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QAMMA SUALANMANIN AIN NANOHISSOCIKLORININ
QURULUS XASSOLORINO TOSIRI
A.9.Cabiyeva, T.N.Mammadova
Azarbaycan Dovlet iqtisad Universiteti (UNEC)

Aynur.Jabiyeva@unec.edu.az,turan_mammadova@unec.edu.az

Son illards yiiksak dagigliys malik elektron cihazlara artan taloblardan irali galorak geyri-tzvi
nanohissaciklorin (oksidlor, karbidlor, nitridlar va s.)sonayeds mixtalif totbiglords istifadssi slratlo
genislonmokdadir. Qeyri-lzvi nanohissaciklor arasinda nitrid asashi (AIN, GaN, InN, SisN4, TiN vo
s.) materiallar 0zlorinin qurulus, optik, elektron vo magnit xassalorina goro xisusi diqgest colb
edirlor [1]. Qeyd edilon materiallar sirasinda AIN yiiksok mexaniki mohkomlik, asagi istidon
geniglonmo omsali, yiiksok simmetriyaya malik kristal qurulus, konar tosirloro qarst ekstremal
dayaniqliq kimi unikal fiziki-kimyavi xassalori ilo hom keramik material, hom do elektronika va
optoelektronikada genis totbiq imkanlarina malik funksional materialdir. Eloco doa, onun yiiksok
istilik keciriciliyino malik olmast istilik yayilmasinin vacib oldugu yiiksok temperaturlu elektron vo
yuksok giiclii mikrodalgali cihazlar {igiin totbiq potensialini artirir. Bundan slavas, bu materiallarin
genis gadagan olunmus zonaya malik olmasi (6.2 e€V) onun 200 nm dalga uzunlugunun genis
intervalinda optik tatbiglor {i¢lin faydali olmasini demays asas verir.

Materialin xassolorini bir sira kristaldaxili (asqarlanma, sintez prosesi vo S.) Vo Xarici
(temperatur, xarici elektrik sahasi, radioaktiv siialanma va s.) amillorin tosiri altinda doyismoklo
onlarda yeni funksional xassolorin yaradilmasi miimkiiniir. Qamma siialarmin  AIN
nanohissaciklorina tosiri todqiqatgilar torafindon demak olar ki, todgiq edilmomisdir. Bu tip
stialanma nanohissaciklorin xassolorini, 6lgtsuni, morfologiyasin1 vo soth kimyasini nozarotdo
saxlamaq va tonzimlomak tgiin gucli vasita kimi istifads edilir.Bu baximdan gamma siialanmanin
AIN nanohissaciklorinin elektron qurulusuna vo funksional xassoalorino tosiri mexanizminin
aydinlagdirilmasi, sort radiasiya mihitlorinds islomok Uglin nazords tutulmus nanomaterial asasli
cihazlarin vo sistemlorin dizayni, eloco do optimallasdirilmast {igiin ¢ox vacibdir [1,2].

Togqdim olunan isdo AIN nanohissociklorinin alinmast vo gamma siialanma dozasinin
nanohissaciklorin qurulus xassaloring tasiri todqiq edilmisdir.

Aliminium nitrid nanohissaciklori karbotermik reduksiya yolu [3] ils sintez edilmisdir. Sintez

prosesine baslanmazdan avval istifado olunacaq gablar nitrat (HNOs) vo xlorid (HCI) tursularinin
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1:3 nisbatinds hazirlanmig mahlulunda miayyan muddoat saxlanilmig, daha sonra distillo edilmis su
ilo yaxalandigdan sonra avtoklavda qurudulmusdur. AIN hissociklorini hazirlamaq igiin ilkin
reagentlor kimi aliminium xlorid (AICl3:6H20, 97%), karbamid (CON2H4, 99,0%), susuz etanol
(C2Hs0H, 99,5%) vo azot (N2, 99.999%) istifado edilmigdir. Sintez prosesinda iki sulu mohlul
hazirlanmisdir. Birinci mohlul 0,01mol aliminium xlorid (AICIs-6H20, 97%) vo susuz etanol
(C2HsOH, 99,5%) garisig1, ikinci mahlul isa 0,06mol karbamid (CON2H4, 99,0%) va susuz etanol
(C2HsOH, 99,5%) qarisigidir. Sintez prosesinda asas olarag reagentlorin, yani aliminium xlorid vo
karbamid qgarisigmin istilik birlosmosini tamin etmok idi. Ilkin olaraq, reagentlor iki forgli mohlul
olda etmak tigiin qizdiricida 60°S temperaturda susuz etanolda hall edilmisdir. Bu mohlullar1 hall
etdikdon sonra aliminium xlorid mahlulu 70°S temperaturda karbamid mohluluna yavas-yavas
olavo edilmisdir. Bu proseslordon alinan miirokkob mahlul filtrasiya yolu ilo ayrilmigdir. Sonda
alimmis aliiminium-karbamid xlorid qarisigi sobaya yerlosdirilmis, azot gazi miihitindo 5 saat
arzinds 1000°S qizdirilmis va nahayat AIN birlosmolori formalagmisdir. Alinan AIN tozu 350 Mrad
stialanma dozasinda qamma slialanmasina moruz qalmisdir. Bundan sonra tomiz va gamma
stialarinin  tasirine moruz qalmis nanohissaciklorinin qurulus xiisusiyyatlorindo bas veran
doyisikliklor migayisali tohlil edilmisdir.

Alimmis birlosmalorin qurulus analizi CoKa stialanmasi (A = 0,17889 nm) olan D8 Advance
(Bruker) rentgen difraktometrindon istifado etmoklo aparilmisdir. Alinmis mohsullarin kristalit
Olctstni giymatlondirmak Ggiin Ritveld metodundan istifads edilmisdir. ©ldo edilmis rentgen
difraksiya piklori FullProf program tominatinin verilonlor bazasi asasinda toyin edilmisdir [4].
Nanokristallar heksogonal (P6s/ mc faza qrupu) qurulusa malik oldugu va gofas sabitlorinin ilkin
hala uygun giymotlorinin V= 41.740 A 3 , a= 3.11133, c= 4.9789 oldugu miioyyon edilmisdir.
Spektrlorin siilalanmaya uygun olaraq ilkin hala nisbaton doyismasi gamma stialanmadan sonra 2.7%
olarag 0zinl gostorir. Mioyyon edilmisdir ki, siilalanmadan sonra qofosdo yaranan deffekt vo
deformasiyalar kristal gofosin  bdylmasina gotirib ¢ixartb. Amorflasma kristal qgofasin
genislonmasinds asas faktor kimi rol oynamisdir. Malum olmusdur ki, gamma siialanmadan sonra
zarraciklorin 6lgllarinds 5.236%-o godar Kicgilma 6zini gostarir. Lakin bu nisbidir, ¢linki sapilma
bucaginin yiiksak giymatlorinds istiqamotlora géro bu doyisim miixtalif voziyyatlords bir-birindan
forgli hatta bu istigamatlords yi1gilma kimi effektlor miisahids olunur.

9dabiyyat
1.Mahua Ghosh Chaudhuri, Feasibility Study of Synthesis of Nanostructured Aluminum Nitride
Through Sol-Gel Route Journal of Engineering Research and Applications, Volume 6, 2016, pp.20-
22.
2. Hayk H. Nersisyan, Bung Uk Yoo, Kab Ho Lee, and Jong Hyeon Lee, A thermochemical
pathway



for controlled synthesis of AIN nanoparticles in non-isothermal conditions, Thermochimica Acta,
Volume 604, 2015, 77-82.

3.Zhifang Gao, Yizao Wan, Guangyao Xiong, Ruisong Guo, Honglin Luo, Synthesis of aluminum
nitride nanoparticles by a facile urea glass route and influence of urea/metal molar ratio, Applied
Surface Science 280, 2013, 42-49.

4. Quanli Hu, Tetsuji Noda, Hisashi Tanigawa, Toshiaki Yoneoka, Satoru Tanaka, The oxygen-
related defect complexes in AIN under gamma irradiation and quantum chemistry calculation,
Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions with Materials
and AtomsVolume 191, 2002, 536-539.

EFFECT of GAMMA IRRADIATION ON STRUCTURAL PROPERTIES of AIN
NANOPARTICLES
A.A.Jabiyeva, T.N.Mammadova
Azerbaijan State University of Economics (UNEC)

Abstract: In the presented work, aluminum nitride (AIN) nanoparticles were synthesized by carbothermic
reduction-nitridation reaction. Currently, the carbothermic reduction and nitridation process is an important
method for obtaining aluminum nitride nanoparticles on a large scale in industry. The synthesized AIN
nanoparticles were exposed to gamma irradiation at a radiation dose of 350 Mrad. The effect of gamma rays
on the crystal structure and morphology of AIN particles was studied using X-ray diffraction. The change in
the spectra according to the irradiation compared to the initial state is 2.7% after gamma irradiation. It was
found that after irradiation, lattice defects and deformations caused the growth of the lattice, which suggests
that amorphization plays an important role in the expansion of the crystal lattice.

Keywords: AIN, nanoparticle, X-ray diffraction, gamma irradiation

BJIUSHUE TAMMA-OBJIYYEHUS HA CTPYKTYPHBIE CBOMCTBA
HAHOYACTMUIL AIN
A. A l:xxkadueBa, T.H.MamenoBa
AzepOaiizkancknii I'ocynapersennsbliii JxkoHomuuecknii Yausepcurter (UNEC)

Annomayusn: B npedcmasnennoti pabome nanovacmuywvl Humpuoa amomunust (AIN) oviiu cunmesuposarnvl
€ NOMOWBIO pearyuy Kapbomepmuiecko2o 80CCManosienus-Humpuouzayuu. B nacmoswee epems npoyecc
Kapbomepmuiecko2o 80CCMAHOGNIeHUsT U  A30MUPOBAHUSL  SIGNISLEMCS  GAJNCHBIM  MEMOOOM  NOJYYeHUs.
HAHOYacmuy HUMpUOQd amoMuHus 6 O0abwux macwmadax 6 npomviuiiennocmu. CunmesupoganHvle
nHanowacmuysl AIN noosepeanuce camma-obayuenuio npu 003e ooayuenus 350 Mpao. Bausnue eamma-nyuei
HA KPUCATIUYECKYIO CIMPYKMYpY u mopgonozuio yacmuy AIN ObLI0 uzyueHo ¢ nomoubio peHmaeH08CKOuU
oupppaxyuu. Hzmenenue cnekmpos 6 3a8UcCUMOCHU OM 00IYYeHUs N0 CPAGHEHUIO ¢ UCXOOHbIM COCHOSIHUEM
cocmasnsiem 2,7% nocie eamma-oonyuenus. Ycmanoeieno, umo nocie o01yyeHus oeghexmuvl peuemxu u
oeghopmayuu 6vi13v18a10M POCM PEUEmKY, YMO NO36018em NPEONONONCUTND, YMO amopusayus uzpaem
BADICHYIO POIb 8 PACUIUPEHUL KDUCMALIUYECKOU PeUlemKuy.

Knrwouesvie cnosa: AIN, nanovacmuya, penmeeHo6cKas OUuPpaxyus, 2amma-oonyderue
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KVANT CUXURLARINDA ZONADAXILI OPTiK KECIDLOR
Ibayeva R, ibrahimov B., Ismayilova A2, Yarahmadov $2.
ARETN Fizika Institutu?,

Baki Dévlat Universiteti?

raidaibayeval@gmail.com

Xulasa: Bu isda, birinci tortib hayacanlasma nazoriyyasi ¢arcivasinds kvant cuxurlarinda zonadaxili optik
kecidlor hesablanmigdur.
Acar sozlar: kvant cuxur, optik kecid, zonadaxili, konfaynment.

Kvant ¢uxuru cihazinin asasi, nazik yarimkegirici tobagoanin daha boyik zona kegidinin iki
qalin yarimkegirici tobogo arasinda yerlosdiyi haldan ibaratdir.Bu qurgular hazirda bir ¢ox elektron
cihazlarin biitiin adi elektron komponentlorini oavoz edir. Yarimkegirici materialin eni De-Broyl
dalga uzunlugu ilo mugayiss oluna bildiyi Gg¢ln 6lclliu kvantlama ilo naticalonacak, elektronlar va
desiklor potensial enerjilorinin an asag1 oldugu ki¢ik diapazonlu yarimkegiricilordo mohdudlanacaq
[1]. ©ksor hallarda, kigik zona kegidi materialmin qalinligi toxminon 100 A vo ya daha az olur.

Kvant cuxurunda yiikdasiyicilar artan istiqgamotdo (z-istigamotinds), yoni artma oxuna
perpendikulyar istigamatdo mohdudlanmir vo digor istigamotlordo sorbast horokst edir. Horokot z-
istigamatinds mohdudlasdigindan va digar istigamotlords sarbast oldugundan, bu cihazlar da iki 6lgiilii
strukturlar kimi tosvir olunur. Bu asagi 6lgiilii strukturlardan daha somarsli cihazlar alina bilar. Bu
cihazlar muvafiq hocmi material cihazlari ilo eyni prinsip asasinda isloyir. Kvant ¢uxuru cihazlart I11-V
grupunun ¢ox nazik epitaksial tobagalorinin heterostrukturlarina, molekulyar siia epitaksiyast vo Metal-
Organik Kimyoavi Buxar Depozisiyasindan istifado edorok hazirlanmig II-VI qup yarimkegirici
materiallara malikdir [2]. ©vvallor gofoso uygun heterostrukturlara diqqget yetirilirdi, lakin hazirda
muxtolif torkibli gofos uygunsuzlugu olan gorilmis tobagolorlo bir ¢ox materiallar hazirlanir ki, bu da
daha yaxs1 xarakteristik materiallar hesab olunur. Bu cihazlara kvant ¢uxuru lazerlori, modulyatorlar va
acarlar daxildir [3]. Kvant guxuru strukturlar1 orta infraqirmizi spektral diapazonda tonzimlons bilon
infraqirmiz1 fotodetektorlari, faza modulyatorlari,elektro udma modulyatorlart vo optik agarlari
hazirlamaq tgiin istifado edilmisdir [4]. Onlar bu giin elektron avadanliglarmn, xiisuson do optik lif
rabitosinin asas komponentloridir. Bu cihazlar hatta optik vo optoelektronik integral sxemlor hazirlamaq
Ucun diger optik va elektron cihazlarla birlogdirilir.

Bu isdo kvant ¢uxurlarda zonadaxili optik kecidlors baxilmisdir. Kvant guxurunda kegirici

zona hallar1 ligiin enerji dispersiyasi asagidaki kimi yazila bilar:
RN ’—‘2k2
Ec(S)ky) =Ec,+ ES + —{s =123 ..
2me2

Kvant guxurunda valent zona hallari {i¢lin dispersiya alagasi beladir:

[2Kk?
zmhz

Ev(p’ kII) = EVZ-EE-

fp=123..
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Dalga vektoru k o yaxinliginda kegirici vo valent zona hallar1 tigiin togribi effektiv kitlodo

dalga funksiyasi asagidaki kimi yazilir:

e IIP

O @VVy i ()

csku( )_

e IIP

Op @V, 1 (F)

Burada, kvant cuxurunun mustavisinds istigamat vektoru  p=xx+yy olacaq. A- kvant

Yy pi (7 =7

guxurunun sahasi vo V isa kristalin hacmidir. Kvant c¢uxurlarinda optik kegid siiratlorini

hesablamagq g¢lin valent va kegirici zonasi hallar1 arasinda impuls matrisi elementi lazim olacagq.

Qeyd edok ki,Eova E'odalga vektorlarin1 ehtiva edon eksponensiallart nozors almamisiq.
Ciinki bu dalga vektorlarinin 6lgiilori sifira yaxinlagir. Hocmi halda oldugu kimi, biz do forz

edocayik ki, foton dalga vektoru gelektron dalga vektorlari ilo mugayisads ¢ox kigikdir vo nozors

almamagq olar.
ooy |e@7 B 7 zp,,,pﬁ
=pov (Ko, ko ). A f d* F < il YT ?(2)
= pov (o, Ko ). 1 42 dz S [ g ()] & ””¢>p<z)

L[ N\ L e~ik1IP giki P
=pev (ko ko). 7 [ d? 5 et [ dz 68 (D)] ¢p ()

=8 Bov (ko ko). 7L [ dz [$€(D]" $5()

Yekun distur gostarir Ki, ilkin va son vaziyyatlords elektronlarin impulslari barabar olmalidir
vo impuls matrisinin elementi kvant konfaynmenti istigamatinds kegiricilik vo valentlik zona
hallarinin qofas funksiyalarinin tist-Usto diismo inteqrallari ilo hesablanir. Bu iist-Usto diison inteqral

bizo kvant ¢uxurlarinda optik kegidlor Uigun vacib segim verir.
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INTRA-BAND OPTICAL TRANSITIONS IN QUANTUM WELLS
Ibaeva R'., Ibragimov B!., Ismailova A?., Yarekhmadov Sh?.
Institute of Physics ARETN?, Baku State University?

Abstract: In this paper, we calculated optical interband transition in quantum wells in the first order of
perturbation theory.
Keywords: quantum wells, optical transition, confinement,

BHYTPUH3OHHBLIE OITUYECKHUE NEPEXO/bl B KBAHTOBBIX SIMAX
Hobaesa P1., Uoparumos Bl., Ucmanaosa A2, SApexmanos 1112,
Hucturyt ®usuxn ARETNY, Bakunckuii FocyaapcrBennblii YHuBepeurer?

Annomayua: B smoil pabome mbl paccuumany ONMUYECKUL MeMHC30HHbII Nepexo0 6 KEAHMOBLIX AMAXE
nepeoM nopsioke meopuu 603MyujeHull.
Knioueswie cnosa: keanmosas ama, Onmuyeckull nepexoo, Melc30HHblll, KOHPauHMeHm

PHYSICAL CONDITIONS UNDER WHICH FIELD EFFECTS ARE ENHANCED IN
ELASTIC RELICT ANTINEUTRINO-ELECTRON SCATTERING IN A MAGNETIC
FIELD
Gasimova R. E. 12, Huseynov V. A. 345 Zeynalova N. A.

!Department of General Physics, Azerbaijan State Pedagogical University
?Department of Theoretical Astrophysics and Cosmology, Shamakhy Astrophysical
Observatory,

3 Institute of Sustainable Development and Energy;Department of Engineering Physics and
Electronics, Azerbaijan Technical University
“Laboratory for Physics of Cosmic Ray Sources, Institute of Physics
>Department of Physics, Baku Engineering University

gasimovar@yahoo.co.uk.vgusseinov@yahoo.com

The purpose of the presented article is to determine the ranges of change of the magnetic field
(MF) strength and energy of the electron in the initial state where the field effects become
significant if a relic antineutrino scatters by the transversely polarized ultra-relativistic electron

Vi+e -V +e’ 1)
in a constant homogeneous MF of the strength B < B, = m2/e = 4.414 x 103GwhereB,is the
critical Schwinger field strength,eis the elementary charge, m, is the electron mass and 7; =
Ve,V U (V] = Ve, ¥, ¥;) are the three flavours of antineutrinos in the initial (final) state.

We assume that the energy of the incoming relic antineutrino satisfies the condition w,,;;, <

w <K m, ,where w,,;, =eB/p, = fm./\y%?—1, f = B/B, is the dimensionless field parameter
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(or dimensionless field strength) characterizing the external MF, the relativistic factor y is
determined as y = &/m,, the transfer momentum of an electron in the initial state is
pi(2eBn)/? = m,(2fn)'/2 \We choose the gauge of a four-potential of an external field asA* =
(0,0,xB, 0). In this gauge the MF vectorFBis directed along thez-axis. We use the pseudo-Euclidean
metric with signature (+ — — —)and the system of units whereh = ¢ = 1.

We suppose that electrons in the initial and final states are ultra-relativistic and possess

sufficiently high energies e2 > m2, &' » m2where e = ym, , y =1+ 2fn + (p,/m.)? ,
p,and n are the energy, relativistic factor, z-component of the momentum and the number of the

Landau energy level belonging to the electron in the initial state, respectively. The primed quantities

g =y'm, vy =1+2fn + (p,/m.)%,p, and n’belong to the electron in the final state. Since
B is assumed to be B < B,, therefore f « 1. We also assume that electrons in the initial and final
states possess large transverse momenta pi = (2eBn)? =m,(2fn)*? » m,,p] =
(2eBn')Y2 = m,(2fn')/? » m,. The assumptions &2 >» m2, &% > m2p, > m,, p, » m,
and f <« 1mean that the main contribution to the differential probability of the process (1) comes
from the electron states occupying high Landau levels (n, n’ > 1). In this case motion of the
electrons in the initial and final states are semiclassical [1, 2].

We consider the case when the longitudinal momentum of the electrons in the initial state is
zero: p, = 0. Let an incident relic antineutrino fly along thez-axis (along the MF direction):
k* = (w,0,0,w). Experimental observations on antineutrino oscillations [3-6] and the results of
KATRIN experiments confirm that an antineutrino has a non-zero mass. However, here we assume
that an antineutrino possesses sufficiently small mass (this case is not excluded). Therefore, we
consider a massless antineutrino model that is justified for the ultra-relativistic antineutrinos
(w,w" >» m, where m, is the relic antineutrino mass and w’ is the energy of the scattered
antineutrino).

The above indicated conditions and restrictions mean that the differential probability of the
process (1) will depend on two parameters: the field parametery = (¢/m.)(B/B,) = yfand the
kinematical parameter k = (2we)/m2 = 2(w/m,)y [2].

The influence of the external MF on the relic antineutrino-electron scattering is determined

by the parameter

1Bme_lﬁ
ﬂ—;B—Oj—wa- 2)

When the parameter n > 1, the field effects become essentially. In the limiting case y >
1 > k we obtain the following ranges of change of the magnetic field strength and energy of the
electron in the initial state where the field effects become significant if a relic antineutrino scatters
by the transversely polarized ultra-relativistic electron (¥;e~ — ¥;e~’) in a constant homogeneous
MF
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282 GeV < € < 600 GeV, 3)
3.76 x 108G < B < 1.70 x 10°G. (4)
When the energy of the electron in the initial state changes in the range (3) and the MF
strength changes in the range (4), the field effects become significant. For instance, for the
valuess = 450GeV and B = 1.25 x 10 G, we obtain y ~25>» 1,k ~5.79x 107" « 1l andn =
43 x10* > 1.
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MAQNIT SAHOSINDO ELASTIK RELIKT ANTINEYTRINO-ELEKTRON SOPILMOSINDO
SAHO EFFEKTLORININ GUCLONDIYI FIZIKI SORAIT
Qasimova R. E.
Azarbaycan Dovlat Pedaqoji Universiteti, Samaxi Astrofizika Rasadxanasi
Huseynov V. A.
Azarbaycan Texniki Universiteti, Fizika Institutu, Baki Miihandislik Universiteti
Zeynalova N. A.
Fizika Institutu

Xilasa: Isdo xarici magnit sahasinda elastik relikt antineytrino-elektron sapilmasinda saha effektlarinin
ahamiyyatli daracada gliclondiyi fiziki sorait mlayyan edilmisdir.
Acar sozlar: relic antineytrino, magnit sahasi, saha effektlori
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MEYLLI MAQNIT SAHISINDO YARIMKECIRICI IFRATQOF9SDO
ELEKTROMAQNIT SUALANMASININ ALTZONALARARASI UDULMASI
Seids Zaloval, Ayson Allahyarova?
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Xiilasa: Yarumkegirici tist qafasda elektromagnit siialanmasimin udulmasina xarici meylli magnit sahasinin
tasiri tadqiq edilmigdir. Absorbsiya amsalinin magnit sahasinin istigamati ilo super sabakonin oxu
arasindaki bucagdan asililigi GaAs-GalnAs super qafasi iiciin elektromagnit sahasinin tezliyindan asili
olaraq adadi olaraq miiayyan edilir.

Agar sozlar: maili magnit sahalori, yarimkegirici super sabaka, subbandlararast udma

Yarimkegirici ifratqofaslor-heterostrukturlar osasinda yaradilmis siini periodik strukturlardir.
Asag ol¢iilii yarimkecirici quruluslar kimyoavi buxar ¢okdiirmo, metal {izvi kimyavi buxar ¢dkmo
vo molekulyar stia epitaksiyasindan elektron litoqrafiya, 6z-6ziino toskil olunma iisulundan istifado
etmoklo yaradila bilir. Bu texnologiyalar bir atom lay1 doqiqliklo istonilon profilli asag1 6l¢iili
sistemlor yaratmaga imkan verir. Miiasir texnologiya yarimkegirici ifratqofos, kvant ¢uxurlar, kvant
nagqillor vo kvant ndqtelor yaratmaga imkan verir.

Yarimkegiricilorin optik spektroskopiyasi digor {isullar arasinda rezonans hallarinin, gadagan
olunmus enerji vo asqar hallarinin basa diisiilmosine tosir gostormisdir. Tobii ki, yarimkegiricilorin
inkisafindan uzun miiddot ovval spektroskopik iisullardan atom spektrlorinin tohlilindo istifado
edilmigdir. Qadagan olunmus zonaya yaxin udmada olan fotonlar optik prosesds istirak edon hallar
arasindaki enerji intervalimi oks etdirdiyindon, spektrin osas xiisusiyyotlori qadagan olunmus
enerjinin qiymoti ilo ilo olagolondirils bilor. icazo verilon enerji hallar1 optik kegidlor iiciin zoruri
oldugundan icazo verilon hal sixliginin optik kecidlorlo neco olagoli oldugunu basa diismok
faydalidir.

Hocmi va ya li¢ol¢iilii materiallarda enerji saviyyolorinin dolmasi Fermi-Dirak statistikasi ilo
miloyyon edilir vo icazo verilon voziyyotlorin sixlig1 dastyicinin enerjisindon €' kimi asilidir.
Ikidl¢ii maddolordo  icazo verilon enerji hallarmm sixhigi pillali olur. Bir &lgiilii maddolordo

enerji hallarmin sixlig1 konarlarda yiiksak enerjilora dogru & /2

ilo azalan pik yaradir. Kvazi-sifir
Olgiilii maddoalords icazs verilon hallarin sixlig1 d-funksiyalar toplusuna qador azalir [1].
Nanotexnologiyanin inkisafi bu strukturlarin fiziki xassolorino xarici tasirlorin
Oyronilmasini zoruri edir. Yarimkegirici ifratqoslorin optik xiisusiyyotlorinin todqiqine ¢oxsayl
nozori todqiqatlar hosr olunmusdur [2-7]. Bu isdo meylli maqnit sahossindo yarimkegirici

ifratqofaslords altzonalararasi optik kegidlor todqiq olunubdur.
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Biz tadqiq ti¢iin giiclii slags yaxinlagsmasinda z istiqgamati boyunca d periodik potensiali U(z)
= A (1 — cos pzd/) /2 olan N elektronlu yarimkegirici ifratqofos strukturunu nozordon kegiririk.
Moahdudlasdiric1 izotropik parabolik potensial cuxur V (X, y) = mxwo? (x* + y?)/2 kimi gotirilib.
Bu halda p: kegirici elektronun z-istigamatinds impuls operatoru, A isominizonanin enidir. Maqnit
sahasi B = (0, B sin 0, B cos 0) y oxundan ifratgofos oxuna paralel olan z oxuna meylli yonalib.
Vektor potensialin Landau kalibrovkasi iso belo olar: A = (0, xB cos 6,—xB sin 0).

Baxdigimiz halda sistemin Hamilton funksiyas1 asagidaki kimi olar [2-4]:

Z 1 py \2 , A B
H =p_m+zmw§(xc059+ y) +E(1—cos(k2—%xsm6)d) (1)

2 mwc
Burada px vo pyimpulsun uygun olaraq, X vo y oxu istigamotindo komponentlori,
wo = eB/m tsiklotron tezliyi, m elektronun effektiv kitlosidir.

Altzonalararasi optik udulma omsali agsagidaki diisturla hesablanir [6]:

@ =211 — exp (—50)] Sy, i fo (Bn (k) (ke g | Hig ek )| S (k) = B (Ks) + h)(2)

Burada Hrelektron fotom qarsiligl tesiroperatoru, € -dielektrik niifuzlugunun hoqiqi hissasidir,

fO(En(kZ))-elektronlarm paylanma funksiyasi, N - € tezlikli fotonlarin konsentrasiyasidir.

6(En(ky) — E; (ky) + hQ)- Dirak delta funksiyasidir, & siialanma sahosinin polyarizasiya
vektoru, ¢ is1q dalgasinin siiratidir.

Magqnit sahasinds elektron —foton qarsiligh tasir operatorunun ifadosi asagidaki kimidir.

e [2zhn, .. e
HR—F W&'(p-FEAj (3)

Hr operatorunun matris elementlorini hesabladigda yliksok tezlikli saho bircins hesab olunur.
Elektronlarin sayini Ne olan yarimkegirici ifratqofoslordo paylanma funksiyasi agsagidaki
sortdon hesablanir:
Z fo (Enkxkz ) =N,
nkyK, (4)
(1) ifadssi ilo verilon Hamilton operatorunun moxsusi qiymat vo moxsusi funksiyasint (2)-(4)-do
nazors alsaq, meylli maqnit sahasindo yarimkecirici ifratqofoslordo altzonalararasi optik udulma
omsal1 liciin analitik ifado alariq. Magqnit sahasinin meyl bucagini doyismoklo GaAs-GalnAs
ifratqofos tliclin udulma omslininin elektromagnit tezliyinin verilmis qiymotindo bucaqdan asililig1
miioyyon edilmisdir.
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INTER-SUBRANGE ABSORPTION OF ELECTROMAGNETIC RADIATION IN AN
ULTRACATTE SEMICONDUCTOR IN AN INTLIED MAGNETIC FIELD
Saida Zalova?, Aishen Allahyarova?
Institute of Physics of the Ministry of Science and Education of the Republic of Azerbaijan®
Baku State University?

Summary: We investigate the effect of an externally tilted magnetic field on the absorption of
electromagnetic radiation in a semiconductor superlattice. The dependence of the absorption coefficient on
the angle between the direction of the magnetic field and the superlattice axis has been numerically
determined as a function of electromagnetic frequency for a GaAs-GalnAs superlattice.
Keywords: tilted magnetic fields, semiconductor superlattice, intersubband absorption

MEXXCYB30HHOE ITOI'VIOIMEHUE 2JIEKTPOMATHUTHOI'O U3JIYYEHUS B
HOJYITPOBOJAHUKE YJIbTPAKATTE B HAKJIOHHOM MATHUTHOM I10OJIE
Canna 3anosal, Aiimen Asiaxsiposa?

HuctutyT pusnku MuHHCTEPCTBA HAYKH M 00pa3oBanus Asepoaiitkanckoii Pecnyoiukn!
Bakunckuii FocynapcTBennblii Y HuBepcuTeT?

Pe3zrome:Hccnedyemes enusnue GHeWIHE20 HAKIOHHO20 MASHUMHO20 NOJsS HA NO2IOUjeHUe 31eKmpo-
MAZHUMHO20 U3TYYeHUs 8 NOJYNPOBOOHUKOBOU cepxpeutemke. HucneHno onpedeneHa 3a8UCUMOCHb
KOIpuyuenma noerowjenus om yeaa mMexncoy Hanpasienuem MAacHUmHO20 HOsLl U OCbI0 C8epXpeulemKu 6
3A6UCUMOCIIY OM YACMOMbL INEKMPOMASHUMHO20 N0as 01s ceepxpeutemku GaAs-GalnAs.

Kntouesvle cnoea: HaxioHuvie MacHUMHbIE HOA, NOLYRPOBOOHUKOBAS CEEPXPEULEMKA, MENCNOO030HHOE
noenoweHue
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MEYLLI MAQNIT SAHISINDO YARIMKECIRICI IFRATQOFISLORDO SORBOST
YUKDASIYICILARLA ISIGIN UDULMASI
S.Zaloval, L.Ismayilova?
Azarbaycan Respublikasi Elm vo Tohsil Nazirliyi Fizika Institutu®
Baki Dovlot Universiteti?

zalova0300@agmail.com

Xulasa: Ikinci tartib hayacanlasma nazariyyasindan istifada edarak meylli magnit sahasinda yarimkegirici
ifratgafoslorda  yiikdaswyicilar  fononlardan sopildikda sorbast yiikdasiyicilarla isigin  udulma omsali
hesablanmigdir.

Acar sozlar: super gafaslar, elektron-foton garsiligli tasiri, sarbast yiik dasvyicilarinin udulmasi

Son onilliklar arzinds kvant guxur heterostrukturlarinin elektron vo optik xassalorina hasr
olunmus tizra ¢oxlu sayda nozari vo eksperimental todgiqatlar aparilmisdir. Bu ciir tadqgigatlarin
aparilmasina sobob bu sistemlorin optoelektronika cihazlarinda miimkiin totbiglori ilo slagadardir.
Molekulyar siia epitaksiyasi vo metallizvi kKimyavi buxarin ¢okmasi kimi bdylms {isullar1 kaskin
interfeysloro malik yuksok tomiz strukturlarin hazirlanmasint miimkiin etdi vo elektron strukturun
demok olar Ki, istonilon ehtiyaclara uygun qurulmasina imkan verdi. Bir ¢ox yarimkegirici
materiallarda elektron xassalorini aragdirmaq ti¢iin optik fononlarla garsiliql alageni nozards tutan
Landau soviyyoslori arasinda elektronlarin rezonans sopilmasi noticasinds yaranan magnit
migavimatinin 6l¢tlmasindan istifads edilmisdir.

Esaki vo Tsunun yarimkegirici ifratqafoslord [1] ilk pioner islorindon sonra, tunel diodlari, isti
elektron tranzistorlar1 vo optoelektronika cihazlarinda totbigine vo Kinetik xususiyyatlarino goro
yarimkegirici ifratqofoslor intensiv todqiq olunmusdir. Son zamanlar kompozisiya ifratqafaslori,
asqarlanmis ifratqofoslor, kvant nagillori vo kvant noéqtelori kimi asagi oOlgiilii sistemlorin
xassalorinin  dyranilmasine maraq getdikco artir. Asagi oOlgiilii sistemlords elektronlarin vo
fononlarin mohdudlasdirilmas: elektronlarin hoarokatliliyini ohamiyyatli doracads artirir vo xarici
tosir altinda qeyri-adi xassoloro sobab olur. Belo xassalor, masalon, ikiolglli elektron gazlarda
(grafen, sothlor, kvant quyulari) elektron-fonon qarsiliglt tosirlori ilo bagli bir ¢ox todqiqatlar
gOstormok olar [2- 5 vo bu islords olan adobiyyatlar]. Bu isdo meylli magnit sahasinds yarimkegirici
ifratgofoslords fononlarin istiraki ilo Sarbast yiikdasiyicilarla isigin udulmasi todqiq edilmisdir.

Biz tadqiq ti¢lin giicli alage yaxinlasmasinda z istigamati boyunca d periodik potensiali U (z)
= A (1 — cos pzd/) /2 olan N elektronlu yarimkegcirici ifratqofos strukturunu nozordon keciririk.
Mohdudlasdiric1 izotropik parabolik potensial cuxur V (X, y) = m*wo? (X2 + y2)/2 kimi gétirilib.
Bu halda p: kegirici elektronun z-istigamatindo impuls operatoru, A isaminizonanin enidir. Maqnit
sahasi B = (0, B sin 0, B cos 6) y oxundan ifratgofos oxuna parallel olan z oxuna meylli yénalib.

Vektor potensialin Landau kalibrovkasi iss belo olar A = (0, xB cos 6,—xB sin 0).
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Baxdigimiz halda sistemin Hamilton funksiyasi asagidaki kimi olar [4].

2 1 py \2 , A B
H =p—m+zmw§(xc059+ y) +E(1—cos(kz—%xsm6)d) (1)

2 mwc
Elektronlar, fononlar vo elektromaqnit dalgasi garsiligh tasirdo oldugda isigin udulmasi
ikinci tortib hayacanlasma nozariyyasindon istifado etmoklo Fermi qizil qaydasi ilo hesablanir.

Is131n udulma omsali adobiyyatdan yaxsi malum olan asagidaki diistur ilo tayin olunur [2]:
&¥?
a=—>WT, 2
o) 2)

burada ¢ -dielektrik sabiti, n,-siialanma sahosindoki fotonlarin sayi, f;-Sorbast

elektronlarin paylanma funksiyasi, W- elektronlar, fononlar vo fotonlar arasinda qarsiligli tosir
naticasinds elektronlarin ilkin haldan  son hala kegidinin matrisinin elementloridir vo belo
muoayyan edilir[2]:
W, :27” ﬁ(f M. |1} 5(E, —E —n-ha,)+|(fM_|i)[ s(E, - E —hQ+hcoq)] . @3
fq
burada Ei va Et elektronlarin ilkin va son vaziyystds olan hallarinin enerjiloridir, 7Q Va7,

uygun olaraq fotonun va fonon enerjisidir .
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ABSORPTION OF LIGHT BY FREE CARRIERS IN SEMICONDUCTOR ULTRA
PACKAGES IN AN INTLITED MAGNETIC FIELD
Zalova S, Ismailova L2
Institute of Physics of the Ministry of Science and Education of the Republic of Azerbaijan®

Baku State University?

Summary:The absorption coefficient of light by free charge carriers was calculated when charge carriers
are scattered from phonons in semiconductor superlattices in a biased magnetic field using the second-order
excitation theory.

Keywords: superlattices , elektron- foton interaction, free carrier absorption
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MODIFIKASIYA OLUNMUS PESL-TELLER POTENSIALLI NAZIK TOBOQODO
ELEKTRON ION QARSILIQLI TOSIiRININ MATRIS ELEMENTI
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Xulasa:Modifikasiya olunmus Pegsl-Teller potensialli yarimkegirici nazik tabagolards kvant cuxurunda
elektronlarin disprsiya qanunu vo Moxsusi dalga funksiyalari miisyanlosdirilmisdir. Alimmuis ifadalor
asasinda electron ion garsiligl tasirinin matris elementi tciin analtik ifada alinmusdir.

Acar sozar:Pegl-Teller potensiali, kvant cuxuru, dalga funksiyasi,qgarsiligh tasir, matris elementi

Kvant cuxurlari, kvant moftillori, kvant noqtolori vo kvant borularinin nanotexnologiyada
totbiq imkanlar1 genislondikco, asag1 oOlgiilii elektron sistemlorindo bas veron fiziki proseslorin
nozori vo eksperimental todqiqino maraq artir. Kvant cuxurlarinin formalagmasi prosesindo cuxurla
otraf miihit arasinda mohdudlayici potensial meydana golir. Yarimkecirici kvant g¢uxurlari,
elektronlarin harokati bir istiqgamatdo msahdudlasmis, qalan iki istigamatds iso geyri-mshdud olan
kvant tobagoloridir. Kvant cuxurlarinin xassolorinin formalagmasinda mohdudlayici1 potensialin
formas1 vacib rol oynayir. Kvant nanostrukturlarinda bas veron proseslori tosvir etmok tigiin
mohdudlayic1 potensialin diizgiin riyazi modellogdirilmosi miihiim ohomiyyot kosb edir. Bu
potensialin formasi doqiq bilinmadiyi ii¢lin, miixtolif modellordon istifado edilir. Arasdirmalar
gostorir ki, diizbucaqli vo parabolik formali potensiallardan daha ¢ox istifads olunur.

Molumdur ki, dar kvant ¢uxurlarina diizbucagli potensial, nisboton genis kvant cuxurlarina iso
parabolik potensial daha ¢ox uygun golir. Osil hoqiqgotds is9, parabolik potensial yalniz asag1 enerji
soviyyolorindo reallasir, kvant odadinin artimi ilo mohdudlayici potensialin formasi parabolik
potensialadan forqli formaya diislir. Buna goro do, zorrociyin enerjisinin artimi ilo kvant ¢uxuru-
otraf miihit sorhod ke¢idini daha giiclii his etdiyindon bir torofdon mohdudlayici potensialin sonlu
malik olmasini, digor torofdon iso geyri parabolik firmasini nozors almaq zorursti yaranir. Cox
parametrli, miirokkob potensiallardan istifade etmoklo gostorilon ¢atinliyi aradan qaldirmaq olur.

Bu isdo kvant ¢uxurunda mohdudlayici potensial olaraq, modifikasiya olunmus Pesl-Teller
potensialindan [2, 3] istifado edilmisdir. Bu potensial soklino gora diizbucaqli potensialla parabolik
potensial arasindadir vo limit halinda parabolik potensial asasinda hesablanmis naticalori verir. Ona
gora do, Pesl-Teller potensialinin parametrlorini uygun qaydada segmokls eksperimento daha yaxsi
uygunlagma oldo oluna bilor. Malumdur ki, kvat mexaniki sistemin garsiliql tosir noticosindo bir

haladan basqga hala kegmaosi sopilmo matrisi ilo tosvir olunur. Fiziki sistemin baglangic vo son hallari
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arasindaki kvant kecidinin amplitudu matris elementi ils toyin olunur. Kec¢id ehtimali uygun matris
elementinin kvadrati ilo miitonasir olur. Bu isdo Pesl-Teller potensialli yarimkegirici kvant
cuxurunda elektron-ion garsiligl tasirinin matris elementi hesablanmigdir.

Ogor elektronlarin  horokotinin  mohdudlasdigr istigamot olaraq (kvant tabagosine
perpendikulyar istigamat) z oxunu gotiirsok, modifikasiya olunmus Pesl-Teller potensialini
asagidaki sokildo yazmagq olar:
h2a? (A — 1)
2m coh?az

V(z) =—
Burada 1 ' > 1 vo a — potensialin parametrloriolub, uygun olaraq potensial ¢uxurun darinliyini vo yarimenini
ifado edirlor. A’ =1+ 1 ovozlomasi aparsaq vo enerjinin hesablanma baglangicini i—f/l(/l + 1) qodor
asag siirligdiirsak, (1) potensialini

2 2
V(z):—hzz A(A+)thiaz (1)

A> 0 (2) soklinds yaza bilorik. Qalan iki istigamotds (x va y) horokst mohdudlagmadig ticiin, potensialina

malik kvant ¢uxurunda elektronlarin dispersiya qanunu asagidaki sokildodir:

(2(2+2)=(2-n)" )+ ==

Burada m - kegirici elektronlarin effektiv kiitlosi, n=0,1,2,....; n<A; 1 >0; kKooK, - dalga

h2a2 hzk 2 2ky2

2m

E =

(2)

vektorunun, uygun olaraq x va Yy istigamatinlorindoki proyeksiyalari, N = 0,1,2, ... iso enerji soviyyalarinin
nomrasidir (N < 2). (20 ifadssindon goriindiiyii kimi, enerjinin k, vo k.- don asililig1 parabolikdir, lakin
parabolalarin minimumlar1 ekvidistant deyil, A-nin verilmis qiymatinds qonsu enerji soviyyslori arasinda
h2a?
AE/LN - W(A(A + 1) —(A - N)Z)
godar forq  olur. Pesl-Teller potensialli [1,2] kvantlanmis nazik tobaqo iiclin (2) moxsusi enerji

qiymatlorine uygun moxsusi dalga funksiyasini asagidaki kimi yazmaq olar.

N

LegendreP (4, n—A,thaz)(3)

Y (x,y z)_ei(kxmyy)(a(/l—n)Gamma(z;L_nH)]
N,k Ky A y Y =

Gamma(n+1)

Gamma(x), LegendreP(x), BesselJ (X) uygun olaraq Qamma, Lejandr vo Bessel xiisusi

funksiyalaridir[3].

eZ

Zion

Bilirik ki, elektron ion qarsiligli tasirinin potensiali U (X, Y, Z) = T

(x2 +y2+zz)2

Onda elektron ion garsiligli tasirininmatris elementi[4] iso

0 0 © 2
M. ion —[ }J. [ J.e (15762 egendreP [1,-1, Tanh (az)] Zn® 57 dclydz (4)
R I X2 + y2 + 22 2
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ifado olunar.Buradan silindrik koordinatlara kegsok[5].

20 | T 2 7. e°
M, ., =| —— e'"*?LegendreP|1,-1Tanh(az ian rdrdgdz (5)
i [LVLJ'[OE[E[ : (e2)] Z(X2+y2+22)%

2z
Bu inteqrallar1 ayri-ayr1 hesablayaq j e'"*?dg = 27Bessel [0, qr] (6)
0

< BesselJ (0,qr -
Novbati inteqral I (0.9 )“dr _E (7

0 (I’2+ZZ)% l q

7 csC q

Sonuncu integral | e *LegendreP[1,~1 Tanh (az)] dz= — 2a ®)
o o

(6), (7) va (8)-i (5)-do yerina yazsaq elektron ion garsiligli tasirinin matris elementi {igiin

76" 7nq

on

eion — 5 1 CSC—
- 2ayL L, 2«

[fadosini alariq.

MATRIX ELEMENT OF ELECTRON-ION INTERACTION IN THIN FILMS WITH MODIFIED
PESHEL-WIRE POTENTIAL

Hasanov K.A., RahimovR.Sh., DadashovaV.V., RustamovaD.F., Hamzayeva A.Y.

Abstract: Dispersion law and eigenwave functions of electrons in a quantum hole in modified Peschl-Teller
potential semiconductor thin films were evaluated. An analytical expression for the matrix element of the
electron-ion interaction was obtained based on the obtained expressions.

Keywords: Peschl-Teller potential, quantum hole, wave function, interaction, matrix element

MATPUYHBIN JIEMEHT 3JEKTPOH-UOHHOT'O B3AMMO/JIENCTBUSA B TOHKHUX
IVIEHKAX C MOAU®UILTUPOBAHHBIM INEWEJIb-TEJJVIEPA IOTEHIIUAJIOM

I'acanoBX.A., ParumosP.111., lanamosa B.B., PycramoBa/l.®., Xam3aeBaA.lO.

Annomayua: Beinonnenvt oyenku 3aKOHA OUCNepCUU U COOCMBEHHLIX BOJIHOBLIX (DYHKYUL DNEKMPOHO8 8
K6AHMOBOU OblpKe 8 MOOUDPUYUPOBAHHBIX NOMEHYUANbHBIX NOJYNPOBOOHUKOBLIX MOHKUX naeHkax [leuins-
Tennepa. Ha ocnose nOMy4eHHbIX 6bIPAJICEHULl NOTYYEHO AHANUMUYECKOe @ulpadicenue OJisl MAmpuyHo2o
9/1eMeHmMaA INEKMPOH-UOHHO20 83AUMOOEUCMBUSL.

Knioueswie cnoga: nomenyuan Ilewns-Tennepa, keanmogas ovipka, 601H08dAs PYHKYUA, 83aumooeticmaue,
MampudHblil d1eMeHm
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Sn1xThxSe MONOKRISTALLARININ TERMOELEKTIK HOROKOT QUVVOSINO
p-SUALARIN TOSIRI
T.A.Cafarov, C.I.Hiseynov, A.M.Allahverdiyev, G.9.Qarasova
Azorbaycan Dévlot Pedaqoji Universiteti

Xillasa:Isd> SnixThySe sistemda bark mahlullar alinmis, onlarin torkib-xassa xarakteristikalart Gyranilmis,
termo-e.h.q.-si amsalinin temperatur asiiligi vo bu xassalora kicik dozali ionlasdirict siialarimin  tatadqiq
olunmusdur. Stialanma zamani yaranan akseptor tipli noqtavi radiasiya defektlorin konsentrasiyasi x=0,05
torkibli nimunadakina nisbaton daha azdir va radiasiyaya qarsi daha davamiidir.

Asar sozlar:Nadir torpaq elementlari, - siialart, udulma dozasi, elektrik kegiriciliyi, Holl amsali, yiiriikliik,
istilik keciriciliyi, termo elektrik harakat qlivvasi

SnSe — ThSe sisteminin bork mohlul oblastindan yuxarida qeyd etdiyimiz iisulla alinmig
kristallik ~ndmunalorinin  termo-e.h.q.-nin - vo Holl omsalimin  torkib  asililigi  tadqiq
olunmusdur.Terbiumum konsentrasiyasinin artimi ilo termo-ehg-si (o) azalir vo  x>0,001 % do
isarasini p-tipdon n-tipa doyisorok maksimumdan kegmaklo ThxSni1xSe bark mohlullarinda miitlaq
qiymoti stabillogir. Holl omsalinin qiymoti do termo.e.h.g-nin qiymatino analoji doyisir.Sni-
xThxSesistem orintilorinin giialanmadan ovval vo sonra bir sira elektrofiziki parametrlori 300 K
temperaturda 6lgilmokls torkib-xasss asililiglart miiayyanlosdirilmis, genis temperatur intervalinda

termo-e.h.q.-si todqiq olunmus vo bu xassoloroy - siialarin tosiri arasdirilmisdir. - siialarin

monboyi kimi kvantinin enerjisi 1,25 MeV olan ®Co izotopundan istifado olunmusdur. Siialanma
D =0,6Qr/san dozada, 30 saat arzindo aparilmigdir.

Sn1xThxSe sistem arintilorindoan Sno,g9Tho,01Se va SnoesThoesSe torkibli kitlasi 2 gram olan
nimunolorin siialanmadan avval galvanomaqgnit, termoelektrik vo istilik xassalori genis temperatur
intervalinda toadqiq olunmusdur. Sonra niimunslor qamma siialarla siialandirilmig vo bu xassalor
yenidoan tadqiq olunmusdur. Siialanma dozasini miioyyan etmak Gg¢lin niimunalar t=5, 10, 15, 20;25
vo 30 saat middstinds (uygun olaraq D = 1,08; 2,16; 3,24; 4,32; 5,4, 6,48 Mrad dozalarda)
stialandirilmis vo T=300K temperaturda kinetik parametrlor dl¢tilmiisdiir. Miioyyan edilmisdir ki,
Kicik dozal siialanmalar kristalin kinetik parametrlorinin giymatini ¢ox cuizi doyisir. Hotta demok
olar ki, bu doyigsmoni 6lgmo Xatasi daxilindo nozara almamag olar. Belsliklo niimunalar siialanma

gicii 0,6 Qr/san , kvantmin enerjisi 1,25 MeV olany- siialarla 30 saat orzindo (6,5Mrad)

siialandirilmisdir. Siialanma monboyi kimi ®Co izotopundan istifado olunmusdur. Alinan naticalo-
rin magayisali sokildo tohlili aparilmis vo SnogeThoo01Se Vo SnogsThoosSe bark mohlullarin

elektrofiziki xassalarina y - stialarin tosiri aragdirilimisdir.
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Sakil 1-do Sno,e9Tho,01Se vo Sno,esTho0sSe

. T o, mkV/E
sistem oarintilorinin T=300K temperaturda termo.

e.h.g-nin siialanma dozasindan asililq qrafiklori 50 . . e

verilmigdir. Goriindiiyti kimi termo e.h.q har iki

250 |
nimunods Kicik dozalarda demok olar ki
doyismir. 6,5Mrad dozada iso  SnogoThooiSe  -300 v e

nimunasinda 7% artir, SnoesTboesSe nimunada

-350 D, Mrad

stialanmadan sonra 10% azalir. Ana maddadan SR T Ea—

(p-SnSe) onun terbiumlu bark mohlullarina Sokil 1. SnuxThySe sistem srintilords

kecdikdo a-nin hom giymatinin, hom do termo.e.h.q siialanma dozasindanasililig.
1-x=0,01; 2-x=0,05, T=300K
4a,mkV K1 “e-

isarasinin doyismosi miisahido olunur. Dayismoa

+400 xarakeri torkibdo TbSe-nin miqdarindan asili
1 B o olaraq forqli xarakter dastyir.x2 =0.005 torkibli
¥y o’ nimunanin a(T) asililigit T=80-250 K temperatur
| . ! , , intervalinda 500 mTkV-danqeder artir vo tempera-

80 160 240 320

- turun sonraki artiminda isarasi misbat galmagla

-200 [ monoton azalma miisahids olunur. Qeyd edak ki,
o2 asagl temperaturlarda asqar kegiriciliyi oblastinda

3 .
400 T o g i temperaturun artimi1  ilo termo-e.h.q.-si ()

) 5 artmasi, moXsusi kegiricilik oblastida iso azalmasi
Sokil 2. Termo.e.h.q -¢, temperatur astlilig

1-SnSe; 2- SNno,geTho01S€e, 3- Sno.gs Tho osSe. mi-rokkob zona qurluslu birlosmoalor vo bork

1,2 va 3 -siialanmadan sonra L -
mohlullar tguin xarakterikdir.

Tbo,01SN0,99Se Vo  ThoosSno,esSe monokristallar istiqgamatlonmis orimo zonasi isulu ilo

almmusdir vo stialanmadan ovval Vo sonra bir sira elektrofiziki xassalori 77-320 K intervalinda

todqiq olunmus vo bu xassolora y - siialarin tosiri aragdirilmigdir. Sn, Th, Se (x=0; 0,01; 0,05)
sistem arintilorinin 300K temperaturda bazi kinetik parametrlarinin: xususi elektrikkegiriciliyi (o),
termo.e.h.q (« ), yiikdasiyicilarin - konsentrasiyasi (n) vo Holl yirukliylinin () siialanmadan

awval va siialanmadan sonra toyin edimisdir.

Stialanmadan sonra kinetik parametrlarin qiymatlorinds xeyli doyismoalor bas vermisdir. 2-Ci
nimunaods yiikdasiyicilarin  konsentrasiyasi bir tortib azalmig, 3-ci nimunods isa oksino
yiikdastyicilarin konsentrasiyasi bir tortib, yirikliyl iss 6 dofo artmisdir. T=300K-da termo e.h.q.

(@) siialanmadan sonra 2-ci niimunode, Ac=18mkV/dor artdigi halda, 3-cii niimunado

Aa=19mkV/dor godor azalmigdir.
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Sakil 2-da SnSe, Tho,01Sno,99Se va Tho,05Sno,95Se nliimunalarinin termo e.h.g-nin stialanmadan
owval va sonra temperatur asililg1 verilmisdir. Miioyyon olunmusdur ki, T=85K temperaturunda « -
nin qiymati SnSe vo x=0,01 torkibli nimunadan forgli olaraqg x=0,05 torkibli nimunods
stialanmadan sonra 16% azalmisdir. ©ksino olaraq x=0,01 torkibli nimunads -22%, SnSe
birlosmasinds isa -18% artma miisahido olunmusdur.

Sialanma kristallarda bir-birlori ilo vo kimyovi asqarlarla qarsilighh tosirdo olan
vakansiyalar, diyunloraras1 atomlar, miixtalif tip kompleks defektlorin yaranmasina sabab olur.
Radiasiya defektlori 6z-6zuni kompensasiyaya gatirir vo yarimkegiricinin kegirigiliyi moxsusi
kecirigiliya yaxinlasir. y-sialarinin  tasiri ilo n-tip kegiriciliya malikSnixThxSe(x=0,01;
0,05)kristallarinda, donor asqar markazlorini kompensasiya edon, akseptor tipli radiasiya defeklori
yaradir vo radiasiya defektlori hesabina yiikdasiyicilarin yirikliyii vo elektrikkegiriciliyi
artir. Todgigat naticasinds mioyyan olunmusdur ki, SnixThxSe sistem orintilorinds siialanma
zamani yaranan akseptor tipli noqtovi radiasiya defektlorin konsentrasiyast x=0,05 torkibli

nlimunada nisbaton daha azdir vo radiasiyaya qarst daha davamlidir.

BJIMSIHUE y-JIYUEM HA TEPMO-3JC MOHOKPHUCTAJLJIOB Sn;.ThySe
M:xadapos T.A., I'yceiinoB Ix.W., Annaxsepaues A.M., 'apamosal .A.

Peztome: B pabome nonyuenst meepovie pacmeopwl 6 cucmeme Snix1hxSe, uzyuenst ux cocmas u céoiicmaa,
U3yYeHa MmemMnepamypHas 3a8ucumocms kodpguyuenma mepmo-I4C u Mano003H020 UOHUSUPYIOUE2O
uznyueHusi om amux ceoticms. Konyenmpayusi moveynvix paouayuorHbix 0egheKkmos aKyenmopro20 mund,
BOZHUKAIOWUX NPU 0OyueHUU, MeHbule, yem 6 oopasye ¢ x = 0,05, u on bonee ycmouiuue Kk paouayuu.

Kniouesvie cnosa: Peoxosemenvhvle dieMenmul, Y-1yuu, 003ad NO2IOWEHUS, DJIeKMPONPOEOOHOCb,
Koappuyuenm Xoana, menionposoorocms, mepmo-3/C.

THE EFFECT OF y-RAYS ON THE THERMOELECTIC MOTIVE FORCE
OF Sni,ThySe MONOCRYSTALS
Jafarov T.A., Huseynov J.1., Allahverdiyev A.M., Garashova G.A.

Summary:In this study, solid solutions were obtained in the Sni4Th,Se system, their composition and
properties were studied, the temperature dependence of the thermo-e.f.m. coefficient and small-dose
ionizing radiation on these properties were studied. The concentration of acceptor-type spot radiation
defects generated during irradiation is lower than in the sample with x = 0.05 and is more resistant to
radiation.

Key words: Rare earth elements, y-rays, absorption dose, electrical conductivity, Hall coefficient,
conductivity, thermal conductivity, thermoelectric motive force
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RADIASIYA SUALARININ GaS LAYLI MONOKRISTALININ
FOTOKECIRICILIK SPEKTRIN® TOSIRI
A.O.Dasdomirov, A.9.9lakbarov
Azarbaycan Dovlat Pedaqoji Universiteti
adashdemirov@gmail.com
aydin60@inbox.ru

Hocmi kristallarla migayisado layli kristallar radiasiyaya davamliligi, yiiksok cilalanma
sothing, interkalsiya qabiliyystino, fotohassasliga malik olmasi onlarin totbiq imkanlarini
genislondirir. Eyni sozlori A"BV'tip layl kristallar iiciin do geyd etmok olar. Xiisusi texnologiya
tolob etmoadon bir nego mikrometr qalinligli tobagolora ayrilan belo kristallarin politipliyi
sababindan kdvrokoldugu ti¢iin uzun miiddot istifado etmok miimkiin olmur. Yaranan ¢atismazligi
aradan qaldirmagq tiglin miixtolif atom asqarlarindan va radiasiya stialanmasindan istifada olunur.

Radiasiya siialar1 kristallarda miixtolif tobiotli radiasiya defektlori yaratmagqla ayanasi onlarin
kristal qurulusuna, fiziki xassalorina, 0 cimlodon fotoelektrik xassolorina asasli tosir edir. Uzun
middst aparilan genismiqyash todgiqatlar ionlasdiririct siialarin tosirlori hagqinda vahid noazariyya
formalagdira bilmoayib. Kegon oasrin 80-c1 illorindon baslayaraq aparilan todqiqatlarkigik dozali
radiasiya siialarinin kristalda yiiksok nizamliliq yaratmagqla onlardan yliksok tezlik diapazonunda
isloyan cihaz va strukturlar yaratmaga imkan vermisdir [1+4].

Todgigat obyektiolan GaS layli monokristallariBricmen metodu ilo yetisdirilmis, otaq
temperaturunda xUsusi migavimati 2:10° Om-sm,yiikdastyicilarinin yiiriikliiyii8 sm?/V-sanolan,sari
rongli fotohassas yarimkegirici maddadir.

r r . .
0,4 0,5 0,6 0,7 0,8
A, mkm

Sakil 1. GaS layli monokristalinin fotokegiricilik spektri.
1-D=0; 2—D=30 krad; 3—D=200 krad; 4—D=400 krad.

Sokildo otaq temperaturunda, mixtolif dozalarla (D=30+400 krad) siialanmis GaSlayli

kristallarinin fotokegciricilik spektri gostorilmisdir. Qrafikdon goriindiiyli kimi, stialanmanin kigik
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dozasinda (30 krad)monokristalin fotokegiriciliyi artir. Bunun sobobi ki¢ik dozali (D=30
krad)gamma siialarinkristalda nizamli struktur yaratmasi, kation vakansiyalarin radiasiya
defektlorinin kristal boyu miqrasiya etmosi naticosinds annihilyasiya olunmasi ilo, geyri-asas
yiikdastyicilarin yasama miiddatinin vo yiirtikliiyliniin artmasinin stimullagsmasi ilo fotokeciriciliyin
bitun spektr boyu artmasidir [5].

Stialanma dozasinin sonraki artimi kristalda alava radiasiya defektlorinin, onalrin istiraki ilo
atom klasterlarinin vo rekombinasiya morkozlorinin yaranmasina gotirib ¢ixarir. Biitiin bu amillor
kristaldaki siiali rekombinasiya moarkazlorinin do konsentrasiyasinin koskin azalmasina—strukturun
deqradasiyasina sobob olur[6].
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BJUSHUE PATUAIIMOHHBIX JIYYEH HA CIEKTP ®OTOIPOBOAUMOCTH
CJIOUCTOI'OMOHOKPHUCTAJLJIA GaS

JampaemuposB A., Anexknepos A.
A3zepOaiimkanckuii I'ocynapcrBennsiii Ilegaroruyeckunii YHuBepcurer

Pezrome: Croucmuiii monoxpucmann GaS xapaxmepuzupyemcs 8blCOKOU (homouyscmeumenbHOCmvio 6 GUOUMOLL
obnacmu cnexmpa. Oonaxo nonumuntocms croucmoix monokpucmanios muna A"BY'oepanuuusaem epems
IKCIIyamayuy npUbOpPos, U32OMOGIEHHbIX HA UX OCHOGe. [[Isl npe0omepaueHus Smozo 6NIeHUs NPUMEHSTIOMCS
npumMecu pasHvlx amomos u paouayuonnoe usnydenue. braeooaps sgpgpexmy manvix 003, ObLIO AUKEUOUPOBAHO
MO He2amuHoe sGIeHUe U YEeludeHa homonposooUMOChib C1oUCno2o MoHokpucmania Gas.

Knrouesvle cnoea: croucmoviii MOHOKPUCIMALL, PAOUAYUOHHOE U3LYYEHUE, (OmMONnpo8oouMocmn, 3¢hgdexm
MaAnvix 003.

EFFECT OF RADIATION BEAMS ON THE PHOTOCONDUCTIVITY SPECTRUM of LAYERED
GaS SINGLE CRYSTAL

A.O.Dashdemirov, A.S.Alekperov
Azerbaijan State Pedagogical University

Summary: Layered GaS single crystal is characterized by high photosensitivity in the visible spectrum.
However, the polytypic nature of layered AIIIBVI single crystals limits the service life of devices
manufactured on their basis. To prevent this phenomenon, impurities of different atoms and radiation are
used. Due to the low-dose effect, this negative phenomenon was eliminated and the photoconductivity of
layered Gas single crystal was increased.

Keywords: layered single crystal, radiation, photoconductivity, low-dose effect.
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TEMPERATURUN SUALANMIS GaS LAYLI MONOKRISTALININ
FOTOKECIRICILIK SPEKTRINO TOSIRI
19lskbarov A., Bayramh R.
'Azarbaycan Dovlst Pedagoji Universiteti
2Baki Miihandislik Universiteti
aydin60@inbox.ru
bayramov.razim@mail.ru

Yarimkegirici kristallarin fiziki xassalorine gucli tesir gostoron xarici faktorlardan biri do
temperaturdur. 1-ci sokildoA=0,51 mkm dalga uzunluqlu monoxromatik isigin tosiri altinda olan p-
GaS kristalinin fotokegciricilik spektrinin temperaturdan asililq grafiki gostorilmisdir. Radiasiya
stialarinin, xiisusi halda, miixtolif dozali (30 krad vo 100 krad) gamma siialarinin tasirina moruz
galmis p-GaS layli monokristallarinin fotokegiricilik spektrinin todqigi hom nazari, ham do praktiki
baximdan shamiyyatlidir.

Qrafiklordon goriindiiyii kimi, sitialanma dozasi fotokegiriciliyin doyigsmasine keyfiyyatco
ciddi tesir gostormir. Lakintemperaturun T >200 K giymatlorinds caroyanin temperatur sonmasi
geydo alinir. Bunun sababi r-soviyyasinds termogenerasiya olunan elektronlarin s-Soviyyasinda zabt
olunmasidir. T<200K temperaturlarinda desiklor t-soviyyslorinds lokallasdig1 {igiin temperaturun
diismoasi ilo fotocorayan azalir [1].

Eyni monzoro T>240Ktemperaturlarinda da bas verir. 30 kradsiialanma dozasinda, T>170K
temperaturlarinda, monokristalda siiali rekombinasiya morkazlorinin yaranmasi va Kigik dozalar effekti
naticasinds kristalda nizamli diiziiliisiin formalagsmasi ilo desiklorin yiiriiklityiiniin artmasi fotokegirici-
liyin do artmasina gotirib ¢ixarir[2]. Qamma siialanmanin yiiksok dozalarinda (D=100krad),stias1z
rekombinasiya morkazlorinin konsentrasiyasinin artmasi ilo fotokesiricilik azalir.

10° 4

10% 5

I, nisbi vahid

10" 5

10°

10%T, K*
Sokil 1.GaS layli monokristalinin fotokegiriciliyinin
temperatur asililigi (A=0,51 mkm).
1-D=0; 2—D=30 krad; 3—D=100 krad

A"BVltip layl kristallarda fotokegiricilik torkibinde Ga vakansiyalari olan Frenkel
cutlorindan do asilidir [3+5]. Belo markazlor elektroneytral olsa da r-moarkazlori ilo mugayisods
desiklor elektronlara nisboton az zobtetmo xassasine malikdir. Stialanmanin tasiri ilo r-markaz desiyi
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zobtetmoklo sarbast r-markaz vo donor yaranir. Bu sobobdon do r-morkazlorin konsentrasiyasinin
artmas1 fotocarayanin va liiminesensiyanin intensivliyinin artmasina sabab olur.

Molumdur ki, kiikiird atomlarini diiylinlorarasina siirisdiiriilmosi qallium atomlarini siiriis-
dirmokdan iki dofo az enerji tolob edir. Bu sobabdon kiikiird atomlar1 torafindon desiklarin zobt
olunmasi rekombinasiyali stialanmaya sabab olur [6].

Beloliklo, aparilan todqigatin naticalorinin tohlili onu demoyo osas verir ki, GaS layli
monokristalinin fotohassasligini artirmaq vo stiali rekombinasiyani reallagdirmagq ti¢lin kigik dozali
(konkret halda 30 krad) siialanmaya moruz qoydugdan sonra optimal temperatur rejimi
(200K<T<250K) se¢cmok lazimdir.
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BJIUAHUE TEMIIEPATYPbBI HA CHHEKTP ®OTOINPOBOAUMOCTH OBJIYYEHHOI'O
CJIOUCTOI'O MOHOKPUCTAJLJIA GaS

lAneknepos A., *Baiipamibi P.
'Azepoaiimxancknii Focynapereennbiii Ilenarorudeckuii Y HuBepcurer
’bakunckuii Mn:kenepHbIii YHABEpCHTET

Pestome. Ananuz pesynomamos NpOGEOEHHLIX UCCIeO08AHUL NO360JAem NPeonoIoNCUMsb, 4mo O
noGbluleHUs. omouy8cmeumenbHocmu cioucmozo monokpucmana GaS u pearuzayuu paouayuoHHOU
peKomMouHayuu Heobxooumo 8vlbpams onmumanbHelil memnepamyphuiil pesxcum (200K<T<250K) nocie ezo
6030elicmaus Hebobuol 003a paouayuu (8 dannom cayuae 30 kpao).

Knrwouesvle cnoea: ciroucmolii MOHOKPUCMANL, CHEKMP (HOMONPOBOOUMOCU, MEMNEPAMYPHLLUDENCUM,
peKomMoOuHayus, 003a00y4eHuUsl.

EFFECT OF TEMPERATURE ON THE PHOTOCONDUCTIVITY SPECTRUM OF IRRADIATED
LAYERED GaS SINGLE CRYSTAL

!Alekperov A, 2Bayramli R.
!Azerbaijan State Pedagogical University
?Baku Engineering University

Summary: Analysis of the results of the conducted studies suggests that in order to increase the
photosensitivity of the layered GaS single crystal and implement radiation recombination, it isnecessary to
select the optimal temperature regime (200K<T<250K) after its exposure to a small dose of radiation (in
this case 30 krad).

Keywords: layered single crystal, photoconductivity spectrum, temperature regime, recombination, radiation
dose.
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PEIIEHUE YPABHEHUSA KJIEMHA-®OKA-TOPJIOHA JIJIsI IOTEHIIUAJIA PO3EH-
MOPCA B CBA3AHHOM COCTOSITHUHA
Kynuesa I'.I'., Xaqmnosa C. E., CaabsixkoBa H.A.
Cymraurckuii 'ocyrapcTBeHHbIl YHUBepCUTET

gulnara.quliyeva@sdu.edu.az

Pesrome:llomenyuan Posen-Mopca uepaem 6axCcHy1O poib 8 AMOMHOU, MONEKVIAPHOU U XUMUYECKOU
@usuke, NOCKONLKY OHA MOdcem OblMb UCHOAb308AHA O ONUCAHUAL MOIEKYJAPHbIX KOJIeOauuti u 0
NONYUeHUs IHepeemuieckux CNeKmpos JTUHElHbIX U HeauHeunvie cucmemsl. Ilomenyuan Pozen-Mopca c
MPULOHOMEMPUYECKOU (YHKYUel uMeem NPUMEHEHUU 8 00BIACHEHUU XAPaAKmepa K8apK-2II00HHOU OUHAMUKU
8 K8AHMOBOU XPOMOOUHAMUKE.

Knrwouesvie cnosa: nomenyuan Pozena-Mopca, memoo Hukugoposa-Yeaposa, cnexkmpanvhas 3a0aya.

Kak u3BectHO, MOMUIIMPOBaHHBIN MOTeHIMA Po3ena-Mopca onpenensiercs B Buze [4]:

V(r) = \21 _stmzh(ar)'
cosh“(ar)  cosh®(ar)

1)

3nech V;, V,Olpenensior ryOrHy MOTeHIMAala U o TapaMeTpbl IKpaHupoBaHus. s ckajlspHOTro
S(r) u BektopHoroV(r) mnoreHuuanoB ypaBHeHue K®PI' B atomubix eaumnunax (h=c=1) B
ceprueckoil cucteMe KOOPANHAT OTPEIeIIIeTCs B BUIC:

V24 (M + SR u(r, 0,0) =[E -V (D P w(r, 6,0), ©)
B ypaBuenun (2) BonHoBy10 GyHKIUIO W(r,0,¢) B chepuyeckoil cucteMe KOOpInHAT MOKHO B3SITh

B clieayromieit popme:

Vo000 =210, 6,0), @3)

[ToacraBnsas ¢ynkuuro (3) B ypaBHeHue (2), paguanbHoe ypaBHeHHe KOI' MokHO mepenucaTh B
CJICAYIOIIEM BUJIC:

00 +1)

2'(0)+[E2 =M ? = 2(MS(r) + EV () +V 2(r) - 2 (r) - -

}){(S) =0. (4)

Jlns perienus ypasaenus (4) mo meroay Hukudopos-YBaposa [2] MBI BBOAUM HOBBIE TEPEMEHHYIO

s=sinh(ar), Toraa noay4uMm:
2
1+ 29)a? 2 4@y a2 PP,
dz dz

11 +1)

+[E Mt -2Ms @)+ BV @)+ A2 -8 @)= o

}ZU)=0 ®)
VYpaBHeHue (5) mocie NpoCThIX YIPOIIEHUH MOKHO MEpenucaTh B BUE:

(1+ 22);(”(2) +27'(2) +%[E2 ~M?2-2(MS(2))+EV (2))+
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11 +1)a®
arcsinh?(z)

+V2(@2)-5%(2))- 2(2). (6)

[MoxcraBnsis HOBYIO mepemenHyto Z =Sinh(ar) B Beipakenue (1), mis moreHnuana Po3ena-Mopca

TOrJa MOJIy4uMm:
M Vaz

V(z) =
(2) 1+2% 1+7°

(7)

Tenepp KpaTko MpoOaHAIM3UPYEM IOBEACHME NOTCHOMANA. [l HaxXOoXIEHUs CBSA3aHHOIO

COCTOSIHUSL HEOOXOMMO HAWTU MUHMMYM TOYKH noteHimana u3 ycnosus dV/dz =0. [Morenuman

(7) B citydae V, >0 Oyzner uMETh MUHUMYM B TOUYKE

V2 +V.2
7ogy= 1 N V2 ®)
V21 V2

(1+29)1"(2) + 27/(2) +— [E2 - M2 —2(MS(2) + EV (2)) +
[04

I(I +1)c?

[, (Co +C,2+Cy2%) |x(2) =0 9)

+(V*(2) - $%(2) -

Hns pewenust ypaBHeHus (9) meronom Hukudoposa-YBapoBa HeoOxoauMo mnpeoOpa3oBaTh K
THIIEPreOMETPUYECKOMY YPaBHEHHIO, KOTOPOE UMEET BH/I:

* x(8)+— [ +isy? +1-s2)e2}(s) =0 (10)

X”(S)— (1—52)2

1

Temepp MBI MOXEM ycnemHo npuMeHHTh Merona Hukudopoma-YBapoa [1] mis pemenus

ypaBHenus (10).PannansHoe BoiHOBOM (pyHKIMHU ¥ (S) HOJTydaeM:

ar2-ay'(n+ A+1)

2(s)=C,(1+s)"* B2 (1-5) ,F (=N, 1+n—
I'(A+1) (15)
%\/1—4ﬂ+\/(1—4ﬂ)2 +16y2 ,1—%1/1—4,8—4&/;%(1— 9)).
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BAGLI HALLAR UCN KLEN-FOK-QORDON TONLIYININ ROZEN-MORS
POTENSIALI UCUN HOLLI.

Quliyeva G.H., Xalilova S.E., Sadigh N.A.
Sumgqayit Dovlat Universiteti

Xilasa Bu isdo Rozen-Mors potensialr iigiin Klen-Fok-Qordon tonliyini hall etmisik. Bu holli edardan
Nikiforov-Uvorov metodunu tatbig etmisik. Klein-Fok-Qordon tonliyini hall etmoakls, ixtiyari vaziyyatlor
tcln enerji xtsusi qgiymatlari va uygun xiisusi funksiyalar alda etdik. Orbital kvant adadinin [ # 0 ixtiyari
giymati Uciin enerjinin xususi dayari va mivafiq radial dalga funksiyalart iigiin analitik ifadalor alinir.

SOLUTION OF THE KLEIN-FOCK-GORDON EQUATION FOR THE ROSEN-MORSE
POTENTIAL IN A BINDED STATE

Guliyeva G.H., Khalilova S.E., Sadigh N.A.
Sumgayit State University

Abstract: In the present work, an analytical solution for bound states of the Klein-Fock-Gordon equation is
found for the modified Rosen-Morse potential. To overcome the difficulties arising in the case in the
centrifugal part of the Rosen-Morse for bound states, we applied the developed approximation. Analytical
expressions for the energy eigenvalue and the corresponding radial wave functions for an arbitrary value

I#0 of the orbital quantum number are obtained. It is shown that energy levels and eigenfunctions are very
sensitive to the choice of potential parameters and orbital and radial quantum numbers.
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STUDY OF THE DEPENDENCE OF THE RADIATION INTENSITY IN THE NEAR
INFRARED RANGE OF ZnSe:Cr ON THE POWER OF THE EXCITING SOURCE
Musayev M.A.1,Abbasov I.1.1, Huseynov J.I1.2,Eminova E.A.
!Azerbaijan State Oil and Industry University
2Azerbaijan State Pedagogical University

ibrahimabbasov179@gmail.com

Summary: In this work, the luminescence of impurity-defect centers for two ZnSe:Cr+ crystals with different
concentrations of chromium atoms in the near infrared range was investigated. In particular, the
dependence of the intensity of the maxima in the spectra on the power of the excitation source is considered.
Key words: polycrystalline CVD (chemical vapor deposition) ZnSe, impurity-defect luminescence ,
chromium in zinc selenide, high isostatic pressure(HIP).

Numerous studies [1-6 ] IR lasers generating in the range of 4-5 um on Cr2+ doped
polycrystalline CVD ZnSe samples are promising for optics, optoelectronics, laser technology, etc.
The radiative processes are mainly intracenter d-d transitions described by crystal field theory [1-3].

These studies mainly investigated the mid-infrared (IR) range, at low temperatures.

In this paper, we investigate the photoluminescence spectra in the wavelength range of 0.8-
1.1 um observed upon excitation by semiconductor lasers (hex = 532 nm) in two CVD ZnSe samples
doped with different iron concentrations at room temperature (T = 300 K). In particular, the
dependence of the intensity of the maxima in the photoluminescence spectra on the excitation
source power is considered.

Fe film was deposited on both sides of CVD ZnSe samples by electron beam evaporation,
followed by diffusion doping by HIP (high isostatic pressure) processing

Diffusion doping in the first ZnSe: Cr31 sample was carried out at 1000 atm, 1423 K for 70h
and in the second ZnSe: Cr32 sample at 1000 atm, 1423 K for 76 h.

The maximum iron impurity concentration determined from the absorption edge shift in the
ZnSe:Cr samples is 6.1-10'° cm™ (ZnSe: Cr31) and 4.65-10*° cm™ (ZnSe: Cr32), respectively. The
forbidden band widths are respectively 2.34eV and 2.4 eV . The luminescence studies were carried
out on a Nanofinder 30 Confocal micro-Raman spectrometer (Tokyo Instr., Japan). The second
harmonic of the Nd:YAG laser with the radiation wavelength Aex = 532 nm and the maximal power
10 mW was used as an excitation source. The spectral resolution was not worse than ~ 0.014 nm. A
cooled CCD camera with the resolution 1024x128 pixels operating in photon-counting mode served

as a radiation detector. the luminescence spectra were recorded in the region A =440+1500 nm.
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The samples were excited by light with wavelength Aex = 532 (at a power of 1 mW) and the
luminescence spectrum of both samples shows maxima at 930 nm, but they differ in intensity and
half-width.

L]

Intensity a.u.
Intensity a.u.

‘Wawelength (nm) Wawelength nm

Fig.1.Dependence of radiation intensity Fig.2. Dependence of radiation intensity
correspon_dmg to Amax= 930 nm on the power corresponding to Amax= 930 nm on the power
of excitation source (laser at Jex = 532 nm, of excitation source (laser at iex = 532 nm,
sample ZnSe:Cr31) sample ZnSe:Cr32).

The dependence of the intensity of the maximum in the spectrum on the excitation power was
also investigated, with the excitation power varying from 1 mW to 10 mW. (Fig.1,2). As can be
seen from the figures, the behavior of the intensity of the maxima on the excitation power is quite
different .With an increase in the source power from 1 mW to 10 mW, the intensity of the maxima
in the Cr 31 and Cr 32 samples also increases, but in the Cr31 sample, where the concentration of
chromium atoms is higher, it is greater. Changes in the spectral position of the maxima in the Cr31
sample are not so noticeable, compared to the Cr32 sample, where it changes in the range of 930
nm-936 nm. The half-width of the maxima in the Cr31 sample decreases compared to Cr32.

It can be said that the mechanism of radiative recombination, which forms emission lines in
the spectral range of 0.8-1.1 um, is associated with intracenter radiative transitions of iron atoms
included in the complex defect in the form of Fe2+, i.e. it is associated with the radiative
transition®T1 -T2 [6-8].
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HNCCIEAOBAHUE 3ABUCUMOCTU HHTEHCUBHOCTU U3JIYUYEHUSA B BJIMKHEM
HNHOPPAKPACHOM AUAITIA3ZOHE ZnSe:Cr OT MOIIHOCTHU UCTOYHUKA BO3BY X KJIEHUS

MycaeB M.A., A66acoB U.H., I'yceiinoB I:x. 1., ImunoBa J.A.
A3zepOaiizkaHCKHii TOCYJaPCTBEHHbI YHMBEPCUTET He(pTU M NPOMBIIIJIEHHOCTH
A3epoaiizkaHCKUii TOCYAapCTBEHHbIN MeIarorniecKuii yHuBepcuTeT

P3yztome:B Oannoil pabome uccied08ana JOMUHECYEHYUST NPUMECHO-OeEKMHBIX YEHMPOos Ol 08YX
kpucmannos ZnSe:Cr+ ¢ paziuuHou KoHwyewmpayueu amomo8 Xpomvl 6 OAUdNCHeM UHDPAKPACHOM
ouanazone. B uacmuocmu, paccmMompena 3a6UCUMOCMb UHMEHCUBHOCU MAKCUMYMOG 8 CHeKmpax om
MOWHOCIU UCMOYHUKA 8030YHCOEHUSL.

Kntouesvre cnosa: nonuxpucmaniuveckuti CVD  (xumuueckoe ocascoenue uz eazosou ¢aszwl) ZNSe,
npuMecHo-0epeKmuas JTOMUHECYeHYUsl, XPOM 6 CelleHude YUHKA, 6bICOKOEe U30CMAmuyecKoe O0aslieHue
(HIP).

ZnSe:Cr-POLIKRISTALININ YAXIN INFRAQIRMIZI DIAPAZONUNDA SUALANMA
INTENSIVLIYININ HOYOCANLANDIRICIMONBONIN GUCUNDON ASILILIGININ
OYRONILMOSI

Musaev M.A., Abbasov I.1., Hiiseynov C.I., Eminova E.A.
Azarbaycan Ddvlat Neft va Sanaye Universiteti
Azarbaycan Ddvlat Pedaqoji Universiteti

XUlasa:Buisdo yaxmninfraqurmizi - diapazondaxromatomlariminmiixtalifkonsentrasiyast  olanikiZnSe:Cr +
kristallart diciinaskar-defektmarkozlorininlyiiminsensiyast  dyronilmisdir. Xiisusilo, spektrlordo  maksi-
mumllarmintensivliyininhaYacanlandirict manbayiningucindanasiiiligi nazordankegirilir.

Acarsozlar: CVD (kimyavibuxar ¢cokmasi)ZnSe- polikristali, askar-defektlyiimensensiyasi, xromlusinkselenid,
yuksakizostatiktazyig (HIP).
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STUDY OF THE DEPENDENCE OF THE RADIATION INTENSITY IN THE
NEAR INFRARED RANGE OF ZnSe:Fe ON THE POWER OF THE

EXCITING SOURCE

Musayev M.A.L, Abbasov I.1.%, Huseynov J.1.2, Eminova E.A.
1Azerbaijan State Oil and Industry University
2Azerbaijan State Pedagogical University
ibrahimabbasovl79@gmail.com

Summary:In this work, the luminescence of impurity-defect centers for two ZnSe:Fe+ crystals with
different concentrations of chromium atoms in the near infrared range was investigated.In
particular, the dependence of the intensity of the maxima in the spectra on the power of the
excitation source is considered.

Key words: polycrystalline CVD (chemical vapor deposition) ZnSe, impurity-defect luminescence ,
chromium in zinc selenide, high isostatic pressure(HIP).

Numerous studies [1-6 ] IR lasers generating in the range of 4-5 um on Fe2+ doped poly-
crystalline CVD ZnSe samples are promising for optics, optoelectronics, laser technology, etc. The
radiative processes are mainly intracenter d-d transitions described by crystal field theory [1-3].

These studies mainly investigated the mid-infrared (IR) range, at low temperatures.

In this paper, we investigate the photoluminescence spectra in the wavelength range of 0.8-
1.1um observed upon excitation by semiconductor lasers (hex = 532 nm) in two CVD ZnSe samples
doped with different iron concentrations at room temperature (T = 300 K). In particular, the
dependence of the intensity of the maxima in the photoluminescence spectra on the excitation
source power is considered.

Fe film was deposited on both sides of CVD ZnSe samples by electron beam evaporation,
followed by diffusion doping by HIP (high isostatic pressure) processingDiffusion doping in the
first ZnSe: Fell sample was carried out at 1000 atm, 1423 K for 66.5 h and in the second ZnSe:
Fel2 sample at 1000 atm, 1523 K for 26 h.

The maximum iron impurity concentration determined from the absorption edge shift in the
ZnSe:Fe samples is 9.83-10' cm™ (ZnSe: Fell) and 7.27-10* cm™ (ZnSe: Fel2), respectively. The
forbidden band widths are respectively 2.6 eV and 2.62 eV . The luminescence studies were carried
out on a Nanofinder 30 Confocal micro-Raman spectrometer (Tokyo Instr., Japan). The second
harmonic of the Nd:YAG laser with the radiation wavelength Aex = 532 nm and the maximal power
10 mWwas used as an excitation source. The spectral resolution was not worse than ~ 0.014 nm. A
cooled CCD camera with the resolution 1024x128 pixels operating in photon-counting mode served

as a radiation detector. the luminescence spectra were recorded in the regionA = 440+1500 nm.
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The samples were excited by light with wavelength Aex = 532 (at a power of 1 mW) and the
luminescence spectrum of both samples shows maxima at 930 nm, but they differ in intensity and
half-width. The dependence of the intensity of the maximum in the spectrum on the excitation

power was also investigated, with the excitation power varying from 1 mW to 10 mW. (Fig.1,2). As

E . Intensity a.u.

Wavelength nm

Wawelength nm

Fig.1.Dependence of radiation intensity
corresponding to Amax= 930 nm on the power
of excitation source (laser at 1ex =532 nm,
sample ZnSe:Fell)

Fig.2. Dependence of radiation intensity
corresponding to Amax= 930 nm on the power
of excitation source (laser at iex =532 nm,
sample ZnSe:Fel2).

can be seen from the figures, the behavior of the intensity of the maxima on the excitation power is
quite different.

In the ZnSe:Fell sample with a concentration higher than that of ZnSe:Fel2, starting from
an excitation power of 5 mW, changes are observed in the spectrum at a wavelength of 800 nm, and
with an increase in excitation power to 10 mW, this change turns into a stepwise inflection(Fig.1).
However, in the ZnSe:Fel2 sample, changes in the spectrum at a wavelength of 800 nm occur from
the very beginning of excitation, and with an increase in excitation power to 10 mW, a wide doublet
structure with maxima at 800 nm and 930 nm appears in the spectrum(Fig.2). The appearance of a
doublet structure with maxima at 800 nm and 930 nm in the ZnSe:Fel2 sample with increasing
excitation power indicates the complex nature of impurity-defect centers where radiative
recombination occurs.

It can be said that the mechanism of radiative recombination, which forms emission lines in
the spectral range of 0.83-0.93 um, is associated with intracenter radiative transitions of iron atoms
included in the complex defect in the form of Fe2+, i.e. it is associated with the radiative transition
3T1 (°*H)—°E(°D) [6-8].
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NCCIEJOBAHUME 3ABUCUMOCTHU HHTEHCUBHOCTHU U3JIYYEHUS B
BJIMKHEM UH®PAKPACHOM JIUAITA30HE ZnSe:Fe OT MOLIIHOCTH
NCTOYHHUKA BO3BYKJIEHUA

MycaeB M.A., A6b6acos U.U., I'yceiinoB [I:x.U., ImunoBa J.A.
A3ep0aillxKaHCKUH roCy/IapCTBeHHbIH YHUBEPCUTET He(PTH ¥ NPOMBILIVIEHHOCTH
AzepOaiilzKaHCKHIl TOCYIapCTBEHHbIN NMeJarorn4eckuii yHuBepCcuTeT

P33tome: B Oannoti pabome uccnedo8ana MOMUHECYEHYUSI NPUMECHO-0eeKmMHbIX YeHMPOos OJis
08yx kpucmannog ZnSe:Fe+ c¢ paznuunou Konyewmpayuel amomoe dcenesvbi 6 ONUNHCHEM
unppaxkpachom ouanazone. B uacmuocmu, paccmompena 3a8UCUMOCMb  UHMEHCUBHOCMU
MAKCUMYMO8 8 CHeKMPAX Om MOUWHOCMU UCIOYHUKA 8030YHCOCHUS.

Knroueswie cnoea: noruxkpucmaniuvweckui CVD (xumuueckoe ocasxcoenue uz 2azosoi gpasvi) ZNSe,

APUMECHO-0eeKmHAst TIOMUHECYECHYUs], JCele3d 6 CEeNeHUOe YUHKA, 6blCOKOe U30CMAMUYECKOe
oasnenue (HIP).

ZnSe:Fe-NIN YAXIN INFRAQIRMIZI DIAPAZONUNDA SUALANMA
INTENSIVLIYININ HOYOCANLANDIRICI MONBONIN GUCUNDON ASILILIGININ
OYRONILMOSI

Musaev M.A., Abbasov I.i., Hiiseynov C.I., Eminova E.A.
Azarbaycan Dovlat Neft va Sanaye Universiteti
Azarbaycan Doévlat Pedaqoji Universiteti

Xulasa: Bu isdo yaxin infraqirnizi diapazonda domir atomlarinin miixtalif konsentrasiyast olan iki
ZnSe:Fe+ kristallar iiciin askar-defekt morkozlorinin lyiiminsensiyasi dyronilmisdir. Xiisusila,
spektrlorda maksimumllarinintensivliyininhayacanlandirict manbayiningucindanasililig
nazardankecirilir.

Acarsozlar:  CVD  (kimyavibuxar —¢Okmasi)ZnSe-  polikristali,  askar-defektlyimensensiyasi,
domirlisinkselenid, yiksakizostatiktozyig (HIP).
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KULOKMUHORRIKLORI: TOMIZENERJIVO GOLOCOKNOSILLOR
UCUNDAYANIQLI INKISAF
Cabbarov C., Basirzads N.
Baki Dovlat Universiteti
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Oz doyarino vo mahdudiyyatsiz mévcudluguna géra kiilok enerjisi Azorbaycanda istinlik
verilon enerji manbayi kimi mioayyoanlosdirilmisdir. Kiilok enerjisinin proqnozlasdirilan illik giicii
toxminan rentabelli kiillok enerjisi baximindan 3000 MVt toskil edir ki, bu da bir ne¢o milyard kVt
saat elektrik enerjisi istehsal edacok. Bu, 1 milyon tonlarla ananavi yanacaga qonast etmays imkan
yaradacaq vo belsliklo do karbon emissiyalarin1 azaldacaq . Bu, 6lkonin Paris sazisi ¢argivasinda
6zunin Milli Saviyyado Muoyyon Edilmis Tohfo (NDC) sonadinds gobul edilmis 1990-c1 il baza
ilindon baslayaraq olgiilmoklo 2030-cu ilodok IQ (istixana qazlarinin) emissiyasini 35% azaltmagq
barado gotirdiyt 6hdaliys uygundur (IRENA - 2019).

Giris. Enerji ehtiyaclarinin siiratlo artdigi bir dovrds, tobii vo tomiz enerji manbalarina kegid
zoruroto cevrilib. Qlobal iglim doyisikliyi vo otraf mduhitin muhafizesi mévzusunda dinya
soviyyasinda gobul edilon strategiyalar noticosinds borpa olunan enerji névlori, xtsusilo do kilok
enerjisi 6n plana ¢ixir. Baki sohari vo mumilikdo Xozar donizi sahili, kilok enerjisi tgin ideal
orazi xususiyyatlorino malikdir vo bu texnologiyadan istifado etmok hom Azorbaycanin enerji
tohliikasizliyi, ham da otraf miihitin qorunmasi baximindan boyiik potensial dasiyir.

Kiilok Enerjisinin Otraf Miihit vo Iqlimoa Tosiri. Killok enerjisi, iglim doyisikliyi ilo
mibarizods ¢ox vacib bir alotdir. Kilok miuhorriklorinin istehsali vo istifadesi zamani karbon
emissiyasi minimal olur, yani atraf mihito ¢cox az tesir gostorir. Azorbaycanin neft-qaz sektoruna
olan asililigini azaldaraq, 6lkanin enerji tohllkasizliyini tomin etmoklo yanasi, tobioto do zoror
vermadon dayaniqli bir enerji modeli qurmaga komok edo bilor.

Kilok muharriklari (vo ya kilok turbinlari) kiillok enerjisini elektrik enerjisina ¢evirmak tgiin
istifado olunur. Bu proses asason kiilayin tabii kinetik enerjisinin elektrik enerjisina cevirir.

Kilok muharriklori, kuloyin porlora toyzigi ilo firlanmaga baslayir. Kiilok, tlrbin parlarini
dondorir vo bu firlanma harokati muhorrikin igindoki rotor vo generator sistemini firladir vo
elektromagnit induksiya hadisasine asason kilayin mexaniki enerjisi elektrik enerjisino cevrilir.
Kilok mharrikinin asas komponentlori bunlardir: Parlor ,Rotor- Generator sistemi, Nasazliq
aleyhina sistemlor vo sensorlar.

Istehsal Olunan Enerjinin Firlanma Periodundan Asihligi. Kiilok mihorrikindos istehsal
olunan enerji porlorin firlanma siirati ilo birbasa olagelidir. Kulok muharriklori adston 3-15

dovr/dagige (RPM) arasinda firlanir. Kiilayin slrati doyiskon oldugundan, enerji istehsali da doyisir.
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Buna goro masir kilok muharriklori enerjini sabitlosdirmak giin xdsusi invertorlordan istifads
edilir.

Noatica: Kulok muharriklorini mdvcud generatorlarla miugayise etsok, onun bir ¢ox
ustiinltklorini gostara bilarik:

1. Eyni glco malik kilok mduharriklorinin Yerlosdiyi orazi , su elektrik stansiyasi (SES)
arazisindan 1000 dofo azdir. Bu ¢atismazliq giinos generatorlarina da aiddir.

2. SES-in tikintisino 10-15 il vaxt sarf olunarsa, Kilok muharriklorinin qurasdirilmasina bir
neco ay kifayatdir.

3. SES bir mokanda yerlosdiyi {igiin onun siradan ¢ixarilmasi boyiik ziyan vera bilor. Kilok
muharriklorini isa ham istismargilara yaxin, hom do xirda qruplar halinda qurasdirilmas:  onlarin
hamisimin birdan yox edilmasinin qarsisini alar vo ham do enerji 6turiilmasi zamani itkilori asasl
doracado azaldar.

Uzunmuddotli perspektivdsa kilok enerjisi sektoru hom is imkanlarin1 artiracaq, ham do

Azarbaycanin enerji ehtiyaclarini toamiz vo davamli bir sokildo garsilamaga komok edacakdir.

9dabiyyat
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hesabatlari.
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(GWEC) sanadloari.
3. Bax, B., & Yilmaz, F. (2019). Renewable Energy Resources: Turbines, Solar, Biomass, and
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BETPSIHBIE TYPBUHBI: YACTAS SHEPTUS U YCTOWYMBOE PASBUTHE 151
BYAYIIUX MOKOJEHU

dxa606apos /1., bemump3aga H.
Baxkunckuii I'ocynapcTBeHHbINH YHUBEPCUTET

Pe3ztome: Pazsumue eempsitvie mypouHvl C853aH0 ¢ NOCMOSHHbIMU UHHOBAYUAMU, 0cobenHo ¢ 1970-
X 20008, K020a HedmAHbIe KPUSUCHI NOOMOIKHYAU CIPAHbL K HOUCKY 80300HOBIAEMbIX UCTNOYHUKOS
snepeuu. C npoepeccom 6 a3poouHamure, KOMNbIOMEPHOM MOOEIUPOBAHUU U MAMEPUATAX, MAKUX
KaK yenesosloKHO, MYypOUuHbl cmaiu Kpynuee, 3¢hghexkmusHee u cnocobnvl evipabamsiéams 00abULE
snepeuu. CospemeHHble SemMpONapKu menepb MO2ym 0becneyusams 31eKmpodHepeuell yeivie
20p00a, 3HAYUMENbHO 6IUAl HA MUPOBOU dHepeemuyeckul Oanauc.Bempsanvlie mypoOuHvl, Kax
YUCMulll U 860300HOBAAEMbIN UCMOYHUK IHEPSUU, USPAIOM BAICHVIO POJIb 8 COKPAULEHUU 8bIOPOCO8
NApHUKOBLIX 2A308 U bopbbe ¢ uzmenenuem kaumama. OnmumanvbHas CKOpocms eempa 0isi mypouH
cocmaensem okono 12-15 m/c (27-34 munv/u). B smom Ouanazone mypoOumwvt Oocmuearom
MakcumanbHou gpexmusnocmu 6e3 nepecpysok. Eciu ckopocms éempa npegviuiaem 25 m/c (56
MUIL/4),  OONLUUHCIBO MYPOUH — ABMOMAMUYECKU OMKAOUAemcs ONsi  NpeoomepaujeHus
nospexcoenul, Ymo obecneyusaem ux O€30NAcCHOCMb U 001208€4HOCHIb.
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Knwuesvie crosa.Bempsanvle mypounst, Pazeumue, Biusnue Ha kaumam,l lpunyun
pabomul, OnmumanoHas cKopocme.

WIND TURBINES: CLEAN ENERGY AND SUSTAINABLE DEVELOPMENT
FOR FUTURE GENERATIONS
Jabbarov J., Beshirzade N.
Baku State University

Summary: The development of wind turbines has been marked by constant innovation, especially
since the 1970s when oil crises pushed nations to seek renewable energy alternatives. With
progress in aerodynamics, computer simulations, and materials like carbon fiber, turbines have
become larger, more efficient, and capable of producing more power. Modern wind farms can now
generate sufficient electricity to power cities, significantly contributing to the global energy mix.As
a clean, renewable energy source, wind energy plays a crucial role in reducing greenhouse gas
emissions and combating climate change. The optimal speed for wind turbines is generally around
12-15 m/s (27-34 mph). At this range, turbines achieve peak efficiency without overloading. If the
wind speed exceeds 25 m/s (56 mph), most turbines automatically shut down to prevent damage,
ensuring safety and longevity.

Keywords: Wind Turbines , Development,Impact on climate, Operating principle, Optimal speed.
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MAKRASKOPIK SISTEMLORIN CIRLASMA SORTLORIi, BOZONIAR VO
FERMIONLAR
Azarbaycan Dovlat Pedaqoji Universiteti
Hiiseynov V.I.

galaca@mail.ru

Cirlagmus sistem elo sistema deyilir ki, bu sistemda har bir enerji saviyyasina bir ne¢a zarrocik
uygun golsin.Ogar, sistemin V haocmindoki iimumi enerji hallarinin say1 G, zarraciklorin say1 iso N
olarsa, cirlagsma sortini[1].

G<<N 1)
kimi yaza bilorik.

Mivafiq nozariyyslorda gostarilir ki, vahid hocmdaki enerji hallarinin g say1

g:(zn:;kT)% (2)

ifadasi ilo miuoyyan ediliir. Burada, k-Bolsman sabiti, m-zarraciyin kditlssi, h- Plank sabitidir.

(2) ifadosina enerji sixhigmin ifadesi do deyirlor. Onda, V hacmindoki enerji hallarinin

timumi G say1 ti¢lin,

G=V (ankT) (3)

[fadosini yaza bilorik.

(3) ifadasini (1) disturunda yerine yazmagla cirlasma sortini,

2mmkT
v
kimi ifado edo bilorik.
Hor torofi N-o bolarok, n= % oldugunu noazors alsaq, cirlasma sortinin (5) dusturu ilo

gOstarilon vo ¢ox istifads olunan riyazi formasini alariq:

1 (ankT

i ) << 1(5)

n

(5) ifadasindon gorundiyd kimi, G¢ muxtalif sababdon zarraciklor sistemi cirlasa bilor:

1) Sistem kigik kitlali zarraciklardan togkil olunduqda;

2) Temperatur kifayat gadar al¢aq olduqda;

3) Qaz sisteminin sixligi(konsetrasiyasi) boyiik oldugda

Aydindir ki, gostorilon sabablorin har {igii eyni zamanda mdvcud olarsa, sistem cirlasmis
sistemo cevrilir. Bazon sortlordon, ikisinin 6donmasi do sistemin cirlagmis sistema gevrilmasini

tomin edir[2].
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Cirlasmus sistemi togkil edon zarraciklorin spin xassasindon asili olaraq, bu sistemlorin hali, Fermi-
Dirak, yaxud Boze-Eynisteyn paylanma funksiysi ilo arasdirila bilar[3]. Sistemi toskil edon zarraciklorin
spini-Plank sabitinin kosr oadadlora hasilino barabar olarsa, (0,5h. 1,5h, 2,5h vo s ) belo zarraciklor
fermionlar adlanir. Fermionlara misal olaraq elektronlari, protonlari, neytronlari, va.s géstormok olar.
Fermionlarin enerji soviyyolori arasinda paylanmasi Pauli prinsipino tabedir. Yoni, enerji soviyyasi
fermionla tutulmusdursa, bu kvant halinda spini eyni olan digar fermion yerlogo bilmoz.

Spini, Plank sabitinin tam odadlars hasilina barabar olarsa, (h, 2h, 3h, va.s.) belo zarraciklor
bozonlar adlanir. Bozonlara misal olaraq fotonlari, fononlar1 vo s gdstormak olar.

Femionlardan forgli olarag eyni bir saviyyads sonsuz sayda bozon ola bilor. Hesablamalar
gostorir Ki, agar har hansi enerji savviyasinds n sayda bozon varsa, buraya daha bir bozonun diisma
ehtimal1, hamin saviyyada zarraciklorin olmadiqdig: halla miigayisads, (n+1) dofo artmis olur.

Fermionlarin kvant statistikasi ilk dofo Fermi vo Dirak torofindon verilmisdir. Bu statistika
Fermi-Dirak stastikasi adlanir. Bozonlar- Boze vo Eynsteynin miioyyon etdiyi statistikaya tabedir.
Bu sobabdan uygun statistika Boze-Eynsteyn statistikasi adlanir.

9dabiyyat
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YCJI0BUSA BBIPOXKIAEHHUE MAKPOCKOIIMYECKHUE CUCTEMBI, BO3OHbI U
OEPMUOHDbI

I'yceiinos B. H.

Pezrome: Kozoa cucmema cocmoum uz wacmuy manou maccol;, Koeda memnepamypa 00cmamouro HU3Kas, a
naoOmMHOCMb  (KOHYEHMPAayusy) 2a3060t CUCmeMbl GeluKd, Cucmema CcmaHoeumcs Keanmoegou. Ecau
K68AHmMogas cucmema cocmoum us 6030106, OHa noduunsaemcs cmamucmuxe bose-ODiinwmeiina, a eciu ona
cocmoum u3 ghepmuonoe, ona noouunsemcs cmamucmuxe @epmu-/upaxa.

Knrouesvle cnosa: BuipodicOenHblll cucmem, SHeP2emuyecKutl ypoeeHv, NJIOMHOCMb dHepeul, KOHYeHM-
payus, npunyun [laynu, pepmuon, 6030n, cmamucmura @epmu-/Jupaxa, cmamucmuxa bose-Diinwmeltina

CONDITIONS FOR DEGENERACY OF MACROSCOPIC SYSTEMS, BOSONS AND
FERMIONS

Huseynov V. 1.

Summary: When the system consists of particles of low mass; When the temperature is low enough and the
density (concentration) of a gas system is high, the system becomes quantum. If a quantum system consists of
bosons, it obeys Bose-Einstein statistics, and if it consists of fermions, it obeys Fermi-Dirac statistics.

Keywords:Degenerate systems, energy level, energy density, concentration, Pauli principle, fermion, boson,
Fermi-Dirac statistics, Bose-Einstein statistics
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SCATTERED ANTINEUTRINO AVERAGE ENERGY SENSITIVITY TO
POLARIZATION OF ELECTRONS AND FLAVOUR IN ELASTIC RELIC
ANTINEUTRINO-ELECTRON SCATTERING
Gasimova R.E. 12, Huseynov V.A. 345
! Department of General Physics, Azerbaijan State Pedagogical University
2 Department of Theoretical Astrophysics and Cosmology, Shamakhy Astrophysical
Observatory
115 (main building of ANAS, 10th floor), Baku, AZ 1073, Azerbaijan;

3 Institute of Sustainable Development and Energy;Department of Engineering Physics and
Electronics, Azerbaijan Technical University
4 Laboratory for Physics of Cosmic Ray Sources, Institute of Physics
> Department of Physics, Baku Engineering University

gasimovar@yahoo.co.uk.vgusseinov@yahoo.com

Due to the extremely low energy (w~10~* eV) and tiny interaction cross sections (eg., the
cross section for the relic neutrino (antineutrino)-electron scattering is o~(G2/m)w?~1073 —
107%*cm? [1]) of relic neutrinos and antineutrinos, the Cosmic Neutrino Background detection
problem [1-9] cannot be resolved and remains a major puzzle of modern Physics and Astronomy.
Here, we develop the idea of amplification of the energy of the incident relic antineutrino initiating
the threshold reactions ¥;p — nl* where I* = e*,u*, " and ¥, =17,, V,, ¥; [4]. When a relic
antineutrino scatters by the ultra-relativistic electron of sufficiently high energy, the energy transfer
from the high-energy electron to the relic antineutrino is more plausible and realistic than the
energy transfer from the relic antineutrino to the high-energy electron. This unique opportunity
ought to lead to the increase of the energy of a relic antineutrino and therefore, it opens a gate to the
solution of the problem of amplification of the energy of a relic antineutrino.

The purpose of the presented article is to analyze the sensitivity of the average energy of the

antineutrino in the final state to the polarization of the spin of the electron in the initial (final) state and

antineutrino flavour in the elastic scattering of a relic antineutrino byan ultra-relativistic electron
Vi+e -V +e”’ (€8]

in a constant homogeneous MF of the strengthB < B, = m2/e = 4.414 x 103Gin the framework of the
low-energy approximation of the Weinberg-Salam electroweak interaction theory whereB,is the critical
Schwinger field strength,eis the elementary charge, m, is the electron mass.

We have obtained the asymptotic formula for the scattered relic antineutrino average energy

1 T(2/3)aBx)?/3-5T(1/3)b(3x) /3

(Whvie- =3¢ Temaai-rampans

where
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a=2(g1)" +2(gk)" +3gi9k¢c, (3)
b=—2(gi) "¢+ (k)T +1aigh@ 1), (4)
a' =2 (gi)" + (gk)" +2glgkic, (5)

1 i\2 £\ 2 , .. ,
B =~ (94)°¢ + 2(gk)"¢" + 1 99k (¢ ~ D)
where y = (¢/m,)(B/B,) is the dynamic parameter, ¢(¢") is the projection of the spin of the electron in the

initial (final) state onto the z-axis (the magnetic field direction), gi = gf(r) = —0.5 + sin? 8yyandgl =

gg(r) =sin? 0y for the T,e” > Vje™ (F,e™ > ¥;e”’) scattering and g} = gf = g,’f(r) +1=05+
sin? Byandgh = g& = g“® = sin? 0y for the ¥,e~ — ¥, scattering.

The analysis of the formula (2) shows that the average energy of the antineutrino in the final state is

proportional to the energy of the electron in the initial state: (w')y,.-~¢ and it is in order of the energy of the
electron in the initial state. The electron spin quantum number ({,{") dependence of (w')y,.- and the

presence of the electroweak structural constant gi in the formula (2) indicate that the average energy
transported by the relic antineutrino in the final state is sensitive to the polarization of the spin of the electron
in the initial (final) state and antineutrino flavour, respectively. The sensitivity of the average energy of the
antineutrino in the final state to the polarization of the spin of the electron in the initial (final) state and
antineutrino flavour for the energy ¢ = 450GeV and magnetic field strength B = 1.25 x 10° G is presented
in the Table. For the given values of ¢ and B, we obtain y = 25 > 1. The Table tells us that the average
energy transported by the relic antineutrino in the final state is more pronounced for a relic muon (tauon)
antineutrino than a relic electron antineutrino. It is also visible from the Table that the scattered muon (tauon)
antineutrino can even take away about 89 % of the energy of the electron in the initial state if the electrons in
the initial and final states have the spin orientations { = —1, {’ = —1), respectively. In all the cases

considered above, the energy of the antineutrino in the final state is enhanced to energies of~102GeV .

Table.The sensitivity of the average energy of the antineutrino in the final state to the polarization of the spin

of the electron in the initial (final) state and antineutrino flavour

) ((D')vie' ((D')vie'
Reaction (=410 =-1 (=-1,=-1
V,e” - Ve’ 0.62 ¢ 0.52¢
e > Ve 0.66 ¢ 0.89 ¢
ve” - Ve 0.66 ¢ 0.89¢
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ELASTIK RELIKT ANTINEYTRINO-ELEKTRON SOPILMOISINDO SOPILON
ANTINEYTRINONUN ORTA ENERJISININ ELEKTRONLARIN POLARIZASIYASINA
VO AROMATA HOSSASLIGI

Qasmmova R. E., Huseynov V.A.

Xulasa: Isd> xarici magnit sahasindo elastik relikt antineytrino-elektron sapilmasinda  sapilon
antineytrinonun orta enerjisinin elekeronlarin polarizasiyasina vo antineytrinonun aromata hassaslig: tadqiq
olunmusdur.

Acar sozlar: relic antineytrino, magnit sahasi, antineytrino aromati, polyarizasiya

_ YYBCTBHUTEJIBHOCTD CPEJJHEH DHEPTUH PACCESIHHOI' O
AHTHUHEUTPUHO K NOJAPU3SAIUAM SJIEKTPOHOB U APOMATY B YIIPYT'OM
PACCESIHUM PEJIUKTOBOI'O AHTUHEHUTPAHO HA DJIEKTPOHE

I'aceimoBa P.J.,I'yceiinoB B.A.

Pestome: B Oannoii pabome ucciedosana uyECMBUMENTbHOCMb CPEeOHel O9HepeuU aHMUHEUmpUHo K
NoONAPUAYUAM IIIEKMPOHOE U aApPOMAmMy HpU YHAPY2OM PACCESTHUU PEeNUKmMOo8020 AHMUHEUMPUHO HA
971eKMPOHEe 80 GHEUIHEM MASHUMHOM NoJe.

Knroueeswvie cnosa: pelukmosoe aHmuHeﬁmpuHo, MacHUmHroe nojie, apomam aHmuHezZmpul-to, noJisipuzayusi.

48


https://arxiv.org/abs/2109.07482v2
https://arxiv.org/search/astro-ph?searchtype=author&query=Follin%2C+B
https://arxiv.org/search/astro-ph?searchtype=author&query=Knox%2C+L
https://arxiv.org/search/astro-ph?searchtype=author&query=Millea%2C+M
https://arxiv.org/search/astro-ph?searchtype=author&query=Pan%2C+Z

ISTILIK VO SUROTLI NEYTRONLARIN TOSIRI ALTINDA URAN DIOKSiDDO BAS
VERSON NUVO PROSESLORI
1@hmadov T.C.,? QaribovA A.
tabrizahmadovbsul9@gmail.com

Xulasa: Bu igds tobii uran izotop torkibli UO o istilik va slratli neytronlarin tosiri altinda bas veran
neytron tutma va elastik sapilma proseslarinin mikroskopik va makroskopik en kasiklori hesablanmuisdir.
Uran dioksid (UO 2 vhndivag istehsalinda va NN reaktorlarinda aktiv zonalarda genis tatbiq olunur.
Neytron-madda gqarsiliglt tosiri zamanm U-238 va U-235 izotoplarimin xiisusiyyatlari todgiq edilmis, bu
proseslarin effektivliyi qiymatlondirilmisdir. Miiayyon edilmisdir ki, U-235 izotopunda neytron tutmanin en
kasiklari va bu proseslarin suratlari U-238 izotopundan daha yiiksakdir.

Acar Sozlar: Uran dioksid, neytron tutma, mikroskopik en kasik, makroskopik en kasik, U-235, U-238, istilik
neytronlary, stiratli neytronlar.

Uran dioksid -UO, niiva yanacagi va digor uran torkibli niive materiallarinin alinmasinda araliq
mohsul kimi genis totbiq edilir. Uran torkibli materiallar asason niive reaktorlarda aktiv zonada
istifado olunurlar. Odur ki, onlar miixtalif enerjili neytronlarin vo pargalanma mohsullarinin tasiring
moruz qalirlar. Uran yanacagimin tarkibinds 5-6% U-235 ilo zonginlonmis halda olur vo 94-95%-i
U-238 -don ibaratdir.

Toqdim olunmus bu materialda tabii uran izotop torkibli UO,- do isti va siratli neytronlarin
tosiri altinda neytron tutma, elastik sopilma proseslarinin mikroskopik vo makroskopik en kasiklori
hesablanib. Bu toyinatlar tgtn ilkin ndvbada UO2-nin molekul, U-238, U-235, oksigen nivalarinin

sixliglar1 hesablanib. Uranil molekulunun molekul sixlig1 asagidaki ifads ilo toyin edilib.

___P*Ng

burada p= 10.97qr/sm®, M(UO)= 270.03, N,- avogadro odadi.

Uran izotoplar1 isa

burada xi- izotopun faizlo miqdart.
X;i=0;* N;
Niva sixliglarmin va proseslarinin mikroskopik en kasiklarinin giymatlori asasinda proseslarin
makroskopik en kasiklari vo radiosion tutmanin pargalanmaya nisbotlori tayin edilib.
Cadval 1.

Sixliglarim | N(UO2) N(O) N(U-238) | N(U-235)
giymoti | molekul/sm® | niva/sm® | nive/sm® | nive/sm?
Ni 2,44*10% | 4,88*10%% | 2,42*10%* | 1,7*10%

Asagidaki codvoldo UO,-yo istilik vo siratli neytronlarin tosiri altinda radiosion tutma,
elastik sopilmanin en kasiklari verilib.
Codval 2.
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UO,-do U-238 UO,-do U-235

O, Ya=0*N; Os Ys=0s *Ni Oa, 2a=0.*Ni Os 2s=0s *N;
Neytronlar barn sm? barn sm? barn sm™? barn sm*
Istilik
neytronlari 2,68 0,065 9,38 0,2269 633 0,1161 14,3 24,3*10*
E.= 0,025 eV
Suratli
neytronlar 0,6 0,014 6,60 0,1597 1,37 0,002 6,0 10,2*10*
En=2 Mev

Gorunduyd kimi U-235 -do radiosion tutmanin en kosiklori vo uygun olaraq proseslorin
suratlori coxdur.
9dabiyyat:
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NUCLEAR PROCESSES IN URANIUM DIOXIDE UNDER THE INFLUENCE OF
THERMAL AND FAST NEUTRONS

Summary:In this study, the microscopic and macroscopic cross-sections for neutron capture and elastic
scattering processes in natural uranium isotope UO_ were calculated under the influence of thermal and fast
neutrons. Uranium dioxide (UQ;) is extensively used as an intermediate product in nuclear fuel production
and as a primary material in the active zones of nuclear reactors. The interaction of neutrons with U-238
and U-235 isotopes was analyzed, and the efficiency of these processes was assessed. The results revealed
that the neutron capture cross-sections and reaction rates are significantly higher for the U-235 isotope
compared to the U-238 isotope.

Keywords: Uranium dioxide, neutron capture, microscopic cross-section, macroscopic cross-section, U-235,
U-238, thermal neutrons, fast neutrons.

SIIEPHBIE ITPOIIECCHI B IUOKCHUJE YPAHA ITOJI BO3JEVCTBUEM TEILIOBBIX
U BBICTPBIX HEUTPOHOB

Peztome: B 0annoii pabome Obiiu paccuumanvl MUKPOCKONUYECKUe 1 MAKPOCKONUYECKUe CeYeHUsl NPOYECCO8
3axeama u ynpy2oeo paccesHus Heumpouwos 8 npupoonom uzomone ypana UQOz noo eo3deticmeuem
mennogvlx u Ovicmpoulx Hetimponos. Jluoxkcuo ypama (UQOz) wupoko ucnoiv3yemcs 6 Kauecmee
NPOMEIHCYMOUHO20 NPOOYKMA NPU NPOU3BOOCIEE A0EPHO20 MONIUBA U 8 KAYecmae OCHOBHO20 MAMepUand 8
AKMUBHBIX 30HAX S0EPHBIX peakmopos. [Ipoeeden ananus gzaumooeticmaus Hetlmporog ¢ usomonamu U-238
u U-235, a makowce oana oyenka sgppexmusnocmu smux npoyeccos. Pezynomamul noxazanu, ymo cevenus
3aX8ama HeUMmpoOHO8 U CKOPOCMU peakyull 3Hauumenvho eviute 0as uzomona U-235 no cpasnenuio c
uzomonom U-238.

Knrouesvle cnosa: /[uoxcud ypawua, 3axeam HeUmpoHO8, MUKPOCKONUYECKOE CeyeHUe, MAKPOCKONUYeCcKoe
ceuenue, U-235, U-238, mennosvie nelimpoHul, Obicmpble HellmpOHbl.
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CTPYKTYPA ITIOBEPXHOCTHU KPUCTAJIJIATIINS, UBJIUSITHUE HA HEE
BbBICTPBIX DJIEKTPOHOB
H.¢.-m.H., mpod *Ymapos C. X., K.¢.H., nouent ’Pycramos B.JI.,’Hamaszos 51.5.
'Byxapckuii MetMIMHCKHI MHCTHTYT uM. AGy Aun non Cuno, Byxapa, Y3oekucran

I'anpxunckuii CocyaapcTBeHnbIil Y HUBEpCHTET

Pestome: Henpepwigno pacmém nompednocms 8 HOGbIX NOIYAPOBOOHUKOBBIX MAMEPUANAX, 001A0arOuUx He
MONLKO OPUSUHATLHBIMU JJIEKIMPODUIUYECKUMU, ONMUYECKUMU, IKCHIYAMAYUOHHBIMU XAPAKMEPUCTIUKAMU,
HO U 8bICOKOU CMOUKOCMbIO K PA3IUYHBIM SHEWHUM hakmopam (memnepamypa, 0aéienue, paouayus), 0s
YenelUCnonb306anUs Ux 8 Mukporekmponuxe. Huzkopasmepuvie xanvkozenudwl, umerowjue cioucmvle u
yenoueurvle CMpPYKMypbl, OMHOCAMCS K YUCTY MAKUX NePCnekmusHblx mamepuanos. Cpeou Hux 0OHUM U3
Haubonee unmepechvlx sengemcs cioucmoiil monoxkpucmann TINSy,  xomopwiti umeem mne monvko
nepcnekmusHbvle NOIYNPOBOOHUKOsble Xapakmepucmuku [1-3], Ho u noseonsem pe2yruposams u noOOUpamo
ONMUMATbHBIE CGOUCMBA NYMeM 3aMeWjeHUsl AmoMo8 cepbl, MANUs OpyeuMu amomamu 6 WUPOKOM
KOHYEHMPAayuoHHOM unmepaare.

Knrwouesvie cnosa: Monokpucmaii, cmpykmypa nosepxHocmi, 31eKmpoHHoe 00ayyenue.

[lenbto HacTOsIIEH PabOTHI SBUJIOCH UCCIECIOBAHHE BIUSHUS 3JIEKTPOHHOTO OOJy4YeHHS Ha
CTPYKTYPY MOBEPXHOCTH 00pa3I0B MOIYIIPOBOIHUKOBOTO coeauneHus T1InSz.

Jnst cunTe3a MOHOKpHCTaLioB T1INS2 rcnosbp30Banch clienyonue nCX0HbIE KOMIIOHCHTBI:
Tl - gucroroit 99,99%, In - uucroroir 99,99% u ocobo umcras cepa 99,999%. Hccnenyemoe
COeIMHEHNECHHTe3HpoBanoch B oTkayanHoit (107 [1a) u 3anmasHHO KBapIEeBOW aMITyjie M3 CMeCH
HABECOK MCXOTHBIX KOMIIOHEHTOB, B3fITHIX B CTEXHOMETPHUYECKOM cooTHomeHuu. [locne cuHTe3a
YCOBEPIICHCTBOBAHHBIM MeToZoM bpumkmena—Crokbaprepa ObUIM BBIPALICHB KayeCTBEHHBIC
MOHOKPHUCTAJNIMYECKUE CIMTKH, M3 KOTOPHIX CKajJblBaHHEM OBbUIM TOJy4YeHbl 00paslbl IS
HCCIIeJOBAaHUM.

OmnpeneneHue 5>IEMEHTHOTO CoCTaBa oOpasla OCYUIECTBISUIOCH Ha  CKaHUPYIOIIEM
anekTpoHHoM Mukpockonie SEM  EVO MAIL0 (Oxfordinstruments) c¢ wucnonb3oBaHuem
9HEProAMCIIEPCHOHHOM criekTpockonuu (CarlZeiss) Ha mromanu pazmepom 50x50 MKM.

HccnenoBanneMopOIOTHH  TOBEPXHOCTH  MOHOKpucTauia  TlInSznpoBoaminoch  Ha
CKaHUpyIoIeM 30H10BoM Mukpockorie SPM 9700HT (Shimadzu). [{ns storo BeiOupasics y4acTok
oOpasua pazmepom 30%30 MKM U B HEM B YEThIpEX MPOU3BOJBHBIX HANPABJICHUSX B UHTEPBAJIE OT
5,83 MM 10 8,52 MKM ¢ 00mIe MpoTsHKEHHOCThIO 30 MKM OMNpPEAeIsUIOCh KOJTMYECTBO “‘TIMKOB-
BBICTYIOB”, UX MOJYUIMPUHA U BBICOTA, 0 U MOCJE 3JIEKTPOHHOTO 00IydeHus oOpasia.

O06nyuenre MoHokpuctaiuia T1INS2 ocymiecTBisiock Ha yckoputene “iaekrpoHuka Y-003"
[4] onextponamu c sHeprueii 2 MdB u mioTHOCTHIO Toka myuka 0,375 MKA/CM2. DHeprus
JJNEKTPOHOB OblIa BhIOpaHa HMCXOHs W3 IUIOTHOCTH M TOJILIMHBI o0Opaslia U oIpeaensiach ¢
UCTIOJIb30BAHUEM CTaHAapTHOTO u3MepurenbHoro kinHa (P4701) Riso 2 PieceAluminum (Benbrus)

u3 amomuHusA. OOpaszer] ycTaHaBIUBAICSA MEPICHANKYIISIPHO HAIPABJICHUIO MyYKa 3JIEKTPOHOB Ha
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paccrostanm 0,4 M OT Pa3BepTKH YCKOPHTENS M IMPOBOIMIOCH OOIydeHHe 10 (IIIOeHCa SIEKTPOHOB
2:10Y sn/cm?.
COCTOsIHHE TIOBEPXHOCTH HCXOJHOTO MOHOKpHCTamdeckoro obpasma T1INSz, n3mepennoe

Ha CKaHUPYIOILIEM 30HI0BOM MUKPOCKOIIE,[IPUBEICHO Ha puc. 1.

11537
GH  [m

i 0.00

0.00

Width [um] Height [nm] lAngle [deg]
-—|0.28 39.63 7.93

[um]

=042 65.35 8.90

=053 107.11 11.40

Puc.1. CocTosiHHEe MOBEPXHOCTH CHHTe3upoBaHHOTO obpasma TIINS; ¢ yka3aHHBIMH JUHHUAME (I[BETHBIC)
HCCIIe/IOBaHMS IEPOXOBATOCTH U JJAHHBIE O HEKOTOPHIX OOHAPY)KEHHBIX IIEPOXOBATOCTSX IMOBEPXHOCTH Ha oTpeske G-

H.

OnHako, mocie oOydeHus daekTpoHaMu duroercoM 2-10Y am/cm?MakcuManbHas BBICOTA
Oyropka ysenuumiaack 10 234,03 HM, a MakcuMalbHas mmpuHa — 10 1,49 Mxm Ha oTpeske E-F
mmHoi 7,17 Mkm (puc.2). Takum oOpa3om, cpemHsisi MUPUHA OyTrOpPKOB IIEPOXOBATOCTEH
YBEJIMYMIIACh 110 CPABHEHHIO C HCXOIHBIM HEOOMyUeHHBIM KpHucTaimioM. Hanpumep, MakcuManbHast
mupuHa Oyropka B UCCJICIOBAHHBIX YETHIPEX HAIpaBIEHUAX ¢ o0mieit pmmHoi 30 MKM ObuTa paBHA
0,83 MkM, a B 00s1y4eHHOM (HaOII04aI0Ch B 001IIEH CI0KHOCTH 16 MUKOB) MakCUMallbHas IIUPUHA
paBHsu1ack yxke 1,49 mMxMm. Eme omHON 0cOOGHHOCTBIO pe3yibTaTa o0imydeHus: kpucrawia T1InSz

SIBJISIETCSL TO, YTO CPEIHSsI BHICOTa OYropkoB BbIpociia oT 39,63 HM B uicxogHoMm 10 234,03 HM B

B ‘v
251
L ae
il

00JTydeHHOM 00pa3Iie.

‘ 7.47 )
Wizl Haight [nm|] Ange isag]
’ -4 23403 845
J —-:0 2 :12 % :‘.‘3 0
—_— ;3-;-«_ o = 0.65 10258 %
a b

Puc.2. CocrosiHHe TOBEPXHOCTH OOJIy4EeHHOrO OBICTPBIMH 3jeKTpoHamu obpasua TlINS; ¢ ykaszaHHBIMEH
JUHUAME (LBETHBIC) UCCIICOBAHUS LIEPOXOBATOCTH (a) U JaHHBIC (D) 0 HEKOTOPBIX OOHAPYKECHHBIX IIEPOXOBATOCTSIX
MTOBEPXHOCTH Ha oTpe3ke E-F.

Takum oOpa3oM, wucClIeOBaHUE TOBEPXHOCTH MoOHOKpucTaimia T1InSz  ckaHupyrommm
30HJOBBIM MHKPOCKOIIOM IIOKa3ajo, 4TO OOIydeHHe OBICTPHIMH DICKTPOHAMH MPUBOIUT K
YBEJIMUYCHHUIO IIUPUHBI U BBICOTH OyTOPKOB Ha IOBEPXHOCTH 00pasiia OoJiee 4eM B J1Ba pasa.

[Tomy4yeHHBIE Pe3ynbTATHI 110 BIUSHUIO YCKOPEHHBIX JIEKTPOHOB Ha CTPYKTYPY MOBEPXHOCTH

MoHokpuctaiia TlINS2 mokaspiBaoT, 4TO AaHHBIA KPUCTAIIT SBISICTCS PAHMAIMOHHO CTOHKUM TIPH
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o0IydeHHH SNeKTpoHaMH sHeprueii 2 M»dB 1o ¢moenca 2-10Y sm/cm?. Drta 0cobeHHOCTH

coenuHenust T1INS2 mo3Bonsier paccmarpuBath ero kak 3()(EKTHBHBIA PAaTHAMOHHO CTONKHIA
(OTOUYBCTBUTEIIBHBIM  MMOJYIPOBOAHUKOBBI ~MaTepuay Ui  CO3AaHUsl  (DOTOBICKTPOHHBIX

MUHHATIOPHBIX TPUOOPOB, pabOTAIOIIKX B YCIOBHUAX PAJAUAIMOHHOTO BO3ACHCTBUS.

Jluteparypa

1. Allakhverdiyev K.R., Turetken N., Salaev F.A., Mikailov F.A. Succession of the low
temperature phase transitions in TlInS2 // Solid State Communications, 1995, Vol.96, 11,
pp.827-831.

2. HamxaboB A.M. BeicokoTemmepaTypHble MEXKIIOIUTHIIHBIC TIepexoasl u  (a3oBas
nuarpamma crexuomerpuueckoro TIInSz // Fizika, 2007, X111, Nel1-2, ¢.115-119.

3. BorovoiN.A., GololobovYu.P., IsaenkoG.L., StepanishchevN.B. Peculiarities of Phase
Transitions in Polytypes of Monoclinic TlInSz // Inorganic Materials, 2009, VVol.45. pp1-6.

4, M.IO. TammeroB, H.b. HWcmaros, P.II. Cammos, II.M. Maxkamos. Kowmruiekc
paaualMoOHHOM 00paboTKM Ha 0a3ze yCKOpHTENs AJIEKTPOHOB “Dnextponuka Y-003" //

Bonpocer aToMHOM HayKH U TeXHUKHU. XapbkoB (Ykpauna), 2017, Ne 5 (111), ¢.91-97.

TINS, KRISTALININ SOHTININ STRUKTURU VO SUROTLI
ELEKTRONLARIN ONA TOSIRi

Umarov S.X, Riistamov V.D., Namazov Y.B.

Xiilasa. Siiratli elektronlarin TlInS,; monokristallarimin sath qurulusuna tosiri tadqiq edilmisdir. TlInS>-nin
enerjisi 2 MeV va axiciligr 2x10" ellsm? olan elektronlarla siialanmast niimunanin sathind> qabarin
hiindiirliiyiiniin va onun eninin 2 dafadan ¢ox artmasina sabab olur.

Agar sozlar: monokristal, sath qurulusu, elektron stialanma.

STRUCTURE OF THE SURFACE OF TIInS; CRYSTAL AND INFLUENCE OF FAST
ELECTRONSONIT

Umarov S.X, Rustamov V.D., Namazov Y.B.

Abstract. The effect of fast electrons on the structure of the surface of TlInS; single crystals has been studied.
Irradiation of TlInS, with electrons with an energy of 2 MeV and a fluence of 2x10' el/cm? leads to an
increase in the height of the bump and its width on the sample surface by more than 2 times.

Key words: single crystal, surface structure, electron irradiation.
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II BOLMO
BORK CISIM VO YARIMKECIRICILOR FiZiKASI

MOHDUD KONTAKT SOTHLI SOTTKi DIODLARINDA 9LAVO
ELEKTRIK SAHOSI
Abdullayeva S.F., Aslanova 9.R.
Baki Dévlat Universiteti
seideabdullayeva2002@gmail.com

aslanova78@yahoo.com

Olkomizds va xaricds muasir elektronikada diod va omik kontakt kimi genis totbiq olunan
real metal-yarimkegirici kontaktlarda (MYK) olava elektrik sahasinin (OES) yaranmasina boyiik
maraq gostorilir.Real MYK-larda kontakt sothinin yarimkegirici vo metalin sorbast sathlori ilo
mohdudlanmasi hesabina OES yarandig1 miioyyan edilmisdir[1]. Belo ki, Sottkinin nozari modelino
asasan, ¢ixis isi @m olan metal ilo ¢ixis isi @s olan n-tip yarimkegirici bilavasito kontaktda olduqda
Vo Om<ds sorti 6danildikde MY K omik xassalora malik olur. Real halda iss metal va yarimkegirici
bilavasito kontaktda olduqgda sarhad sathlo qovusan metal vo yarimkegiricinin sarbast sathlorinin
cixis islori (4-5eV) doyismoz galir, lakin kontakt sothinds potensial ¢oparin hiindirliyi tagriban 1
eV tortibindo olur. Metalin ohatasinds intensivliyi Eo olan OES yaranir vo 0 mikro-nano 6l¢uli
MYK-larda yarimkegiricinin kontaktalt1 hissasini tam ortiir.Qeyd edak ki, OES kontakt sathi ilo ona

qovusan metal vo yarimkegiricininsorbast sathlori arasinda amalo golon kontakt potensiallar forgi

hesabina yaranir.Miiasir Atom-Quvva

Mikroskopiya (AQM) dsulu MYK -
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siallar forgi (KPF) kontakt vo yarimke-  Sokil 1. OES-li diizbucagh Au-nGaAs kontaktin sath
C ... . otensialinin paylanmasimnin AQM tasvirlari.
ciricinin sorbast sothlori boyunca pay- P pay Q

lanir. Metal sathindo KPF kontaktdan konarda olan nGaAs -nin sarbast sathindoki KPF-don ¢ox
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kigikdir. Kontakt periferiyasindan uzaqlasdigca KPF metal sothindoki minimum gqiymatindon
yarimkegiricinin sarbast sathindoki maksimum giymaotins godor artir. Bu zaman miixtalif uzunluglu
kontaktin atrafinda ©ES-nin tasiri ilo eni toxminan 25 mkm olan keg¢id zonas1 amala galir.

Sokildon aydin goriiniir ki, real MYK - larda onlari ohato edon OES yaranir vo
yarimkegiricinin kontaktalt1 hissasine kegarak iki potensial ¢oparli energetik qurulusun yaranmasina
sobab olur.

9dabiyyat

1. MamenoB P.K. KoHTakTbl MeTaul — NOJIYNPOBOJHUK C JIEKTPUUECKUM MOJIEM IISITEH, baky,
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AMORF METALLIK ORINTILOR VO ONLARIN TOTBIQ PERSPEKTIVLORI
A.P Abdullayev, V.I 9hmoadov, F.S.Mammadov, A.O Isayeva, G.Z.9sgarova
Azorbaycan Memarhq va insaat Universiteti

adilabdullayev@rambler.ru

Xulasa. Miuasir elmi-texniki toraqqi, bir taraofdan, prinsipial olarag yeni texnologiya vo proseslorin
yaradilmast ilo miigayiat olunursa, digar torafdan, bu giin daha aktual olan materiallardan istifadani da talab
edir. Eyni zamanda, an son texnologiyalar artiq malum olan materiallar: takmillogdirmaya imkan verir. Hom
nozori, ham do praktiki totbiglor baximindan an cox maraq doguran lent soklinde alinmis amorf
materiallardwr. Hal-hazirda, amorf lentlor sensor elementi kimi impuls generatorlarinda, magnit sahasinda
yiksak hassashqli sensorlarin istehsalinda istifads olunur. Bu materiallarin tatbiq sahasi glini-giindan daim
geniglonir.
Acar sozlar: amorf, maqnit xassalor, ferromagnit,tablama, Stels texnologiyast

Giris. Amorf metallar, kristal qurulusa malik olmayan, qisa masafodo nizamsiz, qarisiq atom
qruplart ila togkil olunmus metalik materiallardir. Bu materiallar, tipik kristal qurulusun oksina
olaraq, nizamsiz qurulusla xarakterizo olunan amorf struktura malikdir. Amorf metallar, kristallik
vo ya polikristallik materiallara nisbaton daha forqli struktura malik olan metallik materiallardir.
AMBO-ni orintido kifayat edocok godor amorflasdiric elementin olmasi sorti ilo, maye metali 10* +
10%°C/san siiratlo soyutmagla, orintinin sirotlo tablanmasi yolu ilo, almagq mimikindir.
Amorflasdirici olaraq geyri metallar: bor, fosfor, silisium, karbondan istifado edilir. Uygun olaraq
amorf metallik orintilori “metal-geyri metal” vo “metal-metal” arintilorins ayirirlar.

Belo amorf qurulus geyri adi maqnit, mexaniki, elektrik xassalorino vo korroziyaya
davamliliga sabab olur. Yiksok magnityumsaqligla yanasi bu materiallar dartilma zamani miistosna
yuksok mexaniki borklik vo méhkomliys malikdir. [1-3].

Amorf materiallarin tatbiq sahalori. Elektron qurgularin miniatiirlosmasi ona gatirib ki,
corayan Kecirici xatlorin, kontakt sahslorinin vo muasir integral sxemlorin elementlorinin Xatti
olculori 0,5 - 1 mkm asmir. Isci elementlorin submikron olgularinde metal - yarimkegirici
sarhaddinds atomlarin qarsiligh diffuziyasi ti¢iin sorait yaranir [4].

Amorf nlmunslordon hazirlanan emal edici vo kosici alstlordon istifado avtomobil vo
masingayirma sanayesinda keyfiyyati ylksalda bilor. Nazik lent tobagosi avtomobillords detallarin
istismar xususiyyatlorinin yiksalmasino kémoak edir. Amorf metallar hamginin, korroziyaya yiiksok
davamliliq niimais etdirir. Belo ki, Zn asasli amorf materiallarin korroziyaya davamliligi 08 X18H10
asasli polad ilo mlgaisads daha yiksokdir.

Stels (gizli) texnologiyalar toyyaralori, gomilari, nogliyyat vasitolorini va hatta personali
radar, infraqirmiz1 vo digor askarlama tsullar1 ilo daha az miisahids olunan vo ya agkar edilo bilon
etmok Ugln istifado olunan texnika vo materiallar toplusuna aiddir [1,5]. Stels texnologiyalarda
amorf materiallardan asagidaki hallarda istifads olunur:

1. Amorf materiallar tez-tez stels toyyarolorin sothlorino totbig olunan xisusi ortuklor vo ya
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kompozit materiallar olan RAM-larda (Radar Absorbent Materiallar1) asas komponentlor kimi
istifads olunur. Bu materiallar radar enerjisini radar gabuledicisins aks etdirmoak avazino onu udmaq
tcln nozoards tutulub.

2. Stels ortuklor tez-tez digor dielektrik materiallar vo kegirici doldurucularla birlikds amorf
materiallardan ibarat ¢ox gatli kompozit strukturlardan ibaratdir.

Amorf metallarin totbiginin boylk ohato dairosi olmasina baxmayaraq, bir ¢ox c¢atismayan
xususiyyatlori do vardir. Birincisi, asagi istilik kegiricilik xassasini gdstormok olar. Digar bir
catismayan torofi amorf materiallarda olan geyri-stabillik xususiyyatidir ki, bu onlarda yaranan
davamliliq xassosini azaldir. Qeyd edok ki, amorf arintilorin konstruksiyalarda totbiq edilmasini
mohdudlasdiran sabablordan biri ds onlarin gaynaq olmasinin ¢ox zaif olmasidir.

9sas naticalar

1. Amorf materiallarin istehsali tiglin istifado olunan xammalin kimyavi torkibinin muoyyan
edilmosi materialin xarakteristikasinda fundamental addim olsa da, bu naticonin yeniliyi torkibin
unikalligindan vo ya xammalda askar edilon hor hansi gézlonilmaz ¢irklordon asilidir.

2. Amorf maqnit materiallar1 ilo baglh movcud anlayis vo ya metodologiyalardaki bosluglarin
miayyan edilmasi bu sahads avvallor nazardan gagirilmis ¢atinliklori vo ya imkanlari agkar edarss,
bu yeni todgigat istigamotlorini stimullagdira vo maqnit materialsiinashiginda biliklarin inkisafina
t6hfo vers bilor.

3. Amorf metallarin xiisusiyyatlori, onlar1 bir ¢ox texnoloji vo totbig sahslorinds keyfiyyatli
materiallar kimi cazibodar edir. Bu materiallarin potensiali, inkisaf etmokdo olan texnologiya vo

todgigat sahslorinds daha da strafli aragdirma va tatbiq ti¢lin giiclii bir motivasiya yaradir.
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AMOP®HBIE META/IVIMMECKHUE CIIJIABBI 1 HIEPCIIEKTHUBbBI UX IPUMEHEHUA
A.Il.Abayanaes, B.U.Axmenos, ®.111.Mamenon, A.A.Ucaesa, I'.3.
A3zepOaiixaHckuil YHUBepcuTeT ApXuTeKTypbl 1 CTpouTeIbCTBA

Peztome. Cospemennvili HAYyUHO-MEXHUYECKUL Npozpecc, ¢ 0OHOU CHOPOHbL, CONPOBONCOAENC s CO30AHUEeM
NPUHYUNUATILHO HOBLIX MEXHOA02UU U NPOYeccos, ¢ Opy2oli CMOpOHbl, mpebyem UCnOIb308aHus bonee
AKMyabHbLIX Mamepuanos. B mo gice epems, HoGeliuue MEXHOIOSUU NO3GOSIOM COBEPULEHCINBOBAND YIice
uzgecmuvle mamepuanvl. Haubonvuui unmepec ¢ mouku 3peHus Kax meopemuyeckux, max u npaKkmuyeckux
NPUNOIHCEHUL NPeOCmassiiom coOoll amopduvlie mMamepuanvl, NOIy4eHHvle ¢ gude nieHku. B nacmoswee
8peMsi amMop@Hble NIeHKU UCNOAb3YIOMC 8 KAYeCmEe CeHCOPHLIX INEMEHMO8 8 UMNYIbCHBIX 2eHEPAmopax u
0711 NPOU3BOOCMBA BbLCOKOUYECMEUMENbHBIX damuukos 6 macHumuvix nonsx. Cehepa npumenenuss smux
MAmepuanos ¢ Kaxicovbim OHeM HPOOOIAHCAEH PACUUPSIMbC.

Knrwouesvie cnosa: amopuwiil, macHumuule coUcmaa, geppomacuum, omoicue, mexronozuu Cmeic.

AMORPHOUS METAL ALLOYS AND PROSPECTS FOR THEIR APPLICATION
A.P.Abdullaev, V.I.Akhmedov, F.Sh.Mamedov, A.A.lsaeva, G.Z.
Azerbaijan University of Architecture and Construction

Abstract. Modern scientific and technological progress is accompanied by the creation of fundamentally new
technologies and processes on one hand, and by the need to use more relevant materials on the other. At the
same time, the latest technologies allow for the enhancement of already known materials. Amorphous
materials obtained in the form of films are particularly interesting from both theoretical and practical
perspectives. Currently, amorphous films are used as sensor elements in impulse generators and in the
production of highly sensitive sensors in magnetic fields. The range of applications for these materials
continues to expand day by day.

Keywords: Amorphous, magnetic properties, ferromagnet, annealing, Stealth technology
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TERMIK EMAL NOTiCOSINDO TOBOQOLIORIN QURULUSUNUN VO
ELEKTROFIZIiKi XASSOLORININ DOoYiSMoSi
Rahimov R., Sarmasov S.
Baki Dovlat Universiteti

rehim@rehimli.info, ssarmasov@rambler.ru

Giris. Son illordo enerji effektivliyi vo materiallarin funksional xassalorinin artirilmasi
mogsadilo termoelektrik materiallarin inkisafi diqqot markszindadir. Termik emal, materiallarin
struktur doyisikliklorini stimullagdiraraq, onlarin elektrik kegiriciliyi, istilik kegiriciliyi vo digor
elektrofiziki xassalorini optimallasdirmaga imkan verir. Bu proses zamani materialin daxilinda
atomlarin yerlogmosi, defektlorin yaranmasi vo nanostrukturlarin formalasmasi bas verir.
Tobogoalorin istilik tasiri, kristalin qurulusunu va elektron dasiyicilarinin harakatini shomiyyatli
doaracada doyisa bilir. Masalon, temperaturun artmasi ila naticalonan difiiziya, atomlarin harakatini
asanlagdirir vo bu da materialin elektrik kegiriciliyinin artmasina sabab olur. Eyni zamanda, istiliyin
tosiri ilo yaranan defektlor vo doyisikliklor, materialin elektrik va istilik xassalorini manfi yondo
tosir edo bilor. Bu kontekstdo, PbTe kimi termoelektrik materiallarin termik emal naticosindo oalda
olunan doyisikliklorin dyronilmosi, onlarin aktivliyini artirmaq vo yeni totbiq saholori ii¢lin daha
effektiv materiallarin hazirlanmasinda miihiim ohomiyyat kosb edor.

Todqgigatin moqgsadi, termik emalin PbTe-nin qurulusu vo elektrofiziki xassolori lizorindoki
tosirlorini analiz etmokdir. Beloliklo, bu prosesin materialin xassolorino olan tasirlorini anlamagq,
miiasir texnologiyalarda daha somarali vo dayaniqli materiallarin hazirlanmasin1 asanlasdiracaq

Alman nazik tobagolorin adston bir sira struktur defektlors malik olmasi onun elektrofiziki
xassolorino tosir edir. Bu defektlor strukturun tarazliq halinin pozulmasinin noticosidir. Asagi
temperaturda termik emal ilo bu defektlorin bir hissasini aradan qaldirmaq miimkiindiir [1].

Althgin temperaturu 30- 40°S olduqda alinan nazik tobogolords sorbost yiikdasiyicilarin
konsentrasiyasinin vo ylriiklilyliniin 6l¢iilmosi ilo onlarin keyfiyysti mioyyonlogdirilmisdir.
Tocriibolorin noticolorine goro gdyoardilmis tobogolordo kristalciglarin kicik diametri defektlorin
yiiksok konsentrasiyasina uygun golir. Bu halda tobogslorin alinmasinda kondensasiya siirstinin rolu
0 qadar do noazara carpmur, yiiksok vo algaq siiratlords alinan tobogalor yaxin fiziki parametrlora
malik olurlar. Qalinligi 0.50 mkm olan tobagolordo qisamiiddatli (~2 doqige) termik emal
yurtikliiyiin xeyli artmasina sobab olur. Lakin toboagonin galinligi 3 mkm tortibindo oldugda belo
termik emal yiiriklilyiin qiymotindo he¢ bir doyisikliyo sobab olmur. Yalniz 30 doq. miiddstindo
450°S temperaturda termik emal yiiriiklityiin artmasina gatirir [2].

PbTe nazik tobagalorinin vakuumda termik emali homiss fiziki parametrlorin yaxsilasmasina

sobab olmur. Tacriibalor gdstorir ki, on tokmil soth vo optimal fiziki parametrlors malik tobogalor
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althgm temperaturu 30+40°S termik emal, temperaturu iso 500°S sec¢imino uygun golir. Bu
temperaturda toboagonin sothindon hor saniyodo bir monoqat buxarlanir vo bu da p-n kecidlor
alinmasi {i¢iin vacib amillordon biridir. Alinan toboagalorin vakuumda termik emal prosesinda oksid
fazasinin  omolo golmosi miisahido olunur. Belo fazanin omolo golmoasi oksolunma
elektronoqramlardan aydin sezilir [3].

Termik emal, materiallarin qurulusunu vo xiisusilo onlarin elektrofiziki xassolorini doyismoyao
imkan veron miihiim prosesdir. PbTe tobagolori {izorinds edilon todqgiqatlar gostorir ki, bu proses
materialin istilik kegiriciliyini va elektrik xassalorini ohamiyyatli deracads yaxsilasdira bilor. Belo
demok olar ki, termik emal materialin strukturunu doyisorok, daha yaxsi nanostrukturlar yaradila
bilor. Bu doyisikliklor materialin enerjiyo qonaot edon vo daha somorsli cihazlarin yaradilmasi

miihiim ohomiyyat kasb edir.

Sakil 2. -do termik emala maruz galan
Pbo.77Sno.23Tetabagasinin sathinin
elektron mikrofotoqrafiyasi ( Ta=30°S,
d=500 nm, Te=500°S, t=2 daq)

Sakil 1- doaPbTeOs tobogasinin termik
emaldan sonra (Te=500°S)
elektronoqrami

Isas naticalar.

Termik emal PbTe materialinin elektrik vo fiziki xassolorine ohomiyyatli dorocads tasir

gostorir.bunlar asagidakilardir.

1. PbTe-nin kegiriciliyi temperaturlarla doyisir. Asagi temperaturlarda, material daha az kegirici

olur, amma temperatur artdiqca, dasiyic1 konsentrasiyasi artir vo kegiricilik yiiksolir.

2. Termik emal zamani PbTe materialinda mdvcud olan kristal qiisurlarin vo dislokasiyalarin
miqdart azalir. Bu proses materialin kristalligin1 artiraraq elektronlarin harokatliliyini va
kegiriciliyi yaxsilagdirir.

3. Miiayyon soraitdo termik emal PbTe-nin sothinde vo ya daxilindo nanostruktur formalasmasina

sobab ola bilir. Bu, materialin elektrik va termoelektrik xassalarindo doyisikliklora gotirib ¢ixarir.

60



9dabiyyat.

1. I'.3. baruesa, H.b. Mycradaes, I'.Jlx. Adaunos, JI.III. AGAHHOB. DIEKTPUYECKHE CBOWCTBA
MoHOKpHUCTaI0B PbTe ¢ n30biTkoM Temnypa. Pu3nka U TEXHUKA TMOTyIpOBOIHUKOB, 2011, ToM
45, B 11

2. P. M. KanmbikoB, A. M. KapMokoB. BnusiHue H30TEpMHUECKOTO OTXKHUIa Ha 3JIEKTPOIPOBOA-
HocTh 1 TepM0o-D/IC PbTe, nerupoBannoro CdSe. [Ipuknannasdusuka, 2017, Ne 4

3. Kalmykov, R.M. The influence of structural and phase changes on the thermoelectric properties
of PbTe doped with CdSe. Nano Hybrids and Composites. — 2020. — V. 28. — P. 20-25.

U3MEHEHUE CTPYKTYPBI U DJEKTPO®U3NUYECKHUX CBOVICTB
CJIOEB B PE3YJIbTATE TEPMUYECKON OBPABOTKH
Parumos P.III., Capmacos C. H.
bakunckuii I'ocyiapcTBeHHbINH YHUBEPCUTET.

Annomayus. Tepmuueckas  00pabomka  AGNAEMCA  GANCHLIM — NPOYECCOM,  NO3GONAOUUM — UMEHSMb
CMPYKmMypy Mamepuaios u, 8 YaCmHOCMuU, ux s1eKkmpogusuveckue ceoicmea. Mccnedosanus, nposedenivle
na nuenxax PbTe, nokazvieaiom, 4umo 3mom npoyecc MOMCem 3HAYUMENbHO YIYHUUMb MEeNnJonpoO80OHOCIb
u snekmpudeckue ceovcmea mamepuaia. ModcHo ckazamo, umo mepmuueckas oopabomka umeHsem
CMPYKmypy Mamepuana, co30aedas JLyuuiue HAHOCMPYKmMypvl. Dmu USMEHEeHUs. UMEIOM 6AlCHOe 3HAYEeHUE
071 co30arnusi bonee IHeP203PPHeKMuHbIX U IPDEKMUBHBIX YCMPOUICME.

Knwuesvie cnosa: Cmpyxmyp, anekmpogusuueckue Cce0UCMEA, MeNnionpo8oOHOCHb, MEPMUIECKas
obpabomka.

CHANGES IN THE STRUCTURE AND ELECTROPHYSICAL PROPERTIES
OF LAYERS AS A RESULT OF THERMAL TREATMENT.
Rahimov R.S., Sarmasov S.N.

Baku State University.

Abstract. Thermal processing is an important process that allows altering the structure of materials and, in
particular, their electrophysical properties. Studies conducted on PbTe films show that this process can
significantly improve the thermal conductivity and electrical properties of the material. It can be said that
thermal processing changes the structure of the material, creating better nanostructures. These changes are
of great importance for the creation of more energy-efficient and efficient devices.

Keywords:Structure, electrophysical properties, thermal conductivity, thermal treatment.
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JUDJIEKTPUUYECKUE CBOMCTBA KPUCTAJLJIA TlInSe;
Abnyaaaes A. I1., Kagaposa JI. M.
AzepOaiilzKaHCKHIl apXUTEKTYPHO CTPOMTE/IbHBIH YHMBEPCUTET
Hypuesa U. M., P3aesa C. /I.
A3epOaiilxkaHCKuil MeIMIMHCKUH YHUBepcuTeT. HayuHo-ucciienoBare/ibCKuil HeHTp

dgafaroval4d@gmail.com

Anomauyusa. Hccnedoseanvl  memnepamypHvle U HACMOMHblE  3ABUCUMOCIU  OUINEKMPUUECKOU
nponuyaemocmu 6 xkpucmaine TlINSex na nepemennom moke. Onpedenenvl 3HaAUeHUs. OUINEKMPUYECKOL
nponuyaemocmu. Ilpednonosceno, umo gospacmanue &' c63A3ano ¢ ygeruyeHuem KoHyeHmpayuu 0egh)ekmos ¢
POCMOM memMnepamypul.

Knwouesvie cnoea: «xpucmani, OudieKmpuueckas HnpPOHUYAEMOCHb, KOHYEHMpayus, KOHOeHcamop,
oussiekmpuyecKkue nomepu, KpUCMAaiIU4eckol CmpyKmypbl

B nocnennee Bpems coemuHenus Tuma A’B3Co®mmpoko mccnemyroTcs, HOCKONBKY
XaJIbKOTCHHUIBI, KaK W COCJUHEHHS HAa OCHOBE XaJIbKOIMHMPHUTA, OOJIATAIOT YHHUKAIbHBIMH
CBOMCTBAMH TI0J] BO3JCHCTBHEM pa3inuHbIXx BHEIHUX (akropoB [1, 2]. Coemmuenust TlInSe2
MPEICTaBISAIOT CO00M MaTepuanbl, B KOTOPBIX MPHU OMPEACIECHHBIX YCIOBHIX MPOSBISIOTCS
ocobeHHOCTH HU3KopasMmepHbIx (1D) cuctem[3], B cBSI3U, ¢ 4YeM OTH COCIWHEHUS IMIUPOKO
HCCIIeMyIOTCS. TeMIeparypHass 3aBHCHMOCTh TEINIOEMKOCTH, PEIICTOYHBIX IapaMeTpoOB H
dorompoBoaumoctH T1INSe2 u3yuena B padbotax [4].

JInist u3MepeHust JIIEKTPUUECKUX CBOWCTB M3 00pasiioB KpuctawioB T1INSe2 usroraBnuBaimich
IUTACTUHKH ToNmmHON 0.5 MM, Ha KOTOpbIE HAHOCWIMCH OOKIAJAKU U3 CEpeOpSTHOW IAacCThI.
KoHeHcaTopsl MOMENIATUCh B KPUOCTAT, PETYIHPYEMbId B WHTEpBasie Temreparyp oT 290 mo
380K. TounocTh n3mepenus Temrepatypsl coctapisuia +0.5K. M3Mepenuss eMKOCTH, TaHTEHC yTiia
JTURIIEKTPUYECKHUX MOTEePh C MOMOIIbIO IUGPOBLIX U3MepuTenei umnenanca E7-25 (vactoter 25 -

108 T'1y). Ha o6paser mogasanoch u3MepuTensHoe Hanpsokerue 1V. U3 gopmyn

g = L0y =tgoe’

EpS

COOTBETCTBEHHO  PACCUMTaHBl  JACUCTBUTEIbHAs M  MHHMas  4acTH  JUDJIEKTPUYECKOU
IIPOHULIAEMOCTH.
Ha puc. 1 npeacraBnensl TemnepaTypHble 3aBUCUMOCTH AEMCTBUTEIBLHON YaCTU IUAIEKTPUYECKOM
nponutaeMoct (¢') coenunenuit T1INSe2 Ha paznuynbix yacrorax ().

Otcroma, 4YTO B M3Y4YEHHBIX MaTepuHalsax B OCHOBHOM HaOMIONAeTCs TEPMUYECKU
aKTUBUpYeMbIi pocT ¢&'. WM3BecTHo, uTro B ciydae mapaienbHoro coeauHenuss Cru R
JEHUCTBUTEIILHON YaCTH IUIJIEKTPUIECKON IIPOHULIAEMOCTH OIMCBIBACTCS COOTHOILIECHUEM

()

;O
g,mtgo0
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TJIe 0 - JJEKTPOIPOBOAHOCT, tg J - TAHTCHC yIJIa TUAICKTPUICCKHUX MOTEPh, @ = 27f - 9acTOTa, £0
- aJeKTpuueckas moctostHHas. M3 (1) BHIHO, YTO JEWCTBUTEIBHONW YacTH IUAJICKTPHUECKOU
MPOHUIIAEMOCTH TPSIMO TPOTIOPIIMOHATIBHA AJIEKTPONPOBOJHOCT, M tg O Ciab0 3aBUCUT OT
TemriepaTypbl. [loaToMy ¢ pocTOM TemmepaTypbl pacteT Bo3pacraer &'. B TemmeparypHOM
uareppane 290 - 380K ma wactorax 10° - 10° T'i s3maueHme jeifCTBUTENBHON wYacT

JTUDJICKTPUYECKON MPOHUIIAEMOCTH U3MEHsIeTCs B ipeaenax 33 - 1390.

1041

1 M}-ﬂ 'H.oot" TS
&' ,*.m""‘“ anpisassersss 2
L psste™ PPPPRTTY S iy
.-'_.._.u-‘ susaser 3
[ s e S

290 320 350 380
T (K)

Puc. 1 Temnepamypuvie 3asucumocmu  OCUCMBUMENbHOU — YACMU  OUIIEKMPUUECKOU
nponuyaemocmu kpucmannos TIINSe2 ons wacmom usmepenusi: 1 - 100, 2 - 1000, 3 - 10000, 4-

1000000 u 5-100000 I'y.

10°1

10° |

10 £
1

10*

2.63 2.83 3.03 3.3 343
1000/T 1T

Puc. 2 Temnepamyphvie 3a8uUcCUMOCMU MHUMOU YaACmMU OUDIEKMPUYECKOU NPOHUYAEMOCU

kpucmannos TIINSe2 ons uacmom usmepenuii: 1 — 102, 2 — 103, 3 - 10%, 4 -10°, 5 — 10° I'y.

C pocrom uacToThl €' ymeHsblnaercs. Ha puc. 2 mpuBeneHsl TeMIepaTypHbIE 3aBUCUMOCTH
MHHMOI{ 9acTH IMANEKTpHdecKoi npornnaeMocty (") xpuctamios TlInSez. Buano, uto mpu 102 -
10° T'm gacrorax Ha 3aBucumoctH lgg” ~ 10°/T OCHOBHOM COCTOMT NpPAMBIX C Pa3TUYHBIMH
HaKJIOHaMH. B TemrepaTypHOI 06IacTH ¢ POCTOM YacTOTHl 3HAYEHHs SHEPruM akTHBaruu (AE®")
YMEHBIIAIOTCS. BUIHO, 4TO BETMUMHA SHEPTHH aKTUBAIMH €CTh (DYHKITHS YaCTOTHI.

3akmouyenune.  Takum  oOpa3oM,  HCCIelOBaHbl  TEMIEpaTypHbIE  3aBUCHUMOCTHU

,Z[I/I3J'ICKTpI/ILICCKOI\/'I INPOHUITACMOCTHU KPUCTAJIJIOB TlInSe2 Ha MNEPpEMCHHOM TOKEC, OIPCACIICHBI
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3HAYCHUA I[I/IBJ'[GKTPI/I‘-IGCKOf/i IMPOHUITACMOCTU W TIPCAINOJIOXKCHO, YTO BO3paCTaHHUC g cBsI3aHO C
YBEITUYCHUEM KOHIIEHTpAIUU AEPEKTOB C POCTOM TEMIIEPATyPHI.
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DIELECTRICAL PROPERTIES OF TlInSe, CRYSTAL
Abdullayev A.P., Gafarova D. M.
Azerbaijan Architecture and Construction University
Nuriyeva I. M., Rzayeva S. J.
Azerbaijan Medical University. Scientific Research Center

Abstract. The temperature and frequency dependences of the dielectric permittivity of TlInSe2 crystals are
studied at AC. The dielectric constant values were determined. It is assumed that the increase in &' is
associated with an increase in the concentration of defects with increasing temperature.

Keywords: crystal, dielectric constant, concentration, capacitor, dielectric losses, crystal structure

TIInSe; KRISTALININ DIELEKTRIK XASSOLORI
Abdullayev A.P., Qafarova D. M.
Azorbaycan Memarlq va insaat Universiteti
Nuriyeva i. M., Rzayeva S. C.
Azarbaycan Tibb Universiteti. ElImi Arasdirmalar Markazi

Xulasa. Dayisan elektrik sahasinda TlInSey kristallarda dielektrik niifuzlugun temperatur va tezlikdan
asuihiglart tadgiq edilmisdir. Dielektrik niifuzlugunun qiymati mlayyon edilmisdir. Toyin olunmusdur ki,
temperaturun artmasi ilo &'-in qiymatinin artmast defektlorin konsentrasiyasinin artmasi ilo alaQodardur.
Acar sozlar: kristal, dielektrik sabiti, konsentrasiya, kondensator, dielektrik itkisi, kristal qurulusu.
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FeGapglni 2Ses KRISTALLARININ DIELEKTRIK OMSALLARININ TEZLIK
DiSPERSIYASI
“Niftiyev N.N., “Dasdomirov A.O., “"Mammadov F.M., “Agayeva R.M.
*Azarbaycan Dovlat Pedaqoji Universiteti
“AMEA Kataliz va Qeyri — iizvi Kimya Institutu
E-mail: namig7@bk.ru

AB2X4 tipli kecid metal xalkogenidlori (A-Mn, Fe; B-Ga, In, Sb, Bi; X-S, Se, Te) maraql
fiziki xususiyyatlora malikdir vo uzun illordir ki, todgiqat¢ilarin diggatini calb edir [1-2]. Bu
yaxinlarda miioyyan edilmisdir ki, bu tip bazi birlosmalor magnit topoloji izolyatordur va super
suratli yaddas elementlorinin, spintronik cihazlarin, kvant kompiiterlorinin, detektorlarin vo s.
yaradilmasi ti¢lin perspektivlidir [3-4].

Isdodoyison elektrik sahosindo FeGaoglni2Seskristallarmindielektrik  xassolori  todgig
edilmisdir.FeGaoslni2Seskristali stexiometrik miqdarda yiiksok tomizlikli elementlordon (99,99)
alinmigdir. Rentgenoqrafik metodla analiz naticasindo muayyan edilmisdir ki, FeGao,slni 2Ses kristal
ofos parametrlori a = 3,983 A vo ¢ = 38,811 A olan trigonal sinqoniyaya (foza qrupu 3ml)
kristallagir [5]. Elektrik tutumunu Olgmok ii¢iin galinligt ~ 1 mm olan FeGaoglni2Ses kristal
I6vholora giimiis pastast vuraraq kondensatorlar hazirlanmis vo 6lgiilmalor E7-20 (25 + 10° Hz)
rogomli immetans 6l¢ii cihazinindan istifado etmoklo aparilmigdir.Dielektrik niifuzlugunun hoqiqi
hissasi €'= Cd/eoS, xayali hissasi ise "= tgd-¢' ifadolorindon hesablanmisdir.

Sokil 1 — do FeGaoslni2Ses kristalinin miixtalif temperaturlarda dielektrik niifuzlugunun
hoagiqi hissasinin (€') doyison elektrik sahasinin tezliyindon asililiq grafiki gostorilmisdir.Sokildan
goriiniir ki, tezlik artdigca & - in giymoti azalir. Mioyyaon edilmisdir ki, 295 + 358K
temperaturlarda vo 2-10* + 10° Hz tezlik oblastinda &' — in giymoti 23 + 410 intervalinda doyisir vo

kifayat godar dispersiyaya ugrayir. Todqiq olunan temperaturlarda €' - in azalmas1 miisahids olunur.

3-
2,5 3
' 2
y 1
B 2
1,5 A
1 L] T T 1
4 45 5 5,5 6

Igf, Hz

Sakil 1. FeGaoslni 2Ses kristalr iigiin miixtalif temperaturlarda dielektrik niifuzlugunun haqiqi
hissasinin elektrik sahasinin tezliyindan asliligi. T, K: 1-295, 2-323, 3-358.

65


mailto:namiq7@bk.ru

Sokil 2-doFeGao,slni 2Ses kristalinin dielektrik niifuzlugunun hoqigi hissasinin temperaturdan asililiq
grafiki tosvir edilmisdir. Sokildon gérunur ki, tadgig olunan materialda temperatur yukssldikca
dielektrik niifuzlugunun artmasi miisahido olunur. Bunun sobabiasason temperatur yiiksaldikca
yiikdastyicilarin  konsentrasiyasinin artmasi ilo olagodardir.e’ ~ 10%T asilihgindan aktivlesmo

enerjisi hesablanmigdir vo E=0,14 eV-a barabardir.

1Ige

2 1 5
41 4
1,8 - - 3
L]
3
__2, 2
1,6 N
w
1,4 1
1,2 T T T 1 0 T T T -
2,7 2,9 3,1 3,3 3,5 4 4,5 5 5,5 6
103/T, K Igf (Hz)
Sokil 2. Sakil 3. FeGao,glni,2Ses — iin muxtalif

temperaturlarda €' ~ Igf asliligi. T, K: 1-295,

2-313, 3-333, 4-343, 5-358.
Sokil 3-do FeGaoslni2Ses kristali tigiin 295+358K temperatur intervalinda dielektrik niifuzlugunun

xayali hissasinin (") elektrik sahasinin tezliyindon asililiq grafiki gostorilmisdir. Sakildon gortnur
ki, 2:10°:10° Hz tezlik intervalinda tezlik artdiqca asililiq monoton olaraq azalir. Tocriibado
miisahido olunan dielektrik niifuzlugunun xayali hissasinin tezlikdon asili olaraq monoton azalmasi
FeGaoslni2Ses kristalinda relaksasiya dispersiyasinin bas verdiyini gostarir.

Sokil 4 - do FeGaoslni 2Ses kristali ligiin 295 K temperaturda In(tgd- o) ilo In®w — nin asililiq qrafiki
tosvir edilmisdir. Dielektrik itkisinin tezlikdon asililigi kegirici mexanizmdon asilidir. Masalan,
keciricilikdo dominant rol oynayan zona mexanizminds In(tgd-®) ~ Ino koordinatinda duzxatli
asililiq miisahida edilmolidir. Sokil 4 gostarir ki, 295K temperaturda asililiq diiz xattdon farglonir.
Buradan belo naticoys galmok olar ki, FeGaoslni2Ses kristallarinda kegiricilik qarisiqg — zona va

sigrayls mexanizmlori ilo xarakterizo olunur.

18 -

—
=2}
1

In(tgd-m), Hz
=

12 T T 1
10 12 14 16

Ino, Hz

Sokil 4. FeGao,slni2Ses kristallart tigiin 295 K temperaturda In(1go-w) ~ Inw asulilig.
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FREQUENCY DISPERSION OF DIELECTRIC COEFFICIENTS of FeGagglni2Sescrystals
“Hudrues H.H., “Jlampamupos A.O., “Mamenos ®.M., "Araesa P.M.

Summary: ¢, ¢" and tgd of the FeGapglni 2Sescrystal were studied at different frequencies and temperatures.
It was found that the real and imaginary parts of the permittivity are subject to a significant degree of
dispersion, which has a relaxation character. The activation energy of the FeGaoglniSescrystal was
calculated and the value AE = 0.14 eV was found. The conductivity is characterized by a zone-hopping
mechanism.

Keywords:FeGaoglni 2Ses, alternating current, frequency, permittivity, dielectric loss, band-hopping
mechanism, activation energy

YACTOTHAA JMCHEPCUA JUDJIEKTPUUECKHUX KOYOO®UIIMEHTOB KPUCTAJIJIOB
FEGao,3| n1,2$e4

“Niftiyev N.N., “Dashdemirov A.O., “Mamedov F.M., "Agaeva R.M.

Peztome. Hszyuenwt &', &" u tgo kpucmanna FeGaoglni2S€s npu paziuuneix yacmomax u memnepamypax.
Yemanosneno, umo Oeticmeumenvuas u MHUMASA Yacmu OUIAEKMPULECKOU NPOHUYAEMOCHU NOOBEPICEHDL
SHAYUMENbHOU CMeneHu oucnepcuu, umeroueli xapaxmep penaxcayuu. Paccuumana suepeus axmusayuu
kpucmanna FeGaoglni2Ses u naiioeno snauenue AE = 0,14 3B. [Ipogooumocms xapaxmepu3yemcs 30HHO-
NPBIACKOBLIM MEXAHUZMOM.

Kntouesvie cnosa:FeGagglniSes, nepemennviii mox, uwacmoma, Ousiexmpuyeckas npoOHUYAEMOCHb,
OUDNEKMPUYECKUX NOMEPD, 30HHO-NPLINHCKOBBIU MEXAHUZM, IHEPIUsL AKMUBAYUU
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Nd NADIR TORPAQ ELEMENTI ILO AKTIVLOSDIRILMIS Y ;Al;0;,BIRLOSMOSININ
SINTEZI VO QURULUS XASSOLORI
T.N.Mammadova !, A.9.Cabiyeva?
Azarbaycan Dovlat iqtisad Universiteti (UNEC)!2

turan mammadova@unec.edu.az , Aynur.Jabiyeva@unec.edu.az

Nadir torpag elementlori ilo asqarlanmuig kristal quruluslu materiallar, bir ¢ox hallarda yiiksok
liminessensiya xassalorino malik olduqlarma gora optoelektronika vo lazer texnologiyalarinda genis
totbiq imkanlarina malikdirlor. Itrium aliiminium garnet (YAG, Y astAdsi do bu tipOs 2 )bir
materiallardan biridir va nadir torpaq elementlori ilo asqarlandiqda, xiisusilo lazer kristali vo fosfor kimi
istifado edilir [1]. YAG, genis optik soffafliq araligina, yiiksok istilik vo kimyavi stabilliyo malik
oldugundan, lazer vo goériintiloms texnologiyalarinda va optik cihazlarda totbiq baximdan 6namli rol
oynayir. Neodim (Nd? 3) dgpleianihig YAG kristallart yiiksok emissiya xassalori vo optik
gostoricilori ilo forglonirlor. Bu materiallar dala uzunlugunun infraqirmizi (IQ) oblastinda intensiv
darzolagl fotoliiminessensiyaya malikdirlar, bu iso 6z ndvbasinds onlarin lazer totbiglari Ggiin vacib
materiallar oldugunu gostorir [2]. Materialin geyd edilon xassalari ilo yanasi, hom ds dalga uzunlugunun
g0runon oblastinda intensiv fotoliiminessensiya miisahide olunur ki, bu xassalor Nd:YAG kristallarinin
tokca lazer totbiglori tglin deyil elaca do, xisusi ilo optoelektronikada bir sira digar totbiq imkanlarinin
oldugunu gostarir [3]. Xususi ilo geyd etmok lazimdir ki, bu materialin iri 6lgiilii kristallarindan
nanodlclll kristallara kecidi ilo onlarm fiziki xassalorinds nozoro carpan doyisikliklorin edilmosi
muimkdndar ki, bu da homin materiallarin totbiq imkanlarina shamiyyatli tosir edir.

Digor torofdon iridlcill kristallarla mugayisads nanodlgiilii kristallarin - fotoliiminessensiya
spektrlarinin intensivliyi, yani, materiallarin siialanma qabiliyyati daha effektiv olur. Malumdur ki,
hissocik Olcllori vo daxil olan asqar ionlarinin konsentrasiyasi materialin fotoliiminessensiya
intensivliyina, homg¢inin onun optik soffafligina vo termal stabilliyina shamiyyatli doracads tesir gostora
bilar. Mohz bu baximdan togdim olunan isdo Nd** ionlar ilo asqarlanns YAG nanokristallar1 sol-gel
metodu ils sintez olunmus va onun qurulus xasssalori analiz edilmisdir.

Nd nadir torpaq elementi ilo aktivlosdirilmis YAG birlosmasi morhalali sokilds sol-gel metodu ilo
sintez edilmisdir [4]. Bu metod, yiksok homogenliya malik olan nanohissaciklorin alinmas tigiin an
olverigli {isullardan biridir. Birinci moarholoda  itrium  oksid  (Y203), aluminium nitrat
(AI(NO 2 Neodik, (D3 sPprekursorg ettibtidgaiodim oksid (I
Prekursorlar nisbatlorine uygun olaraq distills su ilo qarigdirilmis va sirks tursusunda (CH3COOH) 70-
80 °S - do holl olunmusdur. Qarisiga etilen glikol (HOOH) olave olunaraq 65 °S -do 3 saat miiddatindo
qarigdirilmigdir. Daha sonra pH soviyyasi tonzimlonorok gqarisiq gel halina gatirilmisdir. Bu gel

muayyan bir muddat saxlanildigdan sonra qurutma prosesi hoyata kegirilmisdir. Qurudulmus gel ytiksok
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temperaturda (800-1200 °S) hava atmosferinds kalsinasiya edilorok kristal YAG fazasinin formalagmasi
tomin edilmisdir. Birlosmodo kristallasma doracasinin daha da yaxsilasdirilmast mogsadilo sintez
prosesindan sonra Mufel pecinda1000 °S temperaturunda 3 saat miiddatindo termik domlomo prosesi
apartmgdir.

Sintez edilmis niimunonin qurulus xassalori D8 Advance (Bruker) qurgusunda todqiq edilmisdir.
Oldo olunmus rentgen diffraksiya spektrlori Ritveld metodu ilo FullProf programindan istifado
edilmokls analiz edilmisdir. Miioyyan edilmisdir ki, Nd Y3AlsO12 birlosmasi 1a-3d foza simmetriyasi ilo
kubik kristal qurulusa malikdir. Kristal qofosin parametrlori a = 12.023 A olarag miloyyon edilmisdir.
Qeyd etmok lazimdir ki, miioyyon edilmis kubik kristal qurulus hom tomiz, hom do Nd*" ionlar1 ilo
asqarlanmis YAG kristallar {i¢iin xarakterikdir. Nd** ionlarinin YAG matrisina daxil edilmasi ilo yalniz
gofos paramterlorinds clizi doyisikliklor bas vera bilir. Lakin, daxil edilmis Nd*" ionlarmimn kristal
qurulusdaki vaziyyatini miayyan etmok U¢lin olave todgigatlara ehtiyac vardir.
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SYNTHESIS AND STRUCTURAL PROPERTIES OF Nd ACTIVATED WITH RARE
EARTH ELEMENT COMPOUND Y3Als012

Mammadova T.N, Jabiyeva A.A

Abstract: In this study, Y
(Nd?® Syntbesize@rdy sol-gel method and their structural properties were analyzed. The
structural properties of the synthesized sample were studied on a D8 Advance (Bruker) device. Obtained X-
ray diffraction spectra were analyzed by Rietveld method using FullProf software. Analysis of X-ray
diffraction spectra showed that the synthesized Nd:YAG compound has a cubic crystal structure with 1a-3d
spatial symmetry, and the crystal lattice parameter was determined as a = 12.023 A.

Keywords: Nd:YAG, nanoparticle, doping, X-ray diffraction

CUHTE3 U CTPYKTYPHBIE CBOMCTBA, AKTUBUPOBAHHOI'O PEJKO3EMEJBbHBIM
9JEMEHTOM Nd COEJJUHEHUS Y:Als01,

Mawmenosa T.H, [I:xabueBa A.A

Annomayua:B Oannoii pabome Oviiu 000a6ieHbl UOHBI PEOKO3ZEMENbHO20 INEeMEHMA Heooumd
(Na3 EB/Memooom Cunmesuposansl HaHokpucmanivl Y
cmpykmypHule ceolicmea. CmpyKkmyphbvle c60lcmea CUHMe3Upo8anHo2o obpasya uzydaiu na npudope DS
Advance (Bruker). [lonyyennvie penmeeHoOuppakyuortvie CneKmpvl aHaIu3uposaiu memooom Pumeenvoa
¢ ucnonvzoganuem npocpammuozo obecneuenus FullProf. Aunamuz penmeenocmpykmypHwiX CHeKmpos
nokasan, umo cunmesupoganmoe coeounenue Nd:YAG umeem Kyouueckylo KpucmaiiuiecKyio Cmpykmypy c

npocmpancmeentol  cummempueti  la—3d, napamemp Kpucmaiiuueckou pewiemku OnpeoeneH Kax
a=12,023A.
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YENI USULLA GERMANIUM VO SILiSIUMDA APARILAN KUTLO
SPEKTROMETRIYANIN TOYINI
Latifova S.S., Abdulova I.N.
Sumgqayit Déoviar Universiteti, Sumgqayit, Azarbaycan

letifovasevil1968@gmail.com., izzet.abdulova@mail.ru

Xllasa: Germanium va silisiumda aparilan kiitlo spektrometrik todqiqatlari [1] gOstarmisdirki, kristallasma

prosesinds onlara daxil olan hidrogenin migdari 2.5-1018% 2 1,75-1019%?11— na

barabardir. Termodinamik hesablamalar hidrogenin Ge va Si-da molekul sakilda olmasini gostarir, atom
halinda olan hidrogenin konsentrasiyasi isa 10*3sm™3-dan artiq olmahdir. Azotun (N) Ge-da hallolmas: ¢ox
kicikdir. Kutla-spektroskopik iisulla aparilan todgiqatlarda Ge-da N atomlart miisahida olunmamigdir. Bu
SaViyya keciricilik zonasmn dibindan 0,14eV moasafasinda yerlasir. Azotun silisiumda avazetma bark mahlulu
yaratmast v onun diyln noqtolarinda yerlasmasi indraqurmizi dalgalarin udulmasi ilo do tosdig edilmisdir.
Bu udulmanun maksimumu A = 10,6 mkm — a uygun golir.

Acar sozlar: Asqar, spektrometrik, konsentrasiya, diffuziya, donor, Termodinamik, spektroskopik

Asgar atomlarinin verilmis yarimkegiricinin qadagan olunmus zonasinda yaratdigi diskret
enerji saviyyalorinin say1 vo Vvaziyyati onlarin tobogalorinin qurulusundan vo onlar arasinda bas
veran kimyavi rabitonin névindon asilildir.

Asqarlarin aktiv vo ya neytral hala gotirilmo middati qizdirma temperaturundan asilidir.

Germanium vs silisiumda aparilan kiitlo spektrometrik todgigatlari [1] gOstormisdirki, kristallasma
prosesinds onlara daxil olan hidrogenin miqdar1 2.5 - 1018% vo 1,75 1019% — na
barabordir.

Termodinamik hesablamalar hidrogenin Ge vo Si-da molekul sokildo olmasini gostorir, atom
halinda olan hidrogenin konsentrasiyasi iso 1013sm™3-don artiq olmalidir.[2] H atomlar1 Ge vo Si
kristalinda yeni diiyiinlor aras1 fozada yenlosib, neytral sokilds olur. Ona gora do onlar kristalin
elektrik xassalarina tasir etmir. Diylnloraras: kanallarla boyiik siiratlo diffuziya edon hidrogenin Ge
vo Si-da diffuziya omsali uygun olaraq 5 - 10~° % vo2-107° % [3].

Litium (Li) Ge vo Si-da daxilolma bork mohlulu omolo gotirir. 150-900° S temperatur

2
intervalinda Li-un diffuziya omsali Ge-da3-107° + 2,7 -107° % intervalinda doyisir.

Hidrogendon forgli olaraq, birinci grup elementi olan Li atomu Ge vo Si-un kristal gofasindas
gzlinlin yegana valent elektronunu asanligla verir va belsliklo gziinii donor tipli asqar kimi aparir.
Li-un Ge vo Siida yaratdigi donor saviyyasi uygun olaraq kegiricilik zonasinin dibindon 0,009 eV
vo 0,033 eV mosafosinds yerlosir. [4] Li-un Ge vo Si-da maksimal hsallolmasi uygun olaraq 8 -

1018sm=3 va 7 - 10%sm=3-dir.[3]
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Hidrogenin atom radiusunun daha kigik olmasina baxmayaraq, Li-un duyunloraras1 fozada
gziinii donor morkazi kimi aparmasi, onunla oxsar olan H atomunun hamin vaziyyotdo neytral
galmasinin sobabini basa diismok ¢otindir. Ik dofs bu anlasilmaz voziyysti nozori olaraq izah
etmok tosabbiisiinii Rayss etmisdir.Burada o, Ge vo Si kristallarmin diiylin ndqtalori arasindan
fozanin bir hissasino dielektrik sabiti daha kigik olan muhit hissasi kimi baxmig vo H atomunun
orada yerlogsmoasini gobul etmisdir. Hesablamanin naticasi gostormisdir ki, dogrudan da bu halda H
atomu ionlasmamalidir.

Azotun (N) Ge-da hallolmasi ¢ox kigikdir. Kiitla-spektroskopik Gsulla aparilan todgigatlarda
Ge-da N atomlar1 miisahido olunmamisdir.[1]

Termodinamik hesablamalar gostorir ki, azotun Ge-da hollolmas1 10°sm3 — don ¢ox ola
bilmoz[2]. Natomu Ge-da morkoazi kimi istirak eda bilor. Ancaq bu barado bizo molum olan heg bir
tocrubi fakt yoxdur.

Azotla Si-u ya ion implantasiyas: vo ya diffuziya yolu ilo asqarlamaq olar.Silisiumu azotla
monokristal yetisdirma prosesindo asqarlamaq iki sobobdon miimkiin deyil. ©vvala, azotun
silisiumda paylanma omsal1 ¢ox kogokdir.(k=10") Ona g6ro N asqar1 gOyaron kristala praktiki
olaraq daxil olmur. ikincisi iso azot silisiumla qarsiligh tosiro girocok SizNa4 birlosmosi yaradir.
Azotla asqarlanmig silisiumun tadgigindon molum olmusdur ki, o, silisium kristalinda diiyiin
négtalarinds silisium atomunu avoz edir va valentliyina uygun olaraq silisiumun qadagan olunmus
zonasinda bir donor soviyyasi yaradir. Bu soviyys kegiricilik zonasinin dibindon 0,14eV
mosafasinds yerlosir.Azotun silisiumda ovozetmo bork mohlulu yaratmasi vo onun diyln
nogtalorinds yerlosmasi indraqirmizi dalgalarin udulmasi ilo do tesdiq edilmisdir. Bu udulmanin
maksimumu A = 10,6 mkm — o uygun galir.

Germanium va silisiumda muxtalif asqarlarim todgigine hasr edilmis bu qisa icmaldan aydin
olur ki, bu movzuya hasr edilmis kiillii miqdarda tadqigat islorinin olmasina baxmayaraq, halo bu
sahada 6yronilmasi lazim galon bir sira magamlar mévcuddur.

ODOBIYYAT
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MACC-CHEKTPOMETPUYECKOE OIIPEJEJEHUE TEPMAHUA U KPEMHUSA HOBBIM
METOJOM
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Peztome: Macc-cnexmpomempuieckue Uccied08anUs, NPOGeOeHHble HA cepManuu u kpemuuu [1], noxasanu,
Ymo KoIUUeCmseo 6000poOA, NOCMYNAIOWE20 6 HUX 6 npoyecce Kpucmanuzayuy, cocmaensem 2,510 18
monexyn/femf u 1,75-[10J 19 monexyn/fem. JF pasno Tepmoounamuueckue pacuemvi nokaswiéaiom, umo
6000p00 npucymcmeyem 6 monexyiaphou gopme 6 Ge u Si, a KOHYeHmpayus amomapHoco 8000pooad
domicna Grime 6onvuwe [10 2 fen ) Pacmeopumocmes azoma (N) 6 Ge ouenv mana. Amomer N ¢ Ge npu
MAcc-CReKMpPOCKONUYECKUX UCCIe008AHUAX He HAOTI00ANUCh. Dmom YpogeHb pachoiodce Ha paccmosHul
0,14 3B om oua 30mbl npogooumocmu. Tom gpaxm, umo azom obpazyem meepoviil pacmeop 3ameueHus 8
KpeMHUul, U e20 PACHONOJCEHUe 6 MOUKAX COeOUHEeHUs NOOMEEPIHCOAemcs: maKice MNo2noueHuem
uHppaxpacHvix 8oaH. DMom Maxcumym noanoweHust coomgemcmeyem A=10,6 mxm.

Knroueswle cnosa: Adoumuenvie, cnekmpomempuyeckue, KOHYeHmpayuonHole, Oug@y3uonuvie, OOHOPHbIE,
mepmMoouHamuieckue, CneKkmpoCKOnu4eckue.

MASS SPECTROMETRY DETERMINATION OF GERMANIUM AND SILICON BY A NEW
METHOD

Latifova S.S.,Abdulova I.N.

Summary: Mass spectrometric studies conducted on germanium and silicon [1] showed that the amount of
hydrogen entering them during the crystallization process is 2.5- 10 *® molecules/fcm? and 1.75- /10 J*
molecules/fcm )3 is equal to Thermodynamic calculations show that hydrogen is present in molecular form
in Ge and Si, and the concentration of atomic hydrogen should be greater than 10 - cm 2 The solubility
of nitrogen (N) in Ge is very small. No N atoms were observed in Ge in mass-spectroscopic studies. This
level is located at a distance of 0.14 eV from the bottom of the conduction band. The fact that nitrogen forms
a substitutional solid solution in silicon and its location at the junction points is also confirmed by the
absorption of infrared waves. This absorption maximum corresponds to A=10.6 um.

Keywords:Additive, spectrometric, concentration, diffusion, donor, Thermodynamic,spectroscopic
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Sn, ,Nd,S(x=0,01;0.02) MONOKRiISTALLARININ KiNETiK XASSOLORI
X.A.Adgo6zalova,0.M.Hasanov

Azarbaycan Ddvlat Pedaqgoji Universitetinin

19590ktay@mail.ru, xatirafizik@mail.ru.

Xiilasa: Taodqiqat isi nadir torpaq elementlori ilo aktiviosdirilmis SnS monokristallarinin boyiimasina, bu
kristallarda praktiki olaraq miihiim torkiblorin va kinetik parametrlorin fiziki-kimyavi analizina va
secilmasina hasr edilmisdir. Bu isdo genis temperatur diapazonunda (100-700K) kinetik xiisusiyyatlorin:
elektrik kecgiriciliyi, Hall oamsali, kegiricilik, istilik kegiriciliyi va istilik kegiriciliyinin temperaturdan asiulilig
oyranilmis va bu niimunalar ticiin termoelektrik somoaralilik hesablanmuigdir.

Acar sozlar: monokristallar, nadir torpaq elementlori, kinetik parametrlor, elektrik keciriciliyi, Hall amsali,
istilik keciriciliyi.

Snl_XNdXS(X=0,01; 0.02) monokristallart Bricmen metodu ilo yetisdirilmis vo alinan

niimunolorin laueqrammalari, difraktoqrammalar1  ¢okilmis, miioyyon olunmusdur ki, bu
monokristallar baglangic niimuns SnS kimi ortorombik sinqoniyada kristallagir[1].
Elektikkeciriciliyin temperatur asililigt  100-700K temperatur intervalinda vakuumda
apartlmigdir. Todqiq olunan monokristallarda anizotropluq miisahido olunmusgdur. Miioyyon
olunmusdur ki, elektrikkegiricilik ¢ oxu istigamatinda ¢ oxuna perpendikulyar istigamatino nazaran
6 dofo azdir [1,7].
Asag1 temperaturlarda (300K kimi) elektrikeciricilik temperaturdan zoif asili olur. Bu

oblastda Nd faizlo artimi elektrikkegiriciliyin azalmasina sabab olur. Bu onunla izah olunur ki,
asqarlanmis SnS monokristali (vakant struktura) p-tip kegiriciliyo (p=10163m*3> malikdir ki,
asqarlarin  konsentrasiyasinin artmast (0,2%) desiklorin Nd-la tutulmasina, basqa sozlo
elektrikkegiriciliyin azalmasina gotirir [2].

SnHNdXS(X=0,01; 0.02) monokristallarinin  Xoll omsalinin temperatur asililifi genis

temperatur intervalinda (100-700K) todqiq olunmusdur. SnS wvo SnHNdXS(X:O,Ol; 0.02)

monokristallari li¢iin Xoll amsalinin temperatur asililiginin tohlilinden gériintir ki, Xoll omsali 300K
temperatura kimi sabit qalaraq, temperaturdan asili olmur. Temperaturun sonraki artimi zamani
(300-360K) Xoll amsali artir. Bu anomaliya qadagan olunmus zonada elektronlar ii¢iin tolalorin
olmasi vo ya temperaturun artmasi ilo slave akseptorlarin yaranmasi ilo izah olunur. Moxsusi
oblastda temperatur artmasi ilo Xoll omsali kaskin azlair [3].

Baslangic maddonin SnS torkibindo Nd miqgdarinin artmasi Xoll omsalinin qiymotinin
artmasina, yiikdasiyicilarin konsentrasiyasinin azalmasina gatirir. 100-300K temperatur intervalinda
Xoll amsaliin sabit qalmas1 bu materiallardan texnikada yiiksok keyfiyyot omsalli material kimi

istifado etmoyo imkan verar.
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Sn,_,Nd,S ( x=0,01, 0.02) monokristallar1 ti¢lin ylikdasiyicilarin yiiriikliiyliniin temperatur

asililigindan (¢ oxuna perpendikulyar ox istiqamatindo) goriiniir ki, SnS-in Nd-la asqarlanamasi ilo

yurtiklik bir godor azalir. Goriindiiyli kimi 300K temperatura kimi temperaturun artmasi ilo
yuriklik #~T" qanunu (n=1,5) ilo artir. Bu artim: 100-300K temperatur oblastinda
yiikdagtyicilarin ionlagmis asqar morkozlordon sopilmasi ilo izah etmok olar. 350K temperaturdan
yuxar1 temperaturlarda desiklorin yiiriikliiyi ¢ ~T" (n=2,2) qanunu ilo temperaturun artmasi ilo

azalir [1]. Beloaliklo, SnS baslangic maddonin Nd-la asqarlanmasi zamani maksimum 50-100K
yuxar1 temperatur oblastina torof siirtisdiiyii, asqarin faizlo artimi zamani ilo yiiriiklilyiin gqiymatini
azaldig1 miisahids olunur.

Eksperiment gdstorir ki,todqiq olunan niimunslords termo e.h.q.-si 100-400K temperatur
intervalinda temperaturun artmasi ilo artir, T=450K temperaturdan sonra iso azalir.Bu niimunslords
ylikdasiyicilarin konsentrasiyas1 400K temperatura kimi sabit qalir vo termo e.h.q. artmasi eyni tip
sopilmo mexanizminin tasiri ilo izah olunur [4,6].

Sn, Nd,S ( x=0,0L 0.02)m0n0kristallar1nda istilikkecirmo omsalinin temperatur asililigi

todqiq edilmis, miisyyon olunmusdur ki, todqiq olunan niimunslordo temperaturun artmasi ilo
istilikkegiricilik azalir, ancaq Nd faizlo artimu istilikkegiriciliyin artmasina sabab olur. Bu artim iki
faktorla izah oluna bilor: Nd-lo asqarlama SnS-do desiklorin konsentrasiyasini azaldir, fononlarin
rogsi horokati zoifloyir vo noticodo istilikkegiriciliyi artir. Digor torofdon Nd olavo edilmasi ilo
vakant morkozlorin tutulmasi ilo niimunolorin defektliyi “tomizlonir”, b.s. materialin “metallagmas1”
artir /4,5/.

Elektrikkegiriciliyin, termo e.h.q.-nin va istilikkeciriciliyin qiymotlorindan istifado edorak bu
niimunolor iiclin termoelektrik effektliyi hesablanmis vo tempe-ratur asililigt qurulmusdur vo
mioyyon olunmusdur ki, bu niimunslor termomaterial kimi istifado oluna bilmoz.
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KUHETUYECKHE CBOIICTBA MOHOKPUCTAJLIIOB Sn,_ Nd S (x =0,01 0.02)

X.A.AnrozenoBa, O.M.I'acaHoB

Annomauus. Hayuno-uccnedosamenvckas paboma nocésaujena Sblpauu8anuio MOHOKPUCIATIO8
SnS, akmusupoB8aHHvIX pPeoKO3eMeNbHbIMU IeMEHMAMU, QUUKO-XUMUYECKOMY aHAIU3y U noobopy
NPAKMUYECKU BAJICHBIX COCMABO8 U KUHETNUYECKUX Napamempos 8 smux Kpucmaiiax. B oaunoi pabome 6
wupokom  Oouanaszone memnepamyp (100-700K) uccrnedosanvt  memnepamypHvle — 3a8UCUMOCTNU
KUHEMUYeCKUX CEOUCME: INeKMPONPoBoOHocmu, Kodgpguyuenma Xonna u menionpogooHoOCmu, a maxice
PACCUUmMan mepmo3ieKmpuieckull dgpgexm ons s3mux o6pasyos.

Knrwouesvie cnosa: monoxpucmanivl, peoKozemenvbHvle dNeMEeHmbl, KUHemudeckue napamempul,
INEKMPONPOBOOHOCMb, KO Puyuenm Xoaiia, menionposooHOCHb.

KINETICS PROPERTIES OF SINGLE CRYSTALS
X.A.Adgozdlova, O.M. Gasanov

Abstract. The research work is devoted to the growth of SnS single crystals activated by rare earth
elements, physic-chemical analysis and selection of practically important compositions and Kinetic
parameters in these crystals. In this work, the temperature dependence of the kinetic properties: electrical
conductivity, Hall coefficient, conductivity, thermal conductivity, and thermal conductivity were studied in a
wide temperature range (100-700K), and the thermoelectric efficiency was calculated for these samples.

Keywords: single crystals, rare earth elements, kinetic parameters, electrical conductivity, Hall
coefficient, thermal conductivity.
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QEYRI BiRCINS QIZDIRILMIS n-Cd, Hg,_,Te MONOKRISTALLARINDA
MAQNITKONSENTRASIYASIYA EFFEKTI
Ismayilov R.M.,Ismayilova X. i., Yunisova R. M.
Sumgqayit Dovlat Universiteti

ramiz.ismayilov.1979@mail.ru, xedice-aliveva@mail.ru, yunisova 2016@mail.ru

Elektrik vo maqgnit saholorinin qarsiligh tasiri zamani yarimkegiricilordo miixtalif effektlor
miisahido oluna bilar ki, bunlardan biri do magnitkonsentrasiya effektidir. Bu effektin mozmunu
asagidakilardan ibaratdir.

Ogoar nimunoanin oks konarlar1 S, > S mixtalif sotli rekombinasiya stratino malikdirss va
ona tothiq olunan E elektrik vo H maqgnit sahslorinin qarsiliqh istiqamatlori elodir ki, Lorens
quvvasi carayan dasiyicilarin1 S konarina konsentrasiya edir, onda S, konarinda qeyri tarazliqh
elektron desik clitiiniin sath generasiyasi bas verir.

Bu materiallarda konsentrasiyasiya effektinin todqigins bir ¢ox islor hosr olunmusdur.[1-4] Bu
todgigatlar asasinda maqnit hassasl cihazlar hazirlanmigdir ki, onlarda hom moxsusi ham dos asqar
keciricilik Cd,Hg,_,Te asash otlriculor kimi istifado olunur. Bu isdo sabit carayan gradiyentli
nimunoalor misalinda ( Lorens qiivvasi isdigamatinds) MKE-nin tadgiginin eksperimental naticalori

verilmisdir. Eksperimentlor mixtolif torkibli n — Cd,Hg,_,Te nimunoalorinds aparilmis voT =
2
80K temperaturundan n = (1 —8) x 10%sm, u, = (1—7) x 104% giymotlorini  almigdur.

Todgigat tgun olgtlori 8 X 2 X 2.5 mm nimunalor secilmisdir. Se¢im aparilarkon zoif elektrik
sahasindo EDC-nii dartilma uzunlugunun niimunanin uzunlugundan kecikliyi nozors alinmigdir.
Nimunalarin sonu omik kontaktlarla, onun konarlar1 iso Lorens qlvvasino perpendikulyar
olmagla xiisusi islomolorlo bdyuk rekombinasiya surstlori ilo tomin edilmisdir ki, bu zaman
nimunonin konarlar1 radiatorlarla istilik kontaktinda olurlar. Konarlarda temperatur farglori bir
radiatorla qizdirilma vo diger radiatorla soyudulma hesabina tomin edilir. Nimunonin sothinds
temperatur “ mis- konstanta” termocdittiniin kémayi ila 6l¢ulir. Numunanin T orta temperaturu sabit
saxlanilir. Niimuna doayison magnit sahasinds yerlosdirilir vo sabit coroyanla gidalandirilir. Maqnit
sahasindo niimunads mugavimatin  doyismosi mixtalif T temperaturlarinda vo onun AT
gradiyentlorinds Slgtilmiisdur. Sokildo magnit sahoesinds d = 2mm qalinhight n — Cd,Hg,_,Te
nimunolori Ugtin mixtalif orta temperaturlarda AUy gorginlik diisgiisiiniin temperaturlar fargindon

asthiliginin eksperimental oayrilori verilmisdir. Sokildon goriindiiyti kimi asagi temperaturlarda

(T =80 K)(1 vo 1 ayrilori). AUL(T) komiyyati qgeyri-xotti xarakters malik olur. Lakin 200 K

temperatur oblastinda bu asililiq praktiki olaraq xattidir.
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n—CdyssHgoesTe numunalori Gglin AUy (AT)anoloji asililigi sokil 2-do gostorilmisdir. U (T)

temperatur gradiyentindan asiiign Ty K : 1,1'-
80;2,2' 200 (H = 2.5 ke ,E = 10 —)

astliliginin gedisi sokil 1-0 anolojidir. Bu zaman geyd etmok lazimdir ki, U-nun adadi giymati az
olur. Sath rekombinasiyasinin bdyiik siiratlorindo temperatur gradiyentli MKE maksimal giymatino
catir. Bu da 6z ndvbasinds Kigik sath rekombinasiya siiratlorinds nimunanin kenarinda va hacminda
geyri tarazlighh dasiyicilarin koskin artimmin garsistmi alir. Bu halda konsentrasiya effektlori
moxsusi kegirigiliya yaxin olan yarimkegirigilordo 6zlnu daha kaskin biruza verir. Belo halda
yarimkegiriginin digar parametrlori ilo migayisads (yiirtikliik, yasama miiddati va S.) qeyri- osas
yiikdastyicilarin konsentrasiyasinin temperaturdan asililigi daha giiclii olur. Temperatur asililigi zoif

olan parametrlor sabit hesab olunur.
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MAGNETOCONCENTRATION EFFECT iN A REPEATEDLY HEATED MONOCRYSTALR-
Cdngl_xTe.

Ismailov R.M., Ismailova Kh.I., Yunisova R.M.

Summary: When exposed to crossed electric and magnetic fields, various effects can be detected in
companion conductors, one of which is the so-called magneto concentration effect. This paper presents the
results of an experimental study of the FEM in the presence of a constant temperature gradient in the
samples.. Experiments are carried out on samples n-Cd,Hg,_,Ten = (1—8) x 10™*ecm™3 u p, = (1 —
7) X 10*cm? / Bcat a temperature of T=80 K. The dimensions of the samples 8x2x2,5 mm were chosen
based on the consideration that the length of the EDP tightening at weak electric fields was less than the
length of the samples.

Key words: Monocrystals, temperature, magnetic field, voltage drop.

MATHUTOKOHIEHTPAIIMOHHBII ®®EKT B HEOJHOPO/JHO
PA3OIrPETOMMOHOKPUCTAJLIE n-Cd, Hg,_,Te.

Hcemaiinos P.M., UcmaniioBa X.U., FOnucosa P.M.

Pezrome: Ilpu 6030eticmeuu CKpeujeHHbIX IAeKMPULECKUX U MASHUMHBIX ROl 8 NONYNPOBOOHUKAX MOZYM
00OHAPYIICUBAMBbCST PA3IUYHbIE dDDeKmbl, OOHUM U3 KOMOPBIX AGIAEMCS KAK HA3bI8AEMbIl MASHUMO
KOHYEeHmpayuounwlti  d¢pgpexm.B 0annom pabome npugoOAMcs pe3yibmamvl IKCHEPUMEHMATLHO2O
uccreoosanus MKDO npu Hanuuuu 6 obpazyax NOCMOAHHO20 2PAOUEHMA MeMnepamypsl. IKCHEPUMEHMbl
npoeodunuce na obpasyax n — Cd,Hg,_,Te pasiuunozo cocmasa u umeau n= (1 —8) x 10*cem™3 u
Uy, = (1 —7) x 10*cm? / Bc npu memnepamype T = 80 K.Pazmepui o6pazyos 8x2x2.5 mm evibupanuce u3
mex coobpadicenuti, umo oauna 3amuseusanuss I npu cnadvix 21eKmpuyecKux noasax Ovlio MeHbuie, Yem
OnuHa 06pasyos.

Knroueswvie cnosa: MOHOKpMCI’I’ldJZJZbl, memnepamypa, MacHumHuoe novie, naoenue Hanps;ssiCeHusl.
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CARPAZ SAHOLORDO n — Cd,Hg,_,Te MONOKRiISTALLARININ VOLT-AMPER
XARAKTERISTIKALARI
Ismayilov R.M.,Ismayilova X. i., Yunisova R. M.
Sumgqayit Dovlat Universiteti

ramiz.ismayilov.1979@mail.ru, xedice-aliveva@mail.ru, yunisova 2016@mail.ru

Molum oldugu kimi kadmium — cive — tellur monokristallar1 osasinda IQ- siialanma
fotogobuledicilori asason gucli elektrik sahalorinds isloyirlor [1]. Bu soraitdo gostarilon
fotogobuledicilordo mixtalif dayanigsiz corayanlar yaranir. Buna gora do bu is ¢arpaz elektrik vo
magnit sahalorinin kristallarin VAX-na tasirinin dyranilmasino hoasr olunmusdur. Tadgiq olunan
nimunoalor  kiitlovi  monokristallardan 0,2 x 0,2 x 3,0 mm36l¢iilii  paralepiped formasinda
kosilmisdir.

Olgmolor verilmis gorginlik rejiminds impuls metodikas: iizro hoyata kegirilmisdir. Impuls
gorginliyi I'5 — 54 generatoru vasitasiylo formalasdirilir. impulsun asag tezliyi (20-50 Hs) niimuna
qizdirilmadan tomin olunur [2].

LA

1,2

08 -

0,4

80 E.Vsm™! 160 240

Sokil 1.x=10,25 (1,1',1", 1" ayrilari) vo x = 0,28 (2,,2',2", 2" ayrilari)-li
n — Cd,Hg,_,Te numunalarinin muxtalif enina magnit sahalarinda Voltamper
xaraktteristikasi.

Mixtolif torkibli monokristallar t¢un tacriibi alinan stasionar VAX-1 sokil 1-do gostorilmisdir.
Xarici magnit sahasi olmadigda VAX darzonali yarimkegiricilor {i¢iin xarakterik olan formani alir
(1.2 ayrilori). Belo ki, elektrik sahasinin E intensivliyi artdiqca zoif geyri — omik desilmo gabagi
hisso daha aydin ifado olunmus superxatti hissa ilo ovozlonir ki, bu da zonalararasi desilma ilo
olagoadardir. Magnit sahasinin tasiri ilo situasiya doayisir. Zaif magnit sahalorinds desilma oblastinin
baslangici kigik elektrik sahasi oblastina siiriisiir, basqa s6zlo zonalar arasi zorbs ionlasmasi bas

verir. Magnit sahasinin sonraki artiminda desilma guclonir va proseslor bitin elektrik sahasinds bas
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verir. Bu hadisonin sababini aydinlasdirmaq ti¢lin bizim torafimizdon ham do desilmo elektrik

sahasinin geyd olunmus qiymatlarinds coroyanin maqnit sahasinin H intensivliyindon asililiginda

todqiq edilmisdir.
1
LA 1L
08 | 2
0,4 1
—t—t— ! :
2 4 HKe 6

Sakil 2. n — €d,Hg,_,Te (x=0,25 va x=0,28) nimunalari U¢lin carayanin maqnit sahasinin
intensivliyindan asihiligi. E=220 V/sm, AZ = 50 Hs

Molum olmusdur ki, miixtalif torkibli Cd,Hg;_,Te nimunalori ii¢iin I(H) asililiginda
maksimumlar misahido olunur. Tacribalor gostorir ki, niimunslorde CdTe-nin miqdar1 artdigca
carayanin maksimumlar1 boyiik maqnit sahasine torof stirtiiirlor [3-4].

Bizim torofimizdon miisahido olundu ki, magnit sahasinin caroyanin qorarlagsma
dinamikasina tasiri bir basa zarbs ilo ionlasma ilo zonalararasi desilma arasinda slagonin oldugunu
gostorir. Belo Ki, zorbs ilo ionlagsmanin artmasi maqnit sahasinds desilmoanin dinamikasini doyisir.
Aydin olmusdur ki, coroyanin zamanla ilkin artma siirati Vo elocods zorbo ionlasmasinin siiroti H =
1,8ke vo 2.7kesahalorinds maksimumdur. Bu da x=0,25 vo x=0,30 nimunalori U¢ln caroyanin

magnit sahasindon asililiq maksimumlari ils Ust-Usto diistir.

OBOBIYYAT
1. ismayilov R.M., Barxalov B.S. DKckio3usi HEOCHOBHBIX HEPABHOBECHBIX HOCHTeNeil 3apsma B p —
Cd,Hg,_,Te Energetikanin Miiasir Elmi - Texniki vo tatbigi Problemlari. Beynolxalq elmi konfransin
materiallar1 27-28 oktyabr 2015. Soh.185-187.
2. Ismayilov R.M., Barxalov B.S., Sadiq X.0. ®oroanekTpudecKkne CBONHCTBA MOHOKPHCTAIIOBN —
Cd,Hg,_,Te (0,26 < x < 0,30). Azarbaycan Respublikasi Tohsil Nazirliyi Sumqayit Dévlst Universiteti.
Elmi xabarlar. Tabiat va texniki elmlar bélmasi. C.16, Nel, Sumgayit-2016. Soh. 6-11.
3. Asgarli R.©. Photoelectric properties of CD.HG. TE and photodetectors on their bases. II International
scientific conference of young researchers Baku Engineering University. 27-28 April 2018, Baku,
Azerbaijan. Sah. 136-138.

80



4. Ucmaiismos P.M xu bapxanos b.11l., UcmaiibumoBa ®oTonpoBoaumocts kpuctamos Cd,Hg,_,Te npu
HOBepXHOCTHOM BO30ykaenun. Tothigi fizika vo energetikanin aktual mosalalori. Beynolxalg Elmi

konfransin materiallari, 24-25 may 2018. Sumgqayit. Sah. 92-96.

BOJIBT-AMITIEPHBIE XAPAKTEPUCTUKU MOHOKPUCTAJIJIOBu —Cd, Hg,_,Te
B CKPEHIEHHBIX ITOJISIX
Hcmaiinos P.M., Ucmaniiosa X.U., FOnucosa P.M.

Pezrome: Kax uzeecmno gomonpuemnuxu HUK-usnyuenus Ha 0CHO8e MOHOKPUCMANIO8 KAOMUL-DIMYMb-
mennyp pabomaiom 6 OCHOGHOM NpU GLICOKUX INeKMpudeckux nonax.lpu smux ycioeusx 6 yKa3aHHuIX
omonpuemHuxax 603HUKalOM pasiuyHvle Heycmouuugocmu moxa.llosmomy sma paboma noceéauena
0eMAaNbHOMY U3VUEHUIO GIUAHUA CKPEUJEHHBIX INEKMPULEecKO UMAHUMHO20 nored Ha BAX xpucmannos.
Hccnedyemvie 06pasybl ebipe3anucb U3 MACCUBHBIX MOHOKPUCMANN08 6 ¢hopme napanierenuneda c
pazmepamu 0,2x0,2%3,0 .

Knrwueesvie CJlOGa-‘BOﬂbI’I’Z'aMnepHCI}l xapakmepucmuka, nonepednoe MdAadcHUmMHoe noje, HANnpsANCeHHOCmb
MACHUNTHO20 NOJIAl, HANPANCEHHOCMb IJEKMPUUECKO20 NOJIA, ydapHaﬂ UOHU3AYUA.

VOLT-AMPRY PROPERTIES OF n — €d,Hg{_,Te MONOCRYSTALS IN CROSSED FIELDS
Ismailov R.M., Ismailova Kh.I., Yunisova R.M.

Summary: As is known, IR photodetectors based on cadmium-mercury-telaurium single crystals operate
mainly at high electric fields. Under these conditions, various current instabilities arise in the indicated
photodetectors.Therefore, this work is devoted to a detailed study of the influence of crossed electric and
magnetic fields on the current-voltage characteristics of crystals. The studied samples were cut from massive
single crystals in the form of a parallelepiped with dimensions of 0.2 x 0.2 x 3.0 mm®,

Key words : Volt-ampere characteristics, transverse magnetic field, magnetic field strength, electric field
strength, impact ionization
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(SnSe);_,(DySe), SISTEM ORINTILORINDO® MAQNIT MUQAVILOTI
C.I.Hiseynov, O.M.Hasanov, A.X.Adgdzalova, H.A.Aslanov, G.9.Qarasova
Azarbaycan Dovlat Pedaqoji Universiteti
cahangir.adpu@mail.ru

Xulasa:Bark mohlul oblastinda (SnSe),_,(DySe), nimunalori alinmis, onlarin galvanomagnit xassalari
todqgiq edilmis va magnit mlgavimatinin temperatur va magnit 2 magnit sahasinin intensivliyindon asililig
tohlil edilmisdir. Miiayyan bir temperaturda maqgnit migavimatinin isarasinin dayismasi ilo yik dasiyicisinin
sopilma mexanizminda dayisiklik, onun boyiik doayari todgiq olunan nimunalards  ikinci név yik
dagsiyicilarinin méveud oldugunu gostorir.

Acar sOzlar: bork moahlullar, yiik dasiyicilar, qalvanomagnit xassalor, maqgnit migavimati, sapilma
mexanizmlari, inversiya noqtasi.

Mirokkab ion-kovalent kimyavi rabitoys malik olan Qalay monoselenidiNacCl tipli strukturda
kristallagir. SnSe-nin osas xususiyyatlorindon biri muoayyan doracodo defektlorin mévcudlugu ilo
baglidir. Onlarin kvazi-lokal soviyyslor yaradan asqarlarlalegiro olunmasi praktiki totbiqi
imkanlarin1 genislondirir. Nadir torpaq elementlarinin (NTE) galay monoselenidino daxil edilmasi
defektlarin tobioti vo qarsiliglt tosiri ilo bagl bir sira fiziki xassalorin yaranmasina sabab; olur.
Yarimkegiricilordo NTE asqarlarmin davranist boazi forgli xlsusiyystlorlo xarakteriza olunur,
mosoalon, asagi hollolma qabiliyyati vo NTE-nin materiali "tomizlomok" gabiliyysti, bu da fon
asqarlarinin vo defektlorin konsentrasiyasini shamiyyatli doracads azalir [1].

NTE-nin istiraki ilo alinan maddoalor bazi elektrik enerjisi ceviricilorinin, siialanmaya, tozyigo
Vo rutubsto davamli olan miixtalif nOv enerji gevricilorinin istehsalinda genis istifado olunur. Bu
ndgteyi-noazordon nadir torpaq metallarinin istirak ilo orintilor vo birlogsmolor asasinda tolob olunan
fiziki xassoloro malik yeni perspektivli materiallarin oldo edilmasinin miimkiinliiyii onlarin
todgiqatlarini xiisusi shomiyyat kasb edir. Buna gora do SnSe vo DySe xalkogenidlorinin garsiliqlt
tasirinin 6yranilmasi, hamginin amala golon bark mohlullarin gqalvanomagnit xassalarinin hartarofli
dyranilmasi elmi va praktiki maraq kasb edir.

Genis temperatur diapazonunda kvazibinar birlosmonin (SnSe);_,(DySe), bork mohlullart
regionunda alinmis miixtolif torkibli nimunalarin galvanomagnit xassalori todqiq edilmis, imumi
ganunauygunluq tohlil edilmisdir. Sabit corayan rejiminds sabit magnit sahosinds 300 + 620K
temperatur intervalinda xtisusi elektrik kegiriciliyi (o), Hall amsali (R) va nishi magnit mugavimati
(Ap/po) Olgtilmiisdiir [2]. Tacribalorda yol verilon xoata 4,2%-don ¢ox olmayib.

(SnSe);_,(DySe), bark mohlullarinda, x=0,01 vo x =0,02torkiblora uygun
nimunalordo miisahide olunan magnit migavimotinin temperatur asililigi sokil 1 tosvir edilmisdir.
Hor iki nimunads temperaturun artimi ilo magnit migavimoti artaraq maksimumdan kegdikdan
sonra azalir. Maqnit miigavimati 0zUnin maksimum qiymatino (SnSe)qq9(DySe)q o1 torkibli

nimunads 320 K temperaturda, (SnSe)q.q5(DySe)qonNlmunasinds iss 380 K temperaturda catir.
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Magnit migavimati x=0,025 tokibli arintilordo T=420 K, x=0,04 torkibli orintilords iso T=470 K
temperaturda maqnit migavimati isarasini misbatdon monfiys doyisir[3].Qrafiklordon gorunduyd
kimi torkiblordo Dy elementinin miqdar1 artdiqgca maksimumuna va inversiya nogtasine uygun
temperatur yuxar: temperatur oblastina torof siiriisiir. Istonilon torkibde magnit migavimatinin
miisahido olunmasi vo onun giymatinin boyiik olmasi tadgiq olunan niimunanin energetik zona
qurulusunun miirokkob olmasin1  hamginin do ikinci ndv yiikdasiyicilarin - méveudlugunun
gostoricisidir[4].

Alman naticolorin analizi todgiq

olunan arintilorin gisman kompensasiya

Q
. 3
olunmus materiallar oldugunu sdylomays N6
=)
i

imkan verir. Magnit miigavimatinin

2+
maksimum  giymetindo  konsentrasiya L Cey o, LK
o 300 340 380 500 540 580 620
Oziiniin doymus halina c¢atir. Hor iki 2r 2
nimunadamagnit mugavimatinin 6

isarasinin musbatdon moanfiya doyismasi

o

kristallarda yiikdagtyicilarin osas sopilmo 10 g, 1 (SnSe),.(DySe),orintilorinin magnit miigavi-
mexanizminin doyismasi ils baghdir. motinin temperatur asililigi. 1-x=0,025; 2-x=0,04

Hor iki nimunods T=420+450 K-do miisahido olunan anomal dayismoays sobab, ¢ox ehtmal
ki, yiikdastyicilarin sopilmo mexanizminin doyismosidir. Bu mexanizmi arsdirmaq ti¢iin har iki
nimunods xususi elektrikkegiriciliyi vo Holl amsalinin noticalorina asasen yiikdasiyicilarin
yuriiklilyliniin temperatur asililigina baxilmus, yiikdasiyicilarin sopilmo mexanizmi aragdirilmigdir.
T<420 K temperatur intervalinda ionlasmis agsqar markazlorindon, T>450 K intervalinda iso kristal
gofasin duyun noqtalarindan sapilmonin Ustinlik taskil etdiyi miiayyonlosdirilmisdir.

Asagi temperaturda (SnSe);_,(DySe), sisteminin bir sira nimunalorinds (x = 0,005,0,01

vo 0,02) magnit sahasindo monfi magnit mugavimati miisahido olunur. Se¢ilmis torkiblor Gglin aldo

edilon naticalordon A7'0(H) asililiglarin qrafiklori qurulmus vo tohlil aparilmigdir. Miioyyan

edilmigdir ki, magqnit sahasinin intensivliyinin kigik giymotlorinde magnit mugavimati manfi olur
Vo intensivliyin artmasi ilo yiikdastyicilarin konsentrasiyasi80 K temperarurda 6.2 - 1017sm~3olan
(Ne2) vo 9.7 -10%%sm™3(Ne3) niimunolordo miivafig olaraq Ap/p(H) miisbot giymoto kegid
miisahido edilir. Asagi temperaturda olglilmiis nlimunalords Holl sabitinin maksim giymoti T =
105 K temperaturun yaxin otrafinda askar edilir ki, bu da asqar zonas1 alagalondirilir.

Monfi magnit migavimati yalniz todgiq olunan niimunalords Holl omsalini maksimum qiymot
aldig1 temparaturdan asagi temperaturlarda, yoni asqar kegiriciliyinin {stiinliik toskil etdiyi

temperatur oblastinda, miisahido olunur. Zaif sahalords saha intensivliyinin giymotinin artimi ilo
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(A?p) ~H?asihlg1 doyma halina meyl géstorir. Bununla belo, faktiki doyma hali fargli nimunalorda

magnit sahasi intensivliyinin forgli giymatlorinda olds edilir vo magnit migavimatinin doyma

halina uygun doyarlorinin miitlag giyati azalaraq isaroni misboto doyisir.
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MATHUTOCOINIPOTUBJIEHUE B CUCTEMHBIX CIIVIABOB(SnSe){_.(DySe),
Jx.N.I'yceiinoB, O.M.I'acanoB, A.X.Anrosesiosa, I'.A.Aciianos, I'io.A.I'apamosa

Pesrome: Tlonyuenvt obpasyvi (SnSe),_,.(DySe), 6 obracmu meepdoco pacmeopa, uccied08aHvl uUx
2a1bBAHOMACHUMHbIE  CBOUCMBA U  NPOAHATUSUPOBAHA  3ABUCUMOCMb  MASHUMOCONPOMUBIEHUS  OM
memnepamypbl U HANPANCEHHOCMU MASHUMHO20 NOJA. M3meHeHue mexamuzma paccesiHus Hocumeneu
3apso0a co CMEHOU 3HAKA MASHUMOCONPOMUBIEHUsS NpU OnpeoeleHHOl memnepamype, e20 00abuias
BEIUUUHA CBUOCMENbCIEYEM 0 HANUYUL 8IMOPO20 MUNA Hocumernell 3apsaoa 8 Uccie008aHHbIX 00PA3YAX.

Knroueevie cnosa: meepdbze pacmeopbul, Hocumenu 3apﬂ0a, 2AsIb8AHOMACHUMHbLE CGOﬁCWlGCI,
MACHUMOCONPOMUBTIEHUE, MEXAHUIMbL DACCEAHUA, MOYKA UHBEPCUU.

MAGNETIC RESISTANCE IN SYSTEM ALLOYS (SnSe);_,(DySe),
J.1. Huseynov, O.M. Gasanov, A.Kh.Adgozelova, H.A.Aslanov, G.A.Garashova

Abstract: Samples of (SnSe),_,(DySe), in the solid solution region were obtained, their galvanomagnetic
properties were studied and the dependence of magnetoresistance on temperature and magnetic field
strength was analyzed. A change in the scattering mechanism of charge carriers with a change in the sign of
magnetoresistance at a certain temperature, its large value indicates the presence of a second type of charge
carriers in the studied samples.

Key words: solid solutions, charge carriers, galvanomagnetic properties, magnetoresistance, scattering
mechanisms, inversion point.
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GdxSn1-xSeORINTILORININ  TERMOMAQNIT XASSOLORI
C.I. Huseynov, O.M.Hasanov, A.X.Adgdzalova, H.A.Aslanov, G.9.Qarasova
Azarbaycan Doévlat Pedaqoji Universiteti

cahangir.adpu@mail.ru

Xilasa: Gd,SnixSe sistem arintilarinin termomagnit xassalarin temperatur va magnit sahasi intensivliyindan
asuilig tadqiq olunmusdur. 450 — 550 K temperatur intervalinda enina Nernest-Ettihauzen effekti isarasini
mushatdan manfiya dayisir. Sistem arintilarinda gadalinimun migdarinin artmast ilo inversiya temperaturu
yUksak temperatur oblastina toraf siiriisiir, termo-e.h.q.-nin dayismasi da nisbatan boyuk olur.

Acar sozlar: sistem orintilari, termomagnit xassalar, inversiya ndgtasi, termo-e.h.q.-nin dayismasi

Termomagnit effektlorin magnit sahoasindon vo temperaturdan asililiginin dyronilmasi todgiq
olunan nimunalords yiikdasiyicilarin vo fononlarin relaksasiya mexanizmlori, Kkvazizaracilarin
spektrlorinin xtsusiyyatlari hagginda daha dolgun molumat almaga imkan verir [1, 2].

SnSe birlosmoasi osasinda yeni xassali yarimkecirici materiallar almaq moagsadi ilo SnSe
gofasinda Sn-atomlarnin gismon nadir torpaq metallarindan olan Gd atomlar1 ilo avaz olunmasi
yeni torkibli bark mohlullar alinmis vo homin arintilords termomagnit xassalari (enina va uzununa
Nernest-Ettinhauzen effektlori) todqiq olunmusdur [3, 4].

GdxSni1xSe sistem orintilorinds termo-e.h.q.-nin temperatur o(t) asililiginin todqigi  sistem
kristallarinda x>0,005 at% Gd-li nimunalardos kegiricilik tipinin doyismosinin bas verdiyini gostorir.
x=0,005 torkibli nimunads Kkegiricilik tipinin doyismasi T=420 K temperaturuna uygundur. Digor
x>0,005 nimunalor n-tip kegiriciliya malikdirlor vo kimi torkiblordo Gd elementinin miqdari
artdigca ekstremumun miitloq giymotco doyismasi nisboton yuxari temperatur oblastina dogru
(x=0,01-d> T=440 K; vo x=0,05-do iso T=500 K-do bas verir) siiriisiir. SnSe monokrisatlindaki
termo-e.h.q.-si tadqiq olunan biitiin temperatur oblastlarinda GdxSnixSe bark mohlullarindakina

nisbaton boyiik olur. Asqar kegiriciliyi oblastinda, 80-360 K temperatur intervalinda temperaturun
artimi ilo termo-e.h.q.-si artaraq maksimum giymotine a = 450 mTkV-a catir, moxsusi kegiricilik

oblastinda temperaturun sonraki artiminda isarasi misbst galmagla monoton azalma miisahido
olunur. SnS binar birlosmasinds Sn atomlarinin gisman NTM ilo ovaz olunmasi termo-e.h.q.-sinin
giymotinin azalms: ilo yanasi, onun azalma intervalinin daha yiiksok tempetatur oblasina torof
stirligdiiyiinii gostorir.

GdxSni1xSe  sistem orintilorinds temperaturun artimu ilo termo-e.h.qg.-sinin avvoalco artmast,
sonradan iso azalmasi todqiq olunan biitiin fazalarinda xarakterikdir. Termo-e.h.q.-nin miisahids
olunan temperatur asililigini iki zonali modells, yani iki ndv: yungil vo agir yiikdasiyicilarin
moveudlugu ilo izah etmok olar. Bu  sistem orintilorinin Holl vo trmo-e.h.q.-si amsallarinin

temperatur asililiglart bir birlori ilo yaxsi uzlasir. Todqiq olunan sistem orintilorinds yingul vo agir
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desiklorin mévcudlugunu, yani valent zonasmin iki alt zonadan ibarat olamasini farz etmoklo R va
a —nin temperatur asilioliginda miisahido olunan anomalyani yaxsi izah etmok olur [7].

Sokil 1-do GdxSnixSe sistem
arintilorinin 2-x=0,0025 vo 4-némroli 12y

x=0,01 nimunalorda enina  Nernst-

Ettingsgauzen effektinin temperatur °l

asililiglarinin tacriibedon alinmis noti- 4.: TK
colorin  grafiklori verilmisdir. 1-ci O 7o 150 AT
sokildoki grafiklordon gérinduyd kimi _ \\.\//’7
Ey(T) asililigr isarasini  x=0,0025 . " 4

nimunasinds T=530 K-ds, x=0,0100 L ANAA
° ° ° Sokil 1. Gdx Snix Se kristallarimin bazi torkiblarinda
nimunasinda IS0 T=460 K -1zt enina N-E effektinin temperatur asililig

temperaturunda isarasini musbatdon monfiys doyisir. Digar torafdon torkiblordo Gd elementinin
miqdar1 nisbaton ¢ox olan nimunads Ey kamiyyatinin giymoti do bdytkdir. (T<300 K). Uygun
olaraq T>500 K temperaturunda da 4 sayli niimuns Ugln tocriibadon alinmis Ey - adadinin giymati
mitloq giymoatco 2-sayli niimunonin giymatino nozaron boyikdir. Ey(T) asililigimin miisahido
olunan formada doyismosi ikinci nov yiikdasiyicilarin yaranmasi va Sopilmo mexanizminin doyis-
mosi ilo bagli oldugu ehtimal olunur.
GdxSnixSe  sistem  orintilorinin - 2-
x=0,0025 va 4-ndmrali x=0,01 nlmunalari
Uclin temperaturun mixtalif giymotlorinds
termo-e.h.g.-nin magnit sahasinds doyismoe-
sinin, uzununa N-E effektinin Aa(H) maqgnit
sahosindon asililiq qrafiklori  sokil 2-do
verilmisdir. Burada T = 95 vo 310K

> H, KErst
temperaturlarindaAa (H) asililigina baxilmis- 0 2 4 6 8 10 12
. ) ) Sokil 2. Gdx Snix Se  kristallarini torkibli
dir vo mioyyan olunmusdur ki, magqnit nimunalarda Ao —nin H sahadon asililigr 2- X
sahasinin nishaton Kicik giymatlorindo (H < =0,0025; 4-x=0,01

7 kErs)Aa(H) suratlo vo Xatti artir. Magnit sahasinin sonraki giymatlorinds ise surat artimi azalir.
Qrafiklordon gorinduytd kimi Aa(H) asilihiginda analoji doyismolor miisahido olunur vo
temperaturun artmasi ilo Aa — nin giymotindo mitonasib azalma miisahido olunur. Muxtalif
temperaturunda aparilan todgiqat gostorir ki, H = 12 kErst qiymatlorindo Aa(H) 06zinin

maksimal doyma giymatina ¢atmur.
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p-tip kegiricilikli No 2 niimunssinds E, sahesi T ~ 540 K temperatura godar musbatdir,
temperaturun sonraki artiminda iso E, menfi olur.  E maksimal mishst giymstini T =~ 380 K

temperatur yaxmhiginda alir vo temperaturun artimi ilo monfi qiymotino kimi azalir. Ne 4

nimunads T = 100 — 250 K temperatur intervalindaE (T) giymstinds zsif azalma miisahids

olunur, temperaturun sonraki artiminda nisbaton koskin azalaraq, T = 430 K temperaturunda inver-
siya noqgtesindon kegcmoklo monfi olur vo giymatinin maksimumu T ~ 550 — 560 K temperatur
intervalina diisiir. GdxSnixSe sistem orintilorindo gadalinimun miqdarinin artmasi ilo inversiya

temperaturu ylksok temperatur oblastina toraf siiriisiir.
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TEPMOMATHUTHBIE CBOMCTBA CIIJIABOB GdxSnixSe
dx.U. I'yceiinos, O.M.I'acanoB, A.X. Aarosesiona, I'.A.I'apamosa

Pestome:3yuena  3asucumocms — mepmMomMacHumnuix — ceoticme  cnaasos  cucmemvt  GUSnixSeom
memnepamypsl U HanpsICeHHOCMU Ma2HUmHo20 nois. B unmepsane memnepamyp 450-550 K nonepeunsiii
appexm H-D mensem 3Hax ¢ noaodcumenvnoco na ompuyamenvhvid. C ygenuueHuem Koauuecmea
2000IUHUA 8 CNIIABAX CUCMEMbl MeMNEepamypa UHEEPCUU CMeWaemcs 8 001acmy 8bICOKUX memnepamyp, u
usmenenue mepmo-3./{.C. cmanosumcs OmHOCUMENLHO DONLULUM.

Knrwouesvle cnosa: cucmemvl cniagos, mepmomMazHumHble C60UCMEd, MOYKA UHEEPCUU, USMEHEHUEe MepMO-
9.0.C.

THERMOMAGNETIC PROPERTIES OF GdxSnl1-xSe ALLOYS
J.1.Huseynov, O.M.Gasanov, Kh. A.Adgozelova., G.A.Garashova

Abstract: The dependence of thermomagnetic properties of GdxSn1-xSe alloys on temperature and magnetic
field strength is studied. In the temperature range of 450-550 K, the transverse Nernst-Ettighausen effect
changes sign from positive to negative. With an increase in the amount of iron in the alloys of the system, the
inversion temperature shifts to the region of high temperatures, and the change in thermo-EMF becomes
relatively large.

Keywords: alloy systems, thermomagnetic properties, inversion point, change in thermo-EMF.
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CrGazSs KRISTALLARININ QURULUS XUSUSIYYOTLORI
Musayev M.A.%, Dliyeva N.M.%, Allahverdiyev A.M.?
1Azarbaycan Déovlat Neft vo Sonaye Universiteti
2Azarbaycan Dévlat Pedaqoji Universiteti

nailealiyeval991@gmail.com

Xilasa. Cr — Ga — Ssisteminin  CrS — Ga,S3; kvazibinar kasiyinda faza tarazhigi tadqiq edilmis,
komponentlorin  1:1 nishatinda CrGa,S,ucll  birlogmasinin - méveudlugu miisyyon  edilmisdir.
CrGa,S,birlogmasinin  sintez texnologiyasi islonilmis, sathinin morfologiyasi, rentgen mikroanalizi
aparimis, nimunanin faza torkibi mlayyan edilmis, sathda Kimyavi elementlorin paylanmast t2dqiq olunmus,
elementlorin kitlo vo atom faizlori mlayyanlasdirilmis, arima temperaturu, kristal qrulusu, elementar gafas
parametrlari tayin edilmigdir.

Acgar sézlari: faza tarazhigi, fiziki-kimyavi analiz, rentgen mikroanalizi, mikrobarklik, elementar gofas,
monoklin singoniya

Son doaraco vacib xiisusiyyatlora malik olduglar1 vo yeni texnologiyalarin miixtalif sahalorindo
genis istifado olundugu iiciin t¢lii halkogenid birlosmolori getdikco daha c¢ox totbiq olunur. Bu
baximdan, A"BIICY! (A-Mn,Cr,Co,Ni;B-Ga,In;C-S,Se,Te) tipli tclu birlosmalor grupu Xususi
maraq dogurur [1-4]. Artiq MnIn,S, vo Feln,S, monokristallar1 osasinda fotorezistor hazirlanmis
vo hor iki birlosmadon nanostruktur alimmuisdir. Feln,S, monokristalindan istifado edorok
heterokegid yaradilmisdir [5-7].

Todqiq olunan materiallarin  sintezi stexiometrik nisbotdo  gotiiriilmiis  ayri-ayri
komponentlorin birbasa oridilmasi yolu ilo aparilmigdir. Niimunslorin mikroqurulusu gayidan isiqda
isloyan va x200 dafs bdyiitma veran MUM-71 mikroskopu ilo todqiq olunmusdur. Rentgen qurulus
analizi Bruker Firmasinin D§ ADVANCE rentgenodifraktometrindo 40 kV, 40 mA rejimindo,
CuK,-siialanmalarinda (A=1,5406 A) TTK 450K tipli temperatur kamertasinda aparilmisdir.
Difraksiya  oksolunmalari 26=0-80°

DTA

W

N
o

intervalinda qeyd olunur, TOPAS proqrami

IS
o

ilo  indekslogmisdir, kristallografik para-

HontElnw
o
)

o]
o

metrlor EVA programi ilo  doqiqlos-

.. o g 100
dirilmigdir.
12

Cr — Ga — S sisteminin kvazibinar u Temperaturc

kosiklori olan CrS — Ga,Sssisteminin faza 200 300 40 500 600 700 800 900 1000 110 115
tarazligin  todgigi  noticosinds,  CrS-nin Sakil 1. CrGaSyli¢lii birlasmalarinin termogrami

Ga,S;9sasinda hallolma oblast1 (12mol %) miiayyanlosdirilmis, orima temperaturu 890°C olmagla
15-22 mol %miqdarinda evtektika alindigi askar edilmisdir. Komponentlorin 1:1 nisbatinda

CrGa,S, ugli birlogsmosi alinmig, kompleks fiziki-kimyovi analizlori aparilmigdir.
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CrGa,S,ucll birlosmalarinin termogrami sokil 1.-da tosvir olunmusdur. Sakildan gorindiyi
Kimi CrGa,S, birlosmasinin termoqrammasinda da osas iki istilik effekti agkar edikib. 1035 K
tempraturda miisahido olunan istilik effekti bu birlogsmanin arimatemperaturuna uygundur, 995 K
temperaturunda geyd olunun istilik effekti iso bu birlosmads II név faza kegidinin oldugunu
gostorir. Qeyd edak iki, qizma vo soyuma ayrilari proseslorin dénan proses oldugunu gostarir.
Sakil 2- do niimunanin kamiyyatca rentgen T p—
mikroanalizi naticasinds tarkiblorin fazalar
va kimyavi elementloein sathds paylanmasi

yekun spektr sokilindo vo kitlo (atom)

paylart isa cadval sokilindo verilmisdir. &
Alinan naticolorin analizi Sothin DIrCiNS  |omas wrans 21727 men Kypeop: 0.000 ¢ 10 g
. . 3nemeHT Becosoli% ATOMHBIAE
olmasini va stex10metr1yan1n pozulma51 Si K 0.41 071
SK 3458 5232
homogenlosms oblastinda Ga,S; atighg = =2 =22
) L. . ) Gak 57.49 40.00
torafo doyimasini gostorir. Hrom 100.00

Moalumdur ki. maddolarin qurulu- Sakil 2. CrGa,S 4 kristali sathinin rentgen mikroanalizi

sunu 6yronmak Ugln an yaxsi metod rentgenoqrafik metoddur. Kristaldan rentgen siias1 buraxdiqda
atomlar torafindan oks olunan siialarin interferensiyasi noticasindo fotolévho Uzarinds seriya Xatlori
alinir. Homin seriya Xatlorino asason atomlarin kristal qafasinds yerlogsmosini, atomlararas1 masafani
vo kristal gofosin parametrlorini toyin etmok

olar.Sintez olunmus CrGa,S,Uc¢lu birlogmasinin

6.0e+004|

kilgalarindan ovuntu soklindo niimunalar hazir- prow

lanir vo daxili diametri 0,8 mm kapilyarlara a~

doldurulur, preslonir vo kapilyarin digor ’ o lmxl % ' ‘N}H_o“o —
ucundan diametri 0,7mm olan moftil soklindo = | —

=

preslonmis halda ¢ixir. CrGa,S,birlogsmasinin

Bs

1

0f
100

T=300 K temperaturda alinmis rentgen

10 20 30 40 50 80

difraktoqram1 sokil 3-do tosvir edilmisdir. _ e
4 3 } Sokil 3. CrGayS 4 Ucli birlogmasinin difraktogrami va

Difraktogrammadan gorundiyl kimi difraksiya  strix diagrami. Asagida GazSs-Un mixtalif fazalarinin
] ] strix diagramlart tasvir edilmisdir.

maksimumlart vo mistovilorarast mosafo yeni
fazada baslangic birlagsmalara nazaran fargli olur.

RFA-nin naticalori GazSs vo CrS birlogsmoalorinin qarsiliglt tasirindon komponentlarin 1:1
nisbatinds yeni CrGa,S, Ucqat birlosmasinin yarandigini gostarir.

Cr — Ga — S sisteminin kvazibinar kasiklori olan CrS — Ga,S;sisteminin faza tarazligin
kompleks fiziki-kimyavi va rentgen qrulus analizinin tadgiqi naticasinds, CrS —nin Ga,S; asasinda

hollolma oblast1 (12mol %) miioyyonlosdirilmis, orimo temperaturu 890°C olmagla 15-22
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mol%miqdarinda evtektika alindigi askar edilmis, komponentlorin 1:1 nisbstinds CrGa,S, Ucli
birlosmasinin moévcudlugu miisyyon edilmisdir.CrGa,S, birlosmosinin ovuntularinin rentgeno-
grammalarinin TOPAS proqramu ilo indekslosdirilmosi, kristallografik parametrlor EVA programi
ilo dagiglasdirilmasinin tohlili bu birlosmalorin monoklin sinqoniyada kristallagdigini  gostorir. Bu
birlogmonin rentgeno qrammalarinin elementar 0zayin gofos parametrlori vo bucaglar ti¢lin a=
3.71; b=3.71; ¢c=12.374; a = 90°% B =90°%y = 120°; giymatlori alinmigdir.

ODOBIYYAT
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2. B.R. Myoung, J.T. Lim, C.S. Kim. J. Magn. Magn.Mater., 438, 121 (2017).
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STRUCTURAL PROPERTIES OF CrGa;SsCRYSTALS
Musaev M.A., Aliyeva N.M., Allahverdiev A.M.

Abstract. The phase equilibrium of the CrS — Ga,S; quasi-binary cross section of the Cr — Ga — S system
has been investigated and the presence of a ternary combination of CrGa,S, in a 1: 1 ratio of components
has been determined. Synthesis technology of CrGa,S, compound has been developed, surface morphology,
X-ray microanalysis has been performed, phase composition of the sample has been determined, distribution
of chemical elements on the surface has been studied, mass and atomic percentages of elements have been
determined, melting point, crystal structure, elementary lattice parameters have been determined.

Keywords: phase equilibrium, physicochemical analysis, X-ray microanalysis, microhardness, elementary
lattice, monoclinic system

CTPYKTYPHBIE CBOMCTBA KPUCTAJIJIOB CrGa,S,
MycaeB M.A., AiimeBa H.M., Aniaxsepanes A.M.

Annomayua. Hccredosano ¢hazosoe pasnosecue xgazubunapuoco ceyenus CrS — Ga,S; cucmemst Cr —
Ga — S u ycmanosneno Hanuuue mpoiino2o cowemanua CrGa,S, 6 coomuouwieHuu KOMNoHeHmos 1:1.
Paspabomana mexnonocus cunmesa coedunenus CrGa,S,, npogedenvt Mmopgorozus nosepxHocmu,
PEHM2EeHOBCK UL MUKDOAHATU3, ONnpedeneH (a308blil cocmas oopaszya, u3y4eHo pacnpedeieHue Xumudeckux
9/IEMEHMO8 HA NOGEPXHOCMU, ONPeOeleHbl MACCosblie U AMOMHbIE HPOYEHMbL INEMEHMO8, OnpedesieHbl
memnepamypa niasiienus, KpUCMAaiIuyecKas Cmpykmypa, napamempsl 31eMeHMApHOL peuemKu.

Knrouesvie cnosa: qba3oeoe paeroesecue, qbusuko-xumuuecwﬁ anaaus, peHmeeHoecmtﬁ MUKPpOAHAU3,
Mquomeepdocmb, dNeEMEeRmMAapHas peutemka, MOHOKIURHAA CUHCOHUAL.
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Cui-xNixFeTe; YARIMKECIRICILORININ MAQNIT DAVRANISININ
TEMPERATURDAN ASILILIC}INTBDQIQI
Mustafayeva M.
Sumgqayit Dovlat Universiteti

mirvarimustafayeva99@agmail.com

Faza kecidlori hom oasas elmi todgigatlarda, hom do texnoloji tatbiglords on ¢ox yayilmis vo
maraqli hadisalordon biridir. Standart tosnifata goro faza kegidlori iki novdir: birinci tipds
ganunauygunluq parametri sigrayisla, ikinci tipdo iSo ganunauygunluq parametri davamli olaraq
doyisir. Son illordo materiallarin elektron spinlorinin yeni maqnit hallarinin dyranilmesinoe maraq
artmigdir. Xarici bir maqnit sahasinin vo ya spin qutblogmis elektrik coroyaninin tosiri elektron
spininin istigamatini doyisa bilor. Maddoanin belo hali xassalarina goroa klassik ferromagnitlordon,
ferrimagnitlordon vo antiferromagnitlordon forglonir.

CuixNixFeTez2—in elektrik vo termoelektrik xassalari

Holl omsali vo CuxNixFeTez -nin termogticti 80 K ilo 500 K arasinda 6lgiildii. Naticalor
kegiricilik zolagina olave olaraq, Ust-Usto diison iki valent alt zolag1 nozars alan ii¢ zolaqlt model
baximindan sorh edilmisdir. Alt zolaglar arasindaki enerji intervalini, onun temperatur omsali
(dA/dT =1 x 104 eV/K) agir va yingul doliklorin, eloca do elektronlarin effektiv kiitlalorini tayin
etdik. Is1q doliklorinin zolaglararasi sopilmesi nozors alinmagqla kegiricilik minimum ~190 K-2
malikdir.

CuxNixFeTez sistemindoki faza muinasibatlorini vo muxtalif 3 06lculd  kecid metal
mohlullarinin bu sistemin elektrik, termoelektrik, maqnit vo struktur xisusiyyatlorina tasirini
oyronmok {iciin Cuo.7sNio.2sFeTez birlosmosini sintez etdik. Umumi valent balans tolobi istifads
olunan ilkin materiallar 99,997%-saf Cu, Fe, Ni vo Te idi. Ufligi istigamato 15° oyilmis ampulaya
yuklonmis baslangic qarisiq (5-7 q), 2-2,5 saat orzindo 373 K/saat slratlo 1270 K-o godor qizdirildi.
Sonra, arima 770 K-ya gadar soyudulmus va bu temperaturda 30 giin arzinds homojenlosdirilmisdir.

Cuo.7sNio.125FeTez, a = 6.062 A vo ¢ = 12.069 A gofas parametrlari il tetragonal simmetriyada
kristallagdig1 askar edildi (px = 5.79 g/lcm?, Z = 4).

Ferro vo antiferromaqnit materiallarin Ru Holl amsalin1 toyin etmak tglin adoton onlarin p
magnit migavimotindoan istifado edilir:

p M
g = Rut Rﬁ(ﬁ)

Burada M niimunanin magnitlosmosidir, vo R# tobii Holl amsali.
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Kec¢id metallarinin xalkogenidlorindaki elektron strukturlar, elektrik vo magnit xassalori 3d
elektronlarin olmasi ilo ¢atinlosir. Bu xassalori molekulyar orbitallari vo zolag modelini d
elektronlar1 daxil etmok {igiin genislondirmakls an yaxs1 sokilds tohlil etmak olar[1].

Digar maddalor gruplari ilo mugayisado 3d birlosmalori teocciiblli doracada genis elektrik

xuisusiyyatlorino malikdir. Ucli TeMeX2 (Me = Fe, Cr, Co, Ni vo X = S vo Se) birlosmalori

N

N\
/
il

r X WK r L uUw L KUX

anizotrop maqnit yarimkegiricilar sinfino aiddir[2].

energles [eV]

Normal grup metallarda kollektiv elektron sistemindoki mibadilo qlvvalari Fermi enerjisi ilo
parcalanir vo maqnit nizammin yaranmasina sabob ola bilmoz. Vaziyyot kegid 3d metal
birlosmalarinda mubadila qlvvalari Ugiin daha alverisli ola bilor.

Asagidaki sokil vo cadvallords biz CuixNixFeTez yarimkegiricisinin Siesta Simune programi
ilo xususiyyatlorinin analizinin naticalorini gostormisik.

Kristal duyunlorinds yik va spin sixliginin shomiyyatli lokalizasiyasini saxlamaqla, kegmis
daxili 3d elektronlarin dar enerji zolaglarinin movcudlugu metallarin vo birlosmalorin 3d sisteminds
toplanmis s vo d elektronlarinin spin siralamasina imkan verir. Buna goro do yarimmetallarda vo
yarimkegiricilorda elektron magnit momentlarinin mubadilo rabitasinin  monsayi kegmis 3d
elektronlarin kompensasiya olunmamis maqgnit momentlari sistemina kegirici elektronlarin aktiv
tosiri ilo baghdir[3]. Qeyri-maqnit nizaml kristallarda kegirici elektronlar bir maqnit alt soboko
diyinindan digar alt sabaka dlyiniina kecdikda, elektron spini mioayyan dayar va istigamato malik
bir qovsaqdan fargli spin dayari va istigamati olan digar qovsaga kegir. Buna gora do bir nega
magqnit alt sobokoasi olan kristalda kegirici elektronlarin voziyyati bir alt sobokali Kkristalda vo ya
paramaqnit kristalda kegirici elektronlarin vaziyyatindon shomiyyatli doracads forgli olmalidir.

Forq ondadir ki, antiferromaqnit kristalda kegirici elektronlarin bosluq krekingi gisman aradan
qaldirilir, ¢iinki bir nego maqnit alt sobokasinin olmasi elektronlarin haroakat etdiyi potensial sahanin
dovriliyinin doyismasina sabab olur. Bu halda, mixtalif oks olunan spinlari olan kegirici elektronlar
ticlin enerji alt zolaglarmin yerdoyismasi bas vermir, lakin yeno do enerji spektri ohomiyyatli

daracads dayisa bilor. Bu halda, mixtalif oks olunan spinlari olan kegirici elektronlar ti¢iin enerji alt
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zolaglarinin yerdoyismosi bas vermir, lakin yena do enerji spektri ohomiyyatli doracods doyisa
bilor.Moasalon, kegirici elektronlarin 4s enerji zolagmin orta hissasinds, atom nizami zamani

arintilorda bas veranlora banzar qadagan olunmus AEaf hissasini yaratmag mumkuinddir.

9dabiyyat siyahisi
1. "Electronic Properties of Transition Metal Chalcogenides” in Nature Reviews Materials
(2021)
2. "Anisotropic Magnetic Semiconductors: The Case of Transition Metal Chalcogenides™ by
H. Zhang et al. (2023)
3. Magnetic Properties of Half-Metallic and Semiconducting Systems™ in Physical Review B
(2022)

TEMPERATURE DEPENDENCE OF MAGNETIC BEHAVIOR OF Cu;-xNixFeTe;
SEMICONDUCTORS

Mustafayeva M.
Sumgayit State University

Summary: One of the most important discoveries for the discovery and review of spintronics is copper
chalcogen mixtures or chalcopyrites. In contrast to the combination of various substances, 3D mixtures have
a shockingly wide range of electrical properties. In this study, we will investigate the properties of the Cul-
XxNixFeTe, compound through the Simune Siesta software.

Keywords: Semiconductors, copper, nickel, temperature, magnetization

TEMIIEPATYPHAS 3ABUCUMOCTDb MAT'HUTHOI'O IOBEJAEHU A
MNOJYITPOBOJAHUKOB Cui-xNixFeTe,

Mycragaesa M.
Cymranrckuii 'ocynapcTBeHHbI Y HUBepcUTeT

Annomayun:Oonum u3 Haubosee BANCHLIX OMKPLIMULL Ol OMKPLIMUSL U 0030pa CRUHMPOHUKU SAGTAIOMCS
cMecU XanbKo2eH08 Meou Ul XaibKonupumsl. B omauuue om xombunayuii pasnuunsix eewjecms, 3D-cmecu
obnaoarom woKupyoue WUpoOKUM CReKmpom JJeKmpUdeckux ceoucms. B smom uccredosanuu Mmol
paccmompum ceoticmsa coedunenuss Cul-xNixFeTe, ¢ nomowwio npoepammer Cumyne Cuecma.

Knroueewvie cnoea: I’lOlel’lp060()HuKu, Me()b, HUKelb, memnepamypa, HamMacHU4YeHHOCMb
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(SnSe);_,(TbhSe), BORK MOHLULLARI 9SASINDA TERMOELEKTRIK MATERIAL
T.A.Cafarov %, C.i.Hiiseynov!, X.A.Hasanov 2, i.i.Abbasov ®
1Azarbaycan Dévlat Pedagoji Universiteti
2Fovgolads Hallar Nazirliyinin Akademiyasi
3Azarbaycan Dovlet Neft va Sanaye Universiteti

cahangir.adpu@mail.ru

Xulasa: 300—930 K temperatur diapazonunda bark mohlullarin (SnSe)1-x(TbSe) elektrik, termoelektrik va
istilik xUsusiyyatlorinin temperaturdan va konsentrasiyadan asililiglari, termoelektrik giicii S™2 o, keyfiyyat
amsall oyronilmisdir Bu bark mohlullar U¢in Z va Samaralilik 6 hesablanmisdr. Miisyyon edilmisdir ki,
nimuna Gglin x=0,005 mol% otaq temperaturunda layagat va samaraliliyin termoelektrik gostaricisi
maksimum qiymatlara malikdir.

Acar sozlar: bark mohlullar, elektrik kegiriciliyi, termoenerji, istilik kegiriciliyi, effektivlik

Termoelektrik qurgularinin somaraliliyinin yiksaldilmasi yiikdasiyicilarinin yiiriikliiyiiniin

gofasin istilikkegirmasino nisboti maksimal olan materiallarin axtarilmasina, termo e.h.q.-nin
+200 mkV/ dor — Y@ yaxin olan optimal qiymatini tomin edon yiikdasiyic1 konsentrasiyasinin

yaradilmasi, yiriikliytiniin gafasin istilikkegirmasina nisbatinin sonraki yiiksaldilmasi metodlarinin
islonib hazirlanmasi kimi masalonin hallina gatirilir [1, 2]. Qafasin periodikliyini az pozan asqarlar
daha boyiik dalga uzunluguna malik olan elektrionlarin sopilmasi U¢iin somoarasizdir vo ona gors do
yiikdastyicilarin - yiiriikliiytinii  ohamiyyatsiz dorocodo asagi salir. Bu metod bir sira bork
yarimkegiricilordo termociitiin budagi kimi istifado olunan materiallarda sinaqdan kegirilmisdir vo
asason termocutlorin somaraliliyinin shomiyyatli doracads yiiksaldilmasi ilo naticalonmisdir [3, 4].

(SnSe),_,(ThSe) , sistem orintilorinin todgiqat ti¢iin asagidaki torkiblor seg¢ilmisdir: 1 —
x=0,0; 2—x=0,0005 3—x=0,0025; 4 —x=0,005; 5—x=0,0075; vo 6 —x =
0,01 ThSe .Tb,Sn,_,Se bark mohlullarinda yiik vo istilik dasinma proseslari: termo e.h.q. (S) va
istilikkegirma omsali () mitlog stasionar rejimds, sabit elektrik coroyaninda o&l¢iilmiisdiir. Otaq
temperaturunda gostarilon torkiblorin Kkinetik parametrlori vo bu qiymatlor asasinda torkiblorin
termoelektrik keyfiyyatliliyi (Z, ZT), effektliyi &, glic faktoru toyin edilmis va noticalor cadvalinds
verilmisgdir.

Codvoldon gorundiytd  kimi  Th,Sn,_,Sesitem orintilorindo torkibdo TbSe zoif
konsentrasiyalarinda p-tip keciriciliys, nisboton yiiksok konsentrasiyalarinda iso n-tip kegiriciliys
malik olur va inversiya ndgtasi x = 0.0025qiymatine uygun galir.

Codvalin analizindon miosyyan olunur ki, ThSe — torkibin istiraki ilo alinan
(SnSe),_,(ThSe) , sistem arintilorinds Z termoelektrik effektliyi komponentlorin nisbatindon asili
olarag mixtalif qgiymotlor alir. Z termoelektrik effektliyinin analizi goOstorir ki, x =

0.005 mol% ThSe torkibli numuns Ggiin bu parametr daha yiiksok olub, otaq temperaturunda Z =

94


mailto:cahangir.adpu@mail.ru

2.47-1073K~1 giymatina catir. Ona goro bu torkibin kinetik parametrlorinin vo Z termoelektrik
keyfiyyatliliyinin temperatur asililiginin todqiqi maraq kasb etmis vo T = 300 <+ 950 K temperatur

intervalinda todqiqi davam etdirilmisdir.

(SnSe)g 995 (ThSe)  gosbark mahlullarinda kinetik amsallar va termoelektrik parametrlor
(T =300 K)(SnSe)o.995(ThSe)q.005

(SnSe)gg95 — ~ ™ c o~
(ThSe)o.00s % = _.g’ 3 % 0" ~ N T o =
. ™ w - > () E B~ B~ — E
sistem £ - E-| 2| X% 9% | NT SRS
o |2 |2 | S TIE |"2| 5| Y |SE 3
arintilari o = o g [ > - 5] wn -
x=0.0 1.7 3.76 97 165 |430 |18.7 0.96 0.288 | 0.52 |1.79

x=0.0005 1.8 352 105 | 189 |-449 |15.8 1.34 10402 064 |21

x=0.0025 24 |-265 |[182 |437 |-392 |136 |206 |0.618 |0.97 |28

x=0.005 22 |-281 |217 (477 |-376 124 |247 10741 |11 |31

x=0.0075 05 |-12.7 |176 |111 |-359 |12.7 227 10681 [11 |23

OO WIN|F

x=0.01 032 |-206 | 238 |76 -292 [132 203 0609 |13 |2

Todgiq olunan (SnSe)gq95(ThSe)g.005 NUMNalorinin kifayst godor ylksok termoelektrik
effektliyino malik olmasi vo genis temperatur intervalinda bu xiisusiyyatini saxlanilmasi,

perspektivli termoelektrik material kimi, praktiki totbiq baximindin mithiim shamiyyat dasiyir.

Elektrikkeciriciliyinin artmasi, adoton elektron istilikkegiriciliyinin artmasi ilo yanasi termo-
e.h.q.-nin do azalmas ilo miisayyat olunduguna goéra ZT komiyyatini optimallasdirmaq miirokkob
mosaloya gevrilir. Materialda yiikdastyicilarin konsentrasiyasint doyismoklo giic faktorunu artirmaq
olar, lakin kristal gofasin qurulusu, sartliyi, atom kitloalori va diger xarakteristikalari ils tayin olunan
umami istilikkegiriciliyini (x;o.), xUsuson do gofos istilikkegiriciliyini (y,,) azaltmaq imkani
mioyyan tip materiallarda xeyli mohdud olur [5, 6]. bir ¢ox sonaye sahalorindos istifado olunan,
mixtolif temperatur intervallarinda islodilon perspektiv materiallar ilo migayisa gostorir Ki,
(SnSe)g 995 (ThSe), gosarintisinin do Z termoelektrik keyfiyyatliliyi otaq temperaturunda Z ~ 2.5 -
1073K~1 olsada, homin giymot T = 300 + 820 K temperatur intervalinda sabit galir.

(SnSe)g.995(ThSe)ggosorintisinin ZT —termoelektrik keyfiyyatliliyi hazirda molum olan
digar termoelektrik materiallarin ZT (T') asililigi ilo miqayisali sokilds tohlil edilmisdir. Malum olur
Ki, todqiq etdiyimiz (SnSe)gq95(ThSe)q gostorkibli nimunanin ZT —termoelektrik keyfiyyatliliyi
Bi,Te, ;Seysbark mohlullu istisna olmagla digor torkiblora nisbaton daha genis temperatur
intervalinda dayaniqhdir vo yeni termomaterial kimi istifads oluna bilor. Beloaliklo, mioayyan
olunmusdur ki, x = 0.005 mol% -li nimunonin termoelektrik effektliyi (Z)3q0x ~ 2.47 - 1073K 1

tortibindadir. Bu torkibin T =300 — 860K temperatur intervalinda effektivliyi (Z > 2-
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1073 K~Y)digor torkibloro nisboton daha genis temperatur intervalinda dayanmighdir vo yeni
termomaterial kimi istifado oluna bilor.
ODOBIYYAT
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TEPMODJIEKTPUYECKHE CBOMCTBA TBEPJIbIX PACTBOPOB(SnSe),_,(ThSe),
T.A.l:xxadapos, I:x.U.I'yceiinos, X.A.I'acanos, U.1.A00acoB

Peztome: Hccnedosanvl memnepamypHule U KOHYEHMPAyuOHHble 308UCUMOCTIU DIEKMPUYECKUX, MEPMOIIEK-
MPUYECKUX U MENI0BbIX XAPAKMEPUCTIUK — Meepoblx  pacmeopos (SnSe)1x(TbSe)x 6 unmepsane
memnepamyp 300—930 K. Paccuumanvi  mepmosIneKmpuueckds — MOWHOCHb,000pOMHOCb u
ahpexmusrocmb 0151 OAHHLIX MEePObIX pacmeopos. Ycmanosneno, ymoons oopasya x = 0,005 mon%
000pOmMHOCTIL U IPHEKMUBHOCb  UMEIOM MAKCUMATbHBLE 3HAYEHUS.

Kniouesvie cnoea: meepovie pacmeopvi, 2NeKMPONPOBOOHOCMb, MEPMOI0C, Menionpo8oOHOCMb,
dobpomuocmes, 3¢exmugHocms

THERMOELECTRIC PROPERTIES OF SOLID SOLUTIONS (SnSe),_,(TbhSe),
T.A. Jafarom, J.1.Huseynov, Kh.A.Gasanov, I.I.Abbasov

Abstract: Temperature and concentration dependences of electrical, thermoelectric and thermal
characteristics of solid solutions SnSe)1.x(ThSe)xin the temperature range of 300-930 K were studied.
Thermoelectric power, figure of merit and efficiency were calculated for these solid solutions. It was found
that for the sample x=0.005 mol% at room temperature the thermoelectric figure of merit and efficiency have
maximum values.

Keywords: solid solutions, electrical conductivity, thermoelectric power, thermal conductivity, figure of
merit, efficiency
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Tlin,_ ,Gd,Se, BORK MOHLULLARIN ISTIDON GENISLONMOSINO VO iZOTERMIK

SIXILMASINA DEFEKTLORIN TOSIiRI
BayramovC.C., Abdulovali. N., Mustafayeva U.M.

Sumgqayit Dévilar Universiteti
dlviyya.mustafazade@mail.ru

Xilasa: TlIn,_,Gd, Se, bark maohlullarin istidan genislanmasina va izotermik sixilmasina defektlarin tosirini

arasdirmaq maQsadilo istidon genislonmo Vo izotermik sixilma amsalmin tocribi qiymatlori asasinda Yung
modulu, hartorafli sixtima amsali va siiriisma modulu, Debay temperaturu va atomlar arast orta kvadratik

yerdayisma hesablanmisdir. Miiayyan olunmusdur ki, TIInSe, birlagmasinda In atomlart Gd atomlart il

aVaz olunduqca Debay temperaturu azalir, orta kvadratik yerdayisma isa azalir. Istilik parametrlarinin bela
qanunauy$un doyismasi atomlararast kimyavi rabito qlwasinin azalmasi ilo alaQodardir.

Acar sozlar: Bork mohlullar, izotermik sixiima, Puasson amsali, siiriisma amsali, Debay temperaturu, Yung
modulu,stexiometrik ¢aki,tetragonal singoniya, arinti,defektlor

Toqdim olunan moaruzods (80+310)K temperatur intervalinda Tlin_, Gd, Se, (0<x<0.05) bark

mohlullarin istidon genislonmosina defektlorin tosiri  dyronilmok moqgsadi ilo stexiometrik goki
nisbotinds gotiirilmis Tlin,_,Gd, Se, (0<X<0.05) bark msahlullarkomponentlori xiisusi formali
ampulalara doldurularaq iki zonali soba igarisinds sintez edilmisdir. Todqgiq olunan maddalarin
monokristallar1 Bricmen dsulu ilo alinmigdir. Alinan maddslorin rentgen qurulus analizi
gOstormisdir ki, TlIn_,Gd,Se, bork mohlullar1 tetraqonal qurulugda kristallagir vo torkibdo
gadolinium atomlarinin miqdar1 artdigca gadagan olunmus zonanin eni do ganunauygun sokildoa
doyisir. Istidon genislonma va izotermik sixilma torkiblordan 6lgmok iigiin uzunlugu 3 sm, diametri
5 mm olan silindrik formali niimunolor hazirlanmisdir. Istidon genislonmo (77+400)K temperatur
intervalinda molum metodika osasinda  6lgiilmiisdiir[l]. Bu halda tocrilbonin xotasi etalon
nimunays nisbaton ~0.5% olmugdur. Indium atomlarm qadolinium atomlari ila TIInSe,
birlogmasinda hisss-hissa avoz olundugca istidon genigslonmo Vo izotermik sixilma omsalinin
omsalinin qiymoti artir. Bu doyisiklik torkibdo Gd atomlarmin migdarinin artmasi ilo Kristal
gofasdo deffektliyin artmasi, homginin atomlar arasi kimyovi rabito qlivvesinin azalmasi hesabina
bag verir. Bu halda timumi kimyavi oalageds metallik slagenin rolu artir. Bu natica Tlin_,Gd, Se,
bork mohlullarinda metallik pay artdiqca qadagan olunmus zonanin eninin azalmasi ilo tosdiq
olunur. Istidon genislonmo omsalinin tacribi giymatlori asasinda Tlin,_,Gd,Se, (x=0.01;0.05) bark
mohlullar Gigiin Debay temperaturu (D) vo atomlararasi orta kvadratik yerdoyismo (U ?)
hesablanmigdir. Hesablamalar gostormisdir ki, TIInSe, birlosmoasinds In atomlar1 Gd atomlari ilo
ovaz olunduqca Debay temperaturu azalir, orta kvadratik yerdoyismo iso azalir. TlInSe,-TIGdSe,

sistem orintilorinda deffektlorin kimyavi olagoya tesirini dyronmok tisiin  (77+420)K temperatur
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intervalinda hartorofli sixilmasinin todqiqi Gglin molum qurguda aparilmigdir. [2] Qurgu etalon Al

va Cu nlmunalarin (105 +1O7)Pa tozyiq altinda He gaz1 ilo sixilmasi ilo doracolonmisdir.
Tocribi xota  ~5% olmusdur. Deffektlorin  kimyovi rabitoys tosirini aragdirmaq igiin
Tln, o, Gd,,Se,, Tln,,:Gd,sSe,va Tlin,4,Gd,,,Se, bork mohlullarin izotermik sixilmasinin
temperatur asililig1 tocriibi olaraq todqiq edilmisdir. Tlin_,Gd,Se, bark mshlullarin izotermik
sixilmasinin temperatur asililigi dyronilmisdir.

Muoyyon olunmusdur ki, TlInSe,- TIGdSe, sistem orintilorin elementar gofasin hocminin
boyiimasi ilo izotermik sixilma amsalinin giymoti da artir. izotermik sixilmanin tacriibi giymatlori

osasinda TlIn_ Gd,Se, bork mohlullarin bozi elastigiyyat parametrlori hesablanmigdir: Yunq

1 2
6m2d?3 E .
modulu (E) - VE =————— sUriismo omsal1 - 1 =————: hartorafli sixilma modulu (k
® 16818.10° () 1=505) ®©
-k= L Burada @- Debay temperaturu, d-sixliq, m-kitlo, o- Puasson amsalidir.

3(1-20)
Hesablamanin naticalori cadvalds gostorilmigdir. Goriindiiyii kimi TlInSe, birlogsmasinds In
atomlarmm Gd atomlart ilo hisse-hisso ovoz olunmasi ilo E, 6, komiyyatlori ganunauygun
sokilds doyisir. Bu iso bir daha olaraq TlInSe,—do Gd -un metallik pay1 artdigca kimyavi rabitonin

zoiflomasi faktini bir daha tosdiq edir.

Cadval 1.

T,K EQPa| o |uQPa|EQPa| o |uQPa|EQPa| o [ uQPa
TI Ir‘lo.QQGdO.OlSEZ TIH 0.97Gd0.03se2 TIH O.QSGdO.OS SeZ

80 349 0.470 118 333 0.469 118 331 0.469 112
90 330 0.472 112 321 0.471 112 316 0.468 107
100 313 0.473 106 304 0.472 106 304 0.469 104
120 285 0.475 97 278 0.474 97 221 0.473 92
140 262 0.477 89 258 0.476 89 244 0.475 83
160 244 0.479 83 241 0.477 83 228 0.476 78
180 231 0.480 78 227 0.478 78 214 0.478 73
200 221 0.481 75 215 0.479 75 203 0.479 69
210 217 0.481 74 210 0.480 74 198 0.479 67

9dabiyyat

1. Baiipamon /1.J1. Dnekrpodu3nveckue u ynpyrie cBoicTBa TBepAbIx pactBopor TlIn,_ Gd, Se,.

Jluc. Ha COMCK. yu. CT.KOH. (pu3.mMaT. HayK, baky , 1991, cTp.125.

2. 'omxaes 2.M., baiipamos JI.J1., Kypbanos M.M. N30TepmMuyeckoil CXXKUMaeMOCTb U HEKOTOpBIE
yHpyrue cBoiicTsa crnasoB cucteMbl T1inS2-TIGdS2 . Heopra.mare., T.26. ctp.2033, 1990.

3. Jlaanmay JI.JI., Jludun E.M. Teopus ynpyrocta M: Hayxka 1965.

4. Baitpamos /1. J1.,A61yno0Ba U.H., ®usndeckue cBoiictBa TBepAbX pacTBopoB Tlini«GdxTez(S2).

98



Totbigi Fizika vo Energetikanin aktual moasalalori. II Beynolxalq Elmi konfrasinin materiallari.
Sumgayit. 12-13noyabr2020.Ne71 122-124.

BJIMSIHUE JE®EKTOB HA TENJIOBOE PACIIMPEHUE U U30TEPMHOE CKATHE
Tlin_,Gd,Se, TBEPJIbIX PACTBOPOB

Baiipamos /I./1., A6ayaoBa U.H., MycradaiieBa Y.M.
Cymraurckuii 'ocyrapcTBeHHbI YHUBEpPCUTET

ulviyya.mustafazade@mail.ru

Pestome: C yenvio ucciedosanus 6nuaHus 0eghekmos Ha menjiogoe pacuiuperue u u30mepmuiecKoe clcamue
meepobIX pacmEopos HA OCHOBE IKCNEPUMEHMANbHBIX 3HAYeHUll KOdpduyuenma menio6oeo pacuiupenus u
uzomepmuueckoeo cocamus, mooyna IOunea, xomnnexcnozo koaghguyuenma cocamusi u MoOys cosuea,
memnepamypuvl  Jlebas u cpednezo 3HaueHus ObliU PACCYUMAHLL KEAOPAMUYHbIE CMEWeHUsI MedHCOy

amomamu. Yemanoeneno, TIINSe, umo no mepe samenvi IN  amomos 6 coedunenuuGd  amomamu

memnepamypa ﬂe6a;z CHUascaemcs, a cpeduekeaapamutmoe cmeuyeHue yMenbvuaemcsl. Cmonb 3axono-
MEPHOE U3MEHEHUE MENJo6blX napamempoes Ce6:A3aHO0 C YMeHbUleHUeM CUjlbl MENCAMOMHOU XUMUHECKOU
C6A3U.

Knrouesvle cnosa:Teepovie pacmeopwvi, uszomepmuieckoe cocamue, Kodpouyuenm I[lyaccona, xosgdu-
yuenm cKonvoiceHus, memnepamypa Hebas, mooyaw IOnea, cmexuomempuueckas macca, mempazoHaibHas
CUHSOHUS, CNLAs, OeheKmbl.

INFLUENCE OF DEFECTS ON THERMAL EXPANSION AND ISOTHERMAL
COMPRESSION OF TlIn,_,Gd, Se, SOLID SOLUTIONS

Bayramov J.J.,Abdulova I.N., Mustafayeva U.M.
Sumgait State University
ulviyya.mustafazade@mail.ru

Summary:In order to investigate the effect of defects on the thermal expansion and isothermal compression
of solid solutions, based on the experimental values of the coefficient of thermal expansion and isothermal
compression, Young's modulus, comprehensive compression coefficient and shear modulus, Debye

temperature and mean square displacement between atoms were calculated. It was determined TlInSe, that
as the Inatoms in the compound are replaced by Gd atoms, the Debye temperature decreases, and the mean

square displacement decreases. Such a regular change of thermal parameters is related to a decrease in the
interatomic chemical bond force

Keywords:Solid solutions, isothermal compression, Poisson's coefficient, slip coefficient, Debye
temperature, Young's modulus, stoichiometric mass, tetragonal syngonia, alloy, defects
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TlInSez- TIGdSe; SISTEM ORINTILORININ CEVIRICILIK XASSOLORI
Bayramov C.C., Sardarova N.S., Abbaszadas C.Q.

SumgqayitDovlatUniversiteti

cosqun.bayramov.58@mail.ru, naila.sardarova@sdu.edu.az,jamala.rzayeva@icloud.com

Xiilasa:TlInSe,-GdSestorkibli bark  moahlullarin astana gorginliyinin torkibdan asthilig
oyranilmigdir. Miiayyanolunmusdurki, butipyarimkeciricilordamanfidiferensialmiigavimoatin biitiin
mexanizmlori iiciin carayan sixhiginin  fazaya gora qeyri-bircins paylanmasinmin - qanunauygunlugu
movcuddur. TlInSe,-TIGdSezasasinda bark mohlullarin alinmast kristallik qurulusun dayismasina sabab olur
ki bu da oz novbasinds kristalin fonon spektrina giiclii tasir edir. Hesab olunur ki bu da baxilan niimunalarda
S- manfi diferensial miigavimatin yaranmasina sabab olur.

Acgarsizlar:Negatroneffekt,barkmohlul, — astanagorginliyi, electron  6rtlyd,keciricizona, halkogenidli
stisavari yarimkegirici, corayan effekti, geyri- bircins tobaqoa, fonon spektri, suntlanma, fluktuasiya.

Konferansda taqdim olunan bu isdo TlInSez- GdSe2 sistem orintilorindo yaddasin yaranmasi vo
neqatron effektlorin bag vermo mexanizmlori dyronilmisdir. Nadir torpaq elementlorinin istirak ilo
alian tallium xalkolantanatlar1 vo onlarin miirokkob analoglar1 , fiziki xassalorin genis diapazonda
doyiso bilmosi baximindan maraqli obyektlordir.
Bunasobabhominmateriallarinmikrosxemlordo,avtomatikidarsetmoqurgularindavomiixtolif tipli
ceviricilor hazirlanmasinda genis istifado imkanlaridir.[1 — 4]

BumoagsadlaTlInSez2-TIGdSezbarkmohlullarininV A X-laristandartiisulla,
sabitcorayanrejimindo Oyronilmisdir.Todqiq olunan TlInSez2- TIGdSez (x=0,01; 0,02; 0,04; 0,06;
0,08) bork mohlullar1 asasinda planar vo nazik toboqali strukturlar hazirlanmisdir. Bu topagoler 1072
Pa vakuumda termik buxarlanma iisulu ils cilalanmis qgrafit asas tizorino ¢okdiiriilmiisdiir . Kontakt
materiali olaraq mis, aliiminium , indium, vo domirden istifads olunmusdur. Tadqiq olunan
niimunoalards elektrodlar arasindaki masafs genis intervalda doyisdirilmis, qalinliq tizra bircinslilik
1so rentgenoqrafik mikroanaliz tisulu ilo yoxlanilmisdir.

TlInSe2-TIGdSe2 torkibli bark mohlullarin tocriibi giymoti asasinda VAX -1 qurulmusdur.
Muoayyan olunmusdur ki, biitiin tadgig olunan mohlullar gevirma xassasino malikdir vo astana
gorginliyinin giymoti torkibdo gadoliniumun nisbi miqdart artdiqca, kigilir. Misahido olunan
cevirmo hadisolori elektron , elektrotermik vo istilik mexanizmlori ssasinds izah oluna bilar.
Cevirmoanin elektron mexanizmindo ikigat inceksiya elektrik sahasinin tasiri ilo potensial ¢opardon
elektronlarin tunel kegidlori , valent elektronlarin vo asqar atomlarinin zorba yolu ilo ionlagmasi ,
hocmi yuklarin amalo galmasi, kulon goparinin elektrik sahasinin tasiri ilo kigilmasi (Pul- Frenkel
effekti ) naticasinds elektronlarin tutucu markazlordon termik hayacanlanmasi , kegirici zonaya
metallik elektrodlardan tunel kecidlori vo s. kimi hadisalari nazars almaqg olar.

Togdim olunan materialda bitln oarintilor vo birlosmoalor G¢lin xarakterik olan ¢evirmanin

astana gorginliyunun qalinligdan vo torkibdon asililigi Oyronilmisdir. Halkogenidli siisovari
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yarimkegiricilords geviriciliyin ¢oxsayl tadgigatlari onun mexanizmi haqqinda birgiymatli malumat
vera bilmoadi. Bununla belo hacmi manfi differensial mugavimeatin bitiin mexanizmloari gin
sahonin vo coroyan sixliginin fozaya goro qeyri- bircins paylanmasinin  yaranmasinin
qanunauygunlugu mévcuddur.

Yuxarida geyd olundugu kimi S-manfi differensial mugavimatin amalo galmoasi mexanizmini
izah etmok Uclin bu va ya digar mexanizmin rolunun Ustlinllylndan danismaq olar, lakin na bu, na
do digor mexanizmi inkar etmok olmaz. Belsliklo fenomenoloji modello tocriibi neticalorin
keyfiyyatco tam uygunlugu movcuddur. ©gor qeyribircinsliliyin ¢ox boyik olmasi noticasinda
kanaldan konar caroyan sixligi xaricdon verilon coroyanin heg¢ bir qiymetindo j kb. agmirsa va
snurdan konar caroyan sixligmin minimal qiymotindon Kicik galirsa ¢evirmo bas vermir vo kanal
snura todricon, gorginlik si¢rayisi olmadan kegir. Kanaldaki coroyan sixligi snurdaki coarayan
sixliginin maksimal giymatina barabor oldugdan sonra VAX-da saquli hisso meydana galir va biz
dinamik mugavimati sifira barabar olan ideal gerginlik stabilizatoru almig oluruq, bels ki, bu halda
Corayanin ixtiyari doyismasi kanalin snurun en kasiyinnin dayismasina sabob olacag.

Bununla belo TlInSe2 -birlogsmasinin vo onun asasinda alinan TlInix GdSe2 bark mohlullarinin
VAX- larinin tadqiqi zamani alinan naticalor belo bir naticalor belo bir naticoya golmays imkan
verir ki, onlarin hamusi elektrik yaddasli geviricilik xassasina malikdirlor: orta atom ¢okisi artdiqca ,
yani indium atomlarini1 gismon lantanoid atomlar ilo avaz etdikco , astana garginliyinin giymati
azalir.

Bu iso onunla oslagodardir ki, indium atomlarini gismon lantanoid atomlar1 ilo avoz etdikdo
elektron sixligiin maksimumunun atom govdalorinag torof yerdoyismasi azalir, basqa sdzlo anionun
xarici elektron rtiiyiiniin inert qazin dayanigh s? p® konfiqurasiyasina gador dolmas1 imkani azalir.
TlInSe2 gofaslorinds indium atomlar1 lantanoid atomlar: ilo ovoz edildikds indiumun 5s vo 5p
soviyyalarinin yaratdig1 kegiricilik zonasina lantanodilarin 5d vo 6 s hallar1 da daxil olur. Indiumun
55 vo 5 p soviyyoalori yuxarida yerlosdiyindon mohlulun kegirici zonasi enerjinin daha kigik

oblastina siiriislir vo naticado astana gorginliyinin azalmasi bas verir.
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KOHBEPCHOHHBIECBOMCTBACIIJIABOBCHCTEMBITIINSe,-TIGdSe;
Baiipamos/I.Jl.,CapaapoBaH.C., A6dac3age JI.I'.
Cymraurckuiil’'ocyrapcTBeHHbBINH Y HUBEPCUTET

Pe3ztome: H3yuenakomnosuyuonHasa3asucUMOCmbnopO208020HANPANCEHUAMBEP ObIXPACHEOPO8 TlInSe;-
GdSey. Yemanosneno, umo 011 6cex MEXaHU3MO8 OMPUYAMETbLHO20 OUPPEPEHYUATLHO20 CONPOMUBTEHUSL 8
NONYNPOBOOHUKAX DMO20 MUNA CYUeCmByem 3aKOHOMEPHOCMb HeOOHOPOOHO20 pacnpeoeneHus NiIomMHOCImU
moka 6 npocmpancmee. IIpucomoenenue meepovix pacmeopos na ocnoge TlInSe; npusooum k usmenenuro
KPUCIANIUYECKOU CMPYKMYpPbl, YMOo, 8 C80I0 0uepeddb, CUNbHO GluUsem HA (YOHOHHBIN CHEeKmp KPUCMmAaid.
Ilokasano, uymo smo asngemca NPUYUHOU DOPMUPOBAHUA  S-OMPUYAMENTLHO20 OUPpepeHyuarbHo2o
conpomugnenus 8
paccmampusaemvixobpazyax. Bnpeocmaesnennoiinaxongepenyuupabomeucciedo8anbimexaHuzmvleeHepayuu
namamu u He2amponuslx 3¢hgpexmos 6 cnnasax cucmemnlt TlinSe,-GdSe;.

Knwuesvie cnoea: Heeampounwiii  oghpexm,  meepovlili  pacmeop,  Nopo2osoe  HanpsiceHue,
INEKMPOHHOENOKPLINUE,30HANPOBOOUMOCHIU, MOKOB0EB030eUCHEIe, HeOOHOPOOHBLICIO, @ononnvll
cnekmp, WyHmuposanue, QryKmyayus.

CONVERSIONPROPERTIES OFTIInSe,-TIGdSe> SYSTEMALLOYS
BayramovJ.J.,SardarovaN.S.,AbbaszadeJ.G.Q.
Sumgait State University

Summary:The threshold voltage dependence of TlIinSe,-GdSe, controlled solid solutions was studied. It has
been determined that in this type of semiconductors, there is a regularity of non- homogeneous distribution
of current density in space for all mechanisms of this type of differentialresistance.
TheacquisitionofTlInSe,solidsolutionsleadsto achangeinthestructure of the crystals, which in turn has a
strong effect on the phonon spectrum of the crystal. It is believed that this causes the formation of s-
differential resistance in the considered samples. In this work presented at the conference, the mechanisms of
memory distribution and negatron effects in TlIInSe,-GdSe, system alloys were studied.

Keywords:Negatroneffects,solidsolution,thresholdvoltage,electroncoverage,conduction band,
chalcogenideglassy semiconductor , current effect, phonon spectrum, shunting, fluctuation.
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O BO3MOXHOCTH SJIEKTPOXUMHUYECKOM MOJUPUKALINA
WOHITPOBOISIINX ®OTOMPOBOJIHUKOB I'PYIIIBI AB3CS,
'Anues B.A., PycramoB B./lx., ’Hamazos S1.B,°Anbizane A.K.,>lanakummesa T. X.
"MucTuryT pusukn MUHHCTEPCTBA HAYKH U 00Pa30BaHusI,

I'sinaxuackoro LocyaapcTBeHHOro YHUBepCUTETA

Annomayusa. Cmamvs NOCEAUEHA  BBIACHEHUID 803MOJNCHOCTU  INEKMPOXUMUYECKOU  MOOUPUKAyul
coedunenuii epynnvt A*B3C% u cozdanuio na ux ocHoee HenUHeliHO-ONMUYECKUX, aKycmoOnmu4eckux u
ONMOINIEKMPOHHBIX CEHCOPO8 C UBMEHSIeMbIMU Xapaxmepucmukamu. TIpednodicenvt 06a paziuynblx no0xXo0d
0J1s1 MOOUUKayuu NOAYRPOBOOHUKOBHIX CEOUCE Mpounblx Kpucmainoe A3B3C62. Bo-nepevix, usmenenue
cOCmasa 3a cuem ux UOHHOU NPOBOOUMOCIU, A THAKIICE 3a CUem JNIeKMPOXUMUYECKOU UHMEPKATAYUYU 8 IMU
CMPYKMYpbl 00HOBANEHMHBIX MeMAalos. Bo-emopvlx, xumuueckoe uiu 1eKmpoxuMuyeckoe pacujenyieHue
KPUCMALL08 HA K8A3UOBYMEPHbIE CLOU.

Knwouesvie cnoea: noaynpogoonuku, mpotiHble KpUCMAIbL,  INEKMPOXUMUYECKAs MOOUDUKaAyusl,
UHMEPKANAYUsl, 08YMEPHbLE CILOU.

Tpoiinbie xanskoreauas rpymsl AB3C®, cocrapmsaroT Gombinoe ceMeiicTBO KPHCTAILIOB CO
CJIOMCTOM M CIOUCTO-IIENOYEYHON CTPYKTYPOU.

Kpucramner  stoit rpymmel, Takue kak TlGaSez, TlInSz u TlGaS2 UMEIOT CIOHCTYIO
CTPYKTYpY, B TO Bpems kak TlInSez, TIGaTez u TlinTe2 uMeroT cI0MCTO-IIETIOUEUHYIO CTPYKTYPY.
OTH KpUCTAIbl OBUIM OTKPBITBI W 3asBIEHBl KaK HOBOE CEMEHCTBO COEAMHEHUH C
MOJYyIPOBOJAHUKOBBIMU CBOMcTBaMHU B 1967 roay [1].

B kpucramnax rpynmnsl AB3C®2 o6HapykeHOo 60/bII0e KOMMYECTBO HEMMHEHHBIX Y(P(EKTOB,
KOTOpBIE CO3AAI0T BO3MOXHOCTh CO3/IaHUSI UyBCTBUTENIBHBIX JIEMEHTOB ISl CEHCOPOB Pa3INYHbIX
¢usnueckux BenuuuH [2,3]. [IpensaTcTBHEM B CO3JaHUHM CEHCOPOB SIBISICTCS, TO OOCTOSATEIHCTBO,
YTO YypOBEHb HX CBOWMCTB, TaKUX KaK IMPOBOJMMOCTh WJIM CHEKTpP IOIJIOLUIEHHUS HE SBISETCA
ONTUMAJIbHBIM U TpeOYyeT MOACTPOHKH.

Lenbto maHHOM  paboOTHI SIBISETCS  BBIACHEHHE BO3MOXHOCTH JJIEKTPOXUMHUYECKOMH
Monudukarmu coequaenni rpymmsl ASB3C® u co3nmanus Ha MX OCHOBE HETMHEHHO-ONTHYECKHX,
aKyCTOONTHYECKUX U ONTONIEKTPOHHBIX CEHCOPOB C BAPUPYEMBIMH XapaKTEPUCTHUKAMH.

Jlnis U3MEHEeHUsT XapaKTepUCTUK KPUCTAJIOB MBI IpeJiaraeM JiBa moJaxoa.

1. M3MeHeHns cocTaBa 3a CUET UX HMOHHOMN NMPOBOJUMOCTHU 3TUX KPUCTAIUIOB, a TaK XKe
3a CYET AJIEKTPOXMMHUUYECKON UHTEPKaJIallK B JaHHbIE CTPYKTYpPbl OJHOBAJEHTHBIX METAJJIOB.

2. XUMHUYECKOEe  WIM  JIEKTPOXMMUYECKOE  pACIIEIUIEHHE  KPUCTAJUIOB  Ha
KBa3HJIByMEpHBIE CIIOU.

Bo3MOXHOCTh TEpPBOro MOAXOJA OCHOBAaHAa Ha OOHApY)KEHHOW HAMH B MOHOKPHUCTAJUIaX
TIGaTe2 cMmemiaHHOW 3JIEKTPOHHO—MOHHOM MPOBOJAMMOCTH M €€ CWIBbHON aHu30Tporuu [4].
IMoka3aHO, YTO HOCHUTEISIMHA MOHHOTO TOKa B ATOM COEIAMHEHHUHM SBIISIOTCS MOHBI T1T . B 310l Xe

paboTe Moka3aHO, YTO C MOHHOW MPOBOJAMMOCTBIO CBSI3aHBI PsJl HEOOBIYHBIX NJIsi TBEPAOTO Teja
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SBIICHUA TaKWX KaK «IICEBIO-MHIYKTHUBHBI» XapaKTep pelakcallud TOKa NpW TOJSpU3aIu,
aBTOKOJIEOaHMA TOKa IPU MPOXOKIACHUU IIOCTOSHHOIO TOKa uepe3 obOpasel. beur Tak ke
OoOHapy’KeH CTYNEHYaThli XapakTep MEePeXOIHBIX MPOLEcCOB. DTOT 3()(PEKT XOpOoIIo ONHUChIBaeTCS
MOJIENIBIO CTYIIEHYATOr0 YHOPSA0UYEHHUS N30BITOYHBIX ATOMOB M (JOPMHUPOBAHUEM HOBBIX (a3. Dakt
oOHapy>KeHHs] HAMH HOHHOH MTPOBOJMMOCTH BBI3BAIN OOJBIION MHTEPEC, U HOHHAS MPOBOJANMOCTD
ObLJIa TOATBEPIKIACHA U APYTHUMH aBTOpaMH [5].

Takum o0pazom, MOHHasg NpoBoAMMOCTb KpucTauioB TlGaTez mo3BosisieT OCyIIECTBIATH
MOIUGUKAIIMIO €ro  CBOHCTB. Moaudukanyus  OCYIIECTBIACTCS, MyTEeM  IPOIyCKaHUs
AJIEKTPHUYECKOTO TOKA 4Yepe3 Kpuctaml. [IpoTexaHne Toka COMpOBOXKIACTCA, TIepepacpeiesiecHHeM
MOJIBUKHBIX MOHOB BJIOJb KPUCTAJIIA, YTO MPUBOAUT K U3MEHEHHUIO €ro CBOWCTB. AHAJIOTMYHBIN
3¢ eKT JocTHraeTcs 3a C4eT 3JIEKTPOXUMHUYECKOW HMHTepKamsuuu. [Ipm 3ToM HOHBI Tamiaus B
CTPYKTYpE KPUCTAIIOB YACTUYHO 3aMEIAIOTCSl HOHAMU JINTHSI, HATPHUS UITH cepedpa.

Bropoii noaxon k MoauduKanMyd MaTEepUaoB JAHHOM TPYMIbI OCHOBAH Ha pPAacIIEIUICHHE
MaTtepuana Ha 2D cnou. M3BecTHO, 4TO paclielyieHHMe KPUCTAJJIOB HAa KBa3U-JABYMEpHBIE CIIOU
KayeCTBEHHO MEHSET CBOMCTBO KpHcTala. SIpkuM mpuMepoM TpaHc(popMaluy CBOMHCTB MaTepuaia
MIPU €r0 paclICIUICHUH SBJISETCS Iepexo OT rpaduTa K ero AByMepHOMY aHanory rpadeny. dakr
BIIMSIHASL PACHICTICHUsI KpHCTAJla Ha ero cBoiicTBa Obin moxarBepxkaeH W it TlGaSez. Tak
aBTopamMu u3 IleknHckoro yHuBepcuTeTa M ApPHU30HCKOIO TOCYIAAPCTBEHHOIO YHHBEPCUTETA
yZaI0Ch MONYy4UTh yiabTpaToHKue cinou TlGaSez MUKpOMEXaHMUYECKUM METOJIOM M INOKa3aTh, YTO
YMEHBLICHWE TOJIIMHBI MaTepHuajga KaueCTBEHHO M3MEHWIO, CIEKTpaJbHble XapaKTepUCTUKU
MaTepHualia U CyIIECTBEHHO MOBBICHIO OBICTpOAEHCTBHE (POTOCEHCOPOB HA UX OCHOBE [6]. OqHAaKO
MUKPOMEXaHHYECKAH MeTOox  He TMo3BojsieT monydath 2D ciom wmarepmana B OOibIImx
KOJINYECTBAX.

Taxum 006pazom, sIBIIEHUS] HOHHOTO NEPEHOCA B HEKOTOPBIX CIOUCTBIX COETMHEHUSX TPYIIIbI
A®B3C5, a Tak ke BO3MOKHOCTb UX paCIIENIEHHs XUMUYECKUM U IEKTPOXUMUYECKHM METO0M
MO3BOJIUT MOAM(HUIMPOBATH UX CBOMCTBAa. Ham ombiT mo pabore ¢ ceHcopamH Kak Ha OCHOBE
rpadeHONOIO0HBIX YIVIEPOAHBIX CTPYKTYypaxX (MaTYMKH Pa3IWYHBIX Ta30B) [7], TaK ONTHYECKUX
JaTYUKOB TEMIIEpaTyphbl Ha MOJTYHNPOBOJHUKOBBIX KpHUCTaJlIax OyJIeT MCIOJIb30BaH Ui CO3JaHUs

CEHCOPOB Ha OCHOBE KPUCTAJLIOB coenuHenuii rpynmst AB3CS,.
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A3B3C.° QRUPUNUN ION KECIRiICi FOTOKECICILORININ ELEKTROKIMYOVIi
MODIFiKASIYASI IMKANLARI HAQQINDA

V.A.9liyev, V.C.RiUstamov,Y.B.Namazov, A.K.9lizads, T.X.Dadakisiyeva

Xiilasa. Mbqalo A3B3C.® grupunun birlosmalarinin elektrokimyavi modifikasiyast va onlarin asasinda
dayiskon xiisusiyyatlori olan qeyri-xatti optik, akusto-optik va optoelektron sensorlarin yaradilmasi
imkanlarimin — aydinlasdirlmasina  hasr  edilmisdir. Uclii  kristallarin ~ yarimkegirici  xiisusiyyatlorini
dayisdirmok ticiin iki farqli yanasma toklif edilmisdir. Birincisi, bu kristallarin ion keciriciliyina, hamginin
monovalent metallarin bu strukturlara elektrokimyavi interkalasiyasina gorva torkibinds dayisiklikior.
Ikincisi, kristallarin kimyavi va ya elektrokimyavi olaraq kvaziikiélciilii tabagalora parcalanmasi. Bu
parcalanma kristalin xassalorini keyfiyyatca dayisdirdiyi géstarilmisdir.

Acar sozlar: yarimkeciricilor, iicqat kristallar, elektrokimyavi modifikasiya, interkalasiya, ikiolgiilii
tabagalor.

ON THE POSSIBILITY OF ELECTROCHEMICAL MODIFICATION OF IONIC CONDUCTING
PHOTOCONDUCTORS OF THE A3B3;C,® GROUP

V.AAliyev, V.J.Rustamov, Y.B.Namazov, A.K.Alizadeh, T.Kh.Dadatakishiyeva

Abstract. The article is devoted to elucidation of the possibility of electrochemical modification of
compounds of the 4°B3C%, group and the creation on their basis of nonlinear optical, acousto-optical and
optoelectronic sensors with variable characteristics. Two different approaches have been proposed to modify
the semiconductor properties of ternary crystals 4°B>C®,. First, changes in the composition due to their ionic
conductivity of these crystals, as well as due to electrochemical intercalation into these structures of
monovalent metals. Second, chemical or electrochemical splitting of crystals into quasi-two-dimensional
layers.

Key words: semiconductors, ternary crystals, electrochemical modification, intercalation, two-dimensional
layers.
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ISTILIK EMALININ TIInSe;<Ln> va TlINixLnxSe2MONOKRISTALLARININ
FOTOELEKTRIK XASSOLORINO TOSIRI
Dos. Zeynalov Z.M.%,, dos.Namazov Y.B'., b/m.Musayev S.X?,
magistr:Qarayeva M.K?,

1Gancs Dovlat Universiteti, 2Azarbaycan Texnologiya Universiteti

Xiilasa: Toqdim olunan isdo istilik miialicasinin monokristalin fotoelektrik xassalorina tasiri tadgiq
edilmisdir. Istilik miialicasi naticasind> maksimum fotokegiricilik halinda fotohassashq artir. Buna gora da
fotoelektrik parametrlori yaxsilasdirmagq ticiin doping asaslandirilir va dyranilir

Acgar sozlar: istilik miialicasi, TIInSe2<Ln> monokristal, lantanid gatqisi, fotoelektrik xassalor, liiks-amper
xarakteristikast

TlInSe, monokristallarinin fotoelektrik xassalorinin dyronilmasina hosr olunmus ¢oxlu sayda
islorin olmasina baxmayaraq, bu islordo ilkin istilik emalinin, siialanmalarin asqarlarin daxil
edilmasinin vo istigamatli deformasiyanin homin kristalin fotolelektrik parametrlorino tasiri
aragdirilmamisdir. Bu todqiqat isindo Kristallarin fotoelektrik xassalorini nozars ¢arpacaq doracads
yaxsilagdiran bir sira miisbat effektlori arasdirilmisdir.

Tomiz p-TIINSe, monokristallarinin  fotohassasligmi artiran bir amil kimi kristalin

temperaturunun artirilmasi barado miayyan molumat verilmisdir. [1,2,3]. Bizim torafimizdon
aparilan todgigatlar naticasinds belo qonasto golinir ki, istilik emalinin tasiri ilo verilmis
monokristallarinin fotohassaslhigini kifayat qodar artirmaq olar.

Istilik emal1 prosesi, kristalin 24 saat arzinds 470 K temperaturda saxlanilmasi, sonra iso 77 K

temperatura kimi soyudulmasindan ibarat olur.
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Sokildan gorindr Ki, nazardan kegirilon nimunalor yuxarida geyd olunan istilik emalina

moruz qaldigdan sonra 77 K temperaturda onlarin isiga qgarsi reaksiyalariin artmasinin tortibi, bu
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nimunolorin temperaturunun 77 K—don 300 K - o godor artirilmast zamani oldugu kimidir. Lakin
bu zaman A >1,5mkm oblastinda fotohassasliq yalniz 300 K temperaturda xarakterikdir.

Qeyd olunan temperaturlarda, lyuks — amper xarakteristikalar1 ham istilik emalina godor, ham
do ondan sonra quvvat omsali ¢ =0,5—-1 olan funksiya xarakteri (J, ~1%) dasiyirlar. Homginin
termik emal zamani a — 1, yani Xatti rekombinasiya halina kegid miisahido olunur.

Yuxarida qeyd olunan istilik emali naticosindo fotokegiriciliyin maksimum halinda
fotohassasliq artir.

Belaliklo, kristallarin verilmis istilik emali vo temperaturunun artirilmasi naticasinds spektral
fotohossasligin artmasi miisahido olunur.

Bu kristallarin inteqral fotohassasliqlar1 asas etibarilo onlarin moxsusi fotokegiriciliklori ilo
olagadardir. Demoli, TlInSe, birlosmosinin kristallik gofasinin maxsusi defektlori ilo olagodar
olaraq ytik dasiyicilar1 fotocorayanin homin isarali moxsusi dastyicilarina alave olunur. Bu iss 6z
névbasinds garanliq carayaninin qiymatinin va corayan kiylarinin saviyyasinin artmasi ilo slagadar
olarag TlInSe, birlosmasi oasasinda yaradilan fotorezistorlarin hassasliq astanasinin pislosmasine
gatirir.

Beloliklo, baxilan aspektdo TIlInSe, kristallarinin fotoelektrik parametrlorini yaxsilagdirmagq
moqsadilo ilo onlarin qofaslorino aktivlosmoa enerjilori mdvcud olan akseptor markazlarinin
enerjilari ilo eyni tortibds olan digar elementds agqar atomlari daxil etmok lazimdir.

TlInSe, birlogsmasinin struktur vo kirstallokimyovi xususiyyastlori ilo olagadar olaraq, artiq
geyd olundugu kimi asqarlar olaraq periodik sistemin lantanoidlor grupundan ikivalentli Eu, Sm, Yb
elementlori gotiiriilmiisdiir.

Verilmis asqarlar tetraedrin alt qofosino elementinin heterovalent formul osasinda ovoz

olunmast ilo daxil edilir : Tlin Ln," Se,, burada Ln" —Sm,Yb,Ce

Bu yolla daxil edilon asqarlar, struktur defektlori ilo slagodar olub, akseptor markazlorinin
ionlagdirict temperatur oblastinda bas verir. Onlar torofindon yaradilan oks isarali dasiyicilar
qarsiliglt kompenso olunur, naticads istilik dastyicilarinin @imumi say1 azalir. Bu iso 6z ndvbasinds
eyni sortlor daxilindo tomiz kristallarla miigayisodo asqarlanmis kristallarda qaranliq coroyaninin
giymeotinin azalmasi ilo miigahido olunur. Eyni sortlor daxilinds Tlin, Ln," Se, kristallarinin qaranliq
carayani tomiz TlInSe, kristallar1 ilo muqgayisads Kigilir.

Tomiz TlInSe, kristallart ilo miigayiseds lantonoidlorlo agqarlanmig bu kristallarda homginin

hossasligin astana qiymati nazaragarpacaq daracado Kigilir.

107



Asqarlanmig TlInSe, kristallarinda qeyri - osas coroyan dasiyicilarinin sayi artir vo digor

borabar sortlor daxilindo onlardaki fotocoroyanin qiymoti asqarlanmis ilkin kirstallar {igiin
xarakterik olan giymaotlordon gat — gat boyuk olur.
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EFFECT OF HEAT TREATMENT ON PHOTOELECTRIC PROPERTIES OF
TIINnSex<Ln> and TlInixLnSe.SINGLE CRYSTALS
Zeynalov Z.M., Namazov Yu.B., Musayev S.Kh., Karaeva M.K.

Summary: In the presented work the influence of heat treatment on the photoelectric properties of a single
crystal is investigated. As a result of heat treatment the photosensitivity increases in the case of maximum
photoconductivity. Therefore doping for improving photoelectric parameters is justified and studied

Key words: heat treatment, TlInSe,<Ln> single crystal, lanthanide doping, photoelectric properties, lux-
ampere characteristic
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SOTTKIi DIODUNUN POTENSIAL COPORININ HUNDURLUYUNUN
TOMAS SOTHININ HONDOSI OLCULORINDON ASILILIGI
MommadovR., Aslanova 9., Sikarova N.

Baki Dovlat Universiteti

rasimazs0@yahoo.com

Miiasir elektronikada giinis istifado olunan Sottki diodlarmin (SD) potensial ¢oparinin
formalagsmas1 nozori olaraq metal vo yarimkegiricinin kontakt (tomas) sothlorinin kontakt
potensiallar forqi (¢ixis islorinin forqi) ilo miisyan olunur. Onlarin osas parametri olan potensial
¢oparin hiindiirliiyliniin tocriibi 6lgmolorlo toyin olunan qiymaotlorinin nozori hesablamalarla tam
uzlasmamasi ciddi tadqiq edilir. Real (geyri-bircins mohdud tomas sothli) SD-lordo metal nazik
tobaqo yarimkegirici ilo bilavasito tomasda oldugundan, tomas sothi metal vo yarimkegiricinin
sorbost sothlori ilo mohdudlasir vo onlar arasinda yaranan kontakt potensiallar forqi hesabina
kontaktalt1 hissosindo perimetri boyunca olavo elektrik sahosi (OES) omolo golir [1]. Bu da real
SD-ds hom potensial ¢oparinin formalagmasina tosir edir, hom do periferiya boyunca lokallasmis
elektrik horokot qiivvosi ( e.h.q.) yaramasina sobab olur. $D-nin qisa qapanmis xarici dévrasindon
OES-nin tosiri ilo elektrik coroyan1 generasiya olunur. Kontakt sothinin sahasi S vo potensial
¢oparinin hiindiirliiyli ®solan$D-do OES-nin tasiri ilo yaranan gorginlik Uc olarsa qisa qapanmis

xarici dévradon axan Ic coroyam asagidaki diisturla ifado olunur [2]:

O qu
I. =SAT? -2 ——c -1
c exp( KT j{exp( kT) } (1)

Real SD-lorin ikidlgiilii enerji qurulusuna osason S timumi tomas sothi iki hissodon — Si1
saholi, ®spihiindirliiklii potensial ¢oporli daxili hissodon vaS2 saholi, ®s2hundurlikli potensial
coparlikonar hissodon ibarotdir. Real SD-don termoelektron emicciya mexanizmi ilo diiz (U>0) vo
oks (U<0) istigamatlords axan timumi I coroyani tomas sothinin daxili hissesindon axan anonavi I1
vo konar hissasindon ©ES-nin Uc gorginliyinin tosiri do olmagla axan I2 corayanlarin comindon
ibarot olur. SD-nin ®si1 vo ®g2 potensial ¢oparllorininhiindiirliiklorinin U-dan asililiq amsallar1 1

vo [z olarsa I-nin U-dan asililig1 agidak: diisturla ifads olunur [2]:

) qu qu
I =1, +1,=SAT?exp| ——BL | ex —exp| — +
! 2 ! p( xT j[ p( anTJ p( nrlrcTﬂ
+ SZAT 2 exp(_ &J exp M —exp| — L
KT n,xT N, kT

(2) diisturundaki isaralor adobiyyatda iimumi gobuledilmislordir, n1, nr, n2,nr2 vo B, B,

(2)

parametrlori arasinda asagidaki alagolor vardir:
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n,=1/Q1-p); n,=1/4; n,=1/1-4,)n, =115, (3)

Toqdim olunan moaruzads Au-nGaAs SD-do diiz va oks istigamatlords corayan axininin tomas
sathinin handasi 6lgllorindon asililiglarinin tadqigatinin nataticalori sorh olunur. Miisyan edilmisdir
ki, eni a vo uzunlugu b olan diizbucaqli formali tomas sathino malik SD-nin diz istigamotdo VAX-
1 iki hissadon ibarat olur ki, birinci hisso U gorginliyin 0 <U< Uc intervalinda oks istigamotdo axan
corayandan toskil olunur. U= 0 oldugda Uc —nin tesirindon generasiya olunan carayan lc ~10%° A
tortibinds olur. Tomas sothi diizbucagliformali Au-nGaAs $D-nin VAX metodu ilo toyin edilmis
potensial ¢oparininhiindiirliiklori, eyni perimetri p=600 mkm va eni a=2; 3; 5; 10; 20; 40; 190 mkm
olan halda sokil 1a-da vo tomas sathinin eni 20 mkm va uzunlugu b=40; 80; 160; 320; 640; 1280

mkm olan halda isa sokil 1b-do gostorilmisdir.
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Sakil 1. Diizbucaqli Au-nGaAs SD-nin VAX metodu ils toyin edilmis potensial
¢oparinin hiindiirlityliniin (®sf-diiz istiqgamatdotam soth, ®srs-oks istigamotda
tam soth,®srp-oks istiqgamotdo periferiya sothi, Uc - OES gorginliyi) tomas

sothinin enindon (a) vouzunlugundan (b) asililiglari.

Miiayon edilmisdir ki, tadqiq olunan SD-nin doyma coroyani diiz istigamotds tam tomas
sothindon, oks istigamatdo iso asason tomas sothinin konar hissasindon kegir. Sokil 1a va 1b-don
goriintir ki, SD-nin diiz istiqgamotdo ®sr potensial ¢oparinin hiindiirlilyli tomas sothinin hondosi
Ol¢iilorinin doyismosindon asili olmayaraq sabit qalir. Tomas sothin konar hissosindoki oks
istigamotdo ®grp potensial ¢oparinin hiindiirliiyli onun eni vo uzununun artmasi ilo cuzi olaraq artir.
Tomas sothin tam sahasine gors toyin edilmis oks istigamatdo ®s:s hiindrllyd onun eni 2 mkm-dan
120 mkm-o doyisdikdo ~ 120 mtV artir, lakin uzunluq artdigda bu artim ciizi olur. SD-do tomas
sothin eni artdigca ©OES-nin Uc gorginliyi azalir, uzunlugu artdiqda iso doyismir, sabit qalir.
Miiayan olmusdur ki, SD-nin tomas sathinin eni vo uzunu dayisorkon, ®@srs vo eUc parametrlorinin

comi dayismir va taqriban potensial ¢oparin diiz istiqgamatdoki @pr hiindiirliiyiins barabar olur.
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Diizbucagli Au-nGaAs SD-nin tocriibi 6lgmalor ilo alds edilon naticalor real SD-nin ikidlgulu
enerji qurulusu ilo izah olunur.
Idabiyyat
1.P.K.MamenoB, KoHTakThl MeTa/l1 — MOJIyIIPOBOJAHUK C IEKTPUUYECKUM ITosieM naATeH. baky, BI'Y,
2003, 231 c.
2. R.K.Mamedov, A.R.Aslanova, Features of current transport in Schottky diodes with additional
electric field, Superlattices and Microstructures, 2019, v.136, p.106297.

DEPENDENCE OF THE POTENTIAL BARRIER HEIGHT OF A SCHOTTKY DIODE
ON THE GEOMETRICAL DIMENSIONS OF THE CONTACT SURFACE
Mamedov R., Aslanova A., Shikarova N.

Baku State University

Summary: The potential barrier height of the Schottky diode, determined by the I-V method in the forward
direction, is greater than its value in the reverse direction due to the influence of the additional electric field
arising due to the limitation of the contact surface. With an increase in the width of the contact surface DS,
the value of the potential barrier height in the reverse direction for the entire surface increases, while the
value for the peripheral surface does not change.

Keywords:Schottky diode, work function, potential barrier, additional electric field.

3ABUCHUMOCTbD BbBICOTHBI HOTEHIIMAJIBHOI'O BAPBEPA IUOJA INOTTKHU
OT TEOMETPUYECKHUX PASMEPOB KOHTAKTHOM IOBEPXHOCTH
MamenoBP., Acranosa A., Illukaposa H.
Baxkunckuii I'ocyjapcTBeHHbIN YHUBEPCUTET

Peztome:Bvicoma nomenyuanvrHozo dapvepa ouoda Lllommxu, onpedenennas memooom BAX 6 npamom
Hanpaenenuu, Oonbuie e€ 3HAYeHUs. 6 O0OPAMHOM HANPAGIEHUU U3-30  GIUAHUA OONOJIHUMETLHOO
INIEKMPULECKO20 NOJS, 603HUKAIOWE20 34 CUem O02panudeHus KOHMakmuou nogepxnocmu.llpu yeenuuenuu
wupunel Koumakmuot nogepxnocmu I 3nauenue 6vicomvl NOMeHYUaILHO20 Oapvbepa 6 00pamHOM
Hanpaenenuu 0I5l 6cell NOBEPXHOCU YBEeNUUUBAENCSl, MO020d KAK 3HAUeHUe 015 NepudeputiHoll NOBEPXHOCHIU
He MeHsemcs.

Knrouesvre cnosa:/Juoo Ilommku, paboma 6vlx00a, HOMEHYUAIbHBLU Oapvep, O0ONOJIHUMETbHOE
aleKmpuiecKkoe noJe.
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KRISTALLARDA QURULUS ELEMENTLORININ YERLOSMO VOZIiYYOTI, BRAVE
QOFOSi VO SINQONIYALAR.
Hiiseynov V.i., Qurbanov S. S., 9limardanova I. M.
Azarbaycan Dovlat Pedaqoji Universiteti

galaca@mail.ru, bahaddin79.ia@gmail.com

Bildiyimiz kimi bork cisimlor kristal vo amorf olmagla 2 yero boltndr. Amorf cisimlords
qurulus elementlori xaotik voaziyyotdos yerlosir. Bu sabobdon amorf cisimlor izotropiya xassasine
malikdir. Qurulus elementlorinin xaotik yerlosmasi sobobindon onlar arsindaki rabito enerjisi dagiq
bir giymot almay1b, miioyyan bir enerji intervalinda qiymatlor alir (E,.,;, = E; + AE). Bu sababdon
amorf cisimlor tgun, kristallardan forgli olarag dogiq bir orimo temperaturu yoxdur. Asagi
temperaturlarda qisa middatli F quvvasinin tasirine moruz qaldigda amorf cisimlor 6zlorini
kristallar kimi aparir. Temperatur vo quvvanin tasir middstinin artmasi isa, onlarin mayelor kKimi
axiciliq xassasina malik olmasini iizo ¢ixardir.

Kristallar monokristal va polikristal olmagla 2 grupa bolindr. Monokristallar diizgiin handasi
formaya malik elementar hicralorin nizaml diiziiliisiindan toskil olunmusdur. Polikristallarda isa
dizgin hondsasi formaya malik bu elementar 6zoklor ixtiyari formada yerlosir. Buna gorods
monokristallarin anizotropiya, polikristallarin isa, amorf cisimlor kKimi izotropiya xassasi gostarirlar.
Biz kristallarin anizotropiya xassosindon danisarkon, monokristallar1 nazards tuturug. Kristallar
Uclin xarakterik cohot onlarin qurulus elementlarinin yerlosma vaziyyatindoki periodikdir ( yani
tokrarlanmadir). Bu tokrarlanma hondasi baximdan miiayyon bir paralel kdgurmays, transilyasiyaya
uygundur. Qeyd olunan bu paralel ké¢iirmo T transilyasiya vektoru vasitosilo belo ifado olunur[1]:

T = md + nb + pd(1)

Burada m, n, p — tam ododlordir. d, B, ¢ — an kigik transilyasiya vektorlari, onlarin modulu isa
transilyasiya perioduadlanir. Qafas diylinlinds yerloson yerlasan atomunun 3 muxtalif koordinat
oxlar1 istiqgamotinds transilyasiyadan (vo ya paralel kdglrmosindon) alinan gofos Brave gofosi,
yaxud transliyasiya gofosi adlanir. d, b, & vektorlari iizorinds qurulan an kigik paralelepiped kristalin
elementar hucrosi adlanir (Sokil.1).Sokildon goriindiiyii kimi kristalin elementar hiicrasi
a,b,é a,f,y olmagla 6 parametro gOro bir-birindon forglonir. Bu 6 parametro goro elementar
hicralor (kristal gofoslor) asagidaki 7 sinqoniyaya boliniir[2]: 1) kubik; 2) heksoganal; 3)
romboedrik; 4) tetroganal; 5) trigonal; 6) monoklin; 7) triklin. Bu singoniyalar igarisindo on sadosi
kubik, mirokkabi iss triklindir. Kubik singoniya G¢lin , a=b =c¢, a = =y = 90°, triklin iso
a#b#c,a+p #yolur.
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Quruluselementlorinin yrlosmo voziyysindon asili olaragkristallar sado vo muroakkab olmagla
2 grupa bolindr. Sads kristallarda atom, molekul va ionlar yalmiz kristalin diiyiin néqtalorinda

yerlosir.

Diyiln nogtads yerloson qurulus elementinin 1/8 — i

bu gafasa va ya elementar hiicrays aiddir[3]. Belo olan halda 5

sado gofaslords yaxud kristallarda 1 gofoso diigon atom say1
N=28-: % = 1 olur. Mirokkob nov kristallarin isa an ¢ox rast !

galinon asagidaki 3 novii var:

1. Hacmoa markazlosmis kristallar — o kristallara deyilir ki,

Sakil.1 qurulus elementlari duyln ndqgtslerindon slave hom e

do kristalin diaqonallarinin kasismo noéqtalorinds yerlosir.

Kristalin diaqonallariin kasisma noqtosinds yerloson qurulus elementlari bltovlikds bir gofase aid

olur. Hocmo markazlogmis gofoslordo 1 gofaso diison atom

say1N=8-%+1=20|ur. = —=

2. Bazaya markazlosmis qoafaslor — o gofos deyilir ki,

atomlar diydn nogtalorindon basqa homds oturacaqlarinin E BM
diaqonallarmin koasismo noqtosinds yerlogir (Sokil.2) [4]. i

Uzlorin diaqonallarmin kosismo ndqtesindo yerason atomun

1/2 — i bu gofoso aid olur. Belo olan halda 1 gofoso diisen ,-’_‘_‘:_—'.',""_'___'.'-37
atomsayr N = 8- % +2- % = 2 olacaqdur. —
3. Qurulus elementlori diyun noqtelorindon basqga tizlorin diaqonallarinin kasismo ndqtasinda
yerlosarso, belo gofas satha markazlogmis (SM) gofas adlanir. Deyilonlardan bels aydin olur ki, SM
gofaslorinds 1 gofoso diigon atom sayt N = 8- % +6- % = 4. Sotho morkazlogsmis qofoslor
qablasdirma omsal1 boyiik olan qafaslor hesab olunur.
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PACIIOJIOKEHHUE CTPYKTYPHBIX 9JIEMEHTOB B KPUCTAJIJIAX,
BPEBHAS KJIETKA U CUHI'OHUU

I'yceitnos B. U. . I'yp6anos C. 1., Aiimmapaanosa 1. M.

Pestome: Tom paxm, umo Kpucmann obnadaem CE0UCMBOM AHUZOMPONUU, 00YCI061eH PACNOTOICEHUEM
amomog 8 YNOpAO0OUeHHOM COCmosHUU. Pacnonooicenue cmpykmypHuIX 3jeMeHmos 6 XAOMUYecKoM
cocmosHuY 06y Ccagnueaen c8oUCMe0 U30MponuY. B 3asucumocmu om pacnoioxcerus amomos Kpucmaiivl
Mmozym 6bimb npocmulmu Uiy crodxchvimu. Cywecmsayem 3 muna ClOHCHbIX KPUCMANIO08.

Knwouesvie cnosa: xpucmann u amopguoe eewecmseo, uU3OMpPOnUs, AHUZOMPONUA, IHEPIUs C6A3U,
MOHOKpUCMATN U ROIUKpUCMani, pewemxka bpase, cunzonus, npocmeie u N0OGEPXHOCMHO-YEHMPUPOBAHHbLE,
00veMHO- U 6a30YeHMPUPOBAHHBIE KPUCHIALITYL.

ARRANGEMENT OF STRUCTURAL ELEMENTS IN CRYSTALS,
BRAVE CAGE AND SYNCHONIES

Huseynov V. I., Gurbanov S. S., Alimardanova i. M.

Summary: The fact that the crystal has the property of anisotropy is due to the arrangement of the atoms in
an ordered state. The arrangement of structural elements in a chaotic state causes the property of isotropy.

Depending on the arrangement of atoms, crystals can be simple or complex. There are 3 types of compound
crystals.

Keywords: crystal and amorphous, isotropy, anisotropy, bond energy, single crystal and polycrystal, Brave
lattice, syngonia, simple and surface-centered, volume- and base-centered crystals
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MnGazSs MONOKRISTALININ ELEKTRIK ELEKTRIKKECIRICILIYI
Niftiyev N.N., Karimli F.K.
Azarbaycan Dovlat Pedaqoji Universiteti
namig7@bk.ru

Hal-hazirda fotoelektronikanin yeni nasil cihazlarinin funksional diapazonunu genislondirmak
Ucln boylk potensiala malik olan fiziki proseslori az 6yronilmis AB2X4 (burada A-Mn, Fe, Co, Ni;
B- Ga, In; X-S, Se, Te) tipli birlosmalor xisusi praktiki va nozori maraq kasb edir[1-4].Magnit va
yarimkegirici xassolori 0ziinds birlogdiron bu birlogsmoalordatexnoloji  islomalor vo labaratoriya
todgiqatlarinin aparilmasi naticasinds yeni nasil optoelektron sistemlorin  magnit sahasinds idars
olunmasinin yaradilmas: iiciin yeni perespektivlor agkara ¢ixara bilor. IsdoAB2X4 tipli birlosmolor
sinfino aid olan MnGa2Ss monokristalininelektrik xassolori  todqiq edilmisdir. MnGazS4
monokristali Bricmen metodu ilo alinmigdir. Rentgenoqrafik metodla miisyyan edilmisdir ki, 3 -
MnGa2Ss monokristali kristal qofos parametrlori a = 12,90, b = 7,45, ¢ = 6,13A vo foza grupu
PnaZ olan rombik qurulusa kristallasir [4].

Sokil 1 - do MnGa:Ss monokristali {iglin miixtalif temperaturlarda volt-amper

xarakteristika(VAX) verilmisdir. Buradan iki oblast askara ¢ixarilmigdir: 1) Om ganununa tabe olan

oblast (1I~V) Vo 2) I~U*20blast1. Molumdurki,asagigorginliklordoVAX-
mxottioblastindacarayaningarginliyindonasililig
eun US
=== ¢

Kimi olur [5]. Burada U — nimunays tatbiq olunmus garginlik, no — tarazliqda olan yiikdasiyicilarin

konsentrasiyasi, u - yiikdastyicilarin yiirtikliiyii, e — yiikdasiyicilarin yiikii, L — kontaktlar arasindaki

mosafo, S - kontaktlarin  sahosidir. MnGazSsmonokristaliligiintemperaturartdiqcaqeyri-
xattioblastakecgidgorginliyiazalir. Buonugostarirki,
MnGazSamonokristaligiivvatlikonpensasiyaolunmusyarimkegiricidir. BukristaliginVAX-
daOmganunundansonramiisahideolunanikidotic (1~U%?)

ganunundéqtevikontaktdanvayabazixiisusikonfiqurasiyalielektrodlardanyiikdasiyicilarininjeksiyasinag

ticosindomeydanagixabilar[5]. Universalikidotigganunuasagidakikimiifadsolunur:

3¢ % V g
| = 4zeun, ( )% ( )2(2)
c,e(n, +ny,) 1+¢

Qeyd edak ki, (2) tonliyi tamamilo sferik hala aiddir. Yarimsferik halda iss (2) tonliyinin sag torafini

2-ya bolmoklo ndgtovi kontaktin approksimasiyasindan istifado edilir. c1 vo czsabitlor olub

1/2<¢,£2 u 1<c, <2 intervalinda qiymotloralir. Burada asagi sorhodlor dorin tolalors
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uygundur. Yuxar1 sorhadlor isa dayaz soviyyslordo tutulma vo ya tutulmanin olmadigi hala
uygundur. Ikido {ic ganununun bas vermasi anod va katod kontaktinin radiuslarininrk << rx <<

raminasibatindon asilidir.

10

1A

~

10

'
o

10 5 2 .
uv

Sokil 1. In- MnGazSs- In strukturunda qaranligda miixtalif temperaturlarda VAX- T, K:1 -293, 2-
308, 3-323, 4-338, 5-353, 6-373.

Ikido ii¢ qanunu o xiisusi sort daxilinds yaranir ki, totbiq olunmus gorginlik yiksoldikca
injeksiya olunan hocmi yiklor injeksiya olunan kontaktlardan miioyyon mosafo ilo bark cismin
hacmina dogru daha dorin yayilsin. Om ganununun 6danildiyi gorginliklords injeksiya olunan
hocmi yiiklor asason rx< 2rs radiuslu sferanin daxilindo galir. Om ganunundan konara ¢ixma bas
verdikda iso radius sferasi daxilindo olan injeksiya olunmus hocmi yilklor UY2 ganunu il artir, bu

da ikidas li¢ ganununun bas vermasina gatirib ¢ixarir.

-9 L i
2.5 30 . 35
10/T,K

Sakil 2. MnGazS4 monokristalinin 100V garginlikda elektrikkegiriciliyinintemperatur asliligr.
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Sokil  2-doMnGaz2Ss monokristali  iigiin - 100V gorginlikdo elektrik  kegiriciliyinin
temperaturdan asilillq qrafiki verilmisdir. 1go ~10°/T asililiq oyrisinden  yiikdastyicilarin

aktivlogsma enerjisi hesablanmigdir vo E = 0,28 + 0,2 eV — a borabordir.
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ELECTRICAL CONDUCTIVITY of MnGa,S: SINGLE CRYSTAL
Niftiyev N.N.

Summary:Volt-ampere characteristic and temperature dependence of electrical conductivity of MnGazSs
single crystal at different temperatures were studied. It was determined that the dependence of | ~ U®?
observed in VAX occurs as a result of the injection of charge carriers from point contacts or specially
configured electrodes. In this single crystal, the activation energy of the local levels was determined from the
dependence of ¢(T) in the constant electric field.

Keywords:MnGaSs4, crystal, volt-ampere characteristics, temperature, injection, electrical conductivity,
activation energy

SJEKTPOIIPOBOAHOCTb MOHOKPUCTAJIJIA MnGa,S.
Hudrues H.H.

Pesrome: Uzyuenvi BOILM-AMNEPHASL  XAPAKMEPUCTIUKA u memnepamyphas — 3a6UCUMOCTb
anekmponposoonocmu monokpucmania MnGaxSs npu pasnuunvix memnepamypax. Ycmanoeneno, umo
nabmiooaemas 6 VAX sasucumocmo | ~ U2 gosuuxaem 6 pesymomame unocexyuu nocumeneii 3apada u3
MOYEYHbIX KOHMAKMOS8 UU IAEKMPOO08 CNeYuaibHol KoHpueypayuu. B smom monoxkpucmanie suepeust
aKmueayuu IOKAIbHLIX YposHel onpedensinacy no 3agucumocmu o(T) 6 NOCMOSHHOM dIeKMpU4ecKom noie.

Knwouesvie cnosa:MnGazSs,kpucmann, 601bm-amnepras Xapaxmepucmukd, memMnepamypa, UHICEeKyus,
NEKMPONPOBOOHOCTNG  IHEP2USL AKMUBAYUU
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Au/(%7Zn-PVA)/n-Si METAL-POLIMER- YARIMKECIRICI (MPY) KONTAKT
STRUKTURUN XUSUSIYYOTLORININ C-V vo G/o-V XARAKTERISTIKALARI
OSASINDA TOHLILI
Hiiseynova N.E.,Ofandiyeva .M .

Baka Dovlat Universiteti

huseynovanrmin21@agmail.com, afandiyeva@mail.ru

Fizika va elektronikanin aktual masalasi - yeni unikal xassalora malik funksional materiallarin
axtarigi vo totbigidir.. Miasir dovrds yeni cihazlarin yaradilmasinda az maliys Xarclori tolob edon,
asan texnoloji proses naticosindo alinan on perspektivli istigamatlorindon biri polimer matris
osasinda kompozit materiallarin istifado edilmasidir.Elektron cihazlarda elektron dasinmasinda
Uzvi vo geyri-uzvi komponentlor istirak etmoasi mumkindur. Bolo maddslor osasinda yaradilan
sistemlora maraga sabab polimer matrisin mirokkob molekulyar strukturu vo nanohissaciklarin
yuksak kimyovi aktivliyidir.

Makromolekulyar maddods elektronlarin dasinmasinda ii¢ variant miimkiindiir:

1. Elektronlarin naqli harakotds olan molekullar vasitasilo bas verir. Belo halda elektronlarin
bir dasiyicidan basqasina kegmasi shamiyyat kasb etmir.

2. elektronlarin redoks qruplar arasinda hoarakati.

3. kegiricilik elektronlarin gruplarin rabitalori boyunca harokati.

Bu baximdan Sottki baryerli, polimer layli kontakt strukturlarina maraq maraq artmaqdadir.
Toqdim olunan isdo AuU/(%7Zn-PVA)/n-Si  metal-dielektrik-yarimkegirici (MDY) kontakt
strukturunda texnoloji baximdan asan hazirlanan siini termoplastik polikristallik polimer PVA
(polivinilalkol) yerlogdirilmigdir. Suda hall olunun PVA -nin alinmasi iglin osas xammal
polivinilasetat istifado edilmisdir. Yarimkegirici xassalora malik polimerin kegiriciliyinin artirilmasi
magsadilo PVA-ya %7Zn slavs edilmisdir.

Yarimkegirici althq kimi Au/(%7Zn-PVA)/n-Si MDY strukturunda (100) kristallik
istigamoatli, 5,08 sm diametrli, 350 mkm gqalinlighh n-Si istifado olunmusdur. Coxmarhalali
tomizlonma prosesi kegimis n-Si sonunda 18 MOmM sm migavimatli deionizo edilmis suyla
yuyulmus, otaq temperaturunda quru azot sirnaginda qurudulmusdur. Metallik Au termik
tozlandirma metodu ilo ¢okdiiriilmiisdiir. Yarimkegirici altliq tizorinds 500 nm galinliginda PVA

elektrospinning metodu ilo alinmisdir.
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Au rectifier contacts

\ - %72n-PVA
| 4 g /

-Si wafer

Al - back ohmic contact

Fig.1 Au/(%7Zn-PVA)/n-Si MPY strukturunun sxematik tasviri

AuU/(%7Zn-PVA)In-Si  MPY kontakt strukturunun tutum vo kegciriciliyin garginlikdan
asililigi (miivafiq olaraq C-V vo G/®-V xarakteristikalar1) miixtolif tezliklordo 6l¢iilmiis, analiz
edilmisdir. Olgmolor zamani gorginlik +6V, test signalinin tezliyi 1 kHz+ 1 MHz intervalinda
doyismisdir, asas parametrlorin orta giymatlori hesablanmisdir: potensial baryer hiindiirlityli ( ®s=
0,72¢V ), ardicil miigavimat (Rs=1E+3 Om). C-V va G/®-V xarakteristikalarinin tezlikdon asililgi
soth hallarmin asagi tezliklordo boylk rolunu askarlamisdir. Yiiksok tezliklords soth hallarinin
dayisan test signalini izlomays macal tapmamasi askar edilmisdir.

Test signali tezliyinin 700kHz+1MHz, gorginliyin 3,9V+V intervallarinda doyismasi
zamani tutum monfi gqiymatlor alaraq -7,00E-12 F+ -1,33E-9 F arasinda doyisir. Bu hadiso soth
hallariin yiiklonmasinds inersiyani agkar edir. Belo halda, yani gorginliyin va test signali tezliyinin
bu intervalda doyismoesi soraitindo Au/(%7Zn-PVA)/n-Si MDY kontakt strukturu induktivlik
analogu rolunu oynayir.

Polimerlorin elektrik kegiriciliyi molekullarda elektronlar: yiirtikliiyt ilo slagadardir. Burada
asqarlama naticasinds bagli rabitalor sistemi yarandiqda elektron buludunu hoayacanli hala gatirilir.
Belo hal polimerdo metallik rabitoys bonzor rabitonin yaranmasina boanzayir. Polimer, elektron
cohotdan geyri-bircins sistemdir, bu sistemds metallik kegiriciliyi tamin edon rabitalor mdvcuddur.
Polimer lay daki (%7Zn-PVA) geyri-bircinsliklor  sistemindo elektronun horokati mixtalif
keciriciliyi toamin edir.
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UCCJIETOBAHUE OCOBEHHOCTEM KOHTAKTHOM CTPYKTYPBIAU/(%7Zn-PVA)/n-Si
(MIIII) HA OCHOBE AHAJIM3A C-V u G/®-V XAPAKTEPUCTUK

I'yceitnoBa H.J., Ddenanena U.M.
Baxkunckuii I'ocygapcTBeHHbI YHUBepCUTET

huseynovanrmin21@gmail.com, afandiyeva@mail.ru

Peztome: Hccneoosana KOHMAKmMuas CMpyKmypa memaui-noiumep- noaynpoeoonux Aul(%7Zn-PVA)/n-Si.
Ilpu noryyenuu nonumepnoii naeuxu noaueunun cnupm (IIBC) 6 xauecmee 0az06020 mamepuana
ucnoavzosancs noausununayemam. C yenvio yseauuenus npogooumocmu IIBC nnenxa 6vina necuposana
%7Zn. Ha ocnose ananuza xapaxmepucmukx C-V u Glw-V eviaenen 6kniad nogepxnocmupix cocmosHuil npu
HU3KUX YACTOMAX, 6bIYUCIeHbl CPeOHUe 3HAYEHUs BblCOMbl NOMeHyuaibHo2o oapvepa (©y = 0,72eV ) u
nocnedosamenvroeo conpomusienuss (R=1E+3 Om). B obnacmu evicoxux wacmom emxocmv MIIIT
npuUHUMAem OmpuyamenbHble 3HAYEHUs, YMO VKA3bledem HA NpOosieieHue UHOYKMUGHBIX CBOUCME
CMPYKMYpbl.

STUDY OF THE FEATURES OF THE Au/(%7Zn-PVA)/n-Si (MPS) CONTACT STRUCTURE
BASED ON THE ANALYSIS of C-V and G/o-V CHARACTERISTICS

Huseynova N.E., Afandiyeva I.M.
Baku state University

huseynovanrmin21@gmail.com, afandiyeva@mail.ru

Summary: The metal-polymer-semiconductor contact structure Au/(%7Zn-PVA)/n-Si was studied. When
producing polyvinyl alcohol (PVA) polymer film, polyvinyl acetate was used as the base material. In order
to increase the conductivity of the PVA film, it was doped with %7Zn. Based on the analysis of the
characteristics of C-V and G/w-V, the contribution of surface states at low frequencies was identified, and
the average values of the potential barrier height (@s = 0.72eV) and series resistance (Rs=1E+3 Om) were
calculated. In the high-frequency region, the capacitance of the MPS takes on negative values, which
indicates the manifestation of the inductive properties of the structure.
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Se-As XALKOGENID SUSOVARI SISTEMINDO FOTOINDUKSIYALANMIS OPTIK
UDULMA
Olakbarov R.I.%, Tanriverdiyeva S.C.2
1Azarbaycan Respublikasi Elm va Tahsil nazirliyi, Fizika institutu
ZBaka Dévlat Universiteti

Rahim-14@mail.rutanriverdiyeva.sovket@mail.ru

Xalkogenid siisovari maddolords igigin tosiri ilo yaranan qurulus doyismolori fundamental
fizikanin on maraqli hadisolorindon hesab olunur. Fotoinduksiyalanmis optik hadisolora dair
aparilan elmi todgiqatlar subut edir ki, geyri-kristal maddalords isigin termik va geyri-termik (foton)
tosir mexanizmlori mévcuddur [1].Todgiqgatlar gosterir ki, fotostruktur doyisikliyin bas vermasi
ucln iki osas sort tolob olunur: bunlardan birincisi elektron lokalizasiyasi, ikincisi iso elektron-goafos
olagesi [2]. Kristal vo geyri-kristal maddolordo fotoinduksiyalanmis optik hadisalor sahasindo
yazilan elmi asarlorin migayisali analizi onu demoys imkan verir ki, siialanma effektlori geyri-
kristal maddoalords vo mayelords kristallarla miigayisads daha qabariq miisahidos edilir [3, 4]. Qeyd
olunan tadqiqatlarin naticolori geyri-kristal maddalords fotoinduksiyalanmis optik todgigatlarin
aparilmasina ciddi maraq yaratmigdir. Bu todqigatlar gostarir ki, geyri-kristal maddalords isiq optik
parametrlorin ciddi doyismasina sabob olur.

Toqdim olunan isin moqQsadi SegsAss xalkogenid siisovari maddosinin nazik tobogoli
nimunolorinds fotoinduksiyalanmis optik udulmanin fiziki mexanizmlorini aragdirmaqdir.

Sakill.-do siiso altliq tizorinds vakuumda termik buxarlandirma metodu ilo alinmig qalinligi
d=10 mkm olan SegsAss tarkibli nazik tobagasinin lizarina diison fotonun enerjisi hv~2,6+3.75 eV
olmagla muxtslif ekspozisiya muddatlorine (t=0-40 doq) uygun optik udulma (a) va Taus ganununa

uygun udulma (b) spektrlari tosvir olunmusdur.
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Sakill. SegsAss torkibli xalkogenid siisovari nazik toboagosinin mixtalif ekspozisiya miiddstlorinda
optik udulma(a) ve Taus ganununa uygun udulma (b) spektrlari.
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Sokillb-do Taus ganununu Odayarak istlii asililiq oblastini tasvir edan (1)-formuluna asasan
(ahv)Y2~f(hv) asililig1 udulmanin sifir giymotino ekstrapolyasiya olunaraq optik gadagan zonasimin
eni (Eg) toyin olunmus vo alinan naticolor Sokil.2-ds tosvir olunmusdur.

a‘hv = B(hv-Eg)" (D
(1)-dusturunda B-tistlii asililigin meylinoe uygun amsal, v- maddoanin tzarina diison isigin tezliyi vo
h- Plank sabitidir.

1,95

1,904 \

1,85

Eg, eV

1,80

b \

t, dagq

Sakil2. SegsAss torkibli xalkogenid siigovari nazik tabagasinds optik qadagan zonasi eninin (Eg)
ekspozisiya miiddotindon asililigi.

Sokil.1 va Sakil.2 —doa tasvir olunan tacrlbi naticalarin birgs tohlili gostorir ki, enerjisi optik
qadagan zonasi enindon yiiksok olan Eg<hv~2,6+3.75 eV isigin niimunays tasir middatinin artmasi
naticasinds spektrin hv~1,6+2.1 ¢V intervalinda udulma omsalinin giymoti artarag maddonin
fototindlosmasi bas verir. Digor torofdon, ekspozisiya middstinin artmasi naticasinds optik
gqadagan zonasinin eni Eg=1.95 eV-dan 1.72 eV-a godor azalir. Spektrin yuxarida qeyd olunan
intervalinda (1,6+2.1 eV) optik fototiindlogsmonin miisahido olunmasi vo qadagan zonasi eninin
(Eg) azalmasi ekspozisiya muddstindon asili olaraq niimunado asagi rabito enerjili (Erap=32.1
kcal/mol) As-As homopolyar rabitslorin qirtlmasi vo onun naticasinds valent zonasinin yuxari

hissasinds hal sixligmin artmasidir.
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PHOTOINDUCED OPTICAL ABSORPTION IN A Se-As CHALCOGENIDE GLASS SYSTEM
Alekberov R.I.'Tanriverdiyeva Sh.J.2

Summary: The presented work is devoted to the investigation of the physical mechanisms of photoinduced
optical absorption in thin-film samples of SegsAss chalcogenide glassy material. As a result of the research, it
was determined that in the range of photon energy of 1.6+2.1 eV, optical photodarkening and a decrease in
the forbidden zone width (Eg) occur in the substance. This result is related to the breaking of As-As
homopolar bonds with low bond energy in the sample depending on the exposure time and the increase of
state density in the upper part of the valence band.

Keywords: amorphous, glass, non-crystalline

OOTOUHAYIHNPOBAHHOEOIITUYECKOENIOI'VIOINEHNEBCUCTEMEXAJIBKOI'EHUJTHO
I'OCTEKJIASe-As

Aocmpaxm:  Ilpedcmasnennas  paboma  NOCGAWEHA  UCCAEO08AHUID  (DUBUYECKUX — MEeXAHUZMOG
POMOUHOYYUPOBAHHO20 ONMUYECKO20 HNOAOWEHUS 6 TMOHKONJIEHOUHbIX 00pa3yax XanrbKo2eHUOHO020
cmexnooopasnoco mamepuanra SegsASs. B pesyarbmame uccnedosanuii yCmano8ieHo, Ymo 6 Oudndasoue
onepeuit pomonos 1,6=2,1 3B 6 eewecmese npoucxooum onmudeckoe (GoOmMoONOMOMHEHUEe U YMEHbULEHUE
wupunsl 3anpewjernoli 3ouvl (Eg). Imom pesynromam ceésnzan ¢ paspviom 2OMONoApHbIX ceésazeli As-As ¢
HU3KOU dHepeuell ce:A3u 6 00paszye 8 3a8UCUMOCIU OM 8PEMEHU IKCNOZUYUU U YEeauyeHuem NniomHOCmU
COCMOAHUL 8 BEPXHEU YACTNU ATEHIHOL 30Hbl.

Knrwouesvie cnosa: amopghnoe, cmexio, HeKpUCMALIUYECKOE.
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STRUCTURAL AND MORPHOLOGICAL PROPERTIES of Gagg9Bgo1Se: TOWARDS
ADVANCED PHOTODETECTORS
Balayeva L., Huseynov A.
Baku State University

blamiye99@gmail.com

Photodetectors, which convert optical signals to electrical signals, are critical to modern
information technologies, with applications spanning biomedical X-ray imaging [1], UV detection for
lithography and live cell analysis [2,3], visible light detection for cameras [4], and infrared (IR)
detection for night vision, optical communication, atmospheric monitoring, and spectral quality control.
As radio communication networks and fiber-optic use expand, photodetectors must meet rising
performance demands, especially for high-frequency signal reception [5]. This study addresses this need
by synthesizing and examining gallium-boron-selenide (Ga;_4B4Se) solid solutions, which are
photosensitive in the near-infrared and visible ranges, for advanced photodetector development.

Figure 1 shows the XRD diffractograms of the Gagyq9Bg.o1Secrystal, where the interlayer
distance (d = 3.96782 A) is notably greater than in pure GaSe crystals (d = 1.54056 A) [6]. This
increase is expected to enhance Gag,q9Bgo;Se's performance as a photodetector material by
affecting its electronic band structure and energy levels. A larger interlayer spacing enables
absorption of lower-energy photons, expanding sensitivity across a broader spectral range,
including IR wavelengths. Additionally, this spacing may ease charge carrier movement (electrons
and holes), boosting photoelectric response speed and efficiency. Boron incorporation introduces
new defect levels that can slow carrier recombination, extending the lifetime of photoinduced
carriers and improving light response. The narrower bandgap in Ga,q9Bg ¢, Sefurther enhances
sensitivity at longer wavelengths, making it particularly effective in the IR range. Boron also
contributes to greater structural stability and thermal resistance, vital for industrial applications
under harsh conditions. The expanded interlayer spacing enhances the material’s light absorption
and photocurrent response at low light levels, increasing quantum efficiency by reducing electron-
hole recombination. Altogether, the larger interlayer spacing in Gagq9Bg o1 Seimproves spectral

sensitivity, light response, and photodetector performance and stability.

intensity (CP5)

Fig 1. XRD pattern of Gag 9By 91 Se
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Figure 2 shows SEM images of the Gay49B( o1 Se crystal at two magnifications. In Figure
2a, the material’s layered (lamellar) structure is evident, reflecting the stacking nature typical of
GaSe crystals. The surface morphology reveals signs of fragmentation or mechanical stress, likely
caused during sample preparation. Small particles and defects are also noticeable, possibly due to
sample handling. At 1500x magnification, the layers appear relatively thick, measuring several
micrometers, indicating a multilayered crystal structure. In Figure 2b, with a higher magnification
of 11,743x, thinner layers ranging from micrometer to sub-micrometer scale are visible,
highlighting the fine details of the material's structure. The smoothness and uniformity of these
layers suggest high crystal quality and controlled growth, with no significant defects, indicating
homogeneity in the crystal formation process. The SEM analysis confirms that Ga, 9B, o1 Se has a
layered structure, which is promising for optoelectronic applications like photodetectors. Layered
materials and thin films are known to enhance device performance, and the smooth, orderly layers
observed at higher magnifications are essential for stable electronic and optical properties. The
well-ordered configuration of Gagyq9Bgo1Se may benefit thin-film photodetectors or sensors by
improving light absorption and conductivity. Compared to other layered materials, the thickness and
uniformity of Ga, 9By 1Se layers suggest unique optical properties, enhancing its potential for

advanced photodetector technologies.

Fig.2 SEM images of Ga, ¢9B, ¢, Se crystal
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Gag 99Bg o1Se -nin QRULUS vo MORFOLOJI XUSUSIYYOTLORI: TOKKILLOSMIS
FOTODEDEKTORLARA DOGRU

Balayeva L., Huseynov A.

Xulasa:Gag g9By g1Se kristallarimin tadqiqi bu materialin, xiisusilo yaxin infraqurmizi va gorinan spektral
diapazonda fotodetektor totbiglori ctn perspektivli xisusiyyatlora malik oldugunu gostorir. Laylararas
masafanin artmasi kristalin elektrik va optik xususiyyatlorina mlsbat tasir edarak spektral hassasligini artirir
Vo uzun dalga diapazonunda samoarali foton udulmasm tomin edir. Bundan alava, gallium atomlarinin bor
atomlart ilo avazlonmasi gadagan olunmus zonam daraldaraq IQ deteksiyasina imkan yaradan struktur
modifikasiyalarini, hamginin sanaye tatbiglori t¢un vacib olan istilik sabitliyi vo davamiiigi yaxsilasdirir.
SEM tohlili Gag 99By 91 Se -nin yuksak kristal keyfiyyati vo hamar, homojen laylara malik oldugunu géstarir.
Bu naticalar Gag g9Bg g1Se materialimin fotodetektorlarin inkisafi ticiin yiiksok fotohassaslg, dayamiqhq va
genis optoelektronika tatbiqlori iiciin uygunluq xtisusiyyatlorine malik perspektivli material oldugunu
gostarir. Goalacaok todqiqatlar bu xisusiyyatlorin daha da optimallasdiriimast ilo materialin funksional,
coxfunksiyali fotodetektor qurgularina inteqrasiyasini genislondira bilor.

Acar sozlar: fotodetektor, bark mahlul, laylararas: masafa, layl: kristal

CTPYKTYPHBIE U MOP®OJIOT MYECKUE CBOMCTBA Gagg9By o;Se: HA IYTH K
CO3JIAHUIO COBPEMEHHBIX ®OTOIIPUEMHUKOB

Banaesa JI., I'yceiiHoBa A.

Peztome.Hccneoosanue xpucmanios GagqgeBgg1Senokazvieaem, umo smom mamepuan obradaem
NepCneKmMUSHbIMU  XapaKmepucmukamu 01 NpUMeHeHUs 6 QOomooemeKmopax, O0cOOeHHO 6 OnudcHeM
UHGpaAKpacHom u 6UOUMOM CHEKMPANbHOM OUANA30HAX. YeenruueHue MedHCCI0e8020 PacCMOsHU
NONIOXHCUMENbHO  6TIUACI  HA  dNeKMpuyeckue U ONMu4ecKue Ceoucmed Kpucmaiid, HnOGblulds e2o
CNeKMPanbHYI0 4y8CMBUMENbHOCMb U 00ecneuusas dQgdekmusrnoe no2noujerHue Gomonos na 6onee ONUHHbIX
gonnax. Kpome mozo, 3amewenue amomoe eannus amomamu 0O0pa NPuUGOOUM K CMPYKMYPHLIM
MOOupuKayusm, Komopwvle He MOAbKO CYICAIOM 3anpeujenHyro 30Hy, cnocoocmeys UK-Oemexyuu, HO u
YAVUUAIOM MePpMOCMAOUTLHOCb U 00JI208EYHOCMb, YMO BAXHCHO 0151 NPOMbIULIEHHbIX npumeHeHul. SEM-
ananuz nokaszvieaem, umo Gagqg9B g1 Sexapaxmepuzyemecs 6blcOKUM KA4eCMBOM KPUCMATIA C 2NAOKUMU U
OOHOPOOHBIMU ClosIMU. Dmu pe3yrbmamul npeonoaazaiom, umo Gagyg9Bg g1Seasnaemea nepcnexmugnvim
mamepuanom o pazpabomku homooemexkmopos ¢ 8blCOKOU Pomouy8cmeumenbHOCmsio, YCmMouuugoCmoio
U WUPOKUMU 803MONCHOCMAMU NPUMEHEHUSI 8 ONMOIIeKMPOoHUKe. B 6yoywem oanvueliwas onmumusayus
SMUX CBOUCME MOICem pacuupums GO3MOJICHOCIU Mamepuana 01 UuHmezpayuu 6 QYHKYUOHATbHbIE,
MHO20(DYHKYUOHATIbHBIE POMOOEMEeKMOPHbLE YCIMPOUCIEA.

Kntouegwie cnosa: pomodemexmop, meepobiti pacmeop, Mexiccioesoe paccmosnnue, CIOUCMbIU KPUCTATLIL.
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GUNOS ELEMETLORINO COROYAN DASIYAN SOBOKONIN
HONDOSI FORMASININ TOSIRI
Olokbarova R.X., Agayev M.N..
Baki Dovlat Universiteti

elekberovaremziyye0l@gmail.com, agayevm50bk.ru

Corayan dasiyan yollarin hondasi formasinin sobokasinda, glictin omik itkilori asasan bdyuk
rol oynadigidan, gilinos elementlorini (GE) hazirlayarkon kigik suntlayici coroyanin tomin
olunmasma vo miimkiin minimal ardicil Rar migavimotine malik olan cihazlarin hazirlanma
texnalogiyasinin islonmasina boyuk diqget ayrilmalidir[1].

Kontakt sobokosinin tosiri ilo {i¢ problem movcuddur. Birinci problem , yarimkegiricinin {ist
tobagosindo kontakt sobokosinin zolaglar1 arasinda fotocorayanin olmasi ilo baglhdir. Bunlardan
ikincisi, metal soboko ilo yarmmkecirici arasindaki kontakt miigavimotidir. Uglincli komponentin
movcudlugu sobokonin metal zolaqglarinin miigavimoti ilo baghidir[2].

Coroyan dasiyan yollarin handasasinin GE — nin fotoenergetik parametrlorino tasirini tadqiq
etmok tiglin biz vahid texnoloji soraitds U¢ seriya nimuns hazirlanmisiq. Hazirlanmig niimunalor eyni
yarimkegirici  struktura lakin ¢oroyan dasiyan sobokonin mixtalif hondoasi qurlusuna malik
gotrillmiisdiir.

Coroyan dastyan yollarin frontal tobogosindo olan itkilori azaltmaq iiclin omik kontaktlar
soboko soklindo diizoldilmigdir. Sobokoni daha six gétiirmoklo, sobokonin miigavimatini kigiltmok
olar. Bu sobabdon do optimal handasasi olan kontakt sabokasinin yaradilmasi agiq olaraq qalir .

Odobiyyatlarda aparilan todgigatlardan belo notico ¢ixir ki, kontakt sobokasinin hondasasi
formalarin1 segmoklo mioyyan tip Gunoss elementlori {igiin yaxsi parametrlori olan nimunanin
alinmasina nail olmagq olar.

Togdim olunan isdo daraq soklinds hazirlanmig niimunanin elektrofiziki parametrlori tadqiq
olunmusdur. Olecmo aparilmamisdan ovval Glinos elementina omik kontakt vurulmusdur. Omik
kontakt kimi AlsoNizo amorf xalitali metaldan istifads edilmisdir. Kontaktin omik olmasini yoxlamaq
moqsadilo har iki istigamotds Volt — Amper xarakteristikasi ¢ixarilmigdir. Xarakteristikadan goriiniir
Ki, hor iki istiqgamotdo oyri duzxstdir. Buda Gilinos elementino vurulan kontaktin omik kontakt
olmasin1 gostorir. Kontaktin omikliyini miiayyanlogdirdikdon sonra nimunani todqigq etmok dgin
yigilmis qurguya birlosdirmisdir.

Tadqiq olunan Giinas elementinin alinmis parametrlori cadvalds verilmisdir.

|q.q, mA Us.g WV |opt, mA Uopt Y prom E_, P<;1x, Bt FIS %
30,0 0,537 28,57 0,412 1,77 0,730 11,77 11,77
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Olgiilon Giinos elementinin {imumilosdirilmis parametrlorinin

qiymetlori, diison siianin giicii = 100 Vt / sm? vo T = 300° K olan yiikiin

VAX — dan miiayyon edilmis qiymaotlori gostorilmisdir.
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THE EFFECT OF THE GEOMETRIC SHAPE OF A NETWORK
CARRYING CURRENT IN SOLAR ELEMENTS
Alakbarova R.X., Agayev M.N.

Abstract: In oder to investigate the effect of the geometry of current -carrying paths on the photoelectric
parameters of solar cells,we have prepared three samples under identical technological conditions.The
prepared samples have the same semiconductor structure.In this study,the electrophysical parameters of the
comb-shaped sample were examined,and the generalized parameters of the measured solar cell are provided
in the table.

Keywords:AlgoNizo,Solarelement,VAX

BJINSTHUE TEOMETPHYECKOM ®OPMbI CETH, IEPEJIAIOIIEN TOK B
COJIHEYHBIX 3JIEMEHTAX
JnexdepoBa P.X., Araes M.H.

Abcmpamnwiii: /[na uccne0oganus 6uuAHUA 2eoMempu NpoBOOAWUX nymeu Ha ¢homoeHnepzemuyeckue
napamempyvl CONHEUHLIX DJIeMEHMO8 HAMu NOO020MOGIeHbl mpu 00pazya 6 eOUHbIX MEeXHOI0SUYeCKUX
ycnosusax.Bce noocomoenennvie 006pasybl  umer0om OOUHAKOBYIO NOJYNPOBOOHUKOBYIO —cmpykmypy.B
npeocmasieHHol pabome UCCIeO08AHbL INeKMpopuutecKue napamempu oopasyd,8biNOIHEHHO20 8 GUOe
peutemKu,u usmepernvle 0600ujeHHble NapaMempbl COTHOYHORO eMeHma npusedensl ¢ madauye.

Knroueewire cooea:AlsoNix Corneunviii snemenm, BAX
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(TIGaSez )1« (TIinS; )x (0<X< 1) B TBEPJIOM PACTBOPE 3ABUCUMOCTH
XUMHMYECKOM CBS3U U IIMPUHBI 3AITIPEIIIEHHOM 30HBI
OT ITAPAMETPOB PEHIETKH.
Caaumosa B., Jlerugosa C.
Cymrant I'ocynapcTBeHHbBI Y HUBepCHTET

vafa.salimova@sdu.edu.az

Annomayusn: Cunmesupoeamsvl 1 nPOEeOeHbl PeHMEEHOSPAYUUECKUL AHAIU3 NOJYAPOBOOHUKOBIX MEEPObIX
pacmeopoe (TIGaSe, )ix (TlnS: )x ( 0<X< 1). ITuxnomempuueckum u peHmeeHo2papuueckum mMemooamu
onpeoenenvl NJIOMHOCMb 80 8cex cocmasax. Bwiseneno, umo ece meepovle pacmeopvl KpUCMAIUZYIOMCSL
bosiee ClodHCHOEe MOHOKIUHHOE CUHSOHUU U 8 Hell 8 INeMEeHMAPHOU A4eliKa CO0edepIHCUM HECKOIKO MOJIEK) L.
Knwouesvie cnoea:nonynpoeaonux, meepoHvlil pacmeop, KPUCMALIUYECKAs CMpPYKmypd, Hnapamemp
peuiemxa, nIOMHOCHb, PEeHM2eHOSPAPUUEeCK UL AHATU3, 3aNPEUEHHASL 30HA, XUMUYECKASL C853b.

Kax wusBectHo, noiynposoauukosbie coemunenus TIA'B2Y! (- A-Ga, in; BVY'-S,Se,Te)
CUMTAIOTCS UHTEPECHBIMH OOBEKTAMH HCCIIEIOBAHUS KaK ¢ TEOPETUIECKOM, TaK U C MPAKTHIECKOM
TOYKH 3peHust. TakuMm o0pa3oM, OOJIBIIOE KOJIMYECTBO BAJEHTHBIX DJIEKTPOHOB B COEAMHEHHSX
3TOTO THIA, ACHMMETPHS XMMHUYECKOU CBSA3M MEXY aTOMaMH, a TaKkKe CrelnpruIecKue CBOMCTBA,
BO3HHKAIOIINE B WX KPHCTAUIMYECKOW CTPYKTYype, OTIMYAIOT O3TH MaTepHaibl OT JIPYyTrux
MOJIYIIPOBOIHUKOB. YKa3aHHBIE CBOMCTBA ITO3BOJISIOT BapbHPOBaTh B HYXKHOM HaIlpaBJICHUH
OCHOBHBIE TIAPAMETPHI MOJIYIPOBOAUMOCTH B TBEPABIX PACTBOPAX, MOJIYYEHHBIX Ha OCHOBE TAKUX
BelecTB. Takoe U3MEHEHUE TPOSBIACTCS U B DU3NUECKUX CBOWCTBAX, YTO BAKHO C TOYKU 3PEHUS
MPAaKTHYECKOTO TPUMEHCHUs. VI3MeHCHHEe IIMUPUHBI 3alperieHHOW 30HbI B HYKHYIO CTOPOHY
HMHTEPECHO C TOYKH 3PEHHUS Pa3pabOTKH ONTHYECKUX MpeoOpasoBaTesiel, CIIOCOOHBIX paboTaTh B
OIIPEIEICHHOM Iuana3oHe UIMH BOJH. OJIHUM U3 ONTHMAIIBHBIX CIIOCOOOB M3MEHEHUS HIMPHHBI
3alpelieHHO 30HBI TaKUM CIIOCOOOM  SIBJISIOTCS TBEPIBIE DPACTBOPBL. TBepible pPacTBOPHI
(T1GaSe2)1x (THINS2)x (0<X< 1) cuHTE3UPOBAJIH IO JOCTYIHOM U3 JIUTEpaTyphl MeToauke [ 1 ].

II1oTHOCTE  BCEX  KOMIIOHCHTOB  ONPENEISIM  KaK  [MHKHOMETPHYECKMM, TakK M

pamuorpaduueckuM MeToaMu. Pe3ynbraTel u3MepeHuid puBeeHbl B Tadmuie (Tadi. 1).

Tadnuue 1
[onynpoBoguukoBele | ppik,10%kg/m? prent., 10° kg/m?® Ppik / Prent.
COEMHEHHUS U TBEPIIE
PacTBOPEI
TIGaSe: 6.4 3.2 2

(TIGaSe2)o.8 (TlinS2 )o.2 5 3.89 1.28
(TIGaSe2)o.6 (T1inSz2 )o.4 4.8 3.12 1.54
(TIGaSe2)o4 (T1inSz )os 42 2.96 1.42
(TIGaSe2)o2 (T1inSz2 )os 4.3 3 1.43

TlINS: 5.4 3.8 1.42
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Kak BumHO M3 TaOmuIpl, C yBeTUYEeHHEM MaccoBOW noiu coeamHeHus T1InS2 B TBepabIx
pactBopax (o1 x=0,2 10 x=0,6) 3HaUeHNE MIIOTHOCTH OTHOCUTEIILHO YMEHBINAETCs. DTO U3MEHEHNE
MO>KHO OOBSICHUTh U3MEHEHHEM 00beMa KPUCTAJUIMYECKOM PEIIeTKH TBEPAOTO PacTBOpa.

[IpoBeneHHbIE MCCIENOBaHUS TMOKA3bIBaIOT, uTO B TBepaoM pactBope (T1GaSez2)ix (THINS2)x
(0<X< 1) mapamerpbl pemIeTKH C YMEHBIIAIOTCS ¢ yBenudeHwem X. [lpu 3TOoM 1mmpuHa
3amnpeIeHHON 30HbI yBennuuBaercs. (puc 1).

2.4

AE, //'D

ey
2.3 o= |

a) /
2,2 P

2,0

15,7
SE—
cA —— |
15,5 —
B \\
15,3 \
151
T\GaSez 20 40 60 20 THnS;

Mol
Puc. 1. 3aBucuMoOCTh IIUPHUHBI 3alIPeLIEeHHON 30HbI ()
U mapaMeTpoB pewieTkH (0) oT cocraBa.

Takast 3aBUCMMOCTb ObUIa MOMy4YeHA M B JPYTUX MOJIYNPOBOJHUKOBBIX TBEPABIX PacTBOPax
[3]. Drta 3aBUCHMOCTH MOXET OBITH CBsI3aHA C ACHMMETPHCH XHMHYECKHUX CBSI3CH B PasHBIX
HaNpaBJICHUAX B KPUCTAJUIMYECKOH perieTke. Takum o0pa3oM, UCCIIEIOBaHHbIE TBEPABIE PACTBOPHI
UMeroT 0oJiee CIOKHYIO CTPYKTYpY C pas3IMYHbIMU CBOMCTBAMHU B Pa3HBIX HANpPABICHUSAX IO
XUMHYECKHM CBSI3IM IPH COXPAaHEHUWU MOHOKIMHHOCTU. Ilpu STOM, B OTIMYME OT MPOCTOM
CTPYKTYPBI, B 3JIEMEHTAPHOM SIIPE HAXOIUTCS OOJIbIIE MOJIEKYI.

Kak mnokazaHo B cCyHlecTBYIOLIEH JHUTEPaType, B «Y3KO30HHBIX» M «IIUPOKO30HHBIX)»
MOJIyIIPOBOJIHUKAX JOJSl HOPOroB, OOYCIOBJIEHHBIX B3aMMOJECHCTBHEM IIMPHUHBI 3aIlpelieHHON
30HBl B 3aBUCHUMOCTH OT TEMIIEpaTypbl C TEIUIOBBIM pACIIMPEHHEM M KOJEOAHUSIMH PEIIETKH,
pasnmuuHa. Kak oTmedanock B 3THX paboTax, MIMpPHHA 3alpelleHHONd 30HbI B coeauHeHuu T1InS2
JUHEHMHO YMEHBIAETCS C POCTOM TeMIeparypbl. UToObl ompeaenuTh, UMEET JIM MECTO TakKas
3aKOHOMEPHOCTb B TBEPJAbIX pacTBOpax, HEOOXOAWMO 3HAThb KOA(PQPHUIMEHTH TEIUIOBOTO

pacinpCHUA U U3OTCPMHUICCKOI'0 CXKATHA 3TUX PACTBOPOB.
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(TIGaSe: )1x (TlinS: )« ( 0<X< 1)BORK MOHLULUNDA KiMY3VI RABITONIN VO QADAGAN
OLUNMUS ZONANIN ENINiN

QOIFOS PARAMETRLORINDON ASILLIGI.
Salimova V., Latifova S.

Xulasa: (TIGaSe; )ix (TlnS: )x ( 0<X< 1) yarimkegirici bark mahlullar: sintez olunmus va rentgenografik
analiz aparilmisdir. Biitiin torkiblorin piknometrik va rentgenoqrafik tisullarla sixiigi toyin edilmisdir.
Muayan edilmisdir ki, alinan bark mohlullar daha mirakkab monoklin sinqoniyada kristallagirlar. Bu halda
elementar 6zokda daha ¢ox molekul yerlogir.

Acar sozlar: yarimkegirici, bark mahlul, kristallik qurulus, gofas parametrlari, sixliq rentgenografik analiz,
qadagan olunmus zona, kimyavi rabita.

(T1GaSe2 )1.x (T1inS2 )« ( 0<X< 1) IN SOLID SOLUTION, DEPENDENCE OF CHEMICAL BOND
AND BAND GAP ON LATTICE PARAMETERS

Salimova V., letifova S.

Summary: Semiconductor solid solutions (TIGaSe2)ix (T/nS2)x (0<X< 1) were synthesized and X-ray
analysis was carried out. The density in all compositions was determined by pycnometric and radiographic
methods. It was revealed that all solid solutions crystallize in a more complex monoclinic system and in it the
unit cell contains several molecules.

Key words: semiconductor, solid solution, crystal structure, lattice parameter, density, X-ray analysis, band
gap, chemical bond.
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FeGaoslni2Ses KRISTALLARININ DIELEKTRIK OMSALLARININ TEZLIK
DISPERSIYASI
“Niftiyev N.N., “Dasdomirov A.O., “"Mammadov F.M., “Agayeva R.M.
*Azarbaycan Dovlat Pedaqoji Universiteti
“AMEA Kataliz va Qeyri — iizvi Kimya Institutu
namig7@bk.ru

AB2X4 tipli kecid metal xalkogenidlori (A-Mn, Fe; B-Ga, In, Sb, Bi; X-S, Se, Te) maraql
fiziki xususiyyatlora malikdir vo uzun illordir ki, todgiqat¢ilarin diggatini calb edir [1-2]. Bu
yaxinlarda miioyyan edilmisdir ki, bu tip bazi birlosmalor magnit topoloji izolyatordur va super
suratli yaddas elementlorinin, spintronik cihazlarin, kvant kompiiterlorinin, detektorlarin vo s.
yaradilmasi ti¢lin perspektivlidir [3-4].

Isdodoyison elektrik sahosindo FeGaoglni2Seskristallarmindielektrik  xassolori  todgig
edilmisdir.FeGaoslni2Seskristali stexiometrik miqdarda yiiksok tomizlikli elementlordon (99,99)
alinmigdir. Rentgenoqrafik metodla analiz naticasindo muayyan edilmisdir ki, FeGao,slni 2Ses kristal
ofos parametrlori a = 3,983 A vo ¢ = 38,811 A olan trigonal sinqoniyaya (foza qrupu 3ml)
kristallagir [5]. Elektrik tutumunu Olgmok ii¢iin galinligt ~ 1 mm olan FeGaoglni2Ses kristal
I6vholora giimiis pastast vuraraq kondensatorlar hazirlanmis vo 6lgiilmalor E7-20 (25 + 10° Hz)
rogomli immetans 6l¢ii cihazinindan istifado etmoklo aparilmigdir.Dielektrik niifuzlugunun hoqiqi

hissasi €'= Cd/eoS, xayali hissasi ise "= tgd-¢' ifadolorindon hesablanmisdir.

3 -
2,5 3
/ 2
- 1
& 2 7
1,5 -
1 ) ) ) 1
4 4,5 5 5,5 6

Igf, Hz

Sakil 1. FeGaoslni2Ses kristalr digiin miixtalif temperaturlarda dielektrik niifuzlugunun haqiqi
hissasinin elektrik sahasinin tezliyindan asliligi. T, K: 1-295, 2-323, 3-358.
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Sokil 1-do FeGaoslni 2Ses kristalinin miixtolif temperaturlarda dielektrik niifuzlugunun hoqiqi
hissasinin (g') doyison elektrik sahasinin tezliyindon asililiq grafiki gostorilmisdir.Sokildan gorindr
ki, tezlik artdiqca €' — in giymoti azalir. Miiayyan edilmisdir ki, 295 + 358K temperaturlarda vo
2-10* + 10° Hz tezlik oblastinda €' — in giymati 23 + 410 intervalinda doyisir vo kifayot godor

dispersiyaya ugrayir. Todqiq olunan temperaturlarda €' - in azalmas1 miisahidoolunur.

5 -
5
2 - 41 4
— 3
2]
3
1,8 - e 2
I 1
& 16 e
1 -
1,4 -
0 1 ' —
1,2 1 ' ' ) 4 4,5 5 5,5 6
2,7 2,9 3,1 33 3,5 Igf (Hz)
10%/T, K?
Sokil 2. Sokil 3. FeGao,slni2Ses — tin mixtolif

temperaturlarda €' ~ Igf asliligi. T, K:1295,
2-313, 3-333, 4-343, 5-358.

Sokil 2-doFeGao slni 2Ses kristalinin dielektrik niifuzlugunun hagiqi hissasinin temperaturdan
asithihq qrafiki tosvir edilmisdir. Sokildon gorunir ki, todgig olunan materialda temperatur
yuksaldikca dielektrik niifuzlugunun artmasi miisahido olunur. Bunun sababiosason temperatur
yiiksaldikco yiikdastyicilarin konsentrasiyasimin artmasi ilo olagodardir.e’ ~ 10%T asihiligindan
aktivlogsmo enerjisi hesablanmigdir vo E=0,14 eV-a barabordir.

Sokil 3 — do FeGaoslni2Ses kristali tiglin 295+358K temperatur intervalinda dielektrik
niifuzlugunun xoayali hissasinin (") elektrik sahasinin tezliyindon asililiq qrafiki gostorilmisdir.
Sokildon gériinir ki, 2-10*+10° Hz tezlik intervalinda tezlik artdiqca asililiq monoton olaraq azalir.
Tocriibado miisahido olunan dielektrik niifuzlugunun xoyali hissasinin tezlikdon asili olaraq

monoton azalmasi FeGaoslni 2Ses kristalinda relaksasiya dispersiyasinin bag verdiyini gostorir.

18 -

=
(9]
1

In(tgd-o), Hz
'S

12 T T 1
10 12 14 16

In®, Hz

Sakil 4. FeGaoslni2Ses kristallart tigiin 295 K temperaturda In(tgd-w) ~ Inw asililigt.
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Sokil 4 -do FeGaoslni2Ses kristali iigiin 295 K temperaturda In(tgd- o) ilo Ino — nin asililiq
grafiki tosvir edilmisdir.Dielektrik itkisinin tezlikdon asilihigi kegirici mexanizmdon asilidir.
Masalon, kegiricilikdo dominant rol oynayan zona mexanizminds In(tgd-®) ~ Ino koordinatinda
dizxatli asililiq miisahido edilmalidir. Sokil 4 g0starir ki, 295K temperaturda asililiq diiz xottdon
forglonir. Buradan bela noticoya goalmok olar ki, FeGaoslni2Seskristallarinda kegiricilik qgarisiq —

zona va sigray1s mexanizmlari ilo xarakterizo olunur.
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FREQUENCY DISPERSION OF DIELECTRIC COEFFICIENTS
OF FeGaoglny »Se4sCRYSTALS
Niftiyev N.N., Dashdemirov A.O., Mamedov F.M., Agaeva R.M.

Summary: &', ¢"" and tgo of the FeGagglni Sescrystal were studied at different frequencies and temperatures.
It was found that the real and imaginary parts of the permittivity are subject to a significant degree of
dispersion, which has a relaxation character. The activation energy of the FeGagglni.Sescrystal was
calculated and the value AE = 0.14 eV was found. The conductivity is characterized by a zone-hopping
mechanism.

Keywords:FeGaoglni 2Ses, alternating current, frequency, permittivity, dielectric loss, band-hopping
mechanism, activation energy

YACTOTHASA JUCIIEPCHUS JUDIJEKTPHUECKUX KOYOPUIIMEHTOB
KPUCTAJIJIOB FeGapglni 2Ses

Hudrues H.H., lampamupos A.O., Mamenos ®@.M., Araesa P.M.

Pesrome: Uszyuenwvl €', &" u tgd kpucmamna FeGagglni2Ses npu paziuunvix wacmomax u memnepamypax.
Yemanosneno, umo Oeticmeumenvuas u MHUMAS Yacmu OUIIEKMPULECKOU NPOHUYAEMOCHU NOOBEPIHCEHDL
3HAUUMENbHOU CMeneHu Jucnepcuu, umerowell xapakmep peraxcayuu. Paccuumana swepeus axmusayuu
xkpucmanna FeGagglni2Ses u naiioeno snauenue AE = 0,14 3B. [Iposooumocmev xapaxmepusyemcs 30HHO-
NPBIAHCKOBLIM MEXAHUSMOM.

Kntouesvie cnosa:FeGaoglnipSes, nepemenusiti mox, uacmoma,0usieKmpuyeckas npoOHUYAeMoCmy,
OUDIIEKMPUYECKUX HOMEPb, 30HHO-NPBINHCKOBBIN MEXAHUIM, IHEPIUSL AKMUBAYUL
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Ko.94sRD0,0ssNO3 MONOKRISTALINDA II-I1I FAZA CEVRILMOLORININ
MORFOLOGIYASI
Bayramh R.B.%, Nasirov E.V.2, Maharramov I.M.3, Bayramh U.F.*, Nasirov V.i.5
1-rabayramov@beu.edu.az, Baki Miihandislik Universiteti
2-emin-nasirov@inbox.ru, Heydar liyev adina Harbi Institut
3- izzetmeheremov@gmail.com, Harbi Elmi Tadgigat Institutu
4- bayramliulviyyel3@gmail.com, Baki Harbi Kolleci

5-vagif-nesir@mail.ru,Azarbaycan Dovlat Pedaqgoji Universiteti

Xulasa:[zotermik kristallasma disulu ilo suda mahluldan KoesRbo0ssNOs monokristallart yetisdirilmis va
el cevrilmalori zaman: I vo III modifikasiya kristallarinin boyiima morfologiyast oyronilmisdir.
Muayyon olunmusdur ki, todgiq olunan kristallarda qurulus cevrilmalori enantiotrop olub, 1l va IlI-
modifikasiyalar arasindaki taraziig temperaturu T=455+0,5K-dir.

Acar sozlar: morfologiya, monokristal, polimorfizm, kristal

Qolovi metallarin nitrat birlogsmalorinds polimorf ¢evrilmoalorin dyronilmasi elmi vo praktiki
maraq kosb edir. Birlosmolorin texnoloji imkanlar1 ola piezoelektrik vo ferroelektrik
xususiyyatlorino goro elektro-cihazlarda (kondensatorlar) aktiv element kimi (KNOs- Il faza
ferroelektrik) istifads olunmaga yo6noaldilmisdir [1, 2]. Bundan olavs pirotexnikada, metallurgiyada,
analitik kimya vo dorman preporatlarinin hazirlanmasinda istifado olunan glgli oksidlosdirici
maddolordir [3]. Kalium duzlar1 konversiya qurgularinin, yaddas elementlarinin vo radiasiya istilik
otuirtigli qurgularin istehsalinda istifads olunur [4].

Eksperiment

Tocrubolor qizdirict ilo tomin olunmus MUWH-8 polyarizasiya mikroskopunda “Levenhuk
C310 NK tipli kinokamera vasitasi ilo aparilmisdir. Polimorf gevrilmalor zamani kristal boylimasi
kompliter vasitasi ilo miisahido olunmusdur.[5, 6].Kristalin temperaturu sonlugu onun iizarino
toxunan termociit vasitesi ilo 6lciilmiisdiir. Temperatur Slgmolorinin xatas1 100°C-do +0,5K
olmusdur.

Morfoloji tadgiqgatlarda avvalca Il vo III modifikasiyalar arasinda tarazliq temperaturunu toyin
etdik ki, bu da To=455+0,5K -no borabordir. Kog4sRbo0ssNO3 kristallarinda II—I11 ¢evrilmasi
Teev>To temperaturunda 11 modifikasiya kristali daxilindo III modifikasiya kristalinin riiseyminin
yaranmasi va boylmasilo gedir (Sokil 1,b) [6,7]. Sokildon goriindiiyli kimi bir riiseyim yarandiqdan
sonra ana kristal daxilindoa Ill-kristalin daha 1 riiseyimi yaranir vo slratlo bdyimays baslayir.
Homin riiseyimlor sokildo oxlarla g0storilmisdir. Yaranan riiseyimlor osason [100] kristallografik
istigamatinds boylydrlor. Lakin eyni zamanda [001] istigamatindo do bdylmsalor miisahido olunur

A=) U[lOO] > U[OOl] -dil‘.
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I11- modifikasiya ktistalt 453K temperatura kimi soyudulan zamanTgev>To temperaturunda oks
cevrilma, yani -1l cevrilmasi bas verir. Bu proses do Il faza daxilindo II faza kristali
riiseyminin yaranmasi vo bOylmasilo bas verir (Sokil 1.e). Tam oks ¢evrilma basa catdigdan sonra
Il-modifikasiya kristalinin defektsiz, miikommal olmasi (sokil 1.f) yenidon eyni kristalin 2-ci dofo
=111 cevrilmods istifadays yararli olmagini demaya asas verir. Mahs rentgenoqrafik tadgigatlar da
bunu siibut etmisdir. Belo ki, ylksok temperaturda vo sonradan oks ¢evrilmads otag temperaturu
daxil alinan naticalor onu demays asas verdi ki, kristal tam olaraq ilkin halin1 tam barpa eds bilir.

Bu da avvalds geyd olunmus yaddas elementi kimi istifadesine imkan yaradir.

- kris 111 11- kristal
[0011 I1- kristal rista

I )

- kristal “ o f:' i | 1
Sakil 1. Ko,945Rb0,0ssNO3 monokristalinda II<>I11 ¢evrilmasi zamani I11 va 11 modifikasiya
kristallarin boyiimasinin mikrofotoqrafiyalar1 (boyiitma X90).
Notica
Belaliklo, eksperimental olarag mioyyan edilmisdir ki, Ko945Rbo00s5sNOskristallarinda
polimorf cevrilmalor enantiotrop xarakter dasiyir vo Il<>Ill ¢evrilmolor zamani III vo |l
modifikasiyali kristallarin boyiimoasi ana kristal daxilinds riiseyimin amola galmasi va bdylimasi ilo
bas verir.
Il vo II modifikasiyalar arasinda araliq modifikasiyanin, II—Ill ¢evrilmo zamani kalium
nitrat kristallarinda askar edilon ritmik bOylimonin [8, 9] olmadigi askar edilmisdir. Polimorf
cevrilmolor monokristal<»monokristal tiplidir. K* ionlarinin Rb* ionlar ilo gisman avozlonmosi 1l

vo III modifikasiyalar arasinda tarazliq temperaturunu toxminon 55 K artirir.
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MOP®OJIOTUSI ®A30BbIX TPEBPAILIIEHUM 11111 B MOHOKPUCTAJJIEK  945sRD0 055NO3
Baiipamasl P.b., Hacupos 3.B., Mareppamos .M., Baiipamusl Y.®., Hacupos B.HU.

Pestome: Memooom  uzomepmuueckol — KpUCMALIU3AYUU, U3  BOOHO20  pACmMEopd,  Bblpauyenvl
monokpucmaniviKooasRboossNOs, u uzyuena mopgponocus pocma xpucmannos W u 1-mooupurayuii npu
npespawenusx M. YVemanoeneno, umo cmpyxkmypuvie npespawenuss 6 ucciedyemom Kpucmaiie
SHAHMUOmMponHule, u memnepamypa pasrosecust mexcoy moouguxayusvu |l u 11l pasna T=45540,5 K

MORPHOLOGY OF Il 1 PHASE TRANSFORMATIONS IN Ko g4sRb00ssNOsMONOCRYSTAL
Bayramli R.B., Nasirov E.V., Maharramov |.M., Bayramli U.F., Nasirov V.lI.

Summary:Monocrystals of KggasRboossNO3 were grown by an isothermal crystallization method, from an
aqueous solution, and the growth morphology of crystals of 11l and Il modifications during transformations
Il «» 11l was studied. It is established that the structural transformations in the crystal under investigation
are enantiotropic and the equilibrium temperature between modifications Il and Il is T = 455+40,5 K
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Cu1.60Zno15sTe KRISTALINDA POLIMORF CEVILMOLOR
Nasirov E.V.1, Rzayeva A.G.2, Ohadova S.M.%, Nasirov V.I.12
H.Oliyev adina Harbi Institut!

Azarbaycan Ddévlat Pedagoji Universiteti?

Xulasa. CuieoZngisTe monokristallarinda polimorf ¢evrilmalarin qurulus aspektlori arasdirilmis va miayyan
edilmisdir ki, CuisTe kristalinda Cu atomlarimin Zn atomlart ilo gqisman avazlanmasi naticasinds  alinan
Ci60ZnoasTe monokristalinda ana fazada miisahido edilon heksaqonal fazadan aslava rombik va
Uzomarkazlasmis kub (UMK) fazalar: da miisahids edilir. Nimunada qurulus cevrilmasinin temperaturu
yuksalir va garsiligh ¢evrilon modifikasiyalar arasinda kristallografik istiqamat slagalori saxlanilir.

Acar sozlar: Monokristal, qurulus aspekti, modifikasiya, kristallografik alaga.

Giris. Qeyri-stexiometrik birlogsmolorinin tadqigi boyik elmi-texniki oshomiyyat kosb edir.
Materiallarin torkibini doyisib, temperatur vo tozyiqgin tosirilo qurulus cevrilmoalorine maruz
qoymagla yiikdasiyicilarin konsentrasiyasini doyismok olar. Ci-To sistemi geyri-stexiometrik
birlogsmalarinin yaranmasinin sababkar1 iso homin birlosmalordo Cu atomlarinin iki valent halinda
olmalaridir. Verilmis xassalora malik quruluslart alds etmok Ugiin tarkib-qurulus-xasss alagslarinin
muoyyanlosdirilmasi vacib sortlordondir. Belo alagonin miisyyan edilmosi iigiin fazalarin yaranma
soraitini, qurulus ¢evrilmalorini, izamorf kation va anion avaz olunmalarmin qurulus ¢evrilmalarinin
xarakterino vo temperaturuna tosirinin dyronilmosi zoruridir[1-2]. Todgigat iki morholods
aparilmigdir. Birinci morhalodo Ci60ZnoasTe birlosmoasi sintez olunmusdur. Bu mogsadloa ilkin
maddalor kimi B-3 markali mis, OCUY tosnifatli Zn vo Te gotiiriilmiisdiir. [3]-da sorh olundugu kimi
sintez aparilmis vo sonra monokrristallar gdyardilmisdir.Tadgiqatin ikinci marhalasi rentgen
difraktometrik todgigatlara hosr olunmusdur. Rentgenoqrafik todgigatlar aparmag Ugln
C1.60Zno.15Te monokristalindan 6x4x2mm? 6lgiili mistavi 16vho formali niimunslor hazirlanmigdar.
Rentgenografik tadgigatlar ovvalco otaq temperaturunda 0°<20<100° bucaq intervalinda aparilmis
vo 14 difraksiya oks olunmasi miisahido edilmisdir. Miisahido olunan difraksiya oks olunmalarini
iki qrupa ayirnmaq olar. Bunlardan biri a=4.165A° c= 21.466A° parametrli heksagonal gofaso,
digori iso elementar Kristal gofosinin parametrlori a=7.321A° b=12.19A° ¢=21.466A° olan rombik
fazaya aid olmusdur. Bu kristal gofasi CuzTe kristalinin heksaqonal fazasimnin ifrat qurulusudur
[4,5]. Bundan basqa homin qrupda miisahido olunan (311) miistovisi yiiksok temperaturlu UMK
gofasing aid olmusdur. Otaq temperaturunda (¢ fazadan-heksaqonal,rombik va yiksok temperaturlu
UMK qofasindon difraksiya oks olunmalar1 vardir.

Cadvaldan gorindilyii kimi UMK gofosdon yalniz bir difraksiya oks olunmasi miisahido
olunur vo 820K temperaturda bitin difraksiya oks olunmalari tamamils doayisir vo yeni bir fazali
UMK gofosi almir. Beloliklo Cu160Zno1sTe kristalinda asagidaki sxem iizro qurulus cevrilmasi bas

Verir:
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Coadval 1. Siialanma: CuKy,; A =1.5418A°, Filtr: Ni, Rejim :gorginlik 35 kV, coroyan 10A

Trocriibi d o /1o Heksagonal Rombik
(K) (A ) dhesablama hkl dhesablama hkl
7.162 100 7.165 003 7.161 005 Heksagonal
3.958 50 3.681 006 3.941 127 a=4.1650A°
293 3.416 55 3.381 009 3.416 222 c=21.4569A°
1.836 90 1.836 (311) rombik
1.891 30 1.802 300 1.802 420 a=7.3242A°
1.381 80 1.384 301 1.251 630 b=22.1936A°
1.198 40 1.198 00.18 1.985 5.10.5 | c=35.950A°
3.629 90 3.649 100 3.647 211 Heksagonal
1.843 100 1.843 (311) a=4.2218A°
1.821 50 1.821 200 1.823 383 c=21.3847A°
573 1.387 10 1.390 2.0.10 1.384 555 rombik
1.221 50 1.224 300 1.222 630 a=7.4278A°
1.210 40 1.210 00.18 1.210 00.30 b=22.5380A°
c=38.2183A°
3.546 100 3.546 111 UMK
3.081 60 3.081 200 a=6.4150A°
820 2.172 50 2.172 220
1.852 80 1.852 311
1.774 40 1.7738 222
1.536 30 1.536 400
HEKSAQONAL T>820K Uzo
. «~—» MORKOZLaSMI
RQMBIK T<820K KUB SIS
UMK

Mis atomlarinin sink atomlart ilo gismoan avoz olunmasi naticasinds alinan CuieoZnoisTe
kristalinda heksaqonal faza ilo yanasi rombik voUMK fazalar1 da miisahido olunur. Heksagonal
fazanin kristal gofasinin a parametri, rombik fazanin biitiin kristal qofosi parametrlori temperatur
artdiqca monoton olaraq artir (Codval

2).Heksagonalfazaninkristalgofasinincparametritemperaturunartmast ilo Kigilir.

Temperatura Heksaqonal Rombik

K a,A” c,A” a,A” b,A? c,A”
293 4.165 21.457 7.324 22.194 35.950
393 4.173 21.421 7.382 22.314 36.013
503 4.222 21.385 7.428 22.538 36.218
293 4.234 21.36.2 7.442 22.542 36.254

T>820K temperaturda nimuns tam surotdo UMK gofoso malik olur.Bu zaman iralids
miisahido olunan bucaq intervalinda 6 difraksiya oks olunmasi miisahids olunur. Ana kristalda Cu

atomlarinin Zn atomlar1 ilo gisman avoz olunmasi heksaqonal fazanin mévcud olma temperatur
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oblastint bdyiidiir. Cui.7sTe kristalindaqurulus ¢evrilmosi T>730K temperaturda bas verdiyi halda,
Cu1.60Zno.1sTe kristalinda bu ¢evrilmo T>820K temperaturda bas verir.Cui.50Zno.2s Tekristalindabu

cevrilmo T>970Ktemperaturdabas verir[6,7]-.

Naticalar
1. Cua.7sTekristalindamisatomlarininsinkatomlar ilo gismon
avazolunmasindanalinanCuz.e0Zno.1s Tekristalindaotagtemperaturundaheksagonalfazadan slava

rombikve UMKaqafasloride yaranr.

2. Heksaqonalgofasinaparametri, rombikgofasinbitiinparametrlaritemperaturartdigcabdydydir,
heksagonalgofasincparametriiso Kigilir.

3. Tadgigolunannimunads qurulus faza cevrilmolorienantiotropolub, monokristal-
monokristaltiplidir.

9dabiyyat

1. Nasirov V.I.,Rzayeva A.Q.VII International Conf.of Younq Resh. 28-29 april, p.256, Baku,
2023

2. Nosirov V.I., Rzayeva A.G.-H.Oliyev adina Horbi Institutun Elmi osorlor mocmussi, cild
21, say1 2, soh.62-67, 2023

HOJUMOP®HBIE ITPEBPAIIIEHUS B KPUCTAJLIE Cu; 6ZngisTe
Hacupos B.HU., P3aeBa A.I'. , Axagoa C.M.

Pestome: Hccrneooganvl cmpykmypuvle Acnekmuvl HOIUMOPHHLIX Npespayeruti 8 MOHOKPUCTATLIAX
CuieoZnoisTe u ycmaumoeieHo, 4mo HOMUMO 2eKCA2OHANbHOU pazvl, HaOI0OaeMol 6 UCXOOHOU ase,
monoxpucmann CuieoZnoisTe noryyaemes 6 pesyromame yacmuuro2o sameugerus Amomvr Cu ¢ amomamu
Zn 6 kpucmanie CuizsTe maxoice Habaooaromes pomouyeckol u Nno8epXHOCMHO-YEHMPUPOBAHHOU K)Ou-
yecxotl (SCU) ¢as. B obpasye nosvliuaemcs memnepamypa cmpyKmypHo20 Hpespawetiuss i COXpaHsaiomcs.
Kpucmainozpapuueckue HanpaeieHHble C8s3U MeNHCOY 63aUMONPesPaAUAOWUMUC MOOUDUKAYUSIMU.

Kntouegvle cnosa: Monoxkpucmann, CcmMpyKmypHuli dcnekm, Mmoouguxayus, Kpucmaiiozpaguieckue
83AUMOOMHOULEHUS.

POLYMORPHOUS TRANSFORMATIONS IN A Cul.60Zn0.15Te CRYSTAL
Nasirov V.l., Rzaeva A.G., Akhadova S.M.

Summary: The structural aspects of polymorphic transformations in CuieZno.isTe single crystals have been
studied and it has been established that, in addition to the hexagonal phase observed in the initial phase, the
Cuie0ZnoasTe single crystal is obtained as a result of partial substitution of Cu atoms with Zn atoms in the
Cuy75Te crystal. orthorhombic and surface-centered cubic (SCU) phases.In the sample, the temperature of
structural transformation increases and crystallographic directional connections between interconverting
modifications are preserved.

Key words: Single crystal, structural aspect, modification, crystallographic relationships.
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Ko.955Na0.0sNO3 KRISTALINDA MONOKRISTAL—MONOKRISTAL CEVRILM®
INOSIROV V.i., 2KAZIMOVA AF.
LAzarbaycan Dovlet Pedaqoji Universiteti
2Elm vaTahsil Nazirliyi, H.M.Abdullayev adina Fizika Institutu

vaqif-nesir@mail.ru,aygun-kazimova-1981@mail.ru

Xulasa: Taqdim olunan isd> KNOs va NaNOs-un suda mahlulundan Ko gssNao 0ssNOskristallar: yetisdirilmis,
rentgenografik vo DSK iisullart ilo todqiq olunmusdur. Miiayyon edilmisdir ki, KNOs-do K'ionlarinin
Na“ionlar: ila gisman izomorf avaz olunmast alinan niimunada cevrilmanin sayma va temperaturuna tasir
etmir.

Acar sozlar. Polimorfizm, izomorf avazloma, gevrilma temperaturu, modifikasiya, lauegram.

Polimorf cevrilmolorin mexanizmini arasdirmaq ii¢lin bu ¢evrilmolor zamani yeni kristal
bOylmosinin morfologiyasini, qarsiligh ¢evrilmo modifikasiyalar arasinda Kristallografik istigamot
olagolorini, habelo prosesin kinetikasini todqig etmok lazimdir. Bu baximdan optik soffaf
kristallardan todgiqat obyekti kimi istifado etmok olveriglidir [1]. Qalovi metallarin nitrat
birlosmoalari bu gabildon maddalar olub, onlarda qurulus ¢evrilmalarinin tadgigine goxsayli todgigat
islori hasr olunmusdur. Todgiq olunan maddalor igorisindo KNOs kristalinda polimorf ¢evrilmoalor
bir sira fiziki hadisolorlo daha zangin olub, bdyik elmi-praktiki shamiyysto malikdir. Mohz bu
kristalda ilk dofa polimorf ¢evrilmoalor zamani ritmik boytima [2], qarsiliglt gevrilon modifikasiyalar
arasinda kristallografik istigamot olaglorinin saxlanilmasi, a<>f ¢evrilmalor zamani boyiimo
sliratinin ossilyasiyasi vo s.miisahido edilmisdir [3]. KNOs kristalinda K* ionlarmin digor golovi
metal atomlari ilo gisman ovoz olunmasinin homin hadisalora va polimorf cevrilmanin
xarakterina tosirinin Oyranilmasi boyik elmi-praktiki ohomiyyst kosb edir. Mohz buna géro do
KNOs-do K" ionlarinin Rb*, Cs" ionlari, habelo RbNOs-do Rb* ionlarinin Cs* ionlar1 ilo gismen
izomorf ovoz olunmasi noticosindo alinan kristallarda torofimizdon bir sira todqiqat islori
aparilmisdir [4, 5]. Togdim olunan bu is homin islorin davami olub, KNOs-do K* ionlarinin Na*
ionlart ilo gismen ovoz olunmasindan alinan Ko.9ssNa0.04sNOs kristalinda polimorf ¢evrilmanin
xarakterina tasirinin 6yronilmasina hasr olunmusdur.

Moalumdur ki, KNOs otaq temperaturunda Pnma simmetriyali araqonit qurulusa malikdir (II-
faza) [6]. Kristal qizdirilarkon ~130°C temperaturda R3c simmetriyali kalsito yaxin qurulusa
cevrilir (I11-faza). NUmuna soyudularkan ¢ox boyik siratlo III—II ¢evrilmasi bas verir. Belalikls,
goriindiiyli kimi II<-III gevrilmoasi enantiotropy xarakterlidir. Lakin Il11-modifikasiya soyudularkan
bir cox hallarda iki monotrop ¢evrilmo miisahids olunur [7]. T=124°C-ds Ill-faza R3m simmetriyali
yeni qurulusa gevrilo bilir (I-faza). Yalnmiz T=110°C temperaturda [—II ¢evrilmasi bas verir. [8]-a
g6ro NaNOs T=298K temperaturunda gofos parametrlori: a=5.069A, ¢=16.82A, foza qrupu R3-c

olan romboedrik gofose malikdir. T=563K temperaturda bu kristal gofosin parametrlori: a=5.089A,
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c=8.668A vo foza grupu R3-m olan digor romboedrik gofosa cevrilir. (KNO3)1-x(NaNO3)x
(x=0.025;0.035;0.1) bark mohlullarinda dielektrik niifuzlugunun temperatur asililigir 6yronilmis vo
muoayyan edilmigdir ki, KNOs-Un seqnetoelektrik I11-fazasi niimuna qizdirildigda miisahids oluna
bilar [9].

Ko.955Na0.04sNOsmonokristallart mohluldan izotermik kristallagsma {isulu ilo yetisdirilmisdir.
Bu mogsadlo lazimi nisbatdo "YJIA"markali KNOs,"XY"markali NaNOs goétiiriilmiis, distillo
olunmus suda mohlulunda izotermik kristallasma tisulu ilo monokristallar alinmisdir. Niimunolor
mastovi 16vho (1x2x10mm Olgull) vo iynovari sokildo alinmisdir. Rentgen todqiqatlart
gostorilmisdir ki, iynanin boyu [001] kristallografik istigamatindadir. Onu da geyd edok ki, alinan
nimunalor mixtalif formalarda vo Olculordo ola bilor. Alinan monokristallar ovuntu sokilino
salinarag ADVANCE D8 difraktometrindo otaq temperaturunda  CuKa(A=1.54051A)
stialanmada,10°< 20 < 90° bucaq intervalinda 40 kV, 40mA rejimdo Gokilislor aparilmis vo
muioayyan edilmisdir ki, parametrlori: a=6.4243A, b=5.4122 A, ¢=9.1561A, foza grupu Pmcn olan
rombik gofosds indekslonir. Difraksiya oks olunmalarinin indekslonmosi vo islonmasi zamani

TOPAS va EVA programlarindan istifado olunmusdur(Sokil 1. a).

1400 .
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5 3-+— . : ; . ; ; .
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Sakil 1. Ko.955Na0.04sNOs kristalinin otaq temperaturunda ¢okilmis difraktoqrami-(a),qizdirilma
zamani alinan derivatoqram-(b)

Diferensial skanlayic1 kalorimetriya (DSK) tacriibolori 20-320°C temperature intervalinda
STA 3000 Sinxron Termal Analiz (Synchronous Thermal Analyzer) qurgusunda 5°C/doq qizdirilma
sratilo yerina yetirilmigdir. Tocriibolor aluminium (Al) kiveytlordon istifado olunaragazot
muhitindo yerino yetirilmigdir. Tacribalorin névbati morhalasinde DSK  6lcllori aparilmisdir.
Tacriibalor zamani har iki kristalin derivatoqgraminda yalniz bir endoeffekt miisahido olunmusdur.
Homin  endoeffektlorin  morkozi  KogssNaoossNOs-do  130.5°C—temperaturda  miisahido
edilir.Nozardon kegirdiyimiz DTA ayrisindo miisahido olunan endotermik effekt kristal qurulusunun
doyismasi ila izah oluna bilar(Sakil 1.b).

Laue cokilislori zaman1 PKB rentgen kamerasindan istifado olunmusdur. Togdim olunan isdo

Laue ¢okilisi iki marhalods aparilmisdir. Birinci morhalads alinan niimunonin otaq temperaturunda
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laueqramm1  ¢okilmis vo  muoyyon olunmusdur ki, mohluldan alman niimuno
monokristaldir.Mohluldan alinmig kristalin laueqramini otaq temperaturunda aldigdan sonra,
kristalin gqaniometrik basliqda voaziyyatini doyismadan temperaturunu 135°C-a qaldirib birds ¢akilis
aparmagla omin olundu ki, tadgig olunan numunalords qurulus gevrilmasi bas verir vo bu

monokristal >monokristal tiplidir(Sakil 2).

a)

Sakil 2. Ko.gssNap.0ssNOs kristalimin otaq (a) va T=135°C temperaturda

¢akilmis laueqramlari-(b)

Belalikla, tacriibi naticalorin tohlili gostorir ki, KNOs kristalinda K* ionlarinin Na* ionlar1 ilo
gisman ovoz olunmasi alinan kristalda qurulus ¢evrilmolorinin sayma, elocodo ¢gevrilmo
temperaturuna nazars carpacaq tosir gostarmir.
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MONOCRYSTAL — MONOCRYSTAL TRANSFORMATION IN Kjos5Nao.0s503; CRYSTAL
NASIROV V.i., KAZIMOVA A.F.

Summary: In the presented work, KogssNagossNOs crystals were grown from the solution of KNO; and
NaNO; in water and studied by X-ray and DSC methods. It was determined that partial isomorphous
replacement of K* ions with Na™ ions in KNOs does not affect the degree and temperature of transformation
in the obtained sample.

Keywords. Polymorphism, isomorphic substitution, transformation temperature, modification, Lauegram,
diffractogram.

MOHOKPHUCTAJJI — MOHOKPUCTAJLJI IIPEBPAIINEHUSA B KPUCTAJJIE Ko.gs5Nag.0ssNO3
HACHPOB B.1.,KASUMOBA A.®.

Pesrome: B npeocmasnennou pabome xpucmanivt KogssNaoasNOs bviiu evipawenvt uz pacmeopa KNOs u
NaNOs 6 600e u uccrnedosanvt memodamu penmeenocmpykmyprozo anamuza u JJCK. Yemarnoeneno, umo
yacmuunoe uzomoppnoe samewenue uonos K- uonamu Na* ¢ KNOs ne énusem na cmenemns u memnepamypy
npespaujenus 8 NOIY4eHHOM 06pasye.

Knioueswie cnosa. Ilonumopusm, usomopgnoe 3amewenue, memnepamypa npespaujeruss, Mooupuxayus,
Jaysepamma, ougppaxmoepamma
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KUHETHUKA MOJIMMOP®HBIX IPEBPAIIIEHUI B MOHOKPUCTAJLIE
Ko,940490,060NO03
Hacupos B.1.}, Hamazosa H.M.!, Baiipamanbi P.B.2
Asep6aiizkanckuii FocynaperBennniii Ilegarornueckuii Yuusepeurer!

Bakunckuii Mn:kenepHblii YHUBepCHTET?

Pe3zrome: Memooom onmuyeckoti MuKpockonuu usmepena ckopocmo pocma kpucmanna l-moougurxayuu
npunpeepawjenuu |1-=1lle monoxpucmanne Ky oga0A90060NO03.Ycmanosneno smnupuueckan saeucumocms

ckopocmu om memnepamypul 6 eude v = (0,2815AT + 0,4484AT? + 0,0081AT?) - 102 L 20e AT =

CeK
Top — To Tnp-memnepamypa npeepawenus, Ty- memnepamypa pasrosecus pas.

Knrwouesvie cnoea:monokpucmann, noaumop@dusm, cmpykmypa, MoOuduUKayus, 2eKcazoHaibHas peulemka,
noaumopule npespaujerus.

N3nydeHnecTpyKTy pHBIXIIPEBPACHUHBHUTPATAXIIETIOYHBIXMETAITIOBUMEETOOBIIIOCTIPAKTH
YeCKOC3HAUYCHWE. JTOT TPOIECC TECHO CBS3aH C  BONPOCAMH  TEXHOJIOTHHITONYYCHHS
MOHOKPHCTAJJIOB TBEPIbIX pacTBOpoB oOnanaromux noiaumopousmom. Kpome toro, »3tH
COCIMHEHUS MPUMEHSIIOTCSI B MUPOTEXHUKE, B TEXHOJIOTUU B3PHIBYATHIX BEIIECTB, B MEAUIIMHE, a
TaK)Ke B 3JIEKTPOBAKYYMHOM NpOMBbIIIIEHHOCTH [1].

HccnenoBanuio MexaHu3Ma NMOTUMOP(GHBIX MPEBPAICHUN B HUTpATaX MIEIOYHBIX METAJUIOB
MOCBAIICHBI MHOTOYHCICHHBIE paboThl [2-5]. [l BBIACHEHHWS BIWSAHMA Ha MEXaHU3M
HoIMMOP(HOrO MPEBpALIEHHs] YaCTUYHOro 3amelneHus uoHoB K+ womamm Cs* Rb*Ag™ namm
3aIJIaHUPOBAHBI U MPOBEICHBI ONPEICICHHBIC dKCIIEPUMEHTAIbHBIC paboThI [6,7].

Jlis BBIACHEHHS MEXaHU3Ma CTPYKTYPHBIX TNPEBpAIICHUN HM3MEPEHUsS CKOPOCTH pOCTa
KpUCTAJIOB TMPU TOTUMOP(HBIX MPEBPALIEHUSX B (QYHKIMH TEMIIEpaTypbhIUMeeT OO0JbIIoe
3HaueHue. B Hacrosmeil pabore wu3Mmepsuiach CKOpocTh pocTa kpucramia |l (pomOuueckas
Moaubukaus) Momudukarmuu B TekcaroHambHYO |llI- Momudukanuio B MOHOKpHCTAIE
K0,040490,060NO3 . U3MepeHUs NpOBOIUIMCE 110 METOJMKE IIPEJIOKEHHOM B [8].

VYcnoBus, npu KOTOPBIX MPOMCXOAUT POCT KPHUCTAUIOB B TBepAoH (aze, MpUHLUIHUAIBHO
OTIIMYAIOTCS YCIOBBIN MPHU POCTE KPUCTAIOB U3 PAcTBOPA, paciuiaBa WK U3 mapa. B atom ciyyan
TpaHU PACTYIIETO KpUCTAJIa HE CTAJIKUBAIOTCS COCBOOOJHBIMU aTOMaMH M MOJEKYJIaMH, a
JOJDKHBI 3aXBaThIBaTh YACTHIBI W3 MPWICKAIIUX CIOCB OKPYKAIOMEH MATpPHUIBl, HMEIOIICH
KpUCTAIJTINYECKOE CTPOCHHE, B KOTOPOW KaXIbIii M3 aTOMOB WM MOJIEKYJ 3aHHMAaeT BIIOJHE
OmpesiefieHHOE TOJNIOKEeHHe. B pesynbrare pocT KpucCTala OCYyIIeCTBIseTcss Omaromaps
MOCTOSSHHOMY JBM)KCHHIO TPAHUIBI MEXIY JBYMSHE CONPSDKEHUSMU OOJACTSIMH PEIICTKH.
JIBroKymIecss cimo uisi TaKOro TNEPEeMENICHHs CIOCOOCTBYET YMEHBIICHHH MOBEPXHOCTHOM

CBOOOJTHOM HEPTHUH.

145



[TosnyuyeHHble 3KCHEpPUMEHTANbHBIE JAAHHBIE OT 6-U KpUCTANIOB 00paboTaHbl MPHU MOMOILU
nporpamMbl  MATLAB, 4to maer (QyHKIMOHAIBHYIO 3aBHCHUMOCTh CKopoctn pocrta |-

reKcaroHajabHOH (pa3bl OT TeMnepaTypsl pu npespatienuu 11 — I11 B Buze

CM
v = (0,2815AT + 0,4484AT? + 0,0081AT?) - 102 o

I'ne AT = Tnp - TOTnp-TeMnepaTypa npesparienus, T,- Temneparypa paBHoBecus (a3. Ha puc. 1
MOKa3aHbl rpauK 3aBUCHUMOCTH CKOPOCTH POCTa HOBOM (pa3bl B 3aBUCUMOCTH OT TEMIIEpaTyphl,
MIOCTPEHHbIE no AKCIIEPUMEHTAIIbHBIM JAHHBIM u JAHHBIM MOJIyYEHHBIM
AKCIIEPUMEHTATBLHBIM(DOPMYIIOH.

[IpoBeeHHBIEC OMBITHI MOKA3aBBIBAIOT, YTO CIEAYET Pa3IMyaTh JIBE TPYTIbI TOBEPXHOCTHBIX
Hapymennii. Korma HoBast (asa pacTeT ¢ 4YeTKOW JWHEWHOW TpaHMIIeH, HAOIIOJAeTCs JUIIh
OTHOCHUTENILHO HEOOIBIIOE YHCIO JIOKATH30BAHHBIX HApYIIEHUH, BO3IEHCTBHE KOTOPBIX HAa pPOCT
MOXET OCTaBaThCS OJUHAKOBBIM B TEUEHHE JIOJITOTO BpeMEHU. Maiible HapylIeHUs 3TOW TOHKOM
CTPYKTYPBI PUBOJIAT K HE3HAUUTEIILHBIM U3MEHEHUSIM CKOPOCTH POCTA.

[Ipn MOBTOpPHOM MpeBpallleHUH HAKOIUICHHS HamnpshKeHUH U JaedopMaluu UCKPUBISIOT
JUHEHHYI0 TpaHuily pasfena ¢a3. B 3aBHCHMOCTH OT XapakTepa BCTPEYHOTO Ae(eKTa TBUKCHHE
rpaHullbl pasfena (a3 gake MOKET OCTAHOBUTCS. bbIBaM M Cly4yaW, 4TO MPU ITOM BO3HUKAET
BHJIUMOC WICKpHBIICHUE pa3zenia (a3 u mepes Heil o0pa3yroTcsl BCE HOBBIC W HOBBIC 3apOJIBIIIH, B

pe3yJIbTaTe 4ero CKOPOCTh poca KPHCTaIa YBEINIHBACTCSI.

v+10"2cM/s
60

50
40
30

20

10

AT, K

Puc.l. T'padux 3aBucumoctu V=f(AT) xpucramia III wmomuduxkanmu npu nonuMopPHOM
npespaienun II—III B xpucramne Ky 940490,060N 03
A-pe3ynbTaThl SKCIIEPUMEHTA, *Pe3yJIbTaThl, pACCYMTAHHBIC TI0 SMIHPHUYECKOH popmyIte
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K0,940A80,060NO3 KRISTALINDA POLIMORF CEVRILMOLORIN KINETIKASI
Nasirov V.i., Namazova N.M., Bayraml R.B.

Xulasa: Optik mikroskop vasitasilo Ko 940490,060NO03 kristalinda 11 — 111 polimorf cevrilmo zaman: 111-
modifikasiya kristalinin temperaturdan asililigr olgiilmiisdiir. Béyiima SUratinin temperaturdan asililigi v =
(0,2815AT + 0,4484AT?2 + 0,0081AT3) - 102 % soklinda miayyon edilmisdir.

Acar sozlar: monokristal, polimorfizm, struktur, modifikasiya, altibucaqli gafas, polimorf cevrilmoalar.

KINETICS OF POLYMORPHIC TRANSFORMATIONS IN A SINGLE CRYSTAL
K0,940A80,060N03

Nasirov V.1., Namazova N.M., Bayramh R.B.

Summary: The growth rate of the Ill-modification crystal during the II—=Ill transformation in a
Ko.940490,060N03. single crystal was measured using optical microscopy. An empirical dependence of the
growth rate on temperature was established in the form v = (0,2815AT + 0,4484AT? + 0,0081AT?3) -
1022

—
Keywords: single crystal, polymorphism, structure, modification, hexagonal lattice, polymorphic
transformations.
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MONOLIT KASKAD FOTOELEMENTLORIN VAX — na ONUN TORKIB
HISSOLORININ QARSILIQLI TOSIRI.
Allahverdiyev A.M., ibrahimli A.B.
Azarbaycan Doévlat Pedaqoji Universiteti

aygunibrahimli@yahoo.com

Xilasa: Isdo nGaAs — pAlGaAs — nAlGaAs monolit kaskad fotoelementlords BYF — in VAX — mn
formasina KYF — da axan Carayanin tasiri tadqiq edilmisdir.
Acar sozlar: kaskad fotoelement, yasaq zonasi, elektroliiminessensiya, fotocarayan.

Kaskad Giinas fotoelementlori Giinas isigindan daha effektiv istifado etmays imkan verir ki,
bu da 6z n6évbasinds onun faydali is amsalinin artmasina gatirir.

n—p—n Vo ya p—n—p tipli monolit kaskad fotoelementlordo bdyiik yasaq zonali
fotoelement (BYF) va kigik yasaq zonali fotoelement (KYF) har biri xarici dovroays ayricada qosula
bilor. Digor torofdon bu tip kaskadlarda coroyanlarin tarazlasdirilmasi problemi do aradan qalxir.

Todgigatlar naticasinde mioyyan edilmisdir ki,

hatta baxilan fotoelementlords do, BYF vo KYF

tam mudstaqil ola bilmirlor. Buna sabab onlarin

ortag p (vo ya n) oblastina malik olmalar1 va

fotoelement daxilindo yaranan 1l lylminisent

siialanmadir.

Biz torofindon maye enitaksiya yolu ilo
alinmis n — Gads — p — AlGaAs — nAlGaAs Sakil 1. Kaskad fotoelementin qurulusu
tipli monolit kaskad fotoelement todqiq edilmisdir. Sokil 1-do fotoelementin sxematik qurulusu
verilmisdir. Ortaq p oblastin eni ~25mkm —dir. BYF dalga uzunlugu A = 550 — 750 nm, KYF —
iSo 1 =750 — 900 nm oblastda fotohossasdir.

Baxilan fotoelementlordo kontaktlar elo qoyulmusdur ki, p —oblastda fotocoroyanin
istigamatini doyigmak olur.

Qeyd etdiyimiz kimi bu tip fotoelementlords daxili lyiiminessensiya yaranir. Bunun sobobi bir
torofdon GaAs Kkimi materiallarda yaranan qeyri — taraz elektron - desik ciitiiniin
rekombinasiyasinin yiiksok ehtimalli olmasi, digar torafdon yaranan yiikdasiyicilarin p — n kegidds

tam istifado edilmomosidir. BYF — do yaranan lytiminessensiya KYF Ugun slavs isiglanma monbayi

ola bilar. Bu fikri fotoelementin VAX — s1 da toastiq edir.
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BYZ - i fotoelementin VAX-1
cixarilarkon KYZ - 1 fotoelementds Il
lyliminessensiyasinin yaratdigi fotocaors-

yanin qiymotido qeyd edilmisdir (1 =

750 nm). Sokildon gorunduyl kimi, kigik
siialanmalarda ’}— =~ 0,1 borabor-

dir. Skalanmanin inteensivliyi artdigca bu

nisbat 0,4 olur.

II maraqli fakt fotoelement iizarina

diison isign intensivliyin artmasi ilo BYF  SoKil 2. Kasilmoz xatlor BYF — nin VAX
Y KYZ

— do aciq dovro gorginliyinin (U,,)  daire J;BYZ

1, 1" —Diison isig@in kig¢ik intensivliyi
2, 2" — Diigon is1gin boyiik intensivliyi
VAX —nin alinmasi ticin KYF dovrosi 3 - KYF avriliada BYF —in Vax

azalmasidir. Ona gora do BYF — in hagiqi

ac1q olmalidir (Sakil 2, ayri 3).

Ogar BYF — do corayan sol, KYF — do iso sag kontaktdan alinarsa gorginliyi artirmaq olar.

Tacrlboalordon gorundiyd kimi kaskad yaradan hor bir fotoelementin VAX — 1 digor
fotoelementdo axan coroyandan asilidir. Bu asililiq konsentrasiyali Giinos isigindan istifado
edildikds daha kaskin olacag.

9dabiyyat

1. Auapees B.M., 3umoroposa H.C., IsentseBa O.O., Mup3un B.U., Tpomkos C.U.
I'erepodoTornementsl B cuctemMe GaAsSb.ITucema B XKTD, 1981, 1.7, c. 132-135.
2. Hein M., Meusel M., Baur C., Dimroth F., Lange G., Siefer G., Tibbits T.N.D., Bett AW.,
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B3AUMOJIEUCTBUE MOHOJIMTHBIX KACKAJTHBIX ®OTO3JIEMEHTOB U EI'O
COCTABJIAIOIIUX YACTEHN

AnnaxsepaueB A. M., Uoparumiu A. b.

Pestome: B oannoui pabome uccnedosano énusnue moxa, npomexaiowezo 6 KYF, na oopmy BYF u VAX ¢
MOHOIUMHBIX KACKAOHLIX homosnemenmaxnGals — pAlGaAs — nAlGaAs.

Knwueswie cnosa: xackaouwiil ¢Om03ﬂ€M€Hm, 3anpewleHHas 30Hd, 31EKMPOTIOMUHECYEHYUA, qbomomorc.

INTERACTION OF MONOLITHIC CASCADE PHOTOELEMENTS AND ITS COMPONENT
PARTS

Allahverdiev A. M., Ibrahimli A.B.

Summary:In this work, the influence of the current flowing in KYF on the shape of BYF and VAX in
nGaAs — pAlGaAs — nAlGaAs monolithic cascade photovoltaic cells was investigated.

Key words: cascade photocell, band gap, electroluminescence, photocurrent.
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inPvainP — Ga,in;_,Ar,P;_, 9SASLI FOTOELEMENTLORIN SPEKTRAL
XARAKTERISTIKALARI.
Allahverdiyev A.M., Ibrahimli A.B.
Azarbaycan Doévlat Pedaqoji Universiteti
aygunibrahimli@yahoo.com

Xilasa: Isdo InP asash vo Gaxinl_xAryPl_y/inP hetero kegid asasli fotoelementlarin spektral

xarakteristikalart  tadgiq edilmisdir. Gostorilmisdir ki, heterokegid asasli  fotoelementlor Kaskad
fotoelementlarda KYF kimi istifada edils bilar.
Acar sozlar: p — n kecid, heterokecid, spektral xarakteristika, fotoelement.

In P(E, = 1,34 eV) Giinos fotoelementlori Ggln perspektivli materiallardan hesab olunur [1].
Diger torofden In P Uizorinds yetisdirilon Ga,in,_,Ar, P, _,iss kaskad fotoelementlords kicik yasaq
zonal1 fotoelement (KYF) kimi istifado edilo bilor. Isdo homokegid asasli in P vo heterokegid osasli
nGaxinl_xAryPl_y — p InP fotoelementlorinin spektral xarakteristikalar1 todqiq edilmisdir. Todgiq
olunan fotoelementlar geyd etdiyimiz kimi kaskad fotoelementlarin torkib hissalori ds ola bilar.

Isdo G tip struktur todqiq olunmusdur:l tip fotoelement in P osashidir. Bu fotoelement
nin P(n = 5-1017 = 2-108sm™3) —ys Zn —in diffuziyas: yolu ilo alinmis, yoni hom do p — n
kegido malikdir. Il va 11 tip fotoelement heterokegide malik Ga,In,_,Ar,P,_,/InP qurulusludur.
Il tip fotoelementds Zn asqari opitaksiya zamani mohlula daxil edilmis, III tip fotoelementlards Zn
qaz fazasindan diffuziya yolu ilo daxil edilmisdir.

Gayin,_,Ar,P;_, /InP fotoelementlori asagidaki kimi alinmigdir. nin P(n = 2 - 10*8sm™3)

althig1 iizorindo nin P(n = 5 - 10Y7sm™3) bufer lay1 yetisdirilir. (Sokil 1.1). Bufer qatinin iizorinda

Sn vo ya Te—la asqarlanmis Gaxinl_xAryPl_y qati __ _ a
&

opetaksiya yolu ilo yetisdirilir (Sokil 1.2), sonra iso boyuk '
petaksly ly | yk‘ls (Sdl ) y ‘@Z‘g > 77
yasaq zonali pIn P (Sakil 1.3) yaradilir. A ]

Qeyd etdiyimiz kimi Il tip fotoelementlordo Zn —in 1 >="" a7
diffuziyas1 pin P yetisdirildiyi miiddotds aparilir. Zn manbayi
kimi tomiz sinkdon istifado edilmisdir. _ 5\

SR TLIIIIIITIITTEIIIIIIELIT,

Il tip fotoelementds p — n kegidin dorinliyi ~2 mkm,
pin P galmhigi ~2,5mkm, Il tip fotoelementds p —n
kegidin qalinligs ~0,4 mkm, pin P —nin qalmhg1 iso ~0,8 mkm olmusdur.
Optik ortiik kimi Si0, —don istifado edilmisdir. pin P qatina kontaktlar (Sokil 1.4) vakuum
tozlanma  yolu ilo  almmis  Au(10% Zn ve ya giimiis), nin P althgma  iso
Au(10% Te) voe Ag —dan istifads edilmisdir (Sokil 1.5).

NUmunoaloarin spektral xarakteristikalar1 sokil 2-do verilmisdir.

150


mailto:aygunibrahimli@yahoo.com

Hor (¢ fotoelementin spektral
xarakteristikasinin uzun dalgali sor-
hoddi yasaq zonasinin eni ilo mioyyan
olunur. In P osash fotoelementin qisa

dalgali sorhoddini GaAs osasli foto-

L DL L R L

elementlarlo miigayiss etsok bu tip fo-

toelementlorin daha kigik sothi rekom- 200 300 " 1200

binasiya slrotino malik oldugunu _ A Hm
Sakil 2. Fotoelementlorin spektral xarakteristikalar:

goruruk. I tip fotoelementlordo A > y — oxu fotohassaslig, nisbi vahidlarlo

900nm oblastinda fotohossashigin 1. In P asasli fotoelement
2. heterokegid asasl fotoelement (I tip E; = 0,97 eV)

artmast pln P qatt ilo olagadardir. 4 < 3. heterokegid osasli fotoelement (Il tip E; = 0,9 eV)

850nm (1) vo 1 < 950nm (Il vo 1)
oblastda fotohassashigin azalmasi pin P qatinda yaranmis coroyan dastyicilarmim sothi vo hocmi
rekombinasiyasi ila alagodardir.

A =700 — 300 nm dalga uzunlugu oblastinda geyri - asas dasiyicilarin ayrilma omsalinin
boyiik olmas1 heterokecid asasl fotoelementlarin (pin P —nin galinliginin az olma sorti ilo) onlar:
GaAs vo ya AlGaAs (E; = 1,6 + 1,7 eV) osash fotoelementlorlo kaskad omolo gotiro bilmosi
chtimalina gatirir.

9dabiyyat
1. Turner G.W., Fan I.C. High — efficiency in P homejunction solor Cell. Appl. Phys. Lett., 1980,
v.37, Ne9, pp. 400-402.

CHEKTPAJIBHBIE XAPAKTEPUCTUKU inPuin P — Gaxinl_xAryPl_y HA OCHOBE
MOHOJIMTHBIX KACKAJTHBIX ®OTOSJIEMEHTOB.

Annaxsepaues A. M., Uoparumim A. b.

Pe3rome: H3zyuenvl cnekmpanibHvle Xapakmepucmuky 2emeponepexooHslx (pomosnemenmos Ha ocHose In P u
Gayln,_yAr,P,_,,/InP. Ilokaszano, uwmo pomosnemenmol Ha OCHOGE 2emMepoOnepexo0os  Mo2yn
ucnonvzosamucs 6 kavecmee KYF 6 kackaonvix gpomosnemenmax.

Knrwouesvie cnosa: P-n nepexod, cemeponepexod, CHEKMpPAIbHASL XAPAKMEPUCMUKA, POMOITIEMEHM.

SPECTRAL CHARACTERISTICS inP and in P — Gaxinl_xAryPl_yBASED ON MONOLITHIC
CASCADE PHOTOCELLS.

Allahverdiev A. M., Ibrahimli A.B.

Summary:The spectral characteristics of heterojunction photocells based on inP and Gaxinl_xAryPl_y/

InP have been studied. It is shown that photocells based on heterojunctions can be used as KYF in cascade
photocells.

Key words: p-n junction, heterojunction, spectral characteristic, photocell.
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HOBBIH B3I'JISI[ HA SABJIEHUS IEPEHOCA B KPUCTAJLJIAX TlInSe;

'Anmes B.A., Hosuxos B.II.,
SPycramos B./lx., *Hamaszos S1.B.,*Ucmaninzane JI.A
"Mucruryr pusuxu HAH Aszepoaiimxan, ZHITL no matepuanosegennio HAH Benapychb

Canmxuncknii FocyaapcTBeHHbINH YHUBEPCUTET

Knwueswvie cnosa: nOﬂynpoeodHuKu, ABNEHUsA nepernoca, 3ﬂ€Kmp0np0600HOCmb, UOHHAA npoeodumocmb,
aHuzomponus

Tpoiinbie xanbkoreauas! rpymmsl A’B3C® cocraBnsior Gonbioe ceMeiicTBO KPHCTAILIOB CO
CJIIOUCTON M CJIIOMCTO-LENOYEYHON CTPYKTYpPOH. DTH KPUCTAJIbl ObUIM OTKPBITHI M 3asBJICHBI Kak
HOBOE€ CEMENCTBO COCIMHEHUI C MOJYNPOBOAHUKOBBIMU cBOMCTBaMH B 1967 rony. [Ipuoputet B nx
OTKPBITHM TPUHAANEKUT cOTpyaHukaMm MHctutyta ¢usmku HammonanpHONH AkageMuH Hayk
AzepbOaiimxkana [1].

SpkuM mpencTaBUTENEM JaHHOM TpYyNNbl SBISETCS CIOUCTO-LIETIOUEUYHBIE KPUCTAJLIBI
TlInSe2. Kpucramisl UMEIOT CIOUCTO-LENOYEYHYIO CTPYKTYPY U XOPOIIO CKaJIbIBAIOTCS IO JBYM
B3aMMHO-TIEPIICHANKYISIPHBIM IJIOCKOCTSAM. Y HUKallbHAsl KPUCTAINTMYECKasi CTPYKTypa KPUCTAIIOB
MO3BOJISIET PEIIATh CIIOKHBIE TEXHUYECKHE 3aJayi 0e3 HEOOXOIUMOCTH PEe3KH, NUTH(OBKU H
MOJINPOBKHU KPHUCTAJIOB.

Hamu cucreMaTHuecKHe HMCCACIOBaHUS HM30CTPYKTYpHBIX KpuctawioB TlInSez, TIGaTez u
TlInTe2 mo3BouIM OOHAPYKUTh B HUX MHOXKECTBO TAaKHX HEOOBIYHBIX CBOWCTB: CTPYKTYPHBIC
(da3oBble TMepexobl, BKJIOYas MEPeXoAbl B HECOM3MEpPHMYIO ¢a3y; HOHHAs INPOBOAMMOCTb,
3¢ ¢eKTh MaMATH TpU MPOTEKAaHWHM TOKA, OTPHLATENBbHYIO auddepeHnnanbHy0 TpoBOIUMOCTb,
3 deKTh TEepeKITIOUeHUs; OTpHUIaTeNbHas (HOTOMPOBOAUMOCTh [2]; TeMIepaTypHOE TalleHHe
(hOTOMIPOBOAMMOCTH; HHIYIHUPOBAHHAS SJCKTPUUECKUM TOJEM (POTOMPOBOIUMOCTD; THTAaHTCKUN
MIbE30PE3UCTUBHBIN 3 (dekT; PoToakycTHUeCKHi 3P (PeKT; aHU30TPONHS HIEKTPOIPOBOTHOCTH .

BaxxHbpIM siBIsieTCSl TO OOCTOATENBCTBO, YTO B OJIHOM COEAMHEHUHU COCYILIECTBYIOT HECKOJIBKO
TaKUX CBOMCTB. DTO OOCTOSATEIHCTBO MO3BOJIAET CO3/1aBaTh HA UX OCHOBE BBHICOKOUYBCTBHUTEIbHBIC
JAaTYUKA PA3TMIHOTO (DYHKIIMOHAIHLHOTO Ha3HaueHus [3-4].

Takum o00pa3oMm, NPOBEICHHBIN BHIIE aHATU3 HAIMIMX IyOJMKaluil TOKa3bIBAET, YTO
kpuctaiuibl T1INSe2 uHTepecHBI Kak ¢ TOYKK 3peHus QyHIaMEHTAIbHBIX UCCICIOBAHHI B 00JIaCTH
(u3MKYU TBEpIOro TeNa, TaK U Kak MepPCIeKTUBHBIA MaTepua JIJIsl CEHCOPOB.

Hamu ycTaHOBIIEHO, YTO MPOXOXKICHHE MOHHOTO TOKa B KpucTaiuiax T1InSez mpuBomut K
M3MEHEHHIO KOHIICHTPALUHU TaJUIUS B MPHUAJIEKTPOIHBIX 00JacTaX. TOT (aKT rOBOPUT O TOM, YTO

BO3MOJXHO YIIPABJICHHUC CBOMCTBAMH COG[[I/IHGHI/Iﬁ I'pyarmbl IyTEM HOHHOTO IEPEHOCA, 3a CYUCT
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OOHApYKEHHOM B HUX MPOBOJMMOCTH 110 HoHaMm T1*. B pe3ysbrarte HOHHOTO TIEPEHOCA U3MEHAETCS
CTEXHOMETpUS, U KaK CJIEJICTBUE, MEHSETCS AJIEKTPOHHAsl MPOBOIMMOCTh KpucTtamia. Kpome Toro,
M30BITOYHBIE HOHBI MOTYT HMHHIMHAPOBATH Kackaa (ha30BBIX MEPEXOJI0OB 3a cuUeT O00pa30BaHUS
YIOPSIOYEHHBIX cBepX-pemeTok. KoHTakThl Mexny ¢a3zamMu B 00beMe MOHOKpHCTAIA,
BO3HUKAIOIINE B pe3yibrare GopMupoBaHus (a3 MOTYT UTPATh POJIb HEJTMHEHHBIX AJIEKTPHYECKUX
3JIeMEHTOB. BO3MOXHOCTh JaHHOTO SIBICHUS MOATBEP)KIAeTCS HAMH, B KOTOPOM IOKa3aHO, YTO
MPOXOXKACHUH TOKAa  COMPOBOXKIAETCS  CTYNEHYATHIM  HM3MEHEHHEM  JJIEKTPOMPOBOJIHOCTH
MoHokpuctaia TlinSez.

JanHast paboTa MOJIOKMIIO HAa4ajao HOBOTO IMOJXO/Aa B MHTEPIPETANN paHee 0OHAPYKEHHBIX
¢busnueckux cBoiictB kpuctamuios TlINSez u TIGaTez.

B.[I.PycramoB u apyrue, eme B 1976 roay oOHapyxunu ¢oToBosnbTandeckuit 3hpdext u
BBICOKYIO TEH304YBCTBHTEILHOCTh B KpUcTaiwiax T1INSe2, KoTopelie ynpaBIsuINCh aKyCTUYECKUM H
CBETOBBIM BO3/ICUCTBHEM. DTH Pe3yJIbTaThl BIIEPBHIC OBUIM OITyOJMKOBAHBI B JABYX CTaThix. Hamm
MOCJIeIYIONINE UCCIISIOBAHUS TTOKa3alH, 4To oOHapykeHHbIe B 1976-1977 rogax sdpdekTsl, ObLIH
Ha3BaHbl U WHTEPIPETHUPOBAHBl HEMpaBUIbHO. B mepBom ciydae , Obul OOHAapyKeH 3.14.C. TpH
OJTHOBPEMCHHOM BO3JICHCTBMM CBETAa M aKyCTHYCCKHMX BOJH Ha kpuctauibl 11InSe2.  CormacHo
CYLIECTBYIOIINM MPEACTaBICHUAM, (hoToaKkycTndeckuii 3(p(heKkT — 3TO Korja MOjA BO3IEHCTBHEM
CBETa Ha KPUCTAJLJIC MOSIBISIOTCS 3BYKOBBIC BOJIHBL. B cityuae kpuctamios TlInSe2 ogHoBpeMeHHOE
BO3JICHICTBUE CBETA U aKyCTHMYECKUX BOJH MHAYLUPYET 3.4.c. Bo BTopoMm ciyyae, Obu1 0OHApykKeH
aHAIOTUYHBIA S()(PEeKT BOZHUKHOBEHUS 7.1.C. TPHU OJHOBPEMEHHOM BO3JCWUCTBUU CBETa U
onHoocHOH gedopmarun. dDakTuueckun HAOMIONAICS HE IbE30PE3UCTUBHBIN d(¢ekT, a
TEH30PE3UCTHBHBIN YPPEKT.

B o6oux cnydasx, 0e3 akycTHuecKoro wiM AehOpMAIMOHHOTO BO3JICUCTBHUS 3.1.C. HE
oOHapy»XUBaeTcs, T.€. aKyCTHUECKOoe U JAe(popMaIliOHHOE BO3JCHCTBIE UTPAET POIHU 3.1.C.-3aTBOPA
3aIycKa.

Ho, Bce, BbIIIe ONMMCAHHBIE PE3yJBTATHI, 110 CEH JI€Hb, OAHO3HAYHO OOBSICHUTH HE YAaJOCh.
O6napy>xeHHble 3G (HEeKThl He OBUTA MCITOB30BAHBI B MPHUKJIAAHBIX IENsIX. YKa3aHHbIE 2P(EKTh B
M30CTPYKTYpHBIX Kprctauiax T1GaTez, BooOlie He HCCIIeI0BATUCh.

3a mpomieare roAbl MBI MOJTYYWIA MHOXECTBO MMATEHTOB Ha Pa3IMYHBIC YCTPOHCTBA Ha
OCHOBE JIETHPOBAaHHBIX KpUCTALTOB T1INSe2. OmHako, BOMpOC CyTH OOHapyXeHHBIX B 1976-1977
rogax 3¢ gexroB ocraercs TaitHOM. [Iponomkas nccienoBaHus, Mbl HAMEPEHBI MOAHSITH 3aBECY Ha
TaiiHoi KpuctayuioB T1INSe2 u pa3pabortarh MOJYMPOBOAHHUKOBBIH HMCTOYHHUK HAMPSHKEHHS C

aKyCTUYECKUMHU U TEH30METPUUECKUMHU 3aTBOpamu [7].
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TlinSe; KRISTALLARINDA ELEKTRIKKECIRMO HADISOLORINO YENI BAXIS
Oliyev V.D., Novikov V.P., Riistomov V.C., Namazov Y.B., Ismayilzads L.A.

Xilasa: Moaqalado TlINSe; kristallarinda elektrikkegirma hadisalorinin tadqiqindon  alinmis naticalar
xronoloji ardicilligla tahlil olunur. Bu kristallarda elektrikkecirmonin garisig tipli, ham elektron, ham da ion
tipli oldugu miiayyon olunmugdur. Bu kristallarda ion coYayani kegdikds elektrodun yaminda talliumun
konsentrasiyasi dayisir. Nizamlanmus ifrat-QofaSlorin yaranmasi naticasinda bu slava ionlar faza kecidlori
kaskadimin yaranmasw stimullagdira bilor. Kristalin hacmindoki fazalar arasindaki tamaslar geyri-xatti
elektrik elementlari rolu oynaya bilar. Bu hadisanin mumkunltyt mialliflar tarafindan eksperimental olaraq
subut edilmisdir.

A NEW VIEW ON TRANSFER PHENOMENA IN TlInSe; CRYSTALS
Aliyev V.A., Novikov V.P., Rustamov V.C., Namazov Y.B.,Ismayilzade L.A.

Abstract: The article analyzes in chronological order the results of studying the electroconductivity in
TlInSe; single crystals. It has been established that the electroconductivity of these crystals has a mixed
electronic and ionic type. The passage of an ion current in crystals leads to a change in the concentration of
thallium in the near-electrode regions. Excess ions can initiate a cascade of phase transitions due to the
formation of ordered superlattices. Contacts between phases in the volume of a single crystal, which arise as
a result of the formation of phases, can play the role of nonlinear electrical elements. The possibility of this
phenomenon is confirmed by the research of the authors.

Key words: semiconductors, conduction phenomena, electrical conductivity, ionic conductivity, anisotropy
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CusGasSg MONOKRISTALININ QAYTARMA OMSALI SPEKTRI
Muxtarh L.N., Qahramanov N.F.*
Baki Dovlat Universiteti

lemanmuxtarli8@gmail.com ; nadir-1945@mail.ru

Tillori mustavi va galinligi 3mm olan paralelopiped sokindo niimuna mexaniki gaydada [1]
pardaklanmisdir. Olgii qurgusunda ham sabit, hom da modullasdirilmas isigla islomok mimkindiir.
Qaytarma omsalin1 toyin edon zaman tocriibado 82 Hs tezlikli modullagdirilmis isiqdan istifads
olunmusdur. Pardaklanmanin keyfiyyati gaytarma omsalina va spektrina nazars ¢arpacaq doracads
tosir etdiyino gbro do, nlmunonin sothi  mexaniki pardaklanmadan sonra glzgi kimi
hamarlanmisdir. Isdo sothi mexaniki pardaklanmis kristaldan alave homginin kristal gdyordilon
zaman onun Uzarido tobii alinan parlaq glizgu sathlorindon da istifado olunmusdur.

NUmuns 6l¢ii zamani xiisusi tutqacda vakkumda metallik kreostatda yerlosdirilmisdir. Bu
sistem udma va buraxma amsallarin1 boyiik temperatur intervalinda 6lgmoaya imkan verir. Qaytarma
spektri 300K, 363K, 400K, 450K tempraturlarinda 6l¢iilmiisdiir. Qayitma spektrlorinin CusGasSe
monokristallar1 tiglin alinan noticalori sok.1 do gOstorilmisdir . Goriindiiyii kimi, bu spektrlor
CusGasSe kristalinin moxsusi udma oblastini ohato edir. 300k-ds spektrlor diison kvantlarin 1,63 eV
va 1,80 eV giymatlorino uygun galir. Bu hissada gaytarma amsali 65%-dir. [2]-do gostorilmisdir ki,
300k-da diigon kvantlarin 1,62 eV qiymatinds asqar udulma bas verir. Qayitma spektrinin 1,63 eV
giymotindo kristalin qaytarma qabiliyyati bOylkdir. Aparilan todgigatlardan belo naticoys golmok
olar ki, enerjinin 1,62 eV giymatinds optik elektron kegidi stialanma rekombinasiyasi ilo miisahido
olunur. Temperaturun artimi ilo bu xarakterik piklor uzun dalgaya torof nozars garpacaq doracads

stiriigiirlor. Alinan naticalor udma spektrlorindon alinan naticalor ils yaxsi uygunluq toskil edir.

Sokil 1. CusGasSy monokristallarinin qaytarma amsali spektri: 1-300K; 2-363K; 3-400K; va
4-450K.
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Burada qadagan olunmus zonanin eni d(AEg)/dT va onun temperatur omsali hesablanmigdir.
1. 300K 1,86 eV
2. 363K 1,82 eV
3. 400K 1,80 eV
4. 450K 1,76 eV
1 vo 2-don d(AEg)/0T qadagan olunmus zonanin termik omsali 6,34:10* eV/K, 3 vo 4-don iso
8:10* eV/K-dir.

Pestome: B pabome uccrnedoganvl cnekmpuvl ompadcenus MoHokpucmannog coeounenus CusGasSy npu
paznuunvix  memnepamypax: Onpedenena WuUpuHa 3anpewjeHHol 30HbL U €€  meMnepamypHulil
Koappuyuenm.

Knwouesvie cnosa: Kospguyuenm noecrowenus, Cnekmp nocnoweHus, Ceemosvle Keawmuvl, PaccesiHue,
Mooy auposanuwvitl ceem.

Summary:The spectra of reflection of CusGasSy compound single crystals at different temperatures have

been studied: The band gap width and its temperature coefficient have been determined.

Keywords: Absorption coefficient , Absorption spectrum , Light quanta, Scattering, Modulated light.
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III BOLMO

NANOMATERIALLAR VO MOLEKULYAR FIZIiKA

GRB-AST A4 MOLEKULUNUN ON UCLU SER1-ARG2-PRO3 FRAQMENTININ
HONDOSI VO ENERJI PARAMETRLORININ MUBYYON EDILMOSI

Valiyeva L. I., Mehdiyeva A. A.
Baki Dovlat Universiteti

Lala Veliyeva@rambler.ru, aysunmehdiyeva74@gmail.com

Xiilasa:Grb-AST A4 molekulu "Glyllus bimaculatus" ¢agirtgasinin beyin ekstraktindan izola edilmigdir. O,
8 amin tursu qaligindan ibarat oldugu iiciin, peptid tabiatlidi vo Serl-Arg2-Pro3-Phe4-Gly5-Phe6-Gly7-
Leu8-NH. amin tursu ardicilligindan ibaratdir [1]. Bumolekulmiayyankonsentrasiyalardayuvenil (cavan)
hormonlarinsinteziniingibirlasdirirki, budadzndvbasinda, izolo olundugu hasaratinilkinmarholads -
boéyumadanmahvinagoatirib ¢ixarwr [2]. Ona gore bu va bu fasildon olan digor molekullara olan maraq
gtinba-giin artir. Belo ki, Grb-AST A4 molekulunun qurulus-funksiya alaqalori arasdirisa, ziyanvericilarin
mahvi tigiin atraf miihiti ¢irklandirmayan yeni nasil preparatlarin hazirlanmas: miimkiin olar.

Hondasi vo enerji parametrlorini todqiq etdiyimiz fragment, Grb-AST A4 molekulunun 6n
uclu fragmenti olub, serin, arginin vo prolin amin tursularindan ibaratdir. Hesablamalar uzun illarin
simagindan miivaffoqiyyatlo ¢ixmis nazari konformasiya tsulu ilo yerina yetirilmigdir [3,4].Noazori
konformasiya analizi iisulu, molekullarin miimkiin olan ii¢ol¢iilii quruluslarint (koordinatlarini,
rabito uzunluqglarini, fazadaki vaziyyitini ) vo bu quruluslarin energetik vaziyyatlorini tadqiq etmok
Ucln istifado olunan on optimal hesablama Usuludur[5]. Bu usul molekulyar modellosdirma vo
simulyasiya texnikalarina osaslanir va, asasan, asagidaki marholalari ohato edir:

1. Molekulyar Modelin Qurulmasi: ilkin morhalado, todgiq olunan molekulun atomlarmin

say1, ikilizli bucaqglariin giymoatlori asasinda miixtalif miimkiin konformasiyalar1 — foza quruluslr
mioyyan edilir va, bunun asasinda da, har bir konformasiyaya uygun mokan koordinatlariva ilkin
ucolgtli modellaryaradilir. Bu modellar igarisindon isa potensial enerjinin minimizasiyasi asasinda
an yaxs1 konformasiya segilir (2-Ci va 3-cli marhalalar).

2. Potensial Enerjinin Hesablanmasi: Molekulun mixtalif konformasiyalari (miimkiin

ti¢olgulii quruluslar) tigiin potensial enerji hesablanir. Bu hesablama, oksor hallarda molekulyar
mexanika, vo hamginin, kvant mexanikasi isullari ilo aparila bilor. Bu hesablamalar zaamni
molekulun atomlar1 arasindaki qarsiliql tasirlor do nazors alinir.

3. Energetik Minimumlarin Tapilmasi: Molekulun kigikenerjili konformasiyalar1 igarisindon

Potensial enerjinin lokal minimum néqtslari tapilir. Bu néqtalor molekulun sabit konformasiyalarini

gOstorir. Enerji minimumlarit molekulun an sabit vo miimkiin olan quruluslarini tomsil edir.
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4. Naticalarin Tohlili: Konformasiya analizinin naticalori, molekulun qurulusunun foaliyyat

mexanizmlori ilo slagalondirilir. Masalon, molekulun bioloji aktivliyi, reaksiya gabiliyyati, vo ya
digar funksional xutsusiyyatlori ilo konformasiya arasindaki olagalor dyranilir.

Nozari konformasiya analizi Gsulu, xtsusilo bioloji molekullar, zilallar, peptidlor va digar
boyiik organik molekullarin todgiginds genis istifado olunur. Bu {isul, molekulyar quruluslar
anlamag vo onu mixtalif sortlor altinda simulyasiya etmok ¢tin gucli bir vasitadir.

Nozari konformasiya analizi Gsulu ilo molekulu tohlil etmok tigiin, hesablamalarin rahathigi vo
¢ox az vaxt aparmast Uciin molekul kigik fragmentlora boliniir (sokil 1). Ovvalca homin
fragmentlorin foza qurulusu tohlil edilir. Sonra bu naticolor osasinda, biitov molekulun foza

qurulusunun asas parametrlori muoyyan edilir.

N, —————

Serl-Arg2-Pro3-Phe4-Gly5-Phe6-Gly7-Leu8-NH2

Sakil 1. Grb-AST A4 molekulunun amin tursu ardicilligi vo

hesablanma sxemi

Serl-Arg2-Pro3fragmentinin foza qurulusunun handasi Vo enerji
parametrlorinihesablamaqucin, hor bir amin tursusunun fozada tuta bilocayi bitin mimkin hallar
nozarrs alinaraq, 24 ilkin variantyigilmis vo enerjinin minimizasiya hesabinaburaxilmigdir. Alinan
naticalorin tohlilindon miosyyan edilmisdir ki, 0-3 kkal/molnisbienerjiintervalina hesablanmis

konformasiyadan yalniz 12-si diisiir.

Amin Ikiiizlii bucaqglar
tursusu

Ser? ¢=138 y=-72 ©®=181 | ¢=-70 y=-73 ©=175 0=137 y=-72 ®»=180
Arg? ¢=125 y=164 =175 | =109 y=161 ®=179 0=94 y=162 ©=175
Pro3 y=-42 =179 y=-45 =177 y=-54 ©=180 y=154

Digoar konformasiyalar enerji cohotco alverisli konformasiyalar olmadig ti¢iin, onlar sonraki
hesablama  morholalorinds  nozors  alinmamisdir.  Enerjisi  ankigikolankonformasiyanin,
yaniglobalminimumutomsiledonkonformasiyanitamenerjisinin qiymatinin -10.17 kkal/mola, geyri-
valentqarsiliglitasirenerjisinin - giymatinin -9.85 kkal/mola, elektrostatikqarsiliglitasirenerjisinin
giymatinin  -0,94 kkal/mola, torsiongarsiliglitasirenerjisinin giymatininisa 0,63 kkal/molabarabar
oldugu miiayyon edilmisdir. Asagidaki cadvoldo Serl-Arg2-Pro3 fragmentinin global minimum

giymatino uygu konformasiyasinin ikiiizlii bucaqlariin qiymatlori verilmisdir.
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DETERMINATION OF THE GEOMETRY AND ENERGY PARAMETERS OF THE FRONT END
SER1-ARG2-PRO3 FRAGMENT OF THE GRB-AST A4 MOLECULE

Valiyeva L. I., Mehdiyeva A. A.

Summary: The spatial structure and conformational properties of the Serl-Arg2-Pro3 fragment in a water-
like environment were investigated using theoretical conformational analysis based on atom-atom potential
functions. The research was based on the minimization of the energy of intramolecular interactions between
atoms (including non-valent, electrostatic, torsional, and hydrogen bond formation energies) in the vicinity
of internal rotation angles corresponding to all combinations of low-energy conformations of the
monopeptide residues forming the fragment.

Key words: neuropeptides; structure; conformational analysis; molecular dynamics.

OIIPEJEJEHUE TEOMETPUUYECKUX U DQHEPTETUYECKUX ITAPAMETPOB
OPAI'MEHTASERI1-ARG2-PRO3 MOJIEKYJIBIGRB-ASTA4
Banmena JI. 1., MexTueBa A. A.

Pestome: Ilpocmpancmeennas cmpykmypa u Kougopmayuonnuvie ceoticmea @ppaemenma Serl-Arg2-Pro3 6
68000N0000HOL  Ccpede UCCAeO08AHbL € NOMOWDBIO  MEOPemuieckoe0 KOHQMOPMAYUOHHO20 —aHAIU3A,
OCHOBAHHO20 HA AMOM-AMOMHBIX NOMEHYUANbHBIX QYHKYUAX. Hccne0oeanus 0cHO8aHbl HA MUHUMUZAYUU
SHepaUU GHYMPUMOJIEKYTIAPHBIX 83AUMOOCUCMEULI MENHCOY amOMamy (8 Mom yucie SHepeuli HeGaleHMHbIX,
9NIEKMPOCMAMUYECKUX, KPYMUTLHBIX U 8000POOHBIX CB53€ll) 8 OKPECMHOCHU Y208 BHYMPEHHe20 8PAUEeHUs,
COOMBEMCMBYIOWUX BCEM COYEMAHUAM HUZKOIHEPSEMUUEeCKUX KOHPOpMAayu MOHONEeNmMuod. OCmMamKu,
obpaszyiouue MOIeKyIy.

Knrouegwle cnosa: netiponenmudvl, Cmpykmypa, KOHGOPMAYUOHHBLI AHATU3, MONEKYIAPHASL OUHAMUKA
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ENHANCING TRIBOELECTRIC NANOGENERATOR PERFORMANCE USING
NYLON/MWCNT NANOCOMPOSITES FABRICATED VIA SPRAY COATING
METHOD
Gulahmadov O.%", Muradov M.2, Gahramanli L.2, Musayev A.P and Jadranka Blazhevska
Gilev®
aNano Research Laboratory of the Center for Excellence in Research, Development, and
Innovation Baku State University
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Summary. This study explores the fabrication of nylon/MWCNT NCs using the spray coating method and
their influence on TENG performance. The integration of MWCNTSs into nylon significantly enhances the
dielectric properties of the NCs, leading to improved TENG output, including increased voltage and current.
After five spray applications of MWCNTSs, the output voltage and current showed substantial improvement,
reaching 32 V and 3.4 uA, respectively. However, further increases in the number of sprays led to
diminishing returns, with voltage plateauing and current slightly decreasing due to MWCNT agglomeration,
which reduced the effective contact area between triboelectric layers. This suggests that while MWCNTS can
enhance performance, optimizing the concentration is crucial for maximizing the efficiency of TENGs.
Keywords: MWCNTSs, TENGs, nylon/polysiloxane, nanocomposites, output performance

The intersection of nanotechnology and materials science has opened up new possibilities for
developing advanced materials with enhanced properties. Among these innovations,
nanocomposites (NCs) stand out for their ability to combine the unique characteristics of their
components at the nanoscale. Specifically, the integration of multi-walled carbon nanotubes
(MWCNTS) into polymer matrices like nylon has shown great potential in creating materials with
improved mechanical, electrical, and thermal properties [1]. When combined, nylon/MWCNT NCs
offer enhanced tensile strength, impact resistance, and electrical conductivity, making them ideal
candidates for various applications, including triboelectric nanogenerators (TENGS) [2]. TENGs
convert mechanical energy, such as vibrations, human movement, or environmental forces, into
electrical energy via the triboelectric effect, where materials with distinct triboelectric properties
generate opposite charges during contact and separation. Polymer-based NCs, particularly
nylon/MWCNT combinations, have gained significant interest due to their tunable properties, such
as dielectric constant and polarity. These properties, combined with their excellent
triboelectrification performance, make nylon/MWCNT NCs promising for enhancing TENG
performance [2].

In this study, we developed nylon/MWCNT NCs using the spray coating method and
explored their impact on TENGs. MWCNTSs were deposited onto the nylon surface through
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multiple spray coatings, and the TENG’s output performance was evaluated based on the number of
MWCNT coatings. Fig. 1 illustrates the output performance of TENGs developed using NC films,

evaluated based on time-dependent voltage and current variations.
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Fig. 1 Graphs illustrate the open-circuit voltage and short-circuit current of TENGs based on
nylon/MWCNT nanocomposites: (a) Open-circuit voltage curves of the TENGs; (b) Short-circuit
current curves of the TENGsS; (c) Average open-circuit voltage values of the TENGs; (d) Average

short-circuit current values of the TENGs.

As depicted in Fig. 1c, the voltage generated by the ordinary nylon-based TENG was 25.5
V. However, with NCs created by spraying 0.03% MWCNTSs onto the nylon surface, the voltage
increased to 32 V after five spray applications. Further increases in the number of sprays slightly
improved the output parameters, with the voltage reaching 39.5 V after 15 sprays and 40 V after 25
sprays. This enhancement is attributed to the NCs' increased dielectric permittivity. The improved
performance stems from the higher dielectric permittivity of nylon/MWCNT NCs, which increases
the concentration of polar charges and dipoles. According to the capacitor model of TENGs, higher
dielectric permittivity raises capacitance, thus boosting output. However, the increase in voltage
plateaued between 15 and 25 sprays, likely due to MWCNT agglomeration, which reduces the
effective contact area between the nylon and polysiloxane films. This trend is confirmed by the
time-dependent current graph (Fig. 1d). The current of the ordinary nylon-based TENG was 2.3 uA,
while the nylon/MWCNT NCs-based TENG's current increased to 3.4 pA after five sprays, and to
4.5 pA after 15 sprays. However, it slightly decreased to 4.4 pA after 25 sprays. This data indicates
that adding MWCNTSs initially boosts the TENG’s output, but excessive MWCNT concentrations
lead to agglomeration, which diminishes performance. The decline is due to the reduced effective
contact area between the triboelectric layers, resulting in a negative impact on the triboelectric

effect and overall performance.
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PUSKURMO USULU iLO HAZIRLANMIS NAYLON/MWCNT NANOKOMPOZITLORINDON
ISTIFADO EDILON TRIBOELEKTRIK NANOGENERAT PERFORMANSININ ARTIRILMASI

Gulahmadov O., Muradov M., Qahramanh L., Musayev A.va Jadranka Blajevska Gilev

Xilasa. Bu todgigat sprey Ortik metodundan istifado edarak neylon/CDKNB nanokompozitlarinin
hazirlanmasint va onlarin triboelektrik nanogeneratorun (TENG) ¢ixis performansina tasirini arasdirir.
CDKNB-lorin neylonla inteqrasiyast nanokompozitin dielektrik xassalarini ahamiyyatli daracada artirir, bu
da artan gorginlik va carayan daxil olmagla, tokmillogdirilmis TENG alda olunmasina gotirib ¢ixarir.
CDKNB-laorin 5 dafa ¢ilomadan sonra alinan nanokompozit asashi TENG-in ¢ixis garginliyi va Carayanm
muvafiq olaraq 32 V va 3,4 uAd-ya cataraq ahomiyyatli yaxsilasma gostordi. Bununla bels, spreylaorin saymin
daha da artmast dayarlarin azalmasina sabab oldu, garginlik va carayan CDKNB aglomerasiyasi sababindan
bir qodor azaldi, bu da triboelektrik tabaQalor arasinda effektiv tamas sahasini azaltmigdr. Bu onu géstarir
ki, CDKNB-lorin performanst artira bilso da, konsentrasiyanin optimallasdirilmast TENG-larin
Samoaraliliyini artirmagq tigiin ¢ox vacibdir.

Acgar sozlar:cox divarl: KNB, TENG, neylon/polisiloksan, nanokompozit, ¢ixis performansi

IHOBBIINEHUE XAPAKTEPUCTUK TPUBOJJIEKTPUYECKOI'O HAHOI'EHEPATOPA C
HCHOJIb30BAHUEM HAHOKOMIIO3UTOB HEMJIOH/MYHT, HU3rOTOBJEHHBIX
METOJOM HAIIBIJIEHUA

I'ynaxmanos O., Mypanos M., I'axpamanasl JI., Mycaes A. u flnpanka baaxescka I'niies

Pestome. B omom uccrnedosanuu uzyuaemcs uzeomosenenue Hamoxomnosumos ueinon/MWCNT ¢
UCNONL30BAHUEM MemOoO0d PACNBIIUMENLHO20 NOKPbIMUA U UX GIUAHUE HA NPOU3BOOUMETLHOCHb
mpubosnexkmpuuecrkozo nanoeenepamopa (TEHI). Humeepayus MWCNT 6 netlion 3nauumensho yayyuiaem
ousieKkmpuieckue CceoUCMEa HAHOKOMNO3UMA, YMO NPUBOOUM K yayuuieHuto evixoonou mownocmu TENG,
6KII0YAs yeeaudenue Hanpsicenus u moxa. Ilocne namu pacnvinenutt MWCNT gvixooHoe Hanpsicenue u
MOK NOKA3anU cyujecmeeHHoe yiayyutenue, oocmueHye 32 B u 3,4 mxA coomeemcmeenno. Oouaxo
oanvHeluiee yeeruienue KOIu4ecmea pacnvlienutl npueeno K yovigaroujeti omoaue, npu 3mom HanpajiceHue
BBIULIO HA NIAMO, A MOK HEMH020 CHU3Uuaca uz-3a aznomepayuu MWCNT, umo ymenvuiuio 3¢pghexmusnyio
naowWadb KOHMAKma Mexncoy mpubosjiekmpuyeckumu croamu. Imo cosopum o mom, umo, xoms MWCNT
MO2YM YIYYUIUMb HPOU3EOOUMENLHOCb, ONMUMU3AYUS KOHYSHMPayuu umeem pewiaioujee 3Hadvenue Ol
maxcumusayuu 3¢pexmuenocmu TENG.

Knroueeswvie cnosa: CNT, TEHI, nellion/noaucuiokcan, HAaHOKOMNO3UMbL, 8bIXOOHbLE XAPAKMEPUCHUKU
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Gilimiis nanohissaciklor PVS sulu mohlulunda giimiis nitrat1 azaltmagqla hazirlanmisdir. Glimiis
nitrat mohlulu 10 ml distillo edilmis suya 0,03 q giimiis nitrat (AgNOs) olavo edilmaklo
hazirlanmigdir. PVS mohlulu natrium borhidrat (NaBHa) ilo birlikds 20ml distillo edilmis suda hall
etmoklo hazirlannmigdir. Hazirlanmis PVS mohlulu 60°C -y goder qizdirildr vo ara-sira qarisdirild:
vo AgNOs mohlulu PVS mohluluna damci-damci olavo edildi. Qarisigin rongi glimiis nitrat
(AgNOs)mohlulu yavas stirotlo olava edildikco tlndlogsmoys bagladi. Biitiin giimiis nitrat
(AgNO3z)mohlulu olavs edildikdon sonra qarisiq mohlul magnit garisdiricida 10 doqige daha
qarigdirildi. Nohayot, Ag nanohissaciklorinin 0,01M dispers mohlulu alindi. Natrium sulfid sintez
edilmis giimiis nanohissaciklorin sathindo adsorbsiya olunmus kiikiird monbayi kimi istifads
edilmigdir. Sintez edilmis Ag-Ag2S strukturlarinda istifado olunmus Na2S mohlulunda kikird
ionlarmin konsentrasiyalarini SmM-don 15mM-o qodor doyisdirilorok kimyoavi yolla sintez
edilmisdir, AgNH-lorin konsentrasiyasi iso doyismoz qaldi. Daha sonra kiikiird ionlarinin
hazirlanmis sulu mohlulu davamli garisdirma altinda AgNH mohluluna damla-damla slavs edildi.
Sokil.1A-da giimiis nanohissaciklorinin (AgNH) optik udulma spektri gostorilir.Udma spektrinds
385 nm-do xarakterik zirvo niimayis olunur. Bu AgNH-lorin soth plazmon rezonansina uygundur
[1]. Gorundiyd kimi , nimunalor Na2S mohluluna maruz qaldigda, Ag nanohissaciyinin sath
plazmonlar1 ilo olageli zirvenin intensivliyi azalir. Intensivliyin azalmasi ilo borabor kiikiird
ionlarmin asagi vo orta konsentrasiyasinda qirmizi siirlismo miisahido olunur. Bundan olavo,
kiikiird ionlarmin konsentrasiyasinin 10 mM giymatindon sonra zirvalorin qirmizi siirtismasi
kaskinlagir vo niimunalorin plazmon zirvalorinds dalga uzunlugunun artmasi miisahido olunur
(Sokil.1A) . Plazmon zirvolorinin tezliyi sorbost elektronlarin konsentrasiyasindan asilidir (
formulal) [2]. Na2S mohlulunun tosiri altinda metal AgNH-do Ag2S yarimkegirici tobagasi amala
galir ki, bu da tobii olaraq ilk nimuna ilo migayisads elektron konsentrasiyasinin azalmasi ilo
olagalidir. Sulfidlogsma Ag nanohissaciklorinin [3] sathindaki qiisurlardan baslayir vo AgzS amoalo

golir.

w = ne2 (1)

gom*

Sokil.1B-do gostorildiyi kimi, Ag nanohissaciklori saf halda 2,8 eV qadagan olunmus zolaga

malikdir. Homginin, Sokil.1B-don goriindiyu kimi, Na2S mohlulunun miixtalif konsentrasiyalarinda

zolaq boslugu mixtalif doyoarlor almigdir:
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Sokil.1 Ag nanohissaciyi vo Na2S moahlulu ils birlikda niimunalarin UV-Vis udma spektrlari (A)

Vo qadagan olmus zolaginin eni (B)

5mM konsentrasiyada 2,25 eV, 10mM konsentrasiyada 2,19 eV, vo 15mM konsentrasiyada 2,10
eV. Ag nanohissaciklori Naz2S mohlulu ils reaksiyaya girdikds, Ag nanohissaciklarinin sathinda
AQ2S formalasir. Bu reaksiyanin kinetikast mohlulun konsentrasiyasindan asilidir. Ag2S-nin
formalasmasi Ag nanohissaCiklorinin qadagan olunmus zolaginmi daraldir, ¢linki Ag2S materiali
saf Ag-don forgli bir elektron struktura malikdir. Mdvcud odsbiyyata goroa, Agz2S nanokristallari
ticiin zolaq boslugu Eg= 0,9-1,1 eV diapazonuna diisiir [4]. Natica etibarils, naticalorin tohlili
gostorir ki, kukdrdin (S) daxil edilmasi Ag-Ag2S niiva-0rtik tipli strukturlarin zolaq boslugunda
doyisiklikloro sabab ola bilor. Bunun sababi Ag2S-in kegiricilik zolagina kegon hayacanlanmig
elektronlarin Ag-Ag2S sarhaddinds asanligla giimiiso ke¢mosidir. Ag va Agz2S-nin heterostruktur
omolo gotirmasi interfeysdo Ag2S-nin zolaq boslugunun strukturunu doyisdirir va Yyiklarin
ayrilmasini asanlasdirir vo yiik dasiyicilarinin rekombinasiyasini azaldir.

(ahv)? = A(hv — E;)(2)
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STUDY OF THE EFFECT OF SULFUR ION CONCENTRATION ON ABSORPTION SPECTRA of
Ag-Ag.S CORE-SHELL TYPE STRUCTURES

Ismayilova F.
Baku State University, Nanoresearch Center

Abstract: In this study, silver nanoparticles (AgNPs) were synthesized via chemical reduction. Then Ag-
Ag,S core-shell structures were then synthesized.AgNPs were obtained by simply mixing different
concentrations of Na,S aqueous solution (5,10 and 15mM).The optical properties of these structures were
analyzed. The optical properties and bandgap values were studied using ultraviolet-visible (UV-Vis)
spectroscopy. The optical properties of AgNPs revealed clear differences in their physical properties after
sulfidation. From the study of optical properties, we determined that Ag-Ag.S core-shell structures have
broadband absorption properties that can be controlled by changing the concentration of sulfur ions in the
sulfidation process. Also, because of sulfidation , it was determined that the value of the bandgap of Ag-
Ag»S structures changes .

Keywords: Silver nanoparticles, Ag-Ag,S structures, Surface Plasmon Resonance, UV-Vis absorption
spectra, Taucmethod

HNCCIEJOBAHUE BJIMSAHUA KOHHEHTPALIMU HOHOB CEPBI HA CIIEKTPbBI
NOIVIOIEHUS CTPYKTYP TUIIA AAPO-OBOJIOYKA Ag-Ag.S

Hcmaiinoa®d.
Bbaxkunckuii I'ocypapcreennblii YHusepcurter, HaHouccien0BaTe/IbCKUil HEHTP

Pezrome: B smom uccnedosanuu nanouacmuyvl cepedopa (AgNP) Owviiu cummesuposanvt memoodom
XUMUYECKO20 80CCMAHOBNEHUS. 3amem ObLiu CUHmMe3Upos8ansvl cmpykmypul 10po-obonouxa Ag-Ag.S. AgNP
ObLIU NOTYUEHbL NPOCMBIM CMeUUBaHueM 600H020 pacmeopa NaxS pasnuunvix konyenmpayuil (5, 10 u 15
MM). [lpoananuzupogansvi onmuueckue ceoticmea smux cmpykmyp. Onmuueckue C80UCEA U 3HAYEHUS.
3aNpeueHHoll 30Hbl ObLIU U3YUEeHbl ¢ NOMOWbI0 yibmpaguoiremoso-euoumon (Y®D-Bud) cnekmpockonuu.
Onmuuecxkue ceoticmeéa AQNP  evissunu yemkue pazmuuus 6 ux Quauueckux ceolicmeax nocie
cynvpuouposanus. B pezynrvmame ucciedo8anus ONMULECKUx C8OUCME Mbl ONPeOenunu, Ymo CcmpyKmypol
a0po-obonouxka AQ-AQ2S obradarom WUPOKOROIOCHBIMU AOCOPOYUOHHBIMU CEOUCMBEAMU, KOMOPLIMU
MOJICHO YNPAGTAMb, U3MEHsIsl KOHYESHMPAyuio UOHO8 cepbl 6 npoyecce cynvbguouposanus. Taxoce uz-3a
CYILPUOUPOBAHUS YCIAHOBILEHO, YN0 USMEHAEMCA 6eIUYURA 3anpeweHHOU 301bl cmpykmyp Ag-AgaS.

Kntouesvle cnoea: nanouacmuywvl cepebpa, cmpykmypvl Ag-AQS, nosepxrHocmmuwill  NAAZMOHHbBIL
pesonanc, cnekmpul noznowenus Y O-BHJ[, memoo Tayxa.
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Xulasa: Giimiis nanohissaCiklor PVS sulu mohlulunda giimiis nitratt azaltmagla hazirlanmisdir. AgNOs3
mahlulu NaBH, vasitasila reduksiya olunaraq Ag nanohissaciklarinin 0,01M dispers mahlulu alindi. Natrium
sulfid sintez edilmis giimiis nanohissaCiklarin sathinda adsorbsiya olunmus kiikiird manbayi kimi istifada
edilmisdir. Sintez edilmis Ag-AQ2S strukturlarinda istifado Olunmus NaS mahlulunda kiikiird ionlarinin
konsentrasiyalarmmi SmM-dan 15mM-a gadar dayisdirilorok kKimyavi yolla sintez edilmisdir, AgNH-larin
konsentrasiyas1 iso doyismoz qaldi. Daha sonra kiikiird ionlarimin hazirlanmis sulu moahlulu davamh
qarigdirma altinda AQNH mahluluna damla-damla alava edildi.

AgNH vo AgNH+NazS nimunalori iigiin XRD diffraktogramlart Sokil.1-do g6storilmisdir.
Sokil.1la-dabirinci spektr AgNH-na uygundur.f = 38.33° vo 64.63°-do miisahido edilon (111) vo
(220) mustavilorino uygun galon zirvalor iz markazli kubik AgNH iigiin xarakterikdir (JCPDS Ne
04-0783)[1]. Sokil.1la-da difraksiya zirvalori nazaracarpacaq dorocads genislonmisdir ki, bu da

hissacik 6lgisunin kigik oldugunu gostarir.

(112)

Intensity (CPS)
" o

- | Sokil.1 (a) AgNH (b) Ag-Ag:S
N b (5mM), (c) Ag-AgzS (10mM), (d)Ag-

—d AQg2S (15mM) nimunalari tgiin

20 a0 60 20 rentgen difraktogrami

2 theta (deg)

Sokil.1b  5mM konsentrasiyali Ag-Agz2S nimunasi tigiin XRD diffraktoqramint gostorir.
Spektrdon gorinduyu kimi, (112) indeksi 26 = 32,6° olan yeni pik miisahidos edilir. Bu zirva Naz2S
mohlulunun tasiri ilo AgNH-in sathindo omolo golon Ag2S ugtin xarakterikdir (JCPDS Ne 14-0072)
[2]. Sokil.lc vo d spektrlorindo miivafiq olaraq kiikiird ionlarinin artan konsentrasiyasi ilo
monoklinik AgzS zirvolorino uygun olaraq (112) indeks pikininintensivliyinin artdigi miisahido
olunur. Bu NazS mohlulunda kiikiird ionlarinin konsentrasiyasinin artmasi ilo alagadardir ki , bu da
AgNH-in daha ¢ox Na2S mohluluna moruz gqalmasina vs kiikiird ionlarinin nanohissaciys daha ¢ox
nifuz etmasina sabab olur. Goriindiiyti kimi Sokil.1b spektri ilo migayisads, 22.3°, 30.12° va
34.35°vs 37.8°-do miisahids edilon (012), (-112), (-121) va (-103) mustovilorine uygun olan Ag2S
uclin yeni zirvolor meydana ¢ixdi (JCPDS Ne 14-0072)[3]. Bu, Ag-Ag2S strukturlarin

kristallagmasini tostiq edir. Beloliklo, Na2S-in konsentrasiyasinin artmasi nanohissaciyin sathinds
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omoala golon Ag2S migdarinin artmasi ilo naticalonir. Bununla yanasi, AgNH {iglin asas zirvenin
intensivliyi ilkin nimuns ilo migayisado azalsa da, AgNH Uciin xarakterik olan zirvalor bitln
spektrlords yox olmur, bu da nimunadaki AgNH-in hamisinin AgzS-a gevrilmadiyini vo Ag-Ag2S
heterostrukturu kimi formalasdigin1 gostorir. Belsliklo aldo edilon zirvelor xarakterik zirvalorlo
yaxs1 uygunlasdi vo AgNH-in vo Ag-AgzS strukturlarinin amalo golmasi tosdiglondi.
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STUDY OF CHANGES IN STRUCTURAL PROPERTIES OF Ag-Ag.S STRUCTURES WITH
INCREASING CONCENTRATION OF SULFUR IONS

Ismayilova F.
Baku State University, Nanoresearch Center

Summary: In this study, silver nanoparticles (AgNPs) were synthesized by chemical reduction. Then Ag-
Ag,S core-shell structures were obtained by simply mixing AgNPs with Na,S aqueous solution at different
concentrations (5, 10 and 15mM). Then AgNPs- in and the properties of Ag-Ag.S structures were studied.
Changes in the structure of the sample were analyzed using X-ray diffraction (XRD). The structural analysis
results show that a layer of Ag,S was formed on the surface of AgNPs as a result of the sulphidation process.
Also, there was a decrease in the degree of crystallization of AgNPs. This structural change depends on the
increase in the concentration of sulfur ions. The study of the structural properties of AgNPs after
sulphidation clearly shows their physical properties. found differences

Keywords: Chemical reduction, Silver nanoparticles, Sulphidation process, Ag-Ag.S structures, XRD
spectra.

HCCJEJOBAHUE UBMEHEHUM CTPYKTYPHBIX CBOMCTB CTPYKTYP Ag-Ag,S IIPHA
YBEJIMYEHUU KOHUHEHTPAIIMU NOHOB CEPbI

HUcmaiinoBa P.
bakuHckuii rocynapcrBeHHblid yHuBepcureT, LleHTp HaHOMCCIe10BaAHM

Pestome: B smom uccnedosanuu Hanovacmuywl cepebpa (AgNP) Oviiu cunmesuposanvl nymem XumMu4ecko2o
80CCMAHOGIEHUS. 3amem OblLlU HOAYYeHbl CMpYKmypul A0po-obonouxka Ag-AQS nymem npocmoeo
emewusanusi AGNP ¢ 600nbim pacmeopom NazxS npu pasiuunvix konyenmpayusax (5, 10 u 15 uM). 3amem
oot usyuenvl AgNP- u ceoticmea cmpykmyp Ag-AQ2S. Hsmenenuss 6 cmpykmype obpasya Ovliu
NPOAHATUIUPOBAHBL C NOMOWBIO peHmeeno8ckou ouppaxyuu (XRD). Pesynvmamuvl cmpykmypHo20 anaiuza
NOKA3bIBAIOM, 4mo 8 pesyibmame npoyecca cyibpuouposanus na nosepxrocmu AgNP obpazosancsa cioii
AQ.S. Taxoice nabarooanocy cHudicenue cmenenu Kpucmaiiuzayuu AgNP. Omo cmpykmypHoe usmeneHnue
3a8ucum om yeenuyeHus KOHyenmpayuu uonos cepul. Hccnedosanue cmpykxmypuwix ceovcme AgNP nocne
CyIb@UOUPOBAHUsL HALTILOHO NOKA3bIBAETN UX (DU3UYeCcKUe C8OUCMBA. HAUOEHHble PA3TUYUS

Kntouegvle cnosa: xumuyeckoe 60CCMAHOGIEHUE, HAHOHACMUYbI cepebpa, npoyecc CyrbuouposaHus,
cmpyxmypol Ag-AQ2S, cnexmpul penmeenogckou ougpaxyuu.
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CH3NH3SnCl; PEROVSKIT TOBOQOLORIN SINTEZI
Nuriyeva S., Mammadova S.
Baki Dovlat Universiteti, Nanoarasdirmalar Laboratoriyasi

nuriyevasevinj@bsu.edu.az, sabinamammadoffa@gmail.com

Siratli yiikdasiyici generasiyasi, idara oluna bilon gadagan olunmus zona eni, asag: siiratli
elektron-desik rekombinasiyasi, fotoliiminessensiyanin yiiksok kvant ¢ixisina goéro hibrid perovskit
materiallar maasir dovrin aktual tadgigat istigamotlorindandir. Bu materiallar Ustin katalitik va
fotoelektrik xususiyyatlorino gora boarpa olunan enerji monbolorinds, enerji saxlanma cihazlarinda,
cirklondiricilorin deqradasiyasi prosesinds Vo optoelektronik cihazlarda genis totbiq olunur [1-2].
Belo ki, onlarin giinag elementinds totbigi somaraliyi 4% -don 25% -o godar yiksaltmisdir [3].

Perovskit materiallarin sintezi vo gunas elementlorinin elektrodlarinda istifadasi ilo baglh
Kifayot godor elmi islor vardir [4-5]. On ¢ox yayilmig tisul miixtalif halledicilorin garisiglarinda
molum duzlarin vo metilamonium halogenin ekvimolyar nisboatlords qarisdirilmasi ilo alinan
mohlul asasli sintez tisuludur [6]. Alinma metodu qurulus vo xassalars tosir edan osas faktorlardan
oldugundan, dogru metodikanin segilmoasi todqiqatin asas mogsadlorindondir. Toadqiqat isindo ilk
o6nco CH3NH3Cl duzu sintez edilmis, ardinca qalay asasli perovskit tobags hazirlanmigdir. Malum
migdarda metilamin, etanol mohlulu va xlorid tursusu 2 saat arzinds buz vannasinda qarigdirilmus,
alinmig metil amonium xloridi (CH3NH3sCI) kristallik hala gotirmok tglin 65°C temperaturda
rotorlu (firlanan) buxar masini ilo qarigdirilmis vo buxarlandirilmis kiitlo ayrilaraq ti¢ dofo dietil
efirindo yuyulmusdur. Ardinca alinan metil amonium xlorid (CH3NH3Cl) vo galay xlorid (SnCl2)
duzlart 1:1 nisbatindo DMF-do hall edilorok magnit garisdiricidda 60°C-do miayyan miuddat
qarigdirilmigdir. Alinmis CH3NH3sSNnCls perovskit materiali Doktor Bleyd isulu ilo nazik tobago
soklino salinmigdir. Tobogoalor 100°C temperaturda 15 dogigo miiddotinds tavlanmis vo qurulusu
tadqiq edilmisdir.

Istinadlar:
1. Milka G, Sanjay SP. Synthesis gas production in oxy carbon dioxide reforming of methane over
perovskite catalysts. Instit. Technol. Nirma University, Ahmedabad 2011;
2. Lee, M. M., Teuscher, J., Miyasaka, T., Murakami, T. N. & Snaith, H. J. Efficient
3. Kranz, L. et al. High-Efficiency Polycrystalline Thin Film Tandem Solar Cells. J. Phys. Chem.
Lett. 6 (14), 2676-2681 (2015). 11. Xing, G. et al. Low-temperature solution-processed
wavelength-tunable perovskites for lasing. Nat. Mater. 13, 476-480 (2014)
4. Tailoring the surface morphology with annealing temperature of the lead free perovskite solar
cell, CH3NH3SnCI3 and its relation to the cell performance.
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5. Milka G, Sanjay SP. Synthesis gas production in oxy carbon dioxide reforming of methane over
perovskite catalysts. Instit. Technol. Nirma University, Ahmedabad 2011;

6. Eperon, G. E., Burlakov, V. M., Docampo, P., Goriely, A., & Snaith, H. J. Morphological
Control for High Performance, Solution-Processed Planar Heterojunction Perovskite Solar Cells.
Adv. Funct. Mater. 24 (1), 151-157 (2014).

SYNTHESIS OF PEROVSKITE CH3NH3sSnCls layers
Nuriyeva S., Mammadova S.
Baku State University, Nanoresearch Laboratory

Abstract: In this study, using a number of technological processes (rotator evaporator and magnetic
stirring), CHsNHsSnCl; perovskite layers with wide application in solar cell electrodes were prepared. A
certain amount of methylamine and ethanol solution, and hydrochloric acid were mixed in an ice bath for 2
hours, and CH3NHsCIl was crystallized. The methyl ammonium chloride (CHsNHsCI) and tin chloride
(SnCly) salts were dissolved in DMF in a 1:1 ratio and stirring for an appropriate time of time at 60°C using
a magnetic stirrer. The resulting CH3NH3SnCl; perovskite material has been applied as a thin layer using the
Doctor Blade technique.

Keywords: CH3sNHsSnCls, perovskite layers, Doctor Blade technique.

MOJYYEHHME CJIOEB TIEPOBCKHUTA CH3NHsSnCls;
Hypuena C., MamenonaC.
Bakunckuii rocygapcreensblii yanusepcuret, HanouccienoBarenbckas Jlaboparopus

Abcmpaxkm: B danHou pabome ¢ nOMOWbIo pa0a MexHOI02UYeCKUX Npoyeccos (POmamopHo20 UCnapumens
U MacHUMHO2O nepemewtusanusy) oviau nonyyervl ciou nepogckuma CH3INH3SnCI3, umerowue wuporoe
npuUMeHeHue 8 JNEeKMpPooax CONHeuUHvIX demenmos. OnpedeneHHoe KoIu4ecmeo pacmeopa Memulamuna u
SMAHONA, A MAKHCE CONAHOU KUCAOMbL CMewusalu 6 neoanou bamne 6 meuerue 2 uwacos, u CH3INH3CI
kpucmaniuzosancs. Coau xnopuda memun ammonusi (CHINH3CI) u xnopuoa onoea (SnCIl2) pacmeopsnu 6
JIM®A 6 coomnowenuu 1:1 u nepemewusanu 6 meueHue coomgemcmeyioueco epemeru npu 60°C c
nomowbto macHumuou mewanku. Ionyuennwiti mamepuan neposckuma CH3NH3SnCI3 6vin nauecer 6 uoe
MOHKO20 CJ105 C UCHONb308aHUeM mexHuku /Jokmopa bnetioa.

Knroueswte croea: CH3NH3SNCls, crou neposckuma, Texnuxa /Jokmopa Bretioa.
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Ag NANOQURULUSUNUN SINTEZi,QURULUSU
VO MORFOLOGIYASININ TODQIQi
Bakirova S.

Baki Dovlat Universiteti

samayabakirova0l@agmail.com

Ag nanoquruluslart unikal xassolori vo totbiglori sayasinds bir ne¢o onillikds an ¢ox diqqgot
¢okon nanoquruluslardan biridir. Sads sintez tisullar ilo alds olunmasi, eloca do yiiksok hassasliga
vo kimyavi stabilliya malik olmast Ag nanoquruluslarinin tatbiq saholorini genislondirir. Unikal
xassoloro malik olduglar1 Gigiin Ag osasli nanoquruluslar bir sira totbiglora - antibakterial
materiallar kimi sonayenin bir ¢ox saholorinds, o climlodon moisot vo sohiyyads, tibbi cihaz
ortiikklorindos, istehlak mohsullarinda, optik sensorlarda, kosmetikada, qida sonayesindo,
diagnostikada, ortopediyada istifado olunur [1].Ag nanohissaciklorinin tatbiq sahslorindon biri do
cirkab sularin tomizlonmoasindo istifadosidir [2]. Tekstil sonayelorindon atilan boya torkibli
tullantilar tomiz suyun cirklonmasinin demok olar ki, 17%-20%-ni toskil edir [3]. Boya va ¢irkab
sularn  tomizlonmoasi  istigamatinds  istifado olunan nanoquruluslar osason Ag osash
nanomateriallardir.Bu baximdan Ag osasli nanomateriallarin sintezi, onlarin qurulus xassolorinin
todqiq edilmosi aktual masslalordon hesab olunur.

Togqdim edilon isdo Ag nanonagillori polyol sintez tisulu ilo sintez edilmisdir. Polyol sintez
usulu ilo Ag nanonagilinin sintezi morhalalorlo aparilmisdir: ilk &nco, silikon yagi qizdiriciya
goyulur va 5 ml etilenglikol (EQ) kolbaya slavs edilib silikon yaginin igarisina yerlosdirilir. Bu
zaman EQ-un 160°C godar qizdirilmasi hoyata kecirilir. 15 ml NaCl vo 10 ml CuBr2 EQ (izarina
damci disulu ilo olave olunur. 0.063 q AgNOs vo 2 ml EQ magnit garisdiricida qarigdirilir.0.2 ml
PVP mohlulunun Gzarina 0.6 ml EQ slavs edilib qarisdirmaga davam edilir.3 saatdan sonra alinan
mohlul soyudulur va barabar olacaq sokilds 2 reaksiya qabina bosaldilir. Hor iki reaksiya qabina 9-
10 ml aseton olavs edilir vo sentrifugada yuyulur.

Ag nanonagilinin kimyavi torkibini va kristallografik strukturunu dyranmok Gc¢lin Rentgen
qurulus difraktometrindon (RD) istifado edilmis vo difraksiya monzorasi sokil 1.a-da verilmisdir.
Aparilmig RD analizindon difraksiya piklorinin 26=37,64°, 43,81°, 64,05° vo 76,89°-da miisahido
edildiyi toyin edilmisdir. Elmi odabiyyatla migayisads reaksiya noticosindo formalasan Ag
nanonagillorinin satho morkozlosmis kubik kristal struktura malik oldugu (JCPDS File No. 04-
0783) mioayyanlosdirilmisdir. Miisahido olunan bu difraksiya piklorinin mivafiq olarag (111),
(200), (220), (311) Miller indekslarina uygun oldugu toyin edilmisdir.

Ag nanonagillorinin optik xassolorinin toyini ii¢iin onlart Ultrabondvsoyi- Gorlinan

spektroskopiya (UB-G0r.) vasitasilo tadqiq edilmis naticalari sokil 1.b-do verilmisdir.
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Sakil 1. Ag nanostrukturlarinin a) RD manzarasi; b) UB-Gor. Spektroskopiya vasitasilo tadgiqi

Sokil 1.b-don goriindiiyii kimi, giimiis nanonagqillori ugurla sintez edilmisdir. Bels ki, burada
miisahido olunan iki asas pik-plazmon piklari adobiyyatla migayisado mioyyan siiriismalorlo 360
nm vo 380 nm dalga uzunluglarinda maksimum udma niimayis etdirmislor [4]. Miisahido olunan
maksimum udma dalga uzunluqlart giimiis nanonaqillori U¢un xarakterik olan soth plazmon
rezonansina uygundur. Bu, metal nanonaqillardaki sorbast elektronlarin kollektiv sokilda ragsi ila
alagalondirilir.

Sokil 2-do polyol sintez Gsulu ilo alds olunmus nanostrukturlarin optik mikroskopiya ilo

todgigindan alda olunan tasvirlar verilmisdir.

Sokil 2. Ag nanostrukturlarinin optik mikroskopiya tisulu ils todqigi

Optik mikroskopiya tosvirlorindon Ag nanoquruluslarinin torkibinin muxtalif uzunluglu
nanonagillordan, eyni zamanda, nanohissaciklordon toskil olundugunu aydin sokilds goérmok

mimkunddr. Demali, sintez naticasinds 0D/1D quruluslari formalagmisdir.
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Oldo olunan Ag osasli nanoquruluslarin  miixtolif miuhitlordo boyaq maddalorinin
pargalanmasinda tadqigi nazards tutulur.
istinadlar

1. ZHANG, Xi-Feng, et al. Silver nanoparticles: synthesis, characterization, properties,
applications, and therapeutic approaches. International journal of molecular sciences, 2016,
17.9: 1534.

2. OLADOYE, Peter Olusakin, et al. Methylene blue dye: Toxicity and potential elimination
technology from wastewater. Results in Engineering, 2022, 16: 100678.

3. Zhang, X. F, Liu, Z. G., Shen, W., & Gurunathan, S. (2016). Silver nanoparticles: synthesis,
characterization, properties, applications, and therapeutic approaches. International journal
of molecular sciences, 17(9), 1534.

4. VUILA, C. V., etal. Synthesis of silver nanowires using hydrothermal technique for flexible

transparent electrode application. In: AIP Conference Proceedings. AIP Publishing, 2016.

SYNTHESIS,STRUCTURE AND MORPHOLOGY RESEARCH
OF Ag NANOSTRUCTURE
Bekirova S.
Baku State University

Abstract: This study synthesized Ag nanowires using the polyol method. To determine structural properties,
the X-ray Diffraction method and optical properties were utilized in Ultraviolet-spectroscopy, and for
the analysis of the morphology of synthesized nanostructures, Optic Microscopy was used.

Keywords: Ag nanowires, polyol method, optic properties, morphology

CHUHTE3, UCCJIEJOBAHUE CTPYKTYPbI U MOP®OJIOI'NN HAHOCTPYKTYP Ag
Bexuposa C.
bakunckuii I'ocyrapcTBeHHbli Y HUBEpPCUTET

Annomayua: B a3mom uccie008anHuu CUHmMesupo8aHvl Ag HAHONPOBOIOKU C UCNONLI0BAHUEM HONUOILHOZO
Memooa. [ns onpedenenus CmMpyKMYPHLIX CE0UCTE UCHONb30BALC MEMOO PEHM2EeHOBCKOU Oudpaxyuu, a
onmuyeckue ceolcmea — 6 YIbMpaguoaemosol CneKmpockonuy, a Ois aHauu3a Mopghonocuu
CUHMESUPOBAHHBIX HAHOCMPYKIMYP — ONMUYECKAsL MUKDOCKONUSL.

Knrwouesvie cnosa: Ag Hanonposonoxu, NOAUOIbHLLL MEMOO, ORMUYECKUe CBOUCMBA, MOPPOAOUSL.
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ZnO vo CLKNB 9SASINDA NANOKOMPOZITLORIN ALINMASI
Nuriyeva S., Qadirova A.
Baki Dovlat Universiteti, Nanoarasdirmalar Laboratoriyasi

nuriyevasevinj@bsu.edu.az, aytacqgedkrova@gmail.com

Nanotexnologiyanin inkisaf siiroti todqiqat¢ilar1 enerji toplayan, saxlayan va ceviran
cihazlarda totbiq edilocok agilli materiallarin-hibrid nanostrukturlarin alinmasi istagomatindo
intensiv olaraq ¢alismaga togviq etmisdir [1]. Bu sopkids aparilan todqigatlarda elektrod materiali
olaraq asasan OD va 1D nanomateriallar genis istifado olunur. Bu baximdan miixtalif yarimkegirici
oksid nanohissaciklor vo karbon nanoborulari (KNB) ilo modifikasiya olunmus elektrodlarin
dizayni vo hazirlanmasi digqat morkoazindadir [2]. Genis qadagan olunmus zona enina (3,37 eV),
yuksok isiq udma xiisusiyyatino malik n tipli yarimkegirici sink oksid (ZnO) materiali
fotoanodlarda 1D, 2D vo 3D nanomateriallar1 kimi istifado olunmaqdadir. Yiiksok elektrik
keciriciliyi, mexaniki va kimyavi stabilliys malik olan ¢oxlayli karbon nanoborulari (CLKNB) isa
totbiq olundugu elektrodlarda fazalarasi sorhoddo elektron transferini artirmaq xiisusiyyoatino
malikdir [3]. Todqgiqat isindo funksionallagdirilmis CLKNB va ZnO nanohissaciklori asasinda
mixtalif texnoloji Usullarlarla (ultrasas sonikasiya vo maqnit qarisdirici) kompozit material oldoa
edilmis vo Doktor Bleyd tsulu (hakim bigagi texnikasi) ilo nazik tobagolor hazirlanmisdir [4].

Ik olaraq ZnO nanohissociklori ilo qarsiligh tosiri artirmaq mogsodi ilo CLKNB-lar
H2SO4/HNO3 tursularinin 3:1 nisbatinds ultrasonikasiya edilorok magqnit qarisdiricida qarigdirilmas,
daha sonra pH=6 olana goadar distilo suyu (H20) va etil spirti (EA) ilo yuyularaq vakuum sobasinda
qurudulmusdur [5]. CLKNB-larin nanokompozitlorin xususiyyatlorino neco tosir etdiyini todgiq
etmok (clin nazik tobagalor mixtalif torkiblords hairlanmisdir. Belo ki, miiayyan migdarda ZnO,
CLKNB, PEQ (polietilenglikol), EA (etil spirti), H20 (su) 10 saat orzindo maqnit qarisdiricida
qarigdirilaraq pasta halina salinmis vo siiso athqlar tizrarina ¢okilmisdir. Alinmis niimunalor 300°C
temperaturda 30 dogigo orzindo sobada qurudularag novboti todgiqatlar {igiin hazirlanmisdir.
ZnO/CDKNB/PEQ oasasli nazik tobagalorin qurulusu vo optik xususiyyslori todqiq edilmisdir.

Istinadlar:

1. Mamta Sham Lal, Rajashekar Badam, Noriyoshi Matsumi, Sundara Ramaprabhu.
Hydrothermal synthesis of single-walled carbon nanotubes/TiO2 for quasi-solid-state
composite-type symmetric hybrid supercapacitors. Journal of Energy Storage (2021),
p. 102794. doi.org/10.1016/j.est.2021.102794

2. Bayram Kilic, Sunay Turkdogan, Aykut Astam, Oguz Can Ozer, Mansur Asgin, Hulya

Cebeci, Deniz  Urk, Selin Pravadili  Mucur. Preparation of Carbon

173


mailto:nuriyevasevinj@bsu.edu.az
mailto:aytacqedkrova@gmail.com
https://doi.org/10.1016/j.est.2021.102794
https://www.nature.com/articles/srep27052%23auth-Bayram-Kilic-Aff1
https://www.nature.com/articles/srep27052%23auth-Sunay-Turkdogan-Aff1
https://www.nature.com/articles/srep27052%23auth-Aykut-Astam-Aff2
https://www.nature.com/articles/srep27052%23auth-Oguz_Can-Ozer-Aff1
https://www.nature.com/articles/srep27052%23auth-Mansur-Asgin-Aff1
https://www.nature.com/articles/srep27052%23auth-Hulya-Cebeci-Aff3
https://www.nature.com/articles/srep27052%23auth-Hulya-Cebeci-Aff3
https://www.nature.com/articles/srep27052%23auth-Deniz-Urk-Aff4
https://www.nature.com/articles/srep27052%23auth-Selin_Pravadili-Mucur-Aff5

Nanotube/TiO2 Mesoporous Hybrid Photoanode with Iron Pyrite (FeSz) Thin Films
Counter Electrodes for Dye-Sensitized Solar Cell. Scientific Reports 6 (2016), 27052.
doi:10.1038/srep27052

3. Ayesha Kausar, Carbonaceous nanofillers in a polymer matrix, Polymeric Nanocomposites

with  Carbonaceous Nanofillers for Aerospace Applications (2023), p.23-53.
doi.org/10.1016/b978-0-323-99657-0.00009-0
4. E. M. Elsayed, A. E. Shalan, M. M. Rashad. Preparation of ZnO nanoparticles using

electrodeposition and co-precipitation techniques for dye-sensitized solar cell applications.
J Mater Sci: Mater Electron (2014), 25:3412-3419 DOI 10.1007/s10854-014-2033-9

5. Alagar Ramar, Thiagarajan Soundappan, Shen-Ming Chen, Muniyandi Rajkumar,
Saraswathi Ramiah.Incorporation of Multi-Walled Carbon Nanotubes in ZnO for Dye-
Sensitized Solar Cells. Int. J. Electrochem. Sci., 7 (2012), 11734 - 11744.
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PREPARATION OF NANOCOMPOSITES BASED ON ZnO and MWCNT
Nuriyeva S., Khadirova A.
Baku State University, Nanoresearch Laboratory

Abstract: In this research, a composite material based on functionalized multiwall carbon nanotubes and
ZnO nanoparticles was manufactured using a range of technological processes (ultrasonication and
magnetic stirring), as well as a thin layer using the Doctor Blade method. Thus, a certain amount of ZnO,
MWCNT, PEG, EA, and H20 had been mixed in a magnetic stirrer for 10 hours, forming a paste that was
then put onto glass slides. The samples were dried in an oven at 300

analysis. The structure and optical characteristics of ZnO/MWCNT/PEG nanocomposites were investigated.

Keywords: ZnO, MWCNT, doctor blade

INOJYYEHUE HAHOKOMITIO3UTOB HA OCHOBE ZnO u MYHT
HypueBaC., KagupoBaA.
BakuHcknii rocyiapcTBeHHbli yHnBepcuTeT, HaHoucciaenosarensckas Jlaboparopus

Abcmpakm: B oannom uccredoganuu KOMROZUMHBIL MAMEPUATL HA OCHO8E (DYHKYUOHATUIUPOBAHHBIX
MHO2OCNOUHBIX YeNepoOHbiX HaHOmMpybok u Hawouwacmuy ZnQO Obll U320MOGIeH C UCNONb308AHUEM psOad
MEXHONOSUUECKUX NPOYECccos (YIbmpaszeyKosas 0opabomrka u MacHUmHoe nepememusanue), a MoHKull ciou
eomosunu no memoody ooxmopa bneiida. Onpedenennoe ronuwecmeo ZnO, MYHT, [19I, 54 u H20
CMewuBany 8 MasHUMHoU Mewanke 6 meyerue 10 yacos, obpasys nacmy, KOMopyr 3amem HAHOCULU HA
npeomemusie cmexia. OOpasywvl vICYUUBAIUCH 6 neuu npu memnepamype 300

ObLIU 20MOBbL K OanbHelulemy ananuzy. boiiu uccnedosanvl cmpykmypa u onmuyeckue Xapakmepucmuku
ZnO/MYHT/IIOI nanokomno3umos.

Knroueswte cnosa:Zn0O, MYHT, Jloxmop bneiio
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ZnO NANOHISSOCIKLOIRININ BITKILIORDO FOTOSINTEZ PROSESININ
AKTIVLIYINO TOSIRI
Oliyevad.
Baki Dévlat Universiteti

esmer2023bdu@gmail.com

Fotosintez, yasil bitkilorinisiq enerjisini kimyavi enerjiys ¢evirdiyi prosesdir. Yasil bitkilordo
fotosintez zamani isiq enerjisi udulur vo su, karbon dioksid vo minerallar oksigena va enerji ilo
zongin olan uzvi birlosmolora gevrilir.Kimyavi baximdan fotosintez isiqla enerji alan oksidlogma-
reduksiya prosesidir. Bitki fotosintezinds isiq enerjisi sudan oksigen qazi , hidrogen ionlar1 va
elektronlar hasil edarok onun oksidlosmasini tomin edir. Bu tadgiqatlar nanomateriallarin fotosintez
prosesina tasiri ilo baglidir. Metal asasli nanohissaciklarin xlorofil vo karotenoidlarin sintezins ciddi
tosir gostordiyi muoyyanlogdirilib[4].Masalon, ZnO olave edilmis torpaqda 35 ginbecarilan
Coriandrum  sativumyarpaqlarinda  xlorofilin  miqdar1  kontrol ilo  migayisodo 50%
artmigdir[5].Yerfistig1 iizorindo aparilan todgigat gostorib ki, ZnO nanohissaciklori ciicarmaya
musbat tosir edir.Oksina, ZnO nanohissaciklori qargidalinin ciicormosine monfi tasir gostarir[1].Zn0
nanohissaciklorinin yarpaglarda yuksok konsentrasiyalarda yigilmasi Vicia fabanin fotosintez
aktivliyino monfi tasir gostorir[2]. Fe, Cu va Mo nanohissaciklarinin Solanum tuberésum bitkisinda
bioloji  aktivliyini Oyronarkon aydin olmusdur ki, nanohissaciklorin  fiziki-kimyavi
xususiyyatlorindan asili olaraq bitkinin boyiimasi Vo inkisafi ham zaifladilo, ham do guclondirils
bilar [3].

Todqiqat obyekti kimi lobya toxumu gotiiriilmiisdiir. Lobya dorin kok sistemina malikdir,
istilik sevan bitkidir vo saxtaya hassasdir. Optimal boytima temperaturu 18-30 °C arasindadir.
Lobya mulayim vo subtropik iglim soraitindo daha yaxsi inkisaf edir. Lobyanin vegetasiya
muiddati orta hesabla 60-120 giin arasindadir, ¢gesids Vo iqlim saraitina goro doyiso bilor. Lobyanin
texniki yetigsmis qnlarinin torkibinds 14,0 % quru maddo, o cimladon 6 % zllal, 4 % azotlu
maddalar, 4-6 % karbohidratlar, 2,9 % sokar, 1 % selliloza, 0,7 % mineral maddslar, quru
toxumlarinda isa 30 %-o yaxin ziilal vardir. Todqigat zamani istifads edilon, toz soklinds olan
ZnO nanohissaciklori Sky Spring Nanomaterials, Inc.-don alinib. Tocrlibads istifado olunan ZnO
nanohissaciklori 10-30 nm 6l¢ilu, 99,8% tomizlikli olmuslar. Tocribado lobya toxumlar: toz
halinda olan ZnOnanohissaciklari iladrtiilmiis vo kontrol vaziyyatinds birbasa torpaga okilmis vo
hor 3 gundon bir suvarilmigdir. Lobya cucartilori vegetativ gablarda laboratoriya soraitindo,
fitatronda cilicordilmisdir. Toxumlar cicardikdon sonra bitkilor isigin tosiri altina qoyulmusdur.
Tocriibonin 13-cli guninds har variantin pigment tarkibini toyin etmok Gcun 0,1 gram yarpaq

nimunoasi gotlrilorok 10 ml 95%-li aseton olavo edilorok qarigdirilib ekstrakt halina
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salmmigdir.Sonra isa ekstraktin goffaflagsmasi, digor maddalorin ¢okmosi tgiin 10 dagige 5000
rpm konsentrasiyada NF 200 aparatinda sentrifuga edilmisdir. Daha sonra pigmentlorin migdari
SPECORD 250 plus spektrofotometrindon istifado etmoklo 440, 645, 663 nm dalga
uzunluqglarinda 6l¢iilmiisdiir. Hesablamalar ilo xlorofil a vo b, karotenoidlorin miqdar1 asagidaki
disturlarla muoyyan edilmisdir:

Xlorofil a (mg/q) = 9,784xAss3 — 0,990xAs45

Xlorofil b (mg/q) = 21,426xAs45 — 4,650XAs63

Xlorofil a +Xlorofil b (mqg/q) = 5,134xAs63 + 20,436XA645

Karotinoidloar (mg/q) = 4,695-Aus40 — 0,268-(a + b)

A-miivafiq dalga uzunlugunda udulmadir. Konsentrasiyalar1 hesabladigdan sonra, hor gram
tozo maddos tiglin pigmentin miqdart C=c1Vr/m disturu ilo hesablanib. Burada, C-nimunanin yas
¢okisinda pigmentin miqdar1 (mg/q); ci-verilmis diisturla hesablanmis pigmentin konsentrasiyasi
(mg/l); V-ekstraktin baslangic hacmi (ml);r-durulasdirma omsali; m-nimunsnin ¢akisidi (Q).
Tocriibo zamani istifado olunan miqgdarlara ssason, m=0.1 g, =1, V=10 ml kimi hesablanmisdir.
13 gunlik cicartilorin yarpaglarindan niimunalor goéturilorok xlorofilin  miqdar1 toyin edilmisdir.
Sokil 1-don aydin olur ki , ZnO nanohissaciklori yarpaglarda isiqlanma soraitindon va bitkilorin
inkisaf morhalalorindon asili olaraq xlorofilin miqdarina tosir edir. Malum olmusdur ki, 5 giindon
sonra xlorofilin miqdari artir, lakin ikinci 5 giinlikds xlorofilin miqdart hom qaranliqda , hom do

isiqda azalmigdr.
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Sakill. ZnO nanohissacikarinin xlorofilin migdarina tasiri.
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THE EFFECT OF ZnO NANOPARTICLES ON THE ACTIVIiTY
OF THE PHOTOSYNTHESIS PROCESS iN PLANTS

Alieva A.

Abstract. The presented article investigates the effect of zinc oxide (ZnO) nanoparticles on the pigment
content in bean sprouts' leaves in both dark and light conditions. Bean seeds were coated with zinc oxide
nanoparticles measuring 10-30 nm and then sown in containers. In the laboratory environment, the
germination and development of seeds occurred in darkness within a phytotron. Samples were taken from the
leaves of 13-day-old sprouts. The results of the experiments show that ZnO nanoparticles affect the
chlorophyll content in the leaves depending on the lighting conditions and the plant’s developmental stages.
In sprouts from seeds coated with ZnO nanoparticles, the chlorophyll content decreases in both light and
dark conditions.

Keywords: photosynthesis, bean sprouts, chlorophyll a and b, carotenoids, nanoparticles

BJINSIHUE HAHOYACTHUIl ZnO HA AKTUBHOCTD ITPOIIECCA
®OTOCHUHTE3A B PACTEHUAX

AineBa A.

Peztome. B npeocmasnennoii cmamve UCCIe008aHO GHuUAHUe Hanouacmuy okcuda yuuxka (ZnO) na
cooepoicanue NUSMeHmo8 8 JUCMbAX POCMK08 paconu 6 memuome u Ha ceemy. Cemena ¢haconu Ovinu
NOKpbIMbl  HaHOwacmuyamuy okcuoa yunka pasmepom 10-30 Hm u nocasceuwvi 6 KoHmetinepvl. s
BLIPAWUBAHUS PACEHULI 8 1aDOPAMOPHBIX YCII08UAX NPOYECC NPOPACNAHUA U PA3BUMUSL CEMAH NPOUCXOOUT
6 memnome & @umompone. Obpazyvl Oviiu 639mMbl U3 AUcmves 13-OHesHvix pocmkos. Pesyrvmamut
9KCHNEPUMEHMO8 NOKA3bIBAIOM, Ymo Hanouacmuysl ZnO 61UsiOm HA cOOepIicanue Xaopopuina 8 1ucmosix 6
3A8UCUMOCIIU OM VYCI08UL OC8eWeHUss U cmaoull pazsumus pacmenuti. B pocmkax uz cemsaH, NOKpbIMbIX
nanoyacmuyamu ZnO, codeparcanue XI0pOoQUiIa YMEHbUACTCS KAK 8 CGEMIIbIX, MAK U 6 MEeMHbIX YCIOBUSIX.

Knrouegwie cnosa: pomocunmes, pocmxu ghaconu, x1opoduin a u b, kKapomurouowl, HaAHOYACMUYBL
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A REVIEW OF THE PHYSICAL PROPERTIES OF SIC NANOPARTICLES
Mahmudova T.
Baku State University

mtelxanim@gmail.com

Silicon is the second most abundant element in the earth’s crust after oxygen and has
complete thermal stability [1]. SiC, considered the most stable of carbides due to the protective
silicon layer on its surface, is mainly used as an abrasive, high-temperature and wear-resistant
product, as well as in metallurgy. It is also found in meteorites in nature. Low-sulfur petroleum
coke and high-purity sand are used to produce SiC. At temperatures starting at 1400 1C and
continuing to 1800 B-SiGhdscabiaifiecnantl Sidien it is above 1800 1C,
the hexagonal form (a-SiC) is obtained [2].SiC, which has 3C, 4H and 6H crystallographic
structures, has a wide range of applications and shows different electrical conductivity [3].

Studies on the synthesis of SiC from waste materials and its structural properties have shown
that SiC obtained by different methods and temperature conditions has different properties. For
example, up to 99.45% pure SiC was obtained from the synthesis of amorphous silicon and
activated carbon by the sol-gel method at 1200-1300°C. SiC obtained at this temperature mainly
consists of 3C-SiC and 6H-SiC phases and has ohmic properties [4]. In another study, [5] 3C-SiC
(beta-SiC) one-dimensional structures were synthesized by carbothermal reduction at 1600-1700°C,
ribbon-type structures were formed at 1600°C, and rod-type structures were formed above 1650°C.
These 1D SiC structures have high thermal conductivity, low density and flexibility. When 3C-SiC
was exposed to nuclear radiation, the number of paramagnetic centers doubled, which indicates the
sensitivity of the material to radiation [6]. In the studies conducted on the thermal properties of
nanocrystalline 3C-SiC, it was found that the specific heat capacity is negative at temperatures
above 800K, and positive at lower temperatures [7].Functionalized forms of SiC have application
potential in supercapacitors [8]. Different synthesis methods of nanostructured SiC, structural
properties obtained by temperature conditions (particle size of 30-50 nm at 1400°C and 15-17 nm at
1580°C), as well as high thermal stability and radiation resistance of SiC, making it suitable for
biosensors, power electronics and neutron detectors [9,10].

Studies show that SiC, especially the 3C-SiC form, is characterized by high heat and radiation
resistance and mechanical strength. The structure and purity of SiC obtained at different
temperatures between 1200°C-1300°C, 1600°C-1700°C by sol-gel and carbothermic reduction
methods varies depending on the temperature. Also, the effect of temperature on the properties of
SiC was significantly observed, especially on thermal properties such as specific heat capacity and

Gibbs energy. SiC also has increased paramagnetic properties under neutron radiation. As a result,
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SiC materials have a wide range of applications in biosensors, power electronics, neutron detectors
and other high-tech fields, and the effect of temperature on their properties enables the optimization
of these materials in their application fields.
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SiC NANOHISSOCIKLORININ FIZIKI XASSOLORI ILO BAGLI ICMAL
Mahmudova T.

Xllasa: Bu adabiyyat icmalinda elmi adabiyyatda todqiq edilon silisium karbid (SiC) asasli nanokompozit
materiallarin sintezi va Xassalarina dair adabiyyat tadgigatiarinin naticalari tahlil edilib. Burada alda ediimis
naticalor qiymatlondirilorok mixtalif sintez tisullari, temperatur effekti, qurulus, optik istilik kegiriciliyi,
mugavimat, paramagnit xassalari, Gibbs sarbast enerjisi, entalpiya, entropiya qiymotlori tahlil edilmisdir.

Acgar sozlar: SiC nanostrukturlar, 3C-SiC, 6H-SIC, sintez temperaturu

OB30P ®U3NYECKUX CBOMCTB HAHOYACTHI] SiC
Maxmyposa T.

Ab6cmpakmmuulii: B 0030pe npoananuzuposanvl pe3yibmamol UMepamypHblx UCCLe008anull no cunmesy u
CBOUCMBAM HAHOKOMNOZUMHBIX MAMepuanos Ha ocHoge xapbouoa kpemuus (SiC), usyueHHvbIX 6 HAYUHOU
aumepamype.  llonyuennvle pe3ynvmamsl Oblil OYEHEHbl U NPOAHATUSUPOBAHBL DA3IUYHbIE MemOObl
cunmesa, memnepamypHoe 6o30elicmsue, CmMpyKmypd, Onmu4eckds menjionpo8ooHOCHb, CONPOmMusieHue,
napamazHummsie ceolicmaa, c60000nas suepeus I ubobca, sHmanvbnus, 3HAYeHUus IHMPONUU.

Knroueswie cnosa: nanocmpyxmyput SiC, 3C-SiC, 6H-SiC, memnepamypa cunmesa
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A REVIEW ON THE SYNTHESIS OF SIC NANOPARTICLES.
Mahmudova T.
Baku State University

mtelxanim@gmail.com

After oxygen, silicon is the most abundant element in the Earth's crust at 27.7% by mass.[1]
Quartz, the most common form of silica, forms more than 10% of the mass of the lithosphere and is
the second most abundant mineral on Earth, after feldspars. These industrial applications create low
added value and provide considerable opportunities for further research into recovering quartz sand
waste for more valuable applications[2].

One of the research [3], the synthesis of SiC from waste materials and its structural properties
were studied. Thus, the synthesis of SiC by the sol-gel method with the presence of amorphous
silicon, additives and activated carbon was carried out at temperatures of 1200°C and 1300°C and
up to 99.45% pure SiC was obtained. The SiC structure was determined to consist mainly of 3C-
SiC and 6H-SiC and showed ohmic properties (9.8 Qecm to 138Qecm) at 1200°C and 1300°C,
1D-structured cubic 3C-SiC (beta-SiC) was synthesized using graphite shells and microfigure
silicon, and ribbon-type structures were obtained at 1600°C and rod-type structures at temperatures
above 1650°C [4]. When comparing ballistic ceramic materials — AlI203, SiC and B4C, it was
found that SiC has high hardness, strength and energy absorption capacity, while B4C has a risk of
cracking against high velocity impacts, material selection requires trade-offs between stiffness,
strength, and weight according to application requirements [5]. SiC, which has excellent
performance under high temperature and stress conditions, has found wide application in modern
industrial applications, electric vehicles and renewable energy systems [6]. SiC diodes are more
efficient than conventional silicon diodes, especially at high voltage and temperature, and improve
electric vehicle performance [7].The development of silicon-based anode materials for lithium-ion
batteries was investigated, although silicon has a high theoretical capacity, its practical use is
difficult due to its volume expansion across the circuit, to solve these problems, it proposes
innovative designs such as various nanostructures, flexible and porous structures[8][9].

As a result of the synthesis of SiC at 1200°C and 1300°C by the left-chel method, SiC with a
purity of up to 99.45% was obtained and its structure mainly consisted of 3C-SiC and 6H-SiC
phases. The resistance of SiC varied from 9.8 Qecm to 138 Qecm. SiC formed only 3C-SiC at
temperatures higher than 1650°C. These results show that the structural properties of SiC change at

different temperatures.
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SiC NANOHISSOCIKLORININ ALINMASI ILO BAGLI ICMAL.
Mahmudova T.

Xiilasa: Bu adabiyyat icmalinda elmi adabiyyatda tadqiq edilon silisium karbid (SiC) asasl nanokompozit
materiallarin  stukturu ,sintezi vo alinmasina dair adabiyyat tadgiqatlarinin  naticalari  tahlil
edilmigdir.Naticado miiayyon edilmisdir ki, SiC yiiksaok istilik davamliliga, yiiksok sartliya, yiiksok elektrik
kegiriciliyina malikdir.

Acar sozlor: SiC nanostrukturlari, 3C-SiC, 6H-SiC, sintez temperaturu

OB30P INOJYYEHHUSA HAHOYACTHI SiC.
MaxmynoBa T.

Annomayua. B oOannom o0630pe numepamypvl NpOAHAIUUPOBAHBL  PE3YAbMAMbL  JUMEPANYPHBIX
UCCIe008anULl N0 CMPYKMype, CUHMe3y U HOLYYEeHUI0 HAHOKOMNOUMHBIX MAMEPUATLO8 HA OCHO8e KapOuoa
kpemuus (SiC), uzyuennvlx 6 Hayuuou aumepamype. B pesyromame ycmamnosieno, umo SiC obradaem
8bICOKOU MEPMOCMOUKOCBIO, 8bICOKOU MBEePOOCbIO U 8bICOKOU 3NIEKMPONPOEOOHOCHbIO.

Knrwouesvie cnosa: nanocmpyxkmypor SiC, 3C-SiC, 6H-SiC, memnepamypa cunmesa
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FeGainSs/PVS NANOKOMPOZITLORININ DIELEKTRIK XASSOLORININ
DOLDURUCUNUN KONSENTRASiYASINDAN ASILILIGI
Addayeva Z., Muradov M., Niftiyev N., Mammadov F
Nano Tadgiqat LaboratoriyasiBaki Dovlat Universiteti,
Azarbaycan Dovlat Pedaqoji Universiteti,

Kataliz va Qeyri-iizvi Kimya Institutu

zeynabramazan5399@gmail.com , mbmuradov@gmail.com , namig7@bk.ru,
faikmamadov@mail.ru

2D strukturlar olan layl kristallar iifiiqi istiqgamotdo giiclii kovalent va ion rabitalori, saquli
istigamatds iso zoif Van der Waals rabitalorin birlogsmasindon amals galir va elektronika va
optoelektronikanin asasini togkil edir [1]. Lay sayimi azaltmaqla, gadagan olunmus zonanin enini
idaro etmok mimkundur[2]. Bu strukturlar Kicik olculori, yuksak sath-hacm nisbati vo aktiv soth
sahasi ilo unikal xassalor niimayis etdirir [3].

Son zamanlar, xususan do polimer matrisina daxil edilmis 2D strukturlara malik polimer
kompozitlor genis todqiq olunur. Kigik doldurucularin sath vo kvant effektlori polimer va
doldurucu arasinda interfaza zonasi yaradir ki, bu zona kompozitin xassolorini shamiyyatli
doracado doyisir. Buna gors, doldurucu kristalin konsentrasiyasinin polimerin elektrik
xassalorina tosirini 6yronmok vacibdir.

Bridgman Usulu il sintez olunmus FeGalnS ?
daxil edilmisdir. Bunun {igiin, 5% PVS mohlulu distillo olunmus suda hall edilmis vo mexaniki
tiytidiilmiis FeGalnS ahlidustel 186, BYS 5% vo 8% ¢oki konsentrasiyasinda
olava edilmisdir. Otaq temperaturunda hazirlanan FeGalnS
rentgen difraktometriyas1 (XRD) ilo todqiq edilmisdir. 1%, 3%, 5% vo 8% FeGalnS
kompozitlorinin XRD difraktogramlar1 Sokil 1-do gOstorilmisdir.

(€)

A ®

Intensity (CPS)

_ @
20 40 60 80
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arifti\VsSthapakampezigien difraktogramlari: (a)

+ tPVS.

Sakil 1: FeGalnS
1%, (b) 3%, (c) 5% vo (d) 8% FeGalnS
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Sakil 1-doki piklor mivafiq olarag FeGalnS
[104], [006], [105], [007], [008], [109] vo [0010] toyyaralorino uygun golir. Bu uygunluq
kristalda heg bir struktur doyisiklik olmadigini gostorir. 20 = 19.31° pik PVS Ugln xarakterikdir.

Forgli coki nisbatindo FeGalnS @ zahginlosdirilmis PVS polimer kompozitlarinin
dielektrik xassolori mixtalif temperatur va tezliklords arasdirilmigdir. Sokil 2-da polivinil spirti
@ vo 1%, 3%, 5% vo 8% FeGalnS 2 zdhginlosdirilmis kompozitlor G¢ln dielektrik
keciriciliyin real hissasinin (&) tezlikdon asililig1 gostorilmisdir.

Qrafikds gostorildiyi kimi, 1.2 x 102 - 10
real hissasi (¢') tezliyin artmasi ilo monoton sakilds azalir. Bu tezlik asililigi niimunanin dipol va

miqrasiya polyarlasma xarakterini gostoran relaksasiya tobiotini oks etdirir.
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Sokil 2: Forgli temperaturda PVS vo FeGalnS  gsash kompozitlor igin dielektrik kegiriciliyin
real hissasinin tezlikdon asililigi. T, K: 1-293 K, 2-313 K, 3-333 K, 4-353 K, 5-383 K.

Asagr tezliklords, dipollarin yenidon istigamoatlonmosine tezliyin tosiri  minimal
oldugundan dielektrik kegiricilik yiiksok olur. Tezlik artdigca yenidon istigamatlonmo ¢atinlosir
vo dielektrik kegiricilik azalir. Cox yiiksok tezliklords iso dielektrik keciricilik tezlikdon asili

olmur, ¢unki sahanin istiqgamotindaki suratli dayisikliklor relaksasiya prosesine tasir etmir.
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DEPENDENCE OF DIELECTRIC PROPERTIES OF FeGalnS s [PVA NANC
FILLER CONCENTRATION

Addayeva Z., Muradov M., Niftiyev N., Mammadov F.

Summary: This study explores the integration of layered FeGalnS ¢+ aystals,
polymer matrix to improve dielectric properties. By utilizing the unique attributes of 2D structures,

FeGalnS + /PVS cor
through solution blending. X-ray diffraction confirmed that the crystalline structure of FeGalnS 4 Was
maintained, while dielectric analysis indicated frequency-dependent behavior linked to dipole and migration
polarization. The results show that FeGalnS 4 concent

highlighting potential applications in advanced electronic materials.

Keywords: polymer composites, dielectric permittivity, layered crystals, conductivity mechanism

3ABUCUMOCTD JUAJNEKTPUYECKHAX CBOMCTB HAHOKOMIIO3UTOB FeGalnS, PVAOT
KOHUEHTPALIMU HAIIOJIHUTEJIA

Anpnaea 3., Mypanos M., Hugruees H., Mamenos @.

Pezwome: B smom uccredosanuu paccmampusaemcs eHeOperue cioucmuix kpucmainos FeGalnS, &8
nonuMepHylo mampuyy noausununosoco cnupma (PVA) 01 ynyuwenus Ousiekmpudeckux Cceoucma.
Hcnonvsys  yuukanonvle —ceolicmeéa  O0symepnvlx — cmpykmyp, komnosumsl FeGalnS, PVA 6w
CUHME3UPOBAHbL C pA3HOU KOoHyeHmpayuel uanoanumens (1%, 3%, 5% u 8%) memodom cmewueanus
pacmgopog. Penwmeenoscrkas ougpaxyusi noomeepouna coxpamenue KpUCMALIUYECKOU CMPYKMYpbl
FeGalnS, , a AMITeKT DMIECKT aHAIM3 IOKA3a/ 38BUCMMOCT b CBOMCT B OT UACT OT bl, CBAZAHHYIO C
OUNONLHOU U MUSPAYUOHHOU noaspuzayusmu. Pesynvmamuvl  demoncmpupyrom, uymo KOHYEHMpayusl
FeGalnS, c¢yyecT BeHHO BMAET HA AUITEKT PDUHECKYIO MDOHMIdeMocmb, Yo OmKpbléaenm NepCcneKmussl
07151 NPUMEHEHUSL IMUX KOMIO3UNO8 8 00AACHU NPOOGUHYMBIX DIEKMPOHHBIX MAMEPUATIOB.

Knioueswie cnosa: nonumepHvie KOMno3umel, OUdJIeKMpUecKas npoHUYAemMocmy, ClLOUCHble KPUCMAILTbL,
MeXanu3m npo8ooUMOCHIU.
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Fe;0, NAONOHISSOCIKLORININ QARANLIQ SORAITDO XLOROFIL
PIQMENTININ DEQRADASIYASINA TOSIRI
Sadixova K.N, Ohmadov i.S
Baki Dovlat Universiteti

konulsadigoval5@gmail.com,ismetahmadov@mail.ru

Xulasa: Bu todgigatda Fe;0, nanohissaciklorin lobya bitkisinda xlorofilin dayamiqhgr vo deqradasiya
surating tasiri arasdirilmigdr. Fe;0, nanohissaciklori, bitkilorin inkisafina vo fotosintez prosesina miisbat
tosir gOstarark, bitkilarin stressa garst miigavimatini artirir vo miihit saraiting daha yaxsi uygunlasmalarin
tomin edir. Tadgigatin 2sas maqsadi, Fes;0, nanohissaciklarinin lobya bitkisinin clicartilorinda xlorofil a va
karotinoidlorin migdaina neca tasir etdiyini dyranmok idi.

Fe;0,nanohissaciklori  bitkilorin inkisafina, fotosintez prosesine Vo mohsuldarligina
ohamiyyatli doracads tasir gostara bilor. Bu nanohissaciklor, bitki hiiceyralarinin bioloji aktivliyini
doyisdirorok, fotosintez prosesinin effektivliyino vo pigment torkibino tosir edir. Homginin,
bitkilorin streso gars1 miigavimatini artiraraq, miihit soraitino daha yaxsi uygunlasmasina komok
edo bilir. Xlorofil pigmentinin deqradasiyasi, bitkilordo fotosintez prosesinin somaraliliyini
ohamiyyatli doracads azaldir [2]. Fe;0, nanohissociklori, bu degradasiya prosesini stratlondirirak,
xlorofilin miqdarina vo bitkilorin inkisaf saviyyasino tosir edo bilor. Tadgigatin moagsadi, bu
nanohissaciklorin lobya bitkisinds xlorofilin dayaniqligina vo deqradasiya slratino tasirini
Oyronarak onlarin bitki fiziologiyasinda oynadigi rolunu aydinlasdirmaqdir.  Xlorofil yasil
bitkilorin va bazi bakteriyalarin fotosintez prosesinds isig1 udan vo enerji istehsal edon pigmentdir.
Xlorofil bitki hiiceyralarinda xloroplastlarda yerlasir va bitkilorin yasil rongini tomin edir. Xlorofil
is1g1 mavi vo qurmizi dalga uzunluglarinda udur lakin yasil dalga uzunlugunda oks etdirir.
Xlorofilin ¢ox formalar1 var. Bunlardan Chl a vo Chl b fotosintez prosesinin osas istirak¢isidir.
Chla a is181 udaraq enerji molekullar istehsal edir. Xlorofil b komokgi rolu oynayir, is1q enerjinin
toplayaraq xlorofil a ya Otirlr. Todgigatin osas maqgsadi, Fe;0, nanohissaciklorinin lobya
bitkisinin cucartilorinda xlorofil vo karotenoidlorin tasirini arasdirmaqdir [3] .

Todgigat obyekti olaraq lobya toxumlari secilmigdir; lobya miixtalif iglim soraitine
uygunlasabilon bir bitki olaraq diinya miqyasinda genis yayilma sahasina malikdir. Lobya bitkisi
yuksok protein vo lif ehtiva edir [1]. Material olarag FesOs nanohissaciklori (Sky Spring
Nanomaterials, Inc) 20-30 nm 6lglda, 99.8% tomizlikds gotiiriilimiisdiir [4]. Xlorofilin ayrilmasi:
Yarpaq nimunalari 0,1 q miqgdarinda kosilmis vo 10 ml 95%-li aseton mahlulunda ¢ini havang-
dostods ozilmisdir. Ekstraktin soffaflagdirilmasi vo diger maddoalorin ¢okmosi G¢un 10 doagige
arzindoa sentrifugasiya prosesi totbiq edilmisdir. Todqiqat obyekti olaraq se¢ilmis toxumlar toz
soklinda olan Fe;0, nanohissaciklori Sky Spring Nanomaterials, Inc.-don oldos edilmisdir. Tacriiba

i¢lin lobya toxumlar1 ti¢ forgli soraitdo okilmisdir: Kontrol soraiti (sadoco torpaqda okilib
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suvarilmig), Fe30, nanohissaciklorina bulanmis toxumlar vo Fe;0, nanohis-sacikli mahlulda 24
saat muddatindo sisirdilmis toxumlar. Tacriiba zamani bitkilor fitatron soraitinds yetisdirilmisdir.
Becorildikdon sonra lobyanin birinci yarusun yarpaqlar1 gotiiriilmiis vo bu yarpaqlar qaranliq
soraitdo saxlanilmisdir. Olgmolor 1-15 giin orzindo qaranliqda saxlanmis yarpaglarda aparilmisdir.
Xlorofillarin vo karotinoidlorin miqdar1 standart spektrometrik tisulla 440, 645, 663 nm dalga
uzunluglarinda SPECORD 250 plus spektrofotometrindon istifa-do etmoklo miisyyon edilmisdir [5].

Chla Karotinoidlar

me/g ‘ me/e
- 0.8
25 o7
0.6
’ 0,5
0,5
| ‘ I |II | H |II
TS S S S e S S . ) & g f’ ‘1:’ ’1:’ ’L"
WKontrol WFe304(B) WFe304(3 mKontrol WFe304(B) MFe304(5)
Sakil 1.Fe;0, nanohissaciklarinin Chl a Sakil 2.Fe;0, nanohissaciklarinin
karotinoidlorin pigmentinin deqradasiyasina tasiri. deqradasiyasina tasiri.

Sakil 1-don gorunduyd kimi xlorofil a-nin ilk 24 saatda kontrola nisbaton artdigini miisahido
edirik. Bu natica Fe;0, nanohissaciklorinin xlorofil a-nin sintezini stimullasdirdigina dslalst edir.
Sonraki giinlor qaranliq miihiti davam etdikco toxumlari Fe;0, nanohissaciklori ilo bulanmig
bitkilordo xlorofil a-nin deqradasiyasi aydin goriiniir. 12 giindon sonra Xxlorofil a-nin 33%
deqradasiya olundugu miisahido olunur. Toxumlar1 Fe;0, nanohissaciklorinin mohlulunda
sisirdilmig bitkilordo bu deqradasiyanin miqdart 50% olmusdur. Karotinoid pigmentlarinds isa
Fe;0, nanohissaciklorinin stimulyasiyasi garanliq soraitinin 4-cii giinii miisahido edilmisdir. Lakin
sonraki giinlor karotinoidlorin do miqdarinin azaldigi aydin olmusdur. Azalma 38% toskil etmisdir.
Tocribaslorin naticasindon alinir ki, Fe;0, nanohissaciklori 14 glin arzinds lobya yarpaqlarinda

xlorofil a va karotinoidlorin deqradasiyasini hiss olunacaq daracada kontrola nisbatan longidir.
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EFFECT OF Fe30,NANOPARTICLES ON CHLOROPHYLL PiGMENT DEGRADATION
UNDER DARK CONDITiON

Sadikhova K.N, Ahmadov.l.S

Summary: The study investigates the effect of Fe;0,nanoparticles on chloropyll stability and degradation
rate in the common bean.Fe;0, nanoparticles positively influence plant growth and photosynthesis by
increasing the plants’ resistance to stress and enabling better adaptation to environmental conditions. The
main objective of this research is to examine how Fe;0, nanoparticles affect the levels of chlorophyll a and
carotenoids in bean seedlings. The results suggest that Fe;0, nanoparticles play a significant role in
enhancing photosynthetic processes and the overall development of plants.

BJIMSAHUE HAHOYACTMUI Fe HAOMETIPAJJALIUIO IUTMEHTOB XJIOPO®WUJLJIA B
TEMHBIX YCJIOBUAX

CanpixoBa K.H., Axmenos U.C

Pe3tome: B dannom ucciedosanuu uzyveno euanue nanovacmuy Fe 3 Os
ckopocmb e20 Oezpadayuu 6 pacmenuu gaconu (Phaseolus vulgaris). Hanowacmuywr Fe 3 Os
nonodCUmenbHoe GIUAHUE HA — pA3eumue pacmeHuti u npoyecc @Gomocunmesd, yeeruuusas —ux
CONPOMUBNAEMOCIb CIMPECCy U YAYYAs a0anmayuio K yciogusam okpysxcarouell cpedvl. Ocrnosnasn yenb
Uccne008anus — U3y4umn, Kak Hanoyacmuysl Fe 3 O
6 ceanyax @acoau. Pesynemamwi nokazanu, umo Hanouacmuyvl Fe 3 Os
YAVUueHuy hpomocuHmemuecKux npoyeccos u 0owem pa3eumuiy pacmeHuil.
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NANO OLCULU ITTRIUM OKSIiD HiSSOCIKLORININ ATOM DINAMIKASIINA
NEYTRON SELININ TOSIRI
RzayevR.F., DasdomirovA.O., HiiseynovC.i., AslanovH.A.
Azarbaycan Doévlat Pedaqoji Universiteti

cahangir.adpu@mail.ru

Xulasa: Raman spektroskopiyast metodu ilo Ittrium oksid nanohissaCiklarinin atom dinamikasinin neytron
selininin tosiri todqiq edilmisdir. Spektrinda miigahidaedilon
1081sm~1va1531sm™tezliklarinouysungafasoksigenatomlarininragslarinauygungaldiyi,.
E<1MeVenerjilisuratlineytronlarlasiialandiriimazamanniimunalarinspektrlorindaalavafon yarandigi, yiksak
intensivlikds isa kifayatqadaramorflasmabagsvediyi gostorilmisdir.

Asar sozlor:  [ttrium  oksid,  Raman spektroskopiyasi, Neytron seli, siialanma intensivliyi, raQs
tezliklari,kimyavi rabito, amorflasma

Ittrium oksidi yiiksok korroziyaya davamliliq, kimyavi vo istilik dayamqliga, yiiksok arima
temperaturu, zaif istidon genislonmoyo, ylksok istilik kegiriciliyina va digar xususiyyatloro malik
ola keramika materialidir. Ittrium oksid nanohissociklorinin atom dinamikasmin Raman
spektroskopiyasi ilo tadqiq edilmasi naticasinds malum olmusdur ki, bu metodla atom dinamikasi
todgigatlarinin aparilmas1 miimkiindiir. v=500-3000 sm™ tezlik intervalinda aparilmis todgigatlar
zamam apartlmigdir. v1=1081sm™ vo v2=1153sm™ tezliklorino uygun golon iki muxtolif Raman
modasi askar edilmisdir. Neytron siiasinin tasiri ilo bu birlosmado bas veran doyisikliklori todgiq
etmok moagsadi iloyiksak intensivlikli neytron siialar1 ilo siialandirilmis niimunalorinds atom
dinamikas1 Raman spektroskopiyasi metodu ilo todqiq edilmis vo alinmis naticalorinmugaisasi
aparilmigdir.Sakil 1-da nano 6l¢ilu Y203 birlosmasinin muxtalif intensivlikli:
4,0x10* n/cm2,  8.0x10%  n/cm?,

1.3x10% n/cm?, 4.0x10"* n/cm? va " '.

10¥®n/cm?  siirotli neytronlarla otaq b I' . .-.I-I”

temperaturunda siialandirlmis niimuna- ‘r A J'“* M 0K s i
b= A '

lorinin Raman spektrlori verilmisdir. -S-jl’uﬂm iy '-'~"-.|,r| o A

Y203 nano hissaciklorinin siialandiril- gé L f'--‘«'a‘I_r’_-,.,f,.,.%._ﬂ,,\,,.,_'wu_.&gxlogg m{.‘_,_.w.q_ﬁ,_m;v

mamis vo miixtolif intensivliklordo £ soae b, L[ -

siirotli  neytronlarla  stialandirilmis :h ” ":'I"‘W‘L[:','“""“""‘“‘*’~“M‘1-3x10§-n!sm5~-~m«—»u-w

niimunolorinin Raman spektrlorino bax- 00 L

saq gororik ki, biitiin niimunslords bu 500 1000 1500 2000 2500 3000

Raman shift (cm™)
Raman modalar1 miisahido edilmisdir. Sokill Neytronlarla siialandirilmis nanoOlguli
Sokil 1-do spektrlordo eyni tezlik Y20snimunalarininRamanspektrlari

diapozonunda bas vermis effektlori miiqaisali sokildoe miisahido etmok miimkiindiir.
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Sokill-do verilmis spektrloro nozor saldiqda goriiniir ki, siialanmanin intensivliyi artdigca
spektrlorinds olave fon yaranmaga baslamisdir ki, bu da yiiksok intensivlikli neytronlarin tosiri
naticasindo zoif rabitalorin qirilmasi hesabina torkibds ideal qurulusun gismon dagilmasina vo
amorflagsmanin yaranmasinin olamatidir. Stialanma effektini isigin kombinasiyali sopilmo
spektrlorindo daha yaxsi1 miisahido edilmosi mogsadi ilo | = 10 n/cm? intensivlikdo surotli
neytronlarla stialandirilmig niimunonin Raman spektrindo askar edilmis Raman modalar1 genis

miqyasda verilmisdir.

| = 10® n/cm? intensivlikds siia- M
landirilmig niimunonin raman spektrinin  sox10® | |
Qaussfunksiyast ilo analizi zamam W
muoayyon edilmisdir ki, gostorilon tezlik 1

intervalinda 1081 sm?® vo 1153 smt

q ! ',.‘.'I'I-. IIII|II Ifll' I .'1' I| LAl |
|~l|' | NI ) .l_‘.'ﬂ'. Al I".”',".'I' i\ _II;‘II.I.'!',I\ II.-I',r ,l|'.'.“'A-|41|-'_.'t",'_:l't"'-'.-
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misahido edilmisdir. Goriindiiyi kimi o _
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Raman modalarmintezliklori dguin

misahido  edilmis  bu  qiymatlar, 0.0

sﬁalandlrﬂmamls nuimunada 500 1000 1500 2000 2500 3000
Raman shift (cm™)

miigahidoedilmis Raman modalarinin  $54i12. Siialandirilmamis va 10%n/cm? intensivlikda
neytronlarla siialandirilmis nano élciilii Y203

tezliklorina uygun golir. Buradan gorinir i e o
birlasmasinin Raman spektrlarinin fonu

ki,
slilanmazamaniniimunalorinatomdinamikasindassaslidoyisikliklarbagvermomisdir.Malumdurki,ato
mlararasimosafalorinuzunluglariartdigcarabitalorintezliklorinin
giymatlorindoazalmabasverir.Oksina,atomlararasimasafalorinuzunluqlariazaldigcarabitalorintezliklo
riningiymeotlorindoartmabasverir.ittriumoksidnanohissaciklorininsiialanmamisvesiialanmisniimunalo
rindoaskaredilmisrogsmodalarinin tezliklarinin qiymotlorinds doyisikliklorin askar edilmamasi,
ittrium vooksigen atomlarinin omolo gotirdiklori rabitalorinin  uzunluglarinda doyisikliklor
basvermoamasinin gostaricisidir. Yiksok intensivlikli neytronlarla stialandirilmis ittrium oksid
nanohissaciklorinin  Raman spektrlorindo  osasli  doyisikliklor yaranmasa da, neytnonlar
nanohissaciklora tosirsiz Gtiismomisdir. Bu tesirin daha doqiq Oyronilmosi magsadi ilo Raman
spektrlarinin fonu migayiss edilmisdir. Sokil 2-ds slratli neytron siialar1 ilo siialandirildigr zaman
Y203 nanohissaciklorinin atom dinamikasinda yaranmis effektlori gostormok mogsadi ilo
silalandirilmamis vo 10%° n/cm2 intensivlikds siiratli neytronlarla siialandirilmis niimunalorin Raman
spektrlorinin analizi aparilmisdir.Bu magsadlo v = 500-3000 sm? tezlik intervalinda almmig
spektrlarin fonu miigaiso edilmisdir. Isigin

kombinasiyalisapilmospektrlarininmugaisasindongorinirki,E<1MeVenerjilisuratlineytronlarlasiiala
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ndirilmazamaniniimunalorinspektrlorindoslavofonomologolmigdir.  Bu  effekt  ittrium  oksid
nanohissaciklori tigiin alinmis rentgen difraksiyasispektrlorinin analiz edilmasi zamani da miisahido
edilmis vo neytron selinin tosiri ilonimunolordsa zaif rabitalorin qirtlmasi hesabina qismon
amorflagsmanin bas vermasi iloizah edilmisdir. Goriindiiyli kimi Raman spektroskopiyasi metodu ilo
todqgiqatlar zamani molumolmusdur ki, nano 6lgiilii Y203 birlosmasi xarici tosirloro qarst kifayot
godor davamlimaterialdir. Bunun materialin qurulus xiisusiyyatlori ilo birbasa bagl olan bir
negasababi vardir. Osas sobob ondan ibaratdir ki, nano 6lcililorde materiallar dayanigli vafargli
xususiyyatloro malik olurlar. Ona goro do nanotexnologiyalarin inkisaf etmasinaticasinds
materiallara  yenidon  baxilmasi  zoruroti meydana  golmisdir. Digor  torafdonY203
birlosmasiylksoksimmetriyalikristalqurulusamalikolurvaonagdradodavamlikristalqurulusformalasdi
rir.Lakin,bunlarabaxmayaragsiiratlineytronsiialanmasinaticasindsbutorkibdadagismondayisikliklarm
tisahidoedilmisdir.Ciinkisisteminnagodardayaniqliolmasinabaxmayaraqyiiksokenerjilineytronsiialari

nintasiriilozaifkimyovirabitalordogiriimabagverir.Onagérodomateriallardaamorflasmabagverir.

BJIMSIHUE HEUTPOHHOT' O IIOTOKA HA ATOMHYIO TUHAMUKY HAHOPA3MEPHBIX
YACTHULl OKCUJA UTTPUA

P3aeB P.®@., Jlampamupos A.O., I'yceiinoB x.U., Aciaanos I'.A.

Peztome: Memooom pamanoscKol CHeKMpOCKONUU UCCIe008AHO GIUSHUE HEUMPOHHO20 NOMOKA Ha
amomMHy10 OUHAMUKy HaHouacmuy oxkcuoa ummpus. Habnooaemvie 6 cnexmpe uacmomet edilon 1081sm™1
u Vol531sm™1 coomsemcmeyrom Konebanusm amomos kucnopooa pewemxu. Ilokasano, uwmo npu
obnyuenuu Ovicmpuimu Hetimponamu ¢ dHepeueti E < I MbdB 6 cnexmpax o0b6pasyos nosensiemcs
OONONHUMENBbHBIU (POH U NPOUCX0OUM OOCMAMOYUHASL AMOPPUIAYUS NPU BbLICOKOU UHIMEHCUBHOCTU.

Knrueewie cnosa: oxcuo ummpus, pamaHo6CKasl CNeKmpoCKonus, H@ﬁmpOHHbllZ NOMOK, UHMEHCUBHOCNIb
U3Iy4erust, 4acmonivl KOﬂe6aHuﬁ, Xumudeckdas Cce43n, aMoquwauuﬂ.

EFFECT OF NEUTRON FLOW ON ATOMIC DYNAMIC OF NANO-SIZED
YTTRIUM OXIDE PARTICLES
RzaevR.F., DashdamirovA.O., HuseynovJ.l., AslanovH.A.

Summary: The influence of the neutron flux on the atomic dynamics of yttrium oxide nanoparticles was
investigated by the Raman spectroscopy method. The frequencies observed in the spectrum of 1081sm™1
and 1531sm™1 correspond to vibrations of oxygen atoms in the lattice. It is shown that when irradiated with
fast neutrons with energy E< 1 MeV, an additional background appears in the spectra of the samples and
sufficient amorphization occurs at high intensity.

Key words: yttrium oxide, Raman spectroscopy, neutron flux, radiation intensity, oscillation frequency,
chemical bond, amorphization.
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JEKTPOIMPOBOAHOCTDb CETHETOQJEKTPUUYECKHUX IIVIEHEK BagsSro.TiOs HA
INEPEMEHHOM TOKE
Adanacses M.C.., Haduen A.D.% I'yceiinos J:x.M.2, Aiinpinosa T.M.2, Anues H.IIIL.3
l®psizuncknii puman Uacruryra P u D um. B.A. Koreasuukosa PAH, Pocceniickas
Denepanus
2 A3epOaiiKAaHCKHI TOCYIaPCTBEHHBII MeIaroru4ecKuii yHuBepeuTeT,
SUucruryr Paguanuonnsix Ipodaem HAH Asepoaiixxana

asaf.fizik@mail.ru

Peztome: [Ipusooumcsi sxcnepumMeHmanbHble pe3yibmamsl UCCIe008AHUsL YACMOMHBIX U MeMNepamypHblx
3a8UCUMOCIEN  DIIEKMPONPOBOOHOCHIU  Ce2HemOodlekmpuueckou nienke BaogSro2TiOs na nepemennom
9NIeKMpUYecKkomM moke. Ycmanosneno, umo 6 memnepamyptom unmepsaie 290—400 K npu wacmomax 25-
10° onsa ac-mposooumocms  noduumanace 3axonomeprocmu Oy~ f %7 Cxapaxmepnoii Ona npwlocKoo20
MexanuzmMa neperoca 3apsoa no JOKAIU308aHHbIM 0U3U YposHs Depmu cOCMOSIHUAM.

Knwouesvie cnoevl:  cecnemosnieKmpuyeckoe — NIeHKd,  NepeMHHOe  Nnoje,  2NeKmpOnpo8OOHOCHI,
OUBNIEKMPUYECKOU NPOHUYACMOCTN, BPEMSL PeNaKcayul, dAeKMPOHHOU NOAAPUIAYUL

CerHeroaneKTpH4ecKie IUICHKH coctaBa BaosSro2TiOs  (BSTO) momydueHsl MeTonom
BBICOKOYACTOTHOI'O PEAKTUBHOI'O PaclbUIEHUS KEPAMUUYECKON MUILIEHU B aTMOc(epe KMCIopoa Ha
ycranoBke [IJTABMA-50 CO mo Mmeronuke, mpeAcTaBleHHOW B pabore. B kauecTBe moIsioxkek
UCHOJb30BaH KpeMHui p-tuna mapku KJb 20 ¢ kpucramnorpadudeckoit opuentanueir [100].
Tonmmuua nomnoxexk 200 + 2 pum.OcHoBHas
uaes MeToJa COCTOMT B  HCIIOJIb30BaHUU 3
HU3KOTEMIIEPATypHOU KHCIOPOAHOM IIa3Mbl B al
Ka4yecTBE CpeJibl, IJI€ OKUCIUTENbHBINA MPOLEece I

nopru OCaXKIACHUU npeo6naz1aeT HaJa BOCCTa- 5T

Ilga (Omtem™®)

HOBHTEIIHFHBIM. OCHOBHBIM MpEuMyi€eCTBOM

METOJa ABJAACTCA BO3MOXXHOCTH HAIIbIIICHUA F

[

CTPYKTYPHO-COBEPIIEHHBIX

CCTHCTOBJICKTPUUCCKHUX IINICHOK C COXPAaHCHUCM I
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CTEXHOMETPHUU IO KHCIOPOY.

Ha puc. 1 npeacraBieHsl TeMnepaTypHble

[ . 10%T. K1

3aBucuMocTd mpoBoaumoctd  o(T) cerHero- 2,5 3 3,5
_ Puc.l. Dnekmponposoonocmu 0151 nieHOK

DNIEKTPUYECKUX  TIEHOK  BaosSro2TiOsnpu Bao.sSro.2TiOsnpu paznuunvix uacmomax:

2 3 4 5 6
Pa3IUYHBIX 3HAYCHHUSX YaCTOThI, PACCYMTAHHOMN 1-25, 2-107, 3-10°, 4-10°, 5-10°, 6-10° I’y

0 U3MCPCHHBIM3HAUCHUAM CMKOCTU C wu Tanresca yriia AOUIJICKTPUYCCKUXIIOTEPb tg5 npu

WCIONIb30BaHUU cOOTHOIIeHUs o = wC tg J,rne w = 2z f .Ilpu wactorax 25 — 10°T'11 3aBUCHMOCTh
lgo~10%/ u
go~ T COCTOMT U3 JABYX MNPAMBIX C PasIMYHBIMM HakiIoHamu. U3 storo ciexyer, 4ro B
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CETHETOAIEKTPUIECKUX TIeHOK BaosSro2TiOs TemmeparypHas 3aBUCHMOCTh 3JICKTPO-TIPOBOTHOCTH
oOnamaeT akTHBAIMOHHBIM xapaktepoM [5]. Ilo HakioHaM HTHX 3aBHCHUMOCTEH OMpEIeICHBI
sHepruu axktuBauuu (AE), 3HaYeHHS KOTOPBIX B HHM3KOTEMIEpPAaTYpHOH 00JacTH HM3MEHSIOTCS B
unrepBaine 0.05—-0.15 3B, a B BeicokoTemneparypHoit 0.35—0.75 3B. HccnegoBanue mokasbIBaroT,
YTO BEJIMYMHA SHEPTUU aKTHUBAIMU €CTh (PYHKLHUS 4aCTOTHL. 3aBUCUMOCTh YHEPTUU aKTHBALUU OT
9acTOTBI MOXKHO OOBSCHUTH C TIOMOINBIO TMPBDKKOBOTO MeXaHm3Mma [6]. 3aBUCHMOCTH
ANIEKTPONIPOBOJTHOCTH B  CETHETOIJICKTPUYECCKUX TIJICHOK BaosSro2TiO30T 4YacToThl MOXKHO
OOBSICHUTH TIPU TOMOIIM MYJIbTUIJICTHOW MOJENH, a 3HAYUT MPOBOAMMOCTH B 3THUX TBEPIBIX
PacTBOPOB XapaKTEPU3YETCs 30HHO-IPBIKKOBBIM MEXAHU3MOM.

B pabote n3ydeHa Takke 4aCTOTHO-3aBUCHMAas aC-TIPOBOIUMOCTD O, CETHETOIICKTPUICCKUX
rieHOK BaosSro2TiOs. Ha puc. 2 moka3aHa 3aBHCUMOCTB 3JCKTPOIPOBOJHOCTH OT YacTOTHI TPH
pasnuuHbIX TemmepaTypax. Kak BHIHO U3 pHUCYHKa 3HAUYEHHUS D3JIEKTPOIPOBOJHOCTU CHIIBHO
3aBUCAT OT YacTOThl 3JjekTpuueckoro moms. C
POCTOM YacTOTHI AC-MPOBOJUMOCTh YBEIUUHBACTCS
Ha HECKOJIBKO INOPSIIKOB. Takoe NMOBEIEHUE AIIEKT-
PONPOBOJHOCTH  CETHETOIJIEKTPUUECKUX IUICHOK
Bao.sSro2TiOs, MO-BUJIUMOMY, 00y CIIOBJICHO
O0COOCHHOCTSIMU KPUCTAJUIMYECKON CTPYKTYPBHI.

Kak mnoka3piBacT aHa M3 MOJIYYCHHBIX pe- 6

3y/lbTaTOB, BO BCEH 001AaCTM 4YacTOT H3MEpEHUs

\\\\(OM‘:)

MPUBECHHBIC JTaHHbIE YIOBJIETBOPSAIOT — -7-
COOTHOLIEHUIO . L lg f,T'y
1 2 3 4 5 6
o= Af?, 1) Puc.2. Yacmomnas 3aeucumocmu
. nposoonocmu naeHox BaggSro2TiO3:
rie A — TIOCTOSHHBIA KOIPPUIMCHT, 1-203K, 2-373K, 3-423K, 4-453K.

XapaKTepU3YIOIIN CBOMCTBA Hccaeayemye oopasma. [Ipu nuskux temmeparypax (T < 400 K) Ha
3aBUCUMOCTH O, (f) HaOmogamuchk aBa ydactka. llpu temmeparype T=293 K BHauane nmena

)0.76

MECTO 3aBHUCHUMOCTH O, X (f , KoTopas 3aTeM nepexoauna K og. X (f)%32. C yBenuuenuem

)076 k04 ¢ (f)%3? cmemanack B

TEMIIEPATyPbl TPAaHUYHAS YacTOTa Mepexona oT d,. X (f
CTOPOHY BBICOKHMX YacCTOT.

Kaxk u3BecTHO, ac-MpoBOAMMOCTb 30HHOTOTHIIA SIBJISIETCS B OCHOBHOM YaCTOTHO-HE3aBUCUMOM
smiots g0 10%°-10'! T'm.Ecim B kpucrammax u aMopdHEIX MOTYMPOBOJHMKAX 3aBHCHMOCTB
W3MEHEHHUS HJIEKTPOMPOBOJHOCTH OT YacTOThl OYyJeT MOAYMHATHCA 3aKOHOMEPHOCTH Oy X
()°(0.1 < s <1.0), To MOXHO MpeMoiaraTb, 4T0 B MPOBOJUMOCTH CYIICCTBYET MPHLKKOBBIM

MexaHn3M.OcoOeHHOCTRIO IMPBDKKOBOT'O MEXaHHU3Ma IMTPOBOAMMOCTHU ABJIACTCA MaJiasd IMOABUKHOCTD

HOCHTEeNeH 3apssa MW XapaKTCPU3YCTCA ICPECHOCOM HOCHUTEIEH IO ClIa0bIM NEPCKPLITUAM
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XBOCTOBBIX YAacTEH BOJHOBBIX (YHKIMH ONHM3JICkKAIIMX AaKIEeNTOPHBIX YpOBHEW.B  cernero-

)0.76

ANIEKTPUYCCKUX TUICHOK BaogSro2TiOsycTaHOBICHHAS 3aBUCHUMOCTh 0,4 X (f CBUJICTEITb-

CTBYCT O IIPBDKKOBOM MCXAaHU3MC IICPCHOCA 3apdla IO COCTOAHUAM, JIOKAJIU30BAHHBIM B
OKPECTHOCTH YpOBHS Pepmu.

AHanu3 NOJIyYEHHBIX PE3yNbTAaTOB IO3BOJIIET 3aKIIOYUTh, YTO B JTOM TEMIIEpaTypHOU
00NacTH MPOBOJAUMOCTh CETHETORJICKTPUUECKHUX IUIeHOK BaosSro2TiOsocymiecTBisieTcst Kak 1o
IIPBDKKOBOMY, TakK M II0 30HHOMY MeXaHu3My. TemmnepaTypHO-4aCTOTHOM —JUCIEPCUH
3JIEKTPONPOBOAHOCTH YKa3bIBAET HA BO3MOYKHOCTb pEaNM3allMd B  IPBDKKOBOIO MEXaHHU3Ma
IIPOBOJIMMOCTH € IIEPEMEHHOM JUIMHOW NPBDIKKA IO JIOKAIN30BaHHBIM COCTOSTHUSIM BOJIM3M YPOBHS

depmu.

BaosSro2TiO3 SEQNETOELEKTRIK TOBQOLORININDOYiISON COROYANDA ELEKTRIK
KECI RICILIYI
AfanasyevM.S., NabiyevA.E., HiiseynovC.i., AydinovaT.M., BliyevN.S.

Xllasa: Dayison elektrik corayanindan  seqnetoferroelektrik  BaosSro,TiOs  plyonkasimin — elektrik
keciriciliyinin tezlik va temperaturdan astiliglarimin Gyranilmasinin  eksperimental naticalori taqdim
edilmisdir. Miiayyan edilmisdir ki, AC iiciin 25-10° hs tezliklordo 290—400 K temperatur diapazonunda
kegiricilik Fermi saviyyasinin yaxinliginda lokallagdiriimis vaziyyatlar boyunca yuik 6turilmasinin hoppanma
mexanizmi Gglin xarakterik olan o~ f %76 nlimunasina uygundur

Acar sozlar: Seqnetoelektrik tobaga, dayisan saho, elektrik keciriciliyi, dielektrik sabiti, relaksasiya middati,
elektron polyarizasiya

ELECTRICAL CONDUCTIVITY OF FERROELECTRIC FILMS BaggSro,TiOzON
ALTERNATING CURRENT

AfanasyevM.S., NabievA.E., HuseynovJ.l., AslanovH.A., AlievN.Sh.

Abstract: The experimental results of the study of frequency and temperature dependences of electrical
conductivity of ferroelectric film BagsSro.TiOzon alternating electric current are presented. It was found that
in the temperature range of 290-400 K at frequencies of 25-10%or ac-conductivity obeyed the law g,.~f°7¢
characteristic of the hopping mechanism of charge transfer along states localized near the Fermi level.

Keywords: ferroelectric film, alternating field, electrical conductivity, permittivityrelaxation time, electron
polarization
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KOBALT FERRIT CoFe,0s NANOHISSOCIKLORININ MUXTOLIF SOTHI-AKTIV
MADDOLOR ISTIRAKINDA SINTEZi VO STABILLOSDIRILMOSI
Qadirova N., Haciyeva F.

Baki Dovlat Universiteti

gadirovanushaba@gmail.com, flora 1985@mail.ru

Kobalt ferrit nanohissociklori magnit xtsusiyyatlori, kKimyavi dayanigliligi,biouygunlulugu vo
muxtalif reaksiyalarda gostordiklari banzarsiz katalitik aktivliklari ilo bir ¢ox sahada 6z totbiglorini
tapmislar [1]. CoFe204 nanohissaciklori birgo ¢okdurilms, zol-gel, termik pargalama,
mikroemulsiya kimi bir ¢ox sintez tisullar1 ilo almag mumkandir. Malumdur ki, nanohissaciklarin
morfologiyasi, fiziki va kimyavi xassalari sintez tisulundan asili olaraq dayisir. Birga ¢okduriilmo
usulu sada va ucuz olub, nanohissaciklorin alinmasinda genis sokilds istifads olunan metoddur [2].

Verilmis isdo CoFe20s4 magnit nanohissaciklorini sintezi kimyavi Usul olan birgs
cokdirilmo Gsulu ils aparilmisdir. Bunun {igiin 0.4 M FeClsx6H20 vo 0.2M CoCl3x6H20 kobalt
Vo domir duzlar1 2:1 nisbatinds 50 ml distillo suda ayri-ayr1 hall edilir. Daha sonra bu iki mahlul
qarigdiritlir  vo 0.5 q uygun stabillosdirici  sothi-aktiv. madda (polietilenglikol PEQ,
setiltrimetilamonium bromid STAB, natrium dodesilsulfat NDS, natrium oleat NO) mohlula slavo
olunur. Mohlul 15 dagige 80°C temperaturda maqnit qarisdiricida garigdirilir. Prosesin sonraki
morhoalasinds ayr1 kolbada 50ml distillo suda hall edilmis 6 ¢ NaOH mohlulu yavas-yavas ilkin
qarisiga alava edilir vo mohlul daha 45 daqige maqnit qarisdiricida qarigdirilir. Reaksiya bitdikdon
sonra alinan nanohissaciklori qaliq reaksiya mohsullarindan tomizlomok t¢iin 3 dofo etanol ilo
sentrifugada 5000 rpm-da 5 dagige olmagla yuyulur va Petri gablarina kegirilib bir ne¢o guin otaq
temperaturunda qaldigdan sonra 100°C-ds 1 saaat vakuum sobasinda qurudulmusdur.

Mixtolif  stabillosdirici  sothi-aktiv.  maddo muhitinde  alinmis  kobalt  ferrit
nanohissaciklorinin qurulusu rentgen difraksiya analizi ilo todqiq edilmisdir. Toz halina salinmis
CoFe204 nanohissaciklorinin XRD difraktogramlart otaq temperaturunda 26 20°-90° bucagi
intervalinda almmisdir. Miioyyon edilmisdir ki, natrium oleat istirakinda alinmig CoFe204
nanohissaciklori amorf qurulusa malikdir. PEQ, STAB vo NDS mihitindo alinmis kobalt ferrit
nanohissaciklorinin kristallik qurulusa malik olmasi toyin edilmisdir. PEQ istirakinda sintez
olunmus CoFe204 nanohissaciklorin XRD diffraktogramlarinda 35.3° (311), 42.8° (400),
57.02°(511), 62.3° (440); STAB-da 35.98°(311),56.57°(511), 75,48°(442); NDS istirakinda
sintez edilmis nanohissaciklords iso yalnmiz 36.05°(311),75.43°(442) 26 bucaginda maksimumlar
miisahido olunmusdur. Miiayyan olunmusdur ki, alinan nanohissaciklorin rentgen difraktoqramlari
spinel qurulusa malik CoFe204 nanohissaciklorina moxsusdur [3-4]. PEQ,STAB va NDS

stabillosdiricilori istirakinda sintez edilmis CoFe204 nanohissaciklorinin kristallit dlculori Debay
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Serrer diisturu ilo an yiiksok intensivlikli pik {igiin hesablanaraq uygun olaraq 3.79 nm, 8.01nm

vo11.80 nm oldugu miioyyan edilmisdir.
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SYNTHESIS OF CoFe;OsNANOPARTICLES iN THE PRESENCE OF VARIOUS SURFACTANTS
Gadirova N., Hajiyeva F.

Abstract: In this study, cobalt ferrite (CoFe,O4) nanoparticles were synthesized via the co-precipitation
method using three different surfactants. Following thermal treatment at 100°C under vacuum, the samples
were transformed into powder form. The XRD patterns of the obtained magnetic nanoparticles have been
recorded, and the crystallite sizes were calculated using the Debye-Scherrer formula.The results provide
insights into the effects of surfactant choice on the structural properties of Co ferrite nanoparticles.

Keywords: CoFe;0., co-preception,XRD

CHUHTE3 HAHOYACTMUIL CoFe;04 B MPUCYTCTBUU PA3JIMYHBIX MOBEPXHOCTHO-
AKTUBHbBIX BEIHLIECTB

TI'aguposa H., I'agxuea @.

Abcmpaxkm: B smom uccreoosanuu Hanouacmuywvl kobarem geppuma (COFe20s) Oviiu cunmesuposarnvl
MEMOOOM KO-Npeyunumayuy ¢ UCHOIb308aAHUEM mMpex pasHvlx cypgaxmanmos. Ilocne mepmuueckoti
obpabomku npu 100°C & sakyyme oOpasyvl 6viiu npeodOpazosamsvt 8 NOPoOwKosyro opmy. bviiu cHamol
peumeenocpammol  (XRD) nonyueHHbIX MASHUMHBIX HAHOYACIUY, U pA3Mepbl KPUCMATIUMOS Obliu
paccuumanvl ¢ ucnoavzosanuem gopmynvt [evas-ILlleppepa. Pesynvmamul daiom npedcmaeienue o 61usHuu
8b100pA  NOBEPXHOCMHO-AKMUBHO20 GEWEeCMEd HA CMPYKMYPHblE CEOUCMEA HAHOuAcmuy Kobanbm-

Geppuma.

Knroueswte cnosa:CoFe;0., ko-npeyunumayust, XRD

KCI-UN SULU MOHLULUNUN ELEKTRIK KECIRICILIYININ ELEKTROMAQNIT
SAHOSININ TEZLiYINDON ASILILIGI
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arasdirithr. Ionlarin elektromagnit sahasinda harakat xuisusiyyatlorini 0yranmak magsadilo miixtalif tezlik
diapazonunda aparilan eksperimentlor gostorir Ki, KCl mahlulunun kegiriciliyi tezlik artdigca miiayyan
dayisikliklara maruz galir. Naticalar, elektrolit mahlullarin sonaye va famakalogiya sahalarinda tatbigi Ugiin
Nozori Va praktik malumat verir. Eyni zamanda, bu arasdirma yiiksak tezlikli cihazlar va bioloji sistemlarin
elektromagnit sahalarina uygunlugunu anlamaga imkan verir.

Acar sozlar: yiksak tezlikli elektromaqgnit sahasi, elektrolit mahlullari, ion kegiriciliyi, KCI mahlulu, tezlik
asitlilig

Elektrolitlotrin sulu mohlulunun elektrik keciriciliyinin elektromagnit sahasinin tezliyindon
asililigini 6yronmok muasir elmds aktual mdvzulardandir. Elektrolitik mohlullarin kegiriciliyinin
tezliklo doyismosi hadisasi sonaye, farmakologiy vo yiksok texnologiyalar sahasindo muhim
totbiglora malikdir. Elektrolit mohlullari, xiisusilo do KCI, NaCl kimi gucli elektrolitlorin sulu
mohlullarinin elektrik kegiriciliyi elektromaqnit sahasinin tezliyindon koasnik sokildo asililigini
bilmakls, bu elektrolitlorin fiziki va kimyavi proseslords necs istifads oluna bilacayini anlayiriq. Bu
todgiqatlar tibbi cihazlarda va simsiz enerji 6ttrtilmasi kimi saholords istifads olunan elektromagnit
sahalarin mayelars va canli toxmalara tasirini mioyyan etmays imkan verir.

Eyni zamanda, bu sahodoki tadqgigatlar yeni texnologiyalarin hazirlanmasinda fundamental
biliklori tomin edir. Elektromagnit sahasinds ionlarin harakatlorini tohlil etmok, elektrokimya
proseslorinin  optimallagdirilmas1 ti¢lin faydalidir vo Dbateriyalar, sensor kimi qurgularin
effektivliyini artirmaga komok edir [2]. Bu movzu hamginin bioloji sistemlorin elektromagnit
sahasina verdiyi reaksiyalarin 6yronilmasi iglin model togkil edir ki, bu da biotibbi texnologiyalarin
inkisafi baximindan boyiik shamiyyat dasiyir. Beloliklo, KCI-un kegiriciliyinin tezliklo asililiginin
oyranilmasi ham elmi, ham ds texnoloji baximdan genis totbiq imkanlar1 taqdim edir va aktualligini
goruyur.

Bu movzudaki asas magsad, KCI-un sulu mahlulunun elektrik keciriciliyinin elektromagnit
sahasinin tezliyindon neco asili oldugunu vo bu asililigin mexanizmlarini mioyyan etmokdir.
fonlarm elektromagnit sahasi ilo qgarsiliqlt tasirini vo sahonin tezliyina uygun olaraq mohlulun
kegiriciliyinds bas veran doyisiklori tohlil edorak, bu hadisoni daha dorindon anlamaqdir [1]. Bu,
hom fundamental elmi biliklorin genislonmasi, hom do elektrilit mohlullarin sonaye vo tibbi
sahoalarda, tatbiginin optimallasdiriimast {i¢iin mithiim rol oynayir [3].

Toqdim olunan isdo KCI-un sulu moahlulunun elektrik kegiriciliyinin elektromaqnit sahasinin
tezliyindon neco asili oldugu eksperimental Gsulla Gyronilmisdir. Ilkin morholods, tomiz distillo

edilmis su ilo muxtalif konsentrasiyali KCl mohlulu hazirlanir ki, slavs ionlar analiz naticalorine
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tosir etmosin. Kegiriciliyi muixtalif tezliklordo 6lgmok Gglin funksional tezlik generatorundan vo
keciriciliyi 6lgon xiisusi avadanliqdan istifado olunmusdur. Tocribs zamani mohlul elektromaqnit
sahasi tasirine moruz qoyulur va har bir tezlik ti¢iin kegiricilik 6lgtilmiisdiir. ©lds olunan noticalor
ionlarin elektromaqnit sahasindo harokat xususiyyatorini anlamaga, homginin sonaye vo tibb

sahalarinds tatbigi tgtin yeni nozari biliklor vermaya xidmat edir.

Konsentrasiya
—e— 1% Konsentrasiya
40t —8— 3% Konsentrasiya
—— 5% Konsentrasiya

w
[=]

N
o

Kegiricilik (mS/cm)

10

KCl // mahIUIunun

5 3 ® % & 160 eciriciliyinin

Tezlik (MHz) elektromagnit

sahasinin tezliyindan asul1
olaraq dayismoasi.

Alinan naticolor gostorir ki, KCI mohlulunun kegiriciliyi hom elektromagnit sahasinin
tezliyindon, hom do mohlulunun konsentrasiyasindan ohamiyyatli dorocods asilidir. Miixtalif
tezliklordo kegirilon Olgmalara asasan muoyyon edilmisdir ki, saho tezliyi artigca mohlulun
keciriciliyi do artir. Bu artim sahoanin ionlarin harokatino tosirini artmasi ilo alagodardir. Eyni
zamanda, konsentrasiyanin yiiksolmasi kegiricilik doyarlorindo daha boyuk doyisikliklora sabab
olur, cinki mohluldaki ionlarin miqdar1 ¢oxaldiqca elektromaqnit sahosi altinda kegiriciliyin
arttmida daha nozoragarpan olur. Bu noticalor, KCI mohlullarinin elektromaqnit saholords
davranigini basa diismok vo belo mohlullarin istifado olundugu sonaye vo biotibb saholorinds
effektiv totbigi t¢uin vacib malumat verir.

9dabiyyat:
1. Monsimov E.O, Hosonov H.§, Pasayev B.§, “ Maye mohlullarin elektrik kegiriciliyi.
Monogqrafiya ”, Baki 2011, 84 s.
2. Atkins.P, de Paula.J, “ Physical Chemistry ”, Oxford University Press, 2014.
3. Robinson.R.A, Stokers.R.H, “ Electrolyte Solutions: The Measurement and Interpretation of
Conductance, Chemical Potential, and Diffusion in Solutions of Simple Electrolytes , Dover
Publications, 2002.
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DEPENDENCE OF THE ELECTRICAL CONDUCTIVITY OF KClI AQUEOUS SOLUTION
ON THE FREQUENCYOF THE ELECTROMAGNETIC FIELD

Hasonov A.9., Hasanov N.H., Novruzlu A.A., Master’s

Abstract:This paper investigates the dependence of the electrical conductivity of an agqueous KCI solution on
the frequency of an electromagnetic field. Experiments conducted across various frequency ranges reveal
that the conductivity of the KCI solution undergoes certain changes as the frequency increases, reflecting the
behavior of ions under electromagnetic influence. The results provide theoretical and practical insights for
the application of electrolyte solution in industrial and biomedical fields. Furthermore, this research
contributes to understanding the compatibility of high-frequency devices and biological systems with
electromagnetic fields.

Keywords: high-frequency electromagnetic field, electrolyte solutions, ionic conductivity, KCI solution,
frequency dependence

3ABUCHUMOCTbD JIEKTPUUYECKOM MPOBOJIUMOCTHU BOJHOI'O PACTBOPA KCL OT
YACTOTBI 2JIEKTPOMAT'HUTHOI'O I10JIA

I'acanoB A.A., I'acanoB H.I'., HoBpy3ay A.A.

Pestome: B oannou cmamve ucciedyemcs 3a6UCUMOCIb IAEKMPULECKOU NPOBOOUMOCTHU B0OHO20 PACMEOPA
KCl om uacmomuer snexmpomaznumnozo noas. DKcnepumenmoi, NPOBeOCHHbIE 6 PASIUYHBIX OUANA3ZOHAX
yacmom, nokasvigaiom, umo nposooumocms pacmeopa KCl npemepnesaem onpedenénnvie usmenenus c
VeenuyenuemM 1acmomuyl, 4mo ompadicaem nogedenue UOH08 N00 8030elCmBEUeM INEeKMPOMASHUMHO20 NOJIA.
Pezyremamul obecneuusarom meopemuueckue u npakmuieckue OaHHvle 08 NPUMEHEHUS SIeKMPOIUMHbBIX
pacmeopos 6 NpoOMblULIeHHOCmU U Ouomeduyune. Kpome mozo, smo ucciedosanue cnocobcmsyem
NOHUMAHUIO ~ COBMECMUMOCMU  6bICOKOYACMOMHBIX — YCMPOUCME U OUONOSUHeCKUX  CUcmem ¢
INEKMPOMASHUMHBIMU NOTAMU.

Knrouegvle cnosa: evicokouacmomuoe 31eKMpoOMASHUMHOe NOJe, JeKMpOoIumHble pACcmMEopbl, UOHHASA
npogodumocmu, pacmeop KCl, 3asucumocms om wacmomul
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FABRICATION TECHNOLOGIES FOR SiC/PVP NANOCOMPOSITE MATERIALS
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bBaku State University, Physics Faculty, Chemical Physics of Nanomaterials, SABAH groups

mtelxanim@gmail.com

Silicon carbide (SiC) is an extremely important material in a wide range of industries due to
its unique combination of properties. These include high thermal conductivity, hardness, electrical
conductivity (under certain conditions), and chemical stability. SiC is particularly important in the
field of power electronics. It has a wide bandgap (~3.26 eV) compared to silicon (1.1 eV), which
allows devices made from SiC to operate at higher voltages, higher temperatures, and greater
efficiencies[1]. SiC-based power devices help improve the efficiency and range of electric vehicles
by enabling faster switching, reducing power losses, and allowing the system to operate at higher
temperatures without the need for extensive cooling. In solar inverters, wind turbines, and other
renewable energy systems, SiC helps increase efficiency by improving power conversion and
handling higher power levels more efficiently. SiC is used in various industrial power systems, such
as those in factories, to reduce energy loss and increase overall system reliability. SiC can operate at
much higher temperatures than traditional silicon-based devices, withstanding up to 600-1000°C in
some cases (compared to silicon’s maximum of around 150°C). This makes it ideal for applications
in harsh environments. SiC is used in high-temperature sensors, propulsion systems, and power
conversion systems for spacecraft, aircraft, and defense applications[2]. SIC components can
operate at high temperatures without performance degradation, making them valuable for
automotive electronics, especially in electric and hybrid vehicles. SiC’s ability to efficiently handle
high voltages and high currents allows the design of more compact, reliable, and efficient power
devices. This is increasingly important in applications requiring small, light, and energy-efficient
system. SiC is used in the production of high-efficiency light-emitting diodes (LEDs)[3]. It can also
be used in the development of ultra-bright LEDs for displays and lighting, with greater energy
efficiency and longevity compared to conventional materials. SiC is also being explored for use in
the development of quantum devices due to its potential for stable qubit operation. Silicon carbide
is becoming a cornerstone material for next-generation technologies, from energy-efficient
electronics and electric vehicles to advanced manufacturing tools and high-temperature, high-
performance applications. Its combination of electrical, mechanical, and thermal properties makes it
indispensable in industries ranging from automotive and aerospace to energy and electronics. As
demand for more efficient, durable, and sustainable technologies continues to grow, SiC’s

importance is only expected to increase. For this purpose, the synthesis of SiC-based composite
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materials, the development of their production technologies, and new perspectives in this direction
are extremely important issues.

The synthesis of SiC/ Polyvinylpyrrolidone (PVP) composites with different percentages of
SiC (e.g., 1%, 2%, 3% SiC/PVP) typically involves a process of dispersion and mixing, followed by
drying or heating to achieve a uniform and stable material. For synthesis process, SiC powder, PVP
required as a initial reagents. Distilled water are used as a solvent. After appropriate calculation,
magnetic stirrer and oven were used synthesis and drying process. Firstly, PVP dissolved in a
distilled water. The concentration of PVP were chosed as 5%. PVP solution were mixed in
magnetic stirrer use mild heating (below 50°C) to help dissolve the PVP. To get different amount of
SiC powder based on the target percentage (1%, 2%, or 3% SiC by weight in the final composite)
appropriare amount were used:

-For a 1% SiC/PVP composite, use 1g of SiC per 100g of the final composite weight.

- For a 2% SiC/PVP composite, use 2g of SiC per 100g of the final composite weight.

- For a 3% SiC/PVP composite, use 3g of SiC per 100g of the final composite weight.

To get final nanocomposite materials, SiC powder to the PVP solution slowly while stirring
continuously. This step is crucial for achieving good dispersion of SiC in the PVP matrix. After the
SiC is well dispersed, continue stirring the mixture for an additional 30 minutes to 1 hour at room
temperature to ensure uniform distribution. Once the SiC is uniformly dispersed in the PVP
solution, cast the composite onto a mold or a flat surface (such as a glass or silicone plate) for
drying. To Allow the solvent to evaporate, this can be done by letting the solution air dry at room
temperature or in a drying oven at a low temperature (e.g., 50-60°C) for a few hours to remove the
solvent completely. Synthesis process of SiC/PVP composite materials are demonstrated in Figure
1.

\V
1%Si/PVP
2%Si/PVP ——_—— . o
3%Si/PVP / ﬂ\
Figure 1. Synthesis process of different percentage of SiC/PVP nanocomposite materials

After the synthesis of the samples is completed, Scanning Electron Microscopy (SEM) will

use to determine their dispersion, X-ray diffraction (XRD) to determine the degree of crystallinity
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and phase, and Fourier Transform Infrared Spectroscopy (FTIR) to determine the chemical

interaction between SiC and PVP. To assess the thermal stability of the composite

Thermogravimetric Analysis (TGA), to evaluate the tensile strength, flexibility, or hardness of the

composite, depending on the intended application Mechanical Testing is planned to be carried out.
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SiC/PVP NANOKOMPOZIT MATERIALLAR UCUN ISTEHSAL TEXNOLOGIYALARI
Cafarov M., Qahramanh L., Mahmudova T.

Xiilasa: Bu tadgiqatda, SiC/poli(vinilpirolidon) (PVP) kompozitlori 1%, 2% va 3% SiC torkiblori ilo sintez
edilmis vo onlarin morfologiyasi, strukturu, kimyavi qarsiliql tosirlari, istilik dayanmiqhgi vo mexaniki
xtisusiyyatlori SEM, XRD, FTIR, TGA vo mexaniki testlor vasitasilo tohlil olunmugdur. Naticalor SiC/PVP
kompozitlarinin yiiksak performansii tatbiglor ii¢tin uygun oldugunu géstorir.

Acar sozlar: Silisium karbid, polivinilpirolidon, nanokompozitlar, sintez prosesi

TEXHOJIOI'M N3TI'OTOBJEHUSA HAHOKOMITIO3UTHBIX MATEPHUAJIOB SiC/PVP
HMxadapos M., Kaxpamanasl JI., Maxmynosa T.
Bbaxkunckuii I'ocynapcTBeHHbINH YHUBEpPCUTET

Abcmpakmnuplii: B 0annou pabome Ovinu cunmesuposanvl komnosumut SiC/noau(eununnuppoauoon) (I1BI1)
¢ cooepoicanuem SiC 1, 2 u 3 %, ux mopghonozus, cmpyxmypa, Xumuieckue 83aumooeticmsaus, mepmuieckas
cmabdburbHOCMb U Mexanuyeckue ceovicmea oviau oxapaxmepuzosarvt memoodamu SEM, XRD, FTIR, TGA u
Mexanuyeckue CeoUcCmea AHATUUPYIOMC NOCPedcmeom uchvimanuil. Pesynbmamor nokasviearom, wmo
xomnosumwl SiC/PVP nooxoosm 0751 8b1COKONPOU3E00UMENbHBIX NPUMEHEHULL.

Knroueswvie cnosa Kap6u0 KpEMHUA, nOﬂueuHuﬂnuppOﬂudon, HAHOKOMno3uniel, npoyecc cunmesa
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TEYT TONLIYi VASITOSILO MAYELORIN P — V — T ASILILIGININ ARASDIRILMASI
Aslanov H.A., ibrahimli A.B.
Azarbaycan Dovlat Pedaqoji Universiteti
huseynaslan@yahoo.com.

avaunibrahimli@yahoo.com

Xulasa:Toqdim edilon isdo Teyt tonliyinin vasitesilo maye formiatlarin P —V — T asililigt miiayyan
edilmigdir. Teyt tonliyi vasitasilo maye formiatlarin sixliglart ilo temperatur vo tazyiqdon asili olaraq
qiymatlori hesablanmigdwr. Hesablanmus giymatlarla tacriibi qiymatlor arasindaki xata +0,2% olmusdu.
Acar sozlar: Teyt tanliyi, maye formiat, temperatur, tozyiq.

Malumdur ki, mayelsrin P —V — T asililigin toyin etmok ugun hal tonliklorindan istifads
edilir. Umumi sokilda mayelorin hal tanliklorini asagidaki sokilda yazmaq olar.

p=f(PT) (1)

Real qazlar {igiin yazilmis Van — der — Vaals tonliyinin asagidaki sokildo olan formasi

(modernzas edilmis) mayelorin P — V — T asililigin1 yazmaga imkan verir [1]:
_RT a(T)

V—b (V+Kb)(V+K,b)
haradaki K; = 0; K, = 1, a = 0,4275R?T? /Py, P, Vo T, uygun olaraq bdhran tozyigi vo bohran

p (2)

temperaturudur.
Empirik tonliklor sirasinda Teyt torafindon toklif edilon termik tonlik xtsusi shomiyyat kasb
edir [2 — 4].

_ (a_V) __ 3)
0P/ B(T)+ P’
haradaki C = constpr , B(T) = constp.

Teyt tonliyinin digoar tonliklordon stiinlityii ondadir ki, bu tonliyin omsallarinin fiziki
monasi vardir. Ilk dofo bu tonlik Teyt torafindon donizin muxtolif datinliklorinds temperaturu
6lgmoak ticlin suyun, siisonin Vo Civonin sixilma omsalini tayin etmok Ugiin istifads edilmisdir vo
onun formasi asagidaki kimi olmusdur:

V-V 1V A "
(P — Py)V, VoAP 11+ (P —Py)’
burada P, — normal soraitdoki tozyiqi; V, —normal tozyiqdoki tomiz suyun hacmini; A vo IT —iso
tocriibodon mioyyon edilon parametrlordir.
Hal — hazirda miiasirlogdirilmis Teyt tonliyi asagidaki kimi yazilir.

P = Po B+P)
Do B + P,

burada C va B temperaturun funksiyalar1 oldugu tigiin (5) tonliyi Mayelarin hal tonliyi adlanir.

- cm( (5)

Bizim torafimizdan Teyt tonliyinin kdmayi ilo maye formiatlar ti¢lin asagidaki kimi hal tonliyi
tortib edilmisdir:
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(6V) B A .
oP)r B+P (®)
(6) tonliyindoki A vo B omsallar1 V — P kordinatlarinda (Z—Z) —ni bltun tocribi izotermlorin
T

tozyigdon asililigina osasan toyin edilmisdir. Miioyyon edilmisdir ki, formiatlar ii¢lin biitiin

opP

izotermlorda (
v

) — P kordinatlarinda diiz xatlor soklinds olur. Har izoterm Gglin A vo B omsallari
T

miayyan edildikdon sonra bu omsallar bitévlikds asagidaki kimi ifades edilmisdir:

2 2
A=ZaiT";B=ZbiT" (7)
i=0 i=0

soklinds toyin edilmisdir. Har bir maye formiat Gglin a; vo b; amsallari toyin edilmisdir. (6) va (7)
ifadolorinin vasitesilo maye formiatlarm P —V —T asiliiginin tacribi giymotlordon konara
cixmasi +0,2% toskil edir.
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sKkcniepuMeHTaIbHBIM JaHHBIM. 13B. BY30B CCCP, Hedb uras, 1975, Ne§, ¢. 57-60.
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4. I'pexos JI.B., MapkoB B.A., ApcenoB H.A. Onpeznenenne KOHCTaHT YpaBHEHUE COCTOSHUS IS

pacuera ynpyrux CBOMCTB pa3IMYHBIX MOTOPHBIX TOIUIMB U TEXHUYECKUX JKUKOCTEH.

HUCCJIEJOBAHMUE P -V - T 3ABUCUMOCTH ) KUJIKOCTEM C HCITIOJIb30BAHUEM
YPABHEHUS TENTA.

AcaanoB I'. A., UOparumin A. b.
A3zepobaiikanckuii I'ocynapcrBennbiii Ilenaroruueckuii YHuBepcuTeT

Pe3rome: B npeocmasnennou pabome P-N-T-3asucumocmo scudxkux ¢popmuamos onpeoensinacy ¢ NOMOUWbIO
ypasrenus Tetima. C nomowio ypasuenus Tetima ObLiu paccyumaHvl NIOMHOCHU HCUOKUX PopMUamos u
UX 3HAYeHUs 8 3aeucumMocmu om memnepamypvl u oaenenus. IlocpewiHocmv Mmedncdy pacuemubiMu
BHAYEHUAMU U IKCHEPUMEHMATbHBIMU 3HAYeHuAMYU cocmasuaa +0,2%.

Knrwouesvie cnosa: ypasnenue Tetima, scuokuii popmuam, memnepamypa, 0agieHue.

STUDY OF P -V — T DEPENDENCE OF LIQUIDS USING THE TATE EQUATION.
Aslanov H. A, Ibragimli A. B.
Azerbaijan State Pedagogical University

Summary: In the presented work, the P-V-T dependence of liquid formates was determined using the Tate
equation. Using the Tate equation, the densities of liquid formates and their values as a function of
temperature and pressure were calculated. The error between the calculated values and experimental values
was +0.2%.

Key words: Tate equation, liquid formate, temperature, pressure.
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FeNi BIMETAL NANOHISSOCIKLORININ SEM vo EDS ANALIZI.
Calilova 9., Haciyeva F.
Baki Dovlat Universiteti

efsanecelilova521@gmail.com, flora_1985@mail.ru

Nanodlcult domir nanohissaciklari mikrodlculi domir hissaciklarindan forgli olaragq boyik
xususi sotho malikdir. Fe nanohissaciklari mikrohissaciklordon fargli tamamils yeni, fiziki, kimyoavi
xususilo do katalitik xassalora malikdir. Fe nanohissaciklori adi domirdan forgli olaragq kimyoavi
reaksiyalar1 bir nego dofa ¢ox suratlo bilorlor. ©dabiyyat analizlori zaman1 miisyyon edilmisdir ki,
damir nanohissaciklarin sathins ikinci metal daxil etdikds, onlar havada daha stabil olur [1-4].

Toqdim olunan igdo FeNi asash bimetal nanohissaciklori sintez edilmis vo qurulusu SEM vo
EDS analizi vasitasi ilo todqiq edilmisdir. Bimetallik nanohissaciklorin alinmasi iso asagidaki kimi
aparilmisdir:0,1M Fe® * mohlulu 30 ml 0,5% natrium oleat mohlulu ilo qarisdirilmisdir. 500 fir/dag-li
maqnit qarigdirici tizorinds intensiv garismaya moruz edilmisdir. 15 daq sonra ikinci metalin (Ni va Fe)
duzlarinin miixtalif miqdarlari olave edilmisdir. Paralel olaraq 100 ml 0,3 M natrium tetrahidroborat
mohlulu hazirlanmig vo damci1 dame1 domir mohluluna daimi qarigma soraitinds slavs edilmisdir. Biitiin
reaksiyalar otaq temperaturunda v azot mihitindo apartlmigdir. Qarigiq natrium tetrahidroborat alave
olunandan sonra daha 10 doqige arzinds magnit qarigdirici tizorinds reaksiyanin tam bitmosi ¢ln
saxlanmigdir. Reaksiya daxil olmayan ionlarin konarlasdirilmasi iigiin sintez olunan nanohissaciklor 3
dofo tomiz etil spirti ilo yuyulmusdur. Bimetal nanohissaciklorinin alinma reaksiyalarini asagidaki kimi
tosvir etmok olar:

Fe3* + 2BH4™ + 6H20 — Fe + 2B(OH)s + 7H21 (1)
X + 2BH4™ + 6H20 — X% + 2B(OH)3 + 7H21 (2)
X - Cu®*, Ni?*

Fevo FeNi nanohissaciklorinin skanedici elektron mikroskopik analizlori aparilmigdir.
Nanohissaciklorin SEM tosvirlori JEOL JSM-7600 F (Yaponiya istehsali) markali elektron
mikroskopunda sldo edilmisdir. Miisyyan edilmisdir ki, tamiz domir hissaciklori 40-80 nm 6l¢uds
vo sferik formadadirlar. Bir-biri ilo tomasda olan nanohissaciklor, kKimyavi birlosms vo ya magnit
cazibasina gora zancirvari strukturlar omals gatirir. SEM analizi zamani toyin olunmusdur ki, FeNi
bimetal nanohissaciklorinin orta 6l¢tlori 10-30nm togkil edir. Gorilindiiyti kimi ikinci metal slava
edildikdo bimetallik nanohissaciklorin 6l¢tlori monometallik domir hissaciklori ilo migayisads
ohomiyyatli dorocods azalmisdir. Bu onunla izah edilir ki, ikinci metal olavo etdikdo hamin metal
domirin sathini 6rtarok bdyumaya qoymur va belaliklo domiri oksidlogsmaya qarsi daha sabit hala
gatirir. Fe vo FeNi nanohissociklorinin enerji dispersiya analizi aparilmisdir (EDS) vo mioyyan

edilmisdir ki, hissaciklor mohz Fe vo FeNi hissaciklorine maxsusdur.
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SEM and EDS ANALYSIS OF FENI BIMETALLIC NANOPARTICLES.
Jalilova A., Hajiyeva F.

Abstract: It was determined that the pure iron particles are 40-80 nm in size and spherical in shape.
Nanoparticles in contact with each other form chain structures due to chemical bonding or magnetic
attraction. During the SEM analysis, it was determined that the average size of FeNi bimetallic
nanoparticles is 10-30 nm. As can be seen, the size of the bimetallic nanoparticles was significantly reduced
when the second metal was added compared to the monometallic iron particles. This is explained by the fact
that when a second metal is added, that metal does not grow by covering the surface of the iron, thus making
the iron more stable against oxidation. Energy dispersive analysis (EDS) of Fe and FeNi nanoparticles was
performed and it was determined that the particles belong to Fe and FeNi particles.

Key words:iron, nickel, bimetal, SEM

COM u 3/IC-AHAJIN3 BUMETAJUVIMYECKUX HAHOYACTHMHII FeNi.
JlxxammaoBa A., N'apxueBa @.

AbcmpakmHubstil: YcmanogieHo, Yymo 4acmuybl Yucmoeo dicenesa umerom pasmep 40-80 um u cghepunecxyro
@opmy. Hanouacmuywl, xonmaxmupys opye ¢ 0pyeom, 00pasyiom yenHvle CMpyKmypbl 3a C4em XumMu4ecKoll
C653U UMU MacHumHno20 npumsicenusi. B xooe COM-ananuza 6vino onpedeneno, umo cpeouuil pasmep
oumemaniuyeckux Hamowacmuy FeNi cocmaensem 10-30 wnm. Kax mooicno eudems, pazmep
OUMEMANIUYECKUX HAHOYACTIUY 3HAYUMENbHO YMEHbUWANCA Npu  000AGIeHUU 6MOpo20 Memanid no
CPABHEHUIO C 4acmUuyamy MOHOMEMALIUYECK020 dcene3d. Dmo oOviACHAemcs meM, Ymo npu 0006asieHuu
8MOPO20 MEMANLA IMOM MEMAILL He pacmen, HOKPbLEAsi NOBEPXHOCMb Jicene3d, Ymo delaem dicene3o boee
yemouuugslm K okucienuro. Ilposeden snepeooducnepcuonnviii ananus (3/C) nanouacmuy Fe u FeNi u
YCMAHOBIEHO, YUMo Yacmuybl npuraonexcam xk vacmuyam Fe u FeNi.

Knrueewie cnoesa:owceneso, nuxenn, oumemann, COM
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PROPILFORMIATIN DINAMIK OZLULUK OMSALININ ONUN TERMIK
XASSOLORINDON ASILILIGI.
Aslanov H.A., ibrahimli A.B.
Azarbaycan Doévlat Pedaqoji Universiteti

huseynaslan@yahoo.com.

aygunibrahimli@yahoo.com

Xulasa:Taqdim edilon isdo propilformiatin P —V — T asitliligimin tocriibi giymatlarinds asasan izobarik
genislonma Vo izotermik sixilma amsallart hesablanmisdir. Alinan naticalarlo propilformiatin  dinamik
0zlUl0k amsali arasinda asililig miiayyon edilmigdir. Bu asililigin vasitaSila propilformiatin 6zLilliyii + 2%
xata ila miayyan etmak miimkiin olmusdur.

Acar sozlar: Propilformiat, maye, dinamik ozliliik, izobarik genislonma, izotermik sixilma, tazyiq.

Mayelorin dinamik ozlUldyunin istilik — fiziki xassolordon asililigi bir sira elmi
aragdirmalarda ugurla oyronilmis vo tocribi naticalorlo tesdigini tapmisdir [1]. Belo bir elmi
todqigat isi aparmagq tigtin mayelarin dinamik 6zIUltk samsali vo P — V — T asililigi malum olmalidir.

Elmi isds todqgiq edilon propilformiatin dinamik 6zliiliik amsali vo P — V — T asililig1 genis
temperatur vo tozyiq intervalinda boyiik dagiqliklo tocriibi olaraq todqiq edilmisdir [2].

Toadqiqat zamani biz

Pr
Npr =MNr + a? (D

tonliyindoan istifado etmisik. Burada:
npr — propilformiatin maye halinda miixtslif temperatur va tozyiqdoki dinamik 6zIGlik omsal;
nr — propilformiatin atmosfer tozyigindoki buxarmin (qaz hali) dinamik o6zlilik omsalinin
temperatur asililigy;
P — maye halindaki butilformiatin termik tozyiqi;
a — butilformiatin (1) asililiginin ayrisine asason mioayyan edilon sabitdir.
Propilformiatin termik tozyigini P — V — T — asililigina osason asagidaki termodinamik

asililiga géra miayyen edilmisdir.

aP) -7 (%)p _ T“P
T

AN

(2) tonliyinds P; — maye formiatin daxili tozyiqi, P — xarici tozyiqi, ap —propilformiatin sabit

Pr=1( =P +P @

tozyigdoki hacmi giinislonms amsali, S —propilformiatin sabit temperaturdaki sixilma amsali, T —
iso miitlag temperaturdur.
Propilformiatin P —V — T asililigina asasan barabar temperatur vo tozyiglordo ap vo B —

nin hesablanmis qiymatlori cadval 1 vo 2 — do verilmisdir.
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Propilformiatin izobarik genislonmo ap Vo izotermik sixilma fr omsallarinin miioyyon
etdiyimiz giymatlorinas asason (1) tonliyi
p
An=npr—nr=f (_) 3)
Br
asitlihigt miioyyon edilmisdir. Aldigimiz asililiga osason propilformiatin istonilon tozyiq ve
temperatur

intervalinda dinamik ozlilik omsalinin hesablamaq miimkiindiir. (3) tonliyina asasan
propilformiatin dinamik 6zlilikk amsalinin hesablanmis giymatlori ilo tacriibi giymatlori arasindaki
forg ortalama +2% toskil edir.

Cadval 1. Propilformiatin sabit tozyiqdoki hocmi giinislonmo omsahap - 106, k1.

P, MPa T, K
300 325 350 375 400 425 450 475 500
0,1 1238 1535 1978 2218 2711 - - - -
5 1179 1453 1670 1829 2004 2343 3173 5576 15504
10 1124 1380 1574 1708 1841 2096 2680 4126 8232
20 1028 1256 1422 1525 1616 1781 2145 2934 4690
30 945 1155 1304 1392 1463 1586 1849 2389 3479
40 874 1071 1210 1291 1352 1451 1658 2068 2852
50 812 999 1133 1211 1267 1352 1522 1852 2463
60 757 938 1068 1146 1196 1274 1420 1697 2196
70 708 885 1013 1091 1144 1212 1340 1578 1999
80 663 837 966 1045 1098 1162 1276 1485 1849
90 624 795 924 1005 1058 1119 1223 1408 1728
100 588 757 887 970 1025 1083 1178 1345 1630
Codval 2. Propilformiatin sabit temperaturdaki sixilma omsalify - 107, bar™1.
P, MPa T, K
300 325 350 375 400 425 450 475 500
0,1 922 1370 1897 2625 - - - - -
5 947 1284 1737 2329 3119 4284 6449 12413 45475
10 904 1208 1600 2092 2710 3559 4955 8018 17790
20 831 1081 1386 1743 2158 2676 3423 4749 7685
30 769 979 1225 1499 1800 2154 2629 3392 4847
40 716 896 1099 1317 1548 1807 2141 2644 3528
50 670 826 998 1176 1359 1559 1808 2169 2769
60 630 767 914 1063 1212 1372 1567 1839 2277
70 595 717 844 971 1096 1227 1383 1598 1933
80 564 672 784 893 1000 1110 1239 1413 1678
90 536 634 733 828 920 1013 1122 1266 1483
100 511 599 688 772 852 933 1025 1148 1328

Mayelorin dinamik 6zIlilik omsalinin tocriibi toyini tisullarmin bu giino olan dagiqgliyinin

+ 1,5% oldugunu nazors alsaq alinan naticanin shamiyyatli oldugunu demok olar.
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DEPENDENCE OF THE DYNAMIC CHARACTERISTICS COEFFICIENT
OF BUTYL FORMATE ON ITS THERMAL PROPERTIES

Aslanov H. A., Ibragimli A. B.

Summary: In the presented work, the coefficients of isobaric expansion and isothermal compression were calculated in
the experimental values of the P-V-T dependence of propyl formate. The relationship between the obtained results and
the coefficient of dynamic viscosity of propyl formate was determined. From this dependence it was possible to
determine the viscosity of propyl formate with an error of +2%.

Key words: propyl formate, liquid, dynamic viscosity, isobaric expansion, isothermal compression, pressure.

3ABUCUMOCTD KOO®OPUIUEHTA JUHAMNYECKUX XAPAKTEPUCTHUK
BYTUJI®OPMHUATA OT EI'O TEILIOBbIX CBOMCTB

AcaanoB I'. A., UOoparumin A. B.

Pe3tome: B npeocmasnennol pabome Kodgh@uyuenmol u306apHO20 pACUUPEHUSA U U30MEPMULECKO20 CHCAMUS ObLIU
paccuumanvl 8 9SKcnepumeHmanvHulx suauenusx P-V-T 3asucumocmu nponungopmuama. Onpedenena céa3b
NONYYEHHBIX Pe3VAbIMAMO8 ¢ KOIPPuyueHmom ouHamuyeckol easxocmu nponuigopmuama. Ilo samoii 3agucumocmu
Y0anocs onpedenums 8A3K0Ccmy nponungopmuama c noepeutnocmoio +2%.

Knrwouesvle cnosa: nponuigopmuam, scuokocms, OUHAMUYECKAS A3KOCMb, U300apHOe pacuiupenue, U30mepmuiecKoe
colcamue, 0agneHue
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MECHANISMS OF DEFECT FORMATION ON THE NANOCRYSTALLINE 3C-SIC
PARTICLES UNDER NEUTRON IRRADIATION
Eminova A.R.
Baku State University

Abstract: Nanocrystalline cubic silicon carbide (3C-SiC) is a key material for high-radiation environments,
such as nuclear reactors, due to its resistance to radiation damage. Its grain boundaries act as defect sinks,
mitigating damage and preserving the crystalline structure. However, prolonged neutron exposure can cause
defect clustering, leading to localized amorphization and mechanical degradation. This study examines
defect mechanisms in 3C-SiC, advancing the design of durable, radiation-hardened materials for next-
generation nuclear technologies.

Keywords: Nanocrystalline 3C-SiC, neutron irradiation, defect mechanisms, radiation-hardened materials,
nuclear technologies

Over the past few years, nanocrystalline cubic silicon carbide (3C-SiC) particles have become
a focal point of research [1-3]. Nanocrystalline 3C-SiC is a promising material for high-radiation
applications, including advanced nuclear reactors and fusion systems, due to its remarkable
resistance to radiation-induced damage [1-3]. Under neutron irradiation, atomic collisions generate
primary knock-on atoms (PKAs), which trigger displacement cascades that form a variety of
defects, such as vacancies, interstitials, and antisite defects. These defects disturb the crystalline
lattice, impacting the material’s thermal, electronic, and mechanical properties. However,
nanocrystalline 3C-SiC benefits from its high density of grain boundaries, which act as powerful
defect sinks. Grain boundaries efficiently absorb and facilitate the recombination of mobile
vacancies and interstitials, reducing defect buildup within grains and preserving the crystalline
structure. This sink behavior helps minimize volumetric swelling, maintains structural integrity, and
mitigates amorphization that would otherwise compromise material performance under irradiation.

While nanocrystalline 3C-SiC demonstrates significant resistance to radiation damage,
prolonged and high-dose neutron exposure can still lead to defect clustering, especially at or near
grain boundaries. Over time, this accumulation can result in localized amorphization, grain
boundary embrittlement, and eventual degradation of mechanical properties, such as fracture
toughness and hardness. These effects highlight the importance of optimizing grain size and
distribution to balance radiation tolerance with long-term stability. By investigating the mechanisms
of defect formation, migration, and interaction in nanocrystalline 3C-SiC, this study advances our
understanding of how to design and utilize materials with enhanced resilience, ensuring that they
retain their functionality and stability in extreme environments. This research contributes to the
development of durable, radiation-hardened materials essential for next-generation nuclear and
high-radiation technologies.
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NEYTRON SUALANMASININ TOSIRi ALTINDA 3C-SiC NANOKRISTALLARINDA DEFFEKT
OMOLO GOLMO MEXANIZMLORI

Eminova A.R.

Xulasa:Nanokristalin kubik silisium karbid (3C-SiC) hissaciklorinin radiasiya defektlorina gars: yiiksak
mugavimata malik oldudu Ugln niiva reaktorlar: kimi yiiksak radiasiyali miihitlor UgUn asas materialdir.
Onun gofas qurulusu va onun hiidudlart defektlori yumsaldaraq va Kristal qurulusunu goruyub saxlayaraq
qiisur yuvast kimi ¢ixis edir. Bununla bela, neytronlarla uzun muddaz siialanma defekt gruplasmasina sabab
ola bilar ki, bu da lokal amorfizasiyaya vo mexaniki deqradasiyaya sabab olur. Bu tadgigat, 3C-SiC-da
defekt mexanizmlorini arasdiraraq, golocok nasil niva texnologiyalart iiciin  davamli, ionlasdirict
siialanmaya dayaniqh materiallarin dizaymint inkisaf etdirmaya fokuslanmigdur.

Acar sOzlar: Nanokristal 3C-SiC, neytron gsiialanmasi, defekt mexanizmlori, radiasiyaya dayanigh
materiallar, niiva texnologiyalar

MEXAHU3MbI JE®PEKTOOBPA30OBAHUS HA HAHOKPUCTAJUVIMUECKHUX YACTHUIAX
3C-SiC NP HEUTPOHHOM OBJYYEHUUA

IMuHoBa A.P.

Pesrome: Hanoxpucmannuueckuii kyouueckuii kapouo kpemuusi (3C-SiC) siensemcest Kiouesbim Mamepuaiom
07151 Cped ¢ BbLICOKUM YPOBHEM PAOUAYUL, MAKUX KAK s0epHbie peakmopbl, 01a200aps c8oell YCMOu4UgoCmu K
paouayuonHomy nospedsicoenuro. Eco epanuyvl 3epen oeiicmeytom kax noziomumenu O0eghekmos, cmscuas
noBpedcOeHUs U COXPAaHAs KpUcmaniuveckyro cmpykmypy. Oonaxo onumenvroe 6030elcmale HellmpoHos
Modicem  @bl36amb  KIACMEPU3ayuio 0ehexmos, 4mo Npugooum K JOKAAUZ08AHHOU amopduzayuu u
Mexanuueckou deepadayuu. B smom uccrnedosanuu usyuaomes mexanusmol depexmos ¢ 3C-SiC, npoosueas
paspabomky NPOYHBIX, PAOUAYUOHHO-YNPOUHEHHBIX MAMEPUANO8 Ol A0ePHbIX MEXHOI02UU Cledyioue2o
NOKOJIeHUSL.

Knwueevie cnosa: Hanoxpucmannuueckuii 3C-SiC, HelimponHoe o00nyyeHue, Mexanusmvl Oepexmos,
PAaouayuUoOHHO-CIMOKUe MaAMePUabl, 10epHble MeXHON02UU.
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IV BOLMO
FiZIKANIN TODRISI METODIKASI

INTERAKTIV MOKTOB FIZIKA EKSPERIMENTLORI
Orucov V.O., Valibayova G.S.
Azarbaycan Dovlat Pedaqoji Universiteti
vidadi_orucov@mail.ru, ftmkafedra@gmail.com

Miiasir diinyada globallagsma prosesi biitiin 6lkalords tosirini gostorir. Xususilo tohsil sistemi
bu yeniliklara an siratli reaksiya veran saho olmagla yanasi, bazon do globallasma prosesini idara
edon amila cevrilir. Bu giinkii comiyyat, mazunlardan yuksak praktiki tocriiba, giiclii peso biliklori
Vo davamli 6ziinliinkisafi talob edir. Bu taloblora uygun olaraq, Azarbaycan Respublikasinin Tohsil
Nazirliyinin 21 avqust 2020-ci il tarixli 381 sayli omri ilo tosdiq olunan “Bakalavriat saviyyasinin
050105 - Fizika muoallimliyi” ixtisasi tizro Tohsil Proqrami, fizika miosllimlori Gg¢ln yeni Gmumi
kompetensiyalar mioyyoan edir:

”- Komandada is, problemin hallino ortaq yanagmaya nail olmaq qabiliyyatins;

- Yeni soraito uygunlagmag, togabbiis irali siirmok gabiliyyatine vo ugur qazanmaq iradosing

-Is yerindo informasiya texnologiyalarindan istifads etmok qabiliyyatine.” vo sair

Tohsil Programinda mozunlarin yiyslonmali olduglar1 kompetensiyalar da geyd olunur:”

- Fiziki miigahido, tocriibo vo eksperimentlorin mahiyyatini bilmak, onlardan notico ¢ixarmaq
va ¢1xan naticalori tohlil etmak bacarigina;

- Fizika iizro qazanilmis bilik, bacariq vo vordislora uygun olaraq problemlorin hallinds istirak
etmoays hazir olmaq bacarigina. (Azarbaycan Respublikasinin Toahsil Nazirliyinin 21 avqust 2020-Ci
il tarixli 381 sayli omri)

Miiasir moktoblorimizde Fizika miiolliminin hazirlanmasinda vo yuxarida geyd olunan
kompetensiyalarin formalasdirilmasinda moktob fizika eksperimentlorinin rolu avazsizdir. Tolimin
mogsadi yalniz mévzunun mahiyyotini dyrotmok deyil, hom do sagirdlordo bacariq vo vordislor
inkisaf etdirmokdir. Fiziki hadiso vo proseslorin miisahidosi sagirdloro daha dorindon biliklor aldo
etmays imkan verir. Bu mogsadlo moqsadyonlii eksperimentlor hoyata kecirilir. Moktab fizika
eksperimenti, todris prosesinin miithiim elementi olaraq, sagirdlora fiziki hadisoloro dair hortorofli
biliklor oldo etmoyo, onlar1 digor tobist hadisslori ilo slagolondirmays vo miisahido, 6lgmo aparmaga
imkan yaradir.

Moktab fizika eksperimenti, fizika biliklorinin dyronilmasinds vo miisllim hazirliginda genis
imkanlar toqdim edon etibarli metodlardan biridir. Bu metod daima inkisaf edir, yenilikloro agiqdir

vo tokmillagir. Yeni avadanliglar vo elmi-pedaqoji yeniliklor sayosindo daha da zonginlosir. Fizika
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eksperimentlori dorsdos fiziki hadisolorin xiisusi avadanliglarla tokrarlanmasini tomin edir vo elmi
todqiqat metodunu oks etdirir. Sagirdlor, eksperimentin ardicillig1 ilo yeni biliklor kosf edorok
tocriibi bacariglar qazanirlar. Miiasir informasiya texnologiyalarinin istifadssi, tolimin magsading vo
metodlarina tosir edorok dyronmo prosesini daha interaktiv vo calbedici edir. interaktiv 16vhalor,
kompiiterlor vo digor miiasir avadanliqlar fizika eksperimentlorinin hoyata kecirilmosino yeni
imkanlar acir. Bu avadanliqlar fizika todrisini daha dinamik vo interaktiv edir. Interaktiv 16vholor,
misllimlore fiziki fenomenlori vizual sokildo niimayis etdirmoys imkan verir. Kompiiterlor vo
digital media vasitolori simulyasiyalar vo eksperimentlorin analizini asanlagdirir. Eyni zamanda,
eksperimentlor tolobolorin todqiqat bacariglarini inkisaf etdirir, analitik diisiinmo qabiliyystini
giiclondirir vo elmi yanagmani1 formalasdirir. Tolobalor fizika hadisslorini gororok nozori biliklori
praktiki sokilds totbiq edirlor.

Miiasir moktab fizika eksperimenti metodlari, dorslorda tolobslorin faal istirakini artirmaq vo
onlarin fiziki hadiso, ganunlarla bagli anlayislarin1 dorinlogdirmok moaqsadi giidiir. Bu mogsadlo an
cox istifado olunan miiasir moktab fizika eksperimenti novlorino agsagidakilar daxildir:

1. Fiziki fenomenlorin simulyasiyasi, real hoyatda bas veron hadisoalorin kompiiter vasitosilo
modellasdirilmasi va tokrarlanmasidir.

2. Miuollimlorin fiziki prinsiplori interaktiv formada toqdim etmosi, tolobslorin miizakiroyo
gosulmasi iigiin daha genis imkan yaradir.

3. Tolobalorin fizika prinsiplorine asaslanan 6z layiholorini hazirlamasi, moasslon, giinos enerjisi ilo
isloyon model qurgularin hazirlanmasi.

4. Fizika prinsiplorini oyun formatinda toqdim edon faaliyyatlor. Masolon, yarigmalar.

5. Tolobalors 6z se¢diklori mévzuda todqiqat aparmaq imkani verilmasi.

Tolim prosesindo Moktob fizika eksperimentinin daha somarali vo noaticoyonlii olmamasina sabob
olan bir sira ¢catismamazliglar holo do qalmaqdadir:

1. Resurslarin mahdudlugu: Maktablordo Fizika eksperimentlorin aparilmasi {igiin tolob olunan
avadanliq, materiallarin vo uygun miihitin olmamasi.

2. Miidllim hazirh@:: Misllimlorin eksperimentlorin kegirilmosi iizro is tocriibosinin yetorli
olmamasi. Fizika eksperimentlorinin digor fonnlorlo inteqrasiya edilmosindoki ¢otinliklor,
interdissiplinar yanagsmanin hayata kegirilmomasi:

3. Qruplardaki talobalarin forqliliklori: Tolobolorin bilik soviyyalori vo dyronma torzlori forqli
olduguna goro eksperimentin noticolorinin istirak edon tolobolorin hamisi {i¢iin effektiv

olmamasi;
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INTERACTIVE SCHOOL PHYSICS EXPERIMENTS
Orujov V.0., Velibeylova G.S.

Abstract: One of the most common criticisms of physics teachers in the modern world is their insufficient
competence in conducting physical experiments. This article clarifies the issues that hinder the effectiveness
and efficiency of school physics experiments in the educational process, and explains the most widely used
modern methods and their advantages.

Keywords: school physical experiments, interactive learning methods, teachers.

HUHTEPAKTHUBHBIE HIKOJBbHBIE ®U3UYECKHUE DKCIIEPUMEHTbI
Opyn:xoBB.O., Beainoekosa I'.C.

Annomayus: OOHOU U3 CAMbIX PACNPOCMPAHEHHBIX KPUMUK 8 adpec yuumenel (QU3UKU 8 CO8PEMEHHOM
Mupe A61Aemcs UX HeOOCMAMOYHASI KOMNEMEHMHOCMb 68 Npo8edeHUU QuauUyecKux sKcnepumenmos. B
cmambve paccmMampugaromes Hpoo.IeMbvl, KOMopvle npensimcmeayiom @ exmugnocmu u pe3yibmamueHoCmu
UIKOILHBIX (QU3UYECKUX IKCHEPUMEHMO8 8 YHeOHOM npoyecce, a makdice 00BbACHAIOMCSA Haubolee 4acmo
UCNOb3YeMble COBPEMEHHbIE MEMOObl U UX NPeUMyuecmada.

Knwuesvie cnosa: wikonvhvie qbu3uuecxue IKCnepumenmal, Memoovl UHMEPAKMUBHO20 O6y‘l€HMﬂ, yuumeris.
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METO/UKA ITPENOJIABAHUS ®U3UKHU B CPEJJTHEN IIKOJIE C
HCIIOJIb30BAHUEM KOMITBIOTEPHBIX TEXHOJIOT Ui
T'acanoB O.M., Anre3asnona X. A.
A3zepOaiikanckuii I'ocynapcrBennbiii [lenarornuecknii Y HuBepcurer

19590ktay@mail.ru, xatirafizik@mail.ru.

Annomayusa. OOHUM U3 2/IABHLIX ACNEKMO8 BOCNUMAHUS U PA38UMUS NOOPACMAIOWe20 NOKOLEHUs 6
npoyecce 0OyueHuUs: A6IeMCs UHMELIEKMYalbHoe pa3gumue WKOIbHUKO8. B nacmosuee epems obvem u
VPOBEHb CONHCHOCU UHDOpMAYUU, NPEOIA2aAeMOU WKOALHUKAM 018 YCEOEHUsl, NOCMOAHHO Y8eaudU8aemcs,
NOMOMY HPOYeCcC UHMENIEKMYANbHO20 pazeumus yuawuxcs mpeoyem unmencuguxayuu. Oonum uz nymei
NOBbIUEHUSL UHMEHCUBHOCU 00YYeHUs ABNIAEMCA UCNOIb308AHUE KOMNBIOMEPHBIX MEXHOIO0UU.

Knwouesvie cnosa: komnviomepHvle MEXHONO2UU, INEKMPOHHBIUL YUeOHblll MOOYIb, IPHeKmusHOCIb
KOMNbIOMEPHBIX MOOeell, y4eOnbvlll 010K, OUHAMUYECKAs KOMNLIOMEPHASL MOOEb.

[Tpy mpaBUIIBHOM HCHOJNB30BAaHUM KOMIBIOTEPHBIX TEXHOJOTHH OHM OOECTeYMBAIOT IIEJIbIH
PSI IPEUMYIIECTB MIepe]] OOBIYHBIM CIOCOOOM 00yUeHUS:

1. wHIMBMAYyanu3anus ydyeOHOTO Tpolecca MO COJACPXKAHWI0, 00BEMY U TEMITaM YCBOCHUS
y4eOHOro MaTepuania;

2. aKTUBU3ALMs yYalIUXcs PH YCBOSHUH yueOHOH nH(popMaluu;

3. moBbleHue 3 (HEeKTUBHOCTH HCTIONB30BAHMS YUeOHOTO BPEMEHH;

4. TONOXUTENbHAs MOTHBAIHS O0YUYCHHUS 32 CUET KOM(POPTHBIX ICHXOJOTHUECKUX YCIIOBHMA
paboThI yyamerocsi, 00beKTUBHOCTH OIICHKH,

5. H3MEHEeHHe XapakTepa TpyJa I[penojaaBaress (COKpalleHHMe pPYTHHHOM paloTel u
YCHJIEHUE TBOPYECKON COCTABIISAIOLIEN €T0 NEATEINbHOCTH).

Oco0yto poib WrpaeT MPUMEHEHUE KOMIBIOTEPHBIX TEXHOJIOTUH TpU OO0ydeHHH (U3UKE B
CpeJHEN U BBICIIIEH IIKOJIE.

B mHacrosimee BpeMs H3MEHMJIOCh OTHOIIEHHE K HAIVIAJHOCTH NpenojaBaHUs (U3UKH.
[HIupokoe pacpocTpaHeHUE MOTYUHIN PA3IUYHbIE KOMITBIOTEPHBIE MOJIENH, OTKPBIBAIOIINE TIepe
yUUTEIIEM MHOTO BO3MOXXHOCTEH M TEPCIEeKTHB B 00ydeHHH Qus3uke. VX HCIOIB30BaHHE B
KOMILIEKCE C JPYTUMU CPeICTBAMH HATJISAHOCTH MOBBILIAIOT 3()()EKTUBHOCTB Ipolecca 00ydeHusl.

[Tokazarenem >(PQHEKTUBHOCTH KOMIBIOTEPHBIX MOJENEH SIBISETCS HHTEIUIEKTyallbHOE
pa3BuTHE y4auuxcs. J{Js HOBBIMIEHHS 3TOT0 MOKa3aTelsi HEOOX0JMMO COOTBETCTBUE MIPEIMETHOTO
COJIepKaHUs YPOKa [EIEBOMY Ha3HAYCHHIO JTUHAMUYECKON KOMITBIOTEPHOW MOJIEIH.

Hcnonb30BaHuEe KOMIBIOTEPHBIX TEXHOJOIMH IO3BOJIAET B YCJIOBUSAX IIKOJBI HAJEKHO
BOCIIPOM3BOANTE (PU3MUECKUE SIBJICHHUS M TMPOLECCHl, OBICTPO M TOYHO NPOU3BOAMTH PACUETHI
BPEMEHHU, MHOTOKPAaTHO IOBTOPSTH SKCIIEPUMEHT C Pa3HBIMHM MCXOJHBIMU JaHHBIMHU.

BaxnpiM ycrmoBueM moOBBIIICHUS 3()(YEKTHBHOCTH HATTSAHOCTH OOYYCHHUS SIBISETCS
aKTUBHM3alMsl I103HABATEIbHOM JEATENBHOCTH yYallluXcs 3a CYeT YyBEJIWYeHus o0beMma
CaMOCTOSTENIbHONW PaOOThI IPU OPTaHU3aLMK JUAJIOTa YYEHUKA C KOMIIBIOTEPOM.
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[IpumeHeHre KOMMBIOTEPHBIX MOJENEH B JEMOHCTPAI[HOHHOM OJKCIIEPHMEHTE ITO3BOJISIET
OoJjiee TIOJIHO peaqr30BaTh HAa MPAKTHKE TakKWe TpeOOBaHUS, Kak oOecredeHue BUIUMOCTH,
CO3J1aHHe CHEeIM(PUUECKOr0 IMOIIMOHAIBHOTO HACTPOS.

Ha ocHOBaHMM COOTBETCTBHS COJEpKaHUS Yy4eOHOrO MaTepuaya ILEJIeBOMY Ha3HAYCHHIO
JMHAMUYECKUX KOMIBIOTEPHBIX MOJIETCH BBIIENIAIOT HECKOJIBKO BAapHAHTOB HCIOJIH30BAHUS
JMHAMUYECKUX KOMIIBIOTEPHBIX MOZIEIEH IpU 00BSICHEHUH HOBOI'O MaTepHala:

1. B Teopumu, OCHOBaHHOH Ha ABJIECHUSAX, JJI1 KOTOPHIX BaKHO 3HATh UX MEXaHM3M,;

2. B TEOpUU, OCHOBAHHOW HAa HCTOPHUYECKHUX OIBITAX;

3. B TEOpHH IO MaTepHaITy MOBBIIICHHOW TPYIHOCTH;

4. U1l IEMOHCTpAlMK NIPUMEHEHHS N3y4aeMoro SIBIECHUS B )KU3HU U TEXHUKE;

5. Ui NOoCTpOoeHUs IrpaduKOB, HEOOXOAUMBIX JUIsl U3y4YE€HHUsI HOBOTO MaTepHaa.

Ha ceronusimHuii 1eHb pa3pab0TaHO MHOXKECTBO rpaduueckux mnakeToB u oboiouek (Corel,
3D-Studio, Power-Point, Micro-Cap u nap.), MO3BOJSIONIMX pPEIIATh KOHKPETHBIC MPAKTHUYCCKHE
3a1aun ¢ momoisio DBM 6e3 3HaHUS S3BIKOB BBICOKOTO ypoBHs. [lo-Hamemy MHeHHIO, Hanbosee
IIPUEMJIEMBIMH JJIs1 UCTIOJIb30BaHMsI B LIKOJIE ABIsI0TCS 06004k PowerPoint u CorelMove.

I'paduueckuit pemakrop CorelMove m maker ans co3fgaHus npeseHTanuid PowerPoint
MO3BOJISIET CO3/1aBaTh PA3IMUHBIC CTATUYECKUE U THHAMHYECKUE MOJICIH, KOTOPbIE OY€Hb HATJISTHO
JEMOHCTPHUPYIOT pa3InyHble (PU3UUECKHE ONBITHI U SBICHUS, IIEPEXOIHBIE IIPOLIECCHI.

[IpuMeHeHHe KOMIBIOTEPHBIX MOJENell Ha ypokax BooOmie M (pU3MKM — B YacTHOCTH, B
KOHEYHOM CYeTe, JIOJDKHO CIIOCOOCTBOBAaTh PA3BUTHIO IO3HABATEIIHOTO WHTEpeca, OBIJIAJCHUIO
IIKOJIbHUKaMH BO3MOXKHOCTSIMH MH(OPMAIIMOHHBIX TEXHOJIOTHH, 00Jiee TapMOHUYHOMY Pa3BUTHUIO
MHTEJUICKTYyaJIbHBIX CITIOCOOHOCTEH yJaIuxcsl.
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KOMPYUTER TEXNOLOGIYALARIDAN iSTiFADO EDILON ORTA MOKTOBDO
FiZiKANIN TODRIiSi METODLARI

Hasanov O.M., Adgoslova X.A.

Xiilasa. Talim prosesinda gonc naslin torbiyasi va inkisafinin asas aspektlorindon biri moktablilorin
intellektual inkisafidir. Hazirda moaktablilora assimilyasiya iigtin toklif olunan moalumatlarin hacmi va
miirakkablik saviyyasi durmadan artir, ona géra doa sagirdlorin intellektual inkisafi prosesi intensivlosmoni
talab edir. Toliminintensivliyiniartzrmag:nyollar:ndanbirikompltertexnologiyas:ndanistifadadir.

Acarsozlar:komputertexnologiyalar:, electrontolimmodulu, kompitermodellarinineffektivliyi, talimbloku,
dinamikkompiitermodeli.

METHOD OF TEACHING PHYSICS IN SECONDARY SCHOOL USING COMPUTER
TECHNOLOGY

Gasanov O.M., Adgezalova Kh. A.

Abstract. One of the main aspects of the education and development of the younger generation in the
learning process is the intellectual development of schoolchildren. Currently, the volume and level of
complexity of information offered to schoolchildren for assimilation is constantly increasing, so the process
of intellectual development of students requires intensification. One of the ways to increase the intensity of
training is the use of computer technology.

Keywords: computer technologies, electronic training module, effectiveness of computer models, training
block, dynamic computer model.
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OINIMCAHUE DJIEKTPOHHOI'O YYEBHOT'O MOAYJIA
«@PU3UKA ATOMHOI'O SAAPA»
I'acanos O.M., Hamazosa C. I'.,Aare3anona X. A.,
AzepoOaiikanckuii I'ocynapcrBennbiii [lenarornuyecknii Y HuBepcurer

19590ktay@mail.ru, namazovasema2002@gmail.com,xatirafizik@mail.ru.

Aunomanyusn. Snexmponnviii yuyebnwviii mooyie « OU3UKA ATOMHOI'O AJIPA» ona yuawuxcsa cpeoweti
WKOILL  npedcmasniem coool MHO20YPOBHEBI  2NeKMpOHHbIlL  yueOHuK. [lenvio co3danus OanHozo
INEKMPOHHO2O YUeOHO20 MOOYIs - OKA3AHUE NOMOWU YYUMENIM 8 NO020MOGKe U NPOBEOeHUU YPOKO8
QuU3UKU, YHAWUMCS 8 GLINOJIHEHUU OOMAWMHE20 3A0aHUs, CaMO0OPA308aHUU, POOUMENIM 8 NPOGepKe
Kayecmea 3HaHuil ceoux demeti no memam u3 pasoena « Puzuxa amommozo a0pay.

Knrouesvle cnosa: usuxa amomHo20 a0pd, 31eKMPOHHLIUL YYeOHbIL MOOYIb, YPOBHU, YYeOHbl OOK,
Qusuyeckue 3a0auu.

DNEKTPOHHBIA YYEOHBI MOIYJb COCTOUT M3 HECKOJBKUXYPOBHEH, B KKIOM H3 KOTOPBIX
nMeeTcsl 0oNbIIoi 00beM paznuuHor mH(popManuu. B cBOO ouepenr Kakaplidi OJOK yuyeOHOTO
MOJYJISI COCTOUT U3 3 ypOBHEH, B 3aBUCUMOCTH OT IpOouIiIs Kiiacca B MIKOJE, KOTOPast MO3BOJISIET
BOCIIOJIb30BaThCs ONpEeICHHBIM HA0OpOM HH(pOpMAITUH.

[TepBeIii ypoBeHb MpeIHA3HAYCH IS U3YYCHHS (PU3UKHA aTOMHOTO Spa YYIAINTAMUCS OOIIIX
CpemHHX 00pa30BaTEIbHBIX YUSOHBIX 3aBEACHUI, HE UMEIOITNX MPOQUI YTIyOJeHHOTO U3YUCHHUS.

Bropoii ypoBeHb paccuuTaH Ha LIKOJIBI C TYMaHUTAPHBIM YKIOHOM, JJIsl T€X KJIACCOB, Tl Ha
n3ydeHue (pU3MKU OTBOAUTCS MUHUMAIbHOE KOJIMYECTBO YacOB, TO ecTh 36 uiu 70 ypoKOB B TOJI.

TpeTnii ypoBeHb NIpeHA3HAYECH /IS YTITYOJICHHOTO U3yUeHUs (PU3UKHU SICPHBIX MPOIECCOB B
KJlaccax ¢ (pU3MKO-MAaTeMaTHYECKUM YKJIOHOM, a Takke NpoUIbHBIX Kiaccax, TJe KOJIUYECTBO
yacoB He MeHblIe 105 B rof, To ecTh 3 ypoka B HEACIIO.

B ornmume ot 0OBMHOrO y4eOHHKA, B KOTOPBIH BXOISAT TOJBKO TEKCTOBAS M YaCTUIHO
rpaduueckas WHPOpPMALUs, SJICKTPOHHBI 00pa30BATEIBHBIA MOIYJIb COACPKUT CIEAYIONINE
KOMITOHEHTBI: TEOPETHYECKAasl YaCTh;3KCIIEPUMEHTAIBHYIO YaCTh;IPAKTUYECKYIO YaCTh.

TeopeTnueckas 4acTh MPEACTABISET COOOM TEKCTOBYIO HH(OPMAIMIO, KOTOPYIO MOXKHO
MPOYUTATh  CAaMOCTOATEIBHO WM  NPOCHyIIaTb. HeEKoTopele  TEMBI  COMPOBOXKIAIOTCS
BUJICOMATEPHAIIOM.

MynpTuMenna-0u0aroTeKa, SBISIFONIASACS OCHOBOM AJIEKTPOHHOTO y4YeOHOrO MOIYJI,
BKJIFOYAET KOMIIOHEHTHI, pACKPBIBAIOIINE JaHHYIO MPEAMETHYIO 00J1acTh:

® IIMPOKUN BHU3YalnbHBIA psiA: ¢ororpaduu SKCIIOHATOB U MPHOOPOB, MOPTPETHI YUYCHBIX,
BUJCO(pAarMEeHThl pa3IUYHBIX SBICHHUM, JIEMOHCTpAIMi OMBITOB, MPOLECCHl BUPTyaIbHOU
pEaNbHOCTH;

® pa3JMYHbIE CUMBOJIBI M TpadUKH, CXEMBbI, TUArpaMMBbI, TOJPOOHBIE TEKCTHI, (POPMYILI U

APYTrUc 3JICMCHTHBI, B TOM YHUCJIC CO3JaBACMBIC YUAIlITUMUCH,
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Tak Kak TPOBECTH HATJSAHBIE JEMOHCTPAIIMOHHBIE OMBITHI 1O (HU3UKE AaTOMHOTO spAa
MPEACTABISCT ONPEACICHHYIO CIOKHOCTh,TAK KaK pa3Mepbl OOBEKTOB MHKPOMHpA, a TaKXKe
OIACHOCTH ISl 37I0POBbS YENOBEKA, B 3JICKTPOHHOM YYeOHOM MOJyJie MpeuiaraeTcs MpoBeIcHHE
BUPTYaJIbHBIX OMBITOB U JJabopaTopHBIX pador. Kaxknas skcriepuMeHTanpHas paboTa uMeeT cBoen
LENBIO0 TTOTBEPAUTh TEOPETUIECKUI MaTepHall, IO3TOMY CHAa0)K€HA YETKUM IJIAHOM BBITIOJTHEHUS
U TI0JICKa3KaMH, KOTOPBIE BCIUTBIBAIOT MPH HEOOXOJMMOCTH T10 XOAY paboTHI.

[Tox mpakTHUECKON YacThIO MOJpa3yMeBaeTCs pelieHue (GU3NIecKux 3a1ad pasaena ¢usuka
aTOMHOTO i1pa. B 31eKTpoHHOM yuyeOHOM MOJyJe MpEACTaBICHBl pa3IMyHbIe TUIBI (PU3MUECKUX
3amad (pacyeTHble, TpaduyecKre, TEOpPeTUYEeCKHe, IKCIEepHUMEHTaNbHbIe). Kakaplii Tum 3amad
CONPOBOXKIAETCSI OOpA3lOM pEMIeHUs pPa3MuuHBIX 3a7ad. [l HarasiqHOCTH Bcerza  ecTh
BO3MOKHOCTh TPOAHAIM3UPOBATh AITOPUTM PEIICHHS 3aJaudl ONpPEJeNEHHOTO THUIA, HAIpHMeED,

IIpU PELICHUH PaCYETHBIX 3a1a4.
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“ATOM NUVOSI FiZiKASI” ELEKTRON TOLIiM MODULUNUN TOSViRi
Hoasonov O.M., Namazova S.G., Adgoézalova X.A.

Xiilasa. Orta maktab sagirdlori iiciin “ATOM NUVOSI FIZIKASI” elektron tadris modulu coxsaviyyali
elektron dorslikdir. Bu elektron tadris modulunun yaradilmasinda maqgsad miisllimlora fizika dorslorinin
hazirlanmasinda va kegirilmasinda komok etmakdir; talobalorin ev tapsiriglarimin yerino yetirilmasi,
oziiniitohsil; valideynlor 6viadlarimin “Atom niivasinin fizikasi” bélmasindaki mévzular iizra biliklarinin
keyfiyyatini yoxlamagq.

Acarsozlar:atomnivasininfizikas:, elektrontadrismodulu, saviyyalar, tadrisbloku, fizikitapszrzglar.

DESCRIPTION OF THE ELECTRONIC TRAINING MODULE "PHYSICS OF THE ATOMIC
NUCLEI"

Gasanov O.M., Namazova S.G., Adgezalova Kh.A.,,

Abstract. The electronic educational module “ATOMIC NUCLEUS PHYSICS” for secondary school
students is a multi-level electronic textbook. The purpose of creating this electronic educational module is to
assist teachers in preparing and conducting physics lessons; students in doing homework, self-education;

parents to check the quality of their children’s knowledge on topics from the section “Physics of the Atomic
Nucleus™.

Keywords: physics of the atomic nucleus, electronic training module, levels, training block, physical tasks.
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NPUMEHEHMUS NPE3EHTAIIMI B JIEKIIMOHHOM IMTPAKTUKE
I'acanoB O.M., Anre3anosa X. A.,I'yceiinos /I. 1.
A3zepbOaiirxanckuii I'ocynapcrBennslii [lenaroruyecknii YHuBepcureT

19590ktay@mail.ru, xatirafizik@mail.ru, cahangir.adpu@mail.ru

Annomayusa. B nocieonue 200vl 603poc ummepec npenodasameneti K UCHONb308AHUIO KOMNbIOMEPHBIX
mexHono2ull npu npogedenuu nAexkyuu. M smo neyousumenvno, HECOMHEHHbIMU NIIOCAMU NPe3eHMAayuli
ABNACMCS IKOHOMUSL IEKYUOHHO20 BPEMEHU, OMCYMCMEUe OWUOOK 6 CIOJNICHBIX NPeodPA306AHUAX, XOPOULAS.
UNIOCMPAMUBHOC, 803MONCHOCIb GEPHYMbCA K NI0O0OMY, HENOHAMOMY CAYUAMENIMU, Mecmy NeKyuu,;
B03MOIICHOCHL OEMOHCMPAYUU UOEO0-, AYOUO- MAMEPUANO8 U AHUMAYUU CTIOICHBIX ONBLMOS.

Knrwouesvie cnosa: xomnviomepuvie mexnoniocuu, 0eMOHCMPayuyu 6uoeo-, ayouo- Mamepuaios, aHumMayuu
CIIOJICHBIX ONBIMOB, IPPEKMUBHOCL KOMNBIOMEPHBIX MOOeell, TIeKYUOHHbLE NPEe3eHMAYUU.

CryzaeHThbl NOCEWAloT JEKIUNA ¢ UCIOIb30BAHUEM KOMIIBIOTEPHBIX TEXHOJIOTMM C XOPOILIUM
HacTpoeHueM HOoNbIIMM HHTepecoM. OIHAKO, KakK IOKa3bIBA€T ONBIT 3K3aMEHOB, BOIMPOCHI,
CBA3aHHBIE C MaTEpPUAIOM, PACCMATPUBAEMBIM Ha JIEKIUAX C HCIOJIB30BAHWEM IIPE3CHTALUM,
OKa3bIBalOTCS CaMbIMM TPYIHBIMM JJI ydalluxcsa. OTO 3HA4YUT, YTO IIOKa €ImE HE BCe
npenojaBaTelid Hay4YWIMCh MpaBuibHO ucnoib3oBaTh MKT B cBoeit pabote. B atoit pabote s
MIPECTABICHBI HAOIIOICHHS U CBOU B3IVISAJ HA ATY BaXKHYIO MPOOIIEMYy.

Hcnonp3oBaHne mMpe3eHTannii Ha JIEKIHUAX 00JierdaeT BOCIPHIATHE MaTepHaja yJaliuMHUCS.
Ot s3TOro, 3adactyro, cTpajgaeT NOHMMaHue. JIErkocTh BOCHPHATHS HMH(OPMAIMM «YCHILIAET?
ciymateneil. Ecim mis noinydeHus kakoi-nu6o nHpopMmanuu He TpeOyeTcsl JOCTaTOUHBIX YCUIINH,
BHUMaHHE HAaYMHAET PacCPeIOTOUYMBATHCS, U HU O KAaKOM 3allOMUHAHUM M TIOHUMAaHUU HE MOXKET
ObITh ¥ peur. O TaKOM SIBIIEHUU B HApOJE FOBOPST: «B OJHO YXO BIIETEINO, B IPYTO€ BHUIECTEIION.

[Ipe3enTanuu SKOHOMST JEKIMOHHOE BpeMs, HO 3a cy€T yero? Pasbliie JeKTOp 10JTO
BBIIIMCBIBAJI MATEPHAI Ha JTOCKE, TEHEPh K€ CTOUT HAXaTh KHOIKY M 9TOT MaTepHal B MTHOBCHHE
OKa NOSIBIIETCSA Nepes ayquTopuei. beicTpoTa mpencTaBiaeHus JIEKIIMOHHOTO MaTepraa IPUBOJAUT
K TOMY, YTO, HauMHas ¢ HEKOTOPOTO MOMEHTA, CIyIIATeNId, HE MMEs BPEMEHHU CBA3aTh JTaHHBIN
claill B CBOEM CO3HAaHMU C NPEABIAYIIMMH, TEPAIOT HUTh PACCY ACHUM, U HAYMHAIOT CIIEIUTH
TOJIBKO 3@ TEKYIIUMH BBIBOJAMH, HE NMOMHS Aaxe o0 ux uend. Camoe CTpalIHOE, YTO ydaluecs
IIpU 3TOM YOEXJEHBI, UTO MaTepuall JEKIIMU UMHU TOHAT U OCBOEH Ha XopouleM ypoBHe. MHorue
JlaXKe MepecTaroT 3anucbiBaTh. 3auem? Beab u Tak BCE sicHO U IpocTo!

[loaroroBneHHas 3apaHee Mpe3eHTAlMsl TapaHTUPYET, YTO JIEKTOp HE OmMOETcs B (axkTax u
He COOBETCA B BBIBOJE CIIOKHOI'O COOTHOLIEHUs. Marepuan nekuun OyJeT NpeacTaBieH Ha SKpaHe
HE3aBUCHMO OT CaMOYyBCTBHs M HacTpoeHus jekropa. Ho B aTom ecth u Mmunyc. [Ipu takoit popme
MIPEJCTAaBICHUS MaTepHaja TPYIHO COXpaHUTh OOpaTHYIO CBS3b ¢ aynuTopuel. ['nasa cioymarenei
oOpallleHbl Ha KpaH, a He Ha Jekropa. [Ipu 3ToM Tpy/nHO MOHATH, KaK BOCIIPUHUMAETCS TOT WU

WHOM acCIIEKT M3JI0KCHHS. PaHee, B «MCJIOBOM IICPUOJL), JICKTOPY MPUXOJUTIOCH 3aHOBO BBIBOAWUTH
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BCE COOTHOIIEHHUS COBMECTHO C Y4YeHHKaMHu. lIpm 3ToM ObuIa BO3MOYKHOCTH IOYYBCTBOBATH

YPOBEHb NTOHMMAaHUS ayJAUTOPUH, U AKIIEHTUPOBATh BHUMAHHUE CIyllaTeled Ha TPYAHBIX A HUX

acrekTax Jekuuu. Tenepb, Korja yueHUKH NPeBpalialoTcs B MACCUBHBIX CITyIIaTeNeH, 3TO CIeiaTh

3HAYUTENIBHO TPYIHEE.

OTnenbHBIA pa3roBOp — 3TO HCIOJIB30BAHME KOMITBIOTEPHBIX MOJIENIEH JKCIIEPHMEHTOB B
JEKIMOHHBIX Mpe3eHTauusaX. [0 BO3MOXKHOCTH HY)KHO MBITATBCSA MPOBOJUTH KJIACCHYECKHE
nemoHcTpanuu. Ilo mepe cTapeHus, U BbIXOAA U3 CTPOS OOOPYIOBAaHUS B YHUBEPCUTETE, CTaJO
MOSIBIIATHCST BCE O0JIbIIIE Ta00PaTOPHBIX paboT, MOJACIUPYIOMIUX pa3IudHble (GU3NYECKHE SBICHUS
Ha KommbioTepe. [Ipm 3TOM pe3ko CHHU3WICS ypOBEHb TOHHUMAHHUS y CTYIeHTOB. HexoTopsiMm
CTyACHTaM TPYJHO aOCTparupoBaThCs 0 TAKOH CTENEeHM, 4TOOBbI CBA3ATh CXEMY IKCIEPUMEHTA,
MIPEJCTABICHHYI0 Ha HSKpPaHE MOHHUTOPA, C peajbHbIMU (u3nueckumu mnpudopamu. C apyroi
CTOPOHBI, OMNpPaBJAHO M TIOJIE3HO HCIIONB30BAaHUE KOMIBIOTEPHBIX MOJENENH s TOSICHEHUs
TEOPETUYECKUX Mozelnei (u3mueckux siBiaeHUU. [Ipy 3TOM MOSBISETCS BO3MOKHOCTB, HapsIy C
OOBIYHBIMH WJUTIOCTPALUSAMH, OLIEPATUBHO MCIIOJIb30BaTh ISl OOBACHEHHS CTPYKTYPHO-JIOTHYECKHE
cXeMbl paccMmarpuBaeMoil mozaenu. IIoTok BuU3yanbHON WHGOpMALMU MPH 3TOM MOXKET OBITb,
TaKUM, YTO €ro MPOCTO HEBO3MOXKHO JocTHYb 6e3 momormu MKT!

Hanpammusaercsa BeiBoa: ncnonszoanne KT B negarorndeckoil 1eT€IbHOCTH HE SIBISETCS
naHanee. Ilopol HCIIONB30BaHME TAaKMX TEXHOJOTMM MOXET IPUBECTH K HEKEIATEeIbHBIM
nocnencTsusaM. [loatomy, mepen TeM Kak HCHOJIb30BATh JAHHBIM MHCTPYMEHT, NPENOAABATEIEM
J0JKHA OBITH MpoBeleHa paboTa mo ompereneHuio KOHKpeTHeIX (Gopm WKT, mpuromHsix s
ayautopun. HeBOKMOXKHO 1aTh peLentT, roJHbIi A 11000ii ayautopun. Beas, B KOHEYHOM UTOTE,
pe3yspTaT TMPUMEHEHHs HWH()OPMAIMOHHBIX TEXHOJOTHA B OOYYCHHH CHIIBHO 3aBUCHT OT
NCUXO(PU3HOIOIHYECKMX OCOOCHHOCTEH yualuxcs. MOKHO JIMIIb MOCTaBUTh 3a/ady pa3paboTKu
CHCTEMBI TECTOB, ONPEAECIAIOIINX BOCIPUUMUNBOCTh AaHHOW ayautopun K UKT.
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TOQDIMATLARIN MUHIRIZO TOCRUBOSINDO TOTBIQi
Hasanov O.M., Adgozalova A., Hiiseynov C. 1.

Xiitlasa. Son illar miidllimlorin miihaziralards kompiiter texnologiyalarindan istifadays maragi artib. Va bu
toacciiblii deyil, tagdimatlarin siibhasiz itistinliiklori miihazira vaxtina qonaast, miirakkab ¢evrilmalorda
sahvlorin olmamasi, yaxst illiistrativlik, miihaziranin dinlayicilor torafindon basa diistilmayan har hanst
hissasina qayitmaq imkani; video, audio materiallart vo miirakkab eksperimentlarin animasiyasini niimayis
etdirmak bacarig.

Acar sozlar: kompiiter texnologiyalari, video va audio materiallarin niimayisi, miirakkab tacriibalorin
animasiyalari, kompiiter modellarinin effektiviiyi, miihazira tagdimatlari.

APPLICATION OF PRESENTATIONS IN LECTURE PRACTICE
Gasanov O.M., Adgezalova Kh.A., Huseinov J.1.

Abstract. In recent years, teachers' interest in the use of computer technology in delivering lectures has
increased. And this is not surprising, the undoubted advantages of presentations are the saving of lecture
time, the absence of errors in complex transformations, good illustrativeness, the ability to return to any part
of the lecture that is not understood by the audience; the ability to demonstrate video, audio materials and
animation of complex experiments.

Keywords: computer technologies, demonstrations of video and audio materials, animations of complex
experiments, the effectiveness of computer models, lecture presentations.
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FiZiKA TOLIMININ AKTUAL PROBLEMLORININ MONZOROSI
Orucov V., CaslilovaS.
Azarbaycan Dovlat Pedaqoji Universiteti

vidadi orucov@mail.ru , sevinjjalilova@yahoo.com

21-ci osr siiratlo globallasan dovr kimi xarakterizo olunur vo bu proses qagilmaz bir realliga
cevrilib. Biitlin diinya 6lkalori bu reallig1 gobul etmoys macburdur. Ganclarin globallasan diinyanin
toloblorino uygun hazirlanmasi, miasir comiyyaotlor {igiin on aktual masololordon biridir.
Qloballagma gonclorin beynolxalq alagoloro adaptasiyasini, miixtalif moadoniyyatlorlo taniglhigini vo
global ¢agirislara birgo hazir olmalarini tosviq edir. Bu yanagsma onlarin golocokdo miivaffoqiyyatli,
sosial cohotdon giivonli vo mosuliyyatli olmalarini tomin edocok. Buna goéro do fizika tohsilinin,
xiisuson do ali vo {Umumorta tohsil proqramlarmin qloballasan diinyanin tsloblaring
uygunlagdirilmasi vacibdir. Qloballasan diinyada elm vo texnologiyanin inkisafi ilo fizika elmino
maraq artir. Gonc nosilo bu toloblors uygun fizika todrisi daha miitkommal programlar tolob edir. Bu
moqsadlo, moveud tohsil programlarinin vo todris prosesinin tokmillogdirilmasi vacibdir. Miiasir
tolim metodlarinin, giymotlondirmo sistemlorinin vo resurslarin yenilonmosi, tolobolorin fizika
sahosindoki anlayislarini dorinlogdirir vo maraqlarini artirir.  Interaktiv metodlar vo praktik
foaliyyotlor iso tolobolora elmi diisiinco torzi qazandiracaq vo qloballasan diinya problemlori ilo
bagli totbigetmo imkanlar1 yaradacaqdir.Fizika toliminin osas mosololorindon biri  tohsil
programlarinin diizgiin vo mogsodyonlii tortib olunmasidir. Elmin inkisafi miiasir biliklor vo
texnologiyalarin totbigine imkan verir, bu da yeni tolim texnologiyalarin istifadssini tosviq edir.
Inkisaf etmis 6lkolor texnoloji iraliloyislors baxmayaraq, fiziki bilikloro olan ehtiyaclar1 ddomok
yollarim1 axtarir. Miiasir toloblors uygun elmi-pedaqoji potensiala malik miisllimlorin hazirlanmasi
vacibdir. Miiollimlorin pesokar hazirligi, yeni tolim metodlar1 vo innovativ yanasmalarin totbiqi
onomlidir. Ayrica, miiasir maddi-texniki baza, fizika tohsilinin effektivliyini artirir vo laboratoriya
islorinin keyfiyyotini yaxsilasdirir. Fizika toliminin digor 6nomli bir masalasi do tortib olunmus
programlarin icrasini tomim etmok nozordo tutulmus elmi-pedaqoji vo sosial iqtisadi todbirlor
kompleksinin yetorli olmamasidir.

Problemin biri do son dovrlords comiyyat torafinden fizika fonninin on ¢atin fonlordon biri
kimi qobul olunmasidir. Fizika elmino dair miicorrad anlayislar vo hadisolor, miirokkab riyazi
tonliklorin kdmokliyi ilo sorh olunan fiziki qanunlar vo qanunauygunluglar, tohsilalanlarin digqgatini
colb etmokds ¢atinlik yaradir. 2023/2024-cii todris ili {iclin Azarbaycan respublikasinin Ali vo orta
ixtisas tohsili miiassisaloring taloba gobulu vo imumtshsil miiassisalori iizra buraxilis imtahanlari
naticalorinin elmi-statistik tohlilinda:“Olag1 abituriyentlorin 80-100 bal intervalindaki naticaloring

nazar saldiqda goriiriik ki, bu abituriyentlorin ayri-ayr1 fonlor tizro yalmz 5-27%-i (fizika 9.39) 80—
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100 bal intervalinda notico goOstororok Ozlorinin attestat qiymaotlorini  dogruldublar.”
[ABITURIYENT / Nel2 / 2023, 5.52] “Fizika miiollimliyi” ixtisasina Respublika universitetlori {izro
minimum ke¢id bali ¢ox asagi, 202.2 bal olmusdur.

Fizika tolimindoki ugursuzluglarin miirokkob vo c¢oxsaxali sabablori vardir. Tohsil
programlari, dorsliklar, tolim texnologiyalari, qiymatlondirmos vo misllim hazirligi kimi moasalalor
bir-biri ilo baghdir vo problemin yalniz bir sahs ilo mohdudlasmadigini géstorir. Bu ¢atinliklar,
sistemli yanasma vo genis miizakirslor tolob edir. Fizika toliminin aktual problemlorinin monzorasi
miirokkab, genis ohatoli vo bir-biri ils six bagl oldugunu nazars alaraq, bunlarin halline kompleks
sokildo yanagsmaq daha ohomiyyatlidir. Fizika toliminin aktual problemlori asagidaki istigamotlordo
gruplasdirila bilor:

1. Gonclora dyradilmasi vacib olan miiasir biliklor: Fizika elminin son nailiyyatlori,
analitik dlisiinma vo yaradici yanagsma bacariqlarini inkisaf etdiroron biliklor.

2. Fizika toliminin taskili: Fizika dorslorinin diizgiin strukturu, tolobalorin analitik vo
problem hoall etmo bacariglar1 miiasir tolobloro uygun olmalidir.

3. Mboazmunun yenilonmasi: Fizika kursunun mozmunu miiasir tolobloro uygun olaraq
praktiki bacariqlar1 da shato etmali, tolobalori real diinya problemlorine hazirlamalidir.

4. Talim texnologiyalarimin tokmillosdirilmosi: Innovativ tolim metodlar1 vo resurslar,
tolobalorin faal istirakini togviq etmoklo yanast onlarin dyronmo prosesini do effektiv edir.

5. Eksperimental tadris vo texniki vasitolor: Fizika dorslorindo miiasir avadanliq vo
texnologiyalar talabalorin biliklorini dorinlasdirir vo praktik bacariglarini inkisaf etdirir.

6. Midllimlorin  hazirh@imin  yaxsilasdirilmasi:  Muollimlorin - peso  hazirliginin
tokmillogdirilmasi vo miiasir tolim metodlarinin tatbiqi, toliminin keyfiyyatini artirir.

7. Qiymotlondirmo sistemi: Tohsilalanlarin bilik vo bacariglariin giymotlondirilmasi,
yalmiz akademik ugurlarla deyil, hom do onlarin analitik vo yaradici qabiliyyatlorini do ohato
etmoalidir.

Bu tohsilalanlarin oldos etdiyi biliklorin real hoyatla alagosi olmadig: hissini yaradir vo bu hal
real hoyatda tez-tez 6ziinii biruzo verir.Qiymatlondirmo prosesindo, akademik etikaya uygun olaraq,
tolobolorin  oldo etdiyi bilik, bacariq vo qabiliyyot soviyyesinin diizgiin vo etibarli sokildo
dayarlondirilmasi problemi halo do gqalmaqdadir. Bu sobabdon, giymstlondirma sisteminin miiasir
toloblora uygun yenidon nozordon kegirilmasi vacibdir. Bu masaloys interaktiv giymotlondirma
metodlarinin, formativ qiymatlondirmonin vo real diinya tocriibalorinin daxil edilmosi, tolobolorin
biliklorini daha dorin vo praktiki sokilds nlimayis etdirmoys imkan yaradir. Noticado, daha obyektiv
vo odalatli giymatlondirma, tohsilalanlarin real nailiyyastlorini oks etdirmoklo yanasi, onlarin

golacokdo ugurlu bir vatadas olmalarina da komok edoacokdir.
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THE PICTURE OF CURRENT PROBLEMS IN PHYSICS EDUCATION
Orudjov V., Jalilova S.

Abstract: The article discusses the growing interest in the field of physics due to the acceleration of the
globalization process and explores ways to improve physics education in secondary schools. Key current
issues are clarified, and proposals for addressing these challenges are provided.

Keywords: globalization, current issues in physics education, teaching methods.
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FIZIKANIN TOLIMIND® PRAKTIKAYONUMLU FOALIYYOTIN MAHIYYOTI.
Osadova S.R.
Sumgqayit Dovlat Universitetinin nazdinds Sumqayit Dovlat Texniki Kolleci.

esedovasimare@gmail.com

Tohsil prosesinin effektivliyinin yiksaldilmasinin asas sartlorindon birini sagirdlarin alds
etdiklori nazori biliklorin praktiki bacariglar ilo alagalondirilmasinin formalasdirilmasi vo inkisafi
toskil edir. Bu prosesin reallasdirilmasi sagirdlorin aldo etdiklori biliklorin onlarin miiasir
comiyyatds foaliyyatlorini tomin edan keyfiyyatlorin formalasmasina imkan verir. Praktika- fordin
otraf mihitlo slagasini tomin etmoya xidmat edir. Onun asagidaki funksiyalarini geyd etmok olar:

« sagirdlorin soxsiyyatinin todris predmeti vasitasilo sosiallasdiriimasi;

* yasadig1 miihitds faaliyyatinin mogsadli asaslarinin formalagmas;

* pesokarliq va sosial saforboyliyin inkisaf etdirilmasi;

* soxsiyyatin vo miihitin balanslasdirilmis miinasibatlorinin tamin edilmasi.

Mouasir dovrun tohsil konsepsiyasina uygun miihiti yaratmaq tgiinpedaqoqlarin [1] todgigat
islorinin tohlilino osaslanaraq sagirdloro fizikanin Syradilmasini asagidaki kimi formalasdirmaq
olar:

* hadisalarin, proseslarin va sistemlorin kompleks halinda tohlil edilmasi;

* slags vo miinasibatlorin sabab-natics alagasinin ham daxilon, ham ds zahiron agkar edilmasi;

* masalonin qoyulusunun, ziddiyyatlorin agkar edilmosi, problemin ayrilmasi vo formalasmasi,
hall yollarinin axtarisi, yoni elementar axtarig — tadqigat foaliyyatinin tomin edilmasi;

* problemli bu fovgslada vaziyyatlorin secilmasi va gorar gabul edilmasi — ekoloji, igtisadi,
texniki, istehsalat va fiziki bilik talob edon digorlarinin.

Tohsilin praktika yoniimiinii asagidaki kimi iimumilosdirmok olar:

* 0zlina, tohsila talobatin inkisaf etdirilmasi, 6zlnltokmillagdirmo, 6zinu-reallasdirma;

* sarbast faaliyyat iisullarinin manimsanilmasi;

* todris prosesinin siiurlu faalliginin tomin edilmosi;

* oldo edilmis bilik vo bacarigin hayat foaliyyati prosesinds totbiq olunmasina hazirligin
formalasdirilmast.

Praktika yonumlu tohsilin asasin1 asagidaki konseptual voziyyatlor mioyyon edir:

1. Tadris fannlarinin asas mahiyyatini 6ziinds aks etdiran biliklarin manimsanilmasi vo alda
edilmis biliklarin praktikaya totbigi naticasinds elmi diinyagériisiiniin formalagmasi.

2. Nozori biliklorin formalagmasi va praktiki bacariglarin inkisaf etdirilmoasi — vahid prosesin

iki komponenti kimi reallagdirilir.
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3. Tohsilin asas motivasiya bazasi sagirdin oldo etdiyi bilik vo bacarigin totbiq etmo
perspektivini 6z hoyat foaliyyatinds goérmasi;

4. Sagirdlor praktiki foaliyyotin formalagsmasi, todris prosesinds noazoriyys ilo praktikanin
optimal birloasmasini nazards tutur.

Sagirdlorin praktiki bacariglarinin effektivliyinin artirilmasi1 moqgsoadilo fizikadan praktiki
aspektin guclondirilmasi mévgeyindan todrisi prosesinds asagidaki qaydalar nozars alinmalidir [2].

1. Sagirdi elo Oyratmok lazimdir ki, aldig1 biliyin onun ii¢iin hoyati zarurat oldugunu dork
etsin.

2. Oyradarkan hoyatdan biliys va ya bilikdon hoyata dogru horokat edilmalidir.

3. Nozariyys ilo praktika arasinda six qarsiliqli alags gostarilmali va geyd edilmolidir ki, elm
praktiki tolobatlarin tosiri altinda inkisaf edir, praktika iso elmi nozariyysnin dogrulugunu tasdiq
etmak kriteriyasi rolunu oynayir.

4. Sagirdloro muasir texnologiyalardan, amoyin inkisaf etdirilmosi metodlarindan, yeni
istehsal minasibatlorindon danmisilmali vo imkan daxilinds totbiqi xarakterli biliklora gox yer
verilmalidir.

5. Sagirdlora 0z biliklorini yoxlamagi vo praktikada totbiq etmayi dyrotmok, onu ohato edan
varligdan bilik monbayi kimi istifado etmoayi vo onlarin praktikaya totbiq olunmasini dyratmok
zaruridir.

6. Hor bir dorsds sagirdlarin géracaklori isin hoyati mona kash etmasi géstarilmalidir.

7. Imkan daxilindo moktablo istehsalat arasindaki rabitadon istifads edarok, bu rabitonin talim
- tarbiys isi ilo davam etdirilmasi zaruridir.

8. Praktiki monali masala va tapsiriglar hall edilmalidir.

9. Xalq tosarriifatinin inkisafinin regional perspektivlari tohsillo slagalondirilmalidir.

10. Sagirdlorin hazirliq saviyyalori onlarin pesakarliq nailiyyatlori, gabiliyyatlori, maraqlari,
diinya goriislari va s. nozars alinmalidir.

11.Tolim zamani sagirdlorin soxsi toacriibalorindan, materiallardan va masalalordon istifada
edilmali, har bir dorsdo konkret mihito slagoli sokildo baxilmali vo dors elo qurulmalidir ki, o
sagirdlarin tocriibalori, yasadigi arazinin har bir hissasi kimi niimayis etdira bilsin.

12. Sagirdlora on samarali, iqtisadi tsullarin dyradilmasi, 6z foaliyyatlorini tohlil etmoak,
programlasdirmaq vo prognozlasdirmaq bacariglari agilanmalidir.

13.Sagirdlari darsin tohlilina, ona hazirlasmaga, naticalorin giymatlondirilmasina calb etmali.

14.Tolim - torbiys prosesinds zehni foaliyyati praktika ilo birlogdirmali.

15. Gonc ixtiragilarin miisabigolorini toskil etmoali, nayinsa tokmillosmasina sagirdin

maraginin artirtlmasi vo onlarin ideyalarinin hoyata kegirilmosini tomin etmoli.
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16. Sagirdlordo Sorbast igloro maraq yaratmali, homin islorin hoyatla  olagssini
stimullasdirmali.

17. Sinifdankanar islori, imkan daxilinds hoyat masalari il alagalondirmali.

18. Usaqlarda bir faaliyyat ndviindan digarins kegidi inkisaf etdirmok vo méhkamlatmok.

Beloliklo, praktiki yonimli tolimin mahiyyati, aldo edilmis biliklorin miikommolliyinin tomin
edilmasi vo onlarin praktiki tocriibslorin formalasmasinda hoyat ¢in zoaruri olan masalalarinin
hallinds istifado edilmasidir. Sagirdlorda nazori biliklorin va praktik vardislorin bir-birini tasdiq
etmosi onlarda praktiki bacariglarin formalagsmasini tomin edir.

9dabiyyat
1. Poalongov ©.Q. “Orta moktobds handasa kursu taliminds miiasir metodlar1 kompiiter texnikasi
alagali totbiginin reallasdirilmasi problemlori” doktorluq dis-si. ADPU, Baki, 2010, 34 s.

2. Tepmynckuit C. @unocopus obpazosanus g XXI Beka: B mouckax mpakTHKO-OPHEHTHD.

obpa3oBars. koHtenwi / Poc. Akax. O6pazo. u negaroruku. M.: CoBepireHcTBO, 1998, 608 c.

THE ESSENCE OF PRACTICE-ORIENTED ACTIVITIES IN TEACHING PHYSICS
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Summary:The thesis shows that one of the main conditions for increasing the effectiveness of the
educational process is the formation and development of the connection between the theoretical knowledge
acquired by schoolchildren and their practical skills. It was noted that the main direction of implementation
of this process is the formation of qualities that ensure the activities of schoolchildren in modern society.
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Xiilasa: Bu maqals, fizika fonninds saglamlhq mahdudiyyatli sagirdlor iiciin inkliiziv tadris metodlarim
arasgdirir. Vigotski va Qardnerin nazariyyalorina asaslanaraq, doastak veran vo uygunlasa bilon tadris
miihitinin ahamiyyati vurgulanmir. Maqalada, sagirdlora vizual-makan tafokkiirvii kimi tofokkiir formalarimin
inkisaf etdirilmasina komak edon VR, AR va adaptiv platformalar kimi texnologiyalarin istifadasi arasdiriiir.
Bu yanasmalarin xarclor vo miiallim hazirligi kimi ¢atinliklorine baxmayaraq, saglamiiq mohdudiyyatli
sagirdlar iictin fordi va texnologiya dastokli tadrisin miisbat tasiri geyd olunur va inkliiziv tohsilo daha ¢ox
investisiya ayrilmasmin vacibliyi vurgulanir.

Acar sézlar : Fizika, tofokkiir formalari, saglamiliq mahdudiyyati olan sagirdlor, inkluziv tohsil, miiasir
texnologiyalar, kognitiv inkisaf.

Fiziki, kognitiv vo ya emosional saglamliq mohdudiyyatlari olan sagirdlor fizika kimi fonlori
Oyronarkon c¢ox vaxt miirokkob problemlor vo miicorrad izahlarla qarsilagirlar. ©nonovi todris
metodlar1 bu sagirdlorin xiisusi ehtiyaclarina uygunlagsmadig: tigiin monimsomodos ¢atinliklor yarana
bilor. Buna goro do, saglamliq mohdudiyyatlori olan sagirdlor ii¢lin xiisusi todris strategiyalarinin
inkisafi vacibdir.

Tohsil nozariyyslori, saglamliq mohdudiyyati olan sagirdlore dostok olmaq ti¢lin miixtalif
yanasmalar toklif edir. Vygotsky nin Sosiomodoni Nozoriyyosi, sagirdlorin dyronmosindo sosial
qarsiligh olagonin vo dostokloyici miihitin shomiyyatini vurgulayir. Bu nazoriyyo, sagirdlorin birgs
Oyronmo miihitindo daha yaxsi inkisaf edocoyini iddia edir. Qrup isi vo miizakirolor, sagirdloro
homyasidlarindan 6yronmok imkani verir, daha ohatoli vo hortorofli todriso imkan taniyir. [4]

Qardnerin Coxlu Intellekt Nozoriyyosi iso gostorir ki, sagirdlor forqli zoka ndvlerino
malikdirlor, masoalon foza, kinestetik vo maontiqi-riyazi zoka. Bu nozoriyyos, miiallimlori hor bir
sagirdin giiclii toroflorino uygun Oyronmo foaliyyatlori segmoyo tosviq edir. Belo yanagmalar
saglamliq mahdudiyyati olan sagirdlor {igiin do faydalidir. [3]

Fizika todrisindo Konstruktivist Nozoriyys, sagirdlorin tocriiboyo osaslanan vo sorguya
dayanan 0yronmolorini toklif edir. Bu yanasma, saglamliq mohdudiyyati olan sagirdlor ii¢iin virtual
laboratoriyalar vo simulyasiyalar toqdim edorak, fizika anlayislarini arasdirmaga komok edir. Bu
metodlar ¢evik diisiinco vo yaradiciligin inkisafina sorait yaradir.

Fizikada vizual-mokan tofokkiir formalari, niimuno taninmasi vo montiqi-riyazi miilahizo,
saglamliq mohdudiyyati olan sagirdlorin fizika anlayislarint monimsomasini asanlasdira bilor. [ 5 ]
Artirillmig realliq (AR) vo virtual realliq (VR) kimi texnologiyalar, bu sagirdlora miirokkob fizika
anlayislarin1 daha aydin basa diismaye komok edir. Bu texnologiyalar, fiziki vo kognitiv manealari

asmaqda miihiim rol oynayir.
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VR vo AR alotlori, sagirdlors gravitasiya qlivvelori vo elektromagnetizmi simulyasiya etmoyo
imkan verorok, fizika hadisalorini ticol¢iilii mokanda vizuallasdirmaga komok edir. Bu yanasma,
miicorrad fizika anlayislarini daha olcatan vo basa diisiilon edir. Adaptiv dyronmo platformalari da
sagirdlorin todris tempini vo idrak gabiliyyatlorini nozors alaraq todrisi fordilosdirir.

Bununla yanasi, texnologiyanin istifadosi bazi ¢otinliklorlo tizlosir. Masolon, VR avadanligi vo
digor gabaqcil texnologiyalarn yiiksok qiymoti, bir cox tohsil miiossisasinin maliyys imkanlarini agir.
Miisllimlor da bu texnologiyalar effektiv sokilds inteqrasiya etmok ii¢iin xiisusi tolimo ehtiyac duyurlar.

Bu c¢otinliklorin 6hdoesindon golmok {igiin tohsil qurumlari inkliiziv tohsil tosobbiislorini
maliyyoalosdirmoli, miiollimloro pesokar inkisaf imkanlar1 yaratmalidir. Misllimlor tokco
texnologiyalardan istifado etmoyi deyil, hom do saglamliq mohdudiyysti olan sagirdlorin
ehtiyaclarin1 anlamali vo todris metodlarini buna uygunlagdirmalidirlar. [1]

Texnologiyanin vo yeni todris yanasmalarinin inteqrasiyasi saglamliq mohdudiyyoti olan
sagirdlor li¢lin elmi anlayislart monimsomokdo daha odalstli imkanlar yaradir. Bu yanagmalar yalniz
koqgnitiv inkisafi dostoklomir, hom ds tonqidi diisiinmo vo 6miir boyu dyronma bacariglarini togviq
edir.[ 2 ] Irolids bu todris metodlarinin uzunmiiddatli tosirlorini arasdirmaq va inkliiziv tohsilin
maliyyalagdirilmasini artirmaq 6nomlidir.
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FORMS OF THINKING FORMS AND DEVELOPMENT TECHNOLOGIES FOR
STUDENTS WITH HEALTH RESTRICTIONS IN PHYSICS TEACHING
METHODOLOGY

Soltanova E. S

Abstract: This article examines inclusive teaching methods for students with disabilities in physics. Based on
the theories of Vygotsky and Gardner, the importance of a supportive and adaptive learning environment is
emphasized. The article examines the use of technologies such as VR, AR and adaptive platforms that help
students develop forms of thinking such as visual-spatial thinking. Despite the challenges of these
approaches, such as costs and teacher training, the positive effects of individualized and technology-
supported learning for students with disabilities are noted, and the importance of greater investment in
inclusive education is emphasized.

Keywords: Physics, forms of thinking, students with health restrictions, inclusive education, modern
technologies, cognitive development.
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®OPMbI MBIIIIVIEHUA 1 TEXHOJIOI'NHU PASBUTHUSA YHAIIUXCSH C
OI'PAHUYEHUAMMU 110 310POBBIO B METOJUKE ITPEIIOJABAHUSA ®U3UKU

Coaranosa E. C.

Peztome: B oanmoii cmamve paccmampuearomcs UHKIIO3UGHbIe Memoobl 00yueHUs CMmyoOeHmos c
0SpAHUYEHHBIMU  BO3MOdNCHOCMAMU 1o Qusuke. Ha ocnoge meopuii  Bvicomckozo u [apouepa
NOOUEPKUBAETCS  BANCHOCMb  nodldepicusaoweli. U  adanmueHol cpedvl oOyuenus. B cmamove
PAcCMampusaemcs UCnoib308anue maxkux mexvonozutl, kax VR, AR u adanmuguvix niamgopm, Komopwie
nomoearom cmyoeHmam pazeueamv makue @Gopmvl MuIULIEHUs, KAK SU3YaAlbHO-NPOCMPAHCNEEHHOE
multuinenue. Hecmomps na npobremvl 9mux nooxo0o8, maxue Kaxk 3ampamvl U NO0020MOGKa yuumeel,
ommeuaromcs noiodcumenvhvle IQP@exmovt UHOUBUOYATLHOLO U MEXHOIOSUYECKO20 00VUEeHUS 05l YYAUWUXCS
C 0ZPAHUYEHHBIMU BO3MOICHOCHIAMY, A MAKHCe NOOYEPKUBACMCS BAICHOCTNL VEEIUYEeHUs UHBECTNUYULL 8
UHKTIO3UBHOE 0Opazosanue.

Knroueesvie cnoea: CDZ/L?L{K(I, quprl MblUIEeRUA, ydauuecst ¢ ocpadHuUYeHusIMu no 300p06b10, UHKJIIO3UBHOE
06p0306aH1/l€, COBPEMEHHbIE MEXHOIOCUU, KOCHUMUBHOE pa3eumue.

231



HEKOTOPBIE OCOBEHHOCTHU PEHIEHUE DKCIIEPUMEHTAJIBHBIX 3AJTAY B
CPEJHEM HIKOJIBHOM KYPCE ®U3UKHN
I'yceiinam H. 3, xa66apos k. I'
bakunckuii 'ocynapcTBeHHbIN YHHUBEpPCUTET

nurlanahuseynli2002@gmail.com

Annomayus: sKcnepumenmanbhble 3a0a4u PA36USAIOM Y VUAWUXCS HABBIKU CPAGHEHUs, HAOMOO0eHUs U
svruucaenuss. OHU AGIAIOMCA HEOMbEMIEMOU YACMbIO NPenodasaniis Gusuku. IKcnepumenmaivivle 3a0a4u
ObIBAIOM  KAYECBEHHbLIMU U KOAuuecmeeHuvimu. IIpugedennas dKCnepuMeHmanvHas 3adaid ¢
KOMUYECMBEHHBIM MUNOM NOMO2Aem YHeHUKAM Jydule YCeoums pazoei MOAEKVISAPHOU (U3UKU, d MAK’ce
paseusaem ux cnocobHOCMU K CPABHEHUIO NOLYYEHHbIX PE3YIbIMAmos.

Knrouesvle cno6o: monekyn, mMacca u Yucio amomos, KOIUHECMEd 8eujecmad, MOJAPHASL MAcCca, pasmep
monexyn, molekul

DKcriepuMeHTallbHasl 3ajada B MPENoJaBaHUM, (U3UKKM KOTOpOE BKJIOYAaeT B cels
MIPOBEICHUE HKCIEPUMEHTA WM HAOMIOJEHHE C HAaMEpPEHHEM IPOBEPKH (U3UYECKOTO 3aKOHA.
Takue 3ajaun MOMOrarT MIKOJIbHUKAM Pa3BUBATh HABBIKU PELICHUs (U3UUECKUX 3ajad. Pemenue
HKCHEPUMEHTAIBHBIX 337a4 XOPOIIO BIUIET Ha KAYECTBO MPEMNOAaBaHus (PUIUKU.

DKCrepUMEHTAJIbHBIE 33/1aHNS COCTOUT U3 YEThIPEX ITAIOB.

1. IlocraHoBKa »SKCHEpUMEHTa: YUallUXCid ONPEAEsIOT MaTepualbl, BbIPAOATHIBATh
9KCTIIEPUMEHT.

2. COop naHHBIX: BhimoaHeHHe SKCcIIepUMEHTa U aHAIIU3 PE3yIbTaToB.

3. AHanu3 naHHBIX: 00pa0OTKa JaHHBIX, CO3JAaHHME BHIPAKEHUS U TPAPHUKOB, KATbKYIISIUS
(bU3UYECKUX BETUYMH.

4. 3axIII04eHUs: CPAaBHEHHE U OLICHUBAHUE PE3YNIbTAaTOB.

OKclepUMEHTaNbHbIE  3a/aud  KIacCU(UIMPYIOTCS JABYX BHJIOB: KAayeCTBEHHBIE U
KOJIMYECTBEHHBIE. [1]

KadecTBeHHBIE JKCIEPUMEHTAJIbHBIE 3aJaud DPA3BUBAIOT Yy YyYalllUXcsid KPUTHUYECKOE
MBILIUIEHUE U yMEHHEe pemaTh 3agaud. [lokakeM BaM KOJMUYECTBEHHYIO SKCIEPUMEHTAJIbHYIO
3a1adgy.

[Ipumep: onpenenum COOTHOIIEHUE IIMHBI MOJIEKYJ 1 M1 BOZIBI K PACCTOSTHUIO OT 3e€MJIM 10

JlyHsl.
O6opyoBaHue: SIEKTPUUECKHUE BECHI, BOAA
m
N = MNA , L=dN
M-mossipHast Macca, N- 9UCIIO MOJIEKYJTbI, d-pa3Mep MOJIEKYIIbI
Jlano
Na=6,2-10%
m=1 mn
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M=18-10"3 kr

R=3,8-10%m
d=3-101°
Pemrenne
_ 1073-6-10%3 —33.10%2
18-10-3 ’

L=d-N=33-10%3-3-10710 = 10%m

L_3-10% 185 105
R 38-105
Jlureparypa

1. S.®Olizads, I. ismayilov. Fizikanin todrisi metodikasi. Baki: ADPU-nun nosri, 2018, 340 s.

ORTA MOKTOB FiZiKA KURSUNDA EKSPERIMENTAL MOSOLOLORIN HOLLININ BoZi
XUSUSIYYOTLORI

Huaseynli N.Z, Cabbarov C.Q

Xllasa: Eksperimental maslalor sagirdlordo miqayisa, miisahida va hesablama vardislorini inkisaf etdirir.
Fizikanin todrisinin ayrilmaz hissasidirlor. Eksperimental masalalor keyfiyyat va kamiyyat tipli olur. Nimuna
gostordiymiz kamiyyat tipli eksperimental masalo sagirdloro molekulyar fizika bolmasini daha yaxsi
gavramaya kdmok etmakla yanagsi alinan naticalari miqayisa etma bacarigini da inkiaf etdirir.

Acar sozlar: atomlarin sayr va Kitlasi, madda migdari, molyar kiitla, molekulun 6lglsu

SOME FEATURES OF SOLVING EXPERIMENTAL PROBLEMS IN THE SECONDARY
SCHOOL COURSE OF PHYSICS

Guseynli N. Z, Jabbarov J. G.

Summary: Experimental problems develop students’ skills in comparison, observation and calculation. They
are an integral part of teaching physics. Experimental problems can be of quantitative and qualitative types.
The quantitative type of experimental problem we have presented not only helps students better understand
the section of molecular physics but also enhances their ability to compare the results obtained.

Keywords: molecule, mass and number of atoms, amount of subctance, molar mass, molecule size
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TEXNIKI PESO TOHSIL MUOSSISOLORINDO FiZiKA TOLIMININ DIDAKTIK
MOSOLOLORI
!Namazov Y. B., *Huseynov R. K.,’Namazov F. R.
1Ganca Dovlat Universiteti

2Azarbaycan Dovlat Agrar Universiteti

Azarbaycanin tohsil sistemindo peso tohsili oldugca mihim modvgeys sahibdir. Buna gorads
dovlotimiz torofindon bu saho daim inkisaf etdirilir vo peso tohsilinin diinya standartlarina
inteqrasiyast proqrami miivoffoqiyyatlo hoyata kecirilir. Respublikamizda ilk peso-ixtisas tohsilinin
hom komiyyst, hom do keyfiyyst baximindan siiratli inkisafi demokratik Azoarbaycan
Respublikasinin qurucusu Heydor Oliyevin 6lkays rohborlik etdiyi dovrdon baslamigdir. Tosadifi
deyil ki, mohz ulu 6ndarin rohbarliyi altinda 6lkomizda iri senaye morkazlori, fabrik vo zavodlar
tikilmigdir. Diizgiin idaroetmo noticasindo tokco istehsal iqtisadiyyati deyil, peso-ixtisas tohsili
muoassisalori do inkisaf etmisdir. Bunun montiqi davami olaraq Azor-baycan Respublikasinin
Prezidenti Ilham Oliyevin 2016-c1 il 6 dekabr tarixli farmani ilo “Pesatohsili va toliminin inkisafina
dair Strateji Yol Xoritosi” gobul edilmisdir ki, bu da peso tohsilinin dovlstin sosial-
igtisadi inkisafinda rolunun vo bu sahoaya dovlat dastoyinin stbutudur. Dovlat torafindon aparilan
bitiin magsadyonlii islahatlarin oan mihim vazifalorindon biri texniki profilli peso moaktablilarinin
(va elaca doa digar profillar Gizra) saviyyasini keyfiyyoatco yiiksaltmak, faaliyyst zamani (ham tadris,
hom do idaroetma) yaranacaq noqgsanlari aradan qaldirmagq, o ctimlodon amak bazarinin talablaring
uygun ixtisash kadr hazirligini togkil etmokdoan ibarstdir. Olbatto, bu proqramlarin icrasi zamant
peso-ixtisas tohsili imkanini yaradan peso tohsili miassisalorinin rolu ohomiyyatli doracads
boyukdur.[1]

Peso tohsili muassisalori mdvcud tolobo say1 etibari ilo peso-ixtisas tohsilinin ¢ox vacib
hissasini togkil edir. Son illords bu tipdon olan tohsil miassisalarinin 6lkamizin sosial va igtisadi
inkisafindaki rolu daha da artmaqdadir. Bu inkisafa uygun olaraq, peso tohsili muoassisalarinin
problemlorinin hallino y6nalmis yeni yanasmalarin zoruriliyi artir. Pesa tohsilinds movcud
vaziyyatin giymatlondirilmosinds vo problemlorin holl olunmasinda tohsil alanlarin fikirlorinin
Oyranilmasi geyd olunan yanagsmalardan biri olmalidir.

Peso-ixtisas tohsilinin mozmunu asagidak: didaktik prinsiplor asasindamiioyyanlosdirilir:

e noticoyonumlilik — tohsilin mazmununun avvalcadon mioyyon olunmus naticalorasasinda
muayyan edilmasi;

e usaqyoniimliilik — tolim-torbiys prosesinin bilavasito usagin meyil vo maraginin, tahsil
tolobatinin 6danilmasing, istedad potensialinin reallasdirilmasina va inkisafinayonaldilmasi;

o soxsiyyatyonumliulik — usaqlarda zaruri hoyati bacariglarin vo doyarlorinformalasdirilmast;
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inkisafyoniimliilik — usaqlarin idrak foalligimin, tohsil nailiyyatlorinin davamli tohlilive
giymatlondirilmasi yolu ils onlarin bilik, bacariq vo vardislarinin inkisafinin tominolunmast;
tolobyonimlulik — imumi inkisafla baglh tahsil programimin mazmununda fordin, comiyyatin
Vo dovlatin dayisan taloblorinin nozars alinmast;

varislik — mioyyon edilmis yas qruplart iizro totbiq edilon tohsil programlarininmozmun va
mahiyyat etibarilo bir-birini tamamlamast;

integrativlik — talimin mozmun komponentlarinin slagslondirilmasi;

azorbaycangiliq — usaqglarin vatonparvoarlik ruhunda torbiys edilmasi, onlarda foalvotondas
movqeyinin formalasdirilmasi, Azorbaycan xalqmnin tarixino, modoniyyating, diling, adst vo
ananalarina hdrmot hissinin asilanmasi.

dinyavilik — diinyaya aid olma, diinya ilo bagli olma, dini olmama, dinls alagasiolmama.

Pesa tohsil miassisalorinda fizika toliminin magsadi asagidakilardir:

Sagirdlorin intellektual vo yaradiciliq gabiliyyatlorinin inkisaf etdirilmasi;

Tohsilalanlarin  Keys metodu osasinda fizika tapsiriglarinda istifado etmok bacariginin
formalasdirilmast;

Sagirdlorin tobistds bas veran hadisalari fizika fonni baximindan izah va tohlil eda bilmasi;
Tohsilalanlarin fizikanin fundamental ganunlar1 vo materiayanin qurulusunu 6ziinds ehtiva
edon diinyagoriisiiniin formalagmast;

Sagirdlorin hadisalorin gedisini progqnozlasdirilmast;

Tohsilalanlarda XXI osr texnologiyalarinin inkisafinda fizikanin rolunu izah etmo
gabiliyyatlorinin formalasdirilmas;

Sagirdlordo XXI asr 4K bacariqlarinin inkisaf etdirilmasi

Bu mogsadlo pesa tohsil misssisalorinds  asagidaki  vazifalori hoyata kecirmak daha

moaqsadomiivafig olardi:

elmi

Tobiotdo bas veran fiziki hadisalorin yasayis torzimiza no godor toesir etdiyi haqqinda tasavviir
yaratmag;
Fiziki hadisalori sads Usullarla vs interaktiv metodlarla izah etmok;
VII — IX siniflords maddonin qurulusu hagqinda, mexaniki, istilik, elektromagnit, atom, kvant
Vo kainatin qurulusu haqqinda ilkin biliklari vermoak.

Diinyanin inkisaf etmis 6lkolorinds fizikanin todrisinds eyni hadaflor mévcuddur: fann tzro

vo texniki hazirligin ssaslarini vermok yaradiciliq qabiliyyastinin inkisafi, elmi tofokkurin

formalagmasi, adobiyyat, eksperimnet va s. kimi mixtalif monbalor bacarigini inkisaf etdirmok.

Bununla yanasi, son vaxtlar inkisaf etmis Olkolorin oksoriyystinds sagirdlorin real hoyat

situasiyalarinda elmi bilik vo bacarigqlarini tatbiq etmok qgabiliyyatlori genis viisat alib. Metodoloji
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biliklor do az shomiyyat kasb etmir: modellarin genis va siiurlu totbiqi, elmi todqigat metodlarinin
monimsanilmasi va s. [2]
ODOBIYYAT:
1. S.N.Ismayilov. Fizikanin todrisi metodikasinini miiasir problemlori. ADPU nosriyyati. Baki,
378 s.
2. Sleyxer A. Diinya standartlari: XXI asrin tohsil sistemini neco qurmali. Tohsildo giiclii

icracilar vo ugurlu islahatgilar. Baki. 2022

ANJAKTHYECKHUE BOITPOCHI OBYYEHUA ®PU3UKHU B TEXHUYECKHUX
MHNPO®ECCHUOHAJIBHBIX OBPA30BAHUSAX

Hama3zos S1.B., I'yceiinos P.K., Hamazos ®.P.

Peszrome: 30ecv Oviiu  uccnedo8anvl OUOAKMUYECKUE BONPOCHL NPEenooasanus Qu3uKu 6 cucmeme
npogeccuonarbHo2o  0bpazosanus  Azepbatioxcana. AnanU3UPYOMCS  pe3yivmamsl - UCCAEO08AHUL,
NPOBEOEHHbIX CReYUATUCMAMUY U UCCIeO08aMENAIMU 8 OAHHOU 001aCTU.

Knwouesvie cnosa: npogheccuonanvioe obyuenue, yupexcoenus npopeccuoHaIbHO20 00pazo8anus, Kelic-

Memo0. OudaKmuueckue NPUHYUNbLL, UHMEPAKMUBHLIL Memo0. (DYHOAMEHMANbHbIE 3AKOHbl, MEXHOI02UU
XXI gexa

DIDACTIC ISSUES OF TEACHING PHYSICS IN TECHNICAL PROFESSIONAL
EDUCATION

Namazov Y.B., Guseinov R.K., Namazov F.R.

Summary: Here, the didactic issues of teaching physics in the professional education system of Azerbaijan
were investigated. The results of studies conducted by specialists and researchers in this field are analyzed.

Key words: vocational training, vocational education institutions, case method: didactic principles,
interactive method: fundamental laws, 21st century technologies
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MUASIR INNOVASIYALARIN - iKT-NIN FiZIKANIN TODRIiSINO TOSIRIi
Colilova S., Nasibova L.
Azarbaycan Doévlat Pedaqoji Universiteti

sevinjjalilova@yahoo.com , nasibovalaman30@gmail.com

Kompiiter texnologiyalarinin inkisafi osrindo muasir dorsi informasiya kommunikasiya
texnologiyalarindan (IKT) istifado etmodon tosovviir etmok mimkiin deyildir. Bu da tokca todris
prosesini  fordilosdirmoys imkan vermir, hamginin sagirdlorin yaradiciliq qabiliyyatlorinin
formalasdirilmasinda miihiim rol oynayir. IKT-nin todris prosesins totbigi todris materialinin togdim
edilmasinin forma vo metodlarina, sagird ilo muollim arasinda qarsiligli slaganin xarakterino,
umumilikda darslorin kegirilmoasi metodologiyasina ohomiyyatli dorocods tosir gostorir. Eyni
zamanda, IKT-don istifado todriso ononovi yanasmalar1 ovoz etmir, oksino onlarin effektivliyini
ohomiyyatli doracods artirir. Fizika darslorinds informasiya texnologiyalarindan istifado virtual
sokillordon istifado etmoklo niimayis etdirmo eksperimentinin imkanlarin1 genislondirir, vahid
informasiya mokani yaratmaga, distant tohsil sistemi vasitosilo fasilosiz tohsili hoyata kegirmayo,
fordi 6yronmani hayata kegirmaya, mustaqil isloma bacariglarini inkisaf etdirmaya imkan verir.[1]

Dorsdo IKT-don istifado misllimo isin aydinlig: va sliroti hesabina materialin dyranilmasine
sorf olunan vaxti azaltmaga, sagirdlorin biliyini interaktiv sokildo sinamaga imkan verir ki, bu da
Oyronmonin effektivliyini artirir, fordin biitiin potensialini reallagdirmaga komok edir - idrak, oxlaqi,
yaradici, kommunikativ vo estetik, sagirdlorin intellekt vo informasiya madaniyyatinin inkisafina
komok edir.Maktob fizika kursunda IKT-nin (Iinformasiya vo Kommunikasiya Texnologiyalar1)
ohamiyyati ¢cox boyukdur . Fizikada abstrakt va ¢atin anlayislarin dork edilmasi sagirdlor Uglin ¢atin
olur. Fizika darslorindo IKT-don istifadonin an tasirli Usullarindan bozilori asagida verilmisdir:

1.Virtual laboratoriyalar: Virtual laboratoriyalar sagirdlors fiziki laboratoriya qurasdirilmasina
ehtiyac olmadan virtual mihitdo tocribslor vo todgigatlar aparmaga imkan verir. Xiisusi
programlarin vo veb proqramlarin kdmoyi ilo sagirdlor tocriibslor apara, parametrlori doyisdirs vo
naticalari miisahids eds bilarlar.

2.Interaktiv Darsliklor: Interaktiv elektron darsliklor fizikam1 dyranmok (igiin daha dinamik
Usul taqdim edir. Onlarin tarkibinds animasiyalar, interaktiv tapsiriglar, testlor va slavo materiallara
hiperlinklor ola bilor.

3.Video Darslor vo Video Muhazirslor: Musllimlor murokkab fizika anlayislarini izah etmok
Ucln video darslor vo video mihaziralor yarada vo ya istifado eds bilorlor. YouTube vo Khan
Academy Kimi moghur platformalar minlarlo maariflondirici videoya girisi tomin edir.

4.Simulyasiya vo Modellogdirma: Simulyasiya vo modellogdirmo proqramlarindan istifado
etmoklo sagirdlor muxtolif fiziki proseslori aragsdira vo onlarin virtual tosvirlorini miisahido eds
bilorlor. Belo programlara misal olarag PhET Interactive Simulations vo Algodoo daxildir. Masalan,
elektromaqnit dalgalar1 vo ya quvvaloro aid proseslori grafik vo ya animasiya soklindo gormoak
sagirdlorin dorsi daha yaxsi anlamasina komok edir.
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5.Interaktiv 16vholor: Interaktiv 16vholor misllimlora I6vhodo obyektlori yaza, coka vo horokot
etdiro bilocoklari interaktiv dorslor yaratmaga imkan verir. Bu, fiziki anlayislar1 daha aydin izah
etmoyos kdmak edir.

6.0yronmo Vo ev tapsirigl iiciin onlayn platformalar: Google Classroom, Moodle va ya
Microsoft Teams kimi platformalardan istifado muoallimlara darslari togkil etmoayi, materiallart va
tapsiriglar paylasmagi va tolobalors ray bildirmayi asanlagdirir.

Fizika dorslorinde IKT-don istifados iisullar: birlesdirilorok daha effektiv vo interaktiv dorslor
yaradila bilor. Onlar miuoallimlora tolimi  mixtolif sagird islublarina vo ehtiyaclarina
uygunlasdirmaga imkan verir, naticads fizika anlayislarin1 daha dorindon basa diisiirlor.[3]

9dabiyyat:
1.1sa Ismayilov. Fizikanin tadrisi metodikasinin miiasir problemlori (magistr hazirhg: iiciin darslik.
Yenidoan islonmis 3-nasr). ADPU-nun nasriyat1 Baki, 2023.
2.CaBenkoB A.M. UccrienoBarenbckoe oOOydYeHHE W TPOCKTHPOBAHHME B 0Opa3oBaHUU. —
NccnenoBatenbekas pabora MKOILHUKOB, 2016, Ne 1.
3.Metoauyeckie PEKOMEHAAWU JUIsl  TMEAaroroB W ydamuxcs  (u3uka] DIeKTPOHHBIN
pecypc]/Pesxkum moctyna: http://rudocs.exdat.com/docs/index-24308.html.

THE ROLE OF ICT IN TEACHING THE SCHOOL PHYSICS COURSE
Jalilova S., Nasibova L.

Summary:The results obtained so far suggest that ICT is a powerful teaching tool that can significantly
increase its effectiveness. The application of ICT to students' scientific research activity was one of the most
important tasks of the educational process, because the main goal of education is the comprehensive
development of the personality, the cultivation of an independent and active personality. Currently, ICT and
research technologies are widely used in the teaching of many subjects, but their possibilities are especially
wide in the teaching of science subjects. The use of ICT in the school physics course increases students'
interest in the lesson and develops their deep learning and critical thinking skills. Such use of ICT makes
physics lessons not only theoretical, but also a practical and fun experience. These methods help students to
better understand and increase their interest in physical concepts.

Key words: physics, student, ICT, computer,training.

POJIb UKT B ITPEIIOJJABAHHUU HIKOJBHOI'O KYPCA ®U3UKU
Mxkanunosa C., Hacubosa JI.

Pesztome llonyuennvie k Hacmoswemy 6pemenu pe3yibmamsl No380si0m npeonoaodcums, umo HKT
ABNAIOMCSL MOUHBIM UHCTNPYMEHTNOM 00VHeHUsl, CNOCOOHBIM 3HAYUMENbHO NOBLICUMb €20 IPDEeKMmUsHOCMb.
Tlpumenenue UKT 6 nayuno-ucciedo8amenbckoli 0essmeibHOCMu cmyoeHmos Oblio 0OHOU U3 8ANCHEUUUX
3a0au 06pazoeamenbHO20 Npoyecca, NOCKOIbKY OCHOBHOU UYenblo 00paA308aHUs AGIAEHC B8CEeCOPOHHee
passumue JUYHOCMY, 60CRUMAHUE CAMOCMOAMENbHOU U aKMmusHou auunocmu. B nacmosawee epemsa UKT u
UCCcIe008amenbcKue MexXHOA0SUU WUPOKO UCHOAb3VIOMCS NPpU NPEno00d8aHUU MHO2UX NpeoMemos, HO
0CODEHHO WUPOKU UX BO3MONCHOCMU NPU NPenooasaHuu ecmecmeenHvlx Hayk. Hcnonvzosanmue UKT 6
WKOILHOM KYpce (QU3uKu nogvluiaem ummepec yuaujuxcs K Ypoxy U pazeueaem y HUX HABbIKU 21YO0K020
obyuenusi u Kpumuueckozo mviuneHus. Taxoe ucnonvzosanue UKT Oenaem ypoxu ¢husuxu He moabKo
meopemuyecKuMy, HO U NPAKIMUYECKUMU U Y8TIeKAMENbHbIMU. DM Memoobl NOMO2AION CYOeHMaM Jyuuie
noHAmMbs usuyecKue KOHYenyuu U N0BbICUMb UX UHMepPecC K HUM.

Knroueswie cnosa: gusuxa, cmyoenm, UKT, komnvromep,o00yueHue.
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XI SINIF SAGIRDLORININ FiZIKADAN “ELEKTROMAQNIT ROQSLORI VO
DALGALARI” FOSLININ TODRIiSi ZAMANI EKOLOJi MAARIFLONDIRILMOSi
Oliyev A.

Azarbaycan Doévlat Pedaqoji Universiteti

khadaaliyeva@gmail.com

Insan giinasin, yerin vo aym elektromaqnit saholorilo formalasmis elektromagnit sistemidir.
Bu homin saha va siialanmalardir ki, hiiceyra Saviyyasinds insan organizmi bunlara tabii suratdo
uygunlagsmigdir. Mobil telefon iso elektromagnit saholorini siialandirmaq qabiliyyati Sobobindan,
insan hiceyrasinin adati Uzro elektromagnit sahosinin tobii elektromagnit olagessini pozmagla
organizma monfi tasir gostorir. Texnologiyalarin inkisafi ilo xarakterizo olunan muasir ddévrds
mobil telefon istehsalgilar1 onlarin siialanma tezliyini 1800-1900 MHs-o godor qaldirirlar. Bu
intervalda iso elektromaqnit dal@alar1 insan basmna daxil olaraq beyin vo digar Uzvlora tosir
edirlor(1,2). Homginin yuxunun va giindslik hayat torzi rejiminin pozulmasi riski yiiksalir. Hotta
g6zlomo halinda olarkon mobil telefon morkazi sinir sistemins tosir etmok gabiliyystino malikdir.
Istifadogilorin oksariyyati bas agrisindan, yiiksalon hoyacanlanma vo yorgunlugdan, tez-tez bas
veran soyuqdoymsa xastaliklarindon aziyyat ¢okir. Uzunmuddatli telefon danisiglart isa mixtalif
infeksiyalara qarsi orqanizmin miiqavimatinin azalmasina, gormo, yaddas vo psixoemosional
dayanigliligin pislosmasina sobab olur.

2004-cu ildo dordillik tadgigatlarin naticasi olaraq Avropa alimlari bu gonaste golmisloar ki,

mobil telefonlarin slialanmasi insan hiiceyralorina real zoror verir vo DNT mutasiyalarinin
ohomiyyatli artimimi sortlondirir. Bu doyisiklor hiliceyra soviyyasinda Xargangos sabob ola bilar.
Saglamligin tohlikoasizliyinin beynolxalq standart normalarina  asason, insan bodoninin har
kilogramina diigon mobil telefonun gicl 2 Vt-dan artiq ola bilmaz. Aparatin siialanma giiciiniin 0,2-
don 0,4Vta-a godor toskil etmasi uygun hesab edilir. Bu giymat telefonun sanadlosmasinds geyd
olunur.

Mobil telefonun insan saglamligma tosiri tam Oyronilmaso do, o asagidaki maslohot vo
ehtiyatliliq todbirlorina omol edilmasi faydalidir:

1.Telefonunuzu dayisdirmok gorarina galdikds, on az glica malik modeli segorak onu cantada
gazdirin.

2.Zorurat olmadiqda telefondan istifado etmoyin. Belos ki, hatta gdzloma rejiminds oldugda
belos, sizo siialandirict tasir gbstoracokdir.

3.Sakit, mumkin daracads qisa, 15 doagigoalik fasilo ilo danigin. Unutmayin ki, mobil telefon
adini ovoz etmir vo onunla uzun middst danismaq olmaz. Danisigin ucaligi artirildigda

stialanmanin giicii do artir.
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4.Danigiq vaxti telefonu basin dori qatindan 3 sm mosafodo tutun. Bu ara maksimal
stialanmaya uygundur.

5.Mobil rabitadoan istifado olunmasi usaqlar vo 16 yasina gadar yeniyetmalor, hamils qadinlar,
nevroloji xastaliklora meyilli insanlar, Grok ritmli kardioloji qurgular implant edilmis soxslor tgtin
moslohat gordlmr.

6.Metroda va ylksok voltlu elektrik verili xatlorinin yaxinliginda telefondan istifads etmayin.
Burada tobi elektromagnit sahasi zoiflodilmisdir.

7.Cagirig aninda telefonu qulaga yaxinlasdirmayim. Bu zaman telefonun 6tiirliclistiniin giicii
an boyuk olur.

8.Geco telefonu sondiiriin. Razilasin ki, bu vaxt vacib zonglor istisna halindadir. Gézloma
rejimindo olan telefon iso sizo tosir edorok, normal yuxunuzu pozacaqdir. Oyadilma magsadilo
telefonun oyadicisindan istifads etdikds bels o, sizi stialandirmaqda davam edacoakdir.

XI sinif sagirdlori “Elektromagnit rogslori vo dalgalar” foslino daxil olan md&vzularin
ardicilligr tizro todris prosesinds 8-10 dog. muddstinds darslik mévzusunun fiziki mahiyyatinin
sorhindan sonra ekologiya elmi, onun asas ganunlari, amillari, populyasiya, biosenoz-, ekosistemlor
global ekoloji problemlar, otraf tabiat muhitinin ¢irklonmasinin novlari, straf mahitin elektromagnit
cirklonmosi haqqinda mobil telefondan istifado olunmasinin insan orqanizmino zorarli tosiri
haqqinda bilik vo tocriibs todgigati molumati oldo edirlor. Onlarin moanimsanilmasi  va
mohkamlondirilmasi maqgsadilo sagirdlora ekoloji sual vo test tapsiriqlart verilorok uygun
giymotlondirmolar aparilir.

NUmuns olarag:

1. Mobil telefonun insan organizmino monfi tosiri no ilo olagodardir vo 6ziinii hansi

xastaliklorda gostarir?

2. Mobil telefonu Uzro hansi faydali maslohot vo ehtiyatliliq todbirlorine amol olunmasi

zoruri hesab edilir?

3. Basin dori gatindan hansi ara mosafasinds mobil telefondan maksimal siialanma yaradir?

A) 3sm, B) 4sm, C) 10 sm, D) 6 sm, E) 8 sm.
4. Mobil telefonun siialanma giiciiniin hansi intervalda olmasi normal hesab edilir?

A) 0,2-0,4; B)1,0-2,0;C)1,0-1,5; D)0,8-1,2; E) 2,0-3,0
9dabiyyat

1. Boiiropuu C.C. BiusHue 3I€KTPOMAarHUTHOTO M3Iy4Y€HHs Ha 30pOBbE UYEIOBEKA.

Hayxka, Baepa, ceromns, 3aBrpa. 2017, Ne 1, c. 16-21.
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2. TMamyk A.A. bypsk H.}O. bezonacHoe monb30BaHHEe MOOWMIIBHBIM M YCTPONCTBaMHU U

crocoObl ymeHbIeHus1 Bpeaa ot Hux. CtyaeHt. Acnmpant. Uccnenosarens. 2019, Neo

2,c.268-273

IKOJIOI'MYECKOE BOCIIMTAHHUE YYAIIUXCH XI KJIACCA B XO/IE
IMPEINOJABAHMUS I'VTABBI «QJIEKTPOMAT'HUTHBIE KOJIEBAHUSA U BOJIHbI»
PU3UKUH.

AauneB A.

Peztome: B pabome paccmampusaromcs 8ONPOCHl IKOLOSUHECKO20 NPOCEEUieHUsT NPU NPenooasaHuu no
Qusuxe enasol «nekmpomacuumuule Konebanus u eoanvly yuawuxca Xl xnacca.

Knwouesvie cnosa: Mobunvhviii meneg)oH, opeanusm, d1eKMPOMASHUMHAS 80JHA, MOWHOCMb U3TYYEHUs,
8030elicmeaue uryueHus, Mepsbl nPedoCmoOpPOHCHOCHU

ENVIRONMENTAL EDUCATION OF XI GRADE STUDENTS DURING THE
TEACHING OF THE CHAPTER "ELECTROMAGNETIC OSCILLATIONS AND
WAVES" FROM PHYSICS

Aliev A.

Summary: Environmental education of Xl grade students during the teaching of the chapter
“Electromagnetic Oscillations and Waves™” from Physics.

Key words: mobile phone, organism, electromagnetic wave, power of radiation, effect of radiation,
precautionary measures
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TOLIM PROSESINDO IDRAK METODLARININ TOTBIiQININ OHOMIYYOTI.
Mammadov F.9., Sadiqova S. R.
Sumgqayit Dovlat Universiteti
mammadov_fuad@bk.ru

Fizika elminin inkisafi nozari vo eksperimental todqiqat metodlari ilo baghdir. Metod yunan
sozli olub, etimoloji baximdan yol, tadgiqat, sorh tsulu moanasina uygun golir [1]. Nozori todgigat
metodlart kimi eksperimental todqigat metodlar1 da tolimi idrak G¢lin mihim shamiyyato dasiyir.
Tolimi idrak elmi idrak ilo funksional surotdo bagli olan bir prosesdir. Elmi vo tolimi idrak
metodlarinin funksional miinasibati onlarda Gmumi cahatlorlo yanasi prinsipial farglorin oldugunu
da gostorir.

Tolimi idraki elmi idrakdan farglondiran asas spesifik xususiyyat onun subyektiv xarakter
dasimasidir. Miasir dovrdo sagirdin bdyiik informasiya muhitindo sistemli, effektiv vo olagoli
biliklara yiyalonmasina dogru harokati muollimin rohbarliyi altinda miixtalif tolim metodlarinin
komayi ilo bas verir. Bu metodlar da 6z novbasinds sagirdin foaliyyatini toskil edir vo onlarin
istifado edocoyi tolimi idrak metodlarii  miisyyonlogdirir. Talimin  moqgsadindon asili
olaragmuollim torofindon uygun metodun se¢ilmasi noazori vo eksperimental biliyin oldo
olunmasinin somorali ardicilligini tomin edir [2].

Fizikanin tolimi prosesinds Oyrotmo effektivliyi metodlarin bir-birini tamamlamasi ilo
baglidir. Har bir metod miiayyan mohdud idraki imkanlara malikdir. Bu isa metodun ayri-ayri ganu-
nauygunluqlarim1 askara ¢ixarmasi ilo olagedardir. Bu baximdan metodlarin birlikdo istifadasi
obyekt haqqinda tam tosavvir yaradir vo onun xassalorinin kompleksini tam sokildo agkarlamaga
imkan verir.

Metodlarin bir-birini garsiliqhh tamamlamasi tam idrak prosesindo onlarin miisyyan mantiqi
ardicilligla tatbiginda do gorunur. Har bir metod muayyan omaliyyati icra edir, bela ki, bir metodun
totbiqi digari G¢lin zomin yaradir.

Moalumdur ki, empirik todgigat saviyyasino miisahids, eksperiment metodlar1 vo onlarla bagh
olan 6lgmo proseslori daxildir. Miisahido - oxsar cohatharin geyds alinmasi, elmi faktorlarin
toplanmasi {igiin todgigat metodudur. Miisahido vasitasiz vo vasitali ola bilor. Vasitosiz miisahido
hiss orqanlari vasitasi ilo gqavranila bilon hadiso va xassalari shats edir. Vasitali miisahids isa texniki
vasitolorin kémayi ilo hoyata kegirilir ki, bu da hiss orqanlar1 vasitasi ilo gavranila bilmayan
obyektlori vo onlarin xassolorini todqgiq etmoys, onlardaki oxsar oslamotlori askar etmoys imkan
verir. Miisahido metodunda oxsarligin tam askarlanmasi imkan1 mohduddur, bels ki, obyekt tabii

halda Gyranilir, onun 6zl va yerlosdiyi sorait doyisdirilmir.
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Eksperiment-daha inkisaf etmis empirik metoddur. Hadisays mudaxilo edarok miisahidalor
osasinda noticonin ¢ixarilmasi {igiin eksperiment qoyulur. Lakin miisahidodon forgli olaraq
eksperimentds insan hadisalori yalniz seyr etmoklo kifayatlonmayib hom do onlarin gedisino foal
midaxilo edarak onlari elo bir “slini” vaziyyata gotirir ki, bu halda onlarin xassalorini 0yronmak
tobii haldakina nisboton daha asan olur [1].

Miisahids ilo yanasi eksperimento mixtalif Gsul vo vasitalor daxil edilir. Tadgiq olunan
obyektin pozucu tasirlordan tocrid olunmasi, soraitin doyisdirilmasi, obyektin hissalora ayrilmasi,
tobii proseslorin suratlondirilmasi vo yavasidilmasi vo s. Bu amaliyyatlarin naticasinds ilk baxigdan
gorinmayan olamatlor agkarlana bilar.

Fizikanin tolimi prosesindo mihium rol oynayan analiz va sintez Kimi nazari idrak metodlar
montigi amoaliyyatlarin komayi ilo reallasdirilir. Hotta on sado obyektlor arasinda miiqayisalor
apararkan analiz va sintez omoliyyatlar1 lazim olur. Metodik odabiyyatlarda geyd edilir ki, analiz
tamu faktiki ya da fikron torkib hissalora parcalamag, sintez hissa torkib hissalari birlogdirarak tami
yaratmagq prosesidir [2].

Analiz metodunun moantigi mahiyysti ondan ibaratdir ki, todqig olunan obyekt 6z torkib
hissalarina ayrilir vo yeni bilik almaq, oxsar olamotlori agkarlamaq ii¢liin manba rolunu oynayir.
Analiz daha mirokkob hadisolorin daha sado elementlors parcalanmasina, ohomiyyatlorin
ohamiyyatsizlordan secilmasina imkan verir.

Analiz va sintez bir-birini yalniz tolob etmoyib, konkret prosesds bir-birini ham do misaiyat
edirlar.

Ingilis fiziki Uilyam Kruks katod siialarinin tobistini dyronorkon bir sira praktiki omoliyyatin
kémoayils bu siialarin bazi xassolorini ayird etmisdir. O, seyroklogmis qazla doldurulmus boruya
radiometr daxil edarak onun firlandigin1 agkara gixarmagqla belo naticays golmisdir ki, katod stialari
mexaniki tosiro malikdir. Sonra, katod siialarinin qarsisinda xiisusi formali metal yerlogdirarok
borunun divarinda metalin kaskin sorhoddo malik kolgasini gérmiis vo silialarin diizxatt Uzra
yayilmasi noticasino golmisdir. Nohayot, katod siiast selino maqnit yaxinlagdiraraq Kruks
flGioressensiya lokasinin yerdoyismosini geyd etmisdir. Bu da katod stialarinin maqnit sahasinin
tosiri ilo ayildiyini vo onlarin miioyyan elektrik ylkine malik oldugunu siibut etmisdi.

Beloliklo, bltdv hadiso ayri-ayrpi hissalora pargalanaraq analiz edilmisdir. Sonra Kurks
todgiqatin naticalorina yekun vuraraq bu slamatlorin hamisini sintez etmisdir. O, belo naticoya
golmisdir ki, katod siialar1 bu segilmis xassolora eyni zamanda malik olur, belo ki, xassalordan
birinin mévcudlugu o birilori yox etmir. Oldo edilon malumatlar katod stialarinin elektron stialart
oldugunu gostoran nozari tasavvirlorin yaranmasi ii¢iin baza rolunu oynamisdir. Kruks katod siialari
Vo elektronlarin alamatlorinin eyniliyi kimi agli naticoys golo bilmisdi ki, bu da idrak metodlarinin

-analiz va sintezin qarsiligh niifuz etmasina gostarir.
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Idrakin bir formasi olan miicorrodlosdirmo analizlo six baglidir vo onun osasinda hoyata
kecirilir. Micarradlosdirma onunla xarakterizo olunur ki, idraka taqdim olunan obyektin bu vs ya
digar olamoti dork edilorkan hamin alamot digorlorindon, onlar arsindaki slagadon fikron ayrilir,
tocrid olunur. Mucarradlosdirma idrakin ham empirik, ham da nazari saviyyasi Ugiin xarakterikdir.
Obyektin elementlors par¢alanmasi, hamin anda idrak Ug¢iin daha zaruri elementin ayrilmasi va onun
“tomiz” halda hortorofli tohlil edilmasi — biitlin bunlar tofokkuriin miicarradlosdirma faaliyyatinin
mohsuludur. Micarradlagdirma hadisalori daha dorin, dogru vo tam dork etmoyo, anlamaga sorait
yaradir.

Odabiyyat
1. Mommodov ©.B. vo b. Mdasir tobistsiinashigin konsepsiyalari. Darslik. Sumgayit: SDU
nosriyyati, 2002, 506 s.

2. YcoBa A.B. Teopus u Mmeronuka o0ydenus ¢pusuku. «Menysa», 2002, 175 c.

THE IMPORTANCE OF THE APPLICATION OF COGNITIVE METHODS IN THE
EDUCATIONAL PROCESS.

Mammadov F.A., Sadygova S.R.

In the article, it describes the methods of teaching physics in the teaching, role play, teaching, teaching, and
organization of modern physics, as well as effective methods of transformation. The basic task of the teacher
in physics in the modern world is to apply the cognitive methods in the teaching of practical applications to
students, and to direct them to exemplify the subject.

Key words: physics, method, cognitive methods, learning cognition, scientific understanding.

BAKHOCTDB IPUMEHEHMUSA ITIO3HABATEJIBHBIX METO/J1OB B OBPA3OBATEJIBHOM
INPOLECCE.

Mamenos @ .A., Caanirosa C.P.

B cmamve npedocmasnsiemcsi cywHOCMb NO3ZHABAMENbHLIX MEMO008 8 NPenooasanuu Qu3uKu, poiw,
KOMOPYIO OHU ucparom 6 o0yueHuu, mpeho8anuss K NPUOTUICEHUI0 U OP2AHUAYUU COBPEMEHHBIX KIACCO8
Qusuxu, a maxoice memoowt d¢pexmusnoco nepexooa. OchoHas 3a0ada yuumens 8 QusuKe 8 COBPEMeHHOM
VpoKe - NOOYEPKHYMb BANCHOCMb HNPUMEHEHUS KOSHUMUGHBIX MEemo008 8 00yueHuu CcmyoeHmos
NPAKMuYecKomy NPUMEHEeHUI0 3HAHUU U HABLIKOS, HANPABTIAL UX MbICIUMb, NOHUMAMb NPEeOMem.

Knrouesvie cnoea: (j)u3u1<a, Memod, KOCHUMuUeHbsle M@WlO()bl, nosnaeamelbHoe HNo3HAHUue, HaydHoe
NOHUMAHUe.

244



FiZIKi HADISOLORIN TOSVIRIND® ANALOGIYADAN iSTiFADO
NosrullayevalJ.9., HaciyevaS., MoharromovaC.A.
Azarbaycan Dovlat Pedaqoji Universiteti

j.nsrllyva2001@gmail.com

Xiilasa: Analoglarin c¢atin elm anlayislarinin dyradilmoasi vasitasi kimi rolu elm tohsilindo genis sokildo
miizakira edilmisdir. Davamli tohsil kontekstinds analogiyalarin totbiqi daha zongin potensiall nazards tutur.
Miivafig analogiyalarin magsadyonlii istifadasi analoji diistinma va kdgiirma bacariglarimi asanlasdira,
hamginin hayat va omiir boyu dyranmoa iiciin talob olunan bacariglart inkisaf etdira bilar, o ciimlodon miiasir
comiyyata va texnologiya ila zongin diinyamizda obyekto ugurlu inteqrasiyaya zomin yardar. Analoji tafokkiir
talabalorin yiiksak saviyyali diisiinma bacariglarinin inkisafina kémoak edir.

Acar sézlar: Analogiya, fizika, qravitasiya va elektrostatik sahasi, saha intensivli, masala halli.

Analogiya fizikanin Oyronilmosindo genis istifado olunan idrak metodlarindan biridir.
Fizikanin todrisindo analoqlarin istifadosi tolim prosesinin daha effektiv olmasina kdmok
edabilar,ciinki tolobalar yeni vo miirokkob konsepsiyalar1 dyronarkon onlara tanis olan mdvzulardan
istifado edorok movzunu daha asan basa diiso bilirlor. Analogiyalar, fizikanin ¢otin nozori
mosalolorini daha sado sokildo izah etmok, tolobolore yeni terminologiya voanlayislart izah etmok
liglin ¢ox olverisli vasitadir.Otraf alomin hadisalarinin birliyi va qarsiligli alagesi, masalon, mixtalif
tobiatli fiziki hadisalori tosvir etmok {igiin oxsar riyazi tonliklordon istifade etmokla, masalon,
gravitasiya vo elektrostatik saholor vo onlarin tosvirlori arasindaki analogiya ilo gostarilir [1, 2].

Fizikanin miixtolif bodlmalorindo analogiyalarin istifado etmok olar.Analogiyalar yeni
materialin, xiisuson do micarrad anlayislarin sagirdlorin  ovvalki biliklori ilo daha asan
monimsanilmasine imkan verir, onlara konsepsiya haqqinda daha elmi anlayisin formalagmasina
sorait yaradir. Sagirdlor yeni anlayislari todqiq etdikdo, onlar yeni 6yradilmis konstruksiya ilo artiq
bildiklori arasinda slageni tapib vizuallasdirdigda monali dyranmo davam edir.Masalon, Mexanik
dalgalanmalar vo ya mexaniki dal@alar kimi tanis analogiyalar tez-tez talobalorin elektromaqgnit
dalgalanmalar1 vo ya elektromaqnit dalgalar1 kimi miirokkob anlayiglarhaqqinda mahdud, lakin
monali bir anlayis yaratmagq {igiin istifado eda bilacayi ilkin zehni modellor kimi xidmat edir.[1]

Analoglardan istifado molum olanlardan diisturlar ¢ixarmagqla, dayisonlorin uygunlugu va
doyismoasindon istifado etmoklo nozori hesablamalar1 sadolosdirmays imkan verir. Analogiya
metodunun fizikanin todrisi sahasindo shamiyyatinin dork edilmasi vo ondan istifado bacarig
sagirdlorin elmi tofokkiiriiniin inkisafi, diinyagoriisiiniin formalasmasi ti¢lin ¢ox vacibdir.

Mosalon, oayanilik vo vaxta gonat mogsadi ilo gravitasiya vo elektrostatik sahalarinin

xarakteristikalar1 vo qarsiligh tasir quvvalirine uygun riyazi disturlar arasinda(F = G %, F =
kqi%) analogiyadan istifado etmoklo kiitlonin yiks (m — g),gravitasiya shitinin Kulon sabitins,

(G - k), gravitasiya sahasinin intensivliyinin elektrik sahasinin intensivliyino (g — E) analoq
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oldugunu gorarik. Bu sahoalorin potensialli xarakterli olmasi m kutloli cisimin Yerin gravitasiya

sahasinds r; masafasindan r, masafasing yerini dayisorkon gorilon is tigtin malum ifadani bilmokla

(A=GmM (ri- ri)), torponmoz Q yiikiiniin yaratdigi elektrostatik sahods g sinaq yiikiiniin 7y
1 2

mosafasindan r, moasafasine yerini dayisorkon gorilon is dorhal tayin eds bilarik:
A=kqQG-7)

Umumi tohsil maktoblorinds fizikanin tadrisinin aktual problemlarinden biri fiziki masalalorin
problemlarin hallinin dyradilmasidir. Masalo halli moktablilori mulahizalorin dizginliylns vo
montigina, oldo edilon naticalori tongidi dork etmays vordis etmoyo imkan yaradir, ceviklik,
tofokkir doyiskanliyini inkisaf etdirir. Fizikadan masalo halli tokca riyaziyyat vo fizika biliklori
deyil, hom do xiisusi bacariqlar talob edon mirakkab prosesdir. Masalonin sartini tahlil etmok,
yenidon formalasdirmaq va yenidon modellosdirmak, ilkin problemi basqa problemls avoz etmak va
ya onu alt tapsiriglara bolmak, hall planini tortib etmok, forziyyslor formalagsdirmaq va toklif olunan
hall yollarin1 yoxlamaq lazimdir.

Gox vaxt masalalorin halli zaman1 malum olur ki, o, artiq hall edilmis basqa birino bonzayir
vo problemlorin yaxinliq doracasi ¢ox mixtolif ola bilor. Yeni vo kéhno problemlor arasindaki
analogiyaya diqgot yetirarak, yenilorinin halli yollarin1 tapmaqda slave ugur sansi alds edirik.
Fizikadan masolo hoallindo analogiyadan istifado hesablama addimlarinin miqdarinmi azaltmaga vo
naticade miioyyan bir masalonin holling sorf olunan vaxti azaltmaga komok edtiyindon analogiya
movzusu fiziki mosalalorin hollinds olduqca vacibdir. Qeyd edok ki, tapsiriglarin yaxinliq doracasi
mixtolif ola bilor. Hall edilmis vo yeni tapsiriq arasindaki bonzotmoyos digqoet yetirmoklo, yeni
tapsiri@1 ugurla yerino yetirmok sansimiz koskin sokildo artir. Beloliklo, "analogiya ilo
osaslandirma" masalalorin halli {igiin ¢oxsayl tisullardan biridir.

Deyilonlors omin olmagq ti¢iin iki oxsar masalonin hoallini nozordon kegirak:

Mosala:iki kiitlo mi= 5 kg vo m2 = 10 kg mesafalori r = 2 m olan noqgtolords yerlosirlor. Bu iki
kitlo arasinda tosir edon gravitasiya qlivvasini tapin.

Halli

F=G M2r=(6,674x1011)22% = 8,34 x 10~ 1°N
r 2
Analog masala:

Iki ndqtovi yiik gi= 3 C vo g2 = 4 C mosafalori r = 2 m olan néqtalorda yerlasirlar. Bu yiklor

arasinda tosir edon elektrik quivvasini tapin.

3X4
4

F=k8L, F = (8.987 x 10%) === 2,7 x 101°N
T

Analogiya 1:
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Tapswrig 1. Kutlasi m=4kq olan cismi vi=3 m/s sliratdon v2 =5 m/s stirata gadar sliratlondirmok tglin
lazim olan isi hesablaym.Cavab: A = AEx= %mvz - %mv2

Tapsirig 2. Otalot momenti [= 3 kg.m? olan diskin bucaqli siiratini w; = 2 rad/s-don w,= 4 rad/s-dok
artirmaq ii¢iin lazim olan isi hesablaymn. Cavab: A = AE« =§ lw3 — %I w?

Belalikla, Fizika kursunu oyronorkon tolobalor miixtolif tobist hadisslori ilo qarsilasirlar.
Oyronilon hadisalorin miixtalifliyino géra onlarin bir coxu mosalalorin hallindo ¢otinlik ¢okirlor.
Lakin eyni qanunlardan, masalolorin halli tisullarindan fizikanin miixtalif fosillorinds istifado oluna
bilor.Bunu dork etmok sagirdloro mosalslori daha ugurla holl etmoys vo buna goéra do biliklorinin

keyfiyyatini yiiksoltmoyas imkan verir.

WCHOJIb30BAHUE AHAJIOTAHW ITPU OTUCAHUU ®USUUYECKHUX SIBJIEHUI
Hacpyanaea/K.A., I'agsxkueaC., Mareppamosa/[x.A.

Aunomauuﬂ: Ponv ananozuii xkax UHCmMpymernma npenodaeaﬂwz CNLOJICHBIX HAYUYHbBIX KOHL;@I’!L;MHV wWupoKko
06cy9fc0aemc2 6 eCmeCmeeHHOHAYYHOM 06pa306aHuu. HpuMeHeHue aHano2ull 8 KOHmMeKcme HeENpeEPvIBHO2O
06pa306an1 npednwlaeaem bonee bocamolil nomeryuain. lleﬂeHanpaeﬂertoe ucnoiv3osarnue
coomeemcmeyrouux aHano2Ull Modxcem 06ae2uumsb AHAN0SUYHOE MblUlIeHUe U HABBIKU nepedatm, a makaxce
pas3euntb HABLIKU, Heobxooumble 0 06}/‘{61-[1/{}1 8 meueHue 6cell JNHCUHU U HA npomsodtcenuu ecell IAHCU3HU,
6KJIIOYAasl YCNeutnyo uikmezpayuro obvekma 6 COBpEMEHHOE 061/1/;66‘7’}160 u Haw bozamolii MEXHOLOSUAMU Mup.
Ananozuueckoe muluiieHue nomozaem yuawyumcs paseueams HA6bIKU MblLULIEHUS bonee 8bICOK020 nopﬂdka.

Knroueesvie cnoea: AHCZJZOZM}I, qbuauKa, cpasumayuoOrHoe U aaekmpocmamuieckKoe noJie, HanpAsNCeHHoCNnb
noJiA, peuternue 3ao0au.

USE OF ANALOGY IN THE DESCRIPTION OF PHYSICAL PHENOMENA
NasrullayevaJ.A., HajiyevasS., MagerramovalJ.A.

Abstract: The role of analogies as a tool for teaching difficult science concepts has been widely discussed in
science education. Applying analogies in the context of continuing education implies a richer potential. The
purposeful use of appropriate analogies can facilitate analogical thinking and transfer skills, as well as
develop the skills required for life and lifelong learning, including the successful integration of the object
into modern society and our technology-rich world. Analogical thinking helps students develop higher order
thinking skills.

Keywords: Analogy, physics, gravitational and electrostatic field, field intensity, problem solving.
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FiZIKANIN TODRIiSi PROSESINDO TOLOBOLORIN TODQIQATCILIQ BACARIGININ
FORMALASMASI VO INKISAFINDA EKSPERIMENTAL MOSOLOLORIN ROLU
9dkbarova G.E., Hasanov O.M., Haciyeva G.U., Tagizads A.S.

generoval7@gmail.com

Xulasa: Isda tolobalorin todgigatcilig bacarigimin formalasdirilmasinda va inkisaf etdirilmasinda fizika
fonninin todrisinda eksperimental masalalorin hallinin ahamiyyatli cohatlori gostorilmis, tadrisin tocriibi
toraflorini guclandirilmasi, talabalarin mistaqil islarinin samoarali taskili etmak mishat naticalar veridiyi geyd
olunmusdur. Niimuno tictin Fizikanin mexanika bolmasindan bir nega eksperimental masalo nlimunalori
verilmis va onlarin halli yollar: gostorilmisdir.

Acar sozlar: tadgigat, eksperiment, ayanilik , idrak proseslari

Talobolorin fizika biliklorinin keyfiyyatinin ylksaldilmasi problemi orta moktobdo mixtalif
yollarla hall edilir. Tadrisin tacribi taraflorini glclondirarak, talabalorin mustaqil islarinin samarali
toskili etmok mdushat noticolor verir. Bu mogsads tocrubi yollarla holl edilon eksperimental
mosalalorin 6zlinomoxsus yeri vardir.

Bu tapsiriglar toloboalara yaradiciliq sarbastliyinin niimayis etdirmays imkan verir vo konkret
mosalalari hall edarkan nazariyys ilo tacriibs arasinda ayrilmaz slagonin mévcud oldugunu dyranir.
Bu olages sayasinda problemin halli va onun fiziki monasi biitiin talobalari {iglin aydinliq qazanir.
Fizika dorslorinds hotta ¢ox sayda tocriibonin gostorilmasi halo do idrak prosesinin osas
morhoalalarinin hayata kegirilmasine zaruri doracads tomin etmir.

Eksperimental masalalari hall etmak tgun talobalor tarafindon miistaqil addimlar atildigindan
stiurlu vo aktiv biliklorin aldo edilmoasino kifayst godor kémok edir. Bu tip masalalorin qoyulusu
sagirdlors fizika qanunlarmin tasir dairasini aydin gostarir, tobiat ganunlarinin obyektivliyini ortaya
goyur, macburi hayata kegirirlor, insanlarin fenomenlorin prognozlasdirilmasi va tobist ganunlarina
dair biliklarindan istifads etmokls hadisalari gabagcadan hiss etmok, onlar1 magsadli sokilds idars
etmok, xuisusi vo praktiki magsadlors nail olmagq tigiin onlarin yranilmasinin vacibliyini gostorir.

Fizika elo bir tobist elmidirki onu tacriibalordon kegirtmodon dork etmok mimkiin deyil.
Universitetdo oxuyan talobalor har biri ayri- ayr1 miihitlordo orta tohsil aldiglarindan miiallim
burdaki inca cizgiya diqget yetirmolidir.Bu inca cizgi ondan ibaratdir ki, mioallim onlarin
diistincalaring,bilik saviyyslorino hormotlo yanasmalidir. Ciinki bozi moktoblorimizds laborato-
riyalar movcud deyil vo ya ¢ox az sayda cihazlarla tochiz olunmusdur. Eyni qrupda tohsil alan
bakalvrlar eyni natics ilo universiteto gobul olsalarda bu o demak deyilki onlar fiziki hadisani eyni
saviyyads doark edirlor. Bir tolobs fizikani1 dork etsads digari sadaco avtomatik olaragq 6yranib. Hor
hansi canli va aydin tasvir he¢ bir zaman asl tacriibanin verdiyi tosavvirl avaz eds bilmoz. Buna
goro do muollim eksperimental masalalori elo qurmalidir ki, onlar fiziki hadisanin shamiyyatini

muoayyoan doracads eyni anlasinlar.
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Boazon tolobalor eksperiment aparmaga lageyd yanasirlar vo ya sadaca giymat almag Ugin
tocribani aparirlar. Birinci ndvbads ¢alismaq lazimdirki, talobs tacriibani 6zii aparsin. Ciinki bels
olanda talobo prosesin ardicilligint daha aydin miisahido edir. Usinskinin dediyi kimi fizikanin
todrisinds eksperimentdon istifads zamani ol isloyir, gbz goriir, qulaq esidir, burun iylayir, dil dadir
, 9zalalar titroyir vo mixtalif duygu organlari 6z isini goriir [3].

Xisusi istedadli tolobolorin beynalxalq saviyysli konfranslarda istirakini tomin etmok vo
onlara bu isdo yardim¢i olmaq lazimdir. Bu tolobolords todgiqatgiliga maraqla yanasi onlarin
auditoriya qarsisinda ¢ixis etmok bacarigini formalasdirir [4]. Son illords universitetlor arasi elmi
konfranslarin togkil olunmasi talobalori todqiqatgiliga colb edir.

Fizikanin tadrisinds eksperimentdon istifado olunmasi estetik cahatdon zongin , z6vq oxsayan
Vo optimal icra olunan, etibarlilig, inandiriciliq taloblorini 6domali, sagirdlorin psixikasina tosir
etmoasi naticasinds xos toassiirat oyatmali vo niimayis edilon hadisanin mahiyystini agmaga imkan
vermolidir. Homginin todris prosesindo eksperiment talobalordo biliklarinin sistemlogmasing,
dolgunlasmasina va totbig sahasinin miayyan edilmasina qlvvatli tasir gostarir [5].

Tocruba gostorir ki, nazori materialla fiziki tocriibalorin mivafogiyystlo uzlagmasi on yaxsi
pedaqoji natico verir. Tadrisin keyfiyyati dors prosesinds muosllimin niimayis etdiracoyi Vo ya
tolobalora tapsirdigi tocriibalordon asilidir. Tacrlibonin hazirlanmast vo kegirilmasi zaman
tohlikasizlik texnikas1 qaydalarina amal olunmalidir.

Taloboalords maraq yaradacaq bir negoa eksperimental mosaloya
toxunag.

1) Tok xatkesdon istifads etmaklo Uflige bucaq altinda atilmig

cismin suratini neco tapmag olar ?

Ufige nozoron bucaq altinda atilmis cisim eyni zamanda iki

Sakil 1

muxtalif iralilomo harakatinds olur, Saquli istigamatda h hindrltyindan
sorbostdiismo vo Ufiqi istigamotdo vo siiroti ilo diizxotli boraborsiirotli horokot.Bu iki horokot

birlikds icra olundugundan onun trayektoriyasi yarimparabola sokilinds olur (Sokil 1)

Sarbast diison cismin horokati ¢in h = thz (1) ifadasindon t zamanin ifadasini alaq: t =

2o

Duzxatli barabarsuratli harokot halinda isa uzunlugun [ = vyt (3) ifadesinds (1) dusturunu

nozors alaq. Bu zaman alinan [ = v, \F;h (4) disturundan uzunlugu va hindirliyid xotkesdan

istifado edorok 6lgmoaklo , sarbastdiismo tocilinin giymatini yerina goymagla masslonin sartinda

sorusulan cismin siiratini tapa bilorik.
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2) Miqgyas xotkesinin komoayi ilo harokot edon avtomobilin yan siigolorine diison yagis
damcilarinin izino asason damcilarin diigma suratini necs tayin etmok olar ?
-Avtomobils nazoron damei eyni zamanda iki harokoatds , yoni saquli va Ufugi istigamatlordo

barabarsuratili harokatlords istirak edir. Damcinin yekun vslrati saqula nazaran abucagi altinda

yonalir (Sakil 2). Sokil 2-dan gorindiyi kimitga = 2 (1)

V- avtomobilin suratidir, v,- damcinin siiratidir. Bucagin vav
giymatini migyas Xotkesinin komayi ilo diizbucaql igbucaqdan a
katetlori 6lcmaklos tapiriq. Damci izi hipotenuz boyunca olur, b
pancaranin siisalori iso katetlordir. avtomobilin 6z suratini Sakil 2

spidometrdon gotururik. tga = Z = ';—" (2) disturundan istifads edorok damcinin diisms suratini
X

tapa bilarik.

3) Iki riyazi roggasdan birinin periodu molum olarsa, ikincinin rogs periodunu necos tapa
bilorik ?

Bunun (¢l ragqaslar1 yan-yana qoyurug. Har ikisini eyni dorocads eyni zaman aninda meyl
etdiririk. Baslangicda rogslorin fazasi barabar olacaq (¢, = ¢,), zaman kecdikco periodu az olan
raggas o biri ragqqasi kegoacak, zaman kecdikca ragslorin fazalari forqi doyigsocokdir. Hansisa zaman
aninda raqasslart hor ikisi eyni fazaya golocokdir. Bu zaman mudstinds har iki raqgasda bas veran

tam rogsorin sayini daqiq bilmok lazimdir. Homin muddat arzids

birinci roqgas N1 sayda rags, ikinci ragqgas iso N2 sayda rogs icra
etdiklorini muoyyanlosdirdikdon sonra: t=NT, =
N, T,barabarliyindon bizo molum periodu vo ragslorin sayini

geyd etmoakls ikinci raqgasin periodunu tapa bilarik.

Todrisdo eksperimental ~ masalalorin  hallindan istifads O O
tolobalora yaradiciliq sorbastliyinin niimayis etdirmays imkan wSakim w
verir vo konkret masalalari holl edorkon nazariyys ilo  tocriibs

arasinda ayrilmaz slagonin mévcud oldugunu dyranir.Bu tip  mosalalari hall etmak {giin talobalor
torafindon mdistaqil addimlar atildigindan siiurlu vo aktiv biliklarin olds edilmasins kifayat godor
komok edir, muxtolif toyinatli mosalolorin qoyulusu sagirdlors fizika qanunlarinin tosir dairasini

ayani sokilda gostorir, tobiot ganunlarinin obyektivliyini siibut edir.
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THE ROLE OF EXPERIMENTAL PROBLEMS IN THE FORMATION AND DEVELOPMENT OF
STUDENTS' RESEARCH SKILLS IN THE PROCESS OF TEACHING PHYSICS

AkbarovaG.E., HasanovO.M., HajiyevaG.U., TaghizadeA.S.

Summary: In this work, the important aspects of solving experimental problems in the teaching of physics in
the formation and development of students' research skills were shown, and it was noted that strengthening
the experimental aspects of teaching and effectively organizing students’ independent work gave positive
results. For example, several examples of experimental problems from the mechanics section of Physics are
given and their solutions are shown.

Keywords: research, experiment, visualization, cognitive processes

POJIb OKCIIEPUMEHTAJIBHBIX 3AJAY B @OPMUPOBAHUU U PAZBUTHUHN
HNCCIENJOBATEJBCKUX HABBIKOB CTYJAEHTOB B ITPOLHECCE ITPEIIOJIABAHUSA
OUBUKUN

Axobaposal'.Q., 'acanoBO.M., I'agxuenal . Y., TaruzageA.C.

Pe3tome: B Oanmoli pabome noxkazaHvl BadCHblE ACNEKMbl peuleHUus IKCNEePUMEHMANbHbIX 3a0ay 8
npenooasanuy Qu3UKY 6 GopMUPOBaHUU U PA3GUMUL UCCLEO08ATNENLCKUX YMEHUTI CIYOeHMO08, OMMedeHo,
YUMo yculieHue dSKCNePUMEHMATbHBIX ACNEKMOo8 00yUeHUs U IPOHEeKMUsHAs OP2anu3ayus camoCmosmenbHou
pabomvl  cmyOeHmo8 Oanu  NonodcumenvHvie pesynbmamsi. IlpusedeHvl  HeCKONLKO — NpumMepos
IKCNEPUMEHMATLHBIX 3A0aY U3 MEXAHUYECKO020 pa30end usuUKU U NOKA3AHbL UX PeUleHUs.

Knroueswvie cnosa: ucczzec)oeamte, IKCnepumerm, eusyaiusayus, KOCHUMUBHble NPOoYeCcsl.
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FIZIKA FONNININ TOLIMINDO QIYMOTLONDIRMONIN TOKMILLIOSDIRILMOSI
OrucovV.,
Azarbaycan Dovlat Pedaqoji Universiteti
Karimova A.
Nax¢wvan Déviat Universiteti, doktorant

vidadi orucov@mail.ru, aytenkerimova567@gmail.com

Fizika fonninin tadrisi, sagirdlorin tobist elmlorina maragini artirmaq vo analitik diisiinmo
bacariglarini inkisaf etdirmok Ggiin vacibdir. Fizika hom nazori, hom do praktiki toraflori ohato
etdiyindan, giymatlondirma sistemi diizgiin qurulmali, yalniz biliklari yox, ham do diisiinca torzini,
problemlari hall etma gabiliyyatini vo tacriibs bacariglarini 6lgmalidir. Azorbaycan Respublikasinin
umumtohsil sisteminds Qiymatlondirms Konsepsiyasinda sagird nailiyyatlorinin qiymatlondirilmasi
sisteminin vazifaloriindon biri do:”’qiymoatlondirmadon tolim vo tadrisin ehtiyaclarini 6domok ii¢iin
istifado edilmasi”dir. [Azarbaycan Respublikas1 Nazirlor Kabinetinin 2009-cu il 13 yanvar tarixli 9
némrali gorar1] Fizika darslorinda giymotlondirmo sagirdlorin fiziki qanunlari basa diismo vo real
hayatda totbiq etmo qabiliyyatlorini  giymotlondirmays yonalmoalidir.  Qiymatlandirmanin
tokmillosdirilmasi ham do sagirdlorin tobiot elmlorino maragimi artirir, analitik diisiinmo Vo
problemloari hall etmo qgabiliyyatlorini inkisaf etdirir. Miiasir yanasmalar, sagirdlorin foal istirakini
tomin edorok todrisi daha dinamik va effektiv edir.

1. Sagirdin fiziki anlayisim izlomak va onu dastoklomak

Fizika darslorinds diizgilin qiymatlondirms, sagirdlorin fizikanin asas prinsiplarini, ganunlarin
Vo nazariyyslorini neca basa diigdiiklorini izlomoyo kdmak edir. Bu, sagirdloro movzulart derindon
anlamagq, fizika terminlorini diizgiin istifado etmok vo problemlori diizgiin hall etmok tigiin rohbarlik
edir. Qiymatlondirmo, sagirdin hansi sahslordo daha cox ¢atinlik ¢okdiyini miisyyon etmoys vo ona
fordi sokildo dostok gostormoyo imkan verir.

2. Fiziki problemlari hall etma bacariqlarii 6l¢cmak

Fizika dorslorindo qiymotlondirmo yalniz nozari biliklorlo mohdudlagsmamalidir. Sagirdlordon
fiziki maosololori holl etmok vo bu mosololori gilindolik hoyatda totbiq etmok gdzlonilir.
Qiymotlondirma bu clir bacariglar1 6lgmok ii¢lin ¢ox vacibdir. Sagirdlor, mosolon, horakot, enerji,
qiivva vo basqa fiziki hadisalori anlayaraq bu masalalori hall etmali vo hallorin naticolorini diizgiin
sokildo izah etmoalidirlor.

3. Fizika anlayislarim giindslik hayatda totbiq etmak

Fizika, tabiot hadisalorinin elmi izahini verdiyine goro, sagirdlor bu biliklori giindslik hayatda
totbiq etmoli vo bu tatbiglori diizgiin sokilds izah etmolidirlor. Qiymatlondirmo sagirdlorin yalniz

moktob kitablarinda deyil, real hoyatda da fizika qanunlarini neco totbiq etdiklorini 6lgmoya komok
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edir. Bu, sagirdloro nozori biliklorlo yanasi, praktiki diisiinma vo problem holl etmo bacariglarini da
inkisaf etdirir.

4. Fizika fanninds motivasiyanin artirilmasi

Fizika, bozi sagirdlor iigilin ¢otin vo anlasilmaz bir fonn ola bilor. Qiymotlondirmo bu
cotinliklorin 6hdesindon golmoys vo sagirdlorin 6z bacariqlarin1 daha ¢ox inkisaf etdirmoyo
yonoldilo bilor. Pozitiv gqiymatlondirmo, sagirdlori fizika movzusunda daha ¢ox maraglanmaga vo
dorslordo foal istirak etmoya tosviq edir. Sagirdlorin fizika ilo bagli miisbat tocriibo oldo etmosi,
onlarin tohsil hayatina olan motivasiyalarini artirir.

5. Praktiki bacariqlarin qiymatlondirilmasi

Fizika yalniz nozori bir saho deyil, hom do miixtalif laboratoriya islori, tocriibolor vo praktiki
tapsiriglar tolob edir. Sagirdlorin bu bacariglar1 necs totbiq etdiyini qiymatlondirmok ¢ox vacibdir.
Laboratoriya iglori vasitosilo sagirdlor fiziki qanunlari ozlori test edir, tocriibolor aparir vo
naticalorini analiz edirlor. Qiymatlondirmo bu bacariglart 6lgmokls, sagirdlorin fizikani nazari vo
praktiki olaraq neco monimsodiklorini gostorir..

6. Ragamsal va interaktiv qiymatlondirma alatlori

Roagomsal texnologiyalarin istifadasi qiymatlondirma prosesini daha dinamik va soffaf edir.
Onlayn testlor, simulyasiyalar vo virtual laboratoriyalar vasitasilo sagirdlorin fizika ganunlarini neco
anladiglarini va totbiq etdiklorini qiymatlondirmok miimkiindiir. Bu metodlar sagirdlorin foal
istirakin1 artirir vo onlara dors materiallarin1 daha interaktiv sokildo monimsomo imkani verir.

7. Fizika fonninds 6ziinii qiymatloandirms bacariqlarinin inkisafi

Qiymoatlondirms, yalniz sagirdin moalumatlarini yoxlamaqla kifaystlonmir, hom do onlarin
Oziinii giymotlondirma vo 6z inkisaflarin1 izlomo bacariglarini inkisaf etdirmoys komok edir.
Sagirdlor qgiymotlondirmo noticolori ilo 6z biliklorini vo bacariglarini neco inkisaf etdiro
bilocoklorini anlayirlar. Bu, onlarin miistoqil dyronmo gqabiliyyetlorini artirir vo fizika kimi
miirokkob bir fonndo daha effektiv inkisaf etmolorini tomin edir.

8. 9dalatli va saffaf qiymatlondirms

Fizika fonnindo qiymotlondirmonin odalotli vo soffaf olmasi sagirdlorin bu fonno olan
miinasibotini yaxsilasdirar. Fizika kimi analitik diisinmo vo diizglin hesablama tolob edon bir
fonndo qiymotlondirms meyarlar1 agiq vo doqiq olmalidir. Sagirdlor qiymatlondirmanin obyektiv
olduguna omin olduqda, onlar 6z biliklorini daha da artirmaga vo fizika dorslorindo daha foal istirak
etmoyo tosviq olunurlar.

Fizika fonnindo qiymstlondirmonin vacibliyi yalniz sagirdlorin biliklorini 6l¢gmok deyil, hom
do onlarin analitik diigiinma, totbiqi bacariglarini inkisaf etdirmok vo fizika mdvzularina maragini
artirmagla baglidir. “Qiymatlondirmonin naticalorine gors perspektiv faaliyyatlor planlasdirilarkon,

ilk novbado, hansi inkisaf pillosindo qorarlagmani miioyyonlogsdirmok miihiim ohomiyyot kosb
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edir.”[ https://edu.gov.az/upload/file/M-Merdanov-Qiymetlendirme.pdf] Qiymatlondirmo sagirdlora
yalniz akademik nailiyyatlorini izlomoyo komok etmir, eyni zamanda onlar1 praktiki tocriibalorlo

tochiz edir vo fizikanin real hoyatda necs totbiq olundugunu anlamalarina sorait yaradir.

IMPROVEMENT OF ASSESSMENT IN TEACHING PHYSICS
Orucov V., Kerimova A.

Abstract: The article explores ways to improve the assessment process in physics education and examines
new approaches to this process.

Keywords: physics, teaching methods, assessment process, new approaches.
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XI SINIF FiZiKA KURSUNDA “MAQNIT SAHOSININ COROYANLI NAQILO TOSIRI.
AMPER QUVVOSI” MOVZUSUNUN TODRIiSIND® VIRTUAL TOCRUBOLORDON
ISTIFADO TEXNOLOGIYASI.

Haciyev T.M.

Azarbaycan Doévlat Pedaqoji Universiteti

tofig.haciyev.62@mail.ru

Xiilasa: IX sinif fizika kursunda “Magnit sahasinin carayanli diiz naqilo tosiri. Magnit induksiyasinin modu-
lu” movzusunun tadrisi prosesinda sagirdlor amper giivvasinin modulunun hansi kamiyyatlordan asili olmasi
va onun istiqgamatinin sol al qaydasi ila neca tayin olundugunu oyronirlor.

Moaqgalada XI sinif fizika kursunda “Magnit sahasinin carayanli naqila tasiri. Amper giivvasi” mdévzusunun
tadrisinda sagirdlorin tadqiqatciliq bacariglarmin va bilik keyfiyyatlorinin artirilmasinda muahim  rol
oynayan virtual niimayis tocriibalori miiayyanlasdirilmis va istifads texnologiyast verilmisdir.

Acar sozlor: fizika, magnit sahasi, naqil, amper qiivvasi, virtual niimayis, arasdirma.

Umumtohsil moktoblorinds fizika fonnin tadrisi prosesinds osas mosalalordon biri sagirdlordo
praktiki bacariq vo vardislorin asilanmasindan ibaratdir. Praktiki bacariq vo vardislorin agilanmasin-
da niimayis tocriibalorinin boyiik shomiyyati vardir. Tolim prosesinds sagirdlorin yeni materiallarin
yaxs1 monimsamalari {iglin miiallimin virtual tocriibe niimayislorindon istifads etmasi vacibdir.

Fikrimizca, fizikanin todrisi prosesinda sagirdlorin

A . S

- Lo |8

-

maqsadi ilo komputer modellorindan (fiziki animasiya vo i
sokil 1. sokil 2.

texniki bacariglarinin va bilik keyfiyyatlorinin artirilmasi

simulyasiyalar) sistemli istifado aktual problemlordon
biridir.

Maogqalads tadris prosesinds sagirdlorin fizikadan bilik, bacariq va vardislarinin inkisaf etdiril-
mosi magsadi ilo virtual tacriibalordon istifads texnologiyasini islomokdon ibaratdir.

Miiollimin asas vozifasi hor bir mévziya uygun virtual niimayis tocriibolor segmok vo onlari
tolim prosesinda texnoloji bacarigla nimayis etdirmokdon ibaratdir.

= Maragqoyatma: Miiollim dorsin bu marholosinds sagirdlorin IX sinif fizika kursundaki bi-
liklora asaslanaraq, onlara bir ne¢o sualla miiraciot edir.

Togdim olunan suallara aid sagirdlorin cavablari1 dinlonilir. Bu forziyyslor osasinda todqiqat
suali formalasir.

m Todqiqat suali:Nal saokilli magnitin magnit sahasinds carayanli naqil yerlosdirdikds na
bas verir?

= Arasdirmanin aparilmasi: Miollim “®dwusuka B mrome—-HTMLS” saytindan “Sol 2l
qaydas:” adl1 animasiyani toqdim edir [4].

Sagirdlor nalgokilli magnitin maqnit sahasinds yerlasdirilmis naqilin siikunatda oldugunu mu-

sahido edirlor. Sonra dévra qapanir va naqilin harokoto golmasi miisahido edilir (sokil 1).
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Sagirdlor niimayis asasinda miioyyan edirlar ki, naqils tosir edon qiivvonin modulu naqildaki
corayan siddatinin, maqnit sahasinin induksiyasinin, maqnit sahasinds yerloson naqilin uzunlugunun
va maqnit induksiya vektori ilo diiz corayanli naqil arasindaki bucagin qiymatlorindon asilidir [1; 2].

Musllim sagirdlari qruplara ayirir va tapsiriqlar verir:

= Mbdlumat miibadilasi vo miizakirasi: Fondaxili olagodon istifado edon qruplar verilon
tapsiriglart miizakiro edorak, cavablandirirlar. Onlar miisahido naticalorini is varaqlorinds geyd edir-
lor. Aragdirmanin naticasi verilmis tapsiriqlar asasinda miizakirs olunur.

= Umumilosdirma va natica: Miiollim sagirdloro moévzuya aid bir ne¢o sualla miiraciot edo
bilor:

Miiollim vo sagirdlor verilon suallara aid cavablari1 dinloyir. Sonra miisllim mévzunu timumi-
losdirir vo alinan naticolor sagirdlors togdim edilir.

Miisllim virtual tocriibani nliimayis etdirarak qeyd edir ki, maqnit sahasinds yerlosdirilon coro-
yanli naqilo saha torofindon qilivva tasir edon qlivvonin modulu nagildon axan corayan siddotindon,
magqnit induksiyasinin modulundan, naqilili uzunlugundan vo coroyanin istiqamoti ilo maqnit in-
duksiyas1 vektoru arasindaki bucagin qiymatindon asilidir [1].

F, = IBlsina

Sonra sagirdlors “sol ol qaydasi” izah edilir.(sokil 2),

Carayanin istiqgamoti vo magqnit qlitblorinin yerlori doayisdirilorse, naqils tosir edoan — Amper
qiivvonin istiqgamati do doyisir.

Sonra sagirdloro Amper qiivvasinin totbiglori hagqinda molumatlar verilir.

Miiollim “Sads elektrik miiharriki” adli elektrik miihorikinin nego
islasini niimayis etdirir. Onun is prinsipinin maqnit sahasinin corayanli

¢or¢ivaya tosiring - Amper qiivvosing asaslandigi izah edilir.

= Yaradia totbigetma: Dorsin bu morholosindo misllim

SOKII 3.

sagirdlorin oldo etdiklori biliklori vo  totbig etmok bacarigini
formalasdirmaq moqsadi ilo miixtolif xarakterli mosalalor va ya testlor hall etdirs bilor.

Sonra mévzuya aid keyfiyyot vo komiyyot xarakterli masalalarin hollino baxilir:

Masala: Sokilds nalgakilli magnitin maqgnit sahasinda carayanli naqil yerlosdirilmisdir. Dévro-
nin gapali olduguna osason naqildon axan corayanin, maqnit induksiya vektorunun vo corayanl
nagqilo tosir edon Amper qiivvasinin istiqgamatlarini géstorin. Amper qiivvasi hansi istiqgamatdo yono-
lor?(sokil 3).

Holli:
Masalani hall etmak tigiin sagirdlora corayanin, magnit induksiyasinin vo Amper qiivvasinin
istigamatlorinin neca toyin edilmasine aid suallar verilir.

1.Elektrik corayanin istiqgamati hansi istiqgamotds yonalir?
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2.Magqnit sahasinin induksiya vektorunun istigamati olaraq na qobul edilmisdir?

3. Amper qiivvasinin istigamati hansi gqayda ilo toyin toyin edilir?
Verilmis suallarin diizgiin cavablar1 dinlonildikdon sonra avvalca

corayanin istiqgamati (miisbat yiiklorin harokat istigamati) vo magnit in-

2

duksiya vektorunun istigamati B toyin edilir. Sonra isa “sol ol qaydasr’
ilo corayanli naqils tasir edon Amper qiivvasinin istiqgamati toyin edilir.

Cavab: Amper qiivvasinin istigamoti saga dogru yonalir.

Idabiyyat
1. R.R.Abdurazaqov, R.M. Oliyev, QM.Sarifov. Fizika 11, Darslik, Bakinogr, 2018. 208 s.
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TEXHOJIOI'd:A HCI1OJIb30BAHUA KOMIIBIOTEPHBIX MO/IEJIEM ITPA
INPEINIOJABAHUU TEMBI «IEUCTBUE MAT'HUTHOI'O I1OJISA HA ITPOBOJHHUK C TOKOM.
CUJIA AMIIEPA» B X|I KJIACCE KYPCA ®U3UKMU.

Tag:xkuneBa T.M.

Annotamus:B xypce ¢usuku X kinacca B mpouecce npernoaaBaHust TeMbl «Bo3eiicTBue MarHUTHOTO OIS
Ha NPSIMOM ITPOBOJHUK C TOKOM. MOlyJIb MAarHUTHON MHIYKIUUY» YYalIUECs y3HAKOT, OT KAKUX BEIUYMH 3a-
BHCUT MOZYJIb aMIIEPHOH CHIIBI U KaK ONIPENAEIIETCA €€ HallpaBJICHUENIO IPABUILY JIEBOM PyKH.

B cratbe «Bo3znelicTBre MarHuTHOTO OIS Ha MPOBOAHMK ¢ TokoM. Cuta Amriepay B XI kitacce Kyp-
ca (pU3UKHU, ONPEICICHBI BUPTYAIbHBIC IEMOHCTPAIMOHHBIC SKCIICPUMEHTBI, KOTOPBIC UTPAIOT BAXKHYIO POJIb
B TIOBBIIIICHUN MCCIIEOBATENILCKUX YMEHHUH W TIO3HABATENBHBIX Ka4eCTB CTY/IEHTOB MPH IPETIOIaBaHUuU Te-
MBI «Crita AMmiepay u IpuBeieHa TEXHOIOTHS UX NCIIOIb30BaHMS.

KuaroueBsble cioBa: ¢pusnka, MAarHUTHOE T10JI€, TPOBOJIHUK, CHJIA TOKA, BUPTyadbHAsl TEMOHCTpPAIUS, UCCIIe-
JOBaHHUE.

TECHNOLOGY OF USING VIRTUAL EXPERIMENTS IN TEACHING THE TOPIC “THE
EFFECT OF A MAGNETIC FIELD ON A CURRENT-CARRYING CONDUCTOR. AMPERE
FORCE” IN THE XI GRADE PHYSICS COURSE.

Hajiyev T.M.

Abstract: In the 1X grade physics course, during the study of the topic "Effect of the Magnetic Field on a
Current-Carrying Straight Conductor. Magnetic Induction Modulus," students learn about the dependence
of the magnitude of the Ampere force on certain factors and how its direction is determined using the left-
hand rule.

The article identifies virtual demonstration experiments that play a significant role in enhancing
students' research skills and knowledge quality while teaching the topic "Effect of the Magnetic Field on a
Current-Carrying Conductor. Ampere Force" in the X1 grade physics course, along with the technology used
in these experiments.

Keywords: physics, magnetic field, conductor, Ampere force, virtual demonstration, research.
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FiZiKi HADISOLORIN TODRISINDO ANALOGiYADAN iSTIFADONIN OHOMIiYYOTI
Dadaszada G. A.
ADPU - nun nazninda Azarbaycan Dovlst Pedaqoji Kollecinin fizika musllimi

gunay_dadaszade@mail.ru

Xulasa: Magalo Umumtahsil maktablarinda fiziki hadisalorin todrisi zamani analogiyadan istifadaya hasr
edilmigdir. Tadris prosesi zamanmi analogiya va modellogdirma metodlarindan istifads etmaklo fizikanin
todrisi metodlarinin tatbiginin naticalari tahlil edilir.

Acar sozlar: Analogiya, modellasdirma, metod, miallim, sagird.

Analogiya - cisimlarin, proseslorin vo hadisslorin oxsarligi osasinda ¢ixarilan naticadir. EImdo
analogiyanin rolu daha ciddi deduktiv vo induktiv tsullarla yoxlanilan samorali toxminlor va
farziyyolor monboyidir. Tobiot elmlarindo analogiya asason yeni biliklorin yaranmasinda evristik
vasito kimi istifads olunur. [2]

Analogiya va modellar fizikanin 6yranilmasinda genis istifads olunan elmi bilik tisullarindan
biridir vo osas1 miiqayisadir. Iki vo ya daha ¢ox obyektin oxsar xiisusiyyatloro malik oldugu askar
edilorsa, 0 zaman bazi digar xisusiyyatlorin oxsarligi hagqinda natica ¢ixarilir. Analogiya ilo natico
dogru va ya yalan ola bilor, ona gdra do eksperimental yoxlama toalob olunur.

Umumtohsil moktablorinde analogiya fizikanin dyronilmasinds genis istifado olunan elmi
bilik tisullarindan biridir vo onun toadrisde shomiyyati fizika dorslorinde materialin togdim
edilmasinin elmi-nazari saviyyasinin yiksaldilmasi, sagirdlorin elmi diinyagoriisiiniin formalagsmasi
ilo baghdir. Fiziki tocrlibslords analogiyalarin Oyradilmosi osason artiq totbiq edilmis c¢atin
anlayislar1 vo qanunauygunluglari izah etmok Ugiin istifads olunur.

Todris prosesindoki analogiyalar avvallor Oyronilmis materialdan vo ya sagirdlorin digar
fonlori Gyronarkon vo ya gindslik hoyatda sldo etdiklori biliklordon somarali istifado etmoys, onu
mohkomlondirmays imkan verir.Analogiya fizikanin todrisinds istifado Uglin bdylk potensiala
malik olan elmi biliklarin an samarali iisullarindan biridir va migayisayas asaslanir[4].

Darslarin toskili vo kegirilmasinds istifads olunan tadris metodlart bu magsadlara ¢atmaqda
holledici rol oynayir. Pedaqoji faaliyyat ¢oxsaxali olsa da, yena do miiayyan ganunauygunluglara
tabedir. Bu ganunauygunluglari ancaq bir ¢ox miiallimlar nasillarinin pedaqoji tacriibasini va xususi
elmi-pedaqoji tadgiqatlarin naticalorini sistemlosdirmoklo basa diismok olar.

Fizikanin todrisdo analogiyalardan istifads dors prossesindo materialin toqdim edilmasinin
elmi-nazari saviyyasini yiksaldir, sagirdlordo elmi diinyagoriisiiniin formalagsmasina komok edir .
Pedaqoji tocriibads analoji metoddan asasen artiq totbiq edilmis va sagirdlorin basa diismasi on ¢atin
olan anlayis vo qanunauygunluqlari, fiziki proses vo hadisalori izah etmok Uglin istifads olunur.
Verilon nimunalor giindslik hoyatdan vo ya sagirdlorin yaxst monimsadiyi avvalki bdlmalordon

sagirdlor ticilin basa diisiilon olmalidir [2].
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Fizikanin todrisi prossesinds fiziki hadisalorin vo ganunlarin 6yranilmasinds bu metodun
totbigino dair niimunalora nazor salag. Umumtahsil moktoblorinda elektromagnit ragslorinin vo
dalgalarinin Syronilmasi toxayylll tofokkirln zaif inkisaf etmasine goro hamiso sagirdlora boyuk
cotinliklor yaradir. Elektromaqnit proseslorin basa diisiilmosini asanlagdirmaq tiglin mexaniki
ragslor va dalgalar ilo bir analogiya tatbiq edilir, ¢linki mixtalif tobistli ragslor vo dalgalar timumi
ganunlara tabe olur.Dévradoaki elektromagnit ragslori sarbast mexaniki ragslora bonzayir, mosalon,
yaya baglanmis cismin ragslori. Bu oxsarliq dovri olaraq doyison kemiyyatlorin tobisti ilo bagh
deyil, muxtalif fiziki komiyyatlorin dovri doyismosi proseslorine  minasibatdo  0zUni
gostorir.Elektromagnit ragslori vo dalgalar moktob fizikast kursunun movzularidir ki, onlarin
monimsanilmasi anonavi olaraq sagirdlor G¢ln boylk catinliklor yaradir [1]. Buna goéra do,
elektromaqgnit proseslorin  @yronilmosini asanlagdirmaq t¢iin elektromexaniki analogiyalardan
istifado olunur, ¢ctunki muxtslif tabistli ragsler vo dalgalar iimumi gqanunlara tabe olur.

Tobii ki, har bir sagird, ilk novbodo, yeni vo bilinmoyon hor seylo maraqlanan usaqdir.
Mduollim iss bu marag:1 vaxtinda askarlamali, inkisaf etdirmali vo diizglin istigamato yonaltmalidir.
Sagirdlor, biitiin usaqlar kimi, hor seyi 6zlori sinamaga, har seyi 6z allori ilo etmoya vo otrafdaki
diinyan1 tokbasina kosf etmoys maraq gostorirlor. Miallim bu havasi diinyanin elmi biliklaring
yonalda, sagirdlorin fizika maragini artira bilor. Bunun Uglin ayani vosaitlordon, niimayis
eksperimentlorindan istifads etmoak, sagirdlori dorslordo mixtalif maketlorin yigilmasina calb etmok
olar. Elacads virtual tocriibalorlordan istifado edorok mévzular arasindaki analogiyani daha aydin
sokilda sagirdlora ¢atdirmaq olar.

Fizikanin todrisinds analogiya vo modellosdirmo metodundan istifads sagirdlorin fonna
maragini artirmaqla yanasi, hom do onlarin akademik gostoricilorini tokmillogdirmays imkan verir.
Mdollim 6z tacriibasinds bu iisullart miasir tolim metodlari ils birlogdirarak, aslinds pedagogikanin
asas mogsad va vazifalaring nail ola bilar.

Odabiyyat siyahisi
1. M.Murquzov, R.Abdurazaqov, R.Oliyev, D.Oliyeva. Fizika 9. Darslik.Baki 2020.
2. R. S. Elliott, Some useful analogies in the teaching of electromagnetic theory, Education IEEE
Transactions on, 22(1979), 7-10 [2]
3. H. Marmanis, Analogy between the navier—stokes equations and maxwell’s equations: application
to turbulence, Physics of Fluids, 10(1998), 1428-1437.
5.https://moluch.ru/archive/454/98522/?ysclid=m3d0ngjqte142739270
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BAKHOCTDB UCIIOJIb30BAHUSA AHAJIOTUHA TPU OBYYEHUHU OU3NYECKUM
ABJEHUAM

Janamzange I'. A.

Pezrome: Cmambvsi nocesaujeHa UCHONBb30BAHUIO AHANOSUU HPU NPEno0a8aHul QU3UYecKux seieHull 8
obueobpazosamenvHol wikone. B npoyecce obyuenus anaiusupyomcs pe3yivmamol npuMeHeHus Memooos
00yuenus puzuKe ¢ UCNOTL30BAHUEM MEMOO08 AHANOUU U MOOETUPOBAHUSL.

Knroueswle cnosa: Ananozus, mooenuposanue, Memoo, yuumeb, YUeHUK.
THE IMPORTANCE OF USING ANALOGY IN THE TEACHING OF PHYSICAL PHENOMENA
Dadashzade G.A.

Abstract: The article is devoted to the use of analogy in teaching physical phenomena in secondary schools.

The results of the application of physics teaching methods using analogy and modeling methods during the
teaching process are analyzed.

Keywords: Analogy, modeling, method, teacher, student.
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ORTA OSRLORDO AZORBAYCAN FILOSOFLARININ (8.BOHMONYAR VO N.
GONCOVININ) XIDMOTLORINO DAIR TOLIM MATERIALLARINDAN
UMUMTOHSIL ORTA MOKTOBIN VII SINIF FiZIKA TDRiSINDOISTIFADONIN
SISTEMI
Miisayeva G.9.

Azarbaycan Dovlat Pedaqoji Universiteti

gulsen.musayeva.75@mail.ru

Xiilasa: Moqalada orta maktabin VII siniflorinda Azorbaycan filosoflarinin xidmotlorine dair tolim
materiallarindan fizika todrisinds istifadanin sistemi gostorilmigdir. Magaloda 2sas magsad —
tmumtahsil orta moktablarinda fizika todrisinda Orta asrlar tobiat elmlorinin inkisafinda Azarbaycan
alimlorinin xidmatlarina dair tarixi materiallardan istifadonin sistemini muayyanlasdirmak, bununla
da sagirdlorin fizika fonnina maraglarmmin artirilmas: va fizika tolimi prosesinda sagirdlora milli
vatonparvarlik keyfiyyatinin asilanmasindan ibaratdir.

Acar sozlar: filosof, fizika, astronomiya, Obiilhason Bohmoanyar, Nizami Gancavi

Mogalada asas magsad — Umumtoahsil orta moktablarinds fizika tadrisinds Orta asrlor
tobist elmlarinin inkisafinda Azarbaycan alimlorinin xidmatlorino dair tarixi materiallardan
istifadonin sistemini muoyyanlosdirmok, bununla da sagirdlarin fizika fonnino maraqlarinin
artirtlmas1 vo fizika tolimi prosesinds sagirdloro milli vatonparvarlik keyfiyyatinin
astlanmasindan ibaratdir. Fizika fonninin yeni tolim progqraminin (kurikulumunun), dorslik vo
dars vasaitlorinin mazmunu Gzarinds apardigimiz elmi-metodiki arasdirmalardan da malum
olmusdur ki, fizika elminin inkisaf tarixindo Orta asrlor dovriinds Azorbaycan filosoflarinin
islorino aid heg bir totbigi material verilmayibdir [1]. Arasdirmalar naticasinda Orta asrlarin
mixtalif dovrlorinds yasayib-yaratmis, homin dovrlords tobist elmlorinin inkisafinda
xidmatlari olmus Azarbaycan filosof va alimlarini mioyyanlosdirdik[2].

Obiilhason Bohmoanyar 9l-Azorbaycani Sorqin ensiklopedik alimi ibn Sinanin on
gorkomli sagirdi vo elmi irsinin davamg¢ist olmusdurdir. O, var — quvvasi ilo XI asrda
Aristotel folsofasinin iraliys dogru inkisafini tomin edon filosof olmusdur.

“Tohsil” asari Bohmonyarin yaradiciliginda xtisusi yer tutur. Osarin sonuncu dofa
fars dilindo 1971-ci ildo Tehranda nosr edilmasi molumdur . Osorin “Metafizika” hissasi
fizikaya hasr edilmis vo belaliklo, XI asrdon baglayaraq “fizika” sozii Azorbaycan dilinda
islonmisdir [4]. ©sarin ikinci va lglnci hissalorinds materiyanin qurulusu, mexaniki horokat,
horakotin trayektoriyasi vo tabistino goro névlori, mokan, zaman va onlarin xiisusiyyatlori,
isiq hadisalori vo isigin tobioti, sas hadisalori hagqinda elmi fikirlor 6z oksini tapmigdir.
Filosof cisimlarin ¢ox oldugunu gostarir: somavi cisimlor, tnsuri cisimlar, dord tnsurdan (od,
hava, su vo torpagdan) tosokkiil tapmus cisimlor: buludlar, meteoritlor, kuloklar, minerallar,
bitkilor, heyvanlar va sair. Alimin fikrinca, butin bunlarda bir nizam, bir tortibat vardir.
Bohmonyarin fikrinco, cisim duygu ilo gavranildigi {i¢iin onun isbatina ehtiyac yoxdur.
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Cisma Ug¢ 6Olclys — uzunluga, ena va doarinliya malik substansiya kimi torif verilorak, onun

maovcudlug usulu gostarilir [3].

Nizami Gancavi tohsilini Gonco madrasalorinds almis, ana dilinden basqa arab, fars vo

daha sonra soxsi mtalia yolu ilo yunan dilini mikammol 0yronmisdir.Nizami doqiq elmlor

igorisindo on godim elm olan astronomiya ilo yaxindan maraqlanmisdir. Bu da o sobobdon

irali golirdi ki, godimds xalglar, xtsuson okingilik vo maldarliq tosorriifati ilo mosgul

olduglarindan fasillorin doyismasi ilo olagodar olan vaxtin gabaqcadan dagiq miayyon

olunmasini vacib masalalordan biri hesavb edirdilor [6]. Masalon, misirlilor tgun Sirius

ulduzunun yeni ilds ilk goriinmasinin gox bdyik shamiyyati var idi. Belo ki, bu ulduzu

miisaghido etmoklo Giinas ilinin uzunlugunu toyin edir,. Xalglarin bu istayi va talobindan

gidalanan Nizami Gancavi astronomiya, fizika, riyaziyyat elmlori ilo maraglanmis, onlarin

ganunauygunluglarini 6z asarlorinds tasvir vo sorh etmisdir [5].

Mogalads bu mitafokkirlorin elmi irsino dair tarixi materiallar arasdirilmis, vo onlardan

istifadonin sistemi qurulmusdur (bax: Cadval 1).

Mdovzunun tadrisina dair metodik gostorislor

Movzunun VII - [Tatbiqi talim Fondaxili Fonloraras1  |Tadris Resurs

sinif fizika materiallarinin integrasiya inteqrasiya  |texnologiyast

kursunda yeri mozmunu

1 2 3 4 5 6 7

Fizika VII. Fasil |©bilhasan Fosil 4. Tobiot-6. 1.Faal oxu 7,4

1. Mexaniki hara- [Bohmonyarin “hora-|M0ov.22 Mexaniki |M6v.14 2.IKT-nin totbigi  |3;22

kot. MOv.1.1. kat”, “dlzxatli bara-|harokat Harakat ilo elektron darsli- |5;24;23

Mexaniki haro-  |barsuratli  harokot”, yindan istifads

kotin tosviri. cisimlorin tobii 3.Qruplarla is.

Mov.1.1. Diizxat- [hara-kati, “cevra 4.Situasiya

li barabarsiratli  |Uzra ha-rokat”, masalalarinin halli

harokot tacilli horokat

2 |Fosil 2. Qlvva.  |Nizami Goancavi|Fasil4. Mov.22. Kimya 7. Fo-|1.Foal oxu 2:11

Mov.2.5. An-tik yunan|Mexaniki horokot |sill. Ik kim-|2.IKT-nin totbigi 713

Umumdiinya falsofasin-do Mov.23. yovi anlayis-|ilo elektron dors- '

cazibs ganunu materiyanin, ha-|Maddolarin lar.Mov.1. liyindon istifado  |2;15
yatin osasini toskil|daginmasi vo|Maddalar. 3 Citlarlo vo ya 814
edon dord Gnsirdan|istilik horokati|Maddoalorin  |qruplarla is 4. Ni- |’
birini, yani istiliyin,|Fizika VII. xassalori. zami Gancavinin  |13;17
odun bilavasite ha-|Fasil 1. Mexaniki|Odobiyyat 8. |poemalarindan uy-
rokotin siddoti , ¢cax-|harokat,2. Qlvva |Nizami gun material1 nii-
nasmasi ilo bagh ol- Goancoavi muna gatirmok.
dugunu dahiyans bir
torzdo gostarir.
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YUYEBHBIE MATEPHAJIBI IO YCJIYT'AM A3EPBAHTKAHCKUX ®HJIIOCODOB (A.
BAXMAHSIPA U H. I'SIHIOKABH) B CPEJHEBEKOBBE B VIl KJIACCE ®U3UKH OBIIEN
CPEJHEU HIKOJIBICUCTEMA UCIIOJIb30BAHUS

MycaeBa I' A.

Pestome: B cmamve noxkazana cucmema UCNONb306AHUS  YYeOHbIX —Mamepuanog 06  yciyax
asepbatiodicanckux @uiocogos npu npenodasanuu Qusuxu 6 7 Kiacce cpedrell wkonblOcHosHas yeib
cmambui - onpeoenums CUCHeM)y UCNONb30BAHU UCTNOPUYECKUX MAMEPUANIO8 O 3ACTY2aX a3epOauOHCAHCKUX
VUEHbIX 8 PA36UMULU CPeOHeBeK08020 eCMeCcE8O3HAHUs NPU NPeNnooasanuu Qu3uKu é 0oueobpazoeamenbHbixX
WKONAX, MeM CaMblM NOBbIUAS UHMepeC YYawuxcs K @Qusuke U HNPUsUBasi Kaiecmseo 00yUeHUs.
HAYUOHANbHBII NAMPUOMU3M Y CIYOEHMO8 8 npoyecce 00yueHUs PusuKe.

Knrwouesvie cnosa: gpunocogh, pusuxa, acmponomust, Abyneacan baxmanvap, Huzamu ['anooicesu.

TEACHING MATERIALS ON THE SERVICES OF AZERBAIJAN PHILOSOPHERS (A.
BAHMANYAR AND N. GANJAVI) IN THE MIDDLE AGES IN PHYSICS CLASS VII OF A
GENERAL SECONDARY SCHOOL SYSTEM OF USE

Musayeva G.A.

Summary: The article shows the system of using educational materials on the services of Azerbaijani
philosophers in the teaching of physics in the 7th grade of secondary school. The main goal of the article is
to determine the system of using historical materials on the services of Azerbaijani scientists in the
development of medieval natural sciences in the teaching of physics in general secondary schools, thereby
increasing students' interest in physics and instilling the quality of national patriotism in students in the
process of physics training.

Keywords: philosopher, physics, astronomy, Abulhasan Bahmanyar, Nizami Ganjavi
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FiZiKA TOLIMINDO INTERDISIPLINAR OLAQOLORIN ROLU
Mammadzads A.C.
Ganca Ddvlat Universiteti

afet. memmedzade@bk.ru

Xulasa:Respublikamizin  universitetlorinda 050105-Fizika mUoallimliyi ixtisast iizro kadr hazirhigimin
kefiyyatinin artirtimast yollart arasdirilir. Fizika miiallimliyi ixtisasimin tohsil programinda tolab olunan
dayarlorin  formalasmasinda interdisiplinar alagalorin rolu a¢iglanmagla yanasi ham da onun tolim
prosesine tadbiqi yollar: gostarilir.

Asar sozlar: fizika muallimliyi, tahsil programu, interdisiplinar yanasma, ali tahsil peso kompetensiyalari.

Fizika elmi universitet toloboalarinin istor ixtisas kompetensiyalarinin, eloco do elmi diinya
goriisunun formalagsmasinda miistosna rol oynayir.Bakalavriat soviyyasinin 050105 - Fizika
muoallimliyi ixtisasi iizro tohsil programimin 2.2.bandindes mozunlarin asagidaki  peso
kompetensiyalarina yiyalonmalarini asas maqgsad olaraq bildirilir:”

- Fiziki miisahido, tacriiba vo eksperimentlarin mahiyyatini bilmak, onlardan natico ¢ixarmaq
Vo ¢ixan naticalari tohlil etmok bacarigina;

- Fizika Uzro gazanilmis bilik, bacariq vo vardislora uygun olaraq problemlarin hoallinda
istirak etmoaya hazir olmaq bacarigina;

- Fiziki hadisalori xarakterizo edon kamiyyat vo tonliklori forglondirmok, onlar arasindaki
munasibatlori (asililiglart) miioyyanlogdirmok va grafik tosvir etmok bacarigina;

- Fiziki ganun vo ganunauygunluglari, nazoriyys, tonlik, gayda, prinsip, hipotez va
postulatlari, onlardan ¢ixan naticalori tohlil etmok, onlar1 miixtolif hadiso vo proseslords totbiq
etmok bacarigina” [1].

Azorbaycan Respublikasinda tohsilin inkisafi tizro Doévlot Strategiyasinda qeyd olundugu
kimi: “Sosial-igtisadi hayatin miiasirlogdirilmasinds tahsilin rolu tokcs tohsilalanin qazandigi bilik
Vo bacariqlarin igtisadi amila ¢evrilmasi ilo mohdudlasmir. Tahsil prosesinds alda olunan bilik va
bacariglar, homginin etik-oxlagi norma vo dayarlor hor bir tohsilalanin coamiyyatin layiqli Gzvi
olmasi tigiin lazimi sorait yaradir, onu biliyi va etik davranisi sayasinda 6rnok ola bilacok homkara,
nimunovi ails Gzvins vo vatondasa ¢evirir” [2]. Interdisiplinar yanasma, miixtolif elmi sahalordon
golon biliklorin, metodlarin vo perspektivlorin bir araya gatirilmasi vo bir problemin, mévzunun vo
ya tadqiqatin yronilmosi prinsipidir. Interdisiplinar yanasma metodundan istifade zaman1 miixtalif
saholor arasinda sorhodlori asaraq, daha ohatoli vo dorin anlayiglar oldo etmoklo yanasi, hom do
mixtolif perspektivlorin bir araya golmosino, miasir todqigatlarin vo tohsil metodlarinin daha
somarali olmasina imkan yaradir. Bu metod miiasir comiyyatin miirokkob problemlarinin halli {i¢iin
elm, tohsil vo sosial saholorde omokdashigi giiclondirorak comiyyastin inkisafina toéhfalor verir.
Interdisiplinar alagalor tolobolors fizikanin digor elmlarlo, masoalon, kimya, biologiya ilo neco bagh

oldugunu gostorir. Interdisiplinar metodun todbiginin bir negs asas tstiinliiklori vardir:
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1. Interdisiplinar metod tolobalorin miixtolif sahalordoki biliklorini birlosdirarok, fizikanin bir
sira ganun vo hadisolorini daha dorindon Oyronilmosino kdmoklik gdstorir. Masolon, kimya ilo
fizikanin olagosi, molekulyar strukturlarin vo onlarin davraniglarinin  dyronilmosindo  ¢ox
ohomiyyatlidir.

2. Fizikanin texnologiya saholorindo totbiqi, tolobalors elmin real hoyatda neco islodiyini
gostorir. Mosolon, mexanika vo elektrik ilo bagli layihoalor, tolobolora problemlori hoall etmo
bacariglarini inkisaf etdirmokds komaok edir.

3. Fizika elmina dair biliklorlo forqli saholor arasinda slaqa qurmagi, eloca do tolobaslorin
kreativ diisiinco qabiliyyotlorini artirir. Onlar yeni fikirlor, konsepsiyalar vo yanasmalar toklif
etmoklo yanas1 hom do onu inkisaf etdirs bilirlor.

4. Interdisiplinar tadgiqatlar, yeni kosflorin vo innovasiyalarin yaranmasina sorait yaradir.
Maosolon, biofizika sahasindoki todqiqatlar, bioloji sistemlorin fiziki prinsiplorini anlamaga
yonalmisdir.

5. Miiollimlor, interdisiplinar metodlarla todris etdikdo, tolobolorin maragimi artiraraq,
Oyronma prosesini daha calbedici eds bilirlor [3].

Bu ciir darslorin bazi niimunalaring va onlarin tolim metodlarina digqet yetirok:

1. Fizika vo kimya saholorindon interdisiplinar dors niimunslari, bu iki elmin bir-biri ilo neco
olagolondiyini gostorir. Asagida bazi interdisiplinar dors niimunslori togdim olunur.

Movzu: Isigin molekullar {izorindo tosiri

Tasvir: Tolabalor, miixtalif maddoslorin isiga reaksiya vermosini Oyronir. Spektroskopiya
tisullar1 ilo molekullarin enerji saviyyalorini vo atomlarin ronglorini neco doyisdirdiyini
miizakiroedirlor.

2. Fizika vo biologiya fonlori arasindaki interdisiplinar dors niimunslori, tolobalorin hor iki
sahonin prinsiplorini birlosdirorok daha dorin anlayis oldo etmolorino komok edir. Belo dors
niimunaloari, tolobalora fizika vo biologiya arasindaki oslagoalori dork etmoyo, elmi anlayislarini
darinlogdirmays vo real diinya problemlorine hall yollar1 axtarmaga komok edirlor:

MoOvzu: Sos dalgalar1 vo biologiya;

Tasvir: Sesin fiziki xiisusiyyetlori, akustik dalgalar vo heyvanlarin (mosalon, yarasalarin) eko
ilo orientasiyasi. Tolobalor, sasin neca yayildigini vo canlilarin onu neca istifads etdiyini dyranirlar.

Metodlardan istifado

e Layihs formasinda yanasma: Tolobolor bir mdvzunu interdisiplinar bir sokildo arasdiraraq
real problemlori holl etmoaya ¢alisirlar.

o Eksperimentlar va tacriibalor: Tolobolor miixtalif sahalordoki prinsiplori bir araya gotiron

laboratoriya islorinin aparilmasini reallagdirirlar.
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e Seminarlar vo diskussiyalar: Tolobolor arasinda interaktiv miizakiralor togkil edorok,
fikirlorin paylasilmasini vo inkisafini1 stimullasdirmaq olur.

Fizika tolimindo interdisiplinar olagalorin giclondirilmasi, tolobolorin elmi diisiinco
gabiliyyatlorini inkisaf etdirir, 6yronmo motivasiyasini artirir vo onlarin golocokdoki akademik vo
pesokar ugurlarina miisbat tasir gostarir.

9dabiyyat:
1. Azarbaycan Respublikasi Tohsil Nazirliyinin 28 aprel 2022-ci il tarixli F-238 nomrali amri
2. Azorbaycan Respublikasi Prezidentinin 2013-cl il 24 oktyabr tarixli Serancami
3. https://ponjatija.ru/node/10619

THE ROLE OF INTERDISCIPLINARY RELATIONS IN PHYSICS TEACHING
Mamedzade A.D.

Summary: This article examines ways to enhance the quality of training for the 050105-Physics Teaching
specialty in universities across our country. It discusses the role of interdisciplinary connections in
developing essential values within the physics teaching curriculum, as well as outlining methods for their
application in the teaching process.

Keywords: physics teaching, curriculum, interdisciplinary approach, higher education, professional
competencies.
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FiZiKA DORSLORINDO UYGUNLUQ PRINSiPININ REALLASDIRILMASI
R.S.Rahimov, X.V.Cslilova
BAKI DOVLOT UNIVERSITETI

rehim@rehimli.info, xanimcelilova60@gmail.com

Fizika bir tobiot elmi kimi yalniz xiisusi metodlardan deyil, homda Umumi va on Umumi
metodlardan istifads edir. Bu metodlardan istifads etdikds fizika elmi ilo falsafs arasinda six slage
yaranir. Fizika elmi diinyan1 dork etmok Ggun 0z todgigat obyektino yanasma tisulunu va Usulu
yaratmaq Ucln zoruri olan idraki prinsiplari isloyib hazirlayir. Bu prinsiplarlo onlarin asasinda
yaratdigi Usullarin sintezi fizikanin ayri-ayri metodlarina baglangic  verir. Fizikaninfolsofo ilo
olagosi, idrakin folsofi xarakterli mumi metodlardan istifado etmoklo yekunlagsmir. Bu alago fizika
qanunlarin1 dorindon dorketmoyos Vo genismiqyasli @imumilogdirmalor aparmaga imkan veir.
Belalikls fizika va falsafo insan idrakinin bir-birini tamamladigi, bir-biri ilo qarsiligh tasir do olan
iki mixtolif formasidir. [1]

Fizikada uygunluq prinsipi miiasir elmi biliyin qurulusunun inkisafini 1miioyyan edon
metodoloji prinsiplordon biridir. Bu prinsip ilk dofa N.Bor torafindon formalasdirilib va kvant
mexanikasinin yaranmasinda totbiq edilmisdir. Bor iddia edirdiki, agor klassik fizikanin ganunlar
bir cox hadisalor tgun tocriibi olaraq 6z tesdiqini tapirsa, onda yeni, daha dagiq olan elmi nazariyya
bu hadisalara tatbig olundugda hamin naticalori vermolidir. Yani, ixtiyari yeni nozariyys 0zlino
kéhna nazariyyani va onun naticalarini xususi hal kimi daxil etmalidir.

a) Dogrulugu ekspermental sokildo tosdiq olunmus fiziki nazariyyslor, daha Umumi yeni
nozariyyalorin meydana galmosi ilo 6z shomiyyatini itirmirss, onlara yeni nozariyyslorin xisusi vo
limit hali kimi baxmagq olar.

b) Yeni nozoriyyonin riyazi aparatinda hor hansi xarakterik parametr mévcuddursa vo onun
giymatlori kéhna va yeni hadisalor oblastinda farglidirss, onda nazariyyadon alinan naticalords
homin parametrin giymatlori kBhna nozariyyays uygun sokilds 6z oksini tapir.

¢) Uygunluq prinsipini uygunsuzluq prinsipi ilo do tamamlamaq lazimdir. Uygunsuzluq
prinsipino gora hor bir yeni fiziki nazoriyys kéhna nozariyys ilo varislik prinsipini saxlayaraq
6zlnds yeni bir prinsipial yeniliyi ortaya qoyur.

d) Kohno nazoriyyadon yeni nozoriyys kecid ovvalki sabitlorin doyismasi ilo miisaiyyat
olunur. Yani,bu sabitlor inkisaf edarak yeni nozariyys uygun sabitlars gevrilirlor.

Dorsdo uygunluq prinsipinin reallagdirilmasi, sagirdlords fiziki realligin dork edilmasi

prosesinds fizika elmi haqqinda ardicil vo gqanunauygun tosavvirlorin formalasmasina komok edir.
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Bu idrak prosesinds taraqqi ondan ibaratdir ki, elmdas har bir ndvbati pillo yeni obyektiv mhiyyatoa
Vo ohamiyyato malikdir.

Todris prosesino uygunluq prinsipin totbiginin mahiyysti ondan ibaratdir ki, muayyan
masalonin va nazari naticanin halli zamani alinan, istanilon an gozlonilmaz natica, sagirdlora molum
olan vo hoqiqiliyi siibho dogurmayan elmi bilikloro uygun golib-golmomasina goro yoxlanilmaya
moruz qalmalidir.

Tadris zamani bu prinsip 6ziinii bir fundamental fiziki nozariyyadon digar fundamental fiziki
nazariyyays ke¢id zamani daha effektiv biruza verir.

Bu nozariyyalori 8yranarkon hor bir yeni imumilosdirmann aparilmasi prosesinda bir necos
metodoloji masaloni hall etmak lazimdir.

1. Daha ¢ox iimumi olan yeni yaranmus fiziki nozariyyanin muoyyan keyfiyyat soviyyasindos
daha az Umumi olan fiziki nazoriyys kegirilmasi vo onlarin dialektik qarsiligl alagasinin
tomin olunmast

2. Daha umumi nozariyyays tabe olan fiziki hadisalorin niimayis etdirilmasi, onlarin shatasinin
geniglondirilmasi, ham do yeni nozariyys ilo bu hadisalora qoyulan gadagalarin miiayyan
olunmasti

3. Bildirmak lazimdir ki, fizika elminin inkisafi ilo klassik nazariyysnin dogru oldugu oblastda
ayri-ayri anlayislar vo ganunlar , fizika elminin biitiin inkisafi boyu invarinat qalirlar [2].

4. Fizikanin tadrisi prosesinds fiziki nozariyyoslor toqdim edarkon geyd etmak lazimdir ki, yeni
nozariyyalorin yaranmasi ilo yeni fundamental sabitlor meydana golir ki, (h,c va s) onlar da
yeni nazariyyanin shatas etdiyi tobist hadisalarina miiayyan mohdudiyyatlor qoyurlar.
Uygunluq prinsipinin fizika elminin inkisafina tosiri haqqinda tasavvirlorin formalasmasi

Ucln, ondan ham tadris materiallarinin tokrarlanmasi zamani, ham do moktab fizika kursunun ayri-
ayr1 bolmalarinin tadris materiallarinin imumulosdirilmasi, hom da konkret ganun va nozariyyalarin

Oyranilmasi prosesinds effektiv hayata kecirilmalidir [3].

Odobiyyat siyahisi
1. N.F.Qahromanov “Diinyanin tabii manzarasi” Baki “Elm” nasr. 2007 . 248 soh.
2. WN.C.Kapacosa, M.B.Iloranosa «®yHaneHTanbHble (PU3NIECKUE TEOPHH B
mkone»Yemsiouack 2016, 355cTp.
3. S.S. imanov “Orta moktob fizika todrisi metodikas1” ADPU nasriyyat1 2004..488 soh.
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TERMOELEKTRiIK MATERIALLARIN XUSUSIYYOTLORI
i.M. Mommadov
Azarbaycan Doévlat Pedaqoji Universiteti

israil.memmedov.66@bk.ru

Xilasa: Maqalada termoelektrik materiallarin xiisusiyyatlari, termoelektrik effektivlik amsali va
onlarin artirilmast tisullar, totbiq sahalori analiz edilib, hamginin yeni vo daha ucuz
termoelektrik materiallarin axtarisi tahlil edilir.

Acar sozlar: termoelement, termogeneratorlar, termoelektrik soyuducular.

Mdasir elm vo texnikanin vacib problemlorindon biri do enerjinin termoelektrik
cevrilmosidir. Hazirda aparilan todgiqat iglorindoa termoelektrik materiallarin effektivliklarinin
artirilmasi ilo yanasi, hom do yeni, daha perspektivli materiallarin axtarilmasi nozards tutulur.
Bu todqiqat islorinin asasini hom asagi temperaturlu soyutma, hom yiiksok temperaturlu qizma
termoelementlorin hazirlanmasi, ham do termocgeviricilorin yeni ndvlorinin axtarisi togkil edir.
Homin materiallar defektli kristallik vo mirokkob zona qurulusuna malik, ¢oxkomponentli
yarimkegirici birlogsmalar va onlarin bark mohlullari hesab edils bilor. Clinki bu materiallar kicik
istilikkegirtms omsalina, kifayst godor yiiksok elektrik kegiriciliyino, termo-e.h.q. omsalina
malikdirlor. Onlarin torkiblorini doyismoklo arzu edilon parametrloro malik, ylksok
termoeffektivlikli maddolor almag mumkinddr [1]. Malumdur ki, giiclii termogeneratolarin
hazirlanmasi ti¢iin istifado olunan materiallarin termoeffektivlik amsallar1 z= %kifayet godoar
yuksok giymoto malik olmalidir. Genis kegirici zonali yarimkegiricilordo gadagan olunmus
zonanin eni kigik olur. Temperaturun bir godar doyisilmasilo moxsusi kegiricilik baslayir.
Moxsusi kegiricilikda elektronlarin vo desiklorin eyni zamanda istirak etmoasi termo-e.h.g.-nin
yox olmasma gotirir. Termoelement {iciin asqarlarin optimal konsentrasiyasinda (10%°-
102°sm™=3) moxsusi kegiriciliyin olmamasi ii¢iin qadagan olunmus zonanm eni gg 24KkT sortini
O6domolidir. Termoelektrik materiallar Ggin yiksak temperaturlarda yuriklik Kicikdir, bu halda
effektiv kitlo do Kigik giymot alir. Ona goro do adsiz odod olan zT hasili z-o nozaran
temperaturdan daha zoif asili olur. Bu xiisusiyyat tocriibolordo do tosdiq edilmisdir. Biitiin
bunlara baxmayaraq, muasir nozoriyysloro osason effektivliyin optimal giymotini doqiq
muiosyyanlosdirmak mimkin olmur. Bunun sobabi effektiv kitlo, gofasin istilikkecirmasi,
gadagan olunmus zonanin eni, sopilmo parametrlori arasinda garsiliqh alaganin ¢ox mirakkob
olmasidir. Holo kegon osrin ortalarinda baslayaraq termoelektrik enerji c¢eviricilori Kimi
yarimkegirici materiallar agkar edilorak todqiq edilmisdir. Miasir termoelementlor tigiin z-T< 1
sorti Odonilir vo bu somoarolilik omsalindan daha c¢ox istifado edilir. Hazirda, osason,

Bi,Te;, PbTe vo GeSi birlogsmolorindan istilik enerjisini elektrik enerjisino ¢evirmak 0gun
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istifado edirlor. Ilk dofo olaraq termoelektrik soyutma Ugclin Bi,Te; birlosmosindon, daha
sonralar isa onun oasasinda alinmis bark mohlullardan Bi,_,Sb,Tes; Vo Bi,Te;_,Se, istifado
edilmigdir [2]. Termoelektrik soyuducular xiisusi toyinatli kosmik cihazlarin, tibdo Vo
biologiyada istifado olunan sensorlarin xarakteristikalarinin termostabilliyini tomin etmok
moqsadils istifads edilir. Bu cihazlar él¢llorinin ki¢ik olmasi va lokal tasiretmoa gabiliyyatlorinag
malik olmalar ilo forglonirlor. Termoelektrik soyuducular ozon tobagosine asason hazirlanmis
soyuduculara nisbaton ekoloji baximdan ¢ox sarfalidir: sassiz islayir, titromo olmur, atmosferi
¢irklondirmir [3]. Bunlarla yanasi, enerjinin termoelektrik ceviricilori asagidaki tstiinliiklara
malikdir:

- Hom qizdirma, ham da soyutma imkanlarina malikdir;

- Suratli soyutma gabiliyyatine malikdir;

- Temperaturun yiksak dagigliklo nizamlanmasi va carayanin doyismasi ilo termostatik mihitin
yaradilmas1 miimkiindiir;

- Termoelektrik parametrlori konar amillorin tasirindon zoif asilidir;

- Texniki nazarato ehtiyac yoxdur.

Peltye effekti osasinda hazirlanmig termoelektrik soyutma mogsadilo soyuducu aqreqatlarin,
iglim kameralarinin, vakuum toalslorin hazirlanmasinda, elektron sxemloarin komponentlarinin
soyudulmasinda totbiq edilir. Termoelektrik qizdirmadan dénmoyon qizdirma, termostatlar, az
istilik otalstliyino malik miniatiir qizdiric1 elementlorin hazirlanmasinda istifads edilir. Amma
nozors alinmalidir ki, Peltye effektino osaslanaraq hazirlanan soyuducu aqreqatlar kifayat qodor
bahalidir. Bu onunla oslagadardir ki, yarimkegiricilor Gizarinds aparilan texnoloji omaliyyatlar va
bu mogsadls istifads edilon materiallarin tellur komponenti kifayat godar bahadir. Bu sababdon
do Bi2Te3 birlosmasina va onun bark mohlullarina asaslanaraq hazirlanan soyuduculardan genis
istifads edilmir. Amma bu effekts asaslanaraq hazirlanan elementlardan va qurgulardan elektron
qurgularinin inteqral sxemlorinin temperaturlarinin stabil saxlanilmasinda c¢ox effektiv vasito
kimi istifado edilir [4].Bozi mosoalolorin effektli hollini tomin etmok iiclin hazirlanma
texnologiyast sado olan yeni vo daha ucuz termoelektrik materiallarin axtarisi dovriimiiziin

aktual problemlarindon biridir
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SiIO;NANOHISSOCIKLORNIN ALINMASI TEXNOLOGIYASI
Firangiz Qurbanova
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Xulasa: Proses silisium oksidi va onun mixtalif birlasmoalori olan ¢oxsayli xammaldan toz halinda yiiksok
tomizliya malik (99,99) silisium oksidinin ayrilmasindan vo silisium oksiddan tomiz silikon tozunun
alimmasindan ibaratdir. Si ok kristallar giinas batareyasi modullarimin hazirlanmas: ticiin asas materialdur.
Elmi adabiyyatda mévcud olan vo diinya sirkatlari torafindan istehsal olunan texnologiyalardan fargli olan
ylksak tamizlik daracasina (99,99) malik silikon oksidi alda etmoak iiciin gapali sistemda sikl prosesi ekoloji

cahatdan tamiz va gox ucuz texnologiya hesab olunur.
Acar sozlar: silisium oksidi, silisium, yiiksak tomizlik materiali, texnologiya

Bu ginln aktual masalalarindan biri ylksok tomizlonmis silisium dioksidin alinmasi ii¢lin
mitaraqqi tsullarin islonib hazirlanmasidir. Bu, belo bir moahsulun bitin elektron sanayenin
osaslandigt mono vo polikristal silisium almaq tgiin xammal bazasi kimi ¢ixis etmasi ilo
olagodardir. Bundan slavs, silisium dioksid silisium karbid sldo etmok tictin istifads olunur. Yuksak
tomiz karbon hom metal silisiumun sintezi, hom do silisium karbidinin istehsali ii¢lin zaruri

komponentdir. Buna gora da, bu hadof mohsullarin sintezi {igiin onun safligina da boyiik digqgoat

yetirilmalidir.
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Sakil 1. SiO2 nanotozlarinin rentgen siialarimin difraksiya sxemi.

Oksidin ayrilmast prosesini Oyronmok fiigiin laboratoriya qurgusu qumdan vo ya digor
xammaldan silisium dioksidi alds etmok Uglin nazards tutulmusdur. Laboratoriya qurgusu elektrik
Oturuculi dayaq tzorinds qurasdirilmig 500 ml firlanan reaktordan ibaratdir vo burada xammal
katalitik mualico olunur. Prosesin temperatur rejimi istilik dasiyicisinin - silikon yagmin 25 — 180 C
araliginda qizdirilmasi ilo tomin edilir. Proses zamani1 amoala galon su vo ammonyak gatilagdirilir vo
sliso gqabda yigilir. Torkibinds olan xammalin katalitik islonmis silisiumunun miiayyan temperatur
diapazonlarinda sonraki istilik miialicasi onu ayri-ayr1 kimyavi birlosmolors ayirmaga imkan verir.

250-350 C diapazonunda sublimasiya-desublimasiya yolu ilo oksid garisigindan yiiksok tomizlikli
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ammonium heksaftorsilikat1 tocrid etmok olar. Sonra aldo edilon mohsul ammonyak suyunda

hidroliz edilir, sonra hadaf mohsulun - yliksok tomiz silikon dioksidin yuyulmasi vo qurudulmasi
aparilir. Alian mohlul suda yuyularaq SiO2 ayrilir vo qurudugdan sonra tomiz ag toz halina galir.
Yuxarida qeyd edildiyi kimi, isimizin asas magsadina xidmat edon masalalardan biri silikon

torkibli mohlulun va koaqulyantin (5:100; 5:500; 5:1000) kiitlovi konsentrasiyalarinin nisbatinin

fizikaya tosirini 6yranmoak idi. -son mahsulun kimyavi xassalori.

Toz halinda olan silisiumun rentgen diffraktoqrami amorf materiallarin xarakterik

xususiyyatlorini gostorir (Sokil 1). Bununla belos, SiO2 (5:500) va SiO2 (5:1000) dgln silisium

nanomasamslarinin kigik bucaqli rentgen siialar1 difraksiya nimunasi miisahido olunur.
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Sakil 2.5i02-nin FT-1Q spektriari .

Silisium oksidinin FT-IR spektri tamiz silisium oksidina uygun galon 1082-1076, 942, 798-781 va

434-428 sm-1-do tipik funksional qruplari gostarir (Sakil 2).
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Sakil 3. Cokiintii saraitindan asili olaraq SiO2-nin TGA (a) va DSC (b) ayrilori

SiO02 Gglintermogravimetrikanalizin  (TGA), diferensialtermogravimetriya (DTG) vo

diferensialskanedankalorimetriya (DSC) analizlorininnaticalorimivafigolaraq — Sokil

togdimolunur.
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TECHNOLOGY FOR OBTAINING SiO; NANOPARTICLES
Firangiz Gurbanova

Abstract: The process consists of separating silicon oxide with high purity (99.99) in the form of powder
from numerous raw materials containing silicon and its various compounds and obtaining pure silicon
powder from silicon oxide. Si single crystals are the main material for making solar cell modules. In order to
obtain silicon oxide with a high degree of purity (99.99), which is different from the technologies available in
the scientific literature and produced by world companies, a cycle process in a closed system is considered
an environmentally friendly and very inexpensive technology.

Keywords: silicon oxide, silicon, high purity material, technology

TEXHOJIOT' WS MTOJYYEHUSI HAHOYACTHUI] SiO;
@upunrus3 'ypéanoBa

Annomayusn:llpoyecc 3axmouaemcs 6 GvlOeieHUU OKCUOAd KpeMHusi 8blcokoli yucmomul (99,99) 6 suode
NOPOWIKA U3 MHOSOHUUCTIEHHO20 CbIPbS, COOEPHCAULe20 KPEMHU U PA3IUYHbIe €20 COCOUHEeHUs, U NOYYEHUU
YUCMO20 KPEMHUEe8020 NOpowKa u3 oxcuda Kpemuus. Mownokpucmanivt Si A6110MCSI  OCHOBHbIM
Mamepuanom OJisl U320MOGLeHUsE MOOYLell COMHeuHblX Obamapell. [ noayueHusi OKCuoa KpemHusi GblCOKOU
cmenenu wucmomul (99,99), omauuarowezocsi om mexHoNO2UU, UMEIOWUXCA 8 HAYUHOU Jumepamype u
BbINYCKAEGMBIX  MUPOSLIMU  KOMAAHUSAMY, YUKIUYECKUL NPOYecc 6 3aKpblmol CUcmeme CUUmaemcs
IKONO2UYECKU YUCTNOU U OUeHb HeOOPO2oll MeXHOoN02Uel.

Knroueswie cnosa: okcuo kpemuust, KpeMHUll, 0c0O0 YUCMbIN MAMEPUA, MEXHONOSUSL.
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