IUS OKpYXKEeHa METAJTMUECKOHN pyOaIikom, mo KOTOpon
MPOITYCKAIOTCA apbl XKHUKOT0 Bo3ayxa. Bricora ctoun-
0a JKHJIKOCTH YCTaHAaBJIMBAETCS C TIOMOIIBI0 KOPOTKO-
3aMBIKAIOIIETO MOPIIHS, MOJO0XXEHHE IIOCKOCTH KO-
POTKOTO 3aMbIKaHUsI KOTOPOTO OMpEEIsIeTcs ¢ TOod-
HocThIO 0,05 MM.

1 ncrbITaHus yCTaHOBKM OBLI MPOBEIEH psif
KOHTPOJBHBIX M3MepeHui. B Tabn. 1 mpuBeneHs pe-
3yJbTaThl U3MEPEHHS P Pa3IUuHOi BbicoTe d cTonba
JKHJIKOCTH Ha IpuMepe xjaopOeH3ona Ha BoiHe 11,5 cu
npu 20°C. Pa306poc pe3ynpTaToB pa3iUIHBIX H3Me-
peHuii ot cpexHero Juisi ¢ cocraBiseT Menblie 1%, a
1 ¢” menb1e 4%.

CpaBHeHHE C JIUTepaTypHBIMH JIaHHBIMHU ITOKa3bl-
BaeT YJOBJIETBOPUTEIBHOE COTJIaCHe.

Tabmuua 1
d &' g
1,28 5,58 0,63
1,50 5,60 0,62
3,00 5,59 0,66
3,42 5,58 0,64
3,76 5,57 0,64

Ha omnmcanHo# ycTaHOBKE ObLTAa M3ydeHa TeMIIe-
paTypHas 3aBUCUMOCTb KOMILJIEKCHOM IUAJIEKTpHUeC-
KO ITpOHMIIaeMOCTH xJiopOen3ona Ha BonHe 11,50 cm
B unTepBaie ot +20°C no —90°C.Pe3ynbraThl JaHbl B
tabnuue 2 n Ha puc. 3 u 4.

B Touke 3arBepneBanust (—45°C) mpoucxomur
pe3Koe yMEHbIICHUE AMIIEKTPHUECKUX KOI(PPHUINeH-
TOB [6,7], yka3pIBaroIlee Ha HAJTMUNUE CKauka BPEMEHH
penakcarmu 7. CreoBaTeNbHO, IPU TEMIIEpaType 3a-
TBEPJICBaHMUS KHUIKOCTH MPOHCXOIHUT YIOPSIOUYCHHE
MoJIeKyl. TeM caMBIM PE3KO OTPaHMYHUBAETCS WX
BpamaTeIbHas NOJBUKHOCTb.
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Tabnuma 2
t°C Xnopbenson
&' g"

20 5,58 0,64
15 5,60 0,68
10 5,68 0,73

5 5,74 0,78

0 5,80 0,85
-5 5,82 0,92
-10 5,83 1,0
-15 5,88 1,07
- 20 5,84 1,14
-30 5,74 1,27
—40 5,54 1,41
—42 5,50 1,47
—45 5,43 1,53
— 46 3,05 1,13
— 47 2,93 0,78
—48 2,85 0,45
- 50 2,83 0,31
-51 2,82 0,21
— 53 2,81 0,18
—55 2,80 0,14
- 60 2,78 0,11
— 68 2,79 0,07
— 77 2,80 0,05
-89 2,80 0,04

ITo nu3MepeHHBIM 3HAUCHUSIM &' U €" MOXKHO oIpe-
JIETUTh BETMYMHY BPEMEHH TUAJICKTPHUUECKOH pelak-
cauuu. HalineHHble 3Ha4eHMs] BPEMEHHU pellaKcaluu
JUISL pa3iINYHBIX TEMIepaTyp NMpHUBEAEHBI B Ta0II.3.

Tab6muna 3
Xmopben3on

t°C T x100¢cex
20 0,13

10 0,15

0 0,17
-10 0,19
-20 0,22
-30 0,25
-40 0,30
-45 0,34
—46 2,39
47 3,47
-48 6,04
-50 8,89
-51 13,2
-53 15,6
—55 20,2
-60 26,3
-68 42,9

W3 Tabmuupl 3 BUIHO, YTO BpeMs pelaKcalu,
IIPU NIEPEX0Ji€ uepe3 TOUKY IUIaBICHHS, PE3KO BO3pac-
TaeT (II0YTH Ha OTHYU NOPANOK). TemrepaTypHbIi X0 T
TIOKa3bIBAaET, YTO HIKE TEMIIEPATYphl 3aTBEp/EBaHUS
HEJb3sT MEXMOJIEKYJISIPHOE B3aMMOICHCTBHE XapaKTe-
PHU30BaTh OJHUM OIIPENCIEHHBIM 3HAUYCHHEM DHEPTHU



C.T. ABU30B, A.C. TACAHOBA

AKTUBALME MOJEKYI, H60 3aBUCHMOCTb T OT I BbIpa-
»aeTcs onee CIOKHBIM 3aKoHOM, yeM e VKT,

3AK/IIOYEHHUE

Onwucana MOTUGHUKAIAI METOIa KOPOTKO3aMKHY-
TOW JIMHUH, NIPEAHA3HAYCHHAS AT M3MEPEHHS TeMIIe-
paTypHOH 3aBUCUMOCTH KOMIUIEKCHOM IUAJIEKTpHUYEC-
KO MIPOHULAEMOCTH MOJIAPHBIX XKHUAKOCTEN B Uanas-
OHE MUKPOBOJIH.

Meton ocHOBaH Ha TpaHC(HOPMAIMM BXOIHOTO

COIPOTHUBJICHUSI KOPOTKO3aMKHYTOM JINHUH, 3aII0JTHEH-
HOW HccneayeMol XuakocTbio. IIpuBenieHbl TaHHbIE
TeMIlepaTypHOI 3aBUCHMOCTH &* xyiopOeH30i1a B MH-
tepBaie +20°C + —90°C na Bonnue 11,5 cm.

ITpu nepexone yepe3 TOUKY 3aTBEpICBaHUS HC-
ClIeyeMOH KUAKOCTH 00HapyKeH CKavok ¢ *. Ompene-
JIeHbI 3HAUCHHUS BPEMEHHU PeNIaKCaIli BO BCEM TEMIIe-
PaTypHOM MHTEpPBAJIC ¥ BEIMYNHBI SHEPI'HU aKTHBALIUH
IUTSL MOJICKYJT SKHIIKOTO XJIOpOeH301a.

[1] II. Jeb6aii. Monspubie Monekynsl, M., 1931.

[21 AU Aoamenrxo, HA. Aoamenro, JI.A. Byra-
eun, B.E. [locopenos. XypH. Puz. xumwun.
1996, 1. 70, Nel, c. 97-98.

[3] f0.A4. ®@aoees. Bectruk Ky3['TY, 1998, Ne 3, c.
24-30.

[4] A1O. Axaoos. [udnextpuueckue HapaMeTpbl
YHCTBIX JKUIKOCTEH, MockBa, 1999, 854.

[51 C. Pamo, [c. Pamo. Tlons u BOIHBI B
COBpEMEHHOMH paguoTexHuke. M., 1948

[6] S.T.Azizov, O.A Aliev, R.G.Abaszade.
International Journal of Latest Research in
Science and Technology, 2016, 5, 58-62.

[7] M.M.Palaiologou,G.K.Arianas,N.G.Tsierkezos.
J. Solut. Chem., 2006, V. 35, P. 1551-1565.

S.T. Ozizov, A.S. Hasanova

MIKRODALGALI DiAPAZONDA XLORBENZOLUN KOMPLEKS DIiELEKTRIK
KECIRICILIYININ TODQIQi

Mogalodo mikrodalgali diapazonda kompleks keciriciliyin £* temperaturdan asililigini yronmak ii¢lin qisa qapanmis
koaksial xott tisulunun yeni modifikasiyasina asason yi1gilmis qurguda aparilmisdir.

S.T. Azizov, A.S. Gasanova

STUDY OF COMPLEX PERMITTIVITY CHLOROBENZENE IN THE RANGE OF MICROWAVES

The paper presents a technique for modifying a short-circuited line to study the temperature dependence of the complex

permittivity ¢* in the microwave range.
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MANQAN FERRIT NANOHISSOCIKLORININ STRUKTUR VO
TERMOFIZIiKi XUSUSIYYOTLORI

A.F. QOCUYEVA!? F.F. YOHYAYEV!
'Azorbaycan Milli Elmlor Akademiyasi, Fizika Institutu, AZ 1143, Baki, H.Cavid prosp., 131
2Azorbaycan Milli Aviasuya Akademiyasi, AZ 1045, Baki, Mardakan pr., 30
aynuragochuyeva@gmail.com

Toqdim olunan tadgiqat isinds yiiksak tomizlik doracasine malik (nanopowder with true density 4.96 g/cm?, particle size
60 nm and a purity of 98.5 %, SkySpring Nanomaterials, USA) niimunanin qurulus strukturu Vo genis temperatur intervalinda
termofiziki xassalori todqiq olunmusdur. XRD difraksiyasi naticalorindon MnFe204 ferrit nano hissaciklorinin kristal fazasinin
tam alindigini vo gofas paremetrlarinin giymotlori toyin olunmugdur. DSC analiz naticalorindon goriindiiyii kimi 300°C tem-
peratur intervalina qadar bas veran effektlor ferrit niimunslarinds bas veran faza kegidlarinin tabistini va enerji miqdarini aydin

oks etdirmokdadir.

Acar sozlor: Mangan ferrit, nano hissaciklor, X-ray difraksiya spektri, DSC analizi

PACS: 61.05.cp, 75.50.Gg, 75.75.Fk
GIRIS

Son zamanlar magnit oasash ferrit nanohissociklor
tizorindo yerina yetirilon ¢oxlu sayda elmi todgigatlar-
dan alinan naticalors asaslanarag, homin materiallarda
orta doracodo magnitlogmo, tok domen effekti, superpa-
ramagnetizm, spin filtrlomo kimi unikal maqnit xiisu-
siyyatlori gostorilmokdadir [1-3]. Spinel quruluslu
MnFe,0, nanostrukturlu oksidlordo moévcud magqnit
kecidlori sonaye vo tibbi biologiyada genis totbigini
tapmusdir. MnFe;04-do Mn?* jonlarmin togribon 80%
tetrahedral sahadoa, 20% sakkiz oktahedral sahados oldu-
gu ti¢iin gismoan tars spineldir [4]. MnFe;O4 nanohisss-
ciklari vo nazik tobagslori yiiksok anizotropiya sabitins,
oOlgtidon asili olaraq ifrat magnitlogmayo, yiiksok spin
sliso hali, ifratparamaqnetizm vo yiiksok Kiiri tempe-
raturu kimi miixtolif xiisusiyyatlora malikdir. Magnit
sahosi sensorlar1 biotibbi agkarlama, aviasiya sonayesi,
kosmos, geofiziki tadgigatlar vo bir gox elmi va Sonaye
totbiglarinda genis istifado edilmisdir [5, 6]. Ononovi
isullar ¢ox vaxt maqnit sahslarini hiss etmok ti¢iin Hall
effektindon, magnit-tranzistordan, magnitodioddan,
magnit-rezistorlardan (amorf va nshong maqgnit-rezis-
torlar) vo ya diger yarimkegirici effektlordon istifads
edir [7, 8]. Buna baxmayaraq, bu cihazlar onlarin mi-
niatiirlosdirilmasi, enerji istehlaki, dayeri, dayaniqligi-
nin olmamasi, azaldilmig multiplekslogdirma gabiliy-
yati vo uzaqdan izlomo ilo bagh bazi ¢atismazliglar
togdim edir. Digor miivafiq catismayan toraflor iso
6lgmoloarin sas-kiiyiino Sobab olan bir nego otraf mii-
hitin magnit sahasi manbalarins xas olan hassasligidir.
Bundan slavs, metal sxemlor va siqnal Gtiiriicii kabellor
da elektromaqnit miidaxilasina hassasdir [9-10]. Sensor
texnologiyalarin1 optik fiber sensorlar il miiqayisa
edarkan, sonuncular son illards xiisusi diqqat ¢akmis-
dir, ¢linki onlar 6z elektron analoglar ilo miigayisado
bir sira iistiin cohatloro malikdirlor. Digor xiisusiyyatlor
arasinda onu da geyd etmok olar ki, elektromagnit mii-
daxilasina qars1 toxunulmazhq, kigik olgiilii, uzagdan
zondlama imkanlar1 vo tohliikali miihitlorde miiqavimot
bu texnologiyani qaz boru kemarlari vo ya elektriks
hossas miihitlor kimi agir goraitds istifads etmok {igiin
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uygun edir. Hal-hazirda, Faradey effekti [11] vo mag-
nitostriktiv materiallar [12, 13] daxil olmagqla, miixtalif
hissetmo iisullarina ssaslanan magnit sahasinin mo-
nitoringi U¢iin bir nego optik lifli sensorlar haqqinda
molumat verilmisdir. Buna baxmayaraq, miioyyan hal-
larda bu tip materialin optik fiberlo inteqrasiya prosesi
asan deyil. Alternativ olarag, magnit sahasinin askar-
lanmasi tigiin hassas element kimi genis sokilds tatbiq
olunan maqnit mayesi (MF) var. Coxydnlii maqnito-
optik xiisusiyyatlorina géra bu calbedici material mo-
dulyatorlar [14], optik doyisdiricilar [15], interfeyslor
[16], saha sensorlar1 [17,18] kimi fargli MF osasli optik
cihazlarda vo hamginin maqnit kimi istifads edilmisdir.
Toqdim olunan igdo ferrit nanohissacikli birlogsmanin
qurulus analizi vo termofiziki xassolori analitik metod-
larla tadqiq edilmisdir.

EKSPERIMENTAL HiSSO

Todqgiqat isinda “nanopowder with true density
4.96 g/cm?®, particle size 60 nm and a purity of 98.5 %”
(SkySpring Nanomaterials, USA) niimunasindan isti-
fado olunmusdur. Istilik selinin fiziki xarakteristikalar
DSC 204 F1 Phoenix (Differential Scanning
Calorimeter, Almaniya) vasitosilo ol¢lilmiisdir. Man-
gan ferrit nimunasinin DSC spektri -100+-550°C tem-
peratur intervalinda ¢okilmisdir.

EKSPERIMENTAL HiSSONIN MUZAKIROSI

Sakil 1-do MnFe;04 niimunasinin X-ray difrak-
siya spektri verilmisdir. Difraksiya spektrindon ferrit
fazasinin oldugu aydin sokilds miisahids olunmagda-
dir. Tayin olunmus “d” qiymatlarinden aydin goriiniir
ki, difraksiya piklarinde MnFe;O4 -iin tok kristalli
“cubic” fazasi, Fd-3m space qrupa malikdir. Intensiv
piklor ferrit fazasinin tosdiqi va nanohissacikli niimuno-
lorin todqiq olundugunu gostarir. Qafas parametrlorinin
giymoti t¢iin 0,84577 nm oldugu mioyyan olun-
mugdur. Homginin “d” qiymati va gafas parametri tigiin
alinmig qiymatlor adobiyyat naticalari ilo uygunluq tos-
kil etmokdadir. Kristallik Slgiistiniin toyin olunmasi
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ti¢iin Sarrer formulundan istifads olunmus, bunun tigiin
(311) pikina uygun galon intensiv pikin yarin enindan,
dalga uzunlugundan istifads olunmusdur.

D = 0,89 A/fcost

D — kristalin 6lgiisii, 4 — X-ray dalgasinin dalga
uzunlugu, f — pikin yarin enini Vo § — Biagg bucagini
gostarir. (311) pikinin parametrlorindan istifads edorak
kristal 6lgiisiiniin 13.3 nm oldugu miiayyan olunmus-
dur.
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Sakil 1. MnFe204 niimunasinin otaq temperaturunda X-ray difraksiya spektri

Molumdur ki, istilik selinin fiziki xarakteristikasi
birlosmods struktur kegidlorini, degradasiya mexaniz-
mini, kimyovi reaksiyalarin névlorini vo oksidlogsmo
kimi mithiim proseslori 6ziinds ehtiva edir. Digor to-
rofdon, istilik seli funksiyasindan termik kegiricilik,
termo diffuziya, istilik tutumu vo termodinamik pa-
rametrlors kegid miimkiindiir [19,20]. Istilik sel funksi-
yasindan istilik tutumuna kegid va istilik tutumunun
temperaturdan asili olaraq toyin olunmus giymotlori
termodinamik funksiyalarin doyigsma mexanizmini izah
etmoys imkan yaradir [21, 22].

Sakil 2-do nano mangan ferrit birlogmasinin -

I -
verilmisdir. Istilik seli A@ (heat flow rate) giymaoti sabit

100°C<T < 550°C temperatur intervalinda DSC oyrilori |

termik iglonmo siiratindo 10 K/dog todqiq edilmisdir.
Temperaturdan asili olaraq istilik sel funksiyasinin
oyrisi ¢ osas oayrilik piki ilo miisahido olunmusdur.
Kristallik qurulusa verilon istilik migdar1 hesabina bag
veran termik kegidlor (heat of transformation) askar
olunmus vo xarakteriza olunan effektlori uygun olaraq
markazi piklari T1=7.9°C, T,=20.8°C, va T3=67.3°C
temperaturlara uygundur. Sokil 3-ds -100°C<T<550°C
temperatur intervalinda formalasan piklora uygun olan
sahalarin enerji kinetikas: verilmisdir. DSC spektrindo
istilik sel funksiyasinin qiymeti -0.6mW/mg godor
azalir.
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Sakil 2. -100 < T < 550°C temperatur intervalinda nano mangan ferrit birlogsmosinin DSC spektri
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Sakil 3. -100°C < T <550 °C temperatur intervalinda formalagan piklaro uygun olan sahalorin enerji kinetikasi

5°C<T<14,2°C temperatur intervalinda formala-
san piki 7,9°C olan effekt ii¢iin sahanin enerjisi
47,23ml], entolpiyanin qiymatinin 4,925 J/g uygun ol-
mast hesablanmigdir vo istilik sel funksiyasinin qiymaoti
doyigsmomigdir.

15,2°C<T<31,3°C temperatur intervalinda forma-
lasan piki 20,8°C olan effekt iigiin sahonin enerjisi
9,56mlJ, entolpiyanin qiymati 1,543 J/g, istilik sel funk-
siyasinin qiymati -0,12 mWt/mg-dan -0,15mWt/mg -a
godor azalmisdir.

54,7°C<T<82,3°C temperatur intervalinda forma-
lasan piki 67,3°C olan effekt iigiin sahanin enerjisi
408,14 mJ, entolpiyanin qiymeti 51,09 J/g, istilik sel
funksiyasmin qiymaoti sabit olaraq qalmisdir. Gostarilon
temperatur intervalinda nano mangan ferrit birlogmasi-
nin istilik selinin xatti azalmasi vo morkazi piklori kigik
doyismos ilo geyd olunan effektlorin kristal qurulusda
atomlarin istiliyin tasiri naticasinds gofasdos rogsi hars-

[ . . . s
katin rezonans hodds gatmasi va nisboton zoif rabitali
atomlarin qirtlmast ilo xarakterizo olunur.

NOTICO

Toadqiq olunan ferrit nanohissacikli paylanmig
hissociklorin 6lgiilori 13.3 nm, gofes parametrlorinin
giymati ii¢iin 0,84577 nm oldugu miayyan olun-
musdur. Termik analiz ilo -100°C < T < 550°C tempe-
ratur intervalinda faza kegidinin bas verdiyi miioyyan
olunub. DSC spektrinds -100°C < T <550°C temperatur
intervalinda niimunodo formalasan piklore uygun
effektlorin sahs enerjilori 9.56-408.14 mJ intervalinda,
entolpiya 4,925-51.09 J/g oldugu miioyyon edilmisdir.
Homginin istilik sel funksiyasinin giymati 0.1 mW/mg-
don -0.6 mW/mg qodor azaldigi eksperimental gosto-
rilmigdir.
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A.F. Gochuyeva, F.F. Yahyayev

STRUCTURE AND THERMOPHYSCAL PROPERTIES OF MANGANESE FERRITE
NANOPARTICLES

The study examined the structure and thermophysical properties of a sample with a high degree of purity (nanopowder
with true density 4.96 g / cm?®, particle size 60 nm and a purity of 98.5%, SkySpring Nanomaterials, USA) over a wide
temperature range. From the results of XRD diffraction, it was determined that the crystal phase of MnFe204 ferrite
nanoparticles was completely obtained and the values of the lattice parameters were determined. As can be seen from the results
of DSC analysis, the effects occurring up to a temperature range of 300°C clearly reflect the nature and amount of energy of
the phase transitions that occur in the ferrite samples.

A.D. I'ouyeBa, ©.D. SIxbsieB

CTPYKTYPA U TEILIO®U3NYECKHAE CBOMCTBA HAHOUYACTHII
OEPPUTA MAPTAHIIA

B uccnenoBanny u3yyanu CTpyKTypy U TeIUIou3nuecKkue CBOHCTBAa 00pasiia BEICOKOH CTENEeHH YHCTOTHI (HAHOMOPOLIOK
C MCTHHHOH TIOTHOCTBIO 4,96 T/cM®, pasMepoM wactui 60 HM u uucToToil 98,5%, SkySpring Nanomaterials, CIIIA) B
IIUPOKOM Juamna3oHe Temmeparyp. Ilo pesynbpratamM ChekTp peHTreHoBckoi mudpakuum (XRD) ycraHoBneHo, 4TO
KpucTaiumueckass ¢aza HaHodactur ¢eppura MnFe204 mMoJHOCTBIO TONydeHa, W OIpEAeNIeHbl 3HA4YeHHsS HapaMeTpoB
pemerkn. Kak BugHo m3 pesynbratoB JICK-anammsa, a¢dekrtsl, Bo3HUKaromme a0 uHTepBaia Temmepatyp 300°C, derko
OTPaXKAIOT XapaKTep U BENHYMHY SHEPTUH (a30BBIX MEPEXOI0B, MPOUCXOIAIINX B 0Opasuax heppuToB.
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CuCr2Tes KRISTALI 9SASINDA MAQNIT DiOD QURULUSUNUN YARADILMASI
VO BOZi PARAMETRLORININ XUSUSIiYYOTLORI

C.I. O9BILOV, M.S. HOSONOVA, E.K. QASIMOVA, N.T. HUSEYNOVA
Azarbaycan Texniki Universiteti. AZ1073, H.Cavid pr.25
E-mail: cabilov@yahoo.com, mhsh28@mail.ru, ema-77@mail.ru,
nigar-guseynova@Ilist.ru

Laboratoriya soraitinds indiumun diffuziyasi ile CuCrzTes kristali esasinda maqnit diod qurulusu yaradilmis, onun volt-
amper xarakteristikasi todqiq edilmis, bazi praktiki parametrlori hesablanmisdir. Bu magsadls xiisusi konstruksiyaya malik olan
kvars ampulundan istifads edilmis, diffuziya prosesi ti¢iin texnoloji rejim iglonmisdir. Miioyyan olunmusdur ki, qurulusa totbig
edilon 2 volt garginlikds diiziine coroyanin azalmasi bas verir. Diodun voltmagnit hassasligi ~10,7 v/TI, nisbi gorginlik magnit
intensivliyi iso 2,4-10 v/A-Tl tortibindadir. Bu gdstaricilor germanium va bazi digor yarimkegirici materiallar osasinda yara-

dilan magqnit diodlarinin analoji parametrlorindon iistiindiir.

Yaradilan cihaza girig va ¢ixis kontaktlarin nazik tobagos soklinda konstruksiya edilmasi toklif edilarak, biitovliikds diod

qurulugunun cihaz kimi tosviri verilmigdir.

Acar sozlor: magnit diodu, voltmagnit hassasligi, gorginlik, magnit intensivliyi, magnit diod effekti

PACS: 09.09.29

Ik magnit diodlar1 InSb vo Ge yarimkegiricilori
osasinda hazirlanib, lakin belo diodlar genis tatbiq sa-
hosi tapmayib, ¢linki bu materiallarda gadagin zolagi-
nin eni kigik, moxsusi kegiriciliklori iss boyiikdiir. Bu
sobobdon, onlarda talob edilon coroyan sixliginda vo
hotta diodun qalmlhiginin diffuziya yerdoyismosins olan
nisbatinin boytik (d/L) giymotlorinds do yiiksok in-
jeksiya saviyyolorina nail olmag olmur. Bu cahotdon Si
Vo GaAs osasinda hazirlanan magnit diodlar1 daha sor-
foli sayilirlar (Xiisusi miigavimatin yiiksok olmasina go-
ro). Istor bizim todgigatlarda, istorso do coxsayli
odobiyyat molumatlarinin naticalarine géra CuCr,Tey
birlagmasi magnit yarimkegiricisi kimi tasdiq olunmus
Vo otrafli todqgiq edilmisdir [1-3]. Lakin, onun xasses-
larino dair genis molumatlarin olmasina baxmayarag,
birlogmoanin totbiq sahalari gox mohduddur. Deyilonlori |

nozoro alarag, terofimizdon CuCr;Tes birlosmasi
asasinda magnit diodu hazirlanmis va onun totbigi pa-
rametrlori todqgiq edilmisdir. CuCr,Tes birlosmasinin
alinma texnologiyasi [4] isindo verilmisdir. Onun osa-
sinda diffuzion diodun yaradilmasi {igiin xiisusi kons-
truksiyali kvars ampula hazirlanmis vo diffuziant mog-
sadils istifads edilon tamiz indiumla CuCr,Tes kristali
bu ampulanin miixtalif temperaturlu saholarinds yerlos-
dirilmisdir. Daxilindo ~ 0,133 Pa tartibindo vakuum
yaradilan ampulada CuCr,Tes kristali ~10 saat orzindo
indium buxarinda termiki emal edilmisdir. Noticado,
CuCr,Teq birlogsmoasinin sathinds (CuCraTes)1x Ing tor-
kibina uygun galon nazik tobago soklinda bark mohlul
sahasi yaradilmigdir ki, bu da kristalin ssthindo bas
veran asagidaki reaksiyanin naticasindo reallasir:

1073K

(Cucr,Te,), — (CuCr,Te, ), + In,,, —2*[(CuCr,Te, ), (In), ]

Burada, v va s simvollari miivafiq olaraq kristalin
hocmi va sathinin saholorini xarakterizo edir. Belo tor-
kibli bark mahlulun mévcudlugu CuCr,Tes — In siste-
minda misin indiumla kigik faizli avazlomalorinds ter-
modinamiki vs fiziki-kimyavi xassalorin todqiqi ilo do
tosdiq edilmisdir. Diffuziya prosesini yerino yetirmok
tigtin bir hissasi daraldilan kvars ampuladan istifado
edilmigdir ki, belo ampulanin maddslorls birlikds timu-
mi goriniist sokil 1-ds verilmisdir.

CuCryTes
Kvars
> <

ampula

Sokil 1. Lokal diffuziya ti¢iin hazirlanan kvars ampula
nin konstruksiyasi vo onun daxilinds maddanin
yerlagdirilmasi.
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Qeyd etmok lazimdir ki, asqarsiz CuCr,Tes bir-
lasmosinin kegiricilik tipi «p» isaralidir. Onun sathinda
yaradilan indiumla zangin olan soth tobagosinin kegiri-
ciliyi n-tip olmusdur. Bu xiisusiyyatlor termo.-e.h.q.-
nin dlgtilmasi ilo miioyyanlosdirilmisdir.

Yaradilan diffuzion qurulusa giimiis pastasindan
kontaktlar ¢okilorok, onlarin VAX-1 adi soraitdo vo
miixtolif intensivlikli magnit sahslorindo 6l¢tilmiisdiir.
Magnit diodlarinin yaradilmasi1 ona géra perspektivlidir
ki, belo cihazlarda signal effektinin giymoti on yaxsi
Holl vericilarindon va magnit miiqavimatlorindan bir
nego dofo yiiksokdir. Umumiyyatls, galvanomagnit ci-
hazlarinda magnit sahalarine hassas xassalori xarakteri-

zo etmok tiglin caroyan magnit hossashigi (y1 = %) Vo

gorginlik magnit hossasligi amsalindan (y,, = %),
homginin nishi gorginlik magnit hassasligi omsalindan
(y =103 %) istifads edilir. Baxmayaraq ki, bu amsal-

larin giymeti silisium, germanium va gallium arsen ya-
rimkegiricilarinds yiiksakdir, lakin son zamanlarda mo-
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lum olmusdur ki, terkibinds magnit ionlu kimyavi
element olan ikili vo tgli birlosmolor gostarilon
parametrlorin giymatina gors Si, Ge vo GaAs-don ha-
zirlanan analoji cihazlar Gstoloyir. ©gar belo yarimke-
cirici eyni zamanda ham do magnit materialdirsa, 0 za-
man bu sahado daha yiiksak naticalars nail olmaq olar.

Sakil 2-do diffuziya texnologiyast ilo tarafimizdan
CuCr,Tes magnit yarimkegiricisi asasinda yaradilan di-
od qurulugunun volt-amper xarakteristikasinin miixtalif
intensivlikli magnit sahasindaki diiziina qollar1 géste-
rilmisdir. Goriindiiyii kimi, asililig malum magnit diod-
larmin analoji xarakteristikalari ilo keyfiyyatlo uzlagir.
Dioda totbig edilon gorginliyin ~2 volt giymstinds
maqnit sahasinin har iki 6l¢t intensivliyinds diiziins co-
royanin azalmasi miisahido edilir. Hesablamalardan
molum olmusdur ki, hazirlanan magnit diodunun volt-
magnit hessasligi ~10,7 v/Tl tortibindadir. Nishi gor-
ginlik  (volt) magnit intensivliyinin giymati iso
y=24-10"° ﬁ—dir. Qeyd etmok lazimdir Ki, hor iKi
parametrin giymoti germaniumdan hazirlanan magnit
diodunun analoji parametrlarinin giymatindan tstiindiir
[5]. Umumiyyatlo, malumdur ki, magnit diodunun so-
moaraliliyi onun bazasimin enindon do asilidir. Nazik
bazali p — n kegidlarindon magnit diodu kimi istifado
edilmasi mogsadauygun sayilmir. Enli bazali p — n ke-
cgidlorinds (W=>L) dioda tatbiq edilon diiziina gorginlik
p — n kecidi serhoddi ilo diodun bazasi arasinda
paylanir, yoni Ugi: =Upn + lgiz Rbaza olur. Miixtolif mii-
gavimetli yarimkegirici materiallar iigiin (W/L)op.=0,5
In10p Kkimi ifads edilir ki, burada da p baza sahasinin
miigavimatidir [6]. Yoni, baza materialinin miigavimati
artdigca, W/L nisbati do boyiiyiir. Hazirlanan magnit
diodu ti¢iin bu nisbst 0,3-0 barabardir. Belalikls, magnit
diodunun hassasligimi artirmaq tigiin baza materialinin
miigavimati boyiik olmalidir.

1 2

3 4 5—

Uiz, V

Sakil 2. Indiumun diffuziyasi ilo CuCrzTes osasinda
yaradilan maqnit diodunun voltamper xarak-
teristikasinin miixtalif magnit sahssi itensiv-

liklarinds diiziins qolu.

Maqnit diodunun yiiksok magnit hossasligina ma-
lik olmasi, qalvanomagqnit cihazlarinin totbiqi li¢lin ye-
ni istigamotlor agmigdir. Onlardan miixtolif acar sxem-
larinds vo magnit sahs effektinin diizxatli olmasi vacib
sayllmayan, lakin onun giymsatinin halledici rola malik
oldugu qurgularda istifado edilir. Maqnit diodlarinn

osas istiinlilyli ondan ibarotdir ki, onlarin sxemo qosul-
mast tigiin alavs giiclondirici qurgular talab edilmir.

Molumdur ki yarimkegirici kristaldan hazirlanan
diodu magnit sahasinds yerlasdirdikds, magnit inten-
sivliyi xatlori elektron vo desik yiikdagtyicilarmin horo-
kot trayektoriyasini doyisdirir, yoni burada horokot isti-
gamatinin ayilmasi bag verir. Naticads yiikdastyicila-
rinin yiriikliyii zoifloyir Ki, bu da diffuziya siiriigmosi
uzunlugunun kigilmasina sabab olur. Eyni zamanda co-
royan Xatlorinin uzanmasi, yoni bazanin effektiv qalin-
lig1 genislonmasi bas verir. Magnit sahosi, nainki yii-
riiklitys vo carayan Xatlorinin istigamatine tasir edir, o
homginin, yiikdasiyicilarinin yagama miiddatini do
azaldir. Biitiin bunlar, diodun geyri-taraz kegiriciliyinin
giiclii doyismosina sobob olur. Magnit sahasinds diffu-
Ziya uzunlgu siiriismasinin vo bazanm effektiv qalinli-
gmin ilkin doyismesi, bazanin miigavimatini kaskin do-
yisdirir. Buna miivafiq olaraq qeyri-taraz yiikdasiyi-
cilarmin konsentrasiyasinin koskin doayisikliyi diiziino
Coroyani da giiclii artirir ki, bu da maqnit diodu effekti
adlanir. Manfi yaxud miisbat qeyri-taraz kegiricilik ya-
radilan har bir yarimkegirici quruluslu maqgnitdiodu ef-
fektini miisahido etmok olar. Kegiricilik o zaman miis-
bot olur ki, yarimkegiricido osas yiikdasiyicilarinin
konsentrasiyasi tarazli yiikdasiyicilarinin konsentrasi-
yasindan ¢ox olsun. Oks toqdirds, kegiricilik monfi sa-
yilir.

Diffuzion n-tip
indium kontakt1 kegiricikli saho
Cixig
elektrodu
Girig
elektrodu

Asqarsiz CuCrzTes

} Guimilg pastasi vo
kristali

yaxud indiumdan olan
omik kontakt

Sakil 3. CuCrzTes birlogsmoasi asasinda yaradilan diffu
zion diod qurulugunun konstruksiyasi

Diffuziyaya ugradilan vo galinligi imumi olaraq
~2 mm olan CuCr2Tes <In> kristalina alt vo iist to-
rofdon kontaktlar yaradilaraq, onun bir daha bazi para-
metrlori 6l¢iilmiisdiir. Miioyyan edilmisdirki, diffuzion
sothdo metallik indium daha effektiv omik kontakt ya-
radir. Kristalin alt hissasinds iso, yoni diffuziyaya mo-
ruz galmayan sathds giimiis pastasinin kontakt magss-
dils istifads edilmosi miisbat naticalor verir. Bunlari na-
zoro alaraq, yaradilan diffuzion qurulusun kontaktlari-
nin yaradilmasinda ham tomiz indiumdan, hom do gii-
miis pastasindan istifado edilmisdir. Yaradilan diffu-
zion diodun kontaktlar1 v elektrodlart ilo birlikdo kon-
struksiyas1 3-Cii sokildo gostorilmisdir.

Yaradilan diod qurulusunun hermetiklagdirimasi
Va onun xarici tasirlardon qorunmasi iigiin epoksid gat-
ran1 maddoasindon istifado edorak onun sathi hor tarof-
don ortiiliir. Yalmz diodun anod va katod elektrodla-
rinin maftil uclari (mis va giimiisdan ola bilar) agiqda
qalir.
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[1]1 / N. Suziki, T. Nakama, K. Yegasaki, S. Nagata. termoelektrik xassalori. “Metallar fizikasinin
J.Solid State Chem. 2006, vol. 179, N140, pp. miiasir problemlori” 5-ci Beynoalxalq elmi-praktik
140-144. konfransinin materiallart. Baki, 2016, AzMIU-

[2] JIU. Koponesa. MarHuTHbIC MOJYMPOBOTHHUKH. nun motboasi, s. 168-170.

M., 2003, Uzg. MI'Y, 312 c. [5] B.M.Cmagees. Maruutoquonsl. M., 1975,

[3] C.I ©bilov, M.S.Hasanova. AJP Fizika. 2019, cild Hayxka, 197 c.

XXV, Ne2, s. 14-17. [6] 2.H. 3amanosa, M.A. Jcadpapos, C.M. bacupo-

[4] C.I Obilov,M.S. Hasanova. CuTe-Cr,Tes inter- 6a, MU.T.Ilonaoosa, P.A.I'acanosa. A3ep0.
metallik  sisteminin hal diagrami  vo xypHan «Dusukay. 2008, rom XIV, Ne3, c. 38-40.

(CraTes)1x(CuTe)x  bark  mohlul  arintilorinin

Ch.l. Abilov, M.SH. Hasanova, E.K. Gasumova, N.T. Guseynova

CREATION AND FEATURES OF SOME PARAMETERS OF A MAGNETIC DIODE STRUCTURE
BASED On A CuCr.Tes CRYSTAL

Under laboratory conditions, a magnetic diode structure based on a CuCr2Tes crystal was created and studied for its
current-voltage characteristic. It is determined that when a voltage of 2 volts is applied, a decrease in forward current. The volt-
magnetic sensitivity of the diode is ~10,7 v/Tl, and the relative volt-magnetic intensity is 2.4-10-6 v/A-Tl. These indicators
exceed similar parameters of germanium and other magnetic diodes created on the basis of some semiconductor materials.

Y.N. Aounos, ML.III. I'acanosa, J.K. KacymoBa, H.T. I'yceiinoBa

CO3JJAHUE U OCOBEHHOCTH HEKOTOPBIX TIAPAMETPOB MATHUTHOM JIJUOHOM
CTPYKTYPbI HA OCHOBE KPUCTAJIJIA CuCr2Tes

B naGopaTopHbIX YCIOBHSX CO3/laHa MarHUTO-AMO/HAs CTPYKTypa Ha ocHoBe kpucrawia CuCraTes u nccnenoBaHa eé
BOJIbTAMIIEpHAs XapakTepucTuka. OnpeneneHo, 4To NpH NPHWIOKESHNH HAIPsDKEHUS B 2 BOJIbTA HAONIOZACTCSl YMEHBIICHHE
HPSIMOTO TOKa. BoNbTMarHuTHAsI 4yBCTBUTENBHOCTH AHO/A paBHO ~10,7 v/TI, a oTHOCHTeNbHAS BOJIBTMAHUTHAS HHTCHCHB-
Hocth 2,4-10°6 v/A-TI. DT mokasaTe/ NPeBBIIAIOT AHATOTHYHBIX 3HAYEHITH TapaMeTPOB TePMAHUBBIX U IPYTHX MATHUTHBIX
JIMO0B CO3aHHBIX Ha OCHOBE HEKOTOPHIX MOJIYIIPOBOJAHUKOBBIX MaTepHAJIOB.
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ELEKTRON SUALANMASININ GaSe VO InSE MONOKRISTALININ
FOTOELEKTRIK XASSOLORINO TOSIiRI

L.H. HOSONOVA *, A.Z. ABASOVA
Baki Déviat Universtiteti, AZ1148, Bak:,Azerbaijan, Z.Xalilov 23
*e-mail: ludmilahasanova@mail.ru

Yavag oritmo tisulu ilo alinmis tokmil GaSe vo InSe monokristallarint miixtolif dozali elektron siialari ilo siialandiraraq
onlarin fotokegiriciliyinin spektral asililiqlart ¢ixarilmisdir. GaSe kristalinda stialanmanin fotohassasliga tesir etdiyi
goriinmiisdiir. InSe kristalinda da fotohassasligin siialanma dozasindan asili oldugu gostorilmisdir.

Acar sozlar: fotohassasliq, siialanma dozasi, rekombinasiya morkazi.

1. GiRiS

Ionlasdiric siialarin elementar yarimkegiricilordo
defektyaratma mexanizminin otrafli dyronilmosino
baxmayaraq yarimkecirici birlosmoalords, o ciimladan
defekt qurulusu A"'BY' tip birlosmolordo yaxsi aras-
dirilmamasidir. Baxilan isdo InSe vo GaSe kristal-
larmin fotoelektrik xassolorina elektron siialanmasinin
tosirina baxilmisdir.

Bork maddoslords radiasiya siialanmasinin tosiri
ilo bag veran proseslorden biri ilkin zarraciklorin ener-
jisisnin maddonin atomlarina, homginin elektron so-
viyyslorino verilmasi noticosindo kristal qurulusun
pozulmasidir.

Zorrociklorin atomlarla toqqusmasi elastiki va
geyri-clastiki ola bilor. Oksor hallarda mohz elastiki
toqqusmalar defektlorin yaranmasinda holledici rol oy-
nayir. Ilkin atoma verilon kinetik enerji atomun siiriis-
ma enerjisindon boylik olduqda, o 6z diiyiiniinii tork
edarok yerindo vakansiya qoyur, 6zii iso diiyiinlor ara-
sindaki mosafods yerlosir. Atomu diiyiinlorarasi ve-
ziyato gotirmoak iigiin lazim olan enerji atoma verilon
impulsun istigamatindon va bark cismin temperaturun-
dan asilidir. Bag veran prosesin donmoaz olmasi ti¢iin
atomun siirligmo mosafasi kifayst qodor bdyiik olma-
lidir, oks halda defektlorin anniqilyasiyasi bas ver-
molidir.

Elektron siialanmasinin enerjisi hesabina radiasi-
ya defektlorinin yaranma mexanizmi ¢ox miixtalifdir.
Bork cisimlords radiasiyanin yaratdigi defektlor Fren-
kel defektlorindon — yani kristal qofasin diiyiinlarin-
doki vakansiyalardan vo diiyiiniin arasindaki atomlar-
dan ibarotdir. Radiasiya defektlorino uygun soviyyalor
kristalin fotokegiriciliyino ciddi tesir edir.

2. EKSPERIMENTIN METODIiKASI

Tadqiq olunan GaSe vo InSe monokristallar1 ya-
vagaritma tsulu ila goyerdilmigdir. Layvari qurulusa
malik olan kristallardan miixtslif 6lgiido niimunalor
alinmigdir vo onlara giimiis pastasindan omik kontakt
vurulmugdur. Tobii halda monolit kristaldan qoparila-
raq ayrilan niimunslor parlaq giizgli sothins malik ol-
dugundan, sathin mexaniki yolla hazirlanmasina ehti-
yac qalmur.

Otaq temperaturunda GaSe kristali p-tip kegiri-
ciliys malik olub xiisusi miiqavimati p=2-10* Om'm,
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gadagan olunmus zonanin eni 1,98 eV, InSe ii¢iin
p=10* Om'm, AE=1,4 eV olmusdur [1].

GaSe niimunalori 6 MeV enerjili vo inteqral seli
103, 10%, 10%, 10 hissocik/sm? olan elektron siia-
lanmasina moruz qalmisdir. Niimunolorin, siialanma-
dan ovval vo siialanmadan sonra, otaq temperaturunda
fotokegiriciliyinin asililigi ¢ixarilmigdir.

3. EKSPERIMENTIN NOTICOLORIi VO
ONLARIN TOHLILI

Isdo fotohassashigin silalanma dozasindan asilili-
gina baxilmigdir. Inteqral hossasliq 10%% hissacik/sm?
olana qodor GaSe-nin hossasligi  doyismomisdir.
10%hissocik/sm? sel ilo siialandirildigdan sonra biitiin
spektral diapazonda (0,36 — 0,65 mkm) fotohassasliq
10 70% artmusdir (sokil 1). Elektron seli
10%hissocik/sm?-na gader artirildiqda hossasliq maksi-
mumu (0,6 mkm) zaif azalmaga baslamigdir.

180 |
5 140 |
=
S
Z 100
2
c
& 60 F

20 F

1013 1614 10![5 10‘16 10‘17
@, hiss./sm?

Sakil 1. GaSe kristalinda fotohessasligin 6 MeV
enerjili elektron siialarinin dozasindan asililig.

Yiiksok omlu GaSe niimunslori 10° MeV 10%
hissocik/sm? elektron dostasi ilo siialandirdigda hos-
sashq koskin artir (sokil 2). Elektron selini 10 his-
sacik/sm?-o qoadar artirdiqgda hassasliq biitiin tadqiq
olunan oblastda azalir, lakin ilkin qiymatden boyiik
olur. GaSe-ds fotohassasligin kaskin artmasini giialan-
ma zamani maddads rekombinasiya morkezinin yaran-
masi ilo olagolondirmak olar.

Yiiksokomlu InSe niimunasini fliiensi 10*3 hisso-
cik/sm? olan 6 MeV enerjili elektronlarla siialandir-
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diqda todqiq olunan enerji intervalinda hossasliq artir
(sokil 3). Sonra fliiensi 10%° hissacik/sm? qiymotine
godor artirdigda spektral xarakteristikanin maksimu-
munda hassasliq 40 — 50% artir. Elektron dastosinin
flilensini 10® hissocik/sm?-na qodor artirdigda InSe-
nin hossaslig1 azalir, lakin, o ilkin qiymstindon boyiik
olur. Bu zaman qisadalgali oblastda hossasliq xeyli
azalmigdir ki, bu da sathi rekombinasiya siiratinin art-
masi ilo izah olunur. Elektronun boyiik dozalari ilo
stialanma radiasiya defektlorinin konsentrasiyasini ar-
tirir, bu da kristalin hocmino nisbaton sothdo coald
rekombinasiya markazlorinin yaranmasina sabab olur.

1 - siial. avval
2 - 10" hiss/sm?
3 - 10" hiss/sm?

160 4 — 10* hiss/sm?
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Sakil 2. Yiiksokomlu GaSe niimunasini 6 MeV enerjili
elektron stialari ilo stialandirdiqda otaq tempe-
raturunda spektral asililig1.

Aparilan dlgmolordon belo notico almur ki, yiik-
sokomlu InSe(Ag, Ge), GaSe(Sn) niimunslarinds siia-
lanmanin kigik dozalarinda fotohassasliq praktiki ola-
raq doyismomisdir. Bu ilkin kristallarda struktur
defektlorin konsentrasiyasinin boyiik olmasi ilo izah
olunur, lakin siialanmanin dozas1 artdiqda fotohassas-
liq artir. Digor aragdirmalardan, masalon, Holl effek-
tinin vo termik stimulyasiya corayaninin tadqiqinden
miloyyon olunmusdur ki, stialandirilmis GaSe krista-
linda dorinliyi 0,065 vo 0,2 eV olan dayaz akseptor

saviyyalori yaranir. TSC oyrisindo iso agag1 temperatur
oblastinda piklor miisahido olunur: GaSe kristalinda
Ev=0,1 +~ 0,3 eV, InSe-do iso 0,06 +~ 0,13 eV, onlarin
konsentrasiyas1 iso Ne>10% sm™ olmusdur [2].

140

100

I, nisbi vahid

60

1(I)15 1;)16 1;)”
@, hiss./sm?
Sakil 3. InSe kristalin1 6 MeV enerjili elektron
dostosi stialandirdiqda fotohossasligin do

zasindan asililigi.

1012 1013 1014

TSC-nina stialanmanin tasirino baxmagqla siialan-
madan sonra fotokeg¢iriciliyin mexanizmini izah etmok
olar.

4. NOTICO

Yavagoritmo isulu ilo géyordilmis GaSe vo InSe
kristallarindan fotokeg¢iriciliyi 6l¢gmok ti¢lin niimunalor
hazirlanmis, onlara giimiis pastasindan omik kontakt
vurulmusdur. Niimunoslor otaq temperaturunda 6 MeV
enerjiyo  vo inteqral seli 10%, 10%, 10%,
10%hissocik/sm? olan elektron seli ilo siialandirilaraq
fotokeciriciliyin spektral asililigi ¢ixarilmigdir. Foto-
hassasligin elektron selinin dozasindan asili oldugu
mioyyan edilmisdir. Miioyyon dozalarda fotohossas-
ligin kaskin artmast GaSe monokristalinda rekombina-
siya morkazinin yaranmas ils izah olunur.

InSe niimunoslorinds stialanmanin kigik dozala-
rinda fotohassasliq praktiki olaraq doyismomisdir. Bu
ilkin kristallarda struktur defektlorin konsentrasiyasi-
nin boyiik olmasi ils izah olunur.

[1] P.®. Mexmues, I'B. A6oyanaes, I'A. Axyn-
0o6. MeToinka BbIpANIMBAHUS MOHOKPHC-
TaoB GaSe u mcciieJoBaHHE MX HEKOTO-
peix cBoricte. Joki. AH A3.CCP. 1962, T.
XVIIL, Ne 1, ¢. 11-14.

[2] B, A60ynnaes, A.3. A6acosa, T.J].
TI'yceiinos, @.A. 3aumos, B.U. Cmacgees.
®DOTONPOBOAUMOCTE CEICHUIA UHIUS U €€
3aBHCHMOCTL OT 00ay4eHus. Te3. IOK. 1Mo
¢doTtoaek. sBi1. B oxynpos. 1982.

L.G. Hasanova, A. Z. Abasova

INFLUENCE OF ELECTRON RADIATION ON THE PHOTOELECTRIC PROPERTIES OF
SINGLE CRYSTALS GaSe and InSe

The spectral dependences of the photoconductivity of GaSe and InSe single crystals obtained by slow cooling and
irradiated with various doses of electron radiation are measured.
The effect of radiation on the photosensitivity of the GaSe crystal was revealed. The influence of the radiation dose on

the photosensitivity of InSe crystals was also revealed.

41



L.H. HOSONOVA, A.Z. ABASOVA

JI.I'. T'acanoBa, A.3. AdacoBa

BJUSHUE DJIEKTPOHHOI'O U3JIYUEHUS HA ®OTORJIEKTPUUECKUE CBOMCTBA
MOHOKPHUCTAJJIOB GaSe u InSe

CHSITBI CIEKTpalbHbIe 3aBUCHMOCTH ()OTONPOBOAMMOCTH MOHOKpHCTawioB GaSe u InSe, monmydeHHBIX METOIOM
MEIJICHHOT'O OXJIK/ICHUS, OOJIYUCHHBIX Pa3IMYHBIMHU 103aMH 3JICKTPOHHOTO U3IIYYCHHUS.

BbUTO BBISIBJICHO BIMSIHHE M3TydeHHS Ha (DOTOUYBCTBHUTEIBHOCTH KpHcTamia GaSe. Takke ObUIO BBISBICHO BIHMSHUC
JI03bI U3JIyYeHHS Ha (HOTOUYBCTBUTENBHOCT KpHUCTA/IIOB INSe.
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YbxBizTes KRISTALLARININ TERMOELEKTRIK XASSOLORINO
DOMLOMONIN TOSIRI

S.A. NOBIYEVA
Azarbaycan Milli Elmlar Akadfemoyasinin Fizika Institutu
AZ-1143, Baki, H.Cavid prospekti 131
e-mail: nabievasajara@rambler.ru

Ilkin vo 300-580K temperatur intervalinda domloamonin YbxBi2Tes (x<<0,10) bork mohlullarinin kristallarinin termo-
elektrik xassolorino tasirinin tadgiginin neticalori gostorilmisdir. itterbiumun (Yb) migdarmim deyismosinden asili olaraq kegi-
riciliyin, Zeebek effektinin vo iimumi istilikkegiriciliyinin deyisme qanunauygunluqlari miiayyon edilmisdir. Miiayyon olun-
musdur ki, bu termoelektrik xarakteristikalarin optimal kombinasiyasi x=0,1 torkibidir, bu da 420-500K temperatur intervalinda
500k-do 240 saat arzindo doamlamodan sonra maksimal termoelektrik keyfiyyat amili (ZT=0,87) ilo xarakterizo olunur.

Acar sozlor:domlomo, keyfiyyot amili, termoelektrik efektivliyi

GIRIS

Son zamanlar miixtalif termoelektrik materiallar-
da, o ciimlodon Bi,Tes-do miixtalif legiroedici asqar
olavalordon istifado etmoklo termoelektrik effektivliyi-
nin artiritlmasinin miimkiinliiyti genis tadgiq olunur [1-
4]. BiTes-iin lantanoidlorlo legire olunmasi termo-
elektrik materiallarin nagli xassalorina asagidaki mexa-
nizmls tosir gostora bilor: 1) Fermi soviyyssi yaxinli-
ginda hallarin sixliginin artmasi; 2) imumi istilikkegi-
riciliyinin azalmasina gotirib ¢ixaran yiikdasiyicilarin
olava sopilmasina sobab olan lokal defektlorin forma-
lasmasi [5-7]. Moalum oldugu kimi, istifads olunan ter-
moelektrik materialin termoelektrik effektivliyini
ZT=S26/} T=(S?lpy)T kimi ifado etmok olar, burada S, p
Va y —Zeebek amsallaridir, uygun olaraq maxsusi kegi-
ricilik, moxsusi miigavimat Vo materialin {imumi isti-
likkeciriciliyi, T — miitlaq temperaturdur. Malumdur ki,
effektiv termoelektrik material eyni zamanda bdyiik S
Va kigik p, ¥ (Vo ya 6-nin boyiik qiymatino) giymatina
malik olmalidir. Mahdud sayda materiallar var ki, S, p
Va y-nin miixtalif giymatlorinds onlardan termoelektrik
kimi praktiki istifads oluna bilor. Hal-hazirda elektron
tip kegiriciliyo malik Biy7TesSeo 2 bark mohlullar: ter-
moelektrik totbiglor ti¢iin osas materiallardan biridir.
Lakin bu bork mohlullarin termoelektrik  keyfiyyat
amili cox da yiiksok deyil (ZT=1), bu da onlarin genis
totbiginin miimkiinliiyiiniin potensial imkanlarint moh-
dudlagdirir [8-11]. Ona goéra da, Bio7TesSeo 2 birlosma-
larinin termoelektrik keyfiyyst amili artirmagin elmi
Va texnoloji tisullarmin axtarigi aktual messlelordandir.
Miixtalif agqarlarla idars olunma ¢ox zaman 2sas ter-
moelektrik xarakteristikalarmn (S, p vo y) optimallasdi-
rilmasiin effektiv isulu hesab edilir, bu da BiTes
asasli birlosmolords ZT-nin artmasina sabab olur [10-
12]. Son zamanlar miisyyan olunmusdur ki, nadir tor-
paq elementlori Bi;Tes-nin strukturunda osas effektiv
asqarlardan hesab olunur [4-13]. Bi,Tes-dan forgli ola-
raq bork mohlullarin termoelektrik xassalorina legir-
lamoanin tasiri ¢ox da Oyranilmomisdir [14-15]. Isds
asasan itterbium agqarinin miqdarinin BixTes-nin para-
metrlorine tasiring, eloca do domlomanin YbyBi2Tes
(x<<0,10) bark mohlullarmin termoelektrik effektivli-
yini xarakteriza edan parametrlars tasirina xiisusi dig-
gat ayrilmigdir. Kinetik parametrlorin dlgiilmasi tiglin
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asagidaki cihazlardan istifado olunmusdur: universal
B7-21, B7-21A voltmetri, B5-49, TEC-41 gidalanma
monbayi, P4833 potensiometri, M231, M253 amper-
metrlori, eloco do MCP-63, P33 miigavimat qutusu.
Olgmolor miitloq olaraq AT=6-9°C stasionar rejimda,
kriostatda vakuum (P=0,1Pa) soraitindo aparilmisdir.
Olgmolorin xatas1 (o, S Vo R) 2,7%-don cox deyil. X-nin
6lgmolari zamani xata 6,2% toskil edir.

TOCRUBOLORIN METODIKASI

YbxBi>Tes bork mohlullarinin sintezi orintilori
1175-1273 K temperaturda 0,133 Pa-a godor vakuum-
lagmig kvars ampulalarinda yiiksok tomizlikli elemen-
tar komponentlorin aridilmasi yolu ils sintez edilmisdir.
Orintilori homogenlosdirmok {igiin 800 K-da 48 saat
arzinds bark mohlulda domlomo  aparilmisdir.
YbyBi;Tes arintilari (DTA), rentgen fazasi (XRF), mik-
rostruktur (MSA) analizlori, homginin mikrosartliyin
6l¢lilmasi vo sixligin toyini tsullari ilo tadqiq edilmis,
asag1 tezlikli temperatur registratoru olan Thermoscan-
2-dan istifads edilorok 283 K/daq qizdirilma siiratindo
temperatur ayrilari geyds alinmigdir. Faza ¢evrilmolori-
nin temperatur doyisikliklori birlogsmis xromel-alumel
termociitlor vasitosilo hoyata kegirilmisdir. Orintilor
boru soklinds va elektrik miiqavimatli sobalarda qizdi-
rihib va soyudulur. Etalon kimi Al,Os istifado edilmis-
dir.

Sistemin arintilorinin rentgen toz difraktoqramlari
D2 PHASER difraktometrinda, orintilorin MSA-s1 iso
MIM-8 metallografik mikroskopundan istifads etmoklo
todqiq edilmisdir. ©vvalcadan islonmis sliflor, GOI
pastast ilo cilalanmigdir. Srintilarin mikrostrukturunu
Oyronarkon HNO3:H202=1:1 konsentrasiyas1 olan agin-
diricidan istifads edilmisdir. Asinma vaxti 20s-dir. Sis-
temin orintilorinin mikrosartliyi PMT-3 mikrosoartlik
cihazinda, 0,10 0,20 N yiiklarlo dlglilmiisdiir. Sistemin
arintilorinin sixlig1 pikrometrik tsulla miiayysn edil-
mis, is¢i maye kimi toluoldan istifads edilmisdir.

Niimunslorin monokristalligi (yani eyni formaya
malik deyillor) rentgen siialarinin difraksiya analizi ilo
tosdiglonmisdir. Niimunolor 3x6x18 mm? 6lgiiyo ma-
likdir. Kegiriciliyin o va istilik kegiriciliyinin y todqiqg-
lari 300-600K temperatur intervalinda sabit carayanda
4-zondlu iisulla aparilmigdir. Optik kontaktlar arintilar-
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don istifade edorok yerlogdirilmisdir. Yb-ninmiqdari
x=0,008 ils 0,10 arasinda dayisir.

TODQIQATLARIN NOTICOLORI VO
ONLARIN MUZAKIROSI

YbyBizxTes bark mohlullarinin niimunalori y13-
cam tiind boz kiilgalor soklinds alinmusdir, orintilor
havaya vo suya davamlidir. Konsentratlagmis mineral
tursular (HCI, HNOs) onlari pargalayir, tizvi halledi-
cilor isa onlara tesir etmir. YbxBi2xTes bark mohlulla-
rinin monokristallart (x=0,000, 0,0015, 0,020 vs 0,100)
Bridcmen-Stokbargker iisulu ils yetigdirilir. Praktik tot-
biq {ligiin lazim olan parametrlora malik monokristal-I

larin alinmast ¢atin elmi-texniki isdir. Bu giino godor
Bridcmen tarofindan istifads edilon ¢ox zonali istilik
qurgularinda tatbiq olunan tisullar bir ¢ox texniki cahat-
don miirokkeb maddslor Gigiin yaxs1 naticolor gostarir.
Kristallarin yetigdirilmasinin texnoloji prosesinin isti-
lik avadanligina qarst irali siirdiiyii oasas taloblordan biri
qurgunun is hacminds temperatur sahasinin saxlanma-
siin sabitliyidir. Temperatur sahasindoki doyigikliklor
kristalin boylimo siiratinin béyiima konteynerinin no-
minal harokot siiratindon konaragixmasina sobob olur
ki, bu da kristalin mitkammalliyine moanfi tasir gostarir.
Toadgiq olunan termoelektrik parametrlarin (S, p vo )
temperaturdan asililiglar1 sokil 1-3-do gostorilmisdir.
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Sokil 3. Umumi istilik kegiriciliyinin y(7) temperatur asilihiglari.
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YbBi;Te; KRISTALLARININ TERMOELEKTRIK XASSOLORINO DOMLOMONIN TOSIRi

Saokil 1-do todqiq olunan niimunslorin Zeebek
amsalinin 300-580 K temperatur intervalinda tempera-
turdan asililiglart toqdim edilmigdir. Qeyd etmok la-
zimdir ki, isds iki asas masalo nozardon kegirilir: 1) Yb
agqarinin Bi>Tes-iin termoelektrik xassalorina tosiri, yo-
ni itterbiumu bismutla avoz etdikds S, p vo y para-
metrlorino necs tasir edir. 2) Niimunoslorin todgiq olu-
nan torkibinin termoelektrik parametrino domlomonin
tosiri. Sokil 1-don goriiniir ki, bismut itterbiumla ovoz
olundugda todgiq olunan 300-580K temperatur dia-
pazonunda Zeebek effekti artir. Yb-nin miqdarindan
asili olmayaraq, Zeebeck omsali T<450 K temperaturun
artmasi ilo nisboton artir, S(T) asililiglart 1 vo 2 niimu-
nalarinds monoton gakilds S=-100uv/k-o godor azalir:
Vo 3 Vo 4-cii niimunslorinds itterbiumun miqdan
N3.x=0,02:N4.x=0,10-dan boyiikdiir, S(T) giymati miix-
tolif yollarla dayisir vo S(T) asililig1 yavas-yavas azalir.
Sakil 2-da tadqiq olunan niimunalarin elektrik kegirici-
liyinin temperaturdan asililiglar1 verilmisdir. Sakildon
goriiniir ki, arintinin torkibindaki itterbiumdan asili ola-
raq o(T) miixtalif doracado dayisir. Itterbiumun konsen-
trasiyasinin artmasi ilo 300-400K diapazonunda o(7)
azalir. Bu niimuns N1-don basqa digor niimunalordo,
temperaturun artmasi ilo ¢ artir. Bu, xiisusilo 4-cii nii-
muns tglin T=400K-do nozars carpir. S(T) vo o(7T)
asilihiglarin tohlil edarak, sorti olaraq belo noticays gal-
mok olar ki, bark mohluldaki itterbium agqarinin mig-
darindan asili olaraq, bipolyar diffuziya nsticesinds,
olava sapilmo markazlori amoloa goalir va 440 K-dan
yuxari S(T) azalir, o(T) iSa Nozara ¢arpacaq doracads ar-
tir. Sokil 3-do termiki islonmodan avval tadgiq olunan
niimunalarin timumi istilik kegiriciliyinin y(7) tempe-
raturdan asililiglar1 gostorilir. Sakil 3-don goriindiiyii
kimi, T-nin artmasi ilo y(7) dayeri azalir. Bu zaman
todqiq olunan niimunslords Yb asqarmin miqdarinin
artmast il yimumi-Nin giymati azalir. 3-cii gokildon gorii-
niir ki, 3 vo 4-cii niimunads T>480K-dan baslayaraq
x(T)-in giymati artir ki, bu da ¢(7) qanunauygunlug-
larimi birbasa tosdiq edir.

Molum oldugu kimi, materialin domlanmosi, mii-
gavimeatin bircinsliyine vs is zaman1 davranisinin yax-
silagdirilmasina imkan verir. Miiqavimatin bircinsliyi
niimunanin Kinetik parametrlarino, xiisusan da qiisurlu
kristal gofas strukturlari olan niimunalar tigiin giiclii to-
sir gostaran asqarin bircinsliyi ilo miiayyan edilir. Yu-

xarida geyd olunan nazars alinmagla, oalds etdiyimiz
niimunalor 240 saat orzindo miixtolif T = 400 K vo
520K temperaturlarda domlomo aparilmigdir. Damls-
madan sonra hor dafs eyni kinetik parametrlor (S, p vo
x) Ol¢iilmiis vo 6lgmoalorin naticalori cadvalds gostoril-
migdir. Cadvaldon goriindiiyii kimi, 240 saat orzinds
400K vo 520K temperaturda domlomo, alinan niimuna-
lorlo miiqayisada itterbium agqarlari olan nimunalorin
termoelektrik parametrlorinin giymatlorini shomiyyatli
doracada doyigir. Damlomoadan sonra materialin termo-
elektrik gostoricisi yaxsilagir. Niimunolorin domlomosi
kegiriciliyin noviinii doyigmir va biitiin niimunalar n
tipli qalir. Domlonmis niimunslorde o400/0yjn=50%.
520K 6~4.3% temperaturda T=500K-da domlomadan
sonra T=300K o-da bu parametrlor 24.3% artir: S-
28.1%: y -1.02% vo T=420K-da 5-88% , x-90.7% xk
hesablamalardan gériindityti kimi, bu niimunslords
termoelektrik  keyfiyyot amili  xeyli yiiksokdir
(Z=3/3-10-3K-1). Eyni naticalor 520 K temperaturda
alinir. 4 vo 5-ci niimunoalor ti¢iin termoelektrik keyfiy-
yat amillari giymatlandirilir. T = 400 K va 500 K tem-
peraturda keyfiyyot omsali 1,38<#<1,65 doayisir.

0-4_00 375 - 250
= = 509
gn_ 250 %
Aa00 3950
Xn/ann

Itterbium ilo legira olunmanin bu xassalore tasir
mexanizmlorinin miioyyan edilmoasi, eloco do dogiq
torkiblorinin agkarlanmasi praktiki olaraq sonraki
todqiqatlarin movzusu olacaqdir.

NOTICO

Molum olmusdur ki, YbxBixxTes sisteminin tad-
gigi 300-600K temperatur intervalinda olan n-tipli
yarimkecirici termoelektrik materiallardir. Tacriibi
noaticalor gostarir ki, 500 K temperaturda 240 saat or-
zindo domlomadan sonra torkibin kinetik parametrlori
ohomiyyatli doracads yaxsilasir. On effektiv olan torki-
binds itterbiumun migdar1 x=0,02 vs 0,10 olan niimu-
nalardir ki, onlar ii¢iin Z=3/3-10-3K-1:: #=1,15-1,67.
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S.A. Nabiyeva
EFFECT OF ANNEALING ON THERMOELECTRIC PROPERTIES OF CRYSTALS YbxBiz2xTe

Presents the results of studies before and after annealing of thermoelectric properties of solid solutions YbxBizxTes
(x<0,10) in the temperature range (300-580)K. The regularities of changes in conductivity, Seebeck coefficient and total
thermal conductivity of samples are determined depending on the content of ytterbium (Yb).

C.A. HaGueBa
BJIMSIHUE OTKUTA HA TEPMODJEKTPHUECKHUE CBOMCTBA KPUCTAJLIIOB YbxBizTes

[pencraBieHsl pe3yabTaThl UCCIEIOBAHMN 0 M IOCHE OTXKHIa TEPMOIJIEKTPHUECKUX CBOMCTB KPHCTAIIIOB TBEPIBIX
pactBopoB YbxBi2Tes(x<<0,10) B unrepsayie temmeparyp (300-580K). OnpenesneHsl 3aKOHOMEPHOCTH M3MEHEHHUS TIPOBO-
IUMOocCTH, kodddurrenta 3eedbeka u 00mIeH TEIIONPOBOTHOCTH 00Pa3IOB B 3aBUCHMOCTH OT cofepkaHus utTepous (Yb).

46



AJP FiZiKA

2022

section C: Conference

M.H. Shahtakhtinski

AgGaS: MONOKRISTALININ RENTGEN HOSSASLIGI
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Bu isde Bricmen-Stokbarger iisulu ilo yetisdirilmis AgGaS2 monokristallarinin rentgen-dozimetrik xassolorinin molu-
matlar1 togdim edilmisdir. 298 K-da AgGaSz-nin rentgen kegiricilik omsali effektiv giialanma sortliyindo V,= 25-50 keV va
dozanm giicii E = 0,75-78,05 R/doq oldugda 0,97-10,63 dag/R arasinda doyisir. AgGaS2 monokristallarinda stasionar rentgen
corayaninin rentgen dozasindan asililigi {istlii funksiya qanunu xarakteri dasiyir. Yetisdirilmis monokristal ti¢iin agagidaki
asililiglar 6yronilmis vo qurulmusdur: rentgen hossasliginin dozanin siiratindan asililigi; miixtolif siiratlondirici gorginliklorde
rentgen-amper xassalorinin asililiqlari; rentgen carayaninin radiasiya dozasindan asililig; rentgen carayanmin effektiv siia-

lanma sortliyindon asililig1.

Acar sozlor: monokristallarin yetisdirilmosii, AgGaS2, stialanma materiali, rentgen dozimetrik xassalor.

PACS: 71.20.Nr; 72.20.-i

1. GIiRiS

Umumi formullu A'B"CY'olan iiglii yarimke-
girici birlosmoalor (A=Cu, Ag; B=Al, Ga, In, Tl vo C=S,
Se, Te) ionlagdirici siialanmaya hossas materiallardir.
Kristalin xarici tosirlors qars1 hassasligi sintez tisulun-
dan, kimyavi torkibden v kristal qafasde mévcud olan
qiisurlarin noviindon vo konsentrasiyasindan asili ola
bilor. Bundan olava, xiisusiyyatlor monokristallarin ye-
tigdirilmosi isulundan da ohomiyyatli deracods asilidir
[1-6].

Qeyd edilon ii¢lii birlogsmolor arasinda tetraqonal
sinqoniyaya malik olan glimiis tiogalatin (AgGaS,)
kristallar1 xiisusi yer tutur. AgGaS; kristallarinin tadqi-
qi vo dyronilmasine maraq ham dos onun praktiki totbiqi
sahasinin genig olmast ilo baghdir [7-11]. AgGaS; na-
nokristallarmin ortorombik modifikasiyasinin
(@=6,577(4), b = 8,066(5) va ¢ = 6,451(4) A) kolloid
sintezinin noticolori vo fotokatalitik xiisusiyyotlori
[10]-da verilmisdir. Gostorilmisdir ki, AgGaS,-nin or-
toromb nanokristallarinmn (Eq = 2,69-2,71 eV) vo onun
tetragonal modifikasiyasimin (Eg = 2,687-2,71 eV) [11]
gadagan olunmus zolaginin (Eg) qiymatlori yaxindir.

AgGaS; kristallarindan, xiisusan do miixtalif nov
radiasiya sensorlar1 kimi istifads etmak imkani [7-12],
miixtolif tosirlor altinda onlarda bas veran proseslarin
Oyronilmasini aktual edir [13-15]. Radiasiya material-
larinin fiziki xassolori bu kristallarda qiisurlarin olma-
smna ¢ox hassasdir [16-18]. Bununla bels, miixtalif
isullarla yetisdirilmis AgGaS, monokristallarinin rent-
gen dozimetrik xtisusiyyatlorino dair miiqayisali moalu-
matlar holo do méveud deyil [19-24].

Bu isin magsadi yetisdirilmis AgGaS, monokris-
tallarinin rentgen dozimetrik xassalorinin dayismo qa-
nunauygunluglarint miisyyan etmoak idi.

2. EKSPERIMENTAL METODIKA
AgGaS; birlosmasinin sintezi ligiin Ag (OSCh),

Ga (5N) vo S (OSCh 15-3 TU 6-09-2546-77) ilkin ele-
mentar komponentlorinin stexiometrik migdarindan is-
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tifads edilmisdir. AgGaS,-nin sintezi iifiiqi yerlosdiril-
mis elektrik sobada Ag, Ga va S ilkin komponentlari,
107 Pa-a godoar havasi ¢ixarilmis vo oridilorok baglan-
mis kvars ampulada, oritmaklo hoyata kecirilmisdir [7-
12].

Sintez {ifiqi sobada aparilmisdir, ki burada tem-
peratur 50 K/saat siiratlo 1275 K-o qaldirilmigdir. Kom-
ponentlor arasinda reaksiya 4 saat davam edir. Sintez
edilmis AgGaS,-nin fordiliyi diferensial termiki analiz
(DTA; Jupiter STA 449 Netzsch quragdirma) va rent-
gen faza analizi (XRD; Bruker D8 Advance
diffractometer) ilo tosdiq edilmisdir. DTA molumatlari
gostorir ki, sintez edilmis AgGaS; polikristallar1 1271
+ 3 K-do ariyir. [22] adobiyyatinda AgGaS birlosmae-
Sinin arimo temperaturu (Tp) liglin 1264 + 3 K qiymaoti
verilmigdir.

Yetigdirilmis kristallarin faza torkibi vo qurulusu
rentgen difraksiyas: analizi (XRD) ilo miioyyen edil-
misdir. Qafos parametrlori Topas R proqramindan isti-
fado edorok Rietveld profil analizi ilo mioyyen edil-
misdir. XRD molumatlarina asasan, bizim torafimizdon
sintez edilon AgGaS; birlosmasi xalkopirit tipli (foza
grupu 142d) tetraqonal sistemdo asagidaki qofos

parametrlori ilo kristallagir: a=5,757(1)A;
c=10,310(1)A.
Sintez edilmis AgGaS; polikristallarindan

Bricmen-Stockbarger (BS) tisulu ilo monokristal yetis-
dirilmisdir [7-12]. XRD molumatlarina gors, artan
AgGaS, monokristallari, polikristallar kimi, oxsar qo-
fas parametrlari ilo tetraqonal sinqoniyaya malikdirlor.

AgGaS; monokristal niimunalarinin rentgen dozi-
metrik xiisusiyyatlorinin 6l¢iilmasi texnikasi [7-17]-da
tosvir edilona oxsar idi.

Yetisdirilmis AgGaS, monokristallarinin rentgen-
dozimetrik xiisusiyyatlorini 6lgmoak ii¢iin biz miistovi-
paralel formaya malik niimunalor hazirladiq. Niimune-
lorin 6lgiilori (8 x 3 x 1) mm idi. Rentgen siialarinin (X-
ray) monbayi kimi BSV-2(Cu) borusu olan URS tipli
qurgudan istifado edilmisdir. X-siialarinin intensivliyi
rentgen borusundaki corayani onun iizerindaki siirat-
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londirici potensialin har bir verilmis doyari ii¢iin doyis-
dirmoklo idara olunurdu. X-ray dozalarimin miitlaq
doyarlori DRGZ-02 rentgen dozimetri ilo dl¢lilmiisdiir.
X-siialarinin tosiri altinda AgGaS; monokristal niimu-
nalarinds corayanin dayigmasi US-9 elektrometrik giic-
londiriciden istifado edorok agag1 yiik miiqavimoti reji-
minds geydo alinib. Biitiin dlgmolor T=298 K-do apa-
rilmigdir.

3. NOTiCOLOR VO MUZAKIRO

AgGaS; diiziino qadagan olunmus zonaya (Eg)
malik yarimkegiricidir. Miloyyon edilmigdir ki, DFT
hesablamalarina asasan, AgGaSz-nin zolaq boslugu Eg-
nin eksperimental qiymatindan kigikdir. AgGaS; {igiin,
masalon, [11]-do eksperimental qiymot Eg=2,67 eV
verilmigdir. Bu, AgGaS,-nin (Eg = 0.86 eV) tetragonal
modifikasiyasinin hesablanmis doyarindon toxminon 3
dofa yiiksokdir [25].

BS iisulu ils yetigdirdiyimiz AgGaS, monokristal-
larinin niimunolorinin rentgen-dozimetrik xiisusiyyot-
lorinin dyronilmasinin naticalori asagida verilmisdir.
Tadqiq edilmis AgGaS; niimunalori rentgen siialarina
yiiksok hossasliq niimayis etdirmisdir.

AgGaS; niimunonin rentgen hossasligini xarakte-
rizo edon rentgen kegiricilik omsali agagidaki diisturla
miioyyan edilmisdir:

E %o

1
— ®

Oy

burada g — rentgen dozasinin siratinin (R/daq) tasiri
alinda nimunonin kegiriciliyidir; g,— niimunanin
qaranliq kegiriciliyidir.

AgGaS; niimunanin rentgen hassasligi asagidaki
diisturla miioyyon edilmisdir:

Al
K=—=2 @
U-E
burada Al , = Iz — Io;Ig— rentgen siialanmasmin E

doza giiciindo niimunadaki coroyanin qiymati (R/doq);
Iy- qaranliq corayani; U — nlimunays totbig olunan
xarici garginlikdir.

Formula (1) uygun olarag AgGaS, monokristal-
larinin niimunalorinin rentgen keciricilik omsallarinin
giymatlori miioyyon edilmisdir.

Miioyyan edilmisdir ki, AgGaS, monokristallari-
nin rentgen kegiricilik omsali V= 25 keV-do stialanma
dozasinin artmasi ilo keskin gokilds artir. AgGaS;-nin
monokristalt niimunasinds rentgen siialariin effektiv
sortliyinin artmasi ilo asililiq da artir, lakin bu artim
daha yumsaq sokilds basg verir.

AgGaS; monokristallarinin rentgen hassasliq am-
saliin dozadan asililigr ii¢iin do qanunauygunluqlar
almmugdir. Miixtolif doza doracolorinde vo effektiv
rentgen sortliklorinds diistur (2) ilo hesablanmis qiy-
matlor sokil 1-do verilmisdir.

Biz homginin AgGaS; monokristallarinin rent-
gen-amper xiisusiyyatlarini da dyranmisik (sokil 2).
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Sakil 2-dan goriiniir ki, stasionar rentgen coraya-
ninin rentgen dozasindan asililig1 giic qanunu xarakteri
dastyir:

Alg, =1¢

~1, ~E* ®)

Effektiv rentgen sortliyindon asili olaraq AgGaS; iigiin
a doyorlori V= 25 keV-do « = 2-2.5 vo V,= 30-50
keV-do o =1.2-1.3 olmusdur.

-a

2 L

=

£ sf]

£

= H 2?2

e 4":9[“0‘“‘. 5 6

< b ;;,;;':.;‘Atm-—~

oLu 1 I
0 20 40 60 80
E, Rideq

Sokil 1. BS tsulu ils yetigdirilmis AgGaS2 monokris-
tallar1 {igiin rentgen hossasliq omsalinin
stialanma dozasinin siirotindon asililiglari.

V,, keV:1-25;2-30;3-35;4-40; 5-45;
6-50. T =298 K.
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< 2 3
S 1
X
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E, Rideq
Sakil 2. AgGaS2 monokristallarinin rentgen-amper

xarakteristikalar1, V;, keV: 1 —25; 2 — 30;
3-35;4-40;5-45;6-50.T =298 K.
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Sokil 3. AgGaSz monokristallarinin rentgen corayaninin

tstlii gostoricisinin (@) stialanma dozasinin
funksiyasi kimi effektiv sartliyikdon (V) asilili
gl
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AgGaS,-nin rentgen-amper xarakteristikas1 doza
artdiqca xottiliysa (a—1) meyl edir. Bu, hal AgGaS;
asasli materialin praktiki istifadesi baximdan vacibdir.

35F =
< 30
°
x 25
@
< 20¢F

15

10 |

os | 1 | 1
30 35 40 45

V,, kev
Sokil 4. AgGaS, monokristalinda rentgen corayaninin

rentgen slialanmasinin effektiv sortliyindon
(V) asithiligu.

Radiasiya sartliyi V,= 25 keV-do asag1 siialanma
dozalarinda AgGaS; monokristalinin rentgen-amper

xarakteristikasi kvadratik, sonra iso a-nin qiymati 0,85
olmusdur. Nisbaton yiiksok dozalarda rentgen siialari-
nin effektiv sortliyi artdiqca o eksponentinin qiymati
0,6-a qodor azalmisdir (sokil 3).

Sokil 4-do AgGaS; niimunasindoki rentgen coro-
yaninin 10 R/daq dozada effektiv rentgen sartliyinden
asililigr gostorilir. Goriinlir ki, AgGaS, monokrista-
linda rentgen coroyan V,, artdiqca azalir.

4. NOTiCO

Miioyyon edilmisdir ki, AgGaS, monokristalinin
rentgen siialarina hossasliq omsali siialanma sortliyi
.= 25-50 keV-do, doza giicii E = 0,75-78,05 R/daq va
T =298 K oldugda bu intervalda doyisir:

1.3 x 1011-1.4 x 100 (A-daq)/(V-R).

AgGaS; niimunasi ligiin stasionar rentgen coroya-
ninin rentgen stialanmasiin dozasindan asililigt giic
ganunu xarakteri dastyir: Al o~E“.

AgGasS;-nin rentgen-amper xarakteristikalar1 giia-
lanma sortliyinin V, artmasi ilo xattiliya meyl edir ki,
bu halda rentgen stialanma dozasiin giiciiniin (E%) iist
omsal a—1.
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X-RAY SENSITIVITY OF AgGaS: SINGLE CRYSTAL

In this study, data on the X-ray dosimetric properties of AgGaS: single crystals grown by the Bridgman-Stockbarger
method were presented. The X-ray conduction of AgGaS: at 298 K varies between 0.97-10.63 min / R when the effective
radiation intensity V,= 25-50 keV and strength dose E = 0.75-78.05 R / min. Dependence of stationary X-ray current on X-ray
dose in AgGaS: single crystals is a law function. For a single crystal, the following dependences have been studied and
constructed: dependence of roentgensensitivity on dose rate; dependences of x-ray ampere characteristics at various
accelerating voltages; dependence of X-ray current on radiation dose; dependence of the X-ray current on the effective radiation
hardness.
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LAYLI Bi2Te27Se0s KRISTALININ NiKELLO INTERKALYASIYASI

N.M. ABDULLAYEYV, S.R. 9ZIMOVA
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Baki, Azarbaycan, AZ-1143, H.Cavid pr., 131
E_mail: sevinc_azimova_82@mail.ru

Interkalyasiya metodu ilo Bi2Te2,7Seo,3 kristalinin nikello agqarlanmasi, birlosmonin tebagalorinds Ni-Se-Te zancirlori vo
Van-der Vaals bosluglarinda Ni1297Te donaciklori omsls gotirir. Ni*2 ionlarinin optimal konsentrasiyasinda tobagslorin sunt-
lanmast ilo elektrik kegiriciliyini 680-1200 Om-ism oblastda, eyni zamanda Seybek termo e.h.q. smsalinin giymatini o = 300

pkV/K otrafinda idars etmayo imkan verir.

Acar sozlor: interkalasiya, suntlanma, nanodonaciklor, nanonagqillor.

Yarimkegiricilor vo metallar arasindaki keyfiyyot
forqinin xiisusiyystlarindan biri elektrik kegiriciliyinin
temperaturdan asililigidir. Temperaturun azalmasi ilo
metallarin kegciriciliyi artir vo elektrik kegiriciliyinin
artmas ytiriikliiyiin artmasi ila izah olunur. Yarimkegi-
ricilords isa temperaturun azalmast ilo kegiricilik azalir.
Bu, elektronlarin vo doliklorin konsentrasiyasinin do-
yismoasi ilo izah olunur. Asqar atomunda lokallagdiril-
mis elektronlarin enerjisi kristalin elektronlarinin ener-
jisindan shamiyyatli doracodo azdir. Elektron atomlarin
istilik dalgalarmin enerjisi ilo ayrila bilir, buna gérs do,
yarimkegiricilorin elektrik keciriciliyi asqarin miqda-
rindan va temperaturdan ¢ox asilidur.

Molumdur ki, Bi>Te, 7Seo 3 layl kristal giiniin ter-
moelektrik istehsalinda an populyar vo talob olunan
materiallardan biri olaraq qalir. Termoelektriklorin
problemi faydali is omsalimin (FI9) asag1 olmasidir. Ef-
fektivlik (somoralilik) — Z temperaturdan (T) asili ola-
raq doyisir va hor bir doracs tigtin (keyfiyyati) kalite pa-
rametri - ZT ilo xarakterizo olunur:

ZT= o’ T/A , (1)
burada: Z- somarslilik, T - orta temperatur, o- Seebeck
amsall, o - kegiricilik, A- istilik kegiricilik amsalidir.

Termoelementlords ZT-omsalinin artirilmasi yol-
larindan biri onun nano qurulus halinda tadgiq olun-
masidir [1].

Son zamanlar hacmli materiallarda ultrainco de-
noli polikristal qurulusa malik termoelektriklorin oldo
edilmosi tigiin iglor hayata kegirilir. Bu yanagma fonon-
larm sarhadlarinds sopalonmasi sababindon A-nin azal-
masina sobab olur. Bundan olava, nanometr migyasda
zorraciklorin Gl¢iistiniin doyisdirilmasi ZT diisturuna
daxil olan diger parametrlori optimallagdirmaq tigiin
alava sarbastlik daracalarini tamin edir [2].

Asqar atomlardan ibarst layli termoelektrik ya-
rimkeciricilor boyiik elmi vo praktiki maraq dogurur.
Bu, yarimkegirici materiallarin fundamental para-
metrlarine moagsadyonlii nazarstin miimkiinliiyii, habe-
Is onlarin asasinda bir sira prinsipial yeni elektron ci-
hazlarin yaradilmasina imkan veran belo materiallarda
unikal fiziki hadisslorin agkarlanmasi ilo baghdir [3].
Topoloji materiallar kondensasiya olunmus hal fizi-
kasinda faza tosnifatina forqli yanagsma niimunosidir.
Onlar hacm daxilinds yarimkegiricilor olmaqla, xiisusi
konar vo ya sath elektron hallar1 ilo xarakterize olunan
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maddonin yeni kvant voziyyatini tomsil edirlor. Ozal-
liyi ondadir ki, onlarin xiisusi elektron xassalori kris-
talin kigik hacmlari ilo baghdir, onun sothinds funda-
mental qadagan olunmus zonalar1 6ziinii kegirici daxi-
lindo dielektrik soklindo gostarirlor. Noticada, toplu
izolyatorun sothi metal xassolori alir [4]. Silisium mo-
nokristalinda nikel atomlarimin amalo gotirdiyi klaster
mikrostrukturunun elektrofiziki xassalori yronilmisdir
[5]. Olavs elektron konsentrasiyasin1 kompensasiya et-
mok ticiin BizTez 7Seo 3 qurgusunla agqarlanmasi makro
Vo mikro-elektrokegiriciliyin anizotropiyasini ashomiy-
yatli doracads azaldir. Kegirici zolaginda elektron kon-
sentrasiyasinin azalmasi ilo elektrik kegiriciliyinin ani-
zotropiyasinin artmasi tendensiyasi miisahido edilir [6].
Bi,Tez7Seos osasinda ekstriidde edilmis materiallarda
elektronlarin optimal konsentrasiyasindan artiglig1 qur-
gusunla oritmoklo kompensasiya etmok tgilin [7] -do
gostorilon disul termoelektrik soyuducularin istehsali
ti¢lin uygun xassalors (a, o) malik material slds etmoya
imkan verir.

Buna gors do, nikel ilo interkalasiya edilmis layli
Bi;Te7Seps-iin yiik otiiriilmoesi mexanizminin Gyranil-
moasi boyiik elmi vo praktiki maraq dogurur.

Isin mogsadi layli Bi;Te,7Seos kristallarda yiik-
dastyicilarimin kegiricilik mexanizmina Ni -in rolunu
askar etmokdir.

Interkalyasiya metodu ilo Bi;Tez7Seos layli kris-
talina 0,1 - 0.7 kiitls faizi miqdarda nikel asqar1 daxil
edilmisdir.

Nimunoslorin rentgen fazasimin tohlili torkibin
kristalligim tostiq etmisdir. Torkibds yeni Niy 297 Te do-
naciklor fazasi vo Ni-Se-Te zoncirlori agkar edilmisdir.
Torkibindoa sarbast nikel atomlar: miisahids edilmomis-
dir.

Skanedici elektron mikroskopdan istifads edarok
Bi>Tes 7Seq3<Ni> niimunalarinda Niy o7 Te torkibli sfe-
rik formali koalessentlor agkar edilmisdir. Niimunanin
~1 um qalinliqda laylanmasi gostardi ki, koalessentlorin
maksimum o6lg¢iilari 500-600 nm-3 uygundur, onlar to-
bage defektlorinin pillalorinds hacm boyunca paylanir.

Atom giic mikroskopundan istifads edarak, n=108
atom sayma malik 3545 nm-o uygun minimum 06l¢tiya
malik Nij 297 Te nano donaciklori agkar edilmisdir. Qat-
larin miistovisinds nano danaciklorin bir xatt boyunca
diiziilmasi nanonagillor amolo gotirir. ikili, tiglii, dordlii
danaciklor 6z-6ziina togkili prosesi ils dlgiilari 70, 100,
130nm olan nanonagillor amalo gatirir. BixTez7Seq3
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kristalinin tabagalorinds nikel ionlari ilo interkalasiya
prosesinds laylarda Ni-Se-Te zancirlori vo Van -der
Vaals fozalarinda Ni1297Te donalori amals galir.

Tadqiq olunan niimunalar elektrik 6lgmolori tiglin
elo hazirlanmigdir ki, kristalin tobagslori boyunca xa-
rici sabit elektrik sahasi, yoni ¢ oxu boyunca totbiq edil-
sin. Tomas sahasi 102 sm? -5 barabar olan kontaktlar
iiciin glimiis pastadan istifado edilmisdir. Dérd zond
iisulundan istifado edilmisdir. Corayann niimuns boyu
Va geri otiriilmasi ilo kontaktlari omikliyi sinanmig-
dir.
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Sakil 1. Bi2Te2,7Seo,3 niimunalari tigiin Seebek omsali-
nin -a, (eyni hassasliq amsali, eyni termo
e.h.q.) va kegiriciliyin - ¢ temperaturdan asili-
lig1: aggarsiz 4, nikel asqart ils 1. - 0.127 kiitlo
%, 2. - 0.383 kiitlo%, 3. - 0.688 kiitlo %.

Termoelement niimunslarinin giymatlondirilmo-
sindo 0sas masalolordan biri is temperaturu diapazo-
nunda kegiriciliyin vo termoelektrik giictiniin optimal
doayarlondirilmasidir.

Molumdur ki, yarimkegiricilords elektronlar va
desiklor toroafindon eyni vaxtda hoyata kegirilon mox-
susi -asas kegiricilikdon forgli olarag, geyri asas- asqar
kegiriciliyindo donor asqarlar1 halinda elektronlar n-
keciricilik, akseptor voziyystinds iso desiklor p- kegiri-
cilik toskil edir.

Istilik enerjisi kT yarimkegiricilords donor as-
qarimin ionlagsmasina elektronun akseptor saviyyasino
Vo Ya kegirici zolaga kegmasing gatirib ¢ixarir [8].

[sdo n- tip donor kegiriciliyo malik olan
Bi2Te27Seo3<Ni> monokristallarmdan istifads edil-
misdir:

a) Sokil 1-do (niimuns 1, 2, 3) nikelin migdari
torkibds artdiqca elektrik kegiriciliyin artmasina sabab
olur.  Asqarin  miqdar1  artdigca  keciricilik
o = 680-16800m*sm intervalda artir.

b) Bi,Te27Seos niimiinasino analoq olan Bi,Tes
kristalin temperatur asililigindan malumdur ki, (sakil 2,
grgfik 1) asqarlarin tiikenma oblasti 620K temperatura
gadordir. Bu intervalda, temperatur asililigindan goriin-
dityti kimi, nimunalorin elektrik kegiriciliyi azalir, bu
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da kegiriciliyin metal xarakterli oldugunu tostiq edir.
620 - 640K intervali stabillogsmo oblastidir. Moxsusi
kegiricilik oblati Bi;Tes kristalinda 640K -don yuxari
temperaturlar oblastinda miisahids olunur.
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Sakil 2. 1- Bi2Tes 2- Bi2Te2,7Se03<Th> kristallarin vo
3-Bi2Te2,7Se0,3<Th> -nazik tabagasinin elektrik
kegiriciliyinin temperatur asililigi [9].

Sokil 2-don goriindiiyli kimi grafik 2-ys nishaton
grafik 1 asagiya siiriiiib - kegiricilik azalib. Bu diisgii
n-tip BizxTesxSex bark mahlulun tarkibinds Se kompo-
nentinin artmas1 mexanizmilo tosvir olunur [6].

Sakil 1-don goriindityii kimi, niimuno 1-in elektrik
kegiriciliyinin agqariz niimunays 4 -5 nisbaton bir gadar
do azalmasi miisahido olunur. Bu azalma mexanizmini
aydinlagdirmaq tigtin Ni -lo agqarlanmis Bi;Tez7Seo3
kristalin qurulus-analiz neticslorins istinad edok.

Nikel ionlarinin Bi;Tez7Seos kristalina daxil ol-
masi1 ilo laylarda, kvintetlorin yuxari tobagalorinds
tellurun vakansiyalarinda Ni-Se-Te zancirlori eyni za-
manda, Van- der Vaals sothino yaxin defektlords
Ni1 297 Te nanokristallart amala gotirir.
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Sakil 3. Otaq temperaturunda silisium kristalinda elek-
tronlarin vo desiklorin yiiriikliiyliniin konsen-
trasiyadan asililigi [10].

Bi,Tez7Seo s kristalina nikel agqart Ni?* ion soklin-
do 0,127 kiitlo % konsentrasiyada daxil etdikds, nikel
ovval tabiaton zoncir qurulugu amals gatiran selenlo Ni-
Se-Te zonciri amola goatirir. Van-der Vaals zolaginda
iso nikel tellurla Niy297Te nanodonaciklori omolo golir.
Bunun noticasindo niimuns 1-in 320 K temperaturda
keciricilik ¢ = 680 Om™* sm? -o godor azalir, Seebek
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omsali a = 320, pkV / K -5 gadar artir.

Nanodoanaciklorin zaif olagali Te® - Te ® toboage-
lori arasinda, kristalin pargalanma miistovilori istigamo-
tinds yerlosmasi sababindon tobagslorin suntlanmasi
bas verir va bu da elektrik kegiriciliyinin azalmasina
sobab olur.

Kristalda asqarin konsentrasiyasinin artmasi ilo
sokil 3-don goriindiiyii kimi, akseptorlarin (Na) vo de-
siklorin (Ng) - corayan dastyicilarinin yiiriikliiyti azalir.

Mott [8, 11] - do gostormisdir ki, yarimkegiricido
elektronlarin vo doliklorin yiiksok konsentrasiyasi vo
onlarin qarsiliglt tasiri noticesinde metal damcilar
omala goalo bilor. Istilik sahslerinin tasirindon asqarin
diffuziyasi, coroyan kegiriliyinin, tobagolorin suntlan-
masina gatirir, bu da imumi kegiriliyinin azalmasina
sobob olur.

2 - c¢i niimunads nikel agqarinin 0.383 kiitlo %,
konsentrasiyasinda Ni1 297 Te nano naqillorin amolo gol-
moasi baslanir, kegiricilik artir. Optimal parametrlar 2-
ci niimunads olds olunur. Burada 320 K temperaturda
kegiricilik 6=1200 Omtsm™, a = 310, ukV / K -5 bo-
rabordir.

3 — cii niimunads nikel agqarmin 0,688 kiitlo %
konsentrasiyasinda Niy 27 Te torkibli 600 nm -o godor
ol¢iilii koalissensiyalar amols gotirir, kegiricilik artaraq
4-cili niimunoalor ilo 210K doracads kegiriciliyi barabor-
losir, 320 K temperaturda kegiricilik 6=1300 Om-tsm
1.5 godor artir, Seebek omsalr a = 300, pkV / K -o qador
azalir.

BiyTey7Seos torkibli yarimkegirici termoelektrik
bork mohlulunun akseptorlarinin konsentrasiyalarini
kompensasiyast etmoak yolu ilo elektrik kegiriciliyinin
(0)-, termoehq amsalinin (e) Vo giiciin (a?0) yiiksak giy-
motlarini nikel donoru ils agqarlamagla slds etmok olar.

2-ci nimunads yiikdasiyicilarin yiiksok yiiriikli-
yiinii saxlamagla niimunslordo optimal kegiricilik
o =12000m™ sm, homginin yiiksok termo e.h.q omsa-
It & = 300 pkV/K slds edilmisdur. Niimunolords nikel
konsentrasiyasinin artmasi ilo a- termo e.h.q amsalinin
giymati artir.

BiyTe, 7Seo s kristali asag1 temperaturlu termoge-
nerator elementidir, isloma temperatur oblasti 320-
600K-dir.

Moalumdur [6] ki, istilik kegiriciliyinin elektron
komponenti

Ae=LoT )

diisturundan hesablamaq olar [6], [12].

Burada, L= A(ko/e)?ils ifads olur.

Bismut tellurid kristalinda A omsali elastik Sa-
pilms mexanizmi tiglin (r = -0,5) termoe.h.q. asililigin-
dan miioyyon edilir. Istilik kegiriciliyinin elektron kom-
ponenti e kegiriciliys o miitonasib olaraq doyisir. Qra-
fikdo 620-640K stabillosmo oblastinda fonon vo
elektron istilik kegirmo omsallar1 borabarlogir. Bi;Tes
kristalinin 620-640K temperaturda timumi istilik kegi-
riciliyi Ay =21-10° Vt/sm'K.

Moalumdur ki, dastyicilarin sopilmasi struktur de-
fektlori, agqar atomlar1 vo ionlarin, hamginin kristal go-
fasin istilik ragslorinin qarsiliqh tasirindan bas verir.

Asag1 temperaturlardan 80K gadar sorbost yiik da-
styicilarn yiiriiklilyii artir. Burada, temperatur artdiqca
dagtyicinin istilik stirati artir vo ionun Kulon sahasinda
daha az galarag, harokat trayektoriyasini artirir, yoni
daha az sopilmo vo daha yiiksok yiiriikliik olds edir.

Kegiricilik 80K-320K temperatur oblastinda aza-
lir, kristal gafasin istilik rogslormin intensivliyi vo da-
styicilarin ragslordan sapilmasi artir, bu da yiiriiklityiin
Vo istilik kegiricilik amsali - A-nin azalmasina sabob
olur. Termoelektriklards istilik kegiricilik omsal1 - A-
nin azalmasi somoraliliyinin artmasina (1) sabsb oldu-
gunu nazors alsaq, interkalasiya {isulu ilo agqarlanmis
niimunalori almaq miimkiindiir ki, bu da istilik kegi-
riciliyinin elektron komponenti —/e ilo idaro edilmasini
miimkiin edir.

Interkalasiya metodu ilo Bi,Tez7Seo 3 niimunasi-
nin nikells agqarlanmasi optimal konsentrasiyaya malik
yiiksok keyfiyyatli n- tipli kegirici termoelement oldo
etmoays imkan verir.

NOTICOLOR

Nikel ionlar1 ilo interkalasiya olunmus
BiyTe27Seo s tobagolarinds Ni-Se-Te zancirlori vo Van-
der Vaals bosluglarinda Niy2e7Te donaciklori amalo
goldiyindan, elektrik kegiriciliyi ohomiyyatli doracads
azalmasi bas verir, bu tobagolorin suntlanmasi ilo slage-
londirilir. Bi;Tez7Seo3 niimunasi n- tipli kegiriciliyini
saxlayir.

Miisyyon edilmisdir ki, BioTe27Seos kristalinda
nikelin 0.383 kiitlo %, nisbatinds yiik dasiyicilarinin
yiiksok yiiriiklitytindo on optimal konsentrasiyadir,
320K otaq temperaturunda kegiriciliyin o = 1200 Om-
'sm?1, homginin Seybek termo e.h.q. omsalim
0=300pkV/K giymati otrafinda idaro etmoys imkan
Verir.

[1] C. Gayner, K.K. Kar Prog. Mat. Science 83, 330,
2016.

[2] M.B. Jopoxumn TepMOdIEKTPHIECKHE
npeoOpa3oBaTend ~ JHEPTMM  Ha OCHOBE
CHJIbHOJICTUPOBAHHBIX MOJIYMPOBOAHKKOB GeSi u
coemuuenuit  MnSi.  XIV-as  Poccuiickas
KOHepeHIuss 10 (U3UKE MOIYIMPOBOTHUKOB
HoBocubupck, 9-13 centsiops 2019.

M.I". Munveuockuii, B.B. Yanoviues OTII. T.32.
Ne5, pp. 513-518, 1998.

HUB. Cunkun ~ DNEKTpOHHAS
MHOTOKOMITOHEHTHBIX

(3]

[4] CTPYKTypa

TCTP a}II/IMI/ITOHOIIOGHBIX

53

TOMOJIOTUYECKUX  H30JIATOPOB.
BBejenue, PO €.140, 2014.
MK  Baxaowvipxanos., b.A.Ab6oypaxmanos,
3.5.Caumos. WccnenoBaHue BOJIbT-aMIIEPHOM
XapaKTePUCTHKH  MHUKPOCTPYKTYpPHI  KIIacTep
aTOMOB HHUKENS - KpeMHUH MexayHapoaHas
KoH(pepeHIws, nocesmeHHas 70-neruo Ouznko-
texHuaeckoro Mucruryra c. 197-108, 1991.

Bb.M. T'onvyman, B.A. Kyounos, U.A. Cmupnos
[TosynpoBoIHUKOBbIE TEPMOIJIEKTPUUECKHE
Marepuaisl Ha ocHoBe BiyTes. M.: Hayka, c. 80;
84, 320; 128, 1972.

Juccepranus,

[5]

6]



N.M. ABDULLAYEYV, S.R. 9ZiMOVA

[71 MM. Tacues DnekTpuyeckue 1 TEIIOBBIC CBOM- pactBopoB BiyTez7Seos <Th,Cl>. Qucceprauus,
CTBa KOMIIO3MLIMOHHBIX MaTE€pPHaJIOB Ha OCHOBE c. 150, baky 2014.
BiyTe27Seo3 MOTU(DHUIIMPOBAHHBIX ZrO, [10] 4 W. Mawun : File ru.svg. Electron and Hole
Sumgayit Dovlst Universiteti, Elmi konfrans Mobiility in Si. 19.01.2018.
s.112-114, 2018. [11] N.F. Mott. Phil.Mag., v. 32, Nel, p. 159, 1975.
[8] H®. Momm, D.A. Hesuc. Onexrponnsie  [12] H. Gind, S. Lidin, U. Hausserman. Structure and
TPOIECCH B HEKPUCTAUTMUECKUX BEIIECTBAX. bonding properties of (Bi.Ses)(Bi.Tes) stacks by
Mup, M., 472. 1974, first-principles density functional theory.Phys.
[91 H.M. A60ymnaes. CTpykTypa, 3IEKTPHUCCKHE H Rev. B. 72, pp. 184101-184109, 2005.

OIITHYCCKUEC CBOICTBa TIJICHOK TBEPABIX

N.M. Abdullaev, S.R. Azimova
INTERCALATION LAYERED CRYSTAL Bi:Te27Seo3s WITH NIKEL
Addition of a sample of Biz2Tez7Seo,s with nickel by the method of intercalation forms Ni-Se-Te chains in the layers of
the compound and Niz2e7Te particles in Van-der Vaals cavities. By shunting the layers at the optimal concentration of Ni *?2

ions, the electrical conductivity in the scope of 680-1200 Om-cm?, as well as Seybek thermo e.h.q. allows you to control the
value of the coefficient around o = 300 pkV/ K.

H.M. A6ayanaes, C.P. A3umoBa
HNHTEPKAJISINUSI HUKEJIEM CJIOUCTOI'O KPUCTAJLIIA Bi2Tez7Seo,s

Wurepkansauuns kpucramwioB BizTez,7Seo 3 mpumeckio HuKelst 06pasyeT nernouk Ni-Se-Te B ClIosIX COeMHEeHUs U 3epHa
Ni1297Te B Ban-nep BaanscoBeix mosoctsx. IlyTeM ITyHTHPOBAHHS CNIOEB TIPH ONTHUMAIBHONW KOHIEHTpAIMH HOHOB Nit2
3IEKTPONPOBOAHOCTH B MHTepBaie 680-1200 Omtem™, 5T0 03BOMAET KOHTPOIUPOBATH 3HAUEHHE KO PUIIMEHTA TEPMO 3.]1.C.
3eiibexa B obnact o = 300 MxB/K.
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GaSe NANOZORROCIKLORININ FOTOKECIRICILIY1

A.M.9LIYEVA
Azarbaycan Milli EImlor Akademiyasinin Fizika Institutu,
AZ 1143, Baki sohori, H.Cavid pr. 131
mail: ay_tenl5@rambler.ru

Toqdim olunan is GaSe nanozarraciklorinin alinmasina vs fotoelektrik xarakteristikalariin tocriibi todgigine hoasr olun-
musdur. “Pulverisette” cihazi vasitosilo GaSe nanozarrociklori alinmig vo yiiksok optik hoyocanlagsmada GaSe layh

kristallarinda fotokegiricilik tocriibi tadqiq olunmusdur.

Acar sozlar: GaSe, nanozarracik, liiminessensiya, fotokegiricilik, eksiton.

PACS: 76.60.Lc,78.67.Bf,78.67.Lf.

Yarimkegiricilorin nanotexnologiyada tstbiginds,
hazirda az Oyronilmis, ancaq ¢ox boyiik perspektivo
malik olan layvari A®B® yarimkegirici birlosmalori mii-
hiim yer tutur.

Lay boyunca atomlar arasinda ion-kovalent rabi-
tonin vo laylar arasinda iso zoif Van-der Vaals rabitasi-
nin olmasi onlarin fiziki xassalorinin giiclii anizotrop
olmasina sabab olur. Bu sabobdan, layvari AB® yarim-
kegirici birlogsmolorinde miisahids olunan bir sira ef
fektlor digor anizotrop kristallarda meydana galmir. Di-
gor torsfdon bu kristallarin sathinds yarimgiq kimyovi
slagalorin demak olar ki, olmamasi (<10sm2) bu lay-
vari yarimkegiricilordon “Kvant nqtosinin” yaranma-
sinda althiq kimi, fullerlorin, polimerlorin, hamginin
Van-der Vaals epitaksiyalarin hazirlanmasinda istifads
olunmasina imkan verir.

Bu maddslar asasinda hazirlanmis, spektrin go-
riinan, ultrabandvsayi Vo yaxin infraqirmizi diapazo-
nunda islayan fotogobuledicilor 6zlorinin yiiksok hos-
saslhq, siiratli detekto etmok gabiliyyati vo radiasiya da-
yaniqhg ils forglonirlor. A®B® yarimkegirici birlogme-
lori, xiisusilo GaSe vo InSe kristallari, boyiik geyri-Xotti
niifuzluq smsalina malik olduqlarindan, onlarda bir sira
geyri-xatti optik effektlor agkar edilmis vo dyronilmis-
dir: harmonikalarin generasiyasi, ikifotonlu optik udul-
ma, is1g1n parametrik generasiyasi, optik bistabillik ef-
fekti, zonalarin geyri-Xotti dolmast, yarimkegirici lazer-
lar, nanosaniyali lazer detektorlari, optik filtrlar vo s.
GaSe Kkristallar1 asasinda lazer vo termik oksidlogsmo
naticosinda radiusu 40-48A olan “nanoliilolor” hazir-
lanmigdir. D.F. Kelley vo Tu V. Chikan [1] yiiksak
temperaturlu kKimyavi sintez asasinda dlgiilori 2+6nm
olan GaSe nanozorraciklori almiglar.

Bizim toqdim etdiyimiz isdo GaSe nanohissacik-
lori “Pulverisette” cihazi vasitasi ilo hazirlanmigdir. Ci-
hazin qurulusu sokil 1-do verilmisdir. Todgiq olunan
madds cihazin igarisindaki kiivets qoyularaq, agir kiirs
soklindoki domirlorin arasinda yerlosdirilmisdir. Kiiroa-
lar firlandiqca madds onlar arasinda yavag-yavas kigik
hissaciklora pargalanir. 150 saat fasilosiz is miiddstinds
GaSe kristallarinin kigik 6lgilii hissociklarini oldo et-
moak miimkiin olmusdur.

GaSe nanozarraciklorin fotohassasligini 6lgmoak
ticlin xiisusi niimunalor hazirlanmigdir. Nanozarracik-
lor izopropil spirtin igarisins tokiilmiis vo sonra siiso ¢u-
bugla garisdirilmisdir vo naticodo xirda zarraciklorin

131, H.Javid ave, AZ-1143, Baku
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suspenziyast alinmigdir. Agir zarraciklor gabin dibina
¢Okmiisdir, sonra suspenziya basqa gaba tokiilmiisdir.
Stiso pipet vasitasi ilo suspenziya sital altliga damcilan-
mugdir. Spirt buXarlandigdan sonra althgin tizorinds
ancag todgiq olunan maddadan ibarat nazik lay qalmas-
dir. Bu layin qalinligr <50 mkm olmusdur. Bu iisulla
alinmig niimuns 4 saat orzinds T=750 K-o godor qiz-
dirllmigdir. Niimunays giimiis (Ag) pastasi vasitasi ilo
kontaktlar ~ qoyulmusdur.  Nimunonin  6Slgiilori
10mmx10 mm, elektrodun Olgiilori  2mmx8 mm,
elektrodlar arasindaki masafa 6mm.

Sakil 1. Pulverisette cihazi.

Elektrodlar planar konfiqurasiya saklinds goyul-
musdur. Fotokegiriciliyin spektral asililigt  “CARL
ZEISS* firmasmin VSU 2P monoxromatoru vasitasi ilo
Olglilmiisdiir. Isiq monboyi kimi DKSS -150 tipli
Ksenon lampasindan istifade olunmusgdur. Fotocarayan
“U5-9” tipli sabit caroyan giiclondiricisine verilmis vo
B7-21 tipli universal rogomli voltmetr vasitasi ils 6l¢iil-
miisdiir. Tocriibado alinmis oyrilor “ENDIM 620.02”
tipli potensiometr vasitosi ilo ¢okilmisdir. Nimunaya
25V gorginlik verildikds qaranlq caroyan 6,5x10** A
olmusdur.- Fotocarayan1 6l¢a bilmak {iglin garanliq co-
royan U5-9 potensiometri vasitosi ilo kompensasiya
olunmusdur.

Sakil 2-ds fotokegiriciliyin spektral asililigr veril-
migdir. Sakildan giiriindilyii kimi, GaSe nanozarraciyin
fotohessasligi 0,35+1,4mkm intervali shats edir. Spek-
trin asas maksimumu ~ 0,6 mkm uygun gslir. Bundan
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slava, daha qisa dalga oblastinda (A=430nm) daha bir  zer siialariin ~10MVt/sm? intensivliyindo generasiya
pik miigahids olunur. Bu pik els fotoliiminessensiya edon  elektron-desik  ciitiinin ~ konsentrasiyasi
spektrindo miisahido olunan Xatlo iist-iisto diigiir. Foto-  4,5-10%°sm tortibindadir, halbuki, bu kristallarda eksi-
hossaslhigin ¢ox genis diapazonu shato etmosi nanohis-  ton-eksiton gar- siliqh tasirinin bag vermasi iigiin talab

saciklorin miixtslif 6l¢tids olduglarini gostarir. olunan konsen-trasiya bundan bir ne¢o tortib azdir
S (Nvtomm= 1-10Ysm3) [3].
18 - GaSe kristalinda miisahido olunan fotokegiricili-
16 yin geyri-xatti optik udma prosesi ilo slagadar oldu-
14 | gunu miloyyan etmoak ii¢iin, tarazliqgda olmayan yiikda-
12 | styicilarin fotokeciriciliyini xarakterizo edon a-lo ko-

miyyatinin lo-danasililiq oyrisi qurulmugdur . Bu za-
man [} udma amsalimin miixtalif intensivlikdoki qiyme-
ti Kazimzado A.H. vo bagqalarmin [2] sayli isindon
gotiiriilmisdiir. a-lo ~lo asilili- ginin tacriibadon alinmis
Ao~ lg asililigr ilo miiqayisasi onlarin har ikisinin in-
tensivlikdon eyni torzds doyisdiyini gostorir.

Beloliklo, GaSe kristalinda yiiksok optik hayoacan-
lanmada miisahids olunan fotokegiriciliyin qeyri-xatti
optik udma prosesi ilo slagadar oldugunu sdylaya bils-

Sakil 2. GaSe nanozarraciklerinin fotokegiricilik spektri. rik. GaSe kristalinin fotoliiminessensiya spektrinda
yiiksok optik ho-yoacanlanmada miisahido olunan L —

GaSe kristallarinin fotokegiricilik spektrlorinds  zolagimin tobiotini aragdiraq. Bu zolag1 asqar siialanma-
miisahids olunan xiisusiyyatlor bu kristallarin eksiton 1, bagli eksitonlarin siialanmasi vo sarbost eksitonlarda
rezonansi oblastinda geyri-xatti optik udma prosesinin  fononlarin istiraki ilo gedon siialanma ilo olaqolondir-
Olmast ils izah oluna bilor. Dogrudan da, giiclii lazer  mok miimkiin deyil. L-zolaginin eksiton molekulunun
stialarinin tosiri ilo GaSe kristalinda generasiya edon  giialanmasi ilo alagelondirilmasi ehtimal da azdir, ¢iin-
elektron-desik ciitlori neytral zorrociklors (eksitonlara) ki bu siialanmanimn voziyyati eksiton xottindon comi
cevrilirlor. Lazer siialarmnin intensivliyi artdiqca, eksi-  6meV aralidir. Odur ki, 80K-do bu siialanman: tocrii-
tonlarin konsentrasiyasi artir vo eksitonlarin konsentra-  bodo gérmok miimkiin deyildir. L - zolagmin an ¢ox eh-
siyastmin miioyyon kritik giymatindo onlar arasinda  timal olunan tobioti yiiksok optik hoyacanlanmada bas
garsihiqh tosir bag verir. Bu qarsiligh tosir noticasindo  veron eksiton-elektron vo ya eksiton-eksiton qarsiliqh
eksitonlar pargalanaraq, sorbost elektron-desik ciitiino  tosiri ola bilor. Bizim aldigimz noticolor eksiton-
gevrilir. Bu da eksiton udulmasinin yox olmasina sabab  eksiton qgarsiligh tosir mexanizmina daha yaxindir.
olur [2]. Hesablamalar gostorir ki, GaSe kristalinda la-
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A.I'" Moxmapu. Heopranmueckue MmaTepuarbl,

A.M. Alieva

PHOTOCONDUCTIVITY GaSe NANOPARTICLES
The present work is devoted to fabrication of GaSe nanoparticles. GaSe nanoparticles have been prepared with the use
of “Pulverisette”, photoelectrical characteristics have been measuredand investigated. Photoconductivity in GaSe layered
crystals are experimentally investigated for high levels of optical excitation.

A.M. AneBa

OOTOIMPOBOANMOCTDb HAHOYACTHI GaSe

Hacrosas paboTta nocesimieHa nosrydennto HaHodactur, GaSe. Hanowactuusl GaSe M3roTaBiMBaInCh C IOMOIIBO
npubopa “Pulverisette”, poToanexTpudeckre XapakTepUCTUKNA M3MEPSUTHCh U U3y4alnuch. JKCIEPUMEHTAIBHO HCCIIEA0BaHa
¢oronpoBoauMocTs HaHouacTHIl GaSe MpH BEICOKUX YPOBHSX ONTHYECKOTO BO30YXK/ICHUS.
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p-GaSe/n-InSe ANIZOTIP HETEROKECIDLORININ PARAMETR VO
XARAKTERISTIKALARININ YAXSILASDIRILMASININ MUMKUNLUYU
HAQQINDA

9.S. ABDINOV?!, R.F. BABAYEVAZ S.i. 9MIROVA?, N.9. ROHIMOVA?,
E.A. ROSULOV!
1Baki Doviat Universiteti,
Azarbaycan Respublikasi, AZ 1145, Bak: s., Z. Xolilov k., 23
2 Azorbaycan Doviat Igtisad Universiteti (UNEC),
Azarbaycan Respublikasi, AZ 1001, Bak s., Istiglaliyyat kiic., 6
abdinov-axmed@yandex.ru, babaeva-rena@yandex.ru

0<N<107 ar.% miqdarinda nadir torpaq elementlori (Eu, Dy, Er-la) asqarlanmis p-GaSe vo n-InSe monokristallarinin
nazik tobagolorini optik kontakta gotirmoklo yaradilmus anizotip heterokecidlorin miixtolif goraitlords osas parametr vo xarak-
teristikalar1 todqiq edilmisdir. Miioyyon olunmusdur ki, agqar daxil edilmomis kristallarda tosadiifi xarakterli makroskopik
defektlorin olmasi naticasinds onlarin osasinda yaradilmis heterokegidlorin parametr vo xarakteristikalari geyri-stabil vo pis
tokrarlanandir. NTE agqarinin migdarim doyisdikdo p-GaSe<NTE>/n-InSe<NTE> heterokegidlorinin homin keyfiyyatlori do-
yisir. N~10! at.% olduqda on optimal parametr vo xarakteristikalar tomin olunur. ©lds olunmus tacriibi naticalorin keyfiyyatco
izah1 verilmis vo N~10 at.% olan p-GaSe<Er>/n-InSe<Er> heterokegidlorinin bark cisim elektronikasi {igiin stabil vo tokrar-
lanan parametr vo xarakteristikalara malik funksional elementlar diizoltmak {igiin perspekivli olmasi gostorilmigdir.

Acar sozlor: bork cisim elektronikasi, agqar, nadir torpaq elementi, makroskopik defekt, funksional element, fotogorginlik.

PACS: 71.20,Nr,72.20-i
1. GIRiS

Miiasir bark cisim elektronikasi {igiin miixtalif to-
yinath funksional elementlorin hazirlanmasinda massiv
amorf vo kristal yarimkegiricilordon, onlarin nazik to-
bagalarindon, kompozit vo nanomateriallarindan genis
istifado olunsa da, oksor hallarda asas funksional ele-
ment olaraq miixtolif tip kontakt elementlorindon (me-
tal-yarimkegirici, homo p-n, p*-p, n*-n, metal-dielek-
trik-yarimkegirici, heterokegidlordon) istifado olunur.
Digor kontaktlarla miiqayisado bir sira ustiinliiklora
malik olmalar1 ils slagadar olaraq, heterokegidlars [1,
2] maraq daha siiratlo vo miintozom sokilds artir. Hete-
rokegidlor indi elektronikanin miixtolif sahalorindos-la-
zerlorin yaradilmasinda, optoelektronikada, fotovoltai-
kada vs s. genis istifado olunur [3-5]. Bu zaman bir ¢ox
hallarda heg do boyiik isci satho vo enerji effektivliyino
yoX, daha basqa imkan vo parametrlors talablar qoyu-
lur. Optoelektonika vo giinas fotoelementlori tigilin ilk
névbada genis qadagan olunmus zonali pancars va qa-
dagan olunmus zonasin eni silisium, yaxud gallium
arsen yarimkegiricilorinin qadagan olunmus zonasinin
enins yaxin olan yarimkegiricilor asasindaki heteroke-
cidloro istiinliik verilir, ¢linki belo heterokegidlorin
uducu komponentinin fotohassasliq spektri optoelek-
tronika igiin daha boyilk maraq kosb edon dalga
uzunlugu oblastina, hom ds yer sothinds gilinos spektri-
nin daha c¢ox enerji dagiyan oblastina uygun golir. Bu
baximdan heterokegidlorin yaradilmasi tigiin miixtolif
yarimkecirici materiallardan istifade olunur. Se¢ilmis
yarimkegirici materiallar osasinda heterokegidlorin ya-
radilmas: {i¢iin totbiq edilon {iisullar da miixtalifdir.
Temperaturun genis diapazonunda (77<T<300 K) optik
spektrin biitiin goriinan va yaxin infraqirmizi oblastinda
kifayat qadar yiiksak fotohassasliga malik va qadagan
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olunmus zonalarinin eni uygun olaraq ~2.02 eV vo
~1.25 eV olan layli quruluslu qallium vo indium mono-
selenidi (p-GaSe vo n-InSe) monokristallar: [6] da bu
maqsad ii¢lin perspektivli yarimkegirici materiallardir.
Layli quruluslu A"'BV' birlosmoalor sinfino monsub olan
homin yarimkegiricilorin pancars vo uducu altliq {igiin
alverisli material olmasi ilo yanagi, bir sira bagqa key-
fiyyotlori do onlar1 bu mogsad liglin cox perspektivli
edir. Bu siraya ilk névbados har iki yarimkegiricinin mo-
nokristallarmin boyiik olgtili kiilgolorindon sade me-
xaniki goparma yolu ils bir negs tobii laydan ibarat na-
zik tobagalorin alina bilmasi, alinmis tebagalarin Van-
der-Vaals sothlorinin atomar saviyyada hamar giizgii
xarakterino malik olmasi, onlarin har ikisinin atraf mii-
hitin tasirlorina, o climladen kimyavi tosirlora qarsi
yiiksak saviyyado dayaniqli olmasi, nazik tobogalorin
galinliginin azalmasi ils elastikliyinin artmasi vo s. da-
xildir. Sadalanan keyfiyystlor homin yarimkegiricilorin
nazik monokristal tobagalorini optik kontakta gotir-
moklo [7-9] onlarin osasinda ononovi texnoloji iisullar-
dan [10, 11] forgli olan daha sado iisulla heterokegidlor
vo uygun olaraq elektronika tiglin heterokegidli miixto-
lif funksional elementlor yaratmaga imkan verir. Bu-
nunla bels, hamin yarimkegiricilorin monokristallarin-
da tobii laylar arasindaki rabitenin zaif olmasi onlarin
kontakta gotirilon nazik tobagolerinin hacminds tosa-
diifi xarakterli makroskopik defektlorin (TMD) [12] ya-
ranmasina sabab olur ki, bu da 6z ndvbasinda yaradil-
mis eyni toyinatli ayri-ayr1 funksional elementlorin,
eloco do eyni bir funksional elementin miixtslif meqam-
lardaki parametr vo xarakteristikalarinin stabilliyina,
tokrarlanmasina giiclii sokildo monfi tosir gdstore bilor.
Elektronika ti¢iin funksional elementlorin istismari pro-
sesinda bir sira hallarda homin elementlorin parametr
va xarakteristikalarinin stabilliyinin, tokrarlanma key-
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fiyyatinin 6n movqeds dayanmasini nazers alaraq, p-
GaSe va n-InSe yarimkegiricilarinds TMD yaranmasi-
nin garsisini almagq ti¢iin ilk ndvbads hamin kristallarda
tobii laylar arasindaki slageni giiclondirmok, basqa
s0zlo homin kristallarin barkliyini artirmaq, yaxud da
TMD-in elektron prosesloring tasirini azaltmaq lazim-
dir. Bir sira islords [13-15] gostorilib ki, bu magsada
homin kristallar1 agqarlamagla da nail olmaq miimkiin-
diir.

2. NUMUNOLOR VO EKSPERIMENTAL
SORAIT

Toqdim olunan isdo bizim torafimizdon bu mag-
sadlo nadir torpaq elemenlari (NTE) olan Eu, Dy va
Er-la miixtalif miqdarda (N=0; 10%; 10*; 103; 102 vo
10'at.%) agqarlanmis p-GaSe vo n-InSe monokristal-
lar1 osasinda yaradilmig p-GaSe<NTE>/n-InSe<NTE>
anizotip heterokecidlorin elektrik vo fotoelektrik xas-
solori miixtolif soraitlordo todqiq edilmisdir. Todqiq
olunan heterokegidlorin yaradilmasinda istifads olunan
monokristallar sokli doyisdirilmis Bricmen iisulu ilo
gOyordilmis, onlarin asqarlanmasi isa stexiometrik nis-
batdo gotiiriilmiis Ga+Se vo In+Se garisiqlarma sintez
prosesindsn 6nca lazim olan miqdarda toz halina salin-
mis NTE daxil etmoklo hoyata kegirilmisdir. Hetero-
strukturlar nazik p-GaSe<NTE> vo n-InSe<NTE> to-
bagalarini hamin kristallarin (001) miistovilari lizrs bir-
birins sixmagqla va onlarin har birinin ks tizdoki sarbast
sothinds a¢1q havada lehimlomaklo metal indium omik
kontakt1 yaratmaqla hazirlanmigdir. Bu moagsodlIo goffaf
materialdan hazirlanmig hamar miistovi “pancali” xii-
susi mexaniki sixacdan istifado edilmisdir. Kontakta
gotirilmis p-GaSe<NTE> vo n-InSe<NTE> nazik tobs-
golorinin  tobii laylara perpendikulyar istigamotdo
qalmligi ~50-+200 mkm, (001) miistovisi tizorinds enino
Olgiilari isa ~(5+6)x(5+6) mm olmugdur. Bu tabagalorin
sothlorinin atomar soviyyads hamar olmasi, heteroke-
¢idin kontaktinda sath soviyyslorinin sixliginin ¢ox ki-
¢ik olmasini tomin edir, heterokeg¢idin optik kontakta
gatirilmoklo yaradilmas: isa ciitliik materiallarinin isti-
don geniglonmoa amsallarininin forqlonmasi ilo bagh
olaraq mexaniki gorginliyin yaranmasini aradan qaldi-
rir. Olgmoler [16]-da tosvir olunan eksperimental qur-
guda temperaturun 77+300 K, isigin intensivliyinin
5-10'< | € 5-10%Lk, isigin  dalga  uzunluunun
0.20 £ 1 £2.00 mkm diapazonunda hoyata kegirilmis,
malum simanilmis tisullarla todqiq olunan heterostruk-
turlarin qaranlhiqdaki sabit cerayan rejiminds volt-am-
per xarakteristikasi, impuls isiqlandirilma rejiminds
fotogorginliyin spektri isiq xarakteristikast Ol¢lilmiig-
diir. Aparilan dlgmalor zamani niimunanin tizarine dii-
son is1q dostosi vo niimunodon axan coroyan kontakta
gotirilmis yarimkegirici toboagolorin tobii laylarina vo
heteroke¢idin miistovisine perpendikulyar istigamatdo
yonalmisdir.

3. TOCRUBI NOTICOLOR VO ONLARIN
MUZAKIROSI

Aparilan tacriibi dlgmelerle miioyyanlosdirilmis-
dir ki, baxilan saraitlords, tadqiq olunan heterostruktur-
larin hamisi diod xarakterine malikdir vo homin diod-
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larda diiziine istigamot p-GaSe tobaqosinin garginlik
monbayinin miisbat qlitbiine qosuldugu hala uygun go-
lir. Toadqiq olunan heterostrukturlarda gorginlik diisgii-
siiniin Ups~2+3 V qiymatlorinde diizlondirmo omsali
(x) temperaturdan, kontakta gotirilmis nazik tobagole-
rin qaranliq xiisusi miiqavimatinin 77 K-doki qiy-
matinden (baslangic qaranliq xiisusi miiqavimatdan),
homin kristallara daxil edilon NTE asqarmin miq-
darmdan (N-in qiymstindon) asil1 olaraq, x~6+30 arali-
ginda doyisir. Uns>(0.80+1.20)V oldugda temperatu-
run qiymotindon asili olaraq, todqiq edilon heterostruk-
turun volt-amper xarakteristikasinin diiziins istigamot-
doki qolunun asta gedisi, daha siirotli gedislo ovoz
olunur (sokil 1). Temperatur yiiksaldikco Uns-nin qiy-
moti kigilir. Heterokecidin toskil olundugu p-GaSe vo
n-InSe kristallarina daxil edilmis NTE asqarmin miq-
dar1 artdiqca, onun parametrlorinin qiymatlari, eloca do
parametr vo xarakteristikalarin stabilliyi, tokrarlanma
daracasi an kigik ilkin qaranliq xiisusi miiqavimats ma-
lik olan tomiz kristallar osasinda yaradilmis heteroke-
cidlordokino noazoron doyisir. Bu doyismo geyri-mo-
noton xarakterlidir vo N=10-at.% oldugda maksimum
haddini alir.
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Sakil 1. p-GaSe<Er>/n-InSe<Er> heterostrukturlari-
nin qaranliq volt-amper xarakteristikalari.
Ner, at.%: 1-0; 2 - 104, 3 -103; 4 - 10°%;
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Sokil 2. p-GaSe<Er>/n-InSe<Er> heterostrukturlarinda
fotogorginliyin spektral paylanma oyrilori.
T=150 K; Ner, ar.%: 1, 2- 0; 3, 4- 103,
5, 6- 10°'%; isiglanma: 2, 3, 5 - p-GaSe<Er>;
1, 4, 6 - InSe<Er> torafden



p-GaSe/n-InSe ANiZOTiP HETEROKECIDLORININ PARAMETR VO XARAKTERISTIKALARININ...

Tadqiq olunan heterokegidlords yaranan fotogor-
ginliyin qiymat va spektral paylanmasinin xarakteri
isiqlandirilmanin hansi terafden hoyata kegirilmosindan
asilidir (sokil 2). Heterokegid p-GaSe komponenti torof-
don igiqlandirildiqda yaranan fotogarginliyin hom adodi
giymeti boyiikdiir, hom do spektri iki maksimumlu vo
genis eno malik olub, optik spektrin ~0.25+1.45 mxm
diapazonunu ohato edir. Fotogorginliyin bu haldaki
spektrinin gisa dalgalar torafds olan birinci maksimumu
genis qadagan olunmus zonaya malik p-GaSe, daha
uzun dalgalar torafds yerlagon ikinci maksimumu iss ga-
dagan olunmus zonasinin eni kigik olan n-InSe altligin-
da is18in udulmasi ils baghdir. Optimal soraitds tadqiq
edilon heterokegidlordo bosuna igloms gorginliyinin[1,
2] qiymati ~0.35+0.40 V, qisa qapanma caroyaninin
giymoti iso ~32+35 mkA/sm? olur.

Temperaturun T<200 K oblastinda tadqiq olunan
heterokecidlords fotogarginliyin qiymati vo spektrinin
eni N-in qiymsotindan asili olaraq avvelca (N=1072 at.%
qiymatina gador) an kigik ilkin garanliq xiisusi miiqa-
vimatli tomiz Kristallar asasindaki heterokeg¢idlordokine
(ilkin haldakina) nazaran boyilyiir, sonra iss kigilorak,
N~10"? at.% oldugda, ilkin giymoto yaxmlasir. Lakin
N~10"? at.% olan kristallar osasinda hazirlanmis hetero-
kegidloarin parametr vo xarakteristikalar1 daha stabil vo
daha yaxs1 tokrarlanan olur. ©n optimal hal iso N~10
at.% miqdarda Er-la agqarlanmig kristallar osasinda
yaradilmig heterokegidlordo miisahido olunur. Tadqiq
olunan heterokegidlorin demak olar ki, hamisinda foto-
gorginliyin isi1q xarakteristikasi oksor hallarda avvalca
xatti qanuna tabedir, sonra (daha giiclii isiqlanmalarda)
iso todricon doyma halina ¢ixir (sokil 3-do 1-4 oyri-
lori).Bununla bela, N-in N~10-3at.% -o ¢ox yaxin giy-
moatlorindo fotogorginliyin isiq xarakteristikasinin bag-
langicinda xottidon daha kaskin olan istlii asililiq mii-
sahido olunur (sokil 3-da 3 vo 2 ayrilori).
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Sakil 3. p-GaSe<Er>/n-InSe<Er> heterostrukturlarinda
fotogorginliyin is1q xarakteristikalart. T=150K;
Ner, at.%: 1-0; 2 - 104 3- 103 4 - 10°%;
isiglanma: p-GaSe<Er> torafden

Kontakta gotirilmis p-GaSe vo n-InSe monokris-
tallar1 16vhalorinin qalinhig1 kigildikco onlarin asasin-

daki heterostrukturlarin elektrik vo fotoelektrik para-
metr vo xarakteristikalar1 ilo yanasi, mexaniki xassalori
do yaxsilasir. Bels ki, onlarin qalinlig1 azaldiqca elas-
tikliyi artir vo bu da onlarin osasinda yaradilmig hete-
rokegidlors bork cisim elektronikas tigiin miixtalif toyi-
natli funksional elementlorin hazirlanmasinda fovgol-
ado imkanlar verir.

Alinmis naticolorin statistik tohlili imkan verir
deyok ki, todqiq edilon heterokegidlorde gorginlik
diisgiistiniin Ups>1.20V qiymetlorinds coroyanin ke-
ciddon tunel, 3xT/e<Uns<1.20 V qiymotlorindo iso tu-
nel-rekombinasiya mexanizmlori Gstiinliik togkil edir.
Homin strukturlar1 p-GaSe komponenti torofdon isiq-
landirdiqda fotogerginliyin spektrinin genislonmasi
“pancara effekti” ilo baglidir [1,2]. Bu heterokegidlorin
parametr va xarakteristikalarinin qeyri-stabilliyi va pis
tokrarlanmasi, onlarin togkil olundugu p-GaSe vo n-
InSe monokristallarinda tesadiifi xarakterli iri miqyasl
defeklarin [12] mévcud olmasindan irali golir. NTE ilo
asqarlanmug kristallarda 1foxil edilmis agqar ionlar1 ha-
min TMD-in {izorins oturaraq, onlarm 6lgiilorini boyii-
diir vo avvalca (N-in kicik qiymatlorindo) kristalda bag
veran elektron proseslorino TMD-in tosirini artirir.
Sonradan, yani daxil edilon NTE agqarimin daha da bo-
yiik migdarinda iso bu bdyiima hesabina qonsu TMD-
in hacmi yiiklor oblastinin arasindaki mosafs sorbost
yiikdastyicilarin diffuziya mosafasindon kigik oldugun-
dan TMD-in elektron proseslorina tosiri todricon aradan
qalxir [17]. Er-un atom vo ion radiuslar1 asqar kimi
istifado erdiyimiz digor NTE-lorinkindon kicik oldu-
gundan onlar p-GaSe vo n-InSe kristallarina daha asan
daxil olur vo ionlasir. Bu sababdon do, Er-la agqarlama
homin kristallarda elektron proseslorina daha giicli
tosir gostarir.

4. NOTICO

Olds olunmus tacriibi narticolor gostarir ki:

- NTE (Eu, Dy vo Er-la) ilo agqarlamagla p-
GaSe vo n-InSe kristallarinin nazik tobagalori osasinda
optik kontakt {isulu ilo yaradilmis heterostrukturlarin
parametr vo xarakteristikalarini magsadyonli sokilda
idars etmok miimkiindiir;

- N=10* at.% miqdarinda NTE (Eu, Dy va Er-
la) ilo asqarlanmis p-GaSe vo n-InSe kristallar1 asasin-
da yaradilmis heterostrukturlarin parametr vo xarakte-
ristikalar1 qonastboxs soviyyads stabil vo tokrarlanan-
dir;

- N~10? at.% miqdarinda agqarlanmis p-GaSe
va n-InSe kristallart  osasinda  yaradilmis p-
GaSe<Er>/n-InSe<Er> anizotip heterokegidlari asasin-
da bork cisim elektronikasinin miixtolif saholori ii¢iin
daha stabil va tokrarlanan parametrlors va xarakteristi-
kalara malik olan miixtalf toyinatli funksional element-
lor yaratmaq olar.
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A.Sh. Abdinov, R.F. Babayeva, S.I. Amirova, N.A. Ragimova, E.A. Rasulov

ON THE POSSIBILITY OF IMPROVING THE PARAMETERS AND CHARACTERISTICS OF
ANISOTYPE HETEROJUNCTIONS p-GaSe/n-InSe

Under various conditions, the main parameters and characteristics of anisotype heterojunctions created by the method of
optical contact based on p-GaSe and n-InSe crystals doped with rare-earth elements (REE) Eu, Dy and Er with an introduced
impurity content of 0<N<10-1at.%. It was found that due to the presence of random macroscopic defects in undoped crystals,
the parameters and characteristics of heterostructures created on their basis are unstable and poorly reproduced. When the
amount of introduced REE impurity changes, these qualities of the p-GaSe<REE>/n-InSe<REE> heterostructures change and
the most optimal parameters and characteristics are provided at N~10? at.%. A qualitative explanation of the obtained
experimental results is given and the prospects of p-GaSe<Er>/n-InSe<Er> heterostructures doped with N~10 at.% are shown
for creating various functional elements of solid-state electronics with highly stable and reproducible parameters and
characteristics.

A.II. A6aunos, P.®. ba6aesa, C.U. AmupoBa, H.A. ParumoBa, J.A. PacysioB

O BOSMOKHOCTH YJOAYUYIHIEHUSA MIAPAMETPOB U XAPAKTEPUCTUK AHU3OTUITHBIX
TETEPOINEPEXOJ10B p-GaSe/n-InSe

Ipu pasmuYHBIX YCIOBHSAX HCCIIENOBAHBI OCHOBHBIEC MAPaMETPhl U XapPAKTEPHCTHKH aHM30TUIHBIX I'eTepPOIEePEexX0/IOB,
CO3JJaHHBIX METOJIOM ONTHYECKOTO0 KOHTaKTa Ha OCHOBe KpHcTauioB p-GaSe um n-InSe, nerupoBaHHBIX pPeaKO3eMeEbHBIMU
snementamu (P32) Eu, Dy u Er ¢ conepsxannem Beeaennoii npumecu 0<N<10 ar.%. BrisBieHo, 9TO M3-3a IPUCYTCTBUS B
HEJIETHPOBAHHBIX KPUCTAJUIAX CIIy4alHBIX MaKPOCKOMMYECKHX Ae(EKTOB MapaMeTphl U XapaKTePUCTHKH T'€TepPOCTPYKTYD,
CO3JIaHHBIX HA UX OCHOBE, HECTAOWIBHBI M IUIOXO BOCIPOM3BOAATCA. [IpH N3MEHEHNH KOJIMYECTBa BBEIeHHON npuMecu P33
9TH KayecTBa rerepoctpykTyp pP-GaSe<P33>/n-InSe<P3D> MeHSIOTCS U caMble ONTHMAIIbHBIEC TApaMeTPhI U XapaKTEPUCTHKH
obecrieunsatoress mpu N~1071 ar.%. JlaHo kauecTBeHHOE OOBSCHEHHE IMOJYYEHHBIX IKCIIEPHMEHTANBHBIX PE3YIbTATOB U
TIOKa3aHa IEPCIEKTUBHOCTh TeTEPOCTPYKTYp P-GaSe<Er>/n-InSe<Er>, nermposanmbix ¢ N~1071 ar.%, mnsa cosganus
pa3nuYHBIX  (QYHKIIMOHAIBHBIX 3JIEMEHTOB TBEPAOTEIHHON DICKTPOHUKH C BBICOKOCTAOWIBHBIMU M BOCIIPOM3BOJHUMBIMU
napaMeTpamMy M XapaKTePUCTHKAMH.
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Polimer-seqnetopyezokeramika kompozitlorin asas parametri olan pyezomodulunun polyarlagsma rejimlarindon (Ep, Tp
Va tp) asililigi Syronilmigdir. Elektrotermopolyarlagma zamani bas veron elektrik xarakterli effektlorin miimkiin mexanizmlori
termostimullagdirilmig depolyarlasma (TSD) metodu todqiq edilmis, fazalarasi sarhodds yeni yaranan lokal soviyyslorin hom
konsentrasiyasi, hom do aktivlogsma enerjisi hesablanmigdir. Todgiq edilon kompozitlorin elektrik qaz bosalmasi plazmasinin
Vo temperaturun birgs tesiri altinda polimer zancirlorinin oksidlasmasi bag verir. Polimer zoncirinin oksidlosmosi fazalararasi
garsiligli tasirin vo yiiklorin lokallasma markozlorinin konsentrasiyasinin artmasi ilo miisahids edilir ki, bu da 6z novbasinda
pyezofazanin domenlorinin effektiv polyarlagsmasina vo naticado kompozitin pyezoelektrik parametrlarinin artmasina kdmok

edir.

Acar sozlor: polimer, pyezokeramika, pyezoeffekt, piroeffekt, kompozit, domen, elektrotermopolyarlagma, dispergator.

PACS: 77.84.Lf
GIRIS

Polimer—seqnetopyezoelektrik asasli heterogen
strukturlu kompozitlords pyezo-, piroelektrik va elek-
tret effektlorinin G6yronilmasi gostorir ki, onlarda, xii-
suson do fazalararast sorhaddo movcud olan elektrofi-
ziki vo istilikfiziki hadisolor gostarilon effektlorin for-
malasmasinda miithiim rol oynayir. Malumdur ki, gés-
torilon  effektlorin  polimer—segnetopyezokeramika
kompozitlorinds formalagdirilmasinin asas marhoalsle-
rindon biri elektrotermopolyarlagsmadir [1, 3]. Seqne-
topyezokeramika fazali kompozitlordsa son noticods
pyezo-, piroelektrik va elektret xassalorini toyin edon
optimal polyarlasmanin getmasi ii¢iin asas sort kom-
ponentlarin vo onlar osasinda alman kompozitlorin
yiiksok elektrofiziki va istilikfiziki xassalora malik ol-
masidir. Bu baximdan pyezoelektrik faza kimi sirko-
nium-titan-qurgusun (STQ) sinfina mansub iki va ¢ox
komponentli  seqnetopyezokeramikalarin  yuxarida
gostorilon kompozitlordo dispergator kimi istifads
edilmosi diizgiindiir. STQ sinfino malik olan ¢gox kom-
ponentli pyezoelektrik materiallar1 6zlorinin xassslo-
rina gora ¢ox saxalidir vo komponentlarin konsentra-
siyasinin variasiyasli ila onlar1 genis intervalda moqgss-
douygun doyisdirmok olur. STQ-polimer asash yeni
va daha effektli kompozitlerin yaradilmas: Ggiin isi-
mizds goyulan masalonin halli baximindan daha
onamli faktor PbTiOs—iin variasiyasi ilo STQ-nin 6zii-
niin xassalarinin doyismasi deyil, onunla polimer ara-
sindaki qarsiligl tesirlor naticasinds yaranan effektlo-
rin oyranilmasidir [2, 5]. Polimer vo STQ arasinda
garsiligl tasirlor do 6z névbesinds fazalararasi sorhad-
do igimiz Uglin maraq kosb edon elektrik vo istilik
effektlori yaradir. Bununla yanasi mévcud odobiyyat
naticalorinin analizi gosterir ki, polimer—segnetopye-
zokeramika komponentli kompozit materiallar yeni si-
nif pyezoelektriklor kimi akustik dalgalarinin ham ge-
nerasiyasi, hom do goabuledicisi rejimlorinds kifayat
gador effektivlidirlor. Kompozitler bildiyimiz kimi on
az1 iki fazali sistemdir, moas., polimer vo segnetopye-
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zoelektriklar, yoni, tizvi vo geyri—iizvi fazalar. Malum-
dur ki, ¢coxlu sayda iizvi materiallar, o climladan tizvi
pyezoelektriklar (PVDF) movcuddur. Eynilo do ¢oxlu
sayda geyri—tizvi pyezoelektrik materiallar, o climls-
don do segnetopyezoelektriklor vo yarimkegiricilor
moveuddur. Belo fikro golmok miimkiindir ki, tex-
nikanin artan tolobatlarin1 6domok tigiin tizvi vo qeyri—
izvi materiallarin imkanlarim birlogdirsok assortimen-
ti ¢gox bdyiik olan yeni nosil aktiv materiallarin yara-
dilmasi ehtimali ¢oxalar, yani, yeni nasil smart materi-
allar yaranir [4, 6].

ISIN ©9SAS MOQSODI

Isin osas nogsadi polimer—seqnetopyezokeramika
kompozitlorindos elektrik effektlorinin kompozitin pye-
z0- va piroelektrik xassalarina tasirinin mexanizmlori-
nin tayin edilmosidir.

METODIKA

Todgigat obyektlori olaraq pyezoelektrik xasso-
lara malik polyar va geyri—polyar polimerlardon (mat-
risa)—miixtalif strukturlu segnetopyezokeramikalardan
(dispergator) ibarat kompozitlor gétiiriilmiigdiir. Pye-
zoelektrik hissaciklorin diametri 63+100 mkm gotii-
rilmiisdiir. Kompozitlorin alinmasi ii¢iin isti preslon-
mo metodundan istifads edilir. Bu magsadls, polimer
Vo seqnetopyezokeramikalarin press ovuntulari mexa-
niki tisulla homogen hala ¢atana qador qarigdirilir. Ho-
mogen press ovuntu xiisusi pressformaya yiiklonilir.
Pressforma vo pressovuntu polimer fazanin arimo tem-
peraturuna gadar qizdirtlir vo sonra miloyyan tozyig-
lordo sixilir. Polimer fazanin orimo temperaturu se-
cilan polimerin kimyavi va fiziki strukturlarindan asi-
lidir. Pressformaya tozyiq pillali verilir: avvalco 5-
10MPa tozyiqds togribon 10 doq. saxlanilir, sonra
100MPa tozyigds 10 dag. saxlanilir, son olaraq niimu-
no 2 rejimds kristallagdirilir. Ani olaraq suda vo ya da
maye azot soraitinds soyudulur; 2-ci rejim dévradon
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acilmig qizdirici sistemin soyutma siirati ils soyudulur.
1-ci halda polimerin strukturu amorf va kristallik faza-
lardan ibarst olur. Yavas-yavas soyudulmus niimuno-
lordo isa iri6l¢iili sferolit qurulus formalagir [ 9, 10].

Polimer matrisanin strukturunun, xiisusan fazala-
rarast sarhoddoki makromolekullarin strukturunun hor
ciir doyismasi polimerin kvaziqadagan zonasinda lokal
soviyyoalorin yaranmasi ilo noticalonir. Burada ssas
amil kimi hom konsentrasiyasi, hom do aktivasiya
enerjisi yitksok olan morkazlorin yaranmasi osas sort-
dir. Temperaturun va elektrik qaz bosalmasi plazma-
sinin birgs tosiri zamani polimer kompozitin sathinin
modifikasiyasi xiisusi plazma qurgusunda, miioyyan
soraitdo aparilmigdir: hava araliginin galinhg d=4
mm, 6zays totbiq edilmis gorginlik U=10 kV, totbiq
edilmis tozyiq p=10° Pa, modifikasiya miiddati
t=(0,25-1) saat-dir [2, 8] .

Kompozitlorin pyezoelektrik modulu 10% dogiq-
liklo xiisusi hazirlanmis qurguda kvazi statik rejimdo
miioyyan edilmisdir.

EKSPERIMENTAL NOTIiCOLORIN ANALIizZi

Moalumdur ki, polimer—seqnetopyezokeramika
kompozitlords pyezoelektrik effektinin formalagmasi-
nin ilkin moarholasi elektrotermopolyarlagsmadir. Bu
prosesds yaranan elektrik effektlorin mahiyyatini vo
onlarin tosiri altinda kompozitlords pyezo- vo piro-
elektrik effektlorin formalasma mexanizmlorini aydin-
lasdiraq. (sokil 1, sokil 2). Bu moagsadlo, sokil 1, a vo
b—do YSPE+PKR-3 vo ASPE+PKR-3 kompozitlori
iiciin miixtolif polyarlagma temperaturlarinda pyezo-
elektrik modulunun elektrik sahs intensivliyindon asi-
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lilig1 verilmigdir [9]. Analoji tedgigatlar bizden avval
bir ne¢s islords aparilmigdir. Lakin, alinan effektlorin
fazalararas1 sorhodds polyarlasma prosesinds yaranan
elektron—ion polyarlagsma effektlorini nozaras almagla
mexanizmlori verilmomisdir. Alinan asililiglardan go-
riiniir ki, d3s=f(Ep) funksiyasi ekstremal xarakterlidir:
pyezomodul verilmis temperaturda Ep—nin artmasi ils
ovvalco artir, maksimuma cataraq azalma miisahido
olunur. Biitiin pyezoelektrik materiallarda oldugu kimi
pyezokompozitlords do pyezoelektrik modulu materia-
lin giiclii elektrik sahasinds polyarlagsmasi ilo tayin
olunur [ 10], yani djj=P;-&. Demali, giiclii elektrik sa-
hasinin va temperaturun birgs tosiri soraitindo kompo-
zitlords gedoan elektron-ion polyarlagsma vo bir fazada
gedan proseslorin digor fazada yarada bilacoyi effekt-
lor elektrik effektlori kimi 6n plana ¢akilir. Maraq do-
guran vo eksperimental miisahido olunan faktorlardan
biri do dii=f(Ep) asililiglardaki maksimumun tempera-
turdan asili olaraq doyismosidir. Polyarlagsma tempe-
raturu kigik olduqca di=f(Ep) asililiglardaki maksi-
mumun yiiksok elektrik sahs intensivliyi istigamatinds
yerini doayisir. Bu effektin miimkiin mexanizmini ay-
dinlasdiraq. ilk névbada gobul edirik ki, kompozitin
P—parametri osasan polyarlagsma prosesinde kompozi-
to injeksiya olunmus elektrik yiik dasiyicilarinin yarat-
dig1 lokal yiiksok elektrik sahosinin giymotlori ilo to-
yin olunur. Injeksiya olunmus elektrik yiik dasiyicila-
rinin niimunads daxili yilksok saho yarada bilmasi
tigin onlar1 kompozitlordo stabillogdira bilon morkoz-
lorin olmast holledici faktordur. Bu morkazlordo geyri-
taraz elektrik yiik dasiyicilarinin stabillogsmasi, 6z ndv-
basinds polyarlasma elektrik saha intensivliyindan va
temperaturdan asilidir.
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Sakil 1. a) YSPE+ PKR-3 vo b) ASPE+PKR-3 kompozitlarinin pyezomodulunun Ep-don asililigi. dss=f(Ep) miixtolif

Te-do. 1-353 K; 2-393 K.

Sokil 2—da verilmis ds3=f(Tp) asihiliginda O6ziini
gostorir. Sokil 1-do gostorilon asililigda oldugu kimi
d3s=f(Tp) asililiq da ekstremal xarakter dasiyir. ©gor
gobul etsok ki, kompozitin pyezoelektrik modulu ssa-
son domenlorin reoriyentasiya polyarlagsmasi ils toyin
olunur, onda gobul etmok olar ki, polyarlasma tempe-
raturu artdiqgca domenlorin (domen divarlarinin) saha
istigamatinds oriyentasiya ehtimali ekstremal ndqtoys
gador artir. Temperaturun sonraki artimi termodepol-
yarlagma effektinin yaranmasini toamin eds bilor. Qeyd
etmok lazimdir ki, miirakkab proseslords iki amil
halledici ola bilor:
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- Ep=const sertinds temperaturun artmasi ilo do-
menlarin istilik ragsi harokstinin intensivliyi do artir;
lakin niimunays totbiq edilmis gorginlik temperatur
artdigca  domenlorin istilik  rogsi  horokatinin
intensivliyinin dayismoasine miirokkob xarakter verir.

- Temperatur artdigca (maksimuma qadar) domen-
larin oriyentasiyasi asanlasir, lakin Tp—nin sonraki arti-
m1 domenlarin deoriyentasiyasini intensivlesdirir. Di-
gor torofdon temperaturun artmasi ilo domenlori ori-
yentasiya veziyystinds saxlamus injeksiya olunmusg
elektrik yiik dastyicilart delokallagsma effektine moruz
galir. Kompozitlords lokal sahenin azalmasi va eyni
zamanda temperaturun artmasi ilo domenlarin oriyen-
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tasiya dorocasi azalir vo da=f(Tp) asililigimmn
ekstremal noqtodon sonra sag torofinin formalagmasi
bag verir.

2

™
0 333 353 373 393413 433 453
?-P L) K
Sakil 2. YSPE + PKR-3 kompozitinin pyezomodulu-

nun Tpe-dan asililig1. dss=f(Tp) miixtalif Ep-da.
1-2,0MV/m; 2-4,0 MV/m.

Analoji todgiqatlar diger kompozitlor ti¢iin do veril-
migdir. Sokil 3—do miixtolif poliolefinlor vo PKR-3
kompozitlori tgiin dsz parametrinin E,—don vo Tp—don
asilihglar verilmisdir. Alman eksperimental naticalor,
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gostorir ki, iki polimer komponentli kompozitin pye-
zoelektrik modulu bir polimer fazali kompozitin uy-
gun parametrlorindon boyiikdiir: PP+PKR-3 kompozi-
tina nozoron 1,7, YSPE+PKR-3 kompoziti ilo miiqa-
yisada iso 2 dofo artmigdir. Bu maraqli vo formalagma
mexanizmi kifayat godor miirokkob olan effektin ma-
hiyyatinds fikrimizco ¢ox komponentli polimer matri-
sali kompozitlords dssz—iin formalagsmasinda ssas rol
oynayan ionlagsmis lokal saviyysalorin konsentrasiya-
simin boyik olmasi durur. Kompozitdo qeyri-taraz
elektronlarin konsentrasiyasinin bdyiik olmasinin iso
6z novbasinda sobabi polimerlarin sarhaddinds slave
defektlorin yaranmasidir. Defektlorin konsentrasiyasi-
nin mMogsadouygun variasiyasi tg¢iin termodinamiki
Uyusan vo uyusmayan polimerlordon ibarst iki matri-
salt kompozitlor todqiq edilmisdir. Yaranan defektlo-
rin do 6z novbasindo monsoyi matrisa kimi gotiirdi-
yiimiiz polimerlorin termodinamik uyusmasi ilo tayin
olunur. Noaticalor gostorir ki, kompozitlordo pyezo-
elektrik xarakteristikalarin1 komiyyatco toyin edon
elektrik yiikiiniin miqdar1 ¢ox boyliik ehtimalla polimer
matrisa ils toyin olunur.
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Sokil 3. daa-iin Ep Vo Tp-don asililigs. a) dsa=f(Tp). ®=50%hac., 1-YSPE+PKR-3; 2-PP+PKR-3; 3-YSPE+PP+PKR-3.
b) das=f(Ep) (1-3 ayrilori). 1-YSPE+PKR-3; 2-PP+PKR-3; 3-YSPE+PP+PKR-3.

Deyilanlori nazears alaraq bels fikro galmok olar
ki, polimer materiallarin bir-biri ilo uyusmasi effektini
elektrotermopolyarlasmis ¢ox matrisali kompozitlar
liciin alinms termostimullagdirilmis  depolyarlagsma
(TSD) carayan spektrlarin alinmasi va analizi ils prog-
nozlasdirmaq miimkiindiir [9]. Bu effektin nisbston
sade modelini qursag belo bir naticays galmak olar:
termodinamiki uyusmayan polimerlarin kontakt sar-
hoddinds yaranan talslor, onlarda elektrik yiik dasiy1-
cilarinin stabillosmasi PP—PE+PKR-3 kompozitinin
elektrik yiik halin1 toyin edir; bununla yanasi matrisa
kimi gotiirdilyiimiiz geyri—polyar polimerlorin termo-
dinamiki  xiisusiyyatlorinin  (uyusub-uyusmamasi)
elektrik yiik halinin Gyroanilmasi ilo prognozlasdiril-
mas1 mimkiindiir [6]. Ep, T, Vo t—parametrlorinin sa-
bitliyi soraitindo ¢ox matrisali kompozitlorin elektrik
yik halin1 ifade edan noticalorin analizi gosterir ki,
coxmatrisali polimer kompozitlords elektrotermopol-
yarlagma prosesinda stabillogmis elektrik yiik dasiyi-
cilarinin miqdar1 birfazali kompozitlara nisbatan on
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'az1 iki dofo artiqdir (cadval 1). Bu onu gostarir ki, gox

matrisali kompozitlords polyarlagsma prosesinds elek-
trik yiikiiniin stabillogmasi ti¢lin daha yaxs1 sorait var.
Elektrik yiik halinin belo kaskin doyismasi ¢oxmatri-
sali kompozitlords slave serhadlorin (defektlarin) ya-
ranmasi va onlarin elektrotermopolyarlasma prosesin-
do ionlagmasi ilo seqnetopyezokeramik fazada giiclii
lokal sahanin tasirindon reoriyentasiya polyarlagsmasi-
nin (Pr) yiiksalmosidir. Belaliklo hesab etmok olar ki,
P—in formalagsmasinda osas rol oynayan injeksiya
olunmus elektrik yik dastyicilarinin stabillogmosi
iictin faydali hacmin artmasidir.

Cadval 1.
Kompozitlords fazalararasi sarhadds
stabillogmis ytiklarin miqdari

Kompozitlor Q, 108 Kl/m?
PP+PKR-3 0,8
PP+YSPE+PKR-3 7
YSPE+PKR-3 2
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Belalikls, elektrotermopolyarlasma prosesindo
polimer matrisada stabillogsmis elektronlarin rolunun
boyiik olmasini bir daha siibut etmok {i¢in dyrandiyi-
miz kompozitlor t¢iin termostimullagdirilmis depol-
yarlagma carayan spektrindon istifado edok (sokil 4 (a,
b)). Sokil 4-ds poliolefinlor asasinda kompozitlarin
TSD spektri verilmisdir. Fikrimizca, TSD SpektrindgI
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yiiksok temperaturlu maksimum fazalararasi sarhadds
gedan elektron—ion polyarlagsma proseslarin naticasi-
dir. Ona gors do, fazalararasi sorhodds elektrotermo-
polyarlasma zamani yaranan elektrofiziki effektlorin
hom TSD spektrini, hom do P,-o ekvivalent olan elek-
trik yiiklorinin formalasma mexanizmlarini toyin et-
mok lazimdir.
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Sokil 4. TSD spektr coroyani. a) PP+STQ-19, ®=50%hoc. b) 2-ASPE +STQ-19, ®=50%hoc. Ep=4,5MV/m;

Tp=383 K; tp=0,5 saat.

Isin mogsadine uygun olarag, fiziki modifikasiya
ilo yanagt polyarlasma prosesindo formalasan elektrik
yik dastyicilarinin konsentrasiyasin1 vo  aktivlosmo
enerjisini artirmaq ii¢iin elektrokimyavi modifikasiya
isullar1 da istifads edilmisdir. Bu moagsadls, elektro-
kimyovi modifikasiya metodu kimi kompozitlor elek-
trik qaz bosalmasi plazmasinin tasiri garaitindo kristal-
lasdirilmasi aparilmigdir [3, 8]. Kompozitlarin elektrik
qaz bosalmasi plazmasinin tosiri altinda modifikasiya-
st onlarda stabillosmis elektrik yiik dasiyicilarinin
migdarina vo maksimumlarin formalagsma temperatur-
larmin yiitksok temperatur istigamotinds siiriigmasine
tosiri sokil 5-do gostorilmisdir. Alinan naticalor g0sta-
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rir ki, pyezokompozitlorin elektrik qaz bosalmasi
plazmasinin tasiri soraitinds kristallagdirilmasi onlarda
yeni elektrik va istilik effektlori yaradir:
1) Kompozitin polimer matrisasinda miixtalif fiziki va
kimyavi tobioto malik aktiv markozlorin yaranmast;
2) Yaranmig oksigen mangoli aktiv markozlordo elek-
trik yiikdasiyicilarin stabillogsmasi;
3) Polimerin makromolekullarinin plazma kristallag-
mas1 prosesindo oksidlogsmasi vo polimer zoncirinds
C-0O-C, C=0, OH, N-O qruplarin yaranmasi;
4) Polimer zoncirinds oksidlogsmo morkazlarin yaran-
masi1 naticasinds kimyovi rabitalori gorgin olan mo-
kanlarin yaranmasi.
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Sakil 5. YSPE+50%PKR-7M pyezokompozitinin termostimullasdirilmig depolyarlagma coroyan spekitri.
1-YSPE, 2-YSPE+50%PKR-7M termokristallasmis mikrokompozit; 3—elektrik qaz bogalmasi
plazmasinin tasiri goraitinds kristallasmis kompozit. Polyarlagsma soraiti: Ep=3.6MV/m; Tp=383 K; t,=0,5 saat.

Sakil 5-don istifade etmokls asanligla tayin et-
mok olar ki, yaranmis ikinci maksimum bilavasite fa-
zalararas1 sorhoddo formalasa bilacok polimer fazaya
aiddir. Bu fazanin strukturu pyezokeramikamin tosSiri
altinda formalasir. Maksimumlarin bir-birindon kifa-
yat godor forgli temperaturlarda formalagsmasi gostarir
ki, elektrotermopolyarlasma prosesindo injeksiya
olunmus elektrik yiik dasiyicilar1 aktivlogsmo enerjisi
yiiksok olan talolords stabillagirlor. Bu tolalori boyiik
ehtimalla fazalararas1 sorhodds formalagsmis polimer
fazanin kvaziqadagan zonasindaki lokal saviyyslora
aid etmok olar. Bu effektin eksperimental olaraq
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siibutu iiclin polyarlasman1 temperaturun, giiclii
elektrik sahasinin va elektrik qaz bosalmasi plazma-
siin birgs tosiri goraitinds aparmigiq. Demali, polimer
matrisa va bizi ¢cox maraqglandiran fazalararasi sorhod-
do polimer fazanin strukturu doyisocokdir. Yani, faza-
lararas1 sarhaddoki polimer kegid tobagonin kvaziga-
dagan zonasinda yeni lokal saviyyslor yaranir. TSD
grafikindon goriiniir ki, bu lokal saviyyslorin hom
konsentrasiyasi, hom da aktivlogma enerjisi yiiksakdir.
Demali, pyezoelektrik fazanin domenlari ilo polyar-
lasma prosesinda injeksiya olunmus elektrik yiik da-
styicilar1 arasinda kvazineytral sistemin yaranmasi eh-
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timali artir va bununla bilavasits toyin olunan pyezo-
elektrik xassalori yiiksalir.

Todqiqatlar gostorir ki, kompozitlorin pyezoelek-
trik xassolarinin mogsodouygun variasiyasini polimer
fazanin ancaq kvaziqadagan zonasindaki lokal soviy-

yalorin dayismasi ilo yox, pyezoelektrik hissaciklorin
strukturunun tonzimi ilo do aparmaq olar [4]. Pyezo-
fazanin strukturunu onun torkib hissasi olan PbTiO; —
iin konsentrasiyasini doyismoklo olds etmok olar
(codval 2).

Codval 2.
Kompozitlorin polyarlasma rejimlori
Kompozitlor Polyarlagma rejimlori Q, Pyezokerami-
Emv [ T, K t, saat Kl/m kalarin strukturu
/m
PP — 50%PKR-7 4,5 413 0,5 0,02 Tetragonal (T)
PP-50%PKR-11 4,5 413 0,5 0,048 Romboedrik (Re)
PP-50%PKR-57 4,5 413 0,5 0,03 MO (T+Re)
FA42-50%PKR-3 4,5 413 0,5 0,45 Re
F42-50%PKR-12 4,5 413 0,5 0,18 T

NOTIiCO

Gostorilmisdir ki, polimer—segnetopyezokeramika
heterogen sistemlords pyezomodulu, elektromexaniki
olage omsalini, dielektrik niifuzlugunu ¢ va qaliq re-
oriyentasiya polyarlagsmani P, toyin edon osas faktor
polyarlasma prosesinds niimunays injeksiya olunmus
elektrik yiik dasiyicilarint kompozitds stabillogdira

Ibilsn aktivasiya enerjisi vo konsentrasiyasi yiiksok
olan markazlorin olmasidir. Homginin, kompozitlardo
pyezofazanin polyarlasmasinda halledici amil, struktu-
ru pyezoelektrik hissaciklorin sathinin tosiri soraitinds
formalagmis polimer kecid tobagonin kvazigadagan
zonasinin saViyyolorinin ionlasmasi noaticasinds giicli
lokal elektrik sahasinin yaranmasidir.
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The dependence of the piezomodule, which is the main parameter of polymer-segmentetopyezokeramic composites, on
the polarization regimes (Ep, Tp and tp) is studied. Possible mechanisms of electrical effects during
electrothermopolarization were studied by the method of thermostimulated depolarization (TSD), which calculated both the
concentration and activation energy of newly formed local levels at the interfacial boundary. Oxidation of polymer chains
occurs under the combined action of electric gas discharge plasma and temperature of the studied composites. Oxidation of
the polymer chain is accompanied by an increase in the interfacial interaction and the concentration of the centers of
localization of charges, which in turn contributes to the effective polarization of the piezoelectric domains and, consequently,
to the piezoelectric parameters of the composite.
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Anizotrop parabolik potensialli kvant ndqtali ifratqafaslords cirlasmamus elektron qazi halinda, elektromaqnit dalgasinin
polyarizasiya vektorunun mahdudlagdirici potensial oxu istigamotds yonoldikds elektron-foton garsiligli tasirinin birinci tartib
hayacanlagma nazariyyasi cargivasinds qonsu alt soviyyolararasi zonadaxili udulma hesablanmigdir. Udulma samsalinin fotonun
tezliyindon va magnit sahosindon asililiginda rezonans piklorinin yeri miioyyan edilmisdir.

Acar sozlor: Kvant noqtoli ifratgefaslor, parabolik potensialli, zonadaxili optik udulma, udulma smsal

UO: 535.343.2

Miiasir nanotexnologiya miixtalif formali kvant
noqtalor hazirlamaga imkan verir. Kvant noqtslorin ya-
rimkegirici ifratqofaslorinin miixtolif qurgularda totbig-
lori boyiik maraq dogurur. Mosoalan, giinos enerjisinin
daha effektli alinmasi iiclin onlarin potensiali kifayot
godoardir [8]. Kvant noqtalardan ibarat ifratqofoslor osa-
sinda olan kvant kaskad lazerlori kvant ¢uxurlardan
ibarat ifratgofoslor asasinda olan kvant kaskad lazerlor-
don daha somoaralidir vo onlar praktikada daha genis tot-
big olunurlar [9, 10, 11]. Beloliklo, kvant noqtali ifrat-
gofaslords yiiklorin dagimmasinin tatbigins ¢ox boylik
maraq var [12]. Eyni zamanda kvant noqtsli ifratgqofos-
lor geyri-adi optik va optoelektron xtisusiyyatlorino go6-
ro maraq dogurur [13, 8, 12, 14]. Bu xiisusiyyatlor yeni
optik cihazlarin vo qurgularin yaranmasinda istifado
oluna bilar.

Kvant noqtali ifratgafoslords yiiklorin daginma-
smin tatbiqi do diggst gokan sahalordon biridir. Kvant
guxurlarda altzonalararasi udulma kvant ¢uxurlu infra-
qurmiz1 detektorlarda [15] vo kvant kaskad Iazerl:;rdeI

(p3+p3)
2m*

H =

burada 4 — minizonalarin enidir.

+ mT(a),%xz + wiy®) + % (1 — cos

[9, 10, 16] istifado olundugundan, onun Gyronilmasi
boyiik maraq kosb edir.

Bu igdo parabolik potensialli kvant noqtoli ifrat-
gofasda zonadaxili optik udulma todqiq edilmisdir.
Qeyd edok ki, zonadaxili optik kegidlarin todqiqi elek-
tronlarin fermi sothi vo enerji spektrinin parametrlori
haqqinda vacib molumatlar verir. Bu igda parabolik po-
tensialli konfaynments baxildigindan elektron-elektron
qarsiligh tasir nozoro alinmir. Kvant noqtali ifratge-
faslorda elektron qazi kimi anizotrop parabolik poten-
sialla mohdudlanib:

_m . 2.2 2.2
Vy) =2 @i+ wly?) @
burada m” - effektiv kiitlo, wx Vo wy - uygun olaraq X
Vo y istigamatlorindo konfaynmentin tezlikloridir.
Giiclii slagonin yaxinlagsmasinda kvant noqtali if-
ratgofoslordoki yiikdagtyicilar tigiin Hamilton operatoru

agagidaki kimi yazila bilor [4, 6]:

pzdy @

Elektronun moxsusi funksiyast ¥y, o . (1) Vo kegirici zonadaki moxsusi giymatlori E., ; (k,) iss uygun olaraq

agagidaki kimi olacaqdir [7]:

Yok, (r) =

En,l(kz)

burada n(=0,1,2,..) va 1(=0,1,2,...) ilo elektronun
altzonalar1 saviyyasinin indekslori gostorilib, k, — z
istigamotindo dalga vektoru komponenti, ¥n(X) Vo
Ph(y) — sada harmonik ossilyatorun maxsusi funksiya-
lar1, &, (2) - z istigamatinds giiclii alagonin Blox funk-I

211'1/6(.(2

ChN ¢

\/_%Z Yr ()W, (¥)éx, (2)

= (n+ Dhwy + (L +Dhw, +5 (1 = cosk, d) = £, + £(k,)

ankzank fO(Enlkz)|< nlk,|Hg|nlk, >| 5(Enlkz

)

(4)

[
siyast va L, — z istigamatinds normallagdirilmig

uzunlugdur.

Udulma omsali cirlagmamis elektron gazi halinda,
elektron-foton qarsiligl tasirinin birinci tartib hayacan-
lagma nozariyyasi ilo hesablanir [1, 3]:

E. vy + h) (5)

Burada € (w)-dielektrik niifuzlugunun hoqiqi hissasidir, f; (Emykz)-elektronlarm paylanma funksiyasi, N¢- 2

tezlikli fotonlarin konsentrasiyasidir. § (Enl k,

—E g, t+ h!))- Dirak delta funksiyasidir.

Elektron —foton qarsiligh tasir operatorunun ifadssi asagidaki kimidir.
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Hg = eman &P (6)

Burada p= (px, Py, pz) impuls operatorudur. (5) ifadsasinds paylanma funksiyasimin normallagma sabiti
asagidaki sortdon tapilir :

NV = Yy ke, fo (Enik,) ()

n,V -elektronlarin sayidir. Cirlasmamus elektron qazi {igiin elektronlarin paylanma funksiyasi asagidaki ifads ilo
hesablanir [5]:
A
2n,qde*BT smh(

zk T) smh(

fo(Enr,) =

7 (- nike) ©®)

= kgT
M( 1,kT B

burada nip — vahid uzunluqda elektronlarin say1 vo M(a;c;x) — konflyuent hiperhandasi funksiyadir [2].

Elektromagnit dalgasinin polyarizasiya vektoru X oxu istigamatds yonsaldikds elektron foton garsiligl tasir
operatorunun matrisa elementi asagidaki kimi olar:

T . VhmxQ |2mhNf n n+1
<nLk;|Hgln,l, k, >=ie e 1/mé‘ly,l'é‘kz,k; <\/; N Tan'n+1> ©)

Elektromagnit dalgasinin polyarizasiya vektoru y oxu istigamatinds yonoldikdos elektron-foton qarsiligli tasiri
operatorunn matrisa elementi asagidaki kimi olar:

<n Lk, |Hn'lk, >= ie L2 nnkk<f6”1+/ 6”+1> (10)

(9) va (10) ifadalorinden goriiniir ki, kecid yalmz qonsu saviyyalor arasinda olur (n' =n+ 1vo l' = [ £ 1). (9)
ifadosini (5)-do nazors alib, bazi ¢evirmolor aparsaq, udulma omsali tigiin analitik ifads alariq:

hwy hwy
n+= I+= (1—cos k,d)
a = CankZ Zn’l’kz’e( )kBTe( )kBTeZk T Z 6lly6kzy X

2
n n+1
X (\[;5nn’_ P 6nn’+1>
[

Burada C sabit kemiyyatdir. (11) ifadssindon goriiniir Sokil 1-do udulma spektrinds udulma omsalinin
ki, anizotrop parabolik potensialli kvant noqtali ifratqo-  diison fotonun tezliyindon asililiginin rezonans xarakter
foslardo cirlagsmamus elektron qazi halinda, elektromag-  dasidigi gostorilmisdir.

nit dalgasinin polyarizasiya vektorunun mohdudlagdiri- Sokil 2 — do udulma spektrinds udulma amsalinin
c1 potensial oxu istigamatindo yonoldikds elektron-  magnit sahosindon asililiginin rezonans xarakter dagi-
foton qarsiliglt tasirirnin birinci tortib hayacanlasma  dig1 gostorilmisdir.

nozariyyasi ¢argivasinds zonadaxili udulma qonsu alt-
soviyyalor arasi olur.

hwx ( )hwy

1- kzd
8 (Entk, = En1i, +h02) = Cankze( Mgt ol gt et

{na(m hw,) + 2 6 (h0) + hwx)} (11)

Q=24THs
H=10 Tesla

O, nisbi vahid

&, nisbi vahid

T T T T T T T T T T T T T T T 1
19 20 21 22 23 4 25 26 27 4 5 6 7 8 9 10 1" 12 13

12, THs H, Tesla
Sakil 1. Udulma omsalinin diigen fotonun tezliyindon Sokil 2. Udulma amsalinin maqnit sahasindan asililigi
asililg1
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INTERBAND OPTICAL ABSORPTION IN QUANTUM DOT SUPERLATTICES WITH
ANISOTROPIC PARABOLIC POTENTIAL

In the case of nondegenerate electron gas in quantum point superlattice with anisotropic parabolic potential, the intra-
zone absorption is found to be between adjacent sub-levels within the first-order excitation theory of electron-photon interaction
when the polarization vector of the electromagnetic wave is directed in the direction of the limiting potential axis.

I'.b. Uoparumos, P.3. U0aeBa

MEX30HHOE OIITUYECKOE NNOI'JIOIEHHUE B CBEPXPEHIETKAX U3 KBAHTOBBIX TOUEK
C AHU30TPOIIHBIM MAPABOJIMYECKUM NNOTEHIIUAJIOM

B CJ1ydac HEBBIPOKICHHOTO 3JICKTPOHHOT'O I'a3da B CBEPXPEHICTKAX U3 KBAHTOBBIX TOUCK C aHU30TPOITHBIM napa60nnqec-
KUM HNOTEHIHAJIOM BHYTPHU30HHOC MNOIJIOHNICHUE OKa3bIBACTCA MEKAY COCCIHHMMHU IOAYPOBHSAMH B paMKaxX TEOPUH BO3-
6y)KII€HI/I$I TNEPBOTO IOpsAKa 3H€KTp0H-(1)0TOHHOFO BSaHMOHGﬁCTBHH, KOrJia BEKTOp NOJIpU3alliy JICKTPOMATHUTHOI'O TTOJIA
BOJIHA HAIIpaBJICHA B HAIIPABJICHHUH OCH IPEACIbLHOTO IMOTCHIIHAJIA.
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MnBi2Tes (Bi2Tes)n HOMOLOJI SIRANIN n=4 SAYLI UZVi MnBiwTeis
BIRLOSMOSININ KRiISTAL QURULUSU

P.A. 9SGOROVA! N.A. OLIYEVAL Z.S. OLIYEV?, i.R. DOMIRASLANOV!2
AMEA, Fizika Institutu, AZ-1143, Baxi, pr. H. Cavid, 131
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Mn-Bi-Te sisteminds bir sira iiglii fazalar omals golir. Qurulus analizi vaitasilo onlarin bes- vo yeddigatli bloklarin qa-
ris1q layli variantlari oldugu aydinlagib. Bu strukturlar BizTes qurulusunun elektroneytral besliklorindan va MnBi2Tes qurulu-
sunun elektroneytral yeddiliklorindan formalasir. Bu magalods ilk dofs olaraq sistemin ndvbati birlogsmasi olan MnBioTezs-
nin kristal qurulusu dagiglogmasinin naticalarini togdim edilir.

Acar soz: Topoloji izolyator, rentgen struktur analizi
PACS: 548.4

Kegon osrin ortalarinda todqiq olunmus Bi;Tes
kristallarinin qurulusu layli qurulusla xarakterizo olu-
nur [1-4]. Bu strukturun laylar1 (bloklar) bes atom to-
boagasindan ibarstdir: Te-Bi-Te-Bi-Te. Bu bloklar ¢
oxu istigamatinds tokrarlanaraq Bi;Tes kristallarin (-
5-5-5-) amoalo gatirir. Torkibina Mn atomlarinin slava
edilmosi Te-Bi-Te-Mn-Te-Bi-Te kimi “yeddi qath”
bloklarm amals galmasins sabab olur. Miivafiq olaraqg,
MnBi,Tes-lin kristal qurulusu bu bloklarin ¢ oxu
istigamatinds névbalasmasi ilo amala galir (-7-7-7-).
Todgiqat tigiin kristallar aldo olunmas: tigiin torkiblo-
rino uygun nisbotlorde gotiiriilmiis elementlori orido-
rok sintez edilmis vo ya Bricmen iisulu ilo yetisdiril-
migdir. Bununla belo, qurulus analizi tigiin bu birlog-
monin yiiksok keyfiyystli monokristallarinin olds edil-
mosi ugursuz oldu. Alinan kristallik kiilganin rentgen
analizi onun bir ne¢o fazanin qarisigindan ibarat oldu-
gunu gostordi. Bu fazalardan birinin, yani MnBi;Tes-
iin kristal qurulusu koreyali alimlor torafindan poli-
kristallarin rentgen molumatlar1 ssasinda arasdirilib,
naticalar alds edilib [5]. Sonralar MnBi2Tes birlogsmo-
sinin monofazli kiilgalori do sintez edilmisdir [6]. On-
lar yiiksok keyfiyystli difraksiya malumatlar1 olds et-
moys Vo qeyd olunan kristallarin strukturunu dagiglos-
dirmays nail olublar. Molumdur ki, Mn-Bi-Te siste-
minds bir sira layh tiglii fazalar amalo golir. Rentgen
stialarinin difraksiya tohlili bu fazalarin bes- vo yeddi-
qath bloklarin qarigiq qath variantlarina uygun oldu-
gunu gostordi. Buna gora do, Mn-Bi-Te sistemindo fa-
za amalagalmanin daha otrafli 6yranilmasina ehtiyac
yarandi. Bu magsadls, MnBi,Tes-Bi,Tes (-7-7-7-...-5-
5-5-) intervalinda miixtalif stexiometrik nisbatlords
sintezlor aparilmigdi [6]. Biitiin hallarda alinan kristal-
larin morfoloji xiisusiyyatlori onlarmn layli struktur ti-
pino aid oldugunu gostorirdi. Rentgen stialarimin di-
fraksiya todqgiqatlar1 gostordi ki, alinan kiilgalar ho-
migo bir nego kristal fazalarin qarisigindan ibaratdir.
Yuxaridak sistemds faza formalagmasinin xiisusiyyaot-
lori [6]-da otrafli tosvir edilmisdir. Onlar homginin
kristallar yetisdirarok MnBisTez vo MnBigTeso birlos-
molarinin kristal quruluglarini vermisdilor. Bu struk-
turlar qarisiqlayli tiplidir vo Bi;Tes qurulusunun elek-
troneytral besliklorinden vo MnBi>Tes qurulusunun
elektroneytral yeddiliklorindon ibarstdir. Rentgen tad-
giqatlar1  osasinda  Bi;Tes-MnBi,Tes  sistemindo
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MnBigTeis, MnBiwTes, MnBi,Terg vo MnBisTez
torkiblori ilo avvallor malum olmayan digar homoloji
birlogmoalorin olmasi barado molumat verdik. Sakil 1-
d’ yuxarida geyd olunan homoloji fazalarin ayrilmis
Van-der-Vaals (VdV) miistovilarindan (000I) aks olu-
nan difraksiya niimunalori gostorilmisdir. Son zaman-
lar MnBigTeis kristal qurulusunun doagiqlosdirildiyi
bildirildi [7]. Bu yazida biz bu sistemin névbati birlos-
mosinin, yani MnBiyTess-nin kristal qurulusu dagiqg-
lagsmoasinin naticalarini toqdim edirik. Qeyd edok ki,
tomiz elementlordon sintez etdiyimiz MnBigTess vo ya
MnBiioTess torkibli kiilgalordon birfazali sahoslori ayir-
maq cahdlorimiz ugursuz oldu. Bununla bels, biz bo-
yiik ¢otinliklo MnBigTeiz vo MnBigTeis fazalarinin
garisigindan ibarot vo toxmini dlgiilori 2x2x0,05 mms3
olan onlarla xirda pargalar1 seg¢o bildik. Bu kristallar
toz (ovuntu) niimunasi hazirlamaq va difraksiya molu-
matlarin alds etmok tigiin istifads edilmisdir. Rentgen
difraksiya tocriibalori XRD D2-PHASER-do (Bruker,
Almaniya) apartlmigdir. Alinmis difraksiya monzara-
sinin tohlili zaman1 onun MnBigTe;s Vo MnBigTess
birlosmalorinin difraksiya spektrlorinin superpozisiya-
sindan (comindan) ibarat oldugu miisyyan edilmisdir
(sokil 1). Yuxarida geyd edildiyi kimi, MnBigTess-iin
kristal qurulusu artiq analiz edilmigdir. Buna goérs do,
alds etdiyimiz tocriibi malumat MnBigTes-nin  kris-
tal qurulusunu doqiglosdirilmasi iglin istifado edilmis-
dir.

MnBigTess strukturunu dogiglosdirmays basla-
mazdan avval strukturlart daqiq miisyyen edilmis mii-
vafiq homoloji fazalarin timumi struktur xiisusiyyatlo-
rini  aydinlagdirag. Bunlar BiyTes, MnBiyTey,
MnBisTez, MnBigTein vo MnBigTeis birlosmolaridir.
MnBisTer-nin elementar gofosi primitivdir (P novii)
Vo biitiin digor birlogmolor R tipli gofosdo kristallagir.
Qurulus bloklar1 arasindaki qarsiligli slage VdV-
tiplidir. Bu halda Bi;Teslin strukturu yalmz 35,
MnBi;Tes iso yalmiz 7 qatli bloklardan (besqat vo yed-
digat) ibaratdir. Biitiin digor birlogsmoalor qarisiq blok-
ludur. Daha dagiq desak, birlosmanin hor bir sonraki
tizvii MnBi,>Tey strukturuna bir 5 gatli blok slave edil-
mokls formalasir. Bu birlogsmolorin ¢ox maraqlt x{isu-
siyyati ondan ibaratdir ki, bloklarn qarsiliqh slagasi
Van der Vals olmasina baxmayaraq, onlarda politip
variantlarmin formalagmasi miisahido olunmur. Yani
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indiyodok  Bi>Tes, MnBi;Tes, MnBigTen Vo
MnBigTeis birlogsmalori ti¢lin romboedrik R tipli,
MnBisTe; tigiin isa triqonal P tipli struktur agkar edil-
misdir. Maraqhidir ki, biitiin bu strukturlar atomlarin
noviindon asili olmayaraq kubik-six yerlosma prinsipi
asasinda qurulur (sokil 2). Bu sonuncu xiisusiyyat biza
bu homoloji birlosmonin biitin tizvlarinin Kristal
strukturlarim toyin etmoayos zomin verir. Belo ki, kim-
yovi formula osaslanarag, onun elementar gofasinin
primitiv, vo ya romboedrik oldugunu asanligla taxmin
etmak olar. Bunun ti¢iin kimyavi formulun indekslo-
rinin cominin {igo qaligsiz boliiniib-bolinmadiyini ay-
dinlasdirmaq kifayotdir. ©gor qaligsiz boliiniirso quru-
lus primitiv, oks halda romboedrik olacaqdir. Heqiqa-I

ton do, MnBisTe7 Giglin yuxarida taqdim olunan dérd
kimyovi diisturdan indekslorin comi (1+4+7 = 12)
qahgsiz 3-o bolinir. Buna goro do, MnBipTess
(1+10+16 = 27) strukturu da P-tip gofaslo xarakterizo
edilocok.

Yuxarida geyd olundugu kimi, biz iki fazali qa-
rigigin difraksiya spektrini aldiq (sokil 1). Lebail me-
todu ilo dagiglosdirilmis elementar qafas parametrlori
bunlardir: MnBigTess: foza qrupu P-3ml, a=4.375(1)
(A); c=54,29(2) (A). Cadval 1 vo 2-do MnBieTess
birlosmasinin qurulusunun Rietveld tsulu ilo dagiglos-
dirilmis atom koordinatlar1 vo atomlararas1 moasafolori
verilmisdir.
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Sakil 1. MnBisTe1s vo MnBiioTeis homoloji fazalarinin qarigiginin difraksiya menzorasi. Altda tocriibi vo hesablanmig

difraksiya grafiklori arasindaki forq oyrisi verilmisdir.

Cadval 1.
MnBiioTese kristallarin qurulus xarakteristikasi
Atom | Np | X y z Atom | Zobt olma Beq
adi novil
Mn 1 0 0 0 Mn+2 | 1 1
Te(l) | 2 2/3 | 13 0.0290(11) Te 1 1
Bi(l) |2 |13 |23 |0.0708(7) Bi+3 |1 1
Te@@ |2 |0 |0 0.1009(11) Te 1 1
Te@) |2 |23 | 13 | 0.1565(11) Te 1 1
Bi(2) |2 |13 |23 |0.1841(9) Bi+3 |1 1
Te@ |2 |0 |0 0.2231(12) Te 1 1
Bi(3) |2 |23 |13 |0.2529(7) Bi+3 |1 1
Te() |2 |13 | 253 | 0.2861(10) Te 1 1
Te(6) | 2 0 0 0.3390(11) Te 1 1
Bi(4) |2 |23 |13 |03712(8) Bi+3 |1 1
Te(7) |2 |13 |2/3 | 0.4051(15) Te 1 1
Bi5) |2 |0 |0 0.4454(7) Bi+3 |1 1
Te@) |2 |23 | 13 | 0.4740(10) Te 1 1
Cadval 2.
MnBiioTess qurulusunda atomlararast mosafalar
Mn— Te(l) 6 x 2.98(3) A Bi(1) — Te(1) 3x334(4) A
Te(2) 3x3.01(3) A
Bi(2)- Te(3) 3x2.94(4) A Bi(3) — Te(4) 3x2.99(4) A
Te(4) 3x3.30(4) A Te(5) 3x3.11(4) A
Bi(4) — Te(6) 3x3.07(4) A Bi(5) — Te(7) 3x3.34(4) A
Te(7) 3x3.12(5) A Te(8) 3x297(3) A
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P.A. Askerova, N.A. Aliyeva, Z.S. Aliyev, I.R. Amiraslanov

CRYSTAL STRUCTURE OF MnBizTes * (Bi2Tes)n MNnBiwTeis COMPOUND n =4 MEMBER OF
HOMOLOGOUS SEQUENCE

A number of three-phase phases are formed in the Mn-Bi-Te system. Structural analysis revealed that they are mixed-
layered variants of five- and seven-story blocks. These structures are formed from the electroneutral five of the BizTes
structure and the electroneutral seven of the MnBi2Tes structure. This article presents for the first time the results of the
refinement of the crystal structure of MnBiioTeis, the next combination of the system.

II.A. AckepoBa, H.A. Anuesa, 3.C. Anues, U.P. Amupacianon

KPUCTAJIVIMYECKAS CTPYKTYPA COEJJUHEHUSA MnBi:Tes- (BizTes) n MnBiwTews n =4
YJIEHA TOMOJIOT MYECKOM MOCJEAOBATEJIBHOCTH

B cucreme Mn-Bi-Te o6pasyercst psin Tpex $a3. CTpYKTYpHbIH aHAIH3 MOKa3all, 9TO OHH MPEACTABISIOT co00# cMe-
LIaHHBIC BAPUAHTHI MATH- U CEMHATAKHBIX OJOKOB. DTH CTPYKTYpHI 00pa30BaHbl U3 HICKTPOHEHTPATIBbHONH MATEPKH CTPYK-
Typsl Bi2Tes u anekrpoHeiTpaibHOM ceMepku CTpyKTypsl MNBizTes. B naHHOM cTaThe BIEpBBIC MPEICTABICHBI PE3YIbTaThI
YTOYHEHHS KPUCTAUTHYECKOH cTpyKTypsl MnBiioTes, cienyromeil KOMOMHAILINY CHCTEMBI.
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ORTOROMBIK GalnS; KRISTALLARININ UZVi MOLEKULLARLA
INTERKALYASIYASININ SECICILiYI
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GalnSs kovalent slagsli tobagolori ayiran van der Vaals araligh layl kristaldir. Bu mogalods, ortorombik GalnSs fazasimin
4-AP molekuluna banzor basqa molekullarla - 2-AP, 3-AP, fenilendiamin, perazin vo piperazin ilo interkalatlarinin alinmasi

haqqinda aragdirmanin naticslari toqdim olunmusdur.

Acar sozlor: interkalyasiya, layli qurulus, kristal, GaInS3
PACS: 61.50.Ah, 68.49.Uv, 79.60.Bm, 78.70.En

GIRIS

Interkalyasiya hor hansi atom, ion vo ya mole-
kullarin layl quruluslu kristallarin laylararasi van der
Vaals (vdV) bosluglarina niifuz etmasi prosesi olub,
tobiot etibarilo donar prosesdir. Yeni funksional birlos-
Mo Vo ya materiallarin sintezinin tamamilo forgli bir
Usulu olan interkalyasiya hom do bioloji proseslarin
idaro edilmasi, ylksok ion kegiriciliyinin yaradilmasi
va . sahalorda genis totbiq imkanlarina malikdir [6].
Interkalyasiya prosesinin ifrat hoddi matris kristalin
monolaylara gadar ayrilmasidir. Adaton, agressiv rea-
gentlor, yaxud polyar halledicilor tolob edon bu cir
asmma prosesi kristallik maddoslorin eksfolyasiyasi ad-
lan1r vo texnoloji olaraq yeni unikal imkanlar agir [1,4].

TOCRUBI HiSSO

In-Ga-S sisteminin vdV tipli layli qurulusa malik
Uclu birlogsmalarinin kristallar: (iglin polimorfizm hadi-
sosi ¢ox xarakterik haldir [3]. Osason heksagonal singo-
niyada kristallagan bu fazalarin yalniz biri ortorombik
qurulugda kristallagir [5]. Heksaqonal sinqoniyali kris-
tallardan forqli olaraq bu kristallarda vdV boslugu zig-
zaq formalidir. Qeyd edilon heksaqonal vo ortorombik
kristallarin vdV araliglarinin moxsusi farglorini sokil 1-
don aydin gormok mumkiinddr. Ovvellor aparilan arag-
dirmalar naticasinds hor iki fazanin 4-aminopiridin (4-
AP) molekullari ils interkalatlarinin alinmasinin miim-
kiinliyd gostorilmisdir [2]. Qeyd etmok lazimdir ki, bu
kristllarin interkalatlarimin alinmasi iigiin ¢ox fargli
Uzvi molekullar istifads olunmusdur va ugurlu natics
yalniz 4-AP molekullart ilo alinmigdir. Bu tacriibalor

mugayisads ortorombik fazada prosesin daha asan bag
verdiyini vo son naticads daha keyfiyyatli interkalat
kristallarinin alindigini gostormisdir.

Sokil 1. Layli InGaSs kristallarinin heksqgonal (a) vo
ortorombik (b) sinqoniyal fazalarinin kris-
tallik quruluslari.

Sokil 2. Ortorombik InGaSs kristallarina interkalyasiya
olunmagq Ug¢lin istifads edilon bozi lizvi
maddalorin molekulyar quruluslart: a) 4-AP;
b) 3-AP; c) 2-AP; d) fenildiamin; e) perazin;

hom do InGaSs-Un heksagonal fazasinin kristallart ilo f) piperazin
Cadval 1.
InGaS; kristallarinin va interkalatlarinin kristal qurulug parametrlari
Torkib Fozagrupu | a, A b, A c, A B v, A3
GalnSs (heksagonal) P3m1 3.813(1) | 3.813(1) | 30.656(10) - 385.99
GalnSs (heks.)+ 4-AP P3 7.62 7.62 43.4 - 2182.4
(A12.8)

GalnSs (romb) Ccm2: 19.06(1) | 3,811(1) | 6.194(3) - 449.92
GalnSs-(romb)+4AP Pm 15.730(3) | 3.788(1) | 6.153(1) | 100.48(1) | 360.53
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Belolikls, 4-AP ils interkalatlarin kifayot godor asan-
ligla alinmasi, molekulyar qurulusu 4-AP molekuluna
yaxin digor (izvi maddslorlo do alina bilocayina Umid
verir. Toqdim edilon is, ortorombik GalnSs fazasinin 4-
AP molekuluna banzor bagqa maddslorls - 2-AP, 3-AP,
fenildiamin, perazin va piperazin ilo interkalatlarinin
alinmasina hasr edilmigdir. Bu maddslorin molekulyar
quruluslar sokil 2-ds, bazi fiziki va qurulus xiisusiyyat-
lori iso cadval 2-do verilir. Bu cadvaldon goriindiyi
kimi, molekullarm hamis1 160 °C-ds maye vs ya qaz
halina kegir.

Interkalatlarin  sintezi mogsadilo  ortorombik
InGaS; monokristallart va sokil 2-do gdstorilmis mole-
kullarm hor biri ilo ayriligda miivafiq nisbatlords dia-
metri 10 mm olan kvars ampulaya yerlosdirilmis vo ha-
vasi ¢ixarildiqdan sonra qapagi baglanilmigdir. Sonra,
homin ampulalar sobada 200°C-ds 3-7 giin saxlanil-
misdir vo sonra GalnS; kristallari ampuladan ¢ixarilmig
va etil spirti ilo yuyularaq rentgenografik analiz edil-
misdir. Alman noticolor gostormisdir ki, istifado olunan
bes analoji tizvi molekuldan heg¢ birinin InGaS; kris-
tallar1 ilo garsiligh tasiri mévecud deyil va onlarin heg |

birindo matris kristallarin vdV bosluglarmna niifuz et-
mosi miisahido olunmur. Seg¢ilmis dérd molekulun hor
biri 4-AP molekulunda oldugu kimi, -N vo -NH;
gruplarindan birins va ya hor ikisina sahibdir. Sokil 2-
don gorundiyl kimi, 2-AP vo 3-AP molekullar1 4-AP-
nin izomerlaridir, p-fenilendiamin vo pirazin molekul-
lar1 iso muvafiq olarag -NHz grupuna vs azot atomuna
sahibdirlar. Yani, piperazin molekulunda iki adad -NH
grupu var ki, bu da 4-AP molekulunun koordinasiya
tcuin aktiv olan -N vo -NH; arasinda araliq haldir. Digoar
torafdon bu molekullarin har biri altiliq halgaya ma-
likdir vo coadval 1-don goériindlyd kimi molekul kitlo-
lori arasinda farq 0 qodor do bdyik deyil. Hor bir mo-
lekulun N-N olagalorinin uzunlugu iss iki dofo forg-
lonir. Belo ki, bu mosafo perazinds 2.766 A vo p-fe-
nilendiamindo iss 5.627 A toskil edir. Amma geyd olu-
nan banzorlik va fargliliklora baxmayarag, bu mole-
kullarin heg biri ilo interkalatin alinmamasi gézlonil-
moz haldir va interkalyasiya prosesinin kifayot godor
secici oldugunu gostarir.

Cadval 2.

Ortorombik InGaS; kristallarinin interkalyasiyasi {igiin istifado olunmus bazi Uzvi
maddsloarin fiziki vo qurulus parametrlori

Uzvi madda Mol. kiit. sixlig, g/cm® Tor,°C Tgay.,°C N-N masafasi,
4-aminopiridin 94.11 1.26 155-158 273 4.195
CsHsN:2
3-aminopiridin 94.11 1.155 60-63 248 3.670
CsHeN2
2-aminopiridin 94.11 1.165 59 204-210 2.292
CsHsN2
p-Fenilendiamin 108.14 1.135 138-143 267 5.627
CsHsN2
Perazin 80.09 1.252 50-56 115-116 2.766
Cs4HaN2
Piperazin 86.14 1.149 109-112 145-146 2.818
CsH10N2
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Sakil 3. a - Ortorombik InGaSs kristallarinin ovuntu vo b - (001) mustavisindon rentgen difraksiyalari; ¢ - ortorombik
fazanin 4-AP ils interkalatinin ovuntusundan vs d - monokristalinin (001) mistavisindon rentgen difraksiyast.

NOTICO

Heksagonal va ortorombik quruluslu layli InGaSs
yarimkegirici kristallarin benzol amin téromalari olan
2-AP, 3-AP, 4-AP, fenildiamin, perazin, piperazin mo-
lekullart ilo interkalyasiya proseslori dyronilmisdir. 4-
AP molekullar1 ilo prosesin ¢ox asanliqla, digarlari ila

Visa reaksiyanin bas vermodiyi miisahido olunmusdur.

Belslikls, miisyyan edilmisdir ki, layl kristallarin tizvi
molekullarla interkalyasiyasi iizvi molekulun fiziki va
kimyovi parametrlarindon kaskin asili olan vo yiiksok
daracado segiciliys malik hassas fiziki-kimyavi proses-
dir.
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SELECTIVITY OF INTERCALATION OF ORTHORHOMBIC GalnS; CRYSTALS BY ORGANIC
MOLECULES

GalnSs is a layered crystal with a van der Waals gap separating the covalently bonded layers. In this study, intercalators
of the GalnSs orthorhombic phase with other substances similar to the 4-AP molecule - 2-AP, 3-AP, phenylenediamine,
perazine, and piperazine were studied.

Aiiceab b. Parumuau, Umamannun P. AMupacinanos, 3ust C. Anuen

CEJIEKTUBHOCTbH UHTEPKAJISIHUU OPTOPOMBHUYECKUX KPUCTAJIJIOB GalnSs
OPTAHUYECKUMH MOJIEKYJIAMU

GalnSs npexncraBiseT coboi CIONCTHII KPUCTAILT ¢ BaH-AEP-BaaIbCOBOII IEIBbI0, PAa3/eIONIeil KOBAJICHTHO CBSI3aHHBIC
cion. B nmanHoi#t paboTe M3ydeHBI MHTEPKAIATOPEI opTopoMOudeckoil dassr GalnSs ¢ apyrumu BemecTBamMu, HOJXOOHBIMEI
Monekyie 4-All - 2-ATl, 3-All, peHnnanaMuHOM, IEPa3HHOM M IUIIEPA3HHOM.
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Enerjinin suya, suyun enerjiys ehtiyact var vo bu olagalarin iqtisadi artim, hoyat va rifah {igiin ¢ox boyiik shamiyyoto
maliikdir. Su qaliq yanacaqlardan bioyanacaqlara vo elektrik stansiyalarina qodor enerji istehsalinin biitiin marhalslori tigiin
vacibdir. Enerji istifadesi suyun paylanmasi, tullantt sularmimn tomizlonmasi va duzsuzlagdirilmas: daxil olmagla, bir sira su
proseslori ticiin hoyati shamiyyat kasb edir. Qlobal enerji sistemindaki demok olar ki, biitiin zaifliklar, istor enerjiys ¢ixis, enerji
tohliikesizliyi, istorse do iglim doyisikliyino reaksiya ilo bagli olsun, suyun mévcudlugundak: doyisikliklorlo kaskinlago bilor.
Qlobal su tochizatinda demok olar ki, biitiin nasazliq xatlori enerji torafindoki nasazliglarla genislono bilor.

Acar sozlor: duzsuzlagdirma, SDS-do global enerji, enerji vo su arasinda garsihiqli asililiq, su qithgi, giinag PV su nasoslari

UOT: 628.12.15

Enerji sektorunun suya ehtiyaci artdiqca, enerji vo
su arasinda olan qarsiligh asililiglar névbati illords giic-
lanacok. Enerji sektoru global su ¢akilislarinin 10%-na
cavabdehdir, asason elektrik stansiyalarinin istismari vo
galiq yanacaq vo bioyanacaq istehsali. Bizim asas sse-
narimizds bu toloblor 2040-c1 ilo gadar olan d6vr arzin-
do artir: enerji sektoru tigiin suyun ¢okilmoasi 2%-don az
artaraq 400 milyard kubmetrdon (milyard kubmetr)
¢ox, eyni zamanda istehlak edilon suyun miqdar1 (yoni
cokilon, lakin alinmayan monboys gaytarilan) demok
olar ki, 60% artaraq 75 milyard kubmetrdon ¢ox olur.
Enerji sektorunda daha az su ¢okon, lakin daha ¢ox is-
tehlak edon gabaqcil soyutma texnologiyalarina keg¢id
var. Bioyanacaq telobinin artmasi su istifadesini artirir
Vo niiva enerjisinin daha ¢ox yerlogdirilmasi hom ¢a-
kilma, ham do istehlak soviyyslorini artirir. Enerji-su
tonliyinin digar tarafinds, bu WEO n6vbati onilliklards
stiratlo artacaq tolobat monbayi olan istehlakgilari su ilo
tomin etmok tigiin istifado olunan enerjinin ilk sistema-
tik global toxminini taqdim edir.

Bu giin su sektorunda istifade olunan enerjinin
miqdar1 demak olar ki, Avstraliyanin biitiin enerji talo-
batina barabardir. Bunun ¢ox hissasi elektrik enerjisi
soklindadir; 2014 -cii ilds global elektrik enerjisi isteh-
lakinin toxminan 4%-i su va tullant1 sularimin ¢ixaril-
masi, paylanmasi va tomizlonmasi ti¢iin, homginin 50
milyon ton neft ekvivalenti istilik enerjisi, asasan su-
varma nasoslar iigiin dizel vo duzsuzlasdirma qurgu-
larinda qaz tgiin istifads edilmisdir. 2040-c1 ilo godar
olan d6vrds suda istifads olunan enerji migdar1 sekto-
runun iki dofadon ¢ox artacagi prognozlasdirilir. On bo-
ylik artim duzsuzlagsdirma, ardinca irimiqyasl suyun
Otiiriilmoasi va ¢irkab sularin tomizlonmasins tolobatin
artmasi (vo daha yiiksok saviyysli tomizlonmo) hesabi-
na bag verir. SU Vs enerjinin qarsiliqh asililigr galocok
illords daha da giiclonacok va bu ham enerji, hom da su
tohliikkasizliyi ti¢iin oshamiyyatli naticalor veracokdir.
Hoar bir resurs igtisadi, shalinin artimi va iglim doyisik-
liyi sebabinden bir ¢ox regionlarda artan taloblor va
mohdudiyyatlorls iizlagir.

Enerji se¢imlorimizin su ehtiyatlarina neco tosir
etdiyini basa diismokdon slava, biz su ilo bagli iglim
tosirlorinin enerji sektoruna neco tosir edacayini daha
yaxs1 basa diismoli vo planlasdirmaliyiq. Su qithigr artiq
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enerji istehsalina vo etibarligina tosir edir; alavo moh-
dudiyyatlor galacok layihalarin fiziki, igtisadi vo eko-
loji cahatdan samoraliliyini sual altina qoya bilar. Bu
iSo BEA-nin elektrik enerjisi tohliikasizliyi ilo bagl go-
lacok hesabatinda qiymatlondiracayi bir masaladir. Di-
gor torofdon, azalmis sirin su ehtiyatlar1 duzsuzlagdirma
kimi enerji tutumlu su tochizati moanbalorindon daha
cox asililiga sobob ola bilor. Bunlarin har birinin enerji
tohliikasizliyina potensial tosiri var.

Bir ¢ox 6lkolor artiq miioyyan darocads su qitligii
ilo tizlosirlor. Galocokds suyun mévcudlugu va iglim
dayisikliyinin su ehtiyatlarina tasiri ilo bagli gqeyri-mii-
ayyenlik artir.

Iqlim dayisikliyinin ham enerji, ham da su infra-
strukturuna tasir edon yagintilarin tezliyini, intensivli-
yini, movsiimiliyini vo miqdarini, homginin resursun
temperaturunu dayisacayi gozlanilir. Bir nega 6lka he-
sab edo bilor ki, onlarm 6lkanin an az1 bazi bdlgslorinds
enerji istehsaliin artirilmasi planlart suyun méveudlu-
gundan asili olacaq. Quraqliq vo su qithgr artiq Hindis-
tanin istilik elektrik stansiyalarina tosir edib: Hindistan
su ¢atigmazligi sababindon 2016-c1 ildo 14 teravwatt-
saat (TWh) istilik enerjisi istehsalini itirib. Temperatu-
run yiiksalmasi bazi elektrik stansiyalarinin artiq suyun
axidilmas: {iglin temperatur qaydalarima amol eds bil-
moyacayi anlamina da galo bilar. Belslikls, daha ¢ox su
tutumlu texnologiyalara asaslanan enerji istehsali plan-
larinda yerlarin va soyutma texnologiyalarmin se¢imin-
do moveud va galacak suyun méveudlugu nazars alin-
mali vo miimkiin oldugda alternativ su manbalorindon
istifade edilmolidir.

Bir ¢ox 6lkalorin karbonsuzlasdirma planlarinda
mithiim rol oynayan hidroenergetika iqlim tasirlorina
gars1 xiisusilo hassasdir. Tomiz enerji kegidlorinin asas
siitunu olmagqla yanasi, hidroenergetika hom do daha
cox dayigan barpa olunan manbalorin daha yiiksok pay-
larim1 tomin eds bilon sistemin ¢evikliyinin miihiim
manbayidir, bu ilki Barpa olunan 2020 hesabatinda vur-
gulanib.

Belaliklo, iglim risklorinin basa diistilmasi va
hidroenergetikanin dayaniqli§in1 artirmaq ii¢iin lazim
olan texniki vo siyasi todbirlorin gériilmasi vacib ola-
caq, qarsidaki BEA hesabati Afrika kontekstindo qiy-
motlondiracok. Artan suya tolobat, su tochizati ilo bagh
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artan geyri-miiayyanlik vo suyun keyfiyyatinin asagi
diismosi suyun daginmasi, vurulmasi va tomizlanmasi
tiglin lazim olan enerjini artiracaq. Moasslon, daha ¢ox
6lka sirin suyun ¢okilmasi vo dayamiqh tochizat arasin-
da forqi azaltmagq ti¢iin duzsuzlagdirmaga miiracist edo
bilor. Yaxin Sorqds duzsuzlagdirma bu giin Yaxin Sor-
gin su tochizatinin yalmz 3%-ni, lakin imumi enerji
istehlakinin 5%-ni togkil edir.

Dovlat Siyasotlori Ssenarisinds duzsuzlasdirma
regionun su tochizatinin toxminon dérddo birini vo
imumi son enerji istehlakinin demok olar ki, 15% -ni
toskil edir. Suyun daha samarali istifadosi vo borularin
sizmast, partlamasi va ogurlanmasi naticosinds yaranan
su itkilori ilo miibarizs enerji tolobatinin artimimi azalt-
maga va suyun méveudlugunu artirmaga komok eds bi-
lor. Su enerji sektoru tigiin mahdudlagdirici amil olma-
malidir vo suya tolobatin artmasi enerji tolobatinda ox-
sar arttma sobob olmamalidir. Enerji va su tandemds
nozars alinmasa, biz enerji kegidi vo enerji tohliikasiz-
liyi mogsodlorimizo ¢ata bilmoyacoyik. Isimiz, hamu
ticlin olverigli vo tomiz enerjiya nail olunmasina verdiyi
ohomiyyata gora Va enerjinin stimullagdirici rol oynadi-
gma gbro BEA {i¢lin asas mévzudur. Hamimin tomiz
suya Vo kanalizasiyaya ¢ixist da daxil olmaqla, digor
kegon il Diinya Enerji Baxisi, SDG 6-ya nail olmaq
ticlin no godar enerji talob oluna bilocayi va enerji sek-
torunun hansi rolu oynaya bilocoyini daha yaxsi basa
diismok iigiin BEA-nm Davamli Inkisaf Ssenarisine su
Ol¢iisiinil inteqrasiya etdi. Bu tohlil gostordi Ki, enerji
diinyanin su problemlarinin holli {i¢iin vacib olsa da,
SDG 6-ya ¢atmagq ligiin tolab olunan enerjinin miqdari
qlobal istehlak baximindan kadri ¢atin ki hoarokot
etdirir. 2,1 milyard insanin tomiz igmali suya ¢ixiginin
tomin edilmasi, 4,5 milyard insanin kanalizasiya siste-
mini tohliikasiz idaro etmosi, daha ¢ox tullanti suyunun
toplanmasi vo tomizlonmasi va suyun daha somarali
istifadosi 2030 -cu ildo SDS-do global enerji talobatina
1%-doan az slavs edir. O, hamginin miisyyan etdi ki, bu
problemlori paralel yox, tandemds holl etmok daha
somarslidirr, ¢iinki SDG 6 va SDG 7 arasinda shamiy-
yatli enerji mévcuddur vo bu tatbiq olunarsa, har iki
moqgsad izro iralilayisi siiratlondiro bilor. Masoalan,
kond yerlorinds tomiz igmali suya ¢ixis1 olmayanlarin
demok olar ki, tigdo ikisi do elektrik enerjisindan
mahrumdur. Bunun ssbobi, elektrik enerjisi ilo toamin
etmoak tigiin tatbig edilon bir ¢ox texnologiya va hallarin
suya ¢ix1g1 tomin etmok t¢iin do istifads oluna bilmo-
sidir.

Morkazlosdirilmomis giinas PV su nasoslar1 daha
bahali dizel nasoslarini vo ya sl nasoslarimi vo mini
sobokalori ovoz edo bilor vo tomiz igmoli su istehsal
etmak {iclin tors osmos sistemlori kimi filtrasiya
texnologiyalarini giiclandirs bilor. Enerji talob etmayan
bir ¢ox hall yolu olsa da, onun istifadasi miiayyan bir
anda movcud olan tamiz suyun etibarligin1 vo migda-
rin1 artirmaga komok edo bilar. Yoani tomiz suya ¢ixisin
tomin edilmasi yalmiz baglangicdir. Onun etibarli,
sorfali vo yiiksalon hoyat standartlar1 vo ohalinin artimi
ilo bagli davamli tolobi 6domak iigiin geniglons bil-
mosini tomin etmok basqa bir problemdir. Beloliklo,
kond tosarriifat: kimi moahsuldar istifadslor ligiin ¢ixisin
tomin edilmasi istigamatindos ev tosorriifatlarinin ¢ixigi
soviyyasindan konara ¢ixir. Har bir halda enerji yiikii-
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niin artmasi ehtimali var. Belslikls, bu ¢agirislara cavab
vermok va su va elektriks ¢ixisa inteqrasiya olunmus
sokildo yanagma diqqoti sobokodonkonar hollorden
mini-soboks vo ya sobokays qosulmus hallors yonslds
bilor, xiisuson do su xidmatlori enerji istehsali iigiin
“l6vbar yiikii” tomin edos bilor v balanslagdirmaya vo
saxlamaga komak edir. Hekayonin bagqa torsfi do var:
tullantilar enerji yarada bilor. Anaerob pargalayicilar
tullantilardan bioqaz hasil etmok figiin istifado oluna
bilor ki, bu da ev tosarriifatlar: torafindon odun va ko-
miiriin istifadesini dayandirmagq tigiin istifads oluna bi-
lor. Diizgiin planlagdirma vo dastak ilo kond yerlorinds
totbiq edilon bu ciir hollor tullantilarin tahliikasiz y1g1l-
masini, utilizasiyasini va tomizlonmasini tamin eds bi-
lor vo SDG 7-nin hodsflorindon biri olan hamu iigiin to-
miz yemoklorin olds edilmasine tohfs vers bilor. Bu,
180 milyondan ¢ox ev toSarriifatlarini tomiz yemok ya-
nacagi ilo tamin etmok vo eyni zamanda daxili havanin
cirklonmasini azaltmaq potensialina malikdir.

Su sektorunda igtisadi cohstdon mévcud olan
enerji somaraliliyi vo enerjinin barpasi potensialindan
istifads edilarss, su sektorunda enerji istehlaki 2040-c1
ilodok 15% azala bilor.

On boylk gonast ¢irkab sularm tomizlonmoasi,
duzsuzlasdirilmas1 da su tochizatinda miimkiindiir.
Yerli soviyyads tullant1 sularimin tomizlonmosi iglin
enerji istifadasi boladiyyanin enerji xarclorinin boyiik
bir hissasini togkil edo bilor, lakin tullanti suyunun
6ziinds adaton istifads olunmayan shamiyyatli migdar-
da daxili enerji var. Al vo ABS-da bozi balodiyyslorin
rohbarlik etdiyi qabaqceil tagkilatlarin tocriibasi gostordi
ki, enerji somarsliliyinin artirilmasi vo daxili enerjidon
istifado enerji ehtiyaclarmin tamamils tomin olundugu
“enerji neytralligina” istigamotlondira bilar.
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Sakil 1. 2040-c1 ilo godar sektorlar iizra global suya
tolobat

Enerjinin barpasina baladiyys torofindon kapital
goyulusu ¢irkab sularinin tomizlonmasi tigiin talob olu-
nan elektrik enerjisinin 55%-don ¢oxunu tomin eds bi-
lor.

Su itkilerini azaltmaq {ligiin do boyiik imkanlar
var: tachizat zanciri va bununla da enerjiys ganast. Bii-
tiin dlkalor 6z su itkilorini oan yaxsi natico gostaran dlks-
lards miisahids olunan saviyyays gadoar azalda bilmaya
caligmalidirlar.

2014-cii ilda global su ¢akiliglarinin demsk olar
ki, 10%-i sonaye (enerji sektoru istisna olmagla) ti¢iin
olub, inkisaf etmis sonaye 6lkalorinds su ¢akilislarinin
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12%-i senayenin payna diisiir, bir ¢ox inkigaf etmokdo
olan O6lkolordo iso Sonayenin payr 8%-don azdir. Su
sonayeds emal iigiin, hom ds istehsal vo yuyulma {igiin
istifads olunur. Sonaye ikinci on boyiik su istehlaki sek-
torudur (kond tasarriifatindan sonra), onun payinin tox-
minan 8%-o godor sabit qalacagi prognozlasdirilir.

Enerji sektoru, o ciimladan enerji istehsali vo ilkin
enerji istehsali, su istifadasi tohlillarindo tez-tez sanaye
sektoruna daxil edilir. Enerji burada ayrica nazardan
kegirilir. Bu yanagma gostorir ki, 2014-cii ilds ilkin
enerji istehsal1 vo enerji istehsali diinya {izro timumi su
gokiliglorinin toxminon 10%-ni vo iimumi su istehlaki-
nin taXminon 3%-ni toskil edib.

Qeyri-ananavi neft vo gaz tigiin sudan istifads ilo
bagli ictimai narahathiqlar suyun garginliyi olan orazi-
lordo su ugrunda artan rogabst potensialina va sulu to-
bogslorin ¢atlama omaliyyatlart vo ya gaz vo kimyovi
qarsiligli tasirlardan ¢irklanma riskina asaslanir.

DAYAZ YERALTI SU BIRLOSMOLORI

Buraya ya cixarilan lay sularindan (komiir yata-
gidan metan hasilati zaman1 oldugu kimi) vo ya geri |

1500

1250

axan sudan va gazma/yarma mayelorindan ¢irkab sula-
rin tamizlonmasi vo utilizasiyasi daxildir.

11 Miivafiq tonzimloma va suyun hoyat dovriiniin
idaro edilmasi ti¢lin an yaxs1 tocriibalors riayat tolob
olunan sirin suyun miqdarin1 azalda, ekoloji risklori
azalda vo utilizasiya xarclorini azalda bilor.

Bunun iigiin suya alternativlor, elacs do su istifa-
dasini 90% -o godor azalda bilon képiiklar var. Ancaq
bu an {iiclin su olmayan alternativlorin hamisinin 6z
catigmazliglari var: masalon, propan sindiran maye ki-
mi istifads edilib, lakin tez aligir vo buna gérs do alavs
tohliikasizlik tadbirlari talob olunur. Kopiiklardan isti-
fads su istifadssini azalda bilar, lakin daha ¢ox kimyovi
maddalor ehtiva edir vo daha az effektivdir. Qeyri-sirin
su ehtiyatlari ilo bu resurslara ¢ixis alava xarc talab edir
Vo sonaye indiyadok timumiyystlo tokrar emali vo tok-
rar istifado kimi digar su monbalarinin tokmillosdiril-
mis idars edilmasins diggst yetirmoys tstiinliik verib.

Termal vo kimyavi proseslori birlogdiran emal,
homg¢inin neft vo tobii qazi son istifado mohsullarina
cevirmok igiin ya birbasa giris, ya da soyutma {i¢iin su
tolob edir. Umumi istifado neft emali zavodunun mii-
rokkobliyindon, soyutma sisteminin néviindon va tokrar
istifado vo tokrar emalin hacmindon asili olacaq.
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Sakil 2. Proses iizra su sektorunda elektrik enerjisi istehlaki, 2014-2040.
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Sudan istifadoys tosir edon tendensiya, suyun
tosirino baxmayaraq, qlobal garisiqda komiirls islayan
istehsalin asag1 payidir; geri ¢okilma va istehlak onun
yerini tutan xiisusi yanacaq vo ya texnologiyalardan
astlidir.

Mosalon, ABS -da komiirlo isloyon elektrik is-
tehsal1 toxminan 40% azalir vo enerji sektoru iigiin su-
yun ¢akilmasi 30%-don ¢ox azalir. ABS-da on siiratlo
boyiiyan nasil manbolarindan bazilori kémiirdon daha
az su tutumlu olan giinog PV vo kiilok olsa da, bazi ko-
miirlo igloyan nasillar ilo ovoz olunur: sudan da asili
olan geotermal vo niiva.

Digor bir xiisusiyyat, soyutma {i¢iin qeyri-girin su
moanbalarindan istifadonin artmasidir, xiisuson do ko-
miirlo isloyon elektrik stansiyalari.

Yeni Siyasotlor Ssenarisindo ilkin enerji istehsali
ticlin suyun ¢okilmasi do istehlakdan daha siirotli orta
illik stiratlo artir. 2040 -c1 ilo gadar suyun ¢okilmasi
2014 -cii illo miiqayisado iki yarim dofo ¢ox olacaq vo
120 milyard kubmetros gatacagq, istehlak iso toxminon iki
dofa (60 milyard kubmetrs catacaq) artacaq. Osas ya-
nacaglardan bioyanacaglar hom suyun ¢okilmosi, hom
doa istehlak {iglin on boyiik tolobat monbayidir va ilkin
enerji istehsali tigiin ¢akilon suyun 80% -ni vo su is-
tehlakinin 60%-don coxunu toskil edir. Istor enerji
tohliikasizliyini giiclondirmok, istorss do karbonsuzlas-
dirma strategiyasinin bir hissosi kimi, sokor qamust,
gargidali vo soya kimi bioyanacaq ti¢lin mohsullarin is-
tehsalinin artirllmasini tolob edon etanol vo biodizel
enerji ilo bagl suya tolobatin koskin artmasina sobob
olur.

Hindistanin bioyanacaq {i¢lin iddiali qarigdirma
hodoflorindon xeyli geri qalacagi prognozlasdirilsa da,
bu, Braziliya va Cinlo birlikds 2040-c1 ilo godar olan
dovr orzinds suyun ¢okilmasi vo bioyanacaq istehlaki-
nin artmasina komok eds biar. Halbuki, Cin bioyanacaq
tolobatin1 miixtalif vasitalorla qarsilayir, xammal dasti,
Hindistan shomiyyatli migdarda su tolob edan bioetanol
istehsali ii¢iin ilk névbado sokor gamisindan istifado
edir.

Qaliq yanacagqlar arasinda komiir istehsali an ¢ox
su tolob edir. Qlobal komiir istehsali Yeni Siyasatlor
Ssenarisindo 2040 -c1 ilo gadar yalmz tovazokar sokilda
artacaq, Hindistanin istehsali shomiyyatli doracado
artsa da, Cin diinyanin on boyiik komiir istehsalgisi ro-
lunu qoruyub saxlayir (sokil 2). Neft vo qaz hasilatinin
daha siiratli artmasi onlarin sudan istifadesinin daha sii-
ratli artim tempi demakdir.

Suyun enerjisindan istifads edilmasi sanaye mig-
yasinda hidroturbinlorin (onlara bazan hidravliki tur-

bin, su turbini vo ya rotasion miihorrik do deyilir) vasi-
tosilo SES-lords hoyata kegirilir

Biokiitlalorlo isloyan elektrik stansiyalarinin adi
elektrik stansiyalara nisboton bozi stiinliiklori vardir.
Ovvola burada komiiriin qazlasdirilmasina nisbaton,
biokiitlolorin daha sads qazlagdirma prosesindan istifa-
do edilir va bu da daha ucuz elektrik enerjisinin alinma-
sina sehab olur. Bioyanacaglar daha ekoloji tomiz yana-
caq novii olduqglarindan onlarin yandirilmasi zamani ot-
rafa nisbaton az zorarli maddolar, masalon kiikiird qaz-
lar1 atilir.

Son illards Azarbaycan Respublikasinda ohalinin
Vo tosarriifat saholorinin su tochizatinin yaxsilasdiril-
masl istigamatindo ¢ox miihiim iglor gériilmiis, yeni su-
tutarlarin yaradilmasi, suvarma sistemlorinin yaxsilas-
dirilmasi, sirin su monbolori ilo iri yasayis montogo-
larini birlogdiran su kemarlarinin tikintisi tizra iri layi-
holar icra edilmisdir.

NOTICO

Hoyata kegirilon todbirlor hesabia su tosorriifat
sisteminin inkisafi siiratlonmis, mohdud sirin su ehti-
yatlarina malik Azorbaycanda ohalinin fasilosiz igmoli
su ilo tominati vo irrigasiya sistemlari yaxsilagdirilmis-
dir. Xiisusilo Qarabag orazilori ti¢iin aktual olan bir
problems da diqgot ¢akmok yerina diisordi. Respubli-
kanin bozi dagliq vo dagatoyi orazilorinds, xiisuson
Naxgivan vo Qarabag regionlarmda igmali su ils bagh
problemlorin hollinds tobii bulaglarla yanast, ilin biitiin
fasillorinds ohalini igmoli vo suvarma suyu ilo tomin
edon kahriz sistemlari do shamiyyatli rol oynaya bilor.
Moalumdur ki, Azerbaycanda (Nax¢ivan MR istisna ol-
maqla) mévecud olan 623 kohrizdon 332-si 30 ilo yaxin
miiddatdos isgal altinda olmusdur. Hesablamalara gors,
Agdam rayonunda 98 kahrizdon il orzinds 64,333
milyon kubmetr, Fiizuli rayonunda 71 kshrizdon 19,
016 milyon kubmetr, Cobrayil rayonunda 111 kohriz-
don 34,658 milyon kubmetr, Qarabagin dagliq hissasin-
da 52 kahrizdon 4,225 milyon kubmetr, imumilikda isa
Qarabag orazisindoki kohrizlori barpa etmoklo il
arzinds 122 milyon kubmetr su oldo etmok miimkiin-
diir. Bu orazilords kohrizlorin barpast ils kigik ¢aylarin
illik su sarfini do artirmaq olar. Respublikamiz diinya-
nin bir sira 6lkaloari ilo birlikdo su ehtiyatlarinin miiha-
fizosi ilo baghh Umumdiinya Su Surasinda, Qlobal Su
Omokdaslign Toskilatinda, Irriqasiya vo Drenaj iizro
Beynoalxalg Komissiyada tamsil olunur.

[1] T. Albert. “Remote Sensing of Rapidly
Diminishing Tropical Glaciers in the Northern
Andes” Chapter 26 in J. S. Kargel J. et al.,
Global Land Ice Measurements from Space,
Springer Praxis Books, Heidelberg, New
York, Dordrecht, London, 2014, pp 609-635.
IEA (International Energy Agency). World
Energy Outlook-2012, OECD/IEA, Paris,
2012.

(2]
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[3] Water Energy Nexus Excerpt from the World
Energy Outlook.

[4] Water Nexus World Energy Technology
report march 2017.

[5] Journal of Cleaner Production Volume 284 15
February 2021.



SSENARI UZRO ENERJi SEKTORU TOROFINDON QLOBAL SU iSTiFADOSI

B.M. I'ap:xueBa, C.A. I'yceiinoBa, I'. K. AGay/i1aeBa
MHWPOBOE ITIOTPEBJIEHUE BO/Ibl B QHEPTETUYECKOM CEKTOPE 110 CHEHAPHUIO

DHepruM Hy)KHa BOJIa, BOJIC Hy)KHA SHEPTHsI; U 3TU CBS3M UMEIOT OOJIBIIOE 3HAUYCHHUE IS SKOHOMUIECKOTO POCTA, KH3HU
u mporBeranus. Boma HeoOXoanma Ha Bcex dTamax IPOM3BOACTBA YHEPIHHU, OT MCKOIIAEMOTO TOIUIMBA JI0 OHOTOILIMBA H
ANIEKTPOCTAHIMI: HMCHOJIBF30BaHHE SHEPTHMHM MMeEeT XM3HEHHO Ba)KHOE 3HAUCHHE JUIS psfa BOAHBIX IPOIECCOB, BKIIOYAsS
pacrpeiesIeHue BOJIbl, OYMCTKY CTOYHBIX BOA U onpecHeHue. IToutu Bee GpakTopbl yI3BUMOCTH B TII0OANIBHOI SHEPreTHYECKOit
CHCTEME, CBA3aHHbIE C JOCTYIIOM K SHEPrHH, JHEPTreTHYECKOH 0€30MacHOCThIO MM peaklueil Ha U3MEHEHUE KIIMMara, MOTYT
yCyryOnaTeCsl UI3MEHEHUSAMH B HAJMYUH BOZABL. B rio0aibHOM BOJOCHAOXKEHUH IOYTH BCe COOM MOTYT OBITH pacUIMPEHBI
c00sIMH Ha CTOPOHE SHEPTHH.

V.M. Haciyeva, S.A. Huseynova, G.K. Abdullayeva
WORLD WATER CONSUMPTION IN THE ENERGY SECTOR BY SCENARIO

Energy needs water, water needs energy; and these connections are of great importance for economic growth, life and
prosperity. Water is essential at all stages of energy production, from fossil fuels to biofuels and power plants: the use of energy
is vital for a number of water processes, including water distribution, wastewater treatment and desalination. Almost all
vulnerabilities in the global energy system related to energy access, energy security or response to climate change can be
exacerbated by changes in water availability. In the global water supply, almost all failures can be extended by failures on the
energy side.
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POLIETILENTEREFTALAT POLIMER MATERIALINDA UST
MAKROMOLEKULYAR STRUKTUR — XASSO OLAQOLORININ TODQIQi
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N.M. PIRIYEVA?, R.9. MURADOVA?
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Maqalada miixtalif texnoloji rejimlarde emal olunmus polietilentereftalat polimer materialindan hazirlannmis niimunalarin
amorf va polikristallik halinda elektrik qaz bosalmalarinin tesirlori naticasinds sathden miisahide edilen emissiya prosesi tadqiq
edilmigdir. Milayyan edilmisdir ki, materialin amorf halinda emissiya prosesinin intensivliyi daha yiiksak olur.

Acar sozlori: Polimer, amorf, kristallik, emissiya, struktura, texnologiya, xassa, ozon, sferolit, fibril.

Strateji materiallar sirasina daxil edilon karbohid-
rogen mongoli materiallarin genis sanaye totbiqi, texni-
kada, moigotdo vo imumiyyotlo bir sira hoyati vacib
mosaloalorin hollinds, bozi hallarda roqabaotsiz istifado
olunmasi ilo olagadar olaraq bu materiallarin miixtolif
aspektlords tadqiqi inkisaf etmis 6lkolorin gabaqcil el-
mi markazlarinin digqat markazinds saxlanilir.

Karbohidrogen manssli materiallarin tadqiqi lizra
yering yetirilon iglords todqiqatlarin osas istiqgamatlori
materiallarda iistiin keyfiyyot gostoricilorinin oldo edil-
mosi isullariin  miisyyonlosdirilmosi, materiallarin
miihiim xiisusiyyatlori ilo onlarin kimyavi torkibi vo fi-
ziki strukturu arasinda movcud olan olagolorin arag-
dirilmasi, materiallarin hazirlanmasinin iqtisadi soma-
rali va ekoloji tominath yeni texnologiyalarinin islonil-
masi va s. bu kimi masalslarin hallins yonaldilir.

Qeyd etmok lazimdir ki, elmin digor saholorindon
forqli olaraq karbohidrogen mangali materiallarin 6yrs-
nilmasinds texniki taraqqi bu sahonin elmi asaslariin
islonilmosi mosalalorini xeyli gqabaqlamigdir. Hoaqiqe-
ton do, masalan, tabii qaz, neft, mohsullarindan va poli-
mer strukturuna vo xiisusiyyatlorine malik olan ipok,
katan va s. tobii polimer sistemlorindon qodim vaxtlar-
dan miivaffoqiyyatls istifado olundugu halda, bu mate-
riallarin mithiim xiisusiyyatlorinin doqiq miiayyanlos-
dirilmasinds bu giin do halli talob olunan masalalor
moveuddur vo bu istigamatds yerina yetirilon todqigat
islori bu giin do aktual todqigat mosalalori sirasina daxil
edilir.

Bork cisim halinda olan polimer dielektrik materi-
allar karbohidrogen monsgali olaraq, hazirda niimayis
etdirdiklori fiziki-kimyovi, mexaniki, optik va s. xiisu-
siyyatlorine gora bir sira anenavi, klassik materiallarla
rogabotds onlart miixtalif totbiq sahslerinds avezlaya-
rok, homin materiallarin istehsal-istehlak masalaloring
ciddi tesirlor gostormigdir. Miirakkab fiziki-kimyovi
struktura malik olan polimer materiallarin texniki im-
kanlarinin hols bu giin do tam istifado olunmamasi bu
materiallarin kimyovi torkibi, strukturu vo miixtoalif
tosirlors moruz qaldiqda keyfiyyetlorinin doyismesino
sabab olan amillorin az dyronilmasi ilo birbasa slage-
dardir. Bork cisim halinda olan polimer materiallarin
“xasso-struktur” slagolorinin Syronilmesi bu sahonin
miihiim masalasi hesab olunur.

131, H.Javid ave, AZ-1143, Baku
ANAS, Institute of Physics
E-mail: jophphysics@gmail.com
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Odobiyyatda [1-6] sorh olunan tadqiqatlarda
aparilan aragdiritlmadan molum olur ki, polimer mate-
riallarin strukturlarinin agkarlanmasinda, onlara mox-
sus olan bir sira fiziki, mexaniki, kimyavi xiisusiyyatls-
rinin miixtalif xarici tosirlor zamani doyismosinin me-
xanizmlarinin 6yronilmasinds hall olunmamis masalo-
larin méveudlugu bu sahados todqgiqatlarin davam etdi-
rilmasini talob edir.

Toqdim olunan isdo SFs qaz miihitinds, moagolso-
killi gazbosalmasinin tasirlorina moruz qalan, amorf vo
polikristallik struktura malik, izotrop vo anizotrop qu-
ruluslu polietilentereftalat (PETF) materialindan emis-
Siya proseslarinin tadqigindon olds edilon naticolar sorh
olunmusdur.

Asagida PETF-1n tokrar olunan elementar kimyas-
vi bandinin konfiqurasiyasi verilmisdir:

H H O
| 1 1]
| T
H H (0]

n

Polietilentereftalati 80°C-don asagi temperatur-
larda emal etdikdo siisovari olaraq amorf struktura,
110°C-don yuxar1 temperaturlarda iso polikristallik
struktura malik olur. Qeyd etmok lazimdir ki, 110°C-
don yuxar1 temperaturlarda emal etdikds izotrop halda-
sferolit, anizotrop halda iso-fibrilyar struktur element-
lori ilo xarakterizo olunur.

Sokil 1(a, b)-do PETF-in sferolit strukturlarini
xarakterizo edon mikrofotoqrafiyalari verilmisdir .

Yuxarida geyd olundugu kimi, temperatur para-
metrlorindon istifads ederok PETF-1 amorf vo polikris-
tallik gokildo almaq olar. PETF-in orimo temperaturu
265°C toskil edir. Amorf struktura malik PETF-in six-

Iig1 1,335q/sm®, polikristallik halda iss sixligi
1,455g/sm? olaraq toyin edilmisdir.
Todqiqat niimiinolori birinci halda 0,3mm

qalinliqda, 300°C tempaturda PETF-in sanayeda isteh-
sal olunan materialinin isti preslonmaosi tisulu ils alda
edilmigdir, izotrop amorf niimunslorin arintilorinin
kristallagmas1 t=15 doqige miiddstinda t,=20°C tempe-
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raturda yerino yetirilmigdir. Ikinci halda niimuns t=30  t«=160°C, ikinci halda t=60doq; tw=220°C temperatu-
doaq., t«=50°C rejimlorinds olds edilmisdir. Polikristal-  runda emal edilmisdir.
lik izotrop niimunolor birinci halda t=40daq., |

Sokil 1. Polikristallik polietilentereftalat polimer materialinin 140°C (a) vo 165°C (b) temperaturlarda emal olunmus
niimunalorini (b) xarakterizs edon sferolit strukturlarinim mikrosokillari.
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I. ion carayani, nisbi vahidlarla
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Sakil 2. Amorf struktura malik izotrop [l va bir ox istigamatinds amorf materialin deformasiya olunmus anizotrop
O niimunslorinin sothindon emissiya proseslorinin kiitlo-spektroqrammasi. Orintinin kristallagma miiddeti
15 doqiq, kristallasma temperaturu tkr=20°C toskil etmisdir. Spektroqramda 1 vo 2 ilo isars edilon ion
coroyanlarini xarakterizo edon gostoricilor, miivafiq olaraq, izotrop va bir ox istigamatinds deformasiya
olunmus (anizotrop) niimunslordon miisahido edilon emissiya prosesino aiddir.
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Sokil 3. Amorf struktura malik, kristallasma miiddati 30 daq., tkr=50°C-do emal olunmus PETF-in sothindon miisahido
olunmus kiitlo- spektroqrami Ml - ilkin halin gdstoricilori [] -deformasiya olunmus halin gdstoricilori.
Yuxarida geyd olunan hallarda emal olunmus tad- | niimunalardon, qaz bosalmasinin tasirlori naticesinds,
gigat nimunslorini bir ox istigameatinds deformasiya  miimkiin olan emissiya proseslari tadqiq edilmigdir. $o-
edorak, struktur baximindan farqlonan yeni todgiqatnii- ~ Kil 2-do yuxarida geyd olunan hallara miivafiq olan
munolari olds edilmisdir vo biitiin hallarda olds edilmis  kiitlo-spektrogrammlari togdim olunmusdur.

81



A.M. HOSIMOV, K.B. QURBANOV, L.C. SULEYMANOVA, N.M. PiRiYEVA, R.0. MURADOVA

Amorf struktur ilo xarakterizo olunan vo kristal-
lasma miiddati 30 daqiqa, t=50°C-ds emal olunan po-
lietilentereftalat niimunslorindon bas veron emissiya
prosesini xarakteriza edan kiitls spektroqrammu sokil 3-
ds toqdim olunmusdur.

Sakil 2 vo 3-don goriiniirr ki PETF-in emal (tyr)
temperaturunu artirdiqca materialda miioyyon qodor ni-
zamlt qurulus amols golir, materialin sixlig1 artir vo bu
sobabdon do sothdon emissiya miioyyon qador zoifloyir.
Material yuxarida qeyd olunan emal temperaturunda
yeno do amorf struktura malik olur. Hor iki halda
deformasiya olunmus materiallardan sothi emissiyanin
zoiflomasi prosesinin materialin strikturu v sixlig ilo
olagadar oldugunu tasdiq edilmis olur.

Tadgiqgatlarin névboti marholasinds polikristallik
struktura malik niimunslorin sathindon bas veran emis-
siya proseslori todqiq edilmisdir.

Todgiqatlar PETF materialinin kristallagma tem-
peraturlarinin =160 vo t%=200°C qiymotlorinds ha-
zirlanmig niimunslorindon istifado edorak yerino yeti-
rilmisdir.

Sokil 4 vo 5 miixtalif kristallasma vo miixtalif
zaman miiddatindo emal olunmus vo eyni zamanda hor
iki halda bir ox istiqgamatindo deformasiyaya moruz qa-
lan polietilentereftalat materialin sothinds, qazboslma-
smin satho tosirlori naticasindos reallagsan emissiya pro-
seslorinin kiitlo spektrogramlari togdim olunmusdur.
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Sokil 4-don goriiniir ki, polikristallik materialda,

amorf materiala nisbaton (sokil 2 va 3) sothdon emissi-
ya prosesinin intensivliyi nozors carpacaq dorocodo
azalmugdir. Sokil 5-do materialin emal miiddotinin ¢ox
olmasi va ty-kristallasma temperaturunun materialin
orimo temperaturuna yaxin olmasi ilo oalagodar olaraq
emissiya prosesinin intensivliyinin koskin olaraq azal-
dig1 dostorilmisdir.
Qeyd etmok lazimdir ki, qazbosalmasinin tosiri no-
ticosindo polimer materialin sothindo lokal qizma
saholori méveud olur. Malumdur ki, polimer materiali
makromolekullardan togkil olunur vo materialdan mak-
romolekulun tam sokildo desorbsiyasi (emissiyasi)
tiglin xaricdon materiala yiiksak enerji daxil etmok la-
zimdir. Bu halda polimer material onu xarakterize eden
xassolorini itirorok, alcaq molekullu materiala gevrilo
bilor. Odur ki, polimer materialin sathindon miisahido
olunan emissiya prosesini, qazbosalmasinin sotho tasiri
naticasinds, sothdo omolo golon lokal qizma oblast-
larindan makromolekullarin bir hissasinin (galpasinin)
ionlagaraq emissiya prosesino moruz qalmasi ilo izah
etmoak olar. Qazbosalmasinin satha tasirinin ilk aninda,
materialin lokal qizma oblastlarinda makromolekulun
bir hissasinin hoyacanlanmasi va tosir vasitosinin son-
raki miiddstlorindo makromolekulun hayocanlanms
hissesinin emissiya prosesino ugramasi mexanizmini
ehtimalli hesab etmok olar.
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Sakil 4. Polikristallik PETF materialindan emissiya prosesi T=40 daq., tkr=160°C.
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Sakil 5. Polikristallik PETF materialindan emissiya prosesi T=60 daq., tkr=220°C.
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POLIETILENTEREFTALAT POLIMER MATERIALINDA UST MAKROMOLEKULYAR STRUKTUR — XASSO ...

Qeyd etmok lazimdir ki, makromolekullardan bir  teriali xarakterizo etmadiyi l¢iin, Spektrogramlarda
hissonin ionlagaraq emissiya etmaosi iiglin tosir vasite-  geydiyyati apariimamigdir.

sinin sorf etdiyi enerji, algaq molekullu birlogsmolordos Qeyd etmok lazimdir ki, yerino yetirilmis todqi-
molekullararasi slagoleri parcalamaq liclin lazin olan  qatlarda slds edilmis naticslar, polimer materiallarda
enerjiden ¢ox olmalidir vo bu sababdon yiiksok mole-  “struktur-xassa” olagslorinin Syronilmesi ilizra elmi
kullu birlogsmalordon emissiya prosesi nisboton zoif  ohomiyyat kasb etmosi ilo yanasi, eyni zamanda poli-
olur. etilentereftalatin giiclii elektrik sahslorinds vo elektrik

Toqdim olunan kiitla-spektrogqramlarinda emis-  qazbosalmalarinin tasirlori méveud olan sonaye sahalo-
siya prosesindo geydo alinan ionlarm, sistemin qaliq  rinds - fiziki cihaz vo texniki avadanliqlarda elektro-
qaz miihitinds mdvcud olan atom vo molekullarla ion-  izoloedici material kimi istifade edilmosinin istismar
molekulyar reaksiyalar1 naticasindo amals golon birlog-  miiddatinin prognozlagdirilmasi baximindan da shoe-
molors aid maksimumlar, todqiq edilon polimer ma-  miyyat kasb edir.

[1] A.M.Hasimov,L.C.Siileymanova,K.B.Qurbanov. [4] A.M.Hasimov,L.C.Siileymanova,K.B.Qurbanov.

Fizika, cild XXII1, 2017, Ne1, sektion:Az, s.13-15. Enegetikanin problemlori, 2021, Nel, s.51.

[2]1 L.C. Siileymanova. Fizika, cild XXV, 2019, Ne3, [5] @. [Joceiin. llonumepHbie MOHOKpUCTAILTBL. [lep.
5.37-42. ¢ aHri., JI. «Xumusa», ¢.478-541, 1968.

[81 UK. Anuesa,T.M. Benuesa. Ilpobnemsl suepre- [6] A.H. [pauos, A.b.Iumvman, B.M.Ilax. Xumus
Ty, 2021, Nel, c¢.44-50. BbIcokuX dHepruit. 2002, 1.36, Ne2, ¢.143-147.

A.M. Gashimov, K.B. Gurbanov, L.Ch. Suleymanova, N.M. Piriyeva, R.A. Muradova

INVESTIGATION OF THE INTERRELATION OF SUPROMOLECULAR ORGANIZATION
WITH PROPERTIES IN POLYETHYLENE TEREPHTHALATE SAMPLES

The article considers the processes of emission from the surface of the polymeric material polyethylene terephthalate
exposed to high-voltage electrical discharges. It has been established that the intensity of the emission process from the surface
of amorphous polyethylene is noticeably greater than the intensity of emission from the surface of a polycrystalline material.

A.M.I'amunmos, K.B.I'yp6anos, JL.Y. Cyaeiimanosa, H.M.Ilupuesa, P.A. MypanoBa

MCCJIEJOBAHME B3AUMOCBSI3U HAJIMOJEKYJISIPHON OPT AHU3ALIMA
CO CBOMCTBOM B OBPA3IAX IMMOJUITUJIIEHTEPE®TAJIATA

B craTtbe paccMOTpEHBI MPOIECCH SMHUCCHH € MOBEPXHOCTH MOIMMEPHOTO MaTepHana HOoNMITHICHTepedTanaTa, mosi-
BEPrHYTOT'0 BO3/JICHCTBUIO BBICOKOBOJIBTHBIX AIEKTPUYECKUX Pa3psiIoB. Y CTAHOBJIEHO, YTO HHTEHCUBHOCTD IIPOLIECcCa IMUCCUU
C MOBEPXHOCTH aMOP(HOTO MOINITHIICHA 3aMETHO OOJIbIIIE, YEM MPOLIECCH SMUCCHHU C TIOBEPXHOCTH MOJINKPHCTATINYECKOTO
MarepHana.
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BEM-lorin TOTBiQi ZAMANI 1 KVt-saat ELEKTRIK ENERJISININ
ISTEHSALINA OLAN SORTI YANACAGIN STOXASTIiK PROQNOZ MODELI
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Azorbaycan Respublikasi barpa olunan enerji monbolori (BEM) tizra kifayat qodor yiiksok potensiala malik olan 6lkolor
sirasindadur. lkin hesablamalara goro 6lkemizin iqtisadi cohatdon slverisli vo eyni zamanda texniki baximdan istifadosi miim-
kiin olan BEM-larin timumi potensiali 26 940 MVt, o ciimladan, kiilok enerjisi tizra 3 000 MV1, giinas enerjisi tizra 23 040M V1,
bioenerji tizro 380 MV1, dag caylari tizra 520 MVt hacmindo giymatlondirilir [1].

Acar sozlar: barpa olunan enerji monbolari (BEM), kiilok elektrik stansiyast (KES), Giinos elektrik stansiyasi (GES), bioenerji
stansiyasi, hibrid stansiya, inteqrasiya, riyazi model yanacag-enerji balansi, sorti yanacag.

GIRIS

2030-cu ilo gader dlkonin timumi enerji balansin-
da borpa olunan enerji iizro qoyulus giiciiniin 30%-2
catdirilmast osas hodof kimi miioyyon edilmisdir.
BEM-Iar (kiilok va giinas) lizra pilot layihalor ¢argiva-
sindo elektrik stansiyalarinin elektrik enerjisi sobako-
sina qosulmasi, BEM-larin elektrik enerji sobakasina
inteqrasiyasi ilo alagadar, beynalxalq maslohatgi sirkot
colb edilmokls, “Azorbaycanda borpa olunan enerji
layihalorinin doastoklonmasi {igiin gobakonin giiclondi-
rilmosi” layihasi hoyata kegirilib. “VPC” sirkati toro-
findon hazirlanmig hesabata oasason, qarsiya qoyulmus
30% hadofineg nail olmaq {igiin, 1500MV1 qoyulus gii-
clinds yeni barpa olunan enerji stansiyalart qurasdiril-
malidir ki, bu imumi giiciin do 2020-2022-ci illords
440MVt, 2023-2025-ci illarde 460 MV, 2026-2030-cu
illords 600MVt olmaqgla 3 dovrda sobokoys inteqrasi-
yast moaqgsadauygun hesab edilmisdir. Eyni zamanda,
bu hodof tizra dovlst investisiyasi ilo yanasi, 6zal, o
climlodon xarici investisiya hesabina yeni istehsal giic-
lorinin istifadoys verilmosi istigamotindo todbirlor ha-
yata kegirilir.

Azorbaycan Enerjisistemino BEM-lorin inteqrasi-
yasinin aktualligi vo miihim ohomiyyati ilo olagodar
olarag, 2021-ci il yanvarin 9-da Azarbaycanin Ener-
getika Nazirliyi ilo Soudiyys Orabistaninin "ACWA
Power" vo Birlogmis Orob Omirliklorinin "Masdar" sir-
katlari arasinda barpa olunan enerji iizro pilot layihals-
rin reallagdirilmasina dair icra miiqavilalari imzalanib.
Miiqavilalors asason, "ACWA Power" sirkoti ilo Azor-
baycanda 240 MVt giiciindo kiilok, "Masdar" sirkati ilo
isa 230 MVt-liq giinas stansiyalarinin tikintisi ilo bagh
pilot layihalor icra edilocak. Kiilak vo giinas enerjisi
layihslori izro imumilikds, ilds toxminon 1,4mlrd.kVt-
saat elektrik enerjisinin istehsali progqnozlagdirilir.

Layiholorin reallagdirilmasi 2 ilo yaxin vaxt apa-
racaq vo morhoalali qaydada icra olunacaq. Soziigedon
generasiya giiclorinin istifadoys verilmaosi ildo 300 mlin.
Kubmetr qaza genast etmays imkan yaradacaq ki, bu
da Azarbaycanda ohali ilizra qaz istehlakinin 10%-na
barabordir. Alternativ enerji monbalorinin inkisafi qa-
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nast edilon qaz hesabina 6lkonin ixrac potensialinin da
artirilmasina imkan veracokdir.

Hazirki moqalode BEM-lorin  Enerjisisteming
miixtalif niifuzetmo ssenarilori zamani 1kVt/s elektrik
enerji istehsalina sorf olunan sorti yanacagin doyismo
dinamikasinin qiymotlondirimasi tigiin kompleks sist-
em yanasmasi asasinda eksperimentlorin faktorlu plan-
lasdirtlmasi (EFP) metodunun totbiqi ilo stoxastik riya-
zi modelin iglonilmasina baxilmisdir.

Azorbaycan Respublikasi enerji resurslart ilo zon-
gin olmasina vo diinyada enerji resurslarinin ixracatgisi
kimi taninmasina baxmayaraq, 6lkomizdo BEM-larden
istifado hor zaman prioritet istiqgamot olaraq diqqot
morkazinds olub. Belo ki, Azarbaycan Respublikasinin
Prezidenti conab Ilham Bliyevin bilavasito tosobbiisii
vo rohborliyi altinda ugurla hoyata kegirilon enerji toh-
liikasizliyi siyasatinin tomoal hodaflorindon biri do 6lko-
mizdo BEM-lordan istifads soviyyasinin yiiksoldilmo-
sindon ibarotdir.

2004-cii ilds “Azarbaycan Respublikasinda alter-
nativ vo barpa olunan enerji monbolorindon istifado
olunmasi tizra Dovlat Programi”nin gobul edilmasi bar-
pa olunan enerji potensialindan daha somorali gokilda
istifado olunmasi isinda ciddi doniis vo genis imkanlar
yaratdi. Olko rohborliyi torafindon qobul edilmis qa-
nunvericilik aktlarinda milli enerji tohliikasizliyinin ge-
nislondirilmosindo BEM-larin vasitasilos istehsalin hac-
minin artirtlmasinin mithtim shomiyyet kosb etdiyi do-
falorlo gqeyd olunmusdur.

Bu sahada goriilan islerin davami olaraq Azarbay-
can Respublikasi1 Prezidentinin 2020-ci il 22 sentyabr
tarixli, 1159 némrali Formani ila Azarbaycan Respub-
likasinin Energetika Nazirliyi yaninda Boarpa Olunan
Enerji Monbalori Dovlat Agentliyi yaradilmis ve
Agentliyin Osasnamosi tosdiq edilmisdir.

Azaorbaycan Respublikasi Prezidentinin 2021-ci il
2 fevral tarixli Seroncami ilo tesdiq edilmis
“Azarbaycan 2030: sosial-iqtisadi inkisafa dair Milli
Prioritetlor” sonadinin 5-ci bondindo (TOMIZ STRAF
MUHIT VO “YASIL ARTIM” OLK®SI) iglim doyi-
sikliyi vo onunla miibarizas istiqamotinda, eloco do 6lko-
mizda yasil enerji makani prinsiplarine asaslanan barpa
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olunan enerjidon igtisadiyyatin biitiin sahalorindo isti-
fado masalolari 6z oksini tapmigdir. Bu Milli Prioritet
6lkemizin barpa olunan enerji sahasina vo yasil iqtisa-
diyyata diqqgotin bariz niimunosi kimi giymotlondirilo
bilor. Qeyd edilon Milli Prioritetlor BMT-nin “Diinya-
muzin transformasiyasi: 2030-cu ilodok dayaniqli inKi-
saf sahasindo Giindoalik”don irali golon 6hdoliklorin ic-
ras1 istiqgamotindo do xiisusi shomiyyat kasb edir.

BEM-lordan istifads sahoasindo amokdashigin giic-
londirilmasi va golocokdo sahoys investisiya qoyulusu-
nun tosviqi magsadilo beynslxalq sirkatlorlo amokdas-
liq slagolari genislondirilmakdadir. Bu istigamstds bir
cox beynolxalq sirkst ilo amoakdasliq barads anlagsma
memorandumu vs bu tipli sonedlor imzalanmigdir. Tog-
dim edilmis tokliflorin somarsliliyi vo xiisusilo do
giymat tokliflorinin 6lkemizds kiilok vo giinos enerjisi
lizro moveud olan topdansatis giymotlori gorgivasinda
oldugu nazars alinaraq, 2020-ci ilin 9 yanvar tarixinds
Azorbaycan Respublikasinin  Nazirlor Kabinetinds
Energetika Nazirliyi ilo Soudiyys Orabistaninin
“ACWA Power” vo Birlosmis Orob Omirliklarinin
“Masdar” sirkotlori arasinda BEM-lar tizro pilot layihs-
lorin hayata kegirilmasi ilo bagl icra miigavilolori im-
zalamb. Miigavilalors uygun olarag “ACWA Power”
sirkati ilo 240 MVt giiciinds kiilok, “Masdar” girkati ilo
iso 230 MVt giiciindo giinas stansiyalarinin yaxin 2 il
miidstinda tikintisi vo istismara verilmasi ilo bagl pilot
layihalor icra edilmasi nozords tutulub.

MOSOLONIN QOYULUSU

BEM-Ilarin Azorbaycan Enerjisistemins integrasi-
yas1 miixtalif ssenarilor asasinda planlasdirihib. ilkin
olarag 240 MVt giiciinds “Pirakiiskiil-Xi1z1” KES-in vo
230 MVt giiciinds “Olat” GES-in istifadoys verilmasi
nazards tutulub. Bu zaman g6zlonilon bazi problemlor
va onlarin aradan qaldirilmasi yollari torafimizdon [2 ]-
do baxilmigdir. Hazirki moaqalods toqdim olunan tod-
giqatla olagadar geyd etmok lazimdir ki, GES vo KES-
in Enerjisistems inteqrasiyasi zamani niifuzetma Soviy-
yasindoan asili olaraq, ham yanacag-enerji balanslarinin
torkibi, hom do 1kV1-s elektrik enerjisi istehsa-lina olan
xarclor miivafiq dayisikliys maruz qalir. Odur ki, bu da-
yisikliyin hocminin vo dinamikasinin miiayyan olun-
mas {i¢iin riyazi modelin islonilmasi masolasi igtisadi
somoraliliyin giymatlondirilmasi vo perspektiv prog-
nozlarin daha daqiq verilmasi tigiin xiisusi shomiyyot
kash edir.

HOLLI USULLARI

Qarsiya qoyulan mosolonin realizasiyasi zamani
BEM-lorin  Enerjisistemino  miixtolif  niifuzetmo
ssenarilori nazora alinmaqla 1kVt-s elektrik enerji
istehsalina sorf olunan sorti yanacagin doyismo
dinamikasinin  qiymotlondirimosi  {iglin  stoxastik
modelin islonilmosi zamani riyazi aparat olaraq,
kompleks sistem yanasmasi asasinda eksperimentlorin
faktor-larlu planlasdirilmast  (EFP) metodunun
totbigine baxilmisdir.

Beynolxalq praktikada enerjisistemo inteqrasiya
ilo olagodar olaraq borpaolunan enerji monbalorinin
kompleks sistemlorinin (BEM KS) verilmis magsed
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funksiyas1 asasinda effektiv hollorinin axtarilmasi tizro
bir sira hesablama me-todologiyalar1 ve miivafiq riyazi
modellarin iglonilmasine baxilmigdir [3].

Optimal BEM KS-lor nozariyyssinin
yaranmasinin  osast  1981-ci ildo maliyys portfel
alatlorinin optimallagmasi sahasinds apardigi kompleks
islora gora Nobel miikafati almig C. Tobin tarafindon
goyulmusdur. Amerika iqtisad¢isinin tadgiqatlart onun
miallimlori  olan Q. Markovig vo U. Sarpm
fundamental islorino [4] osaslanmus, hahsi ki, bir
miiddat sonra, yani 1990-c1 ildo onlar da Nobel
miikafatina layiq goriilmiislar.

Borpa olunan energetika ilo bu todgiqatlarin no
kimi slagesinin olmasima baxaq. Malum oldugu kimi,
miixtalif miiessisalorin sohmlori va giymotli kagizlart
fond bazarlarinda miixtalif gslirlors malikdirlor vo on
gozlonilmoz  sokildo  doyiso  bilon  stoxastik
komiyyatlordir. Mahz stoxastik proseslarin
qanunauygunluqlariin tohlili Q.Markovigi vo ardinca
da U.Sarp1 maliyys portfellorinin optimallasdirilmasi
nozariyyasinin yaradilmasina gotirib ¢ixarmigdir. Bu
nozoriyya maliyys portrfelina daxil olan alstlor
coxluglar tizra kifayot qodor zaman araliginda alinmig
boyiik sayda stoxastik verilonlorin nozoro alinmasina
osaslanir.

Borpaolunan energetika da maliyys alstlori ilo
oxsarhq toskil edon bir sira xarakterin xiisusiyyotlora
malikdir: giinog siialanmasinin intensivliyi, kiilayin
stiroti, ¢ayin axma siiroti — stoxastik xarakterlidir.
BEM-lorin istifadosi zamami osas risklor mohz
proseslorin stoxastikliyi sobobindan yaranir va iri enerji
istahsali sirkatlori va fordi talabatgilar tigiin BEM-lorin
tothigi vo genislondirilmosi masalasinin halli zamani
asas problem sayilir.

C.Tobinnin  maliyyo modelindo  gostorilmis
faktorlar (miixtalif sohmlor toplusunun olmasi, galirin
vo riskin stoxastikliyi) optimal maliyys portfeli
nozariyyasinin, totkibindo bir nego miixtalif tipii
sistemlori (killok, giineg, bioqaz, geotermal va S.)
birlogdiron optimal BEM KS-in metologiyasinin
islonilmasinds istifade edilmasinin ~ miimkiinliiyii
fikrina gotirmisdir. Bu ciir sistemlor, hansilarin ki, osas
xiisusiyyatlori eyni zamanda bir ne¢o tip BEM-don
istifado olunmasidir, elo kompleks sistem hesab olunur,
yani - BEM KS.

Bizim halda IES-lo birlikdo foaliyyat gdstoran
BEM KS-in torkibina daxildir: SES-lor, GES-lor vo
KES-lar.

Indi do stoxastik yanasma osasinda Azorbaycan
Enerjissistemino BEM-lorin  integrasiyast zamani
1kV1t-s elektrik enerjisi istehsalina olan gorti yanacagin

(Ysy) asagidaki  sokildo  prognoz  modelinin
islanilmasine baxaq:
Y5 = T (Xizs, Xses, XcEs, XKES, ), (1)

burada X;zs— istehsal giiciindo IES-in pay1, MVt;
Xses— istehsal giliciindo SES-in pay1, MVt;
Xges — istehsal giiciindo GES-in pay1, MVt;
Xkes — istehsal giicindo KES-in pay1, MV1t.
Toklif olunan prognoz modelin riyazi osasmi
eksperimentlorin  faktorlu planlagdirilmas:  (EFP)
nozariyyasi tagkil edir [5,6].
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Umumi sokilds eksperimentlorin sayinin (todgigat
obyektinin  miixtilif ~ vaziyyatlorinin)  faktorlarin
Soviyyasin-don asililigi asagidaki kimi ifads olunur:

N = p, 2
burada N — eksperimentlorin sayi;
p - saviyyalorin sayi;
k - faktorlarin say1.

Soviyyslorin minimal sayi, hansi ki, adoton igin
ilkin morhalasinds yol verilir, 2-yo borabordir. Bu,
yuxart vo asagt soviyyslor olub, faktorlarin toyin
olunmasinin sarhodd giymatlori il slagadardir vo +1 vo
-1 kodlasdirilmis koordinatlarla isars olunur.

(2) ifadesi 0 zaman dogrudur ki, planin biitiin
faktorlar1 tigiin onlarin variasiya saviyyslori eynidir.

Eksperimentlorin  planlagdirilmasinda polinom
tonliklordon istifads olunur. Bununla slagadar olaraq,
(1) mogsad funksiyasi adoton asagidaki polinomla
approksimasiya edilir:

k

k k
y =ﬁ’o+_zlﬁ’i Xi"'ﬂzlﬁij Xin+_Zl,3iiX2i+ 3
i= ij= i=

burada fo, i, B, fii - nazari regressiya omsallart (poli-
nomun amsallar1) olub, adadi qiymatlori eksperimentin
naticasinds tayin olunur.

E FP-nin totbiqi zamam sarbast faktorlar olarag,

torafimizdon asagidakilar qobul edilib: |

- Istilik elektrik stansiyalarinin (IES) giicii: X/zs =Pies;

- Su elektrik stansiyalarmin (SES) giicii: X;zs =Pses;

- Giinas elektrik stansiyalariin (GES) giicii:
Xies=Pges;

- Kiilak elektrik stansiyalarinin (KES) giicii:
Xirs=Pkes.

Bu faktorlarin 6z baza qiymatlorina nazaran
variasiya diapazonlar1 2030-cu ilo gadar minimum-
maksimum tolobat variantlar1 (3625-4860MVt) tizro
Enerjisistema 1500MV1t (30%) hacmds BEM giiclari-
nin daxil edilmasini nozords tutan generasiya giiclori
tizra verilmis gostaricilora asasan toyin edilmisdir:

Pies = 2525 + 3360 (MV);
Pses = 500 + 610 (MVt);
Pees = 360 + 490 (MVt);
Pkes = 240 + 400 (MVt)

2030-ci ilo gadar 1 kV1t/s elektrik enerjisi istehsa-
lina olan sorti yanacagin (V;,) (Mogsad funksiyasinin)
nozords tutulmus faktorlardan (1) ifadssino analoji
astliligimin qurulmasi tigiin (2) tipli tam faktorlu ekspe-
riment tortib olunmusdur.

Eksperimentlorin aparilmasi tigtin 1kV1t-s elektrik
enerjisinin istehsalina sorf olunan sorti yanacagin 2021-
2030-cu illors olan prognoz gostaricilori Codval 1 -do
gostorilmisdir.

Cadval 1.

1kVt-s elektrik enerjisinin istehsalina sorf olunan sorti yanacagin 2021-2030-cu illaro olan prognoz
gostaricilari, gr/ikVt-s

Illor 2021 2022 2023 2024 2025 2026 2027 2028 2028 2030

Um.istehsal
mird.kVt-s, | 23,9 48 25,5 26,1 26,9 27,4 28,1 28,6 29,2 29,8
b.c:
‘Azorenerji”’| 23,7 4,6 25,1 23,4 24,0 20,0 20,7 21,3 21,8 19,9
Digor- 0,2/- 0,2/- 0,4Y/- 0,7%/-2,7° | 0,8/-2,8 0,8/-7,4* 0,8/-7,4 0,8/-7,4 0,8/-7,4 0,8/-9,9°

BEM/6zal
Sorti yanacaq 244,9 254,3 253,5 2529 252,5 2104 2178 224,1 2294 209,4

Qeyd:
olunan sorti yanacagin 2021-2025-ci illaro olan prog-
noz gostaricilori Energetika Nazirliyinin hesabatindan,
2026-2030-ci illaro olan proqnoz gostaricilor isa
“Azorenerji’ASC-nin Umumi istehsaldaki payina
asasan ekstrapolyasiya metodu ils toyin olunmusdur.

N = 24=16 sayda eksperimentin cadvsl 2 -do ve-
rilmis naticalorinin statistik iglonilmasi asagida sokilda
Xatti modelin qurulmasina imkan vermisdir:

k k k
y= bo+z bi x; + z binin+ o z bijkain Xk Xm , (4)
1 1 1

Xatti regressiya omsallari asagidaki kimi hesablamr:l

1kVt-s elektrik enerjisinin istehsalina sorf 'burada y

N

bi=3 XuVYiu! Y X%u=" Xiu Yiu/ N
1

burada Xy - x; faktorunun u-cu tacriibadaki giymati;

- magsad funksiyasi;

bo - serbast hodd;

bi - xotti omsallar;

bjj,... bijkm - faktorlarmm iki, ... , dordiinci
qarsiligl tasir omsallar1 (qarsiliqh tesir effektlori);

Xi, Xj, Xk, Xm - Variasiyaolunan faktorlar.

1 kVt-s elektrik enerjisinin istehsalina sorf olunan sorti
yanacagin toyin olunmasi magsadilo prognoz modelin
islonilmasi {i¢iin N = 24 =16 sayda eksperiment aparil-
mis vo statistik iglonilmo naticalari codval 2-do gosto-
rilmisdir.

N N

®)
1 1

Yiu - Magsad funksiyasimin u-cu tacriibadoki giymati;

N - matrisadaki tacriibalorin imumi say1.

Regressiya tanliyindoki sarbast hoddin toyini {i¢iin matrisada asagidaki isaralonmoalor gobul edilmisdir:
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7=Ysy; Xi=Pies; Xj= Pses;

Xk = PGEs;  Xm = Pkes.

Qabul olunmus igaralonmalardon sonra (5) tonliyi asagidaki kimi ifads olunur:
k

k

Ysy=D0o+ Y biPiesi+ Y bijPiesi Piesij+ ... Y. bijkm Piesi Psesj Peesk Pkes m .

1 1

k

(6)
1

(4) tonliyi bo, bi, bjj,... bijm omsallarinin hesabi qiymatlori nozars alinmaqla asagidaki kimi ifads olunur:

Yoy = 226,95 +4,55 Pigs-3,51 Psgs -3,66 Pges -5,15 Pkes +3,03 Pies Pses +2,54 Pies Pees + 2,18 Pies Pies -
- 1,91 Pses Pees -3,6 Pses Pkes-1,87 Pees Pkes-0,93 Pies Pses Pkes -5,36 Pses Pees Pkes +

+ 0,64 Pjgs Pses Pces Pkes

U]

(7) reqrgsiya tenliyinin statistik islonilmasi naticasinds Styiident kriteriyasi {izro shomiyyotsiz omsallarin
nozordsn atilmasindan sonra (7) tonliyi agagidaki sokilds alinir:

Ysy = 226,95 +4,55 Pigs-3,51 Psgs-3,66 Poes-5,15 Pxes +3,03 Pies Pses +2,54 Pies Pees +2,18 Pies Pkes -1,91 Pses

Pces-3,6 Pses Pkes-1,87 Poes Pkes +0,26 Pies Pses Pees -5,36 Pses Poes Pkes

@)
Cadval 2.

Eksperimentin naticolorinin stastistik islonilmasi

Tacriibanin Planlagdirma matrisasi Eksprimentarin
nomrasi X1 Xo X3 Xa naticalari (),
Ne-si Xo Pies Pses PcEs Pkes Y5y, QrikVt.s

1 + + + + + 216.5
2 + - + + + 2119
3 + + - + + 228.4
4 + - - + + 210,8
5 + + + - + 2394
6 + - + - + 233,7
7 + + - - + 229.8
8 + - - - + 203,9
9 + + + + - 226.7
10 + - + + - 2343
11 + + - + - 229.6
12 + - - + - 2281
13 + + + - - 231,2
14 + - + - - 2217
15 + + - - - 250,4
16 + - - - 234,8

Alinmig (8) tonliyinin Figer kriteriyasinin kdmo-
yilo yoxlanilmasi onun 0,95 ominlik ehtimali ilo adek-
vat oldugunu gostarir.

(8) regressiya tonliyi soklinds islenilmis riyazi
prognoz modeli miixtalif rejimlar tizra (maksimum /mi-
nimum) ananavi vo BEM istehsal giiclarinin giymatin-
don asili olaraq 1kVt-s elektrik enerjisinin istehsalina
sorf olunan sorti yanacagin miqdarmin hesablanmasima
Vo iqtisadi baximdan daha gonastcil rejim {igiin istehsal
gliclorinin optimal paylanmasinin oldo olunmasina
imkan verir.

NOTIiCO

1. Azorbaycan Respublikast BEM-lor iizro kifa-
yot qadar yiiksok potensiala malikdir. {lkin hesabla-
malara goro 6lkomizin iqtisadi cohotdon alverigli vo
eyni zamanda texniki baximdan istifadesi miimkiin
olan BEM-lorin iimumi potensiali 26 940 MVt, o
climlodon, kiilok enerjisi tizro 3 000 MVt, gilinos
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enerjisi tizro 23 040 MVt, bioenerji tizro 380 MVt,
dag caylar1 tizro 520 MVt hocmindo qiymatlondirilir.

2. Olkoado hoyata kecirilon enerji tohliikasizliyi
siyasatinin tomoal hodaflari sirasinda BEM-lordan is-
tifado soviyyasinin yiiksaldilmasi va bu sahodo bey-
nolxalq omokdasligin genislondirilmosi mithiim yer
tutur.

3. Respublikada BEM-larin tatbiqi tizro regional
yol xoritolori miioyyon olunmus, enerji istehsalinin
artirilmasi istiqgamotinda perspektiv hadof olaraq kii-
lok vo glinos elektrik stansiyalarinin tikintisi nozordo
tutulmus, iri hocmli layihslorin totbiqi ilo olagodar
hazirlhq islorina baslanilmis vo islor ugurla davam et-
dirilir.

4.  BEM-lariizro kifayat qodor yiiksak potensiala
malik olan Azarbaycan Respublikasinda ekoloji ve-
ziyyatin yaxsilagdirilmast mogsadils, 2030-cu ils go-
dor 6lkenin timumi enerji balansinda borpa olunan
enerji iizra qoyulus giiciiniin 30%-o ¢atdirilmasi va
ilkin olarag 240 MVt giiciindo “Pirokiiskiil-X1z1”
KES-in vo 230 MVt giiciinds “Olat” GES-in tikilorak
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istismara verilmasi nozords tutulmusdur. Bu moanbo-
lorin 2022-2024-cii illor orzindo Azorbaycan Enerji-
sistemino daxil edilmosi illik 1,5 mlrd. kVt-s elektrik
enerjisi istehsal olunarag, miixtolif ssenariyalar tizro
elektrik enerjisinin buraxilisina olan sorti yanacagin
xiisusi sorfi 331-264 q/kVt-s, toskil etmoklo 435-
346miIn.m® hacminds tobii qaza qonast etmoya imkan
veracok vo belaliklo do bir torafdon Respublikanin
ekoloji durumunun yaxsilagmasina, digat torafdon iso
tobii qazin digar 6lkalars ixrac hacminin artirilmasina
sorait yaradacaqdir.

5.  BEM-Ilarin Azorbaycan Enerjisisteminas inteq-
rasiyasi ilo olagadar samaraliliyin giymatlondirilmasi
moagsadi ilo  stoxastik va sistemli yanagma nozariy-
yasi asasinda eksperimentlorin faktorlu planlagdiril-

mast (EFP) metodunun tatbiqi ilo Pespublika {izro
2030-cu ilo gadar olan dovr tiglin 1 kVt-s elektrik
enerjisi istehsalina sarf olunan sorti yanacagin BEM-
lorin enerjisistemo integrasiya saviyyasindon asilt
olarag optimal giymatinin toyin olunmasi ti¢iin yeni
riyazi model islonilmisdir. Bu model BEM-lorin
Azorbaycan Enerjisistemine inteqrasiyai prosesindo
onanavi enerji istehsal manbslori ilo paralel islomasi
zamani somorslilik baximindan daha optimal guc nis-
batinin toyinino vo 2030-cu ilo godor olan dovr or-
zinds Pespublika tizro 1 kVt-saat elektrik enerjisi is-
tehsalina Sorf olunan sorti yanacagmn optimal giymo-
tinin oncadon miioyyan olunmasina imkan veracok-
dir.

S.0. ofandiyev, M.H. Hamidov, R.S. Ismayilov.
Azorbaycanda BEM-larin tatbiginin moveud va-
ziyyati vo perspektiv inkisaf priori-tetlori. Azor-
baycan Ali Texniki Maktoblorinin Xabarlari. Cild
12, buraxilis 01. 2022, soh.72-81.
https://scia.website/index.php/pahtei/

M.I'. I'amuoos, C.2. Dpenoues, P.C. Hcmaunos.
IIpobnemsb! uHTerpamuu nepeMeHHsIx BHD B
sHeprocuctemy Asepbaiimkana. Hayuno-o6paso-
BaTCNBCKUI JKypHaN IJisl CTYACHTOB M IIpe-
noxasate-yeit “Stud Net”. (PUHII- Ne3050 ot 17
anpens 2022), M.:13a-Bo «DNeKTpOHHAS HAyKay,
Ne4, 2022, 7 crp. https:/stud.net.ru.
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[6]

H. Paxmanos, C.A. D¢penauen, P.C. Ucmanios

YCJIOBHBIE YCJOBUS AJIs1 MIPOU3BOJACTBA 1 KBt/u JIEKTPOOHEPI'UU ITPU
PEAJIM3AIIMU MOJEJIN CTOKCACTHYECKOI'O ITPOTHO3UPOBAHUSA BEM

Asep0aiimpkanckas PecrryOiarka BXOANUT B YUCIIO CTPAH C JOCTATOYHO BBICOKHM ITOTEHIIMAJIOM BO30OHOBIISIEMBIX HCTOY-
HukoB 3Heprun (BUD). [1o npeaBapuTebHbIM OLIEHKaM, CYMMapHBIA MOTEHIIMAT YKOHOMUYECKHU 11eJIeCO00pa3HbIX U TEXHH-
gyecku npurogHsix bOM crpansl coctasnser 26 940 MBT, B Tom unciie 3 000 MBT snepruu Berpa, 23 040 MBT sHepruun
conana, 380 MBT sreprun 6nosnepruu u 520 MBT 3Hepruu ropHbIX pek.
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PbBisTer STRUKTURUNUN ELLIPSOMETRIYADA ARASDIRILMIS OPTIK
XUSUSIYYOTLORININ MODELLOSDIRILMOSI VO ZOLAQARASI iCAZOLI
KECIDLOR

XALID HIDIYEV
Azarbaycan Milli Elmlar Akademiyasimin Fizika Institutu
AZ-1143, Baki, H.Cavid prospekti 131
e-mail: Hidiyev@gmail.com

PbBisTe7 strukturu termoelektrik [1] vo askarlanmis topoloji xassalorina goro elmi ictimaiyystin maragindadir. Bu is
¢argivasindos PbBisTer niimiinasinin optik xassalori spektroskopik ellipsometriya vasitasi ilo model qurularaq todgiq olun-
musdur. Bundan slavs valent elektronlar va ya yiiksok enerjili kegidlorla alagsli plazma miisahidasi geyd olunmusdur.

Acar sozlor: spektroskopik ellipsometriya, PbBisTez, icazsli zona kegidlari

PACS: 78.20.Ci
1. GIRIS

Bu termoelektrik strukturda gizlonmis topoloji sa-
viyyolorin miisahidasi boyiik maraga sabab olmusdur
[2]. Pb asasli topoloji izolyatorlarda (TI) PbBisTez-do
Bi,Tes-o bonzor besqath blok altinda fiziki olaraq qo-
runan topoloji soth fotoemissiya spektroskopiya
(ARPES) vasitosi ilo agkar edilmigdir. Bundan olavs,
gizli topoloji sath voziyyatlorinin spin-qiitblogsmasinin
gorunub saxlanilmasi ARPES miisahidssi ilo birbasa
tosdiglonmisdir [2]. Bu tapintt normal soraitdo isloya
bilon Ti-lar torofindon real spintronika cihazlarinin
hoyata kegirilmasine yol agir. Buna gora do, bu niimu-
nalorin optik xassalarinin darin tadgigine bu strukturun
kvant asasli tobiyyatinin miisahidesinda boyiik tolobat
var.

2. TOCRUBO VO NOTIiCO

PbBisTe7 niimunalarinin todqiqi zamani onlarin
optik xassalori spektroskopik ellipsometriyadan istifa-
do etmoklo &yronilmigdir. Ellipsometrik todgigatlar
otag temperaturunda J.AWoollam M2000 DI spektro-
skopik ellipsometrindan istifado etmoklo aparilmigdir.
Moslumdur ki, diinya elminds dielektrik funksiyasinin
¢ixarilmasi ti¢iin qlobal standart kimi taninan osas me-
todologiya spektroskopik ellipsometriyadir. ©ks olu-
nan vs ya Gtiiriilon is1g1n intensivliyini 6l¢mak iigiin ta-
ninmis vo uzun miiddat istifads edilon tisullardan fargli
olaraq, ellipsometrik yanagma isigin polyarizasiya ve-
ziyystindan istifado edir.

Olgmo 0.73 ilo 6.3 eV arasinda olan foton enerji
diapazonunda aparilmigdir. Dielektrik funksiyada (e
=e1+ ie), ellipsometrik 6lgmalordan ¢ixarilan dielektrik
funksiyanin haqiqi (e1) va xayali (s2) komponentlori bu-
caqdan asili deyil vo ELC komponentine uygundur (E
diigan is1gin elektrik vektoru, C - optik oxdur ) nazarden
kegirilon biroxlu birlosmalarin kegiricilik tenzoru. Olg-
ma {iglin is181n diisma bucaglar1 1° addim ils 50° -75°
bucaq diapazonunda aparilmigdir. Alinan dielektrik
funksiyanin olgiilori bucaqdan praktiki olaraq asili
deyildir.

131, H.Javid ave, AZ-1143, Baku
ANAS, Institute of Physics
E-mail: jophphysics@gmail.com

89

38 T T T T T T

364 - 160

341 L 140

32

0] - 120

28 L100 ~

¥ ()

21
244 8o

22

PbBi,Te,

I 60
204

MSE=2
18 40

E(eV)

Saokil 1. PbBisTer nimunolorinin spektroskopik
ellipsometriya vasitosilo y vo A bucaglarmin
tocriibi (doiravi simvollar) vo model (xstlo)
astliliglari.
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Sokil 2. PbBisTe7 tigtin dielektrik funksiyanin hagiqi vo
xayali hissalorinin foton enerjisindon asililigi.

Drude-Lorentz ossilyator modeli kimi taninan Lo-
rentz ossilyator modeli elektronun idars olunan sénan
harmonik ossilyator kimi modellagdirilmasini nazards
tutur. Orta kvadratik sehv (MSE) parametri eksperi-
mental naticalor vo modelin na gadar yaxsi uzlasmasini
gostorir.Qurulan model tigiin MSE=2. Malumdur ki,
ellipsometriyada model o vaxt adekvat sayilir Ki,onun
MSE parametri 20-don asagi olsun. Sokil 1-do



XALID HiDIiYEV

PbBisTe7 gosterilmis modelin grafik olaraq no godor
yaxs1 uzlagmasini miisahids etmak olar.

Sakil 2- do gostarilon diagramda dielektrik funk-
siyanin hagiqgi vo xayali hissalori tasvir olunmusdur.
Modellosdirilmonin naticasinds bir sira zonalararasi
icazoli kegidlor toyin olunub vo bunlar E;=1.475 eV,
E»>=1.722 eV vo E3=2.846 eV optik kecidloro uygundur.
Daha otrafli aragdirma tigiin kritik nogtalari tohlil edib

V5 alds edilmis naticalori PbBisTes-in zona qurulusu ilo
alagalondirmak lazimdir. Togdim olunan isds bu tahlil
nozards tutulmayib. Enerjinin 6.273 eV vo ondan asagi
giymatlorindo  dielektrik funksiyasinin hagigi hissasi
(sokil 2) meonfi olur, bu da yiiksok enerjili valent
elektronlar va ya yiiksok enerjili kegidlorlo bagh plaz-
ma hoayacanlanmasi ilo alagoli ola bilor.

[1] Changhoon Lee et al2018AIP Advances 8115213
[2] Okuda Taichi et al2013Phys. Rev. Lett. 111206803
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y- SUALANMA ILO® MODIFIKASIYA OLUNMUS P(VDF-TeFE)/Si
KOMPOZITLORININ YUK HALI

R.N. MEHDIYEVA, i.M. NURUYEV, M.A. NURIYEV
AMEA-nn Radiasiya Problemlori Institutu
AZ 1143, B. Vahabzada 9, Baki, Azarbaycan
e-mail: r.n.mehdiyeva@gmail.com

Taqdim etdiyimiz isds polyar polimerlardon polivinilidenftoridin tetraftoretilenlo sopolimerinin P(VDF-TeFE) ol¢iilori
50 nm haddinds olan nano-Si vo 6lgiilari 50mkm olan mikro-Si hissaciklori asasinda alinmis P(VDF-TeFE)/Si asasli kompo-
zitlorin yiik hali tadqiq edilmis, doldurucu miqdarinin va ionlasdirici radiasiyanin bu xassoslors tasiri Oyronilmisdir. Gosts-
rilmisdir ki, nano- vo mikro 6l¢iilii Si ilo alinmig P(VDF-TeFe)/Si kompozitlorinin yiik hali parametrlorinde miisahids olunan
farqlorin sababi nano &l¢iilii Si ile alnmus kompozitlorde nanohissaciklor konsentrasiyasinin ve uygun olaraq effektiv sathin
daha yiiksok olmasi, gamma siialanmanin tasirindon sonra polimer matrisada vo fazalararasi sorhodds bas veron tikilma vo
destruksiya proseslorinin tosirindon relaksorlarin miitoharrikliyinin doyismosidir.

Acar sozlor: polivinilidenftoridin tetraftoretilenlo sopolimerinin P(VDF-TeFE), nano- vo mikro Si, termostimuloedilmig
depolyarizasiya (TSD), fazalararasi sorhad, tikilmo vo destruksiya proseslori, gamma siialanma

PACS: 61.80Ed; 72.80.Tm
GIRIS

Polimerlar asasinda alinmis kompozitlordan elm
Vo texnikanin miixtalif sahslorinda: noagliyyatda, kos-
mik texnologiyalarda, elektrotexnikada, elektrik qurgu-
larinin izolyasiyasinda, ¢eviricilor texnikasinda aktiv
element gisminds, elektron cihazqayirmada genis
tothiq sahasi tapmigdir. Belo kompozitlorin alinmasinda
istifado olunan doldurucular onlarin texnoloji xassalo-
rinin vo istismar gostaricilorinin yaxsilagdirilmasi mag-
sadilo seg¢ilir vo istifada olunur. Polimer asasli nano-
kompozitlords fazalararasi qarsiliql tasirlarin mexaniz-
mini aydinlagdirmagq ii¢lin kompozitin ayr1 — ayr1 kom-
ponentlarinin fiziki va kimyovi strukturunun, sathlori-
nin aktivliyinin, elektrofiziki xassalorinin vo fazalara-
rast sorhaddin elektrik yiik halmin todqiginin boyiik
perspektivi vardir [1-3]. Doldurucularinin 6lgiilari na-
nometr hoddindo olan polimer-yarimkegirici kompo-
zitlori boyiik maraq kosb edir. Bels ki, elektroaktivliya
malik polyar polimerlo yaxs1 fotokatalitik aktivliyo
malik silisium (Si) kimi doldurucular ssasinda yiiksak
kimyovi vo termik stabilliya malik kompozitlorin tot-
biqi, ilk ndvbads onlarin elektrofiziki vo fotoaktiv xas-
salorina asaslanan giinas ceviricilarinds, foto- va opto-
elektronikada vo qaz sensorlarinda [4], elektrotexnika-
da geyri xotti element gisminds istifadasini nazardas tu-
tur.

Todgiqatlar gostorir ki, miixtalif konar tosirlorin
komayi ilo kompozit materiallarin bu va ya digar Xasss-
sinin mogsadli idars olunmasini, yoni modifikasiyasini
oldo etmok olar. Aparilan elmi odabiyyat arasdirmalari
miixtalif ndv polimerlarin va onlar asasinda kompozit-
larin fizikas1 vo kimyasi istiqgamatinds genis todgigatla-
rin aparilmasina baxmayaraq, ionlasdiric1 radiasiyanin
polimer asasli nanokompozitlarin radiasiya fizikasina
Va kimyasina, onlarin elektrofiziki vo elektroaktiv xas-
salaring tasirinin ¢ox az dyranildiyini gostormigdir.

Son illorin elmi nogrlorinin analizi gostarir ki,
yiiksok xarakteristikali elektroaktiv materiallarin yara-
dilmasi vo onlarin elektrofiziki xassalorinin tadgiqi isti-
gamotinds aragdirmalara maraq xeyli artmigdir. Bu
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materiallarin elektroaktiv xassolori vo elektrofiziki
xassalori ilo onlarn yiik hali arasinda birmonali alage
moveuddur. Yoni, materiallarin elektroaktiv xassalari,
onun sathinds vo hacmindoki tutma moarkazlorinds y1-
gilmig yiikdasiyicilar arasinda qarsiligh miinasibatlo
miiayyan olunur [5-7]. Polimer kompozitlordo polimer-
doldurucu fazalararasi sarhaddinin forgli qurulusu vo
mexaniki destruksiya zamani yaranan defektlor energe-
tik cohatdon dorin yiiktutma morkazlori rolunda ¢ixig
eda bilar ki, bu da onlarin elektrofiziki xassalarinin da-
yigmoasi ila naticalonir. Oxsar masalalors [5, 6] adobiy-
yatinda baxilmis vo gostorilmisdir ki, matrisanin mo-
lekulyar vahidlarinin aktivliyinin artirilmasi fazalara-
ras1 sarhaddo polyarizasiya proseslorinin giiclanmasine
Sobab olur. Polimer kompozitlori tacsokilli bosalma
tisulu ilo polyarlagdirmaq vo sonra alinmig termosti-
muloedilmis depolyarizasiya (TSD) coroyanlar1 spek-
trini analiz etmoklo onlarda yiik tutma morkazlorinin
parametrlori haqqinda miioyyon fikir yiirtitmok miim-
kiindiir [8-9]. Malumdur ki, polyar polimerlorin yiik ha-
I1 dipollarin miitohoarrikliyi va yiik tutma morkazlarinin
gadagan olunmus zonada hansi saviyyslords lokallas-
masindan, yoni materialin sathinds vo hacminds aktiv
tololorin konsentrasiyasindan va energetik dorinliyin-
don asilidir. Bu parametrlorin idars olunmasi ilo eyni
torkibli polimer kompozitlor asasinda miixtolif xarak-
terlt materiallar oldo etmok olar.

Taqdim etdiyimiz isds polyar polimerlordoan poli-
vinilidenftoridin tetraftoretilenlo sopolimerinin
P(VDF-TeFE) 6lgiilori 50 nm haddindos olan nano-Si vo
Olglilori S0mkm olan mikro-Si hissaciklori osasinda
almmis P(VDF-TeFE)/Si asasli kompozitlarin yiik hali
todqiq edilmis, doldurucu miqdarinin vo ionlasdirici
radiasiyanin bu xassolars tasiri Oyronilmisdir. Magsadi-
miz P(VDF-TeFE)/Si kompozitlari kimi heterogen
sistemlards yiik hali ilo fazalararasi hadisalora gamma
stialanmanin tasirinin termostimuloedilmig depolyari-
zasiya (TSD) coroyanlart metodu ilo Gyronilmasi ol-
musdur. Isdo polimerlo doldurucunun iki miixtolif
hocm nishstindo (hacmo gora 1% vo 10%) alinmus
P(VDF-TeFE)/nano-Si kompozitlorinin TSD spektrlo-
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rinds gamma siialanmanin udulan doza giiciindon asili
olaraq bas veran doyisikliklarinin analizi verilmisdir.

EKSPERIMENTAL HiSsSo

Kompozitlor, 1 vo 10% hocm nishatinds, avval-
cadan ¢akilib qarigdirilmis komponentlorin matrisanin
orimo temperaturundan yiiksak temperaturda termik
presslonmoasi yolu ilo alinib. Niimunolar iki poliamid to-
bogasi arasinda barabar paylanmis komponentlar gari-
sigiin t=5 doqige orzindo, P=10MPa tozyiq altinda,
T=463K temperaturda termik preslonmosi yolu ils alin-
mis vo buzlu suda soyudulmusdur. Kompozit niimuns-
lorinin qalinligi doldurucunun hacmi miqgdarindan asih
olarag 100-120mkm intervalinda dayisir.

Niimunolor unipolyar tacli bosalmanin tasiri ila
iyna-miistovi elektrod sisteminds 6kV gorginlik tatbiq
etmoklo t=5 dagigs miiddstinds polyarizasiya olunur.
Polyarlasma zamam elektrodlar aras1 moasafo d=10mm
olmusdur. Polyarlagsmis niimunslorin yiikk halinin qiy-
motlondirilmasi onlarin termostimuloedilmis depolya-
rizasiya (TSD) coroyanlarinin miiqayissli analizinin
komoyi ilo aparilib. Kompozitlorin TSD dsulu ilo
todqiqi standart {isulla [8] aparilir. Bu zaman kompozit
qizdirilan 8lgms yuvasinda, U5-11 tipli elektrometrik |

gliclondiricinin dovrasine qosularaq qapanmig metal
elektrodlar arasina yerlogdirilir. TSD corayani spektrlori
293-273K intervalinda, kompozitin temperaturunun
S=5K/daq. siirati ilo xatti artmasi rejimindo geyd edil-
migdir. Kompozit niimunslorinin qgamma stialanmasi
AMEA RPi-nin Co® izotopu osasinda isloyon MPX-y-
25M qurgusunda hoyata kegirilmisdir.

NOTICOLORIN MUZAKIROSI

Bildiyimiz kimi yiik halinin tadqiqi termoaktivlos-
Mo Coroyani spektrlorino gbro materialda dipollarin
elektron vs ya ion tipli yiikkdagiyicilari tutma morkazls-
rinin aktivlogsmo enerjisi E,, tezlik faktoru o veo yiik-
dagiyicilarin konsentrasiyast n kimi parametrlorini, to-
yin etmok imkani verir, Bundan bagsqa TSD coaroyani
spektrlorinin miiqayissli analizini aparmagla polimer
kompozitlorin hacminds kenar tosirlor neticesinds ya-
ranan yiiklorin doyismosi kinetikasini da izlomok olar.
Bu yanagmani asas gotiirorok P(VDF-TeFE)/Si kompo-
zitlorinin TSD spektrlorini tohlil edok. Goriindiiyii
kimi, P(VDF-TeFE)/1%nano-Si kompozitlarinin (sakil
1,a)

A W"‘( A A

193

T K - b

Sakil 1. Miixtalif hacm nisbatinde alinmis vo gamma siialarla modifikasiya olunmus P(VDF-TeFe)/nano-Si
kompozitlorinin TSD spektrlori: a- P(VDF-TeFe)/1%nano-Si; b- P(VDF-TeFe)/10%nano-Si: 1- ilkin;

2 -100 kQr; 3 - 300 kQr.
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TSD spektrlorinds 353-373K, 423-443K tempera-
tur intervalinda vo ~463K otrafinda li¢ maksimum mii-
sahids olunur. Bu maksimumlardan nisbaton agagi tem-
peraturlusu bagqa miislliflorin do dediyi kimi, P(\VDF-
TeFe) matrisanin dipollarmin termik relaksasiyasinin
hesabina yaranir [10,11]. Sonraki maksimum (353-
373K) va davami kimi ¢iyin (~463K), fikrimizca poli-
merin kristallik vo amorf fazalari arasindaki fazalarara-
st layda va polimer-doldurucu fazalararasi sarhaddinds
yigilan yiiklorin relaksasiyasinin, yoni, fazalararasi sor-
hoddo bas veron Maksvell-Vaqner polyarizasiyasinin
naticasidir. Har iki hacm nisbstinds alinmig kompozit-
lorin spektrlorinds yuxaritemperaturlu maksimumlarin
gamma siialanmanin udulma dozasindan asililigina
baxsaq gorarik ki, 100 kQr doza almig kompozitdo mat-
risaya moxsus maksimum, ilkin niimunanin maksimu-
muna nozaran avvalco yiiksok temperaturlara torof
stirigdiiyti halda, doza 300kQr gadar qalxdigda yenidan
nisbaton asag1 temperaturlara torof yerini doyisir. Bu-
nun sobabi, hesab edirik ki, 100kQr dozada polimer
matrisanin makromolekullar1 arasinda tikilma proses-
lorinin artmasidir. Hesab edirik ki, tikilmays moruz
qalmig makromolekullarin mitoharriklik sldo etmasi
liglin daha ¢ox enerjiyo ehtiyaci olur vo notico olarag
biz maksimumun daha yuxar1 temperaturlara torof sii-
risdiiytinii miisahids edirik. Doza giicti 300kQr-o godor
qalxdiqda giiman ki, destruksiya proseslarinin artmasi
makromolekullarin sarbastlik daracasini artirir vo mak-
simum da oks torofs, yani asagi temperaturlara torof
yerini doyismis olur.

Maksimumlara maxsus caroyanin qiymatinin mii-
gayisali analizi do bunun bels oldugunu sdylomayas osas
verir. Miigayisani ~463K atrafindaki maksimuma (sokil
1, a) moxsus parametrlora goro aparsaq, doza artdigca
maksimumun yuxari temperaturlara torof siiriigmasi ilo
yanagl, intensivliyin do artdigin1 miisahids edarik ki, bu
da doza artdiqca polimer matrisa ilo Si nanohissaciklori
arasinda qarsiligh tasirin artdigindan vo fazalararasi
sorhaddo daha ¢ox yiik yigildigindan xabar verir. Bun-
dan bagqa goriiriik ki, nanohissaciyin miqdarinin 10%-
9 godor artmasi (sokil 1, b) fazalararasi effektiv sothin
artmasi sababindon yigilan yiikiin do artmasi ila n9ti-I

calonib. Nanohissaciyin migdarinin 1% oldugu kompo-
zitlords (sokil 1, a) polimerin kristallik vo amorf faza-
lar1 arasindaki fazalararasi layda yigilan yiiklorin mig-
dar1 ¢ox oldugu halda (423-453K intervali) nanohisss-
ciyin migdarimin 10% oldugu kompozitlards (sokil 1, b)
polimer-doldurucu fazalararasi sarhoddinds yi1gilan
yiklorin (433-458K intervali) relaksasiyasinin, yoni
yiiksaxlama gabiliyyatinin sttnliik toskil etdiyini g6-
riiriik. Spektrlarin bu hissasinds uygun maksimumlarin
yuxari temperaturlara torof siiriigmasi ham dos yiik tut-
ma morkazlorina moxsus aktivlogsma enerjisinin art-
masl, yoni, materialin qadagan olunmus zonasinda daha
yiiksok enerjili soviyyolorin konsentrasiyasinin doza
giiciindon Vs doldurucunun miqdarindan asili olaraq
artmasi kimi qiymatlondirils bilor.

Doldurucunun 6lgiilarinin vo ya effektiv ssthinin
yik halna tosiri P(VDF-TeFE)/10%nano-Si il
P(VDF-TeFE)/10%mikro-Si  kompozitlerinin  TSD
Coroyanlart spektrinin miiqayisoli analizi zaman1 daha
aydin goriiniir (sokil 2). Gorlindiiyli kimi, nanohisss-
ciklorlo alinmig niimunanin TSD carayani mikrohissa-
ciklo alinmis kompozitin coroyanindan bir tortib boyiik-
diir. Tki maksimumun, yani kristallik vo amorf faza-
lararasi layda yigilan yiiklorlo polimer-doldurucu faza-
lararas1 sorhoddine yigilan yiiklorin comindon ibarat
olan yuxaritemperaturlu genis maksimumdan birincisi
mikrohissaciklor halinda boyiik oldugu halda ikincisi
nanohissacik halinda daha yiiksak olur. Bunun sababi,
hesab edirik ki, mikrodlgiilii halda hissociklarin kon-
sentrasiyasinin vo uygun olaraq polimer-doldurucu
effektiv sothinin ki¢ik olmasi, polimer matrisanin kris-
tallik vo amorf fazalar arasindaki sarhoddin effektiv
sathinin isa yiiksok olmasidir ki, bu da birinci maksi-
mumun nisbaton daha yiiksok olmasi ilo noticalonir.

Nanohissaciklo alinmis kompozit halinda iss, his-
sociklorin konsentrasiyasinin vo uygun olaraq polimer-
doldurucu fazalararasi effektiv sothin boyiik olmasi
hom timumi corayanin (1077A), ham ds ikinci maksimu-
mun birinciys nisbaton yiiksok olmasi ilo noticalonir.
Bu kompozitlorin yiik halinda miisahids olunan bu
miinasibatlor hom das onlarin elektrofiziki xassalarin-
doki dayisikliklari miiayyanlogdirir.

I, 10"A
14
12 f

I,A
10 F 10
2-(10°

s L (10%) 1
6 F 46
4 r 1-(107) 14
2 F 12
0 1 1 L 1 0

313 333 353 373 393 413 433 453 473

T,K

Sokil 2. P(VDF-TeFE)/10%nano-Si (1) vo P(VDF-TeFE)/10%mikro-Si (2) kompozitlarinin TSD coroyanlari spektri.
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NOTICO

Nano- vo mikro 6l¢ilii Si ilo alinmig P(VDE-
TeFE)/Si kompozitlorinin yiik hali parametrlorinds mii-
sahido olunan forglarin sobobi nano 6l¢iili Si ilo alin-
mis kompozitlords nanohissaciklor konsentrasiyasinin

Vo uygun olaraq polimer- doldurucu effektiv sathinin
daha yiiksok olmasi, gamma silalanmanin tasirindan
sonra polimer matrisada vo fazalararasi sorhadds bag
veran tikilmo vo destruksiya proseslorinin tosirindon
relaksorlarin miitsharrikliyinin doyismosidir.
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P.H. MexaueBa, U.M. HypyesB, M.A. Hypues

3APAJOBOE COCTOSSHUE KOMITIO3UTOB II(BA®-Te®E)/Si
MOJUPUIIAPOBAHHOMU y- OBJTYYEHUEM

B npencraBnenHoit pabore ObUTO HCCIenOBaHO 3apsioBoe cocrosiHue kommo3utoB II(BJID-Te®E)/Si Ha ocHoBe
MOJIIPHOTO COTIONTMMeEpa MouBHHUIHACHPTOpHAa ¢ TeTpadropaTwieHoM [I(BID-Te®E) u kpemuueBsiM (Si) HamoaHUTEIEM
¢ pasmepoM uactunl 50mm v 50mKm, U3y4EHO BIMSHHE COJCP)KAHMS HAIONHMTENS W MOHH3UPYIOUIEH pajHalii Ha 3TH
cBoiictBa. [Toka3zaHo, 4T0 HaOIIOMaeMble Pa3HUIBI B ITapaMeTpax 3apsmoBoro cocrosuus kommo3utoB [I(BAD-TedE)/Si ¢
HaHO- ¥ MUKPO YaCTHIIAMH SIBJISIETCS MOBBIIICHHAs: KOHLEHTpanus U 3 (heKTUBHAS TOBEPXHOCTH B KOMIIO3UTaX ITOJIyYE€HHBIX
C HAHOYACTHI[AMH ¥ IPOUCXOJSIIHUE ITOCIe raMMa OOIydeHHUs MPOLECCH! CIIMBKH M JIECTPYKIMH B MOJIUMEPHON MaTpule U
Mexda3HOH rpaHuIle KOTOPHBIH, TPUBOJUT K N3MEHEHHIO TO/IBIPKHOCTH PEIaKCOPOB.
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NEFT NUMUNOLORININ OPTIiK XASSOLORININ ARASDIRILMASI VO
MODELLOSDIRILMOSI
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Naftalan neftinin 3 niimunasinin optik xassslori Spektroskopik Ellipsometriya cihazi vasitosi ilo aragtirilib. Niimunalorin
dielektrik funksiyalar1 0.73 ~ 6.3 eV foton enerji araliginda 6l¢iiliib vo ossilyator funksiyalari vasitosi ilo modellastirilmo aparilib.

Acar sozlor: neft, neftin indentifikasiyasi, spektroskopik ellipsometriya

1. GIRIS

Neftin insan hayatinda rolu danilmazdir. Neftin
tosnifat1 vo identifikasiyasi bu sahads asas elmi mogsad
Vo istigamatlordondi. Bunun iigiinds an alverisli tisul-
lardan biri optik vasitolordon istifadadir. Neftlorin tin-
vanli identifikasiyasi {iglin onlarin dielektrik funksiya-
sin1 aotrafli gokilds arastirmaq lazimdir [1].

Molumdur ki, neftin identifikasiyas: va neft tor-
kibli qrunt materiallarinin analizi, verilanlarin emal
liglin kifayat godar uzun zaman tolob edon bahali ana-
litik islorlo ixtisaslasmis laboratoriyalarda hoyata kegi-
rilir.

Burada qaz xromatoqrafiyasi, xromatoqrafiya-
kiitlo spektrometriyasi, yiiksok effektivli maye xroma-
tografiyasi, infraqirmizi1 spektroskopiya, nazik tabagali
xromatoqrafiya, ultrabondvsayi vo fliloressent spektro-
skopiya, izotop kiitlo spektrometriyas1 vo termogravi-
metriya tisullarindan istifads edilir.

Son onillikds neft vo neft mohsullarinin tohlili
l¢lin innovativ texnologiyalarin instrumental baza-
sinda optik spektroskopiya tsullarina meyl giicloan-
misdir. |

Eqauss =
<exp [

Brp
On =3 In(2)
Burada A — amplitudadir En morkazi enerji Br iso
genislonmos adlanir. Amplituda &,-o barabar olanda
En maximum giymet alir vo asagidaki diisturla toyin

olunur
0, = Br,,/2,/In(2)

Alinmig modelin na goadar tacriibays na godar ya-
xin uzlagmasini qiymatlondirmak iigiin orta kvadratik
sohvdan istifads olunur (MSE). Ellipsometriyada uz-
lagma o vaxt yaxst sayilir ki, MSE 20-don asag1 olsun.

Fit parametrlor En,(eV) ve Br,(eV)
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E E

Bu metodlarla aparilan birbasa 6lgmolor siiratli,
sads vo dagidict olmamagla yanas1 niimunanin mini-
mal hazirlanmasini tolob edir, eloco do bu todgigatlar
hom laboratoriya analizlori, hom do ¢6l todqiqatlari
liglin istifads edils bilor.

Hazirda “Naftalan” yataqglarindan neft karbohid-
rogenlarinin elektron hoyacanlagmasini shats edon go-
riinon spektral diapazonda xam neftin dielektrik izlori
almmisdir.

2. TOCRUBO VO NOTIiCO

Aragtirma ti¢lin Naftalan neftinin niimunasindon
istifado olunmusdur. Bu niimunsnin Spektroskopik
Ellipsometriya vasitasi ilo 1 vo A ellipsometrik bucag-
lar1 6lgtilmiigdiir.

Alinan naticalor Complete EASE programin mii-
hiitinds, ellipsometrik noticalor niimunays aid model
quraraq modellosdirilmigdir. Modellogdirmoak tigtin dis-
persiyani tosvir edon Qauss optik ossilyatordan istifads
olunaraq dielektrik funksiya ekstrasiya olunmusdur.Bu
ossilyator novu &,-ds gauss Xotti formasini &; {iglin iso
Kramers-Kronig xatti formasini yaradir.

()
) e[ 57])

Qurulmus modelin MSE-si 10 - a borabardir, demali,
model diizgiin qurulub. Sakil 1-da bu grafiklarda tasviri
olaraq ¢ox yaxs1t miisahids olunur.

Sokil 2-do ekstrasiya olunmus dielektrik funksi-
yanin haqigi vo xayali hissalari taqdim olunub. Sakil-
doki diagramda 2.xoyali hissoys aid olan bir sira
xiisusiyyatlori ayird etmok olar, buradan aydin olur ki,
E;=1.475 eV, E»=1.722 eV vo E3=2.846 eV optik ke-
¢idlors uygundur. Daha otrafli arastirma tgiin kritik
noqtalari tohlil etmok lazimdr.
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Sokil 1. Naftalan 1 neft niimiinanin i va A ellipsomet-
rik bucaglari. Dayiravi simvolnan tacriiba
naticalari, Xat isa qurulmus models aiddir.
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Sakil 2. Naftalan 1 neft niimiinonin dielektrik funksi
yanin haqigi vo Xoyali hissalor
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Hccenenoano BiusiHue 3amertiennst Y Ha Cd Ha MexaHu3M 00pa3oBaHus U30BITOYHOI IPOBOMMOCTH B ITOJIMKPUCTAIIIAX
YBa2Cu3Or-s. C 3amemennem Y Ha Cd ynensHoe compotusieHue p obpasua Yo7Cdo3Ba:CusOrs 3ameTHo Bo3pactaer, a
3HAYCHHE KPUTHUYECKOH TeMIIepaTyphl Iiepexoa B cBepximpoosiiee coctostHue (Tc) yMeHblIaercs.

TToka3zaHo, 4TO CBepXmpoBoisiux (a3oBbix nepexono (PII) B HHUX MMeeT pa3MbIThIH Xapakrtep. OmnpeeseHsl
napametpsl pasmbitust OIT: To, a, Lo(T) u dLo/dT. Yeranosneno, uto B YBazCusOr-s BTCII maTepnana 9acTHdHOE 3aMeIleHne
Y na atomsl Cd 3HaunTensHO ymenbmaeT obmacts OI1 u yBemmuusaer dLo/dT.

KuoueBble cl10Ba: CBEpXIIPOBOANMOCTD, (a30oBbiil mepexon, Yo,7Cdo,3sBa2zCusOr-s, ckopocTs mepexoza

PACS: 74.25. Fy, 74.20.Mn, 74.72. + h, 74.25. + q, 74.25.Jb

BBEJEHUE

XoTs ¢ MOMEHTa OTKPBITHSI BBICOKOTEMIIEPATYP-
HBIX CBEPXIPOBO/IIIMX MaTEpPHAIOB MPONLIO OoJjee
TPUILATHU JIET, UX CHHTE3 IpeJCTaBisIeT coboil He pe-
HIEHHYIO 10 KOHIA 3a7ja4yy. OCHOBHBIMHU HEIOCTaTKaMHU
TpaauMOHHBIX MeTo10B monydenuss BTCII marepua-
JIOB ABJISIOTCS HU3Kasi CKOPOCTh, HETMOJIHOE 3aBepllle-
HHe TBepA0(ha3HON PEeakliy, a TAKIKE CIOKHOCTh Ha-
MPaBJICHHOTO ()OPMUPOBAHUS PEATBHONW CTPYKTYPEHI
KOHEYHOT'0 MaTepHaia, ONpeIessonel ero CTpyKTyp-
HO- YyBCTBUTEINIbHBIE CBOMCTBA.

HUccrnenoBanme dazoBwix mepexoqos (PII) svis-
€TCsl OJHUM U3 aKTyalbHbIX U HU3y4YEHHBIX HallpaBlie-
HUH QU3HKH TBEpAOTO Teia. ITO 00YCIOBICHO TECHOM
cBsi3pto OIT co MHOrMMU paszzenamu GU3UKA TBEPIOTO
Tena. OJHUM U3 aKTyaJlbHBIX BOIPOCOB SIBIISICTCS BBI-
sBJIeHHEe Kiaccudukaiuu uccaenyemoro I, B kakoi
Mepe OH Pa3MBIT U KaK MO>KHO OKa3aTh BIMSIHUE Ha CTe-
MEeHb Pa3MBITHA. J[711 3TOro HeoOX0AUMO OTpeeIeHNe
napameTpos @II, no3Bosstoniee CyJUTh O CTENIEHH €r0
pasMbITUs. AHamU3 TEMIEPaTypHBIX 3aBUCHMOCTEH
anekrpudeckux coiicte BTCII BOm3m u B obmactu
OI1 nokasbiBaet, yro OII B HUX HOCAT pa3MBITHIA Xa-
paKTep M 3TO BHITEKAET W3 OCOOEHHOCTEH CBEPXIPO-
BOJHUKOB BTOpOro poaa. Ho rccnenoanue BOnpocos
pa3mbITHs BOIH3H U B o6sacT DI BEISIBISET MEXaHN3-
MBI, IPUBOJIAIINE K Pa3MBITHIO, C TOMOIIBI0 KOTOPOTO
MOXXHO CYAHMTh O Ka4eCTBE HCCIIEAYeMOro OOBeKTa.
OcCo00eHHO 3TO OTHOCHUTCSA K HOBBIM BHOW3MEHEHHBIM
matepuanam BTCII. [TepBbie ccne0BaHUs pa3MBITHS
@I1 B BTCII BBIITOTHEHBI 711 BUCMYTOBBIX KEPAMUK U
NOJMKpHUCTaIdeckoro obpasua [1,2]. PesynbraTs
UHTEPIPETUPOBAHBI B PaMKax T€OpUH pa3MbIThIX DII
[3], moaTomy nanHast paboTa MOCBsIIEHa OTPEIEICHUIO
napametpoB pasmbitus DI B Yo7Cdo3BaCuzOr.5
BTCII matepuane.

SKCIIEPUMEHTAJIBHBIE PE3YJIbTATHI U
HNX AHAJIN3

Cunres YB&CUsOrs u Yo,7Cdo,3Ba2CU307»5 B JIBa
stana [4,5]. Ha mepBoM 3Tamne McXoIHbIE KOMITOHEHTHI
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B CTEXHOMETPHYECKOM COOTHOLIEHHH IE€PEMENINBa-
JMCh U OT’KUTAJINCh B BO3AYIIHOM Cpeie IpH TeMIepa-
type 1120K B Teuenue 25 4. Ha BropoMm sTame nomy-
YEeHHBIE COCTaBBl OTXKUTAIUCH B cpejie kuciaopoaa (P =
1,2-1,5 atm) npu temnieparype  1190K B Teuenue 25 u
U MEMJICHHO OXJIAXJANIHUCh OO0 KOMHATHOH Temrie-
paTypslL.

OO0pasipl pasmMepamu 8x4X3 MM BBIpE3aad U3
IPeCcCOBaHHBIX TabJeToK (auametp 12 MM, TommuHa 3
MM) CHHTE3MPOBAHHBIX IIOJIMKPUCTAIIIOB. OJIEKTPH-
YEeCKOE CONPOTUBIICHUE W3MEPSUIOCH MO CTaHAAPTHOMN
YETBIPEX30HI0BOH cxeMme. TOKOBbIE KOHTaKTHI CO37a-
BaJINCH ITyTEM HaHECECHUS cepeOPsIHOM MacThl C Mmocie-
JOYIOIIUM TIOJICOSTMHEHHEM CepeOpsIHBIX ITPOBOLOB
muamerpom 0,05 MM K TOpIIaM TOJHKPHUCTAIIIA, YTOOBI
obecreunTh paBHOMEpPHOE pacTeKaHWe ToKa Mo 00-
pasiry. Taxxe co3gaBainch ¥ MOTEHIHAIbHBIC KOHTAK-
TBI, KOTOpBIE PacIojIarajiuch Ha MOBEPXHOCTH 00pasiia
B €r0 CpeHel YacTH. 3aTeM IIPOBOIIICS TPEXUacoBOil
oxwur npu temneparype 200°C B atmocepe Kucaopo-
na. Takas mporenypa mo3BoJisuia MOMYIHTh ITEPEXo.l-
HOE COIPOTHBIICHHE KOHTaKTOB MeHee 1 OM U 1mpoBo-
JUTh PE3UCTHBHBIC H3MEPEHHS IIPH TPAHCIIOPTHBIX TO-
kax 10 10 MA B ab-tutockoctu.

PE3YJBTATHBI U UX OBCYXXIEHUE

TemneparypHbie 3aBUCHMOCTH Y/IEIBHOTO CONPO-
THUBJICHUS p(T)=pab (D CHHTE3MPOBAHHBIX
mosukpuctauioB YBaCuzOr. (1) 1 Y,7Cdo 3Ba,CuzOr.
5 (2) mokazansl Ha puc. 1. 3aBucumoctu p(T) oOpasma
YBa;CuzO75 (prc.1) umerot Gpopmy, XapakTepHYIO s
ontuManbHo JonupoBaHHbIX BTCII. JlunedHbd X011
TEeMIIepaTypHOH 3aBHCHMOCTH Y/IEJIBHOTO COIPOTHB-
nenuii o6paszuos Y1 u Y2 B HOpManbHO# (a3e Xxopouio
SKCTPAIONUPYETCs BHIpaxkeHueM pov(®)=(po+xT+BT?)
(3mech B u K-HEKOTOpbIE OCTOSIHHBIE).

Kak BugHO 13 puc. 1, KpuTH4ecKkrue TeMIepaTyphl
00pa3uoB Y1 u Y2 cocTaBisieT COOTBETCTBEHHO Tc1 =
90,1K u 72=88K. Ilpu 3TOM yzensHOE CONPOTUBIICHNE
p(T) obpasua Y2 B HopMausHO# aze npu 300 K mo
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cpaBHenuro ¢ YBa,CuzO75 yBesmuuBaercst Moyt B 2
pa3a.

Kpurnueckoit remneparypsl oopasuoB Y1 u Y2
COCTaBIIAET COOTBETCTBEHHO Tc1 = 92,58K u T¢2=91,4K.
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Puc. 1. TemneparypHbie 3aBUCUMOCTH YAEIBHOTO COMPOTHI
o6pasnos: 1- YBaxCu3Or-s, 2- Y0,7Cdo3sBa2CuzO7-s. ]
npenctaBisiioT pn(T), IKCTPATIOINPOBAHHOE B 00

HU3KHX TeMIIepaTyp.

4 a=-0,981
- T =91,4K ey
g 34 - o §=
= 5] = =
g
"
[~
— 2
0 T T ’ T T T T T
88 90 94 96 98
-1 T.K
-2 2 g
34 =
44

Puc.2. Temneparypusie 3asucumoctd In(Mn/Ms) 171 06pasios:

1- YBa2Cuz07-5, 2- Y0,7Cdo3Ba2CuzO7-5.
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Puc.3. TemneparypHble 3aBUCHIMOCTH (DYHKIIUH BKITIO-
genns L(T) nms o6pasmos:
1- YBa2Cu3zOrs, 2- Yo,7Cdo,3Ba2Cu3zO7-s.

-2

B pabotax [6-9] uccnemoBaHbl BOIPOCH pa3MbI-
tust ®I1 B BTCII. [loka3aHno, 4To onpezneneHue napa-
meTpoB PII criocoOCTBYIOT BBISBICHUIO 3aKOHA TIE€pe-
xona HopManbHOH ¢a3sl B CII dasy, cremenr u
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00J1aCTh €ro pa3MbITHs, BIMSHUE HA HETO MarHUTHOTO
MOJIsL ¥ PAa3IMYHOrO poja Ne(eKToB B KEPaMUUECKHUX
o0pa3znax. ITO CTAaHOBUTCS BO3MOXKHBIM, €CITH 10 9KC-
MIepUMEHTAIBHBIM JIJAHHBIM OIPENENUTh TOYHYIO TEM-
neparypy PII-To, TemneparypHyro nocrosHuywo OII-
a, ¢yukimo pacnpenencaus ¢as- Lo(T) u Temmepa-
TypHyIo ckopocts ®II-dLo/dT. Meroauka ompenerne-
HUSI 3TUX TapaMETPOB OCHOBAaHA HA TEOPETUYECKOH
Monenn POII [3] u mogpoOHO ommcaHa M anmpoOupo-
BaHa B padorax [1, 2, 6-9].

(T-T.), K

Puc.4 TemneparypHble 3aBUCUMOCTH IPOU3BOIHOMN
¢byukumu Brmodenus dL/dT s 06pasios:
1- YBa2CusO7, 2- Y0,7Cdo,3Ba2CusOr-5.

Teopust pa3MBITEIX (a30BBIX epexoaoB (PDI) B
KOHJICHCHPOBAaHHBIX CHCTEMaX OCHOBaHA HAa BBEICHUU
¢yaxunn BriroueHus L(T). [Ipennonaraercs 4ro, ecan
TEPMOJMHAMUYCCKHE MOTCHIMANB o U [- (a3 0003-
HaunTh uepe3 @, u Pp, To 0oOmMI TepMOTUHAMHU-
YeCKUil MOoTeHIMal B 00JacTH COCyLIecTBOBaHUs (a3
@®(T) MoxeT OBITH MPEJICTaBIICH B BUE:

D(T)= Do(T)-AD(T). L(T) (1),
rae ero mmeHeHne AD(T)=dy(T)-Dg(T). Korma OIT

npoucxonut B uHTepBane AT=T>-T1 (T>>T1), byHKuns
BKJIFOYEHHS L TOIDKHA yOBIETBOPSTH YCIOBHAM

0 T<T,
L(M=<0< L <1 T <T<T,
1 T>T,

)
Cornacao Tteopun POII, mis L(T) B HyneBom
MIPUOIIMKEHUH TIOTYYeHO

1

L(M)= 1+ exp[ao (T - To)]

3)

VYunreiBas, uro Lo(T) xapakrepusyeT OTHOCH-
TeNbHYIO0 070 (a3 B 00JIACTH MX COCYIIECTBOBAHUS,
€€ MOKHO IPEACTABUTH B IPOCTOM BUIC

m,(T)

_ [, m.m
m, (T) +m, (T)

L (T) m, ()

(4)
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rae mo U mP -mMaccel o U S -¢pa3. 3 coBMecTHOrO
peutenus (3) u (4) mosy4eHo, 4To

a = (To-T)-1. In ma/mg (5)

[lockoneKy, @ TIOCTOSIHHas BEJIWYUHA, TO
MHOXHTETH IN(M./Mp) B (5) mOomKeH ObITh JHUHEIHON
¢byHkuueit temepatypsl. [103TOMy U3 TeMIiepaTypHOi
3aBucumoctu In(M./my) ompenensercst Temmeparypa
®I1=To. Hanbonee nHpOPMaTHBHBIM SIBJISICTCS IPOU3-
BogHOE Lo(T) mo Temmeparype, BrIpaxkaroliee TeMIie-
paTypHYIO CKOPOCTh (ha30BBIX MPEBPAIICHHHA KaXTOH
(hazer:

oL/ __a 1
Vot 2 1rchfa,m-T)] ©

J1s1 KoJIM4ecTBEHHOM XapaKTepucTuky pasmelitus OI1
MOKHO HCIIOJIB30BaTh MOMYIIHpHHY KpuBoil dLo/dT,
T.e. HHTEPBAJ TEMIIEPATyPHI

2AT*= -3,52/a. )

B ciyuae cBepXNIpOBOAHUKOB €CIIH 3a OZHY (a3y
MPUHATH HOPMAaIbHYIO (hazy (H.¢.), a 3a APYTYIO CBEpX-
MPOBOISIIYIO (C.1L.Q.), TO MPEIIOKEHHBIH METO]] MOXK-
Ho npuMmeHuTs U 1uig BTCII. Toraa cooTBeTCTBYOMKE
Macchl MPUMYT 3HaYEHUE My U Ms U UX CIEAYET OIpe-
JETSTh 10 M3MEHEHUsIM (DU3UUECKUX XapaKTEPUCTUK B
obnactu CII ®II. B naHHOM cityyae OHU ONpeeICHBI
u3 naHHbIX p(7). V3 TemmepaTypHOH 3aBHCHMOCTH
In(mn/ms) Haiinena temmepatypa @II-Tp (Touka mepe-
CEUeHHUs] MPSAMBIX C OCBI0 abCUHCC), a W3 HAKJIOHA
Aln(mn/ms)/AT (TaHreHc yria) TemiepatypHas MOoCTo-
siHHas, a (puc.2). DTH mapaMeTphl TO3BOIWIIHA 10 (op-

Mysae (3) BBIUMCIMTH TEMIEPATYypHYIO 3aBHCHMOCTH
Lo(T) (puc.3), a mo (6) dLo/dT (puc.4). Pe3ynbTaTs! BbI-
YHUCJIEHUH TI0Ka3al, YTO MpPU YaCTUYHOM 3aMelleHHe
UTTpUi Ha KagMui B coctaBe Y-Ba-Cu-O yka3aHHbIE
napametpsl DIT nzmenstores, T.e. s YBaxCuzO7.5 CIT
marepuana 70=92,58K, a=-0,774, Lo (T) =05 u
dLo/dT = 0,128, a i Yo,7CdoysBach307.a COCTaBJIAI
T0=91,4K, a =-0,981, Lo(T) = 0,44, dLo/dT = 0,162. Ot-
MeTHM, 9To ¢ 3amermieHneM Y Ha Cd, creneHp pa3Mbl-
s (AT*) paccunTaHHBIX 110 ypaBHeHHe (7) yMEHbIIA-
eru g Y1 u Y2 cocraBiseT coorBeTcTBEHHO 2,27K 1
1,79K. Ilpu sTtoM ckopocTh (ha30BBIX NpEBpAICHUI
(dLo/dT) o6pasita Y2 mo cpaBHenue Y1 yBeqTUuUBAaET B
1,26 paza.

Takum 00pa3oM, MOKHO 3aKJIIOYHTb, YTO IPH
YaCTHYHOM 3amelieHnu atomoB Y Ha atombl Cd ka-
YEeCTBO UTTPUEBHIX KEPAMHK yiydniaeTcs. Mo>KHO Ho-
Jararth, 9TO IPH 3TOM YMEHBIIAETCSI KOHIIEHTPALUs Je-
(exToB.

3AKJIIOYEHHUE

[IpoBeneHHbIe HCCeI0BaHMS U aHATU3BI TT0Ka3a-
M, yto 3amelieHre Y Ha Cd mpUBOAWT K HE3HAYH-
TENbHOMY YMEHBIICHUEM KPUTHYECKUX TeMIIEpaTypam
obpasna  Yo7Cdo3Ba,CusO7.s mo cpaBHEHHIO C
YBa;Cu3Or.5 (coorBetcTBeHHO Te1 = 90,1K 1 T,=88K).
IIpu sToM yaensHOE conpoTusienue p(7) obpasma Y2
B HopManpHOW (aze mpu 300 K mo cpaBHEeHHIO C
YBa,CuzO7.5 yBenmmuuBaeTcst HOYTH B 2 pasa.

ITokazaHo, 4TO CBEpXMpPOBOAAMNX (HA30BBIX Iie-
pexomoB (®II) B HMX WMeeT pa3MBITBIA XapakTep.
Omnpenenenst apameTpsl pazmbitus OII: Ty, a, Lo(T) u
dLo/dT. YcranoBneHno, uto crteneHb pasmbitus (AT*)
o6pasia Yo,7Cdo3BaCusOr.s mpu 3amemenue Y na Cd
B cucteme Y—-Ba—Cu-O ymensbmaercs B 1,3 paza.
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V.M.9liyev, Q.i.isakov, V.I.LEminova, S.Z. Domirova

Y0,7Cdo;3sBa,Cuz07-s YUXARI TEMPERATURLU IFRATKECIRICi MATERIALDA YAYILMIS
FAZA KECIiDLORI

YBa2CuzOr- ifratkegirici polikristalda Y elementinin Cd elementi ilo avoz olunmasi zamam slavs kegiriciliyin samalo galmasi

mexanizmini todqiq edilmigdir.

Y elementinin Cd elementi ilo ovaz olunmasi Yo,7Cdo,3sBa2CusOr-s ifratkegirici materialin xiisusi miiqavimetinin nezere garpacaq
doracads artmasina sabob olur. Eyni zamanda materialin ifratkegiriciliys kecid temperaturunun (7¢) giymetinin azalmasina sobab olur.
Gostorilmisdir ki, onun faza kegidi (FK) yayilmis xiisusiyyoto malikdir. Bu sobabdan Yo,7Cdo,3sBa2CusOz7-s ifratkegirici
materialin yayilmis faza kegidinin (FK) parametrlori todqiq edilmigdir: 7o, a, Lo(T) vo dLo/dT. Miiayyan edilmisdir ki, YBa2CusOr-s

ifratkegirici polikristalda Y elementinin Cd elementi ilo ovoz olunmast

Y0,7Cdo,3Ba2Cus07-s ifratkegirici materialin FK sahasini azaldaraq onun kegidin siiratini (dLo/d7) artirir.
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As — Ge — Se va As — Ge — Te HALKOGENID SUSOYOBONZOR MADDOLORININ
LOKAL QURULUSU

A.ISAYEV, H.i. MOMMODOVA, S.i. MEHDIYEVA, R.I. DLOKBOROYV,
N.N. EMINOVA
Azarbaycan Milli Elmlar Akademiyasimin Fizika Institutu
AZ-1143, Azarbaycan,Baki, H. Cavid pr.131

As — Ge — Se vo As — Ge — Te sistemlorinin vakuumda termik buxarlanma tisulu ilo alinmig 1+3 mkm qalinliqli amorf
tobogalorinin lokal qurulus parametrlari olan sixliq flitktuasiyasinin kvaziperiodu, korrelyasiya mosafasi vo maddolords mov-
cud olan nanobosluglarin diametrinin kimyovi torkibin noviindon asililigi rentgen stialarinin difraksiyasi metodu ilo tadqiq
olunmugdur. Alinan naticslor halkogenid siigolor tigiin xarakteristik olan boslug-klaster modeli ¢or¢ivasindo amorf matrisani
amals goatiran kimyavi rabito névlorinin nisbi migdari ve rabits enerjilorinin adodi giymotlorinin nozoro alinmasi ilo izah olun-

musdur.

Agar sozlor: lokal qurulus, kvaziperiod, difraksiya monzarasi, topoloji nizamliliq.

PACS: 81.05.Gc

Halkogenid silisovari yarimkegiricilorin (HSY)
totbiq oblastlarinin genis spektra malik olmasina imkan
yaradan unikal vo funksional xiisusiyyatlori son dovrds
todqigatgilarin nozor diggstini daha ¢ox calb etmis Vo
bu istigamotdo todqigatlarin siiratlo artmasina sabab ol-
mugdur. Sindirma omsalinin ve soffafliginin infraqir-
miz1 oblastda yiiksok olmast, elektrik sahasinin tasiri ilo
asirilma vo yaddas effektlorininin miisahido olunmasi
homin maddolarin fiber optik cihazlar vo yaddas ele-
mentlori iiciin perspektiliyini tomin edir [1,2]. HSY
maddalorin digor calbedici xiisusiyyatlori tatbiq prose-
sindo istifado olunan texnoloji proseslarin sadsliyi, ge-
nis slisologsmo oblastinin méveudlugu, asqarlanmanin,
kimyovi torkibin variasiyasinin geyri-mehdud miim-
kiinliiyii, qurlusun idars olunmasina vo optimal para-
metrloro malik materiallar alnmasina imkan yaradir [3,
4]. Qeyri-kristal materiallarin totbigi ii¢iin mithiim oho-
miyyat koasb edon makroskopik xassalar onlarin mikro-
qurulus xiisusiyyatlrinden, yaxin vo orta nizam para-
metrlari olan koordiasiya adadindan, kimyavi rabitanin
noviindon va uzunlugundan, heteropolyar vo homeo-
polyar rabitolorin nisbi miqdarindan, korrelyasiya
uzunlugundan vs S. asilidir. Qeyd olunan parametrlorin
giymati maddonin torkibino daxil olan kimyovi ele-
mentlorin fordi xiisusiyystlorindon va torkibdoki mig-
darindan asilidir. Onlarin doayisdirilmesi mikroqurulus
parametrlorinin giymotlorina vo makroxassalora tosir
etmolidir. Ona gors do, miixtalif iisullarla mikrogquru-
lus parametrlarinin idars olunmasina nail olmagla mak-
roxassalorin - magsadyonlii  sokilde doyisdirilmasine
hasr olunan tadqiqatlar aktualliq kesb edir. Qeyd olu-
nan xassalor bu maddslards bas veran elektron pro-
seslorinin mexaniziminin aydmlagdirilmast vo onlarin
somoarali tatbiq oblastlarinin miiayyanlagdirilmasi tiglin
shamiyyatlidir. Togdim olunan i As-Ge-Se vo As—
Ge-Te sistemlorinin mikroqurulug parametrlarinin
kimyovi torkibdon asililignin 6yranilmasina hasr olun-
musdur.

Sokildo miixtalif torkibli As—-Ge-Se vo As-Ge-Te
sistemlarinin vakuumda termik buxarlandirma tsulu ilo
alinan amorf tobagslarinds rentgen siialarinin difraksi-
yasint gostaran ayrilor tasvir olunmugdur. Difraksiya
monzarasinds miisahide olunan genis maksimumlar
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todqiq olunan niimunolorin amorflugunu siibut edir.
Sokil 1a va sokil 1b-ds tasvir olunan grafiklarin fargli
xuisusiyyotlori nozors garpir. As—Ge-Se sistemlorinds
rentgen stialarinin difraksiya sopilmasi intensivliyinin
paylanmasim tosvir edon qrafiklordo oksor siisovari
maddslora xas olan temperatur vo tozyigdon anomal
asililigi ilo digor difraksiya piklorindon forglanan birin-
ci koskin difraksiya piki (BKDP) miisahide olunur,
As-Ge-Te sisteminds iso BKDP yalniz AsyoGeigTern
kimyavi torkibli tobagslords miisahids olunur. Qeyri-
kristal maddolorin lokal qurulusu hagqindaki miasir
tasavviirlora asason bels gonasts golmak olar ki, tadqiq
olunan obyektlorin difraksiya monzarasinds miigahido
olunan forqlilik onlarin lokal qurulus xiisusiyystlorinin
fargliliyi ilo olagedardir. Bagqa sozlo As— Ge — Se sis-
teminin todgig olunan kimyavi tarkiblorinin hamisinda
BKDP-nin miisahido olunmasi onlarda orta nizam ob-
lastinin formalasdigini gostorir. As—Ge—Te sisteminda
yalniz orta koordinasiya adadinin 2,4 giymatina uygun
galon AsyGeioTer kimi kimyavi torkibli tobagodo
BKDP-nin miisahido olunmasi yalniz homin torkibds
orta nizam oblastinin amals galdiyini gostorir. Belalik-
lo, bu tacriibi fakt As—Ge-Te sisteminin qurulusunun
nizamsizliq doracasinin daha yiiksok olmasina dolalot
edir. Yalniz AsyGegTer torkibindo BKDP-nin mii-
sahido olunmasi topoloji nizamlihigin (Z=2,4)) yaran-
mast ilo izah oluna bilar. Difraksiya moanzaralorinds
miigahida olunan fargliliyin sshsbini izah etmok ti¢iin
hor iki sistemin amorf matrisasini amoals gatiron kim-
yavi rabitalarin enerjisini tasvir edon cadvalo miiracist
etmok lazimdir.

1-ci codvolds tesvir olunmug miixtalif név kim-
yavi rabitslorin rabits enerjisinin miiqayisasindan gorii-
niir ki, tellur atomlarinin istirak etdiyi kimyavi rabito-
lorin enerjisi selen atomlar: ilo formalasan rabitalors
nisbaton (codval 2a vo 2b-don goriiniir ki, homin ra-
bitolor amorf matrisanin formalasmasinda holledici rol
oynayirlar) ¢ox kigikdir. Ona goro do, As — Ge — Te
sisteminin amorf matrisasina daxil olan hamin rabitalor
asanligla qirllmaya moruz qalirlar. Belsliklo, geyd olu-
nan sistemds qirilmis rabitalor hesabina yaranan de-
fektlor vo amorf matrisanin nizamsizliq daracesi yiik-
sok olur.
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Sakil 1 . Vakkumda termik buxarlandirma iisulu i1o alinan As — Ge — Se (a) vo As — Ge — Te (b) tobagslorindan rentgen
stialarinin difraksiyasinda intensivliyin paylanma monzarssi.

Cadval 1.
Toadqiq olunan materiallarin amorf matrisasini amalo gatiran kimyavi
rabitalorin enerjisi (E) va heterropoloyar rabitslarin kovalentlik daracasi (DC)

Kimyavi tarkib E 41,4 kC/mol DC + 0,4, %

As-As 146,0

As-Ge 1744 99,3
As-Se 162,6 96,6
Ge-Ge 188,0

Ge-Se 180,7 93,0
Se-Se 172,0

Te-Te 126

As-Te 135,8 99,84
Ge-Te 154,15 99,80
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enerjilorinin hesablanmig qiymatlori.

Cadval 2a.

As — Ge — Se sisteminin amorf matrisasini amala gatiran kimyavi rabitslarin nisbi miqdarlar1 va kohersiv

Torkib Ge-Se As-Se Se-Se Ge-As As-As CE Em
AssGesSess 0,212 0,218 0,564 41,86 1,89
Asi16.67Ges.33Se7s 0,285 0,430 0,286 41,96 2,01
As20Ge10Sern 0,661 0,250 0,125 45,36 2,1
As2sGer1255e62.5 0,396 0,6 419 2,25
Asi1s2Ge18.25€63.6 0,566 0,428 0,001 42,84 2,35
As17GezsSess 0,799 0,015 0,18 43,58 2,28

Codval 2b.

As — Ge — Te sisteminin amorf matrisasint amalo gatiran kimyovi rabitslorin nisbi migdarlari vo kohersiv
enerjilorinin hesablanmig qiymatlori.

Torkib Ge-Te | As-Te | Te-Te | Ge-As | As-As CE Em Eg.eV
(hesablanmis)
Asi667Ges33Ters 0,288 0,430 | 0,285 33,04 37,04 0,96
Asz0GeinTern 0,336 0,500 | 0,165 36,15 39,15 0,95
AszsGerzsTes2s 0,403 0,600 34,03 34,13 0,99
As182Ge1s2Tesss 0,571 0,425 0,001 34,72 44,04 0,97
As17GezsTess 0,806 0,015 0,18 36,20 46,62 0,98

Codval 3—do todgiq olunan sistemlordo miisahido
olunan (As — Ge — Se sisteminin tadqig olunan kimyavi
torkibli tabagalords, As — Ge — Te sistemindas iss yalniz
AsxGepTern  tebagolorinds) BKDP-ya  moxsus
parametrlor tosvir olunmusdur. Cadvaldo Q1 — sopilma
vektoru BKDP-nin maksimal vaziyyatine uygun golir
Vo Q; = 4msin@/)\, disturu ils tayin olunur. Burada,
AQ; - isa odadi giymotco BKDP maksimumunun
yarimenidir. Codval 3—ds gostarilon BKDP—ys moxsus
molumatlardan istifado edorok lokal qurulusun
parametrlori asagidaki diisturlarla toyin olunmusdur.

d = 21/Q1
L =2m/AQ

M)
)

burada, d—parametri qurulus elementlarinin dlgiiloring
Vo ya atom sixligi eyni tortibli 6l¢iiys malik oblastlar

arasindaki mosafoys uygundur vo fliiktuasiya sixliginin |

! kvaziperiodu adlanir. L-iso fliiktuasiya sixliginin
periodikliyinin saxlanildigi oblastin 6lgiisii  olub,
korrelyasiya masafasi adlanir. Gostarilon parametrlorin
odadi giymatlori cadval 3-ds tesvir olunmusdur. Cad-
vallordan goriindiiyi kimi, As — Ge — Se sistemindo Ge
Vo As atomlarinin nisbi atom faizinin artmasi ilo AQ vo
d-nin giymotlori artir, korrelyasiya uzunlugu (L) iso
azalir. Burada sonuncu notics, yoni, fluktuasiya six-
higimin kvaziperiodunun (d) artmasi Se atomlar1 ilo
miigayisodo Ge vo As-un atomar radiusunun boyiik
giymoto malik olmasi ils slagslondirilmisdir. Diger to-
rofdon BKDP-nin yarimeninin (AQ) artmasi vo kor-
relysiya uzunlugunun (L) azalmasi totbiq olunan mad-
dada kimyavi torkibin doyismasi noticasinds nizamsiz-
liq doracasinin artmasini siibut edir. As — Ge — Te sis-
teminds d-nin giymotinin daha bdyiikk olmast Te
atomlarinin istirak etdiyi rabitalorin hondasi 6l¢iilarinin
daha yiiksok olmast ils slagoloindirilir.

Cadval 3.

As—Ge — Se va As— Ge — Te amorf sistemlarinin lokal qurulus parametrlori (d, D u L
komiyystlorinin adodi giymatlori uygun olaraq (1), (3) v (2) diisturlari ilo hesablanmigdir).

Ne | Kimyavi terkib 2040,04 | Qo+0.003 | d+0.01 | D+0.01 | 40+0.009 Al L=l
grad. A A A @)
1 | Asicer Ges33Se75 15.27 1.084 5.80 5,06 0.257 24
2 As20 Ge1o Sero 15.05 1.092 5.75 5,03 0.242 26
3 | AszsGeizsSees 15.02 1.066 5.89 5,16 0.324 19
4 | Asis2Geis2Sesss 14.78 1.049 5.99 5,24 0.238 26
5 Asi7 Gezs Sess 14.85 1.078 5.83 5,09 0.234 27
7 | AsypGeypTer 12,023 0,88 7,39 6,25 0,29 21,6
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Todqiqatlar gostarir ki, amorf materiallarda sorbast
hocmlorin mévcudlugu malum tacriibi naticalorde 6z
oksini tapmugdir. Odur ki, tedqig olunan maddslarin
lokal qurulus xtisusiyyatlori ilo bagli olan parametrlorin
odadi giymotinin toyin olunmasi, onlarda bas veran
elektron proseslorin mexanizmlorinin arasdirilmasinda
Va totbiq oblastlarinin miiayyanlogdirilmasinds mithiim
rol oynayir.

Rentgen gtialarinin difraksiya sopilmasi oyrilorin-
do miisahido olunan BKDP-nin tobioti Elliot [5] toro-
findon toklif olunan klaster-bosluq modeli ils alagalon-
dirilir. Bu models gors halkogenid siigovari maddsnin
lokal qurulusuna moxsus Klasterlor bir-birindon bos-
luglar (homin bosluglar nanometr tortibli 6lgiilora malik
olduqglar1 tigiin oksar hallarda nanobosluglar adlanir-
lar) vo ya asag1 atomar sixliqli oblastlarla ayrilmig ob-
lastlardan ibaratdir. Koordinasiyali sokilds Kiplosmis
kasterlorlo bosluqglar arasindaki atom sixliginin koskin
kontrastlig1 difraksiya monzarasinds BKDP-nin yaran-
masina sabab olur.

Bir sira mislliflor [6,7] BKDP-nin amals galma-
sini tetraedrik Ge(S,Se)s va Ge(S,Se), va ya piramidal
AsSz (AsSes) Vo AsySs (a- AszSes) novlii qurulus ele-
mentlorinin kationlar1 arasindaki korrelyasiya ilo ola-
golondirilmigdir. Bu zaman halkogenid siisovari mad-
dodo nanobosluglarin diametri (D) ilo BKDP-nin voziy-
yatini (Qo) slagalondiron analitik diistur toklif olun-
musdur.

Qo = kn/D 3)

burada, k-nin tetroedrik qurulus elementlori arasindaki
korrelyasiya halinda qiymsti k=1,5 gotiirilir [8]. Hoqi-
goton Elliotun klaster-bosluq modelinin totbigi natico-
sinds Qo-1n giymoti (3) diisturuna asason hesablanaraq
miixtalif tetraedrik nizamsiz quruluslu materiallar {igiin
k-nin adodi giymatinin 1,5 olmasi miioyyanlosdirilmis-
dir. Lakin digor mualliflor [9] BKDP-nin tabisti hag-
qinda Elliotun toklif etdiyi boslug-klaster modelina vo
pozitron anhilyasiya miiddstini toyin etmoys imkan
veran spektroskopik tacriibslara (positron annihilation
lifetime spectroscopy - PALS) osaslanaraq gostormis-
dir ki, piramidal qurulus elementlorindan togkil olunan
halkogenid siisolords (3) diisturunda tasvir olunan k-nin
giymati 1,75-0 borabordir. Tothiq olunan halkogenid

stisovari maddolorin lokal qurulugunun piramidal
(As2Ses, AsyTes) va tetraedrik (GeSey, GeTey) qurulus
elementlorindoan vo zoncirvari Se (Te) molekullarindan
toskil olunduguna osaslanaraq k-nin malum giymatlos-
rini (3) diisturunda nozars alib nanobosluglarin dia-
metrlori hesablanmig va naticalar cadvalds tosvir olun-
musdur.

3-cii cadvalodon goriindiiyii kimi HSY As—Ge-Se
sistemindo selenin atom faiz miqdarinin azalmasi ila
nanobosluglarin diametri odadi giymotco artir. Dog-
rudan da, nanobosluglarin yaranmasinin atomlarin yox-
lugu (vo ya catismazligi) sayasinds bag verdiyini nazors
alsaq, nanobosluglarin diametrinin artmasini baxilan
torkiblora moxsus orta atomar radiusun artmast ilo sla-
golondirilmasi anlasilandir. Dogrudan da atomar radi-
usu bdyiik olan germanium va arseniumun konsentra-
siyasinin artmasi maddonin imumi atomar radiusunun
artmasia sobob olur. Tellurun atomar radiusu selena
nisbaton daha ¢ox oldugu iigiin As — Ge — Te sistemini
iiclin nano bosluqlarin diametri daha yiiksok alinir. La-
kin codvaldon goriindiiyii kimi nanobosluglarin dia-
metri atomun diametrino nishaton yiiksokdir. Bu fakt
onu gostarir ki, bosluglarin yaramast bir deyil an az1 iki
atomun 6z yerini tork etmasi naticosinds bas verir.

NOTICO

Rentgen giialarinin difraksiya sopilma intensivli-
yinin paylanmasini tosvir edon grafiklorin analizino
osason As—-Ge-Se sisteminin daxil olan torkiblorin ha-
misinin, As—Ge—Te sistemindo iSa yalniz AsyoGeigTern
(hamin tarkib topoloji nizmhiliga uygun galir (Z= 2,4))
tobagalorinin amorf matrisasinin qurulus elemetlarinin
paylanmasinda orta nizam oblastinin mévcudlugu mii-
ayyan olunmusdur. Qeyd olunan fakt Te atomlarinin is-
tirak etdiyi kimysvi rabitolorin az enerjili olmasi vo
asanhgla qrilmaya moruz qalmasi noticasindo
As-Ge-Te sisteminin amorf matrisasinin nizamsizliq
doracasinin daha yiiksok oldugunu siibut edir. BKDP
miisahida olunan torkiblor ti¢iin korrelyasiya uzunlugu,
orta nizam oblast1 daxilinds kvaziperiod, nanoboslug-
larin diametri toyin olunmus va onlarin kimyavi torkib-
don asililigi amorf matrisan1 amolo gotiran kimyavi
elementlarin forqli xtisusiyyatlori il izah olunmusdur.
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A.l. Isayev, H.l. Mammadova, S.l. Mekhtiyeva, R.I. Alekperov, N.N. Eminova
LOCAL STRUCTURE OF Ge-As-Se AND Ge-As-Te CHALCOGENIDE GLASSES SUBSTANCES

Dependence on the chemical composition of the quasi-period of the periodicity of density fluctuations was studied by X-
ray diffraction method, which in the correlation lengths repeats the periodicity of density fluctuations, as well as the diameters
of nanovoids existing in the amorphous films of As-Ge-Se and As-Ge-Te chalcogenide glasses with a thickness of 1-3 ym
obtained by thermal evaporation in vacuum. Obtained results are explained within the framework of the void-cluster model
typical for chalcogenide glasses, taking into account the numerical values of the relative fraction and energy of chemical bonds
forming an amorphous matrix.

A.M.UcaeB, X.U.MamenoBa, C.U.Mextuena, P.N.Anexéepos, H.H.ImunoBa

JJIOKAJIBHAS CTPYKTYPA XAJIBKOI'EHUIHBIX CTEKJIOOBPA3HBIX BEIIIECTB
As—-Ge-SeuAs-Ge-Te

Mertonom muddpakimuy peHTTeHOBCKHX JIydeil HeclieIoBaH 3aBUCHMOCTE OT XMMHYECKOTO COCTaBa KBa3UIIEPHOIa IIepH-
OIMYHOCTH (TIOKTYAILMH INIOTHOCTH, JUTMHA KOPPEISIIUK B IPOTSDKEHHOCTSIX KOTOPOTO MOBTOPSIETCS MIEPHOIUIHOCTD (DITFOK-
Tyal¥H INIOTHOCTH, a TaK)Ke JUaMEeTPhl HAaHOMYCTOT, CYLIECTBYIOIIMX B aMOP(MHBIX CII0SX XaJIbKOT€HUIHBIX cTekoa As — Ge —
Se n As — Ge — Te tommmHoi 1+ 3 MKM, NOJITydeHHbIE TEPMHUECKUM HAIBUICHUEM B BakyyMe. [loiydeHHBIE pe3yabTaThl
HMHTEPIPETHPOBAHEI B PAMKaX ITyCTOTHO-KJIACTEPHOM MOJENH, XapaKTePHbIX U XaIbKOT€HHIHBIX CTEKOI, C y4eTOM UHC-
JICHHBIX 3HAUCHUH OTHOCUTENBHON JONM M 3HEPTUH XMMHUYECKUX CBA3EH, 00pa3yrommx aMop(pHYI0 MaTpHILy.
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AKADEMIK EMIN SAXTAXTINSKI HAQQINDA XATIROLOR
S.B. BAGIROV

Emin misllim Sahtaxtinski haqqinda fikirlogonde man haomiso onun “fenomen” nadir? sualina cavab
axtarirdim. Monim bu qisa melumatim els bu suala cavabdir.

Fizikanin hans1 bir sahasins alimin taleyi onu salarsa orada qisa bir miiddste o 6ziinii hamin yerds dogma
hiss edirdi. O, Oli Quliyevlos birlikds elmi karyerasini baglayanda, A"B"' név binar yarimkegiricilorin niimayandasi
olan TISe-birlosmosinin doymus buxar tozyiqini radioaktiv izotop tisulu ilo todqiq etmisdir.

Sonralar, Bi-Sh, bark mohsullarinin coroyan dagtyicilarinin enerji spektrini tadgiq edonds bu sahados o, Oli
Quliyevls bir ¢ox (Cds, CdSe, CdTe, Pbs, PbTe, Ag.S, Ag.Te), yeni elmi naticalor almigdir.

Bi-Sh-As orintisini todqigq edondos, onlar ¢ox miihiim natico almuslar. Azorbaycanda radioizotop vasitasilo
yarimkegiricilorin doymus buxar tozyiginin toyini sahoasinda yeni elmi istiqgamstin yaranmasi Vs inkisafi onlarin
adi ilo baghdir. Beloliklo, bu név todgigatlar neinki yeni yaranmis yarimkegiricilor fizikasina yeni todgigat
istigamoti vermisdir, hamginin elmi tadqiqat isinin logistikasinin naticalorindan biridir. Akademik M. Sahtax-
tinskinin digar elmi foaliyyatinin mohsuldar hissasi kompozit materiallarin fizikasi ilo baglidir. Emin miiallimin
rohbarliyi vo digor alim, mithondislor torafindon kompozit pzistor vo vazistor materiallarinin alinma tsullart vo
texnologiyalari islonib hazirlanmigdir. Kompozit polimer elementlor asasinda elektroakustik ¢eviricilor, akustik
elektronika cihazlar, hidro-akustik gobuledici-verici antenalar, opto-akustik ¢eviricilor, Korotkov ton ¢eviricilari,
vibro vo seysmogeviricilor, dinamik tozyiq ¢eviricilari Vo s. kimi cihazlarin texnologiyasi islonib hazirlanmisdir
(B. Hiiseynov, M. Qurbanov).

Eyni zamanda Emin miisllimin elmi rohbaorliyi altinda Xiisusi Konstruktor Texnoloji Biiro “Kristal” yiiksok
mohkamliys malik olan yeni polad névlorinin alinma texnologiyasi iglonib hazirlanmisdir. Bu polad névlari baha
olan volframsiz vo molibdensiz alinmigdir. Digor is isa polad alotlorinin méhkemliyinin artirilmasidir. Har iki iso
ixtira (40 ¢ox) alinmis vo ke¢mis Sovetlor dovlatinin 250-don ¢ox miiassisalorinds todbiq edilmisdir. Sonralar
Emin miisllimin va f.r.e.d. 8. Mommadovun (Registr) XKB-da Intellektual ceviricilor asasinda yeni qurgular vo
cihazlar hazirlamis vo hom xalq tesarriifatinda, ham do Venera-Qalley Beynolxalg eksperimentinds istifads
olunmusdur.

Biitiin bunlar Emin miisllimin vo onun tolabalorinin elmi tadqiqat isinin logistik sonuna gqador aparmaginin
naticasidir. Tki mogama da nazor salag: kegon asrin 70-ci illarinin avvelindon Institut rohberliyinin gdstarisi ilo
Emin miiallim Institutun “Kicik Sura” adlanan qurumunun sadri voazifasini aparirdi. Bu qurumun vozifasi Institutda
miidafis olunan dissertasiyalarn ilkin miizakirasine baxnaq idi, basqa s6zlo Kigik Sura sanki bil bir siizgac Kimi
dissertasiyalarda olan qiisurlar1 avvalcadan tomizlayirdi, elo bunun naticasinds do 500-don ¢ox dissertasiya AAK-
da tesdiq olunmusdur. Mana bels golir ki, Emin miiallimin individual amayi lap ¢ox idi, ¢iinki onda yaradiciliq
gabiliyystindon basqa, tongidi yanagsma da yaxsi inkisaf etmisdi, bunun naticesinds ds 0, qisa bir miiddstds
“yaxsin1” “pisdon” ayirirdi.

Son illords Emin miiallim Diinya konvensiyalarinin imumi maxraclarinin bir monalarinin eyni asaslarini
birlagdiran vahid bir comiyyst yaratmaq istayirdi. Buna nail olmaq {igiin o, diinyanin din xadimlarinin raziligini
alan bir sanad diizaltmak istoyirdi. Emin miiallim 40-dan ¢ox raziliq almisdi, lakin xastalik bu isi yarim¢iq qoydu.
Cox ehtimal ki bu basori patsifik bir forum ola bilardi.

Xatiralori Azarbaycanda yarimkegiricilor fizikasinin banisi olan Hoson Abdullayevin 6z sagirdi Emin miial-
lim haqqinda bir yazisi ilo qutarmaq istoyirom: ”Onun yaratdigi orijinal qurgularin komayi ilo selen, tellur vo
onlarin bark mohlullarinda doymus buxar tozyiqinin temperaturdan asilihigi, eloco do, termodinamik sabitlori
haqqinda alinan noticalori yarimkegiricilor fizikasina qiymotli elmi tohfo idi. Bu istigamstdo aparilan sanballi
todgigatlarla o, Azorbaycanda metallar vo kompozit dielektriklor fizikas1 moktobinin asasin1 goymusdur”
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ANAS, Institute of Physics
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Single crystals of tin telluride containing up to 1.0 at. % over stoichiometry of tin were grown by the Bridgman method,
and their electrical conductivity o, thermoelectric power a and thermal conductivity y coefficients were investigated in the
range of ~ 90-305 K. The lattice y and electronic ye components of thermal conductivity and thermal resistances created by
cation vacancies have been determined. It is shown that the Sn atoms introduced over stoichiometry at low (up to ~ 0.05 at. %)
concentrations create electrically neutral complexes with cation vacancies, which leads to a decrease in the concentration of
current carriers, o, y1 and ye, and at high concentrations, filling these vacancies, as well as creating new impurity levels, they
lead to an increase in the indicated parameters. The dependences of the thermopower coefficient of the samples on the
concentration of excess tin and temperature are satisfactorily explained by the model of two valence bands.

Keywords: single crystal, thermal conductivity, valence band, vacancy.

PACS: 72.60.+9;65.40.-b.
1. INTRODUCTION

Tin telluride, especially its solid solutions are
promising materials for thermo and photoelectric
converters.

These compounds have a one-sided homogeneity
region shifted towards excess tellurium and are
characterized by a high concentration (~ 102° cm) of
intrinsic defects (mainly a vacancy in the tin sublattice)
[1-5]. Electroactive tin vacancies in SnTe should affect
the concentration of current carriers, on scattering of
electrons and phonons, i.e. on the mobility of current
carriers, lattice and electronic components of the
thermal  conductivity, which  determine the
effectiveness of the material for application. However,
in the literature, there are almost no works devoted to
the study of the influence of these cation vacancies on
the indicated parameters of SnTe single crystals.

The concentration of cation vacancies in SnTe can
be varied by introducing into the melt of the
stoichiometric composition excess (over
stoichiometry) tin atoms. In order to elucidate the effect
of tin vacancies on the electrical properties and thermal
conductivity of tin telluride crystals, in this work SnTe
single crystals containing 0, 0.01, 0.05, 0.1, 0.5 and 1.0
at.% excess over the stoichiometry tin atoms were
grown by the Bridgman method, and their electrical
conductivity o, thermoelectric power « and thermal
conductivity y coefficients have been investigated in
the range of ~ 90-305K.

2. EXPERIMENTAL TECHNIQUE

The synthesis of SnTe samples from a
stoichiometric batch mixture (from a batch mixture
containing 50 at. % Snand 50 at. %Te) and SnTe
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samples from a batch mixture of stoichiometric
composition (batch) to which an excess of up to 1.0
at.% tin was additionally added, was carried out by
direct fusion corresponding amounts of initial
components in quartz ampoules evacuated to ~ 102 Pa,
at a temperature of ~1135K for 6 hours.

Tin of grade OVCh-000 and tellurium of grade T-
SCh (99.999) were used.

The studies were carried out on single-crystalline
samples annealed in spectrally pure argon at 773 K for
120 hours.

Diffraction patterns obtained on XRD Bruker D8
ADVANCE diffractometer confirmed the high level of
crystallinity of the samples under study. The refined
unit cell parameters for tin telluride turned out to be

6.318 (1)4 (space group Fm3am).

The length of single crystal ingots with a diameter
of 13-14mm was ~25mm. The homogeneity of the
single-crystalline ingots was also checked by
measuring the electrical resistance at various sections
along the ingot.

Samples in the form of a cylinder with a diameter
of 13-14mm and a height of ~10mm were cut from
single-crystalline ingots on an electric spark
installation.

The disturbed layers formed at the ends of the

samples during cutting was removed by
electrochemical etching.
The electrical parameters and  thermal

conductivity of the samples were measured by the
methods described elsewhere [6] in the direction of the
length of the ingots.

The measurement error of these parameters in the
entire temperature range did not exceed 5%.
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3. RESULTS AND DISCUSSION

Experiments have shown that the temperature
dependences of o for all samples have a metallic
character (figurela) With an increase in the
concentration of excess tin up to 0.05 at. %, o of the
sample at a given temperature decreases, and then with |

an increase in the concentration of tin, ¢ increases and
approaches o of the stoichiometric composition. «(7)
curves for stoichiometric samples and samples with
0.01 and 1.0 at.% excess tin have minima at ~190

+220K.

x5

o6

16

Wp, (cm-K)/W

10 1 1

8 10 12

70 120 170

220 270 320
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Fig.1. Temperature dependences of electrical conductivity (1a) and of the thermal resistance
of SnTe samples with the addition: 0 (1); 0.01 (2); 0.05(3); 0.1 (4);0.5(5) and 1.0(6)
at. % Sn over stoichiometry, annealed at 773K for 120 hours.
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In the region of impurity conductivity, in the case
when the semiconductor is opaque in the infrared
region, its thermal conductctivity can be expressed in
the form [7, 8]

x=xn+txe=xn+Lol

For semiconductors with a parabolic band in the
case of arbitrary degeneracy and elastic scattering of
current carriers L= A4 (k/e)?> and ye = 4 (k/e)? T where
k is the Boltzmann constant, e is the electronic charge,
and A is a parameter depending on the scattering
parameter. The value of A was determined from the
experimental values of the thermo-e.m.f. coefficient « of
samples we measured using a curve A=A ) [7, 8].

The measured values of y, as well as the calculated
values of y and ye, at 90 and 305K are given in the
Table. The Table also shows the values of cand « of
the samples at 90 and 305K. From the data in the Table
it follows that heat in the studied samples is transferred
mainly by lattice vibrations. The electronic component
of the thermal conductivity of the samples does not
exceed ~ 30% of the total thermal conductivity.

In single-crystalline SnTe samples with an increase
in the concentration of excessively introduced tin to
0.05 at. % the lattice thermal conductivity decreases

both at ~90 and at 305K, and increases above 0.05 at.%. |

Fig. 1b shows the temperature dependences of the
lattice thermal resistance (W, =1/y) of SnTe samples
with excessively introduced tin. The rectilinear
character of the W,(T) dependences shows that thermal
resistance is created mainly due to phonon-phonon
scattering.

Tin vacancies in SnTe create phonon scattering
point defects. The thermal resistance of a material with
point defects can be represented as [7]

W, = Wo + D/c?

where W, is the thermal resistance of the material
without defects, D and ¢ are constants. It is seen that
point defects make a temperature-independent
contribution to the thermal resistance. This was
experimentally observed in PbTe doped with iodine [9],
as well as in Pb1.xMn,Te [10] and Sni.xMn,Te crystals
[11, 12]. In this regard, the value of the additional
thermal resistance AW, caused by defects can be
determined by extrapolating the linear dependence of
the lattice part of the thermal conductivity W, on
temperature at low temperatures. When extrapolating
the linear dependence of W, on T in the region of low
temperatures, a segment equal to the thermal resistance
created by defects in the studied SnTe samples is cut
off on the axis of thermal resistance at T =0K. The AW,
values are also shown in the Table.

Table 1.

Electrical conductivity o, coefficient of thermo-e.m.f. a, lattice (y), electronic (y.) components of
thermal conductivity and additional thermal resistance AW,, of SnTe samples with excessively

introduced tin

Content of

Excessively At ~90K temperature At ~305K temperature

introduced
t”;' o a, 0 e, o, ap 0, e AW,
a% | oiemt | pWK | WmK | WmK |Qlemt| VK | wimK | WimK m-K/W

0 21875 8,7 10,35 4,23 7086 5,6 577 512 6,3

0,01 20951 22,8 9,23 3,30 7649 | 22,3 5,62 4,02 7.7
0,05 12861 20,8 8,80 2,03 5112 19,7 5,55 2,68 8,7
0,1 19282 21,3 10,80 3,04 7249 20,0 6,23 3,81 8,5
0,5 23392 23,7 10,61 3,68 8187 | 35,5 6,33 4,17 8,2
1,0 25557 8,5 9,41 4,60 8519 6,5 5,66 511 8,0

It is assumed that Sn atoms at low concentrations
(up to 0.05 at. %) being distributed over the SnTe sample
create donor centers [13]. These donor centers,
compensating for doubly charged cation vacancies in
SnTe create electrically neutral complexes with them.
Compensation for doubly charged cation vacancies
leads to a decrease in the hole concentration and
accordingly to a decrease in electrical conductivity o
and an increase in the thermo-e.m.f. «. Electrically
neutral complexes of vacancy-tin atoms, scattering
phonons, reduce the lattice part of the thermal
conductivity. With a further increase in the excess tin
content, additional donor centers created by tin lead to
an increase in the electron concentration in the sample,
i.e. to the growth of o and y.. At high contents of

excessively introduced tin, some of the tin atoms also
located in the tin vacancies decrease the concentration
of structural defects (vacancies), which ends with an
increase in yi. This is also evidenced by the fact that at
high concentrations of excessively introduced Sn (more
than 0.5 at.%) the value of the thermoelectric power
strongly decreases. This assumption is in good
agreement with the data on the dependence of the
additional thermal resistance AW, on the concentration of
excessively introduced tin. It was shown elsewhere [14-
16] that the features in the electrical parameters of SnTe
can be explained on the basis of the model of two
valence bands separated by an energy gap in the
presence of interband scattering. According to this
model, the valence bands of tin telluride at ~100K are
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separated by an energy gap of 0.03eV. Light holes have
an effective mass of 0.4my, a mobility of ~3500 cm?/V s,
and heavy holes have an effective mass of 3mo, and a
mobility of ~ 50 cm?V s. With increasing temperature, the
gap between the two maxima of the valence bands
decreases. Up to the temperature corresponding to the
minimum on the o(T) dependence light holes play the
main role in the conductivity. A decrease in the gap with
increasing temperature between the subbands of light
and heavy holes is accompanied by an increase in the
contribution of heavy holes to the conductivity and the
Seebeck coefficient.

Apparently, starting from the temperature
corresponding to the minimum on the «(7) curve, the
contribution of heavy holes to o and « gradually
becomes decisive, as a result of which « increases with
temperature, and the decrease in o of the samples
increases with temperature. It can be seen that the two-
band model also satisfactorily explains the temperature
dependences of the Seebeck coefficient of SnTe single
crystal samples with an excess of Sn.

4. CONCLUSION

Single crystals of the SnTe compound with
superstoichiometric tin up to 1.0 at.% were grown by the

Bridgman method, their electrical conductivity ¢ and
thermoelectric power « and thermal conductivity y
coefficients were investigated in the temperature range
from 90 to 305K. The electronic y. and lattice y
components of the thermal conductivity, as well as the
thermal resistance caused by structural defects (mainly
by cation vacancies) have been calculated. It is shown
that tin atoms introduced over stoichiometry up to 0.05
at. % create as donor centers electrically neutral
complexes with cation vacancies, as a result of which
the concentration of current carriers decreases and the
scattering of electrons and phonons increases, leading to
a decrease in o and y; and an increase in o. After 0.05 at.
%, Sn atoms filling cation vacancies and creating new
current carriers lead to an increase in ¢ and y, and a
decrease in a. Heat in the studied SnTe samples with
excessively introduced tin atoms is transported mainly
by lattice vibrations, and the electronic component of
thermal conductivity in them does not exceed ~30% of
the total thermal conductivity. Structural cation
vacancies play a significant role in the thermal
resistance in samples. The dependences of « on the
concentration of excess Sn and temperature are well
explained by the two-band model.
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ELECTRET PROPERTIES OF COMPOSITIONS
PE+xvol.%TIInSe2 AND PE+xvol.t%TIInSe2+yvol.%Al
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The paper presents results of a study of electret characteristics of new composite materials PE+xvol.%
TlInSe2 and PE+xvol.t%TIlInSe2+yvol.%Al analyzed the effect of semiconductor compound TIInSez and aluminum
nanoparticles on electret properties of these compositions. Revealed that the composites PE+xvol.
%TlInSe2 and PE+xvol.t%TIInSez2+yvol. %Al, filled content TlInSe2 3-5% composites are high-quality electret materials has
lifetime 4,5+6 times higher than the lifetime of original pure polyethylene. We investigated the effect of aluminum
nanoparticles on electret properties of compositions PE+xvol.t%TIInSez2+yvol. %Al, and found that the compositions x=3-

5%, y=7-5% retain their polarization state 335+400 days.

Keywords: Composites  PE+xvol.

nanoparticles.

INTRODUCTION

The electret properties of polymer compositions
are widely used in electroacoustic devices, air
cleaning devices, xerography, etc. The main
characteristics of electret materials are the magnitude
of the electric charge and its stability. Another
important operational characteristic of an electret is
the lifetime of electret charges, which characterizes its
stability. To expand the range of materials with
electret properties, composite materials obtained with
organic and inorganic additives are widely used [1,2].
In recent years, based on semiconductor compounds
of type A"B"C}', including TlInSe;, a new class of

composite materials has been obtained and studied,
and it has been found that these materials have high
electret characteristics.

This paper presents the results of experimental
studies of the electrets properties of the compositions
(1 <x<10). The test samples were prepared as follows:
a polymer powder is mixed with a powder of a
semiconductor material. After that, the mixture placed
between aluminum foil sheets is compressed into
100um- thick films at the melting temperature of the
polymer matrix and a press sure of 10-15MPa. The
prepared samples with the foil are quenched in water,
and the foil is removed. The obtained samples are
useful for studying the properties of electrets.
Research conducted at the facility described in [3].
Composites with additives investigated x=0,1,3,5,7
and 10wt.%TIlInSe,. Analysis of the results showed
that the compositions of PE+(3-5)vol.%TlInSe,
surface density dependence of the lifetime (oer=f(txp))
is markedly different from the compositions with x =
0, 1, 7 and 10. The most optimal value of the surface
density of charges is observed when the filler content
is 3-5vol%TIlInSe,,  Lifetime we investigated
coronelectret polymer compositions of
PE+xvol.%TIInSe, is much larger than pure PE, for
compositions with additives x = 0:1;3,5;7:10weight%

TlInSe; lifetime is 73; 165, 335, 400, 160, 102 days,
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%TIInSe2 and PE+xvol.t%TlInSez2+yvol.

%A, electret properties, fillers and

respectively. The aim of this work is to study the
effect of semiconductor compound TIlInSe; and
aluminum nanoparticles on the electret characteristics
of composite materials based on low density
polyethylene.

EXPERIMENTAL TECHNIQUE

These results indicate that the lifetime of the
compositions electrets PE+(3-5)vol%TIInSe;
respectively 4,5 and 6 times longer than the lifetime of
the electrets of pure LDPE.

To obtain a polymer composite electret, the
polymer powder is mixed with the semiconductor
material powder and nanoparticles. Then the mixture
is pressed at the melting temperature of the polymer
matrix and a pressure of 10-15MPa between
aluminum foil and films with a thickness of 100.m are
obtained. The obtained samples with foil are rapidly
cooled in water and then the foil is removed. After
that, these films are polarized in a corona discharge in
a needle-plane electrode system with a voltage of 6kV
for 3 102 s. The distance between the needle and the
plane is ~1-10-2m.

The surface charge density of electrets is
measured by a compensation induction method and is
determined by the formula:

egU,
Corp =g
where oes is the surface charge density (C/m2), ¢ is the
permittivity of the sample, €0 is the electrical constant
8.85 10-12 F/m, Uk is the compensation voltage (V), d
is the thickness of the electret sample (m).

The dependence of /noesr On the storage time ty,
was used to determine the charge relaxation time z.
The addition of Al nanoparticles in a ratio of 3-7vol.%
to the electret material, which is based on a polymer
composition, in 90vol.% showing that the above
features are significant and affect the technical result:
an increase in the value and stability of the surface
charge density obtained on the basis of a polymer
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compositions with the addition of nanoparticles i.e.
are with the specified result in a causal relationship.

The solution to the problem is explained with the
help of fig.1, which shows the dependence of the
surface charge density /noerr on the charge storage time
ty (in days) and fig.2 dependences of the charge
relaxation time z (in days) on the volume content (f,
vol.%) of Al in the polymer composite, determined by
the formula:

t,—t

xpl
T =
INo . —INo,,m

xp2

Fig. 1. shows the dependence of /noer=f(t.,) for
electrets  from  the  polymer  composition
PE+TIlInSe,+Al with different content of filler
polarized, other things being equal. The charge decay
curves (dependence of the surface charge density on
time) for the samples are shown:

100% ASPE (curve 1),
90 vol% PE+3 vol% TlInSe2 +7 vol % Al (curve 2),

90vol% PE+5weightvol% TIInSe2 + 5vol% Al

(curve 3),
90% PE + 7% TIInSe2 + 3% Al (curve 4).
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Fig. 1. Dependence Inoeri=f(tyy) for electrets from the
polymeric composition PE+TIInSe2+Al with different
content of filler polarized, all other things being equal.

The value of the surface charge density (/noefr) of
nanoelectrets of PE+TlInSe,+Al polymer composites
is greater than /noest for pure polyethylene electrets.

In fig. 2 shows the dependence=f(f), where f is
the volume content of TlInSe; and Al in the polymer
matrix. In this case, the most optimal charge value is
observed at a content of 7vol.% Al (90 vol% PE +
3vol% TlInSex+7vol% Al). As can be seen, the
lifetime of nanoelectrets of PE+TIInSe,+Al polymer
composites is 8 times longer than that of a pure
polyethylene sample.

These values are comparatively higher than those
of electrets made of polyethylene, as well as of
composites based on it.

In addition, the proposed material for the electret
from the polymer composition PE+TIInSe,+Al is also
distinguished by the simplicity of the technology for
their production.

T, day
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Fig. 2. Dependence 7 = f(f), where ¢ is the volume content
of TlinSez and Al in the polymer matrix

CONCLUSION

Studies of the electret characteristics of
composite materials of the type PE+xvol.t%TlInSe;
and PE+xvol.t%TlInSex+yvol. %Al revealed that the
lifetime  of  electret  compositions  PE+(3-
5)vol.%TIInSe; is 4.5-6 times longer (335,400 days),
and the lifetime of electret compositions PE+(3-
5)vol.%TlInSe,+(7-5)vol.%Al is 4.7-6.3 times longer
than the lifetime of an electret from pure. We also
found that by varying the content of fillers and
nanoparticles, it is possible to obtain the optimal
material for high-quality electret.
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The work carried out in rivers, lakes and at great depths reveals the need for the development and
manufacture of various sonar systems for the study of the seabed. The problems solved by such hydroacoustic
systems are: search for objects at the bottom and in the bottom soils, monitoring of engineering structures,
geological and hydrographic work. The basis of these complexes are sonar, echo sounders, the release of which
remains quite laborious and expensive, not only because of the laboriousness of technological operations but also
because of the difficulties in measuring and controlling the main electroacoustic parameters.

The work is devoted to the development of hydroacoustic antennas, the mandatory elements of which are
effective deep-water transducers based on piezocomposites.

1. INTRODUCTION

Recently, considerable interest has increased in
composite polymeric materials (composites), which
combine the properties of ceramic and polymeric
materials. The filling of polymers with ferroceramic
particles significantly modifies their piezoelectric,
electrical, and physicomechanical properties: namely,
on the one hand, it allows one to use the advantages of
ceramic materials by increasing the dielectric constant,
the piezomodulus, the electromechanical coupling
coefficient K, the mechanical quality factor Qm, and the
piezosensitivity  of the  polymer-piezoceramic
composite. On the other hand, the advantages of the
polymer as a matrix, which gives the composite
flexibility, strength and the possibility of
manufacturing thin piezoelectric elements, uniform in
piezoelectric and pyroelectric properties over large
areas. Therefore, in recent years, the trend towards the
study of polymer composite materials that combine the
properties of both a polymer and a composite has been
growing, and, consequently, the possibility of their use
as an active element for various converters is
expanding.

This article discusses the physical and
technological features of creating hydroacoustic
receiving-transmitting antennas based on
piezocomposites. By varying the volume content,
structure, characteristics of the components (polymer -
piezoceramics), electrical and mechanical properties,
polarization conditions, design and characteristics of
sealants, transmitting and receiving antennas for
studying the seabed and shelf are developed and
created, surpassing in many respects similar antennas
based on piezoceramics .

2. TACTICAL AND TECHNICAL
CHARACTERISTICS OF PIEZOCOMPOSITE
TRANSDUCERS OF HYDROACOUSTIC
ANTENNAS, REQUIREMENTS FOR THEIR
MANUFACTURING TECHNOLOGY

A technology has been developed for the
manufacture of piezoelectric transducers based on
fundamentally new, more efficient polymer
piezocomposite materials for transmitting and
receiving hydroacoustic antennas intended for
conducting relief studies and profiling the seabed with
the following technical characteristics:

—acoustic radiation power: a) 0.5kW; b) 2kW; ¢) 10kW.
—sensitivity in the reception mode - 200-1000uV/Pa
—operating frequency range: a) (50-200)kHz, b) (1-
20)kHz
—overall dimensions: a)(610x12x15) mm,
b) (400x400x15) mm
—solid and assembled from separate elements
—operation mode pulse t=2ms
—excitation voltage U=500V
—deepening of transducers up to 1000m
— storage temperature —30° - +45°C
—working temperature +2 °C - +45 °C
—service life - not less than 10 years

The calculated parameters must be obtained by
operating the transducer in conjunction with the
acoustic screen and the supporting structure.

The developed piezocomposite elements should
be used to create the following transducers:

a) transducer for side-scan sonar antenna,;
b) an antenna converter (geolocator);
To meet these requirements, you must conduct:
—selection of the composition (components) of the
polymer composition;
—selection of the optimal percentage of components
in the composition;
—selection of optimal conditions for obtaining;
—development and production of molds;
—development and manufacture of installation for
polarization of samples up to 1.5 mm thick;
—development of an installation for polarization of
samples up to 15 mm thick in a liquid medium;
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—development of a high-voltage stabilized source for
the polarization of samples up to 15 mm thick;

—choice of optimal methods and modes of
polarization;

—calculation of parameters of converters;

—development of methods and installations for
determining the mechanical properties of
piezocomposite materials;

—selection of the composition of the adhesive mass
for gluing with an acoustic screen;

—choice of material for the acoustic screen;

—selection of the composition of the compound for
pouring (sealant);

—development of optimal methods and conditions for
pouring transducers;

—development of an installation for the study of
piezoelectric and dielectric characteristics of
transducers;

—development of an installation for studying the
sensitivity and power of radiation in a given
frequency band.

The studies carried out should enable:

—to recommend the composition of the composition,
methods of its preparation and polarization;

—to recommend the optimal design of the converter;

—to recommend material for the acoustic screen;

—to give a recommendation on the composition of the
adhesive;

—to recommend compound for pouring (sealant);

—to determine the sensitivity, operating frequency
range;

—to determine the heat resistance and cold resistance
of the composition;

—to determine the mechanical properties of the
composition;

—to determine the piezoelectric coefficients of the
composition;

—to determine the dielectric characteristics (&tgo,
pv) of the composition;

—to determine the electrical
composition Epr;

~to conduct full-scale tests in the waters of the
Caspian Sea

—to test the electromechanical stability of the
receivers over a period of 1000 hours under a
pressure of 100atm.

—strengths () of PP + PKR-3M compositions at z=1s
from the volume content F of the PKR-3M piezo
filler.

strength of the

3. MECHANICAL PROPERTIES OF
COMPOSITES IN A STRONG ELECTRIC

FIELD

Hydroacoustic ~ transmitting and  receiving
antennas are always subjected to certain static
pressures. Therefore, the determination of the strength
properties of composite piezoelectric elements used to
create hydroacoustic antennas is one of the important
tasks of this work.
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Table 1 shows the dependence of the mechanical
strength (o) of the PP-PKR-3M compositions at =/ on
the volume content F of the PKR-3M piezo filler.

It can be seen that the mechanical strength of the
piezocomposite decreases with an increase in the
volume content of the piezophase F.

Table 1.
Dependence of the mechanical strength of
PP+PKR-3M compositions on the volume content
of the piezo filler.

F, % 06 10

60

20
50

30
30

40
22

50
8

o,mlla, T=1Ic

Experiments on the study of temperature-force
dependences of durability have shown that the well-
known formula of durability is fulfilled for composites.

Yo~ Yo, &)

T=T exp(U(’
? KT

where 70, U, and 7, are the coefficients that determine

the strength properties of the object under study.

The pre-exponential factor o, is a universal
constant, has the dimension of time and corresponds to
(102-101%) s, which coincides with the period of
thermal oscillations of atoms around their equilibrium
position in solids. The coefficient U, is the activation
energy of mechanical destruction, the value of which
depends on the nature of the breaking bonds. The
experimentally found values of z, U and y, for the

composition of PP + 40% vol. RCC-3M are shown in
table 2.

Table 2.
Experimental values of z,,Uo and » the composition

PP + 40% vol. PKR-3M

70,C U, kecal/mol yw, Kcal/mol o, MIla
mlla?t T=213K
1012 24 0,28 22

The effect of a strong electric field on the
mechanical durability of polymer composites has been
studied. These results are very important in assessing
the operating conditions of antennas in the mode of
radiation of acoustic waves. in fig. la shows the
dependence lgoe=f(c) at E=0(1) and with the
application of an electric field (2) with a strength of
e=3.2.10V/m, for the composite PP+40% vol. RCC-
3m. As can be seen, the application of a strong electric
field leads to a decrease in the mechanical durability
(strength) of the composition. These studies for
composites with different ¢ showed that the effect of
reducing the strength of composites when a strong
electric field is applied decreases with increasing
volume content of the piezofiller (table 3). the degree
of reduction of mechanical durability was defined as it
can be suggested that with an increase in the content of
piezoceramics in the polymer matrix, the probability of
the formation of effective electrons in the composition
and their participation in the process of perturbation of
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molecular targets, and hence in mechanical destruction,
decreases. Practically the same results were obtained in
the study of the piezocomposition PVDF+40% vol. |
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PKR-3m for mechanical strength in a strong electric
field (fig. 2b).
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Fig. 1. Change in the mechanical strength of the piezocomposite when a strong electric field is applied.
a) for composite PP+PKR-3M; @=40% about; 1-E=0; 2-E=3.2x10 V/M
b) for the composite PVDF + PKR-3M; ®@=40% vol; 1-E=0; 2-E=3.2x10 V/M

Table 3. |based on PP and PVDF shows that composites with a

Decrease in the strength of composites with an increase
in the volume content of the piezofiller

F, % oo. 10 | 20 | 30 | 40 | 50

Ao= o — oE 10 7,2 5 35|15

However, it should be noted that the mechanical
strength properties of composites at E=0 and at E=0 are
noticeably different. This result is very important when
choosing the operating modes of acoustic antennas.
Comparison of fig. 6.2a and 6.2b shows that PVDF-
based composites have higher mechanical properties
(Table 4).

Table 4.
Mechanical properties of composites based on PVDF
Composites Mechanical strength t=1c.
o=Mlla
E=0 E=32x10"B /M
PP+40% PKR-3M 18 15
PVDF+40% PKR3M 26 20

However, the effect of reducing the mechanical
strength under the action of a strong electric field in the
case of composites based on PVDF is greater. Thus, the
analysis of the mechanical strength of composites

11

PVDF matrix are more efficient for creating acoustic
antennas.

4. DEVELOPMENT OF THE DESIGN AND
STUDY OF THE CHARACTERISTICS OF
HYDROACOUSTIC ANTENNAS

Hydrophones are the main elements of which
hydroacoustic antennas for wvarious purposes are
completed. In this case, it is piezoelectric transducers
that convert electrical energy into the energy of an
emitted acoustic signal (and vice versa), and the
antenna provides the necessary directionality of
radiation (reception). Depending on the purpose of the
electroacoustic system, its antenna may include from
one to several thousand elementary transducers.

It is known that sound waves can propagate in sea
water over very long distances and thus provide
underwater location, telemetry, communications and
sound vision. Acoustic methods have found wide
application in underwater work on the sea shelf during
the development of oil fields. A necessary part of any
underwater search system is an electro-acoustic station
with paths for emitting and receiving sound waves.
Therefore, the developed piezoelectric elements must
meet the requirements for both wave receivers and
emitters of acoustic disturbances [1-11].
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In this paper, we consider the design of one of the
most common piezoelectric transducers, which is a
cylindrical transducer of a power structure. The active
element of this transducer consists of a set of simple
piezoelectric elements connected to each other with
glue. The fastening of the active element to the housing
is carried out with the help of elastic layers of
polymeric or metallic materials. The electrical
insulation of the active element of the converter is
provided by layers of solid electrical insulating
materials located between the active element and the
converter housing or the operating environment.
Sealing of the active element is carried out using
combinations of vulcanize or glued layers of sealing
materials. The mechanical strength of all elements is
ensured by an appropriate choice of material
parameters and dimensions of parts. The mechanical
strength of the active element, if necessary, can be
increased by imposing on it special compressive
stresses created by the reinforcement elements. Layers
of materials with high sound reflection coefficients in
water are used as sound-reflecting screens.

A hydroacoustic antenna is a device that, together
with the electrical circuits that control its
characteristics, provides a given spatial selectivity of
radiation or sound reception in an aquatic environment.
The physical reasons for the existence of an antenna's
spatial selectivity are interference and diffraction of
acoustic waves on it. According to the method of
creating the spatial selectivity of a hydroacoustic
antenna, it is possible to subdivide fixing, horn,
parametric and interference antennas.

The hydroacoustic antenna developed by us
mainly consists of the following main parts:

a) hydroacoustic transducers that convert
electrical energy into sound energy and vice versa;

b) sound-reflecting or sound-absorbing screens
that ensure unidirectional sound emission (reception);

c) electrical switching lines connecting the
converters with the circuits for the formation and
control of directional characteristics;

d) a supporting structure that provides the
necessary spatial arrangement of the transducers;

e) elements of sound - and vibration isolation of
the antenna from the noise of the carrier object.

Depending on the geometric shape of the antenna,
its size, mode of operation, the number of elements
included in it, as well as the method of its mechanical
connection with the carrier object, there are several
varieties of antenna design.

So, linear receiving antennas
piezocomposite elements are performed:

a) in the form of vertically or horizontally
oriented chains of cylindrical or plate receivers, fixed
together with electrical communication lines on rigid
rods or flexible cables that act as a supporting structure.

b) in the form of a chain of cylindrical receivers
placed together with electrical communication lines
inside a sound-transparent sealed hose filled with an
electrically insulating liquid.

As already noted, the disadvantages of existing
piezoceramic antennas include their increased weight
and dimensions, low sensitivity in the receive mode,

based on
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relatively low physical and mechanical (brittleness, low
mechanical strength under static pressure) and
electrical (electrical strength, especially at resonance)
properties.

To eliminate these shortcomings, a design of
hydroacoustic transceiver antennas based on a piezo-
sensitive  composite  material was developed.
Piezoelectric ~ hydrophones  both  based on
piezoceramics and piezocomposite have a wide range
and various applications: measuring, seismic,
underwater communications, medical, etc. [1-10],
while the dynamic pressure range is from 10-3 Pa to
1010 Pa in the frequency range from 0.1Hz to 107Hz.
A large number of hydrophones are designed to
measure rapidly changing pressures and pulse
pressures, liquid media in underwater pipelines,
pneumo-hydraulic ~ systems of machines and
mechanisms, nuclear reactors and submarines. In
accordance with the task, it was required to develop an
antenna with the following characteristics: fp =20kHz,
Wa=2kW (acoustic power of the antenna), yp=800-
1000uV/Pa, U< 800V.

To achieve the required value of the power and
frequency of the antenna, the design of the rod
converter is the most acceptable. This design has
minimal weight and dimensions and a relatively simple
execution  technology.  Three-component  rod
transducers with two different overlays increase the
efficiency of one-way receiving radiation.

The resonant frequency of such a system is related

to the wave size Llili and the resistance [IiCi of each
section by the following relation:
P~CiS, t 27, i Pscssst 27, +1g 27,
£,C,S, A pCyS, A3 A

where indexes 1, 2, 3 correspond to sections of the
transducer: 1-radiating overlay; 2-active material; 3-
back pad.

We choose titanium as the radiating overlay,
aluminum as the back, and composite as the active
material. The main constants of these materials, which
are used in the calculation of the antenna, are given in
table 5.

Table 5.
Basic material constants that are used in the calculation
of the antenna

Parameters Radiant Active Material, | Overlay
pad piezocomposite
p, kI[/m 4500 1700 2600
C, m/c 5250 2000 5240
Y, Ila - 2x10 -
€ - 150 -
d33, P-C/n - 150 -

The wavelengths at 1=20kHz in these materials are
respectively equal to:

A1 =262.6mm; 4,=100mm; A3=262mm.
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Based on practical considerations and solving the
above relations, we obtain the geometric dimensions of
these sections:

I1 =3mm, [;=36mm, I3=30mm, D;=56mm, D,=500mm,

o m(25° —8*)N
36-10°

The antenna is assembled from 18 transducers.

Thus, the acoustic power of one transducer will be

n=150-10"%.2.10" =0,15N

equal to
Ds=54mm au

d, =16mm, ds=16mm. :Wal _ 2000

m 18

wa' ~110

where 1 is the length; D-outer diameter; d is the inner
diameter of the respective sections. To calculate the
excitation voltage and sensitivity using
electromechanical analogies, it is necessary to calculate
the electromechanical transformation coefficient of a V2R Wa'

sectioned rod [10]: U= 2 2
S (R?—r?) nmm~COSK1I{1+\/(”CS)§+(‘)CS 19l
h=d,Y, > =d,Y, =N (pS); +(p6S -tg - Ki);

10 S LY

Let us calculate the voltage required to excite such a
power [10]:

. . where -acoustic-mechanical efficiency ~0,6;
where s is the distance between the electrodes; MTam y

N - number of sections: Rs —radiation resistance at large wave sizes
R and r are, respectively, the outer and inner radius of R, = (e0), - S
the piezoelectric element. |
(cS) =510°2 10°561 710 = 56107
3
(pcS) =4,5-10%5,25 10° 7847 10°° tg2 —— =1331,6x
(pCSth$3 =2,7-10%5,24-10%6657:10° Ig 27 -36 =8213,85
R, =(C)S =1510°784710° = 3698,6
27-3
(coskl), =cos =0,997~1
2625
U= \/2-36986-110 813692 6343
- ? 2| 015N-0,948 N
015N -0.6-1|1+ 56102 +133],62 ; )
5610° +82138
The number of sections is chosen from the condition U <500 V.
Then at N=18, S=2 mm:
U= % =3608
18

The sensitivity at the resonant frequency is determined by the formula:

= O55u0Mhan (oo 1 | (PES)a +(oeStg o)y |y v

" lwp(pc)b TV (eS)s + (oSt -1); | &5y
where v-diffraction coefficient (v=2)
—12 -3 2 2
y, = 2 %1520 10 32 10 0,63 _xcOs 2r 3>< 14 5610 +115‘>3162 — _10MB/ITa
150-8,85-107°-36-10°-27-20-10°-1,5-10 2625 5610° +82138

For optimal reception-radiation, it is necessary to match the electrical impedance of the converter in the receive
mode with the input impedance of the amplifier, in the radiation mode with the output impedance of the generator.
The electrical impedance is calculated from the individual components at the resonance frequency. Converter
capacity:

Active mechanical resistance:

13
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R = R,

Mp : :
an’pam(cosxl)? | 1+ \/ (/OCS)g +(pcStg -k - |)12
(pcS)2 + (peStg - k- 1)

3693

R = - =13350m
"~ 4.(0,5N)?-0,6-1-156

Capacitance:

y 1 1

= = =i'368,6
° iwpc 2-20-10°-27-216-10°

Total electrical resistance (impedance):

, _R,Y, _1335-3686

= = =118+428
R +Y, 1335+3686

Electrical Impedance Module:
|Z,|=1118"+42,8% =1255

I8 of the antenna. Rubber acoustic rings decouple the
6. DESIGN OF PREMIUM-TRANSMITTING transducer from the base of the antenna.
ACOUSTIC ANTENNAS 012

The design of the sonar antenna is shown in fig. 2,
3. All antenna elements are attached to a rectangular
base along the edges of which there are 6 holes for
attaching the antenna and to the carrier. The antenna is
assembled from 18 separate transducers (pos.14),
which form a flat radiating surface in the form of a
circle. The side wall 13 of the antenna is made of sheet
aluminum and is attached to the base with brackets.15.
The antenna is a compensation type structure and the
entire free internal volume is filled with polyurethane.
One-sided reception and radiation provide a screen 17
of the foam.

The entire antenna is divided into 2 groups, which
allows you to vary the tactical and technical indicators
of the antenna (power, directivity, etc.). 7 transducers
in the center of the antenna form group | and 12
transducers around the circumference on the outside of
the antenna form group Il. All transducers within a

group are electrically connected in parallel. Q 0] O z
The oscillatory system of the transducer consists ; Lo 1w
of a piezoceramic package 2, glued from 18 separate “ | N F
plates, a radiating titanium lining 1 and a rear aluminum
lining. Both linings are also glued to the ends of the Fig.2. The design of the sonar antenna
piezoelectric package. All plates of the piezoelectric
package are electrically connected in parallel. The A separate element of the piezoelectric package is

converter reinforces with a stud 2 and two nuts 12, to 3 washer (fig. 3) with metallized surfaces, the washer is
eliminate distortions during reinforcement, a spherical  made by hot pressing, after which it is subjected to
washer 11 is used. The piezoelectric package is isolated  mechanical processing; a hole is drilled, poses are
from the stud with an ebonite insert. With the same stud  turned for electrical terminals-petals. Petals are made
and special nut 10, the converter is attached to the base  of brass 60 microns thick. The tinned petal is inserted

into the groove and pressed with a soldering iron for 3-

14
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5 seconds. After that, with a small file, remove the
remnants of solder from the surface of the washer and
degrease it in acetone. Fat-free washers are collected in
a special cassette of 6 pieces and electrodes are applied
by vacuum deposition. Glue 100-150 microns thick is
applied to the previously degreased surfaces of the
washers to be glued and tightly pressed against each
other. In this position, the glued bag dries within 24
hours.

6. CHARACTERISTICS OF THE SEALANT
OF HYDROACOUSTIC ANTENNAS

Currently, epoxy and polyurethane resins are
mainly used for sealing and electrical insulation of
piezoelectric  transducers.  Epoxy  resin-based
compositions have good cohesion and adhesion to
various materials. They are well processed in a variety
of ways, have good electrical and mechanical
properties, and are resistant to various solvents, water,
and aggressive media. A significant disadvantage of
epoxy compounds is toxicity, a short "life" period, and
a large dependence of electrical characteristics on
temperature.

et

e

o

e

~ R

17

Fig. 3. A separate element of the piezo package.

Polyurethanes  are  polymers  containing
macromolecules of the urethane group - HN - CO - O-
in the main chain. Depending on the type of starting
compounds, in addition to urethane groups,
macromolecules may contain amide, urea, and ether
groups. However, the main characteristics of
polyurethanes are determined by the presence of
urethane groups in the macromolecules. Currently,
methods have been developed for the production of
linear and cross-linked  polyurethanes.  Linear
polyurethanes are obtained by the interaction of
diisocyanates with glycols:

NOCN-R-NCO+nHO-R ~OH—>[-OCHN-R-NHCO-OR O-]n
n CI CO -ORO -COCI + n H2N -R’- NH2 —> [-CO -ORO -CONH -R"-NH -]n

Crosslinked polyurethanes are prepared from
difunctional compounds using chain extension and
crosslinking reactions. To do this, all the components
that make up the recipe (oligoester, diisocyanate,
catalyst, etc.) are mixed simultaneously and cured.

The degree of cross-linking is controlled by
changing the ratio between the number of insulating
groups and the total number of active hydrogen atoms.
A trifunctional agent may be added to the reaction
system to achieve the desired degree of crosslinking.
When obtaining polyurethanes, the following are used
as starting materials: diisocyanates, glycols, simple or
complex oligoethers, diamines. The use of various
classes of compounds for the synthesis of polyurethane
causes a wide variety of structures and properties of this
polymer. The properties of polyurethane significantly
depend on the nature, number and distribution of
intermolecular bonds (hydrogen and van der Waals).
The spatial network of cross-linked polyurethanes is|

|high|y mobile and can be rebuilt upon heating or
mechanical action. Due to the relative ease of
destruction and subsequent restoration of the network
of physical bonds, cross-linked polyurethanes are
capable of “self-healing” defects during deformation
and can be used to seal acoustic systems.

To select a polyurethane formulation and sealing
technology for hydroacoustic antennas, studies were
carried out with four representatives of the diisocyanate
class:

3,31 - dimethyl - 4,41 - diphenylmethane disocyanate;
4,41 - diphenylisopropylidene diisocyanate;

2,4 - toluene diisocyanate;

3,31 - dimethyl - 4,41 - tolicine diisocyanate.

Glycol is used as a hardener. Curing was carried out at
a temperature of 80 +30°C, time 10 hours.

Physical-mechanical and acoustic properties of
cross-linked polyurethanes are determined, see table 6.

Table 6.
Physical, mechanical and acoustic properties of cross-linked polyurethanes
Speed of | Density Tensile Relative Elastic Tear
Ne | fsound, Kg/m Diisocyanate strength extension, | modulus strength
m/s MN/m? % MN/m2 kN/m
1 1920 958 4,41-diphenyl-isopropylidene- 25,0 700 2,0 20
diisocyanate
3,31-dimethyl-
2 2200 961 4,4-diphenylmethane diisocyanate 37,0 500 4,0 10
2,4 toweelanddiiso-cyanate
3,31-dimethyl-
3 1810 946 4,41-tolidine diisocyanate 25.0 32,0 600 2,5 30
4 2015 950 28,0 400 16,0 30

15
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As can be seen from the table 6. polyurethane
synthesized on the basis of 2,4-toluene diisocyanate has
a better combination of mechanical properties and is
acoustically consistent with the environment compared
to other representatives of this series

In this regard, an industrial oligodiene polymer
(product 10-000 TU 84-566-75) containing toluene
diisocyanate was used as an organic base to prepare a

Prepolymer 10-000 is the product of the interaction of
toluene diisocyanate with the product PDI-1K, taken in
a molar ratio of 2:1.
The proposed compound contains:

Diameter X 417.0 m.h.

Laprol 3203-80 1000 m.h.

Lapromol 294 28 m.h.

Characteristics of the properties of the compound

polyurethane  potting compound for sealing are given in table.7.
hydrophones.
Table 7.
Characteristics of the properties of the compound
Ne Indicator name Unit of measurement Meaning
1 Density  uncured g/cm3 0,946
cured 0,960
2. Gelatinization time hour 1,2
3. Operating temperature range K 223 -323
-50 + 50°C
4. Peel bond strength kg/cm
with piezoceramic 40
with titanium 10
with polymethyl methacrylate 4,0
with brass 10
5. The dielectric constant 3,2
6. Dielectric loss tangent 35,107

7. CONVERTER TEST PROCEDURE AND
RESULTS

The measurement of the Total conductivity
modulus of a separate transducer in the frequency range
from 1kg to 1000kHz was carried out by the method of
amplitude-phase measurements according to the
scheme shown in fig.4.

The device for amplitude-phase measurements
contains a generator of harmonic oscillations, a
measuring quadripole, a voltage meter and a phase
meter. If the converter impedance module is much
larger than R and the shunt capacitance C does not have
a noticeable effect, then with a stable output signal of
the generator, the voltage measured by the voltmeter is
proportional to the complex conductivity module p of
the converter, and the phase difference measured by the
phase meter determines the conduction phase.

The total conductivity modulus is determined by
the values of active and reactive components:

_ a(cosp—-a)
R(l+a® —2acosg)’

B asing
R(l+a® —2acosp)

|where a is the ratio of the voltage at the output of the
four-band to the input voltage;
¢- measured phase shift angle;
G, B are active and reactive components, respectively.

The graphs of the total conductivity of all
converters, as shown in fig.5, lie between curves 1 and
2. The curves have the form of an exponential (the scale
is logarithmic along the frequency axis), from which
we can conclude that the conductivity modulus is
almost purely capacitive in nature.

Thus, comprehensive studies have been carried
out to determine the effect of the volume content and
structure of the filler, polarization conditions, high
static pressures on the main electrophysical,
piezoelectric, and physicomechanical properties of
polymer-ferroelectric composites. It is shown that
compositions based on a thermoplastic polymer matrix
(PVDF, PP) filled with particles of rhombohedral
piezo-sensitive ceramics have the highest values of the
piezoelectric coefficient and piezosensitivity.

Based on piezocomposites, hydroacoustic
receiving-transmitting antennas have been created. The
storage temperature and service life of the antennas
have been determined.

The composition of the adhesive mass was chosen
for gluing individual elements with an acoustic screen.
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The optimal compositions of the casting

compound are determined, and the influence of various
properties of the compound on the characteristics of the
antenna is investigated. The achieved parameters for
hydroacoustic antennas are primary results that can be
the basis for further development of more efficient
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Moscow State University named after M.V. Lomonosov Baku Branch
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To describe the observed dynamics of the universe, we have to assume that dark energy represents the dominant
component of the universe. One of the mechanisms explaining the occurrence of cosmological acceleration may be the vacuum
energy (or, equivalently, the cosmological constant or the A-term) with P = —p. Another form of dark energy can be
represented by a scalar field ¢ with a canonical kinetic term and a very small mass. The purpose of this article is to study the
current stage of accelerated expansion of the universe, in which dark energy is a changing Chaplygin gas. This well-studied
model of dark energy with a nonlinear equation of state has often been discussed in modern cosmology, it includes the energy-
momentum tensor T, ,,,, density p, and pressure p, of an ideal liquid.

1Y
Keywords: scale factor, dark energy, accelerated expansion of the Universe, Chaplygin gas, Friedmann equation, polytropic
equation

1. INTRODUCTION In a homogeneous isotropic model of the

Universe, the (00)-component of the Einstein equations
Modern cosmology studies the large-scale  has the form:

structure and features of the evolution of the Universe. o 8m K

The last decades have been marked by a significantly H? = ( ) =—Gp——.

new stage in cosmological research, which is caused by a

the improvement of observational methods and This equation is called the Friedmann equation; it

techniques, which made it possible to discover new relates the rate of expansion of the Universe (the

properties and regularities inherent in the evolution of  Hybple parameter H = a/a with the matter energy

the Universe. If at the beginning of the last century the  gensity p and spatial curvature.

main result of cosmological observations was the

discovery of an accelerated expansion of the Universe,

then already today a number of observational

manifestations are known that make it possible to study

Since we assume that ordinary matter does not
interact with Chaplygin gas, we must write down
separate non-explosive equations for the energy

the dynamics of the early Universe and build theoretical ~ dénsities p and p in the Friedman—Lemaitre—
models describing its further evolution. Robertson-Walker geometry:

We write out the Friedmann-Lemaitre-Robertson- p+3H(®P+p)=0. 1)
Walker (FLRW) metric for a homogeneous and . ) . . L
isotropic space, which is determined by two quantities,  1ne generalized Chaplygin gas — is an ideal liquid
a(t) and K, which are found from the Einstein With @ polytropic equation of state:
equations. A @)

dt? =dt? —a®(t d—x2+2d92 e
T = a“(t) Tz 1’ (
+ sin29d¢)2)]_ 2. STATE EQUATION p = p%

The basic equations of the general theory of relativity We will look for a solution to the Chaplygin gas
include the Hilbert-Einstein equations, which are  proplem for a flat universe (observational data indicate
presented in the following form: that for modern measurement accuracy K =0 ).

1 8nG Substitute the barotropic equation (2) into equation (1):

Ruv _ERguv = C_4T;w
1 d
Einstein's equations are non-linear hyperbolic a(p) = constexp _§f Ap ,
equations of the second order with respect to the ——+p
components of the metric tensor g,,,, the right side of p )
which depends on the components of the energy- _ 1 dp™*
o . a(p) = constexp | —= | ,

momentum tensor of matter distributed in the space- 37 (a+ 1)[pet! — 4]

time under study.

The tensor expression on the left side of the from where follows

Einstein equations is usually called the Hilbert-Einstein a(p) = ——. (5)
tensor. (p¥+1-4)3@+D)
131, H.Javid ave, AZ-1143, Baku 18
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From equation (5) we obtain the dependence p(a):

p=(A+ %)W (6)

The expression where p is a function of the scale factor
is substituted into the energy equation:

.2 1
a K B T+a
a) = §(A + a3(“+1)> '

da —\/Edt
1 - 5 ]
B 3

dt(a

A+ a—3(a+1)B)—1/(2+2a) _ Vi d(a)
a N

dt(a) V3(A+a 33p)1/+20)

da Vka

We will save the general solution for the scale factor in
the form of quadratures

\/§(A + a—3—3aB)—1/(2+2a)
t(a) =]
Vka
Now let's consider the special cases when a = 1,2,3.
Since the late stage of the evolution of the Universe is
considered, when a is large, the resulting expression
(6) can be decomposed into a series at a — oo:

1 1
B T+a 1 T+a

p= (A + —a3(ﬂl+1)) = Al+a ]

da.

)

[1 + Aa3(a+1)

aB?

2+2a
a (A + a3(a+1))
(a—3(1+a)B + C))—l/(2+2a)da \/Edt _ o
a \/§ - |
1
B T+a B
(1 +Aa3(a+1)) =

B 1+w

T AT AC@D 21 + a)2AZas@ D

o( () )

"*X/AaB?

p(a) = "VA+

1+ a)Aa3@D  2(1 + a)2A2a@+)’

So, let's find a solution for o = 1:
0\’ B2 B
a K
- ==(- 4 8VA |,
(a) 24( VA3 12 + VAab + \/_>

da _ Kdt
%_\]24 ’

4B B2
8VAa? + — ]
[ VAa* A3alo
2V6a®
t@ = da,
2,12 6 _ Rp2
A2

after integration we get
_ In(|4V16A%aT? + 8ABa® — 2B? + 16Aa® + 4B|)

t(a) VAvize
Given that a is large, we will leave only the leading
terms
(@) = l:l|32Aa6|
VAV12K

Denote the constants as C = Tize

the resulting expression into a series up to the first three

terms, we get:

1 .
N TR then decomposing

-\ 2 oy 1
(a) ka5 2 G (B2 4 2a3+3%4B (1 4a) +2a5F 0042 (14)2)

(1+a)?

| (324a° — 1)?
t(a) = C|324a° —1 - ————

.\ (324a° — 1)3]
3

The resulting expression describes the evolution
of the scale factor as a function of time for a flat
universe in the Chaplygin Gas model for a given
parameter a = 1.

We will perform similar calculations for the
second special case when a = 2:

a\" B B VA
a) =\ ¥ma T o¥azee ' 3 )
da
l=x/Edt,
VA _ B __ B2 |
3 93¥A2q7 273/A5ql6

3%A%a8
VkV9A2a'® + 3ABa® — B2
from where we find
_ In(|2V9A2a™® + 3ABa® — B? + 6Aa’ + B|)
32Y/AVK |

decomposing in a row, we get:

t(a) =/

t(a)
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(124a° — 1)?

t(a)=C [12Aa9 -1

And finally, consider the last special case for agiven 3:

2

(124a° — 1)3
]

a\" B B\
a) 32%A7a2+  12%4%a12 3 )
da
T = Vkdt,
a?VA B B |
3 123/43a10  32VA7q22
7
‘@) = J 4+4/6A48a11
a) =
VKV32A42a%* + 8ABa'? — 3B2
from where we get
7
\/Eln< 22\/32A%2a?* + 8ABa'? — 3BZ + 64Ca’? + 80|)

t(a) =

The final expression will take the form:

(1284a'? — 1)?

5
3. 223/AVk

t(a) =C [128Aa12 -1

the obtained three expressions for t(a) describe the
growth of the scale factor with time in the modern stage
of the evolution of the Universe, the stage of secondary
inflation corresponding to accelerated expansion. The
main result of cosmological research over the past few
years is this: the existence of dark energy and the anti-
gravity created by it is reliably and has now been
definitively proven. The establishment of the
mechanism causing cosmological acceleration is
currently one of the central problems of modern
cosmology and fundamental physics.

3. CONCLUSION

At the moment, the cosmological Lambda Cold
Dark Matter (ACDM) has a number of disadvantages,
which is why alternative models describing the
accelerated expansion of the Universe at the modern

2

(1284a? — 1)3]
3

| cosmological stage are being considered. In this paper,
we obtain a general solution of the Chaplygin gas
problem for a flat universe in quadratures:

\/§A+ —3—30[B -1/(2+2a)
) = LU ﬁa)

and three numerical solutions for three special cases:

da.

(324a®-1)?
2

6_113
t(a) =C [32Aa6 ~1 (8242°-1) ]

3
(124a°-1)?

2
(1284a'%-1)2

-

t(a) = C [1242° - 1

(12Aa9—1)3]
3 1
t@) =C [128Aa12 -1
(128Aa12—1)3]
— |

This model should be expanded and this will be a task
for future research.
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The paper presents the results of a study of the IR spectra of high-pressure polyethylene (LDPE), modified with fish
bone (FR) composites LDPE+xvol. % FB taken on a Fourier spectrometer, in the frequency range of 4000-400cm™. It was
found that the introduction of fishbone modifiers into HDPE in the optimal amount does not contribute to the appearance of
new intense absorption bands, i.e., does not change the overall structure of the composites. This means that the fishbone
modifier is process compatible with LDPE. The introduction of fish bone filler into LDPE promotes a noticeable change in
the intensity of the formation of C=0 groups (1720cmt), which is a measure of the oxidative degradation of polymer chains.
The results show that the introduction of fish bones into low-density polyethylene structures contributes to the formation of
an optimal and stable structure, which, in turn, prevents the intense development of the photooxidative process caused by

ultraviolet irradiation.

Keywords: UV irradiation, biofillers, LDPE, IR spectra, fish bone

INTRODUCTION

At present, in many areas, ranging from
household appliances to special-purpose equipment,
electret microphones, dosimeters, pressure sensors, air
filters, electromechanical converters, etc. Polymer
composite materials are widely used [1,2]. The scope
of application of modified polymeric materials with a
certain combination of properties inherent in a
particular material is expanding. As a rule, modifiers
change the supramolecular structure, which largely
determines the physicochemical and mechanical
properties of the polymer and composites based on
them. The nature of the influence of additives on the
supramolecular structure and properties of the
polymer is determined simultaneously by the
amorphous and crystalline phases. It is known that the
nature of structure formation in composites also
depends on the external conditions in which the
formation of supramolecular structures occurs. Fillers
play the role of artificial crystallization nuclei, which
leads to a change in the properties of the material.
Thus, by changing the type of fillers, it is possible to
control the properties of polymer-based composites.

The main reason for supramolecular formation is
the superiority of intramolecular interaction forces
between groups of atoms that make up a polymer
macromolecule over intermolecular interaction forces

131, H.Javid ave, AZ-1143, Baku
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and the high flexibility of macromolecules. Based on
the above material and the role of the filler in the
study of composites, we chose fish bones as a filler,
which have stable physical parameters [3], which have
a huge raw material base in nature. We assume that
these distinctive properties of this material should be
reflected in the properties of biopolymer composites.
In recent years, much attention has been paid to
obtaining new composite materials modified with
additives of biological origin [4]. In this direction, we
and foreign researchers have obtained and studied
biocomposites with various modifiers [5,6]. The study
of the resistance of composite materials to external
influences plays an important role in solving practical
problems. External influences adversely affect the
appearance, structure, and properties of materials and
lead to significant material damage. Examples of
environmental influences include solar radiation
(ultraviolet radiation, visible light and x-rays). As you
know, the sun's rays in one way or another negatively
affect polymeric materials. Under the influence of
radiation, the structure and interatomic bonds of
polymers are destroyed, and these effects on
macromolecules cause oxidation of the material,
which, in turn, changes color and worsens mechanical
and physical properties. In addition, other factors such
as temperature changes, humidity, excess oxygen, and
ultraviolet radiation further exacerbate the effects.
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However, the ultraviolet rays contained in the sun's
rays are more likely to affect the absorption of the
material. Most polymers used in industry and in
everyday life are subject to drastic changes under the
influence of ultraviolet light; color changes; loses the
brightness of its surface; cracks on surfaces;
sometimes the material is completely destroyed. The
rate of dissipation increases with the duration and
intensity of the sun's rays. This effect is called
ultraviolet aging of the material and refers to one of
the types of polymer aging. [7, 8]. It is known that IR
spectroscopy is widely used in structural analysis. The
IR spectrum is used as a source of primary
information about a compound of a known nature,
while only individual features of the structure are
revealed, which make it possible to outline a rational
plan for further research. Infrared spectroscopy is
currently used by organic physicists most often due to
its versatility, the possibility of direct and independent
determination of a number of important functional
groups and structural fragments in small amounts of
the studied substance in any of its state of aggregation
and without any significant limitation of physical and
chemical properties.

In the light of the foregoing, this work is devoted
to obtaining new composite materials with fillers of
biological origin and studying the effect of ultraviolet
radiation on their structure.

EXPERIMENTAL TECHNIQUE

To obtain  biocomposites,  high-pressure
polyethylene (LDPE) grade M-158 was used as a
matrix, and fish bone (FB) was used as a filler. To
obtain filler powders, at the beginning, the fish bones
were thoroughly cleaned and dried by gradually
increasing the temperature from room temperature to
50°C, keeping at this temperature for 24 hours, then
the fish bones dried in this way were ground into
powder in a special mill. The content of the biofiller in
the composites ranged from 1 to 7 vol.%. Composites
were obtained from a homogeneous mixture of
powders of matrix components and filler using a
heated press at a temperature of 420K and a pressure |

2855.125 75.194

Absorbance
I
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of 15MPa. Hardening crystallization mode-rapid
cooling of samples in a water-ice mixture.

Irradiation of the samples with UV rays was
carried out using a DRSh-500 illuminator. The main
parts of the illuminator are a spherical mercury-quartz
ultrahigh-pressure lamp of the DRSh-500M type and a
hemispherical consul. Mercury-quartz lamp DRSH-
500 is a powerful, concentrated source of radiation in
the visible and ultraviolet parts of the spectrum. The
lamp operates in a limited volume (casing), the
dimensions of the casing and the conditions for its
ventilation are such that the air temperature at a
distance of 6cm from the walls does not exceed 523K.
Samples with a thickness of 40um are attached to a
duralumin frame using a holder fixed to a tripod. UV
rays are directed towards the center of the film. The
distance from the source to the sample is 25cm. UV
rays hit the sample at a right angle. The experiment
was carried out at room temperature with water
cooling. The mode of the experiment is as follows: the
lamp is ignited using an inductor with a spark length
of 15-20mm. Rated voltage on the lamp 70V, current
7.5A. In this case, the resulting nominal luminous flux
is 22500Im. The brightness in the center of the column
is 150Mnt. The duration of the irradiation of the
sample is 15 hours.

To study structural changes in biocomposites, we
used the IR spectroscopy technique based on
measuring the transmission spectra of translucent
films. The spectra were taken on a Varian 640 FT-IR
IR-Fourier spectrometer in the wavelength range
4000-400cm*. Samples for research were obtained in
the form of thin films 1-10um thick and 8x30mm? in
size by step-by-step pressing under a pressure of
6-10*N/m? at room temperature using a special Varian
mold.

RESULTS AND DISCUSSION

In fig.1. IR spectra of pure low-density
polyethylene are given. As follows from fig.1. on the
IR spectrum at 700, 1367, 1500 and 2900cm clearly
defined maxima are observed, and at 2150 and
2380cm there are clear minima.

_~1472.400 162.826 _~720.290 89.671

,2344.134 8.400 ya 1367.706 7.906

P T S S S S P ISR IS
2200 2000 1800 1600 1400 1200 1000 800 600

Fig.1. IR spectrum of pure low density polyethylene
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Fig.2. IR spectra of biocomposites LDPE + x vol% FB; (where:1-x =3, 2-x =5, 3-x=7) in the frequency range 4000-400cm-!

The results of the study of the IR spectra of
composites modified with fish bone are shown in fig.
2.a. The studies were carried out in composites with
fillers 3; 5; 7vol% RK. As follows from fig. 2. maxima
appear on the IR spectrum of biocomposites at 719,
728, 1367, 1467 and 2900cm* With an increase in the
volume content of the filler, additional maxima appear
in the IR spectrum at 2330 and 560cm™.

The IR spectra of the same biocomposites
irradiated with UV rays for 15 hours were studied. As
follows from fig. 3, no significant changes are
observed in the IR spectrum of biocomposites after
irradiation, only at 3960cm™ a noticeable maximum
appears, while the remaining maxima are preserved.

A comparison of the IR spectra of films and
composites based on LDPE shows that the added
amounts of fillers do not contribute to the appearance
of new absorption bands; practically do not change the
shape of their IR spectra. This gives us reason to
assume that these modifiers in the proposed amount

lare technologically compatible with LDPE, i.e., they
mainly affect the physical structure of LDPE.

In all studied composites of LDPE+x vol% FB
with a frequency range of 1460-1466cm?, bands are
clearly defined, which, in combination with
unresolved weak bands at frequencies of 1644-
1367cm?, are a characteristic feature of the aromatic
ring. The assumption of the presence of an aromatic
ring is confirmed by strong absorption in the
frequency range of 3000-2800cm™, the region of
stretching vibrations of hydrogen sp? with hybrid
carbon atoms. The compound also contains alkyl
radicals (side chains on the aromatic ring), as
evidenced by strong absorption in the range of 2800
3000cm™, as well as bands of corresponding bending
vibrations at 1467-1362cm™. In the region of 2000—
1800cm, there are weak absorption bands, which are
important for determining the number and position of
substituents.
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Fig.3. IR spectra of biocomposites LDPE+x vol% FB; (where: 1-x =3, 2-x=5, 3-x=7) in the frequency range 4000-

400cmtirradiated with UV rays for 15 hours.

A very strong band of out-of-plane bending
vibrations of aromatic hydrogen at 730cm™ is also
characteristic of ortho-substituted benzene derivatives.
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PLASMONIC BEHAVIORS OF MnBizTessn(Bi2Tes) IN ULTRAVIOLET (UV)
RANGES

ELVIN ALIZADE
Spectroscopic Ellipsometry lab, Institute of Physics, Azerbaijan National Academy of
Sciences, AZ 1143 Baku, Azerbaijan
E-mail: AlizadeElv@gmail.com

In the current paper, based on spectral ellipsometry measurements, a strong plasma response in the ultraviolet (UV)
spectrum for MnBi2Tessn(Bi2Tes) compounds was investigated. MnBi2Tes*n(Bi2Tes) is a range of narrow gap ternary
semiconductors, also highly interested 3D topological insulators. It was found that the plasma response of the studied
compounds covers a wide range of the visible region from 1.3eV to 6eV. For compounds with n=1,2,3,4,5,6 and oo, the limiting
plasma resonance energy for the air/sample surface falls in the UV region of photon energies for the n=0 compound and is not
visible in the range measured by the device.

KNAKUS815BBA206876
Keywords: plasmon, ellpsometry

1. INTRODUCTION
Figure 1 shows a graph of the real part of the dielectric
The development of plasmonics and creation ofan  function in the photon energy range from 1 to 6eV with
element based on it for various applications has been  the observed plasma response.
updated in recent years. Plasmonics finds applications
in metamaterials, metasurfaces, photonic integrated
circuits and photonic logic circuits, and other photonic
structures. The search for new materials and structures
with a plasma response and its control is fundamental
at the moment. | =——8iTe
The plasma response in structures of the 04 ===Mng{ Te
tetradymite type covers a wide region in the visible | MnBi,,Te,
light spectrum, which is reflected in the results of other 04

MnBi.Te, n(Bi.Te,)

— B Te

. . MnBi To
authors [1]. The plasma response of semiconductors in | oy
the ultraviolet (UV) range is probably associated with i AMoB: Te,
strong interband transitions or valence electrons. Thus, : W;Yn_ 5 E{ev) 6
the study of this phenomenon will provide important = % F X o3 =
information about the nature of band structures and E (V)
even about topological effects. Fig. 1. Graph of the real part of the dielectric function of
MnBi2Tessn(BizTes). Insert: Plot of the real part of the
2. EXPERIMENT AND RESULTS dielectric function at the 0 intersection point.
The structures under study were characterized .
using X-ray diffractometry and Raman scattering that ks 8130w
were previously published in [2]. ea]
The measurements of the optical properties for ol KnBi, Te, nibi, Te,]
these structures were carried out on a spectroscopic
ellipsometer J.A. Woollam M2000DI in the range of = ol e L p41e
photon energies from 0.73 to 6.3eV. The angles of ¥ 2 :
and 4 were measured ellipsometrically, and the i 58050
dielectric function was extracted from the obtained | — "
results. Within the framework of this work, only the { 5 TRT O
real part of the dielectric function was studied. The ¥

region of the spectrum with a negative real dielectric H 4 \ H 4
function is the region with a plasma response.

For excitation of a plasmon, it is important to fulfill the ~ Fig.2. Plasmon resonance energies for
Frohlich condition [3]: MnBizTessn(Bi2Tes) with n=1,2,3,4,5,6

leq + 26| =0 As can be seen from the graphs, the plasma response

for different materials covers a wide range of light from

Here, ¢, is the dielectric constant of the environment 138V to 6eV and tends to change for different
and &, is the real part of the dielectric function. compositions.
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Figure 2 shows the energies of the plasmon

resonance observed in compositions with different n.
For n=0, plasmon resonance was not observed in the

[1]
[2]

studied spectrum, but this does not mean the absence of
plasma resonance.
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STRUCTURAL AND OPTICAL PROPERTIES OF ELECTROCHEMICALLY
FABRICATED TiO2 THIN FILMS

Sh.0. EMINOV, Kh.D. JALILOVA, S.A. ALIYEV, N.N. MUSAYEVA, A.A. RAJABLI,
G.H. MAMMADOVA, J.A. GULIYEV, S.H. ABDULLAYEVA, I.I. GURBANOV
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Several key aspects of the self-organization of nanotubes in RF sputtered titanium (Ti) thin films formed by the
anodization process has been investigated. Fabrication procedures included radiofrequency magnetron deposition of InSnO2
(ITO) thin film and Ti thin films on transparent glass wafer followed with electrochemical anodization of Ti in fluorine and
agueous-containing electrolytes. Finally, the obtained Glass/ITO/TiOz structures were annealed at 450°C for 2h in the air to
convert the amorphous both as-anodized TiOz and ITO into crystalline ones. The observation of surface morphology for TiO2
films carried out using both atomic force microscopy operating in contact mode and by scanning electron microscope. The
structural properties of the samples were characterized by using X-ray diffractometry. The optical properties were studied by
using spectroscopic ellipsometry, UV-VIS spectrophotometry, as well as Raman spectroscopy. Highly ordered TNT arrays of
40-45nm pore diameter with a high degree of optical transmission were obtained. It has been established that, anodization time
has an effect on the surface morphology and regularity of the pores. The longer the anodization time, the more regular are the
porous structure. XRD pattern of the TiO2 /ITO structure has shown the existence of the anatase phase of polycrystalline TiOx.
Polyform phases of rutile and brookite weren’t revealed. The films are transparent in the region of 900-360nm with a
transmittance of about 70— 80% of light and exhibit strong absorption in the UV region with a wavelength shorter than 360nm.
The Raman spectra confirm the presence of most of the modes directly typical only of the anatase phase and exclude the
presence of rutile and brookite phases. Ellipsometry studies allowed it to create an optical model of experimentally obtained
glass/ITO/TiOz structure consisting of five layers with different thicknesses and constituents.

Keywords: TNT, TiO2; InSnOz2, ITO, magnetron sputtering, anodic oxidation, TiO2 nanotube
PACS: 78.67. Rb, 78.67. Qa, 78.67.Bf, 81.07.De, 88.40.H
[12] it has been stated that this better catalytic activity
1. INTRODUCTION of TiO./ITO samples is related to a perfect crystalline
structure, preventing the recombination of charge
The development of metal oxide thin films of  carriers.
controlled surface roughness and complexity presents a Because TiO- films have a high refractive index
significant theoretical and technological importance, and demonstrate high photocatalytic activity, they are
offering an exciting opportunity for developing a new  usually placed directly onto the top of transparent
class of materials with unique physical, chemical, conductive indium tin oxide (ITO) films [14,15]. The
optical and electronic properties [1-7]. Owing to their  ability to control the properties of TNT layers formed
advanced physical and chemical properties and on transparent and conductive substrates is the key to
potential applications in the field of solar energy practical applications in various fields.
collection, bio nano- and gas sensors, catalysts, etc., a Many techniques have been used to prepare TiO-
self-organized, highly ordered array of cylindrical  films [8-12], such as reactive magnetron sputtering
shaped titanium dioxide (TiO: or titania) thin films  chemical vapor deposition, pulsed laser deposition, sol-
have recently attracted a particularly increased gel deposition), and reactive sputtering and anodic
attention because of their extended use in a multitude  oxidation.
of applications. The anodic oxidation technique has emerged as
This material is a non-toxic and biocompatible  one of the most promising techniques. Since the first
wide-bandgap (3.2-3.30eV) n-type semiconductor with  decades of the 20th century, this electrochemical
extremely high resistivity. It can exist in three main  process has been intensively used for a broad range of
polymorphs: namely anatase, rutile, and brookite. industrial applications, including surface finishing,
The first two of them exhibit a tetragonal crystal —automobile  engineering, machinery, corrosion
structure, whereas the third of them (brookite) has an  protection, and so on.

orthorhombic crystal structure. TiO; is one of the most The use of electron microscopes in the 1950s
desired photocatalysts for environmental and revealed the nanoporous and nanotubular structure of
renewable energy applications. anodic oxides and made it possible to establish the

Nanotube arrays of TiO, (TNT) have many effect of the different fabrication parameters on the
excellent properties such as specific surface area, high  physical and chemical properties of the prepared
adsorption capacity, and so on. They are being applied  structures.
to many fields, such as environmental applications In this work, we present the results of
including the purification of wastewater, hydrogen investigations on processing and nanostructural
generation by water splitting, solar photovoltaic based  characteristics of TiO2 porous thin films grown on the
electricity production, gas sensor, and so on [1-12]. In  transparent glass substrates using magnetron sputtering
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techniques, electrochemical anodization, as well as
thermal annealing.

2. EXPERIMENTAL
2.1. Preparation of Glass/I TO/TiO2 structure

The glass substrates were cut into 1.5 by 2 cm
pieces and then ultrasonically cleaned in acetone and
methanol, rinsed in double-distilled water sequentially,
and blow-dried with a nitrogen gun. Afterward, the
glass substrates were loaded into the deposition
chamber of the Leybold Heraeus-Z550 RF magnetron
sputtering system. Then, ITO films with thicknesses
varying from 80 to 400 nm were sputtered on them at
room temperature in a mixed Argon /O, gases mixture
using an ITO target (In203/SnO2, 90/10 wt.%) [14].
Thereafter, the Titanium layer with a thickness in the
range of 150 to 200 nm was sputtered on previously
obtained glass/ITO substrates in the same chamber
using the titan target. Then, TiO> thin film was formed
by electrochemical anodization of as-grown Ti film in
a homemade two-electrode cell using a Pt mesh as a
counter electrode and Ti/ITO/glass substrate as anode
under a constant potential ranging from 10 to 60V at 3—
5°C. The mixture of ethylene glycol, 0.4wt %
ammonium fluoride, and 2 vol.% distilled water was
used as an electrolyte. The duration of anodization
ranged from a few minutes to several tens of minutes,
depending upon the thickness of the Ti layer. To
maintain the set temperature during the anodization
process, the electrochemical cell was kept in a container
with icy water. The samples were removed from the
electrolyte after they became optically transparent, and
the value of the anodization current dropped to zero.
The anodized samples were washed in isopropyl
alcohol and distilled water for about 5 min and blow-
dried with nitrogen. The obtained glass/ITO/TiO;
structures finally were annealed for 2 h in the air at
450°C to improve the crystallinity and electrical

characteristics of both external TiO, and the internal
ITO thin film.

2.2. Characterization Techniques

Supra TM35vp Scanner electron microscope, as
well as AFM, was used to investigate the surface
morphology of the samples. X-ray diffraction patterns
were obtained using an X-Ray D2Phaser (Bruker)
diffractometer (Cu-Ko (1=1.540214). The UV-Vis
optical transmittance spectrum was recorded by using a
Specord-210 spectrophotometer in the range 300-
900nm. A Nanofinder 30-NMO01 Confocal Raman
microscope with an excitation 633nm laser was used to
study the vibrational properties of the samples. To
study the microstructure characteristics of the films, the
J.A. Woollam-M2000 (USA) spectroscopic
ellipsometer was used for variable angle spectroscopic
ellipsometry  (VASE) measurements at room
temperature in the photon energy range 0.73-4.0eV at
an incident angle of 75°.

3. RESULTS AND DISCUSSION
3.1 Structural properties

Figure 1 shows the XRD pattern of glass/ITO/TiO;
thin film. The diffractogram shows reflections of the
anatase TiO, with a predominant (101) peak (at
260=25.5°) and cubic In,O3 ITO thin film. It can be seen
that the pattern seems to be anatase. In fact, under these
specific preparation conditions, the films are comprised
of single anatase. The presence of the anatase polyform
phase of TiO, with a tetragonal structure (a=3.799 4,
¢=9.5094; Z=4) is confirmed by strong diffraction
peaks at 260=25.5, 37°, 48°, 54.1°, 62.5°and 67°. These
peaks appear as reflections from (101), (004), (200),
(105), (204) and (116) planes of anatase, respectively,
and match well with the JCPDS file no PDF 03-065-
5714. No trace of rutile and brookite phases was
detected in the XRD pattern.
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Fig. 1. XRD patterns of the Glass/ITO/TiO2 structure

3.2. Morphological properties

The atomic forces microscopy (AFM) of the TiO2
film is shown in figure 2. Nanotubes are clearly visible
on the image - they are marked with arrows.
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Fig. 2. AFM top view images of TiO2 surface
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Fig. 3. SEM images of TiO2 surface after different anodizing time a) 10 min.; b) 20 min.; ¢) 30 min

Figure 3 (a,b,c) shows SEM images of the surface
of the grown films as a function of variation of the
anodization time. SEM images of the samples obtained
as a result of anodization for 10 minutes are given in
figure 3a, whereas the images of the surface obtained
as a result of anodization for 20 minutes and 30 minutes
are given in figures 3b and 3c respectively.

All images show grain growth indicating
crystallization, revealing that the TiO2 nanotube arrays
retained their nanotubular morphologies. Nevertheless,
it can be seen from figure 3 that, the morphology and
pore sizes of TiO. films obtained after different
anodization durations are somewhat different and
depend on the anodizing time. At the initial stage of
anodization (10 min., figure 3a), the pores of different
diameters of 17-24nm were observed only, but
nanotubes are not yet visible. After 20 minutes of
anodizing (figure 3b), a nanotubular structure with a
diameter of about 40nm appears. After 30 min. of
anodizing (figure 3c), this structure appears even more
clearly. The following should also be noted: typically,
RF magnetron deposited titanium thin film coating is
composed of randomly oriented trapezoidal platelets on
top of each other with dimensions of 100-1000nm
located at some angles relative to each other [9]. The
rate of anodization of these platelets varies. With short-
term anodizing, part of the tile does not get enough time
to be completely anodized, and additional time is
required for this. As a result, a more uniform
morphology is observed. Therefore, on the SEM image
of the film obtained as a result of anodization for 10 and
20 min., against the background of the holes-mouths of
the nanotubes, stand-alone platelets with sides of 50-
100nm length are observed. The surface of the film
obtained by anodizing for 30 minutes has a relatively
high uniformity.

3.3. Raman spectroscopy

The Raman spectrum of the structure is given in
figure 4. Here, arrows of black, green, and red colors
are used to indicate the bands of TiO,, ITO, and glass,
respectively. The observed frequencies of the Raman
bands of TiO, are 143,197, 339, 391, 513, 519, and
639cm™ and they confirm the crystalline formation of
the anatase TiO, [18-20]. Indeed, the sample presented
a crystalline structure, with tetragonal anatase as the
major phase as follows: three 3Egnonpolar modes with
frequencies 143, 197, and 639cm?, 2B15 modes at 391
and 519cm, and 1A at 513cm™t. 1A;4 mode overlaps

[ with the By, mode at 519cm ! [14-17] at room
temperature, but they can be noticeably spectrally
separated at sufficiently low temperatures.

143
TiO, /ITO/Glass|

Intensity, a.u.

400 500 600

Raman shift, cm”

300
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700
1

Fig. 4. Raman spectrum of the structure.

Regarding the presence of both brookite and rutile
phases in the film, it should be noted that, as has been
reported [15] the rutile polymorph phase may exhibit
dominant peaks at 446.6 and 609.8cm™’. However,
these modes of rutile haven’t been observed in the
Raman spectra. Further, as reported in [20], the Raman
bands of anatase (399 and 639cm) and brookite (396
and 636 cm™) are very close in values. Therefore, the
existence of two peaks of 391 and 639cm ! observed by
us initiate a question if they either refer to anatase or
brookite. However, the XRD spectrum is given in
figure 2, which doesn’t have any peaks inherent in
brookite, making it possible to completely exclude the
presence of the brookite phase in the film. The bands
belonging to ITO at the Raman spectrum are 303, 371,
404, 485, and 630cm™, whereas the peak at 568cm™ are
belonging to the glass substrate.

3.4. Optical transmission

The digital images of the samples presented in
figure 5 show the change in the appearance of the Ti-
coated glass/ITO structure after anodizing, as well as
after subsequent thermal annealing. During the
anodization process, the initially opaque Ti film (a)
gradually transforms into TiO, and becomes
transparent (b). Upon subsequent thermal annealing at
450°C, the optical transmission and transparency of the
samples decrease as compared to non-annealed. This is
because, upon annealing in the air, some additional
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oxygen vacancies are introduced into the film, on which
the light is scattered and the light absorption increases.

Figure 6 shows the optical transmittance of each
layer of the glass substrate, ITO as well as TiO; layer
of the Glass/ITO/TiO; bilayer structure separately. It
can be seen from the spectra that the film is transparent
in the region of 900-360nm with a transmittance of
about 70-80% and exhibits strong absorption in the UV
region with a wavelength shorter than 360nm. The
latter is close to the absorption cut-off of bulk titanium
dioxide and attributable to the electron’s transition
from valance to the conduction band of TiO,. The
wavelength region of 400-750nm showed a few
interference fringes which appeared due to multiple
reflections at the TiOy/ITO/glass substrate and the
film/air interfaces. The existence of interferometric
oscillations is evident in the high optical quality of the
TNT. A high degree of transmission allows the use of
such structures to create DSSC.

Fig.5. Optical images of the structure before a)and
after oxidation(b)and upon annealing (c)
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Fig.6. FTIR measurements patterns of Glass/ITO/TiO2 structue .1- Transmittance spectra of glass substrate,

2-1TO, 3- TiO2 . Inset-band gap of TiO2

Determination of bandgap energy (Eg) is often
necessary to develop the electronic band structure of a
thin film material. In the high absorption region,
absorption coefficient a is related to the energy /v of
incident photons by the Tauc’s formula (ahv) =
A(hv —Eg)™. Here  hv-is the photon energy,
a = 4mk /A is the absorption coefficient at wavelength
A, k —extinction coefficient, p is an index that
characterizes the optical absorption process and is
theoretically equal to 1/2, 2, 3/2 or 3 for direct allowed,
indirect allowed, direct forbidden and indirect
forbidden transitions, respectively. From the
measurements and the plot of the equation, the indirect
optical band gap energy, Eg, can be deduced when the
linear part of the curve intercepts the x-axis just above
the fundamental absorption threshold. An example of
the plot of (ahv)? versus photon energy of the films,
including extrapolation from the linear curve, is
illustrated in the inset of fig. 6. From the plot, it was

| determined that the TiO, film has a direct bandgap of
about 3.20eV.

3.3. Spectroscopic ellipsometry

Ellipsometry is a set of methods for studying the
surfaces of liquid and solid bodies by changing the state
of polarization of a light beam reflected by this surface
and refracted on it. The relationship between the optical
constants and the parameters of elliptically polarized
light is established on the basis of the Fresnel equations.
The ellipsometry actually measures the quantities 4 and
¥, which describe the change in polarization that occurs
when the measurement beam interacts with a sample
surface. These angles are defined by the complex ratio

B tan(y) exp(il) of  Fresnel  reflection

o=
coefficients for p- and s-polarized light [16-17]. The
obtained data is then used to calculate the refraction
index and thickness of the layer interacting with the
light.
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Fig.7. Schematic representation of the proposed physical model of the glass/ITO/TiO: structure (a) and illustration of
generated and experimental data, curve fitting with the physical model; b) fitting on v, c) fitting on A at incident

angle 75°

The proposed physical model for SE data fitting | the surface morphology and structure of nanotubes

of the annealed Glass/ITO/TiO; thin film structure is
presented in Figure 7a, whereas the illustration of the
calculated and experimental data, curve-fitted with the
appropriated physical model is shown in Figures 6b and
6¢c. As it can be seen from the model, the multilayer
consists of five layers with variable thicknesses and
constituents. These can be listed as follows: 1) the glass
substrate; 2) the 1%flayer (# 320nm, consists of
ITO/voids  (air)-and Ti); 3) the 2™ (#77nm,
ITO/VOID/Ti); 4) the 3" (# 4.9nm, TiO2/air /Ti); 5) the
4™ (#182nm, TiO3 /air); 6) the 51 (# 1.15nm, TiO/air).

4. CONCLUSION

Radio-frequency magnetron sputtered titanium
thin films deposited on Glass/ITO substrates have been
anodized and studied. Highly ordered TNT arrays of 40-
45nm pore diameter with a high degree of optical
transmission were obtained. It has been established that

improve with an increase in the anodization time.
Ellipsometry measurements allowed to creation of an
optical model of the experimentally fabricated
glass/ITO/TiO; structure, consisting of five layers with
different thicknesses and constituents. The XRD pattern
and Raman spectra confirmed the presence of the
anatase tetragonal phase of TiO, with nanotube arrays.
The rutile and brookite phases were not found. By using
Tauc’s formula it was determined that the TiO; film has
a direct bandgap of 3.20eV. It was revealed that
Glass/ITO/TiO2 structures are transparent in the region
of 900-360nm with a transmittance of about 70— 80%
and exhibit strong absorption in the UV region with a
wavelength shorter than 360nm. Such a strong
absorption of UV of the structure including an external
TiO; layer with the extended nanotubular surface, as
well as an electrically conductive ITO layer, makes it
quite suitable for solar energy harvesting application

[1] O. Durante, Di.C. Giorgio, V. Granata and et
al. Emergence and Evolution of Crystallization

in TiO, Thin Films: A Structural and
Morphological Study. Nanomaterials.,
Basel., 2021., 11(6): 1409:1-

18. DOI: 10.3390. nan011061409.

C. Cavallo, Di.F. Pascasio, A. Latini, M.
Bonomo, D. Dini. Nanostructured
Semiconductor Materials for Dye-Sensitized
Solar  Cells. Journal of  Nanomaterials.,
2017, Article 1D 5323164:31. https:doi.org.,
10.1155/2017/5323164.

A.A Valeeva, E.A. Kozlova, A.S. Vokhmintsev
and et al. Nonstoichiometric titanium dioxide
nanotubes with enhanced catalytical activity
under visible light. Sci Rep 8, 9607., 2018.
https://doi.org/10.1038/s41598-018-28045-1.
P. Navabpour, K. Cooke, H. Sun. Photocatalytic
properties of doped TiO; coatings deposited
using reactive magnetron sputtering. Coatings.

[2]

[3]

[4]

31

2017,7,10.
https:doi.org.,10.3390/coatings7010010.

Yen Cheng, Hui Yang, Yun Yang and et al.
Progress in TiO2 nanotube coatings for
biomedical applications. Journal of Materials
Chemistry B. 2018, 6(13):1862-1886.  DOI:
https: DOI.org/10.1039/c8tb00149a

G. Deepak, D. Subash, G.S. Anjusree, K. Pai.
Photovoltaic property of anatase TiO2 3D Meso
flowers. ACS Sustainable Chem. Eng.2014; 12:
pp. 2772-2780.

A. Popa, C. Ta, T. Gemming, A. Leonhardt et
al. Anatase nanotubes as an electrode material
for lithium-ion batteries. J. Phys. Chem. 2012;C
116: pp. 8714-8720.

D. Dumitriu, A.R. Bally, C. Ballif and et.al.
Photocatalytic degradation of phenol by TiO2
thin films prepared by sputtering. Appl. Catal.,
B Environ. 2000, 25:83. DOI:10.1016/S0926-
3373(99)00123-X.

[5]

(6]

[7]

(8]


https://www.ncbi.nlm.nih.gov/pubmed/?term=Durante%20O%5BAuthor%5D&cauthor=true&cauthor_uid=34073645
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Giorgio%20C%5BAuthor%5D&cauthor=true&cauthor_uid=34073645
https://www.ncbi.nlm.nih.gov/pubmed/?term=Granata%20V%5BAuthor%5D&cauthor=true&cauthor_uid=34073645
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8227354/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8227354/
https://doi.org/10.3390/nano11061409
https://doi.org/10.1155/2017/5323164
https://doi.org/10.1155/2017/5323164
https://doi.org/10.3390/coatings7010010

Sh.0. EMINOV, Kh.D. JALILOVA, S.A. ALIYEV, N.N. MUSAYEVA, A.A. RAJABLI, G.H. MAMMADOVA, J.A. GULIYEV...

[9] Pant Bishweshwar, Mira Park and Soo0-Jin
Park,* Recent Advances in TiO; Films
Prepared by Sol-Gel Methods for

Photocatalytic ~ Degradation of Organic
Pollutants and  Antibacterial ~ Activities
Coatings., 2019, 9(10),

613;https://doi.org/10.3390/coatings9100613.

[10]D. Rafieian, R.T. Driessen, W.Ogieglo and et
al. Intrinsic photocatalytic assessment of
reactively sputtered TiO  films. ACS Appl.
Mater. Interfaces.2015: pp. 8727-8732.

[11]Kelly Rees,® Emanuela Lorusso,® Samuel
D. Cosham,? Alexander N.
Kulak® and Geoffrey —Hyett. Combining
single source chemical vapour deposition
precursors to explore the phase space of
titanium oxynitride thin films Dalton Trans.,
2018, 47, pp. 10536.

[12]B. Gultekin, S. Demic. Dye-sensitized solar
cells based on titanium dioxide nanoparticles
synthesized by flame spray pyrolysis and
hydrothermal sol-gel methods: a comparative
study on photovoltaic performances. Journal
of Materials Research and Technology. 2020,
9:1569-1577. DOI: 10.1016/j.jmrt.
2019.11.083

[13]S.0. Eminov, A.S. Aliyev, J.A. Guliyev et al.
Photo and electrical peculiarities of the
nanostructured glass/ITO/AAO and
glass/ITO/CdS systems. Journal of Materials
Science: Materials in Electronics; 2016, 27:
9853-9860. https://DOI.org/10.1007/s10854-
016-5053-9

[14]A. Sadek, H. Zheng, K. Latham, et.al.
Anodization of Ti thin film deposited on ITO.
Langmuir. 2009, 25; 509-514.
DOI:10.1021/1a802456r

32

[15] T. Stergiopoulos, A. Valota, V. Likodimos et
al. Dye-sensitization of self-assembled
titania nanotubes prepared by galvanostatic
anodization of Ti sputtered on conductive
glass. Nanotechnology, 2009, 20(31):365601.

DOI: https://doi.org/10.1088/0957-
4484/20/36/365601.
[16]M. Horprathum, P. Chindaudom. A

Spectroscopic ellipsometry study of TiO- thin
films prepared by dc reactive magnetron
sputtering: annealing temperature effect.
Chinese Physics Letters. 2007;24(6):1505.
DOI: https://doi.org/10.1088/0256-
307X/24/6/021.

[17]J.A. Woollam, B. Johs, Herzinger Craig M. et
al. Overview of variable angle spectroscopic
ellipsometry (VASE), Part I: Basic theory and
typical applications  Proc. SPIE 10294,
Optical Metrology: A Critical Review, 1999,
1029402. DOI: 10.1117/12.351660.

[18]E.J. Ekoi, A. Gowen, R. Dorrepaal, D.P.
Dowling. Characterization of titanium oxide
layers using Raman spectroscopy and optical
profilometry: Influence of oxide properties.
Results in Physics, 2019;12:1574-1585.
https://doi.org/10.1016/j.rinp.2019.01.054.

[19] E.J. Ekoi, C. Stallard, I. Reid, D.P. Dowling.
Tailoring oxide-layer formation on titanium
substrates  using  microwave  plasma
treatments. Surf Coat Technol. 2017, 325.
https: // doi.org/10.1016/j.surfcoat. 2017.,
06.046.

[20] F.D.Hardcastle. Raman
spectroscopy of titania (TiO2) nanotubular
water-splitting catalysts. J. Ark. Acad.
Sci. 2011, 65: pp. 43-48.


https://doi.org/10.3390/coatings9100613
https://pubs.rsc.org/en/results?searchtext=Author%3AKelly%20Rees
https://pubs.rsc.org/en/results?searchtext=Author%3AEmanuela%20Lorusso
https://pubs.rsc.org/en/results?searchtext=Author%3ASamuel%20D.%20Cosham
https://pubs.rsc.org/en/results?searchtext=Author%3ASamuel%20D.%20Cosham
https://pubs.rsc.org/en/results?searchtext=Author%3AAlexander%20N.%20Kulak
https://pubs.rsc.org/en/results?searchtext=Author%3AAlexander%20N.%20Kulak
https://pubs.rsc.org/en/results?searchtext=Author%3AGeoffrey%20Hyett
https://www.sciencedirect.com/science/article/pii/S2238785419304119#!
https://www.sciencedirect.com/science/article/pii/S2238785419304119#!
https://www.sciencedirect.com/science/journal/22387854
https://www.sciencedirect.com/science/journal/22387854
https://www.sciencedirect.com/science/journal/22387854/9/2
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.jmrt.2019.11.083?_sg%5B0%5D=fgULl23R7WHj06skZRkmGDFvPgTwL3iZdmiAAJwg3yFerADvgwK4CL8eko66Yfl-gbiwAQqBHqk0y_3zQGuD8TKORg.cnUhJ5mKBwt1HYisNlFyGMPMl5LkX7kiBXpg7xgkeJve5ayYBK4N2jRUBcw5woW0na6x3pSRG18-nG13vXDNBA
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.jmrt.2019.11.083?_sg%5B0%5D=fgULl23R7WHj06skZRkmGDFvPgTwL3iZdmiAAJwg3yFerADvgwK4CL8eko66Yfl-gbiwAQqBHqk0y_3zQGuD8TKORg.cnUhJ5mKBwt1HYisNlFyGMPMl5LkX7kiBXpg7xgkeJve5ayYBK4N2jRUBcw5woW0na6x3pSRG18-nG13vXDNBA
https://doi.org/10.1007/s10854-016-5053-9
https://doi.org/10.1007/s10854-016-5053-9
https://doi.org/10.1021/la802456r
https://doi.org/10.1088/0957-4484/20/36/365601
https://doi.org/10.1088/0957-4484/20/36/365601
https://doi.org/10.1088/0256-307X/24/6/021
https://doi.org/10.1088/0256-307X/24/6/021
https://doi.org/10.1016/j.rinp.2019.01.054

AJP FIZIKA

2022

section C: Conference

M.H. Shahtakhtinski

ELECTRON DIFFRACTION STUDY OF THE TEMPERATURE-TIME
DEPENDENCES OF CRYSTALLIZATION OF NANOTHICK AMORPHOUS
CulnsTes FILMS
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Kinematic electron diffraction was used to study the crystallization processes of amorphous CulnsTeg films
obtained under normal conditions and under the influence of an external electric field with a strength of
500vemt. Isothermal curves of phase transitions are constructed and the Kinetic parameters of phase
transformations are determined: the dimensions of crystal growth and activation energies are established. It is
shown that during the crystallization of amorphous CulnsTes films, the rates of nucleation and their further growth

follow the Arrhenius relations.

Keywords: kinematic electron diffraction pattern, thin films, crystallization isotherms, activation energy.
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1. INTRODUCTION

The study of the temperature-time dependences of
the kinetics of phase transitions (PT) in nano thick
semiconductor amorphous carriers, along with the
study of the structure, the distribution of impurities in
crystalline and amorphous films, the establishment of
superstructural phases resulting from deformations of
crystal lattices, the formation of phases due to reactions
of chemical elements, etc... is an important area of
electron diffraction research, for which nanoscale thin
semiconductor layers are characteristic objects. In the
work [1] by the synthesis of double compounds of
pseudobinary sections of the system A/CV!-BicY!
(n=0,1,2...) and chemical elements of the Cu-In-Te
ternary system, taken in the ratios Cu:ln:Te=1:5:8
components, which were subjected to chemical-thermal
treatment before being loaded into double quartz
ampoules, ternary compounds included in the common
chemical group A'CV!-BiH ., CYI, .. Phase composition
indices of ternary compounds in this formula group of
compounds refer to a series of natural numbers
n=0,1,2... X-ray diffraction analysis found that the
synthesized bulk single crystals
(Cu:In:Te=7,18:35,31:57,51 at.%) are consistent with
the  composition of the initial  samples
(Cu:ln:Te=7,14:35,72:57 at.%). The crystallographic
parameters of the tetragonal lattices of the grown single
crystals with the chalcopyrite structure of composition
CulnsTeg are equal to a=6,162; c=12,294.

2.  EXPERIMENTAL METHODS

This work is devoted to the experimental study of
the temperature-time dependences of the PT, as a result
of the crystallization of nanothick amorphous films of
the composition CulnsTeg, obtained by sublimation of
binary compounds Cu,Te and In,Tesz in vacuum with a
residual pressure of ~10-Pa, as well as the components
of the Cu-In-Te system of the highest purity deposited
by evaporation, taken in ratios 1:5:8.
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The study of the kinetics of any process, i.e.,
Establishing a relationship between the proportion of
the wundergoing change due to PT and the
transformation time t determines the kinetics of any
physical and chemical processes. Establishing the
kinetic parameters of the PT is associated with a certain
complexity, since the mechanism of the formation of
centers during the crystallization of amorphous
substances and their further growth is often unknown,
information about which can only be obtained by
studying the temperature-time dependences of the PT.
To establish the dependence between the volume
undergoing PT and time, it is necessary to find the
values of two interrelated parameters: the rate of
nucleation (v3) and their further growth (v,). The rate of
formation of new phase centers (vs) in the "mother
medium" is defined as the number of nuclei that turn
into crystallization centers per unit time per unit
volume of the metastable phase. The rate of change in
the linear dimensions of growing crystalline particles is
the linear rate of crystallization. However, by setting
the values of vz and vy, only the problem of the PT time
is solved and such an essential issue as the filling of the
initial volume with emerging and growing nuclei of
crystals of the new phase is not addressed, since in this
case the statistical nature of the overlap of the growing
centers of the new phase is not taken into account and
is not taken into account. The rate of change in the
linear dimensions of growing crystalline particles is the
linear rate of crystallization. However, by setting the
values of ©3 and vp, only the problem of the PT time is
solved and such an essential issue as the filling of the
initial volume with emerging and growing nuclei of
crystals of the new phase is not addressed, since in this
case the statistical nature of the overlap of the growing
centers of the new phase is not taken into account and
is not taken into account.

Vi=Vo[1-exp (-1/3v305t%)] 1)
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where, Vt is the volume of the substance undergoing
transformation by the moment t, Vo is the initial
volume. Equation (1), however, without taking into
account the dimensionality of growth, gives only a
general statistically probabilistic solution of the
problem of the transformation time and does not reveal
the physical features of the kinetics of a particular
process, assuming that the total volume of the initial
phase is infinitely large. The time of the FP half-cycle
according to (1) is equal to tos=,/0,65/v5 v, and the
complete isothermal transformation V=V, occurs at
infinity tir=o0.

The rate of invariant isothermal phase transitions
in time is described by the expression

av
Z)=(Vo-V) 03 0 )
here, gt-crystallized by time t volume in the "metastable
mother medium”, the rate of increase, which is
proportional to the active surface of the growing center
S (1) and the linear rate of its growth vp

—=5v
ac “1°p

)

The active surface of the growing crystal is
expressed as a function of the volume of the growing
center of the forming phase

Se=ksq” (4)

where, Ks-is the crystal shape coefficient, v is the
exponent characterizing the growth dimensions of the
growing center. At values of v equal to 2/3 and 1/2,
three-dimensional and two-dimensional formations of
anew phase are formed in the process of crystallization,
respectively, and with a growth dimension equal to zero
v=0, the volume growth is limited by the process of
nucleation itself by finite volumes that do not grow
further. Taking into account the dimensionality of the
growth of crystals, in order to estimate the crystallized
part of the volume of the initial phase by time t, using
(3) and (4) in [3], the following formula was obtained:

q:=[(1-v) A+83 7] (%)

here, A_t and Js are the product of the form factor and
the linear growth rate (ks'vp) and the value of the
growing center of the formed phase, respectively.
Taking into account (5) in (2) and solving the resulting
equation for Vi, we obtain the general analytical
equation presented in [3] as

Vi=Vo[1-exp (-kt™)] (6)

which describes the kinetics of the phase transition that
proceeds with the appearance of nuclei of a new phase,
taking into account the statistical nature of the overlap
of growing centers. In (6), k is the reaction rate constant
equal to 1/3zwsvp’, the value of m depends on the
growth dimension and is different for possible types of
FP. Conclusions about the possible mechanism of the
FP are made on the basis of the value of the exponent
m=(2-v)/(1-v). v=ciexp(-Ua/kT), where, c; is a
temperature-independent quantity, Us is the nucleation
activation energy. Relationship (6) characterizes the
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kinetic curve of the isothermal process, which
determines the dependence of the volume of the new
phase V on the duration of heat treatment of thin films.
It was shown in [4-5] that bypassing the cumbersome
quantitative analysis of the transformation processes,
the regularities and kinetic parameters of the phase
transition can be established by formula (6) by
molecular-kinetic consideration of the crystallization of
amorphous substances. For continuous time monitoring
of the course of the transformation process, the
methods given in [6-7] are known, with the help of
which, during the heating of the sample, changes in the
intensities of diffraction reflections are recorded, in
which the angular positions change during the phase
transition. The shifts of the diffraction peaks are
measured by a slit-aperture counter. In this case, errors
in determining changes in the intensities of diffraction
peaks can reach ~15%.

The kinematic electron diffraction method
developed in [8] makes it possible to obtain continuous
electron diffraction images in terms of accuracy and
sharpness of the diffraction field that are not inferior to
discrete electron diffraction patterns, which are
recorded on photographic plates. The essence of the
method of kinematic electron diffraction as a physical
method is to fix the diffraction pattern on a uniformly
moving photographic plate, uniform movement, which
is achieved with a reduced electric motor. During the
crystallization of the studied amorphous films, due to
their heat treatment, a diffraction pattern from a
polycrystal is established with a slit located along the
horizontal radius of the diffraction concentric rings, a
narrow strip is established, which turns the diffraction
pattern into parallel lines symmetrical with respect to
the electron beam. Kinematic surveys were carried out
by us at a speed of 1/3, 1/2, 1/6 and 1/10mm/sec. Heat
treatment of CulnsTes films 2504 thick was carried out
using a tantalum tape with several holes 0.1-0.5mm in
diameter. The films under study were heated directly in
the column of an EMR-102 electron diffraction
recorder. The calibration of these special furnaces,
consisting of tantalum tapes with dimensions of
25x1,5x0,07+0.1mm, was carried out using a copper
constant or chromel-alumel thermocouple, as well as
according to the melting points of In, Sn, Pb.
Experiments on obtaining amorphous CulnsTeg films
suitable for research were similar to the experiments
carried out in [9]. In [10], a curve of the radial
distribution of atoms was plotted for amorphous
CulnsTeg films and the structure of the short-range
atomic order in them was determined.

3. RESULTS AND DISCUSSION

In order to obtain and study the kinetics of
crystallization of amorphous films of composition
CulnsTeg, simultaneous thermal evaporation of binary
compounds Cu,Te and In,Tes was carried out in a
vacuum of ~10Pa under normal conditions and under
the influence of an external electric field with a strength
of 500Vcm™ from tungsten spiral-shaped conically
wound spirals. Thin CulnsTes films with a calculated
thickness of ~2504 were obtained by us by sublimation
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of the synthesized binary compounds mentioned above
on NaCl substrates preliminarily cooled to 203K. With
heating of amorphous CulnsTeg films with values
S=4msin6/A=1,66; 3,20 and 4,914, corresponding to
diffuse  lines on the Kkinematic electron
diffractionpatterns  (fig.1), at relatively low
temperatures, they pass into a crystalline state.

Fig.1. Kinematic electron diffraction pattern of amorphous
CulnsTes undergoing a phase transition at 403K.

The intensities of diffraction lines with indices
(210), (301) and (420) were determined, which had the
best resolution and, therefore, were most convenient for
intensity measurements. From the values of the
intensities of diffraction reflections of crystalline
CulnsTeg to the corresponding values of the volume V,
we passed according to the procedure given in [9]. As
can be seen from the crystallization isotherms of
amorphous films plotted for temperatures of 350, 373I

o

Inln

o ¥

and 403K (fig.2), the slope of the curves sharply
increases with increasing temperature, which indicates
a rapid increase in the crystallization rate with an
increase in the annealing temperature of the films.

Ve 10 cim
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Kinetic curves of crystallization of amorphous
CulnsTes.

i, cex

Fig.2.

To compare the experimental isotherms with the
analytical expression of the crystallization kinetics, the
dependences InInVo/(Vo-V:) on Int were plotted. Almost
parallel lines are obtained for all temperatures, which
indicate that the experimental isotherms can be
described by expression (6). From the slope of the
straight lines to the abscissa axis, the value of the
exponent m in expression (6) is found to be equal to ~4.
This value of m indicates that in the case of
crystallization of amorphous CulnsTeg films with a
thickness of ~2504, as well as in the case of CulnsSg
[9], three-dimensional growth of crystals takes place.

10 b 403 K EFEN 358 K
0,5 F
00 |
-10
20 F
2:4 3,0 3,5 4.0 4.5 50 lmt

»

»

Fig.3. Dependence of InInVo/(Vo-Vt) on Int for crystallization amorphous CulnsTes.

The value of InK determined using the plot of
InInVo/(Vo-Vy) versus Int is as follows:
at 358K InK=-33.7; at 373K InK=-23.2; and at 403K
InK=12.9. The graph of InK dependence on the
reciprocal temperature (fig.3), built on the basis of the
above data, shows that the experimental points lie on
one straight line.

The linear dependence of InK on 1/T is explained
by the fact that in the temperature range under study,
the rate of nucleation vz and the rate of crystal growth
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va can be described by an Arrhenius type expression:
Representing vs and vp in an Arrhenius type equation
and taking the logarithm of K, we obtain:

Us+3U
InK=c-——2
RT

)
here, c- is some temperature-independent constant, Us
and U, - are the activation energies of nucleation and
growth of crystals, respectively, R- is the universal gas
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constant. The value of the sum Uz+3U,, established by
the slope of the straight line shown in fig.4 to the
abscissa axis, is 32,8kcal/mol. The activation energy of
nucleation Us, calculated from the slope of the direct
dependence of //z on Int (where 7 is the incubation time,,

nk
0,5 -
403 K

1 4

-10,0

I

-150

-200 -

-25,0 +

“

2,4

-

2,5

i.e. the experimentally observed crystallization onset
time) is 12,6kcal/mol. U, determined from the ratio
Up=(Ugen.-U3)/3 was equal to 6,7kcal/mol.

~ 373 K

358 K

" " — 10°

2,6 2,7 28 T

Fig.4. Temperature dependence of InK for crystallization amorphous CulnsTes.

Since electric fields (constant and variable) have
a significant effect on the crystallization processes,
experimentally confirmed in [10-12], we also studied
the crystallization kinetics of amorphous CulnsTeg
films condensed under the influence of an external
electric field with a strength of 500V-cm™. A constant
electric field was created between two parallel copper
plates. On the surface of the negatively charged bottom
plate, there were substrates-fresh NaCl cleavages. The
upper plate had two holes 5mm in diameter through
which the molecular beams passed and reached the
surface of the substrates. The substrate temperature was
203K. The deposition rate was 204/sec. The study of
the crystallization kinetics of amorphous CulnsTes
films obtained under the action of a field was carried
out similarly to that for films obtained under ordinary
conditions. Isothermal kinematic electron diffraction
patterns were obtained at temperatures of 358, 373 and
403K. From the plot of InInVo/(Vo-Vy) versus Int, built,

[ . .. L
on the basis of the CulnsTes crystallization kinetic

curves for the above temperatures, for which the
intensities of diffraction lines with the indices indicated
above for crystallized films obtained under normal
conditions, the dimensionality of the growth of crystals
m=4 was determined. The total activation energy of the
crystallization process is: Ugen=U3+3U,=55,8kcal/mol.
The values of the activation energies of nucleation (Us)
and growth (Uy), established similarly to the case of the
absence of a field, are 33,5 and 7,4kcal/mol,
respectively. From the experimental data obtained as a
result of the performed it is clear that in both cases there
is a three-dimensional growth of crystals. The
crystallization activation energies for CulnsTeg films
obtained under the action of an electric field are slightly
higher than the corresponding values for films
sublimated outside the field. For comparison, the found
values of the Kinetic parameters of crystallization are
given in table 1.

Table 1.

Values of activation energies of crystallization of amorphous CulnsTeg films obtained under the
influence of an electric field and outside it

Electric field voltage m Ugen Us Up
kcal/mol kcal/mol kcal/mol

E=500V-cm™ 4 55,8 33,5 7.4

E=0 4 32,8 12,6 6,7

Thus, it has been established that during the
condensation of films of the Cu,Te-In,Te; system
under the influence of an electric field, the resulting
amorphous films of the composition CulnsTeg are
formed in a more stable state. The degree of
deformation of chains of molecules decreases and, as a
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Iresult, the degree of rupture of chains of molecules into

short fragments decreases, which in turn leads to a
decrease in their mobility during subsequent heat
treatment, resulting in an increase in the activation
energies of crystallization of CulnsTes.
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CONCLUSION corresponding values for thin layers obtained outside
the field. Under the conditions of deposition of
Crystallization kinetics of amorphous films of  molecular beams in an electric field, it is possible, just
composition CulnsTeg obtained by vacuum preparation  as in CulnsSg films [9], that the bonds that hold the
of the synthesized binary compounds Cu,Te and structure together shorten, i.e., the distances in the
In;Tes, as well as by evaporation of the components of  nearest environment of atoms in CulnsTeg films
the Cu-In-Te system, taken in ratios of 1:5:8, change. Regardless of the method and conditions for
sublimated from separate sources, obey the laws the formation of CulnsTes films obtained under
established by Avrami-Kolmogorov. In amorphous ordinary conditions and reconstructed under the
films formed under the conditions of deposition of influence of an external electric field, three-
molecular beams in an electric field, the crystallization  dimensional growth of crystals occurs.
activation energies are overestimated compared to the
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G.E. Dasdamirova

AMORF CulnsTes NAZIK TOBOQOLORININ KRiISTALLASMASININ TEMPERATUR-ZAMAN
ASILLIQLARININ ELEKTRON DiFRAKSiYASININ TODQIiQi

Normal soraitdo vo giicii 500V-sm™ olan xarici elektrik sahosinin tosiri altinda alinan amorf CulnsTes nazik
tobogolorinin kristallasma proseslorini 6yronmoak tigiin kinematik elektron difraksiyasindan istifado edilmisdir. Faza
kegidlarinin izotermik ayrilori qurulmus vo faza ¢evrilmslorinin Kinetik parametrlori toyin olunmusdur: kristalin béyiimasi va
aktivlosmo enerjilorinin  olgiilori miioyyan edilmisdir. Amorf CulnsTes nazik tobagslorin kristallagmasi zamani
riseymomolagalma siiratlori va onlarin sonraki artimi Arrhenius miinasibotlorine uygun gostorilmisdir

I'.E. Jampamuposa

SJIEKTPOHOI'PAONYECKOE UCCIIEJOBAHUE TEMIIEPATYPHO-BPEMEHHBIX
3ABUCUMOCTEM KPUCTAJIJIM3ALIMA HAHOTOJIIIMHHBIX AMOP®HBIX IIJIEHOK CulnsTes

MeTo0M KHHEMaTH4eCKOil AJIeKTpOHOrpaduy UcClieIOBaHbI POIECCHl KpUCTAIUIN3anu aMopHBIX mieHok CulnsTes,
MOJy4eHHbIE B OOBIYHBIX YCIOBUSAX U B YCIOBUAX BO3JCHCTBYSI BHEIIHETO IEKTPUUECKOT0 MO HanpsbkeHHOCThI0 5008 -cv”
!, TlocTpoeHBI H30TEPMUYECKUE KPUBBIE (DA30BBIX TEPEXOIOB M ONPEAENEHB KHHETHYECKHE MapaMeTpsl (azoBBIX
MpEeBpaIIeHN: yCTAaHOBIEHBI MEPHOCTH POCTa KPUCTAJUIOB M 3HAYEHHs aKTHBAI[MOHHBIX »Heprui. [lokaszaHo, 4To mpm
KpucTaum3anuu amopdHbIXx ImieHok CulnsTes, ckopocTH 3apofpInieo0pa3oBaHMM M JANBHEHIIET0 MX pPOCTa CIEIYIOT
COOTHOIIECHUSIM AppeHHuyca.
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INFLUENCE OF UV IRRADIATION ON THE ELECTRICAL PROPERTIES OF A
HIGH-DENSITY POLYETHYLENE FILM MODIFIED WITH PHTHALIMIDE
ADDITIVE

E.M. GODZHAEV, F.Sh. KERIMOV, A.M. ALEKPEROV
Engineering Physics and Electronics, Azerbaijan Technical University, Baku, Azerbaijan
E-mail: geldar-04@aztu.edu.az

This work is devoted to the study of the effect of UV irradiation in air on the electrical properties of LDPE and its
modifications. The results of a study on the effect of phthalimide (PI) additives on electrical durability, the nature of the change

in the dependence of the dielectric loss tangent (tgd) and volumetric electrical resistivity (Pu) on temperature, the volume
content of fillers and on the time of exposure to UV rays are analyzed. It has been established that the introduction of 0.05 wt%
phthalimide into LDPE does not practically change the electrical strength of the composites. It is shown that the dielectric
characteristics (tgJ, pu) after UV irradiation pass through a maximum at 0.05 wt%

Keywords : ultraviolet irradiation, dielectric loss tangent, phthalimide, livetime

1. INTRODUCTION
It is known that the effect of ionizing radiation on
polyolefins is accompanied by the oxidation of
polymers due to the reactions of free radicals with
atmospheric oxygen. Such oxidation of
macromolecules largely determines the efficiency of
their radiation crosslinking and destruction [1,2], which
determine the properties of polymeric materials. As is
known [4-6], the degree of oxidation of polyolefins
under UV irradiation is mainly determined by the
diffusion of oxygen into the bulk of polymers.
It can be assumed that the more ordered structure of
polyolefins containing the optimal amount of
modifying additives hinders the diffusion of
atmospheric oxygen into polymers. In this case, the
modified polyolefins should be less susceptible to
ionization oxidation.

The paper presents the results of studying the
effect of phthalimide on electrical characteristics
(lifetime =, dielectric loss tangent tgo and specific

volume electrical resistance ( p, ) after exposure to UV
irradiation.

1.1 EXPERIMENTAL TECHNIQUE

High-density polyethylene (LDPE) grade 10803-
020 was chosen for the study, and the organic
compound phthalimide FI (chemical formula
C3H5NO2) was used as an additive. The ratio of
components was expressed in mass percent.

The research was carried out on industrial units
for the processing of plastics processing on LDPE
grades in two stages.

The proposed additives were introduced into the
feedstock, granulated LDPE, by mechanical mixing.
Before the addition of additives to LDPE, they were
dispersed using sieve analysis on a unit for determining
the grain composition. The particle size was less than
500um. The processing of this raw material into film
was carried out at the URP-1500 unit. The processing
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mode was set on the unit and a film with a thickness of
20 to 50 microns was obtained.

)
J‘ [ K] K
1 5—3 O @ 4 =
T J
T i

Fig.1. Ignition unit for lamp DRSH-500m; D-choke; L-bulb;
K- limit switch, J-inductor for ignition with a spark
length of 15-20 mm; C 1 - capacitor for shunting a lamp
with a capacity of 0.05 microfarads, for an operating
voltage of at least 250V; C 2, C 3-capacitors for
blocking the network to the ground with a capacity of
0.5 microfarads, for an operating voltage of at least
250V.

UV irradiation was carried out using a DRSH-500
illuminator. The main parts of the illuminator are a
spherical mercury-quartz lamp of ultrahigh pressure
type DRSh-500 and a semi-spherical consul (Fig. 1).
Mercury - quartz lamp DRSH-500 is a powerful,
concentrated source of radiation with visible and
ultraviolet parts of the spectrum. The lamp operates in
a limited volume (casing), provided that the dimensions
of the casing and the conditions of its ventilation are
such that the air temperature at a distance of 6¢cm from
the walls does not exceed 250°C.

A sample with a thickness of 50um, fixed to a
duralumin frame with a holder, is fixed on a tripod. UV
rays are directed to the center of the melt. The distance
from the source to the sample is 25cm. UV rays hit the
sample at a right angle. The experiment was carried out
at room temperature (20°C). The mode of the
experiment is as follows: the lamp is clamped using an
inductor with a spark length of 15-20mm. Rated voltage
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on the lamp 70V, current 7.5A. In this case, the resulting
nominal luminous flux is 22500Im. The duration of the
irradiation of the sample is 15 hours.

Measured py, using an E6-13A teraohmmeter in
the temperature range 300-500K with linear heating at
a rate of 3 deg/min. Measurements of the dielectric loss
tangent were carried out using an automatic bridge E8-
4 at a frequency of 1kHz in the temperature range of
300-500K.

Measurement of the electrical durability of the
tested samples was carried out according to the method
developed by us [7].

1.1.1 EXPERIMENTAL
DISCUSSION

RESULTS AND

We have studied the effect of additives in the
optimal amount on the change in electrical strength
during UV irradiation in air. In this case, the change in
the electrical strength of the LDPE film and its optimal
modifications were assessed by taking the curve of their
lifetime before and after UV irradiation. Obtaining
experimental data is shown in fig. 2. It can be seen that
the action of UV irradiation on LDPE films without
additive leads to a noticeable decrease in its electrical
strength (lifetime). However, ceteris paribus, the
introduction of the proposed additive into LDPE in the
optimal amount contributes to the stability of its
modified electrical properties.

This means the light-stabilizing feature of the
additives used. Indeed, when evaluating the data
presented in fig. 2, it becomes obvious that the
introduction of phthalimide additives into LDPE in the
optimal amount: firstly, to a significant increase in its
electrical strength (from to ) and secondly, the found
increased properties of the modified LDPE remain
unchanged after UV irradiation with a duration of
action of 15 hours in the air.

This paper also presents the results of a study of
the temperature dependence of the volumetric electrical
resistance and dielectric losses.

lg 1,C

!
24

6
E-107.B -1

Fig.2. Dependences of the logarithm of the lifetime of
the LDPE film and its modification with the optimal PI
content (1) before and (2) after UV irradiation in air.
LDPE+0.05 wt% FI (1) before and (2) after
irradiation; LDPE (initial) before (3) and (4) after
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irradiation; t region= 15 hours.

In the temperature dependence of the LDPE film
and its modification after UV irradiation in air, the
experimental data of which are shown in fig. 3, there is
a slight change in the dielectric loss value of the initial
LDPE film (curve 2).

tgs - 10

10

L 1 L
293 313 333 353 373 TK

Fig.3. Temperature dependences of the dielectric loss tangent
of the LDPE film and its optimal modification (1)
before and (2) after UV irradiation in air at tbl.=15h.
LDPE before (1) and after (2) irradiation; LDPE + 0.05
wt% PI before (3) and (4) after irradiation.

However, when an optimal amount of a
modifying additive of phthalimide is introduced into
the composition of LDPE, the value of the dielectric
loss tangent after UV irradiation practically does not
change (curve 3).

In Fig.4. the time dependence tgo of UV
irradiation is presented. As can be seen from fig. 4, the
modified LDPE retains a constant value for quite a
period of time, and then begins to increase slightly
(curve 1). However, as expected, LDPE without
additive tgo begins to increase already in the initial
period.

Ig 5107

0 1 | I

toga,, TAC
10 20 30

Fig.4. Change in the value of the dielectric loss tangent of a
LDPE film and its modification with time under UV
irradiation in air. 1-LDPE + 0.05 mass% FI, 2-LDPE
(without additive)
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Fig.5. Temperature dependence of the logarithm of the
specific volumetric electrical resistance of the original
LDPE film and its optimal modification before and

after UV irradiation in air at t reg.=15. LDPE-0.05 wt%
FI (1) before and (2) after irradiation; LDPE (3) before
and (4) after UV irradiation.

The obtained experimental results allow us to
consider that the addition of phthalimide reduces the
change in the tgo film under the action of UV
irradiation.

Temperature, electric field, exposure to ionizing
radiation, and various additives also have a significant
effect on the specific volume electrical resistance of
polymeric dielectrics.

Figure 5 shows the results of experiments on the
radiation of the temperature dependence of the specific-
volume electrical resistance of the LDPE film and its
optimal modifications before and after UV irradiation.

As can be seen from fig.5. the specific volumetric
electrical resistance of the modified LDPE after
exposure to UV irradiation practically changes in the
same way as before irradiation.

However, as can be seen from Fig.6. as well as the
dielectric loss tangent, with prolonged exposure to UV
irradiation, the specific volumetric electrical resistance
of modified LDPE slightly decreases, while for LDPE
without additive, it decreases by one order of
magnitude.

Ig p, .Om M

1 1 i
30

tofa, wac
Fig.6. Change in the value of the specific volumetric
electrical resistance of the LDPE film and its
modification depending on the time of UV irradiation
in air 1-LDPE + 0.05 wt% FI, 2-LDPE (without
additive).

The resistance of of the proposed additive is the
result of the formation of optimal structures in the
polymer.

the LDPE film established by us with the
introduction Thus, based on the foregoing, the
discovered resistance to ionization radiation of the
electrophysical properties of the LDPE film with the
introduction of optimal amounts of additives can be
explained on the basis of changes in the physical
structure of LDPE.

At the same time, due to the physical structure
former, the heterogeneity of the polymer structure
apparently decreases and the degree of order in the
mutual arrangement of macromolecules increases, as a
result of which the process of vaporization and
ionization processes in them is significantly slowed
down.
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It is shown that when choosing the crystal symmetry, if the wave vector of the wave and the temperature gradient are
oriented arbitrarily, waves of a thermomagnetic nature of the same frequency and growth rate are possibly excited.

Keywords: frequency, increment, excitation, symmetry, tensor, orientation.

PACS: 78,55, 73.22.CD, 73.22
INTRODUCTION

It was shown in [1] that hydrodynamic motions in
a nonequilibrium plasma, in which there is a constant
temperature gradient (VT =const), has oscillatory
properties. This property of plasma is very different
from ordinary plasma. Without an external magnetic
field and hydrodynamic motions, transverse
“thermomagnetic” waves are possible in it, in which
only the magnetic field oscillates. In the presence of an
external magnetic field, the wave vector of
thermomagnetic waves is perpendicular to the magnetic
field and lies in the plane ( H,VT). If a weak magnetic
field appears in such a plasma, i.e., Qr<<1l (-
Larmar frequency of electrons, 7 -time of collision of
electrons) inside the plasma arises in addition to the

external electric field, the electric is proportional to the
temperature gradient, the electric field is proportional |

E:gﬁg[m}g"(r)ﬁ+A%+AWTH]+N(WH)H

] - current flux density

to the magnetic field. Due to this complex electric field,
thermomagnetic waves of a transverse k L VT (k -

wave vector) and longitudinal character k| VT are
excited. A theoretical study of these thermomagnetic
waves in isotropic conducting media of the electric type
of charge carriers was carried out in [2-5]. However, in
anisotropic conducting media, there is no theoretical
study of thermomagnetic waves. In this theoretical
work, we will investigate thermomagnetic waves in
anisotropic conducting media with selected samples.

BASIC EQUATIONS OF THE PROBLEM
In the presence of an external magnetic field and

a temperature gradient in an isotropic solid, the total
electric field has the form

@

In anisotropic conducting media, all coefficients in equation (1) are tensors.
Then the equations for anisotropic conducting media will have the form:

E =&k + & []H]k + & (TH)Hy + A4 ;—Tkm;k WTH]k + A (VTH ) Hy

Here &, is the tensor of the reciprocal of the
ohmic resistance, A;, is the differential thermoelectric
power, and A;, is the Nernst-Ettinishausen coefficient.
We will consider a solid external magnetic field
H, =0. Then, in the equations, the terms containing

are equal to zero. Taking into account Maxwell's
equation, we obtain the following system of equations:

E/ =&k + A [VTH],
Lo

rotE'=-=
c ot

©)

131, H.Javid ave, AZ-1143, Baku 41

ANAS, Institute of Physics
E-mail: jophphysics@gmail.com

)

| Assuming

that all variable quantities are
monochromatic in nature, i.e.
(E’,H,,j)’* ei(kffwt) (4)
From (3) it turns out:
Ef = &y Jic + A [VTH |, (5)

. 2 .
L, 0Ct Teres, io _,
b= 47m)[k [kE ﬂk i 4z B
(w -oscillation frequency).

THEORY

We (5) it turns out:
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£ 2 2 s.212 ' '
, ic o iow° —ick R o S CAy /) =\ =,
E; =—§ik(kE)kk+—§ikEk+ﬂ(VTE)kk—ﬂ(kVT)E )
drw w w
To obtain the dispersion equation from (6), you | . , li=k
first need to choose a coordinate system. We will At B/ =6y B, 6y = 0%k ©)
choose the following coordinate system . ] S .
aT aT From (8) we obtain the following dispersion equations
ky #0, k, =kg=0, — =20, —=0 (7) in tensor form
OX, 0X3
cAy, OT
Taking into account (7), from (6) it turns out; Ni = Adigkcki +B +7eke Fv (10)
k
£ 2 P2 21,2
) cAl o oT _ Ic _lo” —ic’k
E :LA‘fikkekk +B +7kke gk} Ex (8) A brew’ B 47

Expanding by components (10) it turns out:

When obtaining (8) from (7), we assumed that
k LVT i.e. the resulting thermomagnetic waves are

transverse. |
|(Nik - 6ik)| = (Nll - 1)(N22 - 1)(N33 - 1) + N31N12N23 + N21N32N13 - N31N13(N22 - 1) -
_N32N23(N11 -1 - N21N12(N33 -1)=0 (11)
Here:
N (i ~ick? )& +AmCAKY,T 2 jc?k? Ry
n=y e N2 yy— » Nig I 130 N1 =701
Ny, = v Nog =———&53, (12)
) 4mw
i (i —ic?k® ) &gy +AmCALKV T i? —ick? :
=y o N2 T I » Nag =— 33

Putting (12) into (11), we obtain the following |A crystal satisfying conditions (14) is diagonal.
equation for the oscillation frequency inside an  Taking into account (14), from (11) we easily obtain
anisotropic body

@5605 +¢4w4 +@3a)3 +@za)2 +Qw+®=0 (13) N3 +Npy +Ngz =1 (15)
Solution (13) in a general form is not possible and  If
therefore we will not write out the expression S11=6n =6 =¢ (16)

D,D,, D, Dy, D, D .
To solve the dispersion equation (11), we will ~ from (15) we get

choose crystals satisfying the following conditions. 3., ck?_ .,
1) Ny =Np = N31, ng Cr £ ey =0 )
N,y =Ng, =N
2) 21 32 22 (14)
Wy =—CAy KV, T
3) Nz = Ny3 = Ny, 21 21%1Y 2
From (17) we get:
ool 2 aVE 3(6rlatl o a)"
w=%+iy:§(—”!§)ﬂ|+czk2j +i%(—”|§wﬂl—czk1 (18)

6 U 21,2 ’ - - -
It can be seen from (18) that at ¢k > 0% the When ¢°k“E <67|w)y| the excited wave is growing

thermomagnetic with a frequency
exciting wave is of a purely electromagnetic nature.
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V2 2.2 '\ 2,2
o :[47%021] 1+ic k, < and incremey=(%j 1_L€
£ 127 |ehy| £ 1277 | )y |

For K || VT from (11), consider the case

1) Nig =Ny =Ng;, 2) Niz =Ngp = N3z =Ny3 =Nyg (19)

i (i0® ~ic?k? )&, —4me ALk V,T (i ~ic?k? ) & —4mCALKVT

Nyp :—5811, Ny, = y Nig = )
A dw drw
i (i0” ~ic°k? )&, —4mcARKVT (i ~ic°k? ) & — 4mCAZKVT

Ny =—&, Ny, = » Npg = ) (20)
i (i —ic?k? ) &5 —4mCARKVT (i —ic?k? ) & — 47 ARKVT

=" Ng, = » Ngz =

A7 47w Ao

Taking into account (19-20) from (11) we get: |

i {2@1&)% z iz (Zwélsj%

N;; —1+2Ny;N,, =0 (21) w, =
4 m ¢ ¢\ 7
Ep=Ep =& From (23) it can be seen that a wave with a frequency
= [2“@} % s increasing, a wave with a frequency
H 2 2 2.21,2 i o
k? i e
A 8rx 87 27 [2|(02/1|J can grow if 2|wj, |& < 5
o, =—| ——
From solution (22) we obtain 75
For an arbitrary orientation of the wave vector relative

to the temperature gradient, from tensor (10), we obtain

o =7 —[—2“’51‘5 j% Z+ iﬁ(—zwél"a j% (23)
T

¢z ) & ¢ |
L2 22 L2 .22
N =ia)2§11+a)11 N :('a’ —ick )512_‘011+0)12 :('0) —ick >§13+0)13
H bro P drw LB drw ’
. L2 2,2 L2 .22
N 0P Ey + oy N _('w ick )§22+a)22 N _('w ic’k )fz3+w23 "
n="" — Np= : 3= , (24)
iy ) iy ) 4rw
. 2 .22 s 2 :.21,2
N :ia)2§31+co31 N =(|a) —ick )532+a’32 =(|a) —ic’k )§33+a)33
3 b P drw ’ % 4w ’

oy =—4rc Ay (KVT)

Choosing a crystal.
From (11), taking into account (24), we obtain the following dispersion equation for determining the

frequency and growth rate of the excited waves inside an anisotropic crystal
iw?&11—w1q [iw?E1,—1c?k?E 1~ w1 —w iw2&y,—ic?k?Erp+ Wy, (w211~
511 11 ( 512 612 11 12 + 1) — 622 622 22 ( 611 11 1) (25)
4TTW 4TTW 4TTW

4TTW

|
At @, =ay +awy, and & =&, =5, from wzzé(czkzﬂﬂ]

(25) we get s
(26)

Solution (26) gives
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b
ck .
7[02“;135} ey
(27)
or w=amy+iy
Y %
_| %2 _| Y2
_[%J 7 (45) %)

For any orientation of the wave vector with
respect to the temperature gradient, the frequency and
growth rate of the excited thermomagnetic are the
same.

DISCUSSION OF THE RESULTS

In anisotropic conducting media of the electric
type of charge carriers in an external electric field in the
presence of a constant temperature gradient,
longitudinal K || VT and transverse kK L VT waves of
a thermomagnetic nature are excited. The frequency
and growth rate of this wave depend on the conductivity

of the medium. The conductivity of a medium is easily
expressed in terms of the diagonal values of the
conductivity. This creates a favorable condition for
experimental verification of the exciting waves. If the
wave vector of the excited waves has an arbitrary
direction relative to a constant temperature gradient,
then the frequency and growth rate have the same
values. When calculating, we choose crystals of
different symmetry. Of course, the conditions for the
excitation and growth of the wave will be different if
we choose different symmetries from the tensor (11).

CONCLUSION

It is proved that in anisotropic conducting media
of electric type of charge carriers, different waves of a
thermomagnetic nature are excited. With the

longitudinal K ||VT and transverse Kk LVT
orientation of the wave vector relative to the
temperature gradient, waves of a thermomagnetic
nature with different frequencies and increments are
excited.
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QEYRI-SABIT ANiZOTROP KECIiRiCi MUHITLORDO TERMOMAQNIT DALGALARI

Gostorilmisdir ki, kristal simmetriya segildikdo dalganin dalga vektoru vo temperatur qradiyenti ixtiyari oriyentasiya
edilorso, eyni tezlikli vo artimli termomagqnit dalgalarin hayacanlanmasi miimkiindiir.

9.P. I'acanos, IIL.I'. Xaauaora, I''M. Mamenosa, P.3. /I:kaBagoBa

TEPMOMATHUTHBIE BOJIHBI B HEYCTOMYUBBIX AHU30TPOITHBLIX TPOBOASIIIAX
CPEJIAX

HOKa3aHO, 4YTO IIpH BI)I60pe CUMMETPHUHN KpuCTalsla, €CIN BOJIHOBOM BEKTOP BOJIHBI U TPAAUCHT TEMIIEPATYPhL
OPUCHTUPYIOTCA MNPOU3BOJIBHO, BO3MOXKXHO BO36y)KHaIOTC$[ BOJIHBI TE€PMOMATHUTHOI'O XapaKTepa OJIMHAKOBOM YaCTOTHI H

MHKpPEMEHTA.
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ABOUT UNUSUAL ANGLE DEPENDENCE OF HALL’S COEFFICIENT IN GaSb -
V2Gas EUTECTIC COMPOSITION FROM THE ZADEH’S
“FUZZINESS” POINT OF VIEW

E.A. ISAYEVAM™, G.I. ISAKOV ** M.H. KAZIMQV 2***
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In the different cases of directions of current I, magnetic field H and metal inclusions X, JI X L H, J L X H, J L
X L H, the Hall’s effect in InSb - NiSb and GaSbh — V2Gas eutectic compositions has been investigated. It has been shown in
the case J L X L H the maximum of Hall’s electromotive force € is being observed when the direction of magnetic field and
the straight line passing through the contacts coincide. This is due to the strong anisotropy of GaSh — V2Gas material.

Keywords: eutectic composition, Hall’s effect, anisotropy
PACS: 72.20.My, 81.30.-t .

INTRODUCTION

The eutectic compositions InSb-NiSb and GaSb-
V,Gas come out when NiSb is 1,8% in InSb-NiSh
alloy and GaSb is 4,4 % in GaSh-V.Gas alloy. The
samples are crystallized by the Bridgman method with
velocity v = 6sm / hour.

The metallographic investigations of these
samples by MIM-81 microscopy have shown metal
phase NiSb is as short needles but V,Gas is as long
shaft (fig.1 and 2).

In this our paper we have investigated the
dependence of Hall’s coefficient on angle ¢ between
direction of magnetic field H and axis Z passing
through the contacts of InSb-NiSb and GaSb-V.Gas
samples.

EXPERIMENTAL AND DISCUSSION OF
THE RESULTS

It is well known the Hall’s effect is the
transverse  effect. The maximum of Holl’s
electromotive force ¢ is observed when ¢p=90°. When
»=0°, the £=0.

Our investigations have shown in the InSb-NiSb
eutecticinallcasesJ I X LH, JLXIH J1LXL1H
it was carried out (fig.2), i.e the normal behavior of
Hall’s coefficient.

But in GaSbh-V,Gas eutectic incase ] LX L H
we have observed opposite phenomenon, i. e. when
»=90°, the ¢=0 (fig.3). Let’s explain this anomaly.

At preparing samples, during their longitudinal
and transverse cutting and grinding it is possible non
depending from us the mistakes 6=1-5° Therefore,
the cases JIXLH JLXIH JLXLH take
places with an error 4.

The dependence R(¢) = Rpq, Sin¢@ shows the
Hall’s effect, because when ¢=90°, the coefficient
R(®) = R,y » when ¢= 0°, the R(¢)=0.
Considering the § it can be written:

R(®) = Rpax = Rmax SiN @cosS + Ry, sinScose .

The R(¢) is decomposed into 2 members which
differently depend on angle ¢.

Fig.1. The sort needles in InSh-NiSh and long wires in GaSh-V2Gas eutectic compositions.
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Fig. 2. Normal dependence of the Hall’s coefficient on angle inthecases J | X L HandJ L X || H .

Fig.3. In the GaSh-V2Gas eutectic the unusual
dependence of the Hall’s coefficient on angle in
thecase J LX L H

The member R, Sin¢ cos§ grows with
growth ¢. When ¢=90° it equals to R,,,, cos §. When
¢ = 0° it equals to 0, i.e., its behavior is the usual.
Let’s call it the usual Hall’s coefficient A.

A =R, Sin @ cosd .

The second member R,,,,sindcose , opposite,
decreases with growth angle ¢. When ¢=90° it equals
to 0. When ¢ = 0° it equals to R4, Sind, i.e., its
behavior B = R, 4, cos@ sin§ .
Thus, the coefficient of Hall R(¢) is the sum of
usual and closing coefficients.
R(p)=A+B @
When 6=0, R(p) =A, i.e., the usual Hall’s
coefficient. It takes place in the isotropic materials

because there is no conception of the error 6. Here we
would like to see the conception of the error ¢ and
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connect it with fuzziness of Lutfi Zadeh [4]. The error
o0 is little and it can be saying the ¢ is the least. We
even can say that 6=0. Then sin 0=0 and B=0. In this
case we say that we have deal with homogeny material
where there no a conception of 6. But we have been
investigating the anisotropic materials InSb-NiSb and
GaSh-V2Ga5 and therefore 6 #£0°. Here we have deal
with the “fuzziness” medium inside our samples
which can be by Zadeh’s fuzzy logic and fuzzy sets

[5].
At first, let’s consider & on the plane I and Z,
ie,J Il X, JLX(fig.4).

O (R [y

Fig. 4. The angle 6 on the (J, Z) plane.

Magnetic field is not considered by us now. It is
perpendicular to the plane (I, Z). Let’s choose the
current | as the direction of indication of § in these
two cases. In the caseJ Il X, 6§ =& , but in the
case J L X,6 =6 +90°.

Thus, inthe case J | X, B = Ryqx COS @ Sin 6,
in the case | L X, B = R4 cos @ sin(6 +90) =
R pax COSQ COSE .

As we see, in the closing Hall’s coefficient B the
Rinax cos@ in the case J || X multiplies on sin &, but
the case J L X multiplieson cosé. Wenote 6 =1 -
5°. Therefore, sin 6 —0 and B=0 in the case J || X, but
cos 0 —1 and B=R,,,4, cos incase L X .

Let’s substitute this value in formula (1).
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B=0, R(p) =A+B =A=R,4sing, in the
case JII X and B = R cos@p , R(p) =A+B =
Roax Sin@ + R, cosp inthecase | L X.

Thus, inthecase J Il X, R(p) = A —the usual
dependence.

-
-

Fig.5. AllcasesJ I X LH, JLXIIH JLXL1H

But inthe case JLX, R(p)+A - the
unusual dependence.

The case J L X are realized intwo cases J L X ||
H and J L X 1 H. Let’s consider the angle ¢ on the
plane of magnetic field and axis Z. Jn the fig. 4 we
exchange | on H. All our conclusions are true for this
case too.

B=0, R(p) =A+ B =A=R,,sing, in the
case H |l X - the usual dependence and

B = RpgcCco0s@ R(p) =A+B =
Roax Sin@ + R, cosp in the case H | X - the
unusual dependence.

Uniting both consideration on the planes (I, Z)
and (H, Z) we cross over into the space (I, Z, H)
(fig.5).

We have seen in the case J L X L H there is
unusual dependence of the Hall’s coefficient on angle,
i.e., R(p)=Rsing +Rcosp. But why it is
observed only in the GaSbh-V.Gas eutectic
compositions because of the metallic inclusions V,Gas
are as long “wires” which close Hall’s voltage on
contacts, Vx=0 when ¢=90°. But in NiSb-GaSh the
inclusions NiSb are short needles which cannot close
Hall’s voltage.

CONCLUSION

Is the Hall’s effect wrong law of nature? It is not
true. The Hall’s effect is absolute truth showing
physical law in nature in any situation. The observed
by us unusual behavior of Hall's effect due to the
geometry of the directions of current, magnetic field
and matal inclusins. It is "geometric™ effect. We could
understand it due to the conception of “fuzziness” of
Lutfi Zadeh too.
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ZADONIN “QEYRIi-SOLIS” NOQTEYIi-NOZORINDON GaSb - V:Gas EVTEKTIKASINDA HALL
OMSALININ QEYRi-ADi BUCAQ ASILILIGI

| coroyaninin istiqgamotlorinin, H magnit sahasinin vo X, metal daxilolmalarmmn miixtalif JIIXLH, JLX|IH, JLX1H
hallarda InSb-NiSb n GaSb - V2Gas evtektik kompozisiyalarinda Hall effekti todqiq edilmigdir. JLXLH halda, magnit
sahasinin istigamati vo kontaktlardan kegon diiz xatt tist-iisto diisdiikds Hall elektrharakat qiivvasinin € maksimumu miisahido
edilir. Bu, GaSh — V2Gas materialinin giiclii anizotropiyast ilo baglidir.

9.A. Ucaesa, I''11. UcakoB, M.I'. Ka3pimoB

O HEOBBIYHOMH YI'JIOBOM 3ABUCUMOCTH KOY®PPUIIUMEHTA XOJLJIA B 9BTEKTUKE
GaSb - V2Gas C TOUKHU 3PEHUSA «<HEYOTKOCTHU» 3AJIE

B pazmuunHbIX ciiydyasx HampaBieHHd Toka |, MmarauTHOTO ToNs H M Mertammyeckux Briarodennid X, JIXLH, JLX|IH,

JLX1H uccnenosan adpdexr Xomra B aBrexTraecknx kommnosumnusax InSb-NiSb u GaSb - V2Gas. ITokazano, 4to B ciiydae

JLX1H makcuMyM 37eKTpOABMIKYIIEH cuiibl Xojula € HaOMromaeTcs MpH COBMAJCHUH HANpaBJICHUS MAarHUTHOTO MOJI U
HPSIMO#, TIPOXOJIIIIEH Yepe3 KOHTAKThL. DTO CBA3aHO ¢ CHIIbHOW aHM30Tponueit marepuaia GaSh — V2Gas.
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INFLUENCE OF HEATING RATE ON THE PARAMETERS OF THERMO-
LIGHTING METHOD IN EuGazSs: Er®**CRYSTALS

G.S. HAJIYEVA!L F.A. KAZIMOVA?, T.Sh. IBRAHIMOVA!?, O.B. TAGIEV!?
YInstitute of Physics of Azerbaijan National Academy of Sciences, Baku, AZ1143, Azerbaijan
2Baku branch of M.V. Lomonosov Moscow State University, Baku, AZ1143, Azerbaijan
e-mail: kazimova-f@mail.ru

The thermoluminescence of EuGazSa: Er3* crystal was investigated in the temperature range 110-310K at various heating
rates using thermo-lighting curves. The thermal ionization energy, frequency factor were determined and the parameters of
thermo-lighting method (dispersion, resolution, light power) were calculated. It was shown that, the thermoluminescence
intensity increases and the maxima of the emission curves shift toward higher temperatures with an increase in the heating rate

of the samples.

Keywords: thermo-lighting method, heating rate, dispersion, resolution, light power.

PACS: 76.30; 78.55

1. INTRODUCTION

The luminescence of Er®* ions has been studied in
various crystal matrices. Of particular interest is the
emission of Er¥*, due to the intra-center transitions of
4f electrons in thel530-1560nm range [1], promising
for use in fiber-optic communication. Materials
containing Er®* can be used to make planar optical
amplifiers and lasers.

The EuGazSsEr compound belongs to the
extensive class of substances with the general formula
AB,"'C,V! (A=Eu, Yb, Sm; B=Al, Ga, In; C=S, Se, TI)
and belongs to the tetragonal syngony (space group
Fddd), with lattice parameters equal to: a=20.7164,
b=20.4044 and c=12,2004 [2]. The results of photo-
and thermoluminescence studies and the temperature
dependences of the luminescence intensity in
EuGa,S4:Er crystals are presented in [3-8].

The presentedwork is devoted to the study of
thermoluminescence (TL) in EuGa,S4Er®* crystals by
using thermal glow curves, on the basis of which some
parameters of the trap levels and the thermo-lighting
method are calculated.

2. EXPERIMENTAL PROCEDURE

The EuGa,S; crystals were synthesized from
binary EuS and GasS; compounds taken in
stoichiometric ratios in evacuated to ~104+10° torr
quartz ampoules by the solid-state reaction method.
The synthesis was carried out at 1400 K temperature for
10 hours, after which the sample was placed on H,S
medium, which contributed to an improved placement
of Er® ions in the matrix. Thermoluminescence was
investigated according to the method which described
in [9]. The samples were excited with a PRK4 mercury
lamp for 3 min at liquid nitrogen temperature.
Thermoluminescence curves were recorded at various
heating rates in the110-310K temperature range.

3. RESULT AND DISCUSSION

TL spectrum of EuGa,S4:Er3* crystals are given in
fig.1, taken at different heating rates, and fig. 2 shows
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the general view of this spectrum. It can be seen that
the spectrum has a wide band and covers a temperature
range of 110-310K.

600

500

w

400

[(arb.un.)

1
300 400

T, K

1 T
100 200

Fig.1.Thermoluminescence spectra of EuGa:Ss Erd*
(Er=T7at.%) at different heating rates g, K/s: 1- 0.26, 2—
0.67, 3-1.35, 4-1.96.

The position of the maximum temperature Ty, of
the spectrum depends on the heating rate 5: T takes
values of 184, 194, 202, 215K for heating rates of 0.26;
0.67; 1.35; 1.96 KIs, respectively. The obtained
measurement results were analyzed on the basis of the
theory and model described in [10-14], according to
which the observed maxima are characteristic of
ternary alkaline-earth and rare-earth chalcogenides
belonging to the A"B,"'C,' group. It has been
established that the TL spectra are caused by electron
traps with a quasicontinuous distribution of levels in the
energy range of 0.1-0.3eV. Note that on the TL curve
from the high temperature side at f=0.26K/s, a weak
peak is observed at 221K, which is easily eliminated by
the thermal purification method proposed in [15].

A number of very important parameters of
trapping centers can be determined based on the
obtained experimental results: thermal ionization
energy (Ey), frequency factor (po), TL spectrum half-
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width (d2), etc. From the equation of the thermo-
lighting curve for intensity [9,16].

I =n,p, exp{—kE_‘r ﬂ— ex p[ ]dT} @)

Im/2

To Tt Tm T2

TK

Fig. 2. General view of TL spectrum

Where no is the total light sum stored at the capture
levels of given depth; po-frequency factor is
proportional to the frequency of effective collisions
capable of freeing electrons from trapping levels; E; is
thermal ionization energy (capture depth); Kk is the
Boltzmann constant(0.86-10* eV.K1); T is absolute
temperature.

Assuming the presence of levels of the same depth
and without re-sticking of electrons (the
monomolecular nature of the luminescence Kinetics),
we can calculate the values of the thermo-lighting
method: dispersion, resolution and luminosity.

According to [9] the method for dispersion

thermo-lighting accept value of D = dTm/dEt which
characterizes how far the maxima of thermo-lighting
peaks T are located from each other.

Under the conditiondl /dT,_; =0 from the

expression (1) it turns out that

E, = KT, In[ Po KT j )
0 Et
replace in
KT?
Em =T,-T,=46, ©))

t
from (2) it follows that

E, = kT, In[% 52j @

0
consequently

Tmz lnTmZ —Tm1 lnTm1

dT,

m

_ 1 ®)
dE,

|n[p° 52j

Yo

Here T is the temperature on the decreasing part of the
thermo-lighting peak, at which, fo is the sample
heating rate (K/s); d- is the half-width of the spectrum
from the high-temperature side.

Since po is considered constant for a given
phosphor [16] (it varies little with temperature),
according to (5), the dispersion of the method is almost
constant across the entire energy spectrum at constant
ﬂo and 0.

The resolution of the thermo-lighting method is
characterized by magnitude.Neglecting the asymmetry

of the thermo-lighting peaks at and assuming 6~24-,
from (3), (4) and (5), it is obtained that

_ 1 Po 6
R_2Et In[ﬂ0 52] (6)

R

1
k

From (6) it follows that the resolution of the method is
not constant in the energy spectrum: the resolution
decreaseswith an increase in E:.

For the luminosity of thermo-lighting take value

P=1,/n,. From (3) and (4), neglecting the
asymmetry of the thermo-lighting peaks, we have:

k
In =noBo 3 n (226,) @
accordingly,

a_ g k(P 6
no = f, 2E In(ﬂoﬁzJ (8)

It follows that the luminosity of the method is not
constant in the energy spectrum: with an increase in E,
the luminosity decreases.

E: and po must calculating firstly to calculate the
values of D, R, P, for which different independent
methods were proposed, one of which is to find them at
two different rates [11,16]. Indeed, having designated
the sample heating rate in 1 in one experiment and in
Tm; the position of the maximum of the emission
intensity at this velocity and, respectively, in g, and
Tm,, the same values for the second experiment will be:

KTyna® .In BiT3 m2 (9)

Tm1—Tm2 B2TH,

E, =

+ Tm1nB1-Tym2InB2

Inpy, = ln +2

Tm1—Tm2

(10)

Tm1—Tmz2
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Table 1.

The results of calculations using these formulas are given in tablel.
Thermal ionization energy, frequency factor.

TTapamerpsr $1=0,67; Tm=194 $1=1,35; Tm=202 $1=1,35; Tm=202
$2=0,26; Tm2=184 £2=0,26; Tm2=184 $2=0,67; Tm2=194
[f, K/5; Tm, K [f, K5, Tm K ﬁ, Kis;  Tm K
Et, eV 0,26 0,26 0,27
po, ¢t 3,1-10° 3,4-10° 3.4-10°

In [16] and [17], other formulas are given for finding E: and po, namely: E, = AKT_, in which A=15
according to our calculations and 4=15+30 according to [18] and

T E E
In M =— 4+ 1n t (11)
L KT,, KT,
The numerical values of E; and po determined from these formulas are given in Table 2.
Table 2.
Thermo-lighting parameters
5, K| TmkK 55, K | EzeV | po, ¢! | D, KieV | Rel P 1
0.26 184 12 0.24 | 1.0.10° 738 32 7.1.10%
0.67 194 13 025 |1,7,10° 775 30 1,7.103
1.35 202 14 0,26 |3.3.10° 775 29 3.3.10°
1.96 215 15 0,28 |5.2.10° 768 27 4,5.10°
28 - ! The thermal activation energy E: was also
- lgI4 determined from the initial increase in the intensity of
2,6 1 the TL curves, which varies with temperature according
2.4 to the 1=1oe ®XT law. The dependence of 1 on T plotted
—_— in Inl coordinates from 1/T is represented by a straight
e 2 line (Fig. 3), the slope of which gives the value E; =
L 0.2-0.3eV. The overlap of nearby trap levels,
1.8 - 1 unfortunately, made it difficult to estimate the
parameters of their capture cross section.
1,6 1 Finally, after the values of E:; and po were
1,4 A TZ
. m
12 - calculated, as well as the half-width 0, = = (3) for
t
L 6I‘< 7'5 which 1=0.5ly , the dispersion (D), resolution (R) and
% 1006-’T i luminosity (P) were calculated using the above

Fig.3. Temperature dependence of the intensity of
thermoluminescence EuGazS4:Er®* (Er = 7 at.%), at
various heating rates g, K/s: 1-0.26, 2-0.67, 3-1.35,
4-1.96.
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formulas (5), (6) and (8) (Table 2).
CONSLUSION

Thus, in EuGa,S4:Er3*
thermoluminescence was

crystals,
investigated at various
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heating rates by using thermal emission curves.The
thermal ionization energy, frequency factor were
determined, the parameters of the thermal lighting

method (dispersion,
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resolution, aperture) were

calculated. It is shown thatthe thermoluminescence
intensity increases and the maxima of the emission
curves shift toward higher temperatures with an
increase in the sample heating rate.
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G.S. Haciyeva, F.A. Kazimova, T.S. ibrahimova, O.B. Tagiyev

EuGazS4:Er¥* KRISTALLARINDA TERMp-isIQLANMA USULUNUN PARAMETRLORINO
QIZMA SUROTININ TOSIiRi

110-310K temperatur inervalinda vo qizma siirotinin miixtolif giymatlorinde EuGazSa:Er®* kristallarinda termik
isiqlanma ayrilorinin komayi ilo termoliiminessensiya hadisasi 6yronilmisdir.

Termik ionlagma enerjisi va tezlik faktoru hesablanmis, termik isiglanma metodunun parametrlori (dispersiya, ayirdetma
gabiliyyati, isiq siddeti) toyin edilmigdir. Gostorilir ki, qizrma siirotinin artmasi ilo niimunads termoliiminessensiyanin
intensivliyi artir vo liiminessensiya ayrilorinin maksimumu daha yiiksok temperaturlara dogru siirtisiir.

I'.C.T'ag:xueBa, ®.A. Kaspimona, T.II1. Moparumona, O.b. Tarues

BJIMSTHUE CKOPOCTHU HATPEBA KPUCTAJLJIOB EuGazSs:Er®*
HA ITAPAMETPBI METOJA TEPMOBBICBEUNBAHUS

B mmnamasone temmeparyp 110-310K mpum pa3snuuHBIX CKOPOCTSIX HAarpeBa C HMOMOINBIO KPUBBIX TEPMHYECKOTO
BHICBEYMBAHMSI CCIIEI0BAHA TEPMOJTFOMUHECIIEHINS KpucTamios EUGa2S4:Er*. Onpesenenb! sHEprHs TEMIOBOH HOHU3AINHY,
YaCTOTHBIN (DAKTOp, PAcCCUMTAaHBI NApaMeTPhl METOJa TEPMOBBICBEUMBAHHSA (JHUCHEPCHs, pPa3pelIaromas CHOCOOHOCTS,
cBerocuia). IToka3aHo, 94TO ¢ yBeIMYEHHEM CKOPOCTH HarpeBa 0Opas3IloB MHTEHCHBHOCTH TEPMOTIOMHHECLECHIIUN PAcTeT H
MaKCUMyMBbI KPUBBIX CBEUCHHUS CMEIIAIOTCS B CTOPOHY BBICOKHX TEMIIEpATyp.
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MICROSTRUCTURE OF Cu2ZnSnSes FILMS ON FLEXIBLE SUBSTRATES FOR
PHOTOVOLTAIC APPLICATIONS

V.F. GREMENOK!?, V.V. KHOROSHKO? A.N. PYATLITSKY?,

T.V. PIATLITSKAYA3, N. N. MUSAYEVA*
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Belarus”, Minsk, Republic of Belarus
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Kesterite Cu2ZnSnSes thin films were obtained by selenization of electrochemically deposited and preliminary annealed
metallic precursors on flexible Mo and Ta foil substrates. The films and their precursors were characterized by x-ray diffraction

(XRD) and scanning electron microscopy (SEM).
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1. INTRODUCTION

In  recent vyears Kesterite Cu2ZnSn(S,Se)s
(CZT(S,Se)) thin films have been extensively studied
as a potential earth abundant alternative material for
thin film solar cell technologies such as ones based on
Cu(In,Ga)Se;z. There is an increasing interest in the
development of solar cells on the flexible metal
substrates for the industrial and space power
application due to their light weight, high specific
power density, and radiation hardness [1].

A number of methods have been used to obtain
CZT(S,Se) thin films for photovoltaic applications,
including vacuum [2-7] and non-vacuum methods [5-
7]. Latter are more preferable due to their low cost and
technological simplicity. The prevalent way to obtain a
CZT(S,Se) film includes two steps: 1) formation of
metallic Cu-Zn-Sn (CZT) precursor, 2) heat treatment
of the precursor in S and/or Se presents to obtain the
desired CZT(S,Se) film. In some cases, preliminary
annealing step before selenization/sulfirization is
applied. Among the non-vacuum methods for CZT
precursor formation, electrochemical deposition is the
most commonly used due to precise control of the
precursor composition and thickness. The Cu-Zn-Sn
precursor metals can be deposited simultaneously or
sequentially. However, the CZT(S,Se) solar cells based
on successively deposited stack metal precursor
showed the best solar energy conversion efficiency of
12.6% [7] among the whole CZT(S,Se) thin film solar
cells obtained by both vacuum and non-vacuum
deposition methods.

Normally, Mo-coated glass is used as the
substrate for CZT(S,Se) thin films. Using this type of
substrates raises a number of issues. Thus, it’s difficult
to obtain high-quality single-layered substrates with
high adhesion and electrical conductivity of the
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molybdenum and, as the result, several layers of Mo
deposited under different conditions are required,
making the process difficult and expensive; 2) during
electrochemical deposition of metals hydrogen
evolution takes part, destroying the Mo layer and
peeling off the precursor film. To solve the mentioned
above problems we propose using flexible metal foils
as the substrate and back contact material for CZT(S,
Se) thin films and solar cells based on them.

The purpose of this work is preparation and
characterization of the Cu,ZnSnSe; thin films on
flexible substrates (tantalum and molybdenum foils).
2. EXPERIMENTAL DETAILS
Flexible Mo and Ta foil substrates were
mechanically polished and rinsed subsequently with
96% ethanol and deionized water. Electrochemical
deposition of the metal layers in Cu/Sn/Zn and
Cu/Sn/Cu/zn  sequences was  performed in
galvanostatic mode in a two-electrode cell with planar-
arranged electrodes. The 99.999% pure metal plates
were used as anodes. The Cu layers were deposited
from aqueous solution containing 0.02M CuSO4 and
0.25M sodium citrate with pH =6.3 at T=25°C and the
cathodic current density of Jc=1mA/cm2. The Sn layers
were deposited from aqueous solution of 0.02 M SnSO4
and 0.25 M sodium citrate with pH =6.3 at T= 65°C
and J;=6 mA/cm?. The Zn layers were deposited from
aqueous solution containing 0.75M ZnSQs4, 0.5M
Na,SO4 and organic additives (pH =3.7) at 7=60°C and
J:=15mA/cm?,

The pre-annealing of CZT precursor layers was
performed in a tube furnace in an Ar (N 6.0) 95 %+H,5
% gas mixture. The CZT metallic films pre-annealed at
a temperature of 350°C for 0.5h was selenized in a
home-made quartz container (volume 12.5 cm?®) with 5
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mg of powdery Se under 1 bar of Ar gas pressure.
Firstly, the tube was evacuated when filled with Ar gas,
again evacuated, and afterwards filled with an Ar gas to
1 bar pressure. Selenization was performed at
temperatures from 350 to 530°C. After the selenization
samples were naturally cooled down inside the furnace
[5,6].

The XRD studies were conducted using an x-ray
diffractometer SmartLab (Rigaku) with a 9kW Cu
rotating anode x-ray tube. The primary x-ray beam was
conditioned by a  multilayer Ni/graphite
monochromator CBO (cross beam optics) in the case of
grazing incidence (GI) XRD measurements. The SEM
characterization of CZT and CZTSe film surface
morphology were carried out in a dual beam system
FESEM-FIB Helios Nanolab 650 (FEI Company).

irtensdy. a untis

Fig. 1. Typical XRD patterns of CZT precursors (a — as
deposited, b —annealed) and CZTSe thin films (c)
on Mo foil substrate.

Imensty. o unts

26  deg

Fig. 2. Typical XRD patterns of CZT precursors (a — as
deposited, b —annealed) and CZTSe thin films (c)
on Ta foil substrate
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3. RESULTS AND DISCUSSION

XRD measurements were performed to confirm
the crystallinity and phase composition of the thin
films. XRD measurements showed that phase formation
in CZSSe films depends both on the composition ratio
in the precursors and on the processing regimes. It has
been determined that the as-deposited precursors
besides the basic metals (Cu, Sn, Zn) contain a number
of intermetallic metallic phases (Figures 1a, 2a).

Fig. 3. A typical SEM image of the CZT thin film on Mo foil
substrate

Fig. 4. A typical SEM image of the CZTSe thin film on Mo
foil substrate

The pre-annealing of metallic films resulted in the
formation of micro-meter size grains of the 7-Cug.26Sns
and »CusZng phases (Figures 1b, 2b). XRD studies of
Cu-Sn-Zn and Cu-Sn-Cu-Zn precursor layers selenized
at temperatures 500-550°C have shown the formation
of crystalline CZT Se thin films. However, the selenized
films contained additional ZnSe, CuSe and MoSe; (or
TaSe;) phases (Figures 1c, 2c) along with that of
Cu2ZnSnSes. The amount of ZnSe decreased with
selenization temperature. The morphological analysis
of as-deposited and annealed films has been done by
SEM. The as-deposited metallic films showed non
uniform distribution of agglomerated small particles
with well-defined boundaries. The CZTSe thin films
are densely packed with compact faceted grain
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structure and without any voids on the surface (Figures
3,4).

4. CONCLUSIONS

CZT metallic precursors were sequentially
deposited on flexible Mo and Ta foil substrate,
preliminary annealed and selenized leading to
formation of CZTSe. Several intermetallic phases
(CusSns, CusZng etc.) where observed both in as-
deposited and annealed precursors. The CZTSe films
contain undesired ZnSe and CuSe phases.
Morphologically, the resulting CZTSe thin films are

densely packed with compact faceted grain structure
and without any voids on the surface. The obtained
results will be used to further improve the CZTSe-
based thin-film solar cells technology.
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NANOPARTICLE SIZE EFFECT ON WATER VAPOUR ADSORPTION BY
SS-(CulnSe2)1-x (MnSe)x (x=0.1)
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Based on the results, we can confidently state that SS-(CulnSe2)1-x (MnSe)x (x=0.1) with nanosize reacts to both light
and moisture. Because of these properties, chalcopyrite crystals can be used to create light-emitting diodes, photo detectors,
solar cells, and humidity sensors. Humidity sensors utilize changes in the physical and electrical properties of a sensitive
material (SS) when exposed to the atmospheric humidity conditions of a surrounding area.

Keywords: nanoparticle, vapor adsorption, humidity sensors, Schottky barrier.

INTRODUCTION

At present, researchers are showing particular
interest in semiconductors that can compete with
conventional photo converters based on silicon and
gallium arsenide. At the moment, the CulnSe, ternary
compound is the most promising among these
semiconductors [1-12]; it can be used for solar cells
and compete with silicon and gallium arsenide.
CulnSe; is a semiconductor with a band gap of
0.96ev; it falls into A'B" diamond like
semiconductors that are characterized by the presence
of a chalcopyrite structure. Intense interest in CulnSe;
and solid solutions on its basis has been aroused
owing to the fact that the complex electron energy
spectrum and the anisotropy of the optical properties
give the possibility to use chalcopyrite crystals for
designing light emitting diodes, photo detectors, solar
cells, and coherent and incoherent sources of polarized
radiation [1].

Note that the possibility of varying the structure
and chemical composition of CulnSe, and the
synthesis and doping conditions provides for the
controlled preparation of materials with a wide range
of physical characteristics, such as their band gap, the
energy position of the emission bands, the
conductivity type, and the electric conductivity. This
fact can be of interest, because chalcopyrite is a fairly
cheap and available material [13].

In recent years, has become more urgent question
of creating materials that would simultaneously
possess magnetic, optical and semiconductor
properties [1-5]. In our previous articles was shown
that, the introduction of atoms of transition elements
with unfilled 3d-shell in ternary semiconductor type
AB"CV! results in new materials, saving the
presence of a chalcopyrite structure that combine both
semiconducting and magnetic properties [14]. In the
literature is known that introduction of the manganese
atoms in the compound A'B"'C,Y' made it possible to
obtain materials with Curie temperature of 350K [1-4].
Intensively also conducted research on the effect of
manganese and iron atoms on the properties of ternary
compounds A'B "'C,V! for creating high-performance
solar energy converters. However, despite high values
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of efficiency ~20.3% of solar cells-based film Cu (In,
Ga) Se, as compared with other semiconductor
materials, this value does not match the theoretically
expected ~30% for this class of materials. Reasons for
this are multi-component chemical composition, the
lack of accurate data on many important fundamental
parameters of materials, limited and contradictory
information about the nature of their own growth
defects in these semiconductors and their energy
levels in the forbidden zone, determining the
recombination processes. Of course, the further
development of the physics of semiconductors with
the chalcopyrite structure can be an important step in
improving technology and efficiency values
approaching ~ to the theoretical 30%.

It has high absorption coefficient combined with
excellent thermal stability in air [I]. Due to this fact,
90% of the photons are absorbed in a thickness of 1
pum, which makes a CIS film thickness of 1-3 pm good
enough for thin-film solar cell applications.

Moreover, electrostatic charging is familiar to
most persons, but knowledge on this topic is still
rather empiric, 1-3 mainly because fundamental ideas
on the structure of matter are not well connected to the
phenomenology of insulator charging. [4-12]. Some
work shows that water adsorption and desorption
modify charge status of solids. The insufficiency of
current knowledge on electrostatic charge mechanisms
is not restricted only to the materials area: current
geophysical research has not yet disclosed effective
models for atmospheric cloud electrification, [15] but
there is growing evidence on the ability of water to
accumulate excess charge [16]. Thus, the rates of
charge dissipation and accumulation are dependent on
adsorption-desorption rates that in turn depend on the
nature of the surface, on the atmospheric relative
humidity, and temperature.

Creation of novel alternative energy generation
processes is of major importance in nowadays
conditions of extreme electricity consumption [1].
Water is the one of the main conventional sources of
alternative energy used by mankind. Its liquid phase is
traditionally used for the kinetic into electric energy
conversion by so-called hydropower plants [17].



NANOPARTICLE SIZE EFFECT ON WATER VAPOUR ADSORPTION BY SS-(CulnSe,);.x (MnSe), (x=0.1)

With the development of nanotechnology, the
implementation of these ideas becomes potentially
possible. Nowadays it is known that gas adsorption
(including water vapor) can generate electric charges
on metal surfaces [17]. Due to the interaction of gas
molecule with a metal film of nanometer thickness
<10nm the so-called “hot” electrons can occur and
ballistically i.e., without the loss of energy reach a
Schottky barrier, cross it through kinetic energy, and
by entering into the semiconductor material create an
electric current in the external chain. However,
efficiency of the conversion method is limited by a
low number of “hot” electrons (10°-107%) generated
per an interaction act.

Moreover, a small cross-section of free charge
carriers in semiconductor crystals leads to a decrease
of the conversion efficiency. Thus, the electric field
(of heterojunction) decays drastically with an increase
of the distance from the surface even for a few
interatomic distances, therefore, only a small fraction
of gas can act effectively at the heterophase process on
the front surface of a semiconductor crystal. From this
aspect it is of high interest to use dielectric materials
with a developed surface area. We expect the
electrostatic field of dielectric materials to exceed
significantly the electric field of heterojunction and
consequently leads to an increase of conversion
efficiency.

EXPERIMENTAL DETAILS

Mikro-nano powder of SS-(CulnSe;)1-x (MnSe)x
(x=0.1) were mixed in magnetic stirrer during 20 min

with dissolved in water PVC (polyvinyl chloride),
1/20 ratio in order to obtain homogenous suspension.
We take dielectric substrate with Pd-Cu electrodes.
The distance between electrodes was land 2mm
(fig.2). Before dropping on it the suspension the
substrates were cleaned in the ultrasonic bath machine
during 10min in propyl alcohol solution. Synthesis of
SS is the same as an article [14]. The reaction for
humidity and light were verified using Digital-to-
analog convertor. Electric properties of obtained
humidity sensors were investigated using VICTOR-
VC9808 multimiter on a direct current in the dynamic
mode. Each measurement has been repeated three
times. Related humidity was varied 20 + 95%. For
humidity measurement the CENTER 311 RS232 Meter
was used. Mass fractions of humidity in samples
under various conditions of saturation were measured
useing CPA225D (Sartorius) gravimetric balances on
powder hinge plates of 1g.

RESULTS AND DISCUSSION

According to TEM microscopy the size of SS
particles were around 50nm-1000nm (Fig.1) and from
the X-Ray analysis [14] SS remain chalcopyrite
structure of CulnSe; with different band gap
energy~1.04eV.

The difference in the size of the particles can be
explained by the fact that after the solid solutions were
synthesized, they were grounded in a planetary mill,
which caused agglomeration.

300 Hm

Fig.1.TEM image of SS

1-50nm

: 2-1000nm

Fig.2. Investigated samples
a-Pd-Cu Imm  b-Pd-Cu 2mm
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Fig.3. Reaction on light and moisture CulnSe2
1-CulnSe2 (U=2.5V) with instant moisture and light; 2- CulnSe2 (U=0.625V) 85% moisture and light;
3- CulnSe2 (U=2V) with instant moisture and light
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Fig.4. Reaction on light and moisture SS
1-SS-(CulnSe2)1-x (MnSe)x (x=0.1) (U=10V) with instant moisture and light; 2- SS-(CulnSe2)1.x (MnSe)x (x=0.1) (U=0.625V)
85% moisture and light;
3- SS-(CulnSez2)1-x (MnSe)x (x=0.1) (U=2.5V) with instant moisture and light

58



NANOPARTICLE SIZE EFFECT ON WATER VAPOUR ADSORPTION BY SS-(CulnSe,);.« (MnSe), (x=0.1)

From the analysis of the figure 3 and 4 it is clear
to say that both CulnSe; and solid solutions based on
MnSe show reaction on light and moisture. Adding
the 3d transition element Mn to CulnSe; chalcopyrite
system does not change its characteristics due to the
substitution process.

Generally, in the literature, there is no clear
explanation for the observed phenomenon. According
some authors gas adsorption (including water vapour)
can generate electric charges on metal surfaces [8].

Due to the interaction of gas molecule with a
metal film of nanometer thickness < 10 nm the so-
called “hot” electrons can occur and ballistically i.e.,
without the loss of energy reach a Schottky barrier,
cross it through kinetic energy, and by entering into
the semiconductor material create an electric current
in the external chain. However, efficiency of the such
conversion method is limited by a low number of
“hot” electrons (10°-10"%) generated per an

interaction act. Moreover, a small cross-section of free
charge carriers in semiconductor crystals leads to a
decrease of the conversion efficiency. Thus, the
electric field (of heterojunction) decays drastically
with an increase of the distance from the surface even
for a few interatomic distances, therefore, only a small
fraction of gas can act effectively at the heterophase
process on the front surface of a semiconductor
crystal. From this aspect it is of high interest to use
dielectric materials with a developed surface area.

Obtained results can be explain with the fact that
when materials consist of nano particles these particles
show reaction to the humidity. In the [17] work it is
shown handling and properties of nanoparticles
strongly depend on processes that take place on their
surface. Specific surface area and adsorption capacity
strongly increase as the nanoparticle size decreases. A
crucial factor is adsorption of water from ambient
atmosphere.
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NANOOLCU EFFEKTININ (CulnSez)1.x (MnSe)x (x=0,1) BORK MOHLULUNDA SU BUXARININ
ADSORBSIYASINA TOSIiRi

Naticalors asasen aminlikla deys bilorik ki, nanodl¢iilii (CulnSe2)1x (MnSe)x (x=0.1) bork mshlulu (BM) hom isiga,
hom do nomo reaksiya verir. Bu xiisusiyyatlorino gors xalkopirit kristallarindan isiq yayan diodlar, foto detektorlar, giinos
batareyalar1 vo riitubat sensorlar1 almaq tigiin istifads edilo bilor. Riitubst sensorlar1 atraf miihitin atmosfer riitubati soraitino
moruz qaldiqda hassas materialin (BM) fiziki va elektrik xassalorindaki dayisikliklordsn istifado edarak islayir.

Y.®. Camapnosa, U.X. 3akuesa, Y.M. Cadap3zane, A.O. Mamenos

BJIASTHUE PASMEPA HAHOYACTHII HA AJICOPBIUIO IIAPOB BOJIbI B TBEPJIOM
PACTBOPE (CulnSez)1« (MnSe)x (x=0,1)

Ha ocHOBaHMM TONy4eHHBIX peE3yJbTaTOB MOJKHO C YBEPCHHOCTBIO YTBEpXkAaTh, 4YTO TBepawlii pactBop (TP)
(CulnSe2)1x(MnSe)x (x=0,1) ¢ HaHOpa3Mepamu pearmpyeT Kak Ha CBET, TaK M Ha Biary. briaromaps 3THM CBOMCTBam
KPHUCTAIITBl XaJIbKONMPUTA MOXKHO HCIONB30BaTh [UIS CO3AHMS CBETO- M3ITydaloOlIHe JUOABI, (OTOAETEKTOPHI, COITHETHBIE
JJIEMEHTHI M JIaTYMKU BJIXHOCTH. J[aTYMKM BI@XKHOCTH HCIIONB3YIOT M3MEHEHHs (PU3HMUECKUX M DIEKTPUUYECKUX CBOMCTB
qyBcTBHTENBbHOTO Matepuaia (TP) npu BoszneiicTBiN yciaoBui aTMOC(EpHOH BIaXKHOCTH OKPYIKAIOIIEH CPeIbl.
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FIRST-PRINCIPLES STUDY OF LITHIUM ADSORPTION ON SiC

S.S. HUSEYNOVA, S.0. MAMMADOVA, M.V. GOJAYEVA
Institute of Physics, Azerbaijan National Academy of Sciences,
AZ1143 Baku, Azerbaijan

We present a study of electronic and magnetic properties of two-dimensional (2D), monolayer of silicon carbide SiC in
honeycomb structure. In order to investigate the Li-adsorbed graphene supercells with single vacancies, we have used spin-
polarized density functional theory (DFT). The effect of adsorption on 2D SiC monolayer magnetic properties is also
investigated. The existence of adsorbents on SiC has an effect on its physical properties.

Keywords: SiC, Li adsorbed SiC, DFT, local spin density approximation

PACS: 68.43. Fg, z, 31.10. +z, 71.15. Mb
INTRODUCTION

Lately, the extensive research has been initiated
toward the development of promising novel materials,
which leads to successful syntheses of SiC [1,2].
Silicon (Si) and carbon (C) belong to group IV of the
periodic table, and both of them have four valence
electrons. It is possible to form layered structure by
mixing C and Si owing to Si shows properties quite
similar to that of C. Despite many intriguing
properties, one of the biggest difficulties for graphene
to be used as an electronic material is its lack of an
energy bandgap in the electronic spectra. In
experiment, it has been [3, 4] shown that a finite
energy bandgap can be induced due to the role of SiC
substrate which is an intrinsic property of epitaxial
graphene.

Silicon carbide (SiC) crystallizes in either a
cubic or a hexagonal form and exbihits interesting
polytypism. Have [5] been performed the first
successful exfoliation of true 2D SiC from bulk SiC.
The 2D form of SiC will naturally benefit from these
overall SiC properties. Furthermore, as a result of
reduced dimensionality and quantum confinement, 2D
SiC is predicted to exhibit exotic optical and
electronic properties, that are very useful for various
applications [6-8].

In this paper is developed by the first-principles
calculations to explore the feature-rich properties of
the Li-adsorbed on SiC. The effects of SiC adsorbed
by Li on electronic structure are investigated. We also
presented the results of calculations adsorption energy
and magnetic moment.

COMPUTATIONAL METHODS

The electronic and magnetic properties of
adsorption of lithium adatom on face centered cubic
structure of 2x1 SiC and hexagonal structure of 3x1
SiC are studied theoretically. These investigations are
performed by DFT wusing local spin density
approximation (LSDA) method by employing the
ATK program package. In addition, the band structure
and density of states are investigated for the SiC.
First-principles calculations of SiC properties were
carried out on the based on the spin-polarized density
functional theory. The local spin  density
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approximation in  the  Perdew—Zunger (PZ)
parameterization was employed for the exchange—
correlation functional. The kinetic cut-off energy was
150Ry. The primitive cell of SiC was relaxed and
optimized with force and stress tolerances of 0.01eV/4
and 0.01eV/A3, respectively. A 2x2x2k point was used

for geometry optimization and total energy
calculations.
DISCUSSION

The calculated energy characteristics and

magnetic moments of Li adsorbed on face centered
cubic and hexagonal structure of SiC. The lattice
constant for face centered cubic structure is
a=9.224564 and Si-C bond length is 1.8834, which
are in good agreement with previous results [9]. In
face centered cubic Sis-Cy bond length is 1.8834, Sis—
Li 1.5454, Li-Co 1.2654 respectively. The lattice
parameter of hexagonal SiC is determined such as
a=b=9.2854. In hexagonal structure for SiC structure
Sizs-C13 bond length is ].89614?, Siy1 —C13 1.89514, Li-
C132.1894, Siss—Li 1.3464, respectively. Comparison
between our calculated results of values of the total
magnetic moments (uB) for Li adsorbed on different
structures of SiC are given Table 1.

The Li adsorbed on different atomic structures of
SiC are represented in fig.1.

The total magnetic moments were investigated
for Li adsorbed on cubic SiC monolayer. In addition,
adsorption is another promising way to modulate
electronic and magnetic properties of 2D materials.
The different values of magnetic moment Li adsorbed
on SiC depend on the space groups of structure. The
total magnetic moment of Li adsorbed on face
centered cubic structure SisCs is 0.71ug, hexagonal
structure SiygCis is 0.88ug, respectively. The optical
spectrum of cubic monolayer structure SiC have
presented in fig.2. We can determine the static
dielectric constant, Re[¢(w=0)] =10. Theoretical
studies have also found that 2D SiC has very rich
optical properties, such as strong photoluminescence,
non-linear optical properties, and excitonic effects as a
result of quantum confinement effects [14-16].



S.S. HUSEYNOVA, S.0. MAMMADOVA, M.V. GOJAYEVA

Table 1.

The value of magnetic moment for in Li atom adsorbed on SiC

Li adsorbed SiC Ead (eV) diic (4) magnetic moments
Li adsorbed on 3x1 SiC 1.896(Si23-C13) 1.758 (Si-C) [11], 0.88us
(hexagonal) 7.2 6.67[10] | 2.189(Li-C13) 2.27[7] 0.99 us [13]
1.346(Si2s—Li)
Li adsorbed on 2x1 SiC 1.545 (Sis-Li) 1.89 (C-Si)[12] 0.71us
(face centered cubic) - - 1.883(Sis-Co)
1.265(Li-Cq)
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Fig.1. Atomic structure of (a) pristine cubic 2x1 SiC, (b) Li adsorbed on face centered cubic 2x1 SiC, (c) Li adsorbed

on hexagonal 3x1 SiC.
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Fig. 2. Optical spectrum of SiC

CONCLUSION

The use of spin-polarized DFT calculations of
the properties of cubic and hexagonal SiC shows that
the properties change due to edge states in the SiC
structure. The magnetic properties of face centered
cubic and hexagonal crystal structure of SiC were
studied. In particular, the magnetic moments for
different symmetric group of SiC differ from each
other. First principle calculation of total spin

| polarization shows that Li adsorbed on cubic (0.71ug)
and hexagonal (0.88ug) SiC structure magnetic
moment raises with altering of geometric ordering
atoms. The atomic radius of face centered cubic SiC
between Si and Li is 1.3464, and between Si and Li is
1.5454. In another structure, in hexagonal SiC the
atomic radius between Li and C is 2.1894 and
between Si and C is 1.8954 (Table 1).
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Li ATOMUNUN SiC SUPERQOFOSi UZORINDO ADSORBSIYASININ TOMOL PRiNSiPLORDON
OYRONILMOSI

ikiolgiilii Silikon karbid (SiC) strukturunun elektron vo maqnit xassalorinin tamol prinsiplorden todgigini tagdim

etmisik. Li atomu ilo adsorbsiya edilmis SiC strukturunu aragdirmaq {igiin spin-polyarizasiya olunmus sixliq funksional
nozariyyssindon (DFT) istifads edilib. Adsorbsiyanin iki6lgiilii SiC monolayinda yarana bilon magnit xassslari vo ona tosiri

aragdirihib. SiC-ds adsorbentlarin olmasi onun fiziki xassalorina tasir gostarir.

C.C. I'yceiinoBa, C.O. MamenoBa, M. B. I'oxxaeBa

MU3YUYEHUE U3 NEPBbIX IPUHIIUIIOB AJICOPBIIUM JINTHUS HA SiC

MBI mpeAcTaBiIsieM HCCIIEIOBAaHHME JJICKTPOHHBIX M MarHMTHBIX CBOMcTBa aByxmepHoro (2D) moHocnmos kapOmma

kpemuust SiC B coToBoit ctpykrype. UtoOsl uccnenosats Li-ancopouposanusie SiC cymepsueiiki Mbl HCIOJIB30BAIH CITHH-

MoJsipu30BaHHyI0 TeopHio (ynkumonana motHoctu (DFT). MccnemoBaHo Takke BIMSHHE ancopOUHM Ha MarHUTHBIX

cBoiictB MoHOCIOs 1ByxMepHoit SiC. Hannuune ancopbenros Ha SiC Biusier Ha ero pu3nuecKue CBOMCTBA.

63


https://doi.org/10.3390/nano11071799
http://dx.doi.org/10.3390/nano10112226
https://doi.org/10.1155/2017/8296387
https://doi.org/10.1155/2017/8296387
http://dx.doi.org/10.1016/j.commatsci.2014.12.016
http://dx.doi.org/10.1016/j.commatsci.2014.12.016

AJP FIZIKA

2022

section C: Conference

M.H. Shahtakhtinski

EFFECT OF GAMMA RADIATION ON THE ELECTRICAL PROPERTIES OF A
SOLID SOLUTION Bio.s5Sbo,15 <Te> MODIFIED WITH ZrO:>

I.A. ABDULLAEVAZ G.D. ABDINOVAZ T.1. PIRIEVAZ,
H.F. ALIEVA?, M.M. TAGIYEV?!?

LAzerbaijan State Economic University,Baku city, Istiglaliyat str., 6
?Institute of Physics of the National Academy of Sciences of Azerbaijan,
Baku, G. Javid Ave., 131,
e-mail:mail_tagiyev@mail.ru

The effects of gamma irradiation on the electrical properties of extruded Bio.ss Sbo.1s samples modified with ZrO:
containing tellurium donor impurities in the temperature range ~77+300K have been studied. It was found that radiation
defects appear during irradiation, which play the role of donor centers, as a result of which the concentration of free electrons
n, and, consequently, the electrical conductivity ¢ increases, and the thermopower coefficient o decreases. These defects,
scattering current carriers, reduce their mobility x. With an increase in the radiation dose, the concentration of defects also
increases, and free carriers are captured at the level of the radiation defect. In modified Bi o.ss Sb 0,15<Te> with radiative
introduction of acceptor (negatively charged) centers, there is a partial neutralization of the ionic cores, a decrease in the
efficiency of impurity scattering of charge carriers and, accordingly, some increase in mobility.

Keywords: Extrusion, electrical conductivity, alloying, modification, radiation, defects.
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INTRODUCTION

Solid solutions of Bi-Sb systems are the most
effective materials for creating various low-
temperature thermo- and magnetothermoelectric
energy converters [1,2]. Particularly promising in this
direction are high-strength extruded materials based
on these systems [3-5]. The method has a high
productivity and open up wide possibilities for
profiling thermoelement legs and obtaining a
homogeneous matrix microstructure.

Thermoelectric cooling is the best technical
solution for the problems of temperature reduction and
thermal stabilization of elements of microelectronics,
optoelectronics and lighting engineering.
Thermoelectric fine-grained materials, which are
mechanically stronger than materials obtained by
crystallization from a melt, and an increase in
thermoelectric efficiency in them can be achieved by
reducing the lattice thermal conductivity, as a result of
an increase in phonon scattering at grain boundaries
[6]. An urgent task of thermoelectricity is the search
for appropriate thermoelectric materials, which should
have a high thermoelectric figure of merit (figure of
merit) Z= a20/y, where o, o and y are the coefficients
of electrical conductivity, thermoelectric power and
thermal conductivity, respectively. To obtain a
material with the required parameters, it is necessary
to establish the regularities of the influence of the
composition, production mode, grain size, doping,
charge carrier concentration and the conditions for
scattering of electrons and phonons, leading to a
sufficiently high ratio of current carrier mobility to
lattice thermal conductivity wu/y, Wwhich directly
affects thermoelectric efficiency of the material. In
recent years, the way to increase the efficiency of
thermoelectric materials is reduced to the creation of
two-dimensional and three-dimensional defects in the
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crystal structure, the distance between which is
commensurate with the mean free path of charge
carriers or the wavelength of acoustic phonons
responsible for heat transfer. This leads to a change in
the parameters of the energy spectrum of charge
carriers and to varying degrees affects the processes of
scattering of charge carriers and phonons [7]. These
assumptions are based on the possibility of creating
conditions under which a section of a material with
different physical properties scatters thermal
vibrations more strongly than electrons and holes. The
effect can be achieved, for example, by introducing a
finely dispersed second phase into the substance
matrix (similar to the introduction of the second phase
into the material during its dispersion strengthening)
[8].

One of the promising methods is also the
development of a technology for increasing the
efficiency of thermoelectric material through
modification. The essence of the method is the
introduction of a scattering phase matrix (modifier)
with a thermal expansion coefficient (TEC) different
from the TEC of the semiconductor substance (SPW)
into a SPW. As a result of the difference in the TEC of
the semiconductor and the modifier, after cooling,
elastically stressed zones are formed in the pressed
SPW. The creation of such strained zones in the lattice
of a thermoelectric matrix leads to the fact that the
thermal conductivity of the matrix decreases more
than its electrical resistance increases [9].

The use of extruded samples of solid solutions
based on the Bi-Sb system for the creation of
electronic  devices significantly improves the
performance of electronic equipment. These devices
are often used in radiation conditions. However, the
radiation resistance of such electronic devices does not
fully meet the needs of modern electronics, which are
subject to the requirements of resistance to radiation
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exposure. The formation of radiation defects in
semiconductor materials, affecting their physical
properties, changes the parameters of the device based
on it [10], and insufficient attention was paid to the
study of the effect of gamma radiation on the electrical
and thermal properties of solid solutions of Bi-Sh
systems.

Taking this into account, in order to elucidate the
features of the influence of radiation defects (RD) on
the electrical properties of solid solutions of Bi-Sb
systems, we obtained extruded samples of
Bio.gsSho,sdoped with tellurium and modified with
ZrO,, studied the patterns of changes in electrical
conductivity, thermal emf coefficient. with. and Hall
in extruded pure and tellurium samples of
BiogsShossolid  solutions  modified with  high-
temperature zirconium oxides (ZrO;) from a dose of
gamma radiation in the temperature range ~77+300K.
Non-irradiated samples and samples irradiated with 1
Mrad, 10 Mrad and 50 Mrad with gamma quanta were
examined.

EXPERIMENTAL PART

Extruded samples of BiogsSbo1s<Te> solid
solutions modified with ZrO, were obtained in the
following technological sequence: composition
synthesis from initial components; mechanical
grinding of the alloy in a porcelain mortar and
selection of a fraction with a particle size of ~0.5mm;
mechanical mixing of powders of the alloy and
modifier ZrO, 1 wt.%, production from it by cold
pressing at room temperature of briquettes with a
diameter of ~30mm for extrusion; extrusion of fine
billets. The introduction of modifier particles into the
matrix is carried out during the annealing of the
workpiece at temperatures between the liquidus and
solidus temperatures of the PPV (melting). The
modifier is evenly distributed from the liquid part of
the volume, the proportion of which can be varied by
the annealing temperature in accordance with the state
diagram. The melting process has a positive effect on
the properties of the thermoelectric material.

The technology under consideration makes it
possible to obtain composite materials with dispersed
structures - with particles of the second phase
uniformly distributed in the bulk of the
semiconductor. In order for the distance between the
particles to be sufficiently small at a small amount of
the dielectric phase in the semiconductor, the particle
sizes must also be small. ZrO, particles were used as
the modifying phase (ZrO, powder was obtained by
the plasma-chemical method, the average particle
diameter is ~50nm, the melting point is ~2950K).

Since the concentration of charge carriers and
their mobility are critical parameters for a
thermoelectric material, and modification should not
lead to an uncontrolled change in the composition of
the semiconductor matrix, it is necessary that the
particles of the second phase be stable in contact with
the matrix - there is no possibility of dissolution or
interaction with the formation of new phases. These
requirements are met by some high-temperature

65

compounds, in particular, oxides. Confirmation of the
stability of the modifying phases is the invariability of
the properties of the material during long-term testing.

Bismuth "VI-0000", antimony "SU-0000" and
tellurium T-sCh, distilled (or doubly sublimated) were
used as initial components. Impurities and starting
components were weighed with an accuracy of
+0.0001g. Samples with a concentration of 0.0001
at.% Te were obtained by fusing an appropriate
amount of a Bio.gsSho,1;ssample doped with 0.1 at.% Te
with a pure BiogsSb 0,15 sample.

The initial components in a stoichiometric ratio
were placed in a quartz ampoule, previously etched in
a chrompeak solution (K,Cr,O7 + H,S0.) and washed
with distilled water. The synthesis was carried out at ~
673K for 2 hours, by direct fusion of the components,
in quartz ampoules evacuated to ~102Pa. During the
synthesis, the ampoule with the substance was
constantly subjected to rocking. The ampoule with the
synthesized substance was abruptly cooled to room
temperature by dipping into water.

Extrusion was carried out on an MS-1000
hydraulic ~ press  using  special  equipment.
Technological parameters of extrusion were: Tex.=475
~3K; Rex.=480 MPa, press travel speed V=
0.02cm/min, drawing ratio -25.

It was found that polycrystals of Bi-Sb solid
solutions obtained by extrusion have high mechanical
properties compared to single-crystals of the same
composition. In addition, by selecting certain modes
of extrusion and subsequent annealing, it is possible to
obtain a thermoelectric material with a quality factor
close to the quality factor of single crystals, which
makes it very promising for use in the field of
thermoelectric energy conversion.

The texture and X-ray diffraction patterns were
studied at the XR D8 ADVANCE X-ray unit, Bruker,
Germany, using a D2 Phaser diffractometer, Brucker,
using CuK radiation from the studied samples by the
method described in [11].

The bending strength of the obtained extruded
samples of Biggs Shois solid solutions is ~3 times
higher than the strength of single-crystal samples of
this composition, measured by the method described
in [12]. After extrusion, the samples were annealed at
a temperature of ~503K in evacuated quartz ampoules
up to ~10'Pa. The samples were irradiated with
gamma quanta (gamma radiation) in a °Co isotope
source with different doses (1, 10 and 50 Mrad).

The absorbed dose of radiation in the systems
under study was determined by comparing the
electron densities of the dosimetric systems described
in [13]. The electrical and thermal parameters of the
samples were measured by the method described in
[14] along the length of the sample (rod), i.e. in the
direction of extrusion. The errors in the measurements
of electrical parameters do not exceed ~3%.

RESULTS AND DISCUSSION
In Bio.gsShossamples doped with tellurium and

modified with ZrO,, gamma radiation in various
doses, changing the values of electrical conductivity
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(o) and thermoelectric power (a), does not
significantly affect the course of the temperature
dependence (except for the sample irradiated with 10
Mrad). Irradiation with gamma quanta at low doses
increases the electrical conductivity o, and the
thermopower coefficient « almost does not change

(fig.1). As the dose increases, ¢ of modified irradiated
samples decreases. Some increase (especially at 50
Mrad) of the total thermal conductivity is observed in
the irradiated Bio.gsSho15<Te> modified ZrO, samples
compared to the unirradiated sample.
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Fig.1. Temperature dependences of electrical conductivity o (a), thermoelectric coefficients « (b) of Hall (Rw)) (c)
extruded samples of Bio.gsSho,15<Te> modified ZrOz2 solid solution. 1- Bio.ssSho,1s unmodified and non-irradiated
sample; 2- Bio.ssSho,15+1%2Zn02 non-irradiated; 3- Bio.gsSbo,15<Te> modified with ZrO2; 4-6 samples of
Bio.ssSho,15<Te> modified ZrO: irradiated with gamma quanta of 1Mrad, 10Mrad and 50 Mrad, respectively.

The thermoelectric figure of merit (2) of a |p|astic deformation, various defects of the crystal

material depends on the concentration of charge
carriers, which is determined by the alloying level of
the alloy and the structural state of energetically active
self-superstoichiometric and impurity atoms.

Irradiation, as well as plastic deformation during
extrusion, especially in the case of composite
materials (modified samples), leads to a change in the
structural state, i.e. to a change in the parameters of
the energy spectrum of charge carriers near the Fermi
energy and the electrical properties of intrinsic and
impurity defects.

The optimal direction of growth of single
crystals of Bi-Sb systems is the crystallographic
direction [110] of the rhombohedral cell. However, the
highest value of the thermoelectric figure of merit, as
well as electrical conductivity, is observed in another
crystallographic ~ direction ~ [111], which s
perpendicular to the optimal direction of single crystal
growth. In these single crystals, the most perfect plane
is the [111]plane, along which a split always occurs
[15].

During extrusion, due to plastic deformation,
some polycrystal grains are oriented so that their
trigonal axis becomes parallel to the extrusion axis,
i.e. texture is formed. At the same time, as a result of
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lattice arise in individual grains. In this case, these
structural defects are predominantly concentrated
between the [111]cleavage planes. The degree of
texture will depend on the technological parameters of
the extrusion process, on the grain size and post-
extrusion heat treatment. During heat treatment, the
misorientation of grains due to thermal energy can
also occur, i.e. change in the degree of texture of the
extruded sample [5].

The introduction of the ZrO, modifier into
extruded samples increases the dislocation density
while increasing the uniformity of its distribution.
This leads to a decrease in the scattering of electrons
and phonons, i.e. to an increase in the mobility of
charge carriers. Modification in all cases increases the
proportion of the texture. By creating a
microscopically homogeneous distribution of stoppers
for moving dislocations, the modification increases
the degree of uniformity of the strain distribution.

The effect of modification on the thermoelectric
properties of extruded BiogsShoissamples can be
explained both by the processes of structure formation
during extrusion and post-formation annealing, and by
the properties of the semiconductor matrix.
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An analysis of the influence of modifying
particles on the deformation textures allows us to say
that the determining action of large particles is the
blocking of dislocation slips in the basal planes, while
small spherical particles activate pyramidal slips and,
to a certain extent, block the basal slip. Pyramidal
particles activate multiple sliding and, to a lesser
extent than others, prevent basic sliding. The
difference in the substructure of the deformed material
determines the mechanisms of nucleation of
recrystallization centers and the mobility of migrating
boundaries. The possibility of growth of centers of
dynamic recrystallization can be affected by stresses
arising in the matrix in the presence of modifier
particles due to the difference in their thermal
expansion coefficients and deceleration of boundary
motion by foreign particles. Scattering of charge
carriers by dislocations and dislocation walls is greater
along the basal planes than along the principal axis of
symmetry in deformed extruded materials.

From the temperature dependence of the Hall
coefficient of the modified extruded Bio gsSho15<Te>
samples, it can be seen that in all irradiated samples
with a modifier, Ruexceeds the non-irradiated
samples. It is assumed that this is due to the mobility
of charge carriers. For all unirradiated samples,
especially undoped unmodified samples, a strong
change in the Hall coefficient, and hence the
concentration of charge carriers, occurs in the
temperature range of 77+-200K. In the temperature
range of 200--300K, the change in Rx slows down
with increasing temperature. For all irradiated
tellurium-doped Bio.gsShossamples, the temperature
dependence of Ryweakens.

Calculated u=oRy from the experimental values

of the electrical conductivity and the Hall coefficient,
the mobility x of all irradiated samples is much greater
than in non-irradiated modified samples (Table.). At
the same time, as the irradiation dose increases, the
mobility of charge carriers decreases, except for the
sample irradiated with 10 Mrad gamma rays. For all
undoped and tellurium-doped BiogsShosmodified
samples, the mobility x«, in the entire range of the
studied temperatures, decreases with increasing
temperature (fig. 2).
Doping with tellurium leads to a decrease in the
absolute value of the mobility relative to the undoped
sample. In extruded BiggsShoissamples, the mobility
of charge carriers is largely determined by scattering
on structural defects of deformation origin.
Modification, creating large amounts of stoppers for
moving dislocations, promotes the formation of
dislocation structures with a lower concentration of
nonequilibrium point defects (spatial inhomogeneity),
leads to greater chemical homogeneity in composition,
and the degree of deformation during  extrusion
of composite rods is significantly higher than in the
case of deformation of a semiconductor matrix
(unmodified) [8].

In samples doped with tellurium, the electrical
conductivity increases in magnitude compared to an
undoped sample, since the concentration of charge
carriers increases
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Modification and irradiation itself can be used as
a tool for creating heterogeneous materials with
desired structural properties.
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Fig. 2. Temperature dependences of the mobility (x)
of extruded samples of the Bio.ssSbo,15<Te>
solid solution modified with ZrO2. The
designations are the same as in Fig. 1

At low doses of irradiation (1Mrad), the
electrical conductivity ¢ in the samples increases,
while the thermoelectric coefficient o decreases. With
an increase in the radiation dose, the concentration of
defects also increases, and free carriers are captured at
the level of the radiation defect. In this regard, the
concentration of carriers of conditioned charged
defects n and, consequently, o of the sample fall, the
Fermi level shifts to the depth of the band gap, the
thermoelectric coefficient and mobility increase.

The irradiated samples of  BiogsShos
(semiconductor) are a material with a high degree of
compensation. This is what makes it possible to
consider the radiation modification of the properties of
a semiconductor as a process “reverse” to doping with
chemical impurities, as a result of which the initial
electrical activity of the material decreases and the
degree of its compensation increases.

The effect of radiation on the electrical
properties of modified extruded samples of the
Bio.ssSho,1550lid solution shows that a highly irradiated
semiconductor is always a material with a low
concentration of free current carriers, a high
concentration of charge bound to defects, and a degree
of compensation of radiation donors and acceptors
close to unity.

Under irradiation, a process of lowering the
initial electrical activity of the material occurs in the
sample, as a result of which the Fermi level is shifted
from its initial position and is fixed near a certain level
position characteristic of a given semiconductor. The
electronic parameters of the irradiated material depend
on the features of the band spectrum of the
semiconductor in the energy range near its minimum
band gap, i.e. are determined by the position of the
Fermi level relative to the nearest extrema of the
conduction band or valence band [16].

In modified samples of the BiggsShossolid
solution, as in silicon crystals, silicon has the so-called
low-dose effect, i.e. anomalous change (increase) in
the mobility of current carriers during irradiation with
gamma quanta in the region of mixed scattering. The
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increase in mobility in the modified BiggsSho,isis
associated with the radiative introduction of acceptor
(negatively charged) centers, which at low doses are
generated mainly in the regions of positive ionic
cores; as a result, the ionic cores are partially|

neutralized, which leads to a decrease in the efficiency
of impurity scattering of carriers. charge and partially
neutralized centers and, accordingly, to some increase
in mobility.

Table
Electrical and thermal parameters of extruded samples of BiogsSho,15<Te> solid solution modified with ZrO,.
8 o At77K
S S
= G
2 o
4<—U' o
5 5 o a Rh-108 u n
@ o Qlem? uV/iK cm®IC cm?/ Vs cm’®
OMrad Bio,85Sho,15 5250 -182 -26,5 139125 0,24-1018
Bio,5Sb0,15+1%ZrO; 4899 -134 -14,33 70203 0,44-10%
Bio,s5Sho,15+0,0001Te 6704 -119 7.9 52962 0,79-1018
+1%ZrO2
1 Mrad Bio,s5Sho,15+0,0001Te 7598 -120 8,7 218063 0,22-1018
+1%ZrO2
10Mrad Bio,85Sho,15+0,0001Te 7698 -113 4,5 188601 0,26-10%8
+1%ZrO2
50Mrad Bio,85Sho,15+0,0001Te 5937 -121 31 96515 0,19-10%8
+1%ZrO2
Irradiation leads to a decrease in the |samp|es, and an increase in the mobility of current

concentration of structural defects resulting from
plastic deformation of the crystal lattice in individual
grains in extruded Bio.gsShossamples, an increase in
the electron mobility and an increase in the prevalence
of current carrier scattering on lattice vibrations.

The results of the data obtained indicate that
when irradiated with gamma quanta, not only the
generation of radiation defects (centers) occurs, but it
is also accompanied by their rearrangement.
Restructuring significantly depends on the initial level
of modification of the ingot, from which the
corresponding samples for research were made.

The radiation-stimulated increase in charge
mobility (due to the introduction of acceptor-type
point defects and local mechanical stresses, which are
certainly higher), is probably associated with the
specifics of the interaction of radiation centers and
with defects arising as a result of plastic deformation
of the crystal lattice in individual grains.

Thus, modification makes it possible to obtain
composite materials with disperse structures and
charge carriers with higher mobility. Irradiation leads
to a decrease in the concentration of structural defects
arising as a result of plastic deformation, the crystal
lattice in individual grains in extruded BiogsSho,is

carriers.
CONCLUSION

It was found that, at low doses (1Mrad) of
irradiation, in unmodified samples of the
Bio.gsSho.1550lid solution, radiation defects appear that
play the role of donor centers, as a result of which the
concentration of free electrons n and consequently, the
electrical conductivity o increases, and the
thermopower coefficient o decreases. These defects,
scattering current carriers, reduce their mobility .
With an increase in the radiation dose, the
concentration of defects also increases and free
carriers are captured at the level of the radiation
defect. In modified BiossSho1s<Te> with radiative
introduction of acceptor (negatively charged) centers,
which at low doses are generated mainly in the
regions of positive ionic cores, the ionic cores are
partially neutralized, the efficiency of impurity
scattering of charge carriers decreases and,
accordingly, some increase in mobility occurs. When
irradiated with gamma rays, not only the generation of
radiation defects (centers) occurs, but also their
rearrangement, which leads to a change in electrical
parameters.
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ZrO: ILO MODIFIKASIYA OLUNMUS BiogsSho15<Te> BORK MOHLULU EKSTRUZIYA
NUMUNOLORININ ELEKTRIK XASSOLORINO QAMMA SUALARININ TOSIiRi

ZrOz ilo modifikasiya olunmus, tellurla asqarlanmis BiogsShois bork mohlulu ekstruziya niimunslorinin elektrik xassslorino
gamma stalarinin tosiri ~80+-300K temperatur intervalinda todqiq olunmusdur. Miisyyon olunmusdur ki, gamma siialarinin
tosirindon donor markazlori rolu oynayan radiasiya defektlori yarandigindan sorbast elektronlarin konsentrasiyasi n, uygun olarag,
elektirikkegiriciliyi ¢ artir, termo —€.h.q. omsali a iso azalir. Yiikdasiyicilar bu defektlordon sopildiyindon onlarin yiiriikliiyii x azalir.
Siialanma dozasinin artmast ilo defektlorin konsentrasiyasi artdigindan sorbast yiikdastyicilarin rasiyasiya defektlorinds tutulmasi bas verir.
Modifikasiya olunmus Bio,ssSho,15<Te> niimunslorindo radiasiya slialarmin tesirindon akseptor (monfi yiiklii) morkazlorinin
yaranmasi, ion “morkoazlorinin® qismon neytrallagmasi, yiikdasiyicilarin asqarlardan sapilmoesinin ssmoraliliyinin azalmast vo
miivafiq olaraq yiiriikliiyiin miioyyon godar artmasina bag verir.

I'.A. Aonunosa, T.!. IIupueBa, U.A. Adny/uiaeBa, X.®. AnueBa, M.M. Taruen

BJIMSTHUE TAMMA PAJTMAIIAM HA JEKTPHYECKHAE CBOMICTBA TBEPJIOTO PACTBOPA
Bi 0.85Sb 15 <Te>, MOJU®UILIUPOBAHHBIX ZrO;

HccnenoBanbl BAMSHUS TaMMa-OOJNydeHHMM Ha JJIEKTPUYECKHE CBOWCTBA AKCTPYAHMPOBAHHBIX 00pasios Bio,g5Sho,15,
MoaudunupoBaHHbIX ZrO2 coiepKaliux JOHOPHBIE NPUMECH TeJuTypa B MHTepBasie Temmeparyp ~80+300K. BrricHeHO, 4TO IpH
06ny'-[e1-n/11/1 BO3HHUKAIOT paJuallMOHHBIC )Ied)eKTbI, Urparomue poJib AOHOPHBIX IEHTPOB, B PE3YyJIbTATE YE€ro KOHUEHTpALNA
CBOOOHBIX ANIEKTPOHOB N, U CIEIOBATEIHHO, SJIEKTPOIPOBOTHOCTh G PACTET, @ KOIPQPUIMEHT TEPMOdAC 0. IMafaeT.  ITU JeeKThl,
paccemBasi HOCHTENH TOKA, YMEHBIIAIOT MX MOABIDKHOCTE . C pocTOM 03Bl OONydeHHs pacTeT W KOHIEHTpaIus Ae(eKTOB,
NPOUCXOJNT 3axBaT CBOOOMHBIX HOCHTENEHl Ha YpPOBEHb pajHalMOHHOrO aedekta. B moamduimpoanHs BiossShois<Te> ¢
paauaIOHHBIM BBEJCHHEM aKIENTOPHBIX (OTPUIATEIRHO 3apsDKEHHBIX) [IEHTPOB, MPOUCXOANT YAaCTHIHASI HEUTpaIM3aIis HOHHBIX
OCTOB, CHIKEHHE 3(()EKTHBHOCTH IIPUMECHOTO PacCesHHS HOCUTENEH 3apsiaa 1 COOTBETCTBEHHO HEKOTOPBIH POCT ITOBH>KHOCTH.
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The actual problems of developing nanocomposites using gas discharge plasma in a dielectric system-dielectric-air gap
-dielectric cylinder with a polymer solution are considered. In the conditions of simultaneous action of electric discharge
plasma, temperature and nanoparticle ejection into the polymer solution, immobilization of nanoparticles was carried out. The
effects of the electric discharge plasma process and the filler content (volume fraction) on the thermal conductivity, volt—
ampere characteristics, thermally stimulated depolarization current, as well as electrical and mechanical strength were
investigated. The results of the study indicate that, with increasing filler volume fraction, the thermal conductivity of the
samples also increased. Furthermore, the thermal conductivity, and electrophysical and mechanical properties of the high-
density polyethylene +70% BN composite modified using the electric discharge plasma showed improvement when compared

with that without electric discharge plasma treatment.

Keywords: Thermal conductivity, polymer—composites, electric discharge plasma.

PACS: 32.30.Rj. 33.20. Lg, 42.62.Fi.
INTRODUCTION

Nowadays, with the increasing use of
microelectronic circuits, overheating of electronic
components has become an important issue. Such
overheating must be distributed efficiently and quickly,
therefore requiring that materials such as packaging
materials, the circuit board, heat exchangers, and
machinery must have good thermal conductivity, in
addition to their traditional physical and mechanical
properties [1-3]. As electronic systems require fast and
efficient signal distribution, these materials should
have high thermal conductivity, high electrical
resistance, and low dielectric permittivity and loss
tangent values [4]. Polymers such as high-density
polyethylene  (HDPE), polypropylene  (PP),
polyvinylidene fluoride (PVDF), and polyvinylchloride
(PVC) are widely used in electronic systems, but their
thermal conductivity and high thermal expansion
coefficient limit their use in many applications. By
addition of fillers to such plastics, their thermal
behavior can be significantly improved. To produce
polymers offering both thermal conductivity and
electrical insulation, various thermally conductive
fillers, such as diamond, boron nitride (BN), aluminum
nitride (AIN), silicon carbide (SiC), and mica, have
been used as doping materials to improve polymer-
based composites [5-9]. The thermal conductivity of
polymer-based composites is influenced by the filler
packing density [10], particle size and size distribution,
[11,12] surface treatment [13], and mixing method
[14]. The degree of surface dispersion of the filler
particles determines their interaction with the polymer,
also determining the thermal conductivity of the
system. Strong surface interaction between polymer
and filler increases the thermal conductivity of the
system while also reducing the interfacial thermal
resistance value under a heat flux. Enhancing the
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thermal conductivity coefficient through an increase of
50% in the volume content of the filler within a
polymer-based composite contributes to the total
thermal conductivity of the composite system. It may
be possible to manufacture suitable thermally
conductive dielectrics by using polymers with metal
nitrides and carbides, which have unique structural,
thermal, electrical, and mechanical properties. This
approach relies on the structural, thermal, and
electrophysical properties of the individual phases at

the interface of the polymer with the metal
nitride/carbide  particles within  such thermally
conductive composites. To date, although these

properties have not been fully investigated either
theoretically or in terms of practical use, they have
contributed to determining the thermal conductivity
mechanism under an electric field. It is necessary to
obtain reliable information regarding the electronic and
electrical features of deep interfacial traps (localization
centers of electric charge carriers) through phase
interfaces in the polymer composite phase. Obtaining
information about the above-mentioned phenomena
could contribute to understanding of the thermal
conductivity through the boundary between the
polymer and the dispersant filler particles. The
structure of the interphase boundary changes the
thermal and dielectric properties of the polymer
composite and improves the material production
technology. Our aim in this work is to study the
thermal, electrophysical, and mechanical properties of
such polymer composites. The main goal is to obtain
new information about the interfacial interactions,
boundary effects, and electrical and electronic
properties at the interfaces at the local level in the Quasi
forbidden band of the polymer phase under electric
discharge plasma treatment. One of the most important
areas of investigation of the interface for both
polycrystalline semiconductors and dispersed polymer


mailto:farida.tatardar@khazar.org

EFFECTS OF ELECTRIC DISCHARGE PLASMA TREATMENT ON THE POLYMER COMPOSITES

composites is the volt-ampere characteristics (VACS)
obtained at different temperatures [15-17]. Analysis of
posistors (thermistors) [18] and thermal activation [19]
provides new opportunities to define high thermal and
dielectric properties of the composite. VAC values
thermally stimulated depolarization (TSD) currents,
and thermistor effects allow one to identify thermal
formation features that preserve the mechanical,
electrophysical, and dielectric characteristics of the
polymer + inorganic filler composite in a highly
heterogeneous system. In this study, the heat-transfer
features in the composite including a polymer with
metal nitrides and carbides are defined under an electric
discharge plasma, and a new thermally conductive
composite with high thermal conductivity coefficient,
and electrical and mechanical strength is also
investigated.

MATERIAL AND METHODS

The polymer matrix was chosen based on its
ability to form an interface layer with the inorganic
fillers. The polarity of the polymer matrix and its
preparation significantly affect the physical and
chemical properties of the composite interface.
Nonpolar polymers are characterized by strong
covalent bonding and flexible macromolecules and
have less interaction with the filler surface. Therefore,
the physical structure of the polymer phase in the
polymer + filler composite is not relevant. Polar and
nonpolar polymers play very important roles in the
thermal and electrical properties of composites.
Furthermore, the polar or nonpolar nature of the
polymer molecule allows the appearance of donor—
acceptor bonds on the surface of the dispersed filler
particles. The choice of the organic phase depends on
the thermal conductivity and electronic conditions of its
particle surface, which define the interfacial chemical
bonding. In this study, thermally conductive
composites were made with a structure containing at
least two constituents. One of them is the matrix of a
polymer such as HDPE or PP, while the other is the
semiconductor or dielectric filler, such as aluminum
nitride AIN (100W/mK), aluminum oxide Al.Os
(29W/mK), titanium carbide TiC (29W/m K), titanium
nitride TiN (44 W/m K), boron nitride BN (300 W/m
K), silicon nitride Si3N4 (32W/mK) or titanium
carbonitride TICN (30W/mK). The polymers and fillers
were chosen to improve the electrical, mechanical, and
dielectric properties of the thermally conductive
composites. The processing of the thermally
conductive composites was as follows: 1. For
composites whose powders were not modified by the
electric discharge plasma process: Composites with
20% to 70% filler content were produced in disc and
cylinder form with different dimensions by the hot-
pressing method at high temperature (550K) and
pressure (30MPa to 100MPa) by simultaneously
mixing the polymer and filler with a pressing time of
15 min. The resulting thermally conductive composites
were each polarized using the parameter values Ep
1MV/m to 6 MV/m, Tp 353K to 450K and tp 30min. [20]
2. For composites whose powders were modified by the
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electric discharge plasma process: Firstly, each powder
was exposed to an electric discharge plasma process
(EDPP) before composite formation. The electric
discharge plasma process results in uniform surfaces of
the polymer and filler particles. New thermally
conductive composites were produced by using the
resulting powder phases. Thereafter, these composites
were polarized using the parameter values Ep 1IMV/m
to 6 MV/m, Tp 353K to 450K and tp 30min. This
resulted in two types of thermally conductive
composites, i.e., those whose powders had been
modified by an electric discharge plasma process and
those whose powders were unmodified.

RESULTS AND DISCUSSION

The thermal conductivity of the composite results
from a complex energy process occurring during heat
transfer from one filler particle to another through the
dielectric (polymer) interlayer between them. The
interlayer thickness depends directly on the dispersion
and concentration of the inorganic filler. Adhesive,
adsorptive, and cohesive effects at the interface
between the polymer matrix and inorganic filler can
also influence the magnitude of the thermal
conductivity coefficient of both the polymer + nitride
and polymer + carbide composites. [24-26] The
methods required to improve the production processes
for polymer composites have not been fully described.
It is necessary to take into consideration the electronic
state, and the electrical characteristics of the interfaces
between the phases [18,19,27]. Furthermore, TSD
measurements were carried out to define the electronic
interfacial characteristics of the composites. This result
indicates that the polymer phase of the composite
exhibits a wide spectrum of supramolecular formations.
As the distribution of the generated crystalline particles
throughout the phase boundary of the composite cooled
with liquid nitrogen is better, this composite’s thermal
conductivity values are higher than for the others.

The changes in the TSD current of the HDPE +70
vol.% BN composite is shown in fig.1. The HDPE+70
vol.% BN composite was polarized using an electric
field strength En of 3-108106V/m, temperature Tc of
370K, and polarization time tn of 30min. Stabilizing the
charge value allows one to estimate the charge and
electronic state. The interfacial electric properties can
then be defined according to the spectrum. Thus, the
relationship between the thermal conductivity and
specific features of the composites can be predicted.
After application of the electric discharge plasma
process, the spectrum of the HDPE+70-vol.% BN
composite exhibits an increase in both the amplitude
and width compared with its initial state without
electric discharge plasma treatment. This indicates that
the electric discharge plasma process increases the
concentration of the composite charge location center.
The amplitudes of both the first and second TSD peak
currents and thermal conductivity coefficient k of the
composite grow due to the increased concentration of
polar (C-O-C, C=0, and OH) groups in the composite.
The activation energy (Ea) of the charge-trapping
center obtained from the initial slope of the TSD current
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spectra was found to depend on the polarization
conditions and pretreatment applied. It was found that
the Ea value varied from 0.94eV to 1.2eV. The
maximum temperature (Tm) variation, the activation
energy (Eac), and the half-width of the TSD current
peaks depend on both the processing conditions and the
polarization of the composite. Such changes in the
temperature variation of the TSD current peak and
activation energy of charge relaxation verify that the
EDPP pretreatment leads to changes not only in the
chemical structure of the polymer but also in the
formation conditions of its supramolecular structure.
These experimental results indicate that there are strong
relationships among the electronic state of the phase
boundary, the stabilized charge value, the interfacial
interaction, the formation of polar groups, and the
thermal conductivity of the composite after EDPP
pretreatment. In this study, the intensity of the electric
discharge plasma was changed by adjusting the
amplitude of the applied AC (50Hz) voltage. The
discharge power was determined by the current— charge

characteristic of the electric discharge plasma system
(fig. 1).

It is known that the adhesion and mechanical
strength of a composite are directly defined by the
interfacial interactions [29]. Electric discharge plasma

processing, electrothermal polarization,
macromolecule oxidation, and electric charge
accumulation at the interface (fig.2) result in
improvement of such interfacial interactions.

Therefore, the mechanical lifetime under tension
(fig.3). The longer mechanical lifetime increased
interfacial charge volume, posistor peak shift to the
high temperature side and lower resistivity of the
composite testify to an increase in the interfacial
interactions and the formation of highly concentrated
local levels in the quasiforbidden band of the polymer
phase. The modification of the polymer phase of the
composite increased the interfacial interactions. The
thermal conductivity of the modified composite was
considerably greater than that of the unmodified
composite.

Fig. 1. A core proposed for nano structuring of polymer solution. The core consists of a metal - dielectric - gas —
polymer solution - piezoelectric substrate - metal structure:
1-electrodes, 2—dielectric safety washer, 3-dielectric anode, 4-dielectric cathode, 5-insulator, 6-metallic
cylinder, 7-heating element, 8-leading, 9 —limiters of dielectric distance: Tp=383K; tp=0.5 hours.
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Fig. 2. TSD current spectrum for HDPE + 70% BN composite (1) without and (2) with EDPP treatment.
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Fig. 3. Dependence of mechanical life of HDPE +70% BN composite on mechanical voltage (stress) for (1) HDPE
+70% BN composite with EDPP (process time 1h, process voltage 8kV) and (2) HDPE + 70% BN composite

without EDPP.

The modified composites had lower interfacial
potential barriers, which define the electronic states and
interfacial electric properties, compared with the
unmodified composites, due to the formation of highly
concentrated local levels in the quasiforbidden band
during modification. EDPP caused macromolecule
oxidation in the quasiforbidden band of the polymer
phase between dispersant particles. Charge carrier
creation in the direction of the temperature gradient at
a certain local level concentration in the quasiforbidden
band of the polymer phase contributed to transfer of
thermal energy through the interface. The lower bulk
resistance increased thermal conductivity and
stabilized charge value at the interface (fig. 1) indicate
generation of additional local levels in the
quasiforbidden band of the polymer phase. The heat
transfer process in the modified composites was linked
to the combination of both electrons and phonons,
leading to an increase in the thermal conductivity of the
composites.

CONCLUSIONS

The thermal conductivity characteristics of
polymer + metal nitride/carbide composites modified

by electric discharge plasma treatment were studied.
Both sets of fabricated composites, i.e., HDPE+ - TiC,
HDPE+TiN, HDPE+AIN, HDPE+BN and PP+AIN,
with filler content ranging from 0% to 70%, were
measured experimentally, and the results with and
without electric discharge plasma treatment compared.
Electric discharge modification of the polymer phase of
the composites with metal nitrides and carbides
resulted in higher thermal conductivity. The reason for
this increased thermal conductivity of the composites is
due to changes in the physicochemical structure of the
polymer phase under the electric discharge plasma
treatment. The electric discharge plasma process
caused an increase in the interfacial interactions and the
formation of highly concentrated local levels in the
quasiforbidden band of the polymer phase. Charge
carrier creation in the direction of the temperature
gradient at a certain local level concentration in the
quasiforbidden band of the polymer phase contributed
to the transfer of thermal energy through the interface.
These experimental results suggest that the fabricated
HDPE+70% BN composites can find potential
applications in the areas of electronics packaging,
encapsulation, and printed board substrates.
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TEMPERATURE DEPENDENCE OF THE KINETIC COEFFICIENTS
OF Bio.o4 Sbo.os ALLOY
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The temperature dependence (in the 78K—300K range) of the following components of the tensor of electric
resistance in low magnetic field—two components of specific resistance (pu1 and ps3), two components of Hall
effect (Rzs1 and Rizs) and, five components of magnetoresistance (11,11, p11,22, 011,33, 3311, P33:33) — for the alloy
of Bio.aSho.os Were measured. Due to the calculations the following kinetic parameters were determined: carrier
densities of electrons N and holes P; their mobilities g4, o, 15 and i, s, correspondingly; and the tilt angle of
electronic isoenergetic ellipsoids to the bisectrix axis (¢e). Calculations were carried out for two- (L electrons
and T holes) and three-band (L electrons, T and L holes) models.

Keywords: semimetals, galvanomagnetic properties, kinetic coefficients of Bi-Sb alloys

PACS:72.15. Gd, 73.50.Jt
INTRODUCTION

Investigation of solid solutions of Bii.xShy
displays that those solutions are perspective materials
system for fundamental materials science, condensed
matter physics, low temperature thermoelectrics,
infrared applications, and beyond. Moreover, those
materials are of broad interest from the theoretical
aspect. Due to the smallness of the characteristic
energetic parameters of solid solutions of Bi-Sb, those
materials are very sensitive to the external impacts
(temperature, pressure, presence of electroactive
impurities, defects, etc.). By varying external
influence in comparatively small range, it is possible
to investigate topology of Fermi surface, various
phase transitions, alter the statistics of charge carriers
in rather broad range etc. That is why these materials
are still being investigated as bulk materials, thin films
and nanoscale structures [1]. Since then, different
types of nano-structured BiixSbx materials, have
notably drawn the attention of researchers, including
nanowires [2], thin films [3], and nano-particles [4].
Also, it was predicted that different kinds of Dirac
cone systems can be synthesized based on the single
crystal BiixShyx thin films materials, including single-
Dirac-cone, bi-Dirac-cone, tri-Dirac-cone, exact-
Dirac-cone, semi-Dirac-cone, and quasi-Dirac-cone,
and also including Dirac cones with different
anisotropic degrees [5]. Fu and Kane predicted the
topological insulator phase in BiixShy surface states
[6], which is experimentally proved by Hsieh et al.
[7]. These discover in BiixShy surface states directly
leads to the intensively focused area of topological
insulator [8], which promises potential applications in
spintronics, superconductivity, quantum computing,
etc.

In the early years, researchers found that the
variation of the electronic band structure of bulk Bii.
xSbx provided a remarkable richness of electronic

properties, when considered as a function of
stoichiometry, temperature, strain, pressure, etc.
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Semimetals, direct band gap semiconducting and
indirect band gap semiconducting behaviors have all
been observed in this materials class. Furthermore,
both parabolically and non-parabollically dispersed
charge carriers can be found in this materials class.
The high degree of anisotropy in their transport
properties also distinguishes the BiixSbx materials
from other systems.

The electronic transport properties of bulk Bis.
xSbx have been studied in great detail. The most
interesting phenomenon for bulk Biy«Shy materials is
that when x<0.04 the L-point band gap decreases with
antimony composition x, while when x>0.04 the L-
point band gap increases with antimony composition x
(fig.1). At x=0.04 the conduction band edge and the
valence band edge exchange their symmetries at the L
points, and the L-point band gap Eq becomes zero,
which leads to the formation of three symmetrical
three-dimensional (3D) Dirac points [9].

In itself studying the transport phenomena in the
system of Bi-Sb represents a powerful tool for
investigating energetic zone structure and mechanisms
of scattering of charged carriers in these materials. But
studying galvano-and thermomagnetic effects in these
materials at intermediate (77K-300K) and high (more
than room temperature) temperatures become
irreplaceable, because the best powerful methods for
investigating energetic zone structure and mechanisms
of scattering of charged carriers, as oscillation and
resonance methods, are effective only at ultra- and low
temperatures.

EXPERIMENT

Investigation of temperature dependence of low-
field galvanomagnetic coefficients of the alloy of
Bio.0aShoos at the temperature range of 78+300K was
carried out in the paper. Single crystals of Big.sSho.os
were grown by the method of Chokhralsky in the
experimental ~ equipment  [10] wusing  solid
replenishment.
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Fig. 1. Schematic representation of the energy bands near the Fermi level for Bi1-xSbx alloys as a function of x at T=0K.

Two types of rectangular samples were cut from
the single crystal 